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NPEJUCJIOBUE

Molt rnapHBIit 3aMBICE — TIPEACTaBUTL N pOrpaMMHpOBaHHE Kak
HCKYCCTBO HJIM TEXHHKY KOHCTPYHPOBaHHsI H (OpPMYJIMPOBAHNS aJro-
PHTMOB, U NpUYeM NPeCTaBUTh CHCTEMATHYECKH KAK CAMOCTOSTENILHY IO
JIUCIUTLIIHHY . AJITOpUTMEL B caMOM OOIIeM CMEICTIe —3TO pelenThl, Oly-
CHBAIOIIYE HEKOTOPHIE KJAaCCH ITponeccos 06paboTKH JAHHHX H YIpaB-
JISTIOIMX TIporeccoB. MX chienyer mpenctasisite cefe KaK HEKOTOPLIR
JKECTKHEe CTPYKTYpPH, cOcTosimue U3 OJI0KOB, TOCTPOEHHHX JIOTHYHO,
HaJleXXHO U 11eJlecooBpasHo.

CryzneHTOBR HY»XHO 00y4yaTh KOHCTPYHPOBAHMIO aJTOPUTMOB MeETO-
IHMYHO M CHCTeMaTHYeCKH, 3HAKOMsl HX C 3aJaUaMy W NpHeMaMH, TH-
NUYHEIME JJ1si IPOrPaMMUPOBAHHSI U He 3aBHCSIIMMH OT KOHKPETHEIX
npusoxkenuii. Io sToll mpuuMHe HUKakasi cneguanbHas o6JacTb IIpH-
JIOXKeHHHl B KHHTe He Bhle/leHa KaK caMonesb, a YIIPaxkKHeHHs U IIpuMe-
pbl 0TOOpaHH TaK, YTOOHL HIMHOCTPHPOBAThL OOMe3HauMMEIe TTpobJeMbl 1
METOZIBl UX pelenusi. [1o Toi »ke mpyuunHe 0coGO He BHIIEJSIeTCST HOTALHs
UJM 5I3BIK TIPOTPaMMUPOBAHUSA: SI3HK — Halll HHCTPyMEHT, a He caMo-
Henb. JlocTHXKeHMe COBEpINeHCTBA B HCHOJb30BAHUM clienuGHYecKuX
ocofeHHocTell KAKOTO-JIMO0 KOHKPETHOTO sI3bIKa HE JIOJDKHO CTaTh OC-
HOBHOH meJibi0 Kypca HporpammupoBanusi. Ckopee Hao0OpOT, S3BIK
JNOJDKEH oTpakaThk (yHAaMEHTalbHEle U HauGoJee BaXKHBIE KOHLEIHUH
aJrOpUTMOB B OUeBHJIHOMI, €CTeCTBeHHOH M JIeTKO BOCTIpHHMMaemMol op-
Me. CreflyeT TaK»Ke YYHTHLIBATL BHYTpPEHHHE CBONCTBA M OrpaHUYEHHS
UH(POBHX BHIUHCAUTENBHBIX MallKH.

Kacasice npo6sieMB! HaJieXKHOCTH IporpamM, st IONHTAJCA BKJIOYUTD
B KHUT'Y ONHCaHHe OCHOBHBLIX HIEfl H MEeTONOB NpOBepKIl I PaBHJILHOCTH
(Bepudukanyyu) nporpamm. Koneuno, py nporpaMMMpPOBAHHH CTPEMSIT-
Cs1 chopMyJIHpOBaTh KJacchl BHIYHCIUTENLHEX NPOIECCOB B BHje ajro-
putmoB. OfHAKO ONBITHBI TPOTPAMMHUCT JOJDKEH YMETh NPOAEMOHCTpPH-
poBaTh, YTO €ro MPOAYKuHsi COOTBETCTBYET TPeGOBaHHSAM BO BCEX BO3-
MOKHHIX cay4asix. Ho B o6BIMHO HCnonb3yeMblX MeTOJaX TeCTHPOBAHHS
(0Tnankum) mMporpamMM HCCAEAYIOTCS TOIBKO OTHENbHBHE BLIYHCIEHHS, a
He pech KJacC BBIYMCJICHUI, KOTOpHE MOXKHO BHIIOJHHTL C TTOMOIIBIO
3Toji nporpaMMel. HUToObl chopmyipoBaTh OCIe3HAYUMEE YTBEpXKIE-
HHs1 O mporpamMe, HeoOXOIHMH aHAJUTHYECKHe MeTONH BepU(dHKaLUH
Iiporpamm,
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Hsyuenue sjieMeHTapHLIX METOIOB BepudHKallii mporpamm Tpesyer
OT CTYJIEHTa HECKOJLKO Oogblieli crocofHocTd K abetpakuun. [1osToMy
OLITH HEKOTOPbIe COMHEHH i OTHOCHTEJILHO 1e71ecO00PA3HOCTH BRJIIOUEHH SI
3TOH TeMHl B Haul 3JieMeHTapHHH yuyeOHuK. Ho A mpuuwen K Teepuomy
yOeXIeHHIO, YTO T€ OCHOBHLIE€ NOHATHS, KOTOPHle OTOGPAHHL JAJsi 3TOI
KHHTH (110 CYIIECTBY TOJMBKO HJIeH YTBEPKIEHHH ¥ HHBAPUAHTOB), HMEIOT
TaKoe (yHJaMeHTANbHOE 3HAUEHHe, YTO WX HEJIL3sI OTHECTH HH K KaKHUM
IpyruM yueGHBIM KypcaM, KpoMe KaK K CaMhM HauambHbIM. § roTOBR
TaK»e OCllapHBaTh MHEHHE, UTO STH IIOH ATHSI OTHOCSTCS CKOPEE K TEOPUH,
yeM K npaxTuKe. Bonpockl Hafie)KHOCTH NTPOrpaMMbl BaXKHBI HMEHHO J1J1s1
MpaKTHKH, 2 He 115 Teopud. KoHuennys BepuUKAnMy mporpaMMbl 110
CYILECTBY fABJIACTCH KPaeyrolbHLIM KaMHeM AJis 6onee ray6oROro moHu-
MaHHsi alrOpUTMOB, 63 Hee MpOrpaMMHCT He UMesn Obl HHKaroro Jpy-
roro HWHCTPyMeHTa, KpoMe cpoeli cOOGCTBEHHOI! COMHUTENBHON WMH-
TYHIHH. )

ITa KHUra HanmucaHa Jisi TeX, KTO paccMaTpHBaeT Kype CHCTEeMATH-
Y4eCKOTO KOHCTPYHPOBaHHst aJIrOPUTMOB KaK 4acTbh CBOEro OOIero ma-
TeMaTHYeCKOTO 06pa3oBaHud, a He JAJIs1 TeX, KOMy H3peira IIpHXOJUTCS
COCTABJATEL NMPOrPANMY U perarh 3afladd C HOMOIIBIO BHYHCIUTEIHHON
MallyHHL.

B ocuoBe HoTanuy, NpUMeHsieMOH B STOH KHUTE, JIEXKUT SI3HK IO~
rpanmvuposatnsa Anron-60. Ho st He ucnonbsosan Aaros-60 6ykeasinHo,
TOCKOJIBKY Tenepb BHIYHCHTeNbHEIE MAlIHHEL, 2 BMECTE C HEUMU U TIPo-
rpaMMUpOBaHue, UMEIT HaMHOTO OGonbllyio cdepy TIpHMEHeHUs, 4eM
12 ner nasan. [losToMy BO BROZHOM Kypce IpOTrpaMMHpPOBAHHUS HEJB3st
1leJIMKOM OPHEHTHPOBATLCA TOJMBKO HA Kakoe-JHGO OfIHO MpHJIOXKEHHE.
Anron-60 6pLT co3/iaH TIaBHEIM 0Opa30M B pacyere Ha BHUHCIUTEILHYIO
MaTeMaTHKy. BriocneicTBUH ero HCTIOJIb30BaNH JYisi T POrpaMMUpOBAH sl
3aj1au B ApYyrux obnactsix, Ay KOTOpeIX Oosee MOAXOAUNH WHbIE MPHH-
LUTE CTPYKTYPU3anuy U B KOTOPHX NpeoOsafaiy APyrue KOHUENuH,
YTO TPUBOAMJO K HCKaXKeHWIO U JOMKe fA3biKa. llpu ofyuenuu Bcerza
cnenyer usberats NpPHMEHEHUs] MHCTPYMEHTOB He IO HA3HAYEHHIO H,
KOHEUHO, HH B KOEM CJIyYae He I PEeBO3HOCHTH MOAJENTKH.

9 cTpemnioch npu OOYyYeHUH HCIOJB30BATH TaKyl0 HOTALUIO, KOTO-
past MO3BONsieT NMOCTENIEHHO U CHCTeMaTHYeCKH BBONMTL HOBLIE CTPYKTY-
PH TIPOLECCOB U [AHHBIX. DTO XKeJaHHe OCHOBHIBaeTcs Ha HabMioJeHHH
TOro (pakTa, yTo GOJBLIMHCTBO JIofiefl HaBcerna NPHBSASLIBAIOTCA K fA3LI-
Ky, KOTOpHl OHU H3yyasy NepBhiM. [IpHuMHa He TOJNBLKO B YacTO YIIOMH-
HaeMol HHepuuH YeJIOBeYeCKOro MBIJIEHH S, HO ellie H B TOM, 4TO «Iep-
BBIY SI3HK TIpeacTasisieT cofoit yaobHyo $opMy, ¢ TOMOIbI0 KOTOPOK
abCTpakTHAs MBICIbL TIOJy4aeT KOHKpeTHoe Bomjomexwe. C HepBbIM
S3HIKOM He TOJBKO yCBaUBaeTcsi Clopapb M Habop rpaMMaTHYeCKHX
TIPaBUJI, HO TaKkKe OTKPLIBAIOTCS BOPOTa B HOBYIO 00JacTh MEICTH.
INostoMy BHGOP 3TOrO sI3BIKa JOMXeH OHTL cephesHo obocHoBaH. K co-
}KaJjiento, GOMBLIIHHCTBO IHPOKO HCTIOMb3YeMbIX SI3EIKOB IIPOrPAMMHPO-



MPEJUCIIOBHE 11

BaHUS COBepILIEHHO HEYNOBJETBOPHTENbHE], ECJIH Pedb HIET O METOLUKE
U cucteMe o6yueHus.

Ilpy M3y4yeHUH 3TOTO Kypca NoTpeGyIoTCs JULIb 3J€MeHTapHHe 3Ha-
HUA U3 MaTeMaTHKHU. [Ipennionaraetcs, B 4ACTHOCTH, YTO CTYN@HTH 3HAKO-
MBI C 3JIeMeHTAMH MaTeMAaTHueCKOH JIOTHKY ¥ MIOHATHEM MaTeMaTH4eCKOH
MHAYKIHUH. 3HAKOMCTBO C MaTeMaTHYeCKHM aHalu30M Bpsif JiH HeobXo-
JIMO; HCKJIIOYEHHEe COCTABSIT HEKOTOpble MPHMEPH H YIIpaXkKHEHU s, KO-
TOpBIe TIPH JKeJaHUH MOXKHO ONYCTHTD.

BaxHo, 4TOOBI CTYIEHTH AKTHBHO 3aHUMAJNUCD pellleHUeM yIIparxHe-
Huil. IlporpammupoBanne no cBoefl CyTH fABJSETCS KOHCTPYKTHBHOM
U CUHTE3UpYIOIleH NUCHUIVINHON, MO3TOMY B Hell HeNlb3si NOCTUTHYTD
COBEpHIEHCTBA, OrPaHHYMBAAChL ONHUMH DACCYKICHUAMH. § Ipexmnouu-
Talo MPOCTHe 3ajaydl, KoTophle GOPpMYyJNUPYIOTCS fcHO Ge3 H3JUIIHHX
nozpobHocTell. KOHeUHbIH pe3yAbTaT JOJIKEH BHIPAXKaThcsi B MPOCTOLR
(dopme 6e3 CJIOKHOTO MaTeMaTHuecKoro ¢opMalusMa. ¥Ipa)KHeHUs
JOJKHEl TIOMOYL CTYNEHTY OJiMyKe TO3HAKOMHTLCA C mpHMeHeHHeM
paccMOTPeHHBIX NMOHATHH ¥ MeTonoB. OHU He cOpeparT XUTPOYMHBIX
3arafiok, pasrajbiBanude KOTOpHIX TpeOyeT OOJBIIOro BpeMeHH H OnhiTa.
YTpaxHeHHsl B KOHIle Kax[OH IJIaBH UTPAlOT TaKkKe POJib IPHUMEpPOB,
MO3TOMY UX MOXKHO NPOU3BOJILHO H3MEHSTL M YCJIOKHATD.

Ycnex Kypca NporpaMMHpPOBaHUS B 3HAYUTENBHOH Mepe 3aBUCHT OT
OpPraHusanuy H JOCTYIHOCTH BLIYUCIHTEJLHOTO LeHTpa. Eciu e oI«
peneJieHHble MUHUMaNbHEIE TPeOOBAHUS He BHIIOJHSIOTCS, TO B pe3yJlb-
Tate Kypc OyneT UMeTh HUUTOXKHBI 3¢d¢deKT. Bo-neppulx, opranusanus
paGoTH Ha MalIMHe JO/KHA OHLITh TAKOH, YTOOE MaJible paGoThl BHITIOJHS-
JIICh B KOPOTKoe BpeMsi. PaGoTrl, Tpebyloye Beero UMb Napy ceKyHn
NIPOeCCOPHOro BPEMEHH H BBLIIAIONIME HECKOJIbKO AeCSTKOB CTpOYeK Ha
neyaralomiee yeTpolicTeo, He NOJKHLI BRIMONHATLCA OoJiee yeM 3a yet-
BEpTh yaca. BO-BTOPHIX, KOMIUAATOP NMpH BCEX OGCTOSITENLCTBAX JIOJ-
J€H BLIIaBaTh BPa3yMUTEJLHBIH OTBeT. B 4acTHOCTH, HOBHYKH pPEIKO
NONyyaloT B KayecTBe OTBeTa OXHJaeMble pPe3yJIbTaThl BHIUMCJIEHHI;
KaK MmpaBusIo, KOMIUJIATOP coofmaeT UM HHQOpPMANH0 O QONYIIeHHHIX
ommbkax. CHucrema noKHa (GOpMyJIHPOBAThL 5TH coollieHus aubo Ha
€CTecTBeHHOM fI3BIKe, JINOO Ha HCIOJAb3YeMOM $I3BIKE IpOrpaMMupoBa-
HUsi. He no/kHO ORITL HUKAKUX HEMOHATHEIX WJH CIyY4aiHHX coolle-
HUIl ONepanyOHHON CHCTEMB! WJIH, YTO €I XViKe, aBapHUHLIX BLIAY B
BHJIe KOJIOHOK BOCLMEPHYHBIX HJIHM MIECTHAMNATePHUHBIX nudp. Hucmio
KOMaHJl Jiis1 TI0JIb30BAaTeN 51, 0OpAIAIoIerocsl K ycJayraM OnepanyoHHON
CHCTeMEl, TaKiKe JOJKHO OBITh CBEJIEHO K MUHHMYMY.

Ota KHUTa BO3HUKJA B pe3ysbrate o6paGoTKM KOHCTEKTa JeKIuH,
Npountanuelx B CrandopackoMm yHHBepcuTeTe U (DepepanbHOM TEXHO-
Jioryyeckom uecTHTYTe (ETH) B Litopuxe. ITostomy Bpsanm JH ymacTcd
YHOMSIHYTh BCeX, KTO NMOMOT' MHE CBOMMH coBeTaMy H uesimd. OnHako s
Bhipaxkato ocoOyio GrnaropapHocTh MouM Kosuteram 2. B. Jlefikcrpe
(Sitnnxopen), K. A. P. Xoopy (Begpact) u I1. Haypy (Konenrares),
PaGoThl KOTOPEIX HE TOJBKO MOBJMANH HA CONEpIKAHHE KHUIH, HO Ha
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nporpamMMuposanye poobie. C oco6oii TpH3HATeLHOCTHIO 51 BCIOMHHAIO
TaKxe mMoH Gecenti ¢ X. PyTtHcxay3epoM, pOLOHAYATBHHKOM HAEH SI3BI-
KOB TIporpaMMHpoBaHusi U coastopoM Ausrona-60. OH, no-supumMomy,
OKaszas HauOoJsiblllee BJAMsiHME Ha 3Ty pabory. §1 Gnarojapen Takwxke
muccuc A. Qopcaiit, Koropasi BHUMaTeILHO TIpousia pyKonuck. Hakoxerl,
s 06si3aH MOUM cOTpyaHUKaM Y. Aumany, 3. MapMeep u P. Ulnany 3a
MX TepoHYecKye YCHJHsI IPH peasM3ali KOMIWJIATOPa € SI3BKa IPO-
rpammupoBanusi Ilackanb. B pesynbTate STUX YCUJME HOTauus, HC-
NoNb3yeMasi B 5TOH KHUTE, TOIUTCS He TOJBKO ISl BHpaXkeHIlst abcrpak-
THHIX aJITOPUTMOB, HO TaKke U JJisi HanHcanus 3(Q(HEeKTHBHEIX U HaJeXK-
HEIX TIPOTPaMM JJis1 PeasibHOH BBHIYHCIUTENBHOH MAIIMHEL

H. Bupm



1. BBEJIEHME

3a nmocJiesiHee mecsITUIIETHE BEIYHC/HTESBHAS MallWHA CTaja Hesa-
MEHHUMEIM HHCTPYMEHTOM B YIIDABJEHHU H 3KOHOMHKe, B MpPOMBIILIEH-
HOCTH ¥ HayYHEIX Hcc/efoBaHusiX. Pelenue MHOrHUX 3anady, BOSHHKaIO-
IMX B CAMBIX Pa3lHYHHX chepax yesoBeyeckKol esiTeIbHOCTH, GO Obl
HEBO3MOXKHO 0e3 mpuMenenUs DBM. BoluMcauTesNbHas MalMHA — 3TO
aBTOMaT, KOTOPHIl MPOM3BOAHT BBIMHCIHTENLHYIO paboTy B COOTBETCT-
BUM C TOYHO mpeAnucaHHHIMH TNpaBujiaMH. OOBLIYHO OHa BHITIOJIHSIET
TOJILKO OrpaHuyeHHBl Habop 3/eMeHTapHEIX KOMaHi, KOTOpHe eff «ro-
HSITHE> B KOTOPBIM OHa clocoOHAa NMOBUHOBATLCSI, HO BBIMOJHSIOTCS] 3TH
KOMaHJIb! C TOPa3UTeNbHOH HaNpaBJEHHOCTBIO U HAJKHOCTEIO. BHuuc-
JIMTeJIbHAS MaUIdHA crocoOHA BHINOJHATE YPE3BBINAHHO JIIMHHEIE MOC-
JIeJIOBaTeILHOCTH KOMaHJ|, cojepkaliye nouTH GecKoHeyHble KOMOWHa-
I 3jleMeHTapHBEIX JeHcTBUil. [IMeHHO 3TO CBOHCTBO oOmpenesnseT ee
MOIIb ¥ IUHPOKYIO PUMEHUMOCTD. JlesTeIbHOCTE M0 06 BeAMHEHHIO TAKUX
IENoUeK KOMAaHJ B «PeLelTEY», ONHCHIBAIONIHEe HEKOTOPEIE KJIACCH BLIYHC-
JIUTENLHLIX TIPOLIECCOB, Ha3kBaeTcsi npoepammuposaruem. Ho ¢yupa-
MEHTa/IbHble HJeH, JieXxalile B OCHOBe KOHCTPYMPOBaHHS MPOTPaMM,
MOXHO OOBACHUTL U MOHSTh, BOOOIlE He YIOMUHAs IPH STOM BHUYHC-
JIUTENIbHYI0 MAUIHHY.

Ilporpammuposanve — fucuyn/ivHa yAMBUTENLHO MHOTOMJIAHOBAS;
BO-NepBLIX, OHO CONEPXKHT MHOXKECTBO HETPUBHAJLHHIX mnpobraeM U
NOSTOMY OTKpHITO [ijIsi CHCTEMATHYECKHX METOJAOB MATEMATHYECKOTO
aHamisa, a BO-BTOpHX, CaMO MO cefe OHO SIBJISIETCS BHI3OBOM YeJIOBe-
HCCKOMy uHTEJIEKTY.

Ho meropuueckoli ctopone NpOrpaMMHPOBAHUST YARNAJOCh OYeHb
MaJo HyManus IO TOfl POCTOM MpUYKKE, YTO OHO TOJBKO TOTAA PHBO-
WT K YHTepecHEIM HCCIEIOBAHUSIM U CJIOXKHHM TIPOGIeMaM, TPeBYIOmM
TBeporo TeopeTuueckoro QyHmameHTa M CHCTEMATHUECKOTO MOXXOnA,
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KOrfia TpOrpamMmbl JOCTHFAIOT ONpeefleHHOH CJIOXKHOCTH U Pa3MepoB
(T. e. Xorma OHM COZepXKAT THICSYH W JlaXkKe MUJJIMOHBI KoMauz). JIo
NOSIBJIEHUs] BBIYMCIUTENBHOH MalllMHBI He CYIecTBoBasno «paba», CIIO-
CcOGHOTO HAJIeXXHO BHIIOJHHUTL TAKYI0 IJHHHYIO TIOCJeI0BATENbHOCTE
KOMaHfi ¢ aGCOMIOTHEIM U OecrpeKOCJOBHEIM TTOBHHOBEHUEM; MO3ITOMY-
TO W He OBITO CTUMYJIa JJIsi CO3/laHUsA TaKUX IporpaMmm. TOJBKO COBpe-
MEHHasi BEIYHCJUTENbHAS MalllMHa clieniaja IporpaMMUpoBaHye ofbeK-
TOM CaMOTO TNPHUCTAJBHOIO K BCECTOPOHHErO BHUMAaHHS.



2. OCHOBHBIE NOHSTHS

B 370ii ryiaBe BBOAATCS HEKOTOpHIe BaKHEIE TOHATHSA IIPOTPaMMHpPO-
panpsi. OHY OTHOCATCA K paspsfny (pyHAAMEHTAaNbHBIX TIOHSITHH, U UX
HeJIb3sl ONpelenuTb GOpMAaJbHO C MOMONbIO APYTUX MoHsTHH. TTo3To-
MY MH HX OOBSCHSIEM Ha IIpUMepax.

CaMbIM Ba)KHBIM TIOHSTHEM SIBJISIETCS] HOHATHE Oelicmeusa. 3jech
noji neficTBHeM NOHHMaeTcsi HeYTO, YTO HMMeeT KOHEUHVIO TPOOJIKH-
TeJILBHOCTE U TIPHBOAUT K JKEJaeMOMY H COBEPIIEHHO ONpefeNeHHOMY
pesyavmarmy. Kaxroe JeficTBue IpejmnosiaraeT HajJuuie HEKOTOPOTO
obBexma, Haj KOTOPEIM 3TO JEHCTBHE COBEPINAETCSI U TIO L3MEHEHLIO
COCMOAIHUS KOTOPOrO MOXKHO CYNUTB O pe3yJbTaTe 3TOrO JeHCTBHS.
Kaxknoe peficTeie JOMKHO OLITh TAKUM, YTOOH €ro MOXKHO OHAO OnHcaTh
C TIOMOIBIO HEKOTOPOTO f3biK@ WU CHCTeMHEl (GopMyJl. STO OMHCAHUE
HA3LIBAETCS] UKCMPYKYLet].

Ecnu meficTBHE MOXKHO pPasfOXKUTh HA COCTABHHIE YacTH, TO OHO
HAa3LIBAETCST NPOyeccoM WY evmucaerues. Ecay 3TH 4acTH BO BpeMeHU
CJIEIYIOT CTPOTO YT 32 APYroM U HUKaKpe JiBe YacTH He BHIIOJHSAIOTCS
OJIHOBPEMEHHO, TO I POLECC HA3LIBAETCS N0CAe008aMeAbHbIM. A 3TO 03HAa-
4aeT, YTO WHCTPYKIHMIO, ONMHCHLIBAIONIYIO MPOIECC, MOXKHO Pa3OHTh Ha
COCTaBHLIE YACTH; TOT/Ia OHA HasnBaeTcsl npozpamsoll. Takum obpasom,
nporpaMma COCTOHT 3 Habopa HHCTPYKIHi, TEKCTyalbHas ynopafoueH=
HOCTh KOTOPHIX, BOOOIIE FOBOPH, HE COBNAJAET ¢ MOPSANKOM BHINOJHEHMYS
COOTBETCTBYIOIHX JeHCTBUI.

To, yTO BHINOJMHAET 3TH JeHCTBUS COTVIACHO 3aJaHHHIM HHCTPYKLHU-
SIM, Ha3BIBAETCS Hpoyeccopom. DTo GoJiee UJIH MeHee HelTpaJibHoe CJIOBO
HUKaK HE ONpelessieT, KTO SABJIAETCS HCIIONHUTENEM — YeJOBEK HJIH
aBToMaT. B caMoMm jiefie, mporpaMmbl (KOJb CKOPO OHU 3aMHCAHb! Ha 5i3bi-
Ke, KOTOpHIfl TOYHO ONpeJiesieH) MMEIOT CMBICS (e30THOCHTENLHO K cre-
ungure nporeccopa. Boobuie rosopsi, nporpaMMucTa He HHTEpecyer
HMHIUBHYaJbHOCTD Tponeccopa. [l Hero BaKHO TOJBLKO OHITH yBe-
PeHHBIM, 4YTO mporeccop NMOHUMaeT s3bIK, Ha KOTOPOM HaIHCaHBl [po-
FPaMmpl, OCKONBKY NpeanoJiaraeTcs, YTo MPOTpaMMbl COfiepKaT Mpa-
Buna noeepenus npoueccopa. ClefopaTtesbHO, POTPaMMUCTy HeoGXo-
MO 3HaTh THOERI HHCTPYKIHI, KOTOpHE npoieccop crnocofeH NOHUMATh
H BHIIONMHATL U KOTOPHE TPOrPaMMHCT JOJIKEeH NMUCATh B TOUHOM CoO0T-
BETCTBHM ¢ A3LIKOM.
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Kaxnoe nefictere TpeGyeT Hekoroporo obbnema pabormel, KOTOPLIH
saBucHT oT npoueccopa. O6beM paGOTH MOXKHO XapaKTepusoBaTh Bpe-
MeHeM, KOTOpO€ 3aTpauuBaeT IIPOLECCOp Ha BHIMOJHEeHHE AeHCTBUS.
Mepy BpeMeHH B CBOIO OYepe/ib MOXKHO 0oJiee UM MEeHee TIPsIMO TiepeBec-
TH B Mepy crouMocTd. ONBITHHE NpOrpaMMHCT BCETZa YUHTHIBaeT BO3-
MOYKHOCTH HMEIOIUXCS B €T0 PaclopsrKeHHH MpPOeCcCOPOB M 3aTeM
BLIOUpAeT TO pelleHHe, KOTOPOe MHUHHMH3MPYeT CTOHMOCTb.

TTockonbKy JaHHas KHUTa MJIaBHHM 00pa3oM KacaeTcsi COCTaBJIeHHS
nporpaMM IJisi  NMPOLIECCOPOB-aBTOMATOB  (BBIMHC/HTENBHBIX MAILHH),
OcTa/ibHasi YacThb TVIaBHl MOCBSIIAETCS HEKOTOPEIM OCHOBHEIM XapakTe-
PHCTHKaM, OOUIMM JUlsi BCEX BLIUMCJIMTeNBHBIX MamuH. Ho mpexne uem
TIPUCTYNUTD K H3JOXKEHHIO BeCbMa OOLIero Bar/s/ia Ha BLUHCIHTEbHbE
MAallIMHE], MBl PacCMOTPHM JIBa TPOCTHX HpPHMEpa, HJLTIOCTPHPYIOUHX
TONILKO 4YTO BBEJCHHEIC TOHSTHS.

Hpumep: Y mnoscerue

Ham pgana vncTpyKOnus:

Ymroxcume 060 HAMYPAALHBIX wUCAQ X U Y U NOAYUeHHoe npoussede-
Hue 0003HOMUMb Huepes Z.

Ecnyt Haui mporeccop MOHMMAaeT 3TY WHCTPYKLHIO, T. €. OH 3HaeT,
YTO O3HAYAET «HATYpPAJbHOE YHCJIO» W «YMHOXHUTBLY, TO JafbHelias
Jetanusanusi He Tpebyercsi.

B uHTepecax AHCKYCCHH MPEANOJOXKUM, OJHAKO, YTO Hall Iporiec-
cop

(a) ne moHMMaeT MpeiJIOXKeHHI eCTECTBEHHOTO A3HIKa, a BOCTIPHHM=

MaeT TOMBKO HeKOTOphle GOpMYJibl, H

(b) He .ymMeeT yMHOXKaTh, & yMeeT TOJILKO CKJIAJBBATD.

[pexkie Bcero MBI 3aMeTHM, YTO OOBEKTAMH BLIUHMCJIEHMS - ABJIAIOTCH
HatypanbHble uucaa. OpHako TpejioJiaraetcsi, 41O B IpPOrpaMMe He
3a7al0TCs 3TH YHCa; B Hell TOMBKO onpejelisieTcst B oblieM BUIE Xapak-
mep noeedenus; TIDH YMHOXKEHHM MpPOM3BOJILHOH Napbl HaTypaJbHEIX
yycesi. 11osToMy BMECTO umces MH HCNOJNB3YEM HMEHa, ofo3Hauarompe
U3MEHsieMEe OGBEKTHl, KOTOPHe HA3BIBAIOTCS Hepemertoimu. B Hauame
KaXKJIoTO MpOIEecca 3THM NNEPEMEeHHBIM AOJKHH OHTL TIPHCBOEHH KOH-
KpETHEIe 3HAUeHUsi. JTO npuceausaxue — OIHO U3 CaMBIX (yHaameH-
TaJbHBIX JefCcTBHi B BLIYHCJIHTENLHBIX TTPOLECcCAX, BHIIOJHSIEMHX BHI-
YHCJUTENBHOH MalulHOM.

IlepeMeHHYI0 MOYKHO CPaBHHTL C KJIACCHOH NOCKOH: ee 3HAYeHIie
MOXKHO «YHTATH» CTONBKO pa3, CKOJILKO NOXKeNaellb, o MOXKHO CTepeTh
¥ Ha TOM JXe MecTe Hamnucarthb Apyroe 3Haudenue. [loropras sanuch npu-
BOJMT K TOMY, YTO MpeXkHee 3HaueHde tepsiercsi. B panbHeileM mpu-
cBaMBaHlie 3HAUEHUs W NepeMeHHO v Mbl OyeM o003HauaTh cJie YoM
o6pazom:

Vi=w 2.1

CHMBOJ = Ha3LIBaeTCs onepamopom npuceaUéarUA.
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Tenepr MHCTPYKLMIO HAIIErO NpUMepa MOXKHO 3anucaTh MHaye:
Z 1= xxy (2.2)

Ecnu 3Ta HHCTPYKUUS PACNAAeTCsi Ha TOCeI0BaTeIbHOCTD QJoXKeHui,
cJeLYIOIHX BO BpeMEHU JPYT 3a NPYroM, TO JIeHCTBHE YMHOXEHHS CTa-
HOBUTCS TIOCJIeOBATENILHLIM TPOIECCOM, a MHCTPYKHMs (2.2) npuHu-
MaeT BHJ mporpamMMbl. IToka MBI OrpaHUUMMCS CleyloluM HegopMalb-
HEIM OMHCAHUEM M[POrpaMMbL:

Olar 1: z:=0
ui=x
Hlar 2: nosTOpATL WHCTPYKLHK (2.3
z:=zty
ui=yu—1
no u=0

BumnonHsieMHi 3T0fl mporpaMMoH mpoliecc MpH YCJOBHH, YTO Iepe-
MEHHHM X W ¢ 3alaHbl HayaJibHHle 3HAYEHHS, MOXKHO MPENCTABUTH B
HarJIsiIHOH (opMe, eciM 3anucaTh 3HAYEHHs, KOTOPHIE NIPUCBAHBAIOTCS
nepeMeHHBIM & ¥ z BO BpeMsi cueta. Jlas x=5 u y=13 MH noJyurM
tabnuny (2.4).

IHal‘ 3HaquHﬂ nepeMeHHbe
Z u
1 0 5
2 13 4 (2.9
2 % 3
2 39 2
2 52 1
2 65 0

Tporiecc 3akaHYMBaeTCs Ha mare 2, Kak TOJMbKO #=0. B sToT moMeHT
3HaueHueM z OyneT oKoHyaTeNbHHE pedyJsbrar 66=>5#13. Takasa Tab-
JIMIA HA3BIBAETCH MPaccuposourot mabauyeti. 3aMeTHM, YTO MOCJENO-
BaTeNbHOE Mepeurc/ieHite 3HAYEHW He O03HAYAeT, YTO 5TH 3HAUENHs
COXpaHsIOTCS; HAOOOPOT, KaXKjasi nepeMeHHasi B JiioOOH MOMEHT Bpe-
MeHY HMeeT POBHO 00HO 3HaueHue. DTO CJIeJyeT W3 TOro, YTO MpH MPHC-
BauBaHUH MpeHee 3HAUeHWe MepeMeHHOH CTHpaeTcs.

O0pexkTaMH 3TOTO BBIYUCJEHUSs SIBJSIIOTCs uucna. Jsi Toro urobu
MOXKHO OLIJIO BHIMOJIHSITL ONEPaildyd HaX YHCJIAMH, Hy>KEeH CreluajbHb
Crioco6 3amucH JiJIsi MpencTaBieHus 3THX uuces. CrneoBaTtesibHO, NpH
BRINOJIHEHUH BBIYHCJEHHS 6oi60p cnocoba sanucy HeuwsbexeH. (Oanako
nporpamMMa, BOOGLIE TOBOPS, UNEET CMEIC] Ge30THOCUTENLHO K crnocoGy
3andey W NpeAcTaBjaeHH0 ee 00beKTOB.) CyIecTBEHHO TaKKe passiu-
uaTb 0GBEKTH H UX NPECTaBJIEHHUs], eC/H Jiaxke 3T0 abcTpaKTHHE O0LeK-
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THI, TAKHe, KaK uHcna. Hanpumep, B mamynax uicna oObIYHO NpecTaB-
JISIIOTCS COCTOSTHHEM 3JIEMEHTOB MATHHUTHOH TNaMfATH, HO XOTeJochk Ol
HUMeTb BO3MOXHOCTL (POPMYJIMPOBATL IpOLecch, KOTOpPHE ONEPHPYIOT
C YHCJIaMH U BRINOJIHSAIOTCS Ha BEYHCJIUTENILHON MallHe, He B TepMUHAX
COCTOSTHUH MarHuTHOH mnamaTH. ILJsi NOATBepKAeHUsi STOH MBICAH U
JIEMOHCTPALMH TOrO, KaK TOT Ke BHYHCJIUTENLHHI Iporece MOXeT ObITh
OMHCAH C TOMOLIBIO JIPYrofi cucTeMbl o6o3HaueHuil, BMecTO (2.4) MBI
npuBofUM Tabauuy (2.5), B OCHOBe KOTOPOH JIeKHUT PHUMCKasi CHCTEMa
CUHCJIEHNS.

Tilar 3HayeHHus! nep‘emeHme
¥4 u
1 0 \%
2 XII IV (2.5)
2 XXVI It
2 XXXIX It
2 LII I
2 LXV 0

Ipunep: Henenue
JlaHa HHCTpYKLMS:

PasOeaums HOmMypaavHoe 4UCAO X HO HAMYPAAbHOe HUCA0 Y U 0603-
HQYUMb yeaoe 4acimHoe wepes ¢, Q OCMOIMOK 4epes r.

['oBopsi 6osee TOUHO, JOJKHB! BLIIOJHATLCS CJIEYIOUIHe COOTHOILEHHSI:
x=gzy-+-r u 0<r<ly (2.6.1)

Ecqu BeecTH.onepatop div, To 3TO BLIYHCIEHHE MOXKHO onucarth Gosee
dopMaNbHO clefylomed HHCTPYKuWeil IpHCBauBaHUs:

(g, n:i=xdivy (2.6.9)

UtobH ewle pa3 IpOeMOHCTPHPOBATh, KaK HHCTPYKIUSA MOXKET ORITh
npeofpasoBaHa B NPOrpaMMy, Mbl TPEANOJNIOXKUM, 4TO IIPOHECCOop, AJs
KOTOPOTO TpefHa3HayeHa 3Ta IIporpaMma, He yMeeT IeNUTh, T. e..He
nmMeer koMauae! div. [losTomy HYXKHO JiesieHye pPas3NoXKUTh Ha TOCJE0-
BaTeJILHOCTh BHIUMTAHWE JESUTENA i U3 gesiuMoro x. Torjga KoJinuecTBo
BLIUUTAHUH OyleT HCKOMBIM YacTHHIM (.

Mar 1: ¢g:=20
ri=x

Mar 2: noka 7>y mnoeTOPSTH 2.7
q:= g+l

ri=r—y
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MmMeHa x ¥ y BHOBb OOO3HAYAIOT KOWCMAKMbL, KOTOPBIE TIPENCTABJIAIOT
HoJiyueHHble paHee (PUKCHpOBaHHLIE 3HAYEHHs, a ¢ U r o0o3HAYaloT
nepemerHbie, KOTOPHIM TIPHCBAMBAIOTCS HEJIQUHCJIEHHblE 3HAYCHHS.
Tporecc, onucaHHbI ¢ TTOMOIIBIO TPOrpaMMEl (2.7), Ans 3HAUEHHH x=
=100 u y=15 MoXHO M3006pasuTh TpaccupoBourofl rabmuued (2.8).

Illar 3Ha'{eqHHﬂ nepeaﬂenmﬂx
1 0 100
2 1 85
2 2 70 (2'8)
2 3 55
2 4 40
2 5 25
2 6 10

Iporiecc 3axkanuMBaeTcsi, Kak TOJMBKO r<Zy. Ilosyuennrie pesyJsibTaThl
(=6 1 r=10) ynomJeTBOpsIOT CcoOTHOLICHUSIM (2.6.1):

100=6x15--10 u 0<<10<<15 (2.9)

DTH Jpa NpuUMepa ONHCHBAIOT TOCTENOBaTesJbHEE TPOLECCH, B
KOTODBIX TpHCBAHBaHHs BHIOJHSIOTCS CTPOrO HOCJ]ENOBATENLHO BO
BpemeHu. B panbpHeiilieM MBI OrpaHUYMMCS PaCcCMOTpPEHHEM TOJIBKO
NoC/IefOBATENBHBIX TIPOHECCOB M IO CJIOBOM «IIPOIecCy jaliee BCerja
Oynem moppasymeBaTh nocaedosamenvtivili npoyecc. Mbl yMBILUIEHHO He
paecMaTpUBaeM HenocJeoBaTebHEe NTPOLECCH He TOMBbKO MOTOMY, YTO
OOLIYHbBIE BLIYUCIUTENLHBIE MAIIMHBL TTOC/EI0BATENBLHO BLHINOJMHSIOT Olle-
pauuy, HO MpeXkje BCEro NOTOMY, YTO KOHCTPYHPOBaHHe HellocJieNoBa-
TENLHBEIX TIporpamM (MJIM CHCTeM TOCJENOBATeNIbHEIX, HO B3aHMO3aBH-
CUMHIX M TapasjeNbHO BBUIOJHSEMBIX TpPOrpaMM) SIBJSIETCS BechMa
JenvKaTHOH W TpyAHOH 3anauefi, TpeOylomedl IIOJHOrO OBNANEHHS HC-
KYCCTBOM COCTABJIEHUs TIOC/EOBATENLHBIX AJMTOPHUTMOB.

31U 71Ba TpuMepa TOKA3BBAIOT TaKXke, YTO Kaxjasi Iporpamma
OIHCHIBAeT TTOCTEeN0BaTeNbHOCTL TpeoOpa3oBaHuil cocTosiHUS Habopa ee
Ne€pemennblX. Ecsin 0fHa ¥ Ta »Ke IporpaMMma BHIIOJHSIETCH OBAXKIBI C
Pa3NUUHLIMH Haya/JbHBIMU 3HAUEHHSIMU (X U YY), TO ObL1o OBl OMIHOKOH
TOBOPUTDL, YTO 3TH JIBAa MpOHECCa MK BHUHCIEHHST ONUHAKOBHL. OpHAaKO
HECOMHeHHO, UTO xapakmep nogedentiss y HUX ofuHAKoB. OnucaHue Xa-
PakTepa noBeneHust 6e30THOCHTENLHO K KaKOMY-THOO KOHKPETHOMY
ponieccopy OGBIYHO HasblBaeTcst aseopummom. TepMuH npospamma co-
OTBETCTBEHHO WCMOJBL3YETCsi NJIsi aJTOPUTMOB, KOTOpPBHIE CKOHCTPYHpO-
BaHbI TaK, yTOGH OHY OBITH NPUEMJIEME! V151 COBEPLIEHHO O peieSIeHHOTO
Tna nponeccopos. Pasnnune Mexay o6uyus (HOra roBopsiT abeTpakT-
HEN) qazopummon Vi npoepammoll mauuutbl COCTOMT TABHLIM 06pa3oM
B TOM, yto B mocsenHell NpaBu/ia MOBeIeHUs NOJKHEI GLITh CrienupUILy-
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pOBaHEBI 10 MeJibuaiimuX nojpobHocTell U OHA JOMKHA OHITL COCTaBJIEHA
B TOYHOM COOTBETCTBHY € NPaBHIAMH 3anucH. ITO 0OBACHSETCS TEM, YTO
MallyHa ¥MeeT OrpaHHyeHHH HabGop KoMaHj, KOTOpHIH OHa crnocofHa
NOHUMATb U BHINOJHSATE, 00YCJOBJEHO ee aGCOJIOTHLIM MOCJYIIaHHEM,
OCHOBAHHBEIM Ha MOJIHOM OTCYTCTBUH C €€ CTOPOHHI KaKOH-1160 KpUTHYe-
CKOH MO3HWLUH. ITH 0COOEHHOCTH BLIYMCAUTENBHOH MalidHbl BH3HIBAIOT
HapEKaHHsI CO CTOPOHLI GOMBIIMHCTBA HAYWHAIOUIMX MPOrpaMMHCTOB,
NOCKOJIBbKY TpeOyeTcsi MellaHTHYHAS TOYHOCTbL H CKpPYNyJe3Hoe BHHUMa-
HUe, KOrja HMeellb [eJO ¢ BHYHCJAUTeNLHEIMH MampHamu. B camom
Jlesie, aXKe TPUBHAJBLHAS OMHUCKAa B mporpaMMe MOMKeT NMPHBECTH K CO-
BEPUIEHHO HempeicKasyeMOMy U «0ecCMLICJIEHHOMY» IOBEJIEHHIO Ma-
mHHbL. T1podeccHOHAMbl TaKke HEeJIOBOJLHHE CTOJb SIBHBIM OTCYTCTBHEM
KaKoro-yiuo «37jpaBoro cMBICIay, Ha KOTOPHI nporpaMMucT Mor bl mo-
JIOXKUTLCS] (BCSAIKHE pa3, KOTJa eMy u3MeHseT COGCTBEHHBIH pasym).
IlosTomy OB NpPeANpPUHATEL YCHAHS, HMEIOUHE HeJbi YCTPaHWThb
3TOT KaxymuHcs HemocTaToK. ONBITHHIE NPOrPAMMHCT, OTHAKO, YMEET
NOJIL30BAThCS PAabCKOH MOKOPHOCTLIO MAilMHEl, OCKOALKY B 3TOM CJTy-
yae OH MOXKeT 3aJaBaThb JiioGOH jake camblil «HEOSHUYHHIH» XapakTep
nosegendsi. OueBHHO, HeNb3si TPeGOBATL TOTO Ke OT YeJIOBEKAa, BLICTY-
NaluIero B PoJid mporeccopa, HOO OH MPUBLIK KAXKNYH HHCTPYKIHIO
VHTEpPIPETUPOBATH NPHOJIH3HTENLHO, MOArOHSIS €€ K MPaBAonoio6HOMy
¥ ynobuomy mnsi cebsi BUIY.
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UTto6H KOHCTPYHPOBATh [POrpaMMBL JIJsi BEIYMCIHTENLHOH MAIIHUHKL,
nporpaMMHCT JOJ/DKEH MpPEeXKe BCero 3HaTh CBOH HHCTPyMeHT. Yem
TIjaTesbHee OH M3Y4WJ Mpoleccop, TeM OOJbIIe Y HErO BO3MOXKHOCTEH
yuecTb YacTHbIe 0cOO@HHOCTH MpoLeccopa Npy NepeBojle CBOUX aJiIropHT-
MOB B mporpammbl. B TO »xe Bpemsi, yeM 6OJbIIE aJrOpHTM «IIOACTpau-
BaeTCs» K Mporeccopy, Tem GoJbline yCUaUs TPeOYIOTCS AJisl NOJyYeH s
nporpaMMbl. OOLIYHO MPUXONUTCST HCKATh TaKOe pelleHde, KOrna ycH-
JIUs, 3aTpaudBaeMHe Ha COCTaBJIeHHe MPOrpaMM, OCTAIOTCA B Pa3yMHLIX
npejesaX, HO ofecrneyHBaeTcsi JOCTATOYHO BHICOKOE KauecTBo (T. €. a-
(beKTHUBHOCTE) MOJIyYaeMbIX Nporpamu. JlJisi JOCTHKEHHsT 3TOTO KOMITpO-
MHCCa MPOrpamMMUCTy HeoOXOJMMO 3HATh TaKHe CMOCOOB! «MOATOHKH»
nporpaMMel K CBOEMy MPOIEeCcOpy, KOTOphle CPaBHUTEJILHO JIETKO OCy-
IECTBUMBI U B TO K€ BPeMsi JaloT OmYTHMBIH 3¢hdeKT. [Ijs 3T0ro BaXkHo
YUHTHBATL HauGoJiee CYLIECTBEHHHE XapaKTepPHCTHKHM MAalIMH, OTBJe-
Kasch oT cyry6o cnenualibHEX UX YepT U ocobeHHOCTel!.

Bo Bcex coBpemeHHBIX 1U(POBHX BEIMHCIUTENBHBIX MalIMHAX MOX-
HO BHIEJHUTL JiBE€ IVIABHBE KOMIIOHEHTHL.

1. 3anomunaowee yempoticmeo (unv nassme). B naMsTd B 3aKo-
JHPOBAaHHOM BMjie COpep:katcsi OOBEKTH, ¢ KOTOPHIMH OCYII{ECTB-
JISIIOTCS] Pa3/IMYHBEIE Onepanyi. JTH 38KOAU POBAHHEE OOBEKTHl Ha-
3BIBalOTCs1 OaHHbiML. K OCHOBHEIM XapaKTepHCTHKaM MaMAaTH OT-
HOCAT ee eMKOCTh (pasMep) ¥ CKOpOCThb, ¢ KOTOPOH JIaHHbIE MOXKHO
3aHOCUTh B MaMsiThb U H3BJeKaTbh WX H3 Hee. B moboMm ciiyyae
NAMATE UMEeT KOHEUHL0 eMKOCTD. .

2. Ipoyeccop (apvipmeTuecKoe U JIOrHYECKOe YCTPOHCTBO). 3ITO
YCTPOHCTBO BHINOJHSIET ONEPAIHY CJIOXKEHUS, YMHOMKEHHUS, CpaB-
HeHUs1 U T. 1. Bo Bpensi paboThl faHHBe H3BJEKAIOTCA (YHTAIOTCS)
U3 naMsTH, a pe3yJbTaThl 3aHOCHTCS (3ANHCLIBAIOTCS)) B MaMATh.
B xaplit 0TeSBHLI MOMEHT B MpoLeccope HaxOfATCs TOMBKO Te
Jl@HHEle, ¢ KOTOPEIMH OH HEMOCPEJNCTBEHHO ONEPHPYET, T. €. OUEHb
HeBOMBIOE KOJHUECTRO orepaHyioB. DNeMeHTH ero coOcTReHHOH
NaMATH HA3LIBAIOTCH peeucmpanti. Bce IaHHBe, B KOTOPHIX HET
HernocpeJcTBeHHO HeoOXONMMOCTH, HAXOOATCS B MAMATH, Wr-
paromeli, TakuM 006pa3oM, poJib «KAMEPH XPaHEHHs.
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Hpunep: Bomucaente 6oipodicentis

UTo6k! BHIUHCIUTE 8 PUMETHYECKOe BLIpAXKEHHE, HMEIOIIee HECKOILKO
OTEepaHIOB U MPOMEXKYTOUHBEIX Pe3yJILTaTOB, Mbl ONATL-TAKH MpHUMEHSIEM
TeXHHKY pasfiokeHusi clOXHOH 3ajaul Ha MOC/esoBaTeIbHOCTL Gonee
MPOCTHIX 3ajiay. DTO MPUBOAUT K TOMY, YTO MPH BLINOJHEHHH Kax[oH
OTReNLHOH apudMeTHYeCKO onepanyy onepaujibl U pe3yJbTaT pacnoJa-
rajoTcsi B peructpax mnpoueccopa. BhMHCIEHVE BBIPAXKEHHs

axbtexd (3.1.1)
CRONUTCS K BHIMOJHEHUIO CIefyIomuX Gojiee npocThIX KOMaHI:

Rl:=a
R2:=10
R1 : = R1zR2

z: =Rl (3.1.2)
Rl:=c¢
R2:=d
Rl :=R1%R2
R2:=2
R1:=RI14+R2

3pech R1 u R2 ofo3navalor pervctphl npoueccopa, a 2z — npoMexKyTod-
HBI{l pe3yJibTaT BRUMCJIEHU ], BpeMEHHO noMeraeMblii B namatb. Koneu-
HEIfl pe3ysbTar oKasbiBaeTcsi B pervictpe R1.

BrluncrieHye BLIDAXKEHHS TAKUM 00pa3oM BBUIMJIOCH B KOPOTKYIO
fiporpaMMy, KOTOpasi COJIEpPXKUT KOMaH/bl MM HHCTPYKUMHU TpeX BHIOB;

(a) xomaHzBl BEHIOODKM OMNEpaHfOB H3 MNaMsTH,

(b) (apudmeTyuecKkye) onepanyy, KOTOpHE BLINOJHHIOTCSA TOJNLKO
‘C COepXKHMBLIM pErucTpoB, H

(c) XoMaH/BEI 3aHECEeHHs] Pe3YJIbTaTOB B MAMATD.

ITOT MeTon passoKeHUsi MHCTPYKLMH Ha 3JleMeHTapHHe Ward ¥ Bpe-
MEHHOTO XpaHeHUsI MPOMEXKYTOYHLIX Pe3yJbTaToB B MaMsiTH MpPHUBOLH
K TOMY, YTO OfIHH U Te K€ BLIYMCJHUTEJbHLIE MPONECCH MOIYT BHITOJHS
ThCSl KAK HA OTHOCHUTENIBHO MPOCTHIX, TAK U HA OUEHBb CJIOXKHBIX BHIYHC
JIUTEJILHBIX MalIMHAaX, ¢ TOH JUIb pasHULell, YTO NepBEIM IJ15 BLIYHCTe:
Hull Tpebyercsi OoJibile BpeMeHHU.

B sTOoM MeTOonme U 3aKNO4aercsi CYIHOCTb MpOrpaMMHpoBaHIIf
JJIi qMpOBLIX BLMMUCJAHTENBLHBIX MallliH; UMEHHO OH JIeJKHT B OCHOSE
IPUMEHEHHs] OTHOCHUTENIBHO NpPOCTLIX MEXAHW3MOB JJisi pellleHusi 3aja
OrpoMHoOll cJ0xHOCTH. YTOOH! yCreliHO 3aBepIIMThL BHIYMCJIEHHe, Tpe-
Oylomee MUJIHapAa OTAENbHHIX INAroB (MX onepaHiamMy HelpeMeHHO
6ynyT pe3y/bTaThl BEIYHCJAEHUS] NPEIBLYINUX 1HArOB), HEOOXOmuM
KOHeYHOo, abCoJIIOTHO HanexkHHIE npoileccop, pabotaromuil ¢ jgocrta
TOYHO BEICOKOH CKOPOCTLO. Peasi3anyio TAKUX MpPOLECcOPOB cremyet
OTHECTH K BeJMuaiiluiM JNOCTH:KEHUAM COBPEMEHHOH TeXHHKH.
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[TpyMep BHYHCTEHHUS] BLIPAXKEHHs CBUZIETENLCTBYET TakKke O Heol-
XOJIMMOCTH TeCHOH B3aHMOCBSI3H MEXIY MPOIECCOPOM H MaMATbIO, Tak
kaK o6MeH HHQOpMaIel MexIy HUIMHU JOBOJLHO HHTEHCHBHBIH. K 00bhek-
TaM, KOTOpHIE XPaHSTCS B MaMATH, MBl afipecyenmcsi C NOMOIILIO pasJiuy-
WX HUMeH (tuna a, b, z, ...). CilengoBaTenbHO, OpraHU3aLHsl MAMSTH
NOMKHA YEM-TO HAMOMHHATL CHCTEMY A0OHEeHTHHIX MOYTOBHIX SIUIUKOR.
To ecTb OOBEKTH COIEPIKATCS B MHOMKECTBE OTAENILHO HACHTHQUIMpYye-
MBIX fHeeK namamiy, Kaxjaash U3 KOTOPLIX HMEeT CBOH NepCcOHAJbHHIH
adpec. Kaxyioe obpamenyie K namsTi JOJXKHO CONPOBOXKAATLCSA yKasa-
HUeM aJipeca COOTBETCTBYIOIEH sYelKH.

SIueiKH MaAMATH MAIIHMHH HMEIOT CXOICTBO C MOYTOBHIMH SII{HKaMH,
¢ KOTOPEIMH MBI HMeeM JIeJIO0 B [TOBCeIHEBHOH »KU3HH, B TOM CMHIC/E, YTO
OHH COJIEPIKAT U XpaHsAT 0OBeKTHL. - HO Ha 3TOM aHaJorus ¥ KoHuaercs.
CriocofHOCTL  MAMSITH  BBIUMCNHTEJBHOH MAIIMHBL XPaHUTL JAaHHHE
OCHOBLIBAETCSl COBCEM HE Ha TOM, 4TO OOBEKTH (PH3HUECKM MpHCYTCT-
BYIOT B Heil, a Ha TOM, YTO COCTOsiHHE CaMOH sTYeHKH COOTBETCTBYET
HEKOTOPOMY 3aK00LpOBaHHOMY TpeficTaBieHIo o0nekTa. ClenoBaresib-
HO, s1YelKa JIOMKHA NPHHEMATh HEKOTOpPOe KOJIMYECTBO OLUCKDermHbly Co-
cmostuil. TpynmHO H3TOTOBUTH KOMIOHEHTEHI, CMOCOOHBIE MpPHHUMATD
Jiro0oe U3 MHOMKECTBA OTJIMYHBLIX JIPYT OT Pyra COCTOSIHUH U OCTABATLCH
B HeM CKOJIb YrofgHo joJiro. OnHako MOXHO 6e3 ocoOHX 3aTpynHeHHi
CTPOUTB 3aMOMUHAIONIMe 3JIeMeHTE], KOTOPhle MMEIOT TOMBKO JIBa PasJiiy-
HBIX COCTOSIHHS. TaKue 3JieMeHThl Ha3hBAIOTCH BOMYHBLIMY 3ATIOMHHAI0-
IUMH 3JieMeHTaMd. Ec/iu crpynnupoBarh # IBOHYHHX 3aMOMHHAIONIMX
3JIEMEHTOB, TO 3Ta TPYMNa MOXET NPUHUMATDL 27 pasHYHBIX KOMOWHA-
nuil coctosmuil, Ecnd 3Ty rpynny paccMaTpuBaTh KaK HEKOTOpPYIO
HENIeJTIMYI0 KOMIIOHEHTY, TO OHa NpencTaBJisieT cobofl ssuefiky namsiTH ¢
2" BO3MOXKHBIMH , COCTOSTHHAIMH.

ITpunep: KoOuposarue obwexmos 6 6ude epynn 0eouutbix yugp
Mubl BLifepemM MO3HIMOHHOE MNPEICTABJEHHE HATYpaJbHBLIX uHCel,
BRMouast 0. Yncno x womupyercs chienyiomiedl nocliefoBaTelbHOCTBIO
U3 n IBOMYHHX tMdp (HasblBaeMHX 6umamu), T. €. HyJeH U eIUHUILL

X by_y.. bibo (3.2.1)
HpH‘{eM IpaBuJIo KO}_IHpOBaHHH 3aJaeTCs CNEAYIOUIHM O6p830M:
X=by+ 9,4+ ... 4 om1p, (3.2.9)

Pazyneertcs, sto NPABUJIO He SIBJISITCH €MMHCTBEHHO BO3MOXKHHIM, XOTS
BO MHOTHX OTHOWIEHHSIX OHO AJIF Hac Gojee NpHeMseMo. JIOCTATOWHO
CKasaTp, 4yTo B KOHIIE KOHIIOB TO JKe CaMOe MPABUJO JIXKHT B OCHOBE
NpencraBnenysi apaGcKuX (ECSTHYHBIX) YHCN, T. e,

X dp_yq. . .didy (3.3.1)
rme

x=d,+10%d;+- 100 %dy+... +10m"1xd__  (3.3.2)
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B crenyromedi Tabmiie npHBOAMTCSI HECKOJLKO MPHMEPOB JABOMYHOIO H
JECATHYHOTO KOAMPOBAHHUSI (MpEJCTABJEHUS) YHCEN:

JlBoHuHOE l JecsituuHOR
1101 13
10101 21 (3'4)
11111 63
1101011 107

CambIM BaXKHBIM (paKTOM, KOTOPHIH MB!I H3BJIEKJH M3 3TOTO mpuMepa,
SIBJISIeTCS TOT (DAKT, YTO KOHEYHEIe 3aNOMUHAIONUe siYeliKy, T. e. ssuedKy,
MPUHUMAIONIME JIHIIb KOHeUHOe YHCIO Pa3/MYHBIX COCTOSIHUE (coOcTReH-
HO JAPYIUX U He CYILECTBYeT B MPUpPOJe), CnocoOHH 3aMOMUHATEL YHCJA
TOJNILKO U3 HEKOTOPOTO KoHeuHo2o ouanasona 3noueruii. KoJiuecTso
JBOWYHBIX 3aMOMUHAIOIHX 3JEMEHTOB, CTPYNNHPOBAHHHIX B OfHV
OJIHO3HAYHO AJIpecyeMylo siueliKy naMsiTH (CJIOBO), OOBIYHO HA3LIBAETCS
daunoii croea. XapakTepUCTHKY apu(MeTHUeCKoro yeTpolicTBa Cymect-
BEHHO 3aBHCAT OT 3TOH ayuHE. OOGHYHO IJIMHA cJoBa n paBHa 8, 16, 32,
48 uau 64, U COOTBETCTBEHHO NOMYCTUMBIE MHOXKECTBA PA3NHYHHIX 3Ha-
yeHUH paBHB 27,

[MockosbKy pa6oTa BHIUMCIUTETBHON MAIIMHE HEJHKOM H MOJHOCThIO
ynpaBigeTcsi nporpaMMmoi, HeoOXoguMO OOecreyuTh Jerkuil mocTyn
MalyHbl K cBoeli mporpamme. Torna Bo3HHKAeT BOMpOC: T7ie JIyYllle BCero
xpauuth nporpamMmy? J:kony ¢on Helfimany npuHainexur sameya-
TeNLHAs Ujes (Tenepb OHa KaXKeTCsl TPHBHAJBHOH): IIOMECTHTD 11 porpam-
My B namsiTb. TakuM 06pasoM OfiHA U Ta ke NaMsTh HCMOoJb3yeTcs s
XpaHeHusi H OOBEKTOB, H «PeIeNnTOB» BLIMHMC/IMTENbHEIX MPOIECCOB, T. €
B JAHHBIX, ¥ [POrpammbl.

OueBHHO, YTO W3 CAMOH KOHIENMIMH — XPaHUMb Rpospammy 6 no-
MAMY — CNELyeT, YTO KOMAaH bl TAKIKE JIOJKHBI KOIM poBaThCs. B Hatue M
npUMepe BHUMCHEHHs BBIPAXKEHUSl KaXkasi KOMAaHJa MpejcTaBJIseTcs
KoOom onepayuy (3aalolM «4TEHHE», «3aMHCh», CJOXKEHHE», «YMHO-
JKEHHE» U T. J.) ¥ B HEKOTOPHX caydasX onepanjoM. Eciu onepasp.
NpefCTaBisATh aJpecaMy siyeeK NaMATH U eCyid NPEeANoJIOXKHTh, UTO
agpeca — 310 Iensle yuena O, 1, 2, ..., To mpo6iiema KOAHPOBaHHS
MporpaMm Mo CYWECTBY pellieHa; Kaxaasi IporpaMmMa MoxeT OHThb npe-
CTaBJieHa MOCJENOBATENILHOCTRIO YKCces (MJIH TPYIN 4Iices) H, CJeoBa-
TeNILHO, MOXKET XPaHHUThCSl B OaMATH BHUMCIHTESLHOH MAIIHHBI.

JIpyruM CJeACTBYEM HJeH XpaHeHUsl MporpaMMHl B MaMsTH sBIS-
eTcs TO, YTO KaXKiasi MporpamMma 3aHUMaeT HEKOTOPoe KOJIMYECTBO siyeek,
T. €. HEKOTOPOE KPOCPaHCIGo 8 NAmMANLL. JTO KOJHYECTBO 3aHUMaeMbIX
slueeK [POMOPLHOHANBHO JIJIMHE MPOTPaMiMbl, a mporpaMMa BMecTe ¢
JaHHBIMM HE MOKeT mpeBHiaTh ofmuil obveMm namsTd. [lporpammics,
C/IefIoBaTeNIbHO, IO/KEH CTPEMUTLCS TTUCATh CBOIO PO PaNMYy MpefiesIbHO
JAaKOHMYHO. Ha KOHIeNIUY COBMECTHOTO HCIOJB30BAHUS MAMATH Mpo-
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I‘paMMOﬁ U NaHHBIMH OCHOBBLIBAIOTCA CJE€LYIOLIHE BarKHDBIE BO3MOXKHOCTH
COBPEMEHHI::IX BBIYHUCJIHTEJBHBIX MAaIlUH:

1.

2.

Kak ToJIbKO 3aKOHUMJIOCH BHIOJIHEHHe MporpaMMul P, B namsth
JUIsl CJICAYIOMIETO BHIMOJAHEHHs MOXET OHTh 3arpy:KeHa HOBast
nporpaMMa  (THOKOCTb, WIMPOKHEl JManasoH IpUMeHeHHUE).
BLuHcnuTesbHas MalliHa MOXET (B COOTBETCTBHY € HEKOTOPOH
nporpammofl) reHepupoBaTh MOC/ENOBATEILHOCT YHCEJN, KOTO-
pasi B nanbHefieM 6yIeT paccMaTpUBaThCs 1 MHTEPIPETHPOBATD-
csl Kak Moc/IefloBaTeJIbHOCTh 3aKOIMPOBAHHEIX KOMaH)l. JlaHHLIe,
MoJIyYeHHEe Ha MEepPBOM Iare, CTAHOBSITCS BBIMOJHSIEMOH Mpor-
paMmol Ha BTOPOM luare.

BHYHCIUTENbHYIO MaMHy X MOXHO HAYYUTh MOHHMAThH NOCTe-
JIOBATEJILHOCTH 4HCes, B JeHCTBHUTENBHOCTH MPeICTaBJISIONHe
nporpaMMH, Kak JlanHbe H NpeoGpasoBHBATh HX (COTMACHO HEKO-
TOpPOH TPaHCIUPYIOLWEH nporpaMMe) B NOCJINIOBATENLHOCTH YHCEN,
NPefCTABJSIONME MPOrPaMMbl, 3aKONUpPOBAHHBIE MJisi APYroi
BLIUHCJUTENLHOH MaIliMHE Y.



4 CPEJICTBA U CUCTEMDBI
NMPOTPAMMHPOBAHHS

BriioTs 7o Konna 50-X rofioB MporpaMMipoBaHHe CBOIMJIOCH K Jie-
Ta/LHOMY KOJHMPOBAHHIO JAJMHHBIX IOCTeA0BaTebHOCTEH KOMaHz (3a-
MHCAHHBIX BHayaje ¢ MpPUMEHeHHeM KaKuX-JH60" CHMBOJIHYECKUX 0603-
HAyeHHi) JBOHYHBLIMH, BOCHMEPWYHBIMH WJH UIeCTHAAIaTepHYHBIMH
qHCaMA. JTa JeATeJILHOCTh HasHBaJjgach Koduposaruem B OTAWYHE OT
NporpaMMHpOBaHHsi, K KOTOPOMY OTHOCHJIach Gosiee TpyZAHas 3ajada —
KOHCTpyHpoBdHye anropHTMoB. C nosiBjienueM Gosiee GHCTPHX BHIYHC-
JINTENBLHHIX MaMmHH ¢ OOJAbIMM OOBEMOM NMaMATH TPYAHOCTH KOZHPOBa-
HHsI BO3POCJH M CTAJO OYEBHJHO, UTO HEpA3yMHO Jafiee BO3JAratb 3Ty
YTOMHTENIBHYIO paoTy Ha uejoBeka.

1. KogupoBmuk Obil 00si3aH yYUTHBATL B CBOHX MporpaMMax
YACTHHE XapaKTepHCTHKH MMEIOmeHCsi B €ro pacrnopsiKeHHH Ma-
wHHE. TakuM 06pasoM, OH JO/KEH BO BCeX MOAPOGHOCTSIX 3HATD
MamMHy, BKJIoYas OpFaHM3allMIio ee MpoIeccopa M ee cucTeMy
komanza. O6MeH mporpaMMmamM MeXAy pas3JHYHBIMH MarHHaMH
6Ll HeBO3MOXKEH, M 6oJbluasi YaCTh NMPHEMOB KOJNMPOBAHHS HA
OJIHOM MallllHE COBepIIeHHO He TOfWJAach N APYroi MaurHHEH.
B xaxnpoM HHCTHTYTe pa3pabaTbiBajJHCh CBOM COOCTBEHHLIE Mpo-
rpaMMbl, H NPHXOAMJIOCH OTKAa3HLBATLCA OT HHUX WJIH KOMMpO-
BaTh MX 3aHOBO MPU 3aMeHe cTapblXx Maummi Ha Hophle. Craso
OYEBHJIHLIM, YTO MOJrOHKa W HACTPOHKa aJrOPHTMOB K YaCTHBIM
XapaKTepHCTHKAM CHEelNH(pHYeCKON BBIYHCIUTENLHON MallHHb
NPeACTaBJAIOT COO0H HepasyMHOe HCMOJb30BaHHE 4YeJoBeyec-
KOTO HHTeNJeKTa.

2 DBnarojapsi TecHOH CBsi3W MPOTpaMMHCTa ¢ Kako#-anbo ofHofl
MaIIHHOH He TOJBLKO CTAHOBHJIOCH BO3MOXKHBEIM, HO W MOOLPAJIOCH
n3o0peTeHye ¥ NpHMEHeHHe pa3HOTO poja TPIOKOB JJIf -OCTHKe:
HUSL MaKCHMAJbHOH NPOU3BOAHTEJILHOCTH MAauMHBL. ITOCKOJLKY
BCSIKOTO POJia «TPIOKAYeCTBO» CYHTANOCH UYTh JIN He CaMOH CyThiO
nporpaMMUpOBaHH s, MPOrpaMMHCT TPaTWl 3HAYHTENILHOE BpeMd
Ha MoJiyueHye CaMHIX ¢ONTHMAJBHBIX» MpPOrpaMM, MpoBEpHTh
NpPaBRJIbHOCTh KOTOPHIX ' 3a4acTylo ObIO  OueHb TPYJHO-
IlpakTHuecky He MpeACTAaB/SJIOCH BO3MOXHLIM OHATE I PHHITUIE
MOCTPOCHHUS UYKOi MporpamMel; Gosiee TOTo, 4acTo TPYAHO ObLI0
OOBSACHUTDL MPHHIMITH], NMCJJKEHHLIE B OCHOBY cBOeH cOBCTBEHHO
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nporpaMmel! DTOT apPTHCTH3M KOLHPOBAHHS B Halle BpeMmsi, He-
COMHEHHO, yTpaTua Gbinyio c1aby. OnbITHHE NpOrpaMMHCT CO3HA~
TEJBHO H30eraeT BCSAKOIO poja TPIOKOB, MPEAMOYHTAs] HM CHCTE-
MATHYECKHE H SICHLIE peLI2HHS.

3. Tlporpaswma, HinmHCaHHAas Ha MAIUMHHOM fi3BIKe (HJIH, KaK TOBOPSIT,
B MOUUHHBLY K902X), COIEPHKIT MHHHMYM H3OBITOYHOH HHGOp-
MaIlHY, HA OCHOBE KOTOPO# MOXXHO GB1710 661 0OHAPYKUTE (POpMAJIb-
Hble OIUHOKH KOJMpOBaHusi. B pesysbrare naxke OMHOKH MpH Ha-
OHBKe TNpHBOIHJIH K oOecKyparkHBalouM 3(exTaM BO Bpemst
BEITTOJIHEHHSI TIPOTPAMME, H TPeOOBANHCh 3HAUMTENLHHE YCHIHUS
i BpeMsi JJsi ODHApy»XeHHsi TaKHX OIUOOK.

4. IlpencraBrenye CAOXKHOH MpPOTpaMMbl B BHJE JIHIUEHHOH CTpPYK-
TYpBI JHHEHHOH Noc/e10BaTe/IbHOCTH KOMaH)1 ObIIO caMoil Henoj-
xonsuell GopMo# /15 yeJIOBeYeCKOTO BOCIPHSATHS M BLIpaXKEHH .
B nanbHefiineM MBI MOKaKeM, YTO CTPYKTYpH3alMs SBJsercs
NPHHIHNHAABHEIM HHCTPYMEHTOM, HOMOFaIOIHM [pOTPAMMHCTY
CHCTEMATHYECKH CHHTE3HPOBATh CJIOXKHBIE MPOFPAMME!, COXpaHsis
MOJIHOR O HHX IpeICTaBJieHHe.

ITH HENOCTATKH MOCJAYKHJIH CTUMYJOM IJfl CO3JAHHS TaK Hasbl-
BaeMBIX f36K08 NPOSPAMMUPOBAHUS  KBHICOKOTO YPOBHs», SI3BIKH Mpo-
FPaMMHPOBAHH S BEICOKOFO YPOBHSI CTaJH CpPeICTBOM, C MOMOILILIO KO-
TOpPOTO NMPOrpaMMHpPOBAHHE BeJIETCS HAa HeKOTOPYIO HJeaJH3HPOBaHHYIO,
THIIOTETHYECKYIO MAUIHHY, CIPOEKTHPOBAHHYIO HE B3Hpas Ha OrpaHHye-
HHSI COBPEMEHHOH TeXHOJIOTHH, HO YUHTHIBasi TPaJHIHOHHLE crocoOR 1
YMEHHe YeJIOBEKA BHpaXkaTb CBOH MHIcaH. OJIHAKO B 3TOH CHTyallHd y
Hac JBe MalIWHBL: MaiuHa A, co3pande KOTOPOH SKOHOMHYECKH ONpaB-
JlaHO, HO KOTOpas He yjo6Ha B HCNOJL30BaHWH, H MamHHa B, KoTopas
BIOJIHE COTVIACYETCsl € YeJIOBEUECKHMH HYXKJAMH, HO CYIIECTBYET TOJILKO
Ha Oymare. Posn Mocra yepes npomactb, KOTOpasi pasjesseT 3TH JBa
00BEKTa, UrpaeT TaK HasHBaeMoe npozpammroe obecneuertie. (B nporu-
BONOJIOXXHOCTDL CaMOil MalllMHe, KOTOpasi Ha3bIBACTCS] annapammblm obec-
nevertien.) CrucremMa nporpammHoro obecrieuenusi ectb npoepamma C
L7151 peasibHO CylecTByolieff MamMHEl A, KOTopasi aeT BO3MOXKHOCTb
MamnHe A nepeBoxuTh (TPaHCJIHPOBATBH) NPOrPAMMBl, HAaMHCAHHBIE
A1 THnoteTHueckod MamuHe! B, B ee cofcTtBeHHBle nporpaMmel. Ilpo-
TPavMMa C HasbiBaeTCsi TPAHCASTOPOM HJIH KOMPUASIMOPOM; OHA NMO3BO-
JISICT MatinHe A BHICTYNaTh B POJH HAEAJH3HPOBAHHOH MAIUHL B.

] [puvenenue koMnuastopa C, TakuM 06pasoM, ocBOOOXKIAeT Mpo-
PaMMHCTa OT HEOGXOAMMOCTH PacCMATPHBATDL YACTHHE XapaKTepHCTH-
‘M Mamyunl 4. Ho KoMnuastop He ocBOGOXKJAET €ro OT 06SI3aHHOCTH
OCTOSIHHO yuuTHIBATEL TOT (DAKT, YTO B KOHEYHOM UTOTe MMEHHO MaIIuHAa
nasl};iteT BHINOJIHATEL €TI0 MPOrpaMMy ¥ YTO OHA MMEET onpedeneHHowe oe-

€HUs, BLITEKAIOU[He H3 OrpaHHYEHHOCTH e CKOPOCTH M NaMsITH.
Okiuro KOMOMHHpOBaHHasi annapaTHO-MpOrpaMMHas cHCTeMa oO-
abatripaer nporpammy P B 1iBa 3Tana, KOTOpEE BO BPeMEHH CJEAYIOT
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onuu 3a ApyruM. Ha nepsom mare nporpamma P ¢ mOMOIIBI0 KOMITHJIsI-
topa C nepesogutcsi B JopMy, NPUTOAHYIO 17151 HHTEpIpeTaly B Marl-
He A; 3TOT war HasblBaetcs komnusayueil. Ha BTopom miare TpaHcsHpo-
BaHHASl POTpaMMa BHMIOJHSIETCH; 3TOT AT HA3LIBAETCS GLIHOAHEHUEM.

Komnunsyusa: nporpamma=xomnuaarop C
BXOIHBE JaHHLe=mporpamMma P Ha s3bike B
BEIXOJIHHE JaHHBle=IporpamMMa P Ha s3bike A
Bunoawenue: tnporpamma=P Ha s3bke A
BXOHLIE JaHHHE=apryMeHTHl BbIUMCTeHHs X
. BBIXOJIHHE JIJaHHLIE ==BLIYHCJIEHHLIE pe3yJbTaThl Y



5. HEKOTOPBIE NNPUMEPDI
NPOCTBIX NMPOTPAMM

B ru. 4 6BUI0 5iCHO MOKa3aHO, MOYeMy MpPOrpaMMa JOJ/KHA COCTOSITh
113 HHCTPYKUKH, 3aNHCAHHBIX TAaKHM 00pa3oM, uTOOH OHH OBLIH ITOHST-
HBD BBIUHCJHUTEIBbHOH MaminHe. XOTS MBHl He 3HaeM, Kakoro poja HH-
CTPYKUHMH H (HOPMYJIBl HCHOJB3YIOTCA B SI3BIKE MPOrpaMMHpPOBAHHS, HO
HaM H3BECTHO, YTO 3TH HHCTPYKIHH OyyT TOYHO cnelH(pHIupoBaTh xe-
JlaeMble fiefcTBHSI. D10 GecnpekOc/IOBHOE TPeGOBAHHE TOYHOCTH COCTAB-
JsieT, TO-BHJMMOMY, TJIaBHOE OTVIHYKHE OOLeHHs MEXIY JIOAbMH OT
KOMMYHHKALHH MEXIYy 4eJOBeKOM H MamMHOH. Pabora ¢ BRuHCIHTE -
HEIMH MaluHHaM# TpefyeT KaK TOYHOCTH, TaK H abCOMOTHOH SICHOCTH.
Heonpenenennocte ¥ HeOJHO3HAYHOCTb COBEPIIEHHO HEAOMYCTHMBL.

JLns1 u300pakeHusi MPOrpaMM YacTO HCIOJMBb3YETCs] TaK Ha3blBaeMast
6.10k-cxema. Huxe npusogutcs nporpamma (2.3) B BHpe OJ0K-CXeMBL.

_

z:=0

u,=x-
=z+y 5.

ui=u—1 (5.1)

+

3To cxeMaTHYHOE H300parkeHHe SIBHO IIOKA3HIBAET BO3MOXKHLIE 11OCTEI0-
BATEJILHOCTH 1ATOB, HATJISITHO WJIJIOCTPHPYS ABA BHAA HHCTPYKIHI:

(a) npucBauBanusi, ofo3HauaeMble MpPSIMOYTOJBHHKAMH, H

(b) mpoBepkH ycnoBus, oOO3Hayaemble pomOaMH.

Ilar npoBepkH yc/IOBHSI HMeET HECKOJIBKO BO3MOXKHHBIX MPEEMHHKOB.
Ecnu ykazaHHoe OTHOLIEHHE HJIH YCJIOBHE BHIIOJHAETCS, TO PeaH3yeTcsl
OyTb, NOMEYEHHHIN 3HAKOM |-, B IPOTHBHOM CJIy4ae peajH3yeTcst nyTh,
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NOMeUeHHBIH 3HakKoM -—. [JoBropsemMas uactb ofpasyeT yuka, T. e,
3aMKHYTYIO MOCJE[0BATENIbHOCTD HHCTPYKUHME, OpuYeM Mo Kpaiineft
Mepe OfiHa W3 HHX SIBJISIETCS] MPOBEPKOH YC/IOBHSL, ONMPENeJIsIIOUIEro OKOH-
yanue urkja. [Tporpammy (2.7) moxHo Takke H306pasuTh B BHE OJIOK-
CXeMBbl:

I

]
i
% ©

(6.2)

[Tporpamma 3apaer XapakTep MOBeieHHS JJIsT HEONpPeNeNeHHOro
(uacto payke OGECKOHEYHOro) YHMCNa BO3MOXKHBEIX mnpoueccoB. OfnH OT
JPYTOrQ MpoHecCH OTJIHYAIOTCSi 3HAUYEHHSIMH TePEMEHHBIX B COOTBET-
CTBYIOUIUX UHTEPBAJIAX BPEMEHH, H B YACTHOCTH HAUANDHOIML BHAHEHLAMU
uiau aprymedTami. OnHaKO BO3HHKaEeT BOMPOC: KaKHM O6pasoM MOXKHO
y6euThCs, YTO B JIIOGOM M3 MpPOMECCOB, KOTOpPLIe MOXKHO BHITOJHUTE B
COOTBETCTBHH C JAHHOH Nporpammoll, nojydaTcss NpaBUJLHEIE pe3yJb-
TaTH? STOT BONPOC NPABUADHOCHY NPOepamMMm SIBIAETCSl ONHHM U3 ca-
MLIX OCHOBHEIX, PellaloluX U HeH3GeXKHBIX BONpPOCOB MPOTpaMMHpOBa-
HHSA.

ITpaBunbHocTs mporpamm (2.3) ¥ (2.7) neMOHCTpHUpoBaiach TaGuy-
uamu (2.4) v (2.8) ny1s HecKOJBKUX GHKCHPOBaHHBIX NAp 3HAYCHHUH X U ¥,
Takoit MeToj NpPOBEpKH NPABUJIBHOCTH HA3LIBAETCS HMECTILLDOBAHUEM
npoepammor. OH 3aKJIOYAETCA B TOM, UTO BEHIOHPAIOTCS apryMeHTH (X u
Y4), Nporlecc BHIMOJHSAETCS ¢ 3TUMH BHIODAHHLIMH apTYMEHTaMH H MoJy-
YeHHbLIe PE3YJIbTATH CPABHUBAIOTCS C 3apaHee U3BECTHBIMH MPaBHJbHLI-
MU pesyJbraTaMH. Takoe sKcrepHMeHTaJbHOe TeCTHPOBAHHE IMOBTOpSI-
eTcs IJ15T HECKOJIBKUX apTyMEHTOB C [IOMOITbIO BEIYHC/IUTEILHOH MaIUMHE,
KOTOpasi SIBJISIETCST HIeasIbHEIM 7S 3TOTO HHCTPYMEHTOM. TeM He Menee
3TOT TPamIMIMOHHHI crocob jopor, oOpeMeHHTEeNEH H CBA3aH € 6oJib-
IIMMH 3aTpaTamu Bpemeny. Ho, kpome Toro, ol HEYIOBJIETBOPHTEJIEH ele
¥ NOTOMY, YTO PACCEATh BCE COMHEHHSI OTHOCHTEJBLHO NPABMJILHOCTH
MPOrPAMMBI MOYKHO JIHIIb TOFJd, KOrJa OYyAyT BLIMOMTHEHHE BCE BO3MOMK-
Hble BEIYKCJEHHSI, 8 He HEKOTOpHle oToGpaHHbe BapuaHT. Eciuxe pe-
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i
3yJIbTaTel BCeX MpOHEeCCOB H3BeCTHH! 3apaHee, TO €IBa JH €CThb CMHICH

nycath NporpaMMy JUisi BHIYHCAUTENbHOH MalHHe. CTOUT JIM TOBOPHTE,
9TO TAKOE HCYEPILIBAIOIIee TECTH POBAHHE NPOrpaMMbl IPOCTO HEBO3MOK-
Ho. IlpennonoxunM, HanpHMep, YTO HEKOTOPAsT BHUYUC/IHTEbHAS MAIIHHA
BHINOJHSET CJIOKeHHe IBYX 4Hces 3a 1 MKCek, H JIONYCTHM TaKKe, 4TO
MaKCHMaJIbHOe 3HaueHHe abCOJIOTHLIX BeJIHYHH, MPeACTaBHMBIX B 3TOfl
MaiMee, paBHo 2%, Torpa Ha 22*60 pasnUuHLIX CJIOXKEHHE HYKHO GBIO
OL! 3aTpaTUTh ’
22%604% 107% cek & 3.2 % 1022 jter

HOCKO.;'Tbe TaKoro poma ucuepnpiBaiomee SKCIepUMeHTaJlIbHOe
TeCTHpOBaHHE H GeCCMbIC.HeHHO, H HEBO3MOXKHO, MBI MOXXeM Cq)OpMy-
JIHPOBAThL CJeylomee Ba)XHOe, OCHOBHOE IpaBuJIO:

IKcnepumermaapHoe MECMUPOBARLE NPOSPAMM MONCEM CAYNCUMb  OAs
00Ka3aMEAbCMBA HOAUNLA OLWILOOK, HO HUK020Q He QOKANCE LLX OMCYMC -
eus.

CrnepoBaTeslbHO, HEOOXOOHMO abCTParHpoBaThCsi OT HHAMBHAYAJbLHBIX
MpOHeCCOB U IMOCTYJHMPOBATL HEKOTOpHe OOme3HaYHMLEe YCJIOBHS,
KOTOpPHIE MOXKHO BHIBECTH M3 XapakTepa MOBefeHHs. ITOT aHaJHTHYeC-
KHH MeTOJ npOBepKH HasHBaeTCsl sepugbukaytiers npoepamm. B oTiuune
OT TeCTHPOBAHHA MPOrpaMM, IJe HCCAeNYIOTCS CBOHCTBA HHIMBHIYalbe
HBIX MPOIECcCOB, BepudbHKaIHs HMeeT JeJio CO CBOHCTBAMH npozpammel.
Bepuduxanusi nporpaMM HCHOJb3YeT T€ e MNPUHIHNE, 4TO H
3MITHPHYECKOE TeCTHPOBAHHE, M Morsa Obl, CJIeOBaTeIbHO, paccMaT-
pHBAThCS O aHAJOTHH ¢ BepuduKkanuefl npouecca. Ho BmecTo 3ammcu
MHIUBHAYANLHEIX 3HAUeHWH MepeMeHHHIX B TPacCHPOBOYHOH TabJHile
MB TIOCJIe KaXkjoH HMHCTPYKIHH 3anaeM oOMIe3HAYHMEIe JHAMNA3OHEI
3HaYeHVHl W OTHOIIEHHT MeXAY MNepeMeHHBMU. CJIOBO «OOmE3HAUH-
Mbie» CJIefyeT MOHHMATh B CMBIC/Ie «IOMYCTHMBIE JJIsT KaXKJ0TO Npopec-
ca, COOTBETCTBYIOLIETO JAaHHOH NpOrpaMme, H JOMYCTHMEE B TOH TOUKe,
e OHH BCTPEYAIOTCH, HE3ABHCHUMO OT paHee BBLIMOJHEHHHX HHCTpYK-
uuiis. ChopMmysiupyem Tenephb YeThipe OCHOBHHIX IPABUAO QHAMLMLYEC-
Koti “eepupurayull npoepamm.
1. epen u nociie KaXxpof HHCTPYKIMH 331aI0TCST OJIHO HJIH HECKOJ b~
KO YCJIOBHE, KOTOpHE JO/KHE YJIOBJETBOPSAThLCS COOTBETCTBEHHO
JI0 H TOCJe BLIMOJHEHHs 3TOH HHCTPYKLHH. DTH YCJIOBHS HA3H-
BAIOTCS  yMeEepIcOeHUamy. YTBEpMIEHNsl, KOTOpHE MpeIIecT-
BYIOT HHCTPYKUHH S, Mbl Ha30BeM aumeyelenmamy P, cremyio-
mye 3a S — cykyeOenmami WM KOHcekBenmamu Q,

i w =~ P (aHTELLEAEHT)

S (5.3)

1— ~—@ (koHcexeenT)
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2. Ecau HeckKoJIbKO nyTell Ha GJOK-cxeme OOBenHHSAIOTCS B OnHH
nepen vHcTpykuuedl T, To aHTeueneHT P vHCTpyKuuu 7 J0JKeH
JIOTHYECKH BLITEKATh U3 KOHCEKBEHTOB (; BCeX MpeqiecTBYIOLIHX

uHCTpyKuui S;.  Takum obpasom,

Sy S

- e—

3

Q,oP nai=l...n

(Q> P uvraercs kak «(Q BJjeuer P».)

Hpumep:

§1

(-10<x<0)

Sz

-0 £ x< 10)

h J

== (-10<x < 10)

(5.4.1)

(5.4.2)

3. Ecnu yTeepknenne P cnpaBemJivBO Nepesn NpOBepKOl YCJIOBUSA
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B, 10 mByMsT KOHCeKBeHTamu OynyT

(5.5.1)

(PADB uvtaercsa ®ak «P u By, PA—B — kak «P u He D».)
Hpumep:

(5.5.2)

4. Ecnu yTtBepaeHHe P crpaseJyIHBO MOCTe mpHUCBAHBAHHSA 3HA-
qeHHsl w NepeMeHHOH U, TO AHTEHeNeHT NpPHCBAHBAHHS MOJyua-
eTcs MOJCTAHOBKOH @ BMECTO BCEeX CBOOOJHHIX BXOXKAGHUH ¥
KOHCEeKBeHTa P.

P

vi=w (5.6.1)

(@10 npaBuno MOXKHO TaKKe paccMaTpHBaTb Kak olpeneieHye sggexma
npuCceaueanisi.)

2y Bupt
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Il pumeptr:
j——x +y=10 l~—-—x +1=10 l——-f(x) =u
z:=¥ +y xi=x+1 x:=f(x) (5-6.2)
}_z= 10 ‘—-—wx: 10 ‘— X=u
_____ y=x% d=2x—1, d+2=2x+1
di=d +2
______ y=x% d=2x+1, y+d=x+1?
y=y+d
|y = ok D d=2x4 L d42=2x+ )+ 1 (5.7)
d=d+2
ey =(x+ DL d=2x+ D+, y+d=(x+2)?
yi=y+d
l —————— y={(x+2% d=2Ax+2)—1

Tenepb npyMeHUM 3TH OCHOBHLIE NPABUJIA ISl TPOBEPKH MPABHJILHOCTH
nporpamm (5.1) u (5.2), KOTOpEIE COOTBETCTBEHHO BHUMCJSIOT N POU3Be-
JIeHHe U YacTHOe JIBYX HaTypaJbHBIX uncesi. ITpexkne Bcero Mbl noJyutist
crefyloline NpoMe:KyToyHble (OpMYyJibl, NpHMEHsisi MPABHAA BLIBOAA
JJISE UHCTPYKIMY NpHCBaMBaHUS:

{z+u*y=2+y+(u— ry=x+y
l u>0
z:=z4+Yy
-zt @ Dxy=x*y u-120 (5.8)
u=u—1

l ————— z+uxy=x%y, uz0
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1 _____ {r+q*y=r—y+-(q+.1)*y=x
r—yz0
ri=r-—y
———r+ @+ 1)*y=xr20 (5.9
g:i=q+1
1 ————— rtg*y=x, r20

Jlge mosHble IpOrpaMMbl € COOTBETCTBYIOUMMH YTBEPIKAEHUAMH MOKa=
3anbl B GJiok-cxemax (5.10) u (5.11).

1 —————— x>0, y>0
z:=0
U.=x
N it z=0, u=x
1 —————— z+ury=x*y, u>0
2ty (5.10)
u-—1

ZH+uky=x%y, u=0

————— qg=0, r=x

(5.11)
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Boofme roeopsi, ocHOBhIBasich Ha mnpaBuiax (5.3) — (5.7), ouey
TPOCTO OMpeNeNUTh YTBEPKIEHUS B IOCNeN0BATEBHOCTH HHCTPYKui;,
€CJIM 3aaH aHTEHENEHT MepBOH HJIH KOHCEKBEHT MocjienHeil WHCTpyk.
nud. OnHaKo BO3HHKAIOT ONpenesieHHbie TPYNHOCTH, eclu GI0K-CXena
CONeP2KUT 3aMKHYTHE NUKJIHUYeCKHe IYTH, T. €. ecJU B NporpamMme Hue-
IOTCSI UHKJBL. B 9T0M cjiyyae Jjiydiie Bcero paccedb HHKJ B HEKOTOpoy
MecTe U B TOYKe pa3pesa MocTy/MpoBaTh HeKoTopylo aunomesy H. Ipy-
HSIB 3TY THIOTE3Y 32 MCXONHYIO, MOXXHO MOCTPOHTL BHIBOJ YTBEpXKe-
HHH, IBUrasich Teneph YyKe Mo JHHeAPHU30BAHHOH MOCJeNn0BaTe/LHOCTY
an6o B mpsMoM, JHOO B OGpaTHOM HampaBieHUH. Pe3yJbTHpyioinee
yTeepxnenre P, B KOHIEe (T. €. B MecTe pas3pesa) NOKHO JIOTHYECKH
cnenoBath U3 H (unu 6mTh cnepcreueM H) ¢ TeM, utofB MOXKHO 6h10
CKJIeuTh paspe3. Ecnu nocnenHee ycioBHe HE YIOBJIETBOpPSETCH, To
cJlenyer NpUHATh JpYTYIo THNOTe3Y U BCIO poueaypy NOBTOPHUTL 3aHOBO,
KaK MoKaszaHo Ha cxemax (5.12).

H ,ﬁ
P“f\ S r\‘ Ha r\P:;-l

O > O L™ (5.19

iﬂ\. P, S;\ 4/

P

13

P,oH H2P,

Pasymuo cnenath paspes nepeq yclaoBHeM B, IpH BHIIOJHEHUH KOTOpO-
ro 3aKaH4MBAIOTCs TOBTOpPeHUs myKJaa. Torna Joruuyeckasi KOMOHHALHS
yeqosuil H v B 6yner npefcTaBiaTh co00H KOHCEKBEHT Beefl rpynnH
MOBTOPSIEMBEIX HHCTPYKIMA.

Taxoe yTeepkienue, UCTHHHOE HE3aBHCHMO OT YHCJa paHee BHIOJ-
HEHHBIX IIOBTOpeHMH, HasLlBaeTcsl WHBAPWAHTOM WHKJA HJH IPOCTO
UHEAPUAHMOM, TAK KaK OHO MpencTaBJsieT YCJIOBHe, KOTOpoe He M3Me-
HSIETCSl B XOJe BHIMOJMHeHHs mponecca. B mporpammax (5.10) u (5.11)
MHBAPUAHTAMH COOTBETCTBEHHO OYIyT

(z-+uxy=x= ) A\ (1=0)

(g=y+r=x)\(=0)

ITocKonbKY MOBTOpeHHS HJM LUKJH SBAAIOTCH (yHNaMeHTa bHbIMI
YacTsIMM TMPOIECCOB M MpOrpaMM, pacCMOTpEHEHI] BhIUe HpHeM MH
MoxeM chOopMyJIHPOBaTh B BHJE NMpaBHJ BHBOKA. DTH MpaBHsia MO3BO-
JISIIOT OMPENENUTh KOHCEKBEHT HUKJHYECKOH HHCTPYKUMH, eciu 3ajaH
ee aHTElENeHT U YTBep)KIEHUS NJisl MOBTOPSieMOH HMHCTPYKIMH.

1. Ecnu sanaso yTtBep:knenve P, siBasiiolieecsi 1HBapHaHToM IHH-

cTpyKuuH S (T. €. 3a7aH Kak ee aHTeleJeHT, TaK K ee KOHCEK
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peHT), ¥, KpOMe TOro, H3BeCTHO, YTO
r—-——-P AB

s (5.13.1)
[F—r

TO MOMHO MOCTPOMTHL CJENYIOUIee YTBEPKACHHE OTHOCHTEIbHO
[OBTOPSIEMOH MHCTpyKuuu S':

(5.13.2)

EcJin 3anaHel iBe MOCBVIKH JJTsi MHCTPYKIMH S

@ 1-—~—p (b) 1—» (@ A—B)
s n s (5.14.1)
[ F=e

TO CHpaBeiIHBO CJAENYIOLIee YTBEPIKNEHHE OTHOCHTENLHO MOBTO-
pseMol  uHCTpyKuuu S”:

|
i

|
~

- ——

i
[
I

sl'

(5.14.2)

S |

{
I
I
L

P

i
3
~
A=)

3aMeTHM, YTO IJIs IMKJIOB JAHHOTO BIIida TpaBUJO BHIBONA MOXKHO
HpIIMeHHTb JIHIIbL TOrja, KOrjaa YAoBJeTBOPAKOTCH oba YyCJIOBHSA.
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Takoll nMKJI He 6e3 OCHOBaHUS MOXKHO Ha3BaTh OoJee «OMACHEy,

TaK KaK 4acTo OIMOKH HpOrpaMMHPOBAHUSI BO3HHKAIOT y.

TOrO, HYTO TpPOrPaMMHCTH YIYCKalOT U3 BHIA OAHY H3 zy°
MOCHJOK (0OBIYHO (2)). B cOMHUTENBHEIX caydasX PeKOMey,
Jlyercsi MCTMONMb30BATH MEPBHIl BHAL LHK/IA, KOTKA  YCiiopy,
KoHpa nuKaa B mpenuectByer UHCTPYKuuH S.

Ilo cyuwecTBy, 3TH yKasaHHs CJe€NyeT paccMaTpuBaTh Kak Heghop,
MaJIbHHH MOAXON K MpoGseMe aHaJHTHYeCKOH BepupHKamuM CBOficr,
nporpamMM. Oco6eHHO BaXXHO MOHATL TPYNHOCTH, KacaloUHecs Mpoye.
MBI HaXOXEHUs1 HHBapHaHTOoB. ClieflyeT yCBOUThL BCeM IPOrpaMMHCTay
UTO A6HOE YKA3AHUE UHEAPUAHMA OAR Kajd020 YUKAQ Npedcmaensen
HOaUGOALLLIO YeHHOCmb 6 aoboti npoepammruol Jokymenmayut. Y naxe
B TOM CJIydae, KOrja MporpamMMoil He MoJIL3yeTcst HUKTO APYroi, Kpowe
ee aBTOpa, SIBHOE ONperesieHHe MHBAPHAHTOB MOMOraeT H30eaThb Mo
rUX OUIMGOK, KOTOpLIE B NPOTHBHOM cJydae JUGO YAACTCS BHISIBHTD Tiig.
TEeJILHEIM TeCTHpOBaHueM, JUOO OHH HaBCerja OCTaHyTCsi B IMPOTPamme,
Cronib ke BaXXHO SIBHO YKa3bIBAThL NHAMA30Hbl 3HAYCHUi! MepeMeHHHX,
0coGeHHO JHanasOHbl HAuaJbLHBEIX 3HAUEHHH, 17151 KOTOPBIX COX PaHSIIoTCy
3anaHHbBE CBOHCTBA MpPOTPAMMEI.

B sakmiouende 6ma0k-cxeMmbl (5.15) u (5.16) mokasniBaioT, U3 werg
NOJDKHA COCTOSITh HeoOXonuMasi M JOCTaToyHasi JOKYMeHTapHsi Ipo-
rpamMMbl. BaXkHO MOMHHTB, YTO MpPOrpaMMa MOXKET GLITh H3JIHIUHE Jo-
KymeHTHpoBaHa. Ec/iu B nporpaMme Tak MHOrO KOMMEHTaPHEB, YTO Cpepy
HUX TPYIHO BHJAETb CAMH MHCTPYKUHH, TO TaKas Iporpamma Gecrioses-
Hal

VYMuOXeHHe HaTypalbHBIX YUCEJ
AprymenTe: x, y
Pesyaprar: z
BcernoMoraTesibHasi nepeMeHHasi: i

o ]

2.=0
u:=x

(2 Fury = X3 A > 0)

(5 19
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ﬂe-ﬂeH“e HaTypaJbHbIX YHCeN

ApryMeHTH: X, ¥
Pesy/bTaTH: ¢ (eJoe 4acTHOe), r (OCTaToK)

Ngry+r=x)A0z20

(5.16)

~~(g*y+r=x)A0=r<y)
(g.r) = x divy

| | ri=r—y

q:=q+1

YTIPAJKHEHISI

5.1 B crenyiomell mporpamme fJisl BRIUMCJEHHS! MPOH3BENEHHS 2 1= X %Y HCIOJb-
3yI0TCSl TOJIbKO OMEPAIMH CJOXKEHHs, YABaHBaHUsl H JeJleHMsl momonaM. Apry-
MEHTHI X, § — HATYPaJbHbie YHCIa, 2 (4 H U — BCIIOMOTATeJIbHBIE IleJIble MepeMeH-
upe. Yciosue odd (4) yposneTBopsiercsl, ecJH &4 — HeueTHoe uHcno. Tlo sapam-
HOMY MHBapHaHTY M npaBuiiaM (5.3) — (5.6) onmpenenute aHTEUENEHTH H KOHCEK-
BEHTH KaXKIOH WHCTPYKIHH.

Buanmnl

M
< X O

U}

S SN

izt utp=x*y) A (u = 0)

(5.17)

u=udiv2
vi=2%p
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5.2 Cuepylomasl nporpamma BeluMclisler HauGosbuni obmwmil gesurens (HOJ) mByx
HATYPaJbHBIX YHCEJ X H Yy o ¥ b — Llesible mepeMeHHEble, B. KOTOPBIX MOTy4aeTcst
xwesaeMpil pesysbTat. Kak w B ympaxuenun (5.1), ompenesnute HeoOxopuMble
YTBEXKAEHHS], HCTIONIL3Ys! H3BECTHBIE COOTHOIIEHHs! QyHKUMH O/

(8) u>v: HOH (u, vy=HO[ (u—uv, v)
(b) HOL (u, v)=HO/ (v, v)
(c) HOL(u, wy=u

[ SR

> o
I
< ®

(5.18)

5.3 Tlo ananoruu ¢ nporpammod (5.17) HanmHIIMTE TPOTPaMMY BhluMcJeHHs z=x¥ st

HaTypaJbHbIX uhcen X U y. [lonyunTe yTBepKIeHHS, HeOGXOLUMEIE [J1s TPOBEPKH
NPaBUJIPHOCTH BamieH MPOrpaMmel.
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Luka sBrsiercst camofl THOHYHOH CTPYKTYpOH B IporpaMmax Ijis
BBIYHC/HMTEJbHEIX MAalllH, MOCKOJbKY OH He3aMeHHM IpH HOBMOpeHul
HEKOTOpOro JIeHCTBUS, YTO OCOGEHHO XOpOIUIO COTJIacyeTcsl cO CBOHCT-
BaMH BBEIYHCJAHTENbHON MalIMHBI Kak aBtoMara. CrocOGHOCTh BBIMHCIIH-
TeJbHOH MalIHHBEL TOYHO U € BHICOKOH HA/IeXKHOCTBIO BHIOMHSTh ThICHYU
MOBTOPSIOUHXCA oOnepauuil HMeeT ocobylo nessocTb. Ho ¢ apyro#
CTOpOHE!, HMEHHO 3Ta HEYTOMHMOCTL U cJernoe MOJYHHeHHe MporpaMme
TpeGyIoT OT NPOrpaMMHCTa MOBLILEHHOH ocTopoxkHocTH. OJIHO H3 Bak-
HBIX TpeGOBAaHHE COCTOMT B TOM, YTO Kaw/jas nporpamma JoJ/DKHA 3a-
Gepuiumbcss 3a KOHewHoe YHCJIO MoBTOpeHHiH. K coxanenuio, ciyuaw,
KOrjia Mpoiecchl He 3aKaHYHBawTCs, /IOBOJLHO OGBIMHBI H IPHBOAAT K
CYLIECTBEHHLIM MOTEPSM HA BCeX BHUHCIHTEIBLHEIX YCTAHOBKaX. JTOTO
MOXKHO H36erkaTh NpH TIATEJILHOM MpPOEKTHPOBAHUH H BepH(pUKaLHH
nporpaMmbl. UTo6s! 0OBSCHUTL HEOOXOIMMOCTD 3aLIHTHHEIX Mep, ofecre-
YHBAIOLIYX 3aBepIIEHHE MPOrPaAMMEl, PACCMOTPHUM THIHYHYIO CTPYKTYPY
HHKJa:

(6.1)

J11s1 OKOHYaHHS LMKJa TpebyeTcss KaKk MUHHMYM, 4ToObl S H3MeHs1a
3HAueHHs OJHOH HJIM HECKOJBKHX MepeMeHHBIX TaK, 4TOOHl mocje Ko-
HEYHOTO 4YHCJa MPOXONOB ycsoBHe B Morso crath JoXHBIM. Boobuie
roBOpS, KOHEYHOCTb MOBTOPEHHH MOXXHO BHIBECTH (POpPMaJbHO, ecJH
BHOpaTh HEJOUHCJeHHYI0 (yHKIMIO N, 3aBHCHILYI0 OT HEKOTOPHIX Me-
PEMEHHBIX NpOrpaMMbl, M MOKasaTh, yTo (a) ecad B HCTHHHO, TO
N>0, u (b) kaxnoe BunonHenwte S ymenbinaer 3nauenue N. Ipu-
MeHeHHe 3TOrO MpaBHJa TpPUBHAJBLHO B cJdydae nporpammu (5.2).
Wucrpykima S ectb

ri=r—y
q:= g+l
a yciosie B ectb rZ=2y, raer, ¢ v y-— HaTypaldbHple uHcia. Mol
BeIOIpaem N=r — y TaK, Kax
(@) ecsin r>=y, To N=0, u
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(b) BHMONMHeHHe S yMmeHbIIaeT 3HayeHye r, a clAefoBaTeNbHo, U N,

T. €. KOHeUHOCTh TapaHTUpyeTCs. 3aMeTHM, B 4aCTHOCTH, Heol-

XOZIHMOCTL HayaJibHOro ycjosust ¢=>0.

B xauwectBe BTOpOoro mpumepa BosbMeM nporpammy (5.18). HMmuer-
pyXuusa S B 3TOH nporpaMMe COIEpKUT JIBe albTepHATHBHI:

a:=a-—>b, ectt a>b, u b := b— a, ecnn b>a,

a ycnosueM B siBigercst cootHouwenne ag=b. IlepeMennuie o U b —
HaTypaJibHble 4HCIa C HayalbHLIMH 3HaveHugmu a>0, b>0 u as=b.
Iopxonsmuedt ¢pyukuvedn N (@, b) 6Gymer N=max (a, b). Bausuue S
Ha N crlefiyeT paccMaTpuBaTh B JIBYX OTJeJLHBIX cayuasX. Ecnan a>b,
TO 3HAYEHHE b OCTaeTCs HEH3MEHHLIM, a 3HAYeHYe ¢ yMeHbIIaeTcs Ha b.
Tax xak BHauane a>0, b>0 u a=£b, TO nepBbie 1Ba OTHOIEHNS OCTa-
HYTCS HCTHHHBEIMH (OHM WHBapHaHTHH), a N ymenbwntcs. Ecnu b>a,
TO 3HaueHHe @ OCTAHETCsT NpeXkHWM, a b=max (@, b)=N yMmenbuwHTCSH
Ha a. HUrak, N=max (@, b) yMeHblaeTcss MpH KaXKIOM MOBTOPEHUH
uKsa, HO, C Jpyrofi ctopoHH, min (@, b) ocTaeTcss BCEr/IA MOJOXKH-
TeNILHEIM, M, 3HAYMT, HACTYNMUT MOMEHT, Korja max (@, b)=min (a, b)
U OTHOLIGHME as=b, cllejoBaTesibHO, He OyaeT GoJblie BHIIOJHATLCH,
TaKUM 00pasoM, MK 3aKOHYHTCH.

YTIPAJKHEHUS

6.1 Onpegenute AHAanasoH 3HAueHMI x M Y, KOTopble GyAyT TapaHTHPOBATH KOHEY-
HOCTh MpOrpaMM H3 ympaskHenu#l 5.1 u 5.3.
6.2 Jlyist KaKoro JMamasoHa SHayeHHME X M y cjefylomasi pOrpaMma KoHeuHa?

a=Xx
b:=y

v 1
a>b + a=a—b

| (6.2)

bi=b-a

6 3 B kakux cayyasix mporpamma (6.2) Boluucsisier HauGonpiunii ofmuil genutes» oT
x u y? Onpegennte HEOGXONMMBbIE H JOCTATOUHBIE YTBEPIKACHHS.



7. NOCNENOBATEJIbHASL HOTALUS:
U SA3BIKH IMPOIPAMMHMPOBAHUSA

7.1. 0630p

Ilporpammel, npeacTaBieHHEle B BHAe OJOK-cXeM, He TNPHIOLHH
J71s1 06paboTKH B BHIUHCIHMTENLHOI MamiHHe, TaK KaK OOblYHER YCTpOil-
CTBa BBOJIa HE MOT'YT BOCOPHHSITH 3TO JIByMepHOe u3obpaxkenue. IlosTo-
My MporpaMMbl Nepes TeM, KaK OHH OyJYT BBINOJNHATHCS, AOMKHLI OBITH
nepesezieHbl B (hOpMY, MPHTOMHYIO JV1S BBOJIA B MamiHHy. I1ocKONBKY Ta-
KOH nepeBoj], MO Bcell BUIUMOCTH, SIBJISIETCS) HCTOYHUKOM OWHOOK, BO3-
HHUKaeT jKeJaHHe MPeJICTaB/IATh NporpaMMEl B TAKOM BHJIe, KOTOPHH He
TOJBLKO NpHEMJEM JJIsT MalTHHbl, HO YI00€H TaKKe H JIJsT MpOrpaMMHCTa.
Torna takoe npejcTaBlieHue CIYXKHUT UCXOOHOL (PopmOLi, KOTOPYIO Mpo-
rpamMma oOpeTaer y»ke Ha CTaJH{ 3aMblcaa, H, CJIeToBaTeSbHO, BOOOLIe
HE BOSHHKAaeT BONpOCa O TOM, KaKoe H3 IpejIcTaB/eHu (0J0K-cXeMy HJIH
pe3yJbTaT ee MepeBojia) CUMTATH OCHOBHEIM OMpeJie/ieHHeM aJropHTMa.

CaMBIMH pacnpOCTpaHeHHBIMH YCTPOHCTBAMH BBOZA JIAHHBIX ABJSI-
I0TCAT ycTpoilcTBa BBOja NepdokapT M Teseralinbl (KOTOpHE HHOTZAA
COBMeIIAIOTCS ¢ YCTpoHCTBAMH BBOAA M NOArOTOBKH mepdosenThl). Kak
B TOM, TaK H B JPYrOM cJIyuyae JaHHLIe UMEIOT BUJ| AUHEelHOU nocaedoea-
MeAbHOCU NedaIMAeMbix Aumep, T. €. BHJI [OCJE/IOBATeIbHOrO TEKCTA.
Cuctemp! o0O3HaueHHi, IO3BOJSIOUHE NPEACTaBHTL NPOrPAMMEL B
TEKCTOBOM BHJE, OOLIYHO HASLIBAIOTCS ASLKAMU NPOSPAMMUPOBAHUSL.
Onu co3paloTcst B COOTBETCTBHH C MPaBHJAAMM, KOTOpHE TOYHO OMpe-
JIJIAIOT MHOXKECTBO MPABHJBHLIX MpeJiowenHii ¥ uHeTpyKuui. Habop
TAKHX INPaBHJ Ha3bIBAaeTCs Curmakcucom A3bKa. ITocKoJMbKy nporpam-
MBI, HAHCAHHBE Ha 3THX §3HIKaX, JO/KEH YHTATh ¥ MOHHMATH aBTOMAaT
CO CPaBHHUTENBHO Y3KHM «KpPYro30pOM», He YHBHTEJbHA «KeCTKOCThY
CHHTaKcHyecKHX mpaBus. CjejoBaTesIbHO, YTOOBl OBJIAJIeTh SI3HKOM,
HaJ0 HAayYHThCS MOHHMATb CMHIC JitoOoH H3 BO3MOXKHEIX ¢opM H, KpoMe
TOrO, CaMbIM TIIATeJbHEIM 00pa3oM H3Y4YHTh CHHTAKCHYecKHe IpaBHJa,
ynpasJisiiolye S3bIKoM. A 310 03HayaeT, YTO H3MEHSIOTCs MPOMNOPLUH, U
NpY H3yYeHHH CHHTAKCHCY SI3BIKA MPOrpaMMHpOBaHHS OOHYHO yjeJs-
€TCA HeCpaBHEHHO (OJibliee BHHMAaHHE, YeM CHHTAKCHCY ecTeCTBeHHOro
A3HKA, TaK KaK IporpaMmbl IPHXOAHTCS He TOJIBKO YHTATh U MOHHMATD,
HO, 4TO 60oJlee BaXKHO, MPHAYMBIBAThL U IMHCATH.

Ecsn oTBJieyncs1 OT BTOPOCTENEHHHIX MpoGJeM MporpamMMHpPOBAHHUS,
MOXKHO CKa3aTh, UTO I'VIABHBEIE YCUJIHS NPH KOHCTPYHPOBAHHH MpPOTpaM-
MBI HAIPABJSAIOTCS] Ha COCTABJEHYE U MPOBEPKY JIEXKAIIEro B ee OCHOBE
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aJiIroOpuTMa, YCUJHUS e Ha (PopMyJHpOBaHHE FOTOBOrO alrOpHTMa ¢ He-
NOJB30BAHNEM CIeHNUaJbHHX 0003HAueHH{l CpaBHUTEIBLHO HEBeJHKH.
KoncTpyupoBanne aJropuTMa OKasbiBaeTcs B GOJBILMHCTBE CJIyyaen
CJOXHEIM H JIJIHTeJBHHM [POLECCOM, M JIIS JIOCTIDKEHHS KOHeUHOR
Hesin Tpefyercs HecKoJabpKo marob. C RaXJbIM HOBLIM 1HATOM MpOrpam-
Ma crenHduIUpyeTcss co Bce Gonbmmmu nogpobrocTsMu. OueBuzaHo,
Henonb3yeMas HoTapds (clictema o0o3HayeHHH) JOMXHA COOTBETCTBO-
BaTb peluaeMOH 3ajaye HACTOJIbKO, HACKOJBKO 3TO BOBMOXHO, ¥ COBCEM
HeoOst3aTeIbHO NPpHMeHATh (opMabHBIE S3EIK B TOM BHJIE, KOTOPHH y/0-
OeH 151 BBOJIA B MaIMHY. B KayecTBe TaKOH HOTAIMH MOXHO C YCIeXOM
UCNo1b30BaTh GJIOK-cXeMbl, MaTeMaTiyecKkye (GOpMyJH WM JlaXe ecTe-
crBeHHHl 713bIK. OnHAKO Ha MOC/efHeM Iare MBl JIOJKHBI MOJNY4YHTh
nporpaMmy, cGoOpMyJHPOBaHHYI0 Ha si3bIKe NpPOrpaMMHpOBaHHs, 4YTO
npsiMbIM 06pa3oM B/MSeT HA HaNpaBJeHHe BCEro MOMIAroBOro MpoHecca
paspaborkH. [loaToMy wnesecoo6pasHo BBECTI TAKYIO HOTALMIO B CaMOM
Hayajie Kypca NporpaMMHpOBaHHS.

IMepeBon ajropuTMa Ha TOT HJ/HM WHOH MAIUMHHBIE $3bIK — 3aja4a
cama o cefe CJIOXKHAsT, HO OHa JIErKo nojjiaeTcs mexauusanuu. IlosTomy
BO3HHKAET GOJILIIOE XKeJaHHe HMEeTh CPelCTBA ABTOMATH3alUH KOIH-
poBanus. OcofeHHo moJiesel 3bIK, KOTOpHIH CONEpXKHT Bee dyHIaMeH-
TaJbHEE U HauboJlee 4acTO BCTpeyarolyecss MOHSTHs [1pOrpaMMHpOBa-
HH$ U [103BOJISeT BbIpaXkaTh 3TH MOHATHS B SCHOH M ecTeCTBeHHOH (op-
Me, B TO XXe BpeMs] YJ00HOH J1J1sT SKOHOMHOH H 3¢(peKTHBHON MaIIHHHOH
obpaborkn. Ilpu cosjanuu TakuX s3HIKOB — OpHEHTHPOBAHHBLIX H Ha
NporpaMMHcTa, H Ha MalliHYy — CYLIECTBEHHOe BJIHMSIHHE OKa3asJu KOHK-
peTHHle 06s1acTH MpPAMEHEHMH, WJIM CYIIECTBYIOUHE THMH MallllH, HJH
1 TO 1 ipyroe BMecTe. IlpenMeT BHYHCIHTEIBHOH MaTeMaTHKH IpeJion pe-
JI€JTUJ CO3JlaHue §3bHKa, KOTOpHH MO3BOJHJ B 3HAYHTENILHOH CTerneHH
NpUOJH3UTLECH K TPajgUIMOHHON M ycTosBiefics ¢dopMalbHOH MaTeMma-
THYeCKO 3anHcH. BriepBrie 5TH Hen OBLIY BEIBHHYTH U C(OpPMYyJIHpO-
BaHbl X. PyTHcxaysepom B 1952 rony 1), HO IIHpOKoe pacnpocTpaHeHue
H HCIO/h30BaHHe OHY MOJYUYHJIH TONLKO mocnie 1957 ropa, Korja dHupma
IBM ony6aukoBana s3blk nporpamMmuposanus @oprpan (FORTRAN—
FORmula TRANslator) u BenycTHIa KOMOUJAATOP, KOTOPHEl aBTOMATH-
4eCKM TPaHCJIMPOBAJ MpOrpamMmbl B MalMHHBH Koj. B pesyJbTaTe Hc-
NOJIL30BAHUE 3TOrO SI3HKA CTallo U TeOpeTHYECKH WHTEPECHBIM, H MpaK-
THYecKH BO3MOXKHBIM. OnHaKo naxe B camoii dopme PopTpaHa sBHO Mpo-
CMAaTpHBaJach 3aBHCHUMOCTL OT THNA BHIYHC/JIHTEJNBHBEIX MAIIMH, BBHITYC-
KaembiX (upmoii IBM. Ilosgnee g3bik ObLT OpraHH3oBaH U OMpejeseH
TaK, YyTOObI OCTaBaJiaCh BO3MOXKHOCTL €ro yJydmieHus 2).

1) B 310 ke Bpemst A. A, JIsimyHOBBIM Oblil paspaGoTaH anmnapaT JIOTHYECKHX CXeM
nporpamm, KOTOphlil Jier B ocHoBy panuux I (mporpaMmupyiouux mporpamm). Cu.,
Hampumep, A. A. JIsmyHoB, O Joruueckdx cxemax nporpamm, 6. «[Ipobaemel KubepHe-
THKH», BHM. 1, Dusmarrus, M. 1958, — ITpun. ped.

2) U.S.A. Standard FORTRAN, USA Standards lnst., New York, 1966.
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B 1958 rony nepBonauasbubie ujgen X. PyTtHcxaysepa ObIM Hc-
MOJb30BAHK! T'PYMIOH CMELUATHCTOB MpH CO3[@HHH $3bIKA MpOrpaMMH-
poBaHusA. JTOT s3BIK mosyuMJ naspanue Anros (ALGOL — ALGO-
rithmic Language) u cran npenmecTseHHHKOM sisbika Agron-60, KoTo-
pHIil B fafibHelileM Hamesa IHpOKOoe MpUMEeHeH e B HayYHbIX MpHJIOMKe-
HHAX. Anron-60 Grt onpenesied B 1960 rogy mexxayHapojHoOH rpynnoi,
cocrosmeil u3 13 yuennlX, u ony6mukosan nox pefakuueii IT. Haypa ).
Cawm o cebe (hakT, 4TO SI3LIK y1AJIOCH ONPEAENHTh TOYUHO H JIAKOHHYHO B
OTHOCHTeJLHO KOPOTKOM JOKYMEHTe, CBHJETENBbCTBYET O JIOCTOHMHCTBaX
Aurona no cpasrenHio ¢ Poprpanom. Kpome Toro, Anros1 ve opHeHTHpO-
BaH Ha KaKylo-JHOO KOHKPeTHYIO BEIYHCJIUTEJBHYIO MALIHHY, HO B HEM
IIHPOKO HCMOJb3YIOTCS MaTeMaTHyecKHe 0603HaueH s, ¢ KOTOPLIMH 3Ha-
KOMHI YueHble U HHxkeHephl. I/t 3a1aHUsT CHHTAKCHYECKHX MPaBHJI ObLT
BBeJIeH (hOpMasiu3M, KOTOPLIH MO3BOJIAJ aJrOPHTMHYECKH OMpeesHTh,
IBJISIETCS JIM JAHHAS] KOHCTPYKIUSA [PaBHJBHEIM [PeJIJIOKeHHEM A3LIKA.
JtoT QopMaiusM, H3BeCTHHH Kak gopmasusm baxyca — Haypa wnn
Kax HopManbHasi popma Bakyca (H®PB), B nairpHefieM Hernonb3oBasics
JJIsl OnpefiesieHHsT JpYrHX s3BIKOB MPOrpaMMHpPOBaHHUS.

INonobHble yeumys no co3jaHuio ofLero npoGaeMHo-OpHeHTHPOBaH-
HOTO 53bIKa OBbLIHM MpPeANnpUHATH B 067acTH 06pabOTKH KOMMEPYECKHX
nanublX. B 1962 rogy no sakasy Muuncrepctsa oGoponsl CHIA 6bin
paspaGoran s3blK nporpamMuposants Ko6on %) (COBOL — COmmon
Business Oriented Language). B HeM yyHTHBaJIHCh HYXKJIH H OCOOEHHO-
cTH 00pabOTKH KOMMepuecKHX JHaHHHX. B HacTosiee Bpemsi KoGon
OZIHH U3 CaMBbIX PACHpOCTpaHeHHHBIX (€c/IH He caMBiil pacnpocTpaHeHHHH)
A3HK MPOrpaMMHpPOBAHHS, HO C TOUKH 3peHHs TOYHOCTH ONpefiesieHH s,
CTPOHHOCTH CTPYKTYpH H YHHBEPCAJBHOCTH 3TOT s13bIK YCTYMaeT Jaxe
QopTpany.

OTpuuaTesNbHBIM  CJIeJCTBHeM OBICTPOrO  pacnpoCTpaHeHHs) 3THX
paHHUX SI3BIKOB CTa/JO TO, YTO NPOrpaMMHMpOBAHHE pasfesUJoCh Ha
HayyHylo 0 KOMMepuecKylo obsacTd npumenenuil. CUHTaI0Ch, Y4TO MpO-
rpaMMHpPOBaHHe B OCHOBHOM CBOJMTCST K KONUPOBAHHIO AaJTOpHT-
MOB Ha CcleuHanbHOM s3biKe. IT03TOMy MOBCEMECTHO YCTAHOBHJIOCH
MHEHHE, YTO TaK HasbBaeMble Hay4YHEe H KOMMepUYecKHe I1pOrpaMMHCTHI
JOJ/DKHE 00yuaThesi OTAENBHO ApyT oT japyra. OmHako Ha camoMm feje
OCHOBHEIe HJeH KOHCTPYHPOBAHHS MpOrpaMM U caMH 3JeMeHTapHbe
00BeKTH, KOTOphe nojBepraloTcss o6paboTke, COBEpILIEHHO He 3aBHCAT
OT KaKoH-in6o obJiacTH NpHMEeHeHHS.

Yeunus, Hanpae/eHHHE Ha «BOCCOeLHHEHHe» IBYX Jarepefi Ha Gase
obwero s3biKa, ObuH npeanpuHATE dupmoll IBM B mepuon wmexny
1964 u 1967 rr. C 370l 11e/1bI0 GBI ONpeeNieH U BHEAPSIICS A3HK, KOTO-

1) Naur P., Revised Report on the Algorithmic Language ALGOL 60, Comm.
ACM, 6 (1963), 1—17 (ects pycckuil nepesog: Hayp Il. (nox pen.). Asroputmu-
veckuii s3Ik AJITOJ1-60,3 «Mup», M., 1965); Baumann R., Feliciano M., Bauer
F. L., Samelson K., Introduction to ALGOL, Prentice-Hall, Inc., 1964.

?) U.S.A. Standard COBOL, USA Standards Inst., New York, 1968.
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pHil, KaK mpeanojaranock, He TOJLKO He OymeT 3aBHCETb OT KaKofi-
J160 HacTHOH MallWHH, HO OYIEeT TakKe eIUMHOOOpa3HO MPUMEHSThCH
B JiI00oH npobseMHoll obnacty. Dtor A3WK 6wt Haseaun [1JI/1 (PL/1).
Cam fA3BIK, KaK ¥ ero onvcaHue, HMeeT BeChMa BHYIIMTENbHBIE pa3MepLl.
HM3-3a cBOMX HenoMepHO GOJIBIIMX pa3sMepoB (MPernsTCTBYIOMHX BO3MOX-
HOCTH MOJIHOTO OBJIAJICHHS A3BIKOM) H M3-32 OTCYTCTBHS CHCTEMATHYeCKOH
CTPYKTYpPHl C eIMHBEIMH OCHOBOMonaralomuMu noHstusmu [1J1/1 Bpsg
JIM MOXKeT CIY>KHTh OCHOBHLIM BBEJIEHHEM B IPOrpaMMHpOBaHHe.

Crenyst ujee, 4T0 Kypc NpOrpaMMHPOBAHHUS MPEXE BCETO JOKEH
YYUTh KOHCTPYHPOBAHHIO alTOPHUTMOB H JIHIIIL BO BTOPYIO OUepesib pac-
CMaTpHBaTh AcHeKTH KOAUPOBAaHUS, MBI 3/1eCh BEIOHpaeM HOTaLHIo, KO-
TOpasi He COBMAJAaeT HU C ONHUM H3 paHee YINOMSHYTHIX S3BIKOB. JTOT
SI3LIK CreUalLHO KOHCTPYHPOBAJCA TaK, 4TOOH B HEM HaunWIH OTpae-
HHe camble (yHIAMEHTAJbHEE MOHATHSA NPOrpaMMHpPOBAaHUS B €CTeCT-
BEHHOH, ACHOH U cxxaToll opme. Kpome Toro, ero cMHTaKcHYecKHe mnpa-
BUJIAa MpPOCTHl, CHCTEMATHYHEI M XOpOILIO MOAJAIOTCS aBTOMATHYecKOH
obpaborke. JlaHHBIN ASHIK NpOEKTHPOBAJICA H ONpeJesIAics KaK f3bK,
6su3Kuil K Anrosy-60, Tak 4TO ero cripaBefIHBO MOXHO Ha3hIBAThL pac-
uMpenveM Anrona-60 1). Mu 6ygeM 3HAKOMUTLCSH ¢ OTAEJLHHIMU 3Je-
MEHTaMH SI3bIKa B JIOTHYECKO! MOCIe0BaTeNILHOCTH 10 MEpe paccMOTpe-
HHMSI COOTBETCTBYIOUIMX MOHATHH mporpamMmupoBanusi. Ilostomy B 3aK-
JIFOYEHHEe 3TOTO pasjienia Mpl OCTAHOBUMCSH JIMIIb Ha caMblX oOlMX mpa-
BHJIaX 33JaHHUS CUHTAKCHYECKOH CTPYKTYpHl fA3HKA.

JIioboii A3LIK Gasupyercs Ha caoeape. Ipennoxenus (B HameM ciy-
yae NporpaMMbl) COCTABJSIOTCS € OMOIILIO COEJUHEHHST OCHOBHbLY CUM-
60406 CJIOBapsl B,COOTBETCTBUY C CUHMAKCLUMECKUMY NPABUAAML, OTIpee-
JAomuMy 3uK. OOHYHO clioBaph (NomHHE cioBapb ans fAsuika Ilac-
KaJib MPUBOINTCA B MPUNOXKeHUU A) conepkHT OYKBH, uubpnl U cre-
gyanbHble 3HaKW (Hampumep, -, —, x). IlockonbKy OOBIYHO Habop
creUajbHBIX CHMBOJIOB B I3LIKAX NPOrpaMMHPOBAHHUST JIOBOJIBHO LIHPO-
KU, TO I/1s1 UX 0003HaYeHU S 4acTO HCIOML3YIOTCHA TaKxKe CIoBa aHIrJyui-
cKoro s3bIKa. UToOBI No/1ue pKHYTh, 4TO 3TH CJIOBA (Has3LIBaeMble CA08aMU-
pasdesumensmt) SBJASIOTCH OCHOBHHIMH CHMBOJMAaMH, a He OOBLIYHBIMU
NIOCJIe/IOBATeNbHOCTSIMY OYKB, B TEKCTe OHH HaGHW paroTCS KU PHBIM L pUd-
ToM (Hampumep, begin, end).

Cunrakchc (cMm. npusnoxenue A) bopmupyercs TakuM ofpa3oM, YTo-
OBl MOXKHO OBLNO JIETKO MpPOBepHTh, ABJAETCS JH Jiobasg 3afaHHas 1oc-
JIe/[OBATENIbHOCTh CHMBOJIOB NMPaBUJBHHM NpelfioxkenueM s3uiKa. Ilpa-
BHJIA 32JIAl0TCS B BHJIE HMArpamM, KOTOpHe Ha3BIBAIOTCH CUHMAKCUeC-
Kumu Suaepammamy. Bo3MOXKHEIE MYTH, YKa3aHHLE B HarpaMMe, COOT-
BETCTBYIOT JIOMYCTHMBEIM MOCTENOBATEILHOCTSIM CHMBOJIOB. Haunuasich
C MarpamMmel «mporpammas, NyTh NPUBOAMT JIHOO K Apyroil auarpamme,
ecJId  BCTpeyaeTcst NMpSIMOYTOJNLHUK, JIHOO K OCHOBHOMY CHMBOJNY S,

1) Wirth N., Programming Language PASCAL, Acta Informatica, 1 (1971), 35—63.
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3aK/IOYEHHOMY Ha JuarpaMMe B Kpyxok. Hanpumep:

F Syrba <—]
—1 Oyrba
L - J (7.1)
| yugpn

Wdenmuduramopt

Cornaco puarpamme (7.1), cienyromue COBOKYMHOCTH OYKB H wubp
(Hapsay co MHOTMMH JIpyTHMH) TPAKTYIOTCS KaK JIONYCTUMBIE HJIEHTH-
(huKaTOpH

a
abedef
alb

92p9
Apollo

U naoboport, crenyoliye Henoyky He MOryT OHITh OTHECEHH K HJIeHTH-
(pukaTopam:

word-delimiter

J.F.Kennedy

7x

7.2. BoipaxeHHs1 H HHCTPYKLHH

CuHTaKcHC fA3HKa OMpefesisieT AOMYCTHMble CeHTeHHHaJIbHble KOH-
cTpykuud. CaMbIMH BaXKHEIMH Cpeld HHX fBJSIOTCA BBID2XKEHUS H
MHCTPYKIUH, KOTOpHe BCTpeqaloTcsi NpakTHYeCKH BO BCEX A3HIKax
IporpaMMHpOBaHuA.

Bowpasieriue — 310 QopMyJsia MM NPaBUJIO BHYHCAEHHS, KOTOpOe
cnenuUUUpyeT HEKOTOPOe 3HaueHue UM pe3ysbrar. BhlpaxeHue co-
CTOMT U3 oneparndos u onepamopos. OnepanjaMy MOryT GRHITL HIH KOH-
CTauThl (HampuMep, YuCJa), UIH epeMeHHble, WM 3HaYeHU s, noJy4ae-
Mble B pe3yJibTaTe BeIuMcseHHst PyHKuul. Onepatopel 06BIYHO MO/pas-
JENSIOTC Ha O0HOMectmHble U O8yMecmHble, T. €. UMEIOUHE COOTReT-
CTBEHHO OfMH WJM JBa onepanjga. Eciu B BhIpaXkeHHH BCTPeUalOTCS
HECKOJILKO OIepaTopoB, TO HeOOXOIUMO yKasaTh MOPSIOK, B KOTOPOM
OHU JIOMXKHH BBITOJHATBCS. JTO MOXKHO CIENATh JHGO SABHO ¢ TOMOILLIO
CKOOOK, JTUGO HESIBHO, MOJBL3YACh MpaBUNaMu fA3uiKa. IToutH BO Beex
A3bLIKAX JIBYMECTHLIE ONepaToOpH B CBOIO OYepeih MOApasmessioTcs (Mo
KpaliHe# Mepe) HA JBa KJjacca: Ha ONepaToOpH CIOXKEHUS (a1 IUTHBHEIE)
¥ onepaTopel yMHOXeHHsT (MyJpTUIIMKaTuBHER). [Tocnenuum npuceau-
Baetcsl Gojiee BHICOKHE TPHOpHTET.
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Kpome Toro, Mbl 6yJieM CUHTaTh, YTO MOCAEJIOBATENBHOCTH ONeparTo-
POB C pPaBHEIMH MPUOPHTETAMH BCETJ|a BHINOJHSIOTCH B OGBIYHOM MOpPSA-
Ke — cJiepa Hanpapo. Hike npuBOAATCA MpuUMepHl, MJIOCTPUpYIOLUe
5TH TNpOCTHE [paBUia.

xtytz  =(cty)te
xuyt+z =(x=xy)tz

x+yxz =xt(y=2)

x—1 % 2—w=(x—(y % 2))—w (7.2)
x #ly—2% w=(x % Y—(z% w)

—xtylz =%+

x#yfz =(x%y)/2

X[y 2 =(x/y) % 2

Camoii siemMeHTapHOH uHCmpyKyueli IBSeTC HHCTPYKIMA NPHUCBaU-
panust, OHa u3o0parkaeTcs clefyioliuM oOpas3oM:

Vi=E (7.3)

roe V ofosnayaer nepeMeHHylo, a E — BHpaxenue. B oriuune or
BHPAXKEHHSI, KOTOPOMY COOTBETCTBY€T 3Ha4eHHe, WHCTPYKUHS OMUCH-
BaeT Oeiicrmele.

INocnenoBaTeIbHOCTH HMHCTPYKIMH (COCTaBHBIE HHCTPYKLMH), Y-
JIOBHBIE HHCTPYKIMH H HUKJLI M300paXkaloTcss KOHCTPYKUHAMY, HA3BaH-
HEIMU  CHIPYKMYPHOIMY UHCMPYKyusamt. ME BBefEM II€CTh GasHCHHIX
(OpM HacTO BCTPEYAIOLMXCS CTPYKTYPHHX HHCTPYKuuil. WX cmblcht
omychiBaeTcs 3KBHBAJIGHTHHIMH OGJIOK-cXeMaMu,

CocTasHBIE HHCTPYKIMH

begin S1; S2;...;Snend

7.4)
——s! St 52 e —] Sn— (

Paspenurenb «;» SBJAAETCA ONMEPATOPOM CJEJOBAHHS, OH O3HAYAET, YTO
creqyomas HHCTPYKIUA OyfeT BHINOJHSATLCA TOMBKO TOTAd, KOTAa
3aKOHYMTCS BHIOJIHeHHE npeapaytiell HHCTpy Kuui. OCHOBHBIE CHMBOJIBLL
begin ¥ end mpeicTaBASIOT WKUPHLIE» CKOOKH WJIH TaK HasblBaeMble
urcmpyxmuensle ckobky. Tak Kak M0cnefoBaTellbHOCTH HHCTPYKUMi
YacTo MOIYT MpPEeACTaBJsTh COOOH NOBOJNLHO JJIMHHBIE TEKCTH, TO HC-
nosb3oBaHye GpocaroluXCs B I71a3a CKOOOK OMOraeT BBIENSATh Ipyfl-
Nl KOMIMOHEHT, OOpasyIoUMX COCTABHBEIE WHCTPYKUHU.
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YcnoBHEIE MHCTPYKIMHA
if B then Sl else 52 it'5 then &

.+-

S1 —if S2

(7.5)

Bropyio (opMy MOXKHO paccMaTpuBaTh KaK COKPAIIEHHYIO 3anmich HH-
CTPYKUHMM B TOM CJly4ae, KOrjia OTCYTCTBYeT ajbTepHatuBa S2.

B crepyiomem mnpuMepe WIIIOCTPHPYETCST POJb HHCTPYKTHBHBIX
cko6ok. Ilporpamma

it B then S1; S2 (7.6.1)
paBHOCHJIbHA
begin if B then S1 end; S2 (7.6.2)
HO OTJIMYaeTcsi OT
if B then begin S1; S2 end (7.6.3)

Huxanyeckne MHCTPYKIUH

" whileBdoS repeat S until B
0 = S (7.7)
+
s = B
+

3ameuarue: Tak Kak [Ba OCHOBHBIX cHMBosia repeat v until yxe urparwor
pOJib TIapH! CKOGOK, TO KOHCTPYKLHUS

repeat S1; S2; ...; Sn until B

MOXKeT He COfep»KaTh JOMOoJHUTeNbHOH napn begin — end.
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CeneKTHBHbBIE MHCTPYKIMH

casefof L1 S1312:82;... 3 Ln:Snend

(7.8)

B coyyae ecaiit BelpaxenuWe | nmpHHUMaeT 3HaueHHe Ly, BRIGUpaercs H
BBINOJTHSAETCST HHCTPYRUMS Sy; Li==L; npu i==f. Sameuanue: Ecnu S;=
=8;=...=8y, TO MOXKHO HCMOJb30BATb CJENYIOIYIO COKpAaIEeHHYIO
san¥ew L;, Lj,..., Ly: S.

Tak ke Kak U B 6l0K-cXeMaX, NOMIKHA CYIECTBOBATh BO3MOXKHOCTh
JIEFKO BKJIIOYATh B MPOTPAMMy KOMMEHTapuu U yTeepxkaeHus. Ilostomy
yCJIOBUMCSI, 4TO JIIoGOH TeKCT, 3aKJloueHHBH B (UrypHbHe CKOOKH,
paccMaTpUBaETCs KaK HeBBINOJHAEMEIfl KOMMEHTapuil M, ClenoBaTesip-
HO, MOXeT HTHOPHPOBaThCA TporeccopoM. Teneph mosiBJsgeTcs BO3MOXK-
HOCTb BLIPA3UThL 3JIeMeHTApPHLIE MpaBuJa BLHIBOJA, HCHOJb3yeMble MpH
BepudUKaNUH, NPUMEHUTENBHO K CXeMaM MporpaMM B JIHHeTHOH HoTa-
vy 1). B ofmieM BHje NpaBHJIO BLITJIAANT TakK:

{P} S {Q}
rne P— antenenent, a () —KOHCEKBEHT WHCTPyKouu S.

INpaBuna sepudMxan¥u B JMHeiHOH 3anucH
1. MueTpykudst npHcBaBaHUS

{Putvi=w{P} (7.9)
(cm. 5.6.1)
2. CocrapHast MHCTPYKUUA
IMocunku:  {P} S1{Q} (7.10)

{Q} S2{R}
Crnepcteue: {P}S1;S2 {R}

1) Hoare C. A. R., An Axiomatic Basis for Computer Programming, Compm.
ACM, 12 (Oct. 1969), 576—583.
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3. YcJsioBHBIE HHCTPYKIUH
IMocbiku:  {P A B} S1{Q} 7.11)
{P A T B} S2{Q}
Crencteue: {P}if B then Slelse S2{Q}

IMoceku:  {P A B} S {Q} (7.12)
\P A TIBE2Q
Cnencreue: {P}if B then S {Q}
4, 1urJuyeckHe HHCTPYKLHH
IMocuika:  {P A B} S{P} (7.13)
Crnencreue: {P} while BdoS{P A — B}
Mocbwku:  {P} S{Q}
{Q N —B}S{Q} (7.14)
Crencteue: {P} repeat Suntil B {Q}
5. CeneKTHBHAA WHCTPYKLHUS
IMoceisku:  {P A (i=Lg)} S, {Q} nns secex k
Crnencteue: {P}case i of
L1:81;
L2:82; (7.15)

Ln:Snend {Q}
(CrencTBrie MMeeT MECTO TOrjia M TOJNLKO TOT[a, KOT[A CyLIeCTBYeT
HeKoTOpoe k£, anfg KoToporo i= L,.)

7.3. JIluneiiHas 3anuCh NPOCTHIX MPOrpamMm

Tenepb MOKHO 3arcaTh MPOrPaMMb!, PACCMOTPEHHHIE B MPeABIIYIIHX
raBax, UCNoJL3Ys NOCTeIOBATENbHYIO HOTALHIO.

YMHOXeHHe JIBYX HATypPaNbHBIX YHCEN

(cm. 5.15)
begin 2:=0; u:=x;
repeat {z-Lusy==xxy, u>0}
zi=z+4y, u:=u—I (7.16)
until 4 =0
end
LiesiouncnieHHoe aeneHne ABYX HaTypajbHBIX YHCEN ,
(cm. 5.16)

begin ¢:=0; r :=x;
while r >y do
begin {g«y-+r=x, r >y} (7.17)
ri=r—y, g:=¢q-1
end
end
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YMHOXeHHe JIBYX HaTypaJbHBIX uucCes
(cm. 5.17)

begin z:=0; u:=x; v:
while # =0 do
begin {z+usv=xxy, u>0}

ys

if odd (u)V then z:=2z+tv; (7.18)
ui=u div2; v:=2=v

end

{z=xxy}

end

Briukciiende Hapbosbiiero obiero aeadTess
(cm. 5.18)
begin a:=x; b : = y;
while a=£b do
if a>b then a:=a—>b else b:=b—a
{HOI (a, b)= HOA (x, y)} (7.19)
{HOIl (x, y)=a=10}

end

3amerHM, yTO OJaromapsl CTyneH4yaToH 3amucu JierKo MpoceKUBaeTcs
CTPYKTypa airoputMa B mporpamMe. B dacTHOCTH, UHCTPYKLHM, HpPH-
HajJiexanye ogHOH U TOIl Ke CTPYKTYpPHOH eIHHHIE, NOJIKHB! HAUH-
HATBCSl HA OJMHAKOBOM pACCTOSIHUH OT JieBoro Kpas. ToT ke mpuem
TNO3BOJISIET JIETKO HAXOJUTL COOTBETCTBYIOUIHE APYT IPYry OTKPHIBAIO-
mye ¥ 3aKpHBaljyie cKoOKH.

ITporpammbr (7.16) u (7.18) paror ogMHAKOBEE pe3ysbTaThl, HO 6bi-
quCAUMeNbHble B0Mpambl Ha TIOJYUYeHHe STHX pe3ynbTatoB OyayT pas-
JIMYHEL. Mepy 3THX 3aTpaT MOXHO MOJIYYHUThL MOJACYETOM KOJHYeCTBa
HeOOXOUMBIX OCHOBHBEIX onepauuil Kaxjoro tuna. Ilporpamma (7.16)
TpefyeT ABYX CJIOXKeHUH ¥ AByX NpHCBaMBaHUl NMPU KaXKAOM MOBTOpe-
HUW 1WKna. Ecimy 0603HAYUTE 3aTpaTh Ha CJIOXKEHHe Yepe3 @ U 3aTpaTh!
Ha OJIHO MpHCBauBaHue yepes 2z, TO o0iye 3aTpaThl Ha YMHOXEHHUE C Mo-
Momibio nporpamMMe! (7.16) pasHsoTCH

2242 (z+a) = x (7.20)

Ilpy kaxpoM noBropeHuH mHKsna nporpamma (7.18) TpeGyeT opHOro
YJBaUBaHUs, OJHOTO JeJIeHU s MonoJiaM, ONHOH MPOBEPKH Ha YETHOCTD,
JIBYX WJIM TpeX NPHCBaHBaHuil U emle ofHoro cioxenus. Hanuuue npyx
ClyYaeB B BHIYMC/IEHUAX 3aTPYAHSIET TOYHBIH MOJACYeT 3aTpar, TaK Kak
OH 3aBHCHT OT onepasgoB. OgHAKO JIerko yKasaTh XyAiui U Jy4uuil u3
C¢Iy4aeB H, 4TO GOJlee BaXKHO, YBUJETh, YTO Graropapsi AeJeHHIo MOomMo-

1y B anrnuiickoM si3biKe cnoBo «odds o3nayaer «HeuetHwlil». TakuM oGpasom,
3HavyeHHeM QyHKIMH Oyler trie, ecsin u HeuerHo, ¥ false — B MPOTHBHOM cJiyuae,—
Hpun. nepes.
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JIaM 4 0pH KAXIOM MOBTOPEHUH HUKJIA, MAKCHMAJbHOE YHCJIO MOBTOpe-
uull pasHsercst log, (x)-+1, okpyraerHoMy no uenoro. OOiiee Kosauge-
CTBO 3aTpaT B XYAIUIEeM cjy4yae paBHIETCSH

3z-4-logy(x) = (3z-+a-+-2h) (7.21)

Tak Kak BoMHcAMTeNbHBIE MaumiMHBL, B KOTOPHIX HCIOJNL3YETCH JBOUY-
HOEe BHYTpPEHHee MPEACTARJEHHE YHCEJ, MOTYT YMHOXAaTb H JeNUTh
Ha 2 ¥ NpOBepSITh HA YETHOCTb OuYeHb GHicTpo (T. e. h<{a), TO nporpam-
Ma (7.18) naxxe npu ManblX 3HaYEHHSIX X TPEBOCXOAUT nporpammy (7.16),
U, CJIEIOBATENBHO, €€ HYXKHO MpPeqroYecTb BO BCeX MPAKTHYECKHX MpH-
JIOXKEHU X,

Ilporpamma (7.22) sBnsiercst yJIydllleHHBIM BAapHaHTOM asirOpUTMA
nenenust (7.17), KOTOPEI OCHOBLIBAETCH Ha TOM K€ MPUHIIUNE «Ie/eHUsT
nononamM». 3anaHue HHBaPUAHTOB MO3BOJIAET JIeTKO YCTAHOBHTL MpAaBH-
JILHOCTh YJTy4IIIEHHOTO aJTOPUTMa M B TO XKe caMoe BpeMs Jesaer ode-
BUIHBEIM €ro CyIHOCTh. 3HAueHUSMH MepeMeHHHIX ¢, r U @ JOJKHH
ObITh HaTypaJbHHE YHCoa.

INporpamma penexusi HATYpaJbHHX YHMCeJ X HA Y

begin r:=1x; ¢g:=0; w:=y;
while w<Cr do w:=2=xw;
{w=2"%y > x}
while ws~=y do
begin {gsw-t+r=x, r >0} (7.22)

g:=2%q; wi=wdiv2;

if w<Cr then
begin 7 :
end

r—w;, g:=gqg-1

end
lgryt+r=x 0<r <w; g=xdivy}
end.
31ech 3aTpaThl Ha BLIYMC/ICHUS OMNSATH-TAKH YMEHDLIAIOTCSH, MOCKOIbKY
Tpebyercs TonbKo log, (x/y)-+1 noBTopenuil uykia BMeCTO Xx/y.
IIporpammy (6.2), BEMHCIMmOMY0 HAUGONLIINE OOIUE meNHTENb,

TaKXKe MOXXHO cfienaTh 6osiee s(hpeKTUBHOM, ec/Ii BMECTO MHOTOKPATHRIX
BLIUMTAHHI HCMOJL30BaTh jesiende, UTOOH ynpocTUTh 3anuch, MEl BBe-
JeM onepatop mod, KOTOPLIH MoJy4aeT OCTATOK OT HEJOYHCIEHHOro
JleNleHU st TeX e caMblX ONMepaHjoB X U I, TO ecThb

(xdivy) =y -+ (xmody)=x (7.23)
S—_— S—_———
yacTHoe OCTaToOK

Tenepb MHOTOKpAaTHbLIE BbLIYUTAHU S

while az>b do a := g—b (7.24.1)
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MOXKHO 3aMEHUTh MPOCTHIM NpHCBAUBAHHEM
a:= amod b (7.24.2)

IMpu stom mporpammMa (6.2), HanHcaHHas B JUHeHOH HoTanuu (7.25),
npeoGpasyercss B mnporpamMy (7.26).
begin a:=x; b:=y;
repeat {a >0, b > 0}
while ¢ >b do a:=a—b
while b >a do b := b—uq; (7.25)
until a=1>
{a=b=HO/ (x, y)}
end.
begin a1=ux; b :1=y;
repeat {a >0, b > 0}
if a>b then a:=a mod b; (7.26)
10<a< b}
if >0 then b:=10 mod a else Exchange (a, b)
until =0
la= HOI (x, )}

end.

(B mporpamme (7.26) ucnonbsyercs dyuruus Exchange (a, b), XKotopas
o0MeHVBaeT 3HaYeHUsT @ U b Mexny coboii.) DTOT BapuaHT anropuTMa
BLIYHC/IEHHS Haubosbiero obuiero NeiuTesst NpuHamiexxuT Eskangy u
¥3BecTeH KaK OfMH W3 caMbiX PaHHUX MaTeMaTHYeCKUX aJIrOpHTMOB.
OO6LIYHO OH NPHUBONUTCA B CHENYIOMEM SKBUBAJEHTHOM BHIE:

begin a:=x; b:=y;
repeat a : =a mod b; Exchange (a, b)
until b=0 (7.27)
{a=HOL (x. y)}

end.

Jlist BepuUKANUU MOXXHO HCMOJB30BAThL CJIENYIONee OTHOLICHHE:
x>y : HOJZl (x, y)=HO/ (x mod y, x) (7.28)

YTIPAJKHEHUS

7.1 Tlosm3ysick CHHTAKCHYeCKHMH JHarPaMMaMH, IPHBEAEHHLIMH B TPHJIOXKeHMH A,
onpefieNHTe, KakKHe H3 3alaHHLIX MOCJEI0OBATENILHOCTEH CHMBOJIOB SIBJISIIOTCS! YHC-
JlaMM, KOHCT2HTaMM, TlePeMEHHBLIMH, MHOXHTEJISIMH, TepMaMH, BLIPa’KeHHSIMH
WM MHCTPYKuMsivM, OGpaTHTe BHHMaHHe Ha KJacCH(HMKALMIO ONMEPATOPOB 10
MPHOPHTETAM.

onepaTophl OTHOLUEHUST = 7= < <<= >
4JAMTUBHLIE ONEPAaTOpH -} — V
MyJLTHINIMKaTHBHEIE onepaTopl % / div mod A



YITPAJKHEHW E 55

Yuena 0.31 +-237.2 3.5 —0.005

4.555 345 3E5 B2

33,75 .389 1E0O 15

I0E—4 1542 00037 3,250
KorcranTh 100 true 4155 Kpacvliti

‘A’ Oesnns 9/5 2!
TlepeMeHHBE X A i} x4y Bli, jl
MruoxuTtenu Bli, j} sin (%) P pPVvyg

X Xsy x—y exp (y = In (X))
Tepmer ) Xsy x—y (x—vy)
Buiparkenus x 2 a=b Fxxy

) x<sNAWY<2) p<gAr<s true
Hnerpyknun

a:=5b a =2 2 := asin (x%y)

begin a:= 1 end

if a=2 then a:= a1 else P(x, y)

while a >0 do a := a—1 end

if x <y then; z := frue; else z := false

repeat z 1= z+l.5, y := u—1 until y=0

7.2 BriubcauTe clefylomHie BLIParkeHHsI:

2% 3—4 5=
15 div 4 = 4=
80/5/3=
2/3%92=

HanmuiiuTe crienyiomte BbpaXKeHHS Ha SI3bIKe, CHHTaKCHC KOTOPOTO OMpeaeNeH
B TP HIOXeHHH A

a*—e——
bsc+

dt5
—b+ Vb2 4ac

Lx- In|2—%
2" w-ta
1 1
i

a
c-+d

7.3 BunosinuTe yKasaHHBE MPOrpaMMBl ¢ 33JJaHHEIMH 3HaYeHHSIMH X H Y M COCTABLTe
TPacCHPOBOYHLIE TaGJHILL
(a) TIporpammer (7.16) u (7.18):
(x, ¥)=(3,5), (2,11), (lO 8), (19,2)
(b) Ilporpammer (7.17) u (7.22):
(x, y)=(83,1d), (117,9), (23,27), (1191,37)
(c) Ilporpammur (7.19), (7.25) u (7.27):
(x, y)=(84,36), (36,84), (770,441}, (15,15)

7.4 Onpesenute BepXHIOI0 M HMIKHIOID TPAaHHULl KOJHYECTBa ONepalldi, BEIMOJHS-
eMBLIX B mporpaMme 7.22 (Kak GyHKIHH oT ¥ H ). Kpowme Toro, onpefiennTe HeolxXo-
JIMMbié M JIOCTATOYHBLIE YTBEPXKAEHHS AJIS BepHPHKALMH STOH NMpOTpaMMEL

7.5 Tlepepequte Gnok-cxeMy (7.29) B mociefioBatebiyio HoTammo. O6pature BHH-
MalHe, YTO MPOTpaMMa BRMHCJsieT HauOonpini ofumit menurens HOM (%, y)
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H IBa MHOXHTEJS ¢ U d, TakHe, YTO
csx+dxy=HOL{x, y)

OnpegennuTe HeoGXORMMEIC H LOCTATOUHBIE YTBEPXKIEHHS IJsi BepH(MKALMH NpO-
rpamMMBbl.

a=x c=0 u=1
b=y di=1 v:=0
g=adivh r=qa modb

———ag=g%b+r

Y

70N

+ l——b =H0:a(x) y)
=c¥x+td*y

(7.29)

a=b bi=r

y

ti=u Ui=C C=L—g*c

!

t=v vi=d d=t—qg*d

!

gi=adivh r:=a modb

7.6 CoctaBhTe TNporpaMmy, B Kotopoil Bwumcasiercss HOJ (x, y) U ucnoas3yloTes
TONLKO CJeAyIOiHe COOTHOIeHHST:
(2) HOHL (2= m, 2sn}=2=HOL (m, n)
(b) odd(n) : HOL (2= m, ny=HOL (m, n)
() m>n: HOL (m—n, ny=HOJ] (m, n)
(d)y HOL (n, my=HOL (m, n)
(e) odd (m) Aodd (n) : —lodd (m—ny)
Hcnoansyfite TOJNLKO BHYHTAHHE, CPaBHEHMe, JelleHWe IMONONaM H YABOEHHe.
ConpoBofiuTe MPOrpaMMy YTBEPKAEHHSIMH, HEeOGXONHUMEIMH AJSI ee BepHPHKALMH.
7.7 Bcerza BHIOJIHSETCSI OXHO M TOJILKO OfHO U3 yenoBull P, Q u R. Tarue yeaorns
HasLBAIOTCSI B3aMMHO HCKJIIOUAIOMMMH  YCJIOBHSIMH. BeposiTHOCTL BHIOJIHEHHS
yeqoeust P ects Wp(Wo u Wy cootserctsenno ans Q u R). Onpefienute ox-
JlaeMOe 3HaueHHe 3aTpaT Ha BHUMcaende P, Q u R (kakx ¢ynkuuit ot Wp, V.
WR) Ansi CAeNyronMxX HHCTPYKIHMI:
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(2) if P then A else if Q then B else C

(b) if Q then B else if R then C else A

() if R then C else if P then A else B
Kakylo u3 Tpex 5KBHBaJIeHTHBLIX HHCTPYKIMH cliefyeT MpeatiouecTh, eCiu
>Wo>Wg?
lpunep: P=(x>y), Q=(x=y), R=(x<y);

Wp=0.5, Wg=0.3, Wp=0.2

O6o6uTte noJiyueHHOe MPaBHJIO Ha cly4Yall ¢ 1 B3aHMHO HCKJIOYAIOIIHMH
BUAMH (n>>3).



THUIIbI IAHHBIX

B rusi. 5 MBI BUpenH, KaK sfIBHAf criend(UKanysa BceX NepeMeHHLIX B

Hayajle NporpamMMhl, COCTapAfMAasa CYyeCTBEHHYIO YacTh ee JOKYMeH-
TanyH, 3HAYUTENBHO oOsergaer 4YreHde nporpaMMbl. B 3ToM criyudae
BBeJIeHHe HOBOH MepeMeHHOH JOJIXKHO CONMPOBOXKAATHCA crerupuKanyei]
€e BO3MOXKHHIX 3HaueHH. ITO TpeOoBaHHE AMKTYeTCH CJCLYIOIHMHU
BAXXHBIMU NPUYHHAMU,

1. 3nanve puanaszoHa 3HayeHUH IepeMeHHHX OYeHb CYIECTBEHHO

JJIs1 MOHUMaHMs anroputMa. Ecsiu oTcyTcTByeT siBHas crenudu-
Kamus, TO OOBMHO TPYJHO OMpenesuTh BUJ OOBEKTOB, KOTOpLIE
MoryT OLITh 3HayeHHeM MepeMeHHO!H, a TO O3HAYaeT, YTO MOMCK
omuOOK B mporpaMMe OTHHMeT GoJibilie BpeMeHH H CHJL.

B GonbmHCTBE CJlyyaeB MpaBOMEPHOCTh M KOPPEKTHOCTL HC-
NOJIb30BAHUA NPOrpaMMbl 3aBHCAT OT JMAnasoHa 3HayeHufl ee
aprymenTos. CileoBaTeNbHO, crenuduKanysa AUanasoHOB 3Haye-
HUI TaKasl )ke Ba)XKHaf YacTb JIOKYMEHTAaiuH MporpaMmbl, Kak H
NIOSICHEHUE Pe3yJILTATOR.

KonuyecTBO 3/1eMEHTOB maMsTH, HeoOXojgumoe JJI1 XPaHEHUA
3HaueHUil mepeMeHHO!l B MalllMHe, 3aBHCHT OT gUanasoHa 3THX
snagenuil. Hanpumep, ecsiu nepeMeHHAss JOMMKHA TNPUHUMATD
1. pasyIMYHBIX 3HayeHuil, To notrpebyerca log,(n) 6uto. UTOOH!
pacnpenesuTh NaMmsaTb IJs1 NepeMeHHBX, KOMIHJATOPY Heo6-
XOJUMO 3HATH JHANa30Hbl WX 3HAYEHHH.

. O6pyHO BCTpeuaroliecss B BEIPAXKEHHSIX ONepaTophl onpeeseHhbl

TOJILKO JJ1A HEKOTOPHIX NHAana3oOHOB 3HayeHUil. Ecau auanasoHbl
3HayeHUll yKasaubl, TO Ha OCHOBAaHWM 3ajaHHON HH(pOpPMaLUH
KOMITUJIATOP MOMET NPOBEPHTL AONYCTUMOCTb TOfl HJIH MHOM
KoMOUHauuy ONepaTopos U ONepaHioB U BLIABUTh TAKUM 00pasoM
omuOKY B nporpaMMupoBaHud. C 3TOH TOYKH 3peHUS yKaszaHHe
JlManasoHOB 3HayeHUH NpeicTaByszeT cOGOH OnmpepiesleHHYI0 H3-
OLITOYHOCTb, KOTOPOH MOXHO BOCHOJb30BATHCS MOpPU MPOBEpKe
HEKOTOPHX CBOHCTB NPOrpaMMbl.

Peanusanust onepatopoB 4acTo 3aBHCHT OT Jiana3oHa 3HAYEHHH
UX BO3MOXHEIX apryMeHTOB. B 3TOM ciiyyae 3HaHMe qUana3’oHa
3HayeHu#l abcommoTHO HeoOXOMUMO ISt MOMTyueHHsT 3(hpeKTHBHOIO
NpeJCTaBJAEHUST NPOrpaMMbl. THUNHYHBIM [PUMEPOM SBJISIETCS
NpefcTaBJIeHHe YHcel ¥ pealu3auusl apudMeTHYeCKUX omeparTo-
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pOB; BHIOOp KOMAaHJ MAIIMHDI, BBINOJHAIOMHX apH(pMeTHYeCKYio
onepaiyo, OOBIYHO 3aBHCUT OT TOTO, MMPUHAMJEKAT JU ee apry-
MEHTH! MHOXKECTBY BeIl{eCTBEHHBLIX YHCEJs UJIM TOJBKO MHOXKECTBY
HesLIX qHces,

MuoxecTBo 3HayeHuil, KOTOphle MOKET MNPUHUMATL NepeMeHHasd,
UTpaeT CTOJb BAXKHYIO POJb JJIsT XapaKTePUCTHKY MepeMeHHOH, 4To
OHO Ha3HIBAeTCH munom nepeMeHHOH. [ToaTOMY MBI peKoMeHiyeM, 4TOOb!
Bce mepeMeHHble ObIIHM ONMMcaHbl B Hayajie nporpamMbl. Onucarue nepe-
MeHHOU 3ajaeTcsi B BHJE

var v: T (8.1)

rae v — uaeHTHGHKAaTOp HOBOU nepeMeHHoH, a T — ee Tun. Ecau ond-
CBLIBAeTCST HECKOJIBKO MepeMeHHBIX OHOTO W TOTO YKe THUMa, TO MOXKHO
BOCMONb30BaThest GoJiee KOpPOTKOH  ¢hopMoil

var vy, Us..., Up . T 8.2)

rg€ ¥i,..., Upy—HIAEHTHQUKATOPE! ONUCHIBAEMLIX NepeMeHHEBIX.

Onucanye BceX HAeHTHHHKATOPOB B Hayajie MporpamMmbl HMeeT jo-
MOJTHUTEJIbHOE PEUMYIILECTBO, COCTOSIIEe B TOM, YTO KOMITHJISITOP B 3TOM
cly4yae MOXKeT MpPOBePUTb, ObWI JIM ONMUCaH KakAbH HCIONb3yeMblH B
nporpaMMe upeHTHdUKatop. Ecnu wupentuduxatop He OB ONHcaH
(HanpumMep, u3-3a ONIMOKH B TPOOHBKE HJTH H3-3a OMUCKH NTPOrpPaMMUCTa),
TO KOMIHJISATOP MOXKeT cOOBmUTL MporpaMMucty o6 3ToH oiHbKe,
a He BBOIUTL HOBYIO MEepPeMEHHYI0 ¢ OMMOGOYHLIM HMeHeM. 3jech CHOBA
U30EITOYHOCTh B T€KCTE MPOrpaMMbl HCIOTL3YETCST 115 MOBBIIIEHUST Ha-
JIEXKHOCTH MpOTrpaMMUpOBaHUS.

Tenepb nepen HaM# BCTaKOT [Ba BOpoca: Kak MpaBUJILHO 337aTh THI
JIAHHBEIX B porpamMMe H KakuM yaoOHBIM 06pa3soM TUIMH JAHHBIX MOXKHO
NpefcTABUTL B MaMsATH Maumuel? [lpexpe Bcero cienyer passiuyarh
KJiacch! THNOB AaHHbIX. CaMOf Ba)XHOH H, MOXaJsyH, eUMHCTBeHHOH OT-
JIMYUTENbLHOH 4epToll OKasblBaeTCs CTPYKTYPHOCTL 3HauyeHHH TOro HJIH
uHoro tuna. Ecnu 3Hadenue He crmpyxmyproe, T. €. He pacnagaeTcs Ha
KOMIOHEHTH, TO OHO HasblBaeTcs ckaadpom. B 3TOH riaBe MBI MO3HA-
KOMHMCSI TOJIBKO €O CKa/JsIpHHIMH THIaMH, CTPYKTypHBIE THOB! OymyT
paccMarpuBatbest B ro. 10 u 11,

O6mas dopMa onpedesenus muna Caemyiomant:

type =T (8.9)
rge { ecTb BHOBL BBeJeHHHIH HﬂeHTH(pHKaTOp, a T — onucauye THNA.

CkansipHBIll TUN OMMCHIBAeTCS MepeducieHHeM ero KoMmnoHeHT. [list
ITOrO HCNONL3YyeTcsT 3amuch BHAA

type t= (w1, ws,..., W,) (8.4)
Taxoe onpesenenue BBOIUT uOeHmMuBuRamop muna t v n KOHCHQHIMHbLY

udeHMupuKamopos wy, W,. .., w,. Hixe npusopsares npuMeprr onpe-
JeNeHull  CKasspHBIX THIIOB,
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type yeem= (xpactoil, oeameii, serervl, eoayborl)

type macmo= (6y6rot, Hepeu, nuxu, mpegor)

type dueypa=(mpeyeorvrux, RPAMOYeOMHUK, KpYe)

type cocmosnrue= (meepdoui, scudkuil, easoobpasHol)
3aMeTuM, YTO UMS THMA MOXKHO He 3a1aBaThb, eCslH OOBbeIUHUTL ONHCA-
HMe nepeMeHHBIX (8.2) U onpepenenye tuna (8.4) cuepyoiliuM obpasoM:

Var vi, Usye.., U @ (W1, Wayeoo., Wy) (8.5)

B 3anucu, onpepensiomiell THI, SJ1eMeHTH MHOXECTBa 3HAUEHUI He
TOJIKO OTJIMYHB! IPYT OT APYTa, HO U yropsdouerst. st moboro cka-
JISIPHOTO THIA f, ONpeJieIeHHOro 3anuchbio Bujia (8.4), Mbl MOCTyIHpYyeM
cIiefyioMiie aKCHOMDI:

l. wi==w;, ecnu i=4j (pasauIUMOCTB)
2. wy<<wj, ecnu i<(j (ynopspoueHHOCTDb) (8.6)
3. 3HayeHUAMH THOA { MOTYT OBITb TOJBKO Wiys .., Wy,

Hanuuve ynopsnoueHHOCTH NO3BOJAET BBECTH (YHKUMHU TOJYYEHUS
CNeNYIONIero WJIHM NpPEebIIYyILerc SJeMeHTa:

suce (wy)=wi gna  i=l1,..., n—1
pred(w;))=w;_, s i=2,..., n 8.7

Ecmu B nporpaMMy Tpe(yeTcsi BKJIOYHTH HECKOJBKO oOnpeneseHui
CKaJSIPHLIX THIOB, TO MBI OyzieM TBepAO MpPHAePXXUBATLCs MpaBuia, B
COOTBETCTBUH C KOTOPHIM KOHCTAHTHBIH WIEHTH(HKATOP Omnpenessercs
TOJIBKO OfMH pas. Torma ¢ KamJbplM KOHCTAHTHBIM HAEHTH(HHUKATOPOM
MOYKHO OIHO3HAYHO COOTHECTH THUIl 3HayeHUsd, KoTopoe oH ofo3Hauaer.
Cnepyer usberaTh KOMOWHanuM TakKHX onpeneneHuil, Kak

type menavuiysem= (xpacHoiil, ocesmpiil, 3eseHpiil)
type xorodnuiliyeerm== (3enenbiti, eoay6boil) (8.8)

TIOCKOJIbKY B HUX THUN HEKOTOPBIX KOHCTAHT (B JAHHOM CJy4Yae (BeT
3enenbil) onpenensieTcs HEOAHO3HAYHO 1).

HexkoTopble ckansipHble THIBI HCNOJMBL3YIOTCA TaK 4acTo, YTO U OHH,
U UX oNepaTopbl MPUCYTCTBYIOT B Moboil BhIMUCIHTENBHOH cucTeMe, Ta-
Kve THNB (MX HAa3LIBAIOT CTAHAAPTHHIMH THNaMH) HeT HeOOXOmMMOCTH
onpenensiTh B IIporpamMme, MOCKOJLKY MpeAnojaraercs, YTO OHU W3-
BeCTHHl Jmo6oMy nporeccopy. K HUM OTHOCATCS JOTHYecKHe 3HAYEHUS
(J10KDb, UCTHHA), Hesble ¥ BEllleCTBEeHHbBIE YUCIA, A TAKMKE MHOMXKECTBO JIk-
Tep (KOTopble MOXHO Haneyatathb). OHU TaK YACTO UCNOJB3YIOTCH, YTO
COOTBETCTBYIOIIME UM KOHCTAHTH (32 UCKJOYeHUeM JIOTHYecKHX 3Ha-
yenuii, cM. pasg. 8.1) oGosHayawTcs He WIEHTHPHKATOpaMH, a KOHCT-
PYKIMSAMH, KOTOpPBHlE Pa3JIMyaloTCA HAa CHHTaKcHYeckoM yposhe, Tenepb
MBI nepefiieM K paccMOTPEHHIO YeThipeX TJIaBHBIX CTAHIAPTHHIX THIOB.

1) Mu cosnatenbhO OTKa3ajuch OT TaKMX MOHsTHH, Kak OObemuHEHHE M Tepe-
CeyeHHe THIIOB.
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8.1. Tun BOOLEAN (Jiornueckuii)

Tun Boolean onpenenisier 1uanasol JOru4eckKuX 3HayeHHil, KOTOPLIH
COMIEPIKUT JiBa 3JjieMeHTa frue (vctuha) U false (moxnb). Camo HazpaHue
THIA TIPOHCXOAUT oT UMeHH Jlxopmka Bynas (George Boole, 1815—
1864), 3aJ/I0KUBIIErO OCHOBLI aJreGphbl JIOTMKH. DTOT THIT ONpenensieT-
cf KakK

type Boolean= (false, true) (8.9)

Hap aprymeHTaM#l 3TOTO THIIA ONIPENENISIOTCS CJAEVIOUKe CTaHgapT-
Hble OnepaTophl:

\/ ausbioHKIUsA — OR (1)
/A KowbloHKIus — AND (u)
— otpunanie — NOT (me)

Ecnu 3ajaHbl JOTHYECKHe apryMeHTbl p U ¢, TO 3HAyeHUe BLIpameHHH
p\g, pAg u Tp onpenensmorces Tabmuned (8.10).

p q pvg pAg T1p
false  false false false true (8.10)
true  false true false false
false  true true false true
true  true true true false

U3 310il Tabaunsl MOXKHO BHIBeCTH cooTHolleHust (8.11) — (8.14), xoro-
pbie TOJIe3HEI BO MHOTTIX cJy4asX, oco0eHHO Torna, Korja TpefyeTcs
HalTH GoJiee TPOCTHIE SKBHBAJEHTHHE (JOPMBI 3aJaHHOTO BLIPAXKEHUS.

1. p\Vg=q\/p 3akoHbE! KOMMyTaTHBHOCTH (8.11)
PAG=qNPp

2. (pVOVr=pV (gVr) 3akoHel acconuatupHOCTH (8.12)
(b NG AT=p/\(GNT)

3. (pAQNIr=(PVNN G\ 3axousl guctpubytueHocTH (8.13)
NVOAr=(p ANV @GAT)

4. A (pVo="1pATg 3akonet ge Moprana (8.14)

(pAQ="1pV g

Io onpepenenuto onepatop \/ uMeeT GoJiee HU3KUA TPHOPUTET, UeM A,
NPHOPHTET KOTOPOTO B CBOIO oyepenb HiKe yeM —1. Hampumep, —pV/
g/Ar nonuMaeics kKak (Tp)V (GAr).

Bee onepamoper omrowernus naot pesynstart tHna Boolean. Hanpu-
Mep, BEIpaXKeHHe x=Y UMeeT 3HayeHue frue, ecliy x paseH y, u false
B npotuBHoM ciyyae. HauGonee ymoTpeOUTENBHEIME ONEPATOPaMH
OTHOIIEHHUSA SBAAIOTCA =, 5=, <, <, ==, >. [locnennue getbipe ome-
patopa, OYEBHJHO, NPUMEHSIOTCS TOJNBKO K YNOPSIOYeHHBIM (T, €, K
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CKaJIAPHbIM) THNaM. JIJIsT 3THX OIePATOPOB CNPaBeAJIHBBI CJeyioiue
COOTHOIIEHU A2

XY <> (x=y)

<Y o (x=<y)V(x=y)

x=y > T(x<ly)

x>y > T(x<y) A1 (x=y) (8.15)

CreopaTelNibHO, HeCTh ONEPATOPOR OTHOLIEHH A C TIOMOMUIBIO JIOTHYECKHX
CBA30K A, \V UM 1 MOYXHO BHPA3HTh TOJILKO Yepe3 OTHOHIEHUSI = U <,

8.2. Tun INTEGER (uenniit)

DTOT THII NIPEACTARJAET MHOKECTBO yeaotx uuces. Ilpeanosiaraercs,
YTO B AHHOH cHCTeME NPOrPAMMHPOBAHUSA OIpefesieHbl W JOCTYITHBI
cTefyIole OnepaToph:

+ craoxenue
— BHYHUTaHUe
% YMHOXeHHe
div genoyuc/ieHHOe JeneHue
mod OCTaTOK OT LEJOYHCJEHHOrO JieJleHH s

B kaxjiofi BEHMHCAHTENBLHOH MallliHe ONpenesieHO HEKOTOpoe NOof-
MHOYKeCTBO LENLIX YHceNa (JeXaumdX B HeKOTOPHIX NpeneniaxX), TaKuX,
¢ KOTOPHEIMH ee apHdMeTHYecKoe YCTPOHCTBO MOKET ONIepHPORATh MPSAMO
u abdexTurrHo. CrnepopaTtesibHO, THI infeger 0GO3HAYaeT MHOMKECTEO
yHcesl, ONnpefesieHHOe NaHHOH BBRIYMCAUTENbHOH MammHoH. Pazymeercst,
3TU npefesbl 6YIyT MeHAThCS OT MAIlMHB! K MallliHe. BamxHO OTMETUTD,
yTO OOHIYHbIE AaKCHOMH! apudMeTHKH, BoOOLIE rOBOPSA, HENB3ST IpHMe-
HATh K apUQMETHKE BEHIYUCANTENbHON Mamuubl. OHU HEe BEpHHEI B TeX
cAy4asx, KOrja UCTHHHLBIH pe3yJbTaT Onepauyy JIeXKHUT BHE 331aHHOIO
KOHEYHOTO fyanas3oHa 3Hauenuil. Hanmpumep, eciu /s HeKoTopo# BhI-
YHCJAUTENBHON cHCTeMBbl THI ififeger ompepesieH KaK MHOXECTBO YHCEJ,
1o aBcoJOTHOH BeJIMYMHe He MpeBocXomsiuX max (|x|<Crnax), u ecoiu
C/IOXKeHHe, BLHIMOJNHSAEMOe MalnHofi, ofo3nauuth uepes P, ToO

XDy=x-+y
TONMBKO TOrya, Korja |x-+y|<Cmax. CrepopatesibHO, OOBIYHEIR acconua-
TUBHBLIH 3aKOH, BOOOMIE TOBOPS, JJIST MAIIMHHOIO CJOKEHUS He BBINOJ-

ustercst.  ‘CooTHolIeHHe
(*Dy)Dz=xD (yP?)

BepHO Toraa, Korma |xPy|<max v lyPz|<<max. Hanpumep, nopcra-
BHB 3HaueHus ¥ mojoxus max=100, noayuum

604D (506P(—40))=60+10—=70
B TO BpEMH KakK pesyanaT BbIYUCJIEHU 1

(60DBO)D(—40)
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ue onpepened. Ha mepretit B3rasn ata cuTyauust KameTrcss moutH 6Ges-
Hagexxnofl. Ho He cnegyer 3a6HBATh, YTO B GONBIIMHCTBE BHIUHCIUTENb-
HBIX MallMH JJanasoH [eJbIX 4HCesl CYIECTBEHHO TMpPeBbIaeT TOT,
KOTODHIi TpefyeTcs NpH pellleHuy 3aga4. [IosToMy He cToIb YK 4YacTo
MPUXOJUTCH BCTPEYaThCS CO CIMIIKOM OOJBLIIMMH YUCJaMH H, cJeJo-
BaTeJIbHO, C HeONpejeseHHBIMU pe3yJAbTaTaMy (KOTOpPhble HA3BIBAIOT
nepenoareruenm). TeM He MeHee TIPH NepenoaHeHny Jiio6ast BhIYHCIUTEb-
Has cUcTeMa JIOJPKHA XOTA Obl BHIAABATb NpPEAyNpeRAaromuil curuai u
MpeKpamiaTh BLIYUCIEHHS, IOCKOJBKY NPOJO/MKATL CYeT ¢ HeOT pefeieH-
HbIMH pe3yJIbTaTaMH efBa Ju UMeeT cMBIc/. OgHAKO, 32 HCKJIOYEHHEM
cliyyasi TIePEnoJIHEeHUS, NpEenoJaraercs, YTo Bce onepayutt HAO apay-
Mmenmamu muna infeger GblNOAHSIONMCS HIOUHO.

Bo MHOTHX clyyasiX 3apaHee W3BeCTHO, YTO 3HAYEHUST HEKOTOPHIX
nepeMeHHBIX JIeXKaT BHYTPH ONpefeNieHHOro WHTepeasia. ATy wHpopMa-
M0 clieyeT cOOOIUTh TIPH OnpenesieHHH THIA TlepeMeHHOH, SIBHO
yKasblBasi ipefnosiaraeMblil HHTepBaJ. Takoll THN Ha3LIBaeTcs UHMep-
BQNbHbIM MUNoM U ONpefelisieTcsl CAeNyIomUM obpasoM:

type i=min. .max (8.16)

KoHCTaHTH min U max 3aJal0T TPAHUIEI UHTEPBaja WM OTpe3Ka.
YKa3zanue oTpeska 4acTo 3HaYUTeNbHO obJieryaeT NoHMMaHye ITIPOrpaMM.
KoneyHo, Tum infeger caM fBJseTcH OTPe3KOM, TPaHHIBl KOTOPOro
OIIPeNIeJIAIOTCST KOHKPETHOH BBIYHMCAUTENBHOH MallHOM HJIH HUCNOJb-
3yeMBIM KOMIIMJISITOPOM.

8.3. Tun CHAR (nuTepHLIi)

70T THI 0603HaYaeT KOHEYHOe YTIOPSIIOUeHHOR MHOJNCECNEO AUMED.
B BoigucauTeIbHOH cHcTeMe onpeensieTcs: He TONBKO JUanasoH yuces,
TpUeMIeMbIX JJ1sT 00paboTKH, HO W Habop JiUTep, € MOMOMIBbIO KOTOPLIX
oHa ofijaeTcst ¢ BHEIIHUM MHpPOM. JIutepamu U3 3Toro Habopa JOJIKHEL
ObITh cHaOXKeHb! nepUdepHiiHble (YHTAIOIKME U T1eyaTalomniye) yeTpoicTsa
BHUHCTUTENLHOH cucTemHl. Kpaiine xenaTenbHa cTaHzapTU3auds Ha-
6opoe JuTep (OHA parke ofs3aTesbHA, €c/ pa3JHyYHble BBIYHCIMTENb-
HBIE CHCTEMH CBSI3HLIBAIOTCH JIJIs1 COBMECTHO!H paboThl, mepenayt A1aHHbIX,
IUCTAHNUOHHON 06paGoTKY HaHHBIX U T. f.). M XOTS Ha MOJIHOe corJla-
cHie B CTaHAapTU3anMH HAOOPOB JIUTEp €Ba JIH MOXKHO paccYHTHIBATh,
TEM He MeHee CYIiecTByeT oOIienpHHATEI!I Habop JIUTep AJIA BRIYHCIH-
TeJIbHEIX CHCTEM, copepKamyil 26 naTuHCcKuX 6yxs, 10 nmecsaTHYHbIX
apabCcKuX yughp U HEKOTOPOoe KOJNUYECTBO CHeYUAAbHOLY AuUMmep, TaKUX,
KaK 3HaKH nyHKTyauuu. Kpome Toro, mojyyus HIMpOKOe pacnpocTpa-
HeHle Habop JiuTep, YTBEpKIEHHBIH MeXIyHapomHOH OpraHu3anef]
crangaptoB 1SO (International Standards Organisation), u amepuxan-
ckuil Bapuant storo HaGopa — ASCII (American Standard Code for
Information Interchange — amepukanckuii cranpapTHbBfl Kop nJis 06-
MeHa HWHQpopManyerl).
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Ha6op ASCII coctout uz 128 nutep. Ilockonbpky 128=27, kaxnas
JIUTepa OJIHO3HAYHO TIPEACTaBJSeTCS MJIM KOJHpYeTcss HEKOTOpOH KOoM-
6unamnueil us 7 6utos. Oro6paxeHyue KOMOUHANUI OUTOB HA MHOXKECTBO
JuTep HaswBaetcsl kodom; otciona ASCIl HasbiBaercst cemubumogoim
xodom (cM. mpulioenue B).

Jluteper ASCII pensitcst Ha newamaembie aumepor N ynpasasoujue
aumepet. [leqataeMble JIMTEPH B CBOIO OYepenb NOAPasgesisioTcesT Ha 3a-
rfiapHeie GYKBBI, €TPOYHLIE OYKBH, nHQpPH H crenyalbHble 3HaKkH. Jla-
Jlee pasJiuyaetcst noaxvii U oeparusernnodl naboper ASCII. Tocnennuii,
B KOTOPOM HeT CTPOYHBIX OYKB, HCTOJNL3YETCS Ha MHOTHX CEPUIHO BB
nycKaeMbIX yCTpoicTBax.

CMbICTT YyIIpaBJSIONMX JUTED OOBACHIAETCS B MPHJOXKeHUH B, oHu
urpalot GOVIBUIYIO POJib IPH Tepefaye JAHHBIX. 3jech MBI NPHBOAHM
TOJILKO JIBE YTpapJsionifie JIUTepH: cr — BO3BpAaT KapeTkd (carriage
return) u If — nepesop crpokut (line feed). Ecny panubie nepepaioTes
Ha [eqaraliiee TepMUHAJIbHOR YCTPOHCTBO, TO STH JIUTEPH! CJIyXKAT CHI-
HaJioM, 1O KOTOPOMY NeyaTalomuil MeXaHHW3M IIPUTOTOBUTCH K I€4aTH
C HayaJla HOROH CTPOKH.

Tabovma Jvrep B xoge ASCIL

0 1 2 3 4 5 6 7
0 nul dle 0o @ p p
1 sch decl ! 1 A Q a (q
2 stx d2 " 2 B R b r
3 etx de3 # 3 C S ¢ s
4 eot dc4 4 b T d ¢t
5 enq wnak Y 5 E U e wu
6 ack syn & 6 F v f v
7 bel eth 7 G W g w
8 bs can ( 8 H X h x
9 ht em ) 9 T Y i ¥
10 If sub * J Z j =z
11 vt e + K I k {
2| & & , < L \ | |}
13 c g - = M 1] m }
14 SO IS . > N ~ n =1
15 si us |/ ? 0O o dd

Chenyiomue nse cTaHmapTHble (GYHKIMH (KOTOPbIE 3aBUCAT OT BHIG-
panHoro Hafopa JiUTEp) MO3BOJAIOT OTOOpPaXKaTh MHOXKECTBO JIUTEP Ha
HOJMHOKECTBO HaTYpAaJbHBEIX YHCeN W Hao0OpoT. ITH (GYHKIMH Ha3bl-
BaloTcsl  Pyrkyuamy  npeobpasosariis.

ord(c) sBJSIeTCH TIOPSIKOBLIM HOMEPOM JIUTEPB! ¢ U3 YIHO-
pspouenHoro HaGopa Jsutep. (Eciu ucCnosb3yercst
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tabauna Jurep ASCII, To ord(c) =16« x+y, rme
X U y 0003HAYAIOT KOOPAMHATH! JIMTEPH! C.)
chr(i)  ABnseTcA auTEpofl ¢ MOPAIKOBLIM HOMEpOM i.

[losToMy cnpaBefyiuBb! COOTHOILEHHS

chr(ord (€))=c w ord (chr (D))=Ii 8.17)
¥ YHOPSIOYeHHOCTh HaGopa JUTEpP ONpENeNsieTCss OTHOIIEHHEM
0<<cy & ord (cr)<<ord (cs) (8.18)

JJis1 ofo3HaueHUsT KOHCTAHThI THHA char OGBIMHO JIUTEPY 3aKII0YAI0T
B anoctpods (4ny B OAUHOYHBIE Kapbrku). Hanpumep, ecau mepe-
MeHHOH ¢ Tuma char MpHCBaWBaeTcs 3HAK BOMPOCA, TO 3TO MPUCBAHBA-
HUE 3anUChIBaeTCs TaK:

c: 0

B nocnenylomux rnapax Mpl He 6yneM B POrpaMMax CChbLIATbCSA Ha
KaKof-TO KOHKpeTHbIfi Habop autep. OnHaKko mporpaMmbl OYAYT MMeThb
CMBIGJ M BBLIIONHATLCA B TOJHOM COOTBETCTBHH € HX crenu(UKauusaMu
TOJIEKO B TOM cliy4ae, KOrja npUMeHseMbll Habop JHTep:OTBeqaeT cJe-
JVIOIYM MUHHUMaNLHBIM TpeOOBAHUAM.

1. Ha6op nurtep mosuxeH comepxath Gykept A—Z u uudper 0—9.
2. TlopmHokecTBa GYKB ¥ HUGP JOKHB! ObITh YHODSJOYEHHBIMH U
ceA3aHHbIMU. TO ecTh ¢ ecTh 6YKBa TOJBLKO TOTNA, Korja "A’<c u
¢<'Z’, ¥ ¢ ecTh 1UPpa TOJLKO B TOM caydae, ecan '0'<e v c<{'9',
3. HabGop nutep nosoked copepixaTh Hpo6es, pasjenuTeib CTPOK,
KoTophlii o6o3navaetcs eol (end of line — xowHen cTpokw), u
HECKOJIBKO JPYTuX JUTep, TaKUX, Kak 3anfdrast, TOuKa U T. [.

8.4. Tun REAL (BeluecTBeHHEIN)

Tot $akT, 4YTO B MailllHE MOXKHO TIPEJCTABUTH TOJNBKO 3HAYEHHUS H3
KOHEYHOTO JHanasoHa, UMeeT ocof0 BaxKHbIE TIOCTeACTBHUA aJisi obpa-
OOTKY BeleCTREHHBIX yucesl. B cnygae nesbIx gyucesn MOXHO OBWIO YT-
BePKIATh, YTO TIPH JIOOLIX OGCTOATENbCTBAX, KPOME MEPENOJNHEHUS, B
pe3yJibTaTe BLUIONHEHUA apU(pMEeTHYecKHX omepanyfl Mmojy4aniuch TOy-
HbIe 3HAYCHUS, HO IPUMEHUTENBHO K apipMeTHKe C BEHIeCTBeHHBIMH YHC-
JIaMU 3TO yTBep:jeHue HepepHo. [Ipuuuna 3akJo4aeTcss B TOM, YTO Ha
JII060M CKOJIb YTOIHO MAJIOM WHTEPBAJiE OCH BEMECTBEHHBIX YHCeJ CO-
JepKUTCcs OECKOHEYHO MHOTO 3HAY€HUH; OCh BEeHMICCTBEHHBIX yuces 06-
pa3yeT TaK HasbBaeMbIHl xoHmutyyM. B IporpaMMUpOBaHHH, CJI€IOBa-
TEJILHO, THII real HE TIpeJCTABJsIeT OECKOHENHOE, HECYETHOE MHOIKECTBO
BEHIECTBEHHBIX YHCeJT; EMY COOTBETCTBYET KOHEUHOe MHOMNCECINBOo npedcma-
sumenell uHMepeal08 KOHTUHYYMa BeHIeCTBEHHBbIX qucell. PesynabTaTh
BHUUCJEHUI, B KOTOPBIX Y4acTBYIOT NpUOMUKEHHbIe, a He TOYHBE 3Ha-

3 m. Bupr
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YeHHf, B 3HAYUTEJIbHOH CTeNeHH 3aBHCAT OT periaeMoil 3ajayy U OT BHI-
6panHOro anroputMa. B nydineM ciyyae rnoJiydeHHbe pe3yJbTaTh! OYAyT
NpUOTUAKEHUSAME ¢ HEH3GeXKHLIMH IOTPeIHOCTAMH. (OIeHKa 3THX IOr-
peluHocTel, KOTOphble SRMAAIOTCS CNENCTBHEM TNOAMEHL! BeH[eCTBEHHOIO
KOHTHHYYMa KOHEYHbIM MHOXeCTBOM MpejIcTaBUTelNel, ARJSEeTCS OYeHbL
TPY/HOH 3anaqell U CAYKUT OOLEKTOM HU3YUEHH S GbIUCAUMEAbHOL Mmame-
mamurxy. Beruc/ieHus, BHIMONHAEMBE HAJ[ JAHHBIMU TUMA real, HA3H-
BAIOTCH HucAeHHoimu npoyeccamy. He BRiampmas kakoro-u6o oTpu-
LHATENIbHOTO CMbIC/IA, MOXKHO CKa3aTh, YTO CJIOBO «UHCJIEHHDBII» CHHOHMM
CJIOBA «HETOYHBLI».

Ho 6eccublcieHHO TPOH3BOAMTE BHMHCJEHUS, HE 3HAas HUYEr0 O
TIPUPOJIE U CTETIEHU OXKuaeMolt norpetiHocTd. UToOR NOHUMATD U JIaKe
NIPOBOJUTE TaKHe H3MepeHHUsi, HeoOXOMUMO 3HATh, KaKOro BHja Ipef-
CTaBJICHUST UCMIONB3YIOTCS JJ151 BEHIECTBEHHHBIX Y CeJl ¢ KOHeUHBIM YHCJIOM
uudp. B coppeMeHHBIX HU(POBLIX BHMUCIUTENbHBIX MaHIMHAX OOBMHO
HCMOJIL3YIOT TaK HA3bIBAEMOE HpedCrmaBAeriie ¢ NAGBAHOWEL MOUKOL,
T. €. BEECTBEHHOE YU CJIO x U306 parkaeTcst ¢ MOMOMIEBIO IBYX UEJIBIX qUCeN
€ ¥ m, Ka¥joe U3 KOTOPHIX COAEPHUT KOHEeYHoe Hucao uudp, Tak 4To

x=ms Be —E<e<E —M<m<M (8.19)

3pech m Ha3LIBACTCH MAHMUCCOL, € — nopsadxkom, a B, E u M seismorcs
KOHCTAHTAMH, XapaKTepH3VIOmWWMU TpesicTaBjenve. Huco B Hasbl-
BaeTCsT OCHOBQMHuEeM TIPEICTABNEHUsT ¢ TiaBaromiell Toukod. O6biHO B
He papHo 10, a sBJseTcs Majoil cremenbio 2. JIJist yo0Oro 3aaHHOTO
3HA4EHHST X MOXKHO HaHTH MHOTO pasiuuHLX map {m, e). Kanonngyeckasn
UM HOPMAAUS0BAHHAS (hopma OHpeILe.HHETCH JIOTIOJIHUTENIbHEM  COOT-
HOIICHHEM

F<Iml<M (8.20)

Tlpy HCnoJL30BAHVY TOJBKO HOPMATH30BaHHOH (GOPMB! TIIOTHOCTE Npe-
cTapUTeNelt HHTEPBAJIOB HA OCH BEIeCTBEHHBIX YHCe 3KCTIOHEHIINaIbHO
yMenbiaercs ¢ ysenuuenuem Jx|. Hampumep, wurepsan [0.1 : 1] co-
JIePKUT MPUGTHU3UTENBLHO (TOYHO, ecid B=10) cToJIbKO ke mpencTaBH-
Tesiell, ckoJbpko waTeppas [10000 : 100000]. TpynHo onpenenuTb, Kak
KOHKPETHO CKaXKeTcsl Ha TOH WJH WHOH IporpaMMe 3TO HepaBHOMepHOe
pacnpeneJienye TpecTaBuTesell; BLICKAXKeM JIMIIL camble ofumpe coo6-
paenusi. OUeBlIHO, HEL3S aGCOJOTHO TOYHO OMUCATH 3JEMEHTApPHbIE
onmepauyy Haj apryMeHTaMH THIA real, TIO3TOMY OHH ONpEeNAIOTCH B
BHjIE MUHUMAJIBHLIX YCJOBHII, KOTOPBIE BCErJia BBHIONHSAIOTCSH He3aBU-
CUMO OT cnemMduKH apudMeTHKH C IJapaiomell ToYkoH. DT yCJIOBUA
MOXKHO cQOPMYNUPOBATL B BHJE AKCHOM.

Al. Tun real (oGosuauaercsi R) siBnsetcs KOHEHHbLM TIOIMHOKECTBOM
MHOXecTBa R BewiecTBEHHLIX 4HCel.

RcR
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A2. Kaxnomy uncny x €R cTaBUTCS B COOTBETCTBHE uHciIo x € R,
KOTOpO€e HasLBAeTCH Mpedcmaeumensem X.

A3. Kaxmoe x€ R TIPEZICTABJSAET MHOrO x € R; HO MHOXKECTBO Ipej-
CTaBJIfieMbIX 3HaYeHU ABJSAETCH CBA3HBIM UHTEPBAJOM Ha Be-
HIeCTBEHHOH 4YHCJOBOH OcH. TO ecTb, eClH X;<<lts, Xi=F H
Xo=1, TO x—r JJIsL BeeX x<x<{x,. Bosee Toro,

u3 x € R cnenyer x=x
B uacruoctu, 0 u 1 mpencrasasnorcss touno. To ecth, 0 ER
u 1 € R; cneporarenbio, 0=0 u 1=1.

A4. CymecTeyeT MaKcuMaNbHOE 3HAYEHUE MaAX, TAKOE, YTO JIJISI BCEX

Ix|==max npenctaBuTenu He onpenenenbr. J[uanaszoH uHcesa

IxIZ==max waspisaetcs duanasonom nepenoanerus U, MuoxecTeo
R — U ecThb CBSI3HOE MHOKECTBO.

Uz akcuom Al—A4 cnenyer, uto
ecsiu x<y, TO )igy
eclil x=yY, T0 x=y

ecsu x>y, TO x>y (8.21)
Ab. MuoxecTro R cuMMeTpuyHO oTHOcuTebHO O, T. €.
(0" =—® (8.22)

AxcriomMb A6—A9 mocTYNHPYIOT COBOKYMHOCTL TpefoBanuil, KOTOpble
0e30rOBOPOYHO JIOJIXKHE BBIIOJTHATLCA JIIOG0OH ManMHHON apu(MeTHKOMN,
OcHopHble  MaTeMaTHYecKHe  ONepandy — CJOXKeHHe, BBNUTAHUE,
yMHOXKeHHe U fiefleHre — 0603HayaroTest cooTseTcTsenHo (P, O, X)) u ¢F.
Mu mpennosiaraem, 4to x, i € R.

Ab. Kommymamuerocms CNOMKEHUS 1 YMHOXKEHU 5

*Py=yDx, *Ry=yEx (8.23)
A7. x=2y=20 - (xy)Py=x (8.24)
A8. Cummempuurocme OCHOBHBIX omepanuil oTHocuTeN bHO O

Xy =3P (—y)=— (¥=x)
(—x)RQy=xQ) (—Yy)=— (x¥y)
(—xX)BYy=xF (—y)=— (xY) (8.25)
A9. MoromorHocme OCHOBHBIX oOmepauuii

ecmu 0<x<a u O<y<b
10 ¥Py<aPb *Sb<aDy
*Qu<a@Qb  xBb<aZy (8.26)

Us A9 crnenyet, B 4acTHOCTH, YTO IJIT HEKOTOPHIX X M Y, TAKHX, 4TO
0<x<<a u O0<y<<Ch, BrOJIHE MOXKeT CJAYYHUTbCH, 4TO

xPy=a@Pb nm xXy=a(Xb

3%
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HO He

xPy=>aPb umu xQy=>a(b

U3 akcuom A1—A9 MOXKHO BHIBECTH CJIeMyIOlie TeopeMb!, KOTOphie
TIPE[ICTARJISIIOT BayKHLIe OCHOBHBIE CBOHMCTBA apU(PMETHKH:

y=20—xPy>=x

x2y—x)y=0
ez AO0<y< ) - xQu<x
I<x<<y—xy<l (8.27)
xGx=0
xP0=xB0=x
x(0=0
xX0l=xgl=x
xx=1

O6patuTe . BHUMaHHe, YTO OOBIUHBIE JJIST apHQMETHKU S0KOHbL (C-
coyuarmugHocmy L OucmpubymueHocmy OTCYTCTBYIOT B aKCHOMax
A1—A9. 310 He cayyaiino. PacemoTpuM npumep, KOTO DB HIIIOCTPUPY-
eT HapyIleHde acCOIMATUBHOIO 3aKOHa INPH CJIoXKeHuu. B sTom npumepe
YHCJia TIPECTARJEHB! YeTHIpbMS necATHYHbIMU [udppamu. ([lopsmox e
32/12€TCs1 COOTBETCTRYIOIUM PACTIONIONKEHHEM JCCATHYHOH TOYKH.)

£=9.900 y=1.000 2z=—0.999

1. (x(Py)Pz=10.906D(—0.999)=9.910
2. XDy —=9.90080.001=9.901

PaccvoTpuMm IpuMep, B KOTOpPOM HapyHlaeTcfi AUCTPUOYTHBHBI
3aKOH (TIO-TIPEKHEMY HCMOJIL3YeTCs 4YeTbIPexpaspsifiHasi [ecATHYHAasf
apugMeTHKa).

x=1100. y=—5.000 2=5.001

1. (R P (x(R)2) =—5500.D5501.—1.000
2. x(X) (D) = 1100.(0.001=1.100

OrnpenesieHHYIO «OIACHOCTbY TIPECTARJAIOT ONEpaluM CJOMEHUsA U
peruTaHuA. OHY ABJSAIOTCA TPUYHHON 3HAYUTENBHEIX OIHG0K, OCOGEHHO
[IpY BBIYUTAHUM IBYX NOYTH paBHEIX 3HayeHuil. B 3ToM ciiyyae GoJbilioe
KOJIMYECTRO 3HaYamuX Uudp B3aUMHO YHHYTONKAIOTCA U B TOJYYeHHOH
PA3HOCTH MOXKeT He 0Kas3aTbCsl HeCKOJbKHX, a MOXKeT OHTh, H BCEX 3Ha-
gapyx qudp. ITO ABJIEHHE HAHIBAETCS COKPALUEHUEM.

Ilefienye TakKKe TpeACTarJsieT OGO TOTEHLHAJBHYIO ONACHOCTB.
B ciyyae ManbiX jesuTesiedl pesyJibTar Jierko MOXKET OKasaTbCsi B 06-
JlacTd mepenonHeHusi. [1o3Tomy cnenyeT w3Geratb jAeJieHUsi HA HYJb
HJIH gucedio «6Jiu3Koes K Hydio. Hanpumep, He clieyeT B IporpaMmme NoJib-
30BaThCsl OTHOILUEHHEM BHJa abs ({/x)<leps, ero Jiyyllle 3aMeHUTh OTHO-
meneM abs(f) <eps#abs (x), He comepXaumidM JeJEeHUs.
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Mepa mourocmy apudMeTUKH ¢ TIIapatoMiell TOYKOH OCHOBLIBAETCS
Ha BeJUYHHE €, KOTOpasi omnpenedsercs HopMyJiol

e=min (x| (14+x)" =£1) (8.28)
x>0 .

To ecTh & ABJsAETCH HAMMEHBIINM TIOJIOXKHUTENBbHBIM YHCJIOM, TAKHM, YTO
npencragutesu 1 u 14 e ornuyatorcs apyr ot gpyra. Hanpumep, ecnu
BEHIECTBEHHBE YHCJ2 B BBIYHCAUTENBHOI MallHHE TIPENCTABJISIOTCH B
BUJIE A JECATHYHHX LUpp, TO & NPUGIH3UTENBHO paBHsieTcst 1077,

X0oTsl B MaTeMaTHYeCKOM CMBIC/E LeJBe YUCIa SIBJSIOTCS TIOJMHO-
JKECTEOM BelIeCTBEHHHIX 4Hces, OObIHO THMH infeger U real pac-
CMATPUBAIOTCS Kak HelepeceKalomiyecsi THnbL. YToOb! yIOBJETBOPUTHL
OCHOBHOMY TIPaBHJTY 3aIIHCH, B COOTBETCTBHH C KOTOPBIM THII KOHCTAHTH!
JIOJDKEH OMpeIeSIAThCA U3 camOff 3amicH 3TOH KOHCTAHTH, YCIOBHMCH,
YTO YUCJIO CYUTAeTCst YUCJIOM THTIA infeger TOTIa U TOJLKO TOTZA, KOTja
€ro 3aIKCh He COIEPIKUT HH JICCATHYHOH TOYKH, HH MacIUTaGHOrO MHO-
wuTtens (cM- T, 7). Bee uncna, 3anHCch KOTOPBIX COIEPKUT AECATUMHYIO
TOYKY H/HJIH MaciITaGHBI! MHOXKHUTENDb, CYUTAKOTCH YHCAaMH Tuma real.
[Ipy nmporpaMMHpPOBAaHHH C HCHONL30BAHUEeM OOLEKTOR THIIA real Oy-
JOYT VUYHTHIBATLCH CJEAYIOUIME NOTIOJHUTENLHBIE YCIOBHS:

1. B BripaxeHus Tumna real 00Ol omepawy TUNA real MOXKHO 3ame-
HUTL OTMepaHjoM Tuna infeger. Takum o6pasoM, HET HEOHXOQUMO-
CTH SIRHO YKAa3HIBATh NpeoOpasoBaHue U3 Tuna inleger B TUI real.
Onuako nporpaMMUCT JOJIKEH TIOMHHTE, YTO KOMITUJATOP B COOT-
BETCTBYIOHIMX MECTAX BCTABUT HeEsBHble KOMAHObL npeobpasosarus,
€CcJIH B MalliHe HCTOJbL3YIOTCH Pa3/iuuHbe BHY TPEHHHE MpeiCcTas-
JIeHH S [J1sl 3HAYEHHH 3THX JIBYX THHOB (B OOJBIIMHCTRE BHIYHCJIH-
TENbHBIX MallHH OHH pPa3/HYHBI).

2. Ecau aprymenT THHa real UCTIONB3YeTCs TaM, Ty IONTYCTHM TOMb-
KO apT'YMeHT THIIa infeger, TO HEOOXOIUMO FBHO YKa3aTh (GYHKIHIO
npeoGpasopanysi: B Kayectee craniaptHoOi (GYHKIMH npeoGpazo-
BaHMS MBI B35ITH Ty, KOTOpAast NPOMIE NPYTUX pealiu3yercs Ha Cy-
LIECTBYIOMIMX BLIYHCAHTENLHHX MalliHaX, a UMEHHO

trunc(x)

Dra QyHKLIMs JaeT Hesgoe Yucjo, NOJyyYaeMoe B pe3ysbTaTte OT-
6pacwBanusi apoGHoll yactd x. Hampumep:

trunc (5.8)=05, {frunc(4.3)=4

QYHKIUA OKPYTJIEHHsl BEIpaxkKaeTcs clefyIomM o6pasom:

| trunc(x+0.5) nas x>0
round (x)=1 —trunc(0.5—x) s x< 0
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Ipumep: Pewerue xeadpamroeo ypasterus

DTOT MpUMep 3aCTABUT NPOTPAMMHCTA 3aLyMaThbCsl O TeX OMAacHOCTAX,
C KOTOPhIMH MOXKHO BCTPETUTBCS, KOTAa HCMOJb3yeTcs apudmeTHka C
BEMIECTBEHHBIMH YHCJTAMM, H TIPOJIEMOHCTPUpPYET, KaKUM 0OpasoM 3TH
OMACHOCTH MOXKHO TIPeonoJeTh.

Tpebyercsi HAallTH Ba KOPHA X;j H Xy KBAJIPATHOTO yPaBHEHH S

asx2+bsx+c=0 a0 (8.29.1)
ByKkBanbHbIl TepeBojl XOPOHIO H3BECTHOH (GOpMyJIb!
%y, o= W (8.29.9)

HpHBOﬂHT Hac K cJieg yIomuM HHCprKHHHM IIporpamMmbi:
d := sgri (sqr (b)}—4 = a = )3,
Xp 1= — (b+A/(2 # a); x1 1 =(d—Db)[(2%a)

HonyeruM, yto a=1.000, b=—200.0 1 ¢=1.000, 1 npemnoJOXUM TaK-
Xe, YTO Bce apudMeTHyeCKHe Onepanyy BHIMONHATCS C YETHIPbMS jIe-
CATUYHBIMY LUppamu. B pesysbTate Mbl NOJYYUM

d=sqr{(40000—4.000)=200.0
%:=400.0/2.000=200.0 (8.30)
%;=0.000/2.000=0.000

IlpagunpHEIME  pe3yJabTaTaMu, OfHaKo, OynyT xi=200.0 u x,=
=0.005. Ecqiy KayecTBO IpPOrpamMmb! OLEHUBATE C TOYKH 3PEHHS OTHO-
CUTENILHOI TOYHOCTH, TO Pe3yNbTaT X, CJenyeT OTBePTHYTL KaK COBep-
ILEHHO HEBepHHIH.

Anroputm, B KOTOPOM YYUTHIBA€TCS OCOGEHHOCTH HCIOJBL30OBAHMUS
apudMeTHKU ¢ miIaBaiomiedl TOYKOoH M KOHEYHOH TOYHOCTBIO, OCHOBLIBA-
eTcst Ha npapuse Bueta

X1 % Xo=cja (8.31)

Tenepr ¢ nomombio (8.29.2) BeuHC/sIETCS] TOJNBKO OJUH KOpEHB C
66MbIIMM a6COMIOTHRIM 3HaueHHeM. BTOpoll KopeHb MOJiyyaercs, COr-
JacHo (8.31), c TOMOMIBIO OTHOTO YMHOXKEHHST U ONHOTO JlelleHHs1 — OTle-
paumil, KOTOpble COXPAHSIOT OTHOCHUTEJbHYIO TOYHOCTB AapPTYMEHTOR.
B peaynbTate Mbl IPUXOAUM K clefyIoHiell Tporpamme;

d- := sgri (sgr (h)—4=axc),
if 520 then x1 :=—(b+d)/2=%a)

else x1 := (d—b)/(2=0a), (8.32)
x2 1= ¢/(x] 2q)

B stom mnpuMepe npUBOIMTCA JOBOJLHO XapaKTepHHH cJliydail,
KOrjga MaTeMaTHiecKUe MeTOJb!, U3BeCTHBIE ejlie CO LIKOMBHOH CcKaMbH,



YOPAKHEHUS 71

Tpeé)/KOT JOTIOJHUTENBHOIO U THIATEJBLHOTO HCC/EAOBaHU A, €CJIH pelleHHe
noJsiyqaercsi ¢ IOMOLIbIO BLIYHCIUTENHLHOH MalIMHHL.

8.1

8.2
8.3

8.4

8.5

YTPAXKHEHUS

Kakue U3 cjemyIonux BEIPAXKEHHil CHHTAKCHYECKHM NMPABHJBHBI (HMeeTCHd B BHAY
COBMECTHMOCTL THINOB)? OrnpelesiuTe THIBI 3THX BRIPaXKeHHH, HCXOAsl M3 CJlefylo-
LIMX OMHCaHMH MepeMeHHBIX:

var x, y, z: real; i, j, k: integer
xdysi O imod(Gfy)  iti—k
idivjitx xty<itij k—trunc (x +1i)
isxtjsy x<yhy<z x=i

B kamxpom cnyuae noacumtalite KoJMMYeCTBO HeOOXOAMMBIX HeSIBHBIX MpeoGpaso-
BaHHH M3 LIEJIOTO THIA B BEeIECTReHHBbIH .

Homonnute mporpammst (7.16), (7.17), (7.18), (7.19), (7.22) u (7.25) neoGxonu-
MBLIMH OMHCAHMSIMH MEPEeMeHHBIX.

HanuumTe nporpaMMy BulUMCJIEHMs! YaCTHYHOH CYMMEL Psifia

1—1/24+1/3—1/4-} . . .--1/9999—1/10000

BrluncyieHHe npoBefiuTe CIEAYIONMMH CNIOCOGaMM:
(2) cJioxuTe WieHL psna cjieBa Hanpaso,
(b) caoxuTe uneHBl psifia CpaBa HAJEBO,
(c) cnoxuTe MOJONKUTENLHLIE H OTPHUATEJLHBE YJIEHB
OTHEJILHO, HO B OCOHX CJlyyasiX cJieBa Hampago,
(d) cnoxkuTe MOJNIOXHTEJLHBIE W OTPHLATESLHBIE WJEHB! PSfa OTAEJLHO H B
o6oux eJyiyyastx crpaBa HaJeBO.
[Monpo6yiiTe HamHcaTh HECKOJLKO NPOTDaMM JJlsl BBIUHCJIEHMS STHX 4YETHIpeX
CYMM H OLEHHTe HX OTHOCHTeJLHLe JOCTOMHCTBa M Hefoctatkd. CpaBHHTe mojy-
YeHHBIE C NOMOIUBIO BRIYHCIMTEILHOH MAIIMHBL YeThIPe Pe3yJinTaTa H 00BsSICHATE HX
pasnMuy. &kasanue: VHeTpykumu BHAa a := b= (—I) cjexyeT mmcaTh, Kak
a :=— b. Jlyst cpaBHenu st Huxe npUBOASITCs 30 BepHBIX JeCTHYHBIX LH(D OTBeTa

0.69309718305994529691723237 1458

Hanumute mporpaMmy, KOTOpast MHOTOKPATHO YMHOMX2eT KOMIJIEKCHYIO TepeMeH-
HYI0 2 Ha KOMIJIeKCHYI0 KoncTaHTy ¢=0.61-0.8{. Kommnekcnoe umcyio z=x-tiy
(i= V —1) npeficTaBisieTcst B BHJE MAPH! BEIECTBEHHBX MEPEMEHHEIX X H 4. 3a-
meuarue: AGCOJIOTHOE 3H3UEHHE C paBHﬂe’I‘Cﬂ [. Ecqin B mporpaMmy BKJIOYHTH
BLIYHCJIGHHE

[2l=sgrt (x*+47)

TO pasJiMue 3HavyeHHil (2] B HayaJie H B KOHIle BHLUMCJEHHH MOXHO HCIOJIL30BAThL
B KauecTBe Mephi TOUHOCTH apHPMeTHKH ¢ mJiapalomel Toukol. Bribepure n= 500
M HayaJibHOe 3Hauenme [2]=1.

[Nokaxute, yto AJsl MoGoi apudMeTUKH ¢ MMapawoiel TOYKOH W KOHEYHOH Tou-

.HOCTLIO M OCHOBaHHeM B>2 cyiMecTBYIOT TaKie YHCJa X, YTO

(xEPx)/2#x

Vrasanue: CHaualla Haliiute TaKoe X, HCIOJL3Ysl AECSITHYHOE IpeACTaBJEHHE,
cofiepikaliee e HHGPLL.



9, NNPOTPAMMBI, OCHOBAHHBIE
HA PEKYPPEHTHbIX COOTHOLIEHHSIX

9.1. INocnenosatTeasHOCTH

B npeppmnylMx rjiaBax MBI BBeJIH HEKOTOpPHE (hYHIAMEHTAJILHLIE
CTPYKTYpHI IPOTpaMM ¥ OCHOBHH® THIB! [aHHBIX. Teneph MBI eTalBLHO
HccJielyeM NPorpaMmbl, KOTOPbIE N0 CYUIECTBY CONEPIKAT 00HY NOBIHOPSi-
emylo UHCMPYKYU, T. €. TIPOTpaMMbl CJEIVIOLEro OOLIero BHja:

while B do S 9.1)

rge B — noruwuyeckoe BeipaxeHHe, a S — HHCTpyKius. Ilpexxne Bcero
3aMeTHM, YTO LUKJ MOXKeT 3aKOHUHTLCS! TOJIbKO B TOM cJiygae, ecyii HH-
CTpyKIMA S Tak BJAHsET Ha BhIpakeHHe B, 4ro yepe3 KoHeyHoe YHCJO
TIOBTOpPeHMH 3HaueHHeM BbipaxkeHHst B crauet false. Ho u3 storo cneny-
eT, yTo B S JIO/DKHO ObITh [0 KpaliHel mepe OfHO NpHCBaNBaHHe Iepe-
MeHHOIt, KoTopas BeTpeqaercs B B. O6o3HayuM yepe3 V MHOKeCTBO Beex
nepeMeHHH X, BCTPEUAIOUIMXCS B IporpaMMe (TaKUM 06pasoM, Kaxkupas
nepeMeHHast siBJsieTcsi 3JeMeHTOM MHOkectBa V). Torma mHcTpyKuHio
(9.1) mMoxHO mepenHcaTh B BHJe TaK HasbIBAEMOM cxembl npoepammbi:

v

Lt = Uy
while p (V) do V := [ (V) (9.2

3nech p o6o3HayaeT ycJOBHe (JOrU4ecKoe BLIpaxkeHue), a f — ¢yHk-
muio. 3anuck (9.2) Ha3LBaeTCs CXEMOH MOTOMY, YTO 3aMeHfsl COOTBET-
CTBYIOLIMM 00pasoM V, p H f, MOXKHO NONYYHTh pasiHyHble KOHKPETHbIE
NPOrpaMmbl, HMeEIOIIHe OMHAKOBYIO CTPYKTYPY U XapaKTep MOBeeHMs.

Ecnu 0603HayuTh Yepes v; 3HaueHHe nepeMeHHoll V nocse i{-ro Bol-
nonHenust S, T0 V B YKa3aHHOM MOpsiiKe MPHUMET NOCJeNoBATENLHOCTD
3HayeHHH

Vg, Uy « « «» Upy (9.3

KOTOpble HMMEIT clienyrolye cBoficTBA:

1. v;=f(v;~1) nns scex i=>0

2. viv; - ISl BCeX [=4f

3. Tp(Ty) (9.4)
4.

p (@) IJI BCeX i<<n



9. NMPOTPAMME!, OCHOBAHHBLIE HA PEKYPPEHTHBLIX COOTHOMEHHAX 73

IMpasusio 1 cienyer u3 onpefiefieHus NpHuceausanus (7.9), npasuio
2 — u3 mpepbyIIMX pacCcyXueHHH, npaBuJa 3 H 4 — U3 OnpejeieHus
pHeTpyKknuy while (7.13). 3amerum, uto pisi V pomkHo ObITE TOYHO
OIpENIENIEHD HAUAAbHOE BHAUEHLEe Up; HapYIHIeHHe 3TOFO MpaBuJa sIBAf-
ercst HauOoJee pacmpocTpareHHOll OIMOKOH B NPOrpaMMHpOBaHHHU.
Urtepanyy 3aKaHYMBaIOTCS, € cymecmye'r n, TaKoe, YTO YIOBJETBO-
psietcsi ycJiopHe 3.

OcHOBHO#! yPOK, KOTOPBIH M nommm U3BJeYb M3 CKa3aHHOTO, COC-
TOUT B TOM, 4TO HHCTpYKiMs while spiserca nonxomsuell dopmoit
IJIS BBIPAXKEHHs1 TIPOTPaMM, B OCHOBE KOTOPBIX JIEXHT peKyppermniroe
coomrouierte (9.4.1).

Ilpumep: Bowcaenue gaxmoptiana

QYHKIHIO

fn)y=nl=1%22%...5n n=0 (9.5)

MOXKHO BBIMHCJIMTL C TIOMOLILIO IPOTPAMMBEI, TIOCTPOEHHOH MO CXeMe
(9.2) Ha OCHOBe PEKYpPPEHTHBIX COOTHOILUEHHH

Fliy=i= f(i—1) (9.6)
fO)=1

B mporpaMMe MH BBOAHM mnepemeHHbIe 'y K, 3HaYeHHUs] KOTOPHIX
TocJie {-r0 BLIMOJHEHHS] TOBTOPAEMOH HHCTPYKIMM pPaBHB COOTBET-
cteenHO f (i) ¥ i. To ecThb MCNOJB3YIOTCS PEKYPPEHTHBLIE COOTHOINEHY 51

i— kt‘* P
I;el‘—k‘ f+11 } ps i >0 (9.7)
1~ Mi—-1
KW HayaJibHble 3Ha4YeHHS
f0=1, ko:0

[IporpamMma, KOTOpasi MOJy4aeTcsi mocje MOACTaHOBKH peKyppeHT-
HEIx cootHomenu! (9.7) B cxemy (9.2), umeer Buf

var F, K: integer; {n>0}

begin F : 1: K := 0;
whlle K=£n do
begin {F= K!} (9.8)
K:=K+1, F := K=F
end
{F=nl}
end

Tak kak K pacTeT, npuHuMasl 3HaYeHHsl U3 TMOCJAEIOBATENHLHOCTH Ha-
TYpaJIBHBIX YHCeN, U TaK Kak =0, To nmporpamma o6ssaTesbHO 3aBep-
muTtesi. CrlieqyeT o6patuTh Ocof0e BHHMAaHME Ha TO, YTO CYLIECTBEHHO
BaXKeH MOPSANOK, B KOTOPOM BHINOJIHSIIOTCS JIBE TIOBTOpsieMble HHCTPYK-
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yH. Ecay BUX DOMeHSATh MecTaMH:

F:=KsF, K:=K+I1 (9.9.1)
TO UHBIMH CTaHy'T u COOTBETCTBy}OIlIHe UM peKyppeHTHble COOTHOILIEHHU A2
[i=FRi—1 % fi_1 (9.9.2)

ky=ki_y + 1

HECMOTpH Ha Kaxylueecsi CcXOnCTBo, pexyppeHTHble COOTHOMHIEHHU A
(9.9.2) xapounampHO oTnHyYaorcs ot (9.7)

lIpumep: Bowcnrernue 1/x
[lycts nee MOCTENOBATENILHOCTH BEIECTBEHHLIX YHCEN do, i,

M Coy €1, . - - OTPEJEJISIOTCS PEKYPPEHTHHIMH COOTHOLIEHHSIMH
a;i=aq;_,%(14¢;_
oo (+‘1)};mi>o (9.10)
€= i

¥ HayaJLHLIMH 3HAYCHUSIMH
ao=1, co=1—x O<<x<2

C noMomibio anre6panyeckuX NPEOOpa3OBaHHH MOXKHO NOKa3aTh, YTO

a, = —Cu (9.11)
X
A Tax Kax ¢=c?" u |c,|<1,
lim a, =— (9.12)

Yrasanue: Yrto6er u3 (9.10) sesectu (9.11), ucnonb3yiiTe paseHCTBa

ap=(14c,_) % .. .% (14c) = (14co)
R 1

l—e¢; = 1—cj—

[Noncrapnas pexyppeHTHble cootHomenus (9.10) B cxemy (9.2),
MBI nogayyuMm nporpamMmy (9.13), Kotopasi BBIUHCISIET ApuUbALNCEHHOE
3Hauerue 1[x, MCNONBL3Ysl TOJBLKO ONepaly CJIOMKeHHS M YMHOMXEHHS:

var A, C: real; {0 < x< 2}
begin A :=1; C := 1—x; (9.13)
while C >¢ do
begin {4 =x=1—C, abs(C) < 1}
A:= Ax(14+C); C := sqr(C)
end
{(1—e)x<< A< 1/x}
end.

[Tporpamma (9.13) 3amepiumtesi, Korga C NOCTHrHET 3HAYEHUS C,<E.
Tax Kak |col<<l (cM. 9.10) U ¢=c2", TO AAS CKOJBb YTORHO MAJIOTO &
CYILIeCTBYeT 3HaUeHUe H, TaKoe, HTO C,<c&. JIs BceX i<(n, OHHAKO,
ci>e (cm. 9.4),
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ITpumep: Bowucaenue k6adpamrozo KopHs
[Tyctb nBe nocnenoBaTesIbHOCTH BelileCTBEHHBIX YHCeNT Qo, ay, - . .
U Coy C1, » . . ONPENENAIOTCS PeKYPPEHTHBIMH COOTHOIIEHHSIMH

|
a;=0QqQ;_, % 1-—}——0,'_1 .
’ 1( 2 ) aas i >0 (9.14)
Ci=1Ci,y * B+ciZy)

¥ HayaJbLHLIMH 3HAYeHHAMH
ao=x, Co=1l—x O<x<<2

C noMompio COOTBETCTBYIOLMX ajireGpanyecKHX NpeoGpa3oBaHuil MOKHO
noKasaTb, 4TO

a,=Vxx(I—cy,) (9.15)
Tax xak |eoj<<1,
lim ¢,=0 u lim a,=Vx (9.16)

¥kazanue: Hrobb! u3 (9.14) seectd (9.15) Hcnosesyiite papercTsa
1 1 1
a,= (1 +5 cn_l) #® (l+7cn_2) £...% (l —}—700) ®X
1 T—¢;
( 1+5 Ci—l) _ Vi—a

Vi—ci,y
u
L L -
fn (l—}——;co) (1+§lcn_1)
— Vl_cn—l _ — Vl_cl —
(1+éc0) (l—l—%cn_z) Vi—e, (l—l—%co) Viec,
_Vi—e  Vx
T Vi—e, Vi—qe,

[Togctasup pexyppeHTHEe cooTHOWeHUs (9.14) B cxemy (9.2), no-
JIYYUM CJIENYIOILYIO TIPOT PaMMY:

var A, C: real; {0<x <2}
begin A := x; C := 1—x;
while ¢ >¢ do (9.17)
begin {A?=x%(1—C), C>=0}
A= A=(140.5%C);
C := sgr(C)%(0.75 +0.25% C)
end
{xx(l—e)<< A2 < x}
end.
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[lporpamma (9.17) o0sizaTesbHO 3amepiuMTCsl, TOCKOMBKY (9.16.1)
rapaHTHpyeT HaM, -4TO JJisf CKOJb YTOJHO MaJIoro & HaHjercsi 1, TaKoe,
yTo C,<E.

9.2, Paanl

Luknuyeckass HMHCTPYKLMS TOOUTCS  JJifi  BHYHCJeHUET He
TOJLKO  TOCJIefOBATENILHOCTEH, HO  Takke M psadog  4HCes.
Ecnu 3anana nmocliefoBaTeIbHOCTL YJIEHOB psifa

to, 41, Loy . .. (9.18)
TO pSiJl YACTHYHBIX CYMM
Sos S1y Sy -+ s (9.19)
onpeseNisieTcsi TaK, 4YTO
s;=le+H+. . .+ (9.20)
Ecnu  noclienoBaTesIbHOCTL 33[1a€Tcsi  PEKYPPEHTHBIM  COOTHOLIEHHEM
ti=Ff(t;-1) ms i>0 9.21)
TO PSiNl OMPEeNeNsieTcs CJIeayIoUM 06pa3om:
$;=8;_1+1; ms i>0 (9.22)
So=1,

Ha puc. (9.23) nokasana cxema HporpaMMe!, IO3BOJIAIOWAS C M0-
MOIIbIO COOTBETCTBYIOLIRH 3aMeHb! f U £, MOJyYUThL IPOrPAMME!, KOTOpHIe
HA {-M TIOBTOpPEeHHH OyIyT NpHUCBauBaTh NnepeMeHHofl S 3HaueHHs ;.

T :=1,; S :=T;

while p (S, T) do

begin T := f(T); S := S+T (9.23)
end

M3 omnpefesieHus HHECTPYKUMY MPHUCBAMBAHMS W HUKJHYECKOH HH-
cTpykiuE while MOXHO BLIBECTH cliefyloliiHe OTHOIIEHHS], OTPeNessio-
l[He OCHOBHBIE CBOHCTBA 3TOH CXeMB! IIPOFpaMMbL:

1. t;=f(tic) mast i>0

2. tﬁﬁtj JJ1s1 17&]
3. s;=s;_1+1; mas >0 (9.24)
3. —1p(s,s 1)

5. p(si, 1) s Bcex [(<n

punep: Boruicrerue npubauscernoeo sHauerts exp(x)

YacTHyHEE CYMMB! .
s,-=l—|—x+—)2€T+ '::—l (9.25)
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OTPEJIENSIOTCS PEKYPPEHTHBIM COOTHOLIEHHEM
ti=t;_1xxfj >0 (9-26)

¥ HayaJbHBIM 3HaueHHeM f,= 1. -Ji3BecTHO, 4TO yacTHyYHas CyMMa psijia
(9.25) umeeT mpezmen H

[im s, =exp (x) (9.27)

n-—-> o

Pspn cxopuTes pJist M060TO BEILECTREHHOTO X; TO €CTh WIEHH! psija YOb-
BAIOT TaK, YTO HX CYMMa CTPEMMTCSi K KOHeYHOMY Tpeneny. S1oT GakT
ycnosib3yercsl B nporpamme (9.28), Kotopasi noJyqaercsi nOACTaHOBKOH
PEKYPPEHTHBIX COOTHOMEHUH B cxemy (9.23).

var T, S: real; K: integer;

begin 7' : ;S :1=T; K := 0

while 7 >¢ do

begin {S=14x-+ ... +x5/K!l, T=x¥/K! >8} (9.28)
K:i=K+1, T := T*x/K S : S4+T

end

end.

INorpemHocTh BHIYHC/IEHHS, KOTOpasl SIBJSETCS PasHOCTBIO KOHEY-
o
HOrO 3HayeHuss S M HCTHHHOH mpefeNbHOM CcymMbr, paBHa 3 (x/il)
’ i=K+1

-H MOXK€T OHTb CKOJIb YTOIHO MaJof NpH gocTaToyHo 6odbioM K. O6biy-
HO MPOLECC CYMMUPOBAHUS 3aKAHUHBAETCS B 3aBHCHUMOCTH OT BEJHUYMHL!
YWICHOB PSIfia OMHOCLMebHo OOLIelt CyMME], a He OT a6COJIOTHOH BEJIH-
YuHH [OCJTE[HEro uneHa psna. JTO Tpebyer, ONHAKO, JabHEfiIero
HCCJIeIOBAHUS] CXOIUMOCTH DPsifia, OCOGEHHO eCJH Psiji 3HAKOepeMeH-
HHI. B crenyrolem npruMepe Kak pa3 H paccMaTpHBAeICs 3TOT Cayyaii.

Ipumep: Bouvicaeritie NPpUObALNCEHH020 3HAUEHUS Sin (X)
YacTuyHble CYyMME! psijia
y2i-1

3 xb .
S§;= X—)SC—!+ ﬁ_ e +(__1)2l—1 *(—QI:T)I

(9.29)

CO}_Iep)KaT ‘iHEHbI, Ol'Ipe}_IeJ'IHeMbIe peKyppeHTHbIMH COOTHOIIIEHHU SIMU
x2

tj—— —_ tj—l * m

ky=ky_y 42 (9.30)

npu j>0 ¥ HayaNbLHBIX -3HAUYEHHAX f=x U k,=1. W3sectHO, yTO psix s
CXOAHTCS U

[im s, =sin (x) (9.31)

n—w
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[Mporpamma nosyyaeTcsi € TOMOUIBIO MOACTAHOBKH PEKYpPPEHTHBLIX
COOTHOIIEHH (9.30) B cxemy (9.23).

var S, T : real K: mteger

egin 7 1= x; K S =T
while abs(T) > aseabs(S) do (9.32)
begin g( 1=—T =sgr (x)/(K=(K—1));
end .
end.

Cnenyer o6patiTh ocofoe BHUMaHHe Ha TO, 4TO B nporpammax (9.13),
(9-17), (9.28) u (9.32) yuco HEOOXOAUMBIX YWIEHOB Psifa H YHCJO MOBTO-
pEeHHH OmpenefisieTcsi He NPOCTO. DTH YHCJAa 3aBHCAT OT 3HAUCHHS &
(OHO BXONUT B YCIOBHE OKOHYAHUS 1IMKJA U OTIpEieNisieT TPeOyeMylo T0Y-
HOCTDB), a TaKXKe OT bbicmpomnot cxodumocmy pand. CrenoBaTesibHO, Hc-
MONB30BAHHE TAKOFO POJia PEKYPPEHTHBIX COOTHOILEHHH B MPOTpPaMMH-
pOBaHuH Tpedyer GONBIION OCTOPOXKHOCTH, J1aXKe ec/i MaTeMaTHUeCKH i
aHaly3 rapaHTHpyeT HaM aOCONIOTHYIO CXOIHMOCTh, TaK KakK Ha Ipak-
THKE Ba)KHa GHICTPasi CXOOUMOCTE (cp. ynpaxkHenus 9.3 u 9.8).

Psin, yacTuyHble cyMME! KOToporo umeior BHA (9.25), cxonMtes OH-
CTPO TOJIBKO B CIy4Yae MaJbIX MOJIOKHTENBHHX 3HayeHUi x. [Tostomy
Mbl PEKOMEHIYEM MOJL30BATHCS COOTHOMHIEHUSIMH

exp (—x)=1/exp (x) nas x<<0 (9.33.1)

exp (i+y)=exp (i) sexp(y) nna x>1 (9.33.2)

rae i=trunc(x) ¥ y=x—i. 3Hayenue exp (i) NpH 3TOM BBIYUCISAETCS
MPOCTO MHOTOKPATHBIM YMHOXEHHEM OCHOBAHHSI HATYPaJbHOTO JiOTa-
pugpma.

Psii, gacTHunble cyMMB! KOTOporo umetoT Bun (9.29), Hasbipaercs
BHOKONEPeMEHHbIM W CXOIUTCA OHCTPO TOJBKO B clyyae MafblX 3Haye-
nuit x. [losToMy pekomeHnyeTcsi HCNOJNL30BATh CJELYIOIHe COOTHOLLIe-
HUS 751 GONBIIMX 3HAYEHHH X:

sin (x)=sin (x—2nn) gaa 2nn<{|x[<2x (n--1)
sin (x)=—sin (x—mn) a 7 |x|<Zn
sin(y=sin(—x)  aag<|xl<n (9.34)

sin (x) =cos (%~x) JIJISt %< |x|<—g—
sin (x)=—sin (—x) s x<<0

Brnaropapsi stum ¢opmyniam nporpamMMy (9.32) MOKHO HCIIOJIB30BATh
1015 3HauYeHUH x, yposgersopsiiomux O0<{|x|<{m/4. A B sTOM UHTepBaJe
OBICTPOT2 CXOINMMOCTH NPAKTHYECKH Hac YIOBJETBOpSieT M YHCJO BH-
YUC/IsieMBbIX YIEHOB psifia JIOCTATOYHO MaJso, NpHYeM OMMOKH OKpyTJe-
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HY Sl ¥ HETOYHOrO MPEACTaBJIeHH s YUcesl (H3-3a HCMOJIB30BAHUS KOHEeYHOH
ApuU(MeTUKH) OCTaloTCsl B JONYCTHMBIX Npefesiax.

Haxosrer, Ha npumepe nporpamme! (9.32) MBH IpOJIEMOHCTPHPYEM HC-

MOJB30BaHUE ellje OJHOTO OCHOBHOrO IpaBWJa MpOrpaMMHPOBaHHS.
BHYTpH nOBTOpsieMOif MHCTPYKLHM BBIYHCJISICTCS 3HayeHUe x> Bosge-
JleHre B KBaJipaT BBIIOJHAETCH MHOFMOKPATHO, XOTfl X Ha IIPOTSKEHUH
BCEr0 cYeTa OCTaeTcsi HeH3MEHHBIM. BhIgucieHue x2 MOXKHO CJIeNaTh
onuH pa3 (mepen HMHCTpyKuueit while), npucsouts nosyyeHHOe 3HaYe-
HHEe HEKOTOpOH BCTOMOraTtesbHOH nepeMeHHON, a IOCJeNHIOI NojcTa-
BUTH BO BCeX MecTaX, IJie BCTpeyaeTcsl BbIYHCJeHHe x% DTOT npueM
MOXKHO COpMYJIUPOBATE KaK Cllefyloliee OCHOBHOE MPaBHJIO:

9.1
9.2

9.3

9.4

Ecau soipasicersie [ (x) evbtuticasnemes sHYmMpu noemopsaemot UHCmpyK-
yuu S U ecal apeymenin x He LBMEHSENCS 8 UKAe, Mo cAe0Yern 8eciit
acnomoeameabHYto nepemernyro b, Komoporl 00ur pa3 neped ebinoare-
Huem S npuceaueaemcs 3Hauenue f(x) u kKomopas nodcmasasemes
amecmo [(x) suympu S, m. e. KOHCMPYKYUA

while P do _
begin ... f(x) ... end (9.35.1)
3aMeHSEMEs HA
h := [ (x);
while P do
begin ... & ... end (9.35.2)
YIPAXKHEHUS

Hcnoan3yst dopmydisl (9.33) u (9.34), nepemummte nmporpammst (9.28) u (9.32)
TaK, YTOOB QYHKUMH exp (x) U Sin (x) BRIUMCJSIIACL 3dbdekTHBHO (M GoJiee TOYHO).
Hanunmmte nporpaMmy BLIYMCJICHHS] €0S(¥) € OTHOCHTeJLHOH TOYHOoCTeIO €. M-
noss3yiTe cxemy nporpammel (9.23) u psg

22 4
cos(x):l——ET—l—z—l—...

Hcnonbsyst cxemy (9.23), HamMmuMTe NPOTPaMMY BBIYHCJIEHHS! MHTErpaJa

X

x3 x5 x7
Se"” (—wydu=x— gt o 7am1 T
0

Yxasanue: O6patute BHUManue, uto AJst x>1 cxomumocts Mepgiennasi. Yero cie-
IYeT OXKHAATh, €CJIH HCTOJB3YeTCsl BLIYMCJMTENLAAS MAIMHA C KOHEYHOH TOYHO-
CTBIO M KOHEYHRIM JuanasonoM 3naueHuil? ([Ipocsiepute, nampumep, 3a BhIYMCJIe-
HHeM wieHOB psima aist x=1,2,3 ....
Hanuumte mporpaMMy B COOTBETCTBHM cO cxeMmoi (9.2) mdlst mosiyyeHms! umcest
OuboHayuu ABYMSI PasjiMUYHBLIMH METOJAMH:

(2) ¢ mcroNB30BaHKHEM PEKYPPEHTHEIX COOTHOIUEHHI

fisr=Ffitfi-x >0
fi=0 =1



80 YIIPAJKHEHUSI

(b) ¢ ucnosn3oBaHueM (OPMYJIHI
fi=rotind (ci/ V'5)
rze c= (14 V'5)/2.

Bumecto V5 Mcnoanayiite mpuGJHienHoe 3Havenne 2.236068 M ompeliesuTe Ham-
MeHbIuee i, JJISl KOTOPOTO JBa BLIYMCJIEHHHIX 3HauYeHHMs! f; OTIIMUAIOTCSI.

9.5 [poseprre pesysbTathl mporpamm (9.13) u (9.17) ¢ momomnio BHBoga HeoGxo-
IMMBIX M JOCTATOUHHIX YTBEPIKAGHHH Mocje KaykIoH MHCTPYKUMH M3 YKa3aHHBIX
HHBAPHAHTOB.

9.6 cxonst u3 cxeMb! (9.2), mosyunte MporpaMMy BHIUHCJIEHHS JioTapudma ¢ OCHO-
BAHHEM 2 OT BelllecTBEHHOTO YHcaa. MenosbayliTe cooTHOeH st

log (x)y=—1log (1/x) st 0<x<l1
log (Wy=n-+log(x/27y  pust x>2n

s l<<x<2 uenodn3yfiTe peKyppeHTHHE COOTHOIIEHH St

2 2
- ( a;_ eqIn gj— < 2
ai={ 1 o 2
| o -1 ecuH a;1=2
1
bj=-—=b;_
L o 1—1
. 2 o
Sr Si—1 ecyil a;1 <
L 2
si—1-}b; ecmm gi_3=2

st i>0 U a=x, by=1, sy=0. BruncseHune NOJIKHO 3aKaHYMBATLCS, KOTAA HJIsI
JIOCTATOYHO MAJIOTO € BHINOJIHSIETC ST HePaBeHCTBO b<<e. HaliiuTe vHBapHAHT UnKIa,
NpOBepLTe, UTO
lim s,=log (x)
n—> w .
W YCTaHOBHTE, YTO AJTOPHTM BCETZd 3aBepriaeTcs.

9.7 Yto Gyner, ecqm B mporpammax (9.13) u (9.17) € samenuts Ha 0, a B mporpammax
(9.28) u (9.32) ycjioBHe OKOHYaHHSI LHMKJA 3aMeHHThL YCJOBHeM s=s-}£? 3akon-
YHTCH JIM BRIUMCJIEHHE TT0 KaK[0H H3 3THX MPOrpaMM, ecJii MPHHSTL BO BHUMAHHE
KOHEYHY10 TOYHOCThL apHPMeTHKH ¢ MJiapaloiell TOUKoH.

9.8 Brmodinute Ha Mammbe nporpamMme (9.13), (9.17), (9.28) n (9.32). INpexycmorpuTte
B 3THX NPOrpaMMax CUETUHKH, NOACUHTHBAIOIHE YMCJO BEIMOJHSEMBIX LMKJIOB.
JKcrepHMeHTallbHO ONpeiesliTe, KaK 3aBHCHT OHICTPOTA CXONMMOCTH OT pas-
JHYHLIX 3HAUYeHHH aprymeHTa x.

9.9 Huxke MPHBOAMTCS MpOTpamMma, KoTopast ObJla HamMcaHa st BHUHCJIEHH St CYMMBI §
NEPBLIX 11 WIEHOB pa3JioKeHus! CHHyca B psax (9.29) ass1 apryMeHTOB X, YAOBJETBO-
PAIOIMX YCJI0BMIO O<Sy<Cnt/4. [IpaBuinhast i 5Ta mporpaMma? Kakwe Kputhue-
CKHE 3aMeYaHHs! MOJKHO CHieJlaTh MO ee TOBOAY?

var i, v: integer; h, u, s: real;

begin i := 0; u 1= x; v := 1;
h 1= sqr(x); s := u;
“repeat { 1= i} 2, u 1= —u=xh;

v :i=oxix(i4+ 1) s := stufv

until i > 2=xn

end. i

9.10 3ajgHa OTHOCHTEJbHAsE TOYHOCTh TPEACTAaBJIEHHS BEIECTBEHHBIX YMceJl Ha
maurse — e=10-° (10-1°, 10-1%). Onpenesnte, CKOILKO MOTpeGyeTcst (B XYI-
neM cJjyyae) uyieHoB psana (9.25) u (9.29), uTo6b! MOJYUYHTH MAKCHMAILHO BO3MOXK-
HYéO2§O'{HOCTI) BhUHCJIeHnS, exp (x) nia O<x<1 m sin (x) s O<<x<av/4 (cp.
c 8.28).

-



10. ®ANJIOBASI CTPYKTYPA JAHHbIX

10.1. HNonsatve daiina

JInst BceX paccMOTpeHHBIX paHee THUIOB JaHHBIX HauGoJee Xapak-
TEPHH! /IBA CBONCTBA: HENENUMOCTh H YNOPSNOYEHHOCTh HX 3HAYEHHI.
ITosTomy oHE ¥ Ha3bBaIOTCS! CKalsipHbIMU THNaMd. Hanpumep, kaxkpoe
3HayeHve TuNa inleger (T. €. Kaxjuoe neJjoe YucJio) ecTL 0OBEKT, He pac-
najanluiicss Ha KOMIOHEHTH, a MHOXXECTBO LEJLIX YUCes YIopsoueHo.
CrepopaTesibHO, COBePLIEHHO OeCCMBICJIEHHO CCHIIATBCH Ha (-I0 MHPPY
(KOMTIOHEHTY) IeJIOTo YMCJsa; MOXKHO, OfHAaKO, FOBOPUTL 06 [-H 1udpe
JIECATHYHOTO MpeCTaBJEHHs LeJOro Yucsia, KOTOpoe caMo mo cefe sis-
JISIeTCS He 11eJIbIM YHCJIOM, & IOc/ej[OBaTeNbHOCThIO JiuTep. IlosTomy B
JIAHHOM cJiyyae, OYeBHHO, yHIOOHO UMETh BO3MOXKHOCThL aJIpecOBATHCS
K TIPEACTaBJEHHI0 YUCTa KaK K OfHOMY OOGBEKTY, XOTH OH U COCTOHT
U3 OTAEJNBHBIX 1IH(P. DTa BO3MOXKHOCTD JABATH KONNEKTHBHOE UMS BCEMY
MHOJKECTBY 3JIEMEHTOB HMeeT OOJbIloe 3HayeHde B 06pabOTKe JaHHBIX
BOOOIe. Takue MHOXKECTBA 3HAYEHUH MM NepeMeHHHBIX ¢ OJJHUM O6LIHM
MMeHeM HasbBaloTCs cmpyKmyproimi. CYIeCTBYeT HECKOJbKO METOIOB
CTPYKTYPHPOBaHUS, Kax/H H3 KOTOPHIX OTJHYaeTcsi CnocoOoM JIOCTY-
Ma K UHUBHyaJbHBIM KOMIOHEHTaM M, clefoBaTesibHO, Ccroco6oM 000-
3HAYEHUS 3THX KOMIIOHEHT.

IlepemenBble, cOCTOSIIHE M3 HECKOJBKUX KOMIIOHEHT, HA3HBAIOTCH
CIPYKMYPHOIML  nepemerHbimy. JIJisi Onpeneliendst THUNa (nHanas3oHa
3HAYeHUH) CTPYKTYPHOH nepeMeHHOH HeoOXOOMMO 3a1aTh

(a) croco® CTPpYKTYpHpOBaHHUSI U
b) Tun(e) ee KomnoHent.

Bo MHOrUX OTHOmeEHUAX npocTefiimefi cTpYKTYpo# faHHBIX ABJSETCS
nocaedosamenvrocmo. Io-BUIUMOMY, HaUGOJlee M3BECTHLIM 1PHMEPOM Ie-
pemerHOH € nocaedoeamenvroll cmpyxmypoil sBIsieTcst Koaoda Kapmi.
B o6s1acti 06paGoTKH TAHHBIX 1J151 ONHCAHUS NTOCTEI0BAaTeLHOCTH YacTo
HCMONB3YEeTCsl TEPMUH nocaedosamenvroil ¢haiia. 3pect MH OygeM ro-
BOPUTE MpocTO (Haily, noppasyMeBasi, UYTO OH «IOCJEAOBATENbLHHI».
UTo6H onpegesutsh Tun F, T. €. [1Mana3od 38a4eHy i, KOTOpHIe SBJSIOTCS
NOCTEeOBATEILHOCTSIMY  KOMITOHEHT THMa 7, Mbl HCHOJMb3yeM 3amich

type F=file of T (10.1)

4 qu. Bupr
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OuepuyiHO, BCe KOMIIOHEHTB! MOCJENOBATENBHOCTE, ONpeesieHHBX Ta-
KHM 06pazoM, JOJKHBI OBITH 00H020 1 moeo sice Tina 1.

Hpumep:
type lext=file of char

Taxo#i (3ameruM, KetaTH, GeCKOHEUHBIH) AMana3oH 3HAYeHWH MOXKHO
onpenesutb GopMaJibHO € TIOMOIIbIO ONepaluy KOHKaTeHAalluH: KOHKa-
TeHauus JBYX Qaiinon

a=(xXy, X2 o o . Xp) ¥ P={y1, Y5 . . . yn>
ofo3HayaeTcsl Kak
o P=(xy .« Xmy Y1, Yz - - + Yn) (10.2)

Torga nuanason sxawenuii Tvna F, cooreercteytomuit (10.1), etporo
onpesessieTcs cyejylonMil aKCHOMaMH:

1) { ) ectb ¢aiin THna F (nycTasi NOCJ€NOBATENBLHOCTD),

2) ecnu f ectb ¢aiin Tuna F u { ectb 00veKT THRA T, TO f- (f) ecTh

(aiin tuna F,

3) HUKaKHe Jpyrie 3HaUYeHHUs He sipasioTcs dafinamy THoa F.

Onncanve dalnopoll mepeMeHHOH f COOTBETCTBYET COTJIAIIEHHSIM,
IpPUHATEIM B IV, 8:

varf: F unu varf:fileof 7 (10.3)

Ee 3nayeHyeM 1o onpezesieHuro Beera Oyget dain tuna F. Ilo npuyu-
HaM, KOTOpHE MBI ofbsicHMM B paszg. 10.2, MH npegnojaraem, 4ro c
Kax[HM onvcaHueM HOBOH Qaiijiopoli mepemeHHOll [ aBTOMaTHYeCKH
BBOJIMTCSH JIOMONHUTENbLHAs NepemeHHas THna 7. Takylo nmepeMeHHyIo
MBl OymeM Ha3BBaThb Gygheproli nepemerrol 1 o6o3Hayath fi. OHa Hc-
noJib3yeTcs JIM60 Jisl lo6aBJieHus HOBOH KOMIOHEHTH B KOHell dalina,
JIH6O 71191 BLIGOPKY KOMIIOHEHT M3 Qaiizia mpy npocMOTpe.

®DafinL UrpaT BaXKHYI0 POJb B JI060H BHIMUCIUTENBLHOH cUCTeMe,
Qaiisiorasi CTPyKTypa COOTBEICTBYeT AAHHBIM, XPaHAUMMCH Ha yCcTpoii-
CTBaX, B KOTOPHIX HCTIOJIb3YyeTCs MeXaHUueCKoe iepeMelieH1e, U Mo3TOMy
TOCJIeIOBATENBHEIE JIOCTYN K KOMINOHEHTaM YacTO OKa3HBAETCsl eUHCT-
BEHHO BO3MOXHBIM, TaK KaK siuefiKH MaMAaTH OPOXOAST NOf TOJOBKaMH
uTeHYsl MJM 3alHCcH B CTPOro mocnejopate]bHoM nopsjke. Onepanuy,
KOTOpble BHIYHCJHTENLHAS CHCTEMa MOXKeT BHIIOJHATL HA PasiuYHHEX
ycTpolicTBax namsiTH, ONPENessIioTCs PUHIIMNAMY, 3aJ0XKEHHBIMY B HX
KOHCTPYKIMY, B clenyiomux HIMpoKo UCnofb3yeMBEIX yCTpoiicTBaX gaH-
Hble OOBIMHO XPaHATCSl B BHJIE MOCJENOBAaTeJdbHBIX (haHJIoB.

1. Maenummoie renmet, Oucky v 6apabarbl. BO3MOXKHO 4TeHHe, 3a-
nuch ¥ CTHpaHHe (OpH CMeHe MO3UIUH M MOBTOPHOH 3amucH).
2. Yumarowue yempoiicmea ¢ nepgokapm u nepghoaermeol, ycmpoil-
cmea evieoda Ha nepghoxapmor U nepgorermy. s GUTAIOMKUX
YCTPOHCTB BO3MOXKHO TOJILKO TOCJefoBaTe/ibHOe yTenve. Paii,
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TIPeNCTABJEHHB KOJIogo#l KapT Hiad TnepdoneHToH, yCTaHOBJECH-
HOll Ha yMTaKlEeM ycTpolicTee, Ha3bBaeTCs gatirom eeoda. Auna-
JIOTUYHO KOJIoga KapT uau nepdoJieHta, nojyyaemasi U3 ycrpoii-
CTBa BHIBOJA, HA3LIBAeTCH (patiiom 6bi600q.

3. Tewamarwuwue yempoticmea. CooTreTeTBYIOWUE Qafiy, KOMIOHEH-
TaMH KOTOPOTO SIBJISIIOTCS IUTeph!, IpenHasHayeHHbe /s eyaTy,
Hasbpaercs (paliJioM BHBOJA.

Ilpussizka ¢aiijioB K TeM HMJIM HHHIM KOHKPETHLIM YCTPOHCTBaM H
BLITEKAIOHIME U3 3TOFO OFPaHUuYEHHsT HAa mpasBuJia padothl ¢ ¢aiiioMm 3a-
JIAIOTCS1 TaK HasblBaeMoHl ducriosuytieri. Ho mocKosqbKy Hac He HHTepe-
cyer (pu3MYeCKoe NpejcTariieHte NAHHBIX, TO HaM He HYXKHB! S3EIKOBbIE
CpencTBa AMsl 3aJaHusl JIUCTIO3HMIHH,

[Tousite ¢aiiza Henonb3yercs Kak abcmpakyus JadHbX, XPaHAaLIX-
csl Ha JiroboM U3 3aMOMHHAIOIUX YCTPOHCTB, U MO3BOJISIET eIHHOOOPA3HO
(opMynHpoBaTh UX O6l(He XapaKTepUCTHKH, a TAKXKe OMNepanud Haj
HYMH. B crenylomux paspenax ONMCHIBAIOTCS HauboJlee BaykKHbIE Omepa-
vy ¢ dakiiamy.

10.2. Tenepuposanye daiia

I'lpu onucarny dafiJopoll nepemMeHHOH YKa3hEIBAeTCsl ee UMsl, CTPYK-
Typa ¥ Tun. Kpome toro, nogpasyMeBaercs, 4yTO BHayaJje YUCJIO KOMIO-
HEHT paBHO HyJ0. HHCJIO KOMIIOHEHT HaswpBaeTcs Oauroll Gaiina. Paiin
C HyJeBOH JJIMHON HA3KIBAETCA nYycrmbim U obo3HauaeTcst Kak { ). JInuua
pacTeT 1o Mepe TOro, KaK H06aB/sIoTCs HOBble KOMITOHEHTH C MOMONBIO
crangaptaoro ¢afinosoro oneparopa pui. Oneparop put (f) Mb! onpene-
JisieM Kak Npolenypy, Koropasi fo6aensier B KoHer| daiina f onny-enuH-
CTBEHHYIO KOMIIOHEHTY. 3HayeHHe 3TOH KOMIIOHEHTH! KOMHPYETCs W3
O6ydepHOoli nepeMeHHOHN, KOTOpasl NMOSIBJISETCS] HESBHO B CBSI3H C OMNH-
canpem ¢aiinia f (10.2). GopmanbHO pe3yJbTaT BHIOIHEHHS HHCTPYKIIMH
put(f) MOXKHO BHIPA3UThL CJAEAYIOMIMM O6pa30M:

{(f=a)AN(Ft=x} put(h) {f=oa<x} (10.4)

B nensx 6osee sddextypHoll peanusanud ¢ailyiop Ha pealbHBIX BbI-
YUCJUTENBHBIX MallMHaX BHTOAHO 3aMpeTHTh NMOJIb30BATLCS 3HaYeHHeM
OydepHoii nepemenHoil ft nocne oneparuu put (f). Ilostomy Mb! cyutaem,
yTo mocne onepanyu pui(f) 3HaueHUe nepeMeHHOH fi He ompepeseHo.

Hpumep: I'enepuposarue gaiira

Tpe6yetcsi crenepupoBath (aildl 1esBIX gHces, B KOTOPOM 3HauyeHHe
Kaofi [-# KOMIIOHEHTH PaBHO i% ¥ KOTOPHI CONepKUT KBAAPATE! BCEX
HATYpaJIbHBIX YUCeN, He MPEBOCXOJAUHX M. (3aMeTuM, YTO U3 peKyp-
PEHTHBIX COOTHOLLUeHHH

aG=a;1+b; |

bty 2 | 21> 0 (10.5)
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H a;=b,=1 HemocpesCTBEHHO clenyeT, 4TO a;=i%.)

var A, B:inieger;
f:file o integer;
begin A :=1; B := \
repeat {A—~(B+ )2/4 10.6
F1i= A put (P (109
B := B+

2, A:= A4+B
until A >=n
end.

10.3. Mpocmotp daiaa

Ilocie Toro Kak reHepHpoBanue (aiiyia OKOHYEHO, OH TPHIrOfeH
J1s1 npocmotpa. fIpocmomp OCYLIECTRIAETCS CTPOTO TIOCNENOBATENLHO,
HayuHas ¢ nepeoil KoMrnoHeHTH (aiina. Bo speMst mpocMoTpa BaXKHOH
XapaKTepHUCTHKON (ailsia sIBISeTCS ero nosuyus, KOTopas OTARNSET yiKe
IPOCMOTPEHHYIO HacTh (aivia oTeute He npoyuTanHoll. Hanpumep, ecnu
(all1 HaxOOUTCA Ha MArHUTHON JIEHTE, TO 3Ta MO3ULHS COOTBETCTBYET
TIOJIOXKEHHIO JIEHTH! OTHOCHTENBLHO YUTaollell roJIoBKY.

[lpu eenepayuu chaiira ero mo3uLUs 3aaeTcsl HESIBHO, MOCKOJbLKY
HOBLIE KOMIOHEHTH! J00aBJsIoOTCs 8 KoWey ¢ailia, B TO BpeMA KakK B
npouecce Hpocmompa (atiag ero MO3ULHSA NOMKHA OHTL yKa3aHa A6HO.
¥ nO06HBIM SIBHEIM 32JaHHEM MO3HIMH MOXET CIyXHTh yKasaHue 1ByX

yacreil cpanna f— y2Ke npoyHTaHHOH uacty daiia, u f— ele He IIpo-
yMTaHHOH 4YacTd (paina. [Ipy KoHKaTeManWu 3THX NBYX uyactell Bcerja
nonyyaetrcs sech (ai:

f=1F (10.7)

Texywe#l npocmaTpyisaeMoil KOMIMOHEHTOH MOKHO TOTJia CYHMTAThL TIep-
—>

BHIH 3JIeMeHT f, T. e
first ({x1, X2y « « «, XN =xi

Tenepr BrefeM cTanmapTHHIH halnoButil oneparop reset (f), Koropuii
BbI3bIBaeT YCTaHOBKY ¢haiila B HayalbHylo TNO3HIHI0. POpManbHO 3TY
OMEPAIHI0 MOXKHO ONHCATH CAEAYIOUUM 00pPa30oM:

f=a} reset () {F=<>) A(F=a) A (F1=First ()} (10.8)

B aToM ompenesieHHH TpefycMaTpHBAaeTCsl TAKKe NpHCcBavBaHue 6ydep-
Holl mepemenno#l fi 3HaueHus: mepBofl KoMmoHeHTH (afina, ecnu, Ko-
HeuHo, OHa ecTh. 151 mepexopa K clienyrolieli KOMIOHEHTE ME BBOIHM
oneparop get(f). Ilpu BbimosHenuu storo omeparopa nozuids dafiaa
cMelllaeTcsl Ha OJIHY s19eliKy BIPaBo U nepeMeHHOH f { mpUcBanBaercsi 3Ha-
YeHHE cJIefyloliell KoMnoHenTH. PopMabHO onepatop gel MOXXHO ompe-
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JeJIUTEL CJiefyIomEM 06pa3oM:

< —>

{(F=0) A (F=<0-B)} get ()
{(F=a-0) A F=P) A Gt = first (D)} (10.9)
3aMeTuM, 4YTO PaBEHCTBO
f1==first (f)

BCTPeYaeTcsi B KOHCEKBeHTax onepatopos resel n gef. OnxHako GyHKIMsI
MOJTyYeHHsl IepBOTo 3JemenTa (first) onpeseneHa TOALKO B TOM CJyuae,

—> —->
Korjia [ COmep:KHT MO KpaiHeHd Mepe ONHY KOMIIOHEHTY, T. €. eciy |
He nycrast yacTb (afina. [lostoMy HEOOXOLHMO HMETh BO3MOXKHOCTE Mpo-
BePUTh, SIBJISETCH JIH ? NyCTOH YacThio. STy BO3MOXKHOCTL MHL IIPEO-
CTaBJsIeM B BHae chenyouwedl Jorudeckodi QyHKiwmy (eof — end of fi-
le — xoHer ¢aiina):

eof () = f=<> (10.10)

CrenosaresnibHo, mocse onepanuii reset (f) u get (f) snauenve f1 onpene-
JIeHO TOJIBKO B cyuae —eof (f).

TomuMo onepaTopos put, resel, get v GyHKIMY eof BBEJEM YeTBEPTHIE
v nocyrenuuil (aiiyioeniil onepatop rewrite (f). OH NO3BOMSIET YHHYTOXHUTD
3HaueHde (afliopoll mepeMeHHON W JaeT BO3MOXKHOCThL ['eHepHPOBaThb
HOBBI (haiin ¢ TeM xxe umeHeM. JleficTBue 3TOrO oneparopa GopmaJsbHO
MOYKHO OITHCATh CJIEAYIOUHM 06pa3oM:

rewrite(f) {f[={( (10.11)

JlonycriMble mocnefoBaTesbHOCTH onepanyil Haj Qafisamy npepcrape-
HH Ha nuarpamme (10.12). Ha srtom rpade sicHo nokasano, uro «paza»
reHepuposauust Qafina BO BpeMeHH OTHeseHa or «(pa3bH» NpPOCMOTpa
(pafina.

. : rewrite S

put (10.12)

reset

HauGonee mopxoxsiimefi KOHCTpYKuMeil 15l OMMCAHHS MPOCMOTPa
daiina, ecqu yyecTb €ro nocJeI0BaTeNbHYIO CTPYKTYPY, SBJSIETCS UK~
Juueckass MHCTpyKuud. Ilocnme o0pa6oTku ouepenHoll KOMITOHEHTEI
¢aiina g uHCTpYKuMM S nepemenHol f1 ¢ momomeio oneparyu get (f)
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MpHCBAHBaeTCsl 3HayeHHe CJenyiolel KOMIIOHEHTH W Tnosuuus Qaina
cMelljaeTcsl Ha OfHy s4efiky. DTO NPeACTaBJeHO CXeMOH IpOrpaMMbl
(10.13).

while — eof (f) do
begin S; get (f) (10.13)
end

Ecnut ¢aiian f He nycToll (M TOJABKO B 3TOM CYYae), MOXKHO HCHIOJB30BATD
cxemy (10.14). Torma cxema (10.14) skeuBasentHa cxeme (10.13):

tS; t
wntil eof(f)ge D (10.14)

Hpumep: IoOcuem Koauecmea Komnownerm galisa

Tpebyercst BEIMUCAUTD LJIMHY Gafina [ ¥ nosyyeHHOe 3HAUEHUE MpPU-
cBouTb nepementoll L. Mcnonbays cxemy (10.13) u noacrapnsgs L 1=
L1 emecto S, nonyunm nporpammy (10.15).

var L:integer;
begin L = 0
while — eof (f) do
begin {L=uucs0 npounTaHHbiX Komnouent} (10.15)
L= L+1; get(f)
end
end.

I pumep: Boumiticaenue cpeOre20 3HOuenUA U QucChepcuul

Jano n>>0 usmepesuii x;, MpeCTaBJIeHHEX B Buje (alina f Bemect-
BeHHBIX quces. Heo6XomyMo BHUMCJHUTEL CpefHee 3HauYeHHe /M U CTaH-
JapTHoe OTKJIOHeHHe s 1o (opMmyJsam

1 l

Bocnonb3osaBmuchk cxemoll (10.14), nomyuum nporpammy (10.17).
var f:file of real;
m, s:real;, n:integer;
begin {resepupopanue f}
ni:i=0,m:=0;,s := 0
repeat n := nt1;, m := m4ft; s 1= s+sgr(f1); 10.17
{n= KosuyecTBO, M =cCymMMa, S=CyMMa KBajpaToB (10.17)
NpOYHTAHHEX 3HaueHuil} get (f)
until eof (f)
m := m/n; s := sqrt (s/n—sqr (m))
end.
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10.4. TexcroBble gaiisbl

Daiis, KOMIOHEHTaMH KOTODPOTO SIBJISIIOTCS! JIMTEpH, NpefHa3HaueH-
HEle JIJsl neyaTd, HaswlBaercst mekcmosoin ¢harinom. TeKcTopble Gafibl
HrparoT GOJILIIYIO PpOJib IpH 06paboTKe NaHHBIX, NOCKOJLKY B OOJLIIMH-
CTBE MporpamMm AJsl BBOAA Y BLIBOJIA AAHHBIX HCIOJIB3YIOTCSl TEKCTOBHIE
daitset. IlepgonenThl, moAroTopsieHHLIe Ha TeseTafine, KoJiogwel KapT,
TIOJTYYEHHBIE C YCTPOHCTB ITOATOTOBKH nepdoKapT, pe3ysibTaThl BHUHCTe-
HUll, neuaraembie Ha OYMa)KHOH JIEHTE, IOTOK JAHHLIX MEXIY TepMiu-
HaJIbHBIMU TesieTalinaMy U BBIMHCIUTENBHOH MAIIMHON — BCe 3TO pac-
CMaTpUBaeTCst KaK TeKCTOBHe (aiiin. MoxHO cuuTaTh, YTO BLIYHC/TH-
TeJbHEI [pOoYiece, HCMONB3YIOWKH JI06YI0 U3 3TUX CPefl B KauecTBe HO-
CUTeNsI JAHHBIX, OCYUIECTBJISiET NpeoOpa3OBaHHE OTHOTO TEKCTOBOTO
(aiina, HaselBaemoro inpul (BBon), B Apyrofl TeKctoBHH Gailly, Hazb-
BaeMblH oufput (BBIBOZ).

cpailn input

nporpamma

balin outpur

ITosTomy ymo6HO BReCTH CTaHAAPTHHIl THN U JIBE CrAHOGPMHbIE Nepe-
menrpie. TIpepnonaraercst, 4To OHYU ONpeneNeHH B OO0 BBHYHCIHTE )~
HOl cHcTene, T. €. HesBHO OMHCAHH CJENYIOUIUM 06pa3oM:

type fext = file of char (10.18)
var input, outpul: text

Ilpennonaraercst, 4To 3TH BE MepeMeHHHE B JIIOOOH BHIYHCIHTE b
HOH cucTeMe 0603Ha4aloT HOCHTeNIH BBOZA H BhBOzia. ITostomy pasymmo
BBECTH JJT1 HUX CJIeyIOlMe OrpaHHYeHHs .

1. Qaiin input MOXXHO MPOCMATPUBATD TOJIBKO OJUH pa3, ero Hesb3sl
MIOBTOPHO TeHEepUPOBATL M HEJIb3S BEPHYTHCS K KaKOH-JuGo
npexkdedl nosuuuy. CregoBaTesbHO, JONYCTHMA TOJNBLKO OfHA
onepanust get. I'enepupopanue 3srtoro dafiza (cm. 10.12) nmpo-
HCXO[UT 3apaHee N0 3amycka COOTE@TCTBYIOUIEH NpOrpammel.
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2. Qaifln output MOXKHO TONLKO TeHepHUPOBaTb, €r0 HeNb3sl UHTaTh
¥ HeJb3sl cMellaTh no3nuuio. CiiefopaTessbHoO, IONYCTHMA TONIBKO
onna onepauust put. Ilpocmorp storo Qaiina (cm. 10.12) ocymiect-
BJIsIETCS] MOCJIe 3aBepIeHys] COOTBETCTBYIOMel mporpaMMHL.

OtHocuTensHO yrnpasssiomeli autepsbl eol (cm. pasg. 8.3) caenyer
MOMHUTDL  CJIenyollee:

1. Ecau ¢aiin input npenctaByied KosiofoH KapT, TO OH COCTOHMT U3
JIUTEp, PaCHoOJIOXKEeHHHX BIJIOTHYIO IPYT K APYTY B TOM MOPSIAKE,
KaK OHM OBUIM NpOOUTH Ha nepdokapTax. KoHiy kKaxaofl KapTh
B Qaiyie input cooTBeTCTRYET JUTEpa eol.

2. Ecnu cdaiisn output neuataeTcst, To Kaxaast JUTepa eol BKIIOYAET
MeXaHH3M TpaHcrnopTa GyMmard B MeyaTawmolleM YCTpPOoHCTBe.

TMockoNBKY 3TH JiBA CTAHAAPTHHX (ailsla npHCYTCTBYIOT MpaKTHue-
CKH B KaXXJIOH 3aKOHYEHHOH mnporpaMme, MH BBOIUM COKpALeHHS
(10.19), RoTOpBIE MPUMEHSIOTCSE TOJILKO B OTHOIIEHHY 3TUX NBYX (hafisios,
371€ch ¢, Ciy - . -y Cpy OG03HAYAIOT TIEPEMEHHBIE, €, €1, . « +, €;— BBLIPAXKE-
HHSI THRA char.

[Mosmast sanucey Cokpainensas 3anuch
¢ = input {; get (input) read (c) (10.19)
output t 1= e; put (output) write ()
read (c,)s .. .3 read (c.) read (Ciy vovy Cp)
write (&); ...; wrile (e,) write (e, «.., &)

Ipumep: HcxaoueHue AtLURUX Hpobeaocs

Henycro#i ¢afinn input xonupyetcss B dailan output Tak, 4To Kaxpasi
MOCJIEIOBATENBHOCTL MOAPS] CTOSIUX TPOOESOB 3aMEHsIETCS] OfHUM
npo6enoM. Ilpenmonaraercst, uto nociemusist sutepa daiina input we
ecTh npobes. 3amMeHsiss COOTBETCTBYIOIIMM OOpa3oM HHCTPYKIHMIO S B
cxeme (10.13), monmyuum nporpammy (10.20),

var c:char;
begin while — eof (input) do
begin read (c); write(c);
if c="" then (10.20)
begin repeat read(c) until ¢c=£" 7;
write(c)
end
end
end.
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Hpumep: I papuyeckoe npedcmasnerue QyrKyLL

Belnectpennast ¢Gyukuus [ npeacraBssieTcss B BHAe Ipajpuka Ha
MOCTPOYHO TieyaTaioleM ycTpolicTee. MoxKHO, Hampumep, IeyaTaTh
3BE3JIOYKY B MO3WIUAX, COOTBETCTBYIONIMX KOOPAHHATAM (X, Yo)s « « .
v e oy (X, Yn), THE X0y . . ., X,— paBHOOTCTOSIIME abcrvcehl. IIpemnomo-
JKHUM, UTO OoChb aCIMCC HANPABJIeHA BJAOJbL OYMaXKHOH JIEHTH 11 MaciuTad
BHIOpaH TaK, YTO d=X;—X;_; COOTBETCTBYET PACCTOSHUIO MEXIY COCe[-
HUMH cTpoKamH. UTOOH ONpefesuTh MOJIOXKEHHEe 3Be3JIOUKH C KOOpAu-
HaToH X;, HEOGXOAUMO BHIUHCIHUTD 4;==f (X;), YMHOXUTD ¥; Ha MaclITad-
HBIfl MHOXXUTeJIb S ¥ OKPYIJIUTh NIPOU3BeeHte 0 OJMKaliliero nesaoro
yycsa. [lonyyeHHoe 3HaueHUC COOTBETCTBYeT YHCJY IIPOOEJIOB, Mpef-
IeCTBYIOMX 3Be3J0uYKe B cTpoKe. B mporpamme (10.21) nns komkper-
HOCTH mpejnosaraercst, 4To

f()=exp (—x) =sin (2nx) O0<x<<4

d=1/32 (32 ctpoxku Ha uwHTepBan lx, x411)

s=50 (50 no3uiyii B CTPOKE COOTBETCTBYET HHTEPBATY
ly, y+11)

h=65 (paccTostHMe oCH X OT JieBOro Kpasi Oymarn,
BEIDA’KEHHOE TO3ULMell JIUTEPH B CTPOKeE).

const d=0.03125; s=50; h=65; c= 6.28318; lim= 128;
var x, y:real; i,n: inleger;
begin i := 0;

repeat x 1= i«d;, y 1=

exp (— x) = sin (c = x);

n 1= round (ssy)+h (10.21)
repeat write (' ); n 1= n—I1
until n=20;

write (=’ eol); i 1= {41
until {=lim
end.

C nomoupio JiutepH eol TekcToBLIE (afiyibl pa3GHBaIOTCsT Ha OT/IeNb-
Hble CTPOKH. IJTO THNHMYHHIE npumep pasbuenus alina Ha aceuueckue
cexyuu. Ceknuy (B 1aHHOM CJTyyYae CMpoKLl) MOTYT COCTOSITh 3 Pa3HOTO
YHCJIa KOMIIOHEHT (B JlaHHOM cyiydae zaumep). EcTecTBeHHO, pas6ueHue
(hafina Ha JIOTHYECKHE CEKIMH OKa3LIBAeT BJIHSHUE HA CTPYKTYPY IpOT-
paMMH TIpocMOTpa 3Toro (aiina. Jlyumie Bcero pacemaTpuBaTh dalin Kak
MIOCTIIOBATENLHOCTL CEKIMH, KaXkaas U3 KOTOPHX 3aKAHUHBAETCS CIle-
M aJILHOH JITepOH-pasfieuTeNieM, a CaMH CeKIHH MOXHO PacCMaTpUBAaTh
Kak TIOCIeI0BATENIbHOCTH KOMIIOHEHT WCXOJHOTO (haiinia.

Hau6oJiee npuemnemoll CTpyKTYpo# Jist TAKOH MporpaMmbl IIPOCMOT-
pa Oynet aaosicernbill YuKA. BO «BHEIHEM» 1[UKJIE MPH KaXJIOM MOBTOpE-
HUY oOpabaTeBaeTCst OfHA CeKIHsl, 8 BO «BHYTPEHHEM» — OJIHa KOMIO-
HeHTa. Cka3aHHOE MOXKHO BHIpa3uTh cxemoil nporpammul (10.22), B KO-
TOpOH YYMTHBaeTCs ChelUasbHHE ciyyall, KOTma CeKUuusiMH SIBJISIIOTCS]
CTPOKH TEKCTOBOTO (aiina, a pasfesiuTesieM — JjuTepa eol.
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while — eof (input) do
begin read (c); SI;
while ¢ s%e0l do
begin S2; read (c) (10.22)
end;
83
end

|

B sroil cxeme unHcTpyKiwst S2 cnenuduuupyeT neficTBUs!, BHIOJIHsIEMEE
NPUMEHUTENBHO K KaXjoff kommnonente ¢aiina, Kpome pasfenuTenei
crpok. Muerpyknuu S1 v 83 cnenuguuupyiot neficTeHs, KOTOPHIE JOJIXK-
HEBl BHIIOJTHSTLCS COOTBETCTBEHHO B HAauyasie W B KOHI[E KaXkKIOH CTPOKH.

Ecomy jocToBepHO M3BeCcTHO, YTO (afi comepikuT 0 KpaiiHeH mepe
OIIHY CTPOKY, a KaxkJasi CTPOKa COJIEPIKHUT M0 KpaliHeil Mepe OfHY JIHTe-
py (momumo eol), To Bmecto (10.22) MOXHO BOCHOJBL30BATLCSH CXEMOK
(10.23).

repeat read (c); SlI;
repeat {c=~eol}
82; read (c)
until ¢ = eol;
S3
until eof(input)

(10.23)

Hpunep: Brarwouenue 8 mexkcm aumep, ynpasasioulx neuanioro

B nmpakTike Hcnosb30BaHUSs an(paBUTHO-IHPPOBEIX YCTPOHCTB OYEHb
4acTo neppasi juTepa KaXjoil CTPOKH BOCIPUHUMAETCS YCTPOHCTBOM He
KaK OOLIYHasi JTUTepa, KOTOpas JOJDKHA OHTHL HarneyaTaHa, a Kak yIpas-
Jgsiolag Jgutepa. Ata JMTEpa YrnpaBJsieT TpaHCIopToM Oymard npu
nepexofie Ha CJAENYIONYI0 CTPOKY Wi crenyrouiyko crpanuny. Corname-
HHe BO3HMKJIO KakK pe3yJsibTaT LIHPOKOro TMpHMEHEHHS TEXHUKU Gyde-
pH3alyl JaHHHX BHBOJA (HanpHmep, eciH JaHHbIe HeOOXOIHUMO COXpa-
HUTB JI0 TeX IIOp, TIOKa He ocBobopuTest ycrpofictso). [lostomy myxHO,
uTOObl IAHHLIE, TIOCTYNalolHe Ha nedaTalolnee yCTpoHcTBO U3 OydepHOH
NaMsiTH, COfiepXXasu HeoOXOMHMYIO YIpaBJsIoOmiylo HHpOpMALHIO, H
BKJIIOUEHHe ee B (aiiyl B BHJIE IOMOJTHUTEJILHO JIUTEPH! B HAYAJe KaxKaoH
CTPOKH HMeeT OYeBHIHEIe npeumyniecTa. Hike npuBopsitest HeKoTopble
M3 TaKUX ynpaBJsIOWUX JIUTEp.

"' (nmpo6es) OOLYHLI HHTEPBaJ MEeXJy CTPOKaMH
‘0" nBoOfiHOI MHTEPBAJ MEXKIY CTPOKAMH
‘1’ mepexon K caenylowefi cTpaHuie
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B stoM npumepe mnporpamma konupyer dafia inpuf B daiin output
¥ IIPH 3TOM B HAYaJi0 KaXKAOH CTPOKH BCTABJSIET ONHH mpoOes, 4ToObI
MpY TeuaTy Mexay CTpoKamu Ow OOLHBIE HHTepBas. Ilporpamma
(10.24) nonyuaetcst u3 cxemnl (10.22) nomcTaHOBKOH COOTBETCTBYIOMIMX
HHCTpyKuM# wrife Bvecto S1, S2 u S3.

var c:char;
begin
while — eof (input) do (10.24)
begin read (c);
write (" ’); {yupamssiolias suTepa AN Ie-
yaTaloUero ycTpoicTaal
while ¢s%eo0l do
begin wrile (c); read (c)
end;
write (eol);
end
end.

YTIPA)KHEHUA

10.1 Hauwr gBa daiiyia BBofA f H g, COZep:KallHe YNOPSAOUEHHBE NMOCJEA0BATE]bHOCTH
LEJIBIX YHCES

flr er tey fm H &1, B2 -+ En
TaKue, 4YT0O
fiva=f; v gie1==g; ans Beex I, ]

HannmmTte nporpamMmy, KOTOpasi CJIMBaeT 3TH ABa (aijia B OfHH YHOPSAOUEHHBIH
(aiiy h, takoH, urTo

hppo=h, ana k=1, ..., m+n—1

10.2 Jononuute nporpammy (10.21) tak, uto6bl Kpome (yHKUMH f(x) meuaTaliach
TaKKe OCh X.
10.3 Uamennte mporpammy (10.20) Tag, uToGer
(a) B HayaJlo KaXKAOH CTPOKH BCTapJisiiicsl MpoGedi (B KayeCTBe YNpaBJistioLe
JIHTEPR]) H
(b) He mckJIOYadHCch Mpobesibl, €clH OHH BCTPEYAIOTCS] B Hauajle CTPOKH.
10.4 TlpemnosiokHM, YTO B OCHOBHOM Habope HMMeloTCsl ABa Pa3HLIX DasfesIHTeIsl:
eop (end of paragraph) — «kower| naparpaja» u eol — «komen cTpoku», [lycrsp
TAK¥Ke 3aJaH TeKCTOBbIH Gaildl inpuf, KOTOPBIE ¢ NMOMOLBID €0p MOoApasielisieTcst
Ha naparpagel, a ¢ noMoleto eol naparpade! paséuparoTcsl Ha cTpokH. [locTpoiite
cxeMy TNporpaMmMel, KoTopast mpocMaTpuBaeT (aiyl H BBHINOJHIET HHCTPYKIHH:

S1 B navane gamjoro maparpada,
S2 B Havane Ka{FOH CTPOKH,

S3 past KaxaoH JMTepH B CTPOKe,
S4 B KOHIle KaJOH CTPOKH H

S5 B KonIle Kaxgoro naparpaga.
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YIIPASKHEHUSA

10.5

[pepnonaraercst, YTo €0p MOXKET BCTPETHTHCS! TOJBLKO HEMOCPeACTBEHHO 3a
eol wiau ApyrHMu eop M uto halsn sakanunBaercs! JuTepoil eop. Yxaszanue; O606-
mHuTe cxeMy nporpamme! (10.22).
3agan dait f uncen x;. llocnezoBaTesbHOCTh X; ... X, Ha3nBaeTcs! YenouKotl,
eciTH ee UJeHH YNOPSJOUEHb! (X=X 4 =<.. <Xp-y<<Xp). Llenouka HasmiBaetcst
MaKCHMAaIbHOH, €CJIH TaKIKe Xj_(>>X; H Xp>Xp 1. Beauunna k—i+1 naseiBaercst
JIAHOH IEMOYKH.
Hanummre mporpaMmy, KoTopasl onpefessieT AJHHY caMoH IUIHHHON M3 MakKCH-
MaNpHBIX LENoueK 3ajaHHOTO daflya f.



11. MACCHB KAK CTPYKTYPA JAHHBIX

Ilogo6Ho ¢aiiny, nmepemeHHas, HMelOlas CTPYKTYpY MacCHBa, fB-
JISIETCS] COBOKYITHOCTBIO KOMROHEHM-NepemMennblx 00H020 L Mo20 dice
muna. Y Maccupa, ONHAKO, eCTh XapaKTepHHE OCOOeHHOCTH, KOTOpLie
MO3BOJISIOT YeTKO pa3JsiHuaTh 3TH JiBa BUJA CTPYKTYp.

1. Kaxpass oTgesnbHasi KOMIOHEHTa MacCHBA MOMeT OHITH $IBHO
o6o3HayeHa M K Hell MMeeTCs MPSAMOH JOCTYIL.

2. Yucso KOMIIOHEHT MacCHBa OMpeesisieTCst MpH ero ONUCaHUH U B
JajJbHefilieM He MeHSIeTCd.

Sty ocofeHHOCTH MaccHBa TpPeOYIOT oOnpefeneHHBIX CcorJalleHu
B HOTanuH, 4YTOOLI MOIKHO OBLLJIO

(a) obo3HayaThL OTHeJbHLIE KOMMIOHEHTH MaccHBa M
(b) ompenesnaTh THUNBI AJ51 MACCHBOB.

Jlnst oGo3HaueHWsi KOMIMOHEHT HWCMOJb3yeTcst UMsi TepeMeHHOH-
MacCHBa M TaK Ha3BBaeMHH urOexc, KOTOPHE OJHO3HAYHO YKa3HBa-
eT xenaemMbll ssemMeHT. ToT GaKT, YTO WHIEKC MOXKeT OBITh BHIUHCJISIe-
MBIM OOBEKTOM, BHIIENSIeT MACCHB CpPEIH MHOTHX JAPYTHX CTPYKTYp
JaHHBIX. IHIeKCH], CIeI0BaTeNbHO, NOKHE UMeTh OfIUH U3 JOCTYMHBIX
THIOB JIAHHEBIX, KOTOPHH HasHBaeTca munom undekca Maccupa. Mul yedio-
BUMCS, YTO THMIAMH WHIEKCOB MOTYT OBITh TOJBKO CKAJISIPHHE THIIHL.
IlosToMy Bce 3sleMEHTBI MacCHBa JIMHEHHO YMOpsiTOYeHHl. Tenepb MH
MOCTYJIUPYeM CJeAYIolUe COryallieHus!, Kacalouyecs: HOTaIHH:

1. Onpeneserve THNA A5 MACCHBOB BKJIIOYAET crienU(DHKAIMY THIA
KOMIIOHEHT M THna uHjeKkcoB. CyliecTByeT B3ayMHO OJIHO3HAY-
HOEe COOTBeTCTBHE MEXIY KOMIIOHEHTAMH MaCCHBa M 3HAYEHHSIMU
uHaekca. OnpegeneHye THNA AJS MACCUBOB HMEET CJEYIOMUH
BUJI;

type A=array [T'1] of 72 (11.1)
rge A — vipeHTHHKATOp HOBOrO Tuna, 7'l — TWN uHpeKca, a

T2 o6o3nayaeT TUN KOMIOHeHT. Huke mpuBopsiTcsi mpHMepH
ONUCaHusl MacCHBOB (C Ge3bIMSIHHBIMH THIAMH).

var x : array [1..20] of real (11.2)
var y : array [color] of color
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B cooTBeTcTBHY ¢ STUMH ONMUCAHUSIMH X COCTOHT U3 20 KOMIIOHEHT
THna real co 3HaueHUsIMH MHuekca 1, 2, . . ., 20 u y uMeeT yeTwbipe
KOMIIOHEHTHl THna color (cM. 1. 8) co 3HayeHHSIMH HHJeKca
Kpacrotii, sceamolll, 3enerplli, 20ay60Ll.

2. DneMeHT MaccuBa A, COOTBETCTBYIOWIME 3HAYeHHIO HHIeKca i,
o6osHauaercst Kak Alil wmi A;. Ipumepsl (cum. 11.2):

x 1101 x [i+j]
y lkpacroi] y ly laceamendil] (11.3)

JlBa mMaccuBa CUMTAIOTCH PABHBIMH TOrJia U TOJIBKO TOT/a, KOTZa
UX THIBl COBNAJAIOT H BCE COOTBETCTBYIOUIHE KOMIOHEHTHI II0-
MapHO paBHLI, T. €.

U=U <> U;=U; JJ5 BCeX i (11.4)

ITocKOMBKY Kamkaylo KOMIOHEHTY MOXHO $BHO 00O3HAuHTh, e€c-
TEeCTBEHHO TNOTpefOBaTb, YTOOH 3JIeMEHTHl MaccuBa (B MaMITH
BBIYHCJTUTENTHHOH MAaIIMHBE) OBUIM ONWHAKOBO JAOCTYOHBL. Tem caMbM
HaJlaralTcs Cepbe3HBle  OrpaHuyeHuss Ha BHOOpP 3aMOMHHAIOUINX
yCTPOHCTB, IPUTOAHBLIX 7151 TIPEJICTABJIEHUS MePEMEHNBIX, SIBJSIONIHXCS
MaccuBaMH. B yacTHOCTH, AJist 3TOM 1ies1d He TOJsITCSI BCe YCTPOHCTBA C
TIOCJIEJIOBATENBHOf BHIOOPKOiH, TakHe, KaK mnep(oseHTH, MAarHUTHBIE
JIeHTH U (B HECKOJbKO MeHbIeH cTeneHH) AMCKHM. KpaiiHe xenmaTespHO
HMeTh 3aMOMUHAole YCTPOHCTBA ¢ ONMHAKOBLIM BpeMeHeM BEIOOPKH U3
no60f1 srueliky namsiTy. CaMbIMH H3BECTHBLIMU [1PEACTABUTENSIMH TAKOTO
Kjiacca YCTPOHCTB SIBJISIIOTCHA TNAaMSITh Ha MarHUTHBIX cepjeYHHKaxX H
MOJTYTIPOBOIHUKOBHE 3aMOMUHAIOMIME YCTPOHCTBA Ha HHTErpasbHHX
cXeMaX, B KOTQPHIX HeT MeXaHWYeCKH mnepemMellfatoliuXcst jerasieil.
Takue ycTpoiicTBa Ha3BIBAIOTCS 3ANOMLUHMOULLML YCmPOLiCmBant. ¢ npo-
U360AbHBIM 00CH1YNOM, TIOCKOJIBKY K JIF000! coydaliHO BHOpaHHOH suefi-
Ke MOXHO MOJIyYuTh HemepseHHHH pocTyn. Ho croumocTs Takux ycr-
pOHCTB 3HAYUTENHHO BHILE CTOMMOCTH YCTpOHCTB C MOCJ/I€LOBATeJbHBIM
JoctynoM. ITosTomy nocnegHue Bcerjia HCNONB3YIOTCSH TaM, Iie HeoOXo-
JIHMMO XpaHUTh Gosbliie 06heMbl JaHHHX. Ho ecsiit 06heM JaHHBIX TAKOB,
YTO OHH YKJIAJHIBAIOTCS B MPSIMO ajjpecyeMylo NaMsiTh MalliHH — Tak
HA3HIBAEMYIO NEPEUuHYI0 NAMAMb,~— TO TaKkHe [aHHBE IeJIecCooOpPAa3HO
TPEACTABUTL B BHfE MaccHBa. B NpPOTHBOINOJIOXKHOCTL TepPBHYHON Ia-
MSITH MMeIolIyiecss B BHIMHCJIHTENBHOI cHcTeMe 3aloMHHaoie YCTpoii-
cTBa 6OJILIION €MKOCTH C TOCJIEJJOBATENbHBIM AOCTYTIOM HAa3HIBAIOTCS
BMOPULHOL NAMSITIBIO.

Hpumep: ToUCK KOMNOHEHIbL MACCLN

Sagan maccuB ¢ KommoHentamu Alll, ..., Alnl u sHauenue x.

IMpuceonTs ¢ 3HaueHue false, ecny HeT k, Takoro, uto A [kl=x.
B npoTHBHOM CJIy4ae ¢ IPUCBOMTDL 3HaueHUe frue, a mepeMeHHOl i npu-
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CBOUTL 3HaYeHue K.

var it 0 .. n; q:Boolean; {n> 0}
A:array [1 .. n] of T;

begin {mpucBauBanHue 3Hayenuii Maccusy A} (11 5)

i 1= 0;

repeat i := i-}1; ¢ := A[i]=x

{Aljls=x nma j=1...i—1}

until g \/ (i=n)

end.

TToHcK 3aKOHYUTCS, €CTH BEITOJHUTCS XOTs OBt OJHO M3 JIBYX yCJIOBHIH:
¢ (MckoMasl KOMIIOHEHTA HafifieHa) H i=n (BCe KOMIIOHEHTH OTJIHYAIOTCS
OT X). UTOOH! yIIPOCTHTH 3TO COCTABHOE YCJOBHE H TEM CAMBIM YCKOPUTh
pabory anropurya, OOBYHO MPHMEHSIOT CIEAYIOWMI IPHeM:

1. K maccuBy A noGaBsistercs eme ofina KOMIIOHEHTa.

2. Hopoli KOMIIOHEHTE NMPHCBAHBAETCS] 3HAYCHHE X, H OHO CJIYKHUT
2PAHUMHbIM NPUSHAKOM, KOTOPHIH TapaHTHPyeT OKOHYaHHE IIo-
HCKA.

B pesynbrarte nosydaercss cyeflyrollasi MporpamMmas

var  i:0..nl; {nl := n-t1}

A:array [1 .. nl] of T} (11.6)
begin {npucpouts 3nauvenuss Kommomentam A[l]... A[n]}

i 1= 0; A[nl] := x

repeat { := -1 until A[i]=x;

{Aj]#=x nos j=1...i—1}

end.

Ipumep: Iouck KOMNOHEHMBL 6 YHOPSAOOHEHHOM MOCCLEE

3anaya Ta e camasi, 4TO M B mpepyiymem npuvepe. Ho temeps
KOMIIOHEHTHl MacCHBa yHopsiiouend! tak, uto A [{1<<Alj] nna moe6eix
{<<j. Xors nporpammy (11.5) MOKHO IPHMEHHTL M B 3TOM CJIyYae, MEL
pPeKOMeHIyeM BOCHOJE30BATECST YIIOPSIIOYEHHOCTLIO MACCHBA U TIPHMe-
HUTL 6oJiee 3(ipeKTUBHBI TOHCK. Y NYUIIEHHEI METOH TOHCKA CCHOBAH
Ha crenyiomell uuee.

KommnonenTH MaccuBa GyzieM CuHTaTh y3JdaMmu [epeBa, KOTOpoe B
KaXKJI0M y3Jie uMeeT He GoJiee IBYX TOIIEPEBLEB (U MOSTOMY HA3HIBAETCSI
6unapuvin Oepesom). Ha puc. (11.7) npencrasneno «mepeso» ¢ n=15
y3J1aMH.
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Ecnu BHayasie B3sITh H3 CEPEHHLI MAaCCHBA KOMIIOHEHTY C HHEKCOM
k=(1-+-n)/2 ¥ cpaBHHTL €€ C X, TO BOSMOXKHHI TPH CJIyyasl.

1. A [k]l=x — uckomass KoMIIOHEHTa HafjeHa.

2. A [kl<<x — B 7eBOM mOIIEpeBE He MOMKET OBITH KOMIIOHEHTHI
paBHOH X, TaK Kak BCe HHAEKCH j B 3TOM TOJJIEPEBE MEHbIIE
k, u, cnenopatensro, A [jl<A [k]. JanbieHmmi monck MoKHO
TI05TOMY OT'PAHHYUTL TOJNBKO MPABHIM TIOIEPEBOM.

3. A [k]>x — u3 anajioruynbix cooOpakeHui JalbHEeHIHi nouck
CJIeNlyeT BECTH TOJILKO B JIEBOM TIONAEPEBE.

.| /As \Au
A/ 4\ 7N (11.7)

A Ay

4 Ay 4  A; 4y Ay A A

Oti coobpaKenus TMPHBOLSAT K CJIefyiowmedi TporpamMme:

var i, j, k:integer; q:Boolean;
A:array [1 ..n] of T; (11.8)

begin {npucpanpanve snavenufi maccupy A}
i:=1,]:=n; g := [alse
repeat £ := (i}-j) div 2;

it A[k]=xthen ¢q: = {true else

it Alk]<xthen i := k+1 else j :
until ¢ \V/ (i > )

E—1
end

Crparterusi moucka, KoTopas JIOKHT B OCHOBe rporpammsl (11.8),
NA3EBACTCS BUHOPHbLM NOUCKOM. 3AMETIM, YTO YHCHO TPeGYEMBIX CpaB-
HEHUH B CPEHEM 3HAYHTENIbHO MEHbILE, YeM NPH JIMHEHHOM NMPOCMOTpE,
a toyHee ropops, He Gosee wem log,n BMecTo n B nporpamme (11.6),
Maremarnyeckoe oxunanue 6yjieT ropasno messiue yem log, n. Koreuno,
GHHapHLIT TOHCK MOXKHO HCTIOJIB30BATH TOJBLKO TOTA, KOTZA KOMIIOHEH-
TH MaccnBa yrnopsiiovens (Cu. taxke (11.32).)

Ilpunmep: Borucrenue cxarsptoeo npoussederus
Jlausl quesa Xy, . « o, Xy 0 gy, « o o Yp. BoruncsnTs ckansproe npo-
U3BENICHHE

§ = _le,":f- Y; (11.9)
1=
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Ipencrapup 3Ty CymMMy B BHAE PEKYPPEHTHHEIX COOTHOLIEHHH
S;=58;_,+x: =y, S; =10 (11.10)
MbI TIONYYHM CJIC[IYIOLLYIO TIPOTpaMMy:
var  s: real; i: integer;
x, y: array [1 .. n] of real;

begin {npuceanpanue HauambubIX 3Hauenui x # yp (11.11)
s :=0;i := 0
\

repeat {S= é?lx[i] =yl
Pi= i1 s 1= sx[i]ey[i]
until i=n
end.

Kax u B (11.6), snemeHTH MacCHBA MPOCMATPHBAIOTCS CTPOrO MOCTIEN0-
BaTeJIbHO, HO OTJIHYHE COCTOHT B TOM, 4TO B JIAHHOH TPOTpaMMe BCErja
NPOCMAaTPUBAIOTCS 6ce KOMIOHEHTEL. ONHAKO nops0oK MPOCMOTPa HeCy-
LIECTBEH — MOKHO @K€ BHIIOJIHSITE BCE /1 YMHOXKEHHI OJHOBPEMEHHO,

ItoT cnyyafl upn paboTe ¢ MacCHBaMH BCTPEYAETCS] TaK 4acTo, 4TO
ONpaBJaHO BBEIEHHE clenuaibHON Horanuwd. Ham norpeCyercst emme
OJIHA IUKJHYecKasl HHCTPYKUUS, aHaJornyHasi HmHCTpykuusiM while u
repeat. Ecmn S — mosTopsieMasl WHCTPYKIHSA, V — cKanspHas mepe-
MeHHasT (Ha3uBaeMas! napamempom yuxKaa), a ¢ 1 b — BHpaxKeHus: Toro
e THna, 4ro U V, To MHCTPYKuus

for V:=atobdoS (11.12)

O3HAYAET, YTO JIB€ MHCTPYKIUH
V:=x;8 (11.13)

BBITIOJIHSAIOTCST I KAXKA0TO 3HAYEHNUS] X B HHTepBaJe oT a 10 b. B mos-
HOM COOTBETCTBHH C TpamuuHefl, KoTopasi CJOXuJack B Haubosee pa-
CIIPOCTPAHEHHHIX SI3BIKAX MPOTPAMMHpPOBAHHSI, TIOBTODHHIE MEHCTBHS
BEITTOJIHSIIOTCST TIOCJIEAOBATENILHO ISl 3HAYEHHH X, BHIOHpaeMHIX B BO3-
pacrarouieM nopsiike B HETEpBade ot a Ao b. Mucrpyxuuio (11.12) moxuo
TOTZa pAcCMAaTPHBATH KaK SKBHBAJEHTHYIO MOCTENOBATESbHOCTH HH=
CTPyKUuH

begin V:=10;; S; V:=0,45 S;...; V:=10,;S end (11.19)

e u,=a, vp,=>b n v;=succ(v;_,) mnsa i=2, ..., n. (V13 Bcero storo
CTeNyeT, 4TO (PYHKIHMS TIOJYUEHHUS! CAELYIONIETO 3JeMeHTa (Succ) Hal TH-
nomM nepemMeHHON V posmkHa ORITL OnpeniesieHa, W MO3TOMY THO V He
MoxkeT Ouith real.) Mucrpykuuio (11.4) MOXKHO upefcTaBUTH B BHIAE
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cJIefiyiollel Cxembl TPOorpaMMEL

if a<<{b then
begin V := a; S;
while V< b do
begin V := succ(V); S (11.15)
end
end

W3 370f1 cxembl B 4aCTHOCTH BHAHO, YTO B HHCTPYKIUH for HE mpepycmMo-
TPEHO HHKAKHX JeHCTBHH, ecnH a=>b. C/0XKHOCTE CXeMH 17151 asb CBH-
JIETEJILCTBYET O CJIOKHOCTH COOTBETCTBYIOLIHMX TPaBHJS BepuUpUKaLHH,
KOTOpHE MBI TPHUBENEM B HHTEpecax NOJHOTH usjoxeHus. [lycts P
u Q (V) — HekoTOpble TPOH3BONbLHLE yCJIOBHSI. TOrna ChaenyroomuM ob-
pPas’oM MOXKHO 3alHcarh TMOCHUIKH

(a) {(V=a)AP} S {Q(a)} (11.16.1)
(&) {Q (pred(x)} S{Q(x)} nns pcex a<lx<lb

B CJIeNCTBUS

(@) {(ah) AP} for V:=a to b do S{Q(b)}
(b) {(a>b)AP} for V:=a to b do S{P} (11.16.2)

IlpumeHenne 3TOTO MHAYKTHBHOTO TpaBHia BepH(HKAIHH MOXKHO
IIPOZIEMOHCTPHPOBaTh, eciu mepemucaTh mporpammy (11.11) B BuAe

begin s : = 0;
for i 1= 11ton do s := s+x[i]=y[i] @11.17)
end

ToacraBus B (11.16.1) s=0 Bmecro P u s=2 x;#y; BMecTO Q (f), Tony-
=1

YUM JIB€ TTOCBUIKH:
1
@ {i=1)A(G=0}s := s—}—x[i]*y[i]{s: glxjaeyj} (11.18.1)
i~1 i
(b) {s: ’_gl xjaeyj}s 1= s—}—x[i]aey[i]{s: ’Z,lxjeeyj}

JleTko mpoBepHTE, YTO yesoBe (b) BHIIOAHSIETCS 75 BCEX (=2, . . ., A.
Teneps ¢ nomomsio Tofi ke noxcranopky B (11.16.2) nosyunm crefictere

{s=0} for i := 1 ton dos := s—[—x[ihy[i]-{s: _;lej*yj}
’ (11.18.2)
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Ouesugno, ycnoeue Q(V) coOTBeTCTBYeT WHBAPHAHTY B IpaBHJax
Bepudukanuyu ans uecTpykuuii while u repeat B (7.13) u (7.14). Onra-
KO HeoOXonMMa sIBHasl WACHTH(QHKAIHUS NapaMeTpa NHKJIa, TaK Kak
UpHCBaWBaHHE 5TOfl MEpeMEeHHOH B 3aroJjioBKe WHCTPYKUMH for crmemwu-
(upyercs HesiBHO. B 3akiioyeHIle creflyer OTMETHTH CYUIECTBEHHOE
TIPEUMYLIECTBO HHCTPYKUNH for: He HYXKHO JOKAa3BBAaTH, YTO UHKJH 32-
BeplIHTCs. B camom pene, I0Ka3aTeNbCTBO HEMOCPEACTBEHHO CHELyeT
U3 TOro Qakra, yTo MHOXKECTBO 3HAYEHWH @, . . ., b KOHEUHO.

Pasymeercst, HHCTPYKUMIO for MOXHO WHCIOMB30BATH HE TOJBKO
B T€X NporpaMmax, B KOTOpPEIX 00pabaTkIBaloTCsl MaccHBH. B crenyomem
npaBusie CYMMHPYIOTCSI CITydaH, KOTla YI0OHO NPUMEHSTh HHCTPYKITHIO
for.

PexomennyeTcs: Hcrmonb30BaTh HECTPYKUHIO for, ecyii YHCso oBTOpe-
HHil 3aparee U3BECTHO. ECH YHCII0 TOBTOPEHUH CTAHOBUTCST H3BECTHO
JIMIUL B TIPOIECCE BEITIOJHEHHS LHKJA, TO PEKOMEHIYETCS TOJL30~
Barbcsl HHCTpyKuusamu while u repeat.

Tpu crenyromux npuMepa AeMOHCTPUDPYIOT HCIIOJNL30BAHHE MACCHBOB M
HHCTPYKIuH for.

ITpumep: Touck marxcumarorozo sHauerus x Ijl

Haiitu uHzekc j, Takoll, 4To x;=max (Xm, . . , Xn)e

var j, k. m .. n;
x: array [m .. n] of T;
begin j := m; (11.19)
for R := m-+1 to n do
it x[k] > x[j] then j := &

end

Ycaosuem Q(k), ucnosb3yeMbiM NS BepUDHKAUMY, SIBJSIETCS

x ljI=x [i] nns Becex i=m, ..., k (11.20)

Hpumep: Copmupoexka maccusa

SrneMeHTH MACCHBA TIEPECTABJSIOTCS TAKUM 06Pa3oM, YToGH MX 3Ha-
yerHs] OLUTH PACTOJNIOKEHH B yORIBarommeM Topsiike., YToOw BHIIOIHUTD
5TH TI€PEeCTaHOBKH

(a) ¢ momoukio mporpammel (11.19) onmpenensiercss MakcCUManmBHBIN
3JIEMEHT Xj,

(b) menstiorcst mecramMu x; M Xj,

(c) waru (a) ¥ (b) WOBTOPSIIOTCST COOTBETCTBEHHO JJTs] MHOKECTB
Xoa o« s Xna X3y« « oy Xy B T. ., IO TEX TIOP TIOKA B MHOMKECTBE
OCTAHETCST TOJBKO Xp,.
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I1u neficTBYS MOXKHO c(POPMyTHPOBAThL B BUJIE cllenyromiell HHCTPYK-
oyi:
for h:=11t0on—1 do
begin {Q (h—1), ecmu h > 1}
1: Hafitu HapGonbmmil sJeMeHT Xp=max (Xg, « - «s X,);
2: TlomensaTh MecTaMu x, H X; (11.21)

{Q (M}

end.

Hucrpykuus | noppobuo omucana 8 (11.19), a nHerpykumio 2 Moxk-
HO MPEACTABHTb B BHJIE TPEX MOCTENOBATENBLHHIX NPHCBAWBAHUN € HC-
TOJB30BAHNEM BCTIOMOTATENLHOH TepeMeHHON i,

u:=xlhl; xIhl : =x1jl; x[j]: =u (11.22)
Jlns BepuQUKanMH MTPOTPAMMEI HCTOJAB3YIOTCS CHEAVIOLUIHE YCJIOBUS:
P : nycro (1. e. true)
Q) : xi2x.=. . . Z2x,22x; 1715 BeeX i=>h (11.23)
Jenas cootBercrByiouye noAcranoBky B (11.21), mb nosnyyaem caenyro-
MY TIPOTpamMMy COPTHPOBKH:

var h, j, B2 1 .. m;
x: array [1 ..n] of T5 w: T,

begin ...
for h :=11ton—1 do
begin j := h;
for £ := h-}1 to n do
it x[k]> x[j] then j := k; (11.24)
u = x[h]; x[h] := x[j]; x[j]] :=u
en
end.

drta mporpamMma COMEPKUT HHCTPYKIUHMIO for, B KOTOPYIO BJIOXKEHA
npyras uecTpykuus for. Muctpykuus, HaunHawomascs c «if x[kl=>x[;]
then .. .», BHONHSETCS

(n—1)+(n—2)+... +2+ 1= (n—1) (11.25)

pas. 3arparH Ha BHIIOJHEHHE COPTHPOBKH € MMOMOLIBIO 5TOTO TIPHMHTHB-
HOTO MeTojia, Tpy6o roBOpst, MPOTOPIHOHANBHE KBaipary 4HCHa COp-
THPYEMBIX 3JieMeHTOB. [loaToMy 7157 GOMBILOTO YHCHA 1 PEKOMEHYETCsT
HCIIOSB30BaTh GoJiee COBEPINEHHBIE METOAB COPTHPOBKH,

DieMeHTH MacCHBa MOTYT OHITh HE TOJIBKO CKanspaMH, HO Takxke H
CTPYKTYPHEIMH KOMIIOHEHTaMH. EC/ll OHH fIBJSIFOTCSI CHOBA MAcCHBAMH,
TO MEpBOHAYAJBHHI MaccuB A HasbIBaeTcst mMHozomeprom. Ecnu sge-
MEHTH KOMIOHEHTHHX MACCHBOB SIBJISIIOTCSI CKassIpaMH, TO MacCHB A
HasbBaeTcsi Mampuyeli. MHOTOMEDHEI MaCCHB ONHCBIBACTCS B IOJHOM
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coorsercTBud ¢ (11.1). Hanpumep, B onncannu

var M: array la..b] of array l[c..d] of T (11.26)
oGbsiBrsiercst, 4T0 M COCTOMT H3 b—a-}1 KOMIOHEHT (KOTOpPHE YacTo
HA3BIBAIOT CTPOKAMH MATPHIE) C WHIAEKCAMH 4, . . ., b, Kaxknas U3 Ko-
TOPHIX SIBJISIETCST MACCHBOM, comepKamum d—c+1 xoumoment tuma T
C MHJIEKCAMH ¢, . . ., d. JIns o6o3uavenust i-i KOMIOHEHTE! (CTPOKH Ma-
Tpuubl) M HCIONB3YETCsT TPAAULIHOHHAS] 3aMKCh

M) a<li<b (11.27.1)
a j-s1 KomrioHeHTa THua T 3Tofi CTPOKH 0603HAYAETCH KaK
M a<i<<h,  o<j<d (11.27.2)

O6biutio ynoOHO TOJB30BATECS CHELYIONMMH COKPANIEHUSIMH, KawKI0e
H3 KOTOPHX SKBHBAJEHTHO cooTBeTCTBeHHO 3amucsn (11.26) u (11.27.2);

var M: array [a .. b, c..d] of T (11.28)
Mli, i]

Hpuwmep: ¥muoxenue mampuy

3ajaHL JIBe BelIECTBEHHO3HauHEIE MaTpHuml A (mXp) u B(pxn).
Brmurcnuts npouseesienue, T. e. Matpuny C (mX#n), 37eMEeHTl KOTOPOT
ONpeleNATCs Kak

4
u=k§1Am*Bkj (11.29)

o i=1, ..., muj=I1,..., n
HQHOCpeILCTBeHHO I/ICHOJIBSYH dopmyay (11.29), manuuem ciexryro-
IIyI0 TIPOTPaMMy:
var 2 l..m; j: Y..ns Rk L..p; st real
A: array [1..m, 1..p] of real;
B: array [1..p, 1..n] of real;
C: array [1..m, 1..n] of real;
begin  {npucBawBanie HayaNbHHX 3HAYeHHUil MaccuBaM A u B}

for i := 1 to m do
for j :=1ton do
begin s:= 0; (11.30)

for k := 1to p do
s 1= s+ Ali, k]=B[k, j];
Cli,j] :=s
end
end.

B sroii POTPAMME HCIIOJB3YIOTCS MHOTOKDATHBIE BJIOKEHHS LHK-
JIMYECKUX HHCTPYKUMH Jpyr B npyra. IlockoJpKy Takne MmporpamMmer
HEH30eKHO CBfA3aHB! C OTHOCHTEJIBHO GOJIBLIMM KOJHYECTBOM BBIYHC/IE-
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HUH, HeoOxopuM Gosiee TatenbHbl aHanu3 ux s@dextuBHocTH. Oue-
BHIHO, YTO ITHKJ IO { BHIIOJHAETCS M pas, 1o j — msfl pa3, a HHKJ 0 R
BEIIOJIHAETCS M % 1= P pa3. B T penrnonoxuTh, 4to m, 11 1 p — GoJib-
mue yuena (>1), To 3aTpaTH Ha BHINIOJHEHHE HHCTPYKIHH

s: =s+Ali, kl* B Ik, j]

COCTaBSIT CaMYI0 3HAUHTEJBHYIO YacTh BCEX BHIYHCJeHUH. B cpssu c
5THM CJIE[lyeT MOMHUTL IPOCTOE, HO OYEHb BAXKHOE IIPABHJIO — «Camast
BHYTPEHHSISI> [UKJIHYECKas WHCTPYKuHSA JOMKHA (OPMYJHPOBATHCH
¢ 0CoBOH TUATENLHOCTBIO € TeM, YTOOH MO BO3MOXKHOCTH MHHHMH3HPO-
BaTh 3aTpaThl HA BHIYHCICHHS W NOBHCHTH 3(MEKTHBHOCTL MPOTPaMMEL,
3arpaTel Ha YMHOKEHHE MATPHIL PACTYT KaK mpemps CTENeHb YHCIa 11,
ecl TPEmIONOXKUTh, uTo m=n=p. (Cm. ynpaxnenpe (11.8).)

YTIPAKHEHUW A

213
A=1331
121

N,
Ny

11.1 Jasa matpuua A

(2) BrmoJsiHATe HMHCTPYKIHIO

for i := 1to 3do
forj:= 1 to 3 do Cli, jl := AlAli,jl, Aljill (11.31)

Kakum 6yjer pesyJbTupylomee 3Havenne C?
(b) CytuecTBeH JIH TOPSAOK, B KOTOPOM BLIGHPAIOTCS 3HAYEHHS HHJEKCOB i M

(c) Bumecto C B (11.31) moxncrarbte A. Kakum GyzeT pe3yJbTHpYyIOllee 3Ha-
yenue A?

(d) TlosTopHTe T. (C), 3aMeHUB mpsMOf TOPSNOK Nepefopa MHAEKCOB i H j
Ha OOpaTHHIH.

3.3, 3,2), ..., (1,2), (1,1

CpapuuTe UONyueHHOE 3HAUeHHe A ¢ pe3yJIbTAaTOM BHUHC/IEHHH B 1. (C).
11.2 TlpoBepbTe ClRYIOWMH BapHAHT IPOrPaMMbl GHEAPHOTO TOWCKA:
ii=mj:i=n
repeat k 1= (i-|-j) div 2;
if AlRj<<x theni := k4 1; (11.32)
if A[kj=x then j := k—1,
until i > j
ConocrapbTe KOJMUECTEO CPABHEHHH, BHLITIOJIHAEMBIX B 3TOH Uporpamme, ¢ KOJH-
uectBoM cpapeenuit B (11.8). O6paTute BHUMaHMe Ha To, uToO B (11.32) ycsosue
OKOHYaHHS upoie, deM 8 (11.8).
11.3 Komnsnekcuas mMatpula Z upencrasasiercss napoil {X, Y) pemecTBeHHHX MaT-
pull Tag, 410 Z==X--iY. Hauwnmmte uporpaMMy BHIUHCIEHHs TPOM3BEJIEHUS
Ieyx KommiekcHnix Marput (A, B) u {(C, D), 7. e.

XA-i¥= (A+iB) = (C+iD) (11.33)

Yrasanue:

(A+iB) % (C+iD)= (AC—BD)+i (AD+BC) (11.34)
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Iosyuute Tpu MaTpHLB!
R=A+D, S=B=zxC, T=(4-+B)= (C—D)
a 3aTeM MaTpuLbl

X=T+R—S u Y=R+S

Onpesiesute YHCJIO HeOOXOMMMBIX CJIOMEHHH H YMHOMEHUH (B 3aBHCHMOCTH OT
pasMepa MaTPHIBI f1) H CPAaBHHUTE C YHCJIOM CJIOMKEHHH W YMHOMKEHHH, eCJIM psiMo
noJb3oRaThest fopmydioft (11.33).

11.4 Muorowres

P, (x)=apx*tapxn—14 ... top_1xta, (11.35)

npejcTaBaseTcss MaccMBOM KosddulneHTor a. Hamwmmmnte uporpammy Berymc-
Jeuust Py, (x) piist 3anauuoro x. ¥Ykasarnue: Menonsayitre-cxemy I'opuepa, a umenso

P,()=(..(aoxta) #x+...Fa,-) 2 xta, (11.36)

11.5 HanuumnTe UporpaMMy HaxOsx/ieHus! HanGoJIbIIEro W HAHMEHBILErO 3HAYEHHS B
MaccuBe A, cofepxaiieM 1 HHCeN:

var A : array [1..n] of infeger

Ykasanue: MOXHO ciesiaTh TakK, 4TO noTpeGyeTcs! MeHbllle, YeM (3/2)n CpaBHEHUWH.
11.6 3agaH MaccuB

var M: array [1..n,1..n] of infeger

HamuimmTte nporpaMMy, NPHCBAHMBAIOMIYIO 3JEMEHTAM 3TOTO MacCHBa HaTypasib-
Hule yncna 1, 2, ..., 12, Tak, 4To0bl MOJYYMJICH Masuyeckul keadparm, T. e.

n n
I MIi, k= ¥ Mk, i]=C i=1,..,n
k=1 k=1

iM [k k= 3 M [y n— k4 1]=C
k=1 k=1

rae C= (n/2) (n?-+1). lpepuosaraercst, uro n HeveTHO. Ykazarue: TIpuceaupaiite
ss1eMenTaM Maccuba M nocseoBatesibEo uncda 1, .. ., n2. Haunute ¢ i=(n-+1)/2
W j=n, yroGbl 3HaveHne 1 6buIO npuCcBOEHO 3jementy M[(n--1)/2, nl. 3artem B
TeueHHWe n—1 11ArOB Ha KaXKAOM Liare ypeJHympa#ite { H [ Ha 1 (o moayJno n);
Ha KaKJOM f1-M luare i OcTaBJsiiTe 6e3 W3MeHeHHs, a j yMeHbluaiiTe Ha 1.

11.7 Huke npuBoAMTCS nporpamma, KoTopasi Obula HamlHCaHa JUIsi CYMMHPOBAHHS
neppbX -1 uNEHOB passnoxkeHus cumyca B psig [em. (9.29)] mnst aprymentor x,
YAOBJETEOPMOMHX HepapeHCTBY O<tr<Cst/4. (Tlpepnonaraercs, 410 pesyJLTaToOM
6yneT 3HaueHHe UEPEMEeHHOH s.)

var i: infeger; h, s: real;
¢: array [0..n] of real;
begin ¢[0] := x; h := sqr(x); s := x; (11.37)
for i := 11to n do
t[i] := —t[i—1)=h/@sis(2=i} 1)
for i := 1 to ndo s := s4¢]i]
end.

TpapuibHO JTH HaUHcaHa uporpamma? Kakve KPHTHYeCKHe 3aMeUaHUsI MOMKHO
BBHICKA3aTh 110 e TOROAY?
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11.8 Jaunt ABe BemecTBeHHO3HAuHble MaTpuubl X U Y, uMeonine 21 CTPOK W CTONG-
LoB Kaxjas., HanoummTe uporpaMmy, BEIMHCJISIOIYIO NPOU3BENEHHe MaTpHil
Z=X =Y, ucuosp3ys caefyrmee cOOTHOIIEHHe (OHO NpHHAMEXHT BUHOTrpanry)
JJIs1 BRIMUCJIEHUS CKANAPHBIX npomspeneHmd [em. (11.29)]:

2n n
D rregr= 2 (Xak+Yar—1) ¥ Fak—1-1Yar)
F=1 E=1

n n
O | 11.38
- Z Xap ¥ Xgp—1— Z Yok * Yok~1 ( )
k=1 k=1
. —— N, v
x Y
¥rasanue: B sapaue Tpebyercss BeMHCANTL 4n2 CKaNsIPHEIX NPOH3BeJEHUl
2n
N Xig* Yry
k=1

Ecau Bocnonnaopateest (11.38), To morpeGyercss TONLKO 21 suauenuit X u §.
O6uiynsil MeTos; ymMuOxeHHs MaTpu (11.30) Tpebyer 8n° cuaomenufl U yMuoMe-
uuil. OupesiesuTe uucsio onepaumil (Kak (yYHKLHIO OT #), KOTOphle TpeGyioTcs
JUlsl BEIIOJHEHMS! BamleH mporpaMMel.



12. MOANPOTPAMMBI, MPOLEAYPBI
H ®YHKLHH

12.1. OcHoBHblE MOHSITUS H TEPMUHOJOTHS

Hacto HEKOTOPYIO TTOCTENOBATENLHOCTE HHCTPYKIHH TpeOyercss IoB-
TOPUTb B HECKOJbKHX MeCTaX mporpammel. YToOel mMporpaMMicTy He
UPHXOLUAOCH TPaTUTh BPEMST H YCHJIMsI HAa KOMHPOBAHUE 3THX HHCTPYK-
uuil, B GOJBIIMHCTBE SI3LIKOB IPOTPAMMEPOBAHNST TIPENYCMATPHBAIOTCS
CpencTBa st OpTaHusauuu nodnpoepamm. Takum obpasom, Tporpam-
MHCT TIOJTYJa€eT BO3MOXKHOCTL NPHCBOUTDL TMOCHEIOBATENIbHOCTH HHCTPYK-
Ui TPOH3BOJILHOE HMST H HCUOJb30BAaTh 3TO HMS B KaueCTBE COKpalleH-
HOIl 3ammMCH B Te€X MeCTaX, IJie BCTpeyaeTcsl COOTBETCTBYIOLIAsT MOCe-
noBatesbHOCTL HHCTpYKuuil. Crenys TepumuHOJOTHH AJTONa, TaKyO
HMEHOBaHHYIO TIOCHEeOBaTENbHOCTL HHCTP VKM OyieM Ha3kIBaTh fpoye-
Oypoti. Ecav npouenypa AaeT OQHO pe3yNLTHPYIOLIEE 3HAYEHHE H, CJe-
JIOBATENbHO, MOYKET HCTOJL30BATLCS B BLIPAXKEHHSIX, TO Takasi MpoIe-
oypa wuaswBaercss yuiyueti. OupeneseHHe COKpPALICHHOH 3alucH
Ha3HIBAETCST OHUCAHLEM Npoyedypbl WIH onucartien yrryul. Viemoabso-
BaHHE 3TOTO COKPALIEHHsI B MPOTpaMMme HA3LIBAETCST ONeparnopom npo-
yedypol vav eozoeom npoyedypot. QYHKIHsSI, €CJIH OHA BCTPEYACTCsT B
BHIDAXKEHIH, HA3bIBAETCST yKasqmenem pyHKyuy Wi obpaujeriem K
yHKYULL.

KoHKpeTHast HOTauust, UCMOJB3yeMasi B ONMHCAHHAX H omnepaTopax
[IpOLenyp, IPHBOANTCS B CHHTAKCHYECKHX AHAaTpaMMax MpujokeHus: A
U mpuMepax 3TOH TJaBbL

Hpumep: Onucarue u onepamop npoyedypot
Jlns nocnenoBaTeNbHOCTH WHCTP YKIH
t:=rmodg, r:=gq, q:=1 (12.1)
MOXKHO BBECTH COKpalll€HUe, OTHCaB TMPOUEAYpYy clIenyioluM obpasom:
procedure P;
begin f := rmod g; r :=¢q; g := { end (12.2)
U rtenepb BCsiKHET pa3, KOTAa B IPOTpamMmMe BCTPeUaeTest 3Ta MOoCenopas
TEJLHOCTh MHCTPYKIHEH, €6 MOXKHO 3aMEHHTbL OIEpaTopoM MPOUENyphl
P (12.3)

Onucanve mpomenypsl COCTOMT W3 [BYX HacTell: 3aeoaoeka npoyedyput
U meaa npoyedypol. 3aroJoBoK (mepsast cTpoka B (12:2)) comepkuT uaeH-
TrhukaTop mpornenypet. Teso (BTopast cTpoka B (12.2)) coctouT 13 ofHol
HJIH HECKOJbLKHX HHCTPYKUMI, HIJIsT KOTOpLIX BBOAWTCA COKpalleHue,
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Bpsig mu ctousio nogpoGHO TOBOPHTL O CTOJIp MPOCTOH (opMe 3amu-
CH, ecsi Obl 3a Hell He CKPHIBAJHCh BaKHLIE H OCHOBOIOJATAIOIHE MO~
HATHS. B 1eficTBHTENHHOCTH TMPOUERYpa sIBASETCS OJHHM U3 TeX HeM-
HOTHX (YHIAMEHTaJbHEIX HHCTPYMEHTOB B HCKYCCTBE MPOTPaMMHpOBa-
HHSI, KOTOPHIE OKa3kiBAIOT PEIIaioIlee BAHSAHHE HA CTHAbL H KayeCcTBO
paboTu mporpammucTa. Ilpouenypa — sTo cnocob cokpaiieHust TEKCTa H,
uyTo GoJiee BarKHO, CPEJCTBO Pa3JOKEHHS NPOTrpaMmMbl Ha JIOTHYECKH
CBSI32HHBIE, 3aMKHYTHIE KOMIIOHEHTHI, ONPENENISIIoIHe €€ CTPYKTYpY.
PasnoxeHnye Ha 4acTH CYMECTBEHHO AJisT IOHHMAHHUS IPOTPAMMEI, OCO-
OeHHO ecsTH TporpamMmMa CJIOKHA U H3-3a GONbIIOH ATTHHLE TEKCTa TPYHO-
o6o3puma. PasnoxkeHye Ha TOANPOrpaMME HEOOXOAHMO Kak AJIsT JO-
KYMEHTHPOBaHHS, TakK H Iyl BepUQUKAUMH Tporpammsl. IlosTomy
JKeJIaTesIbHO OO PMIAATH TOCTEIOBATE bHOCTL HHCTPYKIHTL B BHJIE TTpOLE-
OYPHI, gaXke €cl mpouenypa HCTIONb3YeTCsi OJHOKpPaTHO H, CJiefoBa-
TeJbHO, OTCYTCTBYET MOTHB, CBSI3aHHHIIl C COKDAalLEHHEM TEKCTa IMPO-
rpaMmel. JlooNHATENBHYIO WEHGOPMAIMIO O TEepPeMEHHBIX (KOTOPLIE HC-
TOL3YIOTCST HIIH H3MEHSTIOTCST B IPOLEYpPe) WU 00 yCIOBUSIX, KOTOPHIM
JOJKHBY YIOBJETBOPSITL apryMeHTH, YAOOHO 3ajaBaTh B 3arojioBKe
IPOEAYPHI.

O nose3HOCTH MPOLEAYPHI, B YACTHOCTH O €€ POJIH NPH CTPYKTypu3a-
I[HH TpOTpaMMbl, HEOCHOPUMO CBUAETENLCTBYIOT €II€ JIBa MOHSITHS B
nporpaMMHPOBaHHH. JacTo HEKOTOpLIE TEePEMEHHLIE HIH OOBEKTH (HX
OOBITHO HA3LIBAIOT BCILOMOSQIMEAbHBIMU NEPeMEeHHbIMU ), HCTIOJb3yeMble
BHYTPH 3alaHHO{1 MTOCNEI0BATENLHOCTH HHCTPYKUHH, HE UMEIOT CMBICIIa
3a mpeeNiaMd 5THX HHCTPYKIOHi. B mporpamme CYLUIECTBEHHO MPOLIE
pasobpaTbesl, €Ci SIBHO yKas3aubl 001acTH JEHCTBHS TaKHX OOBEKTOB.
Ilpouenypa BHICTYIIA€T KaK €CTECTBEHHasi TEKCTOBas €IWHUIA, ¢ TO-
MOLIBLIO KOTOPOfl OTPaHHYHBAETCS 00AACH1b CYUIECITIB08aRUS. TAK Ha3bIBae-
MHEIX AOKQABHOIX 00BEKMOs.

Ogenb 4acTo HEKOTOPHE TOCHAENOBAaTELHOCTH HHCTPYKUMil, BCTpe-
qaolfecs B Pa3HEIX MeCTax MporpaMmbl, He HACHTHYHH, HO OYEHb
6su3kH 10 (hopme. Oco6eHHO BajKHA CHTyalHst, KOT[a Pasjindue MEXIY
OTIENbHLIMH BXOXKJICHHSIMH HWHCTPYKUH{l MOXKHO YCTPaHHTh CHCTEMATH-
gyeckoil 3aMeHOH HMIEHTH(HKATOPOB U BHIpa)keHuil. B sToM ciygyae um-
CTPYKIHH, WUIST KOTOPHIX ONpPENE/IseTCsl COKPallleHHasl 3aluch, MOXKHO
npenctaeuth B Oosiee obuiem Bumge cxemoli npoyedypoi. O6BEKTEI, KOTO-
pHi€ TPUAETCST 3aMEHSATH [71sT KajKJOro WHAWBHAYaJlbHOTO BXOXKICHHS,
Ha3bIBAIOTCST NApamMempomi npoyedypoL.

12.2. JlokanbHOCTB

Ecnu of0beKkT (KOHCTaHTa, TepeMeHHas, Npouenypa, (GyHKUUS UIH
THIT) UMEET CMBICK TOJIBKO B NPefieNiax HeKOTOpoil YacTH MpOrPaMMbl, TO
5TOT OGBEKT HA3LIBAETCS AOKAAbHbIM. B TAKOM cliyyae sTOl 4acTu Tpo-
rpaMMbl MOXKHO TPHCBOHTH HMs (T. €. O(pOPMHTH €¢ KakK IPOUuERypy).
JlokaseHEe OOBEKTH MPOLENYPH OMUCHIBAIOTCS B €€ 3arojoBke. Tak
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Kakg camy TPOLEAYPHl MOXKHO ONpenessiTh JOKaAbLHO, TO OIMHCAHUS MIPO-
uenyp MOryT OHITh BJIOXKEHHBIMU.

IMTpumep: Onucanue npoyedypel ¢ Onucarlem AOKAALHOLL Nepemer oL

procedure P;
var : integer; (12.4)
begin ¢ := r modg; r := ¢; g:=¢ end
B Tene mpouenypsl HCHOAB3YIOTCST OOBEKTH IBYX COPTOB: JIOKANLHBIE
(B mpumepe — £) ¥ HeJOKaNbHEIE OOBeKTH. Ilocniennue onpenesieHsl B
KOHTEKCTe, SIBJISIIOLIEMCST Cpedoll 171 OMHCAHNs Tpouenypul. Ecan oHu
OTpefieNieHEl B I'JIaBHOH TIporpamMme, TO TakKpe OOBEKTHl HA3BIBAIOTCS
21000AbHbIMLL; €CITH Ke OHU OIIPEZIENICHbl B CAMOM SI3HIKE (T. €. B KOHTEK-
CTe, B KOTOPHI «TIOTPy?KaeTCsI» Iporpamma), To OHH Ha3LIBAIOTCST CHIOH-
dapmubimic o6bekTaMu. O61acTbio CYUIECTBOBAHHUS JIOKAJIBHOIO 00BEKTa
SIBJISIETCST BECH TEKCT MPOLENYPH. JTO 03HAYAET, YTO MOCTE OKOHYAHHUST
uporecca, ONHCAHHOTO MPOLEAYpPOi, TPOCTPAHCTBO B MaMsITH, 3aHSITOE
JIOKAJIbELIMH TTEPEMEHEBIMHE, CTAHOBHTCS] CHOBA CBOOOZIHBIM H €TO MOKHO
HCIIOJB30BATh [1S1 APYTUX mepeneHHnX. OueBHHO, TPU TOBTOPHOM BEI-
30B€ TOM K& caMoil MPOLENypPH 3HAYCHHST ee JOKANLHBEIX I€PeMEHHbLIX
CHOBA He OIIPeZIeSIeHE!, TOYHO TaK ke KaK OHH He OBITH ONpesieNiensl TIpu
[EPBOM BLI3OBE MPOIEAYPH.

Ilpn umeHTHOHKALHY JOKaJbHEIX OOBEKTOB CYUIECTBEHHO TO, YTO
MBI MOXKEM BHIOHPATh NX MMEHA BHE 3aBHCHMOCTH OT cpefpl. Ho moxker
CAYYHTBCS, YTO HACHTHHKATOP (HAUpuMep, x), KOTOPHH ObLT BHOpaH
JJisT HEKOTOPOH JloKanbHOH TepeMeHHOH B mpouenype P, COBNagaeT C
nveHeM o6BeKTa, onpeaenennoro see P. KoneuHo, 3Ta cutyauus HMeer
CMHICT TOJIBKO TOTJa, KOTZIa HeJIOKaJLHHI X He ucrnonassyercs B P. [o-
5TOMY MBI YCTOBHMCS, 9TO [IPH COBIAIEHHWH WMeH, X BHYTpH P Gymer 03-
HayaTh JOKaJbRHYIO TIEPEMEHHYIO, a X BHe P paccmaTpuBaeTcst Kak He-
JIOKANbHHI OOBEKT.

ITpumep: Ipoyedypa, e Komopoti uenmuguramop AoKaibHOL hepe-
menroll (d) cosnadaem ¢ umenem enobanvroeo obvexma
var a, b, d, e: integer; {rnobanpHeie TepeMeHHbIE}
procedure Multiply; {rnobansnast mpouenypa}
var ¢, d: mteger {nokanbuble mepeMeHHbIE}

begin {e := a=b, cm. (7.18)} (12.5)
= a, d .= b, e = 0’
whlle d;&O do

begin if odd(d) then e := e{¢;
¢ = 2z¢,d := d div 2
end
end;
begin {rnaBmas nporpamma} a := 5; b : i d
Multiply {a=5, b=17, d— 10 e= 35}

I
=

end.
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TnaBuyio mporpamMy yanoOHO paccMaTpUBaTh Kak Mpouenypy 6e3 nMeHu.
Ee cpenoii siBiisieTca onepanloOHHAsT CUCTEMA BBIYUCIHTENbHOY MaIlUHH,
T7Ie TpeABapHTESILHO ONpPENENieHsl BCe CTaHAapTHHE OOBEKTH. Takum
o6pa3om, ICHO, TOUEMY HACHTH(PUKATOPH MOXKHO BHIOH paTh, He CYHTAACh
CO CTAHAAPTHHIMU MMEHaMu. Eciu ctanpapTHbIli OOBEKT HE HCIONB3Y-
€TCs B Iporpamme, To yrnorpebsaenue (ciygafinoe wiH MpegHaMePeHHOE)
€ro HICHTHPUKATOPA B KAYECTBE HMEHH JIOKAJIbHOTO OOBEKTa HE BEISOBET
KakuXx-iH00 HexkeJaTelbHbIX 3QheKTOoB.

12.3. TMapamerpsl npouenypbt

Ec/u HexkoTOpasi MOCJAELOBATENLHOCTL Onepanull UpHMEHSETCS K
PO3AUYHBLM OTIEPAEIAM B PA3HBIX YACTSIX MPOTPAMMBI, TO TAKasl MOCTe-
JOBATEJLHOCTH OQOPMISIETCST KaK npoyedypa, a ee onepaHsl CTaHOBSITCS
napamempomy. VineRTHdHKATOPH, BBEIEHHLIE B 3aT0JOBKe MPOLEAYpHI
1151 0003HAUEHU S ONEPAHIOB, HA3LIBAIOTCH (DOPMOALHbIMU NAPAMEMPO-
mu. OHU UCTIONBL3YIOTCS TOMLKO B TeNe MPOLEAYPH U JOKaJdbHEl TTO OT-
HOweHno K Hedt. O6BEeKTHl, MOACTaBJIsIeEMbe BMECTO GopMaliLHBIX Hapa-
MeTpOB, HAa3bIBAIOTCSI ghaxmuueckumy napamempamu. OHU 3a7aloTCs B
KaX0M OTepaTope MPoUenypsl UAH yKasatesne ¢pyHKUBH. Tun QaxTi-
YECKOTO MTapameTpa ONpenesseTcs: TANOM (OpMaibHOTO NapaMeTpa, Ko-
TOPHITI CIEUUPHIMPYETCS B 3arofioBke npouenypsl. Ilomumo cnenuguka-
IUH THOA HapaMeTpa HeoOXOAMMO TaKXkKe yKasaTb XKejaemuill crocob
TOACTAHOBKH, MOCKONBKY BMECTO (OPMasILHOTO NMapaMeTpa MOXKHO MO~
CTAaBUTL TEKyllee 3HaueHHe JHO0 uMst (HaKTHYECKOH MepeMeHHOli uiu
BHpaxeHnue. [IpUHSTO pa3yHyaTh TPH crocoba MOACTAHOBKH TapaMeT-
pOB.

1. daxTnyecKufi mapameTp BHYHCHASETCH H MOJYYEHHOE 3HAUCHUE
TIONCTABJAAETCST BMECTO COOTBETCTBYIOLIETO (POPMANBHOTO MapaMerpa.
70T croco® HA3LIBAETCST NOOCMONOGKOL SHOHEHUS T UMEET HAHOCOJbIIee
pacrpocTpaneHue.

2. QaxTuyecKuil MapaMeTp ecTb NepeMeHHas. BO3MOXHO, noTpe-
Oyercst BuowHcjeHue uBAeKcoB. OnpenesieHHass TakuM oOpasom Mepe-
MEHHAs] 3aMeHsIeT COOTBETCTBYIOLIHI (POpPMaNbHBI TapaMeTp. ITOT CIIo-
cO6 Ha3LIBAETCST noOCMOHOBKOL nepemerroli (ccolari) W HCIONB3YeTCs
B T€X CJIyyasiX, KOTjia TapaMeTp BEIYHCIISIETCS B IPOLEyPe U ABNSETCS e
pE3YJILTATOM.

3. daxTuyecknil mapameTrp HoacTapisieTcss OYKBaJbHO 6e3 KaKHX-
Ju60 BLIYHCTEHUIl. DT0 HA3LIBAETCS nodcmanoekoil no umernu. Ha npak-
THKE 3TOT CHOCO6 HCTOAL3YETCH PEOKO.

Ipumep:
Ha npumepe nporpammer (12.6) gemorcTpupyroTCs Tpu criocoba mo-
CTAHOBKH MapaMeTpoB. Mpl PacCMOTPHM pe3yJIbTaThl BHIIOJHEHHS Ole-
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patopa npouenypu P (alil).

var i: integer;
a. array [1..2] of integer;

procedure P (x: integer); (12.6)
begin i := {41; x := x42
end;

begin {I"maBras uporpamma}
a[l] := 10; a[2] := 20; i := 1;
P(a[i])
end.
Cryuaii 1: INodcmatioeka 3nauerus
Ilepemernas x uMeer HavaibHOe 3HAueHHe 0.
Koneunoe 3uauenne nepemenroil a=(10, 20)
Cayuait 2:  ITodemarnoska nepemertotl
x=qa[1]
Huctpyxunst x: = x--2 tenepp o3navaer a [i] : =a [114-2.
Koneunoe 3nauenue nepemennof a=(12, 20)
Cayuati 3;  IloOcmaroska no umeri
X==Q [l]
Muerpykuus x := x-+-2 tenepnb o3uavaet a [i] := a [i]H-2.
Koneunoe 3nauenne nepemennod a=(10, 22)

Jlmsi TOTO 9TO0b! OTIHYATH Pa3HBE CIOCOOK! MOACTAHOBKH, M c(hop-
MyJHpYeM CJEAyIolHe IPaBUia, KacCaiollHecs] HOTAUHH:

1. ITodcmaroeKa 3raueHus onHa U3 CamMbIX PacrpoCTPaHeHHBIX MOj-
CTAHOBOK, W MO3TOMY HMEHHO OHA TMOZpa3yMeBaeTcst M0 yMOJda-
HHIO, T. €. B TOM CJIyuae, KOrJa OTCYTCTBYeT siBHas cenuuKanmsi.

2. IToOcmaroerka nepemer ol yKa3bIBAETCsI C TIOMOLIbIO CHMBOJIA var
nepes OAHHMM HJH HECKOJIbKHMH (POPMaJbHEIMH TapaMeTpamH.

3. Mo BO3mepIKUMCS OT BBeIEHUs] oGO3HAYeHuH AT HoOCmONOSKU
10 uMeHU, TOCKOJILKY AHAJIOTHYHLIE CHTYAIHH PaccMaTPHBATCS
B pa3nm. 12.4.

B cooTBeTCTBHH C 3THMH NpaBHJIaMil Mbl MOKEM TI€PeITHCaTh MPOTPaAMMY
(12.5) B BHZE TpOUENYPH C TPEMS TapaMeTPaMH, Kak 1MokasaHo B (12.7).

ITpumep: Ipoyedypor ¢ napamempanu

var a, b, ¢, d, e, f: integer;

procedure Multiply (x, y: integer; var z: infeger);
{x, y, z—dopmalbHEIE TapaMETPH}

begin z := 0; (12.7)
while x40 do
begin if odd(x) then z :

y 1= 2=zy; := x div 2

f
. N
+
S

end
end;



110 12. IIOAMNPOIPAMMEI, MIPOUENYPH U OYHKLHNH

begin {['maBuasi mporpamma}
a:=5b:=7,d := 11, e := 13;
Multiply (a, b, ¢); Multiply (d—b, e—a, )
{a=5, b=17, c=35, d =11, e=13, f=32}
end.

B mporpamme (12.7) mokasaro, 4TO B Cly4Yae MOACTAHOBKH 3HAYEHHS
opManbHHE 1apamerp 0003HaUaeT JOKaNbHYI MEPEMEHHYI0, KOTOPOH
BHAYaJe I PUCBAUBAETCS Pe3yIbTaT BEIYUCIEHIS COOTBETCTBYIOLLETO (paK-
THYECKOTO napamerpa. M mocse 3Toro HawanbpHOrO MPUCBAUBAHUS [ajlee
y2Ke He CYNIECTBYeT KaKoi-iubo CBs13H MeXKAy (PaKTHYECKHM H (hopMadiL-
HLIM OGBEKTAMH. ITO TO3BOJsIET HaM CPOPMYTHPOBATL ABA OOLIUX Mpa-
BUJIA, TMOJIE3HHIX NMPH BHOOpPE TOACTAHOBKH.

1. Ecin mapamerp sIBJsIETCST apryMEHTOM, a He pe3YJIbTaToM
npouenyps! (byHKIHH), TO (KaK MPaBHJO) CHEAYET MPEANoUecTDb
HOOCIMOHOBKY 3HOYEHUS.

2. Ecnu mapamerp o6o3HauaeT Pe3yabTaT TPOUELYpPHl, TO HEOGXO-
IHUMa HOOCHQHOBKA NepemerHol.

Meton mopcTaHOBKH TNepeMeHHOH TauwT B cefe HEKOTOpYyIo ofac-
HOCTb, TIOCKOJILKY JIOCTYI K 0OHOU U moii sce TIepeMEHHOH MOXKET ocy-
IECTBAATLCST € TOMOLIbI0 Gosee yeMm oxHOH HpeHTHpHKanuu. Omac-
HOCTL HEH3MEPUMO BO3PACTAET, €CHU Mbl HMEEM JIENIO CO CTPYKTYPHLIMH
HepeMEHHLIME, HApPHMEp, ¢ MAacCHBaMH. B 3THX ciyuasx Heo6Xommmo,
yTOGH TPOTPAMMECT CTPOro cobiofal AUCHHIIHHY TPOTPaMMHPOBa-
HHS U, B YAaCTHOCTH, CJEAYIOLIEE BAXKHOE UPABHIIO UBMEHSEMble NAPQ-
MempolL HEAb3S. CBA3LIBAIMY ¢ KAKUMU-AUG0 OpYyeluml NApaMempomu, m. e.
HUKakol hapamemp He Qoascer 0bosHauamb Opyeoll hapamemp UL e2o
Komnorermy. OMacHOCTH, KOTOPbIE MOTYT IPOSIBUTLCS MPH HAPYIIEHHH
3TOTO MPAaBHJa, MOKa3aHpl HA TPHMEPE TPOCTOfl MponenyPH YMHOKEHHS
MaTpHIL.

Hpumep: HeoOuosHauHocmb npu UCNOALI0BOHUL S0BUCUMBIX U3Me-
HAEMBLX NOPAMEMPOR8

type matrix= array [1..2, 1..2] of integer;
procedure mult (var x, y, z: matrix); (12.8)
begin zEl, 1] 1= x[1, 1=y[1, 1]+x[1, 2]=y[2, 1];

z[1,2] := x[1, 1]&y[1,2]—l—xE1,2]%y[2, 2];
z[2, 1] := x[2, 1]=y[l, 1]+x]2, 2]=y|2, 1];
2[2, 2] 1= x{2, l]=y[1, 2]+x[2, 2]=y(2, 2];

end
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Janbt MaTpHIsl
o 2 1 (3 -1
A*<ﬂ1 3) n B= <1 2)
Mu Hccnenyem fefiCTBHME CREAYIOIHWX HMHCTPYKIIHIL:

1. mult (A, B, C) npusomut K CZ(S g)
2. muit (A, B, 4) npusome x A=(7 %)

70
3. mult (A, B, B) npuBognt K B*<4 6)

3aMeTuM, 9TO TIPaBUALHbLIE PE3YJbTaTH (CM. MHCTPYKUHIO 1) MOXKHO
NOJYYHTh BO BCEX TPeX CIyuasx, €CJIH X H Y CHeHMPHIHPOBaHbl KaK
napaMeTpu-3HaueHHs (CM. Takyke ympaxkueHne 11.1).

12.4. Hcnosb3oBaHMe MMeHM NpoOUEAyPbI MJM (hYHKUMU
B KauecTBe (haKTHYECKOro napamMeTpa

Ipouenypa wnu QyHKUUs F HCONb3YeTCss B KayecTBe [apamerpa
upouenyps! unu ¢yuknuu G, ecnn F MOMKHA BLIYHUCISITLCS BO BPEMsT
BommosiHenust G u ecny F mupencraBnsieT co0ofl passuyHbe TPOUENYPhE
HWIH QYHKIWH B pa3inyHblx obpameHusx K G. Xopollo H3BECTHHIMH
IPHMEPAMHU SIBJISIIOTCS] aNiTOPUTMb! BLIYMCHICHHST WHTerpana (i GyHKIUH

Ipumep: Bowmucnrenue unmezpara no gopmyase Cumncona
Hns1 anmpokcumanuu HHTErpaja

b

s={ Fooax (12.9)

a

HCIIOAIL3YETCST CyMMa KOHEYHOTO YHCHA Y3JOBLIX 3HAueHHWd f;.

Sk:g—(fo+4f1+2f2+4f3+2f4+ s +4fn—3+2fn—2+4fn—l+f")
(12.10)

rae fi=f(a+i=h), h= (b—a)/n 1 n=2%. YUucao y3/NOBbLIX TOYEK PABHO
n-1, a h — paccrosiHye MeXIy NBYMS COCEAHHMH Y3JOBHIMH TOYKAMH,
3nayeHye HMHTETpasia S aMIPOKCHMHUPYETCS MOCHEA0BATENLHOCTLIO S,
Sa, S3, ..., KOTOPAs] CXONUTCS, €CNH (PYHKIHUSI BemeT celst A0CTAaTOYHO
Xopomo (Tfagkas) U ecnu apuMeTHIeCKHe OTePanui BHIIONHSTCH
TOYHO.



112 12. TOANPOIPAMMEI, MTPOLIEAYPHI U dYHKUIUU

Ha xaxnom 1are ypcio ys3noBHX ToYeK yzaBauwBaercst. Kowueuwno,
XOpollast mporpamma He OyneT BHYHCTATL QyEKuHo f(x) 2F pas nHa
KaXXIOM k-M 1uare, MOCKOJbKY MOXKHO WCIIOJNb30BATh 3HAYEHMA fj,

~

f&x)

(12.11)

NOMYYEHHbIE Ha TpeAuAYIIUX Iuarax. B cymMe s, Tpu uieHa
Sp== S’ +- 52 +-si° (12.12)

KOTOpHIE 0603HAYAIOT CYMMbI B Y3JIOBHX TOUKax ¢ Becamu 1, 2 u 4. Mx
MOJKHO OTIPEENUTb C MOMOLIbIO PEKYPPEHTHHX cooTHOmeHuH (12.13)
a5t k>1 w HavanbHbIX 3HaueHuH (12.14).

Sk’ = 5 Sk—1
1 1
S =< S2y - S (12.13)

S0 =2 (f (@+1) 4 F (@-+30) + ... +F(@+(n—1)h)

s =1 (f(a) +F (5)
s®» =0 (12.14)

Tocsie COOTBETCTBYIOMIEH TMOACTAHOBKHM B CXeMy mporpammul (9.23)
3TH COOTHOIIEHUSI TPHUBOASIT K UporpaMme uuHTerpHpobanus (12.15),
B KOoTopoil GYHKUMA [ UTPaeT podb Mmapamerpa.
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function Simpson (a, b: real; Tunction f: real): real;
var i, n: integer;
s, ss, sl, s2, s4, h: real,
{f (x) —BewmecTBenHasa QYHKHSA C OIHHUM TTapamMeTpoM
THra reql. ®yHRUHST JO/KHA OBITHL OmUpenesieHa
B HHTepBase a< X< b}
begin n := 2; h := (b—a)=0.5;
sl := hx(f(@3-f(b)); s2 := 0;
4 := 4=xsh=f(a+h); s := sl{-s2}s4; (12.15)
repeat ss := s; n := 2=xn; h := h/2;

sl := 0.5%sl; s2 := 0.5%52-0.25 % s4;
4 :=0; i := 1;

repeat s4 := s4d+f(atish); i := (42
until { > n;

s4 1= 4xh=xs4; s := slJ-s2-}-s4
until abs (s—ss) < e;
Simpson 1= s/3
end

Tenepr QyuKUHIO SimMpson MOXKHO HCIOJL30BATL B KAUECTBE Olle-
panpma B J00OM BEIECTBEHHOM Bolpakenun. Hampumep, HHCTpyKUHs

u := Simpson (0, /2, sin) (12.16)
0003HaYaeT TIPUCBaHBaHHE
/2
U= S sin (x) dx

0

Onnako TperbuM (HaKTHYECKMM TapaMeTpoM B OOpallleHHH K (hYHKLHH
Simpson MoxeT GHITbL TOMBKO HUMsI GYHKUHH. B OGOMLIIMECTBE S3BIKOB
IpOrpaMMHpPOBAHUST HE Pa3pelaeTcst HCIOML30BAThb B 3TOM KAYECTBE
Bepaxkenue, (Mckntoyenue cocrasisier Anron-60, B KOTOPOM BO3MOXKHA
TaK Ha3bBaeMasi MOJICTAHOBKA 10 HMeHH.) Hanpuwmep, nnist BuUcienus
HHTerpana

/2

dx
= § . (12.17)

(02 cos? x--b% sin%x) 2

C ToMolL 0 GYHKIUE Simpsor HEOOXOMHMO SIBHO ONPERENTUTD €LIe ONHY
dynkuuio F.

function F (x: real). real, (12.18)
begin F := 1/sqrt (sqyr (o = cos(x))-sqr (b=sin (x))) end

5 H. Bupr
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ToNbKO B 3TOM €l1yUae MOXKHO BLIpa3uTh (12.17) ¢ HoMOLILI0 HHCTPYKUHUH
u := Simpson (0, /2, F) (12.19)

YITPA)KHEHHWA

12.1 Chopmysupyitte nporpamver (7.18), (7.22), (9.17), (9.28), (10.21), (11.24)
u (11.30) B BUAE npouenyp usaH QYHKIMH C COOTBETCTBYIOIIMM O6pasoM BhIGpaR-
HBIMH TIaPaMeTpaMu.

12.2 Paccmotpute cnepyiomee ONHcakue (yHKUHH:

function f(x, y: real): real;
begin if x>y then [ := (x-]-y)/2 else (12.20)
fi= F{F&t+2, y—=1), Fx-+1, y—2)

end

Kakum Gyner 3uauenue f (1,10)?
Kaxum Gosee npocTeiM cnoco60M MOIKHO NMpPEACTABUTH M BHYUCAMTE f(a, b)?

12.3 BrmossMTE Clefyromue TPU MPOrpaMMBl M ONpefefiHTe 3HauYeHusl (PaKTHYeCKHX
napaMeTpoBR B HHCTPYKIMAX Wrife:

a) var a, b, c¢: integer;
procedure P (x, y: integer; var z: infeger);
begin z := x-}y-}-2; write (x, y, 2)
end; (12.21)
begina := 5; b := 8 ¢ := 3
g(a b, ¢); P(7, a-l-b--¢, a); P(asb, adivb, )
en

b) var i, j, k: infeger;
procedure P (var i: integer);
begin i = i-|-1; write (i, j, k)
end P};
procedure Q (h: integer; var j: integer); (12.22)
var i: integer;
procedure R;
begin i := i-}-1
end {R}
begin i 1= j;
it h=0 then P (j) else If h==1 then P (i) else R;
write (i, j, k)
end {Q};
be%ini =0 j:= 1L k=2 Q(0,k); QU i); Qg )
end.

) procedure P (procedure R; b: Boolean);
var x: integer;
procedure Q;
begin x :=x--1
end {Q}; (12.23)
begin x := 0; if 6 then P (Q, false) else R;
write (x)
end {P};
begin P (P, true)
end.
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12.4

12.5

&%

Kax nokazan Iaycc, snnuntuyeckui unrerpan (cm. [2.17)

/2
dx
1
0 )

(0? cos? x| b2 sin? x)

=

2l

paBeH npesmeny mrofoll U3 ABYX CXOASIUXCS IOCJAENOBATENBHOCTEH
Soy Sps Soy o«« HIH &y, By, Lo ...

KOTOpEE ONpenenssiotess CAeAyOmHUMH PeKypPPeHTHBIMH COOTHOMIEHMSIMH  (f71st
i>0):

Si=(S;-1-F{;-1)/2

ti=Vsi—y1=ti

W HaYaNbHBIMH 3HAYEHHSIMH Sy=a, fo=b. DTOT CNOCO6 BHIYMCAEHHS JBYX NOCJEN0-
BaTe,TbHOCTEH HA3BIBAeTCs! METOOM apH(MeTHYECKO-TeOMETPUYECKOTO CPEIHEro.
Jatite onucanue cOOTRETCTRYIOmEH (QYHKIMH,

Metop vuTEerpupoOBaHus, NpenJoKeHHBH Pombepeos, OCHOBAH Ha alNpOKCHMA-
WY WHTerpaja

b

S f(x)dx
a
nocneaoBaTeJIbHOCTBIO

Lo Lo Ta00 -os

KOTOpasi CXOAWTCsl, ecylH GYHKUMsI f 1OCTATOMHO Traakas. Usenwl Nocresoba-
TeJIbHOCTH ONpelessiorTcs] PEKYPPEHTHEIM COOTHOLIEHHEM

[
b, b =g 4" % -1, k13— Lm—1, k)
npu m>0 U HayasIbHBIMH 3HAYEHHAMH

b— 1
ton="2 (g forb bt oo hmabog )

rae n=2% u f;=f(a-}i= (b—a)/n). Haiite onucanne QYyHKUMM C TapaMeTpamu
a, b v [, annpokcuMupylome# HHTErpa ¢ 3a]aHHOH OTHOCHTEILHOH TOYHOCTBIO €.
Yrasanue: B kKaxpoil y3J0BOH TOUKe NpoOrpaMMa AOJKHA BRMHCJAATH HYHKLHIO
[ Tonbko opuH pa3. Ha xaxaom miare 4uCsIO y3JIOBBIX Touek yamaupaercs. He
none3yite Maccue 7, Takoi, yro mocje k-ro mara

Tlil=ty~i; =0, ..., k

B cayuae M0X0H cXOAMMOCTH HTepansH ciefyeT NpekpaTHTh He Goslee YeM Yepe3
p waroe, T.e. k=0, ..., p.
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12.6 HasoBeM 3naueHue x, «KOPHeM» BeliecTBeHHOH QyHKuHu f(x), ecnu
(F (xo—#) <0)= (f (%o+-2)>0)
NpH J1060M CKOJIb YrofHO MajoM &. Hamumure mporpammy-QyHKIHMIO ¢ Hapa-
MeTpaMH a, b ¥ f, onpezensIomyo Kopekb f(x) B MHTepBase asx<lb Npu ycio-
BUH, YTO BBINOJHSETCS OTHOIIEHHe

(F (@) <0)y= (F(&)>0)

Yrasanue: Vcnonpsylime MeToj; MHOTOKPATHOTO * JIEIEHHST TONOJAM HHTEpBana,
cofiepaKallero kopewb. O6patHTe BHHUMaHMe Ha CXOJICTBO 3TOTO MeTOjd, Ha3bl-
BaeMoro Oesenues nonosam V), ¢ GuHapHEIM DOHCKOM (cM. 11.32). Ompesenure,
CKOJIBKO pas TpefGyeTcsl BHIYMCAMTBL QYHKUHIO f, eclH 3anaubi a, b u €

L B opurusane bisection.— Ipun. ped.



13. NPEOBPA3OBAHUE
NMPEACTABJIEHHH YUCEJ

AGCTpakTHOE TMOHSITHE YHC/IA HE 3aBHCHT OT €T0 BO3MOXKHLIX MpEf-
craprenuil. Onepanuu Haj 4YUCJaMH MOXKHO TOYHO ONPEAESHUTL HEKO-
TOPOH COBOKYHHOCTLIO OOIHX axcuom. OmHAKO eciu 5TH Ouepanyy
BLITONHAIOTCST Haj, BIIOJIHE ONpPENeSeHHHMH YHCJIaMH, TO KOHKPETHOE
OpencTaBieHne AT HUX JIOMKHO OHITh BBLIOPAaHO TakK, YTOOH MOXKHO
OLJIO y3HATL pe3yJibLTar.

JKenatenuHO onpenenuTL Ollepalii Haj YUCAaMU € ITOMOUILIO ofrie-
3HAYNUMBIX 4JTOPHTMOB, HE 3aBHCSIIHX OT KOHKPETHOIO MpENCTaBJe-
uust. Torma B mio6oM Tporeccope, TMpefHa3HAYEHHOM IJIsT BLITONHEHHS
apu¢MeTHUeCKHX Olepanuil, MOXXHO BHLIOpaTh MpeicTaB/eHne, Haubosee
COOTBETCTBYIOLIEE €0 BO3MOXKHOCTSIM. B COBpEMEHHLIX BLIYHCIHTENL-
HBEIX MammHax csofoma BHIOOpa UCIONL3YeTCsT TaK, YTO MPeMIoYTEHHE
OTJ|aeTCsT TPEeACTaBJeHHi0, B OCHOBY KOTOPOTO TIOJIOKEH JIBOHYHLIE
anpaBuT. OpHAKO JBOMYHOE MPEACTABJEHUE HE YIOOHO ISl YeSIOBEKa,
TOCKONLKY €ro € paHHEro JIETCTBA ydaT MOJL30BATLCH JECTTHYHOH
cuctemofi cuuciienus. Ilo sTOfi npuYHEE ycTpoHCTBA BBOJAA-BLIBOAA B
BLIYHCIHTENLHLIX MAIIHHAX cHabXkeHk HabopamMu JIUTep, COAEpPKAIHMH
JIeCSITUYHLIE 1UBpPL, KOTOPHM, pPa3yMeeTcs], CONOCTaBIeHL BHYTPEHHHE
JIBOWYHLIE KOAL. [1pu BBOZE M BHIBOJE YHUCJOBLIX JAHHLIX BHIYHCIIUTEN b
Hasl MalllHa [EePeBOAHT YHC/A W3 BHEIIHEro, HTPHBLIYHOTO 171s1 HAC
[peIcTaBJeHNs], BO BHYTPEHHUN BHI ¥ HaoGopoT. B ofmenpuasTom
JIECSITHYHOM TIPEJICTABJICHHH

(a) uconb3yercss TO3HIHOHHAST 3alHCL [H(P, PACHOJOKEHHBIX

[0 CTENeHsIM TaK Ha3LlBaeMOTO OCHOBaHHsS B, a
(b) wucyo 10 ompezesisieT KOMHYECTBO PasfiHYHBLIX mUpp H, KpPome
TOTO, SIBJASIETCS] OCHOBAHHEM CHCTEMLI CUHCTEHHS.

Ilpu obobuieHny anTOPHTMOB TpeoOpa30BaHus NpeAcTaBJeHU 1Jis
CHCTEM ¢ TTPOU3BONLHLIM OCHOBaHHEM B (> 1) He BO3HHKAeT KaKHX-TH60
JOUOAHHUTENLHEX TPyAHOCTeH. OnHAKO MBI OTPaHHYHMCST PacCMOTpe-
HUEM aJITOPUTMOB TEpEBOAA HJSI NOSULUOHNBLX CUCHIEM CHUCACHUS..
Takum ofpasom, necsiTvynass cucTema GYAET YAaCTHLIM CIY4YaeM, Korja
B==10. OOGiee cpoficTBO BCeX TMOSHIHOHHHX CHCTEM COCTOHT B TOM,
9TO TmocnenoBatenbHocTs 8,=d,. .. .d,, cocrosiuast u3 n wudp, o6o-
3HAYAeT YHCJIO

n

b= 2dix Bri= (... (dys B+d) B+ +dy)) % B+ d,
(13.1)
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I7e d; €CcThL YHCJIOBOE 3HAYEHHE, TPEACTapJeHHOEe Jutepoii (uudpofi)
d;, a B— ocHoBaHue cucreMb cuuciaenus. Jlroboe uyncno x (0<{x<B")
OZIHO3HAYHO TIPEICTABUMO, €CIH CYLIECTBYeT B pasjuuHbIX Hupp, KO-
TOpLIM COOTBeTCTBYIOT 3uauenus 0, 1, ..., B—1. Ecnu 3anucars nepBbie
i nudp NpeAcTaBieHnus yucha B Buge 8;=d,. ..d;, 1o us (13.1) 1 §,=0
HETIOCPEJICTBEHHO ClENyeT PEKYPPEHTHOE COOTHOIEHHE

Si:S,-_l*B—l—Zl,- 0<L~ll< B (13.2)
N3 (13.2) Takxe ciemyeT
Si_lz&-div B u d;=§&modB (cm. Tarke 7.23)  (13.3)

B mocrnenyiomux mporpaMmax (GYHKUHS IS BuYHCHeHHs d Oymet
obosnayatuest Kak num(d). Ora onpemesiena Haji OOUHOYHHIMU JIHTE-
pamu (uudpamn). O6parHyio QyHKIHIO 0003HAYUM Yepes rep (x);

rep (num (d))=d w num (rep (x))=x (13.4)

ITH QYHKIHH 3aBHCAT OT KOHKpeTHOro HaGopa sautep. Haupumep, nnsa
natopa Jiutep ASCII ux MOXHO ONpENESUTHL ¢ MOMOIILIO CTAHNAPTHLIX
dyHKuuii nepesosa chr u ord:

rep (X)==chr (x+-ord ('0")) u num (d)=ord (d}—ord ('0’)  (13.5)

OG6paTHUi alTOPUTM JOJIKEH BHIYUCHATL MOCAEL0BATENLHOCTL UMD
dy. . .dpy=0,. Lenbio paccMaTpuBaeMLIX TPOTPaMM SIBJSIETCS PaCIIH-~
peHHe 3JeMEHTaPHLIX (PYHKUMII NepeBoja Ha chaydaf, Korja IepeBo-
JUMble YHCTa MPEBHILAOT B H KOTZa HMeeTcsl He ofHa Hudpa, a IMo-
CJIeIoBATeNILHOCTL  LHGP.

13.1. BBoa 4 BBIBOA HEOTPHUATEIbHBIX HEJBIX YUCEJ
B TNO3UIHOHHOH (opMe

IlporpamMmMa HaxXOMKAEHHST YHCHA, NPEACTABICHHOTO MOCHEAOBATEND-
HOCTLIO HHDP B TEKCTOBOM (Qafine D, monydaercss IpUMEHEHUEM PEKyp-
perTHOTO cooTHOLIeHHUsT (13.2) K cxeme mporpammul (9.2) ¢ HCMOML30-
BaHMeM HHCTPYKUUU repeal, a ne while. Ilporpamma odopmnena kax
uponenypa (13.6), B KoTopoii Tpeanosaraercs, 9yro MpH BXOAE B TMPO-
uenypy 3nauennem Gydeproft nepemennofi D} sipaisiercst mepsasi uudpa
dy. Kpome Toro, npeAnosaraercs;, 4To MocAeI0BaTeNLHOCTL HUQP OKaH-
YHBAETCST JUTEPOH, HE saBasioluefics nudpol, U MO3TOMY YTEHHE H3
dafia D 6yzner nponosKaTLest IO TeX MOp, NOKa 3Ta JIUTepa HE CTaHeT
snauendem Oydeproii mepemerHofi D4. Jra cxema 0osee BCETO COOT-
BETCTBYET TOl CUTyalUuH, KOIZa yuTaeTcst ¢afin BBOAA, B KOTOPOM IO-
CNIENOBATENbHOCTH HH(DP BKJIOYEHBL! B OOIIMI TEKCT (HampuMmep, B Mpo-
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TpaMmy).
procedure read (varx: integer);
begin x 1= 0;
repeat x := B=xxJ-num(Dt); get (D) (13.6)

until — digit (D)
end

Jloruueckas ¢yuxuus digit (d), Tak xe kak 0 num (d), 3aBUCHT OT KOH-
KperHoro HaGopa nutep char. Jlnst HaGopa nutep ASCII, nampumep,
3Ty (QYHKUHIO MOXKHO OTHCAThL CIEAYIOIUM 06pasoM:

digit (d) = (V'S N (d<9') (13.7)

OCparuuiil anroput™ HaxokneHust uudp di...d,=35,, upencrapis-
foyxX gucyo §, B MO3UIHOHHON CHCTEME CUHCJEHHs C OCHOBanueM B,
MONy4aercss npuMeHeHHeM cooTHoleHuH (13.3) K cXeme OpOTrpaMmbl
(9.2) omsTb-TakK € HCTONBb30BAHWEM MHCTPYKIMH repeat, a ve while.
Ecnmu 3azano wucyio §;, TO mocnenHsiss nudpa B €ro MPeaCcTABIEHHH
HAXOAWTCsT ZICICHHEM 5TOTO YHCJIa HA B U MPUMEHCHHeM 3JIeMeHTapHOH
(GYHKIMH TI€PeBoJa rep (X) K mosydeHHOMY ocTaTKy. OcTanbHule Hugpphl
MOXKHO TOJIYYHTL, TPUMEHSS TOT 3Ke alTOPUTM K YACTHOMY OT JEJIEHHS.

Ecau uudpH di, ..., d, Heo6Xomumo 3amnucaTh B (afial BuBo#a D,
TO MLl OOHApy’KHBaeM HeyZoOCTBa, MOCKONLKY HAIl afTOpPUTM BHLIIAET
uudps B oOpaTHOM NOpsiiKe (HOCHenHssT uudpa BLIAETCsT MEPBOL).
OueBnpnro, norpebyercst OygepHasi TMaMsTh, KOTOPYIO nesecoobpasHee
BCETO TMPEACTABHTL B BHAE MAcCHpa d. B pesyabprate Mul osydaem mpo-
rpamMmy (13.8), KoTOpas Takke oOPMISIETCS B BUAE TPOUENYpPHI

procedure write(x: integer);
var u: integer; i:0..n;
d: array [1..n] of char;
begin {0 <Cx < B"lu := x;i = n; (13.8)
repeat d[i] := rep(umod B); u := udivB;
i 1= i—1
until i=0;
repeat {BoiBOn HMpp B OOpaTHOM mMoOpsiake}
{ := i+1; Dt := dli]; put (D)
until i=n
end

B 3Ty mporpammy sierko BHECTH CJEAYIOIINE IBA YJyYILIEHHST:

UroOul MojaBHTh CTapuiHe HYJH, [PEUIECTBYIOLINE MEPBOL
SHayamed nuppe, 3aMEHMM YCIOBHE OKOHYAHHSI MEpBOTO LHMKJIa (=0
Ha y=0. 3aMeTHM, YTO OfHA NH(ppPa MOABHTCST B JIOOOM cJiyyae, eclu
Baxe x=0,
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2. Beegem BcrmomoratesibHYI0 TIEPEMEHHYIO U M 3aMEHHM JIBE HH-
CTPYKUHMH, B KOTOpBIE BXOIAT HOBOJBLHO «moporues onepauud div u
mod, Ha clenyiouue HHCTPYKIHH

=udivB; dlil:=rep(u—B=u); u:=wv

13.2. BeiBop ApoGeii B no3uuuoHHOH (popme

B nosuuuoHHOR CHCTEME CUHCJEHHs BEIIECTBEHHEHE YHC/Aa Tpel-
CTAaBJSIOTCST UENOH 1 ApoOHON YacTsiMHi, OTAEGJEHHLIMH APYr OT Apyra
toukoii. [lockonbky B paszg. 13.1 npobnema npeoGpa3oBaHust HATYpamb-
HOTO YHCJI2 B MOCJIENOBATENBHOCTb HUGD y2Ke 06CY:KIanach, Mbl MOKEM
OTPAHNYHUTBLCST PACCMOTPEHHEM AJTOPHTMA TIE€PEBOAA YHCTHIX Apoleii
x (0<Cx<1). To-ipexxHemMy OYAET UCIOJBL30BATLCS CHCTEMA CYHCTIEHHS
¢ OCHOBaHHeEM B.

IMycts mocnenoBaTenbHOCTL HQP 0=d,. . .d, obo3naugaeT APOOL.
Ecnu Touka pacmosioXkeHa HENOCPENCTBEHHO CJIeBa OT MOCHEN0BaTedlb-

HOCTH, TO 3HAYeHHe § ONPENENSIeTCsI CAEAYIOUHM 06pasoM:
n
_ _ . . .
a=2d,.*3—t=3}(dl+§(dg+---+§dn>...) (13.9)
=1

roe d;=num (dy) un 0<{d; < B s moboro i. Eean 0603HaYHTL TOCTe0-
BaTeNbLHOCTL d;. . .d, yepe3 §;, To 3 (13.9) HemocpenCTBEHHO CIENYIOT
PEKYPPEHTHLIE COOTHOILCHH ST

Si=%(5ii+si+1) 0<8: <1

d;=trunc (Bae(‘i)
~,+1—B*6

AnropuTM, KOTODPHI# MTOJYYaeTCs HOILCTaHOBKOﬁ cootroinenu#i (13.10)
B cxeMmy mporpammb (9.2), mpencraBneH mpouenypoil (13.11). Ilpen-
[OJIATaeTCs], YTO MEePEMEHHON 1 MOCTEIOBATENbHO TPHUCBAUBAIOTCST 3HA-
yeHnn 8;, 8, ... . B KauecTBe yCJOBHSI OKOHYAHHWS IHKJAA HENL3S
ucrnonb3opath 1=0, Tak Kak He NPHUXOAHTCS pacCUHTLIBATL Ha abco-

JIIOTHO TOYHOE TpefcTaBienue Apobw x=3§. IlostoMy anTopuTM 3aBep-
ILIaeTCs], KOT[a TONYYeHO 3aflaHHOe KoJaudecTBO (1) umdp. Ha Kaxmom
mare npo6b YMHOXKaeTcst Ha ocHopanue B. IIpHMeHsisT sneMEHTapHYyio
QYHRUHIO rep (X) K Uenofl 4YacTH BLIYHCTEHHOTO MPOU3BEICHHS, MEI
nosyyaeMm ouepenHyro nudpy. s mosydeHus ocTajbHHX UMD UpH-
MEHSIETCST TOT K€ CaMHil aArOpUTM K ApoCHO#l wacTH TPOH3BENEHUSA.
K cyacTbio, 3Ta Mpouenypa T€HEPHPYET UHPPLl B JOIKHOM TOPSIIKE;
o3TOMYy He TpeOyeTcsi MpOMEKYTOYHOTO 3aloMuHaHHsT B Oydepe u

(13.10)
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HGPPH MOXKHO HETIOCPEICTBEHHO MOCHUIATh B TEKCTORLI (paiisl BuBoga D,

procedure wrife(x: real); {0<Cx < 1}

var i1 0..n; u: real v: integer; {n>0}
begin u := x; Dt "5 put (D); ;
repeat u := B=xu; v : trunc(u), (13.11)
Dt := ep(v) put (D);
U= u—vu; i := i+}1
until i=n
end

13.3. NpeoGpazosanue npeAcTaprieHuii ¢ njaBaruel TOUKOH

Kak yxe rosopusoch B pasf. 8.4, 1/isi BEIUECTBEHHLIX YHCEN B
BHUYHCTHTEABHLIX MAaIIHHAX YacTO WCIONL3YETCST TAK HA3LIBAEMOE
TpeACTaBJCHNE ¢ MJaBaoniell ToUKol. B sToM mpencTaBieHHH YHCAO X
n306paxaercs mapoii MaciuTabupOBaHHBIX UEILIX Yuces {1, e}y Tak, 4To

x=mzBe  £<m<l (13.12)

rre B — OCHOBaHue TMpEACTaBNeHHs ¢ TJiaBaiomel Toukoil. Huxke
TPHBOASATCS] TIPHMEPH, W3 KOTOPHIX BHAHO, TOYEMY BO3HHK TEPMHH
«Ty1aBaloIias TOYKay.

(0.34567,2) =34.567
(0.34567,4) =3456.7 B=10 (13.13)
(0.34567,—2)=0.0034567

B BuumcnuTentHON MalinHe B KayecTBE OCHOBAHHUSI [PeACTaBJeHHUsI
TIpeAnoYTHTENLHO BHOpaTL HeGonbuyio CTeneHn, 2 (Hampumep, 2F).
Torpa yBenuueHUe WJAH yMEHLIIEHHE TTOKA3aTeNs] CTEEHH ¢ Ha | cooT-
BETCTBYET YMHOXKEHHIO WJTH JeTeHHi0 Koa(puuuenta m Ha 2k, KoTopuie
MOTYT BBLIIONHSITLCS TPOCTHIM CABUTOM A1 HAa R JBOHYHLIX TMO3MIHI
BJIEBO WUJIH BIPAaBO CooTBeTcTBeHHO. OfHAKO, MOCKOJILKY BHE MAIIHHLI
Mbl OCBIYHO TIONIL3YEMCST MpeACTaBlieHHeM ¢ ocHopanueMm B=10, upu
BBOJIE WJIM BHIBOZIE WHCEJS C Myaparolell Toukoll HeoGXogumo mpeobpa-
30BLIBATL (OMHUMO Tpeo0pa3oBaHHsI OCHOBAHMSI CHCTEMbl CHHCTCHUST)
ele U NOKasaTeNL CTENeHH.

Camuifi mpocTolt crnoco6 mpeo6pasoBaHust TPeACTaBIeHHsT {1y, e;)5,
B TIpefcTaBsienne (M, €,)p, COCTONT B YMHOXEHHH m Ha BY* ¢ mocrne-
ayiome# Hopmanusanyefi, T. €. MHOTOKPATHLIM [efeHueM (HJIH yMHO-
XKeHHeM) MpOU3BENECHMS HA B, 10 Tex mop, MOKa He YMOBJETBOPHUTCS
yesopue 1/B.<Cm< 1. Yucso nenenuii Torna 6yneT paBHSATLCS HCKOMOMY
TOKa3aTesio CTeNeHH e,. Ho mpu Takom crocobe MpoMexyTOUHHE 3HA-
YeHHS] TPOH3BENECHUSI MOT'YT OKa3aThCs CAUIIKOM COJLIIMME M NPEBLI-
CHTL pasaeprl AUeHKH NaMATH, MOCKOJBKY m TPEACTABNEHO KAK LET0e

6 H, Bupr
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4pcyIo ¢ MacirabupiM KoddgdguuuerToM. [TosToMy Mbl HaK/agHBaeMm
OrpaHHYEHHE
1

F<m<B  B=B,=B, (13.14)

KOTOpO€ JIOMKHO BBLIIONHSATLCH B JII0O0OH MOMEHT, T. €. TMOCTE KaKJIoTo
mara Buyucsienns. CrefoBaTenLHO, MPH TEPeBOfe W3 CHCTEMHI C OC-
HOBaHWEM B, B cucTemy ¢ ocHOBaHHEM B, HEOGXOAUMO HepemoBaTh yM-
HOXeHUsT m Ha B, ¢ geneHusiMH Ha B,. OKoHuaTesbHasi mporpamma
s B.>B,; upencrasnena B (13.15). Ilo oweBupHbIM TpuYwHAM pas-
JHYaoTCs cnyyan, Korga e,220 v e;<0. OTMeTHM BaXKHOCTL YKa3aHHLIX
WHBAPUAHTOR A7 BEPHUPHKAUWH TTPOTPaMMbL.

procedure convert (var m: real; var el, e2: integer);
begin ¢2 := 0; (13.15)
if e1 =0 then
while el 40 do
begin {x=m«Bf*'+ Bg*, 1/B,<{m < 1}
m := Byzm; el := el—1;
if m=1 then begin m := m/B,; e2 := 241 end

end
else repeat {x=m= B' « B3*, 1/B,<{m < 1}
m = m/B,; el := el 1;
if m < 1/B, then begin m :
until e1=0

B,xm;e2 := e2—1 end
end

YuntulBasi, YT0 4YHCJA B pEANbHHIX BLIYHCIHTENbHBLIX MAILHHAX
MOKHO NPEACTABHTb TONbKO KOHEUHBLIM YHCJOM HHP, CIefyeT OTMe-
THTL HEe3((EKTHBHOCTL 3TOTO aNTOpHUTMa p7isl CONBLIOTO TOKa3aTens
CTEMEHH e W €ro HETOYHOCTL H3-33 HAKOIJIEHHS] OIMOOK OKPYIVIEHHS
B MJIMHHOHM TOCHENOBaTeJILHOCTH apu(MeTHYeCKHX onepanpfl. 3ToT
aJATOPHTM MOXKHO YJIYUIIHTb, €CJH BOCHOJbL30BATLCS TaONHIEH MHOXKH-
Teneil BY B BHJE map MacutabHpOBaHHLIX UEILIX YHcesd (U, v)y TaKIX,
4TO

wsBE=Bt  <u<1 (13.16)
“ 2

a BLIYHC/IGHHE 3aMEeHHUTb Ha

m:i= msU,q, €2 1= U,q (13.17)
BO3MOXKHO ¢ mocrefyiomell nopManusanuefl. OpnHako ecju IUanasoH
MU3MEHEHHs] e; BEJHK, TO HCIOJL30BAHUE TAKOH TAGJHUIE CTAHOBUTCS

IPaRTHYECKH HEBO3MOXKHEIM H3-33 €€ OTPOMHHX DasMepoB. Bosmoxen
KOMIIPOMHCCHHIE BapHaHT, 7l KoToporo tpefyercg HemHoro Gospiie



VTIPAJKHE HU Sl 123

BLIYHCJIEHHH, HO 3aTO CYIECTBEHHO MeHblass Tabiuua. B stom cryuae
TabMuIa CONEPKUT 3HAUCHUsST TONBKO sl

wsB2—= B Ly <1 (13.18)

B, =
T. €. TOJNILKO JJisI TIOKasaTesieil cremeHefll, paBHHX CTeleHsaM 2. 3aTem
NOKa3aTesb CTeNeHU el pasjiaraercst B psi IO CTETIEHsIM 2 aHANOTHYHO
TOMY, KaK 3TO JeJlaeTcsl B airopuTme ymHOXeHUs1 (7.18). B pesynnb-
TaTe m H e2 TMOJYJaTCsl B BHAE MPOH3BENEHUI U CYMM COOTBETCTBY-
IOIHX 3JeMEHTOB Tabmuunt (cMm. yupaxuenue 13.3).

YTIPA)KHEHHS

13.1 Hanuiurte ape Npouepypel, Neppasi H3 KOTOPHIX AOJIKHA
(2) yntaTh M3 TeKCcTOBOTO Gaifla inpuf NeCATHYHOE HYUCJO, NPECTABJEHHOE B
BHJle 3HAKa, LEJOH YacTH, AeCATHYHOM TOUKH W APOGHOH YacTH, W MpHCBaH-
BaTh €r0 3HaYeHMe BellleCTBeHHOH NMepemenHO#W — Mapametpy v (cm. (13.6)),
a BTOpast mpoueaypa AOJKHA
(b) mucath aecsTHYHOE NpEACTABNEHHE BemecTBeHHOTO NMapameripa x B (aiia
output (cm. (13.8) u (13.11)). Ipennonaraetcsi, yto |xl<max u uto uenas
u npoGHast YaCTH YucNa X Mpe/cTaBASIOTCs] COOTBETCTBEHHO M U 1 LU paMu.
Crapmue Hysnu, DpeamecTBylomue TepBOH 3uayamed uudpe, creayer 3a-
MeHHTh NpobenaMu.
13.2 Hamummrte paBe npouenypbi INpeoGpa3oBanust TpeAcTapjeHuil ¢ njaBaromeit
TOYKOH
(2) u3 cucTeMB! ¢ OCHOBaHHWEM 2 B CHCTEMY C ocHOBaHueM 10 u
(b) u3 cuctemer ¢ ocHoranueM [0 B cucTeMy ¢ OCHOBaHWEM 2.
OGe Dpouenypr JA0JKHBl OHTb aHAMOTWYHE Hporpamme (13.15).
13.3 Hanumute npouesypy npeobpasopanusi yvced ¢ Mnapanomell TOYKOH U3 CHCTEMb!
C OCHOBaHMeM 2 B cucteMy ¢ ocHoranueMm 10, HcHone3yst TabaMiy, cOCTOSYIO
M3 n Tlap MHOXKWTeseH Jyisl TNOKasaTesell cremleHelt B cooTeetcTBuH ¢ (13.18).
Ilpennonaraercs, uto
x=m=2€1 O=el <21

JAsT 3ajauHoro n (Hanpumep, 10).

13.4 Tloctpofite nporpamMy, KOTOpasi TeHEpHPYET TOYHBEIE JAECSTHYHBE TPE/CTaB-
nenust apobeit 1/n aas n=2, 3, ..., 50, KaK 5T0 NOKA3AHO HH¥Ke, W 3aNHCHIBAET
NOJIyYeHHBle NOCAeNOBATENLHOCTH LM)p B dalla outpul,

(a) Kaxkzaas nocienoBatesJbHOCTb LMD AOMKHA 3aKaHYMBATBCSH, KaK TOJNBKO
o6HapyKeH NepBbIH TepHOA AECSTHYHOH ApOGH.

(b) HenocpepctrenHo Mepesi MepBoi#l nuGpol NMepHOAa HY:KHO BCTABHTH Mpoesl.

(c) B mporpaMMe Hesb3s1 HCMOJIB30BATH NepeMeHHbe THIA real.

Ilpu neyatw TexcTOoBOTO (Gaiizia AOMKHB TOJYYUTBCS CJEAYIOIME 3HAYEHUS:

50

3

250
20
16

. 142857

020
Ykasanye: Ciauana HamuinTe NpOrpaMMy, B KOTOpofi MrHopupyetes yeaorue (b).
13.5 Hamummte nmpouenypy, KoTopast BejiaeT B TEKCTOBKIH daiia output nenouucaeHHOe

8HayeHWe NapaMeTpa ¥ B pHMMCKOH cucteMe cuMcienus. Ilpeamonaraetcs, uro
x>0. (‘I'=1, V=5, *X’=10, ‘L’=50, ‘C=100, ‘D’=500, ‘M'=1000.)



14. OBPABOTKA TEKCTOB
C UCNOJIb30OBAHHEM MACCHBOB H
$ANHJIOB

B 3T0ii rnaBe paccMaTpHUBAIOTCS HEKOTOpBIE 3a7a4H, HMEIOUIHE OJHO
ofliee CBOMCTBO, 8 MMEHHO: BCE OHH HMEIOT IEJ0 C JIaHHBEIMH, COCTOSI-
UMY U3 JIHTEp, KOTOPBIE MOYKHO HamedartaTb, T. €. C TEeKCTaMH. Bol-
OpaHHHE TPUMEPH THIIHYHB A5t 337249 06pabOTKH TEKCTOB H MOIYT
CITYKHTb TaKKe B KayecTBe YIpPa)KHEHUH B NPUMEHEHHH PacCMOTPEH-
HbIX paHee NOHSATHUH M METOJOB.

14.1. PerynupoBanue AJIMHR CTPOK B TeKCTOBoOM haiisie

Ecnu tekcroBHi dafin f cocTout W3 mopnocrenoBateaLHOCTEH JUTED,
orpanuueHHHX Jub0 nupobenamu, JsHO60 VIPaBASIOUMME JHTEPaMH
eol, TO Takue TWOANIOCHENOBATENLHOCTH, HE COfepIkaliue BHYTPH cebs
npoGesios U sutep eol, Oymem HasuBaTb caosamu. KomuuecTBo suTep
B CJOBE HA30BEM JJHHOH CJioBa w. JIiobasi TOAMOCTENOBATENLHOCTD,
orpanuueHHass Jjutepamd eol (¥, cjenoBaTenbHO, HE COmEpIKallast
BHYTpH cebs1 nuTep eol), HaswBaercsr crmpokoti. KoanuecTpo nntep B
CTPOKE HA30BEM JYIMHON CTPOKH L.

HamuureM nporpammy, Kotopast uutaet ¢afia f u renepupyer ¢aiia g,
coziepIKaINH Te K€ caMHe HepacuJieHeHHHE CJ0BA B TOM XKe TIOPSIIKE,
HO CIpyNIHPOBAHHEE B CTPOKH, JJIHHA KOTOPHX He mpeBhuaer Lmax1).
CymmMapHoe yHcsio juTep B oboux (aiizax oguHakoBo. Bce crnosa B f
UMeIoT INUHY w<omax<?Lmax upy saganEux wmax 1 Lmax. Tlpen-
noJyioxkuM, 4To (aiin f comepKuT Mo Kpafineli Mepe ogHO CJIOBO H, Cje-
JOBAaTeJLHO, TO KpallHEH Mepe OJHY CTPOKY, KOTOpasi OKaHYHBAETCSI
JuTepoll eol.

Qaiin g NonyyaeTcss NyTeM KOMUpoBaHUsS (afiia f u 3aMeHH HEKo-
TopuX mpoGenos autepamu eol, u Haobopor. IlocKosbKy cioBa pac-
UNEHATh HENAb3sT W TOCKOJABKY (ailiil MOKHO TI'€HEpPHPOBaTh TOJBLKO
TIOC/IEZIOBATEIILHO, CJOBO MOXKHO A00aBITH B KOEEN ¢ailia g TOJBKO
TOrja, KOTZIAa YK€ H3BECTHO, Kakvio jutepy (mpobesn nau eol) ciemyer
nocTaBuTh nepeq HUM. Ho 3T0 MOXHO y3HAThH TONBKO MOCHE TOrO, Kak
H3BeCTHa AfHHA cyoBa. OTCiofa ciefyer, YToO C/IOBA MOYKHO KOMHpPO-
BaTh TOJLKO Yepe3 npoMexxyTounHil Oygep. B Kauectse Gydepa Brnosne

1) P. Naur, Programming by Action Clusters, BIT, 9 (1969), 250—258,
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NOAXOAHT MEPeMEHHAs-MACCHB, HMMEIOLIAas wrmnax KOMIIOHEHT (mpepro-
JaraeTcsi, 4YTO WmMax CPaBHHUTENLHO HEBEJIHKO).

Tax kak Qaiin f comep:KHT nOCHeIOBATENLHOCTL CJIOB ¥ JIHTEp-
paszesnyTenefl, TNporpaMma, OYEBHMIHO, [OJKHA WMETL CTPVKTYPY
noBTOpsieMoll MHCTPYKuuM. Ilpn kaxnoMm moBTopeHun u3 gafiia f
yyTaeTcst CJIoBo W U caedyrouyudl 3a HUM PasgeNuTeNn S, a 3ateM TO ke
caMOe CJIOBO H MpPEAIIECTBYIOLUI €My pasjenuTeSb 3alHUCHBAIOTCS B
¢datin g Tak, KaK 310 H300parxKeHO HIKE:

1

si_lwlslwils|wls] 3

)
- s (14.1)

g i lw’&w sl wis]

Wari HMar i+l

B tom cayyae, Korma mocse CJI0Ba BCTPEUAIOTCsT HECKOJLKO pasjiesii-
TeJIell (TO €CTh KpaTHHE Npobesitt HJIH HECKONBKO MYCTHIX CTPOK),
Oyzem TpPEeANoJaraTe, 4TO CJOBA MOTYT OHITH MYCTHIMH M YTO MEXKIY
KaXXIILIMH IBYMsI COCEIHUMH Pa3feJUTeNsIMU HAXOAUTCS TyCTOE CJIOBO.
Taxum 06pasoM, MOXMHO YCJOBHO CYHTATBH, 4TO CJOBA U Pa3feIHTENH
CTPOTO UepeayioTcsl MOy cobofi.

IosropsiemMast uECTpyXIMs noayyaercs us cxenmst (10.13). Ho mpexne
MH faguM HehopMasbHOE OlpesesieHHe JBYX BCIIOMOTATENBHHIX IpO-
uenyp.

1. Tlponenypa readword uutaer ciaoso B 6ydepHyio mepeMeHnyio Z.
Ilocne BHmMONHEHWs UpouenypH readword mnepemennast ch co-
JIEPIKUT Pa3LeINTeNb, CJACAYIOIMUH 38 TOJNLKO YTO TPOYHTAHHBIM
M 3a[OMHEHHBIM B Z cJIOBOM. [lepemeHHoOfl w IeJIOrO Tuila Mpu-
CBAUBAETCs] 3HAYECHIE, PABHOE JJIMHE CJIOBA.

2. Tlpouenypa writeword 3anuchiBaeT B KoHer| (afiyla g CJIOBO AJHHHL
w, XpaHsuneecs: B Z.

IockoneKy AJIHA TeHepHpYeMOH CTPOKH HTPAaeT B HallleM aaTOpUTME
BaXKHYI0 POJb, AJs1 TPEICTABICHHS TEKYIUEH IJHHE BBOIHTCSI Mepe-
MerHast L, Torga MHCTPYKIHIO, BHITOMHSIEMYIO Ha KaXKIOM 11aTe, MOKHO
CHopMyJIHPOBATL CHEAYIOIHM 06pasom:

begin readword;
if L+w < Lmax then (14.2)
begin write (""); L := L41
end else
begin write (eol); L := 0
end;
writeword

end
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Tlpexxne yeM DpHCTYNUTEL K jgaJjbHeiilell AeTajqu3apud 5THX ABYX
npouenyp, o6patuM BHUMaHHe elue Ha ofHy npobjeMy, a HMEHHO H3y-
UHM CHTyapuio B Hadase U B KoHue obpaborku. M3 puc. (14.3) sicHo
BHUIHO, YTO B HayajJe W B KOHIE NPOTpaMMH HeoOXOAUMO HamHcaTb
HEKOTOpHle HHCTPYKIHUM, HE COIVIACYIOIUHMECST MO CBOEMY XapakTepy
¢ uHcTpykuuei (14.2).

folwlstwiils|{w]s

- - (14.3)
g | WlsTwiils]wIs]
War ¢ Warn

B Hayase yuTaeTcsT HA ONHY JHMTepY GOJbINE, YEM MULIETCS, a B KOHLE
NUueTes: Ha ofHy JuTtepy OoJdibile, yeM yutaercsi. OKoHYaTeJbHH
BHJI IPOrpaMMH IpesicTaBeH Ha puC. (14.4). UuTatens MoxeT yOenuThes,
4TO BO BCTIOMOTATEJbHLIX TPONEAYpPaX NyCTule CJoBa o6pabaThBaroTCs
npaBuJibHO. (B mporpamme ucmosb3syiorcst cTaHnapThbe (afiibl input
u output BMecto f u g.)
var w: 0..wmax; {nmHa caoBa}
L: 0..Lmax; {gmiHa cTpoku}
ch: char; {nocnennsiss MpOYHTaHHas JHTEpa}
Z: array [l..wmax] of char; {6ydep}
procedure readword;
begin w :=0; read (ch);
while (ch=%=" ") A\ (ch==e0l) do
begin w := w4 1; Z[w] :=ch; read(ch)
end
end;
procedure writeword,
var i: l..wmax; (14.4)
begin for i := 1 to w do write(Z[i]); L := L+4w
end;
begin L := 0; readword; writeword,
while —1 eof(input) do
begin readword;
it L +w < Lmax then
begin write(" '); L := L1
end else
begin write(eol); L :=0
end;
writeword
end;
write(eol)
end.
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Hs sroro mpumMepa MOXHO H3BJIEUE CJEMYIONIME JBA YPOKa:

1. Ecnu nocnenoBaTeIbHOCTE HHGOPMAIHOHHHIX OOBEKTOB Tpens-
pasyercst B [PYTYi0 MOCJAEIOBATeNIEHOCTE OOBEKTOB, TO TPEXKAE BCETO
HeoOXonumo chOPMYJIHpPOBATEL AT Mpeobpa3oBaHusl AJs OLHOTO 00n-
exra. [IpuyeM 5TOT HIAT HY’KHO IPEICTABHTL B TAKOM BHAE, YTOCHI €TO
MOKHO ORIO «BJIOXKHTHY B MHCTpYyKuuio repeat win while, xapakrepu-
SYIOIYIO YCJOBHSI MOBTOPEHHSI M OKOHYaHHS nBKnaa. Ilocne storo
paccCMaTpHBAIOTCSl T'DAHHYHHIE CJyYad H M00aBJIAOTCST HHCTPYKIMH,
KOTOpHE BLIIOJHSAOTCS B Hadaje # B KOHIE o6paloTKi.

2. Uro6rl BHIIENUTH JIOTHYECKH CBs3aHHbe OJIOKH omepayuli, Tak
Has3wBaeMHe Kaacmepos Y) Oeficmeuti, HEOOXOLHUMO BBECTH COOTBETCT-
BYIOIHE TPOUENYPH, K JeTaNIH3aUHH KOTOPLIX MOKHO MEPEHTH MO3HEe.
OnpenesieHne CTPYKTYPH JAHHKEX JJIS [ePEMEHHHIX, KOTOPHE HCIOJb-
SYIOTCSI TOJIEKO BHYTPH 3THX HPOLEAYP, MOKHO TaKKe OTJOKHTH 10
TOTO MOMEHTd, MOKa He BHISICHATCS BCEBO3MOXHEIE COOOpaKeHHs,
BJAUSIIONIHE Ha BHOOP CTPYKTYPHL

14.2. PepaKkTupoBaHue CTPOKM TeKcTa

Paccmorpum corepyioluyro 3azady. IlycTh IaHE! CTpOKa TeEKCTa 2
B BH€ NOCJENOBATEJLHOCTH JIUTED

2=225. . 2, n=0 (14.5)
NOCEN0BATEIBHOCTE X (OORIYHO BCTpEHAOILAsICS B 2)
X=X1Xs. . Xp, >0

H TIOCJIEN0OBATE/NLHOCTDL Y
Y=YiYs . Ym mz=0

KOTOPYIo HeOGXOAUMO TIOICTABHTL BMECTO X. JIOTHYECKOH mepeMeHHOH g
JOKHO GHTH NPHCBOEHO 3HaweHHe frue (MCTHHA), TOTAa H TOJBLKO
TOTZla, KOTZida X COIEPIKUTCS B 2 U MOJACTAHOBKA Yy BO3MOXKHA. YUTOGH
O[HO3HAYHO ONPEAEJHTHL ONEpalyio NOACTAHOBKH B TOM CJydae, KOTza
B TEKCTE 2 MOCJENOBATEJILHOCTE X BCTPEYAETCS] HECKOJBKO pas, MEL
BBeleM MOHATHE nosuiuu 6 cmpoke— p. TEKCT 2 npocMaTpHBAeTCs
BCETzla HayuHasl C MO3UUHH p CJIeBa Hanpaso. Ecau Mexny p U KOHIOM 2
TIOCJIEI0BATEILHOCTL X He OyzneT HalineHa, TO MOHUCK Oy[eT MPOIQJIKEH
C HayaJla 2z ¥ [0 MO3HUHH p, T. €. CTPOKY MOXKHO PacCMaTPHBATL Kak
43aKOJILIOBAHHYI0». Takofl MOHMCK HaswBaeTcss mnuKauyeckum. Ha-
upumep, eca x=AB, a y=UVW, TO TeKCT 2 10 U MOCJIE NOACTAHOBKH

————

1) B opurunase cluster — ckonjenue, rpymnupoBka.— Ipus. ped.
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OymeT TaxkuM:

Mo: EFABGH TNocne: EFUVWGH
4 )
EFABCDABCD EFABCDUVWCD
i i
EFABCDABCD EFUVWCDABCD
1 0

TMopo6HBIE TEKCTOBLIE MOACTAHOBKH YaCTO HCIIOJNL3YIOTCST B CHCTEMaX
TEKCTOBOTO peNaKTHPOBaHHs, OCYIIECTBJASEMOTO C JHCTaHIHOHHBIX
TEpMHHAJIOB, KOTZa MPOTpaMMbl ¥ TAHHBLE MOCTOSTHHO XpaHSATCSl B BH-
YHCIUTEJLHON CHCTEME B BHIE TEKCTOBHIX (baisIoB.

31y 3agady MOXKHO pasOHTL Ha JiB€ OTHOCUTENILHO HE3aBUCHMHE

4acTH:
(a) MOMCK 3aMeHsIEMOTO TEKCTa X, Takoro, 4to z=oaxP u
(b) mozcTaHOBKAa X BMECTO Yy, nocje yero z=oyf.

Yacre 1: MHenexc i onpenessercst Tak, 4To
x,-=Ai+,-_i p18i§3) ]:1, .oy k (146)

B nporpamme (14.7) nepemeHHO!l ¢ TpHCBauBaeTCsl 3HaY€HHE «TEKCT
X HaiifieH u B { HymeH’Z HHJEKC?,

i -

repeat {Q ()}

q:= x:(z,-'... 2 yr-1)s
[ =i+ 1;ifi>n then i 1= 1 (14.7)

until g \/ (i =p)

Y1BepxaeHue Q (i) COCTOHNT B CJAEAYIOIIEM:
(*p vee X)) (2 o ov Zigp-i)
Py ooy i—1l,ecau iZ=p

RIS BCEX ]={ Py ce,nml, oo i—1, ecom i<p

Temepb MBI IpeBpaTHM CpaBHEHHe ABYX NOCJeIOBaTeJIbHOCTel Jntep
B NOCJIEZIOBATENEHOCTL CPABHEHHH COOTBETCTBYIOIUHX Map OTHEJIbHBIX
JIHTep.
j=1
repeat {P (N}
= [jl=z[i+j—1D; j := j+1 (14.8)
untll ’—lq\/ >4k

YrBepxaenne P (j) Takoso:

Q)N (xp=2;,p-1) Mutst Bcex h=1, ..., j—I
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Ho sty nporpamMmy HeJb3si cUMTaTh 3aKOHYEHHOH, TAK KakK B HEH He
yuUThIBa€TCS CaIefyromas cutyanus. I1pennoyoxum, uTto

Kp =24 p-1 O h= 1, eeey h' (14 9)
i+h'—1=n h' <k )
Torna chaenymoIUMi IO/KHEL CPaBHHUBATLCS JIMTEPH Xp,§ H Zn,.1- HO
JIUTEPA 2,1 HE OmpeneseHa. DToT (GakT TOBOPHT O HeNosHOH (opmy-
JINPOBKE 337a4H, [OCKOJBKY B HeH He CONEp:KUTCSl YKasaHWi O moBe-
JEHUH MpOrpaMMHl B 3TOH CHTyanuu. BO3MOXKHEI [Ba BapHaHTa: JIHOO
AJTOPUTM JIOJIKEH 3aKOHYMTLCS U BLIATh pesynawrat g=false, amnbo
TEKCT Xi...Xp CJEAYET pacCMaTpHBaTh KaK 3aKOJBLLOBAaHHYIO TIOCHENO0-
BaTeJLHOCTE JuTep. EcCau z — cTpoKa, To BTOpOIi BapUAHT OGHIYHO He
pMeeT cmbiciia. TIpeanosiokuM, 4TO B TIOCTAHOBKE 3a/layHl MPELyCMOT-
peHa cBo6oza BLIGOpa U MEI OCTAHABJINBAEMCS] HA [IEPBO HHTEPIPeTALHH.
Torma nporpamma OyneT CJAeAYrOILEel:

ji=1
repeat if i4j >n then ¢ :=
t= X [fl=2[i4-j—1];

false else (14.10)
q i
until ¢ VvV (j > &)

= j41

Y100k yIPOCTHTH 3Ty MPOTPAMMY, YACTO HOJIL3YIOTCS CreNHalLHLIM
IpUEMOM, C TIOMOMIBIO KOTOPOTO HCKJHOYAETCS JIOMOJHUTENLHAST [PO-
BepKa Ha KOHel CTpPOKH. Jljas 5TO uesn B KOHIE CTPOKH CTaBHTCS
creyuasbHast JuTepa (HampuMep, 2, ,.1==eol), KoTopasi He MOeT BCTpe-
TUTHCSI HH B 2, HU B X. B 3ToM CJIyyae MOXKHO BOCIIOJIL30BATECS GoJlee
npoctoil mporpammoii (14.8). (Cu. Taxeke (11.6).)

Yacte 2: Temeprs JNUTEPH  2;. . .23, p_1 3AMEHSIOTCS HA Uy- . .Ifp,-
ATy onepayyio MOKHO ONISAThb-TaKu pa30UTh Ha JiBa sTamna: (a) IPeBPaTHTh
z=axP B 2'=af, ciBunyB P Ha & mo3uuuil Bjaeso u (b) BCTABUTL y U
noNyYuTh 2"=cyf, NpenBapHTEqbHO CIABUHYB [ BIpaBO Ha 7 MO3H-
i, O6paBoTKy MOMKHO YIPOCTHTD, €CJIM CABHT B [eslaTh TOJLKO OLHH
pas. Ho npu 3TOM HY3KHO pasinyath CJepyioliie Cayyau:

1. m<Ck — HOBasi MOCJIEOBATEJBLHOCTL KOpOYE CTapoii;
 cneuraercst Ha k—m TO3UIMI BJEBO.

2. m>k — HOBasi NOCJIENIOBATE]LHOCTL JUINHHEE CTapoii;
B capuraetcs Ha m-—k TO3MUM{T BUpaBo.

3. m=Fk — HoBast W CTapasi TOCJIEIOBATENLHOCTL HMEIOT OIMHAKOBYIO
IJIMHY H CABHra He TpeGyetcs.

Tenepr ME! MOkeM HamucaTh MONHYIO NPOTPAMMY, KOTOpasi OCYILECTB-
JISIET MOUCK U NOJCTAHOBKY.
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procedure Substitute;
var i, j: 1..n+41; g: Boolean; d: integer;
begin {urar 1: moucx x B cTpoke 2}
L= p;
repeat j := 1;
repeat ¢ := (x[jl=2[+j—1]) j := j+1
until =gV (j > &);
i t=i41;if i>n theni := 1
until ¢ \V/ (i =p);

if ¢ then
begin {mar 2: noxcraHOBKa Yy BMeCTO X}
d := m—k p := I;

if d <0 then
begin j 1= p4-k;
while j<{n do
begin z[j+d] := z[j]; j := j+!

end (14 11)
end else
if d >0 then
begin j := n;

while j=p+£& do
begin z[j{-d} :=
end

end;

n:i=n+d;j:i=1;

while j<Cm do

begin z[p] := yl[ils p 1= p+1; j := j+1

end

end
end

zljl; j := j—1

14.3. PacnosnaBaHue peryJisipHbIX LENOYeK CHMBOJIOB

JIoBOILHO 4aCTO TIPHXOAMTCS BCTpPeYaThCst C 3anavell pacmnosHa-
BaHHsI LEToYeK B TeKCTe. Ee HeBO3MOXKHO, Hampumep, 0OOHTH B mpo-
rpaMMax, KOTOphle KaKuM-JIn60 o6pasoM HMHTepnpeTHpYIOT Wiy obpa-
GarsBaioT TeKCTh. OCLIYHO 1IETOYKa O PEIessIeTCsI HEKOTOPBLIM Habo poM
upaBull Kommosuuud. COBOKYIHAS CJOMKHOCTH MPOTpaMMbl, MpenHa-
3HaYeHHOH N5l pacTO3HABAHUST LETOYEK, OYEBUIIHO, 3ABHCHT OT CJIOXK-
HOCTM ¥ OOIHOCTHM UpaBHJ HX mopoxkiAeHns. HaGop Takux mpaBuat
OGBIYHO HA3HBAIOT CUHMAKCUCOM, a 3ajilada paclo3HaBaHusi o0pasuoB,
CKOHCTPYMPOBAHHEIX B COOTBETCTBHH C 3THMH MpPaBH/IAMH, Ha3HBAETCS
CUHMQKCUMECKUM (HOAUBOM.

MH pacCMOTPUM KJIacC MPOCTHIX MpaBudl, T. €. cXemy npasudl. Kasx-
JIOE IpaBHJIO, COCTABJIEHHOE COTJIACHO 3TOH CXeMe, OMpeneJisieT MHO-
HKECTBO TaK HA3HBAEMBIX NpeOA0sCeHUL], KOTODHE MOXKHO pPAacro3HAThH
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C MOMOLIBIO TTPOCTOTO afTOPUTMA aHaju3a. CHHTAKCHYECKHUM TIpaBUJIaM,
MOPOXKAAeMBIM C TIOMOIIBIO 3TOH CXEMBl, CBOHCTBEHHA ONpenejeHHast
PEryJsIpHOCTL CTPYKTYPH, U TO3TOMY UX Ha3HBAIOT pe2yAspHoimil 6ol
poxceHusmy. AWaJOTHYHO MHOXECTBO TPemJIOXKEHH!, NOPOXKNAeMBIX
C TIOMOIULIO PETYJSIPHOTO BHIPAXKEHMSI, HA3EIBAETCH pecyAipHbiM ASLIKOM.

Haua sagaua coctout B TOM, YTOGH HAWTH HEKOTOPHE OCLHE 1pa-
BUJIa IJIs1 CHCTEMATHYECKOTO KOHCTPYHPOBaHHS pacnosHaBaTedis, CO-
OTBETCTBYIOIETO NAHHOMY CHHTAKCHUECKOMY mpaBmily. Bsenem cue-
Iyioye o603HAYEHHST;

1.

CrpouBEIMH JIATHHCKEME OyKBaMH OGO3HAYaIOTCST CHMBOJILI OC-
HoBHOTO cjioBaps V. Bce mtpensioxkeHus: SIBJSIIOTCSI TIOCJIE/OBA-
TEJILHOCTSIMH CHMBOJIOB H3 V.

. IlponucHEMH OyKBamMu OGO3HAWAIOTCH PETYJSIPHBIE BLIPAXKEHHS

WY MHOXKECTBO TIPENJIOKEHH 1 (peryJasipHHI $I3HIK), OlpeneseH-
HBIX C TIOMOIILIO PETYJSPHOTO BLIPAXKEHUSI.

I'pevecknmi OykBaMu OGO3HAYAIOTCS TOCJENOBATEILHOCTH CHM-
BOJIOB, ONpefieleHHHE Haj ciaoBapeM V. Byksoifi & o6o3Hauaercs
ycTasi TMOCJENOBATENLHOCTE.

. MHOeCTBO TIOCJIENOBATENBLHOCTEH CHMBOJIOB, TIOJYYaeMBIX KOH-

KaTeHanuell mpeptoxkesuil u3 A W npenaoxeHuil 3 B, Hasp-
BaeTcs mpousseneHneM A u B.

AB={ap; c€A u P €B} (14.12)
O6venunenne A u B o6o3HadaeTcs Kak
A|B={y; y€ A wm y€ B} (14.13)

MHOXKeCTBO DpemJIoKeHnH, noJyYyaeMEIX TyTeM [POH3BOJIBHOIO
Ypciia KOHKaTeHauul npenoxennti u3 A, o6o3Hayaercst kak A*

A*={c]A|AA|AAA. ..} (14.14)

TlpaBusa TOCTpOEHUST PETYJSIPHEIX BHIpaXKEHUIl CJepyroliye:

oo W N

Jlio6oil ocHOBHOW CHMBOJI @ € V' €CTh pPETyJsIPHOE BHIPAXKEHHE.
JIio6oe mpousBeieHrE NBYX PETYJSPHHX BEIPAXKEHUH €CTb pery-
JISIPHOE BEIPAKEHHE.

Jlioboe o6henHHEHHE OBYX pETYJsSpPHBIX BHpaxkeHHil ecTh pery-
JISTPHOE BHIPAXKEHHE.

Ecan A perynspHoe BuipaskeHue, 70 A¥* — peryssipHoe BEIpa-
JKEHHe.

PeryJisipHbl TOJIBKO T€ BLIPAXKEHHSI, KOTOPHIE MOJYYEHH C T10-
MOIIBIO TpaBua 1—4,

Ilasee npupogsitcst mpUMEpH! PETYJISPHBIX BEIPAXKEHHH Hal CJIOBApeM
V={a b c d}. CkoGK¥ HMEIOT TOT >k€ CMHICJI, YTO ¥ B OOLIYHLIX BHIpa-
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JKEHHSIX.
1.
2. ?ablbc)(dla) (14.15)
3. ab*c
4. a((bloa)*

MHo€ecTBa NpeNJIoKEHHH, ONpeneJeHHEE STHMH BHPaXKEHHIMH, OyayT
CJIENYIOLL UMM :

1. a
2. abd aba bed bea
3. ac abc abbc abbbe... (14.16)

4. a aba aca ababa abaca acaba acaca. ..

Tenepr Hainy 3aagy MOXHO epedopMyJTHPOBaTh TaK: MO LaHHOMY
peryJIsIpHOMY BLIPAXKEHHIO A, ONpelessioneMy MHOMKECTBO I1PENJIOKe-
Hull Hax cjgopapem V, ¥ Jo0cofi maHHON rocjenoBaTesbHOCTH o Hap
cioBapeM V mnocTpoutk anroputM P (A), KoTopuii onpepesser, sB-
JIeTCsT JIU o npefjioxkeHueM u3s A (T.e. a€ A).

Ouesb NpPOCTO ¥ OYEBHAHHIM 0OGPas’OM pPeTyJsipHHE BLIPAXKEHHS
npencrapiasitorcst B Bufie rpada. Kaxnoe U3 sJeMEHTapHBIX TpaBHJl
TIOCTPOGHHS PeTyJIsiPHLIX BHPaX{€HHI HEmoCpeACTBEHHO mpeofpasyercs
B OHY U3 CJENYIOUHX IpaduyecKux AHarpaMM:

Buipaxenue Tped
” d
(14.17)
a
-

Hanpumep, ecsu sTH COOTBETCTBHsI NPHMEHHMTbL K BEHIpaxkeHUIO 4, TO
HOJyYUM B Pe3yJibTarte CAENYIOUN T'pad:

(14.18)

I'padsl HeMeIJIEHHO TIOACKA3HBAIOT (POPMY AJTOPUTMa pacno3HaBaHHS
TpensokeHuli, eCay IPOXokKIACHHe OCHOBHOTO CHMBOJA, 3aKJIIOUEHHOTO
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B KPYKOK B rpade, HHTEPIPEeTHPYeTCs] KaK pacno3HaBaHHE CHMBOJA B
aHaJH3upyeMOfl MOCJIENOBATENILHOCTH ¢, a MPOXOXKJICHHe BCETO Tpada
CBUJIETCJILCTBYET O TOM, 4YTO O SIBJISIETCS TPENJIOKEHHEM COOTBETCT-
BYIOIIETO SI3HIKA.

TlpennodokuM Teneps, 4TO MOCEIOBATEILHOCTL &, KOTOPYIO Tpe-
OyeTcsT MpoaHaNH3UpOBaTh, NPENCTaBJAeHA TEKCTOBHIM dalioM input,
K KOTOPOMY HMEETCsT TOJIbKO MOCJENOBATENbHMI JOCTYN, W TYyCTb OC-
HOBHBI€ CHMBOJIBI — 3TO JIUTEPH. Mbl XOTHM TMOCTPOHTL AJITOPHTM,
B KOTOPOM aHaJIU3 M PeAJOKEHUT BefeTcs bes gozspamos u He TpebyeTcs
Oybepusanust (Tak ckasaTb onepesceruc) B3aMeH Bo3BpaTta. Kopoue
TOBOPSI, aJTOPUTM JIOJ2KEH OLITh TaKHM, YTOOLI Kaxkjoe peleHne (fpen-
CTaBJEHHOE pa3BeTBJICHHEM TyTell B rpade) HPHHUMAJIOCH B PE3YJIb-
TaTe€ NPOBEPKH TOJLKO OXHOTO OYePejHOTO CHMBOJA.

Mrtak, MLl OMHCHIBAEM CXeMy, CJAERYsl KOTOpOH MO 3aJaHHOMY BLI-
pakeHHI0 MOXKHO KOHCTPYHpOBaThb anropuTM aHadausa. Ho npasmuia
KOHCTPVHPOBaHHS TPUMEHHMH JHIIL TOTAZ, KOTZAa BblpaxkeHHe Oe-
MepMUHUPOBARHOe, T. €. €CJH BHpaXkeHHEe He COIEPIKUT COCTABJSIOINX
BUJA

AIB u A*B, (14.19)

Takux, 4to A 0 B HayHHAIOTCSI C OLHHAKOBLIX CHMBOJOB. JII0GOil CHM-
BOJI S, C KOTOPOI'O HAYMHAETCS TIPe/iIOMeHHe U3 A, Ha3LBaeTCsT Hayab-
HBIM CHMBOJIOM NpensioxkeHusi u3 A. IlpuBezeM HeCKOJNBLKO TIPHMEPOB
PETYJNSIPHLIX BHIpAXKEHHH H UX [LETePMHHHPOBAHHBLIX 3KBHBAJECHTOB
(npegmodiarasi, uto A u B He uMenoT OOIUX HAYaJbHLIX CHMBOJIOB).

aAlaB=a(A|B)
(aA)*aB=a(An)*B (14.20)
(aA)*al (aB)*a=a ((Aa)* | (Ba)¥)

JaJsee Mpl NPHBOIMM TPABHJA KOHCTPYHPOBAHHSA, B KOTOPHX & (X)
ofo3HayaeT CxeMmy MTPOTPAMMbLl, COOTBETCTBYIOILYIO PEeTYJASIPHOMY BoI-
paxkennio X. Tlpegnosiaraercsi, 4to nepemMeHHasi ch BCETHA CONEPIKUT
ouepefHON CKaHHpYEMBHIHI CHMBOJI, a Npouenypa fest(x) oCyLUeCTBJISIET
UPOBEPKY paBeHCTBa ch=x.

IlpaBusa KoHCTpyupoBaHHUS

1. 2 (a) =test (a); read (ch)
2. 2(AB) =2 (A);, % (B)
3. & (aA|By=itch=—a then (14.21)
begin read (ch); 3 (A)end
else 9 (B)

4. $((aA)*)=while ch=a do
begin read (ch); 5 (A)end

UTtoOH MOTYyYHTDL TOJHYIO NPOTPaMMY, COOTBETCTBYIOIIYIO BLIPAsKEHHIO
A, sa KOTOpHIM CllefiyeT NPH3HAK KOHUa (HAIPHMEP, TOYKA), CXEMY
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P (A) HyKHO NOMECTHTb B «PAMKY»:

var ch:char;
begin read(ch); P (A); {ch="."} (14.22)
end.

TMpuseseM NUPHMEPH MPOTPaMM aHaJu3a, [OJy4YeHHbe C OMOIIbIO
pacCMOTPEHHLIX TIPABUJ KOHCTPYHPOBaHHS MO 3aJaHHLIM JETepPMHHI-
POBAHHBLIM PETYJISIPHLIM BblParKEHHSIM.
1. P (ab*c)=
test (a); read (ch);
while ch=10 do read (ch);
test (c); read (ch) (14.23)
2. P(a(c|d)te)=
test (a); read (ch);
while ¢ch=10 do
begin read (ch);
if ch=c then read (ch) else
begin test (d); read (ch)
end
end;
test (e); read (ch)
3. P ((ab*c)*d)=
while ch=a do
begin read (ch);
while ch =0 do read (ch);
test (c); read (ch)
end;
test (d); read (ch)

Tlpouenypa test(x) Guula mpenHasHauyeHa IJIs TTPOBEPKH PaBeHCTBA
ch=x. Ecau oTHOUIEHWE paBEHCTBA He BLIIOJHSIETCS, TO TMOCJENOBA-
TEJILHOCTL CKAHHPYEMBIX JINTEP He SIBJISETCS] NPENJIOKEHHEM $I3LIKa,
ONpeZIe/IEHHOTO COOTBETCTBYIOIUHM PETYJISIPHLIM BLIPAKEHHEM, H Mpo-
IeCC aHasli3a MOXKHO TPEKPaTHTh. DTO MOMKHO CHeJlaTh, Hampumep,
C MOMOIIbLI0 MHCTPYKIUHH Mepexosa

goto L (14.24)

rge L -— MeTKa HMHCTPYKUMH, K KOTOPOH OCYIUECTBJISIETCSI TEPEXOf.
Tepen 060l HHCTPYKIHEH B MPOrpaMMe MOXKET CTOSTL METKA M IBOE-
toune. MHCTpyKuueil goto cienyeT moOJbL30BaTLCA B «OCOOLIX» U «He-
CTaHJAPTHLIX» CJIydYasiX, KOTja HeoOXOmHUMO HAPYIIHThL €CTECTBEHHYIO
CTPYKTYPY aJropurMa (HanppMmep, €CJH OOHAPYIKHBAIOTCSI BXOIHEIE
NAaHHBE, HE YIOBJETBOPSIONHE 3afaHHLIM creungukanusm). He pe-
KOMEHIYETCST MOJIL30BATLCSI TEPEXOLaMH TPH TPOrpaMMUpPOBAHUY pe-
T'yJISPHLIX UTEPATHBHLIX IPOLECCOB H YCJOBHO BLINOJHSEMbLIX HHCTPYK-
yufi, TaK KaK C BBEJEHHEM SIBHLIX NEPEXOIOB CTPYKTypa TeKCTa Hpo-
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rpamMMbl yxke Gojlee He OTParxKaeT CTPYKTYPHl BHIIOJHSIEMBIX 10 3TOH
nporpaMMe BEUHCJIeHHH. BoJiee Toro, OTCyTCTBHE COOTBETCTBHSI MEXKY
CTPYKTYpOH TeKCTa H CTPYKTYpOH BHIMHC/EHHIT 4pe3BbryafiHO 3aTpyi-
HSIET MOHMMaHHE MPOrpaMMb! M CYIIECTBEHHO YCJIOXKHSET 3a7a4y Be-
pubHKALHUH.

AJTOpuTMBl  dHAJIW34 TEKCTOBLIX LEMOYEK CJYIKAT OCHOBOH 7151
nporpamMM 06paGoTKH CTPYKTYPHLIX TEKCTOB (HAIPUMED, /ST KOMITHJISA-
TOPOB, KOTOPHIE OCYIUECTBJISTIOT TPAHCJASNHIO WIH HHTEPIPETALHIO [POo-
rpamm). Tlo CyluecTBy, mpH KOHCTPYHPOBAHHH TAKHX MPOTPaMM Jo-
CTATOYHO BKJIOYHTb JAONOJHUTENBHLIE HHCTPYKUHH B POTPaAMME,
BHINQJIHSIONME CHHTAKCHYECKUE aHaJm3. 3TH [IONOJHHUTEJLHLIE HH-
CTPYKUUH [OPOXKIAIOT HOBLIH TEKCT W3 HCXOAHOTO aHAJHSHDPYEMOro
texcta. C ux pobaBJieHHEM TPOCTOH TpoUECC aHaju3a (maroluil B Ka-
YeCTBE pe3yJIbTaTa JIOTHYECKOe 3HaUeHNe) CTAHOBUTCST [TPOLECCOM TPaHC-
JISTUUH, IJISI KOTOPOro, poollue TOBOpPS, HeJIb3sl CUUTATH Y/IOBJETBOPH-
TEJBHHIM 3aYPAOHHI MEPeX0 B KOHEH mporpaMMbl B CJIydae, KOTAa
BCTpeyaeTCs] HEPaBUJIBHLIA HCXOMHLIA TeKCT. Tem He MeHee aiTOpHTM,
UIPAIOINHH POJb CKEJIeTa», KOTOPHI 3aTeM ofpacTaeT Mpouenypamu
TPAHCJISIIINH, 3HAYHTEIBHO MMOBLILACT HANEIKHOCT MOJIYYaeMOTO TPaHC-
JISITOPA, TOCKOJBEKY TOCHACIHHH KOHCTPYHPYeTCsl C MOMOIILI0 CTaH-
NApTHOH METOMHKH COTVIACHO 3alaHHOMY HaGopy mpaBuJl.

YTIPAJXKHEHWS

14.1 Onpesenute, NPaBHABLHO JIM PelaeTcsl B 3THX NPOrpaMMax 3afaua, pacCMOTPEH-
Hasi B pasn. 14.1.
(a) var i, L, w: infeger; ch: char;
Z: array [l..wmax] of char; (14.25)
begin L := 0;
repeat w := 0; read (ch);
while (ch £ ' ') A (ch # eol) do
begin w ;= w--1; Z[w] := ch; reod (ch)
end;
if w > 0 then
begin if L-}-w < Lmax then
begin write (" '); L := LJ-1

end else
begin write (eol); L :== 0
end;
for i := 1 tow do write (Z[i]); L := L}uw
end
until eof(input)

end.
(b) var ¢, L, w:integer; ch:char;
Z:array [l..wmax] of char;
begin L := Lmax;
repeat if (ch =' ') V (ch=eol) then read (ch) else
begin w 1= 0;
repeat 0 = w--1; Z[w] := ch; read (ch)
until (ch =" ") v (ch=ceol);
it LJ-w < Lmax then
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begin write (" ’); L := L}1
end else
begin write (eol); L 1= 0
end;

for i := 1 to w do write (Z[i]); L := L+4-w
end
until eof (input);
write (eol)
end.

14.2 B neuaTaeMoit cTpoke AJuHBI L HEROTOpHIE JIMTEpPH MOMEYAlTCR: MapKepaMH.

B kauecTBe MapKepa WCIOJB3yeTcsl ONpefleieHHAs JuTepa (Hampumep, ‘= '),
KOTOpasi meuaTaeTcs NOA ToMedaemoll snutepoil. Homepa (WnAeKcE)) MapKupy-
eMbiX JIMTep 3ajaloTCsi MAacCHBOM

P1s P25 - Pn n}o, 1<p,<L

e
pi<<pj a5 BCeX (<j

Ipuxep: p=(1, 5, 7, 14, 19), n=>5

Crpoka TekcTa: [ETa cataua mpemuThbHa

Crpoka MapkepoB: = % % P %

PaccmoTpuTe TpeAJIOKEHHBe BapHaHTEL Kakue M3 HUX npaBuwibebe? Hafigute
VCNOBHSI, TIPH KOTOPEIX NPOSIBATCS OIHOGKH.

(a) k:=1;
for i := 110 L do
begin if i=p [k] then
begin write ('s"); k := k-1
end
else write (')
end

(b) & :=1; p[n--1] == 0;
for i := 1to L do
begin if i=p [k] then
begin wrife ('=');
repeat £ := k-1 until { # p[k]
end
else write (" )
end
(€ i:=1;
for £ :=1ton do
begin repeat write (' '), { 1= i+}1

until i=p[k];
write ('+'); [:=i)-1
end
@i =1k :=1
repeat

while i < p[k] do
begin write ("'); i 1= i-1
end;

if {==p [k] then
begin write ('s’); { 1= i1
end;

k1= k-1

until 2 > n
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14.3

14.4

14.5

(e i :=1; k:=
while £<Cn do
begin whiie { < p[k] do
begin write (* '); i 1= -1

end;
while p[k] idobk:=~Fk+1;
write ("=")

end

Harumure nmporpaMmy, KOTOpasi MOACYMTHIBAeT, CKOIbKO pa3 B (aliie f Bctpe-
qaeTcsl Kaxgas JuTepa. PeaysbTar npeacTaBbTe B BHAE nepeMeHHol [V, koTopas
OUIHCBIBAETCS KaK

var N: array [char] of integer

uToGEl B KoMoteHTe N[c] MoKHO GHINO MOACUMTATL KO.THYeCTBO JIHTep ¢ B datie f.
Kpome Toro, nepemeHHast D 1onxHa yKa3bBaTh KOJHYECTBO CUETUHKOB, 3HAYCHUS
KOTOPHIX OTJIMYHBI OT HYJS.

Jlasb nBa maccuBa A u B, XOTOphe COep:KaT Tak HasblBaeMHE CNOBA, T. €.
nocsefoBateabhocT 6yke. Muaue rosops, past i=1, ..., M

Aigeee Ai,mi By ... Bi,n,- my, ;<N
siBAsoTCst OyKBaMH, a
Apymp+1+«-Ai,N ¥ Bisypay - By

siBnstioTes mpoGenaMu. Kpome Toro, aau dailn inpul, conepxamuil cyioba (mocse-
JioBaTesibHOCTH GVKB), pasfiesieHHbie mpobeslaMH W/WIH JMTEPaMH, YKa3HBaio-
mHMH KOHel, cTpokH (eol). Hamummute nporpamMy, Kortopast uMTaer ¢ain (nput
W TeHepupyeT ¢a#ii oufpuf, 3aMeHssT IPH STOM Karkioe CJIOBO, COBIajalomee
C HEKOTOPbIM coBoM A; MaccHBa A, Ha COOTBETCTBYKCIlee eMy ¢JloBo B;MaccuBa B.
Ykazanue: B nporpaMMe cJefVeT BOCHOIb30BaTECs OydepoM, BMemammnM
He Gonee N Jmrep. Menonwayiite npouenypy Transmitword, KoTopast cpaBHHEBAaeT
cnoBo B 6ydepe Z ¢ A u ornpaaster B daila output B; (ecau Z=A;) vmm Z (ecau
Hu ofHO A; He coBnagaet ¢ Z). ByapTe 0CTOpOMHBL IpU IpUMEHEHNH caepyiomel
HenmpoBepeHHO# npouenypwl (3gecb Z=Z;... Zp):

procedure Transmi tword
var £: 0..M; 0..; f Boolean
begin i = 0; {Z[k+1]_ 0<k<N}
repeat i 1= z+l 0
repeat j : 1+1 D F = Z# AL, ]
until f vV (L‘~ k)
until 1 v ((=M);
it f then Emit (Z) else Emit (B[i])
end

3azan maccuB S, cofep:kamuil TaK Ha3hBaeMble KJlOueBLle ¢I0Ba. I1yeth Sj 4, ...
IR ——6\71(Bbl u l<<n; < N. Kak u B ynpaxuenun 14.4, dait1 mput cocTouT
U3 cnoB (nocsiepoBatedbuocTell GYKB), pasfeienubix npoGeiamu w/uiH eol-
Jnurepamu. Kaxpast cTpoka conep:kHT He 6oxee L nuTep.

Hanmmure nporpaMMy, KoTopasi TeHepHpYeT BHXOAHOW aily, comep:kauuil
TE K€ CAMBbiE CTPOKHM BXOaHOTO ¢ai.ia, HO LUHMKIHYeCKH CABMHYTHIE TaK, YTOOHI
KJIIoueBhle €Jj0Ba MauMHAJIMCh C (PHKCHpoBaHHOH R-H moswuwu. Ecnm B cTpoke
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HeT KJIoueBhiX CJIOB, TO Takasl CTpPOKa He nepejaetcst B BhiXogHol dalin, ecan
CTPOKa COJIEPKUT 1 KJIOUeBhIX CJIOB, TO 5Ta CTPOKa BbIIAETCS 1 Pa3, CABHHYTAas
Ha pasHoe KonutdectBo nozuuuil. (B nanHoM cayuae neoGxonumMa Oydepras mepe-
MeHHas, BMellaioinasi no kpaiisell mepe L nurep.)

14.6 Hanumwure mporpaMMy B COOTBETCTBUH ¢ NIpaBHJaMu KOHCTPywpoBauHus (14.21)
u (14.22) pns avanus3a apudMeTHueckuX Bhipaxkenuil. CioBapb COCTOHT U3 CJie-
JIYICIIHX CHMBOJIOB

V={ht+—=/.}

rae A ofognataeT MPOUsBOJILHYIO GYKBY. AHanusupyeMmeie cTPyKTyphi 3anaioTest
CeYIOIKUM PeryJsiPHEIM BhiparkeHHeM:

MM (=MD



15. MOWATOBAS PA3PABOTKA [TPOTPAMM

Haum npumepH B NpeaHnymux TIJaBax yOSAUTEJIBHO NMOKa3HBaioT,
YTO NPOTPaMMHPOBAHHE, TOHHMaE€MO€ KaK ITPOEKTHpOBaHHE H (PopmMy-
JIUPOBAHHE aJTOPUTMOB, KdaK TPABHJIO, NPOLECC CI0XKHHIE, TpeOyolHil
yueTa MHOTOUHCJIEHHEX IETaJell U BJAACHUS CNEUHaJbHOH TEXHHKOI.
OueBUIHO TAK¥Ke, YTO TOJILKO B HCKIIOYHTEJLHEIX CJIydasix OyZeT Cy-
IIECTBOBATL €IHHCTBEHHOE BO BCEX OTHOIICHHSIX YIOBJETBOPHTEILHOE
pereHne. OCBMHO peIeHHil TaKk MHOTO, YTO BHIOOp ONTHMAJBHON Mpo-
TpaMMH TpeOyeT HE TOJLKO TIHATEIBHOTO aHaJdH3a CYIIECTBYIOIIHX
aJTOPUTMOB H BHMHCJIHTENBHBIX MAIlHH, HO TaKXKe H HauOOJee YacThiX
CJIy4aeB HCIOJE30BaHHST TIporpammel. Ecau OBl mporpaMMHpOBaHie
GBUIO CTPOTO NETEPMHHHPOBAHHKIM TPOLECCOM, MONYHHSIONUMCS (PHK-
CHpPOBaHHOMY Ha6opy mpaBuJ, TO OHO JaBHO OHIO Ghl aBTOMATH3HU-
pOBaHO.

Kax u B Jio0OM WHXKEHEPHOM &€, KOHCTPYHPOBAHHE H3JEJHSI, B
JAHHOM CJy4ya€ aJropHTMa, TPeOyeT OCMHIC/HBAHHSA, HCCAEIOBaHHBH
U NpuHATHs pemeHuil. Ha paHHuX cragusix BHUMaHHE o0OpalyeHo TJyaB-
HEIM 06pa3oM Ha TJIo0ajnHHE 1PoOGIEMEL, U B TIEPBOM 5CKH3HOM ITPOEKTE
VIIYCKaoTCsT U3 BUAY MHOTHE getadu. [lo mepe npomBHKEHHST TIpO-
[ECCAa TIPOEKTHPOBAHHUS 3ajaya pa3OuBaeTCsT Ha Moa3ajayd, W TOCTe-
TIEHHO Bce GOJIbIee BHUMAHHE YORISAETCs] OApo6GHOMY OMHCAHHIO Mpo-
OneMEl B XapaKTepHCTHKAM HMEIOIUXCST WHCTpyMEHTOB. B mporpam-
MupoBanuu OJarogapsi abcTpaKTHOH TPUPOAE TOJNYYaeMOTO H3[eNHs
TIOSIBJISIIOTCST  COBEPIIGHHO HEOXKHAAHHHE BO3MOXKHOCTH. B omIuupe
OT JpyTHX obJacTell WHKEHEPHOH NesSTEJIBHOCTH B IIPOTPaMMHPOBAHHH
U3[JIHsT MOXKHO KOHCTPYHPOBATh (M HUCTIHTHBATh) 6e3 MaTepHaJbHHIX
3aTpaT; OHH CBOOONHH OT NOGOUHBIX (GHU3NIECKUX 3(PHEKTOB, CBI3aHHHX
CO CTapeHHeM 1l TPUMEHEHIIEM MATEpHAJIOB HU3KOTO KauecTBa. [lostomy
NIPOTPaMMHUCTH. MOTYT H JOJIKHH paspalaTHBaThL MHOTO BEpPCHH aJsro-
PUTMOB ¥ TIATENLHO CPaBHHMBATh M aHAJH3HPOBAThL HX, MPEXKAE YeM
ClenaTh OKOHYaTeJNLHHH BHOOD.

BeposiTHo, HaunGosee ofiuasi TaKTHKa MPOTPaMMHPOBAHHS COCTOHT
B DasJIoXEHHH NPOIecca Ha OTASALHHE JEHCTBUSI, a COOTBETCTBYIOIIHUX
TporpaMM Ha OTZAENBHHE HHCTPYKUHH. Ha Kaxaom Takom miare aexom-
[O3UHHH HYXKHO yIOCTOBEPHUTHCS, HTO
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(a) penreHusT 4aCTHHIX 3a7ay NMPUBOLAT K PelieHmo oblef 3agauu,

(b) BHOpanHass TOCJAENOBATENLHOCTL HHAMBUAYAJLHBIX JEHCTBHIH
pasymHa H

(c) BHOpaHHasi JEKOMMO3WIMsI TO3BOJSET MOJYYHTh HHCTPYKUHH,
B KakoMm-TH00 cMEICJEe 6osee GIH3KHE K sI3HIKY, HAa KOTOPOM B
KOHEeYHOM cueTe Gyner copMmyanpoBaHa MpOrpaMma.

Kak pas nociepHee TpebOBaHHE HCKIIIOYAET BO3MOXKHOCTH TPSIMO-
JIUHEHHOTO TIPOJBHXKEHHSI OT NEPBOHAYAJLHON MOCTAaHOBKH 3ajayK K
nporpamMme, KOTODasi JIOJI?KHa MOJYYHTLCH B KOHeUHOM HTore. BesKuii
3Tal AEKOMMNO3HIHH CONPOBOKAAECTCA (POPMYJIHPOBAHHEM HACTHHIX MIPO-
rpamMm. B nmpotuecce stofl paboTH MOKET 00HapyKUThCH, YTO BEIOpaHHAS
JNEKOMMO3HUIHS HEyJauyHa B TOM WJIH MHOM CMHC/JE XOTsT OH MOTOMY,
4TO TOAAPOTpamMMBl HEYZOOHO BHpaxaTh C TMOMOILID HMEIOWHXCS
cpencts. B 3ToM cayyae onMH WJIH HECKOJBKO HPENHIAYLIEX IIaroB fe-
KOMIO3HUHH CJEAYET TEePeCMOTPETh 3aHOBO.

Ecsan BHAETH B INO3TANHOH IEKOMIIO3WIIMH W OIHOBPEMEHHOM pas-
BHTHH U JeTaJH3aliH IpOrpaMMH MOCTENIEHHOE IpOJBHIKEHHE BIVIYOL,
TO TaKOl MeTOi TpPH peuleHMH 3amady MOXKHO XapaKTepH30BaTh Kak
Hucxodswyuti (cBepxy BHu3). M HaobopoT, BO3MOKEH Takofi Nonxon
K PELICHUIO 3a/la4H, KOrJa NpOTPaMMHUCT CHayaJa W3ydaeT UMEIOILYHoCs]
B €r0 PacNopsIKEHHH BHYHCIUTEILHYIO MAIIHHY H/HIH A3HK TpOrpam-
MHPOBaHAS, a 3aTeM COOHPAeT HEKOTOPHE MOC/EeNOBATEEHOCTH HHCT-
PYKUHUI B 3J€MEHTAaPHHE NPOLENAYPH UMM «KJACTepH AEHCTBHI», TH-
MHYEHE 151 penaeMoll 3ajmavd. SJIEMEHTAapHHE MpPOUENYPH 3aTeM
UCTIOJNIE3YIOTCST Ha CJAGAYIOIIEM YPOBHE HepapxUu npouenyp. Takxoi
MmeToy (U3 TJIyOuHE MPHMHTHBHHX MalMHHHIX KOMaHJ K 3ajaue, J€xKa-
el «Ha TOBEPXHOCTHY) Ha3HBaeTcs socxodsuyum (cHusy eeepx). Ha
IpakTHKe pa3pabOTKy NporpaMMH HHKOT/Ia HE y/aeTCs MPOBECTH CTPOTO
B O[HOM HampaBJIEHHH (CBEpPXY BHH3 WJIH cHH3Y BBepX). OmHako mpu
KOHCTPYHPOBAHHH HOBHX a/JTOPUTMOB HHCXOAsIUu¥i Mmeros; oOHYHO
nomuHEpyer. C npyrofi CTOPOHH, NPH alJanTandi NPOrPaMMH K He-
CKOJIBKO H3MEHEHHHM TPeOOBaHHsM MPERNIOYTEHHE 3a4acTyio OTHAETCs]
BOCXONSIIUEMY METOLY.

O6a meToma mO3BOJISTIOT pa3pabaThiBaTh MPOTPAMME, KOTOPHIM
MpUCYILA CTPYKTYypa,— CBOHCTBO, OTJIMYaiollee HX OT aMopdHHX
JINHENHHX NOCJeNOBATEJILHOCTEHl MHCTPYKUME WM KOMaHI MAalIHHH.
I upesBryaiiHO BayKHO, YTOOH HCHNOJL3YEMHI sI3HIK B TIOJHOH mepe
oTpaxkasa 3Ty CTPYKTYpPY. TOJIBKO TOTZa OKOHYATEJBHHI BHJ MOAYYEH-
HOll mporpaMMH TIO3BOJHMT NPHMEHHThL CHCTEMATHYECKHE METOAL BEpH-
(dbuUKauuy ¥ TMPOCAENHTL HCTOpHIO €& pasBuTusi. Ho B GeccTpykTypHol
3aMHCH, HalpUMEp B MacCe ABOWYHHIX UH(P B NMaMATH MalIMHH, B IPO-
rpaMMe€ HE XBaTa€T HMEHHO TOTO, HTO TO3BOJSIET YEJOBEKY OTAGNHTh
TIOJIE3HYI0 HHGOPMAIKIO OT IIyMa.

Ecnau nporpamda pa36uBa€Tcsi Ha NOANPOTpaMMH, TO JIST Tpei-
CTaBJEHHUs] pEe3YJLTAaTOB M apTyMEHTOB YacTO MPHUXOAHTCS BBOIHTh
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HOBHE TEpeMEHHHE H TaKuM 00pasOM yCTaHABJHBATb CBSI3h MEXKIY
noAnporpaMMamMi. Takueé NepeMEeHHBIE CJIEZIyeT BBOIUTH M ONHCHBATH
ga ToM »Tane pa3paboTKH, Ha KOTOPOM OHH noTpeboBaJtuck. Bojee
TOTO, NETaju3alusl ONMHCAHUS MPONECCA MOKET COTPOBOXKIATLCS NETa-
Ju3aupell onHuCaHHsT CTPYKTYPH HCHOIbL3YeMHX nepémeHHHIX. Ciaeno-
BaTeJEHO, B SI3HIKE JOJIKHH OHTH CPEACTBA JJI OTpaxKeHHs HepapXu-
4yecKOll CTPYKTYPH fAaHHHIX. M3 CKa3aHHOTO BHIHO, KaKYio BaxkHYIO
pOJIb MTPAET MOHSITHE NPOUEAYPH, JOKAJLHOCTh OOBEKTOB H CTPYKTY-
pPHPOBAHKE NAHHEIX B CBSI3W C TOLIATOBOM pa3paboTKOH MpPOTPaMMH.
Crenyrompe 4eTHpe NMpHMepa NpH3BaHE NPOHJLIIOCTPHPOBAThL MPH-
BEIEHHHE BHIIE JOBOJLHO abCcTpakTHHE coobpakenust. Hu omuH H3
DPUMEPOB (3a HCKJ/IOYEHHEM, OHTEL MOXKET, NEPBOTO) HEJb3S OTHECTH
K THNHYHLIM 3apadam o6paboTku AaHHEX. OfHaKo OHH OYEHB XOPOIIO
MOLXONAT 7J1s1 TIPUMEHEHHsT W [EMOHCTPallHH MeTola NOoNIaroBofl pas-
pabOTKH TPOTPaMMH, HO HE TPEOYIOT KOHCTPYHPOBAHHS YpE3BHIYAHHO
JUIMHHBIX ¥ CJOXHHX HporpamM. Teém HE MeHee o0beM NOSICHEHHI,
KOTOpPHE MmoTpefoBaNuCh s ONHCAHMS Hponecca pas3paloOTKH 3THX
nporpaMM, CJYIKHT Cephe3HHM HalOMHHAaHHEM O TOM, YTO KOHCTpPyH-
pOBaHHE ANTOPUTMOB SIBJSIETCA AAJIEKO HE TPOCTHM JIETOM.

15.1. Peurenne CHCTeMBl JHHEHHBIX ypaBHEHHil

IlpennosiokuM, YTO HAM HYKHO HaHCaTh TPOTPaMMy JJIST BHUHC-
JIeHUS] HEH3BECTHHIX 3HAYEHUH X1, ..., X, TIPH PEIICHHH CHCTEMBI JIH~
HEHHHX ypaBHEHHUI

2 rx=0; i=1, ..., n (15.1)
i=1

€CJTH BCE ;5 ¥ b; n3BecTHEL [1pUBeneM npuMep CHCTEMH IMHEHHEIX ypaB-
HeHuil npu n=3.

X, - 28x, - Bexy=4
Bux, - Xy - dux, =11 (15.2)
—28x, -+ Bax, - Yux, = —7

M3 pasnuyHEIX METONIOB pENeHUs] YPAaBHEHH! MH BHOEPEM NOJYYHBILHIL
UIIPOKOE PacIpOCTPAHEHHE (CIIe [0 TOSIBJCHHS BHYHCAHTENLHBIX Ma-
mwpH) meton [aycca — MeTon NOCJENOBATENLHOTO HCKJIIOHEHHS HEH3-
BecTHHXx. Ha nmepsom mare mel, ucnoas3ys (15.1) npu (=1, noryyaem
BEIpaXKE€HUE JJIST Xp.

x1= <b1——122 alj*x]-> / ali (15.3)

3atem x; mozcraBasiercsl B octaBmmecs n—1 ypasuenuii. B pesyus-
Tate noJy4aercst cucTeMa n—1 YpaBHEHHH C n—] HEH3BECTHHMH X, ...
«+.y Xp. DTOT TIPOLIECC HA3HIBACTCSI UCKAWUeHUeM HeussecrnHozo. Ecin
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€r0 MOBTOPHTL n—1 pa3, TO CHCTeMa CBENETCS K OIHOMY YpaBHEHHIO
C OfHMM HEH3BECTHEIM, a TaKO€ YPaBHEHHE PEIIAeTCss COBCEM IIPOCTO.
Uto6H TOJMYyYUTh OpOrpamMmy, TOUHO OTPazkalollyio 3TOT Hpouece,
MH B OGIIEM BHAE cHOpMYJIHpYeM k-f 1Al HCKIIOYEHHsT HEH3BECTHOTO.
Ha k-m mare Mut umeem zeyo ¢ n—~k-+1 JuHefiHEIMH ypaBHEHHIMH.
n
2 asx; = b i=Fk, ..., n (15.4)
j=k

HoBre xosdduuuenTH a(k“) u b)) prupcsIsIOTCS TaK, YTOOH MOJy-

ypJack cucrema n—~k ypaBHEHI/II/I.

Z a(k“’*x—b(k“) i=k1, ..., n (15.5)

i=k+1

31 Ko3pPUUHEHTH NOYYaOTCs KaK JHHeHHasg KomOuHauus Koxpgu-
IHEHTOB k-TO W {-TO ypaBHEHUI (CTPOK)

aga Fy __ a(k) (a(k) ))¥a(k)

b:_k+1) (k) (b(k)/a ))¥a(k) (15.6)

st I, j=k4-1, ..., n. Tenepr k- ypaBHEHHE BHYHMTAETCH U3 (-TO H
3aTE€M YMHOXKAeTCsT Ha BE&NUYHHY, BEHIOpaHHYIO TaK, 4TO IS j=R H
Jrob0ro i

k+1) — otk -
alk+1) = o) — (k) JalR)xall) = O (15.7)

370 3HAYHT, YTO B HOBOIl CHCTEME BCE KOS(PHIHUEHTEl MPH X DaBHEH
HYJIO, U TaKUM 00pa30M HCKIIOHAETCs] Xjp. 3aMETHM, KCTaTH, 4YTO HeT
HEOOXOUMOCTH BHIMHC/ISATE KOSPOUUHEHTH affy.

INocse n—1 miaroB cucTeMa CBEIETCS K ypaBHEHHIO

A sx, = b (15.8)

H3 KOTOPOTO HEMOCPECTBEHHO BHIYHCISETCS Xp,. OCTaNbHHE HEH3BECT-
HHE TIOJIY4aioTCsT MOACTAHOBKOH YyiK€ BEMHC/ACHHEIX HEH3BECTHHX B
NoJydeHHHE padee ypaBHeHusl. Hanpumep, m1s1 BHUYHCIGHHS Xp_i
JIOCTATOYHO TIOACTABUTL X, B

O a# %, -y - OF) X, = DY (15.9)

AToT mpouecc HaswBaeTcst obpamnoll nodcmarosxol. ObpaTHyo mox-
CTAHOBKY Ha B-M 1are MOXHO BHPa3HTb caenyiomell obmei GopmyJoit
n

=p— B g0 (%)
X (bi ) as *xi> / aly (15.10)
]=k+l
IJIsT TIPOM3BOJBHOIO i, TAaKOro, uto k<is(n. (lloszpee Mel mOSICHMM,
nouemy obmuHO BHOHpaercsi i==k.) OOpatuTe BHUMaHHE Ha MNOCJEJO-
BAaT&NILHOCTL, B KOTOPOH BHINOJHSIOTCH OOpaTHHE moiacTaHoBku. OHa
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ONPEAEJSETCST TE€M, YTO IJISI BEIYHCJCHHS Xp JOJKHH GHITh M3BECTHEI
3HAYCHHS Xp i1y - - -5 Kn.

Becr mpouecc peneHst IEMOHCTPHPYETCS] Ha MPHMEPE CHCTEMH
ypaBHenuii (15.2). YpaBHEHHS] MpEeNCTaBJSIOTCS] CBOUMH KOa(duuueH-
TaMH, 3aNHMCaHHLIMH B BHIE MaTpPHIHL.

Vickimoyenve HeM3BECTHBIX:

1.
12 5 4 #¥3/1 %21 —
a? 3 1 4 11 [
-2 5 -7
2,
a? ~5 11 =1 | b® x9/-5 ¢
9 19 1
3.
ey )
V45 | ~4/5 “—
I
Ofparnas 1oACTaHOBEKA:
I x3=(—4/59/(—45) =1
2. x,=(=1+11%1))(=5=~2

3. x,=(44=5%1—2%(=2)1 =3

Ilpy cosgaHWH mTporpamMmbl, COOTBETCTBYIOIIEH 3TOMY mpoLecCy,
HEOOXOIUMO YYHTRIBATL OJHO Ba:KHOE CBOIICTBO ONHCAHHOTO aJTOpHTMA.
A umeHHO: Korma BRIMHCASTIOTCS KOsbGHUHEHTH a®+D y pk+D g0
HY2KHH TOJILKO KO3(p¢HUuHeHTH o n b% npu A=k 1 He HyHH K03(-
dunuents ¢ A<<k. Bo3HHKaeT BONpPOC, MOKHO JIH HCIOJL30BATL JIHIb
IBe mepemenHbie A ¥ B g npenctasieHust Beex a® n 0™, Yrobh
OTBETHTHL Ha 3TOT BOINpPOC, HEOOXOAMMO HCCJIENOBaTh, KakKHe Koagiiu-
IHEHTE HOTPEeOYIOTCS Ha MOCJAENYIONIUX LIarax o6paTHOH TOACTaHOBKY.
Ho me1 y3xe Buzenn, uto MOXKHO BOCTIONIB30BATHCS JIIOGLIM 3 YPaBHEHHI]
C yHpexcoM i=k, ..., n. Ecqu pjs BbMUCJAEHHS x; BhOupaercss k-
ypaBHeHue (i=k), TO IOCTYUOHH Kak pa3 Te CTPokH A u B, KOTOpHE
comepkat Kosdpbunnents o u b nas i=k--1, ..., n. Takum 06-
PasoM, HX MOXKHO 3aMEHHThL COOTBETCTBEHHO Ha aff*!) u DY, a3
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BCETO 3TOTO CJEAYET, YTO JOCTATOYHO MMETH N0 ONHOMY 3K3eMIIsApY
nepeMeHHHX A U B, KOTOPHE GYAYT MOCJAENOBATENLHO XPaHHTL KO3(-
dunpents o), ad, ..., P u VP, ..., b Obvem namsaTH, HEOGXO-
JUMEI 1T XPaHEHHsT 5THX KO3(UUHEHTOB, pPE3KO COKpallaeTCs.
Taxk, BmecTo

o (— 1) ... 4284 12 = L (20% 4302 + 1)
Aayeek aasg av, ..., o u

nt(n—1) 4. 241 =5 (0 4n)

syeek gis b@, ..., bV pacXonyeTcst TONBKO #1211 sTueeK, OTBEICHHHX
nepemeHHEM A ¥ B. Bo MHOTHX CJIydasiXx TAKO€ 5KOHOMHOE HCIIOJIBL30-
BaHHE NaMsITH OKA3KBAETCsT peInaioiuM (hakKTopom TIPH BHIGOpE MeToza.
JIMEHHO TIOTOMY NPHUMEHEHHE METONa WCKJIoUeHHst [aycca KOHOMH-
YeCKH ONpPABAAHO Ha CYIMECTBYIINHX BBLMUCJAUTENLHBEIX MAallHHAX.
(3ameTHM, YTO MO AHANOTHYHEIM COOOPasKEHHSIM MOXKHO OBiJIo Obl HC-
[OJIL30BaTh OOLIYI0 MaMsITh AJIsT X; ¥ b; U HE BBOAUTL nepemeHHyn X.)

YuuTHBAsT CKA3aHHOE, MBI BBEIEM CJIELYIOLIHE ONHCAHHS TEPEeMEH-
HHX:

var A: array [l.. n, 1.. n] of real

B, X: array [l.. n] of real (15.11)

n chopMyaUpyeM NIPOrpamMmy

Bapuant 1: begin ,,ipucBONTL 3HaUE€HHS] MEPEMEHHLIM A U BY;
for £ :=1 to n—1do (15.12)
begin ,BHUHCAHTL ok+D y P+ pe.
nosb3yss o® u b B coorBer-
cteuH ¢ (15.6)¢

end;

k= n;

repeat ,BLMHUCAHTE X, B COOTBETCTBIIH

c (15.10)%
k= k—1
until £=0
end
Bapuant 2 mosyuaercst B pe3yJbTaTe I€TalM3allllM HHCTPYKUHH

SBHUHCTUTL ... (15.6)%, KOTOpyIO MOXKHO 3amHCaThb CJAEAYIONHM 00-
pasom:

Bapuanat 2: for i := k41 to n do
begin ,BHUHCAUTE -0 CTPOKY atk+1) i ple+1)
B coorserctBuH ¢ (15.6)“
end (15.13)
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B sToM mecTe csienyer o6paTuTh BHUMaHHe Ha TO, YTO MpH BHYMC-
aeunn o™ (1 b¥) no gopmyse (15.6) muoxuTens alf)/al®) (coor-
BeTcTBEHHO bf/all)) me 3aBucur or mapamerpa pukma i. Ciaegys oc-
HOBHOMY TIPaBHJy, MO KOTOPOMY HYyKHO H36€raTh NOBTOPHOTO BHLI-
YHCJIEHHsT HEMEHSIOMIXCST 4acTeli BHPAXKEHHfl, MBI BHIHECEM H3 HH-
crpyxuun for onepanmio neseHus Ha dff). Ho BosHumkaer sonpoc: rie
XPaHUTh Pe3yJbTaTH AEJEHHsT? MOKHO JIH TPOCTO 3aMeHuTH afd u bi
COOTBETCTBEHHO Ha af/aff) u Ha b{¥)/alk)? OueBunHo, HyskHO paceMoT-
PETL, KaK TOBJHSIET 374 3aM€HAa Ha MPOUECC o6paTHO! TONCTAHOBKH.
Ho Mut 3Ha€M, YTO YMHOXKEHHE BCEX KO3(WDHLHUEHTOB HA Of[HH M TOT K€
MHOYKHTEIb HE H3MEHSIET 3HAYEHHs] HEH3BeCTHHX. Kpome Toro, npu
IENCHUH Ha a\f) 3HaueHue camoro alf) craHOBUTCS paBHLIM 1, H, cJemo-
BATENEHO, B TIpoOmecce OOPAaTHON TOACTAHOBKH JEJIEHHE CTAHOBHTCS
usaumHuM. [losToMy mnpefjiaraemasl 3amMeHa He TOJBKO JOMYCTHMA,
HO ¥ JKeJaTesbHa. 3T0 MPUBOAMT K TPEThEMY BaPHAHTY HpPOTPaMMEL
17151 basel UCKIHOYEHUST HEH3BECTHBIX.

Bapuant 3: for £ := 1 to n—1 do
begin p := 1/A[k, E]; (15.14)
for j := k41 ton do Afk, j] :=
p=Alk, jI; B[R] := p=B[k];
for i := k4-1 to n do
begin ,prumcaute af*+1 u b¥+1 B coor-

BercTBHM € (15.6)“

end
end
Ilpu peranus3aumy HHCTPYKUHH ,BHUHCIMTE ... (15.6)¢ caenmyer
yunTeBate, uto Alk, jl umeer snavenve a{P/afl) (Ha k-m ware).
Bapunaur 4: for { := k41 to n do (15.15)

begin for j := k41 to n do Afi, f] :=
A, fl— AL, EsATe, ;
Bli] := B[{]—Ali, k|=B[k]

end

Teneps ToOT e mponecc NOCTENEHHON [eTalu3anuil Mbl IpHMEHsIEM
K (ase obparHoii nogcranoBku (15.12). O6paTHast NoACTaHOBKA peajiu-
3yercss KaK MNOCJENOBaTeNbHOCTE BpMHTaHHE 1o ¢opmydae (15.10).
3amerum, yTo nenenue Ha aff) y:ke GEIIO BHINOJMHEHO BO BPEMS HCKJIO-
YEHHsS] HEW3BECTHHIX.

Bapuaut 5: begin ¢t := B[k]; (15.16)
for j := k-1 to n do t:=t—A[k, jI=+X[il;
¢

end

OGparute BHMManue, uTo 37€Ch CVIGECTBEHHO HCTOTB3VETCH TO
CBOTICTBO MHCTPYKuuH for, B COOTBETCTBHH C KOTOPLIM HE BLUIOJHSAETCSI



146 15. TTIOIATOBASI PABPABOTKA ITIPOTP AMM

HUKaKUX JAeficTBHil, €C/H KOHEYHOe 3HaueHHe MEHbIe HavyaJbHOTO
3HaueHUs NapameTpa UHBKJA.

OxoHuarenbHE BUI NPOTPaMMEl PEIlIEHHsT CHCTEMBY JIMHEHHLIX YpaB-
HeHui npusonutcs B (15.17). 3ametiiv, uTo Tenepn TpeGyeTcst n 1IATOB
UCKJIIOYEHUsT HEU3BECTHHIX (BMECTO fi—1 1aroB), Tak Kak Ha m-M LIare
BHINOJIHSIETCST  neneHue b Ha affy.

{Pewesye cHcTeMB 1 JHHEHHHIX ypaBHEHHH METOIOM HCKJIIOUe-
HHsI HemsBecTHHX No [ayccy.}
var i, j, k 1l.n;
p, t: real, (15 17)
A: array [l..n, 1..n] of real;
B, X: array [l..n] of real;
begin {nmpucBours 3HaueHus: nepeMenHsm A u B}
for £ := 1 1to n do
begin p := 1.0/A[E, k];
for j := k41 to n do Ak, jl := p=A]k, [];
Blk]| := p=BlE];
= k+1 to n do
begin for j := k41 fo n do
Afi, ] = ATi, 1= AJi, K=A[k, fI;
Bli] := BJ[i]—Ali, k]«B[k]

end

end;

k 1= n;

repeat { := BJk][; :
for j := k-1 tondot :=t—Alk, jl=X[i];
X[R] :=t; B := k—1

until k=0

end

Ocofoe BHHMaHHE HYXKHO YIENIHUTL ONEPAINil JeJIeHHsI, HOCKOJBLKY
aJropuT™ Mepecraer paboTaTh, €CHH JENTUTEJNL OKaXKeTCsl paBHLIM
HYJ0. 3710 TeMm 00JIee BaXKHO, ecJH apU(METHUYeCKHEe ONePAlHU BEITIOJ-
HSIFOTCST ¢ KOHEWHOH TOYHOCTBIO, TAK KaK JAame OAU3KHi K HyJo Ie-
JIUTESIE MOXKET NMPHBECTH K ONIHOKE UJTH B JIYULIEM CTy4ae K COBEPILEHHO
00ecKypaXHBAONIUM pe3yibTaTaM. 1o, 4To nepecTasoBKa CTPOK (ypap-
HeHuil) ¥ cronbuor A ¥ B He BAHSET Ha 3HAYEHHS] HEM3BECTHBLIX, MO-
3BOJIIET HaM B TaKOH MNOCHENOBATENLHOCTH MPOU3BOAUTEL HCKIIOUEHHE
HEHU3BECTHBIX, YTOGH BOOOIE H36€KATh ACJIEHUS] HAa HyJb U OJH3KOe
K HyJic 3HaueHue. JIenuTenyl HasHIBAIOTCS OCEGLIMIL INEMEHILOMU.
B kauectBe 0CeBOTO 3JIeMEHTa MBI MOXKEM BHOpPATH KOMIOHEHTY af’j)
¢ HauGospimuMm abcomoTHBEIM 3HayenneMm. OueBHIHO, aNTOPHTM MpPH
5TOM YCJOXKHSIETCs, HO 0e3 NOHNCKa OCEBOTO 3JIeMEHTa HEBO3MOXKHO,
KaK npaBusio, o0OHTHCL, €CJH MBI XOTHM HMETh YAIOBJETBOPUTENLHYIO
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TOYHOCTL U Hajle )KHOCTh BHUMCIEHuH. ECiaH Ha HEKoTopoM wiare wuc-
KIIOUEHUST HE yHaercsl HallTH OTAHYHEIN OT HYJS OCEBOH 3JE€MEHT, TO
TaKas CHCTEMa YpaBHEHUfl HA3LIBAETCS CUMEYAAPHOL, T. €. OHA HMEeT
He €IHHCTBEHHOE pelleHne. Eciu ke HeT mesuTens, KOTOPHH CyIecT-
BEHHO OTJIMYAETCsI OT HYJs, TO TaKas CHCTEMA HA3HBAETCH 140X0 061c-
n08AetHOL (cM. yHpaxkHeHue 15.2).

KpaTkufi ananu3 ajaropuTMa MOKaskIBAET, YTO B CAMOM BHYTpEHHEM
UHKJE onepanuu

Ali, ) := Ali, fl—Ali, Bl= Alk, j) (15.18)

BLITOJTHSAIOTCS
(n—1) 4 (= 2)2 - ... +- 2| 12= (20" —3n2 -n) (15.19)

pas. KonnyecTBO BBIMHCTIEHHH pacTeT Kak TPETbd CTEHEHL Yyucaa n.

15.2. HaxoxpeHue MMHUMANbHOTO 4MCJa, PABHOTO JABYM
cyMMaM JBYX Pa3JIMYHBIX Map HATYpaJibHBIX 4MCE],
BO3BEIEHHBIX B TPEThIO CTeleHb

Ha sTom nmpumepe IeMOHCTPHUPYETCSI METOf MOoIaroBofl neTasi3a-
IUH TTPOTpaMMHEL, ONUCHIBaIONel npouecc nepebopa, KPHTEPHH KOTOPOTO
NOCTIENIOBATENILHO  YTOUHSIOTCS. 3ajada COCTOUT B TOM, YTOOH HaiiTu
HaHMeHbIlee YHCO X, TaKoe, 4To

x=0?+-b*=c?*4-d? (15.20)

rae a, b, ¢, d — HaTypanbHHE YHCHa, TPHYEM a-C U O7d.

Ecnn Be mnpuBJieKaTh TyOOKHe CBELCHHSI U3 TEOPHH YHCEN, TO,
NO-BHAHMOMY, Pa3yMHO HCKaTh peIIeHHe, IPOCMaTpUBas BO3MOMKHEIX
KaHquaa1oB B X (B MOpSIIKE HX BO3pacTaHHsl), H HpeKparHTh MpoLecc,
KaK TOJMLKO BCTPETSITCSA MOAPSIA ABa PaBHEIX KaHzauzata. Kavpnnaramu
CYMTAJOTCST BCEBO3MOXKHEIE CYMMEI JIBYX HAaTypajbHHIX UYHCEJ, BO3Be-
NIEHHHX B TPETbio CTeneHb. I1epBHI BapHaHT TAKOH NpPOTpaMMEL MOXKHO
3anucaTh CJEAYIOIMUM 00paszom:

Bappanr 1. x := 2; {2=134-1%}
repeat min := x; (16.21)
X 1= ,CJACNYIOIHA O NOPSAAKY KaHAHnaT"

until x=min

3anaua TeM CaMBIM CBOLMTCSI K J€TaJH3alu¥ WHCTPYKUHHM, OUpese-
Jisroielt mOMCK owepenHoro Kadpupara. YToOwl HaliTy K4 K opra-
HHM3aUyH TaKOTO MOHCKA, DPEKOMEHIYEM BHMHCIUThL «BPYUHYIO» He-
CKONILKO MepBRIX 4YJEHOB 3TOH MNocnenoBaTenbHocTH. Jlas wunmocrpa-
UMM 3TOTO METORa 30€Ch MPUBOASITCS CYMMHI KBajpaToB, a HE KYyGOB.
B rabn. (15.22) cymmpl He yHOpSIOYEHH M DACHOJIOMEHH TaK, HTO

Sij=i2+j2.
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10 13 18 (1522)

50

37 40 45 52 61 72

K0 53 58 65 74 & 98
65 68 73 80 89 100 113 128

M Do~ UT AWK —
o]
(]
N
o
wW
=Y
k-
—

Uz T1abnuus! BUAHO, 4YTO
50=124-72=52--h2
65=12--82=42}-72
85=22-}-92—=62-1-72

U ypesgo 50 gBasieTcsT HCKOMBIM HalMEHBLIIMM YyucsioM, IJaBHas 3agaya
Telepy — HaliTH MeTOJ, KOTOPHII NO3BOJNHT MOJMydYaTh KaHAMAATOB B
HopsiIKe BO3pacTaHHs HX BEJMYMH, T. €. B BHIE TaKol MOCAej0BaTeNb-
HOCTH

2, b, 8, 10, 13, 17, ..., 45, 50, 50

Cuenyiolye OTHOILEHHS CYIIECTBEHHO BJIHSIIOT Ha JajbHEN Yo AeTanu-
3aUI0 HPOTPAMMHL.
1. 8;;>8;x mast awboro [ U JMobBHIX j>k.

2. 8;>>8y; nns moboro j H MOOHIX k.
S;7=S8j;, T. €. JOCTaTOMHO PacCMATPHBATh S;; TONBKO ANS j<Ii.

3 yrBepxkzuenus 1 crexyer, yro HeT HEOOXOAHMMOCTH HOCTOSIHHO Xpa-
HUTbL B NaMsATH BCIO CTPOKY KaHAuAatoB. JloCTaTOWHO NpPOABUTATBCS
00 KaXKiol CTPoKe CJieBa HAMpaBO M MOMHHUTH TOJBKO TMOCTELHETO
creHepHpoBaHHOTO Kauaunata. ClefoBaresbHO, TabNHIy MOXKHO Hpell-
CTaBUTL MepeMEHHON:

var S : array [1..?] of integer (15.23)
UTolB yOpOCTHTL BHMHCIEHHE CJEAYIOIEro KaHauiaTta B CTPOKE, He-
obxofuMa ene ofHa TMepemeHHast
var j : array [1..?] of integer (15.24)
3HaueHneM k-TO 3j1eMeHTa NepeMeHHOH j OYIeT HHAEKC MOCTENHETO Cre~
HEpHPOBAHHOTO KaHAunata k-fi CTPOKM TabnHuH!, T. €.
Slkl=F-jlk]? (15.25)
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Ecsiu BMeCTO camMOTO KaHIMara X HCHOJL30BaTh MHAEKC { MOCJENHEro
pacCMOTPEHHOTO KaHOuiaTa W BBECTH (YHKUWO p (k)=Fk? 10 BTOpOI
BapHaHT MPOrPaMMBI MOXKHO 3alHCaTh CIENYIOIUM 00pasom:
Bapuant 2: [ 1= I,
for k := 1 to ? do
begin j[k] := 1; S[k] := p(k)+1 (15.26)
end;
repeat min 1= SJ[i];
l: ,j[{] ysempuute nva 1 u B S[{] noacra-
BUTL CJCLYIOIErO KaHIunara B CTPOKe i
2: ,ONpefenuTL HOBOE 3HaueHWE I Kak HH-
JIEKC CTPOKH € HaMMEHLIUUM KaHIHIaTOM*
until S[i]=min

IT1oT BapuaHT NPOTPAMMB! HENh3sT CYHTATH OKOHYATENLHBLIM, HO-
CKOJILKY B HEM HE OTpezeneHo KosjuuecTBo KoMmnoHeHT S[E], Koroprm
NpPUCBAHBAIOTCST HayallbHHE 3HaueHust R3-1%, u, Kpome TOTO, B HH-
CTPYKUMH 2 HESBHO MOAPA3yMEBAETCsI NOUCK CpelH 6eCKOHEYHOTO YHCAa
kaupugaroB. OIHAKO, YUHTLIBAST YTBEPXKAEHHE 2, HOUCK (M YCTAHOBKY
HAYaJLHOTO 3HAYEHHs) MOMKHO OTpaHuYuTL KomnoHenTamu Slkl, nnst
KOTOpHIX k<(ih, rne ih onpenensiercss Kak HauMeHbIE HHIEKC, TaKol,
yto jlikl=1 (ecnu jlkI>1 nas noboro k<<ih). 3tu coobparkeHus MpH-
BOZAT HAC K CJEAYIOIEMY BapHaHTY NpPOTpPaMMbL

Bapuant 3: i := 1; ih := 2; (15.27)
il := 1 S[1] := 25 j[2] := |;
S[2] 1= @
repeat min := SJ[i];
. if j[{]=1 then ,yBemuuurs ih Ha 1 u
YCTAHOBHUTL HauyajbHOe 3HaueHue S[ih]“
2: ,yBesmuuts j[i] Ha | W nomcraBuTL B
S[i] caenyomero kasnunara B CTPOKE i*
3: ,onpeneaurs i, Takoe, uyro S[i]=
min (S[1]...S[ik])“
until S[i]=min

Ilpn panpsefimefl fgeranusanuu TpeX HOMEUEHHBIX HHCTPYKIHH
CreflyeT WMeTh B BHIY, YTO T'€HEPHPOBaHHE KaHAWZATOB (B CTPOKe i)
ClleyeT NpeKpaTHTh, Kak TosbKo jlil=i. C omHoO#l cTOpOHH, 3TO MO-
JIe3HO, MOCKOJIBEKY CHMMETPHYHOCTL TabJMIEl MO3BOJSIET OTPAHHYHTL
TIONICK KaHAN/aTa JIeBLIM HHXKHHM TPEYTONLHHKOM, a C PYTOH CTOPOHBI—
Npocto HeoOXomuMo, HHaye OYAyT TeHEepHPOBATHCS M PaCHO3HABATHCS
KaK paBHBHE Napbl 3davendil a®4-b2 v b3t-ad. Tak Kak HHAEKCH | [{] MOTYT
AOCTHTaTh TIpesienia (M TOTAA i-s1 CTPOKA HCKIOUACTCST H3 PacCMOTPEHHs),
HaM npuzercsl BBECTH HMXKHIOIO TPaHULY IJsT MHAEKCA i, KOTOPYIO MH
O6osHaunM il. Boifop KaHAWAATOB TaK¥m OGpA3OM OTpaHHYHBAETCS
CTPOKaMy ¢ HHAEKCAMHM, JeXalmuMu Mexay il v ih. 3uauenue il ypesy-
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ypBaeTcs Ha | BCAKHWE pas, KOTma CTPOKA HCKJIOHAETCS] U3 PacCMOT-
peHus.

Bapuant 4: i := 1; il := 1, ih : = 2; .., (15.28)
repeat min = S[iJ;
it j[i]=1{ then il := il4-1 else
begin 1: if j[i]=1 then ,yBemuuurs
ih Ha 1 w ycraHoBuTh Ha-
yaspHOe 3HayeHue S[ih]
2: ,ypequyuth j[i] Ha 1 w nox-
craputh B S[i] ...«
end;
3: ,ONpenenuTs i, TaKoe, UuTO
Slil=min (S{il]...S[ik])~
until S[i]=min

Teneps HeoOxXomuma pneTajusauusi uHCTpyRuuil 1—3. Ecnn B um-
CTPYKIMY 3 MHHUMYM HMIETCH HPOCTHIM JIHHEMHHIM IPOCMOTPOM S;y,...
e Sip (o 11.19), TO MBI NOsyHaeM CIERYIOMYIC YaCTh NPOTPAMMEI:
i =il k := i

while &£ < ih do (15.29)

begin {S[i]=min(S[il]...S[E])} k := k41

if S[e]<S[i] then i := &
en

Cronb ke MPOCTO M MPSIMOJIMHEIHO MOXKHO MpPOBECTH IETASM3alHIO
uwHCTpYKUuHi 2 u 1.

2: j[i] := jlil+ 1 SIil := p@)+p(liD (15.30)
I if j[i]=1 then
begin ih := ih+1; jlik] := 1;
S[ih] := p(ih)+1 (15.31)
end

INonyueHHy:o TakuM o6pasoM MNpOrpaMMy MOXKHO YJYUIIHTL, €CJH
HCKJIIOUMTE NOBTOPHOE ofpallieHne K QyHKIuH p (i) IpH BHYUCIEHUH
cymm Slil. 310 ycoBepIIeHCTBOBAHNE JIETKO PEANM30BATh, €CNH KaXkKIOoe
HOBO€E BO3BENIEHHE B TPETHIO CTEMNEHDL BHIIOJHSITL TOTAA H TONLKO TOTHA,
KoTZa yBeanuupaercsi ih. [lycTh 3HaueHHsT TPeTHHUX CTENEHeH HMeoT
KOMIIOHEHTH NepeMeHHOM

var p : array [1..?] of infeger (15.32)
Torma ykasarens GyHRuuM p ({) 3ameHstercst Ha plil. B cymecrsyiomet

nporpaMMe NPHAETCS TONbKO A00aBHTH K wHcTpyKuuu 1 (15.31) cie-
Jlyfoniee NpucBauBaHue:

plik] := ih s ihx ik (15.33)
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HTak, MHl OPHILNH K OKOHYATeJILHOH M HOJHOHN BEPCHH IPOTPAMMEL
(15.34). Dra mporpaMma ONpefeNsieT HCKOMOE HAHMEHBLIEE YHCJIO

1729=103--93=123-12

B pesyJbTaTe npopepky 61 kannugaTa. [TocnenHne 3HAYCHN S IEPEMEHHBIX
il u ih pasubt cootBerctBeHHo 10 u 12. Ilposepka Slkl<Sli] Brmos-
asterest 107 pas.

var i, il, th, min, a, b, k; integer; (15.34)
i» p, S: array [1..12] of integer,
{p[k1= 1, STRl= p[k1+-p[ilk]] ama k=1...in}
begin i := 1; il := 1; ih :=2; )
i} := Lip[l] := LS[1] := 2;j[2] := Lip[2] = &
Sl2] := 9;

repeat min := S[i]; a := i; b 1= [[i];
it j[i]=1i then il := il 1 else
begin if j[i]=1 then
begin ih := ih+41; plih] := ihxihsih;
jlih] := 1; S[ik] := plik]+1
end;

ile] == jll+-1 s[i] := pli]l+p L]
end;
i =il k := i;
while 2 <ih do
begin & := k-1,
if S[k] < S|i] then i : = k
en
until S[i]=min,
write (min, a, b, i, jli], eol)
end.

Ecnn usmennts BripaxkeHue (15.33) ¥ HeKoTOphle HayanbHEE yC-
TaHOBKH NepeMeHHON S, TO 3Ty e NporpaMMy MOXKHO HCHOJNL30BATH
IJ7s] TIONy4eHusT HAaUMEHBIIETO YHCJa, PaBHOTO ABYM DPa3fiH4YHBIM CyM-
MaM rap uHces B 4YeTBepTHIX creneHsnX. OIHaKO KOJSHYECTBO HEOOXOo-
IMMBIX BEIYHCJIEHHH MPH 3TOM pPE3KO Bo3pacTaeT. B pesyswrate noday-
4aeTCsT YHCI0o

634318657 =1344+-133¢=1584{-69*

nocyie npocmotpa 11660 KaHzBnaToB.

15.3. MoJydenue 1epBbIX B TPOCTBIX YHCEN

Kak u B mpenpmmymem pasnene, nporpaMma NMOJYYeHHs] NEPBHIX 1
IPOCTHIX YHCEs JOJKHA MNPOCMATPHBATh MHOMKECTBO HATypPasbHBIX
Yuces B TIOPsiIKE HMX BO3pacTaHHs M BHOMDATh T€ M3 HUX, KOTOpHE
YIOBJIETBOPSIIOT ONpeneseHHOMY KpuTepHio. B naHHOM ciydyae ycnoBue
3aBepIUeHHs] NIPOTPAMMBE NPOILE, H NOSTOMY MBI MOMKEM Cpasy Ipesio-
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JKUTh CACAYIOIUUE BapHaHT HpOrpaMMbl:

Bapuanr 1: var i, x: integer; (15.35)
begin x : 1;
for i := 1 to n do
begin x := ,clefyiollee TPOCTOE HHCJIOY
write (X)
end
end.
B sTOM BapuaHTe TONBKO OJHA HHCTPYKLHS X :== ,CHENYOIIee

npocToe 4ucyo® tpebyer nanbHefiell geranusauMu. M Tojbpko B 5TOR
HHCTPYKIMH YIOMHHAETCS CYILIECTBO 3a/lauM: NOJyUeHHEe NPOCTHIX (a He
Kakux-ubo apyrux) uMcesa. EcjH BBECTH JOTHUYECKYIO I€pEeMEHHYIO
prim, TO 3Ty HHCTPYKUHMIO MOXHO BHIPa3uTh CJEAYIOIUBEM 00pasoM:

Bapuant 2: repeat x 1= x4 1I; (15.36)
prim := ,x—THpocToe YHUCJO"
until prim

YyHTEIBasI, YTO BCE HPOCTHIE YHCHa (KpoMe 2) HeueTHble, MBI MOXKEM
Cpa3y yMEHLIINTh 3aTpaTel Ha BLMHUCIEHHS BIBOE, ecin OyleM X yBe-
JINYHBATH ¢ 1marom 2. Camo yuesno 2 6ysem paccMaTpuBaTh, Kak OCOBHIHR
cnyyafi. Temepb MbI NONIXKHHL 3aHATLCS JAeTanu3apuell HHCTPYKUHH

prim := , x— TNPOCTOE YHCJIO®

IlosToMy Ham NpHAETCH BCIOMHHTL ONpeNesieHHe HPOCTOTO HHCHA.
Uucno x Ha3BBAETCs] TPOCTHIM TOTA W TOJBKO TOTAA, KOTHA OHO Jie-
JnuTcst 6e3 ocTaTKa Ha 1 M Ha camo cefs, T. €. feNeHHe ero Ha 2, 3, ...,
x—1 Bcerzna paer HeHy/IeBOH OCTATOK. DTa NOCTEAOBATENBHAST HPOBEPKA
Tpebyer elie OQHOTO MTEPATHBHOTO Mpopecca, W B pe3yJbTaTe MoJy-
YAETCsT CTPYKTYPa BJIOXKEHHBIX ITHKJIOB:

Bapuant 3: repeat x := x+2; k := 2; (15.37)
repeat {x He menurcs Ha 2,3 ... k}
k= k415 prim 1= ,x He jpenutcs Ha kK
until — prim v/ (k> lim)

unftil prim

B kauectBe orpanuuenus At k, OUeBHHO, MOXKHO B3aTh lim=k—1.
Ho Brrozsee ucnoss3opats lim=) x. JIeficTBHTENLHO, €CH X JEITHTCS
Ha HEKOTOpoe E>) %, 10 X MOXKHO NPEICTaBUTL B BHIE x=R#f, W,

CTIEIOBATENBHO, X TAKIKE NETHTCS Ha j, TpuueM j<<}/ X,

Jast nanpdefinefi paspaGoTKH anTOPHTMA H TIOBLILEHHST €ro a¢-
(hbeKTHBHOCTH OOJbIlIoe 3HAYEHHE HMEET TOT (HaKT, YTO MOXKHO YAOBIE-
TBOPHTLCS NTPOBEPKOI AETHMOCTH X TONBLKO Ha MpocTHe uncia. B camom
Jlesie, ecyil YHCJIO X JENHTCS Ha HeNpocToe YHC/O R, TO OHO TaKikKe Jie-
JIUTCS1 Ha HPOCTHIE MHOXKHTeNH uucha k. IlosTomMy I1meer cMbICT Bee
HafileHHBle IPOCTHIE YHCHA COXPaHAThL B Tabnuue p, rae pp ectb k-e
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npocroe upcyio. Ilpunumasi BO BHHMaHHE TOMBKO 4TO BHCKA3aHHEE
cooBpakeHHs], MONyYHM

Bapuant 4: repeat x 1= x+4-2; k := 2; prim := true;
while prim N\ (k< lim) do (15.38)
begin prim 1= ,x He Aenutcs Ha p[R]*
k:= ki1
end
until prim;
pli]

Teneps MH IOJMHHL ONPEIENHTEL 3HAUEHUE [im KakK HHIEKC HauboJp-
[IIETO MPOCTOrO WHCJA, KOTOPOE y4acTByeT B MPOBEPKE JEJUMOCTH X,
T. €. TaK, 4TO

plliml=V x u pllim—1<)'x (15.39)
Jlo cuX AOp MH MOJArand, 4TO 3HAYEHHS Py, .., Py, Y?KE H3BECTHEL,
T. €. y2Ke BHuucseHH. Ho 310 BepHo TOJIEKO B TOM CJTy4ae, eciii NpoBe-
PSIEMOE YHCJIO X BCETAA MEHBbLIE YeM pjj,, T. €. BCETNa BHIIOJHSETCS
HEPABEHCTBO
plil<pli—1]2 (15.40)
K cuacTeio, B TEOPHH YHCEJN IOKA3aHO, YTO 3TO OTHOLLEHHE CIPABENJIHBO
IJ1sT BCEX HPOCTHIX 4yuces. 3aMeTHM, YTO NpPH Ka)KAOM YBENHYEHUH X
3HAYeHHUe [im NOJKHO ONPEAENSITHCS 33HOBO H YBENHYHBATHLCS BCIKHI
pas, Korna pj,,<x. Ilpu aT0M K lim pocrarouno npubasuts 1, MOCKOMb-
Ky N0 CpaBHEeHH:o C NPearnyIuell NpoBepKoil 3HaueHHe X YBEIUUHBACTCS]
TONLKO Ha 2, TOTna Kak pi, >>pi-+4-2 ans mioboro i. I1u coobparkenus
MPUBOASAT K BapuUaHTy b, NPEACTaBJsIONIEMY MOJHYIO MPOTPamMMmy,
B KOTOpO!l yYTEHH! BCE OTMEUEHHHE paHee (aKThl.
Bapuant 5: type index= 1..n;
var x : integer;
i, k, lim: index; prim: Boolean;
p: array [index] of integer; {p[i]=i-e npoctoe

yucso}
begin p [1] := 2; wrtte(2) x =1, lim := 1;
for i := 2 to n do
begin
repeat x 1= x1-2;
if sgr(p[lim])<x then Iim := lim3-1;
kR := 2; prim 1= true; (15.41)
while prim A (k <lim) do
begin prim := _x He menutcst Ha p k]
k= k)1
end

until prim;
pli] 1= x; write(x)
end
end.

7 . Bupt
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Tenepr HeoOxomumo MONBEPTHYTH nanbHefilell neTranusauuy HH-
CTPYKIHIO

prim 1= x ue menurcs Ha plk]“

C noMompio ONepaTopoB, BBENEHHHIX B pasi. 8.1, 3Ty HHCTPYKUHIO
MOXKHO 3alHcaTh OHMM H3 CHEAYIOIHX CHOCOGOB:

prim := (x mod plk])5=0 (15.42.1)

WITH
prim := (x div plkl) = plkl=£k (15.42.2)

Ha stomM mMOXHO Opio Gnl ¥ 3aKOHYHTH KOHCTPYHPOBAHHE MPOTDAMMEL
HAXOXAEHHUS MpPOCTHX uYucen. JlomycTwM, OIHAKO, YTO Mbl XOTHM
HampcaTh NpOTpamMmy, B KOTOpOfl He HCHOJAb3yercsl sIBHHIH onepa-
TOp JeneHHs. B 3TOM criydyae MBl BHIHYXKIEHH MNPONOJIKHTE MPOUEC
neranusandi. O4eBHAHO, [€J€HHE MOXKHO 3aMEHHTL MOCHEeNoBaTeNhb-
HOCTBIO BLMHTAHMII M HalHCaTh €Ile OAHY UWKJHYECKY0 HHCTPYK-
IHIO:

ri=x;
repeat r := r—plk] until r<0; (15.43)
prim := r<0

Ho sta uHcTpyKuusi OyzneT BHUIONHSITLCST BEChMA YacTo, H, CJENoBa-
TeJIbHO, MPONECC MOBTOPHEIX BEMHTAHWI OKAXKEeTCsl NOBOJILHO JIOpPOTO-
crosuM. [lo-BunuMoMy, nenecoo6pasHo NOMCKaTh, 6oJiee KOHOMHOE
pemerne. OnHO U3 NPHEMJIEMEIX M B TO 7K€ BpEMSI MNPOCTHIX PELICHMIE
Tpebyer opranu3auuy Tabiuuel He TOJNBKO ISl TPOCTHIX WHCEN Py, ...
«evs Piim» HO W INIT UX NPOM3BENeHHE Vj=mxp;, TaKUX, 4TO

x<VIkl<x+plkl nna k=2, ..., lim (15.44)

B sTOM cnyuae IeHMOCTb X Ha pp MOXKHO NPOBEPHTL MPOCTHIM CpPaB-
HeHuem X ¢ V3. [IpuHEMasi Bo BHEMaHHe 4acToe HCIIONL30BaHHE 3Ha-
YEHUS] Piim, MBI BBELEM BCIIOMOTATENIBLHYIO MEPEMEHHYIO, KOTOPYIO Ha-
30BEM SquaOre:

square=pllim]? (15.45)

B prore nosyunurcst cllenyromuii  OKOHYATENBHBUI BapHaHT Mporpam-
MHI 1):

1) Dijkstra E. W., Structured programming, EWD249, T. H. Eindhoven, 1969.
[Cv. TaKke ero craThio «3aMeTKH 1O CTPYKTYPHOMY NpOTPaMMHPOBAEHIO» B KHHTE
Y. Han, 2. Heiikerpa, K. Xoop, CtpykrypHOe nporpaMMuposanre, «Mup», M., 1975.—
IIpun. ped.]
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Bapuant 6: type index=l..n;
var x, square. infeger;
i, k, lim: index; prim: Boolean;
p: array [index] of integer;
V: array |1..V n| of integer;
begin p[1] := 2; write (2); x := 1; lim := ;

square 1= 4,
for i := 2 to n do
begin
repeat x := x--2;
if square<Cx then (15.46)
begin V|lim] := square;
lim := lim4-1;
square 1= sqr (p[lim])
end;
k1= 2; prim := ftrue;

while prim N (B <lim) do
begin if V[k] < x then
VIk] := VIk]+p[E];
prim 1= (xs=V[R]);
E:= k1
end
until prim;
pli]l : = x; write(x)
en
end.

ITOT mpUMEp SICHO MOKA3HBAET, 4TO MPOTPAMMHCTY, KOTODHIf BEI-
HYXKJI€H HOJb30BaThCsi GoJee IMPOCTEIM HHCTPYMEHTOM (Hampumep,
ManMHON Ge3 BCTpOeHHOH ONepauuy JeneHusi), HNPUXOAMTCS HCKATh
1 B KOHIIE KOHLUOB HaXoquTh pellenue Gosee BHICOKOTO KauectBa. M Her
HHYETO YJMBUTENBHOTO B TOM, YTO HAJHYME OYEHB MOILHLIX BHIYHCIIH-
TENBHBIX MarivH ¢ GOJBLION TaMSITHIO PAcXoJia’kKuBaeT [pOrpamMMHCTOB
¥ HH B KOefl Mepe He CTUMYJHpyeT pa3paboTKy OoJiee COBEPILEHHOTO
U 5KOHOMHYHOTO BapHaHTa alTOPHTMA.

Huwxke mu npuBomum tabnuily, NOKa3LIBAIONYIO YACTOTY BHIIOJHE-
HUST YeTHIpEX pasHHIX WHCTpYRUuil mporpammel (15.46) B 3aBHCHMOCTH
OT £ — KOJMYECTBA MCKOMHX MPOCTHIX YHCE.

n= 10 20 50 500 1000

X 1= x+}2 14 114 611 1785 3959

lim := lim+41 3 6 11 17 23 (15.47)
prim 1= (x # V&) 13 268 2310 9099 25133 .
Vik] := V[k]4p (k] 8 156 1151 3848 9287

7
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15.4. IBpUCTUYECKMH aNTOPUTM

Ilporpamma, paccMaTpuBaeMasi B 5TOM pasfielie, siBIS€TCs MPOCTEIM
I THUIMYHBEIM IPHMEPOM KJ1ACCA aNTOPHTMOB, B KOTOPHX MOHCK PelIeHNs
BENIETCS HEe NMPSMO, @ 3BPUCTHYECKH, T. €. NyTeM npo6 M OmMOOK. IB-
PHCTHYECKHE MeTOJ, COCTOMT B TOM, YTO MO 3aJaHHOMY NpaBHJY Iiar 3a
I1IaTOM TeHepHPYIOTCsT BO3MOXKHEIE pelnieHHsl (KaHAHIaTH), KaXKDoe H3
KOTOPHIX 3aTeM HOABEPTaercsi NPOBEPKE Ha COOTBETCTBHE KPHUTEPHSIM,
XapakTepusyomuM pereHue. Ecnu nmpeanonaraeMoe penieHHe OKasH-
BA€TCsT HENpPHUEMJIEMHIM, TO TE€HepHpyelcst ApyTrofi KauAuaaT, HpHYeM
B 3TOM CJIyya€ BO3MOKHO HECKOJBKO MPEIbAYL{HX [1aTOB TIPHAETCH
aHHyJupoBaTe. Mpl OyZieM KOHCTpyHpOBaTh aJTOPUTM JUIsl PEILEHHs
TAaKO 3ajmauu:

Mocmpoums nocaedosamenvrocmey u3 N aumep 6 aapagume, cocmosn-

wies 13 mpex aremermos (Hanpusep, 1, 2, 3), maxyio, uno HUKaKue

06e coceOrue nodnocredoeamessHocmu He —coenadaiom opye ¢ Opy-

2OM.
Hanpumep, nocrenoBatensHoCcTs AnuHnt N=5 ¢ sgmrepamu «12321»
npueMieMa, HO HOCJAeloBaTeNbHOCTH «12323» u  «12123» Henmpuem-
JIEMEI,

B 3ajayax Takoro poia pasyMHO CTPOUTL TOCAEROBATEBLHOCTL U3
N nntep nocTenesHo, HayuHasi ¢ NYCTOH MOCJEQOBATEILHOCTH U YI-
JMHsISI €€ Ha OfHY JIUTepy Ha Kaxaom wmare. Her cMucaa NpofoskaTe
NOC/IENIOBATENLHOCTL, KOTOpasi He YIOBACTBOPseT KputepHio. Ilo sTod
NPHYHHE Ha KaXKJIOM 11are HeoOXOHMO MPOBEPSTH NOCIEN0BATENLHOCTE
i NOOaBJASITL K HEll HOBYIO JIMTEPY TOJLKO TOT[a, KOTHA YIOBJETBO-
psIeTCsT KPUTEpHil; B MPOTHBHOM CJydae IOCJAENOBaTeEHOCTL Heo6Xo-
JIUMO M3MeHHTh. B nepBoM BapuaHTe NpOrpaMMbl Mbl BBEEM JIBE MEpe-
MEHHHIE, YKasHIBAIOLIME IJHHY W KauecTBO IOCTPOEHHOH ¥ IaHHOMY
MOMEHTY mocJenoBaTensHocTH, TlepBasi mepemenHas Tuna infeger 06o-
3HayaeTcst Kak 1. BTopylo MOKHO OmpenesuTs Jubo Kak MepeMeHHyIo,
NPUHUMAIOIYIO Ba 3HaueHusi: good (xopomasi) H bad (nsoxas), aubo
KaK TepemMenHyio Tuna Boolean ¥ nath €l COOTBETCTBYIOIIEE HMSL.
BoT 3TH nB€ BO3MOXKHOCTH:

var ¢ : (good, bad)

var good : Boolean

Mnr BuiGepenM BTOPYIO BO3MOXKHOCTEL U OyJlieM CHHTaThb, 4TO

good— true : HOCTEIOBATENBHOCTE YIOBJIETBOPSIET KPHUTEPHIO
good = false: nocnenoBaTeLHOCTL HE Y IOBJIETBOPSIET KPUTEPHIO,
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Tenepp cQopmyEpyeM NepBEIT BapHaHT HPOTPAMMEL
Bapuanr 1: var m:0..N; good:Boolean; S:Sequence; {15.48)
begin m := 0; good := true; {mycras noce-
JIOBATETHHOCTL CYUTAETCST XOPOLIe}
repeat if good then ,npomomxkuTE TOCTE-
. JIOBATENILHOCTDL S“
else ,M3MeHHTL HOCTELOBa-
TEJBPHOCTH S

good 1= ,S—xopomasi  NOCJELOBa-
TEJBHOCTL®

until good A (m=N);

print (S)

end.

Onepauust usmerume O3HaYaeT 3aMEHy HJH ylajieHHEe HEKOTOpPHIX
KOMIOHEHT, HO HE YBEJHYEHHE JJMHH [OCHeNoBaTeNbHOCTH. HTOOH
rapaHTHPOBaThL OKOH4aHHe Hpouecca, HeoOXoIuMO TaK BHOCHTH H3MeE-
HEHMsI, 4TOOH HHKAKash HOCNENOBATENBHOCTL, OIHAXKJIH OTMEYEHHAs!
KaK [JoXas, He TeHepHpoBajach MOBTOPHO. JTO 03HAYAET, YTO H3Me-
HEHHST NOJIKHHI MOAYMHSTHCS HEKOTOPOMY NpaBHAy H 4TO CPeiH BO3-
MOJKHBIX KaHAHIATOB CYNIECTBYeT HEKo€ YIOpSOoYeHue, KOTOpoe
cobnonaeTcst B Iporecce HX TeHepaluH.

BriGop HaumeHoBanuil n71s1 Tpex surep (1, 2, 3) yke noickasHBaeT
BO3MOXKHOE YMOPSZIOUEHHE, a WMEHHO: €CJM MOCHeN0BaTeNbHOCTL S=

=§,5583 ... DaccMaTpUBaTh KaK IeCATHYHYIO JpoOb €O 3HayeHHEM
1S]=0 .5:5553. .., TO OTHONIEHHE MOPfAAKa < OIPENEJNsIETCs KaK
S<S" < [SI<IS7] (15.49)

Tenepr anTOPUTMH HU3MEHEHHSI U HPOLOJIXKEHUSI NOCTEROBATENBHOCTH
N0 CyHIECTBY yxke onpelesneHel. IIpn NpoioKeHUH MOCJIENOBaTeb-
HOCTH BHIOMPAeTC HaWMEHBIIUI H3 BO3MOXKHHX KaHIHIATOB, YTOOH!
OPH TOCIeRYIOMHX H3MEHEHHSIX He OHJI NpONyIeH HU OIWH H3 KaH-
punatoB. Ecnm nmpepnosoxutk, 4to ‘1'<2° < ‘3’, TO NpH KaxKaoM
MPOZOIKEHHH HOCNEAOBATEJLHOCTH JOMXKHA JobaBisThest ¢1°.

- YUtobu noppobHee onucaTh 3TH BE OHEpallM, NONL3YsICh HHCTPYK-
LHSIMH HalIETO SI3BIKA MpOrpaMMupoBaHusi, HeoOXoLuMO 6ojiee TOYHO
OMpeaesuTh CTPYKTYpy mepemeHHOH S. IlocKOJIBEKy KOMHOHEHTH! 3TOii
nepemeHHON HENpPepHBHO NMPOBEPSIIOTCST U AaXe U3MEHSIOTCsT, TO Qafi-
JIOBYIO CTPYKTYDPY MNpPHXOIUTCSI OTBEPTHYTL KaK HerpuHemnemyr. [lo-
9TOMY OCTAHOBHUMCSI HA TAKOM ONHCAHUU:

var S : array [1..N] of char (15.50)

Ipu pmeranuzauuy OHEPAUMM USMEHUMb HEOOXOMUMO MNOMHHTbL, YTO
Komronenty Slm] Henp3s1 creno 3ameHsTH CrenyromuM GOJbIIHM 3Ha-
venpem. Eciu S[m] =43’, To cnenyromero Gonbiero sHaueHus (Mpeem-
HUKa) HeT. DTe KaKk pa3 TOT cJiyyali, KOTZa MOCeoBaTe bHOCT HYKHO
yropotuth., OHaKo W NPENNOCHeNHssT KOMIOHEHTa ONSITh-TAKH MOMKET
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UMETh 3HaueHne ‘3’. JleficTBUE 1O YKOPaYMBaHHIO MOCIENOBATEIbHOCTH
¥ BOOGIIE OTKa3 OT NPeoaraeMoro PeleHusT Ha3uBaeTCsl 6036Pamom
(nnm omemynaenuem) t). Mer npenjiaraeM YnTaTelio CaMOMY HONBITATECS
C MOMOIIBIO H3JI02KEHHOTO aJATOPUTMa FeHepupoBaTh KaHAuaaTos. Hike
fepeuncsienbl NEpPBHE JIECSTh KaHIUAAToOB, MPHYEM Te, KOTOPHE MpueM-
JleMbl KaK PEIEHNs], MTOMEYEHBl 3HaKOM -,
+1
11
+12
+-121
1211 (15.51)
1212
~+1213
+12131
121311
—+121312

Ecmu onepauwn mpomosmxenus (extend), mameHeHus (change) u
npoBepku (check) odopmuth B BHAE HPOUENYP, TO MHI NONYYHM CJie-
LYIOILYIO TIPOTpaMMy:

Bapuant 2: var S: array [1..N] of char;
m:0..N; good: Boolean;
procedure extend, (15.52)
begin m := m+-1; S[m] := "1’ end;
procedure change;
begin if S{m]<’'3" then S[m] :=
succ (S|[m]) else
begin m := m—1; {yroporurs S}
if m > 0 then
if S[m] < '3 thenS[m] :=
succ (S[m]) else
begin m := m—1; {nycras

HOCTIeNIOBATENLHOCT }
if m >0 then
S[m] = succ(S[m])
end
end
end;
begin m := 0; good := true;
repeat if good then extend else change;
check
until good A\ (m= N) \/ (m = 0);

print (S)
end.

1) B opurunane backiracking.— Hpum. ped.
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B sTofi Bepcuy mporpaMMBl yYUTEIBAETCST BO3MOXKHOCTE MOJyYEHHs
ToCJIe YKOPauMBAHHS S NOC/EN0BATENEHOCTH HYJIEBOT] JIJTHHEL, TOCKOJILKY
B yCJIOBHE OKOHYAHMsI LHKJa BKitoyaercss nposepka m=0. Kpome
TOTO, 3acJy:KHBaeT BHHUMaHHE TO, 4YTO npouenypa change He MOKeT
yKOPOTHTL MOCTENOBATEABHOCTL S Gosiee yeM Ha 2 KOMIOHEHTH. 3TO
06yCJIOBJIEHO TeM, YTO HOBHIE KaHIHAATH BCETNa MOJy4aroTCst A06ap-
JieHUeM ONHOH JIHTEPH K Xopouiell TOCHENOBATENBHOCTH, B KOTOPOfi
He MOTYT CTOSITb TOAPSIA IBE OLWHAKOBHEC JIHTEDHL

INpexze yeM HPOLOJIKHTL MPOUECC N€TaTH3alHy MPOTPAMMEL, Pac-
CMOTpUM MOZM(DHKALNHNIO TEKYIIETO BapHaHTa, KoTopast GylerT cjerka
s(ppexruBHee. IIpexne BCEro 3ameTuM, uyTo onepauuu extend, change
i check Bcerza UepelyrOTCsl B COOTBETCTBHH Co cxemoii (15.53).

B A
(15.53)

check extend change

Jlerko BumeTh, uto Nyt A Oyner BHIOHpaTLCST 3HAUHTENLHO 4arle,
yeM nyts B. B Bapuante 2° Gsarofapst HCHOJIE30BAHUIO BJIOMKEHHEIX
HHCTPYKIMH HECKOJLKO YHpPOIAeTcsl yCJOBHE OKOHYaHusl [HKJA, B
KOTOpOM NoBTOpSsieTcst onepauus change.

Bapuant 2': repeat extend; check;
while — good A (m > 0) do (15.54)
begin change; check end
until (m=N)\/ (m=0)

Ara monuduKanys BapuanTa 2 cootBercTByer cxeme (15.55), B KoTopoit
NOCJIENOBATEIEHOCTL BHUOJIHEHHS ONepalnMii Ta Ke camasi, 4TO W Ha
cxeme (15.53).

Ecnu nocMoTpers BapuaHT 2 B 1eJI0M, TO NPEXKAE BCETO HACTOPAXKH-
BAaeT CJOXKHOCTL onepauuM change W yCHOBHIl OKOHYAHHST LHKJOB.
Yto kacaercss mepsoro, 10 change MOXKHO YHOPOCTHThL, HPHOETHYB K
OIHOMY JIOBOJILHO W3BecTHOMY «ipHeMy». Omepanusi change croxHa
NOTOMY, YTO B HEH YYHTHBAETCS CHTYyalHsi, KOTopasi OLIBAET Ype3BH-
uafiHo penro (v OnBaeT yin BooOOINE?), a UMEHHO KOTAa S CBOAHTCH K
NyCcTo#l nocnenopaTentHOCTH. B 5TOM ciiydae HeoOXORHMMO IPENOTBpa-
THTL NpUCBauMBaHue HecymectBywomemy aiementy SI[0] Jlpuem» 3a-
KIIOYAeTCs1 B TOM, YTO BBOIMTCS JOMONHUTENBHHH snement S[0], koro-
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extend

(15.55)

check

N T

pomy, BoOOLue TOBOPSI, MOXKHO NPHCBOMTHL 3HaueHue. Torga Tpouenypy
change MOXHO HamucaTh MPOIIE,

procedure change;
begin while S{m]='3" do m := m—1;
S{m] 1= succ(S[m]) (15.56)
en

Onnako ec/iu W3BeCTHO (CKaxkeM, M3 KOMOWHATODHOTO aHasn3a), 4To
HCKOMas TI0C/IeZIOBATETLHOCTD LTTMHBL N 3aBEJIOMO CYIeCTBYyeT, TO (15.56)
MOXKHO HCIOJL30BaTh U Ge3 gononHutensHoro snemedta Sl0], a roas-
Hy10 NpOrpaMMy MOKHO efe 6oJiee yIpOCTHTh:

repeat extend; check;

while — geod de (15.57)
begin change; check end
until m=N

Tenepr Ha HalleMm s3bIKe HPOTPAMMHPOBAHUS HPOTPAMMY MOXKHO
cQopMY.THPOBATE BCIO UEJUKOM, HCKJTIOUast onepauuio check [eu. (15.48)],
KOTOpasl ONpejensyiach Kak

good 1= «S — Xopoluast NOCJIeOBATEEHOCTEY

Ipumeyarened TOT (ParT, YTO BOJIOTb JO TOTO MOMEHTA HAaM HH pasy
He norpeboBaJjcst KpHTepHil, Xapakrephsyromuil perienue. (Enusct-
BEHHOE, YTO MCIOJB30BAJIOCh — 5TO CBOHCTBO, MO KOTOPOMY peleHHe
HEJBL351 MOJYUYHTh, POAOKAS HENPHEMIEMHE MOCeN0BaTEILHOCT. )
Ho 3710 03HauaeT, uTo pa3pabaThbiBaeMass NporpamMma Bee ele obJafaer
SHQUUMENbHOL ODL{HOCITIBIO.
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B nocraBsesHoli 3anaue npouenypa check noskHa ONpEnensTh,
CYIIECTBYIOT JIH B S COBMNAAIOLINE COCEAHNE NocaenoBartenpHocTy. Jlnu-
Ha CpaBHMBaeMHIX HOANOCTeNoBaTesLHOCTEH MeHseTcst oT 1 no my2. Tak
KaK JiIsl CPaBHEHHs IByX MOCJefoBaTeNbHOCTe! IHHE L Heo6Xoamumo
CPaBHUTL L OTHENBHHX JIHTEP, CyMMapHOe KOJHYECTBO 3JIE€MEHTapHbIX
CpaBHEHMI He MpEBHIIAET

N (m)=(m—1)s1 4 (m—3)s2+ ... +3%(m/2—1) 1= (m/2)=
:—14(/713—}-3*171‘“’—}—2*171) (15.58)

JJ1sT YETHOTO M U
N (m)= (m— 1) 1 m—3) »2 1. - (52 ) o (1)
=g (0 +3 e —m—3) (15.59)

a7s1 HeweTHoro m. Ilnst Gosbiux m uucno N (m), O4EBHOHO, pacTer
Kak TPeThbs CTeNeHk /1, U M03TOMY CTABHUTCSI MOZL COMHEHHE NOJIE3HOCTDL
takoil nporpammel. OnHaKo OpH OfmKaiiiieM pacCMOTPEHHH OKAasbl-
BaeTcsd, uTo ee 3(PPEKTHBHOCTH MOMKHO 3HAUUTEJLHO HOBLICHTL. Kam-
et goBHT KaHAMAAT S monydaercst 1o0aBrEeHHEM OLHOTO 3JEMEHTa K
[OCJIEIOBATENILHOCTH, O KOTOPOIl H3BECTHO, YTO OHa Xopotuas. ClenoBa-
TeJBHO, JOCTATOYHO CPaBHHBATL TONLKO T€ COCENHKE HOANOCHEN0BATENb-
HOCTH, B KOTODHIE BXOAUT HOCHCNHSIST HOOaBJIeHHAsT JIMTepa, T. €. Bee
napht

(Sm—sret - -Sm—zy Smerysi---Sm) (15.60)
anst L= 1, ..., m/2. MakcumanpHOe YMCNO 3JIeMEHTAPHBIX CpaBHEHUM
IPH 5TOM YMEHBIIAETCS JO

N(m) =142+ ... 2 =4 (m*-2m) (15.61)

YuuTtnBasi 3TH cooOpaxeHHusl, Tpouenypy check MOMXKHO 3anpcarb B
CHEAVIOUIEM BUE:

procedure check;
var L: infeger;
begin good := true; (15.62)
for L := 1 to (m div 2) do
d §00d 1= good /\ (Sm-2r41 - Sm-—L)zib(Sm—L+i )
en

Ilporpamma craser s{xbeKTHBHee, €CJM Y4YecTb, UT® CpaBHEHMS
MOKHO MpPEKPaTUTh, KaK TONBLKO OOHAPYKUIHCH JIBE PaBHLIE HOANOCHE-
HOBaTesILHOCTH. (3ameruM, 4To, BOOOILE TOBOPsI, CXeMa MPOTPAMMEL
(8.2) He moxer npUHHMATHCS 6e3 II3MEHEHHH, €CJIH PeKyppeHTHoe COo-
OTHOLIEHHe U;=f (v;_1) MpeAcTaB.IsieTcs B Busie v;= (v; 1 /\q;).) B yayu-
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1eHHOM BapuanTe mnpouenypr (15.63) uucno noBTOpeHUil 3apaHee He
H3BECTHO, MO3TOMY HHCTPYKuys for 3amensiercst Ha while.

procedure check;
var L, mhaolf  integer; (15.63)
begin good := true; L := 0; mhalf := m div 2;
while good N\ (L < mhalf) do
begin L := L1,
gOOd (Sm-2r41 « -+ Sm—L) # (Sm—L+I «or Si)
end

end

Tak Kak cpaBHHBaeMble MNOANOCHAENOBATELHOCTH COIEPHKAT MO
KpaiiHeii Mepe 1o OfHOi JUTEpe, MBI MOXKEM BOCIOJNL30BATHCS HHCTPYK-
nuel repeat W CpaBHEHHE MOCNENOBATENILHOCTEH JIUTED INpEACTaBUTh
B BHLE MOCJEIOBATENLHOCTH CpaBHeHHH JuTep. B OKOHUaTesbHOM Ba-
puanTe npouenypn check (15.64) Bce omepauun cPopMyJHPOBAHH B
TEPMHHAX MPHHSITOTO HaMH SI3BIKA TTPOTPaMMUPOBaHUS.

procedure check;

var i, L, mhalf: integer; (15.64)
begin good := true; L := 0; mhalf := m div 2;

while good N(L< mhalf) do

begin L := L—}—l = 0
repeat good : = S[m—i]ls=S[m—L—i]; i := i+1
until — good \/ (i=1L)

end

end

Tenepr nocraBnieHHasr 3afaya pelleHa MOJHOCTHIO, KaK 3TO NOKA3aHO
B (15.52), (15.56), (15.57) u (15.64).

B s3aknouenue MH eme pa3 npuberHeM K 3ajade NOJYYEHHST Hero-
BTOPSIIOIINXCA MOANOCHENOBaTeNbHOCTeH, YTOOH MPOUJINIIOCTPHPOBATH
CHTYyaIMIO, C KOTOpOil JOBOJBHO YaCTO MPUXOOMTCS BCTPEUATHCS Ha
TMPaKTHKE, KOTZa NepBoHauajibHash 3ajada jubo paclumpsiercs, Jubo
cierka mofuduuupyercs. Ilpu sToM cymecTBymowas nporpamma adan-
mupyemcs, 4TOOH yYeCTh HOBHIC U3MEHHBIIHECS] YCJOBHS.

B Hamem cryyae paciIMpeHHYIO 3ajauy MOXKHO cQOpMYJiHpOBAThH
xots1 Ol Tak:

Buecmo 00rotl npoussosvHotl nocaedosamenvrocmuy Oaurol N naiimu

ece nocaedosameavrocmu Oaurbt N, He cofeprcauyue 0OUHAKOBbLX

coceOHux  nodnocaedoeamenvHocmetl.
K cuacteio, cocTaBieHHass HaMy MPOTpaMMa UMEET TaKylo CTPYKTypYy,
YTO MHOTHE €€ OTIENbHBIE YaCTH MOXKHO He MeHSITb, OOLMHO, YeM Yerye
H palliOHanbHee CTPyKTypu30BaHa NporpaMma, TeM Jierde afanTHpo-
BATL €€ JJis] PeLIeHHs] HECKOJBKO H3MEHEHHBIX 3aay, NOCKOJIBKY MPOoIe
BLIIESUTL KOMIOHEHTH, KOTOpble HYXKHO NOIBEPTHYTHL MOAHM(PUKAIHH.
Mnr ¢ Brromofl ynorpebnsieM He TOJBKO YETKYH JEKOMIO3UIUIO Hpo-
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rpaMMBl, HO U cucTeMaTuueckuil cnoco® renepanuu KaHaunatos. Cre-
IVIoIuye coob6paskeHusi NO3BOJISIIOT CPasy K€ MONYYUTh OTBET Ha MOo-
crapiieHHyr0 3agauy [cm. (15.52)].

1. Ecu m pocruraer spauesnss N, To S paccmaTpuBaercst Kak
OfMH U3 pe3ynsTaToB W neyartaercs. Ilocne yero HeoGXommmo
U3MEHHTHL (HO HE NPOJOJIKHTB) MOCTENOBATENLHOCTD.,

2. YcsoBue 3aBepiieHnst anTOPUTMa MOXKHO YIPOCTHTH, MOCKOJLKY
OTHOIICHHE m=N Tellepb U3JHMIIHE, H MOXKHO OGOHTHCH TONBEKO
npoBepkoii ycaosus m=0.

Mrl HacTOSITENLHO pEKOMEHIYeM YHTATEJ0 CcaMoMy YOeIuTBCS B
TOM, YTO HPENJIOXKEHHHH aJTOPUTM TEHEPHPYET TONLKO IPHEMJEMbIE
MOCNENOBATENEHOCTH, 4 TaK¥XKe B TOM, YTO OH T€HEPHPYET BCE BO3MOXK-
Hoe pewedus. B tabn. (15.65) nepeyncseHr TeHEPHPYEMBIE KaHIHAATEL
anst cnyuass N=3; peruedus noMe4YeHbl 3HAaKOM -.

£

1 2 3
12 21 31

+ 121 + 212 + 312

+123 + 213 + 313 (15.65)
13 23 32

+ 131 + 231 +321

132 +232 4333

13 s1ofi Tabnuim BUAHO, 4TO cpeiu 12 pemeHuil ecTb HECKOJBKO TO=
NOOHHX APYT IPYTY B TOM CMBICHE, YTO OJHO U3 JPYTOTO MOXKHO MOJY-
YHTL [UKJIHYECKOH HEPeCcTaHOBKOI OCHOBHHIX JIHTEp.

1
3’ \2 2 (15.66)
-~

X/

4

B neficTBUTELHOCTH €CTH TONBKO IBa CYIUECTBEHHO PasHEIX perie-
Hus: «123» u «121». B nporpamme, Kotopasi reHepupyeT OIHOTO Hpen-
CTaBuTesIsT U3 KaxKNOH TPyniiH, BKJOUAOIUEH 1IEeCTh MNOAOOHBLIX pere-
HUil, mpomecc TeHepauWu NOJKEH MPEKpalaThesl, KaK TONBKO Hpel-
npunpMaercss nonuTka wusMeHuts SI2I. ([osTomy, pasymeercs, HeT
HUKaKOH Heo6XOAUMOCTH B JIONOJHHUTEIBHOH (PUKTHBHOH KOMHOHEHTE
S[0l.) Mraxk, Mbl nofyuaeM OKOHuATeJBHOE pelueHHe GoJsiee oOmek
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3z[1a4u B BUjIe MOJIHOH nporpamMmel.

var S: array [1..N] of char;
m: integer; good. Boolean;
procedure extend;

begin m := m+-1; S[m] :=="1" end;

procedure change;

begin {cm. (15.56)} end;
procedure check;

begin {cm. (15.64)} end;
procedure print;

var i: integer;

begin for i :== 1 to N do write(S[i]);

write(eol)
end;
begin m := 2; S[1] := "I"; S[2
repeat if good then

] == "2"; good :

if m= N then begin print; change end

else extend
else change;
check
until m=2
end.

(15 67)

B Ttabn. (15.68) mpuBomsiTCs CBeleHHsT O KOoJuuyecTBe pernedusi K
B 34BUCHMOCTH OT JAJHHE [OCJHEIOBATeNRLHOCTH N. YUMUTHIBaercs
TOT (DaKT, YTO CYIIECTBEHHO Pa3jMuHEIX pelieHuil B 6 pa3 MeHbIue.

N K@) N K(©N) N K®M)
3 2 9 18 15 103
4 3 10 24 16 133
5 5 1 34 17 174
6 7 12 44 18 232
7 10 13 57 19 305
8 13 14 76 20 398

YTIPAYKHEHUSI

(15.68)

15.1 TlporpaMMy peinenuss JuHeHHbIX ypapreHud (15.17) MOXKHO yHmpOCTHTB, ecau
NepeMeHEYI0 B BKIAIOYNTD B IepEMEHHYI0 A B BHEE NONOJHHTENBHOTO CTON61A, T. e,

Q11 Q19 e
A=| a1 G2z -+ Oon by

A1 Qnz -«

Hanuinute cooTBeTcTRYIOmyIo NporpaMMy, B KOTOPOH YYHTHIBalOTCSI BCE YMpO-
weHus. (3amMeTHM, yTO B ofeMX MporpaMMax MCIOJNB3YeTCs] OMH U TOT 3Ke aJro-

PHTM.)
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15.2 JlomoaHuTe MporpaMMy pellleHHs! cHCTeMb JHHeHHbIX ypapHenuit (15.17), Bxkawo-

15.3

15.4

YuB B Hee NOUCK 0CEG020 SACMEHIC.
Bapuanm 1 Ha k-M 1llare HCKJIOUEHUST HEH3BECTHBIX B KauecTBe OCEBOTO BHI-

k
6upaercsl sJeMeHT a},k) ¢ HauGoJbIIMM aGCOMIOTHBIM 3HAUEHWEM CpegH  aJe-
MeHTOB k-r0 cTosibiia (oceporo crosbua), T. e.

Ia%’lglaélé’l ans i=k, ..., n

Yrazarnue: Tlocse TOro xaxk OCEBOH 37EMEHT a/(ffz)
CTPOKIL a}lk ) u a?zk), a TaxxKe 3JeMeHThi b}lk) H b;(ak).

HailjeH, MOMEeHSIHTE MecTaMu

Bapuarum 2: Ha k-M 1are MCKJIOYEHHSI HEW3BECTHBIX B KayecTBe OCEBOTO 3Jle-
2

MeHTa BHIOMpaeTcs a}m% ¢ HauGoNbINUM abCOJIIOTHBIM 3HAUEHUEM CPeH 3JIeMe HTOB

k-fl cTpoxu W k-TO cTontbua (mormaavras ocesas onepayts), T. e

ol =l | nan b it o

o £ o o
Vkazanue: Tlocne TOrO Kak OCEBOH 3JEMEHT 0;(;;2 HaHnjaeH, NOMEHsHTe MecTaMu

P .
crpoxnal® u o (a raxme 6§ u o). 3atem nomensiiire mecTamu cTONGUBI

(k) ] .
a xmn axk W sabuKcupYfiTe MepecTaHOBKY cTOAGHOE {1, k), TOCKONLKY NMO37Hee,

Ha 3Tamle 0GPaTHOH NOACTAHOBKH, NOTPeOyeTcs MepecTaHOBKA HEH3BECTHBIX X,
U xp Haxonen, ecju Her a‘-,-’, no a6coJIoTHOH BeJWYHHe MPeBOCXOASHIEro &
(nycts, manpumep, e=10-%), 70 cucTeMa cuyMTaercsl IJIOXO OGYCJOBJEHHOH, H
JUIsl 9TOr0 cJiydyast HYXKHO NPCAYCMOTpPeTh MEepexoj Ha HeKOTOPYIo TNpeiBapu-
TEJIbHO OMpeieNenyo uHCTPyKumo [eM. (14.24)].

JlonosHuTe MPOrpaMMy pellleHus] CHCTEMb NUHEHHbIX ypapuenu# (15.17), Bkiuo-
YUB B HEE CJENyImue OnepauuH.

Bapuanm 1: Ha k-m nare vcKmiOuenusl HeM3BECTHBHIX BCE KOMIOHEHTHI CTPOKH

o yMHOKAIOTCS HA OZMH ¥ TOT YKe MACUIMAGHbLL MHOMCLITIEND sF (i=k, ..., n).
3amersM, 4TO 3HAYEHHWS! HEM3BECTHHIX MPH 5TOM He MEHSIOTCS, HO TOYNOCTh Bhbi-
uHCTICHIbIX XOPHEH Xx; MOXKeT yayuiiuThesl. BhiGepeM ciefylomue MaciuraGubie
MHOXHTEJTH:

s§7 = / ) a:-’? ansg i=k, ..., n

Bapuanm 2: Ha k-M 1nare MCKJIOYCHHS HEM3BECTHBIX BCE 3JIEMEHTHI j-r0 CTOJIOIA
YMHOKAIOTCS HA OfHH H TOT K€ MACLUMAOHbILL MHOJNCUIMEND s}k’ (i=k, ..., n).
HNonyuennnie pesy.ibraThi x; Ha 9Tame oGpaTHOl NOJCTAHOEKH HEOGXOIMMO COOT-
BeTCTBYIOmUM 00pasoM H3MeHuTh., Boibepem

n

k ;

s(i):l/ > a® pan j=k, ..., n
i=k

Hanuuiure nporpaMmy peliesust caenyiomell cHcTeMbl 1 JHHENHLIX ypaBHeHHI
¢ Ko3(pUKEeHTaMH ajy U b;

Q11 % % -+ Opp * Xg = by
Qp, k=1 % Xp—1T Qg % Xpt0p p 41 % Xpp1=bp 151 k=2, ..., n—1
Oy, n—1 #Xp—1-FQn, ¥ Xp--bp
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Ecnn u3 kospdunuenTor a;; 06pasosaTh MaTpully, TO OHa okaweTcs mpexOua-

20HQABHOUL
(au [T 0
oy Qga  COgg
Ogg O3z O34
0 . . .
\ O ,n-i Qn,n

Vkasanue: Ha k-M 1nare WCKIIOUEHMS! HEH3BECTHBIX HEOGXOAHMO BBHIUMCISITH
TOJILKO CJlenyIomHe Ba Koa(hHIUHeHTa:

(k+1) (5] (€] (5] k)
Qler1, b+l = Ohy1, byl — (Qks1, k% Qk, k+1)/0kE

(41, (] [¢5) & [t
bRir” = brdy — (@i e = 0P) /o

Bce ocranbubie kos()puIlMeHTh! He MeHsIOTCs. TpexpuaroHajbHasl MaTpHIa
NpecTaRAsA€TCS MacCHBOM

var A:array [1..n, —1..1] of real

e Kos(pHIHeHTh! a}’? ofo3navaiorcs kak Ali, j—i]. B sTom ciyuae HyseBme
KO3(hUINEeHTH He 3aHMMAaioT IaMsTH.

15.5 HanummuTe mMporpaMMy pellleHus cjenyiomell cHCTeMB! 11 JHHEHHBIX ypaBHeHHH:

'a-.*x-:bl- st i:l, seay

(041 b
a1 Cgg 0
A= |03 a3 ag
© e e e e s e
{@n1 eee Onp

3aMeTuM, yTo anroputM laycca MOXKHO 3HAYMTENBHO YIPOCTHTb, a B MaMATH
1
MOXHO XPaHHTD TOJILKO -1l (n-1-1) xosppuumentor. Marpuily Gy, ClEnOBATENb

HO, MOXHO NpeACTaBHTb B BHjE MAaCCHBa

A:array [1..m] of real m=§1n(n—[—l)

a xoa(uLpenTsl a;; obosnauuth kax Al = ({—1)div 2--j].
15.6 ITsmenuTte mporpammy (15.34) Tak, uto6k OHa reHepupoBaia He ofHO, a 10 Hau-
MEHBIIMX YHCEN, KAKN0E M3 KOTOPHIX PABHACTCH [BYM pPasHbIM CyMMaM nap

HATyPaNbHBIX YMCEN, BOSBEJEHHHX B TPETBIO cTemeHb. M3 necsitu map cymm
{ay, b;) EHifepuTe Takue, y KOTOPHIX ClaTaeMble JHHEHHO HE3ABUCHMEL, T. €, HE



YHPAXXHEHUSA 167

JIOJI3KHO ORITh MHOMKHUTEJS t, TakKoro, 410

gp=n%a; 0 by=nxb; i#j

7
15.7 PaccmoTpure cllenyromylo NporpaMMy Ajst 3ajayd W3 paspg. 15.2:

var i, j, m, n, x: integer; p: array [0..13] of integer;
begin m := 0; p[0] := O;
while m < 13 do
begin m ;= m-}-1; p[m] 1= msxm=sm; n 1= 0; (15.69)
while n < m do
beginn := n--1; x :=p[m]-p[n); i :=m—1;
{x—caenyromwii xanzupar}
while 2#p [{] > x do
begin j 1= i—1;
while p [z]—[—p[]] >xdoj:i=j—1;
if p [{1-+p [jl=x then go to Qelsei:=i—1
end
end
end;
99:write (x, m, n, i, j)
end.

BHISICHHTE MCTOPHIO ee PaspaCOTKM H ONpefesuTe YCJOBHS BepupUKAIMH, KO-
TOpHE TOJIOKeHE B OCHOBY 3TOH NPOTpamMmbl.

IlporpaMma mosyuyaeT MpaBHJABHBIH pe3ynapTar 1729. Opnako He uWCKJIO-
yaeTcsl BO3MOXKHOCThb, YTO ABTOP BOCHOJBL30BAJCH YCJIOBHEM, KOTOPOE TPYLHO
IOKa3aTh ¥ KOTOPOe OH cuuTaj UCTHHHEM. (UTO 370 3a ycnopwe?) Takum obpa-
30M, 5TO MPUMep NOJYYEHUS MPABUILHOrO pesysbTaTa Ha OCHOBE HENPABHJBHBIX
YMO3aKJIoueHu .

CpapHHTe KOJIMUECTRBO BHYHCJEHHUH B 3TOH MporpaMMe U B Iporpamme (15.34),
ec/ii ofe mporpaMMbl MOEWGDUIIMPOBATHL LIS CAy4Yasl ueTBePTHIX cremleHed (x%=
=g} bt=ct-|-dY).

15.8 Hanuinmure nporpaMmy, Buludcastomyo 10 HauMeHbIINX YHCEN X;, TPEThA CTelleHb
KOTOpBIX NPEACTaBAsSeTCsT KaK cyMMa KyGoB TpeX HATypasbHBIX YHCEJ

xf:af—[—bf—]—c? ma i=1, ..., 10

Crnaraemble fOJKHbE GbITh JIMHEHHO HE3aBHCHMMBI, T. €. HE JOJIIKHO CYm€CTBOBaTh
MHOXKHTEJNS 1, TAKOTO, YTO LIS i7j, a;=n*ay;, bi=nsb; v g=n=c;.

15.9 Hcenepyiite ananuTHuecku (T. €, 63 NOMOmHM BBLIYHCIHTENbHOH MallHHB) MO-
CJENCTBHS 3aMEHbi YCJIOBHSA

if square<C x then (15.70)

Ha
if square < x then
B mporpamme (15.46).
15.10 Ecsu x uameneruto (15.70) B nporpamme (15.46) no6aBHTH 3aMeHy yCaOBUS
while n<lim do
Ha
while n<(lim do (16.71}
70 MporpamMa craseT HeBepuoll. Kako#l u3 HHBApHAHTOB NPU 5TOM HapyluaeTcs?
Ecnu oCTaBHTL 9TH B H3MeHeHHS], TO KakKuM 06pa30M MOXKHO JIerkO MCIpPaBHTh

nporpammy? CpaBuuTe 3)peKTHBHOCTh NOJIYYEHHOH MpPOrpaMMbl U NPOrPaMMBL
(15.46)?
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15.11 BuBog
XF-aer«x HE JIeNIUTCH HA p»
B mporpamme (15.46) cipapefiuB TONBLKO TOTAA, KOTZa BHIIOJHSIOTCS Cleayioniue
IiBa YCJIOBHS:
r<<o<x-tp ua=n=p
TTpoBepbTe, BCTABHB COOTBETCTBYIOmHE YTBEDXKAEHHsl, UTO 3TH YCJOBUH SIBJIS-

I0TCsl WHBapHaHTaMu B cliefyiomeM (parMeHte mporpaMmei, BasToM u3 (15.46),
€clM p — HaTypasbHOe Yucso, Gonbilee 2:

x:=1la:=0;
repeat x : = x--2;
if a < x then a:= a+tp; (15.72)
{x<a < x-}-p, a:n*p}
until P

15.12 Hanuinute mporpamMmy jfisi T€HepalliM B BO3pacTalomeM MNOpAAke NepBHX
100 uncen wmHOXKecTBa M, KOTOpOe ONpejeaseTcs clefylomuM 06pasom:
(a) uncao 1 mpuHapnexur M;
(b) ecom x mpuHALAEKUT M, TO y=2 % x-1 nz=3 = x-|- | Taxke npuHagiexar M;
(c) nukakue jpyrHe uwWcna He mpuHapiexaT M. (M- -{l, 8, 4, 7, 9, 10, ...}.)
15.13 Ha puc. (15.73) uao6pakeHo kKOJIpUO, cojepxamee 2% Hynell u egunui. B stom
KOJbUe Kagast M3 28 BO3MOKHBIX NMOANOC/AENOBATEILHOCTEH, COCTOSINIUX U3 3-X
JBOWYHBIX IIMp, BCTpeuaeTcs POBHO OfHWH pas.
1

TN
/ I
0 \ (15.73

I -73)

\
0\0./,/

TocTpoiiTe anropwTM, IeHEPHPYIOIIME aHANOTHYHOE «KOJBUO® M3 27 uudp,

B KOTOPOM KawJasi MOANOCIeNOBATENbHOCTh U3 f IN(P BCTpeuaeTcst TOJIbKO

onun pas, [IpugepkuBaiiTechk NMPUHIIMIA NOATOBOH IeTaau3auMH ITPOrpaMMBbl.

15.14 1) 3anana maTpuua oTHoweHHH R pasmepa (nXn). IlocTpoiite anroput™, Bbi-
yucAsiomni HaTypasibHEe uucsa x; v y; (=1, ..., #), Takue, 410

(a) x;<y;, ecam Rj; «veHbie»,
(b) x;=y;, ecnm Ri; «paBHoO»,
(©) xi>y;, ecin Ry «Gonbluex.

EcaW Takux uMces HE CYmecTByeT, TO Joruueckoil NMepeMenHOH ¢ cJepyer
NPUCBOMTL 3HaueHue false,

1) I'lo cymectBY 510 (PparMeHT 3ajaud TOCTPOEHUS (JYHKUHUH MPENIIECTROBAHNS.
Bosiee mosaunyo # NoppoGHYIO TOCTAHOBKY 3ajaud MOXHO HalTtu B kmure Il I'puca,
KoHeTpynpoBanke KOMIHASTOPOB M/t UMGPOBHX BHYACAHTEABHBIX Maurud, «Mupy,
M., 1976.— Illpuy. peo.



OcHOBHbBlE CUMBOJIbI

A...Z,a...z

0123456789

4+ — # /div mod

VAT

=7 L= > 0n

()
|

e !

begin end

if then else case
of with while do }
repeat until for to
const type var )
procedure f
function )
array file record
set

nil

goto label

CrangapTHbie UIEHTH(PUKATOPBI

NNPUJIO)KEHUE A.
SA3bIK NMNPOTPAMMHUPOBAHMS MNACKAJIbY)

6YKBHL

muQpu

apuMeTHIeCKHe ONepaTophl
JIOTHYECKHE OIepaTopH
ornepaTopsl OTHOLUCHH ST
CKOOKH

HHIEKCHHE CKOBKY
CKOOKY JUJ1s1 KOMMEHTapust
HHCTPYKTHRHBIE CKOOKH
oreparop MpHCBaHBaHHSA
anoctpod

pasfenuTeny

CUMBOJT yKasareJsl

pasfeuTeNy UHCTPYKIHE

crieudPKaTOpH KJjacca 00BeKTa

cnenuUKaToprE Kiacca
CTPYKTypH

MycTOU yKasaTenb

oneparop mnepexopa, OmMHCaTeNb
METKH

Koucraurer:  false, true 8.0
eol (='eol’) (9.3

Tunu: Boolean, integer, char, real, text (8.1—8.9)
(10.4)

[epemensnie:  input, output

1) Tlepecmotpennas BepcHs O CpaBHEHHIO ¢ ONpefieneHuen sabika B Acta Infers

matica, (1971), 35—63.
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QyHKIHH: abs, sqgr, odd
succ, pred (8)
ord, chr (8.3)
trunc, eof (8.4,10.3)
sin, cos, exp, In, sgrt, arctan

Ipouenypr: get, put, reset, rewrite (10.2—10.3)
read, write (10.4)

Onepatopsl

Onepartopet oTHOLUEHHS] (HMEIOT HAUMEHBLIUHH MPHOPHTET):
==k  onmepaHfisl OpOU3BONLHHE, pe3ynbTaT Boolean (8.3)
< <> > onepasjp-cKajspH, pe3yiawtaT Boolean
AnnuTuBHBE OnepaTOpH:

-+ — croXkeHHe, BHYHTaHHE (8.2, 8.9

\V4 snoruuyeckoe obnepunedne (OR) 8.1
MyJIBTHIIMKATHBHEIE OMEPATOPHL:

# YMHOXKEHHe (8.2, 8.9)

/ JeneHye, pesyJbTar real (8.4

div penenue, pesysbrar integer 8.2)

mod 0CTATOK OT HEJIOYHCIEHHOTO feNeHus (8.2)

/\  Joruyeckast aussioHKuus (AND) 8.0
OpHoMecTHLIT omepaTop:

—  goruueckoe orpunanue (NOT) 8.1

CranjapTHoe npejcTaBjieHue nporpavm Ha Ilackage
npu orpaHuueHHoM HaGope squtep B kome ASCI

1. Hcrnonb3yores TOJBKO 3arnaBHEE GyKBHL.
2. TpoGenel BHYTPH HAEHTH(PHKATOPOB, CHOB-paspenuTesed
U 4YHCeJ He JOMyCKaloTCsl.
3. OcHOBHBIE CHMBOJIB, MpEACTABAEHHHE AHTJHHCKHMH CJOBaMH
(Tak HasHBaeMHE CA06Q-pa3eiumentl), He o6 paMIsIOTCS
HUKAKHMH CHenHasibHBIME JfHTepaMH, HIpaioiuMH pOJb aBTOpe-
rucTpoB. HuKakoe cjoBO-pasfennTesb Hesb3s HCHONL30BATh
B KayecTBe HueHTHpUKaTOpa, M €cJH Iepen HUM HJH Iocse Hero
BCTpeyaeTcsl ApPyroe CJOBO-pasfesuTesb HUIH HpeHTH(QHKATOP,
TO MeXjy HUMH noJKeH OHITh MO KpaiiHeli Mepe OfHH HpoGe.
4. CumBosH s13vIKa Ilackasb, KOTOpHIX HET B OTpaHuyeHHOM Habo-
pe ASCII, npezncraBnsorcst cAepyrOIUM o6pa3oM:

CumBOJ B sI3bIKE CootBercrBYIOmEE
Tackanb IpefcTaBleHUe JUTEpaMU
vV oA T OR AND NOT
< = <> <= >=
t @
{ } J& %/




CUHTAKCUC

WIEHTUGUKATOP
((éyea )

Y

LIENIOE BE3 3HAKA

YUCNO BE3 3HAKA

uenoe . uenoe |
— uucpa E 6ea aHaka

de3 3Haka

KOHCTAHTA BE3 3HAKA

udenmudukamop
KOHCMaHMb!

yucno 6es 3Haka

KOHCTAHTA

uaeﬂmucpukamop
KOHCMaHMb! l

l qucno 6e3 3Haka |

numepa

c—><8>




NPOCTOM THN

>l udermudukamop muna|

Neeveer>-] KOHCMZHME “ . \, KOHCMmaHma
™n
ll npocmoii mun Il
1) 1.0 )
{4} Ju eHmuguxkamop muna

@ of E >

CNuCOoK
record noneti @
ot ) ()t

CIMUCOK NMONEM

©

mun

uBenmugu- udeHmuguKa-
Kamop mop muna @ O

uBeHmugpukamop

[> KoHCmaHma




MEPEMEHHAR

uBesmudusamop
nepemeHHoll
P | BLipaente
uBermuduxamop

noss
udeHmudukamop
nosis

(") »
\
MHOXUTE D -
{ KOHCmanma 6ea aHaka
nepemerHan
uaegmy:ﬁlﬁmop ‘ ( Bbip@XKeHUE )

( BbipKEHLe _>®____>
(D )—
L/ o/

L

»

)
O/

TEPM

N Yor-Y-Yo




[MPOCTOE BbIPAYWEHUE

O —

mepm
o) T 000
mepw|

BbIPAYKEHUE

npocmoe BbipameHue

5600600

BbIpRKEHLE

KOHEL, 5J10KA

UHCMPYKUUS @
D

CIM1COK MAPAMETPOB

( ‘ uBeHmudgu-

udeHmutpu-

Kamop Kamop muna

2\



HHCTPYKUUA

udenmucgu-
uenoe
Ges riaKa ) ¢'§:mﬂu )
s nepeMeHHas ablpameHue  —
udeHmugpUKamop \ ‘
] pouebups BhipaKere

‘Ko;-lell‘ 6noka

-»@-» goiparere | then > uncmpyxuus —)((e!ie)- UHCMpYKUYS

BbipaxeHue @ KoHCmaxma ° uHempykuus =i end

)

’

‘———->@hilta)> BbipaKeHue —>.——> UHCMPYKULS [~
——-*Gpeat\ uHem tit resmme
at } PYKLs unti BhIpaXeHue

;
Gowete
uﬂ%ﬁ%’é‘ N BbipaXeHLe m

nepemeHHoil

(-> BbipaxeHue do }>-luHempyrus

nepeMekHas UHEMPYKILLUS

= { goig——» ugnoe des 3axa




m

{ label ) CD 1| uenoe Ge3 3Haka Ll
( const ) uexmucuxamop e
()
2/
D) ]
G)
-/
var ) eamon -
o
O/
) I ok | )
| O el A

€nucoK
‘——»(procedur@———»luﬂeﬂmuqaukamoﬂ———» naamempos |

udeHmudu-
Kamog) r"

CNUCOK
napaMempos

[ uBenmugu-
{_ kamop

"TIPOrPAMMA
ll énok II O



NPUJIO)KEHUE B.
JIMTEPbl B KOJE ASCH

b 0 0 0 0 1 1|1 1
by 0 0 1t 1 o o |1 1
b, 0 1 0 1 0 1 0 1
babg
0000 nul dle 0 @ P p
0001 | soh ddl ! 1 A Q| a q
0010 stx dc2 " 2 B R b r
0011 etx dc3 # 3 C S c s
0100 eot dc4 3 4 D T d t
010t enq nak | ¥ 5 E U e u
0110 ack  syn & 6 F A% f \
0111 bel eth g 7 G W g w
1000 bs can ( 8 H X h X
100 | t em | ) 9 1 Y |i vy
1010 If sub * : J _Z iz
1011 vt esc + : K ? k {»
1100 | £ s s o< LNt
1101 cr qs - = M1 ] m }
1110 SO rs . > N ~ x| n -1
1 | si us / 2 ol | o Ta
yrpaBJIstiomiye rpaguuectkue
JIATEpPEL JATEPBL

W« ot

OrpanysenHE Habop .ny;rep B Kofie ASCII .

—_—

1) 3tu cumBonm B cTanpgapre 1SO ne onpeneneHbl. B pasAMyHBIX HAIMOHANBHBIX
Bepeusix ouu pasnuyatotcs. 3mech npuBogutest Bepeuss ASCIL.
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NPUJOKEHUE B

MpencraBneHue smrtep Ha nepdoneHTe

>?@ABCDEFGHIJKLMNOPQRSTUVWXYZINIAL

TVHSZET (DKt /31234567893

CMBICH yNpaBASIONNX JNUTep NS Mepefayy JauHbiX

L ayout characters:

bs backspace

ht horizontal tabulation

If line feed
vt vertical tabulation

ff form feed
cr carriage returm

Ignore characters:

nul null characters
can cancel

sub substitute

del delete

Separator characters:

fs file separator
gs group separator
rs record separator

us unit separator

Escape characters:

so shift-out
si shift-in
esc escape

Medium control charac-
ters:

bel ring bell

dcl-dcd device cont-
rol

em end of medium

Communication control
characters:

soh start of heading

stx start of text

etx end of text

eot end of transmission

eng enquiry

ack acknowledgment

nak negative acknow-
ledgment

dle data link escape

syn synchronous idle

etb end of trans-
mission block

Jlutepr!, ynpasiasioumue
pacnoJyioxXeHHeM Marep-
ana:

BIIl BO3BpAT Ha Iuar

I'T TOPU30HTANbHAsA
Tabyasauus

nc nepeBoil CTPOKH

BT BepTHKaJbHas
TabyAsIusl

n¢g nepepoj opmara

BK BO3BpaT KapeTKH

JluTepsl OTMEHBI:
nyc nycro
aH aHHyJUpPOBaHHE
3M 3aMeHa
36 3aGoii

Pasnenurenu uHpoOpMaLHu:
p® paspenuTenb (ainoB
pr pasienuTens rpynt
p3 pasjenurenb

sanucel
p> pasnesuTeNh
3JIEMEHTOB

PeructpoBble JUTEPHL
JaT N3THHCKHUE perucrp
pyc pycckuil peructp
npe npeguke
(aproperucTp)

Jluteps ynpaBneHust
HOCHTEJseM:
3B 3BOHOK
cyl—cy4 cumBon
ynpaeneHus
KH KOHEIL HOCHTeJIsl

JluTepn! cBf3H:

H3 HayaJo 3alOJIOBKa
HT HayaJlo TeKCTa

KT KOHel TeKcTa

Kn KOHel[ nepefay
KTM KTO TaM?

JIa NOATBEpKIEHHE
HeT OTpHLIaHHe

apl apropeructp 1
CHH CHHXpOHHU3aLHs!
k6 xoHel 6noka



Anpec 23
Anron-60 9, 45
anroput™ 19
anrerenent 31

YKA3ATEJIb

— ~—— ¢ TMpPOHM3BOJILHBIM gpocTynoM 94
3HayeHue 16

— Joruyeckoe 61

— HayanbHoe 30

apuMeTHYeCcKO » reOMeTpHueckoe cpel- — CTpPYkTypmoe 59, 81
nee 115 — false 61
— true 61

bunapsoe pepeBo 95
6uHapHbiit nouck 96

6ur 23
6noxk-cxema 29
Bynbs k. 61

Bepudukaiyst nporpammer 31
Bunorpan C. 104

BoszBpar 138, 158

BbI30B mpouenypns! 105
BHINIOJHEHHE MporpaMmbr 28
Bulpaxenue 47

— IeTepMuHHpoBanHoe 133
— peryasipsoe 131

layce K. @. 7, 115, 141
reHepupoBanue (Gaiina 83
rpag 132

Ipuc II. 168

Jan Y.-H. 6

JaHuple 21

JHetikerpa 3. B. 6, 10
JexoMiosuliust 139
fenenve momonam 116
Iucnepcust 86
nucrosuuus Qaina 83
LNuHa cnoBa 24, 124
~— (aiina 83

3aronoBok mpoueaypsl 105
sanoMuHaromee yerpoiicreo 21

Mpenmudukatop koncTauTHwil 59
— Tuna 59
uHBapuant 36, 38
unpexc 93
HHCTPYKuus 15, 48
— cenexTuBHas 50
— cocTaBHast 48

— CTpYKTypHas 48
~— ycaoBHast 49
— LuKJguyeckast 49
uHpOpMaTHka 6

Kuyr JI. 3. 6

Kobon 45

xon 64

— MAalMHEHH 27

— omnepanuu 24

— ASCII 63, 64

— ISO 63
KopupoBauue 23, 26
KoMauHna 22
Komnuastop 27
KOMIHMASALUS IporpaMmel 28
KOHell ¢aiina 85
KoHcekBenT 31
KoHcTauTa 19
KOHTHHYYM 65
KOpeHb KBaZpaTHBIH 75
— ¢yuruuu 115

Jluenm 5

Jqutepa 63

— mneyaraemas 64
~ cllenuanbHas 63
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— ympasnsiomas 64

— eol 65

Joruyeckasl cexuust Qaiina 89
JlanysoB A. A. 44

Maruveckuii kBagpar 103
ManTHCca 66

MaccuB 91

— muoroMepseit 100
marpuna 100

— otrHomieHu#t 168

— Tpeyronbhas 166

— TpeXjuaroHaibhass 166
MHOKeCTBO JuTep 63

Hauwbonbmmit obuwit penurens (HOJI)

40, 52, 54, 56
Hayp IT. 10, 45
Hefiman JDx. ¢on 24
HoTaums 44

O6ecneyenne annapartHoe 27
— mnporpammHOe 27
o6nactb cyuecreoBanust 106
o6bekT rnobanbuuii 107

— Jnoxanwublli 106

— cTaHpapTHei 107
onepauy 47

onepartop 47

— annuTuBHBI 47

— IBYMeCTHbIH 47

~— MYJbTRIIHKATHUBHEIR 47
~— OJIHOMECTHBIH 47

— oTHourenus: 61

~— npucBauBanus 16

— mpouenypst 105

— div 18, 52

— med 53

oneperxenne 133

onucasde nepeMeHHOH 59
— mnpouenype: 105
onpenenenue THna 59
oceBoli sseMeHT 146
OCHOBAaHHE CHCTEMbl CYHcleHust 66
OCHOBHOH cumBOA 46
orcrynnenne 158

MNMaMate 21

— BTOpHyHas 94

— nepBuyHas 94
napamerp 108

— akruyeckuil 108
— ¢opmaneupii 108

— Lukaa 97

ITackans 6, 46

nepemenuast 16, 19, 87

— 6ydepuas 82
nepernosnuesne 63, 67

T1J1/1 46

noxmporpavma 105
nmojcTaHOBKa 3Hauenus 108
— TepeMeHHOH (ccruiku) 108
— no umerHn 108

nesuuua Qaiina 84

NOpANOK yucsia 66
nmocaefoBarenbHocts 72, 81
NpaBUJIO BbIBOAA 36, 50
NMpaBUABHOCTL TporpamMmel 30
npennoxenne 130
TIPEICTABNIEHNE C TJaBaolledt T0
npucBauBanue 16
nporpamma 16, 19
norpamMmMupoBaHue 8, 13
npocmoTp dafina 84
npolenypa 108

npouecc 16, 19

— TnocsefoBatenbubii 15, 19
— yucleHHwll 66
npoueccop 15, 21

Paspaberka mperpammer 139
peructp 21

perakTHpoBanue 127
pPeKypPEeHTHOE COOTHOLIeHHe 73
Pyrucxaysep X. 11, 44

psig 76

— 3HaKoNepeMeHHBIH 78

Cuntakcuc 43, 130
CHHTaKcuueckasi auarpamma 46
CHHTaKcHYecKu# axanus 130
CHHTaKCHYECKOE NPaBUMO 46
cucrema obosHavenuit 7, 44
— CYyHCNeHHst MO3uIMOHHas 1
— — puMmckas 18, 123
ckansap 59

CKallsipHOe TIpou3BeaeHye 96
cnoBaph 46

caoBo 124

CJIOBO-pasgeuTens 46

Cuoton 5

coxparienne 68

copTHpoBka 99

cocrosiuue 15

— IMCKpeTHOE 23

cpena 107

cTpoxa 89, 124

cykuenent 31
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cxema [oprepa 103
— nporpammul 72, 76, 86, 90, 98
cXomuMocTh 78

Teno npouenypn 108
TecTHpoBaHue MporpaMme! 30
THI JaHHBIX 58

~— — Joruyeckuil 61

~— HWHTepRanbHbiK 63

— cxansipubiii 59

— cTannaptaeli 60
TpaccupoBoyHass Tabnuua 17

Yxazatenp ¢ysxuud 105
yMHoxkeHue maTpun 101, 110
ytBepxenne 31

daitn 81

— BBOJIa 83

— BHBOxa 83

— mocjiefopaTenbHuil 81
— nycroéi 83

~— TeKCTOBhi 87

— input 87

— output 87

tdakropuan 73
¢opmanusm Bakyca — Haypa (HOB) 45
Qopeadit k. D. 6, 8
Doprpan 44

¢yukuus 105

— mnpeoGpaszoBanust 64

chr(x) 65

eof () &

get (f) 85 .
odd(x) 39, 52
ord(x) 64
pred(x) 60
pul(f) 83
read(x) 88
reset(f) 84
rewrite(f) 85
round(x) 69
suce(x) 60
trunc(x) 69
write(x) 88

Prrrrrrrribrng

Xoop K. A. P. 6, 10, 50

Huxkn 30, 41

HYucno HopMmanmsoBanuoe 66
— mnpoctoe 151

~—~ ®ubonayyu 79

— nenoe 62

dspuctuka 156

fanik 15, 43

— mporpaMMupoBanus 27, 43
— perynspHuit 131

Ayelika mamsTu 23



COJEP)XAHHME -

IlpenucaoBre peakTopa MEPEBOLA  « « » o « o o s o s s s s « o o o »

Ilpenucnosue . . . P e e e e e e s e e e e e e e e e
I. BBEJJEHUE . e e e e . . .
2. OCHOBHBIE HOHHTI/IH e . .. e e e
3. CTPYKTYPA Bbl'{I/ICJIl/ITEJ'IbelX MALIMH . . . .
4. CPEJICTBA Y CUCTEMBI IIPOI‘PAMMMPOBAHHH. ........ ..
5. HEKOTOPBIE IIPHMMEPHI INPOCTBI X IMPOTPAMM . C e e e e e

Ynpaxueuust . .

6. KOHEWHOCTb INPOTPAMM . .. . .. . . e P c e e .

Yupawxuenus . . .

7. TIOCAEJNOBATEJIbHASY HOTALMS W $H3bIKHM IMPOMPAMMUPOBAHIS

7.1. O6zop . e e e . . .
7-2. Bmpamex—mﬂ u m—xc’rpyxmm . . .
7.3. Jlunelinast 3amuch NpPOCTHIX nporpaMM . PRI .
YnpaKHeHus . . e e e e i e e e e e e e e e e e e
8. TUlIbI JAHHBIX .. . PR . .
8.1. Tun BOOLEAN (.nomqecxml) e e e e e e e e e e e e
8.2. Tun INTEGER (uenwni) . . . . . el
8.3. Tun CHAR (nutepHblii) . .. e e
8.4. Tun REAL (BemeCTBeHllblH) . ce e
YupamxHeHus . . .

9. HPOI‘PAMMH, OCHOBAHHBIE HA PERKYPPEHTHbBI X COOTHOIIEHHSX .

9.1. TlocnenoBaTesbLHOCTH .

92. Pagpl . ... . . . .
Yupaxkuenus . . . . .
10. PAVIJIOBAR CTPYKTYPA JAHHHIX .., ... .. ... S e e e e e
10.1. TToHsiTHE aliIad . . . &« v v v 6 e v 4 v v o v e e e e e
10.2. TenepupoBanue Qatna . . . . . . . e e e e
10.3. Tlpocmotp ¢afina . . . . . . . . ... ... ..
10.4. TercroBole paBibl. . .. « ¢ v &« . ... .. .
YupaxHeHust . . .

11. MACCMB KAK CTPYKTVYPA JAHHBIX . . . .

ynpa)\KHeHHH vy PRI T ST S SR S S T T TR T SN
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12, IOANPOTPAMMBI, IPOLIEAYPBl U YHKLIUM . & v v v v o v 4 e 3 & &
12.1. OcHOBHblE TIOHATHS M TEPMHHOJOTHS .+ o s o s o o s o & o o o

12.2. JlokanbHOCTb . . . . e e e e e e e e e e e e e
12.3. IlapameTpel npoueuypbl e .
12.4. Hcrnonb3zoBanue MMEHH npoue,uypbl mm Q)yHKuHH B KayecTee Q)axm-
YecKOro mapaMerpPa . « . . o . . . - . e e
YHpamneHHH..........................
13. [IPEOBPA30BAHVE NPEACTABJIEHMIT YHCEJ . . Ce .
13.1. BBOJ ¥ BEIBOJL HEOTPHUATENBHUBIX IIEIbIX YHCEN B nosnuuox—u—xoﬂ topme
13.2. BuiBon mpobeit B MOSHIIMOHHOH dopme . . . . e e
13.8. Tlpeo6pazoBanue NpeficTaBieHuil ¢ Nuapatouielh TO'{KOH e e e
Yupaxuenus .
14. OBPABOTKA TEKCTOB C UCIOJIb30BAHVEM MACCUBOB U ®AMJIOB .
14.1. PerynupoBanue ANHHB CTPOK B TEKCTOBOM Q)aﬁ.ne c . . .
14.2. PepaktHpoBaHuWE CTPOKH TeKCTa . . . . .. ..
14.3. PacnosuaBanue pery.nﬂpx-xux LEeToyex CHMBOJIOB . e e e e
Ynpaxuenust . . . .
15. [IOWATOBAY] PASPABEOTKA IIPOTPAMM . . . .
15.1. Pemenne cucTeMbr JUHEHHBIX YpaBHeHHH . . e

15.2. HaxozeHnne MMHUMAJALHOTO YHCJd, PAaBHOIO JBYM CyMMaM nByx
pasnAVyHHIX Nap HATYpanbHBIX YHMCEJ, BO3BEJIEHHEIX B TPETHIO CTCMEHD

15.3. TlonyyeHue nepBHIX n NPOCTHIX YyHCET . . ..
15.4. IBpucTHYECKUH anropuTM . . . e e e e e e e e e e
YnpaKHerus

IMpunoxerue A. $13bix nporpamMvupoBanust Ilackaidb . « v o o o o o o &

IMpunoxenue B. Jlutepsl B xone ASCIT . « . . . v v v v o v v v v v
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106

105
106
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111
114

117
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120
121
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130
135

139
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147
151

164
169

177
179
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