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VBAXAEMBIA YUTATENL!

AAHHEL yueOHHK ABAASTCE YaCTbIO yIeOHO-MeTOAHYeCKOro KOMII-
AGKTA TI0 CTICMHMAABHOCTAM « [ IpOorpaMMHEPOBAHNEE B KOMIBIOTEPHEIX CH-
creMax», « KOMILIOTepHEIE CHCTEMBL M KOMIACKCED H « MadopMannon-
HLIE CHCTEMEL {0 OTPacAaM)» H IIpeAHa3sHadYeH AAA M3ydeHHd o0lie-
||p0(peccnoﬁaj\b}{oﬁ AVMCIHUITANHEL «OCHOBEI AATOPHTMH3AITHHA H IIPOT-
paMMHUPOBAHHA Y,

VueOHHE IpepHasHa4deH AAA HIYUeHHA obmenpodeccHoHaAbHON
AMCTTMTIIAMHEL ¢ JCHOBEI AATOPUTMH3AIHMH ¥ TPOTPAMMHADOBAHUS» .

YyeGHO-METOAMYECKME KOMIAECKTE HOBOTO HOKOACHHA BKAKYAKOT
1 ceGs1 TPAAHITHOHHEIE M HHHOBAITMOHHEIE yieOHbIe MaTePHAARL, II03BO-
AdIOmMe ofecneunTh HayueHne 060[eo0pa3oBaTeAbHEIX H obmenpo-
(heCCHOHAABHEBIX AMCITHIIAMH U TRO(PeCCHOHAARHEIX MOAYARH. KaRARH
KOMIIAEKT COAEPKHT YIeOHHKH 1 yuedHBIe TOCODHs, CPEACTBA oﬁyqe-
NS W KOHTPOAs, HeoGXOAMMEBIE AAST OCBOSHMR OOIIHX H IPotheccHo-
HAALHEIX KOMIIETEHI[HH, B TOM YHCAE M ¢ yieToM TpeGoBaHHHA paboToe-
AQTeAd.

YaeOHBIe M3AQHHS AOTIOAHSIOTCA 3ASKTPOHHEIMH 00pa30BaTeAbHEI-
MH pecypcaMH. BAEKTPOHHLIG pecypcChl COACDXKAT TEOPEeTHYEeCKHEe H
IIPAKTHYECKHE MOAYAM ¢ MHTEPAKTHEHEIMH YIIPE&KHEHHAMH H TPEHA-
KepaMH, MyABTUMEAHHHEIE OGBEKTH, CCHIAKY Ha AOMOAHHTEABHEIE Ma-
‘"ePHAAEL K pecypcsl B MaTepHeTe. B HUX BRAKOYEH TEPMHHOAOTHUECKH A
CAQBAPE M 3ARKTPOHHEIA AypHaA, B KOTOPOM (PHKCHPYIOTCA OCHOBHEIE
napaMerpsl yaeGHOro nponecca: BpeMs paboTel, Pe3yALTAT BRIIIOAHE-
1M KOHTPOABHEIX H MIPAXTHYECKUX 3aA3HHH. SAeKTpOHHEIE Pecypchl
AETKO BCTPAMBAKOTCH B YU4eGHBIH IIPOLIece M MOT'YT OBITh AN THPOBAHEL
K Pa3AMYHEIM y4eOHBIM IPOTPaMMaM.



MNregwmcnoBuUE

INporpaMMKpORaHNE BCe B GOABIIEH CTENeHW CTAHOBUTCA 3aHATH-
eM AMIIE AAA IpOdeccHonanoB. O0baBAeHHEH B cepeande 1980-x rr.
AO3YHT «]1porpaMMHpPOBaHHE — BTOpast IPAMOTHOCTB? OCTAACH B I1pO-
WAOM. B MOHATHE «KOMIUBIOTEpH&A TPAMOTHOCTB» CETOAHA BXOAMT,
IDEXRAE BCEro, HABRIK HUCIOAL3OBAHHMS MHOTOOGDA3HBIX CPEACTB HH-
dopMaIrMOHHHX TeXHOAOTHH. [1pH peiteHHH TOM UAM UHOI HHGOpPMa-
IIHOHHOH 3aAaYH CHAYAAA CAEAYET IONKTATLECA IOACGPATE AAeKEBATHOE
MpOrpaMMHOEe CPeACTBO (IAEKTpPOHHEIe TAaBGAMITE, CHUCTEMBI YIIpaBAe-
HHUsA 0a3aMHu AGHHEIX, MaTeMaTHIeCKHe MAKeTH H AD.), H TOABKO eCAH
3TH CPEACTBA He MO3BOASIOT PELIMTL MOCTABACHHYHO 3aAaYy, HCIIOAB-
30BATH YHHBEPCAABHEIE S3BIKH IIPOTrpPaMMHpPOBaHHASA.

Pazau4aloT nporpaMMHCTOB ABYX KATErOpHH: CHCTEMHEIX H IIDH-
KAGAHEIX. CHCTEMHBIE TPOTPAMMMCTEI —— 3TO Pa3paboTyvKH Gaz0BHIX
MPOTPaMMHLIX CPeACTR DBM (omepallMOHHEIX CHCTEM, TPAaHCASTOPOB,
CePBMCHRIX CPEACTB H T.A.), ABASIOIIHECS MpodeccHOHAAAMH BHICO-
qaiiero ypobHs. [IpUKAaAHEIe TPOTPAMMUCTEL Pa3pabaThIBAIOT CPEA-
CTBa mporpamMmHoro obecnieuenrs DBM, npeapHasHaueHHEIE AAS pe-
LIEHHS 38734 B OTAGALHHIX ODAGCTAX AeATEeABHOCTH (Hayke, TEeXHHKE,
NIPpOH3BOACTBE, chepe OOCAYRMBaHMA, OO6yd9eHNH M T.A.). TpeboBanua
K Ka9eCTBY HPHKASAHLIX ITPOTPAMM TaK JKe BHICOKH, KaK H K KauyeCTBY
cucTeMHBIX. Aofasi HporpaMMa AOAKHA He TOABLKO IIPaBHALHO PeIlaTh
38AQYY, HO ¥ HMEeTh COBpPeMeHHEIN HHTephelc, GLITh BHICOKOHAALK-
HOWM, ADY>KeCTEeHHOH K IIOABL30BATEA M T.A. TOABKO TaKHe IIPOrpaM-
MBI MOT'YT BBIAC[KATE KOHKYPEeHUHK HA MUDOBOM DRIHKE IIPOrpaMM-
HBIX IIPOAYKTOB.

[To Mepe pasBUTHA KOMIBHTEPHOH TEXHHKM Pa3BHBAANCE METOAM-
KA ¥ TeXHOAOTHA IporpaMMHUpoBanns. CHavaAa BOSHHKAH KOMaHANoOe
M oneparopHoe NporpaMMHpoBanue, B 1960-x rr. 6ypHO pa3BHBAANCE
CTPYKTYpHOe IIpOrPpaMMHpOBaHMe, AMHHMH AOTHUECKOIo M (DYHKIHO-
HAABHOTO IIpOTPAMMHPCB&HHS, & B HACTOAIee BpeMs HNIHPOKO pac-
OpPOCTPaHAIOTCA 0O BLeKTHO-OPHEHTUPOBAHHOE H BU3YAALHOE TIpOrpam-
MHUDPOBAHUC.

3aAa4a, KOTOPYIO CAEAYeT CTAaBHTE IPH ePBOHAYAARHOM M3YYeHUH
OPOrPaMMUPOBAHKSA, — 3TO OCEBOEHHE OCHOB €r0 CTPYKTYPHOH MeTOo-
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. CTPYKTYpHAsi METOAMKA A0 HACTOAINETO BPEMEHH OCTAeTCs
OCHOBOH IPOrPaAMMHUCTCKON KYABTYpHL. He OCBOME ee, 4eroBeK, B3dAB-
INUACH M3y49aThk NPOrpaMMHAPOBAHMe, He HMeeT HUKakiX U1aHCOB CTATh
IipoteccHoHAAOM.

B 1969 r. wBeiinapckum npodeccopom Huraraycom Buptom Onla
C037aH A3EIK NporpaMMupoRannsa Ilackane, IPeANa3HAYABIIHACH AAT
00yIeHHA CTYACHTOB CTPYKTYPHOH METOAMKE IIPOrPaMMHPOBAHH,
H3BIK MOAYYHMA CBOE Ha3BaHue B 4eCThk baesa [Mackans — uaobperare-
Afl TIEPBOTO BHEIYHCAWMTEABHOTC MeXaHHYeCcKoro yerpoicrtea. [lospHee
tpupma Berland International, Inc {CIITA} pa3spa®orasa cHCTeMy Hpo-
rpammuposadna Typbo ITackaab aasl NePCOHAABHEIX KOMINEIOTEPOB,
KOTOpas BHIAA 33 paMKH yueBHOro IpUMEHeHHs M cTasa HMCIOABL3D-
BaTEC AASL HAYYHBEIX M [MPOM3BOACTBEHHEIX Hereil. B Typbo Ilackaan
6/BIAM BHEeCEeHH 3HAYHTeABHBIe ACTIIOAHeHHA K Gazopomy cTaHpapTy [la-
ckand, onucanaoro H. BrproM, Co BpeMeHeM A3BIK pa3zBuBaacsi. Haun-
as ¢ Bepcun 3.5, B TypBo TlacKarr BBOAATCS CPEACTBA MOAAEPKKH
OO BEKTHO-OPHEHTHPOBAHHOIO IIPOTPAMMHUPOBaHas. B AarbHEHNIeM 3TO
upupeac K cospadno Object Pascal — si3uka © BO3MOMKHOCTAMH
0B LEKTHO-OPHEHTHPOBAHHOTO IPOrpaMMuposanus. B navane 1990-x rr.
oG pepAMHEHHE 3AeMEHTOB 00BEKTHO-OPHEHTHPOBAHHOTO IpOrpaMMupo-
panusa B Object Pascal ¢ BU3yaABHOH TEXHOAOTHEH IIPOTpaMMHIPOBaHUs
ITPHBEAC K CO3AAHHK} CHCTEMEI IIporpaMMupoBadna Delphi.

B raaee 1 nactedimero ydeGHHKa paccMaTpUBarOTCA Ga30BEIE MOHA-
THA, OTHOCAIIHECH K AODOMY TPOLEAYPHOMY A3RIKY HPOTpaMMUDORA-
fIH BBICOKOTO YPOBHA. QCHORHO® BHHMaHHEe YASASETCA CTPYKTYPHOH
METOAMKE TOCTPOEHMS aATOPHTMOB: MCIOAB3IOBAHHIO G3a30BHIX AArO-
PHTMHUYCCKHX CTDYKTYD, BHIACACHHIO B PDELIAEMOH 3aaate MOA3AARY H
COCTABACHUIO ECTIOMOTATEABHEIX AATOPHTMOE. Ha 3Tol ocHose MOXKHO
[IePEeXOAMTE K H3YUeHHK) AOO0rc mpoueAypHOTO A3bIKa, MOAASDPIKH-
BAIOLIETO CTPYKTYPHYIO METOAHKY.

B raaBe 2 paerca onucanue A3mKa [lackaas B Bapuante Typbo [la-
ckaab (Bepcus 7.0). B a3mikax Object Pascal u Delphi coxpaHserca
npeeMcTBEeHHOCTE K Typbo [Tackaaio.

CoaeprRaHue raaBsl 3 OPpHeHTHPOBAHO HA TAyOOKOe OCBOEHHE yda-
IHMACE 0a30BLHIX IIOHATMH A3LIKOB IIPOrPAMMHPOBAHHSA BbiCOKOTO
YPOEHs Ha npuMepe [lackaad. Takasa noaTrOTOBKA ofaerdaer n3ydesmue
APYTHX A3BIKOE NPOrpaMMHPOBAHNA B OYAYILEM,

B raase 4 nanararorcs OCHOBB! OfEeKTHO-OPHEHTHPOBAHHOTO NPO-
rpaMMHpOBaHMs Ha IIpuMepe HX peaamnsalue B Object Pascal. 3aeck
JKe paccMaTpHBaeTcs S3EK nporpammuporaiusa Delphi, ssasioniuiics
00 LeKTHO-OPHEeHTHPOBAHHEIM pacluupeHreM S3vuka [lackaan, ¢ pea-
AM3AIHeH TeXHOAOTHH BH3YAABHOTO MPOrpaMMHPOBAHHA.
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[lpy MOATOTOBKE K M3YUeHHIO AGHHOTO KyPCa KEAATEABHO YCBOe-
HHe YYaliUMHCA OCHOB AAFOPHTMHM3AIUU B PaMKaX HIKOABHOrO 5a3o-
BOTO Kypca HH(pOpMaTHKUA. OOBIMHO B ITKOAS AATOPMTMU3ANHS M3yda-
ercsi ¢ HCIOAB3OBAIHEM YYeGHEIX HCIOAHHUTEAEH, MO3BOASIONIUX
YCIEIIHO OCBOMTL OCHOBEI CTPYKTYPHOM METOAUKH:

B IIOCTPOEHHEe aATOPUTMOB U3 Da20BBIX CTPYKTIYD;
% npHMeHEeHHE METOAA TTOCASADBATEARLHOM ACTAAWBAI[MH.

KeaaTerbHO TAKKe HMETEH IpeAcTaBaeHUe 00 apxuTekType 2BM Ha
YPOBHE MAUIMHHKIX KOMAHQ {AOCTAaTOYHO HA MOAEABHEBIX IIpHMepax
y9eOHEIX KOMIBIOTEPOR, H3yJaeMHX B IIKOARHOH HH(OPMATHKE, T.e.
He 00s34aTeARHO 3HAHME DeaABHBIX S3LIKOB KOMaHA MAH acceMOAepa).
3T0 NO3BOASET YCROUTE OCHOBHHE TIOHSTHSA TIPOTPAaMMHPOBaHUA (mepe-
MeHHOH, IIDHCBAaMBaHHA); «BXOAUTh B TIOAOKEHWE TPAHCASTOpPa» M He
AEAATE OLIUOOK, ARKE HE [IOMHS KaKHX-TO ASTAASH CHHTAaKCHACA A3BIKA;
IpeABHAETD T€ «IOABCAHEIE KAMHH», HA KOTODPHIE MOXKET «HanopoTh-
csi» [IpoTpaMMa B IpoIecce BHEIOAHEHUA. [10 CylecTBy BCe 9TH Kaue-
CTBa ¥ OTAMYAIOT IPOdeCcCHOHAALHOTC NPOTPAMMICTA OT AUASTAHTA,

Eme opHO KadecTBo IpodieccHoHaAd — 3TO CIOCOGHOCTE BOCIIPH-
HUMATE: KPacOTy IPOTPaMMEL, T.e. MOAYYATh 3ICTETHYECKOe VACBOAB-
CTBHE OT XOPOLIO HAIIHCAHHOH NIporpaMMel. Hepeako 3To YWyBCTBO IIO-
MOTdeT WHTYWTUMEHO OTAHIHTE HeNPABHABHYIO IIPOrpPaMMy OT IIpa-
BHAEHOH. OAHAKO OCHOBHEIM KPHTEpUEM OLICHKH [TPOTPAaMMEL AOAJKHA
OLITE, BE3YCAOBHO, ¢ HHTYHINA, & TPAMOTHO OPTAHH30BaHHOE TeCTH-
pOBaHHeE.

Iponece n3yveHusi 1 NpakTHYECKOTD OCBOEHHH IIPOTPaMMHPOBA-
HU MOAPA3AEASETCA Ha TPH 4acTu:

® H3yYeHHEe METOAOB MOCTPCEHHS AATOPHTMOER;

®  H3YYeHHe A3BIKA TPOrPaMMHAPOBaHES;

B H3YYeHHE H NMPaKTHIECKOE OCBOEHUE OIPEASASHHOH CHCTEMEI
IPCrpaMMHpOBAHUA,

PellleHuo 335349 MepBOH YacTH MOCBAIEHBI TAGBEI 1 U 3 paHHOTO
yuebuuxka. B raase 1 patoTca ocHOBHBIE, Ga30BEIE, TIOHATHA U IPHHITH-
IIbl NOCTPOEHHS AATOPUTMOB paboTh C BeAMYWHaMH. B raaBe 3 H3aara-
OTCSI HEKOTOPBIE HM3BECTHBIE METOAHKH IIOAHOTO IOCTPOEHHS AATO-
PHTMOB, PaccMaTPHBaAIOTCA MTPOOAEMEl TECTHDOBAHMS IIPOTPAMM M
OQLEHKH CAOKHOCTH aArOPHUTMORE.

SI3eixy nporpaMmuporanusg TypGo Mackaas u Delphi waaarawres
COOTBETCTBEHHO B rAaBaX 2 n 4 yuebHMKa. OAHAKO TOAYEPKHEM, 9TO
AdHHAsg KHHMra — 3TO, NMPEeXXAe Bcero, YYeOHHK [0 IIPOrpaMMHPOBA-
HHIO, a He IO A3blkaM [lackaab u Delphi, nosToMy HcuepnBIBalOHIETO
OMHCAHUA AGHHEIX S3LIKOB BBl 3AeChH He HaWAeTe, OHH H3AATaroTCS B
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ofrhemMe, HeOOXOAUMOM AAs HAYaABHOIO Kypca HpOrpaMMUPOBAHHA.
Iivaee nmoppoCHOe OUCAHUE JTHX SA3LIKOB MOXHO HAHTH B KHHIAX,
YyKA3AHHEIX B CITHCKe AUTEPAaTyPHI, '

B paHHOM ydYeOHHUKe HeT MHCTPYKIHMH II0 paboTe ¢ KOHKpeTHEIMU
CUCTEMAMH TPOrPEMMUDOBAHNA AAA M3YYAEMBIX A3BIKOB, ¢ HUMH Cly-
ACIITIT AOAKHEL O3HAKOMHTBCA B I[IPOIECCe BHIIOAHEHUS [paKTH4Ye-
kux pabor Ha IBM, HCNOABRYS CHENHUAABHYIO AUTEPATYDY.



8

Mnasa 1

OCHOBHbIE NMPUHLWTbI
ANTOPUTMWN3AL U
N NMPOrPAMMUPOBAHUA

M3 pAaHHOM rAaBHI BBI Y3IHAETE!

HOCASACBATEABRHOCTE 3TAIIOB DEIUCHHWS 34Ad4HM HAa KOMIObLKITEDE
CPEeACTBAMH IPOTPaMMHPOBAHHKS,

YTO TAKOE GATOPHTM PellieHMd 3aAd4YH Ha KOMIIBIOTEpe,
C KAaKMMH AdHHBIMHA paﬁoTaeT EKOMIIBHOTED,

€ IIOMOINBIO KaKoTo HaBopa KoMaHA (CHCTEMEI KOMaHA) MOXKHO
[IOCTPOHUTH ANDOH AATOPDHTM pPeLleHHSd 33AaYH Ha KOMIEBIO-
Tepe;

npaBHAd OIITHCAHHA AaATOPHTMOB Ha BAOK-CXeMaxX M Ha Y’-IEﬁHOM
AATOPHUTMMYECKOM S3LEIKE;]

TPHY OCHOBHBIE AATOPHTMHMHYECKHEe CTPYKTYPEI — CAeAOBaHUeE,
BETBACHHE, ITHKA,

HTO TAKO€ TDACCHPOBKA dATOPHTMA,

ACTHHECKHE OCHOBBl ITPOTPAMMHPOBAHHA, CYIMHOCTb [OHSTHH
CAOTHYECKAsa BEAHYMHA», «AOTMYECKOe BEIPDAKCHHE», «AQTHYe-
CKUe oTlepailnny,

HPaBHAA BEINIOAHEHHNA AOMHYECKHUX OHepPaluy ¥ BEIHHCAEHHS AQ-
THYECKUX BLIPaRKCHUH;

YTO TaKoe BCIIOMOTATEABRHEIH SATOPHTM M KaK OH ONMCHIBAETCs
Ha AArOPUTMHYECKOM SIARIKe B hopMe [IPOLeAYDEL;

KaK OPOUCXOAHT OGpalieHHe K NPOLeAype B OCHOBHOM aArO-
pHTME;

B UeM COCTOAT IPUHIHMIEL CTPYKTYPHOIO IPOTPaMMUPOBaHNS;
HCTODHIO Pa3sBUTHsL A3BIKOB H TeXHOAOIHEH IPOTPAMMUPOBAHUST,

KAQCCHMHKALWIO A3LIKOB IPOIPaMMHPOBAHHAS;



® YTO TAKOE TPAHCAAIIMA M KaKUEe CyIIeCTBYIOT CocobRl TPaHCAN-
IEHH;

" COCTaB M CTPYKIYRY IIPOLIEAYPHHX S3LIKOE IPOrpaMMUpOBaHus
BLICOKOTO YPOBHS;

® CroCoOBl OMMCAHMA CHHTAKCHCA A3BIKOB NPOrpaMMHPOBAHHSL.
But Hayuurecs:

® OMMCHBAaTL AATOPUTMEL Pa3AUYHOM CTPYKTYpPH! (AHHelHbIe, BeT-
BALIHECH, HKAUYeCKHE) B BUAE DAOK-CXeM U Ha YIeOHOM aaro-
PHUTMHYECKOM SI3LIKE;

B 33[0WCHBATH AOTHYECKHC BHIPASKCHHA B KAUQCTEE YCAOBHfI B BeT-
BACHHMAX H [TUKAGX;

B BLIIOAHSTb TPACCUPOBKY GATOPHTMOB;
® ONMCHEBATEH MPOLEAYPEl HA aATOPUTMHYECKOM SA3BIKe H ofpaiie-

HHA K HUM M3 OCHOBHOTO aATODPHTMA.

ANFOPUTMbI 1 BEMVYUHbI

Jransl pemeHHd 3apaun Ha IBM. Pabora o peumenviio Aro0oH 3a-
MAYH C HCTIOAL30OBAHMEM KOMIBIOTepa BKAIOYAeT B ceDs chrepylolie
IEeCTh ITATOR!

1. lNocranoska 3apayu.

2. DopMaAu3aiUA 3apauH.

3. ITocTpoeHMEe AATOPHTMA.

4. CocrasacHHe NPOrpaMMEl HA SI3EIKE IIPOIPaMMHPOBAHHS.

5. OTAapKa ¥ TeCTHPOBaHHE IIPOTPAMMEL.

6. IlpoBeaeHne pacyeToB H aHAAH3 NOAYUEHHBIX Pe3yALTATOB.

YacTro 3Ty NOCAEAOBATEABHOCTE HA3BIBAIOT MEXHOAOIUHecKoil ue-
nouxol pewenusa 3agaiu Ha FBM (HemocpeACTBEHHO K POTPaMMHUpPO-
BAHHIO M3 3TOTO CHUHCKA OTHOCATCA 1. 3...5).

Ha sTarne mocTaHOBKM 3aAA4YH CAEAYET YETKO OTIDEASAWTD, UINC gaHo
U umo mpebyemcs naimu. BaXXHO OIIHCATEL TTOAHBIN HAGOD MCXOAHEIX
AAHHBIX, HECOXOAMMEIX AAS PeIIeHHA 3aAa9M.

Ha srane copmaruzanus yame scelro 23apata NepeBOARTCH HA A3KIK
MaTreMaTHIecKHX (bopMyA, ypaBHeHUH U oTHOIIeHWH. Ecam peilieHme
3aA89H TpeOyeT MAaTEeMaTHYeCKOTO OMHCARHE KaKOTO-TO PeaAbHOro
0OBeKTa, ABACHHS MAM NPOIlecca, To ee (pOpMAaAH3alHa PABHOCHALHA
MOAYYEHUI) COOTBETCTRYIOLeH MaTeMaTHIeCKOH MOAEAH.
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TpeTuit sTan — 5TO NOCTPOeHHe aATopUTMa. ONBITHEIE TPOTPaM-
MHCTE! 9aCTO Cpasy NMUIYT IIPOTPAMMEBl Ha ONpPEAEACHHOM SI3BIKE, He
npuGeras K KakuM-AH60 CIemHaABLHEIM CPEACTBAM ONMUCAHHA AATOPHT-
MOB (OAOK-CXeMaM, IICeBAOKOAAM), OAHAKO B yYeGHBIX HEeAIX MOAS3HO
CHAYaAd HMCHOAL3OBATE 3TH CPEACTBE, a4 3aTeM TNEPEBROAUTH HOAYIeH-
HEIT 3AIOPWTM Ha A3BIK IPOTPaMMUPORAHUS.

TTepseie TpH atana — 3To pafoTa He3 KoMnboTepa. [Tocaeayomie
ABA 9TaNa — JTO COBCTBEHHO IPOrpaMMHPOBAHHE HA OINPEACACHHOM
SI3BIKE B ONPEASACHHOH CHCTeMe IporpaMMmuporadusi. Ha mocaea-
HEeM — MIeCTOM — 3Talre pa3paboTaHHasg NporpaMMa VIKe HCIIOABIYeT-
CA B IPAKTHUYSCKHX IIEASX.

TaruM 00pasoM, IPOTPAMMHACT AOAKEH YMETh CTPOMTE aATOPHTMEI,
3HATEL SI3BIKH IMPOTPAMMHPOBAHMS, YMCTE PaboTaTh B COOTBETCTEYIO-
el CHCTeMe HpOorpaMMHPOBAHUSL.

OcnoBoy npogeccHoHaABHOR I'DAMOTHOCTU TIPOTPAMMECTA SBAS-
©TCs PA3BHTOE AATOPHTMUYECKOE MEIIIACHHAE.

IMonsite axropuT™Ma. OAHHM U3 PYHAAMEHTAALHEIX HOHSTHHA B UH-
hOpMATHKE ABARETCA TOHATHC aATOpHTMA. CaM TepMHH «aATOPUTMY,
3aMMCTBOBAHHBIN M3 MATCMAaTHKH, TPOHCXOANT OT Aam. Algorithmi —
HanvcaHue nMerd Myxamepa aap-Xopesmu (787 — 850}, Briparciiiero-
Cd MaTeMaTHKa cpeareBekoBoro Bocroka. B XII B. 6bla ocymiecTBAeH
AQTHHCKHI [IepeBOA eT0 MaTeMaTHYeCKOTO TPAKTaTa, M3 KOTOPOrs €B-
POINEeHIIEl V3HAAN O ASCSTUYHON [IO3WMITUMOHHOW CHCTEMe CUHCASITHA U
NPAaBHAAAX APH(METHKE MHOTO3HAYHEX uHcer. MIMeHHO 9TH IparuAa B
TO BpeMsl Ha3hIBAAH AATOPHTMaMH. CAOXEHHE, BRIYHTAHUE, YMHOMXKC-
HUC «CTOAGHKOM», AGACHHEe «YTOAKOM» MHOTO3ZHAYHEIX UHCEA — 3TO
Tnepeple AATOPUTMEI B MaTeMarHke, [IpaBHaa anreOpaMyeckmx npeod-
pa30BAHME M BLIYUMCACHHE KOPHEH YPaBHEHHH TAKIKe MOUXKHO OTHECTU
K MaTeMaTHYeCKHM aATODHTMAM.

B Hallle BpemMs NOHATHE GATOPUTMA TPAKTYETCA HIApe. AATopumm —
3TO [MOCAEAOBATEABHOCTE KOMAHA YIOPABACHMN KaKHM-AHOO HMCIOAHU-
TeAeM. B IIKOABHOM Kypce HH(DOPMATHKH C MOHATMEM QATOPHTMA H
MeTOAAMH MMOCTPOSHHS AATOPHTMOB YY€HHUKH 3HAKOMITCA Ha MpHMe-
pax y4eOHBEIX HcHOAHHTeAei: PoGota, Yepenaxu, HepTeRHHKa U Ap.
OTH HCIOAHHTEAU HMUYETo He BRIUMCASIOT. OHH COIAAIOT PUCYHKU HA
3KpaHe, HepeMelareTca B AaONPHUHTaX, NepeTaCKUBAT [IPEeAMETEl ¢
MeCTa Ha MeCTO, TaKMX UCIFOAHHTEeACH IPHHATO Ha3bIBATE UCNOARLME-
AsiMu, pafomaroujuMil B 0OCIMAHOBKE.

B pazaeae «IlporpaMMupoBaiie» HHPOPMATHKE H3YTAlOTCH METO-
Abl [IPOTPaAMMHOIC yiipaBaeHust paboToll DBM, T.e. B KauecTBe MCIOA-
HHTeAd BEICTYIIaeT KOMIBTED. KoMmnploTep paboTaeT ¢ BeAWYHMHA-
MH — Pa3AMYHBIMH HHPOPMALHOHHBEIMH OOLEKTaMM: YHCAGMH, CHM-
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A T N

TlporpaMMa
(NpoMexyTounbie garmse) | L EYIPTATHL

LPlcxo,a.Hue HaHHBIE

Puc. 1.1. YpoBHW AaHHBIX OTHOCUTENLHO NPArpamMmb

BOAAMH, KOAAMM H AD., HOITOMY AAIOPHTMEI, IPeAHA3HAYEHHRE AAN
YIPARACHHA KOMNEIOTEPOM, HASKIBAIOTCH gAIopummMamu pabomal ¢ Be-
AUMUHOMU,

AaHHBIe M BeAHYHHBI. COBOKYTIHOCThL BEAMYHH, C KOTOPLIMU pabo-
TaeT KOMMBIOTEP, NPHHATO HA3bIBATh gaHHbMU. [lo OTHOWEHHID X
1IpOorpaMMme pasAMYaloT UCXOGHLIE, CKOHYAMEAbHbE (peiyAbmamsal)
NPOMEXYMOUHBIE AAHHLIC, KOTOPHIE IIOAYYAIOT B MPOLECCe BHIYUCAE-
ui {puc. 1.1}.

HarnpuMep, IpH pellleHUH KBAAPAaTHOTO YpaBHEHHUS ax” + bx + ¢ = 0
WCXOAHBIMHA AGHHBIME ABASFOTCS Ko3dupullMeHTH a, b, ¢, pe3yAbTaTa-
MW — KOPHH YPaBHEHUHA X, X, & IPOMEeXXYTOUHRIMHA ABHHBIMH -—— AMC-
KPMMMHAHT ypapHeHus: D = b’ — 4ac.

AAd YCHIENTHOTO OCBOeHHS NPOTPaMMHPOBaHKA HeOGX0AHMO YCBO-
MTE CACAYIOINIee MPABUAO. BCAKGSA BEAUNUHO 30HUMAEM CBOEe onpege-
A€HHOe Mecmo B namamu 3BM, rHoraa roBopAT — SYEHKY TNAMATH.
TCPMHH «AYedKa» AAM apXHTeKTYPH COBpeMeHHEX SBM HecKOABKO
ycTapea, OAHAKO B y9eDHLIX OeATX ero YAOOHO HCIOAB3OBATS,

Arobasi BeAMYHHA HMeeT TPH OCHOBHEIX CBOHCTBA! UMSA, 3HOYEHNe H
mun. Ha ypoBHe KOMaHa MpONeccopa BeAdnHa “aeHTHOHIHpYeTCa
d4APeCcOM SUeHKH NMaMaTH, B KOTOPOHM OHAa XpaHUTcAd. B aaroputmax u
M3LIKAX MPOTPAMMHPOBAHHSA BeAHIHMHE TOAPA3AEAATCA Ha KOHCTaH-
T4 ¥ nepeMenHpie. KoHcmaima — NMeu3MeHHasa BeANYHHA, U B dATO-
pUTMe OHA HPEACTABAAETCH COOCTEEHHBIM 3lidYeHHeM, Hanpumep: 13,
34.7, k, True u Ap. [Tepemeniible BeAUMUHB MOTYT W3MEHATE CBOM 3Ha-
JeHHS B XOAE BEINOAHEHUS NPOTPaMME] H IPEACTABAAIOTCA B aATOPUT-
Mé CHMBOAWYCCKHMMH HMEHAMH — HACHTH(HKATOPaMH, Hanpumep: X,
52, cod15 u Ap. A1o6Ele KOHCTGHTH U [[ePeMEeHHbIe 3aHUMAIoT A9eHKy
UaMSATH, 8 3HAYeHHSA 3THX BEAHYIH ONPeASATIOTCT ABOMYHEIM KOAOM B
OTOHN A4eliKe,

Teneps O THIAX BEAMYMH -— MUNGX GaHHbIX — IOHATHH, KOTOpOe
BCTpedAeTCs IMpH M3YYeHHH B Kypce HMHGPOPMATUKH 0a3 ASHHEIX H
OAGKTPOHHBIK TabAlll. 3T0 MOHATHe ABAfAETCH JyHAAMEHTAABHEIM B
LPOrPaMMHPOBEHNH.

B KaXXAOM A3HKe MpOTPaMMHPOBAHMA CYILUECTBYET CBOsI KOHIIell-
W ¥ CBOA CHUCTEMAa THIIOB AAHHBEIX., OAHAKO B AKOOOH A3BIK BXOAHT
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MUHUMAABHO HEOOXOAUMBIHE HA0OP OCHOBHLIX THHOB AGHHLIX. UEAbIE,
BEWeCMBEHHBIEe, AOMUYECKIE U CUMBOALHLIE. THUIIBI BEAMYUH XapakTe-
PH3YHOTCH MHOMECTBOM AOIYCTHMBIX 3HAYCHHH, MHOMECTBOM AONY-
CTHUMEIX ollepanuil, (popMoii BHyTPEHHETO IpeAcTaBAeHHA (TabA. 1.1).

TUDEl KOHCTAaHT ONPEAEASIOTCA IO KOHTEKCTY (T.e. IIo opMe 3a-
IIHMCH B TeKCTe), & THUIIHI NePEMEHHLIX YCTAHABAHBAIOTCA B OIHUCAHUAX
TICpeMeHHEIX.

Mo cTpykType AaHHBIE HOAPA3ACASIOTCA HA NPOCIMbie H CMPpyKmy-
PUPOBQHHbBIE, AAS MPOCTHIX BEAMYHH, HA3EIBAEMEIX TAKIKE CKAAADHLI-
MH, CIIPaBEAAMBO YTBEDXACHHE OgHO BEAUMURA — OgHO 3HAYCHUEe, 4
AMT CTPYKTYPHDOBAHHBIX — GgHG BEAUNUHA — MHOXECMBO 3HOUYeHull.

Ta6nvua 1.1. OcHDOBHbIE TUNkI BAHHbIX

Trn 3HaueHHs Onepanmn BiryTperice
TIPEACTABACHHEE
Lleawre leanre nono- ApudmMeTHYeCKHe ®opmMar ¢ GMKCH-
HUTEABHEIE H OMepPanyH C LeAbl- POBaHHOM TOYROH
OTPHUATEAD- MM YUCAAMH: CAD-
HBIE YHCAA B >KeHHe, BEUUTAHHE,
HEKOTOPOM YMHOMXEHHE, [IEAQe
AHMalla3cHe, ABAEHHE H ACACHHE
Hanpumep: 23, ¢ octatkomM. Omne-
-12, 387 pauuHd OTHOLIEeHHH
(<, > =uap)
Berrre- Arobrle (teanle | ApudMeTUYecKHe Dopmar ¢ naaBa-
CTBeHHHIE | M ApoGHEe) onepanyu. Onepa- H0IEeH TOUKOA
YUCAA B HEKO- 11K OTHONIEHUH
TOPOM AHATIa-
30He, HallpH-
Mep: 2.5, -0.01,
45.0, 3.6x10°
Aoryue- True (ucTHHA) Aoruveckue onepa- | 1 — True;
CKHue False [AOKB) pun: M (and), UAU 0 — False
{or), HET (not).
Quepalluu OTHO-
meHy i
CHUMBOADB- Asobue cumBo- | Onepanuy OTHO- Koau Tabanin
HEIE ALI KOMIIBIOTED- | LIeHui CHMBOABHOH KO-
Horo aadasura, AHMPOBKH, BANpPH-
HanpuMep: a, mep: ASCII — oaus
5+ 85 cumBoa — | BaliT;
Unicode — oann
CHMBOA — 2 BafT
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CucreMa nporpaMMHUpPOBaHUS
Ha A3blke TTackank

mporpamma Ha A3pIke [Tackans

Puc. 1.2. KoMMbHOTER KaK UCNONHWTENL NPporpaMMm Ha Askike MNackans

K cTpYyKTYpUPOBaHHEIM BeAHYHHAM OTHOCATCH MACCUBHI, CTPOKH, MHO-
JKEeCTBa H Ap. -

I9BM — HCIOAHHTEAL AATOPHTMOB. Kak M3BeCTHO, KaXKARIN aATO-
pPUTM [TpoTpaMMa) COCTABASIETCH AASL KOHKPETHOTO HCIIOAHWTEAd, T.e.
B paMKaxX ero CHCTeMbl koMaHp. O KAKOM JKe HUCMOAHHTEeAE HAET pevb
11pH uaydeHuH TeMHl «[IporpaMmmupoBanne aast 2BM» 2 OrBeT oueBn-
ACH: HCIIOAHWTEAEM 3AeCh SBASETCS KOMIIBIOTER, a TOYHEE TOBOp4,
komiaekc 3BM + cuerema nporpammuposadua (CIT). INporpammiceT
COCTABASET NPOrpaMMy Ha TOM SA3LIKE, Ha KOTOPRIA OpHEHTUDOBAHA
(T1. CxemaTHYeCKH 3TC HM300pa’keHD Ha PHC. 1.2, TAe BXOGHbIM A3bi-
KOM UCIIOAHHTEAS SBASETCS A3BIK NporpaMMHpoBaHus [lackaar.

He3saencuMo OT TOTO, Ha KakOM A3EIKe NMPOrPaMMHPOBAHHA OyAeT
NATIMCaHa MporpaMMa, aATOpHTM pelleHHs AODOH 3apauM Ha OBM
MOMKET ORITh COCTABAGH H3 CAEAYIOIIMX KOMAaHA: IIDHCBaMBaHHsA, BBO-
Ad, BLIBOAA, OBpallleHHsa K BCHOMOIaTEABHOMY aATODUTMY, IIUKAA, BEeT-
BACHHSL.

AaAee AAf OODHCAHHUSA AATOPUTMOB OYAYT HCHOAB3IOBATECA OAOK-
¢xeMbl ¥ yueOHBIM AATOPHTMUYECKHH fA3HK (Afl), IpUMeHAeMEH B
INMKOABHOM Kypce HH(pOPMaTHKH.

MNHENHBIE BbIYNCTNTENLHLIE
ANFOPUTMbI

OCHOBHEIM 3A€MEHTADHBIM ACUCTBHEM B BRIYUCAMTEABHEIX dATO-
PHTMAX ABASIETCH NPUCBAUBAHUE 3HAYEHUA NEPEMEHHOU BeAUUHe.

Ecan 3HaueHHe KOHCTAHTHL CMIPEACACHO BUAOM ee 3AITHCH, TO epe-
MEHHAA BEAMYHHA IIOAYYAET KOHKPEeTHOe JHaueHUe TOABKO B pe3yAbTa-
Te MPUCBAHBAHNSA, KOTOPOe MOJXKeT OCYIIeCTBAITECT ABYMS CIIOCODAMM:
C TOMOIIBE) KOMAHAEL! TPUCBAHBAHMA H ¢ MOMOILILI0 KOMAHARL BROAA.

PacemorpiM npuMep. B IKOABHOM yyeOHMKe MaTeMaTHKH IIpaBH-
AQ ABAEHHSA ABYX OOBIKHOBEHHBIX ApoGelf OMHMCAHO CAEAYIOIEM obpa-
OM:
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1} uncauTeAL TEpBROM ApoGU YMHOMHTE Ha 3HaMeHATeAb BTOPOH
ApobH;

2) 3HaMeHaTeAb HEpPBOH APOOH YMHOMKHTE Ha YHCAMTEAL BTOPOH
ApoGH;

3) 3amucaThb Ap0Ob, YHCAMTEAB KOTOPOH €CTh Pe3YAETAT BHIITOAHE-
HHUA I. |, a 3HaMeHaTeAl — PEe3YALTAT BEUIOAHEHWS IL. 2.

Aarefpandeckas dopMa 3aIHUCH DTOro IpUMepa CAeAYIOIad:

a ¢ ad m
b'd b-c n

Tenepk NOCTPOHM SATOPHTM AeAeHUA Apobed aaa DBM, coxpanus
Te e 0003HaTeHH IePEMEHHHX, KOTOPEIE OLIAN HCMOALIOBAHEL B A~
refpal4eckOM BLIPE&OKEHHH.

HcXOAHBEIME AQHHBIMH 3A€Ch SIBASIOTCH UEAOYHCACHHEIE NepeMeH-
HEBIE ¢, b, €, d. a pe3YABTATOM — LieAbIe BEAHYHHB! m K . Baok-cxema
AATOPHTMA ASAeHMS ApoDel npuBeacHa Ha puce. 1.3, AgHHBIN aAl'OpUTM
Ha y4eOHOM aATOPHTMHYECKOM A3HKe OVAeT UMETE CACAYIOIIHE BHA,

anr nejnsexHne apcben

Hau
uen a, b, ¢, d, m, n
EBOO a8, b, c, d

m = a xd
n:=hbx ¢
BRIBOO M, n
XOH
@ QopMaT KOMaHAbl TPHCBAMBAHMSA CAEAY-
IOLIHH:
IIepeMeHHAas = BHpPaXeHMe
3HaK «=» CAEAYET YMTATh KAK «IIPHCBO-
mi=axd HUTLY,

KoMaHpa NpUCBAWBAHHMA 03HAYaeT CAeAY-
IONTHE ACHCTBHS, BHINOAHIOMLIC KOMILIOTEPOM:

1} BRIMMCASIETCS BBIPDIKEHUE,

2] [MOAyYEHHOe 3HAaUYeHHe IIPHCBAMBAeTCd
nepemeHHOI.

Puc. 1.3. Bnok-cxema anroputma geneHna apoben
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B npuBepeHHOM AAIOPHTME LIDHCYTCTBYIOT ABe KOMAaHARL [IPHCBA-
ueaHud. B BGAOK-cxemMax KOMAaHABI IPHCBAaWBaHUA H300parKaioTcsd B
IPSMOYTOABHUKAX. TakoM DAOK HA3BIBAGTCHA BAIUUCAUMEALHBIM.

IMpu onucaHWM AATOPHUTMOB He 00H3aTEeABHO CODAIOAATE CTPOTHE
(TPaBHAA 3d4NIMCH BBIPaKEHHH, 3TO MOXKHO AEAATH B ODBIYHOH MaTeMa-
THYeCKON dhopMe, Tak KaK 3TO ele He A3RK NPOrPaMMMPOBAHHUS CO
CTPOTUM CHHTAKCHCOM.

B paccMaTpHMBaeMOM aATOPHTME UMEETCs KOMaHAA BROAA:

BEBOI a, b, ¢, d

B 6aok-cxemMax KOMAaHAA BBOAA 3AIIMCHIBAETCH B IIapAAACAOIPAM-
MC — OAOKe BBOAA-BEIBOAA. [1DH BEIIOAHEHHH 3TOH KOMaHAK I1poLec-
COp OpepeIBAeT PAaboTy ¥ OKMAAET ACHCTBHIE IOAB30BaTeAd. [1OAB30-
BATeAR AOAJKEH HabpaTh Ha YCTPOHCTBE BBOAA (KAABUATYpeE) 3HAYeHUs
BBOAMMBIX IEPEMEHHLIX M HAUKATL KAABHUIY BBoAa <Enter>. 3navenus
CAGAYET BBOAMTE B TOM JK€ IIOPSAKE, B KAKOM JTH IIepeMeHHBIC pac-
IIOAGXKEHEL B CITMCKe BEOAA. OOGBIYHO ¢ MOMOI I KOMAHAKI BBOAS TIPH-
CBAUBAKITCH 3HAMEHWH MCXOAHBIX AGHHBIX, 4 KOMAHAA IDHCBAMBAHHS
HMCIIOAL3YETCS AA IIOAYYEHHS HPOMEXYTOUHBIX M KOHEUHLIX BeAUYHH,

IToAyueHHEBIe KOMIBIOTEDOM PE3VABTATEL PEIIEHUS 3aA8YH ACAMKHEI
OBITE COOOIIEHE] TIOAB30OBATEAIO, AAS HeTO H IIpeAHA3HAaYeHa KOMaHAd
BEIBOAA!

BHBOI M, Il

C noMOLIBIO 3TOM KOMaHAB! PEe3YALTATEL BEIBOAATCS HA HKPAH MAKM
"Cpes yCTPOHCTBO IIETaTH Ha Oymary.

IMockoABKY IPHCBAMBANHE IBASETCA BOKHelH el clepaliueil B BbI-
HHCAMTEABHEIX AIODUTMAX, 0DCYAUM ee Gonree TOAPOOHO.

PaccMoTpM NOCAEAOBATEABHOE BHINOAHEHHE YeTHPEX KOMAaHA
IIPUCBAMBAHHS, B KOTOPBIX YYACTBYIOT ARE TIe@pPEMEHHBIE BEAMYH-
HEL — ¢, b. AMT KaXKAOU KOMAHBAKLI IPUCBAUBAANA B Taba. 1.2 yKasaHH
IHAYUeHHs IIepeMeHHEIX, KOTOphLe YCTAHABAHBAIOTCA HOCAE €C BHI-
MOAHEHH,

3TOT NPHMEp HAAKOCTPHPYET TPH OCHOBHEBIX CBOMCTEA IPHUCRaHBATIMHA,

® JORa DepeMeHHON He MPHCBOEHO 3HaueHHe, OHA OCTACTCH Heo-
pPeASASHHOMH;

® 3HdYeHHe, LIPUCBOEHHOE MEPEMEHTOH, COXPAHASTCH BIIAOTE AD
BEIITOAHEHHS CASAYIOIETO TPAUCBAWBAHUAS 3TCH TIepeMeHHOH;

¥ HOBOE 3HAYeHHe, ONPUCBAaMBACMOE NepeMeHHOM, 3aMeHdeT ee
OpeAbIAYIIee 3HAYeHHE,
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Tabnuua 1.2. iameHeHne

3HAYEHUA NEPEMEHHBIX Tadnuua 1.3. 06meH

APpW EbINOAHEHWUW KOMaHghbl SHa4YeHUAMW MexXxay

npuceanueaHun nepeMeHHbLIMA
Komanpaa a b Komanpa X Y Z
a=1 1 — pBOA X, Y 1 2 —
b=2xa 1 2 Z=X 1 2 1
a=>b 2 2 X=Y 2 2 1
bi=a+b 2 4 Y=Z 2 1 1

PaccMOTpHM aATODHTM, KOTOPEIH YaCTO HCMOALIVETCI TPH IIPO-
rpaMMHUpPOBAHHHE. AAHE ABe BeAnyrHs: X H Y. Tpebyerca npon3sectn
MeXXAY HHMH oBMeH 3HavueHWsAMH, Haupumep, ecam cHayaaa OBIAC
X=1, Y=2, to nocre oGMeHa ACAKHO cTATL X =2, V=1,

JToH 2ajayde aHAAOTHYHA CASAYIOIasg cHTyanus. MiMeroTes ABa cTa-
KaHa: OAMH ~— C MOAOKOM, ADYTOH — ¢ Bopo#H. TpebyeTcs IpoH3BecTr
MEXAY HEMU OOMen COAGPKMMEIM, fSlcHO, 9TO B 3TOM CAydae HeoDhxo-
AMM TDeTHH cTrakaeH — nycToH. [TocaepoBaTeAbHOCTH ASHCTBHH IIpHM
oOMeHe OyAeT TAKOH:

1} nepeaurs MoAOKO U3 1-ro cTakana B 3-4;

2) Boay u3 2-ro cTakana B 1-i;

3) MoAOKO U3 3-TO CTaKaHa BO 2-il.

AHAAOTHYHO AAF OOMeHa 3HaYeHHSIMH ABYX IepeMeHHLIX TpelbyeT-
cd TPeThS AOIIOAHHTEALHAA HepeMeHHad. Hazosem ee Z, Toraa 3apauy
00MeHa 3HaYeHHAMH MOKHO PellHUTE IOCACAOBATEALHEIM BRIIOAHEHH-
eM TpexX KOMaHA IpHcBanBaHua (Taba. 1.3).

[Tpumep co cTakaHaMX He COBCEM TOYHO XapaKTepH3yeT CHTYallHIo
obiMena MeXAy IepeMeHHBIMH, TAK KaK NPH IePeANBaHHH KHAKOCTEH
OAMH H3 CTEKAHOB CTAHOBHTCS IIYCTHIM. B Pe3yABTATE JKe BRINOAHEHHS
KOMaHALI IpAcBauBanusa (X = Y) nepemenHas, croamasa copaga (Y),
COXpPaHsAeT CBOE 3HAYCHHC.

AaropuTM AcheHHA APODEH HMeeT AHHEHHYIO CTPYKTYDY, T. €. B HEM
BCE KOMAHAB! BBINIOAHSIOTCA B CTPOTC OIIPEASASHHOH IOCASAOBATEAL-
HOCTH, KayXpaf [0 OAHOMY pasy. AMHeHHEBIH aATOPHTM COCTOHT H3 KO-
MaHA [PHCBAHBAHH#A, BBOAA, BEIBOAA M OOpallleHUsl K BCIIOMOTATEAR-
HBEIM AATOPHTMaM (4To GypeT paccMOTPEHO paiee).

[lpu omHMCcCaHUH AATOPHTMOB C HOMOIIBI0 GAOK-CXeM THIIH A@HHEIX,
K&K [IPaBHAO, He YKA3LIBAIOTCA (HO MIOAPa3yMeBaoTcs). B yueOHEIX ar-
ropuTMax {Ha A fI) prs BceX mepeMeHHBIX THIIBI AGHHEBIX YRA3hIBAIOTCA
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HAUHO A UX OITHCadHHE HpOI/IBB(),A,HTCH cpa3y IOCAEe 3daroAOBKa aATODHT-
Ma. [IpH 3TOM UCHOAB3YIOTCH CA€AYIOLHEe O0DO3HAYeHHUA: IeA — Ie-
ALIC, BE€Ll — BeI[eCTBEHHEIE, AT — CUMBOALHEIE (AUTepHEHE), AOT —
avrnueckune. B asropuTMe pAgAeHHA ,a,poﬁen BCe IepeMeHHEBIe I[eAOTO
rumna.

- BETBMEHWS N UMK kI
B BbIYWUCMUTENBHBIX ANTOPUTMAX

COCT4BHM AATOPHUTM PENICHMs KBAAPATHOTO YPaBHEeHHS
ax?+bx+c=0.

OTa 2apaua XOopoIlo 3HaKoMa M3 MaTeMaTHKHd., MCXOAHEIMH A@HHEL-
MM 3ASCH ABASFOTCH KO3 QHLIHEHTH a, b, ¢, a pellleHHeM B 0BIIeM CAY-
yae — ABA KOPHS (X| H X,), KOTOPhIEe BRITHCASIOTCS 110 hopMyAe

~b +b? —4ac

2a

O G e

Xy =

Bce ucnoap3syeMble B 3TOH IPOrpaMMe BEAMYHHEl BeHeCTBEHHOTO
THIA.

AATODUTM peIeHUA KBRapaTHOI'C yYPaRHEeHHS OYAET HUMEeTh CAeAY-
IOIITHH BHA:

anr KOPHM KBAOPATHOTC YpaBHEEMs
Bem a, b, c, d, x1, x2
Ha4 BEBROIO a, b, C

d := b*-4dac
x1 1= (=b + Jd)/(2a)
x2 1= (-b-d)/(2a)

BrBOO %1, XZ
KOH

HepoCTaTOK Takoro aArOpPHTMa BHASH «HEBOODYKEHHEIM TAAzOM».
OH He 00A3AAeT BASKHEHIIHM CBOMCTBOM, MPEABABASEMEIM K Kaue-
CTBEHHLIM aAropHTMaM: YHHBEPCAALHOCTRIO [IC OTHOLICHHIO K HCXOA-
HEIM AGHHEIM. Kakumu 6b1 HU OBIAU JHQUEHUA UCXOGHBIX JUHHBLX, QAC-
pumM go/AKen NPUBOGUINL K NOAYHEHIIC ONPDEGEeAEHHOr0 PE3YARMAMaA U
BLINOAHAMEBCA GO KOHUQA. PeayabTaToM MOKeT OLITE YHCAOBOH OTBET, HO
MOKET GLITH U COOGIEeHne o TOM, ITO IPH TAKMX AZHHLIX 3aagda pe-
TWICITHS HC HMECT. Hmonymgmﬁhi;}pfﬁar}bnm B CEpPEAMIC dJ\I‘OpHTMa



HU3-3a HEBO3MOKHOCTH BBIIIOAHEHUS] KaKoH-AH6G0 omepaluu. AaHHOe
CBOMCTEO B AMTEDPATYpe 10 IPOrpaMMUPORAHMIO HASEIBAIOT Pe3yAbIG-
MuBHOCIMbBIO QAropumMd {MOAyUeHHe KaKOTO-TO Pe3yABTaTa B ANODOM
caydae).

AASl IOCTPOEHHS YHHUBEPCAABHOTO aATOPHTMA CHadaAa Tpebyercs
TI[ATeALHO IPOaHAAUZIHPOBATE MATEMATHUECKOE COACPIKAHNE 3aAATH.

Pelnenne KBappaTHOTO YpaBHEHMS 3aBHCHT OT 3HaYeHHH KO3(hgH-
LIMEHTOR 4, b, ¢.

[MpoaHaaH3EpyeM 3TY 3aAa4y, OTPAHHYHBASNCE [IOMCKOM TOABKO Be-
UIECTBEHHLIX KOpPHeL:

ecad a = 0, b = 0, ¢ = 0, AroBoe 3HadeHHe X — pelleHHe YpasHe-
HHSA;

ecam g =0, b=0, c# 0, ypaBHeHUe pelleHni He MMEET;

ecan a =0, b # 0, 3170 AUHCHHOE YPaBHEHHE, HMEIOIIEe OAHO pelile-
Hme X = —c/b;

emﬂa¢0nd=ﬁ—4mﬁﬂlmmmmmwHM&ﬂmmBmmxmmmux
KOpHSA X;, Xy,

ecan ¢ # 0 1 d < 0, ypapHeHue He UMeeT BelleCTBeHHRX KOPHEH.

BAOK-cxeMa aAToOpHTMa peNIeHUs KBaAPATHOTO YpaBHeHus IOKasa-
Ha Ha puc. 1.4,

3TOT Ke aATOPHUTM Ha 8ATOPHTMUYECKOM sI3bIKe OYAET HMeTh che-

AVIOIIHH BHA,

&N KOPHM KBAOPATHOTIO YPaBHEHMS
Bewa, b, ¢, d, xl, x2
Ha4 BEOO &, b, C
ecnu a = 0
O ecorr b = 0
TO ecnir c = 0
TO BLIBOLO «JlwbOoe X — pemeHme»
MHade BHIECT «HeT pemeHNit»

xB
uyave ¥ := —c/b
BLBEIBEOLO X
XB
uraue d := b°-—4dac

ecanr d < O
TC BeECOD «HeTl BEWECTBEHHHX KOpHel»
maave x1 := (b + d)/(2a); x2 := (-b-fd)/(2a)
BuBOO «X1 =», x1, «x2 =», x2
XB
KB

| KOH
18



d:=b%- dac

Brigox Bersoz x1:= (—b+d)/(2a)
«JIwbott x» «Het peureHuii» L

| | Brison x Buson | x2:= (- b—ld)/(2a)

«HeT BEHIECTBEHHBIX
Boison xl1, x2

KODHEH»

|

.

(D Puc. 1.4. Bnok-cxema anropuTMa pelleHna KBagpaTHOro ypasHeHWUA




B AGHHOM QATOPHUTME MHOTOKPAaTHO HMCIIOAB30OBdHAa CIHP}’I(IHYPHGH
KOMAHgQ BemBaieHuA, OBIqUiA BUA KOTOPO# B BHAE OAOK-CXeME OKA-
3ad Ha pHc. 1.5, Ha aAropuTMHYeCKOM A3HIKE€ KOMAHAY BETBACHHSA
MOXKHO 3aIlMCATH B CAGAYIOIEM BUAE:

ecynM YCIORME
Te cepus 1
MHave cepusa 2
KB

B cooTBeTcTBUM € IpHBEeAeHHOH BAOK-CXeMOH KOMAaHAE! BETRACHHSA
CHauaAa [POBepAeTCA YCAOBHE (BRIUHCASIETCH AOTHYECKOe BHIpayke-
HHe). EcAM yCACBME MCTHHHO, TO BHINOAHAETCH MOCAEAOBATEABLHOCTH
KOMaHA, Ha KOTOPYIO YKa3hIBAET CTPeAKA C HAATTMCHIO «Aaw (IIOAOKH-
TeAbHast BeTBb] — «Cepusi 1». B MpOTHBHOM cAydae BBIIOAHAETCH OT-
pHLATEAbHAR BETBE KOMaHA — «Cepua 2»,

Ha Al ychoBHe 3anMCHIBEETCA MOCAE CAYKeOHOTO CAOBa «ECAMY,
HOAQRHUTEABHAS BETBE — IIOCAE CAUBA «TO%, @ OTPHLATCALHAN — IIOC-
A€ CAOBA «HHa4de», byKBaMM «KB» B TAKOH 3alMCH 0DO3HAYAIOT KOHeEL,
BeTBACHUSI,

EcaM Ha BeTBAX OAHOTO BETBACHHS COACPIRATCH APYTME BETBAEHHS,
3HAYMUT, AATOPHTM UMEeT CTDPYKTYPY BAOKeHHEX BemBAeHUl. MiMeHHO
TAKYIO CTPYKTYPY UMEeT aATOPHUTM PelleHHsA KBaAPATHOTO YPaBHEeHHA
(cM. puc. 1.4), B KOTOPOM AASL KPATKOCTH BMeCTO CAOB «Aan» H «Her»
HCIIOAB30OBAHEI COOTBETCTBEHHO 3HAKH «+» H «—»,

PaccMoTpUM CAEAYIOMIVIO 38239y AQHO ITeA0e IOACKHTEABHOS YHC-
A0 n. TpeOyerca BeUCAKTE 1! (n-(pakTopHan). BcmoMHMM onpeaeae-
Hue arTopuana;

| 1, ecar it = 0
nl=
1x2x..xn ecamnz1.

BAOK-CXeMd aArOpHTMa BBIMHCACHHS Nl C TpeMs IepeMeHHBIMH 11e-
AOTO THIIA: N — dPTYMeHT, | — NPOMeXyTodHas nepeMensas, F — pe-
3YARTAT IPHBEAEHA Ha pHC. 1.6. And IpoBepKy DPABHABHOCTH yKa3aH-
HOTO aATOPUTMA [JOCTPOMM TPACCHPOBOYHYIO TabA. 1.4, B KOTOPOH AAA
KOHKDETHBIX 3HaYeHHH HCXOAHKIX AGHHEIX 10 1IaTaM IPOCAEKHBAeTCs
H3MeHeHUe IePEeMEHHBIX, BXOAAMIUX B aATOPUTM. AaHHad TabDAHIa co-
CTaBAEHA AAR CAyYaAs n=3.

[TpuBepeHHasA TPACCHPOBKA ACKA3EIBAET TPaBUALHOCTE PacCMaTpH-
BAaeMOro aATOpHUTMA. Telleph 3aNUIIEM 3TOT ArTOPHUTM HA AATOPUTMH-
YECKOM A3BIKE!
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Her
Ycnopue

Cepus | l Cepus 2

!

Puc. 1.5. Bnok-cxema KoMaHObl BETBNEHWA

Bson n

i=i+l

Puc. 1.6. Bnok-cxema anropytma BbIHUCIEHWA 17}
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Illar n F i YcaoBue
1
2 1
3 i
4 1<3, a0
5 1
6 2
7 2<3, pa
8 2
9 3
10 3<3, pa
11 6
12 4
13 4 <3, mer
14 BRIBOA,
anr paxrTopuan
nenn, i, F
Had BECH I
Fo:=1; 1 =1
noka i € n, NOBTOPHATE
HO F :=F x1
i=1+1
KL
BHBOLO F

KOH

AJHHEIH aArOPHTM HMeeT MUKAHYECKY) CTPYKTYPY. B HEM HCITOAE-
30BaHa CTPYKTyPHasi KOMaHAA DHKA «[loxkar, HAM IHKAQ C IPEAYCAO-
BHEM. BAOK-CXeMa KOMaHABR! ITHKAa «[loka» mokasana Ha puc. 1.7. Ha
AS] oHa UMeeT CAepyIOIIHE BHA,

I0Ka VCIIOBME, NOBTOPHATE
HIY

cepus
KO

22



Puc. 1.7. Bnok-cxema KomaHge! umkna «lokay

Yenosue

[la

Cepua

BrimoaHeHHe CEPMH KOMaup, (Teaa IUKAQ) ]
TMOBTOPSETCSA ITOKA YCAODBHE IIHKAA HCTHHHO.

KOI‘,A'a YCAOBHE CTAaHOBHTCSH ACOXHBIM, BEI- £

NoAHeHWe 1HKAa 3akaHunuBaeTcs. Cayxel-

HEIE CAOBA ¢HI[» U «KII» 0803HAYAIOT COOTBETCTBEHHO HAYaA0 M KOHeET]
ITAKAA.

LIUKA ¢ IpEAYCAOBHEM — 3ITO OCHOBHAs, HO HE CAMHCTBReHHaA dhop-
Ma OpraHH3aluH IHKAMYECKHX AaATOPUTMOB! CYIECTBYET ITUKA C II0-
CTYCAOBHEM.

BepHeMCH K AATOPHTMY PELIeHUS KBAADATHOIC YPAaBHEHWUS, PAcCMOT-
PEB €rc CO CABAYIONIEH NMO3HUIHU: ecAr ¢ = 0 — 3T0 yXKe He KBappaTHoe
YpaBHEHHE U €rQ MOJKHO He pellaTts. B pAaHHOM cAydae GyaeM CUMTATh,
YT ICABIOBATEAL OMTAOCT MPH BBOAE AAHHEIX, I03TOMY BBOA CAESAYET
noBTOPUTE (puc. 1.8). Muaue rosops, B aATOpHTMe OGYAET NPEeAYCMOTPEH
KOHTPOAE AOCTOBCPHOCTH HCXOAHEIX AAHHEIX C IIPEAOCTABACHHEM [IOAL-
J0BATEAK) BO3MOXKHOCTH MCTIPaBAeHHS omnOKH. Haamune Takoro koiu-
TPOASL — ellle OAUH IIPH3HAK XOPOIero KayecTBa MPOTrPaMMEL,

Ha A aATOpHTM pellleHHS KBAAPATHOIO YPABHEHMA C KOHTPOASM
BBOAA AAHHEIX GVAET MMETh CASAYIOIIHMH BUA;

anr xpafpaTHCOS YpaBHeHHMe
BEWM &, b, c, d, x1, x2

Hay
HOBTOPHATE
BEOI a, b, C
o a= 0
d := b’—4dac
ecmt d = O
TO xl 1= (b + Jd)/(2a)
X2 1= {(-b-4d)/(2a)
BHBOO X1, X2
HHa4e
BHIBOLO «HeT BelecTBeHHEX KOPHEW»
KB
KOH
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Hauano

Broa a, b, ¢

d:=b'dac
Her @ Ha
Brisox «Het | xl:=(-b+Vd)/(2a) l
BCILECTBE HHBIX
KOpPHEH»

[xl::(—b—\‘ra)/(Za)

Puc. 1.8. bnok-cxema anroputMa pewenvs KBappaTHOTO YPaBHEHWA C© KOH-
Tponem BEORA AaHHbIX

brox-cxeMa CTpyKTYPHOHM KOMaHABE IJUKAG C IIOCTYCAOBHMEM HAM
nuKAa «Ao» rokazaHa Ha puc. 1.9. Ha Afl pAanRyIo KOMaHAY MOJKHO
3aIIMCaTh CAGAVIONTHM Obpaszom:

NOBTOPATHL
cepus
RO YCIIOBME

3AeCh HCIIOABIYETCH YCAOBHE OKCHYAHHA LIMKAQ, T.€. KOTAA OHO
CTAHOBHTCA MCTHHHBIM, [IHKA 3aKaHYMBaeT paGoTy.

COCTaBHM AATOpMTM DeINeHHS CACAYIOIIeH 33AavH: AaHBI ABa Ha-
TYPAABHBIX UHCAa M U N. Tpebyerca BRIMMCAMTE HX HaHGOABIIMH 06-
i aeantear — HOA (M, N).
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Puc. 1.9. Bnok-cxema komangbl Wakna ¢don

OTa 38paua pelraeTcsa ¢ IOMOIILIO MEeTOA], H3-
BECTHOTO TI0A HasBaHWeM aaropuTMa EBrawiaa. | e,
Hpeda aToro MeTopa OCHOBAHA Ha YTBEIKACHHH, @
uro ecau M > N, to HOA (M, N) = HOA, (M -

— N, N). TloopoGyHhiTe AOKazaTbk 3TO CAMOCTOA- Ma
TEABHO, ADyToe YTBeR)KACHHE, A€KAllee B OCHO-

BE PpeleHHs AAHHOIC AaArgpuTMa, OYEBHUAHO:

HOA (M, M) = M. Arst «pYYHOTO» BRUTOAHEHHS ITOT 8ArODHTM MOXKHO
OMHCATE B (QOPME CACAYIONIEH HHCTPYKIIMA!

1) ecAu uncha paBHEL, B3sATh MX ODlllee 3HaYeHHE B KAUeCTBEe OTBEe-
Ta. B ApoTHBHOM CAyUae IPCAOAKHTE BEITIOAHEHKE aATOPHTMA;

2} cupepeAUTH DOABIIEE H3 YHCEA;

Beoa M, N

Puc. 1.10. briok-cxema anroputMa Eeknuia
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3) 3aMeHHUTE OOALIICe THCAQ PAZHOCTBIO OOABIIETO M MEHLIISTO
IHAYCHHMN;

4) BepHYTBCA K BHIIIOAHEHHIO 1. 1.

baoxr-cxema aaroputrMma EBxampa npmueeaeHa Ha puc. 1.10. Ha AA
AGHHBEIH aATOPHTM MOKHO 3AIIHCATE CACAVIOIINM 00pa3oM:

anr EexImUO
gen M, N
Haw Bson M, N
noxka M # N, ODOBTOPHTH

HII ecnm M > N
mo M 1= M-N
MHaye N = N-M
xB

KIy

KOH
AnropuTM EBKAMAR HMEET CTPYKTYPY LHKAE C BAOKCHHEIM BETBAE-

HUeM, BEITOAIIMTE CAMOCTOITEABHO TPACCHPOBKY 3TOI0 SATOPUTMA AAS
caygas M = 18, N = 12. B pesyasrare AoaKeH nmoayduTbes HOA = 6,

NOrMYECKWE DCHOBbI ANFOPUTMU3 AL

IMpamoe OTHOIIEHHE K IIPDOrPAMMMHPOBAHHUIO HMEeT AMCIIMIIAKHA,
HA3LIBAEMAs] MATEMATHUYECKOW AOTHKOW, OCHOBY KOTOPOHM COCTABASIET
aarefpa ACIMKH, HAW HUCUYHCASHHE BBICKa3bIBAHUH, [ loa BEICKA3LIBAHH-
eM HoHUMaeTcd AI000e YVTEeprRAeHHe, B OTHOWEHWH KOTOPOI'0 MOMKHO
OAHO3HAYHO CKa3aTh, MCTHHHO OHO MAM AOXKHO., HanpmuMmep, yrBepx-
AeHue «AyHa — COYTHHK 3eMAM» — HCTHHHO, «5 > 3» — HCTHHHO,
«MockBa — croauia Kurtaa» — aoxHO, «1 = O» — aocxa0. MICTHHA
" AOXKDB ABAfIIOTCH AOTHYECKHMMH 3HAUEHMAMH. AOTHMYECKHe 3IHdye-
HWUA IPHBEASHHLIX YTREPKACHHH OAHOZHAYHO ONPEACACHBl. APYTHMH
CAOBEMH, HX 3HAYEHUS SBASIOTCT AOFUHECKUMI KOHCMAHMAaMu.

AOTHYECKOe 3HAYEHHS HepareHCTBa X < 0, TAe X — lepeMennasd,
SIBASIETCA HepeMEHHbIM, T.2, B 3dBHCHUMOCTH OT 3HAYEHHWUA X OO MOXKET
ObITE AMOO UCTHHHEBIM, AHOO AOKHLIM. TAaKUM 00pa3oM BBOAUTCS T10O-
HATHE Aorudeckol nepeMernol. B onucanisaX aATOPHUTMOB, a TAKXKC B
[IPOrpaMMax Ha PA3AMYHEIX A3BIKAX [IPOIPAMMEDPOBAHNSA, ACTHUECKHE
[iepeMeHHue MOTYT O003HAUMATHCA CUMBOAHUECKHMH HMeHaMH, KOTO-
PBIM COOTBETCTBYET AOTHUECKHMH THII AQHHEIX. MHaue roeopd, ecAH 13-
BeCTHO, UyTO A, B, X, Y 1 Ap. — mepeMeHHBI® AOTHYECKOTO THIIA, 3TO
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O3HA4aeT, IT0 OHH MOTYT IPUHUMATEL TOABKO 3HaueHHe UCTHUHA uan
AOXbB.

OcHOBH (hOPMAABRHOTO alllapaTa MaTeMaTHYeCKOH AOTHKH CO3AaA
B cepearne XIX B. aHTAMHCKAHA MaTeMaTHK AKopaX byab. B ero uecrs
HCYHMCACHHE BRICKA3bIBAHUH Ha3bIBaeTCA OyAeBOH aAreOpol, a AoTHIe-
CKUe BeAH4YHWHH — GYABBCKHMH.

Aorudeckoe BEIPDKEHUe (ACIUHECKas (hopMyAd) — 3TO TIPOCTOS AR
CAOJKHOE BHICKA3kIBaHHe. CAOKHOE BRICKA3hIBAHHE CTPOWTCH M3 TPO-
CTHIX C NOMOIIBIO AOFUYeCKUX onepayull (CBA30K),

HMeroTes TpH 0CHOBHEIX AOTHUECKHX OIIePAllHH: OTPULAHHE, KOHT-
IOHKIUSA (AOTHYECKOe YMHOXKeHHe} M AMIBIOHKIUA (AOTHUECKOE CAC-
JKeHHe).

Ompuyanue o603HaYaeTCA B MATEMATHIECKOH AOTHKE 3HAKOM «—»
n gutaeTca Kak HE. 3To opaHOMecTHasn onepaums. Hanpumep, 3anuch
— (x = y) uwmraeTca caepyromuM obpazom: HE (x paBHO V), T.e. 3Have-
HHe DYAET HCTHHHEIM, €CAH X He PAaBHO ¥, H AOJKHLIM, €CAH X PAaBHO ¥.
Orpunanue U3MeHsAeT 3HAYCHUE AOTMYECKOH BeAMYWHEI Ha TTPOTHBO-
[IOAOKHOE.

Kontionkyus 0603HavaeTcs 3HAKOM & U uuTaercsa Kak M. 3To AByx-
MecCTHas onepalusa. HanpuMep, samuce (x > 0) & (x < 1) osnagaert, 4TO
AaHHas AoruyeckKas ¢opMyaa mpumer 3HadeHHe WCTHHA, ecaum
x € (0, 1), » 3pavenne AQXKDb — B nporusHOM cayuae. CAeAOBATOAL-
HO, Pe3yABTaTOM KOHBIOHKIUM asadercsa MCTHMHA, ecan ucTHHHE
oba onepaspa.

Ausbionkyua oBbo3HayaeTces 3HakoM v, KOTOPHIE yutaeTcd kak MAH,
Hanpumep, 3annce {x = 0) v (x = 1) o3naqaeT, 4T0 GOPMyAd IPHUHAMAE-
eT HCTHHHOEe 3HaueHHe, ecAn X — aBouuHad nudpa (0 uam 1), Caepo-
BaTeABHO, Pe3YABTATOM AHIBIOHKLME ABadeTcd MCTHHA, ecan xora
ORI OAHH onepaHp, HMeeT 3Halenne MICTITHA.

[TpaBuAa BHIIOAHEHHA PACCMOTPEHHEIX ACTHUECKHX OllepanMid oT-
pakeHBl B Taba. 1.5, HasblBaeMoH mabAuyell UCMUHHOCMU (3A8CH
A H B — Aoruteckde BeAHIHHH], a OykBamu «M» u «A» oBo3HaveHkl
cooTBercTBeHHO 3nadenna UCTHUHA n AOXKE).

TaGnuuya 1.5. Tabnuua NCTUHHDCTK

Ne i/ A B HE A AWB AWAW B
1 n 51 A H 151
2 H A A A H
3 A 151 |51 A 51
4 A A H A A
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NocAepOBATEARHOCTh BEITOAHEHUA OTIepalui B AOTHYECKUX BHIPa-
JREHHSX OIPEASAeTCa CTAPIIMHCTBOM OIEPAINH: OTPHUIIAHHE, KOHD-
IOHKIIU, AM3EBIOHKIBA., KpoMe Toro, mopaACK BLITOAHEHHS OTI€PaIlHH
B AOTHYECKHUX HOPMYyAAX MOJKHO MEHSITh C IOMOUIBIO CKOBOK:

(A U B} UAH (HE A 11 B) MAHK (HE A 1 HE B).

PaccMoOTpHM AAsL Dp¥Mepa BEIMMCAEHHE 3HAYEHWs AOTHYECKOH
OpMyAEL
HEXWUYUAU XU Z

NP CAEAVIONIUX 3HaUEHHAX AOTHYECKHX nepeMeHHBIX: X = AOXKD,
Y =UCTHHA, Z = UICTHHA.
OtMeTuM IHMpPaMy NOPAACK BHINOAHEHHS ollepalliil B 38AAHHOM

000 0

HEXUYWUAUXH Z

Hcnmoas3ysa TaBAWIY MCTHHHOCTH, BHIIOAHUM BEIMHCACHHE II0 IIa-
raM:

1) HE AGQKE = MCTHUHA;

2) MICTUHA Y UICTHUHA = HCTHHA,;

3) ACXKDb M UICTHHA = AOXKb;

4) MCTHHA VA ACXKDb = UCTUHA.

3nadYeHMe pacCMOTPeHHOU Aornyeckoll dopmyant — MCTITHA,

PaccMOTpUM CABAyIOIEe YTBePXRAeHHe: «3HaueHWe X HAXOAHTCH B
uHTepBase oT 0 A0 1». 3T0 YTBEepKASHHE MOXHO 2allHCATh B BHAE CH-
CTEMEI HEPABEHCTB

0<X<1.

COO’I‘BETCTBYIOU.[GE AOIAYEeCKOe BRIPDAKeHHEe 6YAQT HMETE BHA,
(X>0) U (X<1)

A Temeph YCAOWKHHMM 33jpa4y W s3anuuieM B BUAe AOTCMYECKOIO BHI-
PasKeHHS CASAYIOllee YTEEPKAeHHE: TOUKA Ha IAGCKOCTH C KOODAMWHA-
TaMu (X, Y) HAXOAMTCSA B KOABIE C HEHTPOM B HadaAe€ KOOPAMHAT, C
BHYTPEHHUM PAAMYCOM, PaBHBIM 1, U BHEIIHUM PAAHMYCOM, PABHHIM 2
(puc. 1.11). D10 BEpaKeHHe DYAET HMETE BHA,

(X2+ Y22 1) U (X2 + Y2 < 4).

Onepaupsi KOHBIOHKIIHE BHITOAHAETC CASAYICIIHM 00pa3oM: BEH-
OHpaeTcsl MHOMKECTBO TOUEK, VADBACTBOPAKINIIMX IIEPBOMY HepapBeH-
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crBy (X? + Y2 2 1), ¥ ¥3 NOAYYEHHOTO MHOe-
CTBa BEIAGASIOTCS IOAMHOMECTBC, VAOBAETBO-
psoLmee BTOpOMy HepaseHcTsy (X2 + Y2 < 4),
970 H OYAeT OKOHUATEABHEIM Pe3yAETaTOM.
MoxHo TarsKe CKasaTh, YTO HCKOMOE MHOKe-
CTBO €CThb IepecedyeHHe ABYX MHOKeCTB, Ilep-
BO€ M3 KOTOPHIX YAOBASTBOPSAET NEPBOMY Hepa-
BeHCTBY, a BTOpoe — BTOPOMY. KOHBIOHRIINA —
AOTHYECKOE YMHOXeHMe, T.e. olepanus, Puc. 1.11. 3anaHue
BEIMHUCASIIOIIAS TaKoe IepecedcHue, KONbLUEBOK o6nacTn
3anHineM B BUAC AQTHHCCKOTO BhIDAMKCHUA
CABAVIOHIEE YTBep)KAEHHeI TOYKAa Ha ITAOCKOCTH
¢ KoopauHaramu (X, ¥) HaxopuTCH BHE KOABIA C IEHTPOM B HadaAe
KOOPAUHAT ¢ BHYTPEHHHM DAAMYCOM, PABHEIM !, M BHENIHMM papwuy-
COM, PaBHEIM 2 (cM. puc. 1.11). D10 BripaxeHue OYAST UMETH BHA

(X2+V?2<t) AW (X2 + V2> 4),

BeimoaHeHHe onepalliy AUSEIOHKIHH MPOHCXOAUT CAEAYIONUTHM 006-
pa3oM: BEIOHpaeTcss MHOKECTBO TOUEK, YAOBACTBOPAIOIINX EPBOMY
HepaBeHCTBY (X2 + Y% < 1), ¥ K HeMy IpHGaBASeTCS MHOMKECTBO, YAD-
BAETBOPSIIONIEe BTOPOMY HepaBeHCTBY (X? + Y2 > 4). Tak nposcHseTcs
CMLICA APYTOTC Ha3BaHHA ONEPalHi AMSIBIOHKIIHH — AOTHIECKOE CAO-
KEHHe, T.e, CAOJKeHHe ABYX MHOMKEeCTB,

Tocaepnion 3apady MOXKHO OBIAC pellnT: HHade. COOTBETCTBY-
I01ee AOTHYECKOEe BRIPAsKeHUe MOJKHO 3aITHCATh Kak OTpPHIaHKe Iep-
BOTG AQTHYECKOTO BRIDAXKEHMS, MOCKOABKY TOYKHM, HAXOASAIIHUECS BHe
KOABI@, — 3TO TOYKH, KoTopsle HE NpHHApAeXRaT KOABITY:

HE (X?+Y?2 1} U (X* + Y* < 4)).

CAEAOBATEABHO, CIIPABEAAHBO DABEHCTBO MEMKAY ABYMS AOTHUCCKH-
MH BBIPESKEHHAMY!

HE (X2+ Y22 1) U (X2+ Y2< 4)) = (X2 + Y2 < 1) MAU
X2+ V2> 4).

H3 sroro npuMepa CTAHOBHTCSA MOHSTHBIM CACAYIOMEe IPaBHAC
LpeoBpasoBanus: olepalus OTPULEHKS, IPHMEHEHHas K ABYM Hepa-
BEHCTBaM, CBA34HHBLIM KOL'BIOHKIIMEH, U3MEHSET 3HaKU 3THX Hepa-
BEHCTE Ha OPOTUBONCAOMHBI®, & KOHBHOHKLHI -— HE AHMIBIOHKIIHIO
(MAM AM3IBIOHKIHMIO Ha KOHEBIOHKIHIO).
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PaccMOTpuM MpHMEp aArCpHTME, B KOTOPOM HCHOOAB3YETCS CAOK-
HOE AOFHYeCKOe BHpaXeHHe. [10 AAMHAM TpexX CTOPOH 4, b, ¢ Tpe-
YTOABHHMKA BLHIYHCAMM ET0 IAOIIAAR.

And pellleHMs AAHHOMN 38Aa4Yd MCIOAB3YeTesd dopMyaa [epoHa:

Jelp-alip -b)(p-c)

LAe p = (a + b + ¢)/2 — noAynepHMeTp TPEYTOALHHKA.

HcxoaHne paHHEBIE AOAKHE YAOBACTBOPSATE CCHOBHOMY COOTHOMIE-
HHIO AASl CTOPOH TPeYyTOABHHKA: AAMHA KaXAO# W3 CTOPOH AOAKHA
ORITE MeHbIIe CYMMEL AAUH ABYX ADYTHX €TC CTOPOH.

AATOPHTM BEITHCAEHHS MACIHAAH TPEYTOALHHEA HMEET BETBALIYIO-
Cs1 CTPYKTYPY. YCAOBHE B CTPYKTYPHOH KOMAaHAE BETEASHHS 3allHIIEM
B BHAE CAOKHOTO AOTHYECKOTO BEIDAKEHMSA, KOTOPOe IIO3BOAHT «OT-
(IHMALTPOBATLY BCE BAPHMAHTHI HECRCPHLIX MCXOAHBIX AQHHBIX:

anr I'epoH
mem A, B, C, P, S
Haw =®BrOpD A, B, C
ecr (A >0) M (B>0) M (C>0) MW {(A+B>C) K
(B +C>2) M (A +C>B)
TO
P:= (A+B+QC)/2
S := KopeHe (P *(P—-A) * (P—-B) * (P—-C))
BrEBOO «[lnomanbr =», S
MHayYe BLHBOL «HeBepHHEe MCXOIHEE LaHHHEE»
KB
KOH

BCMOMOIATENbHBIE ANTOPUTMb!
1 NPOLEQVPLI

B Teopum aATOpUTMOB CYILECTBYET NOHATHE BCROMOIUMEABHOTO UA-
ropumma, T.e. aATOpPHTMA pPellleHUsA HeKOTOPOH IOA33Aa4YH H3 OCHOB-
HOM pemaemoi 3apaui. [IpH 5TOM @aAFOPHTM pelleHHd HCXOAHOH 3a-
AQYH Ha3BIRAETCA OCHOBHBIM,

B rawuecTBe IpUMepa pacCCMOTPHM CACAYIOIIYIO 3apady. Tpebyeres
COCTABHTEL AATOPHTM BBIIHCASHHS CTENeHHOH QYHUKIHK C IMEARM II0-
KasareaeM: y = x¥, rae k — neaoe yucao; x = 0.
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B anrefpe Takas QyHKIMS ONpeacAcHa CAGAYIOIIHM obpasom:
1 upun = 0;

1
x"=<¢— npun<y0

—n

x®  npun>0.

B panHOHU 3aaave B KaueCTBe MOA38AAYH MOXHO PAcCMaTpPHBATH
BO3BEACHHE YHCAA B LIEAYIO NOACKHUTEABHYIO CTEIEHb.

YaqureiBad, 4ro 1/x " = (1/x)", 3auuIileM OCHOBHOH aArTOPHTM pe-
MIEHHUS 3TOH 3apa9H:

anr CcTelneHHad QYHKLIMA
uen n; Bem x, y
Ha%® BBOI X, N
ecym n = 0
To v: o= 1
uHave ecnu n > O
mo CTENEHb (x, n, y)
unage CTRIOEHE (1/x, —-n, y)
KB
KB
BHBOI ¥
KOH

B ocHOBHOM aATOpHTME ABAYKAHL IOBTOPSIETCH KOMaHAd obpallieHus
K BCIOMOTareAbHoOMY aAroputMy ¢ umeHeM CTEITEHDL — aaropurmy
BO3BEACHHA BeMeCTBeHHOTO OCHOBAHHA B LEAVIO INOACKHTEABHYIO
crefeHb MOCPEACTBOM er0 MHOIOKPATHOTC TepeMHOMKeHHA., Beauyn-
HEl, CTOALIME B CKOOKax B KOMaHAe o0palleHus K BCIOMOIaTeABHOMY
AATOPHTMY, HAZEIBAIOTCA (PUKMUNECKUMU NAPAMEMPAMLL.

B yiefHOM AATOPUTMHAYECKOM S3HIKE BCIOMOTATEALHEIE AATOPHT-
MH 0(OpPMAAIOTCA B BHAe NpoOeAyp. 3aluilem Ha Afl mponeaypy
CTEIIEHE:

npouenypa CTEIEHE (Bew a, uen k, mem z)

uen i
Haw z := 1; i :=1
nora 1 £ k, DOBTOPHATH
HIL, Z 1= z X a
i::=141
b
KOH
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3aroACBOK BCIIOMOTATEABHOIO AATOPHUTMA HAYHHAETCA CO CAO-
Ba «IPOLeAypar», MOCAE KOTOPOTO CAGAYIOT MM 3TOH MpOUEAypPhl H
B CKODOKaxX — CHNHCOK POopMaARHEIX napaMeTpoB. B sToM coucke
[IepeYUCAIIOTCA IePeMEHHEEe API'YMEHTH W [IepeMeHHEIE pe3yAb-
TaThl C YKa3aHHeM HX THOOB. B pannom npumepe a, k — dopMans-
HLie IapaMeTpH-apTyMEHTHl, Z — llapaMeTp-pe3yAbTaT. CaepoBa-
TeAbHO, nponeaypa CTETTEHD npousBoaUT BEIMHCACHHS IO QOpPMY-
Ae z=ak

B OCHOBHOM @ATCPHTME BHIYHCASHHA CTENMeHHOH (pyHKuun obpa-
IeHHe K MPoleAype MPOHIBOAHTCA HOCPEACTBOM YKa3aHUA ee HMe-
HY W TIPUBEACHHA Aaiee B CKOOKax cNHcKa hakTHYECKHX TapaMe-
TPOB.

Mexpy dopMarsHBIMHK M PaKTHUECKHMH NapaMeTpaMH IPOLeAy-
PBl AOASKHEI BHIIOAHATRCA IIPABHAA COOTBETCTBHS!

® 110 KOAMYECTEY (CKOABKO (POPM@ALHEIX, CTOABKO M (PAKTHUECKHX
TIapaMeTpoB);

® I[IOCAEADBATEABHOCTH (IePBOMY (DOPMAABHOMY IlapaMeTpy COQT-
BETCTBYeT NepBHI GrakTHYeCKH#t TapaMerp, BTOPOMY — BTOROH
HT.A)

® THNAM (THIBI COOTBETCTBYIOIIMX (DOPMAAEBHEIX M (DaKTHYeCKHX
NapaMeTpoB AOAKHE COBITAAATE).

DakTHYeCKHe TapaMeTphl-apIyMeHTEl MOTYT OLITE BBEIPaXXeHUIMHU
COOTBETCTBYIOILero THIA.

O6palnieHne K IpoleAype HHHIHHDPYET CASAYIOIINE AeHCTBHS:

1) 3HaueHMs NapaMeTpOB-apTYMEeHTOB IPHCBAMBAKOTCA COOTBET-
CTBYHOMWKM hOpManBHBIM fTapaMeTpaM;

2) BBIIOAHSIETCS TEAO NPOLRAYPHI (KOMAHABI BHYTPH NpoLeay-
pBI);

3} 3HaUeHHe peayALTaTa llepeAdeTcs COOTBeTCTBYIOmeMY daKTHye-
CKOMY IlapaMeTpy, ¥ IPOHCXOAUT NePeX0A K BEITOAHEHHIO CASAYIOIeH
KOMAaHAR! OCHOBHOTO AATOPHTMA.

B nponeaype CTEITEHE HeT KoMaHA BBOAA MCXOAHBEIX AAHHEIX M
BLIBOAA PE3YARTATOB. 3AECh NIpHCBaWBaHie HAYAABHBIX 3Ha4YeHHH ap-
TYMeHTaM (¢, n) IPOHZIBOAMTCH dYepe3 Iepepaady NapaMeTpoB-apry-
MeHTOB, @ HPUCBaNBaHHE Pe3yAbTaTa NepeMeHHOH (V) NPOHCXOANT de-
pez nepeaavyy napaMeTpa-pesyAbTaTa (2).

Taxkum obBpaszoM, Iepeaaya 3HAYEHUN NAPaAMeTPOB HPOLIEAYP ABAM-
eTCsd TPEeTLHM croco(oM NPHCBAKMBAHKA (HapAAY ¢ KOMaHAAMY IIPH-
CBaMBAHHA U BBOAQ).

Hcnoassoeanie npolleayp NMO3BOASET CTPOUTE CAOKHBIE AATOPHT-
MEI METOAOM TIOCAEAOBATEALHOM ASTAAMIAIIMH,
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AFTUED.

OCHOBbI CTPYKTYPHOI0
NMPOrPAMMMWPOBAHUS

IMpomao yxe Ooaee NMOAYBEKAa €O BpeMeHW HOSBACHUA IEPBOH
3BM. Bce aTo 8pems BEIMHCAHTEABHAS TEXHHKA CTPEMHTEALHO Pa3BH-
Baaack. Mamensaack saeMeHTHas 6aza OBM, pocau ux SEICTpoAeH-
CTBHE W 00BCM MAMATH, H3MEeHAAHCE CPEACTBA MHTepdelca JeA0BeKa
C MAIUMHOH, Be3yCAOBHO, 3TH U3MEHEeHHA CKA3LIBAAUCE CAMBIM HEIIQ-
CpeaCTBeHHRIM 00pasom Ha pafoTe nporpaMMHCTA. OIpeAeAeHHEIH
ODIIEIIPHUHATEIH CI10CO0 IPOU3BOACTRA 9€TO-AHO0 {B AGHHOM CAyYae —
NpOrpaMM} Ha3elBalOT TEXHOAOTHEH, F03TOMY Adanree GYAEM TOBOPHTE O
MEeXHOAGIUU NPOTDAMMUPOBAHUA,

Aas meperix 3BM ¢ «TecHOM» NaMATRIO M HEBOALILIAM OBICTPOARTH -
CTBHEM OCHOBHBIM HOKA3aTeAeM KadecTBa LporpaMMul OriAa €e KO-
HOMHYHOCTE IO 3aHUMAeMOH [IaMATH M BpeMeHHd cueTa. HeM nporpam-
Ma IOAYY4A4Ch KOpPOYe, TeM KAACC IIPOTPAMMHCTa CUMTAACH BHIIE.
Takoe COKpameHne nporpaMMbl JacTo TpeboBano BOABIINX YCHAHMM.
HMHoraa uporpaMma 1I0Ay4ardch HACTOABKO «XHTPOHY», YTO MOLA& «lie-
PEeXHTPHTh» CAMOTC ABTOPA: BO3BPATHBHIYCE Yepe3 HEeKOTOPOoe BpeMs
K cOOCTBEHHOHM MPOrpaMMe H >KeAasl 4TO-TO H3MEHHTDh, TPOTPaMMHCT
MOT 3afyTaThCA B HEH, 3a0LIB CBOIO «TeHHAALHYIO HACIO»,

O4YeHb CAOXKHBIH AATOPUTM BCETA8 VBEAWUMBAET BepPOATHOCTE
OIIHOKH B IPOTPaMMe, K&K H BEPOATHOCTE BEIXOAA H3 CTPOS CAOKHOTO
TEXHHYECKOTO YCTPOWCTBa GOABIIE, YEM TIPOCTOTO.

STANEl HMATOTOBAEHMS NPOTPAMMHOIO NMPOAYKTa IPOrPaMMHCTOM,
CAGAYIOILIME:

1} npoeKTHpOBaHHE,

2) KoAMpOBaHUE;

3) oTAdAKa.

fIpoexmupoBanue 3aKAl0UaeTcs B paspaboTke aaroputMa OyAyIunen
TPOrpaMMLl, HanpuMep DAOK-CXeMBl. KogupoBaHue — 3TG COCTABAE-
HHE TEKCTa [IPOIPaMMEl Ha A3bIKe IporpaMMHBpOBaHNA. Omadgka ocy-
UIECTBASICTCS. C NOMOIIBE) TECTOB, T.€. [POM3BOAUTCA BHIIOAHEHUWE
[IpOrpaMMe! € HEKOTOPLIM 3apaHee HPOAYMAHHEIM HabopOM HCXOAHEIX
AAQHHEIX, AASL KOTOPOT'O M3BECTeH peayAkrar, [IDH 3TOM 4eM CACKHee
porpaMma, TeM OOABLIIEE YHCAO TecTOB TpeQyercsa AAT ee HCUepIIhi-
Batollel NpoBepKH. OUYeHL «XHTPYIO» HPOTPAMMY TPYAHO IIPOTECTH-
POBATH HCUEPNBIBAIOMUM OOPA30M, TAK KAK BCETAG OCTACTCH BOIMOXK-
HOCTE HE 3aMEeTHTE KaKOH-TO «IOABOAHEIH KaMeHb».

C pocToM IIaMATH U GHICTpoAedicTEUS 3BM, ¢ cosepilleHCTROBAHH-
€M SI3BIKOB IPOTPAMMHPOBAHMA H TPAHCASITOPOB C 3THX A3BIKOB [IPO-
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OAeMa 3KOHOMHYHOCTH IIPOrpaMMEl CTAHOBHTCA MeHee ocTpoil. Bee
Ooree BaXKHEIMM KAUeCTBeHHEIMH XapakTepHCTHKAME IIPOTPaMM CTa-
HOBATCHA KX IPOCTOTa, HAaASAHOCTE U HAAEKHOCTb, 4 C MOSBACHHEM
MAITHH TPETLEETC IOKOASHHS 3TH KayeCcTBa CTAHOBATCH OCHOBHEIMH.

B roHne 60-x — "Havare 70-x rr. XX B. ONPEASASICTCA AMCI[HIIAVHAG,
TMOAYYHMEIIaA HA3BAaHHE CTPYKTYPHOTO IpOrpaMMHpOBaHMsA. Ee mOAB-
A€HHE H PA3BHTHE CBA3aHO ¢ uMeHavu 3. B.Aedrcrpr, X.A. Mnuaca,
A.E.KuyTa u ap. CTPYKTYpHOE MPOTPaAMMHDOBAHUE AQ HACTOAINEro
BpeMeHH OCTaeTcsd OCHOBOM TeXHOACTHH IIPOrpaMMHEpoBaHus. Cobato-
AeHHEe ero IPHHIUIICE MO3BOASeT NPOrpaMMHCTy OLICTPO HAYUMTHCS
CO3AABATEH AICHEIE, 6e30IMHG0YHEE, HaASKHBIE POTPaMMEL

B ocHOBe CTPYKTYPHOTO IpOrpaMMHPOBEHHS AeKHT TeopeMa, KO-
Topast Oblra AOKa3dHa B TeOPHH [POrpaMMHPOBAHHA QATOPUINM GAA
pewenus A0OOU AOIU4ecKoll 3agayll MOXKHO COCIMQBUME MOABKO U3
cmpykmyp CaegopaHue, Bempaenue, LJuka, HasrBaeMBIX 0a30BBIMHU
SATOPHUTMUYECKHMMH CTRPYKTYPaMHu.

Panee yoxe NpMBOAHMANCE 3TU CTPYKTYPHL. [0 cyTH, BO BCeX pacemMo-
TPEHHEIX OpHMepax IPOrpaMM HCIIOAB30OBAANMCE [IPHHIUIE CTPYKTYD-
HOrQ OpOTPaMMHUPOBaHHSL.

ChregopaHue -— 5TO AWMHEHHAR IOCASAOBATEARHOCTE AGHCTBHM
(puc. 1.12).

Kaxpaas ceplisi B TaKoH MOCAEAOBATEALHOCTH MOXKET COAEP’KaTh B
cefe Kak IIPOCTYIO KOMAaHAY, TaK ¥ CAOKHYIO CTPYKTYPY, HO OHa 00A3a-
TeABHO HMeeT OAMH BXOA U OAMH BEIXOA,

BempaeHue — 3T0 aATOpPUTMHYECKAA AAETEPHATHBA, KOTOPYHO MOXK-
HO 3aIIHCATh B BUAE

ecnn YCIORBMKE
TOo cepua 1
uHave cepusa 2
KB

YnpaBAeHHE B 3TOM CTPYKTYpe NePeAAeTCA Ha OANY M3 ABYX BeT-
BeH (cepu#l KOMaHA) B 3aBHCHUMOCTH OT MCTHHHOCTH UAH AOXKHOCTH
YCAOBVA., 34TeM IPOHCXOAHT BBIXOA Ha oOIce NMPOACATKeHHEe {CM.
puc. 1.5).

Henoanaa dbopMa BeTBACHHA HMeeT MeCTO IIPH OTCYTCTBHU BETBH
«HHaue»;

—-—| Cepws |1 |—¢—|£epu51 2 I—»

Puc. 1.12. NiunenHan cTpykTypa nporpaMmuposaHus CnegosaHme
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ecnu yCcloBUe
TO CepKA
KB

Huka — 32T0 NOBTOPCHHE HEKOTOPOH IPYLUiLL ACHCTEHMEA 110 YCAO-
BUIO. Pazau4aroT ABa THIA HUKAOB. [TepBEIH THUI ITUKAHYECKOH CTPYK-
TYPBEL — IHKA C IPEAYCAOBHAeM (CM. puc. 1.7}

noxa YCIQEME, NOBTOPATE
HIT,

cepmst
KO

3AeCH IOKa YCAOBHE MCTHHHOE, BHIIIOAHAETCS cepus, ofpasyroad
TEAO ITHKAA.

Bropo# THI BHKAHYeCKOH CTPYKTYPBI — LHKA € TOCTYCAOBHEM (CM.
pric. 1.9):

NOBTOPATL
cepms
A0 YCIOBME

3AECE TEAO [MKAR TPEAIIECTBYET YCAOBHIO LMKAA U IIOBTOPSET CBOe
BBIIIOAHCHME, €CAM YCAOBHe AOKHOe. ITOBTOpCHHEG 3aKaHIMBACTCA,
KOTA@ YCAOBHE CTAHOBUTCS MCTHHHEIM.

TeopeTHyeCkH HEOOXOAMMEIM H AOCTATOUHEIM AAS TIOCTPOEHHA AlO-
H0r0 MHEKAHYECKOTO aATOPHTMA ABASETCH ITHKA C TIPEAYCACBHEM, T.€.
370 Goaee OOIUH BAPUAHT IJHKAQ, YeM ITUKA € IOCTyCACBHEM, B camMom
AEAE, TeAD MHKAA «Ao» XOTH ORI OAMH pa3 obA3a8TEeABHO BEIICAHHTCH,
TaK KaK IpOBEepKa YCAOBUSA IIPOUCXOAMT MOCAE 3aBepIIeHHs o Bbl-
ITOAHEHHS, a AA ITAKAA «[1loKa» BO3MOYKeH BAPHAHT, KOTAR TEAO [[HKAA
He BEIOAHUTCA HE pasy. CAeAOBATEABHO, B AIODOM S3BIKe IPOTPaMMH-
POBaHHS MOXHO OHAO OH OIPaHHYHTECA HCIOAB3CBAHHUEM I[HKAA
«[loKa», OAHAKO B pPsipe cAyUaeB IPHMEHEHHE HHKAA «A0» OKa3klBaeT-
cst Goaee YAOOHEIM, H IIO3TOMY OH HCIIOAB3YETCH.

HMHorpa B AMTepaType CTPYKTYPHOe [IPOrpaMMUDOBAHNE HA3EIRAIOT
nporpamMMupoBadnemM 6e3 GOTO (6e3 cneparopa Oe3ycAOBHOTO Ilepe-
X0pa). ASHCTBHTEALHO, IPH TAKOM IIOAXOAE K IIpPOrpaMMMPOBAHUIO
HeT MecTa Ge3yCAoBHOMY nepexoay. HeollpaBaaHHOe MCIIOAL3OBAHUE
B nporpamMmax GOTO AHMIIAET WX CTPYKTYPHOCTH, 4 3HAYMT, M BCeX
CRSA3AHHKIX C 9THM TTOADKUTEABHEIX CBOHMCTE aATOPUTMA: IIPO3PAYHOC-
TH M HEACKHOCTH. XOTH BO BCEX NPOLEAYPHEIX HA3BEIKAX IPOTrPaMMUI-
POBaHMA 3TCT ONEPATOP IPHACYTCTBYET, AT 0eCcIedeHHs CTPYKTYPHO-
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ro IOAXOAR K MPOTPaMMHPOEBAHHIO €T0 yIOTpeOAeHHA caeayeT Hzbe-
raTk.

CAOMKHEIE aATODHTMEI COCTOSIT H3 COSAMHEHHRIX MexXay cofoi Da-
30BHX CTPYKTYP. COCAHHEHHE 3THX CTPYKTYD MOJKeT BHENOAHATBCH
ABYMS CITOCOBAMH: NOCAEJOBUMEABHBIM W BAOKEHHBIM. DTO aHAAOTHY-
HO CHTYaIlUH B DJAEKTPOTEXHHKE, TAe AFOOVI0 CAOKHYIO JAEKTpHYe-
CKYIO Ilellh MOJKHO Pa3AOJKHTE HA [IOCAEAOBATEABHO M IapaAAEABHO
COepAMHEHHEBIE YIaCTKH.

OAHAKO BAOKEHHLIE AATOPUTMHIYECKYE CTPYKTYPH He SBASIOTCHA
AHAAOTOM IIAPAAAEABHO COEAHMHEHHEIX 3AKTPHYECKHX NPOBOAHUKOR.
3aech GOABIIE TTOAXOAHMT AHAAOTHSA C MaTPeIKaMM, ITOMeleHHBIMH
ApYT B Apyra. Ecan OAOK, COCTABASIIOIIMM TEAC ITHKAA, CaM SIBASETCS
IUKAMYECKOH CTPYKTYPOH, 3TO 3HAYHMT, YTO MMEKT MECTO BAOKEHHEIS
IIMKAEL. B CBOKO OYepeAb BHYTPEHHII IHKA MOJKeT UMeTE BHYTDH cebs
eIlle OAHMH ITHKA H T.A. B CBA3M C DTHM BBEASHO TIOHATHE FAYOUHB! BAO-
ARennacini JUKAOS. TouHo TAKKEe K BeTBACHHS MOI'YT OBbITH BAOJKEHHEI-
MW APYT B ADYTA.

CTPYKTYDHEIH NOAXOA TpebyeT CTaHAAPTHOrO H300paxeHHs OAOK-
cxeM aaroputMoB. Kaskaaa Gazopas CTPYKTYpa AOAKHA MMETE OAMH
BXOA M OAMH BEIXOA. HecTaHAapTHO M300paskeHHast GAOK-CXeMa &ATo-
PUTMA [IAOXO UMTAETCA M TepsieT CBOI HArASIAHOCTD.

[MpuMepbl CTPYKTYPHHIX OAOK-CXeM AaATOPHTMOB TDHBEACHLI Ha
puc. 1.13. Takre DAOK-CXeMEl AeTKO YHTAIOTCH M XOPOIIO BOCHPHHHMA-
FOTCS 3PUTEABHO, IIPH 3TOM KaXKAOH CTPYKTYPE MOKHO AGTH Ha3BaHUHE.

B yueGHOM AATOPUTMHYECKOM A3LIKE, TIPEAHA3HAYEHHOM AASL OITH-
CaHMUA CTPYKTYPHBIX GATOPHTMOB, KOMAHAA De3yCAOBHOIO Iepexojpa
OTCYTCTRYeT. FICITOAR3OBaHUE DTOTO I3HKa IPH 0OyYeHHH CIIOCODCTRY-
eT ¢«CTPYKTYPHOMY BOCIHTAHHIO» IPOTDAMMUKCTA.

HarasiaHoOCTE CTPYKTYPaM aATOPHTMOBR Ha Afl mpuAaeT CTPYKTYPH-
3anust BUAA UX Texkcrda. OCHOBHOH MCIIOAB3IYEMEIH AAS 3TOTO IIpHeM —
CABHTH CTPOK, KOTOPHE ACANKHBl TIOAUYHHSTECH CAGAYIOIHMM IIPAaBH-
AdM:

B KOHCTPYKLHH OAHOTO VPOBHA BAOKEHHOCTH PAcIIOAArarTCs Ha
OAHOM BEPTHKAABHOM YPOBHE (T.e. HAUHHAIOTCS C OAHOH MO3H-
UK B CTPOKE),

® BAOKCHHEIE KOHCTPYKI[HH CMELAaIOTCA N0 CTPOKe HA HECKOABKO
MO3HITHE BIPABO OTHOCHTEARHO BHENTHHX AASL KOHCTPYKIHH.

CTpyKryphl TEKCTOR A&ATOPHTMOB Ha Afl AAS IOK33aHHEIX Ha
puc. 1.13 6aOK-cxeM OPHUBEACHH B TabA. 1.0.

CrpyKTypHas METOAWKA aATOPHTMH3ALNH — 3TO He TOABKO (hopMa
OIIHCAaHMA aATOPHTMA, HO H cnocef Mbliuaenust nporpammucmd. Crepy-
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Puc. 1.13. lNpumepb! CTPYKTYpHLIX BNOK-CXem anropuTMos:

a8 — BAGXEHHbIE BETBNEHUA C rMyBMHOM BNOXEHHOCTW, PaBHOM EAVHWLE; & — LMK
BROXEHHLIM BETBJIEHUEM; B — BROXEHHLIE UMKNbI «IMokar © rnyGuHON BROXEHHOCTHM,
paBHOW EVHWLE; r — BETBJIEHWE C BNOXEHHON NOCNef0BaTeNsHOCTRID BETEBNEHWA Ha
NOAOXWUTENEHOA BETBU W C BNOXEHHLIM LUMKNOM ¢[okay Ha oTpUUaTENsHDN BeTan, 4 —
NOCNEA0BATENEHOCTL BETBNEHVA 1 LMKNS «[lon; 8 — BnoxeHHble BHewwHWA uukn «Mlokay
1 BHYTREHHWA umkn ¢fo»; Y — ycnobue; C — cepun

d e
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Ta6nuua 1.6. Anroputmbl Ha Afl, COOTBETCTBYIOLIME CXEMaM,

npeacTa_nNeHHeIM Ha pue. 1.13

Ci:‘ AATOPHTM Cif' AnTopHTM
a |ecmm <¥Y1> 6 |moka < Y1>, NOBTOPATE
TO ecnm <y3i> I
ro <Cl> ecnmu <Y2Z>
KB ro <Cl>
MHaue ecum <Y2> Huaye <C2>
TO <C2> KB
MHaua <C3> K1,
KB
XB
B |moxa <¥1>, noBTOpPATE r |ecam <¥1>
HU o ecnum <Y>
noxa <YZ>, NOBTOPATE mo <Cl>
HI, MHave <C2>
<C> KB
Ky ecnn <Y3>
KIT mo <C3>
MHade <C4>
KB
MHave noxa <y4i>, NOBTOpSTE
<C5>
i
KE
g |ecmmn <Y1> e |rmoxa <¥1>, IOBTOPHATL
mo <Cl> He NOBTOPATH
uRaye <C2> <C>
KB oo <¥2>
NORTOPATE KL,
c3
oo <y2>

€T CrpeMHThCI COCTABAXTE BATOPHTM M3 CTaHAAPTHHIX CTPYKTYp. Mc-
[MOAB3YS CTPOMTEABHYIO aHAAOIHID, MOJKHO CKazaTh, UTO CTPYKTYpPHAsS
MeTOAHKA [OCTPOEHH aATOPHUTMAa IoA0DHa cOOpPKe 3AAHWUA M3 CTaH-
AAPTHEIX CEKIUHH.

Eile opAHHM BKHEHIIHM TeXHOAOTHYECKHM IPHEMOM CTPYKTYPHO-
TO MPOTPAMMHPOBAHNS ABASETCS JEKOMROUYUS pewtdeMoll 3agaiu Ha
nogsaga4u, T.e. Doaee NPOCTHE AAA IPOTPAMMHAPOBAHAA 9aCTH HCXO0-
AHOHM 38A44M. AATOPHUTMBL DelleHMs TAaKWX N0A38Aa4 HA3BIBAKOTCS
BCNOMOQrameAbHEIMIL. an/I 3TOM BO3ZMOKHBI ABd IIOAXOAd K HOCTpOE-
HHIO aArOpuTMa:
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& CBepXY BHH3 — CHAa4YAaAd4 CTPOMUTCA OCHOBHOH dATOpPHTM, 4 3a-
TeéM — BCIOMOTATCABHEIE;

® CHH3Y BBepX — CHaYaAd COCTABAAIOTCSA BCIOMOraTEALHEIE aATO-
PHUTMBI, @ 3aTeM — OCHOBHOM.

[MTepBbll N0AXOA K TOCTPOSHHIO AATOPHTMA TaKJKe HA3BIBAKOT METO-
AOM [MOCACAOBATEARHOM ARTAAM3ANME, & BTOPOH — COOPOMHEIM MEeTO-
AOM.

Hpu nocaea0BaTeABHON ASTAAM3ANMUH CHAUaAd CTPOUTCI OCHOBHOM
AATOPHTM U B HEro BHOCATCS OOpallleHHsl K BCIIOMOTATeABHEIM aATO-
pHTMaM IIEPBOTO YPOBHSA. 3aTeM COCTABASIIOTCH BCIOMOTATEABHEIE AA-
TOPUTMEL IEPEOTO YPOBHSI, B KOTOPEIR MOTYT IPUCYTCTBOBATL obpalie-
HHA K BCIIOMOTaTEABHEBIM AATOPHITMAM BTOPOTO YPOBHS, U T. A, Bcmomo-
raTeAbHBIE AATOPHTMBI CAMOT(Q HHXKHETO YPOBHSI COCTOST TOALKO M3
MPOCTHIX KOMAtIA,

MeTop, TOCACAOBATEARHOH AESTAAM3AIHNA IPUMEHSeTCH NpPHU KOH-
CTPYyHPOBaHuM AIOOLIX CAOMKHEIX OOBEKTOB. DTO eCTeCTBeHHas AOIM-
4eCKas MOCACAOBATEARHOCTE MBIIIAGHHA KOHCTPYKTOPA: HOCTEINEHHOS
yrayOAeHHe B AeTaau. B OporpaMMHpPOBaHMH pedb HAET TOXe O KOH-
CTPYUPOBAHUH, HO TOABKO He TeXHHYEeCKHX YCTPOHCTB, a AATOPHUTMOR.
ADCTATOUHO CACKHEIM aATOPHUTM APYTHM CIIOCOOOM NMOCTPOHTE Npak-
THIeCKH HEBO3MOKHO.

MeTopuKa MOCASACBATEALHOM ACTAAH3ANMH TIO3BOASET OPTAHH30-
BaTh paGoTy KOAAGKTHRA OPOI'DAMMHUCTOB HAA CAOKHBIM NPOEKTOM.
Hampumep, pyKOBOAWTEAL I'PYIIILI CTPOXT OCHOBHOM aAFODHTM, & pas-
paBoOTKY BCHOMOraTeALHBIX aATOPHTMOE M HAlWCAHHE COOTBCTCTRY-
TOLAX OATPOrpaMM MopydaeT cBOHM COTPYAHMKaM. I1pu atom yuacr-
HWKaM padovell rPyINBl CAeAyeT AHINE AOTCBOPHUTRECA 00 HHTepdeiice
{T.e. B3aMMOCBSI3H) MEKAY CRBOHMH [IPOrPAaMMHBIMI MOAYASAMH, & BHYT-
PeHHsS. OPraHi3aliua NIporpaMMEl — ARTHOE ASAO IPOTPaMMMCTA.

COopouHHE MeT0p NMPEAIIOAaTaeT HAKONASHHE H HMCIOAL3OBaHUe
OUBAHOTEK BCIOMOTaTEARHEIX AATOPHTMOB, PCAAH30BAHHLIX B 93BIKAX
IPOrpaMMHPOBAHUS B BHAE MOAIPOTPAMM, TPONEAVP, (DYHKITHH.

(WAl PA3BNTUE A3bIKOB U TEXHONOIMN
NPOrPAMMWUPOBAHUA

A3BIK POTPAMMUPOBARUA — 3TO CNOCoD 3alMcK IIPOTPaMM pemie-
HHS PA3AWYHNX 38aa4 Ha 3BM B «IOHATHON» AAS ROMIIBIOTEDE (op-
me, TTporeccop KOMNBKTEPA HENIOCPEACTBEHHO CAYIKUAT AAF BOCITPHA-
TUSA SI3LIKA MATUHHBX KOMaHp (AMK). Oanaro nporpaMmMel Ha AMK
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pa3pabaTeiBAANCE AHWIIb AAS AAMIOBEIX JBM mepBOro nokoaeHws.
[MporpammupoBanue Ha AMEK — aeao Henpoctoe. [TporpaMMHCT ACA-
KeH 3HAThb YMCAOBEIE KOABI BCEX MallMHHBIX KOMaHA M CaM paclpeje-
ASITH IAMATE H0A KOMaHAE! MPOTrPaMMEL K AQHHEIE.

B 1950-x rr. mosdBUANCE TepBble CPEACTBA aBTOMAaTH3allHH MNpo-
rpaMMHMpOBaHH — S3BIKU-aBTOKOABLL. [To3AHee H3LIKH 3TOTO YpPOBHS
CTAAH HA3LIBATL acceMbAepamu. F3LKW THIIAa aBTOKOAR H acceMbaepa
obGreryuau pabory nporpammuctos. IlepeMenHble BEAHIHHE! CTaAHW
U300paKarTs CHMBOAMYECKMMHE MMeHaMH. YHCAOBEe KOAB Ollepanuil
3aMeHHuAH MHeMOHHYeCKMMHA (CAOBECHEIMM) 0GO3HAYeHHAMH, KOTO-
pele AeTde 3aOMHHTE. [1pH 3TOM A3KLIK NPOTPaMMHPOBAHHA CTaA [MO-
HATHEe AAS YeAOBEKd, YAAAHACH OT I3HKa MAIUHHHBIX KOMaHA. UToOH
KOMNLIOTEp MOT HCIOAHATH NPOTPAMMEI HA &BTOKOAE, TpeboBaacsa
CHEeNHAALHEIH TIePeBOAYHK — TPAHCAATOD, T.€. CHCTEMHAA NMpOorpaM-
Ma, IEPEeBOAAINAS TEKCT TPOTPAMMEL Ha aBTOKOAE B TEKCT JKBUBAAGHT-
HOW nporpaMMu Ha IMK.

KoMmnsrorep, 0oCHallEHHEN TPAHCAATODOM C aBTOKOAZ, MOHHMMAaer
aBTOKOA. B 3TOM Cayvuae MOKHO IOBOPHUTH O ucesp0DBM (anmaparty-
pa + TPaHCAATOP C aBTOKOAA), A3BIKOM KOTODOH ABASETCH aBTOKOA,
A3RKHM THIOA ABTOKOAA W acceMOaepa ABAAIOTCA  MALUHHHO-
OpPHMEeHTHPOBAHHEIMH, T.©. OHH HACTPOEHBEl HAa CTPYKTYPY MAIlIWHHEIX
KOMaHA KOHKPEeTHOTO KoMHIEloTepa. PadHble KOMNBIOTEDH € pasaud-
HLIMM TUIAMM MPOLECCOPOB HMEIOT PAa3HEIl acceMOaep. SIankM npo-
rpaMMHpORaHMa  BEIcoOKoro yposasa (fAIIBY) sasasioTca wmamuHHO-
HEe3ABUCHMEIMH, T.€. OAHA U Ta Re IPOTPaMMa Ha TAKOM 43EIKe MOJKET
BEINOAHATCA Ha DBM pasHEIX THNOB, OCHALEHHLIX COOTBETCTBYIO-
MM TpaucastTopoM. Popma samucu nporpaMm Ha AINBY no cpaeHe-
HUIO C @BTOKOAOM OAMIKE K TPAAWLMOHHOH MaTeMaTH4YeckoH dopme
H ecTeCcTBeHHOMY A3WKy, HanpuMep, nporpaMma Ha asnike MNackaab
TIOYTH TaKas e, KaK Ha IIKOABHOM aATOPHTMHYeCKOM SI3biKe. A3bIkH
[IpOrpaMMHPOBAHHA BEICOKOrQ YROBHS AETKO [MOAAAIOTCS M3YYEeHMIO
H XOpOUIO MOAACPKHBAKIT CTPYKTYPHYIO ME@TOAMKY ITDOIPAMMHDOBA-
HHS.

INepsriMK HOUYASPHBIME SI3RIKAMH BRICOKOTO YpPOBHA, TOSBUBILIA-
mucst B 1950-x rr., 66ial Poprpan, Koboa (B CLUA) 1 Aaroa (B Eepo-
me)]. 3To ASKKH nepporo nokoaenus IBM. ®oprpaH B Aaroa GLiAn
OpHUEeHTHPOBAHE Ha HAYJYHO-TeXHHYECKHUEe PAcYeThl MareMaTHIeCKOro
xapakrepa. KoGoa — 3To f3bIK AAS NPOrpaMMHPOBAHUS 3KOHOMHYE-
CKHMX 33Aad, B KOTOPOM chabee pasBHTHL MATEMAaTHYCCKHE CPEACTBA,
OAHAKO XOpPOHIO pa3paloTaHBl CpeACTBd OOPaboOTKU TEKCTOB M Ayulile
OpPraHu30BaH BHIBOA AAHHEIX B GopMe TpedyeMoro AOKyMeHTa. Aas
nepsHxX SITIBY OblAd xapakTepHa NPeAMEeTHAas OPUeHTALHSL.
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Boapinoe 9HCAD A3BIKOB NPOrpaMMWPOBAHUA — BIMOPOIO NOKOAE-
Hau OBM nosiBuacch B 1960 — 1970-X IT. {3a BCIO HCTOPHIO CYILECTRO-
pauus FBM ux 6niac cospano Goaee THLICAYH), OAHAKO PACTPOCTRAHH-
AUCH H BEIAEDIKAAW HCIRTAHUA BpeMeHEM HeMHOTHE.

B 1965 r. B AapTMyTCKOM yHHBepcHUTere ORIA pa3paboTar s3nLik
Beiicuk. 1o 3aMuICAy aBTOPOBR 3T0 ACASKeH OwiA ORITL IPOCTOH A3EIK,
AETKO H3YyUYaeMEIH, NpeAHA3HAYeHHBIM AAfl NpOTPaMMHpOBAHUS He-
CAO’KHEBIX pacyeTHEIX 3ajpai. HambOoablee pacnpocrpadente belcuk
[oAYYHA Ha MUKpo2BM H mepcoHaibHHX KoMIbtoTepax ([1K}. Ha
MePBLIX MOAGASX IIKOABHEIX KOMIBIOTEPOR NPOIP@MMHPOBATE MOXK-
HO DEIAC TOABKO HA A3HKe BefCHK, 0AHAKG 3TO HRCTPYKTYPHBIN 43HIK,
HO3ITOMY OH HAOXO IOAXOAMT AAA OOY4YEeHHSI KadyeCTBEHHOMY IIpO-
rpaMMUpoBaHAK. CHPABEAAABOCTH PAAH CAEAYET 3aMETHTh, 4TO Bo-
Aee TTospande Bepcuu Beficuka aas K, nanpumep QBasic, craam Go-
Aee CTRYKTYPHBIMH H IIG CBOHM H306pa3HTEAhHHM BO3MOXHOCTSAM
IIprOGAH3HANCE K TAKMM A3blKaM, Kak [lackaas.

B smoxy 3BM mpembero noxoieHus GOAbiloe paclpoCTpaHEeHHE
noAyIHA A3HK PL/1 (Program Language One), paspaboTasHEI dup-
Mo IBM. 270 OBIA NepBHIK S3LIK, NPETEHAOBABIINN Ha YHUBEDCAAL-
HOCTB, T. €, Ha BO3MOKHOCTE PelIaTh AI0OBIe 3a3a4H; BHIYHCAWTEALHEIR,
00paboTKH TEeKCTOB, HAKONASHHA H NOHCKa HHGpopMaumuu. OaHaKo
PL/1 0Ka3aACid CAHMIIKOM CAOQKHBIM M3RIKOM. AAf MamBe THoa IBM
360/370 rparcasTop c A3uKa PL/1 0Ka3aAcs HeAQCTATOUHO OINTHMAAD-
HBIM U COAEPIKaA PsiA He BHISBAGHHEIX OIIMGOK. AAS MUHK- H MHKPO-
3BM sazmk P1/1 roobuie He moaywyHa pacnpocTpaHents. OAHARO AW-
HMf Ha YHUBEPCAAU3AIHIO A3LIKOB HIPOrpaMMHPOBAHNA GHIAG [IOAAED-
>kaHa: OplAH paspaboTaHBl YHHBEPCAABHLIE BepPCHH CTaphIX A3HI-
KOB — Aaroa-68 u QopTpan-77.

3HAYMTEABHEIM COOEITHEM B MCTOPHH fA3LIKOB IIPOrpaMMHpOBA-
HHA cTarg co3aanue B 1971 r, Tlackaas Kak y4eOHOTO A3BIKA CTPYK-
TYPHOrO IPOrpaMMUPOBAHUSA -— SH3BIKA YE€MBEPMOLC IOKOAEHUSA
3BM.

Hinpokoe pacnpocTpaHedne s3bIKy I[lackaabk obecmeyuan TIK.
Gupwma Borland International, Inc (CLUIA) pazpaboTraia AAS HUX CUCTE-
My nporpaMMupoBaHus TypGo lMackaas. TypbHo Tlackaas — 3To He
TOABKO fA3LIK H TPAHCAATOPD C HEro, HO ellle H UHMerpupoBaHHan cpega
nporpaMMupoOBanus, 00eCTIeduBaKcIlas IIOAB30OBATEAND YACGGCTEO pabo-
Tel Ha A3bKe [lacKaab. Typbo llacKaab BHIIIEA 3@ paMKu y4eOHOTo
MPEAHAZHAYEHUA H CTAA A3IRIKOM NPOMeCcCHOHAARHOTO IIPOrpaMMHDO-
BaHHA C VHUBEPCAALHEIMY BO3MOXKHOCTSMH, TpaHcaaTop ¢ Typbo Tla-
CKaasl 110 ONTAMAABHOCTH CO3AEBAEMBIX UM NPOTpaMM OAM30K K AHAe-
Py 10 37TOMY KadecTBY — TpaHcasrropy ¢ Poprpana. B cuay cBoux Ao-
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CTOMHCTB [ lacKaab CTAA RCTOYHHUKOM MHOTHX OCHOBHEIX COBpeMEeHHEIX
A3BIKOB [IPOrpaMMHpPOBaHMA, HAIIpHMep Aaa, Moayaa-2 1 Ap.

3wk mporpaMMmupoBasius CH (aHrAMHCKoe Ha3BaHue — C) co3aa-
BAACH KAK MHCTPYMCHTAABHEIE S3EK AAS PA3paboTKH ONepalHOHHEX
CUCTEM, TPAHCASTOPOR, 083 AGHHREIX W ADYIHX CHCTEMHEIX M IIDHKAAA-
HBEIX OpOTPaMM. Tak ke, KakK ¥ [lackaab, 936IK CH — 3TO A3BIK CTPYK-
TYPHOTO MNpPOTrpaMMMDOBAHNAS, HO B OTAHYHE OT [Tackasrd B HeM 3aA0-
JKeHbl BO3MOSKHOCTH HeIOCPeACTBEHHOTO OﬁpaH_IGHI/IH K HeKOTOPBIM
MalIHHBELIM KOMaHAAM | ONpeAeAeHHBIM YUACTKAM IaMSATH KOMIIRIO-
Tepa.

Moayaa-2 — 3TO ellle OAUH fI3BIK, NpepAoKeHHBIH H. BuproMm, sB-
ASTIOUIMNCS pa3BHTHEM I3bIKa [lacKaAb W COASPIKAIIWH CPEACTBA AAA
C€03paHUsA OOABIMINX NTPOTIPaMM.

OBM 6yAyIIero — RAMOrCe -—— TNOKOASHHSA HA3LIBAIOT MalmMHaMH
HMCKYCCTBEHHOTO MHTeAAeKTa. HO IPOTOTHIEL I3BIKOB AASL 3THX MallliH
OLIAM CO3AQNEI HAMHOTO PaHblIe WX (hH3VUECKOTe TOABACHHA. 3TO
s3blky AVICIT u IMpoaor.

Mepsoe ynomunanue o saeike AMCI] otHocures ® 1958 r. Cospan
OH HA OCHOBe MOHITHS PEKYPCHBHO ONpeASA€HHEIX (DYHKUWE, A ITO-
CKOABKY AOKA3aHO, YTO AI000il AATOPUTM MOJKeT BBITH OIMMCAH C IIOMO-
1[bEO HEROTOpOTro Habopa pekypcuBHbIX yeKINN, To AMCII no cytn
SIBASIETCH YHHBEPCAALHEIM A3bIKOM. C ero moMoinsio Ha IBM MoxHO
MOAESAMDOBATE AOCTATOYHO CAOKHEIC IPOHECCHl, B JACTHOCTH MHTEA-
AEKTYAABHVIO AeSITEeABHOCTE AloAeH. [lapapurmy mporpaMMHpPOBAHHA,
pearn3oraHHy B sA3blke AWMCIT, HA3HBAOT PYHKUUOHIABHBIM NPO-
rpaMMupOBaRUICM.

SI3uk [Tpoaor paspabortan Bo (Ppannui B 1972 r. TaksKe AAd pelile-
HUAS npobaeM HCKYCCTBEHHOIO HHTEAAEKTa. 3TOT A3BIK IIO3BOASET B
(hopMaABHOM BHAEC OIHCHBATE PA3AHMUYHEIE YTEEDRKACHHA, AOIHKY pac-
CYJKAGHHH 1 3acTaBAsieT DBM AaBaTh OTBETH Ha 3@AAHHLIE BOIIPOCHL.
B siawire TlpoAor pearr3oBaHa Aoruieckds napagurma nporpamMMupo-
BOHUAL

B xoaue XX B. HOBBIM 3HATHTEALHBEIM HAIPaBASHHEM B Pa3BMTHH
{IporpaMMHoro oGecnetenus IBM craa 06 BEeKTHO-OPHOHTHPOBAHHEIN
nopxop. OGBEKTEL — 3TO CTPYKTYPH, OOBEAHHSIONIHE B EAHHOE 1eAoe
AaHHBIE K mporpaMMmel UX obOpabGorku. [MpHoOpeAr NONYASPHOCTH
00 BEKTHO-OPHEHTHPOBAHHEIC OIE€PAIJHOHHBIE CHUCTEMBl (HANPHMED,
Windows), TPHKAGAHEIE IIPOTPAMMEI, & TAKIKE CUCIEMbl 00beXINHO-
opueHmuposanHore nporpammuposanus (OOILT).

TMepBEbIM S3LIKOM C 3AEMEHTaMUd 00 BeKTHO-OPHEeHTHPOBAHHOH TeX-
HOAOTHM [pOrpaMmMuepoBanns Oeia 4361k CuMyaa-67. PassnuTue sA3BIKa
Cu npueeao K NOABAEHUIO er0 oOBeKIHO-OPHEHTHPOBAHHOH BepCHH
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nop, HaspanueMm Cu++. B Typ6o INackane, HaYMHas ¢ BepPCUH 5.5, Tak-
JKe MOSABMAHACE cpeacTBa QO

B nocAepnee BpeMs BO3ZHHEAO HOBOE HA4IIPpABA€HHE B TeXHOAOI'MH
NpOTPaMMUPOBAHHA — BusyaibHoe. CTaAl cO3AABATECA CUCTEMBl BH-
3YaABHOTO IIPOrpaMMEpPOBaHUA, padoTalllie oA Windows, HCIOAB-
30BaHW€ KOTOPLIX, B JACTHOCTH, [IO3BOASIET AErKO U GLICTPO [1pOIpaM-
MHUPOBAThL CAOMKHHIN rpatpuueckui HHTepdeic. TIoABHMAMCE BU3YAAR-
Hble BEPCHH TOMyASPHEIX S3HEIKOB pOrpaMMHpoBaHms: Visual Basic,
Delphi {paseutne Typbo I'lackaas), Borland C++ Builder u ap.

Cnoco6r1 TpaHcASIIAH, Peaar30BaTh TOT MAH WHOM S3HIK IPOTPaM-
MUpOBaHud Ha IBM — 3T0 3Ha9HT CO3AATH TPAHCAATOP C 3TOTO A3LIKA
anast AaaHOH 3BM. CymecTByeT ABa NPHHEITAIIHAABHC PA3AMYHBIX Me-
TOA4 TPAHCARIMH — KOMRUARUUA U unmepnpemaius, Aas oOnsacHeHus
PA3SAHYMS ITHX METOAOB MOKHO IMPEAANOJKHTD CAGAVIOLIYIO AHAAOTHIO!
AGKTOP AOAPKEH BEICTYIUTE IlepeA ayAWTOpHed Ha He3HAROMOM el
A3uIKe. [1pU 3TOM BO3MOXKHEL

® TOAHEIH IPeABAaPHTEABHEIN HEpEeBOA, T. €. ACKTOpD 3apaHee Iepe-
A&eT TeKCT BEICTYTIACHHS NepeBOAUHKY, TOT 3aNHUCHIBAeT Hmepe-
BOA, PA3MHOMAET €r0 M PaA3AACT CAVHIATEAsIM (IIOCAe TeTOo AeK-
TOP MOKET M 11¢ BEICTYIATE);

B CUHXPOHHBIH [IEPEBOA, T.€. ACKTOD YHTAET AOKAGA, 4 IMePeBOA-
YUK OAHOBPCMEHHO € HHUM CAOBO 38 CAOBOM LIEPEBOAHT BLICTYII-
ACHHE,

KoMnuaganus siBAeTCS @HAAOIOM IOAHOTO IPEABAaPHTEABLHOTO me-
peBOAd, a4 HHTeplOpeTallud — &HAAOTOM CHHXPOHHOTO IICPEBOAA.
TpaHcAsTOp, paboOTAIOIUN [0 NPUHIMNY KOMIHAANNH, Ha3EBAETCH
KOMNUARMOPOM, & TPAHCAATOP, paboTaiolIiii o IPHHIMITY HHTepIipe-
TAIHY, — UHMEPNPemamopoM.

Mpu rommumaanum B namath OBM sarpyxaerca nporpaMmma-
KOMOHAATOP. OHA BOCIIPHHMMAeT TexcT nporpammel Ha SITIBY xak uc-
XOAHYI0 HHOPMANHIO, KOTOPas HAa3BIBAeTCH UCXOGHLIM MOgyleM, 3a-
I'py>KaeMEBIM M3 TekcTosoro (haiira. [locae 0OpabOTKE KOMITHASTOPOM
uporpaMMel Ha ATIBY moayvyator ofiwexmubili Mogyab. Chaepyrommn
3Tan 0bpaboTKU NPOrpPaMMEl, HA3BLIBAEMEIA PEAAKTHPOBAHUEM CRA3EH
(MAM AMHKOBaHMeM), BEIIOAHAET ClIEIIHAAbHAS NPOrpaMMa — pPeAaK-
TOpP CBfA3eH. JTOT PEAAKTOP TOAKAIOYEET K MCXOAHON 1IporpamMMe He-
ODXOAMMEIE ANST ee paBOTHL IPOTPAMMHEBIE MOAYVAHR! ITPOLEAYPhL, (DYHK-
UMM H AD., B De3YABTATe Uero [IOAVYAIOT 3arpy3oqHbill MogyAs — IIpoO-
rpaMMy Ha A3BIKe MAlIHHHBIX KOMaHA, TOTOBYH) K BRHIIOAHEHHIO. [IpHn
3TOM B OIEpPaTHBHOM IIaMSTH OCTAeTCH TOABKO NporpaMma Ha MK,
BHIIIOAHEHHC KOTOPOH M AQ€T HCKOMBIE Pe3YABTATHI.
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HHTeprperaTop B TeUeHHE BCEro BpeMeHH PaboThl IPOrpaMME] Ha-
XOAUTCS BO BHYTPeHHeH aMATH — ONepaTHBHOM 33IIOMHHAIOEM
ycrpo¥ctie (O3Y), xyaa nomelnaeTcs ¥ nporpamMMa Ha JTIBY. MaTep-
[IPeTaTop B NOCACACBATCABHOCTH BRIIIOAHEHHS AATOPHTMA CIMTRIBACT
OYEPEAHOH OIEePaTop IPOTPaMMEl, IePEeBOAHT €r0 B KOMAHABl H TYT
JK€ BEIMIOAHAST 3TH KOMAHARL, ITOCAE YerQ [IepeXOAUT K IIepeBOAY H
BRINOAHEHHIO CAeAYIolnero olieparopa. [1pu 3ToM pe3yaArTaTE Npeabl-
AVIIMX MepeBOAOE B IIAMSTH He COXPAHAITCH, T.e. IPH IOBTOPHOM
BBHIIOAHEHWH OAHOM M TOH JXe KOMaHAE OHA CHOBa OyAeT TPAHCAMPO-
BaThLCA.

[Ipu KOMIHAAIIMH HCIOAHEHHEe IIPOTPaMMEl BRAIOYAeT B ceds TpH
ITana: ROMIHAAIIHMIO, AMHKOBaHKWe W BHINIOAHeHHe, [Tpd mMHTepmpeTa-
IIHH, OCKOABKY TPAaHCAAIIHS M BHIOAHEHHEe COEMeIleHHl, obpaboTka
nporpaMMbel Ha DBM npoxoauT B oaun aTan. OpAHAKO OTKOMIIMAMDO-
BaHHas NMporpaMMa BEIIOAHAeTCH ORICTpee, 9eM HHTEeRIPETHPYEeMast,
TIOITOMY MCIOAL30OBAHME KOMIHMAATODOB ya0oOHee aAs OOABLIMX TIpO-
rpamM, Tpedyromux GucTporo cyera. [IporpaMMEel Ha si3eikax [Tackaas,
Cu, Qoprpad Bceraa KOMIUARPYIOTCA. beiicHK Jallle BCETO peaAusy-
eTcs Yepes WHTepnperaTop. HeKoTophle s3HKH HMEIOT PearH3aljHio
KaK Uepe3 KOMIIHASTOD, TAK H yepe3 HHTepHNpeTaTop. B pesRuMe HH-
TepOpeTanui yACOHO OTAGKHMBaThL HpPOTpaMMy, a pafodme pacdeThl
AyUIlle OCYIIeCTBASTL B DERHME KOMITHAALHAH.

CTPYKTYPA U CMNOCOEbI ONMCAHWSA
A3bIKOB NMPOrPAMMUPOBAHMS
BbICOKOr0 YPOBHS

Bo Bcex s3HIKax HPOrPAMMHPOBEHUS OIPEASAeHBl criocobbl opra-
HH3aOMH AGHHRIX ¥ AEVCTBMH Hap AgHHBIMH. Kpome Toro, cymecrsy-
IOT SAeMeHTHl S3BIKA, BKAIOHAIOIINE B Ce0sl MHOMECTBO CHMBOAOB
(anthaBUT), ACKCEME] M APYTHE W300pa3sHTEALHEE CPEACTEA OPOTpPaM-
muposanus. HecmoTpsa Ha paszHoofpasHe S3kKOE NPOrpaMMHApOBA-
HHAS MX U3YICHHE TPOHCXOANT NMPUOAM3IHTEARHO IO OAHOH cxeme,
310 06YCAOBACHO OBIIHOCTBIO CTPYKTYPE! S3LHIKOB BEICOKOTO YPOBHA
{puc. 1.14).

Onucadie B pA@HHOM yieDHHKe A3BIKOB [lackaan u Delphi Byaer
BEIIIOAHATLCH B COOTBETCTBHH C 3TOHM CXEMOH.

ChAeAyeT OTMETHTL CXOACTBO H3IYYEHHS ©CTECTEEHHBIX AZLIKOB H
S3LIKOB IIPOIPaMMUPOBaHMA. BO-MEpPBBIX, AAT TOrC 4TODEL YHTATH H
NMHCATh Ha MHOCTPAHHOM H3BIKe, HAAO 3HATH UA(pﬂBUH’! 3TOTO A3RIKA.
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[ S3bIK NIPOrPAMMHPOBAHHA

[ l

Opraduzauus AcHCTBHA
HAA JAHHBIMH

J__I—l

DMeMeHTRI A3RIKA OpraHuzanua JaHHeIX

AndaBur, NeKCEMBI,
BBOM-BHIBO
CHHTAKCHC, ,I[ﬁHH(]):iIX paﬁgra Q6paboTka Twnsl ¥ cTPYKTYpa
oopMaeHUE ¢ ¢ athtamr JAHHBIX OATHEIX
TTPOrpaMMe!
Oneparoper OpraHnzauma
Oneputinm MPUCEaUBAHMI, M HONOILICRAHYE
¥ BBIDAKECHHS BETBICHUA,
KT TIOANPOTPAMM

Puc. 1.14. CTpykTypa A3biKa NporpaMMUpOBaEHUS BhICOKOTO YPOBHA

Bo-BTOpEIX, CAGAYeT 3HaThL IPABHAA HAITMCAHWA CAOB H NPEAACIKeHHH,
T.@. CUHMAKCUC A3BIKA. B-Tpersix, HeoOX0ANMO TOHMMATE CMEICA CAOB
v (ppas, uToOH aACKBATHO pearupoBaTh Ha HUX. Hanpumep, B caaroHe
CaMOAETa 3aCBeTUAOCKH Talao «Fasten beltsl» (3acrernute pemuaun!),
3Hasl aHTAMICKYI0 PAMMATHKY, MOXHO IPABUABLHO I[POYMTATH 3TY
¢)pasy, OAHAKO He TIOHSATEL €€ CMEICA W, CAGAOBATEABHO, HE BEITOAHHATL
COOTBETCTBYIONIHX ASHCTBHH, M3 rpaMoTHO HaNMCAHHBIX CACB MOMKHO
COCTARMTE aBCOAKTHO BeccMBICAeHHYI0 (hpa3y. CMEICACBOE COAEPIKA-
HUE 33bIKOBOH KOHCTPYKIUH HAa3bIBAETCH CeMURMUKOL.

A1060# H3BIK NpOI'paMMUDPOBAHHA 00pa3yIOT TPH OCHOBHEIE CO-
CTABAAIOLIHE: aAdaBHT, CHHTAKCHC U CeMaHTHKA.

CoBAlOpeHKE NIPDABHA B A3LIKE IPOrpaMMHPOBAHHA AOAKHO OHITH
foaee CTPOTrHM, HeM B Pa3rOBOPHOM A3blKe. HeaoBedecKad pedk CO-
AEPKHT 3HAYMTEeABHOE KOAHYECTBC H30BITOUHON HHMOPMAIIAY, T. €. He
PacCALIIIAB KaKOe-TO CAOBO, MOMKHO IOHSTE CMEICA (Dpa3bl B I[EAOM,
CAymialompi MAH YUTAIOIIME YEADBEK MOMET AOAYMATE, AOIIOAHHTH,
WUCIIPABUTE OIIMOKH B BOCHPHHHEMAEMOM TEKCTE.

Komnibiorep XXe — 310 aBTOMAT, BOCIPHHUMAIOIIWH BCe «BCEphE3»,
B Tekcrax nporpaMM Her u30RTOYHOCTH, M KOMIOBIOTED €aM He UCIIpa-
BHT A@0Ke QUEBMAHOH (C TOUKYU 3peHHSA TeA0BeKa) oHOKH. OH MOXKeT
AHMIIL YKa3aTh MeCTO, KOTOpOe «He NOHSA» H BBIBECTH 3aMedaHHe o
[IpeAlloAaraeMoM XapakTepe olIuOKH. VIcIpaBHTE Ke oMIHOKY ACAKeH
IPOrPaMMHCT,
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AAg OnmHCcaHUA CUIITAKCHCA A3LIKA NPOrpaMMUpPORAHUA TAKOKCe He-
ODXOAMM KaKOH-TO S3LIK, T.e., Memasa3bik (MaABbA3RIK), IPCAHA3HAYeH-
HBIH AASL ONMCAHWA APYTHX fA3BIKOB. HanbGoaee pacnpocTpaHeHHBIMH
METAA3EIKaMU B AHTEDATYpe N0 HPOTPAMMHDOBAHUIO HBASFOTCH METa-
AMHTBHCTHUECKHE ropmyast Bakyca—Haypa (a3eik BH®) v cunmakcu-
yeckue guarpaMmbl. Aairee Mul OYAEM HCIIOABIOBATE B OCHOBHOM H3BIK
CHHTAKCHYECKHWX AHATpaMM, TdK KAK 0HH DoAee HAraspAHEl B Aerde
rocnpuHumaTced. OAHAKO, KOraa 3To OyaeT yaoOHO, ByAeM NpHaMe-
HATE ¥ [EKOTOPLIC DACMENTH A3bika BHO.

B BH® Besikoe CHHTaAKCHYECKOe IIOHATHE UMeeT BHA POPMYALL, CO-
CTOALIel u3 MPAaBOH H AeBOH 4YacTeH, COEAMHEHHBIX 3HAKOM «l=»,
CMBICA KOTOPOrO 3KBHBAAGHTEH (hpa3e «I[I0 ONPEACACHHIO eCTb». Ae-
Bad YacTk (POPMYARI COACPIKHT HMA ONPEACASEMOTO IIOHATHA (MeTane-
PEeMEeHHYI0), 3aKAIOUEHHOe B YTAOBLIE CKODKH <>, a NpaBad 4acTb —
(hOpMYAY UAH AHArPaAMMY, OTIPEAESATIONIYIC BCe MHOKECTRO 3HAYEHHH,
KOTOpOe MOMKCT IPHHUMATL MeTanepeMeHHasd,

CHHTAKCHC A3ZLIKA CO3AACTCA TIOCPEACTBOM THOCAEAOBATEARHOTO
YCAQKHEHHS TIOHATHH, T.e. CHAYaAd ONPEAEAdIoTca npocTeHune (ba-
30BBIE] MOHATHS, a 3aTeM BCe BoAee CAOXKHBIE, BRAIOYANOIUIHe B celhd
HDEAb[Ay'IJ.l[/Ie MOHATHUSA KAK COCTABASIIOIHE.

B TakoM mMOCAEAOBATEALHOCTH, OYEBHAHO, KOHEYHBIM OIpeacasie-
MKIM MOHATHEM AOAKHA OBIThH «IIPOrpaMMas,

[Mpu zanucu MeTadOpMyA OPUHATE ONpeAeAeHHEle COrAAlleHH:.
Hanpumep BH®, onpeaeasitolllas NOHATHE «ABOHYHAasA OUdpay, HMeeT
BHA

<gBOMuYHas umppa> ::= 0 | 1

3HaK «|» 3AECH DKBUBAAGHTEH CAOBY «HAM» (AHGO).

Cunrakcuueckad AWarpaMMa ABOHYHOU IM¢ppE TOKa3zaHa Ha
pHc. 1.15.

B orux amarpaMMax CTPEAKH YKa3bIBAIOT HA MOCAEAOBATEALHOCTH
PACTOAQKEHUA 3AEMEeHTOB CUHTAKCHUECKOU KOHCTPYKUMH, 8 KPYXKKa-
MH O00BeAEHEI CHMBOALL, NPUCYTCTBYIOIHE B AAHHOHN KOHCTPYKIJHH.

INoasTHe «ABOMYHBIN KOA» KaK HEIyCTas TIOCASAOBATEALHOCTL ABO-
vaHEIX HPp B BH® onuceBaeTcs caeaAyOlMM 00pa3oM:

<JiBoudHan umndpas

0 <JIBOHUHMHA KoI>
H———jil-— <JAponynag undpa> —

Puc. 1.15. Cvvtakcnyeckan gua-  Puc. 1.16. CuHTakcudeckan Auarpamma
rpamma OBouHHON Lnthpbl ABOMMHOMG Kopa
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<OBOMYHEI KOI> ::= <IBOMYHaA uMdpar | <OBOMUHLIT
KOI><IBOMYHaA Lrppa>

Oupeperenre, B KOTOPOM HERKOTOpPOE ITOHATHE OIPCASATICTCSH CAMO
yepes cebsi, HA3LIBASTCH peKypcUBHbiM. PeKypcuBHEIE OIpeAeACHHSN
xapakTepHH aast BHO.

CHHTAKCHUYeCcKad AMArpaMMa ABOWMUHOTO KOAZ IpeACTasAeHa Ha
puc. 1.16. 3peck BOIBpaTHAS CTPeAKa 0G03HauaeT BO3MOMHOCTE MHO-
FOKPATHOTO IIOBTOPCeHHA.

O4eRMAHO, YTO CHMHTAKCHYECKAS AHarpamMMa GoAee HATAAAHA, UeM
BHO.

CHHTaKCHYeCKHe aAMarpaMMer OuAM Beeaensl H. BupToMm ¥ UCHOAL-
30BAHKI AAS OITHCAHUS CO3AAHHOIO UM A3biKa [Nackaas.

YIPAXKHEHNA

1. OnpeaeAdTE 3HaYeHHe AQrHYeckoro selpaskeHUss HE (X > Z) M HE (X=1)
TIPW CAEAYIOIIHX 3HAYEHHAX HePEMeHHBIX;
a}j X=3Y=5272=12
6)X=0Y=12=19
B) X=5 Y=0 Z=-8,
I} X=9 Y=-92Z=9.
2. 3aMHCaTh AQTHYECKHE BhipakeHusd ((HopMYABT), SBASIOUIASCH HCTMHHEIMUI
IPH CAGAYIOIIHMX YCAOBHUAX:
a) To4Ka € KoopaAHHATaMu (X, Y) npHHAsA€KUT MepBoil UeTREPTH SAMHHY-
HOTO KpPyTa C I[eHTPOM B Hadane KoOpAHHAT;

0) ToYKa C KOOpAHHATAMH (X, V) He NDHHAAMEIKNT eAMHHIHOMY KPYTY € LieH-
TPOM B Ha4YaAre KOOPAHHAT H TMIPHHAAACKHT KPYTY C DPAAHyCOM, DABHEIM
2, ¥ C IeHTPOM B HAYaAe KOOPAMHAT {H200pasute 3TO rpathHueckH),

3. A@HEI ASKEPTOBLI KOOPAMHATH] TPEX BepIITHH TPEYTOABHHKA Ha IAOCKOCTH,
COCTaBUTE AATOPHTM CIPCACACHHA IAOIIAAH TPCYTOALHHKA.

4. AaHa CKOpPOCTEL DAKETHl IPH BEIXOAE 33 IpeAeAl atMocdeps 3emaH,
COCTABHTE AATOPHUTM OUPEASACHUA ABMKEHHS PAKETHI IOCAE BBIKAWUESHHS
ABHraTeael. (3HaYCHHSA TPeX KOCMHYECKMX CKopocTei: 7,5 km/¢; 11,2 Rm/¢;
16,4 xv/c.)

5. AalEl TPH TOAOHTEABHEIX YHUCAd, COCTABUTL AATOPHTM, OLIPEASATIOIIWE,
MOIYT AM 3TH YHCAA OBITE AAMHAMM CTOPOH TPeYIOALHMKA.

6. [TycTh KOMHIBIOTED CHOCOGEH BHITOAHATL TOABKO ABC apH(hMeTHISCKHE
oflepaugny. croXkenue 1 BerauTanie, CoCTABUTL CABAVIONIUC AATOPUTMEL

4] YMHOMKEHUSA ABYX LEABIX UMCEeA;

6) LeAOYHCACHHOIO ABARHHS ABYX YHCEA;

B) TIOAYYEHHSA OCTATKA OT ICAOYMCAEIIIOTO ACASHHUS ABYX YHCCA.

7. TToCTpONTE QATOPUTM pelneHis DHKBaADATHOTO YPABHEHHUS, UCIIOAL3YS B
KAYECTBE RCIOMOTATEABHOI'O BATOPMTM pPelleHHs KBaAPaTHOIO YPaBHCHUSA.

8. CoctaButh aaropurM HaxoKaeHuss HOA Tpex HaTYPAABHBIX YHCEA, HC-
MOARIYH BCIOMOTATEABHBIN aArOPUTM HaxomaeHud HOA ABYX uHceA.
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11.

KOHTPONBHbLIE BOMNPOCHI

. Kakosbl 3Tanel peLienyst 38084 H8 KOMMBKITEPE ¢ WCNONB30BaHU-

eM nporpamMmupoBaHun? OxapakTepuayiTte wx. MpounniocTpuypyirme
3Tanbl NOCTBHOBKW W hOpManv3aunu Ha NpyuMepe cnepytoLle
3ana4m: TpeByeTCA BLIYMCTIUTL BpeMs NBUXEHUA MOTODHOA NOAKV
no pexe Mexgy OBYMA MYHKTaMK.

Kakve OCHOBHLIE THMbI AaHHLIX MCTIONB3IYIOTCA NPW NPOrPEMMUPL-
BAHWUW H KOMNbIOTepe?

. 3 kaknx KOMaH, COCTABMAETCA NIVHEAHLIA Bﬂl’DpMTM? anIBB}ZMTB

npuMep Sanayqn, PeLLaeMon C NOMOWBID NIMHEWHOTO anropuTMa,
Y10 Takoe anropuTMWHECKan CTPYKTYpa BeTBNeHrA? B Yem cocto-
WT PAIHWLA MEX]Y NOMHBIM M HENOfHLIM BETEBNEHWEM? [TpuseauTe
NPUMEP 3apaquy, PELLIAEMOA ¢ NOMOLLbID aNropUTMa © BETBALLEVCH
CTPYKTYpPOW.

MocTpoiTe BETBALUMACA SNTOpUTM PeWwEHKs 3a0aun, cthopmynu-
posaHHOA B N. 1.

Yo Takoe anroputMMYECKan CTPYKTyYpa Lukna? B vyem saknioqaeT-
CA Pa3HULE MEXAY LWKNOM © npegycnasuem [uukn ¢Mokan) n um-
knom ¢ noctycnoevem (uvrn ¢«fo»)? Mpusepute npumep 3apayqw,
PELUEEMOI C NOMOWIEID uMKnuyeckoro anroputma. Coctaeste ga
BapMaHTa PELUBHMA 3TOM 330344 C UMKnom «oka» n ¢ uuknom
«Ho»,

“T0 Takoe BCcnoMOraTensHLIR anroprTm (Npouegypal? Kak onvcbl-
BAETCA NPOUEAYPa HE anropuTMUHEcKom Astike? Kak onmchiBaeTcH
obpallenve k npouenype B OCHOBHOM anroputme? MNpownnwcTpw-
PYWTE BbIgENEHWE NOA3ANAYN W NCNDNE30BAHWME NPOUERYRE! ONA
PEIGHWA CNEaYIILLSA 3aNa4n: HanTW NIoWank KoNbLUE No SaHHLIM
3HAYEHVAM BHYTPEHHErO 1 BHEWHErO Paguycos.

Kakoesl npaBuna BeMMCNEHUA NOTMHECKOro BeIPaXeHua, copep-
XaWero Normyeckve onepauunk? MNpreegyTe NPMMER BLIMUCTEHWA
BBIPEXEHVA C HECKONMBKUMWA NIOMVYECKWMIA ONEpaLuamMm,

Y10 Takoe CTPYKTYpHOE NporpaMMuposanre? Kakosk) OCHOBHLIE
NPUHUMNGLI CTPYKTYPHOW METOAWKKY NOCTPOBHWA anropuTMoB?
Mouemy Accembnepei HA3LIBAIOTCH MBLUMHHO-OPUEHTUPOBAHHEIMM
A3BIKAMM, 8 A3bIKWA BbICOKOID YPOBHA — MaLUMHHO-HE3SBNCMMEIMM
A3BKaMN NPOrPaMMUPABBHUA?

Hro Takoe TPAHCAALMA NPOrPamMmMbl HA R3bIKE BbICOKOMD YPOBHA?
Yem paznuualoTcA KOMNMNALUMA N uHTepnpeTauma?



nasa 2

NPOrPAMMWUPOBAHNE HA A3bIKE
NACKANb

M3 panHoM rAaBel BBI Y3HaeTte:

8 HCTOPHI) DAa3BUTHA S3BIKA HB.CKBAL;
® KAKYIO CTPYKTYDY HMeeT IporpamMma Ha Typ6o INackane;
® O KOHIIENOMH THIIOB AGHHBIX B Typ6o [Nacraae;

® JAEMEHTH A3BIKA — AAQABHUT, oNepalH#, IIPaBHAA 3alIHCH BHI-
pakeHu;

s 0ob Oprand3alliv BBOAS M BRIBOAR AGHHLIX,
m [IpAaBHAQ BHIIIOAHEHHA OIepATOopd IIPHCBAHBAHHAS,

a CIoCOOH MporpaMMUpoBanHua Ha [lackare aArOpHTMOB C BETBS-
elica CTPYKTYpoi;
a cnocoOH IpOTrpaMMHEPOBAHKS ITUKAOB HA [lackanae;

& BUARI TOATROTPaMM ((PYHKIIMH ¥ TPOLSAYPHI) U ¢noCcoOB GITUCa-
HMA ¥ UCIIOAB30BaHNA IIOAITPOrpaMM;

= YTO TaKoe PeKypCHBHO-OIpeAeAeHHas IOAIporpaMMa (g)yHK-
U, IpCLeAypal;

m O CPeACTBaX IporpaMMHpOBaHMH rpacdHrH Ha Typbo [lackaae;

® O CTPYKTYPHBIX THIIAX paHHBIX TypGo [Tackaan (MaccHBax, crpo-

KaX, MHOMECTBaX, 3alHCHX, akrax) B cnocobax UX IIpeACcTas-
AeHUSA H 00paboTKy;

B UTO TAaKOe AMHaMH4YeCKHe BeAMYHMHEBI A KaK CO3A4IOTCH U 06pa6a-
TEIBAKOTCA AWHAMHYECKMe CTPYKTYPEl AAHHBIX — CBSA3dHHEIE
CITHCEH,

B HUTO TAaK0oe MOAYAR H KdK MOXKHO COPraHH30BaTh GHGAHOTQKY
BHEIHHWX IIOAIIDOTIDAMM,
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Bsi HayunTeCh:

TIPOTPAMMUPOBATE SATOPHTME C AMHEeHHOH CTPYKTYpPOH M opra-
HH3aIHel BBOAA C KAABHATYPH M BLIBOAA Ha 3KPaH;

IPOrpaMMUPOBATh BETBAIMMECS aATOPHUTMEI ¢ HCIOAB3OBaHUEM
OMepaTopoR BETBACHHA H BEIOOpa;

HCIIOAB30BATE B IIPOTpPAaMMax BCe BMALI IIHKAMYECKHX Omeparo-
poB — OUKA «[Toka», IMKA «A0», IMKA C IapaMeTpoM;
IPOTPAMMHUPOBATE IMKABI C 33A8HHHM YHCAOM TIOBTODEHHEH H
UTEepAlMOHHEIE I[HKABL

MporpaMMHUpOBaTE pellleHHe THHOBEIX 38734 C LMKAWYECKOH
CTPYKTYDOW SATOPHTMOB, B TOM YHCAe TAOYAMPOBAHUS hyHKITMH,
06paBoTKH KOHEYHH X YUCAOBEIX IOCASAOBATEABHOCTEH, 06padoT-
KM GeCKOHEeMHHX CXOAAIIUXCS YHCAOBRIX TIOCAGAUBATEABHOCTEH;

nporpaMMHpPOBATE THIIOBEIE 3apa4i L{eAO‘IHCAelIHOI:I apmbme-
THEH,

WCNOAB3OBATE B IIPOTPAMMax BHYTPEHHHE HOATPOrpaMMEl-
(yHKIHHE H TOATPOrpPAMMEI-TIPOLEAYPEL

NpOrpaMMHPOBATH pellleHUe THIOBEIX 3aAaY o6paboTKu OpHO- U
ABYMEDHREIX MACCHBOB;

NpOrpaMMHPOBATE pellleHHe THNOBHX 3ajpad obpaboTKH CHM-
BOABLHHIX CTPOK;

HCIOAB3OBATE B IPOrpaMMax TUN «MHOIKECTBOY;
MpOrpaMMHPOBATE PelleHHe THIOBBIX 3aaaq 00paboTKH 3anmcel;
NPOTPaMMHEPOBATL 00MeH AaHHBIMU ¢ (daiiaamu, 00paboTKy paH-
HEIX B (halirax;

MPOTrPaMMHPOBATE HECACKHEE 3apa4l oOpaboTKH CBA3AHHHX
CIHCKOB;

NpOrpaMMHPOBATE IIOAYYEHHE Ha 3Kpale IMPOCTHIX rpaudecKux
H300pa>keHWl — PHUCYHKOB, YepTexeil, rpadHKoB yIIKIHI;
CO3AABATE HeoABIIHE NPOrPAaMMHBIE MOAYAH (BHEIIHHe OUbAN-
OTEKH).

=N NEPBOE 3HAKOMCTBO C A3bIKOM

NACKANb

Crpykrypa nporpamMmel Ha s3bike [lackaas. [To onpeaereHHEO
CTAHAAPTHOrO A3bIKa IlacKkaAlL OporpaMMa COCTOMUT U3 3QFOAOBKQ U
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9596

meaa (0AOKQ), B KOHIe KOTOPOTO CAEAYeT MoOuKa — IIpM3HaK KOHIa
OpOrpPaMMEL. B CBOIO odepeab, DAOK COAEDKUT paigeibl onucanul #
pasges onepamopos:

Program <uMA OPOTPAMMED;

Label <pazgen MeToK>;

Const <pasmen KOHCTEHT>;

Type <pasnejl THUIIOB>;

Var <paznen MNepeMeHHHX>;

Procedure (Function) <paznen nomnporpaMmm>;
Begin

<pasznesn olepaTopCB>

End.

Pazpen onepaTopoB mmeeTcs B AKOGOH TPOrpaMMe W SBASIETCH
OCHOBHBIM, Pa3AeAbl ONACAHWH MOTYT HE BCE COACPKATHCH B KaXAOK
IporpamMme.

B TypGo Tlackane, B OTAMYHE OT CTAHAAPTHOTO A3BIKA, BO3MOKHO!

B OTCYTICTBHE 3arOAOBKA NIPOTpPAMMEBIL,;

= caepoBaHue paspenros Const, Type, Var, Label Apyr 3a apyrom B
AI000M IIOPAAKE B pa3zpene OMMCAHUH H CKOABKO YTOAHO Pas.

IIpameps nporpamM. Kak y’Xe TOBOPHAOCK, A3HK [lackarb paspa-
BarbiBaacs H . BUproM Kak ydebabi#, OCHOBHOMN IPHHIMI, 3aA0KeH-
HHI B HEM, — 3TO HOAAESDKA CTPYKTYPHOH METOAMKH DPOTPAMMHPO-
BaHuA. Ha 3TOM JXe IpHHNOUNE OCHOBBIBEETCH INCEBAOKOA, KOTOPBIH
3pech OypeM HASRIBATE AATOPHTMHYECKHM A3BIKOM. [To cyTu pacxo-
KaeHve Mexay ASl u a3mikoM [TacKanl 38KAIOUAETCH B CACAYIONIEM:
Afl — pycckosianuHR, [MacKaAk — AHTAOARBIYHRN; CHHTAKCHC I3LIKA
[TackaA® onpeAeAeH CTPOTO H OAHO3ZHAYHO, a CHHTaKcuc AH — cpas-
HUTEABHO CBOGOAHO.

3anuce NporpaMMEl Ha f3HKe [lacKaak IOXOXKAa Ha aHTAHMNHCKWH
[IepeBoa AArOpUTMA, 3alMHCAHHOIC Ha AATOPUTMHYECKOM A3kike. Cpasn-
HHUTE aATOPHTM ACACHHS [IPOCTRIX Apobel, 3alHcaHHEIH Ha Afl, ¢ coor-
BETCTBYIOIIEN nporpaMmMoH Ha [1ackane:

anr penenne gpodei Program Division;
nen a, b, ¢, d, m, n Var a,b,c,d,m,n : Integer;
Hav BBOO a,b,c,d Begin Readln(a, b, c, d);
m:=a * d m := a * d;
n :=hb * ¢ n :=hb * ¢;
BEIBOO M, I WriteLn{m, n)
KOH End.
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3AeCh VUTEHO CAGAYIOLIee MaTeMaTHISCKOe PABeHCTEO!
a-d

a c
b'd b-c

3Ty NPOrpaMMy MOJMKHO [IOHSTh, AQKE HE 3arAsiAbiBasl B yuebHUK
s3nKa [Tackaans, ocobeHHO, 3Hasd aHIAMBCKUE 3BIK,

3aroAOBCK IIporpaMMEl HaUMHAeTCs CO cAoBa Program (mporpaM-
Ma}, 3@ KOTOPBIM CA€AYeT IPOM3BOABHOE HMS, IPHAYMaHHOEe NPOTrpaM-
muctoM {division — aenenne). Paspen omrcanusa nmepeMedHHEIX HadH-
HaeTCs CO CAOBA Var (variables — nepeMeHHEIe), 32 KOTOPHIM CABAYET
CIIHCOK NEepeMeHHBIX. THI VKa3hBaeTCAd [OCAe ABOETOUHA CAOBOM
Integer (neawnii). Hawaao B KoHel pasjera ONepaTOPOB NPOTPaMMEL
oTMedarTcs caoBaMu Begin (Hazaao) w End (xower). B xonne npo-
rpaMMel 00A3QMEABHO CIIABUMCA MOYKA.

BBOA MCXOAHBIX AGHHBIX ¢ KAGBHATYPhI HPOH3BOAHTCS C IOMOINBIO
nponeayprel Readln (read line — cuuTeIBaTE CTPOKY). Ha KaaBHaType
HaOHpaoT YeThblpe YHCAQ, OTAEASEMEIE ADYT OT ApyTa npobeaaMu, Ko-
TOpEIe OTPAKAIOTCS CTPOKOM Ha 3KpaHe AMCIIAes, H HaRMMaloT KAaBH-
oIy BBOAA.

OmnepaTops IPHCBAWBAHHA B [lacKaAe 3aNHUCHIBAIOTCA TAK JKe, KaK
B Afl. 3HaK yMHOReHHA 0003HAYaeTCs 3BE3A0IKOH (*}.

BEIBOA Pe3yABTATOB HA 3KPaH AMCIASS IPOM3BOAUTCA € MOMOILEBIO
nponeaypsl WriteLn (write line — nmcaTs B ¢TpOKY), KOTOpasi BEBIBOAHT
B CTPOKY ABa LIEABIX YMCAa M U 1. [Tocae 3TOrO Kypeop Ha 3KpaHe e-
PEXOANT B HAYAAO CACAYIOIEH CBOOOAHOH CTPOKH H paboTa mporpaM-
MBI 3aBepIIaeTcs.

HeobGxoanMo cTporo coBAIOAATE PAaBHAA IIPABONMHCAHHA — CHH-
TakcHc nporpaMmil. B yactHoCcTH, B [lackane 0AHO3HATMHO OIIpeAEAEHO
Ha3HaUeHHE 3HAKOB IyHKTYallHM:

B TOYKA C 3anATOH (;) CTABMTCA B KOHIIE 3arOAOBKA MPOTPAMMEI, B
KOHIIE Pa3AeAd OIIMCAHHS NMepeMeHHBIX, TIOCAe KaXXACT0 ornepa-
Topa. ITepea caosoM End TOUKY € 3aIATOW MOXHO He CTABUATE,

M 3amsATast () ABASETCS PazpAeAWTEeAEM DAEMEHTOR BO BCEBO3MOMK-
HEIX CIIECKAX (CIHCKe NIepeMeHHHBIX B DA3AeAe ONMHCAHHA, CIIH-
CKe BBOAMMBIX H BEIBOAMMEIX BeAMUUEH).

CTpormii CHHTAKCHC B $13EIKe IPOrPaMMHPOBAaHMA HeOOX0OAMM, TIpe-
JKAE BCETo, AAT TPAHCAATOPA. TPaHCAITOpP — 3TO MporpaMMa, KOTopast
ucnoaHseTca gopmantHo. Ecan, AONyCTHM, paspeAWTeAeM B CIHCKe
nepeMeHHBIX ACASKHA OBITE 3amATasd, To AI0DOH ADYTOH 3HAK B HeH Oy-
AeT BOCIIPHHMMATLCH Kak ommMbKa. EcAM TOYRKa C 3amATON ABASETCS
pasAeAMTEAEM OIIePaTopPoB, TO TPAHCASTOR B KaveCTBe OHepaTopa Boc-
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IpHUHHMAaeT BCHO YaCTh TEKCTa MPOTPAMMEL OT OAHOM TOYKH C 3ATATON
A0 ApyToi. CACAOBATEABHO, €CAH HE IOCTABUTE TOUKY ¢ 3aTATON MeX-
AY KaKHMH-TO ABYM# OIEPATOPAMH, TPAHCAATOD GyaAeT IPHHUMATE MX
3a OAHH, T. €. Heu30eKHa ourHbka.

OcnoBrOE RAZHQUEH!e CUHMAKCUMECKUX NPABur — 3mo npugaxue
OGHOZHAUHOTO CMBICAL A3LIKOBBIM KOHCMPYKUUAM, EcAl KaKasg-TO KOH-
CTPYKUHA MOKET TPAKTOBATHCA ABYCMBICABHHO, 3Ha4WT, B HeH ecThb
owmbka. [MosToMy AyYiIe He I[OAAraTrbCsA HA MHTYHIHIO, a BEIYYHMTHL
TMPaBMAd A3BIKA,

Aaaee GyaeT AGHO CTPOTCE OLMCAHUE CHHTAKCHUCCKHAX npazua Ia-
CKaAsl, @& IOKa AASL TIOAYUEHHs! [EePBOHAYAABHOTO NPEACTABACHHUA O
si3Ke 06PATHMCS elle K HEeCKOABKHM IPHMEPaM nporpaMMHpPOBaHUS
HECAOJKHEIX aATOpPHTMOB,

«OTrpch.mpyeM» GATODHTM BBEIYMCACHHA cpaK'ropHaAa (NI] Ha
a3blKe [TacKaak:

anr dparTopHan Program Factorial;
oen N, I, F Var N, I, F: Integer;
Havw BROQX (N) Begin Readln (N);
F :=1 F := 1;
I :=1 I :=1;
noka I <= N While I <= N Do
HI] F :=F %1 Begin F := F * I;
I :=1+1 I =1 4+ 1
w1, End;
BHIBOO F Writeln (F)
KOH End.

U3 arore NpHMeEpa, BO-NEPBHIX, BUAHO, KK 3anPCcBIBAeTCA Ha Ila-
CKaAe OIIepaTOop IHKAA C IPEAYCAOBUEM (]'.H/IKJ\ ((HOKa»):

While <ycnoBue BRIIOnHeHUWA> DO <Telg yukna>

While — IIOK4, Do — ACAQTH. Ecau Teao OHEKAl COAEDKHT IICCACAD-
BATEALHOCTE ONEpPaTOPOB, TO TOBOPAT, YTO OHO 06pa3ye-]" COCIMABHOL!
onepamap, B Ha4Yaae M KOHIEe KOTOPOTro HAAC gucaTh Begin u End.
CayxeOupe croBa Begin v End 4acTO Ha3HIBajoT oRepamopHMMU
cKoOKaMl, OOBeAVHSIOIINMY HECKOABKO OIEPATOPOB B OAMH COCTAB-
HOH. ECAM JRe TeAO [HKAA — OAWH ONEPaTop (He cocTaBHOF), TO oIle-
paTopHEIX CKOGOK He Tpebyercs. Toraa TPRHCASITOD CUMTAET, ITO TEAD
(IHKAA 3aKAHYHBAETCA Ha OAMMKAHIIEM 3HAKE «)%,

BO-BTOPI:IX, U3 IpAMEpa BUAHO, 4TO B r[aCKaAe HeT CrellMaAbHEIX
CAOB AAfl 0003HAUEHHS HAYaAd TMKAQ (HU) M KOHTI3 ITHKAQ (xm). Ha Bce
CAyYaH eCTh cAyXeOHbIe croBa Begin m End.
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PaccmoTpHM ellle 0AHH IPHMep IPOTPaMMEl DeHIEHHS KBaApaTHO-
ro ypaBHEHHS:

anr KOpHMN; Program Roots;
Bew a, b, ¢, 4, x1, x2 Var a,b,c,d,x1,x2 : Real;
Ha4 Begin {BeOX OAHHBIX C KOHT—
ponem}
NOBTOPATE Repeat
BHIBOLI «BBemouTs a,b,c; Writeln('Beemure a, b, c:
a # 0») a<>0");
BBOD &, D, C ReadLn{a, b, c}
no a + 0 Until a < 0;
d := b*2 - 4dac {BedmMcrieHMe OMCKPUMMHAHTA }
d := bxb — d*a=*c;
ecnn d =2 0 If d >= 0
TO Then Begin {EcTb kKOpHM}

xl:=(-b + sgrt(d))/(2a) =xl:=(-b + sgrtid))/;2/a);
x2:=(-b-sqrt(d))/ (2a) x2:=(~b—sqgrti(d))/2/a);

BHEBONO X1, X2 WritelLn('xl =', x1,
'x2 =Y, x2);
End
nHave ELEBEON «HeT mBE- Else WritelLn('HeT Be-
WECTREHHEX KODHEeM» WeCTREHHEIX KOopHen')
KB End.
KOH

B 3TOH mporpaMme 10 CPaBHEHHUIO € IPHBEACHHBIMH paHee TTOSBH-
AOCH MHOTO HOBHIX DAEMEHTOB. FMs BemecTBeHHOro THIa AAHHLIX B
TTackare — Real.

IlukA € DOCTYCAOBHEM (IJUKA «AO») IpOrpaMMHPYETCH OIIepaTo-
POM

Repeat <reno uurna> Until <ycnoBMe OKOHYAHWUA>

Repeat — noetopsaTs, Until — po. Teao nuKaa MoXReT IpeACTaB-
ASITH CODOM KaK OAMHOYHBIHN, TAK U COCTABHOM OLEPaTOR, OAHAKO YIIOT-
pebarenns caos Begin 1 End He TpebyeTcs, nockoabKy caoBa Repeat n
Until caMH BRIIOAHAIOT POAB CHEPATOPHBIX CKODOK.

3uak # (He pasno) B [lackaae HMeer oDO3HadyeHMe <>, a 3IHAK 2
(BoABLIE HAM paBHO) 0DO3HaUaeTcs >=.

[Tpagura 3ankcK apMpMeTHISCKUX BEIDASKeHWH OyAyT NOApOOHO
PacCMOTPEHEl HEMHOTO N03Xe. McnoabayeMasn B hopMyAaxX BEITHCAE-
HHA KOpHell CTaHAApTHasA (PYHKI[HA KBAADATHOTO KOpHA (+/x ), B ITa-
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CKaAe 3aMHCHIBAETCA B BHAE sqri(x). TTOpsSIAOK BLITIOAHEHWS onepanii
B BHIPaKEHHY OTIPEACATIETCA CKOOKAMH W CTAPHIMHCTBOM OIeDAIi.
CTapIIMHCTBO OTIEPalldi OTIPEABASETCH Tak JKe, KaK B aarebpe, Orne-
pauuy OAMHAKOBEIE II0 CTAPLIMHCTBY BEIIOAHAIOTCH B IIOPIAKE MX 3a-
IMUCH (CAeBa HaNpaBo).

Betpaenue B [lackare IpOrpaMMHPYeETCs C IIOMOUIBIO YCAGBHOTO

onepamopa, UMeIIIEeTo CASAYVIOUYIO POPMY:
If <ycrnoeme> Then <onepatop 1> Else <chnepatop 2>

If — ecau, Then — To, Else ~- mHaue. Oneparopst 1 ¥ 2 MOTYT OBITE
KaK OAMHOYHEBEIMH, TaK M COCTABHBIMH. (COCTaBHOM OTEpPaTOp CACAYET
3aKAIOUATE B omepaTopuble cKOOKH Begin 1 End.

Tak Ke, KdK M B AATOPHTMHYECKOM S3LIKE, BOAMOXXHO MCIICAL30Bd-
HHE HeTIOAHOH (DOPMBI YCAOBHOTG OTICPaTODA:

If <ycnoeme> Then <onepaTop>

XaparkTepHoH YepTol AGHHOH OpOIPaMMEL ABASETCH HCIOAB3OBAHNIE
B TEKCTe KOMMenTapues. Kommenmapuii — 3T0 Aro0ad IOCAEAOBATEAR-
HOCTE CHMBOAOB, 3aKAIOYMEHHEIX B (PHTYpHEIE CKOOKH {...}. MOXHO Tak-
K€ MCLIOAB30BaE B KaueCTBe OIPAHIUWTEACH KOMMEHTAPHEeB KPYTAbIe
CKODKM CO 3Be3A0YKAMU (*..%). KOMMOHTapHI He ONpeASAsieT HHKAaKIX
ACHCTREHE OpOrpaMMul, a ABASETCS AHMIIE [TOSICHATEABHRIM TeKeToM. OH
MOJRET AGBATHCA B AI0DOM MecTe TPOrPAMME], A€ MOXXHO ITOCTABHTE
npobea. [TporpaMMHUCT TIHMIITET KOMMEHTAPUN He AAA KOMIIEIOTEpa, a AAA
cebst, IpUAABas TeKCTY HpPOrpaMMel GOABILIYIO SCHOCTE.

XOpomo OTKOMMEHTHPOBAHHEIe IIPOTPAMMEl HA3HIBAIOT CAMOAOKY-
MEeHTHPOBAHHEIMU. B HEKOTOPEIX NporpaMMax ooweM KOMMEHTapHeB
IIpeBHillaeT 00BeM BEIMHCANTEABHBIX OlIePaTOPOB.

Ygaunoe ucnoAb30BaRUE KOMMERMAPUER — NPUIHAK XOPOWErD cmu-
AA IPOrPAMMUIPOBAHUA.

AAST BEIIOAHCIIHS MporpaMmel Ha 2BM ee caepyeT BBecinu B ng-
MAMDL, OMMPAHCAUROBAMEL W UCNOAHUMb., AAS OTOTO Ha KOMIBIOTEDEe
ACACHEL MMETHCS CIIEITHAARHBEIE CPEACTBA NMPOTPAMMHOID obecnede-
uusl, koropoie Ha [TK cocraeasiror cucremy Typ6o Tlackane.

YNPAXKHEHA

«OTTPaHCAMPOBATLY C AATOPUTMHYCCKOTO A3bIKA Ha A3HIK [lacKaab:
a) aaropdT™ EBRAMAQ;
6) aAropuTM BEIGOpA OOABIIETCO 3HAYCHHS H3 TPeX;
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B) QATOPHTM OMPEASACHHSA CYILECTBOBAHUA TPEYTOABHHKA C 38AAHHRIMU
AAHHAMH CTOPOH;

T) BATOPHTM YMHOXCHMS ABYX LEABIX YHCEA, OTPaHHYHBAACE TOALKO Olle-
PALIMAMH CAOXKCHHA H BEIYHTaHNA;

A) GATOPHTM BBEIYMCASHHA YACTHOTO M OCTATKA OT LIGAOYHCAEHHOTO AGAE-
HHSAL.

2R3 HEKOTOPBLIE CBEQEHNA 0 CUCTEMAX
NPOrPAMMUPOBAHUA HA MACKANE

Cucmema npoOrpaMMUpPOBARUS — 3TQ COBOKYIIHOCTL CUCTEMHEIX
CPEACTB, NPEeAHA3HAYEHHBIX AAS PAa3pabOTKH INPOrpaMM Ha KOHKDET-
HOM A3hiIKe IPOrpaMMHpoBalusd. CoBpeMeHHBIE CUCTEMBI [IPOrpaMMH-
POBAHHSA BKAIOYAIOT B Cebs:

¥  TDAHCAATOP (KOMIIHAATOR MAH MHTeplpeTaTop);

8 HHTeIPUPOBANHYIO Cpepy pa3paboTxul Iporpamm;
® BCTPOEHHELl TeKCTOBLIA peapaKTOD;

® SUOAMOTEKH CTAHAAPTHBIX HpOTpaMM M QYHKIMH;
B CpPEACTBA OTAAAKH MpOTpamM;

B BCTPOEHHBIE COPABOUYHEBIe CAYKORL 1 TIp.

B 1980-x rr. dwpma Borland Havara pabory Hap MOAH(MHIMPOBAH-
HOH BepCHeH CTAHAAPTHOTO 3ulKa [lacKaak, KOTopad GHIAA HA3IBAHA
Typ6o Tlackanrem. OaHOoBpeMenHo Oblha paspaboTaHa cucTeMa Npo-
rpaMMHUpPOBAHHA AAA A3LIKA TypOo ITackanb pAAf TepCOHAABHEIX KOM-
netoTepoB cepun IBM PC. '

BriocaepcTeuu HassaHHeM «TypGo Tlackaab» craau o003HavaTh
TAKKC CHCTeMy nporpaMmupoBanusa. CucreMa NpOrpaMMHpPOBAHHA
Typ6o Tlackann npepHasHavanachk AA8 paboThl B CPeAe OMepalHOHHOA
cucteMnl MS DOS.

Typbo [Tackaar (Kak 436K, TAK H CHCTeMa NPOrpaMMHMpPOBAHHA)
3HAYUTEALHO H3MEHIACH 34 UCTOPHIO CBOETO CYIIECTBOBAHHA.

Ileperiit BapuadT Typdo Ilackara ¢upmMa Borland BEIIIyCTHAG B ce-
peauHe 1980-x rr. 3aTeM OBIAO CO3AAHO ecTh MopudUKanufl cHcTe-
MEl, U3BECTHHX KakK Bepcuu 3.0, 4.0, 5.0, 5.5, 6.0, 7.0. Kaxaas U3 mux
npeacTaEAseT cobol ycoBepUIeHCTBOBaHHEe IIPEABIAYINCH Bepcui. Bee
OHM CO3AABAANCH AM ceMelcTBa MatiyH [BM PC 1 copepluencrsosa-
AHCH BMECTE C KOMIBIOTePaMH.

Bepcusa 3.0 Gu1ra OpUEHTHPOBAHA HA KOMIIBIOTEPE MAAOH MOLIHO-
ctit (IBM PC/XT). PaszpaGarnipaeMele Ha HeH [IpOrpaMMEL HMEAH Orpa-
HUYEeHHe Ha AAHHY (He Goaee 64 KOaitT); B Hell He BHIAC CPeACTB pas-
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ACABHOM KOMITHASIIMH B3aMMOCBA3AHUAIX [IPOrPAMM; ONEPAUTHOHWaAg
cpepa Owlda BecbMa HecoBepileHHA. BoAblipe W3MeHeHUs OLIAH Bye-
ceHol B BepcHio 4.0. TlogBHAKMCE coBpeMeHHas AHAAOroBas CPeja,
CPeACTBA PABAEABLHOM KOMIIMASIMU IPOTPaMMHBIX MOAYAEH, MOWIhag
rpacdHYeckas OMOANOTEKA.

Bepcua 5.0 oTtanyasack B OCHOBHOM AaabHeHINMMH ycOBepIley-
CTBOBAHHUAMHE CpeAbl pa3pafioTKH, K KOTOPO# GuiA AoDaBAeH BCTPOpy-
HBIH OTAGAUMK. B Bepchio 5.5 OLIAH BIIEPBEIE BKAIOTEHBI CPeACTBE Hoa-
AepkkHd OOI1 — coBpeMeHHON TEXHOAOTUN CO3AAHUA [IpOrpaMMm.

ThaBHele OTAMYHSA BepCHH 6.0 — 3710 HOBas cpeAd, OPHEHTHPOEaH-
Has Ha paBoTy c YCTPOHCTBOM BECAA THIA «MBITL» H HCIOAB3YIOan
MHOTOOKOHWHBIH DEKHUM PaGOTEL 06HeKTHO-0pueHTHPOBanHaA Oubay-
oreka Turbo Vision, a TakKe BO3MOKHOCTE BKAKYATEH B TEKCTHI Ipg-
rpamMm KOMaspsL AccemGaepa.

Bepcus 7.0 He cOAePIKAAA KAKHX-TO MPUHIMITHAABHBEIX HOBIIECTR
O CPAaBHEHUIO C BepcHedl 6.0, BBepAeHE! HEKOTOPHIE PACIIAPEHHS S3k-
Ka NMPpOrpaMMHPUBAHHA, 4 TA3K)Ke AOIOAHHTEALHEIE CEPBHCHBIE Boj-
MORHOCTH CHCreMHO#H ofoaoukn. K crapmuM sepcuaM Typbo Ilacka-
ASL CTAAM TIPMMeHAThE HasBauue Object Pascal.

OnepanyoHHas cucTeMa Windows mopAepRuBaeT paboTy NpHie-
JKEHHH, pa3paboTaHHHX nop MS DOS. Do orHocHTCH U K Typ6o Ila-
ckaaw, CyliecTByeT psj COBPEMEHHHX CUCTeM TPOrpaMMHpOBaHNs
Ha TTackane, IpepHa3HAYEHHBIX As paboTnl B cpeae ONepallioHHo
cuecreMsl Windows, Cpea HHX CBODOAHO paclpoCTpaHsieMble CHCre-
Mbl: Free Pascal, GNU Pascal. f3mk # cucTeMa OPOTPAMMHPOBAHug
Pascal ABC, pa3spaboranible B KOxxnom diepeparbHOM YHUBEPCHTETe,
IIHPOKO MCIIOABIYIOTCH B YYeOHEIX 3aBeACHHAX POCCHU AAS obyuetyg
IPOrpaMMUPUBAHHEQ,

B nocaeay1ouinx noApasiesax HACTOAILEH raaBhl BYAET OXTUCHIBATL,-
cs1 A3bIK [lacKaAb B COOTBETCTBHH €O CTAPIIMMK BepcHAMY Typbo a-
ckaaq, ['lpu atoM, B MzyyaeMoM 06keMe, o0ecneunBaeTcsa IpeeMCTBey-
HOCTE OCHOBHEIX CDEACTB A3LIKA €0 BCeMH COBpEMEHHBIMHW DEeaAW:y-
nmusaMu ITackaad.

3MEMEHTbI A3bIKA TYPEO NACKATb

Axdaent. Argasut sanka TypGo [Mackaab Bratouaer B ceba Oyk-
BEL, uud)pbl M CIELHAABHBIE CHMBOAEL

® AaTHHCKHE GYKBHL OT A A0 Z (IponMcHbie) M OT @ A0 Z (CTPoy-
HEIE);
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| | I_UrICl)pLI 0, 1,- 2: 3| 4r 51 6| ?I 8l 9;

8 JIecTHapAllarepudHele qudpei 0, 1, 2, 3, 4, 5,6, 7%, 8,9, A, B, C, D,
E, F;

a CNENUAABHEIE CHMBOABL + —* /= <> []., ()1, {} " @ $ #

Chaepyrommue KOMOUHAIMY CIIEIIHAABHLIX CHMBOAOR SBASIOTCH EAU-
HBIMH CHMBOAAGMH, KOTOPEIE HEAL3A Pa3ACASITE TpobeAaMu:

‘=  3HAK IPHCBAMBAHMS;

>=  HOABLIe HAH PABHO;

<= MeHbllle HAH PaBHO,

<> HE PABHO;

(* *) orpaHMYHTEAN KOMMeHTapueRr (Hapsaay c { });

{.) o9xBwBaaenT]|].

fpobean, — 3710 cuMBOA npobera (ASCII-32) 1 Bce ypaBasomue
cuMBoAE Kopa ASCII (ot 0 a0 31).

K cnenmmanbHBEIM CHMBOAAM OTHOCATCA TaKKe CAYKeOHbie CAOBQ,
CMBICA KOTOPHIX OIPEASACH OAHO3HAYHO W KOTOPHIE HE MOTYT OLITh HC-
IIOAB30BAHEL A ADYTHX eael, AAS A3LIKa — 3TO €AMHEIE CHMBOABL

ChayxeOHEle caoBa fA3klKa TypGo [Mackaab: absolute, and, array,
begin, case, const, div, do, downlo, else, end, external, file, for, forward,
function, goto, if, implementation, in, inline, interface, interrupt, label,
mod, nil, not, of, or, packed, procedure, program, record, repeat, sct,
shl, shr, string, then, to, type, unit, until, uses, var, while, with, xor.

IMocaepnne Bepcum u3niKa Typbo Ilackasb COAEPKAT TAKKe PHp
CAYKeOHBIX CAOB, OTHOCAUIUXCH K paboTe ¢ 06 beKTaMM H BCTPOEHHBIM
acceMBAePOM.

HaesTudmkaropel. MAeHTHOHUKATOPOM HA3BIBAETCH CHMMBOAMYE-
CKOE UMS ONPEACACHHOTO MPOTPAMMHOTO 0GLeKTa: KOHCTaHTHI, Nepe-
MEHHbIe, THIE AGHHBIX, IPOUEAYPH, GyHKLUNA, OporpaMMel. C NOMO-
I{BI0 CHHTAKCHUECKOH AHMAIpDaMMEl HACHTH(HKATODP MOXKHO NPEACTa-
BUTE B BHAE, [TOKA3aHHOM Ha puc. 2.1.

Pacummdporars AMarpaMMy MOKHO CASAVIONIUM 06pa3zoM: MACHTH-
hUKaTOp — 3T0 AIODAs TOCAEAOBATEALHOCTL GYKE U NEQP, HAUMHAIO-

— <bykBa>
<Wpeutudukarap>

<Byxsa> 1 -—

<Ungpa> ——

Puc. 2.1, CuHTakcrHeckas guarpamma naeHTUhKaTopa
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masica ¢ 6ykeel. B TypBo llackare K 6yKRaM NPHPABHUBAETCH TAKIKe
3HaK IOAHEepKHBAHKA.,

CTpoyuHble ¥ NPOIHCHEIE OYKBEL B MAeHTH(OHKATOPaX U CAYKeDHEIX
CAOBax He pasaudaloTcea. HanpuMep: max, MAX, MaX, mAX — 0AHO H
TO Ke MM

B Typ6o Tlackare AAMHa HWASHTH(PHKATODa MOXEeT OBITh NPOH3-
BOABHOI, HO 3HAYALIUMH SIBASIOTCH TOABKO HepBhie 63 CHMBOAA.

KoMMesrrapui. KOHCTPYKIMM CAGAYIOIIETO BHAA IIPEACTABASIIOT CO-
60 KOMMeHTapHH H [[03TOMY UTHOPHPYIOTCA KOMITHAATOPOM:

{nmo6Golt TexcT, He CoAepwamMil CHMBOI «}» ]
(* moSoli TexKcT, He COLNSPXANMM CHMBOJE «%)» #)

ByxrBEl pycckoro aadaBuTa YIOTPeOATIIOTCA TOABKG B KOMMEHTapH-
S1X, ANTePHEIX H TEKCTOBKIX KOHCTaHTaX.

CTpoKa, HAUWHAIOIIAACT ¢ CHMBOAOE «{$» mAm « (*$», ABAfeTCH AH-
PEKTHBOM KOMITHASTOPA. 34 9THMH CHMBOAGMH CAEAYET MHCMOHUKA
ROMEHAK KOMITMASITOPA.

m KOHUEMUWS TUMOB QAHHbIX

Kounenuus TUNOR AQHHBIX SBASETCA OAHOH M3 IEHTPAALHEIX B AIG-
BomM A3LIKe nIporpaMMHpPOBaHNAA. C TMNOM BeAHMYHHE CBA3AHEI TPH e
CBOHCTEA: (JOPM@ BHYMPEHHETNC NPEegCMABAEHUsA, MHOMXECIMBO NPWil-
MaeMhlx 3Hauenull u muoxecmso gonycmumsix onepagud. Typ6o Ila-
CKéAb Xapakrepuzyerca OOABIIMM pasHooOpasmeM THIIOB AAHHEIX
{puc. 2.2}

B cranpapraoM IlacKane OTCYTCTByeT CTDOKOBEIM THI AAHHEIX.
Kpome Toro, B Typ6o [Nlackase neaple U BellleCTEEHHBIE — 3TC TPYIIBL
THIICB AGHHEIX. B BoAee no3pHux Bepcusax TypGo [Tackaada cywecTBy-
IOT IIPOIEAYPHBIH TUII AQHHBIX W THII AGHHLIX «O0DBexT»,

Ka>XaABi# THII AQHHEIX MMeeT CBOHM HAEHTH(DHKATOD.

UndiopManis 0 OpOCTRIX THINEX AAHHBIX, OIpPeAeAeHHBIX B TypOo
IMTackaae, npeapcraBaeHa B TaGA. 2.1, Aas BCIIECTBEHHBIX THIIOB A&H-
HBIX B CKOOK@X yKA3aHO KOAMYCCTBO COXPAHAEMBIX 3HAYAIIMX LHMD
MaHTHCCEL B AECSTHUYHOM LIPEACTABACHUH THCAQ,

B craspaptHoM [lacKaae U3 BelleCTEEHHLIX THIIOB ONMPEeAeAeH TOAR-
Ko TuIl Real, a u3 mearix — Integer.

Tune! panHEX Single, Double, Extended ynoTpebadioTca B [TacKkaas-
nporpaMmax TOABKO B TOM cAydae, ecal [1K cHaGkeH conpolleccopoM
«rmaaBaromeil apugpmerurur. (Aag npoueccopos IBM PC, nauunas c
[ntel-80486 u panee, 3TO YCAOBHE BCeTAd BEIIOAHASTCH.)
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EZ::EL( MpocTeie JI II IMopankoskie Henmie
—-lBC!.L[eCTEBHHm —‘ Jlornucckne
 CTpyKTypHpOBaHHLIC Maccubel — CHMBOJIBHEIR
Crpoks ﬁepeunc:lummc
Vrasarenu ‘ —I MHOXEeCTRa ] HuTepBaabHBC
——j 3anucn

Puc. 2.2. CrpykTypa TMNoB gaHHbIX Typ6o MNackana

T ARHHLIX HA3BEIBASTCS NOPAGKOBBIM, BCAH COCTOUT M3 CYETHOTO
4YHCAQ 3HAYCHHH, KOTOPbIe MOJKHO HNpPOHYMepoBars. OTCIOAG CASAYET,
YTO AAS 3TOTO MHOMKECTBA 3Ha9€HHWH CYUIECTBYIOT TIOHATHI «CAAY-
IOIHEH» K «IIPeABIAYIITHE»,

OmMcaHHe NEPEMEHHBIX. AASI BCEX TePEMEHHEBIX BEAWYHH, HCIIOAD-
3yEeMEIX B IPOTPAMME, AOAXKHEI OBITh YKA3aHEl X THIH B pasgeie ne-
pemMennsx. CTPYKTYPa pa3sAeAd llepeMeHHbIX [IoKasaHa Ha puc. 2.3.

TIpuMep pazaAeaa epeMEHHBIX HPOrPAMMEL

Varm, n, k : Integer;
%, v, Z : Real;
Symbol : Char;

KoncTtaHuthl. THII KOHCTAHTEI ONPEACASSTCHA IO KOHTEKCTY, T.€. IIO
cbopMe ee 3aMHCH B IPOTpaMMe.

Ieasie gecamiMHble KOHCTAHTHI 3a0MCBLIBAIOT B OOBIYHON (opMe
IeAOTO YHCAA CO 3HAKOM MAM Oez sHaka. Hanpuwmep: 25, —24 712, 376.

Leante utecmuaguamepuqnbie KOACTAHTEL 3AMMUCHIBAIOT C PehHK-
coM «$r». OHM AOAKHEI HAXOAHWTHCS B AHamasone or $00000000 ao
$FFFFFFFF.

Benjecmpennable KOHCIMAHRME! € QUKCUPOBAHHOU MOYKOL 3aTUCHIBA-
0T B 0OLIYHON hopMe AeCETHYHOIO YHCAd C ApoOHOH YacTeio. Pasae-
AMTEARM UeAOH 1 ApOOHOH YacTel ABAseTCs Touka. Hanpumep: 56.346,
0.000055, -345678.0.
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Tabnuua 2.1. Tunw gadHeix Typdo Mackans

HaeHTHdQHKATOD AnuHa, Bair AManazoH (MHOMXeCTBO} 3HATeHMH
Lleame
Integer 2 -32768..32767
Byte 1 0..255
Word 2 0..65535
Shortint 1 -128.127
Longint 4 —2147483648..2147483647
BewecmBeninie
Real 6 2,9-107%.1,7 . 10%¥ (11...12)
Single 4 1,5-100%..3,4. 10™ (7...8)
Doubte 8 5-107%% 1,7 10%%8 (15...16)
Extended 10 341074992 11104992 (19...20)
Aoruteckuil
Boolean 1 True, False
CuMBOABHBII
Char 1 Bce cumeoARl Koaa ASCII

BemecTBeHHNle KOHCTAHTH ¢ NA4BalOHIeH TOYKOHM HMMEIOT CAEAY-
YR popmy:

<MaHTUCCa>E<nopanox>

3aech <MaHTHCCE> — I[eAOE HAH BeIIeCTBeHHOE IHCAO ¢ (PUKCUPO-
BaHHOHM TOYKOH, <MOPAAOK> — IIeACe YUCAO CO 3HAKOM HAHM Oe3 3Haka.
Hanpumep: 7E-2 (7-10°%), 12.25E6 (12,25 10°), 1E-25 (107%).

<Pa3gen IICpeMCHHEBIX>

Yar 1 <QOnucaHHe TIEpeMEHHBX> ~|—>

<HaeHTHdMKATOD> —0m @ - <Tun> ~—»

<OmnucaHHe TepeMeHHbIX>

Puc. 2.3. Crpykiypa pa3gena nepemMeHHbIX
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CuMBOABLHAA KOHCIMARMA — 3TO AI0GQH CUMBOA aadiaBUTa, 3aKAIO-
YeHHHH B anocrpodel. Hanpumep: 'W', 'I*, '9",

Aoruveckas KoHCMAHMA — 3TO cAoBa: True, False.

CmpoKoBas KOHCIMAHMA — 3TO CTPOKA CHMBOAOB, 3aKAIOUEHHAs B
amocrpogsl. Hanpumep: 'TurboPascal’, 'Otser: ', '35-45-79'. Makcu-
MaABHAaS AAMHA CTPOKOBROM KOHCTAHTHL 255 CHMBOAOB.

Koncranre MoxeT OBITh NOCTE&BAEHO B COOTBETCTBHE OIPEeACAcH-
HO€ MMsi, Ha3HAYeHUE KOTOPOrD TPOH3BOAMTCA B PasjieAe KOHCTAaHT
nporpammul. Hanpumep:

Const
Max = 10090;
G = 9.81;
Cod = '"Oumbxa';

CrpykTypa pasaerd KOHCTAHT HOKaszaHa Ha puc. 2.4. B Typ6o Ila-
CKaAe AQIIYCTHMO TAKOKe yIoTpeSAeHHe MUnUIUpOBIHHBIX KOHCIMGHI.
THUNH3MPOBaHHAsA KOHCTAHTA aHAAOTHYHA NIEPEeMeHHOH, KOTOPOH 3aAa-
eTcs Ha¥aAbHOe 3HaueHHe. [TpHieM NPOUCXOANT ITO Ha Tale KOMITH-
Astin. Hanpumep: '

Const HNumberCard : Integer = 1267;
Size ¢ Real = 12.67;
Symbol :  Char = '%l;

Onwrcanye THNH3HPOBAHHON KOHCTAHTH IPUMBEASHO HA puc, 2.5,

B Typbo Ilacrare uMeeTcs psA HMEH, 3ape3epPBMPOBAHHEIX 3a
OIPEASACHHAIMY 3HAYCHHUIMH KOHCTAHT, KOTOPRIE MOXXHO HCIOAL3Q-
BaTh 0e3 IPeARAPHUTEARHOTO OITPEAGASHHS B porpaMMe (Taba. 2.2).

<Paamen koucTaHT>

Const T <OUMCAHHE KOHCTAHThI> —T—=

6

<HUpeHTHQUKATOP> —*= @ —= <KoHCTaHTA> ——=

<OnucaHne KOHCTAHTBI>

Puc. 2.4. CTpykTypa pasgena KoHCTaHT

<TUnuINpoRaHHAA KOHCTAHTA>

<HaeHTHOUKATOP> —= @—-— <Tun> —= e_l

<KoHcraHTa> — =

Puc. 2.5. On1McaHve TnM3upoBaHHON KOHCTaHTLI

62



Tabnuua 2.2. 3apesepBupoBaHHLie koHcTaHTel Typ6o Mackans

HaerTiduratop Tan 3HaueHHe
True Boolean MCTHHA
False Boolean AOXKDB

MaxInt Integer 32 767

TN AAHHBIX ITOAB30BaTeAsl, OAMH M3 IPHHIMIHAABHEIX MOMEH-
TOB A3bIKa [TaCKAAbB COCTOMUT B TOM, YTO NOAL3OBATEAK) Pa3peilaeTcs
OIIPEeAEAAaTE CBOH THIIEI AGHHBIX. an/I‘IeM THITBI AGHHBIX IIOAR30BATEAS
BCeraa HazupyroTes HA CTAHAAPTHLIX THIEX AAHHBIX [lackaas.

AAs ollHcaHna THIIOB AGHHHIX [I0AB30BaTeAd B ITackanre cymecrny-
eT paspeA THIOB, CTPYKTYPa KOTOPOTO MPEeACTABASHA Ha pHC. 2.6.

AdHHEIe neperucAsemorc muna (pHc. 2.7) 38par0TCA Henocpea-
CTEEHHO I€PeYMCACHHEM BCEX 3HAUEHHH, KOTOPEIE MOKET IPHHUMATh
nepeMenHas AGHIIOTO THIIA.

OnpeapAeHHOE MM THIT@ AAHHEIX 3aTeM HCIOABIYETCH AAS OIKCA-
HHA TepeMeHHBEX. Hanpumep:

Type Gaz = (C, O, N, F):
Metal = (Fe, Co, Na, Cu, Zn):
Var Gl, G2, G3: Gaz;
Metl, Met2: Metal;
Day: (5un, Mcn, Tue, Wed, Thu, Fri, Sat);

3aeckt Gaz 1 Metal — ¥MeHa nepeuHCANEMEIX TUTIOB AAHHEIX, KOTO-
Phle CTABATCA B COOTRETCTBHe NepeMeHHEIM G1, G2, G3 1 Metl, Met2.

<Pazgen THNOB>

Type T <OnucaHue THNa>

<Tun> ——”

<HMma THna>

<QnucaHHe THIIA> @

Puc. 2.6. CtpykTypa pasgena TMNoB gaHHbIX

<IlepeyucaumMbIi THR>
P @ <WUneutudpnxatop> @

O

Puc. 2.7. Onncasve NnepeyvcnagMoro TMNa AauHbIX
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<HHuTepBANLHbI THI>

<¥XoHcraHTa> O <KOHCTaHTA> ==

Puc. 2.8. Onucadwe MHTEPBaNLHOID TMNA 4aHHbLIX

[Tepemenrnoi Day HasHa4aeTes NePeuyrcASeMbli THII AGHHBIX, KOTGPO-
MYy HC OpHCBOEHO HMEHH.

3HaueHHs, BXOAALLME B HepeUHCASeMBIN THI AQHHBIX, ABAAIOTCH
KOHCTAHTAMHK. ACHCTEUS Hah HUMH IMOAUHHAIOTCA NpaBHAAM, IpHMe-
IBICMEIM K KOHCTAHTaM. KaXXaoe 3HaueHHe B [IEPeYUCAAEMOM THIIE 34d-
HHUMAEeT B IaMaTH 2 6aliT, I03TOMY YHCAO DAEMEHTOE He AOAXKHO Hnpe-
BEIIIIATE 65 535.

[lepeurcasieMBIlt THII AQHHBIX — YHOPSACYEHHOES MHOMKECTBO., Ere
3AEMeHTEHl [IPOHYMepPOBaHbB!, HauuHasa OT (0 B NOpPAAKE CAGAOBAHHA B
OIIUCAHUH.

B nporpamMMe, B KOTOPOH HMeeTCH NIPHBEACHHOE paHee OIHMCcaHHe,
BO3MOMKEHO HAANTHE CASAYIOIEro hparMeHTa:

If Day = Sun Then WriteLn('¥Ypa! CercoHAa BHXORHOM!');

AaHHBIC UHMEePBAALHOTre muna (puc. 2.8) 3apar0TCA KaK YIIOPAAO-
YeHHOE OTPaHHYeHHOEe [TOAMHOMKECTBO HEKOTODOTo IOPAAKOBOIO
THIA,

[MopsApKOBBIH HOMEp HIepBOH KOHCTaHTH He A0AXeH GBITh OOAbIIE
HOMepa BTOPOH KOHCTAEHTHL B AGHHEX COOTRETCTRYIOIEro Ga3oBoTo
THIIA.

IpH HCOOAHEHMM TPOTPAMMBI ABTOMATHYCCKH KOHTPOAHPYETCH
IPHYHAAASKHOCTE 3HAYeHHH IepeMeHHON WHTEePBAALHOTO THIA YCTa-
HOBACHHOMY AManaidony, I'TpHu BEIXoAe M3 AMAlIadoHa HCIOAHEHHEe TIPOo-
rpaMMEl IpephiBaeTcd. Hanpumep:

Type Numbers = 1..31;
Alf = 'AT..'2";

Var Data: Numbers:;
Bukva: Alf;

APU®METUYECKWE ONEPALNK, GYHKLIMW,
BbIPAYKEHWS. OMNEPATOP NPUCBANBAHNS

K apudpmMeTraecKnM TUNIAM AGHHBIX OTHOCSTCS TPYIHIE BellleCTEeH-
HBIX H IEABIX THTIOB AAHHBIX. K HUM NpUMeHMMEl apH(pMeTHUeCKHe
oTepaniyd | OIepanui OTHOIIEHHH.
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PasAyuaioT oNlepalldM Hap, AAHHLIME yHAQpHblE (IPHMeHHMBIE K
OAHOMY ONepaHAY) ¥ SuUHGpHLle (MPHMEHHMEIE K ABYM ONepaHAaM).

Ta6nuua 2.3. buHapHeie onepauww MNMackana

3HaK Bripaxenune Twn Tan Onepauyns
orepaHAa pesyAbTaTa
+ A+B R R R Choxenue
LI I
LRRI R
- A-B R R R Bounranme
I1 |
LERI R
* AwB R R R YMHOMKCeHHE
LI I
LR R I R
/ A/B R, R R Bemectreenuoe
I R ABASHUE
LERIT R
div AdivE LT I Lieave pcaeHMe
mod Amod B L1 I OcCraToK or
LeADIC AGAEHHSA

YrapHad apudMeTHIeCKas OIepalius 0AHA —— JTO OIEPAIlHA H3Me-

HEHMS 3HaKa CAeAyloinero dopmara:

—<BoJMUMHa>.

BuHapHele apH{pMeTHYeCKHe ONepaliy CTAHAAPTHOTO si3bika Ila-
CKAAb OITHCAHBL B TabA. 2.3, rae [ — paHHRIE 1[eA0TO THIIG, @ R — Bele-

CTBEHHOI'O.

<MDVHKLAN>

Puc. 2.9. CtpykTypa o6palleHus K iyHKLMA

<Hus dynxumn>—= () T <DakTuec

KMl napamerp>
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Tabnvua 2.4.

CTanpaapTHble MmaTemaTnyeckue thynkunn Typbo Mackans

O6pamenne apr;::ma pe;;r;am DyHKLIHST

Pi — R Yueao n=3.1415926536E+00

abs (x) LR LR Mopyas apTyMeHTa X

arctan (x) IR R ApKTanreHc X, paa

cos (X) LR R Kocunyc x, paa,

exp (x) LR R € — JKCIOHEeHTd X

frac (x) I.R R Apob6Hasg yacTb X

int (x) LR R Dleaas yacTh x

In (x) LR R HarypaabHblil AorapHdgiM X

randam R TMceppocayyaliHOe YHCAO B Wil-
Tepsane [0, 1]

random (x) I I TTcepaocAyd9afiHOE YHCAO B HH-
repeane [0, x]

round (x) R [ OxpyraeHHe x AD BarKaHIIero
LEeAOTO

sin (x) LR R CuHyc x, paa

sqr (x) LR LR Ksaapar x

sqrt {x) LR R KopeHb KBaAPATHEIHM U3 X

trunc {x) R [ Baukaftice eaoe, He IIpeBRI-
WAloLIee X 110 MOAYAID

K apu¢mernueckuM BeAMYWHAM MOTYT OBITH NpHMeHeHEBl CTaH-
AapTHHE (QYHKLKH 23bKa [lackaab, Crpykrypa o0pallleHHs K QyHK-
UM PEeACTaBAEHA Ha pHc. 2.9,

@OyHKIUA B BHIPEREHMH BEICTYIIAET Kak onepaH). HanpuMep, B
OnepaToOpe NPUCBAHBAHUSA

X 1= 2 % 3in(A)/1In(3.5}) + cos{C-D}

QNEePAHAAMH ABASIIOTCA TPH PyHKUMH: sin, In, cos, 3a0HCLIBaeMBIe TaK
Ke, KaK B MaTeMAaTHKe. APryMeHThl HA3bLIBAKTCH (aKTHUYECKUMU IIa-
paMeTpaMy, SBAHIOTCH B ODIleM CAy4Yae BLIPA’KeHHAMH apHdMeTnue-
CKOPO THIIa U 3aTIHCLIBAIOTCS B KPYTARIX CKOOKax. Pe3yABTATOM BREIYMC-
AeHHs PYHKOUH ABAAETCA BEAMYMHA COOTBETCTBYIONIErO THIIA,
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Onucanmsi CTaHAAPTHHIX MareMaTHIecKux dpyHrumi Typ6o [acka-
AST COAEpPARUT TabA. 2.4,

ApundmMerHuecKkoe EbIpaReHHE 33A3eT NOPAAOK BRENIOAHEHHA ALKH-
CTBHUL HaA YHCAOBHIMH BeAHYHHaAMU. ADUBMETHYECKHE BRIDAKEHHA
COAEPKaT apHdpMeTHUEeCKHe onepauun, byHKouK, OlepadAbl, KPyT-
AHle ckoGOKu. OpHA KOHCTAHTA MAM OAHA TlepeMeHHasds — 3TO IPOocTel-
mas dopMa apHPMETHIECKOTO BRIPaKeHUsd,

Hanpumep, MaTeMaTHIeCKOe BhipakeHHe

2a+ ,J0,5sin(x + ¥)

0,2c —In(x - ¥)

34alIHCaHHOEe IO IIPABHAAM S3EIKA [Tackaab, Gy,n,e"r HMeTE BHA,
(2 * A + sgrt (0.5 * sin(X + Y))) /(0.2 * C—1In{X-Y)).

AAA BepHOH 3amHCH APHQMETHYCCKHMX BRIDAKEHWH CASAYeT CO-
OAIOAATE ONPEASASHHEIC TPABHAL.

1. Bce CHMBOARI THCATL B CTPOKY, T.e. Ha OAHOM ypoeHe. Ilpocras-
AATE BCE 3HAKH QIEPAlNi, He IIPOINYCKAsA 3HAK «*»,

2. He pA0IIyCKaTE 3aIIMCH ABYX 3HAKOB ONepalui MOAPSAA, T €. HeAb-
39 TIMCaTEL A + —B, caeayer nucaTb A + (-B).

3. Onepanuu ¢ Boaee BRICOKHM NPHOPHTETOM BEINICAHAIOT PaHBIIE
OIepauil ¢ MeHLIIKMM IPHOPUTETOM. ITopsAAOK yORIBAHHA NMPHOPHTE-
TOB OTNEePalM CACAYIOHTHI!

8 BBMHCACTIHC QYHKIHU;

m yHapHAas ONepalyda CMeHH 3HaKa (—);

s % /, div, mod;

.+ -

4, HeCKOABKO 3aIIMCAHHBIX IICAPSA ONEPALIMIL ¢ OAMHAKOBLIM IIPHO-
PHUTETOM BEIIOAHSIOT MOCASAOBATEARHO CASBA HAIIPARO.

5. HacThb BEIPasKeHHs, 3aKAICUeHHAas B CKOOKH, BEITHCASIETCS B ep-
BY10 04epeab. {Hanpumep, B BEIpaXKeHHH (A + B) * (C — D) ymMHOReHHne
TIPOM3BOANTCH [IOCAE CAOMKEHHA W BEIYHTAHHA.)

6. He caepyeT 3allMCHIBATE BRIDAKEHHS, He HMelolIHe MaTeMaTHye-
CKOTO CMEICAQ, HAallPUMep: AeAeHHe Ha HyAb, AOTAPH(M OTPHIATEAL-
BOI'O YHCAd W T.IL

MpueeaeM npriMep. ApudMeTHIECKOe BLIpEXeHHe, 3aMHCAHHOE
N0 YKasaHHBIM IpaBHAAM (IUpPaMM B KPYXKe YKasaH HOPSAOK BEHI-
[OAHEHUA OIlepalKil),

OO0 66O v o O ® ©

(1+y)*(2*x +sqgro(y)—(x+y)}/(y+ 1/ (sgrt(x)- 4))
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COOTBETCTBYET CAGAYIOIEH MAaTeMaTHIeCKoH hopMyAe:

(1+y]2x+\/;71(x+y)'

+—
y x2 -4

B lNackaae HET ONepariy MAH CTaHAAPTHOH (GyHKIOHA BO3BeACHHA
9HCA4 B [HPOM3BOABHYIO CTEIEHL. AAS BEIMHCAEHHS Xy DEKOMEHAYETCH
NOCTYTIATh CACAYIOLIHM 0Opazom:

® QCAU ¥ — LeAoe 3Ha4YeHHEe, CAEAYeT MCIIOAL3OBATE YMHOXEHHE,
HampuMep: X° — X * X * X. Ard GOABIIMX CTelmeHel CASAYeT HC-
TIOAB30BATE YMHOXKEHME B LIMKAL;

B eCAH y — BelleCTBeHHOe 3HaYeHHe, HCIOAL3YeTCA CABAYIONIas
MaTeMaTHYecKast opMyaa: xy = eY™™, zanuck xotopoit Ha ITa-
CKaAe MMEET BHA

exp(Y * In({x})

OYeBHMAHO, YTO NPH BEMIECTBEHHOM THNE ¥ HEAMITYCTHMO HYASBOE
HAH OTPHIIATEALHOE 3HAYEHHE X. AAS y IEACTO THIIA TAKOTO OTpaHnye-
HUS HET. 1

Hanpumep, dpopmyaa ¥a+1 = (a+1)3, zanucansas na [ackaae, 6y-
ABT UMETE BHA,

exp(l/3 * In(A + 1))

BripasXeHHe HMeeT LeAR THUIL, €CAM B Pe3yARTaTe €70 BHYHMCASHHS
IIOAYYAETCH BEAWUMHA IIeAoro TMIa. BEIpaskeHue UMeeT BellleCTBeH-
HEIH TUN, ECAM PE3YALTATOM €TO BLINUCASHUA ABASETCS RellleCTBeHHas
BEAMUHHA,

ApudMeTHICCKHI ONEPaTOp NPHCBAMEAHHA HMEeT CTPYKTVPY,
IPEACTABACHHYIO HA puc. 2,10.

HamnpuMep, 3T7c MOMXeT ORITE 3alIACE BUAA

Y := (F * N—4.5)/cos(X).

TTopsaox BHNoAHeHHs onepaTopa DPUCBANBAHMA PACCMATPHBAACH
paHee. CaecayeT TOABLKO 00paTHTh BHHMaHKe Ha CACAYIOIee NDAaBUAD;

<ApudmeTndeckuii onepaTop npUCBAMBAHNA>

<IicpeMeHHAn> —o @ —|

—— CApUGMETHIECKOE BRIDAKEHUE> —— =

Puc. 2.10. CrpyxTypa apuipmeTM4acKoro onepaTopa NpucBanBaHVA
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THIIEI HePeMeHHOH M BhIpayRKeHHA AOAKHEI OHITE OAMHAKOBHRIMM. Mc-
KAIOUeHHEM ABASCTCS CAy4Yai, KOTAQ BhIpakeHHe HMeeT IeAbld THI, a
epeMeHHas — BelleCTBeHHBIA.

YAPAXHEHWNA

1. 3anucaTth apudpMeTHIeCKIe BEIDaXeHAA Ha [1acKaAe AAA CACAYIOIHX
dopmya:

a} a + bx + cyz; 6) [{ax - bjx+clx—d; 8) a+b+fg;
Xty @& | 1 x vy, ( 2 )
: 1040 - 3=P; [ = qj 1 )
0T x oy A100e-3B A R/l R oy

2. 3amdcaTE MareMaTHIeCKHe JOPMYALl, COOTBETCTBYIOUINE CACAYIOIIHM
BREIpaKeH#RM Ha [Tackanre:

a) (p+al/(r+s)—p=*qg/(r=*s):

6) 1E3 + beta/{x—-gamma * delta);

B) a/b * (c + d})—-(a—-b)/b/c + 1IE-8.

3. Mouemy B [lackanre apryMeHT QyHKIMK BCETAA 3ATTHCRIBAIOT B CKOOKAX,
HAanpuMep nmuuryt ln(5), a He In5?

4. 3anHUcaTeE COOTBETCTBYIOIIME apHpMeTHIEeCKHE BRPasKeHnd Ha [lackaae
AASl CABAYIOIIHX (DODMYA:

a) (1 +x)% 6) v1+x7; B) cosx? 1} log, %;
A) arcsinx; e) i_;e_q_; ) xﬁ; 3) A+x;
Xyz - 3-3|X + ﬂ‘[ﬂ B +sin®n*
JVx® +8%; : .
) VX Y T T inal M cos2 v ctgy]

5. BLIMHCAHTL 3HAYCHHA CASAYIOLIHX BHIPa KEeHHHA:
a) trunc(6.9);

6) trunc{6.2);

B) 20 div 6;

r) 2 div 5;

Al round (6.9);

e} round (6.2} ;

x) 20 mod 6;

3) 2 med 5;

)3 * 7 div 2 mod 7/3 - trunc{sin(l)).
6. OnpeASAVTE THITH CASAYIOIHX BHIPAKEHHN:
ajl + 0.0;

B) 20/4;

B) sqr (4) ;

T} sgrt (16) ;

a) sin (0} ;

e} trunc(-3.14).
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7. ONpeAeAUTE, KaKHe H3 CASAYIOIIHUX OMePaTopoB ITPHCBAMBAHAS TIPABHAL-
HEIE, CAM ¥ — BCU[eCTBEHHAA [lepeMeHHasA, & N — HeAas:

aly = n + 1;

6ln = y-1;

Bjn := 4.0;

T}y := trunciy};

Aly = n div 2;
e}y = y div 2;
FKjn = n/2;

3)n := sqr{sgrt{n)).

8. INoMesITE MeCTaM¥ 3HAYUCHHS IIGARX IIePEMeHHEX X H ¥, He HCTOAB3YA
AOIIOAHUTEALHLIE TepeMeRHLIe, ONpCASAUTD HEACCTATOR HAMACHHOTO AATOPHT-
Md [0 CPaBHEHHIO ¢ METOAOM OfMeHa 3Ha4YCHHH uepes TPeThIo NMepeMeHHYIO.
MOXHO AM IPHMEHATE AAHHEIH aATOPHTM AAS Beil[eCTBEHHRIX YHCeA?

9. IpucBOMTE LeAol nepeMeHHON h 3HauenHe utpH, CTOIIEH B PAIPIAAL
COTEH B 3alIHCH IIOAOKHTEABIIOTO LCAOTO YHCAA k (HAOpuMep, ecan k = 28 796,
To h = 7).

10. TTpHCBOKTE LieAON IIePEeMeHHOHN S 3HAYeHHe CYMMHL [P TPeX3IHAYHOTO
LeAOTO MHCAd K.

11. Oupepeantb, KAKYH 38439y pellacT CASAYIOLIAN IporpaMMa!

Program Test;

Type Natur = 1..MaxInt;
Var N : Natur:
¥ : Real;
Begin ReadLn (N);
X = 0;
While N > 0 Do
Begin
X=X 4% 1.0;
N :(= N-1
End;
WriteLn (X)
End.

YRa38Th, MOXHO AH IIOAYYEHHBIH PE3YABTAT MOAYYHTE DOASE NPOCTEIM
crocoGoM.

m B8O AAHHBIX C KINABWATYPbI
N BbiBOA HA 3KPAH

Beog gannpix — 210 Nepepatia HHGQOPMALMHK OT BHEUTHUX YCTPOHCTB
B ONepaTHBHYIC IIaMATL. BBOASTCS, KaK NIpaBHUAO, MCXOAHEIE AQHHEIE
pentaeMon 3aA34H.

BriBog gahHEX — 3TO TIepeAdya AQHHEBIX M3 ONEePAaTHBHOH IaMATH
Ha BHeIIHMe HOCHTeAM (MedaTh, AHCHAEH, MarHMTHBEIE YCTPOMCTBAa
U T.A.). PesyawsTaThl pelueHnst Ao00H 3apa48 AOATKHEI OBITE BHIBEACHEL.
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OCHOBHBIMHM VCTPOHCTB@MH BBOAA-BEIBOAA MEPCOHAALHOIO KOM-
[IBIOTePa ABASHOTCA KAABHATYPA H AUCITACH (3KpaH MOHHUTOpa). VIMeH-
HO Yepes 3TH YCTPONCTBA TAaBHBIM OOPa3’soM OCYLLECTBAASTCA AMAACT
MexAy veroseroM u T1K.

Mpouegypa BBOgQ C KAQBUGMYPHL UMEET CACAYIOWIHHA hopmar:

Read (<cnMcok BBROIA>)

3AeCh <CMHCOK BBOAA> — 3TO IIOCAEAOBAT@ABHOCTE HMEH NepeMeH-
HBIX, Pa3AeAeHHBIX 3amATHIMY, 8 Read (vuTats) — oneparop obpalle-
HHA K CTAaHAApPTHOH IporeAype BBoaa. Hanpumep:

Read(a, b, ¢, d)

[pH BLINOAHEHWH 3TOTO ONEepaTopa paboTa KOMIRKITEPA IPEpPHIBA-
€TCSI, TIOCAE Hero NOAB3OBATEAh HAGHpaeT Ha KAQBHATYPE 3HAYEHUA
mepeMeHHHX @, b, ¢, d, oTAEASS WX ADPYT OT Apyra npofeiamu. ITpu
ITOM BBOAMMBIE 3HAUEHHS BHICBEYHBAIOTCA Ha 3KpaHe, B KoHie nabo-
pa Ha)KHMAIOT KAaBHIly <Enter>. BBoa 3HaueHHI AQASKEH BBINTOAHATE-
¢ B CTPOTOM COOTBeTCTBHM € CHHTAKCHCOM g3nika Ilackaae, Haupu-
Mep, IpPH BEINOAHEHUH BBOAA B ITpOrpaMme

Var T : Real;

J : Integer;

K : Char;
Begin

Read (T, J, K}:

Ha KAGBHATYpe caepyeT HabpaThb
253.98 100 G [Enter].

Ecam B nporpamMmMe MMeeTCs HECKOABKO onepatopoB Read, To aaH-
HEIE AASL HHX BROASTCS ITIOTOKCOM, T.€. HNOCA€ CYUTHIBAH{A 3HAUYeHHHA
IepeMeHHBIX AAsl OAHOro ollepartopa Read paHHEIE AAS CAEAYIOLLIETO
OlIepaToPa AD OKOHY4HHA CTPOKH CYHTHIBAKITCH H3 TOH Xe CTPOKYU Ha
3KpaHe, HTO M AAS OPEABIAYIIErO 3aTeM IPOUCXOAWT HepeXop Hd cae-
AVIOLIYIO CTPOKY. HanmpuMep, npu BHINOAHEHUM BBOAE B IIpOorpaMme

Var A, B : Integer;
C, D : Real;
Begin
Read(a, B):
Read(C, D);
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Ha KAABHATYPE CACAYET HAOPATh

18758 34[Enter] 2.62E-02 1.54E+4+01[Enter].
OnepaTop BROAA C KABBMATYDE! TAKKE MOMKET HMETh BHAA,
ReadlLn (<cnucok BBOOA>)

3aeck ReadLn (oT read line} — ¢uMTars cTpoky. B oTamgane ot one-
paTopa Read noche CUMTHIBAHUS ITOCABAHErO B CIMCKE 3HAYEHHH AASI
OAHOTO omneparopa Readln AaHHEIE AAA CAEGAVIOLIETO Oneparopa
Readl.n 6yayT CYUHTHIBATLECS C HaYaAa HOBOM CTpPORH. ECAW B ipeABIAY-
I[eM IIpHMepe 3aMeHHUTE oneparop Read Ha Readln, T e. zanucaTe

ReadLn (&, B):
Readln (C, D):

BBOA 3HaYeHHH GYAET IDOMCXOAUTE U3 ABYX CTPOK:

18758 34 [Enter]
2.628-02 1.54E+01 [Enter]

Onepamoep B5IBOga RO 3KPoR (0OpalleHue K CTaBAAPTHOH ITpoleAy-
pe BBIBOAA) MMeeT CACAVIOUIMH opMaT:

Write (<cnmMcok BHBOIA>)

3AeCh BAEMEHTAMU CIIMCKa BRIBOAA MOTYT GRITh BLIDAsKeHHd pas-
AMYHEIX THIIOR (B TaCTHOCTH, KOHCTAHTH H MepeMeHHbIe), HanpuMep:

Write{234); {BLIBOOIMTCH LeJlas KOoH-
CTAaHTA }

Write(A + B—2); {BhBOOUTCHA pesynbTaT
BRIYMCIICHMA BEpPaXeHMA }

Write (X, Summa, Argl, Arg2); {BuBOoOATCH 3HaUYEHMA
nepeMeHHbX |

I'lpu BEIBOAE HA 3KPAH HECKOABKHX UMCEA B CTPOKY OHH He OTAEAs-
IOTCA APYT OT APYTa NpofenaaMy, 06 3TOM ACAKEH MO033aD0TUTECA HPO-
rpaMMHuCT. [Tyers, Hampumep, = 1; J = 2; K = 3. Torpa npu BuIoAne-
HHMH OIIePaTopa

Write(I, * ', J, ' ', K):
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Ha 3KpaHe IIOAYYHM CACAYIOY0 cTPoKy: 1 2 3. IIpuyéeM rmocae BHBOAA

TIOCAEAHETO0 CHMBOAA KypPCOD OCTAHEeTCS B TOH e CTPOKe H CAEAY-

IOIMH BBOA Ha DKpaH OyAeT HAYAHATHCSA € 3TOM MO3HITMH Kypoopa.
[Mponeaypa BEIBOAA Ha 3KPaH TAKKe MOXKeT HMeTh BHA

Writeln (<cnUcok BHBOIAD)

3aAeck Writeln (or Write line) — 3anmucarts cTpoky. AgHcTBUE 3TOTO
OTepPaTopa OTAMYMAETCH OT Write TeM, UTO IOCAE BHIBOAA TIOCAEAHETD B
CMHCKe 3HAUSHMSA IPOHCXOAHMT IepPeBOA KyPCOopa B HAYAAD CALAY-
tolelt ctpokd. Oneparop WriteLn, sanucanneiit 6es 11apaMeTpoB, BB~
[IOAHSAET [IePEeBOA CTPOKH.

(Popmarsl BBOAA. CIIHCOK BRIBOAA MOMKET COACPIKATE YKARATEAH
¢opmaroB BeiBOAA (thopmathl). (DopmaT onpepcadeT OpeACTaBAeHHe
BLIBOAHMOTO 3HAUEHUS Ha 9KPAHE U OTASAAETCSH OT COOTBETCTRYIOLIE-
ro eMy saeMeHTa ABoeTouneM. Ecaw yKasaTeaw hopMaTa OTCYTCTBYET,
ManiiHa BEIBOAHT 3HaueHHe 110 ONpeAeAeHHOMY HPAaBHAY, IPeAycMo-
TPEHHOMY TI0 YMOAYAHHIO,

Aaree Kparko B COpaBcuHOM dopMe MPHBEAEM IIPaBHAA H IpHMe-
pel 6ecopmarHoro ¥ QOPMATHPOBAHHOTO BEIBOAA BEAMYHH Pa3Ald-
HEIX THIIOB. AAfl IPEACTRBACHHS CHHCKA BEIBOAA HCIOALIYEM CASAY-
KIIHe 0003HAYeHU!

I, P, @ — LeACYMCAeHEHLIE BHIDAYKEHMS;

R —- BHIp@XeHHEe BellleCTBCHHOTO THIIE;

B — BHIpaxeHMe OYASBCKOrO THIA,

Ch — cHMBOABHAA BEAMYUHA;

S — CTPOKOROE BHIpasKEHUE;

#  umppa;
* 3HAK «+» HAH «—»;
npoGea.

MopmaTel npouenyps Write

I — BHIBOAMTCS ACCATHYHOE NMPEACTaBASHHE BEAMYMHE |, HaYKMHas
C MO3HUITUUY PACIIOAOREHUA KYpPCopa:

3uauenue | Omnepatop PeayasraT
134 | write (D) 134
287 Write(I,I,T) 287287287

I:P — BRIBOAMTCH AECATHUHOE HPEACTABACHHEe BeAMYHHE! | B Kpai-
HUe IIpakkle IO3MINH oA IMHPHHOH P,
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3HadeHue [ Cneparop PeayarTaT

134 Write(I:6) 134

312 Write((I + I):7) 624

R — B noae mMpriiod 18 CHMBOAOB BHIBOAUTCH ASCATHYHOE IIPEA-
CTABAEHHWE REAWYHHE! R B opMare ¢ naasaioled TOUKOH (ecAan R =
0.0, HcnoaesyeTcsd opMatT __ #HHHEHEEHHHE«H, ecan R < 0.0, dop-
MAT UMeeT BHp, _ —HIBHHEHHAHHIE 5

3Hauenue R Omnepatop PesyapTar
715.432 Write (R) _ 7.1543200000E+02
-1.919%+01 Write (R) _ —1.3190000000E+01
R:P — B KpaiiHWe NpPaBEIE NO3MLHH [0AS HLIHPHHON P CHMBOAOB

BBIBOAHTCS ASCATHUYHOE NIpeACTaBAEHHEe 3HaveHUS R B HOpMaAM30BaH-
HoM )opMaTe € NAaBawled TOUKOH. MHHHMaABHAA AAMHA MOAS BHI-
BOA@ AAM TTOAOJKHTEABHEIX UHCEA COCTABASIET CeMb CHMBOAOB, AAS OT-
pULlaTEABHEIX — BOCEME. [locAe TOUKK BEIBOAHTCA IO KpadHE! Mepe
oaHa nudpa:

3uaucHue R Oneparop PeayAbTat
511.04 Write(R:15) 5.110400000E+02
46.78 Write (-R:12) -4.67800E+01

R:P:QQ — B KpaliHHe IpaBhie NO3HIIMU MMOAS NIMPHHON P CHMBOAOB
BEIBOAWUTCS ACCATHYHOES TPEACTAaBAEHUE 3HadcHTEA R B chopMare ¢ hHK-
CHPOBAHHOH TOUKOH, IpUYeM MOCAE ACCHTHYHOI TOUKM BRBOAMTCH Q)
mudgp (0 £ Q £ 24), npeacTraagomux coboll ApoOHYH0 HacTh YHCAQ
(ecau QQ =0, To HU APOOHAA YACTh, HU ASCATHAYHAS TOUKA HEe BEIBOAAT-
cst; ecar Q > 24, To IPH BEIBOAE HCIIOAB3YeTCH (POPMAT C IAABAOIIeH
TOYKOH):

3uauenne R Omneparop Pezyanrar
511.04 Write(R:8:4} 511.0400
-46.78 Write(R:7:2) _-46.78

Ch:P — B kpailiHI0I0 NMPaBYIO MO3HIIHIO [TOAA IITUPHHOH P BEIBOAHT-
ca 3HadeHHe Ch:

74



3Haveune Ch

Onepartop

Peayasrar

L'

Write (Ch:3}

A

Write{Ch:2,Ch:4)

S — HAUMHASA ¢ TO3ULHKM KyPCOPa BMBOAHTCA 3HAMEHHe S

3Havenue S Oneparop Peayartar
‘Day N Write (S) Day N
'RRDD’ Write (5,5} RRDDRRLD

S:P — 3naveHHe S BLIBOAMTCH B KpaiiHue Opapkle MO3HIHMH MOAS
wupuHOM P CHMBOAOB:

3uavenne S Onepatop PesyapTar
‘Day N’ Write(s:1» | _ _ _ _ @I Day N
'RREDD’ Write(5:5,5:5) _RRDD_RRDD

B — BHIBOAHUTCA pe3yAbTaT peipaykeHusa B (True uau False), maun-
HAs ¢ TeKyllel Mo3uiuKl Kypeopa:

3nauenne B Omngpatop PeayabTar
True Write (B} True
False Write(B, Not B) FalseTrue

B:P — B KpaliHue llpaBele NO3HIHH MOAA UMPMHOH P CcHMBOAOB

GBEIBOAUTCA Pe3VALTAT OYAEBCKOTO BLIPASKOHUS:

3nayenwe B Onepatrop PeayanTar
True Write (B:6) _ True
False Write(B:6, Not B:7) | False_ _ True

YNPABNEHVE CUMBOSMbHLIM BLIBOAOM

HA 3KPAH

HcnoabzoBaHMe AASl BEIBOAA Ha 3KPaH TCABKO mpolleayp Write u
WriteLn ofecneunsaeT NporpaMMHCTyY OMeHb MAAG BO3ZMOXKHOCTEH 110
YMPaBACHHIO PACIGAOKEHNEM Ha IKPAHe BBIBOAMMOro TeKkcTa. Ileyarts

75



TeKCTd MOJKET NMPOUIBOAMTHCH TOABKO CRepXy BHHU3, CAeBa HAIpPaBo.
[Mpu 310M HEBOIMOXKHEI BO3BPAT K NPEALIAYIIMM CTPOKAaM, CTHpaHKe
HAIeYaTaHHOTO TeKCTa, H3MeHeHHe I{BeTa CHMBOAOE H T. A,

AOMOAHHTeABHBle BO3MOJKHOCTH YIPaBAGHHS BHIBOACM Ha DKpaH
obecnedHBaIOT Nponeayphl H GyHKOuH Moayasa CRT. Aaa ycranosae-
HHA CBSI3H IIOAB3CBATEALCKOHN MPOTPAMMEL C 3THMM MOAYACM NEpep pas-
ASAAMH OIHMCAHMH AOAXHA DLITE AOCTaBACHA CTPOKA

Uses CRT

Paccmorpum nousrasa, HeobxopuMble npu pabore ¢ mopynrem CRT:
PeXHMBL 3Kpald, KOOPAHHATHL HO3HITMH Hd 3KpdHe, TEKCTOBOE OKHO,
HBeT HOHA U IIBET CHMBOAA.

Pexumbl KpaHa. Bo-IePBLIX, BEIBOA HA 3IKPAH MOXKET [IPONCXO-
AUTH B TEKCTOBOM HAY rpauueckoM BEAe (Ha rpayvYecKUX AMCIIAE-
sx). Mu 3aeck OyaeM rOBODHTE TOARKO O TEKCTOBOM BRIBOAE.

Aucmaer Moryr OBITH MOHOXPOMAaTHUYECKHMMH (IepHO-OeAnIMH) H
nBeTHEIMH. MoHOXpoMamuueckue gucnieu MOTYT paboTaTh TOABKC B
yepHO-OeAOM pexIMe, a lBemHbie — Kak B YepHO-GeAoM, TakK U B
uBeTHOM. KpoMe TOTO, TEeKCTOBhIE PEKHMEI PA3AHYAIOTCA IO THCAY
CHMBOABHBIX CTPOK H CTOADIIOB, YMEIAlOIINXCA Ha IKpaHe.

B moayae CRT KasRABIH peXuM HMMeeT ONpPEeASAeHHEIH HOMED, 3a
KOTOPBIM 3aKpenAeHO CHMBOAMYECKOE HMMA (ONHCAHHAs KOHCTAHTA).
AAS YCTAHORKH pedXMMa 3KpaHa UCIIOAR3YETCH IpoLeAypa

TextMode {<HOMepr DeXxMMa>) .

TTpu offpalieHHH K TIPOTIEAYPE <HOMEp PesKHMa> MOKET 3aAaBaTh-
¢Sl KAK YHCAOM, TAK ¥ MMEHEeM COOTBETCTBYIOUIeH KOHCTAHTEHL. Hampu-
Mep, YKBHBAASHTHEl CAGAYVIOIIHE ABa OIEparopa:

TextMode (1} ;
TextMode (CO40) ;

Kak npaBHAO, NCXOAHBIA peKMM 5KpaHa, YCTAHABAMBAEMEIH IO
ymoayaHuio, — COB0 (Ha IIBETHEIX AHCIARTX).

KoopaunaTtel mo3mun. KaXpaaa CHMBOABHASA TTO3HIMA Ha TEKCTO-
BOM 3KpaHe OIpeAsAeHa AByMsa KooppauHaramu (X, Y}, Koopawnara
X — no3unus B cTpoke. KpaiHssa AeBas IO3IUIHAE B CTPOKE HMEeT Ko-
oparHaTy X = 1. KoopanHaTa Y — HOMED CTPOKH, B KOTOPOH HaXOAMT-
cd cuMBOA. CTPOKH HYMepylOTCS CBepXy BHHS.

Hanpumep, B peskume 80x25 cHMBOA B BepPXHEM A€BOM YTAY 3KpaHa
HMeeT KoopauHaTH (1; 1), CHMBOA B HHJKHEM [IpAaBOM YTAY JKpaHa —
(80; 25); cuMBOA B cepepuHe 3KpaHa — (40; 13}
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AAd yCTAHOBACHHS KypCcopa Ha SKpaHe B IIO3HIIMIO C KOOPAMHATA-
M (X, Y) B moayae CRT cymecTryeT Iporeaypa

GoToXY (X, Y}

3AeCh KOOPAMHATEI KypCopa 3apal0TCs BEIDaKeHHIMH THIIa Byte.
[NpuBeaeM AAsl mpuMepa IPOrPAMMY, KOTOpas OYMINEeT 3KpaH H
BEICTABASET B IEHTPE 3KPAHA CUMBOA «¥»:

Uses CRT;
Begin
ClrScr;
GoToXY (40,13);
Write ('*"')
End.

Henoarzyemasn zpeck nponeaypa CIrScr BRITOAHAST OYHCTKY 3Kpa-
Ha.

TexcroBoe okHo. [IpAMOyTOALHOE IIDOCTPAHCTRO Ha JKPAHE, B KO-
TOpOEe MIPOM3BOAUTCI BHIBOA CHMBOAOB, HA3KBAGTCH MEKCIOBLIM
oknom. TTorcReHHe 3TOre OKHA OllpepeAsdeTcs ROOPAMHATaMH BepXHe-
I'0 A@BOTO H HIDKHETO IIPABOTC YTAOB NPAMOYTOABHHKA. Ecav okHO 3a-
HHMaeT BeCE 3KpaH, To B pexxuMe §0x25 ero Koopaunarte: (1; 1) u (80;
25). 3710 HCXOAHOE OKHO, H3MEHHTE NMOAQKKEHHE M pasMep KOTOpParo
MOMHO C HOMOIIBIO TPOIEAYPEL

Window (X1, Y1, X2, Y2)

3AeCh apryMeHTH — BeAMYHMHE] THIIA Byte; (X1, Y1) — xoopauuaTh!
BepPXHero A@BOFO YIrAd OKHa; (X2, Y2) ~— KOOpAUHATE IPABOTO HUMKHE-
ro yTAa OKHa.

TMocae onpeaereHns OKHA TONEBITKYE BHIBOAA CHMBOAOE 33 €ro Ipe-
AGAEI OKAXYTCA Ge3pesyabTaTHEIMH. [ToBTOpHOE Ofpallenne K Ipole-
Aype Window ¢ HOBEIMM napaMeTpaMH OTMEHAET TIPeALIAYILee Ha3Ha-
UeHHe.

VYnpaBaenue neeroM. Ha npernmx aucnaesx tana EGA, VGA u
SVGA B TEKCTOBOM peKHMe 3KpaHa MOMKHO HCIOAL30BaTEH 16 1BeToB.

B moayae CRT oOBABAEHEI KOHCTAHTEl, UMeHa KOTOPEIX @CThL aH-
rAMACKHE HA3BAHKA [BETOB, & COOTBETCTBYIOHINE UM 3HAYEHHA — TI0-
PAAKOBBEIE HOMEDA 3THX IIBETOB.

INpoleaypa HazHaIeHUA 11BeTa (poHa

TextBackGround (Cclor)
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3ACCh apryMeHT — BeandmHa Thna Byle, saparoiiad HoMep LBETA,
[Ipoueaypa Ha3HaYeHUs LBETa CUMBOAA

TextColor {Color)

Ecau nBeT (hoHa HazHAY3ETCA A0 OYHCTKH TEKCTOBOIO OKHA, TO No-
CA€ OYHCTKH OHO «3aAHBAETCHA» 3TUM nseToM. Ecan hoH yCcTaHABAUBA-
eTCst OCAE OUMCTKH 5KpaHa, TO YHCToe OKHO GyAeT HMeTh d9epHEIH
IBET (00 YMOAYAHHIO), 4 HA3HAUeHHEH BeT GoHa OYAeT yCTaHABAM-
BATLCA B TCX [MO3ULUAX, B KOTOPEIE BEIBOAATCS CHMBOADL.

AAs OpUMepa DPHBEASM IIPOTPaMMy, KOTOpasd [0 04epPeAr OTKpoeT
JeTHIPe OKHAE, ¥ KaKAQe U3 3THX OKOH «34ABETCA» Pa3HBIM (DOHOBRIM
[IBETOM:

Uses CRT;

Begin
Window(1, 1, 40, 12);
TextBackGround {White); ClrScr;
Window (41, 1, 80, 12);
TextBackGround (Red); ClrScr;
Window(l, 13, 40, 25);
TextBackGround (LightRed); Clr3cr:
Window(41l, 13, 80, 25});
TextBackGround {Green); ClrScr;

End.

IMo caeayromed nporpaMMe Ha GeaoM (poHe B cepepMHe DKpaHa Dy-
AYT BEIBEASHEL HOMePa TIePBEIX MATHAAIIATH I[BETOR, U KAKARH HOMep
fiyaeT TOTO IIBeTa, KOTOPEIH OH 0003HavaeT:

Uses CRT;
Var I : Byte;
Begin
TextBackGround (White) ;
ClrsScre: '
GoToXY (1, 12);
For I := 0 To 14 Do
Begin
TextColor (I):;
Write(I:5}
End
End.

KpaTko onuieM ellle HECKOABKO IPOLEAYVD YIPABACHHHA TEKCTO-
BhIM 3KpaHOM H3 Moayas CRT, He MMeIONIHX IapaMeTpos:
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s nponeaypa CIrEOL — cTHpaeT yacTk CTPOKH OT TeKyieil nosu-
IMH Kypcopa AC KOHIa 3ToH CTpoKM B okue. [1pu sToM noroxe-
HHUe Kypcopa He H3MeHSeTcH;

8 mponeaypa Delline — yHMYTOKAeT BCIO CTPOKY ¢ KypCOpOM.
Tipu aToMm HM>KHPE CTPOKH CABHTAIOTCH Ha OAHY BBEPX;

» 1poneaypa InslLine — BcTaBAsieT NyCTYIO CTPOKY l1€pEA, CTPOKOMH,
B KOTOPOI CTOMT Kypcop;

m nponeayphl LowVideo, NormVideo, HighVideo — ycTaparanBa-
0T COOTBETCTBEHHO PeXKHMEl IOHWXXEHHOW, HOPMaALHOH U TTo-
BLIIEHIIOA APROCTH CUMROACE,

Beckma noaesnol saeasercs (pyHknua KeyPressed uz Moayas CRT,
LPKE HCIIGAHEHHH KOTOPOH IIPOMCXOAHT OTIPOC KAGEMATYPEl U ONpeAe-
AIETCH, He HAXKATA AM KaKasi-HUbyAL Kaasumia, B peayartare 3Ta (hyHK-
11 BRIAGeT AOTHYecKoe 3HadeHwe True, ecad HaXara A00as KAaBH-
ma, H 3HaveHue False — B npoTuBHOM caydae. YacTo AaHHYIO DYHK-
IHK) HCOOAB3YIOT AASl OPraHW3allMM 3aAePXKKH OKHa De3yAbTaTOB Ha
JKpaHe (IoCAe BEMOAHEHWS NporpaMmel Typdo [Tackaah BRIZRBAST Ha
OKpaH OKHO PEAAKTOPA), AAS Yero Iepep KOHLOM HPOTPaMMbl 3aTTHCH -
BAIOT CACAYIOIINM OIIepaTop:

Repeat Until KeyPressed;

JTO TMYCTOH LMKA, KOTOPHEIH «KDYTHTCA Ha MECTe» AC HAaKarTud
KAKOH-AMDO KAGBHIIH. B 3T0 BpeMa Ha 3KpaHe BRBEASHO OKHO PE3YAh-
TaToB. ITocae HAKATHA KAdBUIOM 3HadeHHe KeyPressed craHer paBHO
True, HUKA 33aBCPILIUTCA, HCIIOAHEHHE BHIHAST Ha KOHEIl NPOrpaMMEbl U
Ha DKPaH BEPHETCS OKHO DPEeAGKTOpa. 3TOT IPHEM MOKHO MCIOAE30-
BATh AASL 38A€PKKY BRINIOAHEHHS [IPOTPAMMEL B AKOGOM ee MecTe.

B npHuBeaeHHYIO paHee IpOrpaMMy [IOAYYEHHA Ha JKpaHe YeTHIPex
Pa3HOMBETHBIX OKOH BHeCEeM CACAYIOIIee AOTIOAHEHHE! TIOCAE YCTAHOB-
KH YeTHIPeXIBeTHOTC 3JIKPAaHA BHIICAHEHHE [IPOTPAMMBI  OCTAHa-
BAMBAETCA H H300pasKeHHe COXPAHALTCT, & 3aTEM IIOCAE HaKaTH AlQ-
OOl KAGBHIIM 3KpaH BOIBPAI@eTCs B HCXOAHOe cocTosinpe [(80x23,
4CPHRIH ()0H, GeABle CHMBOAKI). AAAL 3TOrO Ilepea, KOHIOM ITPOrRaMMEL
caeayeT AoDaBHTh CAepyIoee:

Repeat Until KeyPressed;
Window (1, 1, 80, 25);
TextBackGround {Black);
ClrScr;

Onncaame APYTHX npolieayp H dyukuui moayada CRT npuseaeno B
cHelHaAbHOH AUTepatype 110 Typ6o IMackaato.
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YMNPAYKHEHNA

1. OnIpeAertTh, UTe GVAST HAleYATAHO CACAYIOMel MporpaMMoi, oCAM B
RAYeCTRE HCXOAHRIX AAHHEIX 3aAAHL yticAaa 1.0 u —2.0:

Program Roots;
Var B, C, D : Real;

Begin
Read (B, C);
D := Sqgrt(Sgr(B) -4 =* C);

Writelm('xl =', (-B * D)/2,
'x2 =', (-B-D)/2)
End.

2. OnpepeAnTs, 4To 6VAST HANCYaTalO CACAYIOIeH NporpaMMoH IpH IIo-
CASAOBATEALHOM BBEACHHHM 3HaueHHH 3.4 1 7.9:

Program Less;
Var X : Real; T : Boolean;
Begin
Read (X):;
T 1= X < Round({X);
Read (¥} ;
T := T And (¥ < Trunc (X))
WriteLn (T}
End.

3. OnpeaeAuTh, YTO GyAeT HalledaTaHO CASAYIONIeH NMPOTPaMMOl TIpH Ho-
CASAOBATEABHOM BBEAEHHH 3HaueHHH 36, —b u 2 345:

Program ABC;
Var 2, B : Integer;
Begin
Read (A, B, A):
WriteLn(A, B : 2, A : 5)
End.

4, CoCTaBHTE MPOTPAMMY BBIUMCAEHHHA CYMMEI ABYX IEARIX YHCEA, KOTOpas
OYAST BECTH AMAAOI' ¢ TIOAB3OBATEAEM B CAGAYIOIeM BHAE (BMECTO OTTOYHH —

BBOANMBIE W BEIBOAVMEIE ‘IHCA&):

BeenguTe OBA CIHATAEMBIX



m NOrMYECKME BENVYUHBI, ONEPALIUN,
BbIPAYXKEHWS

B noapasa. 1.4 y>Ke TOBOPHAOCH ¢ AOTHUECKHX BEAMHHHAX, AOTHYe-
CKHX OIepaluax, AOTHUeCKHX BEIpakeHMsX. HanoMHHM, 9TO BeAHMYH-
Ha ACTMYeCKOTO THIIa MOJKeT IPHHHMATE BCerc ABa 3Hadeswus: MCTH-
HA u AOKD.

B Ilacrane aoTMUecKHe 3Hau4eHHMA OOO3HAUAIOTCS CAYKeOHBIMH
caopamu False (F) u True (T), a HAeHTHOHKATOP AOTHYECKOTD THIIA —
Boolean.

KpoMe BeAMUYMH (KOHCTAHT M NepeMeHHRIX) THa Boolean, Aoruue-
ckue 3HavyeHus False, True NpUHHUMAIOT PE3YABTATHL ollepallli OTHO-
MIeHWA,

Onepayui OMHAOMEHUs OCYIIECTBAAIOT CPABHEHHE ABYX OIIEPAHAOB
U ONPEASASIIOT, UCTMHHO HAH AOJKHC COOTBETCTBYIOIIEE OTHOIICHHE
MeXAY HUMH.

CTpyKTypa Onepallid OTHOLIEHHS NpeaCTaBAeHa Ha puc, 2.11, rae

<3HAK OTHOWeHMA> ::= = (paBHO} | <> (He paBHO} |
> (Bonsume) | < (MeHsumwe) | >= (Bonklle MIM DPABHO) |
<= (MeHblle UIKW PaBHO) .

MpuseaeM NpUMepHl 2aMHUCH OTHONIEHHIH:

X < y; a+b> c¢c/d; abs(m—n) <= 1.

H IIpAMEePEsl BEIYHCACHHA 3HaUeHHWH OTHOMIEHHH:

OTnomenne PeayanraT
12 »>= 12 True
56 > 10 True
11 <= & False

<OnepauMs OTHOUIEHUS>

<BbipaxeHue> —= <3HaK OTHOUICHHN> —I

= <BrlpaxeHne> ——=

Puc. 2.11. CrpykTypa onepauni 0THOLLEHWA
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Aoruueckue onepayuu BRIIOAHSIOTCS Haj ollepaBAAMH GyAeBCKOro
Tuna. Mmerorca Tpu aormueckue onepanuu: Not — oTpunanmie; And
—— ACTHUeCKOe YMHOMXeHHe {KOHLIOHKIHA); Or — AOTHHEeCKOe CAOXKEe-
nue (AM3BIOHKIHA). KpoMe 3THX Tpex 00A3aTEABHBLIX OIepAalMH, E
Typbo Tlackare uMeeTcs eme onepanus «Merarouaromee MAW», 060-
3HayaeMas CAYeOHBIM cA0BOM XOI. JTO ABYXMeCTHAasA ollepalns, Ko-
Topaa B peayabTare aaer 3HaueHnme MCTIHA, ecam oba omepasaa
WMEHT Pa3HEIE ACTHYECKAE 3HAYEHHS.

Aorudeckue omepauus OHAH [lepeMHCAeHHl B TIOpAAKe YORIBAHUA
IPUOPWTETOB. Pe3yALTaTEl BEIMOAHEHHS ACTHUYECKHUX OIepalMi AAd
Pa3AHIHBIX 3HaUEeHHWH ONEPaHAOB NIPHEBeAeHEH! B Taba. 2.5,

OnepallMi OTHOUEHHS MMEIOT CaMBIH HU3KMH IDHOPHTET, IO3TO-
My €CAH OIIePAHAGMH AOTMYECKOH ONEPalMH ABASIOTCA OTHOLIEHHS,
HX CACAYET 38KAIQUETR B Kpyranie cKOOKM, Hanpumep, mMaTeMaruye-
CKOMY HepaBeHCTRY 1 € x £ 50 cOOTBETCTBYRT CAGAYIONIEe AOTHYECKOE
BhIpaKeHue:

(1 <= x) And (x <= 50)

Aoruvecxoe BbipXeHUe — 3TO AOTHYecKas: (hOpMyAa, 3amHCaHHaN
Ha sI3LIKe MpPOTrPaMMHUPOBAHUA. AOTHYecKOe BEIpaXKeHHe COCTOWT H3
AOTMYECKWX ONEPAHAOB, CBA3AHHEIX AOTUIECKUMMHY OllepaltusaMi U KpyT-
ABIMH CKOOKaMH. Pe3yArTaToOM BEIYKMCAEHUS AOTHUYECKOIC BHEIPAXKEHWA
sABAsieTcd OyAaeBCKad BeawddHa (False uam True). ACritiecKMMH Olle-
paHAaMH MOTYT OBITE AOTHUECKIIE€ KOHCTAHTE, lepeMeHHEIe, QYHKIIHH,
onepaiuu oTHOmeHHs. OAUH OTASABHRIN AOTHUYeCKHUI onlepaHa, sIBAA-
eTCst NIpocTeinlell GoOpMOE AOTUYECKOTO BhIpaXkeHUs.

TIpuBeaeM IpHMepH! AOTHYECKUX BHPaXKeHUH, B KoTopeix d, b, ¢ —
AOTHYECKHE THCAQ; X, ¥ — BellleCTBeHHbIe; X ~— [1erad NepeMeHHad:

1) x € 2 * y; 2}y True; 3) dy

4y 0dd (k) ; 5) NMet Not d; 6) Not (x > y/2);
7} d And (x <> y) And b;

8} (c Or 4d) And (x = y) Or Not b.

Tabnuua 2.5. PeaynkTaTbl BINOAHEHWA NOTMYECKAX Onepauni

A B Not A AAnd B AOrIE AXorB
T T F T T F
T F F F T T
F F T F F F
F T T F T T
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<Jlorwuecxuil onepaTop IIpUCBAMBAHNS >

<Jloruyeckas rcpeMeHHaA> —‘

|_> @ —— <Jlornueckoe BLIpaKeHue> —=

Puc. 2.12. CtpykTypa noru4eckoro ONEpaTopa NpMCBaNBAaHNA

I'lpu d = True, b = False, ¢ = True, x = 3.0, y = 0.5, k = 5 pe3yAbTaThl
BEIMHCACHUI GYAYT CASAYIOLIMMIA:

1) False; 2) True; 3) True; 4) True;

5} True; 6) False; 7) False; 8) True.

B AaHHOM IpHMepe HCIOAB30OBaHAa AormdecKas dyuxmms Odd(x).
270 QYHKLUA OT EACTO apryMeHTa X, KOTOpas UPUHUMAeT 3HAYeHHE
True, ecAM 3HAaueHHe X HEYeTHOe, M 3HadeHue False, ecan OHO uyer-
HOEe.

Aoruseckull onepamop LPUCBAUBARUA HMeeT CTPYKTYPY, IPeACTaB-
ASHHYIO Ha pHc. 2.12,

[NpuBeaeM NpHMepH AOTHYECKHMX OIIEPATOPOE IPHUCEAHBAHHA!

1yd := True;
2)b = (x > y) And (k < 0);
3)c := d Or b And Not(0dd(k) And d).

m ®YHKUMNW, CBSA3bIBAKLLME PA3IINYHbIE
TUMNbI QAHHBIX

CrmcoK CTaHAApPTHRIX (hyHRUMNH, oDecneunBarolliuX CBA3E MEXAY
PasAMYHBIMYE THIAMH AAHHEIN, IPHBEACH B Taba. 2.6.

Oyuaxnun Ord, Pred 1 Succ IPEMEHHUME TOABKO K NOPAAKOBEIM TH-
[1aM AQHHEIX, T.€. H3 IIPOCTBIX TUTIOB A@HHEIX KO BCEM, KpOMe Bellle-
CTBEHHHIX,

Oyukiuus Ord, npuMeHsieMas K [IEACMY YHCAY, AAeT erc coGCTReH-
Hoe 3uadeHHe. Hampumep:

Ord(-35) = -35; Ord{(128) = 128

EcAM apryMeHT IieAnIH, TO, HallpuMep, olleparop y = Pred(x) sk-
BUB3AA€HTEH ¥ := x — 1, @ onmepatop y = Succ{x) 2KBHBAAEHTEH ¥ 1= X +
+ 1.

AAsl apryMeHTa CHMBOABHOTC THIIA 3TH (DYHKUHH AAIOT COOTBET-
CTBEHHO IPEARIAYIIHE H CASAYIOIIHH CHMBOAERL B TaOAHIle BHYTPeHHeH
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Tabnuua 2.6. CranpapTHele yHKUAKW, CEAZLIRADWME PA3NMYHBIE TUNLI

ABHHbIX

OGpaweude | THI apryMenTa Thn peayALTaTa AedAcrane
Ord (x) Asoboit I AaeT IopsAKOBEIH HOMEp
TIOPSAKOBEIH 3HAYEHHA X B €70 THIE

Pred {x) To xe ToT ¥e, uTo y X | AaeT IpeABIAYILEe [10 OT-
HOIIEHHIO K X 3Ha4YeHHe B
ero THIe

Succ (x) » Tor ®e, uTro ¥y X | AaeT caeayloliee 0o OT-
HOIUEHHIO K X 3HaUeHHE B
ero THIe

Chr (x) Byte Char AdeT CHMBOA C TIODPAAKO-
BEIM HOMEPOM X

Odd {x) I Boolean Aaet True, ecam x — He-
gerHoe 4icao, H False,
€CAH X — YeTHOe

KOAMPOBKH. [TOCKOALKY AATHHCEME aimdaBUT BCeTAA YVIODAAOQUEH IO
KOAaM, T.e.

Ord('a'}l < Ord{'b'} < .. < Qrd{'z"),
TO, HANPUMeEp, MOKHC 3aHHCaTh

Pred('b') = 'a'; Succ('b') = 'c'.

To xe oTHOCHTCA ¥ K THOPPOBEIM AMTEDAM:

Pred('5') = '4'; Succ('5'}) = '6".

QOyukoua Chr(x) asaserca obparaoil x dyakuua Ord{x), ecan
X — CHMBOABHAsI BeAHYHHA. Hanpamep, aas kopa ASCII cipaBeaan-
Bd 3AlUCK:

Oord('a') = 97; Chr(97) = 'a'.

ITY UX «B3aMMOOOPATHOCTEY, €CAH X — CUMBOALHAS BEAMYHHA,
MOJKHO BRIPa3HTE QOpMYyAOH

Chr(Ord(x)) = x.

B HeKkoTOpEIX cAyYasx BO3HHKaeT 3apada nmpeoOpasoBaHMA CHMM-

BOABHOI'O LIPEACTABASHUA YHUCAA B YMCACBOe, HanpuMep, moAyyuTs 13
AHTEDEH '9' IeAoe YHCAO 3 MOKHO CAGAYIOIHM 00pasoM:
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N = Ord('5") —0rd('0").

3aecs N — 1meaas mepeMeHHAas M HCIOAB30BaH TOT DAaKT, YTO KOA
AHTEpH 'S’ Ha O9TH SAHHHI BoablIe Koaa ‘0.

ByAeBCKHH THN AAHHEIX TAKKE ABAACTCH MOPSAKOBHIM. [Topsaox
PACHOAOKEHHS ABYX €ro 3Ha4YeHuM caepyromui: False, True. Toraa
COPABEAAHRBEI CASAYIOIIUE OTHOLICHHS:

Ord{False) = 0; Succ(False} = True;
Qrd{True) = 1; Pred(True) = False.

ITpuseaem mHTEpecHBIN NpuMep. [TycTh X, ¥, z — BelllecrBeHHEIE
nepeMeHHnle. TpebyeTca ONpeACANTh, KaKyl0 3apady pelllaeT CAeAY-
IOLIHH OTlepaTop:

z 1= x * Ord(x > y) + y * Ord(y > x).

OtBeT: z = max{x, ¥), T.e. AAHHYIO 33Aa9y MOKHO pDElIMTH Dez Hc-

MOAL3OBAHHS YCAGBHOTO ollepaTopa if.. then..else.

YNPAXXHEHNA

1. BEMUCAHTD 3HAYEHHUSA CAGAYIOUIHX AOTHYECKHX BRIpasKeHUIH:

a)K mod 7 = K div 5-1nopu K =15

6) cdd (Trunc {10 * P)) mnpu P=0.182;

B) Not Odd(n} npu n = 0;

rjt And (P mod 3 = 0) nput = True, P = 10101;

Mix = vy < 0) And (y > x)npux=2,y=1;

e) a Or Not bmnpua = False, b = True.

2. OnpepeAMTE KaKOe 3Ha9eHHe NNOAYYHT ACTHYECKas NepeMeHHas d npH
g = True ¥ x = 1 MoCAe BRINOAHEHHA CASAYIOIIMX ONepaTOPOR NPHCBAHBAHUA!

ajd := x < 2;
6)d := Not a Or 0dd(x);
B)d := Ord(a) < =x.

3. Hankcars oneparop NpHCBAMBAHMSA, B Pe3YALTATE BEIIOAHEHHA KOTOPOTO
AOTHHYECKAA NepeMCeliHag ! OAYYHT 3HaveHHe True, cca CaeaAyOllee YTBEeDXK-
AEHHE HCTHHHO, ¥ 3HadYeHnue False — B mpOTHBHOM cayvae:

2) M3 YHCeA X, ¥, Z TOABKO ABA PARHEL MeXAY cobol;

0) X — NOAORHUTEABHOE YHCAC,

B) KAUKADE M3 YHCEA X, ¥, Z HOAOKHTEALHOS;

r} TOABKO CAHO M3 YHCEA X, ¥, Z IOACKUTEABHOR;

Al p AeauTca Oe3 oCTaTKa Ha g,

e} yudpa 5 BXOANT B AECATHYHYIO JANMCE TPEX3HATHOIO MEAOro Yncaa k.
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NI [TPOrPAMMIWPOBAHWE BETBALLMXCAH
ANrgpnTMOB

AATOPUTMHYECKAS CTPYKTYpa BETBASHMS IIporpamMmupyercd B [la-
CKaAe ¢ MOMOIBIO YCAORHOTO OIIEPATOPa, MMEIOIEro BHA

If <Ycnosue> Then <OUneparop 1> Else <OnepaTop 2>;

Kpome Tore, BO3MOXHO HMCHOAL30BABHME HENOAHON (POPMEL YCAOB-
HOTO Onleparcpa:

If <Ycnoeue> Then <CnepaTop>;

Crporoe onucaHue yCAOBHOIO Oleparopa B (popMe CHHTaKCcHYe-
CKOM AMarpaMMB 1I0Ka3aHo Ra pHc. 2.13.

YcAOBHEM B YCAOBHOM OIle€paTope SIBASETCH AOTHUYECKOe BHIparke-
HHe, KOTOpoe BEIMHCASETCH B NePBYi0 ouepeAb. ECAHM ero 3HavyeHwe
paBHO True, To GyaeT BRIOAHSTECA <Oneparop 1> (moche Then}), ecan
JKe €ro 3HaudeHue paBHO False, GyaeT BHIIOAHATECA <Onepatop 2> (Ho-
cae Else) past oaHOM pOPMEBL A CPa3y ONIepaTop, CASAYIONINI nocae
YCADBHOI'O, AASL HEIIOAHOW (hbopmmul (Oe3 Else).

ITpumep 2.1. TpeGyeTca COCTABHTE TPOrPaMMY BRIYMCAEHHS [IAOILAAM TPEY-
FOABHHKA 110 AMAHHEM TpeX CTOPOH a, b, ¢.
AAs pelllenHs 3aaayl HCIIoAbsyeTcs hopmyaa lepona

Jplp —a)(p -b)(p -<),

Tac p={a+ b+ ¢c) / 2 — NoAynepHMeTp TPCYTOABHIKA.
HcxopHEIe AaHHBIE ACAKHE] YAOBACTBODATE CCHOBHOMY COOTIIOUIEHHIO AAS
CTODOH TPeyTOARHHKA: AAHHA K&SKAOH CTOPOHEL AQAKHA OBITE MEHBLIE CYMME

AAHH ABYX ADYTHX CTOPOH.

<¥eaonnsili onepatop>

If <JlordyecKot BhipackeHue> ——l
l——» Then — <OnepaTop> ~l_4—b

——=Els¢ —= <Omeparop>

Puc. 2.13. CuiTakcuyeckan quarpaMmMa ycnoBHoro DNepaTopa
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HUMes BOSMOMHOCTL B OAHOM YCAOBHOM OIl€pAaTOpe 3alIMChIBATh AOCTATOYHO
CAOKHEIC AOTHYECKHE BRIDAKEHHWA, MOXKIIO Cpal3y «OTCIJH.AI:TPOBETL)) BCe BapH-
AHTLI IICBCDHLIX HCXOAHEBIX AQHHLIX!

Program Geron;
Var A, B, C, P, 5§ : Reazl;

Begin
WriteLn ('BeefMTe INKMHE CTOPOH TPeyIOJbHUKA: ') ;
Write('a = '); ReadIln(d);
Write('b = "); ReadLn(B);
Write('c = ') ReadLn(C};

If (A >0) and (B > 0) And (C > 0) And (A + B > C)
And (B + C > A) And (A + C > B)
Then Begin

P := (A+ B+ C)/2;
8 := sqrt(P * (P—A) = (P—-B} » (P—-C});
WritelLn{'lncmane = ', S)
End
Else Writeln ('HeBepHue MCXOIHEE IaHHHE')

End.

TMpumep 2.2. TpebGyercsd COCTABUTE TPOTPAMMY PELIEHUSR KBAARPATHOTO
YPABHEHUA.

AATOPHUTM pelleHHS AGHHOH 3aAavy MOAPOOHO PACCMATPUBAACA B TIOA-
pa3a. 1.3 (cM, puc. 1.8). AACOPDHTM WMeeT CTPYKTYPY BAOKEHILIX BETBACIIHH.
Ero onucaHUe Ha AATOPHTMHYECKOM A3LIKE TAaKKe MPHBeASHO B Ioapasa. 1.3
TlporpaMma Ha [lackaae GYACT HMETE BHA,

Program Roots;
var A, B, C, Db, X1, X2 : Real;
Begin
Writeln('Beegure Ko5dOUUMeRTH
KBAOpaTHOTO YPABHSHUA: ') !

Write('a ='); BReadln(d):
Write('b ='); Readln(B):
Write('c ='); Readln(C);
I£f (A =0)

Then If (B =0)
Then If (C = 0)
Then Writeln ('flwboe X — pemwmeHue’)
Else WritelLn('Her peweHmi’)

Else
Begin
X = —c/b;
Writeln('X = ', X)
End

Else
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Begin d := b * b-4 * a * c;

If (d < 0}

Then WritelLn('HeT BeWECTBEHHHEX KOpHeMr')

Else

Begin
X1 := {(-b + sgrt(d))/2/a;
X2 := (-b-sqgrt(d))/2/a;
WriteLn('Xl = ', X1);
WriteLn('¥z2 = ', X2}

End

End
End.

IMNpuMep 2.3. TpeGyeTcd COCTABRTE (IPOTPAMMY MTePeBOAd NATHGAAARHOMH
OLIeHKH B €e HAMMEeHOBaHAHe: 5 — OTAHYHO, 4 — XOPoo, 3 — YAOBAETBOPH-
TEABHO, 2 — HeyAOBAETBOPHTEALHO.

bAoK-cxeMa aAropATMA DellleHHA 3apAYH IPUBEAEHA Ha pUc. 2.14.

ITOT AATOPHTM HMEST CTPYKTYPY BAOKEHHEIX BETBAGHUM W COOTBETCTBYIO-
THYO IPOrpaMMy Ha [lacKaae MOMHO 3aMHCATh CAEAYTOITHM 00pa3oM:

Program Marks_2;
Var N : Integer;
Begin
Writeln('Beenute ouUeHky:'); ReadLn(N):
If (N =5)
Then Writeln('OTandHo')
Else If (N = 4)
Then Writeln({'Xopoumo"')
Else If (N = 3)
Then Writeln('Yaceneresopurenvuo')
Else If (N = 2)
Then WriteLn('HeynoBNeTEBOPUTENEHO') ;
Else Writeln{'HepepHas oueHka')
End.

CrpyKTyPy BAOXKEHHEIX BETBACHHIE MOKHO 3alpOTPAMMHUPOBATH C
{IOMOILLIO OAHOIO OITEPATOPa BLIOOPa, HMeIoerocs B s3bike [Nackaas:

Program Marks:
Var N: Integer:;:
Begin
WriteLn ('Brenure CUEHKY:');
ReadLn (N) ;
Case N Of
5: WritelLn ('OQTmMuHo’);
4: WriteLn ('Xopowo');
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ﬁq}m» :

/Zm 7

MIOBHCTBODHTCJII:HV

ﬁ‘lCYROBﬂCTBODHTEHWpHaﬁ oueuxa/
|

Puc. 2.14. bnok-cxema anroputmMa Nepesoaa NATMBanibHOR OUEHKW B &8 Han-
MEHOEBaHWE

3: Writeln('YOOBIeTBOPUTEJLHO') ;
2:; Writeln ('HeynoBneTBOpUTENbHO')
Else WritelLn{'Her TaxoX oueHKM')
End;

GopMaT oneparopa BeIOOpA ONHCHBAETCH CHHTAKCHIECKOH Auar-
paMMoOl, MMoKazanHoW Ha pHc. 2.15, rae <CeaekTOp> — 3TO BEIpasKe-
HHe AIO0T0 MOPAAKOBOTO THNA, <KOHCTAHTa> — NOCTOAHHASA BeAHYH-
1a TOT'O JKe THNa, 4TO U CereKTop, a <OnepaTop> — AIDOH IpocToi
WAM COCTABHOH oneparop.

BrinoaHeHMe oneparopa BHOOpa IPOHUCXOAWUT CACAYIOIIHM ofpa-
30M, BEYHCAACTCH BHPAXCHHC — CCACKTOD, 34aTeéM B CIIMCKAX KOH-
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<Oneparop BHGOpa>

Case <Cenekrop> —=r Of —‘

| 1 <KoHcTanTa> :|—> @—-— <Onepatop> Else — <Oncpatop> —= End-—=

Obs

Puc. 2.15. CuHTakcu+eckan guarpaMmma oneparopa sbibopa

CTAHT HAXOAHMTCA 3HaUeHHe, COBIIAAAIOIIee ¢ MOAYISHHBIM 3HAYEHHEM
CEAEKTOPa, & AdAee UCIIOAHASTCH OllepaTop, NOMeUeHHEIN AAHHOW KOH-
craHTod. EcAM TakoH KOHCTRHTHI He HaHAEHO, IIPOMCXOAUT MIePex0op K
BHITMIOAHCHHIO OIIepaTopa, caeayrolero nocae Else,

IMokaxxeM Ha DpHMepe UCHOAB30BAHIE CIHCKA KOHCTaHT B Omepa-
rope BuOopa, CAeayiomas nporpaMma coodiaeT, CAAA CTYASHT 3K3a-
MeH HAU HE CAAA, T.€. eCAH OH IOAYUYHA OUEHKY 3, 4 HAM 5, TD 3K3aMeH
CAQH, & €CAH — 2, TO K3aMeH He CAgH!

Case N Of
3, 4, 5 : WritelLn{'3xsaMeH cpaH')
2 : WriteLn{'2ksamMeH He cmau'}
Else Writeln('Her Tako® oueHkwm'};

TaK >Xe, KaK VCAOBHBIF OllepaTop, ouepaTop BhGDpa MOXKeT HC-
NOAB30BATECH B HenloaHOW dopMme, T.e. Ges BeTBu Else.

NPOrPAMMMNPOBAHWNE UNKITNHECKUX
ANrOPUTMOB

CymmecTByeT TPH THIId UKAHYECKHX CTPYKTYD: IIHKA C HDCAYCAC-
BHEM, JUKA C IIOCTYCAOBHEM M IWKA 10 NAapaMeTrpy.

HOurA ¢ npepaycaoBHeM. PACCMOTPHM CHHTakCHIECKYH) AHArpamMmy
oliepaTopa nurrd «[lokar», MAM IHMKAA € TIpeAyCcAOBHeM (pHc. 2.16).
3AeCh CHaYaAd BREIMUCASETCH <\OTUYECKOe BhIpa>keHue>. [loka ero
3HadyeHue pasHo True, Bunoanserca <Onepatop> — TeAo NHKAaA. Tipu
310M <Oneparop> MGXKET OBITh KaK IIPOCTHIM, TaK M COCTABHEIM,

AAs mpEMepa npHBeaeM (parMeHT NporpaMMel Ha [lackaae, BHI-
YHCASAROIIAN C 38AAHHON TOYHOCTBI) & CYMMY TAPMOHHIECROTO PAAA

1 1

I+=+—4+-+

_+...
2 3 I
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<OnepaTop UMKIA C TPEUyCROBUEM> .
pATOp pELy While

<JIoryeckoe BHIPAKEHHC> —‘

Do <Qnepatop> ——

Puc. 2.16. CuHTakcuyeckas guarpamMma Lvkna ¢ npegycnosuem

CyMMHApOBaHHe IpEKpalllaeTcs, KOTAa OUePEAHOE CcAaraeMoe cTa-
HOBHTCS MeHEBIIle £ HAM KOTAA LleAas MepeMeHHas | AOCTHraeT 3Haue-
HHA MaxInt:

S = 0;
I :=1;
While (1/T »= Eps) And (I < MaxInt) De
Begin
S =5+ 1/1;
I =1+ 1
End;

IexA c mocrycroBHeM. CHHTAKCHYECKads AHArpaMma OHeparopa
Liukaa «A0», HAH IJMKAA C IOCTYCAOBHEM, IpUBEAEHA Ha puc. 2.17,

Hcnoapenne AQHHOTO [THKAQ IIOBTODPAETCA AOC TOI'O MOMEHTd, KOTAQ
<AOrYecKoe BLIpakeHHue> CTaHeT paBHEIM True.

ITpeaniaymiast 3apada ¢ HCHOAB3OBAHHEM ITHKAA C IOCTYCAOBHEM
peniaeTcs CAeAYIOUM oGpa3oM:

Repeat
S =8 + 1/1;
I =1+ 1

Until (1/1 < Eps) Qr (I >= MaxInt):

IIuka mo nmapamerpy. PaccMOTpuM 3apa9Y BHYHCACHHA CYyMMEI Ile-
ABIX yuceA Or M a0 N UpsSMBIM CyMMHPOBaHueM. AGHHYIO 3aAady
MOJKHG 3allMCATE B BHAE

<OnepaTop UUKIA ¢ MOCTYCIOBHEM >

Repeat — <Queparop> —‘

Until <Jlorpueckoe BolpakeHne> ———=

Puc, 2.17. CvHTaKcWYBCKan AMarpaMma LUMKNa ¢ NoGTYGIDBUEM
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Brog M, N

Summa::[)]

T

I<N

+

Summa := Summa + f I

T=i+1 |

Puc. 2.18. bnok-cxema anropuTMa CyMMUPOBaHWA LefbiX Yucen

N
> I ecanM<N;
Summa = {5

0, ecau M > N.

BAOK-CXeMa aAropuTMa pelIeHus 3TOH 38Aa4YH IpHBEASHA Ha pHC.
2.18, a COOTBETCTRYIOLIYIO IPOTPAMMY ¢ MCIIOAB30BaHUEM CTPYKTYPH
npraa «Iloka» MOKHO 3aIHCaTE CAGAVIOLIHM OOPa3oM;

Program Adding;
Var I, M, N, Summa : Integer;
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Begin
Write{('M ="};
Readln (M) ;
Write('N =');
ReadLn (N) ;
Summa := 0;
I :=M;
While I <= N Do
Begin
Summa := Summa + I;
I = Succ{I)
End;
Writeln('CyMma papHa ', Summa)
End.

Tenepb BEEASM HOBHIH TUI UKAHYECKOH CTPYKTYPEI, KOTOpPAas Ha-
3RIBAETCS «L[MKA TIO MapaMeTpy». BAOK-CXeMa aAropHTMa CyMMEIpPOBa-
HHS C UCNOAB3OBAHMEM 3TOH CTPYKTYPHl NIPHBEASHa Ha puc. 2.19, a

Beoa M, N

Summa =0

-

Summa := Summa +/

Puc. 2.19. bnok-cxema anroputma CyMMWPOBAHWA C LWKNOM NO napaMmeTpy
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nporpaMmMy Ha [Tackanre AAA PelIeHNA AaHHOf;i 3aAa4YH MOJKHO 3alw-
CaTb CACAYIOITHM O6paSOMZ

Program Summering 2;
Var I, M, N, Summa: Integer;
Begin Write('M =');
Readln (M) ;
Write('N =");
ReadLn (N) ;
Summa := 0;
M

Summa := Summa + I;
WritelLn ('CyMMa paBHa ', Summa)
End.

3AecCh eaad nepeMeHHass | IpHHAMAaeT NOCASAOBATEABHOCTE BCEX
3Ha4yeHUH B puanasone ot M po N, INpu KaXkA0M 3HadyeHiH | BRITOAHS-
eTcs TeAo mWrAa. [loche NMocAepHEro BHITIOAHEHWS NHUKAA nipy [ = N
IIPONCXOAUT BEXOA U3 IHKA] HA ITPOAQAKEHHE aAropurMa. LIMKA BH-
MMOAHMTCA XOTs OBl OAMH pas, ecan M < N, H He BRITOAHHTCA HHA pasy
npu M > N.

B npuBeaeHHON nporpaMme HCIOAB3YETCA OLEpPaATOp IHKAA MO Ha-
paMeTpy, CHHTaKCHYeCKas AMarpaMMa KOTOpPOTe TIGKa3aHa Ha pHC.
2.20, tae

<apaMerp UMKIa> ::= <uMA [NPOCTON [NepeMeHHOM
NOPANKOBOTO THUIA>

BrinoaHeHue cneparopa For (B mepBoM BapuaHTe To) IpoOHCXOAMT
110 CAGAVIOLIEH cxeMe.

1. Bermmcasirorcsl 3HaueHHS <BripakeHHe 1> u <BripakeHue 2>,
MIpHYeM TOALKO CAHH Pa3 IPU BXOAE B KA.

2, TlapameTpy IHKAA OPHCBAHEBaeTCA 3HaUeHHe <Bripaskenue 1>

<OnepaTop MHKIA N0 NapaMeTpy>
parop paveTeyl For — <[lapamerp uﬂma>—-—® —

L<BHanCHHC 1> -E—To T <BhipawxeHsue 2> —= Do — <Oncpatop> —=

DownTo

Puc. 2.20. CuHTakcuM4eECKan guarpamMmma Uukna ¢ napaMmerpom
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3. 3HaueHHe MapaMeTpa IHKAA CPABHHUBAETCH C 3HaYeHueM <Bripa-
ReHHe 2>, Ecan napameTp IHKAa MeHBIIe MAW paBeH 3TOMY 3Haue-
HHI), TO BHIIOAHSETCH TeAO IIHKAQ, B IPOTHBHOM CAyYae BREIIOAHEHHE
HHEKAd 3aKAHYMBAETCH.

4. 3Ha4veHre NapaMeTpa UUKAA H3MEHSIETCS HA CAEAYIOIlee 3Hade-
HHE B €ro THNe (AAST HeABIX YHCeA — YBCAWYUBAETCH HA EAHHULY) B
MPOUCXOAMT BO3BPAT K 1. 3 AAHHOHN CXeMEl,

Omnepatop uyukAa For oG0bepnHser B cebe AGHCTBHH, KOTOPHIE [IPH
HCOOAB30BAHMM [HKAa While BEIMOAHSIOT pa3sAHMHEIE OLEPaTOpPbL:
NpHCBAHBaHWE NapaMeTpy HAYaABHOTO 3HAYEHHs, CPaBHEHHE C KO-
HeUYHKM 3HaUeHHEeM, H3MeHeHHe 3HaYeHHUS Ha CAEAYIOllee.

Kak H3BeCcTHO, pe3yALTAT CYMMHPOBAHHSA IIEAbLIX YHCEA He 3aBH-
CHT OT NOPsAAKa cyMmMupoBaHda. Hanpumep, B paccMaTpHBaeMoH 3a-
Adde YHCAa MOKHO CKASALIBATEL M B OOpaTHOM HOpSAKe, T.e. oT N pp
M (N z M). Aaa 5T0ro MOKHO HCIIOAB30BATE BTOPOM BapPHAHT Ollepa-
Topa uukaa For:

Summa := 0;
For I := N DownTo M Do
Summa := Summa + I;

DownTlo 6yKkBarbHO IEPEBOAMTCA «BHH3 A0». B AdHHOM caydae na-
paMeTp OUKAA HU3MEHAETCS MO YOLIBAHHIO, T. e. MPH KaXAOM MOBTOpe-
HUH LMKAA TIapaMeTp H3MeHseT CBOe 3HaueHHe Ha IpeAbiayIiee (pas-
HOCHABHO { = pred(i})]. CAepOBaTEABHO, IIHKA He BHITOAHWTCH HH pa3y,
ecau N < M,

PaGortan ¢ oneparopoM For, HeOOXOAMMO VIHTEIBATH CAEAVIOLLHE
TIPaBHAA:

§ NdpaMeTp UUKAG He MOXCT HMETh THII I eal;

a B Teae IIHKAD HeAB3S USMEeHATH [ePeMeHHYI0 — IapaMeTp AK-
Ad;

m TIPH BHBIXOAE M3 IIHKAA 3HaudeHMe HEPEMEHHOﬁ — LapaMerpa
IIHKAG — ABASCTCA HeOmpPpeAeAeHHBIM.,

B caepyromeM npuMepe B KaYeCcTBe IIapaMeTpa IEKAa For UCIIOAL-
3yeM CHMBOALHYIO lepeMeHHy10. [TycTh TpebGyeTcst MOAYIHTE HAa 3Kpa-
He AeCATHYHBIE KOAR OYKB AGTHHCKOro aspasura. Kak M3BecTHO, Aa-
THHCKHe OYyKBH B TaDAWIE KOAMPOBRM YIODPAACQYEHH MO aAhaBHTY.
(dparMeHT COOTBETCTBYIOMEH MPOIPaMMbl MOJKHO 3aMNCATh CAEAYIO-
M 0bpazom:

For C := 'a' To 'z' Do
Write (C, '—7, Ord(C}));
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3aeck nepeMeHHas C Tuna char.
Tenepb caMOCTOATEALHO 3aIPOTPAMMHEPYITE BEIBOA KOAHPOBKH Aa-
THHCKOTO aaraBUTa B 0OpaTHOM ITopaaKe (oT 'z' A0 'a')?

YMNPAXKHEHNA

1. Cocraeurs Ha [TacKkase uporpaMMy [IOAHOrO pelleHMsa OHKBaApaTHOrc
YpaBHEeHHUs.

2. Vicnoawsys onepartop BRGOpa, COCTABUTE IPOrpaMMy, KOTOPas U0 BBEAEH-
HOMY HOMEPY MECALA B roay OVAET BHIBOAMThL COCTBETCTBYIOLLEE BpeMs ropa
(3uMa, BECHA, AeTO, OCEHE).

3. Mcrnioas3yn oneparopsl HHKAa While, Repeat u For, cocraBuTE TpH Baph-
AHTa NPOrpaMMel BeMRCcAeHHa NI

4. CocTaBUTh NIPOrpaMMy, N0 KOTOPOH IIOCASAOBATEABHOCTE CHMBOAOB
GYAET BBOAHTLECA AD TeX 110p, [IOKA He BCTPETHTCA CTPOUHAS HAM OPONHCHAsA
AaTHHCKasA Oykea z, [TopacuMTaTh, CKOABKO Pa3 CPEAH BROAMMBIX CHMMBOAOB
BCTpeTHTCS GyKBa W.

5. BLIYHCAMTE CyMMy KBAAPATOB BCEX TIEARTX YHCEA, TOTMAAQIGIIHX B HHTER-
BaA (Inx; &%), TAe x> 1.

6. BEIMUCAHTE YHCAOC TOTEK € TIEAOUHCASHHRIMHA KOOPAWHATAMH, TIOTIAAAIOIIIX
B KpyT ¢ papuycoM R (R > 0) n ¢ HeHTpoM B HadaAe KOODAWHAT.

7. HameuaTtats TabAWITY 3HaYeHMH (PYyHKIUH sin X 1 cos X B MHTepBaae [0; 1]
c maroM (.1 B CAGAYIOIEM BHAC!

X sin x COs X
0.0000 0.0000 1.0000
0.1000 0.0998 0.9950
1.0000 0.8415 0.5403

8. HameuaTaTk B BO3PaCTAIONEM NMOPIAKS BCE TPEXIHAYILIC YHCA], B ASCA-
THYHOH 3aTHCH KOTOPHX HET OAMHAKOBEIX IHMbD.
9. AaHo neaoe n > 2. Hanewarars Bce IPOCTHE YUCAA W3 HHTERBaAa |2; n).

s NoAnPOrPAMMBI

TloHsTHHE BCIIOMOTATEABHOTO AATOPHTMA ViK€ PACcCMAaTPHBAAOChH B
noapa3sa. 1.5. B g3nKRax nporpaMMBRpPOBaHASA BCIIOMOTATEABHEIE AATO-
PUTMHE HAa3BIBAKOTCA nognporpammamu. B Ilackaare pasaHuUaroT ABa
BHAA TIOATTPOTPAMM: NpOYEqypht U1 dynxkyuy.
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PaccMOTPUM CAEAYIOIIHMHA IPHMED: AGHEL ABA HATYPAABRHEIX YHCAA U
" b. Tpebyercst oNpeACARTE HAaHOOALIINN ODIHUE AeAHTEAR TpeX Be-
AMUHH: @ + b, |a - b, @ - b. 3anumenm ato B BuAe HOA(a + b, |a - b|,
a - b}

Vaes pellleHHA AAHHOH 38AaYH COCTOHUT B CAEAVIOIIEM MaTeMaTH4e-
CckoM haKTe: ecad X, ¥, £ — TPH HaTyparbHBEIX yHcAd, To HOA(x, v, 2) =
= HCA(HOA(x, v), z). Mluade roBops, cHadara caepyeT HaWTH HOA
ABYX BeAMWHH, a 3aTeM HOA moAydeHHOTO 3H3YEHHUS W TPeTLerO YHC-
Ad (monpobydTe 3TO AOKA3aTh).

O‘IeBHAHO, YTO BCIIOMOTraTeABHEIM dATOPDHTMOM AASA PEHIEHWS IO-
CTABACHHOH 38paYH ABASIETCH AATOPUTM ITOAYUEHHS HaHMDOARIEro 0b-
IeTO AEAHTeAS ABYX uuceA. CASAOBATEALHO, 3Ta 38AaTa pellaeTcs ¢
TMOMOLBI) M3RECTHOrO aAropuTMa EBRAMAa (cM. moppasa. 1.3), xoro-
prifi sannuieM B gopMe IPONEAYPH! Ha aATOPHTMHMIECKOM sI3BIKe:

nponegypa Esxnun (nex M, N, K);

Ha4
norka M < N
HIY
ecnn M > N
7o M = M- N
uuavwe N = N-M
KE
KL,
K :=M
KOH

3aecs M 1 N ABAGIOTCH (POPMEABHBIMUY LAPAMETPAMH IIPOLEAY P,
T. €, 3TO NapaMeTPH-apPTYMEeHTHL, a K — mapaMeTp-pesyAbTar.
OCHOBHOW aATOPHTM PeLleHHs HCXOAHOH 3aA84H CABAYIOILMI:

anr sanada

uen a, b, c

Had BECI(a, b)
Epkmmnia + b, la—-bl, <)
Epxkmun(c, a * b, )
BHEBOIO(C)

KOH

TNponeaypul. B otanune ot A §1, rae npolieaypa SBASETCH BHeUIHeH
Mo OTHONIEHHK) K BRI3EBAIONEH MporpaMme, IpoleAypH B Ilackase
OTMCHIBAKITCH B pa3AcAe OIHCaHHA ToapliporpaMM. [IporpaMMa peme-
HUH HCXOAHOH IoCTaBA€HHOHW 3apaud Ha Typbo INackare GyaeT UMeTE
CAEAVIOILIHH BHA!
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Program NCD1;
Var A, B, C : Integer;
Procedure Evklid(M, N : Integer; Var K : Integer);
Begin
While M < N Do
IfM >N
Then M := M—N
Elsa N := N-M;
K (=M
End;
Begin
Write{('A =");
ReadiLn (A) ;
Write('B =');
Readln (B} ;
Evkiid(A + B, Abs(A—-B}, C):
Evklid(C, A * B, C);
WriteLn ('HOO =', CJ
End.

B aanHOM cayygae o0OMeH apryMeHTAMH M DEe3YARTATAMH MEKAY
QCHOBHOW IIPOrpaMMoi M TPOleAypoH NPOM3BOAMTCA Yeped napaMe-
TpEI ((hopMaakHEIe ¥ (hakTdeckre). CyIecTBYeT U APYTON MeXaHUu3m
o0MeHa — dJepe3s raoBaAbHBIE [I€peMeHHEle, 4YTC OyaeT paccMOTpEeHo
Adnee,

CHHTaRcHYecKas AMarpaMMa onWCaHus Opolleayphl IIOKaszaHa Ha
puc. 2.21.

<OuMCaHe MpOLERyphl>

<3aroaoBoK NMpPoLEeTyphl> —= @ — <BnoK> —=

<3aromoBoK>

Procedure —= <Hms> ——l———-—

l—- @ = <CrucoK GOpMaNbLHLIX TIAPAMETPOB> — @ e

<(DopManEHEIC NAPAMCTPRI> = <[lapaMeTpiI-3HauCHHsT> | <] [apaMeTphl-TICpEMEHHEIC>

<TlapaMeTpPbI-NIEPEMEHHbIE >

Var — <CNHACOK NMepeMenHBIX> —= @ —a {Tun>—=

<[MapaMeTprl-3HaAYeHHA >

—» <CIHCOK 3HAYCHUIT> —= @—-— <Tun> —=

Puc. 2.21. CuHTakcuyeckans auarpamma aniucanna nNpoUenypbl
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<Omneparop NpoueaypbsL>

<HmMsa nponenypsi> I
|_.. @ — <CriucoK pakTHYECKUX TAPAMETPOB> —=- @ J

Puc. 2.22. CtpykTypa onepartopa obpaweHnsa K npouenype

W3 pAparpaMMel BUAHO, YTO NPOLEAYPa MOJKET UMeTh HapaMeTpH], a
MOXEeT ¥ He HMeTb. Yall[c BCero apryMeHTHE IIPEACTABAfIOTCA Kak
napaMeTpbl-3HaueHWsd (HO OHH MOTYT OBITBR M IIapaMeTpaMH-Ilepe-
MCHHBIMH), AAsL [epepaud PesyABTATOB HCIIOAB3VIOTCA IapaMeTpHl-
epeMeHHLIe.

[Mponeaypa B KaueCTBe Pe3yAbTaTa MOXKeT NepPeAaBaTh B BLISBIBA-
FOLLYEO IIPOTPAaMMY MHOPKECTBO 3HAUYEHHH (B 9aCTHOM CAY4de — OAHO),
a MOJKeT ¥ He TIepepaBaTh HY OAHOTO 3HadeHWs. Teneps paccMOTpHM
npasuAa obpamesust K nponeaype. O0OpallieHne K IpOUeAype MpOrs-
BOAHTCA B (DOpMe oneparopa IpoIeaAypel (puc. 2.22).

Ecau onmcapa nponeaypa ¢ opMaABHBEIMH IIapaMeTpaMu, To H 00-
paieHAe K Hell TPOM3BOAMTCA OLepaTOpoM MPoleAyPH C (akTHie-
CKMMM TlapaMerpaMi. [IpaBHaa COOTBETCTBHS MESKAY POPMAABHBIMH
¥ (PaKTHYCCKUMH NapaMeTpaMi CACAVIONIHE: COOTBETCTBHE NG KoAUYe-
CINBY, N0 NOCAEGOBAMEALHOCINU W NG IUNAM.

IMepBriii BApUAHT B3aMMOAENCTBUS (QOPMAABHHX ¥ (bakTHUIeCKHX
napaMeTpoB Ha3LBAETCA nepegauetl no 3HAYEeHU0. BEMUCASETCH 3Ha-
yeHUe (haKTHIEeCKOTO NapameTpa {BHPaXCHHs) H 3TO 3HaYeHHe NpH-
CBAMBAETCHA COUTBETCTRYIoeMy diopMarbHOMY [DapaMeTpy. Bropoit
BAapMAHT B3aMMOACHCTBHA (POPMAALHEIX H (DaKTHUYSCKHUX [IapaMeTpoB
HABHBAETCS nepegaveil No umeHu: [IPH BHIIOAHEHHH IIPOLIEAYPEl HMA
hopMaARHOM TepeMeHHOH 3aMeHseTCsl HMeHeM COOTBeTCTBYIOIeH
chbakTHYECKOH LIepeMeHHOH (B OTKOMIIMAHPOBAHHOM IIPOTpaMMe MMC-
HH epeMeHHOH COOTBETCTBYET appec S9eHKH IaMATH).

B paccMmoTpeHHOM IDpMMepe dopMaabHBIe TTapaMeTpsl M u N aBas-
KOTCd NapaMeTPaMH-3HATEHWAMH., DTO apryMeHTH NPONCAYDEL, IPH
o0pallleHHT K KOTOPOH NepBHH pa3 UM COOTBeTCTBYIOT 3HAYCHHS BbI-
paskenuit A + B u Abs(A — B), a sropoll pas — 3Havenud C u A - B.
[TapamMerp K sBAgeTCa napaMerpoM-liepeMeHHol, B KOTOpoH MoAy4a-
IOT pesyAbTaT paboThl NpoleAypEL. B o6oux o6pallleHHAIX K OIponeAype
COOTBETCTBYIOUTUM (DaKTHYECKHM IapaMeTPoM SBASIeTCH MepeMeHHas
C, 4epes KOTOPYI0 CCHOBHASA IIporpaMMa IOAYHIaeT Pe3yAbTaT.

Tenephk pacCMOTPUM IpHMep HPOTPaMME], PeIIAloell MCXOAHVIO
[IOCTABACHHYIO 23AA9Yy € HCIOAB30BaHHEM MpPoleaypHl Oe3 mapaMeT-
pOB!
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Program NOD2;
Var A, B, K, M, N : Integer;
Procedure Evklid;
Begin
While M <> N Do
IfM>N
Then M
Else N
K =M
End;
Begin
Write('A =");
Readln (A} ;
Write('B =');
ReadLn (B} ;
M := A + RB;
N := Abs{A~-B);
Evklid;
M = K;
N := A x B;
Evklid;
WriteLn ('HCOO pamen ', K)
End.

[
zZ =2
(I
= =

Yrobr pa3zobpaThcd B 3TOM IpHUMepe, Tpebyerca pacCMOTPeTE Io-
HATHE 0DAQCTE geliCMBUA ONUCAHUA,

OO0AaCTBIO AEHCTBHS OIHCAHMA ANOOOr0 NporpaMMHOre obbekra
(mepeMeHHON, THIE, KOHCTAHTH H T. A} ABASETCA TOT DAOK, B KOTOPOM
PacCHOAMKEHO 3TO onucanue, Ecau ARHHBIA OAOK BAOXKEH B APYyTO#
(moanporpaMmal, TO OPHCYTCTBYICIHHE B HEM OITHCAHHS SBAAIOTCA AQ-
KQABHBIMU B ASHCTEYIOT TOABKC B IPEAEAAX RHYTPeHHero Daoka. Omu-
CaHMA JKe, CToAlMe BO BHemHeM DAOKe, ABAFNOTCH rA0OQAbHBIMU TIO
OTHOLIEHHI} K BHYTPeHEHeMY OA0KY. Ecau raobaAkHO onMcaHHbl 00h-
€KT HCIIOAB3IYeTCA BO BHYTpeHHeM GAOKe, To Ha Hero pacHpoCTpaHseT-
CsA BHelTHee (raobanbHoe) onlicaHue,

B nporpamme NCD1 nepemennsie M, N, K — AoKaAbHBIE BHYTPH
NpoueAyphl, a nepemenisle A, B, C -~ raobaspHbe. OAHAKO BHYTPH
nponeaypsl nepeMeHHuie A, B, C He wmcnoap3yiorca. CBAI3b MeEKAY
BHEIIHUM OAOKOM ¥ NPONEAYPOH OCYIECTBASETCA Yeped TapaMeTphl.

B nporpamme NOD?2 Bce 1epeMeHHBIe SBASIOTCA TACGAABHEIMH.
B mponeaype Evklid Het HH 0AHOM AOKAABHON IIEDEMEHHOM (HET U Ila-
paMeTpoR), I03TOMY MCIOAL3yYEeMEE B Hel IepemenHue M u N noay-
YarT CBOM 3HAUeHHA 4Yepe3 ollepaTrcp NPHCBAMBAHUA B OCHOBHOM
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OA0Ke nporpaMMEl. Pe3yAnTaT IIOAY4alOT B TAODAABHON NTepeMeHHOH
K, 3sHayeHHe KOTOPOH BEIBOAUTCA HA 9KpaH.

HcnoAn3zopaHHe MeXaHW3Ma IIepeAa T 3HavYeHNH Yepes napaMeTpH
AEAdeT IPOLeAYPY Boaee YHUBEDCAALHOHM, HE3ABUCHMOH OT OCHOBHOH
mporpaMMel. OAHEKO B HEKOTOPBIX CAYJadX OKa3bIBAeTCH yAODHee nuc-
MOAB30BATh MEPEAGYY 3Ha4YeHUHA yepesz rAobaabHbBIE IePEMEHHEIE, OCD-
6eHHO AAT TIPOIeayp, paboTatomux ¢ BoAbmHME oObeMaMu MHGOD-
Maruu. B 3TOHN cUTyaH TA0DAABHOE B3aHUMOACHCTBHE 3KOHOMMT Ila-
MATE IBM,

dyakunu. Tenepn BLISICHHM, YTO NPEACTABAHET COO0H HoALpOIrpaM-
Ma-tpyHKuMA. OBRIMHO (PYHKIHA HCIIOAB3YETCA B TOM CAyYae, ECAH pe-
3YAETATOM TICATIPOTPaMME AOAKHA OBITH CKaasipHas (IpocTas} BeAan-
ypHa. THI pe3yAkTaTa HaskBaeTcd THIOM GyHKOHH. B Typ6o ITackaae
AOIYCKalOTCa (PyHKIHH CTPOKOBOro THna. CHHTaKcHYecKad pHarpaM-
Ma onucaHua QYHKI[HH IpeACTaBAEHa Ha pPHC. 2.23,

Kak u y nponeaype!, v QYHKUWH B cilcKe (POPMAABLHBIX IIapaMeT-
POB MOTYT UMEeThCA IIapaMeTPhI-NIepeMeHHBhIe B IapaMeTpPhl-3Ha4yeHHH,
KOTOPHIe SBASIOTCSH €€ apryMeHTaM#. [IpH 5TOM €CAH apryMeHTHI Iie-
peaaoTcsa rAcfaabHO, TaPAMETPHL B CMCKE MOTYT OTCYTCTBOBATD.

[TporpamMma pelleHHMs MCXOAHOH NOCTEBACHHOM 38pd4H C HCIIOAB-
30BaHHeM QYHKIMHA OYAET MMETh CACAYIOIINH BUA,

Program NOD3;

Var A, B, Rez: Integer;

Function Evklid(M, N : Integer} : Integer;

Begin
While M <> N Do
IfM >N
Then M :=
Else N :
Evklid

End;

Begin
Write('A = ');

I

M-N
N-M;
M

<Onucane pYHKLHH>

<3aronoBoK> —= @ —= <BnoK> —=

<3aromoBox>

Function —» <Hma> r J O — <Tun>
L» @—-— <Cnucox opMATLHBIX NADAMETPOE> —= @

Puc. 2.23. CuHTakcuHeckan guarpamMma onvcadng PyHKLmMmM
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ReadLn (A) ;

Write('B = ");
ReadLn(B);
Rez := Evklid(Evklid(a + B, Abs(A—-B)), A * B};
WriteLn('NOD paBeH ', Rez)
End.

M3 AGHHOTO upsMepa BHAHO, 9TO B OTAHMYME OT IPOLEAYPH B Tene
PYHKIHH pe3yALINam NPUCRQUBACIMCA nepeMenHoll ¢ umenem gynxyuu.

Obpantenre K (JyHKIIHN SBASIETCS ONNEPAHAOM B BHIPD&KEHHH H 3a-
MHUCHBAaeTCcd B CASAVIOIIEH hopMe:

<MMA QYHKUMIM> (<CNUCOK QaKTHMUECKMX IIApaMeTpoBR>)

[NpaBuaa COOTBOETCTBMA MEXAY (POPMAABUBIMM M (paKTHYECKHMH
napameTpamy y (pyHKIIMHE Te JXe, 9T0 H ¥ nponeAyphl. CpaBHMBas pac-
CMOTPEHHEIe TPOTPaMMbl, MOKHO CAEAATHL BBHIBOA, 4TO [HPOrpaMma
NOD3 umeeT onpeseAeHHEIe IPEHMYILECTBa [epea ApyTuMu. OyHKimMs
TO3BOASIET IOAYIHTE PE3YALTAT IOCPEACTROM BRIMOAHEHHS OAHOTO Olie-
paTopa NPHUCBAMBAHNA, 3ASChH JKe IOKa3aHo, UTo (haKTHIeCKMM apry-
MEHTOM NpH ofpameHu K QyHKIHE MOXeT OBITh 3Ta JXe (QyHKIHA.

Mo nparmaamM cTasHpaapTHOTO ITackass BO3BPAT B BHI3BLIBAIOIIYIO
NPOrPAMMY M3 TOATTPOTPAMME! TIPOMCXOAUT, KOFAR BLITOAHEHYE IIOA-
IporpaMMLL AOXOAMT A0 KoHIa (nocacanui End). Oanako B Typbo Ia-
CKane HMeeTCd CPeACTEO, MO3BOASHOITee BEIHTH U3 NOANTIPOrpaMMEL B
AoboM ee mecTe. 31o oneparop-nponeaypa Exit. Hanpumep, dbynk-
LU0 ONpeAeACHHUs HAaUOOABLIIEre W3 ABYX 38AAHHBIX BEelLeCTBEHHBIX
YHCEA MOKHO OITMCATH CACAYIOIIMM O6pa3oM:

Function Max (X, Y : Real): Real;

Begin

Max := X;

If X > ¥ Then Exit Else Max := Y
End;

Eme pa3 06 obaactu aeticTeus onucanui. B I'lackane HeyKOCHH-
TeALHO AGHCTBYET cacayiolllee IPAaRHAO: 000l nporpamMmunttt 06beKm
(Korcmarma, RepeMenHa, Mun u gp.) goAXeH 6nimb ONUCAH nepeq uc-
noaszosanuem B nporpamme. Muaue rosops, onucaHue 0ObeKTa AOAXK-
HO NPeAecTBOBATEL €ro NepBoMy NOSIBASHMIO B ADYTHX (hpparMeHTax
OPOrpaMMH. JTO NPAaBHAO OTHOCHTCS M K IOANIPOrpaMMaM.

CIpykrypa B3aMMHOTO PACIIOAOKEHHA ONHCAHWI MOAIIpOTPaMM B
HCKOTOPO#H YCAOBHOH IIporpaMMe CXeMaTHUeCKH [IoKa3aHa Ha pHc. 2.24.
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OcuoBHAA MpoOTpaMMa

[Noanporpamma A

[Toanporpamma Al

Noanporpamya A2

[Moanporpamma B

MozanporpamMMa Bl

MoanporpamMMa B2

[Mogmporpamma 821

TMoanporpamma B22

Puc. 2.24. MNpumep cTpykTyps! NpOrpammb:

MonpebyeM, UCHOAL3ys ITY CXeMY, pazobpaTecs B Bolpoce of obaa-
CTH ACHCTBHS OLIMCAHHH ITOAIIPOTPAMM.

Atobas HOATIPOTDAMMA MOMKET HCIIOABL3OBATLCHA AWlIL B IIpeAeAdx
0DAaCTU AelicTBUA ce onucaHusa. Haupumep, oO6AACTE ACHCTBUSA TIOA-
rporpaMM A 1 B — ocHoBHaa nporpaMma, no3TOMY H3 OCHOBHOH ITpo-
IrpaMMBI MOXKHO OBpaTUTRCA K ToAnporpaMmMaM A H B. B ¢Bo1o oyepeas,
B HoATporpaMMe B MoryT 6BITE 06pallleHH K IoalporpaMMe A, oaHa-
KO M3 A HEAB3H O0pATHTECH K B, TOCKOABKY ONHCaHue A IPCAILIECTRY-
eT omucanuio B. [TopnmporpaMmel Al ¥ A2 AOKAAH3ORaHE! B MOAIPO-
rpaMMe A ¥ MOTYT UICIIOAB3ORATLCA TOABKO B HeH, IpHueM M3 A2 MOXK-
HO 06paTtHThed K Al, a u3 Al B A2 Heabsd.

U3 noapniporpaMMul 51 MOKHO 08paTUTRCA K ITOANIpOrpaMMe A, 1mo-
CKOALKY €€ ONMCaHue SIBASETCS 'A0DAABHBIM IO OTHOIIEHHIO K Bl, HO
TTeAR3A OBPATHTRCH K Al, NOCKOARKY 00AQCTE AGHCTRHA omucanus Al
He PAcTpoCTpaHsieTcs Ha GAOK NOANPOrpaMME B,

Ha nmopnporpamMmul B22 MoxuO 00pATATECS TOABKO K HOARPOTpaM-
mam B21, Bl u A. (OnpeaeAlTe cCaMOCTOSITEALHO, IOYEMY. )

EcAM 0AHO ¥ TO 7K€ MMS OIIHCAHO BO BHeluHeM BAoKe {TAOGAABHO) U
BHYTpeHHEeM (AOKAABHO), TO NIOCAEAHEE ONHCAHHE (AOKAABHOE) Iepe-
KpBIBaeT IepBOe B lIpejperax BHYTpeHHero OaoKa. PaccMOTpHUM ABe
TIPOTPaMMBIL:
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Program Examplel; Program ExampleZ2;

Var X : Integer; Var X : Integer;
Procedure P; Preocedure P;
Var X: Integer; Begin
Begin WriteLn('x = ', X Writeln('X = ', X)
End; End;
Begin X := 1; Bagin X := 1;
P P
End. End.

B pesyartaTe paGoThl IepBas NIpPOrpaMMa BBIAACT PE3YABTAT X = ...,
TAS Ha MecTe OTTOYMA GYALT KaKoe-TO NPOH3BOARHOE 3HAYEHHE, COOT-
BETCTBYIOIEE HeOIPEASACHHOM BEANTHHE X,

Bropas nporpamMma BelAacT pesyastaTr X = 1.

B mepBoM noamporpaMMe nepeMeHHas ¢ MMeHeM X OnHcaHa | TAO-
0aAbLHO, M ACKAABLHO, HO IIPOLEAYPa BHIBOAWT 3HAYCHUE AOKAABHOU
[nepeMeHHOH, KOTOPOH HHYErc He IPHCBOEHO. 3aech HAGHTU(HKATO-
poM X 0003HAUEeHK ABE COBepIISHHO pa3Hhie BEAHMTHHEI, KOTODEIM CO-
OTBETCTBYIOT ABE pasubie AUelKY MaMATH.

Bo BTOpoM nporpamme nepeMeHHas X OAHA Ha BCIO NPOIPAMMY H
ONHMCaHa TAOBAABHO, IIO3TOMY 3HaueHHe 1, NpHCBOEHHOR eif B OCHOB-
HOH IporpaMMe, IepeAdeTcd H B IOAIPOrpaMMy.

YMNPAXKHEHNA

1. CocTaBuTE ABA BAPHAHTA MPOTPAMMEl BEIMHCASHUSA MAGHIAAM KOABIA TIO
3HAYEHHWAM BHYTPEHHErO 1 BHElTHero pasuyCcos: C IPoleaypoit M ¢ QyHRUHeH,
HCIIOAB3YS TIOAPOrpaMMY BREIMHCACHUA TLAOUIAAN KPYTa.

2, Tlo KOOPAMHATAM BepIUHH TPEYTOABHHMKA BEIYHCAHTE €70 IepUMeTp, He-
TIOAB3YS HOATIPOTPAMMY BEIYHCACHHA AAMHEL OTPE3KA MeXAY ABYMSA TOYKAMH.

3. AaHBI TPH HeAnX wuchd. ONPeASANTE, HCTIOAB3YA TIOATIPOTPAMMY, ¥ KO-
TOPOrc M3 HUX BOARITe cyMMa LHDP.

4. ONpeAeAHTE MAGINAAL BEITYKAOTO 9eTHIPEXYTOABHMKA 110 3aA8HHEIM KO-
OpAMHATAM BepIIHH, UCTIOAB3YS IOANPOrpaMMy-hyHKIIHIO BREIYHCACHHA AAWHEI
OTPE3Ka H HOATPOrPAMMY-ITPOICAYDY BHUYHCAGHKAS NAOKIAAM TPEYTOABHMKA N0
dopmyae ['epona.

NN BbIYWUCITEHNE PEKYPPEHTHbLIX
NOCNEQOBATESIbHOCTEW

PexyppeHTHasA DOCAEAOBATEABHOCTE. [TOHATHE peKyppeHTHOM I0-
CABAOBATEABHOCTH M3BECTHO H3 KypCa MareMaTHKH. BBOAHTCA oHO
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CAEAVIOIIMM 0Gpaz0M: MyCTE U3BECTHO K YHCEA! 4y, ..., €, KOTOPEIE AB-
AFIOTCH HauyaAOM YHCAOBOH IIOCA€AOBATEABHOCTH. CaeAyionlie 3ae-
MEHTE! 3TOH NMOCAEACBATEALHOCTH BEUHUCAAIOTCA 110 (POPMYAAM!

o1 =Flay oay) tgoo=Flay o te)i
Qra3=Flaz ... @, 9)..,
rae F(...) — dyurnus or k apryMcHTOB.

GopMyad BUAG
af=F(af —1r Qi g e O v-k)
Ha3bIBAETCH PeKyPPeHmHOl, & BeAHYHHa kK — rAayOunoil pexkypcuu,
ADYTHUMHM CAOBAMU, PeKypPPeHIHGA NOCAegUBUMEAbHOCIE — 3M0
GecKOHeunbIl pRg Hucel, KaXgoe U3 KOMmopbix, 3a uckAiovenuem k na-
HOARHALX, BRILUCASIEIICA Yepel npegeigyuiie.
lNpuMepaMu PeKYPPEHTHLIX [MOCACAOBATEABHOCTEH ABASIIOTCH COOT-
BeTCTBeHHO apudMerudecKas U FeOMeTpHYeCKas [IDOTPeCcCHn:
01:1, 02:3. 03:5, ﬂ4=?, 05:9, cery (2.1)
01=I,a2:2. ﬂ3:4, a4=8, af,zlﬁ, (22)
PexyppeurtHas dopMyAa AaHHOH apUdIMeTHIECKON IPOTPecCHH
a;=g;_ + 2.
Pexyppeurhnas (popMyra pAaHHOH reOMeTpUIECKOH IIPOTpecCur
a, = 201;_ 1

[ayBuHAa pexypcHu B 00OHX CAYYAsAX PABHA eAHHHIE (TAKYK) 3aBH-
CHUMOCTE TAKJKE HA3hIBAIOT OAHOLIATOBOH peKypcreH). B ueaom pekyp-
PeHTHAasA [IOCAGAOBATEABHOCTL ONHUCEHBAETCS COBOKYNHOCTHIO HAYaAL-
HHEX 3HaueHUH U peKyppeHTHOH GHOPMyAOH. Bece 370 MOXKHO 0OBeAH-
HUTE B OAHY BeTBAIIYIOCH (POPMYAY, KOTOpas AAS apHbMeTHUYeCKOH
nporpeccHu 6yaeT UMeTk BHA,

1, eCAr i =1

a = )
Yolag 1 +2 ecami>|,

(]

a AASL TEOMEeTPHYeCKON —

1 ecan [ = 1;
q = )
| 2a ecam i > 1.

YucaoRasd IOCASACBATEALHOCTh BHAA
1;1; 2,3, 5,8, 13; 21; 34; 55 ...,
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A3BeCTHAad B MaTeMdTHKe I10A HA3BAHHECM YHUCCA CDPIGOHEI‘I'-IH, B KOTO-
pPOH, HauKHAaA C TPeTHEro 3AEMeHTa, KaKACe YUCAO PABHO CYMMe 3Ha-
TeHHH ABYX IIPEALIAYILITHX, ABAIETCA PeKyPPEeHTHOH IIOCABAOBATEABHO-
CTBIO C TAYOHHOH, paBHOH ABYM (ABVXINATOBAS perypcus). OnHleM ee
B BeTBsilIelca dopMe:

1 i=1,i=2
£ i +fq >2.

t

BBepeHHE [IPEACTABACHHA O PEKYPPEHTHRIX MOCAGAOBATEALHOCTSIX
MO3BOASIET [I0 HOBOMY B3TASIHYThH HA HEKOTOPHIE YK€ M3BECTHBIE HAM
sapaun. Hampumep, daxropHas OT I|eroro YHCAa n! MOKHO paccMar-
PUBATh KaK 3HaYeHHe I1-r0 3JAEMEHTA CAGAYIOUIETO PAAQ HHCEA!

a=1a=1a=2la,=3! a,=4I; ..

PexyppeHnTHOe onucaHue TaKOH IIOCAEACBATEABHOCTH DYAET UMETh
BHA,

1, i=0
%= a_i, i»0.

IporpaMMHpORaHHE BEIMHMCACHHI PEKYPPEHTHBIX I10CAEAOBaTEAD-
HocTel. C peKyppeHTHLIMH TIOCAGAOBATEABHOCTAMU CBS3dHRl CAEAY-
OIIAE 38A34YH:

1) BRIYHMCACHHE 38AAHHOTO (I1-1'0) 3AeMeHTa MOCACAOBATEABHOCTH;

2) mareMaTHveckan 06pabOTKa ONpPCAEACHHOM YACTH IIOCAEAOBA-
TEABHOCTH [HANpAMep, BRIMHCACHHUE CYMMBI MAR IIPOM3BEACHHS Iep-
BEIX It YAGHOB);

3) mopcyeT yMCAd IAEMEHTOR Ha 3aAaHHOM OTPE3Ke MOCASAOBATEAR-
HOCTH, YAOBAETROPSIOIINX OIpeAeASHHBIM CBOHCTBAM;

4) ollpepeAeHHe HOMEPA MEPBOTC 3A€MEHTd, YAOBAETEODSAIOILETO
OIIPEAEACHHOMY TpeGOBallHI;

J) BEIYHCACHHE H COXPAFCIHNE B NaMATH 3apaHHOTO MMCAA DAEMEH-
TOB IIOCACAOBATEABHOCTH.

AaHHRIA TepedeHE, He [IPeTeHAYA HA MOAHOTY, OXBaTHIBAET Haudo-
A€€ HaCTO BCTpeYaroluecs THILL 3apad. B 3apadax 1...4 me Tpebyetca
OAHOBpPEMEHHO XPAaHHUTE B IIAMATH MHOXECTBO 3A€MEHTOB YHCAOBOTO
PAAQ: €r0 SAEMEHINL MOTYM ROAYUAINLCA NOCAEGOBAMEAbLHO B OGHOL
nepemeHHOU, cMeHAR gpYT gpyTa.

TIpumep 2.4. TpeOyeTcst BEIMHCAWTL - DA€MeHT apH(MeTHYSeCKOH Ipo-
rpeccun (2.1).
IporpaMwva, pelamias AAHHYIO 3aAa9Y, CACAYIOLIAs:
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Var N, I: 0..MaxInt;

A : Real;
Begin

Write('N = ');

ReadLn (N} ;

A = 1;

For I := 2 To N Do

A=A+ 2;

WriteLn ('A{(', N:1, ")= "', A:6:0)

End.

PexyppenTnas ¢dopmyaa @, = q,_ | + 2 Iepemina B onepatop A = A + 2.

IIpumep 2.5. TpebyeTca NpOCyMMHPOBATE [IePBEIE 11 SA€MEHTOB reoMeTpH-
YECKOH Nporpecci (2.2), He acnoab3ya QOPMYAY AAA CYMMEI TIPOTPeCCHH.
IMporpaMmya pelreHrd AJHHON 33434 CACAVIOIIAN!

Var N, TI: 0..MaxInt;

A, S : Real;
Begin

Write('N = '); ReadLn({N};

A = 1;

S5 = A;

For I := 2 To N Do

Begin
A
5

1l

2 * A;
5 + A

End;

Writeln ('CyMMa paeHa ', S:6:0)
End.

[Tpu BEITHCACHUHN PeKypPPeHTHOMH MOCACAOBATEABHOCTH € TAYOHHOH,
PaBHOH ABYM, yKe HeAb3d OOOHTHCEH OAHOHM MepeMEeHHOH, YTO BHAHO
M3 CACAYIONIIETO MPHMCpPa.

TIpumep 2.6. TpeSyeTca BHIBeCTH Ha TedaTh nepewie ni(n = 3) yncea Pubo-
HAYYH H NOACYHTATh, CKOABKO Cpeall HUX YeTHRIX YHCeA.

[Tporpamma pemeld AAHHOH 3aAaTH CAGAYIOIIAS:

Var N, I, ¥, ¥, Fl1, ¥F2 : 0..Maxint;

Begin
Fl :=1; F2 = 1;
K := 0;
WriteLn{('F(l) ="', F1, " F{(2) = ', F2);
For I := 3 To N Do
Begin

F :=Fl + F2;

107



il

Writeln('F{(', I : 1, "} v, Fy;
If Not 0dd(F) Then K := :

K + 1;
Fl := F2; F2 := F
End;
Writeln ('KonMuecTBO YETHHX YUCEN B HOCHENOBATENLEHO-
¢t pasHo ', K)
End.

AAA TOCACAOBATEABHOTO BEINHCAEHUSA ABYXINATOBOH PEKYDCHH Tpe-
OyrTCA TPU NEepeMEeHHLIe, MOCKOABKY AAS BEIMHCASHHMSA OUEpPEAHOTO
AACMEHTa HeOBX0AMMO NOMHUTL 3HAYeHHS ABYX INPEABIAYIITHX.

Ipumep 2.7, Aas 3apa@HHOIO BEUIECTBEHHOTO X M MaAOH BEAMUYMHE! ¢ (Ha-
npumep, £ = 0,000001) TpedyeTcsa BEIYHCAUTL CYMMY PApd

BKAKOUKB B HEE TOABKO CAAraeMnle, IPEBLIIAIoIHE &.

M3 maTeMaryku M3BeCTHO, 9TO CYMMa TaKOro GeckoHeYHOTO PSAd MMeeT
KOHeyHoe 3HaYeHnue, papHoe e, rae e = 2,71828... — ocHOBaHKe HATYPAARHO-
ro aorapuiMa. TTOCKOABKY 3A€MEHTEL 3TOFO PSAA IPEACTABATIOT coBoiH yOHI-
BAKIYH HOCABACBATEABHOCTE YHCEA, CTPEMSILYIOCS K HYAIO, CYMMUPOBaHHE
CAGAYET NPOM3BOANTE AC IIEPBOIO CAAraeMoro, o abcoArTHOMY 3HaYEeHHIO He
[IPesLIUAIIETO €,

EcAM caaraeMEele B 3TOM BhIpaXKeHHHM 0603HAMNTE

2 XS

=lg=xa=—a=—, ..
2] e T 3
TO 0000IeHHAA POPMYAA AAT [-T'0 DACMEHTA OYAET CAEAYIOIIEN:
x'
a = —.
il
Herpyano yBHASTE, YTO MEXAY 3AeMEHTAMH AAHHOH IOCACAOBATEALHO-
CTH MMeeTcA pPeKYPPeHTHas 3aBHCAMOCTh. Ee MOXXHO HalTH HHTYMTHEHO, HO
MOMKHO H BbIBeCTH opManbHO. [IpaBaa, pAas 3Tore TpebyeTes AOTapaThes, uTo
PEeKYPCHA — OAHOLIArOBas, H YTO KaXKARH CAEAYVIOUTMH JAEMEHT TIOAYYARTCH
MOCPEACTBOM YMHOMREHHS HPEARIAYIIEr0 Ha HEKOTOPEIA MHOXHTEAD, T. €.

a; = Ka; q.
Hcnoakays ob001eHHyi0 OPMYAY, 3aITHIIIEM:

x Xl' -1

o Ky

i

OTKYyAd
x/n x

T
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AeliCTBHTeALHO,

X, X

a!o=l;al=ao2 3

CAepOBATEABHO, AAHHAS PEKYPPEHTHAN NOCACAUBATEABHOCTE MOXKET OBITh
OIMCaHa CAEAYIOIIHM 00pa3oM:

1, ecani =0

X ,
a;.—, ecami>0,

W, HakoHei, TNPHBEACM IIPOTPAMMY, PelllaloINyH) MOCTABACHHYH) 3aA49Y!

Var A, X, S, Eps : Real;
I : Integer;

Begin
Write('X = '); ReadLn (¥};
Write{('Epsilon = '); ReadLn(Eps);

A ::=1; 8 :=0; I := 03
While 2Abs (A) > Eps Do

Begin
5 = 5 + A;
I =1+ 1;
B := A % X/I
End;
WriteLn ('Cyuma pama paBhHa ', S : 10 : 4)
End.

3uavyeHNs OAHOLIATOBOH PEKYPPEHTHOH IIOCASAOBATEABHOCTH 3AEChH, KaK H
MPCKAE, BEMHCASIIOTCH B OAHON [lepeMeHHO.

Ka>kpoe MOBTOPHOE BHIIOAHCHHE IHKAA B ITOU MporpaMMe NpH-
OAMIKAET 3HAUCHHC S K HCKOMOMY (YTOYHSIET 3HAYAUIHe LHH(pLE B €ro
3anucH). TAKOH BRIYHCAMTEABHBIH NIPOIECC B MATEMATHKE HA3BIBALTCH
umepayitoHHbM npoyeccoM. COOTBETCTBEHHO IHKAHL, peainsyroHiHe
HTCPAIIHOHHBIA BRIYHUCAUTEARHBIH IIPOLECC, HA3KIBAIOTC UMepayuon-
HBRIMU QUKAGMIL. AASI MX OPraHM3alMK UCIIOAB3YIOTCS onlepaTopk While
vau Repeat.

IIpumep 2.8. Aas 38paHHOI0 HATYPAABHOTO YACAA N M BeleCTBeHHOI'O X
(x > 0) TpebyeTCa BHIMMCAMTE 3HAUE€HHE BHIPAJKEHUNA

X+ X+ +43

B aToM cayuae peKyppeHTHOCTEL He CTOAR oueBHAHA. [lonpobSyem HafiTh ee
MEeTOAOM EIAYKITHH. ByAeM CHUHMTaTh, YTO MCKOMOE BHIPaKeHHe ecTb N-H sae-
MEHT MOCASAOBATEABHOCTH BHAR

109



a=vxig=VreIxig=yx+dxedx
OTKYAA BHAHA CAGAVIOULAA CBA3E:
@ =Jx+a;a=Jx+a; ..aq=Jr+a,.

TCHCpB MOCTABACHIYIO 33AAYY PLIIATE OUMCHE IIPOCTO;

Var A, X : Real; I, N : Integer;

Begin
Write{'X = '}); ReadLn (X};
Write('N = '); ReadLn(N);
A := Sgrt (X):
For I := 2 To N Do
A := Sagrt(X + A);
WritelLn{'OrreT: ', A)
End.

OaHEKO K pellleHW:) BCeX IPHBEASHHEIX 3apay MOXXHO HOAQHTH M
¥iHAYe, UCTIOAL3YA BOZMOMHOCThH PEKYPCHBOHOTO ONpeAeAeHns (yHK-
M B [Nackaae.

[ToppoGHO peKypcHBHEIE NOAINpOTpaMMEL IlacKaAsl paccMaTpuBa-
10TCA B noppasa. 2.17. M3 onucanra apudpMeTHIECKON OPOrpeccHt B
thopMe pPeKYPPEHTHOH ITOCAEAOBATEARHOCTH HEIIOCPEACTBEHHO CAEAY-
eT crnocob onpeaereHHd QYHKIUH AAS BEIMHCACHHSA 38AAHHOTO 3Ae-
MeHTa.

CaenaeM 3TO AA% 00HIET0 CAYYaH, ONpeAerrB apHPMeTHYeCKYIO
TMPOrpeccui0 ¢ HAYaALHBIM 3HAYEHUEM (p M PA3HOCTBIO d:

Uy, ecAHl=1;
aq. = R
a4 +d, ecamix>1.

CoOTBETCTBYIOMIAs MOANPOrpaMMa-hyHKIHA GYAET HMETh BHA,

Function Progres{(A(, D : Real; I : Integer}): Real;
Begin
IfF I =1
Then Progres
Else Progres
End;

AD
Progres (A0, D, I-1} + D

It

Chaepyiolllasg IIporpaMMa BEIBOAMT Ha 3KpaH neperie 20 ancea Ou-

OOHauuM, 3HAYEHHS KOTOPHIX BBIMMCASST PEeKYPCHBHast QYHKIMA
Fibon:
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Var K : Byte;

Function Fikon(N : Integer) : Integer;
Begin

If (N =1) Or (N = 2)

Then Fibon := 1

Else Fibon := Fibon(N—-1) + Fibon{(N-2)
End;
Begin

For K := 1 To 20 Do Writeln (Fibon(K))
End.

HeobxopumMo OTMETHTE, 1T0 MCHOAR30OBAHHE DEKYDCHBHEX (hyHK-
WA BCAET K 3aMEAACHMIO cdeTa. Kpome TOro, MOXKHO CTOAKHYTECH C
IpoOaeMOH HeXBAaTKH AAMHEI CTEKd, B KOTOPOM 3aIOMHHAEeTCH ¢MapPIil-
PyT» peKyPCHBHBIX 0OpalleHHuH,

PekyppeHTHBIE IOCAEGAOBATEABHOCTH ACTO UCIIOABIVIOTCS AAS pe-
LIeHHS PA3HOTO PoAd PBOAIONMOHHBIX 38Aa4, T.€. 33Aa4, B KOTOPBIX
MPOCASIKHBACTCH KAKOH-TO HPOIECC, PasBHBAICITHECI BO BpeMeHH.
PaccMOTpHM TaKyIO 3389y,

Hpwrmep 2.9. B xoae AeueGHOTO FOADAAHMS Macca TEAa allHeHTa 3a 30 aneit
CHH3RAACK ¢ 96 A0 70 Kr. TpebyeTcs: BEITHCAWTE, YeMy Ohlrd PaBHa MACCE TeAd
namueHTa yepes k AHel mochae Hadaad roacpauuda pag k=1, 2, .., 29,

OBfo3natuM Maccy Tead lanuenTa B i-i peun p; (i =0, 1, 2,..., 30}. M3 ycaoBus
38A@4H H3BECTHO, T0 Py = 96 &I, piy = 70 kr. ITycte K — roadbunuenT npo-
LHOPLMOHAARHOCTH YOBIBAHMA MACCH 38 OAMH AE€HB. TOrAa

p1=po — Kpy={1 — K} poi p2= (1 - K)pn;
p3=0-Kps .ipi=U1-K)p— 1,
T. €. HMeeM IOCAGAORATEABLHOCTL, ONHCLIBACMYI) CAGAYIOIICH PEeKYPPEHTHOR
dopMyAaoi:

B 9q, ecat [ =0;
P l-Kip,  ecami<i<30.

Koadipuruent K MOXHO HAUTH, HCTIOARIYS YCAOBHE Dyy = 70 M BEINOAHHBE
«0BGpaTHEIe» TIOACTAHOBKH:

P =(1-Kipg =L - KPpsg =01 - KPpy = ... =
=[1- K}¥*p, =(1- K)* .96,

W3 pasencrra (1 — K} 96 = 70 naxopmuM:

1
7030
1-K= [— .
96
AaapHelee HUPOTPAMMHEPOBAHNE CTAHOBITTCA OYCBHAHBIM:
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Var I : Byte;
P, Q : Real;
Begin
P o= 96;
Q 1= Exp(l/30 * Ln(70/96});
For I ;=1 To 25 Do
Begin
P =0 % P;
Writelni(I, '"-# meHe-—-"', P : 5 : 3, ' Kr')
End
End.

YNPAXHEHWNA

1. PeKyppeHTHas 110CAEAOBATEABHOCTE OLPEASAEHA CACAYIOIIHAM 00pasoM:
1, ecani=0

q =

o1 ,
a_yf + -, ecani > 0.
i

AAST 33AAHHOTC HAaTYPAABRHOTO I IOAYUHTE 3HAYEHUE O,
2. AaHa MoCAEAQBATEABHOCTE

1, ecami=0i=1

a = ;.4 .
Gy + FEt ecami> 1.
l —

BEIYHCAMTE TpOH3BeAeHMe 3AeMeHTos ¢ 1-ro o 20-11.
3. Micnoabayst pekyppeHTHRE TOAX0A, BEIYHCAWTE CYMMY MHOTO4AeHa 10-i1
cTenedd no dopmyae [opHepa:

10x9+9x% + 828 + .+ 22 + x = {(({{{{{{10x + D)x + B)x + ... + 2)x + 1)x.

TA€ X — 3aAAHHOE BeileCTBeHHOE YHCAD.
4. Ang 38A@HHBIX BELIECTBEHHOTO X M HATYPAABHOTC N BHIUMCAMTE CASAYIO-
HIYIO TeIHYH ApOoOh:!

xM(1 +x/2+x/(3+x/(... /(N+zx))...).
5. BoiuMcANTD H BRIBECTH BCE YAEHE MHCAOBOTO PAAIL

111

t2 3T NY
TipeRRIMIAIGIIME 3HaYet e 1077,

6. ODyHKUUID y = VX MOKHO BEMHCAHTE KK HPEeABABLHOR 3HaueHne No-
CACAOBATEABHOCTH, KOTOPYIO ONPEACATIOT CACAYIOLISH PeKYPPEHTHOH hopMy-
AO¥:
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1 x )

Vi = —{yk_ﬁ J A k=12 ..
2 Y

3AECH HAMAABHOE 3HATSHUE ¥ 38AA0TCH MMPOH3BOALHO [PKEAATEARHO DAIDKE K

Jx ). 3a npEGAIDKeHHOE C TOYHOCTRIO £ 3HATEHHE KOPHS 6ePeTcd NepBoe V,, A
KOTOPOTO BEITIOAHAETCSH YCADBHE |y, — ¥, — 1| < & COCTaBMTL COOTBETCTRYIOLIYIO
TIPOTPaMMy BBIYHCASHMUS,

AN TPAGWNYECKUWE CPEACTBA TYPBO NACKANA

AD CHX TIOp MBI UCHOAB30BEAH DKPaH KOMIIBIOTEPA TOABKO AASl BBI-
BOAA CHUMBOABHO#U wmHGOpMADHH — jYHcea, TekcToB. OaHaro TypGo
[Mackaab MOIBOASIET BEHIBOAMTE Ha 9KpaH PHCYHEH, HepTeXH, IpaduKl
dyHKIME, AHATPaMMb], T.€. BCe TO, YTO [PHHATC HA3BIBATE KOMIILIO-
TepHOH rpadMKOoN.

B cranapapTHoM IlacKanre rpadpiuecKHH BEHIBOA HE TIDEAYCMGOTPEH.
OpAHAKO Ha Pa3HEIX THNAX KOMOBIOTEPOB, B PA3HBIX peaansanusx Ila-
CKaAfl CYIIeCTBYIOT PasanyHBIe NIPOTPaMMHEIE CPEACTBa rpadpriecko-
r'o BEIBOAR! CllelianbHbie HAOOPH ASHHBIX, (PyHKIHE, npomneayp. [pu
3TOM UMEIOTCS OGLIMe MOHATAS W CPeACTSa, CBOHCTReHHHE AOOMY
BApPUAHTY PearH3alivi TPaPHKA B ATOOOM A3BIKE IPOTPAMMHDOBAHMS,
PaccMorpiM Takde 5a30BHE CPEACTBA.

Haumuaa c yersBeproil Bepcur Typbo [Tackaarsn aaa IBM PC nosBu-
A&ChH MoOIIHAas rpadryeckas GHOAMOTEKA, OPraHM3OBAHHAA B MOAYAL
Graph. B mpuaoReHun 2 B cnpaBOYHOH (hOpMe AGHO ONHCAHHAE OCHOB-
HEIX KOMIIOHEHTOB 3TOTD MOAYAA. AAR MOAKAI0YeHUs MOAYAs Graph B
Hagare IpPOTrpaMMEI HeoOX0AMMO HallUCaTh CTROKY

Uses Graph;

IpaduyecKkue pe;KUMEI 3KpaHa. AAT BHIBOAA MPadHYIecKHX Hiobpa-
REHUM HeohXOAMMO TIEPeReCTH SKPaH B OAHH U3 rpathMYecKHX pesxH-
MoB. B rpadiueckoM pesxumMe MOJKHO € NOMOIIBIO TPOorpaMMbl YIIPAB-
ASITE COCTOAHHEM KayKACTO NMUKCeAa — TOUEHHOrO JA€MEeHTa 3KpaHa.

I'pacdhueckre pesKMMEl OTAHYAIOTCH:

® pasMepoM rpacdprueckoii cetku (M x N, rae M — YHCAC TOYEK 1O
FOPH30HTAAH; N — YHCAC TOYEK [IC BEPTHKAAM);

8 I[BeTHOCTBIO (YHCAOM BOCHPOH3BOAMMEIX Ha JKpPaHe IIBETOB).

AOHYCTPIMLIE PeXHUMEl 3aBUCAT OT THIIA MOHUTOPA H COOTBETCTBY-
forrero rpadiyeckoro Apaisepa, HCIOAB3YEMOTO Ha KOMIIBIOTepe.
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AAS YCTAHOBRM IpadhUueCcKoro perkuMa SKpaHa CyIleCTBYIOT COOT-
BETCTBYIOIIHEe TIpollepaypel. B Mopayae Graph mnpoleaypa ycTaHOBKH
rpadpMueCcKOTro perRMMa 3KpaHa HMeeT CACAYIOUIHE 3ar0AOBOK!

Procedure InitGraph(Var Driver, Mode : Integer;
Path : String);

3aeck Leaas nepemenHas Driver onpeaeaser Tun rpathadeckoro
Apaieepa, Heaas nepemennas Mode 3apaeT peskum paboThl rpacude-
CKore ApaiiBepa, a Path — Boipaskende THNa String, coaepiRalree
MApUIPYT ITOHCKA thaiira rpadHYecKoro ApakBepa.

CIHCcKH KOHCTAaHT MoAYAs Graph, onpeaAeAsTIOIINX THITE ADalBEpPOB
¥ peXXHMBI, ASHLI B IIPMAOKEHUH 2 (cM, Taba. [12.1 u T12.2}.

INMpuBepeM IpHMep NOPOTPAMMEI, WHHIMAAM3HDYIOLIel rpadmnde-
ckuil pexxum VGAHI arg pabotel ¢ pApafiBepoM VGA (MOHHUTOpD THI&
VGA):

Uses Graph;
Var Driver, Mode ; Integer;

Begin
Driver : = VGA; {Ipatteep}
Mode : = VGAHLi; {Pexum pacoTu)

InitGraph(Driver, Mode, 'C:\TP\BGI'};,

3aeck yrRajelBaeTes, uTo halia egavga.bgi ¢ ppaiiBepoM aag VGA-
MOHITOpa HaxopuTes B Katasore C:ATPABGI. Pexum VGAHI coreer-
cTByeT rpadiriaeckoi cerke 640 x 480 ¢ naauTpon us 16 1seTos,

Bo3MOKHE TAKOKe aBTOMATHUECKHEe OIPEASACHHE THIIA APalBepa H
YCTAaHOBKA PEXXHMA, UTC HO3BOASET nporpaMme paboTaTb ¢ Pa3HLIME
THIIaMH MOHUTODOB, He BHOCA H3MEHEHHH B TEKCT:

Driver := Detect;
InitGraph(Driver, Mode, 'C:\TP\BGI'):

INpu 3TOM ABTOMATHYECKH YCTAHABAMBASTCH PEXHM C HaUGOALIIH-
MH paspellamiein cIoco0HOCTEI M HBETHOCTEIO. [Tocae OROHYAIHA
paboTel B rpadpHUECKOM PEKHMe CACAYET BEDHYTECH B TEKCTOBEIN pe-
JKUM 3KpaHa.,

B moayae Graph mpoueaypa BOSBpAIeHHSA B TEKCTOBHEIH peXHUM
HMeeT 3arOAOBOK '

Procedure CloseGraph;
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et dona u BeT pHCYHKA. Ha 1IBeTHOM MOHHTOPE MOXKHO H3Me-
HATH OKPACKY 3KpaHa. YCTAHOBAEHHAS OKpacKa 3KpaHa Ha3bIBaeTcH
uperoM doHa. PUCYHOK Ha 3TOM (QOHe HAHOCHTCA € IOMOIUIELI) pa3HOO-
6pa3sHBIX AHHHE: NIPAMLIX, OKPYKHOCTeH, TPAMOYTOABHUKOB, AOMaHBIX
U Ap. LIBeTa 3THX AMHHM TakoKe MOI'YT MEHATLCS.

WMeHa KOHCTAHT, OTTPeASASIIONINX 16 11BeToB DaAuTpel AAA MOHHUTO-
por Tuna EGA, VGA, npueepentl B Taba, [12.3 npuaoKeHHd.

3aroAoBOK MPOLIEAYPE YCTAHOBKH 1BeTa oHa

Procedure SetBkColor (Color : Word);

3peck Color — BRIpaXkeHHUe LEeAOro THUIIE, ONpependiolllee HOMED
1BeTa ¢ona.
3aroAOBOK IIPOLEAYPE YCTAHOBKH IIBeTa AMHHUN

Procedure SetColor (Coleor : Word):

3aMeTnM, 9TO €CAM E KaUeCTBe HOMepa LBeTa AMHHY VKaszaH 0, 1o
3TO BCErAa COBNaA@eT C IBeToM (boHA [HEBHAMMAA AMHHSA).

[Tpyn He0oOGXOAMMOCTH OYHCTHTEH IpadUYecKHi 3KpaH (CTepeTk pH-
CYHOK) HMCIIOAB3YEeTCA NMPOLeAypa OUHCTKH 5KpaHa, HMeHOUIas CASAY-
FOITHH 3aTOACBOK:

Procedure ClearDevice;

B pesyArraTe BRIDOAHEHHA 3TOH MPOLEAYPHl 3KpaH 3allOAHAETCA
YCTAaHOBAEHHEIM I1BETOM (bOHA.

Ipadrryeckne KoopaMHATEL [[oAOREHHe KA’RAOTO MHKCeAd rpadu-
YeCKOH CeTKH OAHO3HAYUHO OIPepeAsieTcs YKas’aHHeM erc KOOPAWHAT.
Pacnoroxenue Ha 3KpaHe rpadpHYIecKHX oced KOOPAHHAT MOKa3aHO
Ha puc. 2,25, TOpH30HTaARHAA OCE X HallpaBAE€HAa CAeBA HANpPaBo, Bep-
THRKAABHAA OCh Y — cBepxy BHH3.

INpepearHble rpauHecKie KOOPAWHATE!, COOTBETCTBYROIIIE DEsKH-
my VGAHI, yrasaner Ha puc. 2.25.

0 X 640

(X, 7)

Puc. 2.25. CicTema akpaHHbIX KOOpoMHaT 480
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MoxHo OIIPpEACANTE MAKCHMAABHEIE KOOPDAMHATHI IO OCAM, COOT-

BETCTBYIOIIHE AAHHOMY ApaiBepy, € MIOMOMIBIC CAEGAYIOUIMX ABVX Lie-
AOYHCACHHBIX QYHKITHI:

Fanction GeiMaxX;
Function GetMaxy;

Ipadyueckoe 0KHO. O6AACTE BRIBOAA M300paKeHUA MOXeET OLITh
orpafiyena AKOOLIM MPSIMOYTOABMHKOM B IDEACAAX OKpaHa. Taxas ob-
AACTL Ha3smiBaeTcsd IpadHyeckuM OKHoM. CyuleciByeT LIPOLEAYDa,
YCTaHABAMBAIOUIasA IIOAGKEeHHe TrpacdiiecKoro oKHa Ha 5KpaHe.

3aroArOBOK NPONEAYPEl Ha3HaueHKHd IpacdifuecKoro OKHa

Procedure SetViewPort{X1l, Y1, X2, Y2 : Integer;
Clip : Boolean);

3aeck (X1, Y1) — KOOpAMHATE! ACBOrO BepXHETO yTAa okHa; (X2,
Y2) — KOOpAMHATEI NIPABOro HUXKHEro yraa okua; Clip — orpanuun-
TeAs QHUryp.

Ecam Clip = True, To BEce nocTpoeHMs IPON3BOAITCA TOABKO B IIPEAE-
Adx OKHA, B IPOTHBHOM CAyYde OHH MOTYT BRIXOAHTE 34 €ro [IPepeAkL.

TMocae yCTQHOBKH OKHa KOODAMHATH TOYEK BHYTPH HEIO OTCUMTHI-
BAIOTCH OT €ro BepXHero A€BOI'C YTAA.

CylllecTByeT MOHATHE IPpagHueCcKOro Kypcopa, ROTOPEIH B OTAWYHE
OT CUMBOABHOLI'0 KYpPCOpa Ha 3KpaHe He BHAeH. [padudeckuii Kypcop
YKa3BBAeT Ha TeKyILIYIO [IO3MIHMIO HA 3KpaHe. [TpH BXoae B rpadmye-
CKHH PeXXUM KOOPAMHATH TeKyleit mosuiuw (0, 0).

TTponeaypa HasHaUYeHHA KOOPAHMHAT rpadHuecKoro Kypcopa:

Procedure MoveTo (X, Y : Integer):

3aeck X, ¥ — ycTaHaBAHBaeMEle KOOPAMHATEL Kypcopa, KOTODHE
YK&3BIBAIOTC OTHOCHTEARHO A€BOTO BePXHEro YrAd OKHA MAHM (echH
OKHO HE YCTAHOBARHO) 2KPaHa.

Tpolleaypa nocmasums MUKy — OCHOBHAY TPOIEAYPA NOAYIEHUA
KM300PEKEHHS, MOCKOABKY AIODOH PHCYHOK CKAGABIBAETCH M3 TOYEK.
Cocrosnne cBeTALlelcsi TOYKH ONPEASASETCH ee KOOPAHHATaMH Ha
3KpaHe M LBeTOM.

3aroA0OBOK NPOLEAYDEL BLICTABACHHA TOYKH Ha rpaduueckoM
3KpaHe

Procedure PutPixel (X, Y : Integer; Cclor : Word);

3aeck X, Y — roopauHare Toukd; Color — nseT TOUKH.
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IIpumep 2.10. IMporpaMMa, ycTaHaBAHBAIOWasA 0o IEHTPY 3KpaHa rpadn-
YecKoe OKHO pasMepowm 100 x 100, 3aAMBaOINas ero JReATHIM (hOHOM H 3allA-
HAKMAA CHHHMHY TOYKaMH, PACTTIOACKEHHLIMHY Yepes YeThIPpe HO3KIHH, GyAeT
HMeTh CACAYVIOLIMH BHA:

Uses Graph;
Var Driver, Mode : Integer;
X, ¥, X1, Y1, X2, Y2, Xc, Yo : Integer;
Begin
{—-———Hamruuanusauma rpagmueckoro pexuMa-—---}
Driver : = Detect;
InitGraph (Driver, Mode, 'C:\TP\BGI');
{----OnpepeleHre KOOPIMHAT LeHTPa 3KpaHa-—--—]
Xc := GetMaxX Div 2;
Yo := GetMaxY Div 2;
{~---OnpeneneHne KOOpAMHAT rpaduUueckoero okKHa----}
X1 := Xc -50;
¥l := Yc-50;
X2 Xc + 50;
Y2 Yc + 50;
{---—-¥craroska rpadpmueckoro oxHa----]}
SetViewPort (X1, Y1, X2, Y2, True);
{—-—---¥YcTauoska upeTa ¢oHa M OuMCTKa 3KpaHa-—-—}
SetBkColor{Yellow);
ClearDevice;

{-=-=--PaccTaHOBKa TOHeK B OKHe----}
For X := 1 To 25 Do
For ¥ := 1 To 25 Do
PutPixel (4 * X, 4 = ¥, Blue);
[----Banepxxa maobpaxeHMA Ha 3KpPaHe ¢ HaxaTHA

<Enter>--—--1}
ReadLn;

{—-—-Bexon M3 rpadmMueckorlc pexuMa B CHMMBONLHLMH——---}
CloseGraph;

End.

I'padugeckue npuMHTHBEL. Al0Goe H300paXeHHe MOXKHO NOCTPO-
HMTb M3 TOUEK, OAHAKO IPOrpaMMUPOBATE [OAYYEHHE CAOKHOTO DH-
CYHK& UAK YEPTEMXKQ, HCIIOAB3YS TOABKO IPOLEAYPY NOCIMABUMb MO -
Ky, DEIAO OB CAMIIKOM Heyao0HO N rpoMosaxo. B aroboM rpadgmue-
CKOM [akere CylecTBYIOT IIPOIEAYDBl PHCOBAHHA OCHOBHEIX
reoMeTpuyecKuX (huryp: HpAMEIX AWHHAH, OKDPYKHOCTEH, SAAHICOE,
HPAIMOYTOALHHKOER H T.A. Tarkue (buryphl Ha3HBAKT Ipadguueckumu
npuMImMuBamMy.

PaccMOTpHM HECKOABKO OCHOBHLIX IPOLIEAYP PHCOBAHHS Tpaduue-
CKHMX IIPUMHUTHBOB, MMEIOIMUXCH B Moayae Graph.
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= AHHHA C 38A8HHRIMH KOOPAHHaTaMM KoHOoB (X1, Y1) u (X2, Y2):
Procedure Line (X1, Yi, X2, Y2 : Integer);

= AWHHA OT TEKYIIeH TOUYKH AC TOYKH C KOOpAMHATaMH (X, ¥):

Procedure LineTc (X, Y : Integer};

" AWHHSA OT TeKylIlel TOUKH AQ TOUKH C 3aAaHHEIMY IIpHPAallleHHsN -
MH KCOpAnRHaT {DX, DY):

Procedure LineRel (DX, DY : Integer):

® [IpsSIMOYTOABHHK C 38A@HHBIMM KOOPAMHATAMH BEPXHEro AeBOTO
yraa (X1, Y1) u HHKHero npaBoro yraa (X2, Y2):

Procedure Rectangle (X1, Y1, X2, ¥2 : Integer};
OKpPY>RHOCTB C I[eHTpoM B Touke (X, ¥} 1 ¢ paauycoM R B nHKceArax:
Procedure Circle(X, Y : Integer; R : Word);

®  AyTa OKPYXHOCTH € IIeHTpOM B Touxe {X, Y), c papuycoM R, ¢ Ha-
YaABHEIM YTAOM BegA ¥ KoHewyHRIM yTAOM EndA {yrawr usmeps-
I0TCA B TPaAycax [POTHB YacOBOH CTPeAKHM OT HalpaBA€HHs
ocu X):

Procedure Arc(X, Y : Integer; BeghA, Enda, R
Word) ;

= DAAWIICHAS AyTa ¢ HeHTpoM B Touke (X, Y), ¢ HAYAABHEIM M KO-
HeuYHhIM yTAAMH COOTBeTCTBeHHO BegA m EndA, © ropv3oHTaAb-
HHM papuycoM RX H BeprukasbHBEIM paauycoMm RY:

Procedure Fllipse (X, Y : Integer; BeglA, EndA, RX,
RY : Word):

IMpumep 2.11. CocTdBUM NpoOrpaMMy, PHCYIOIIYID roaosy poBoTa
(puc. 2.26).

PucyHOK cOpeDIRHT ABA IPAMOVTOALHHKA, AB€ OKPYIKIIOCTH, ABE AVTH,
IAAMIC, TPH IPAMEIE AHHHH M ABE YepHEe TOYKH. 3apaHee ONPEACAHE BCe
KOOPAMHATE]L M pa3Meph! IAeMEHTOB DHCYHKA, 3allHIIeM [IPOTPAMMY:

Uses Graph;

Var Driver, Mcde : Integer:

Begin

{———--HMEmumanuzaums rpapuuyecKoTre pexmMa-—--}
Driver := Detect;
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Puc. 2.26. Heprex ronoekl Pobota 100 150 250 300

300

InitGraph(Driver, Mode, 'C:\TP\BGI'}:
SetColor (White); {Bernwil uBeT DMCYHKE)}
SetBkColor (Black); {YepHemi ueeT GoHsz)
Rectangle {100, 100, 300, 300); {Toncea}
Circle (150, 170, 30); {JNeBuwi rnas)
Circle (250, 170G, 30); (Upaeurt rnast
Arc{150, 170, 45, 135, 40); {Jlepas Gpoet}
Arc (250, 170, 45, 135, 40); {llpapaa OGpoBb!}
Ellipse (200, 250, 0, 35%, 10, 20); {Hoc)
Rectangle (130, 280, 270, 29%0); {PoT}
MoveTo (100, 300); {¥craHoeka BRK3 BlIeBO}
LineTo {50, 350); {Tpwu}
LineTo (350, 350); {JMuunwm}
LineTo (300, 300); {llen}
PutPixel (150, 170, Black); {Jlespll 3pauck)
PutPixel {250, 170, Black):; ({llpaeuit spauck}
ReadLn; {3apepxxa}l
CloseGraph; {Boxon w3 IpaduKM}

End.

B OpuBEASHHOM IIpUMEDEe BCe AMHHU CIIACIUHBIE HOPMAABHOH TOA-
wuHbL. Moayabs Graph nos3soasieT YIPaBASATh CTHAEM AHHHM (CIIAOLI-
Hasl, NYHKTHPHAA, TOYeYHasd W ApP.) M ee TOAIIWHOH, AAS Yero cylle-
cTBYeT nponeaypa SetLineStile (cm. Taba. [12.4) npunaoxenns.

3akpacku 1 3anoAHeHHsA. CpeAl rpadhuecKux NPEMUTHBOB CyIlle-
CTBYIOT 3aKpatueHHble 00AacTH. L{BeT 3aKpackH ONPEeASASICTCA IIpoLe-
aypoR SetColor. KpoMe TOro, MOMKHO YIPABASITE PHCYHKOM 3aKPAaCKH
(THmoM 3anoAHeHHs). 3TO MOXKeT ObITh CIAQUIHAA 3aKpacka, 3aNIOAHE-
HYle PeAKMMH TOUKAMM, KPeCTHKAMH, IUTPHXaMH U T.A. KORCTauTh aas
yKa3aHMA TUINa 3allOAHEHHSA AgHE B Taba. I12.5 npuaoxenns.

Tlponeaypa onpeaeaenus tuna 3anoaHeHus (Fill) 1 neera (Color)
HMeeT CACAYIONIMH 3aTOAOBOK:
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Procedure SetFillStyle(Fill, Color : Word);

[Mpolieaypa 3aloAHeHWs NPAMOYTOABHOM OBABCTH € 38AAHHBIMH
KOOPAMHATAMH YTAOB!

Procedure Bar{Xl, Y1, X2, Y2 : Integer);

llponesypa obeepennss auHneli (SetlineColor, SetLineStyle) u 3a-
kpackH (SetFillStyle) saaumca:

Procedure FillEllips (X, Y, RX, RY : Integer);
[Tponeaypa oOBeAeHUS AMHHEH H 3aKPACKH 3AAUIICHOIO CEKTOpa:

Procedure Sector{X, Y : Integer; Begl, Endad, RX, RY
Word} ;

[Tponeaypa oOBeACHHS AMHHEH H 3aKPACKH CeKTOPA OKPY?KHOCTH:

Procedure PieSlice(X, Y : Integer; BegA, EndAa
Word}) ;

HakoHern, MOXHO 3aKpacHTh A0DYI0 00AACTE, OTPAHHUYEHHYIO 3aM-
KHYTOH AMHHEH. AAsT 9TOre HYKHO YKa3aTh KaKylo-HUOYAL TOYKY BHY-
TpH 3TOH obaactm {X, ¥) u nBeT rpanuyHol AnEKK (Border). CoorBeT-
CTBYIONAd IpOollepAypa HMeeT BHA,

Pracedure FloodFill{X, Y : Integer; Border : Word);

Moayas Graph no3poAseT BEIBOAMTE Ha rpadiWdeckWil DKpaH TeK-
cTel. He OyaeM peTarbHO 0OCYKAATE 3TY nmpobiaemy (HeoDXoAuMyIo
WHPOPMAIHKD MOKHO HAWTH B CIEI[HAALHOH AWUTEpaType), IIPHBEAEM
AHIUE NPUMEP OAHOH TEKCTOBOH HIPOLEAYPH], C MOMOIIEID KOTOPOH BEL
BOAHTCHA B rpadPuyeckoe OKHO CHMBOABHaf CTpoKa (Txt), HauMHas C
YKazaHHOH nosuuy (X, Y).

Procedure OutTextXY (X, Y : Integer; Txt : String):

Hanpumep, 9ro0e BHBecTH nop puc. 2.26 crpoxy 2TO POBOT,
CACAYET B [IPOrpaMMy AGGaByTE ONEPATOP

CutTextXY (195, 400, '3TO POBOT');

ITocrpoenne rpadunka GysrouH. OAHO H3 NPHAOKEHHH KOMIIBIG-
TepHOU rpadyKy 00eCleYHBAeT HATAAAHOE IPEACTABAEHHE PE3YALTA-
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TOB MareMaTHYeCKHX pacyeToB. HapucoBaHHBIN rpadiik (PyHKOHH,
HayepyeHHLIe AUATrPAMMEL, AMHHKH YPOBHeH pacilpepeheHUs IPOCTPaH-
CTEBEHHEIX 3daBUCHMOCTEH H ApyIrHe AeAdI0T PEe3YABTATHI pacueror 060-
JpuMee, HaraspHee, IIOHSATHeE,

PaccMoTpuM celyac AMIIE OAMH TIPOCTEHINMHN BApHAHT MaTeMaTH-
yeckoH rpaduKd — MOCTPOeHHe rpadUKa PYHKIIHH.

Penienne 3aaadil NoCTpOeHHA Ha JKpaHe ANCIAeA TpahHKa QPyHK-
UMK ¥ = F{X) yA0GHO OPOBOAUTE B CAGAYIOLIEM TOPIAKE.

1. OmpeaeAUTh TPAHMILI 3HAYEHHH apryMeHTa, B OPeAeAdxX KOTo-
puix OyaeT cTpouThed rpaduk, 0603HaYUE UX X, (HHUKHSA rpaHUIla)
U X, (BEpXHAA rpaHuIa).

2. AAs AaHHOM ODAACTH 3HaYeHHIH apryMeHTa Ol PeASANTh HPEASAL-
Hble 3HaueHud QYHKIHU: Y, ¥ Y ... OTH 3HaueHUA HeoDsI3aTeABHO
AOASKHEL OEITE TOUHEIMU. OHH MOTYT ORITh OLI@HOUHEIMMU.

3. 3apaTs rpa"HHE rpaduueckoro OKHA, B Ipeaerax KoToporo 6y-
AeT pHUCOBAThCA TPAMHK: [XGmine XTmaxlr [YOmine YOmax]- TIOCKOABKY B
rpahudeCcKHX KOOPAMHATAX BePTHKAABHAN OCh HANPABACHA BHH3, TO
ngin > ngnx

Tarkum 06pa3zoM, HMEKTCS ABE CUCTEME KoopauHAT: (X, ¥) — Mare-
MATHYECKHE KOOPAMHATEL (B AUTEPATYDPE 4Yallle UCIOAB3YETCA TEPMHH
«MHPOBBIE KOOpPAMHATE?) U (Xg, Yg) — rpaduyeckyie KOOPAAHATLL.

HeTpyaHO TOAYYUTE (PODPMYARL, CBA3EIBAIOIINE IrpadUtiecKue U Ma-
TeMaTHICCKHe KOOPAHMHATRL

Xgm x Xgmi
Xg = X min ~Zm—JTn X - Xmin :
7 g ’ Xmaix - Xmin ( )
ngax _ ngm
Yg:ngjnJr Y_len .
Ymax - Ymin ( )

3AeCh KBapPaTHEIe CRODKH O3HA4aIOT OKPYTAGHHE A0 LeAOTo 3Ha-
yeHud (hyHxkuusa Round).

MocrpoeHne rpadrUka QyHKIUHA MOXKET NPOUM3BOAUTECA AHDO TO-
YEYHBIM MeTOAOM, AUO0 KyCcOYHO-AMHeHHEM, [1pH moueinom memoge
rpachMK CTPORTCS KaK NOCAEAOBATEABHOCTE TOYEK, PACIOAQMEHHBIX
MAKCHMAABHO OAWM3KO, T.€. MPOH3BOAWTCA «IIONHKCEAHHIN» nepebop
3HAYeHWH apryMeHTa B HHTepBaAe [XGmin, XGmax] C BEICTABAEHHEM TO-
UeK C COOTBETCTBYIOUIMMHE Y-KOOpPAMHATAMH.

TTpu KycouHo-AuHellHOM Memoge 3apaeTCA MaTeMaTHYeCKWIl Iar
AX, pacCHUTHIBAETCS MOCACAOBATEALHOCTE 3HaueHu (X, Y):

Xi = anx + lAXﬁ YI = F(Xz)-
Xmax - Xmin

i=01..,n n=——"7,
AX
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M TpapuK CTPOHMTCA B BHAC OTPE3KOB IPAMEIX, IPOBEAGHHHEIX Yepe3
TOUKH (X, Y), (X;+ 1, Vi o).

IMpumep 2.12. TpefyeTcs COCTABMTE IPOTPAMMY IIOCTpOeHRHA rpaduka
yuruuu y = sinx aaa x € [0; 2n], HCNOABIYS TOYEUHLIHE METOA,.

U3 ycaoBHs 3apauu cAGAYeT, YTO Xy, = 0, Xja, = 27 B oTHX mpepeaax dyHEK-
¥4 sin x waMensgeTcd oT —1 po 1, mostomy Y, =-1, ¥, = 1.

BriGepeM caecayomue rpasunel rpatpHyecKoro oKna: Xgp, = 10, Xg,x =
= 200; ngm = 140; ngax = 40.

I'pagpmk CTPOMTCA B BUAE NOCACADBATCALHOCTH TOMEK CO CAEAYIOLIMMH Ma-
TeMaTHIeCKHMH KOOPAHHATAMEK:

X, = X + i Y, =sin(X); i =0, ..., 190.

Lar h BrIfupaeTcs MUHHMAABHO BO3ZMOMHEIM, COOTBETCTBYKILILHM IIary
rpadu4eckoH COTRH:
- Xmax-Xm'm _ 2n _n
Xgmax - Xgmiu 190 95

Ipuseaennsie hopMyanl Tepecderd MAaTeMaTHIeCKX KOOPAHAT B rpadH-
YeCKHE [IPHMYT CASAYIOIMHA BuA;

g -10-[20=10x | 10, %)

2n T

40 - 140
Yg:140+[0——~—

iy + 1)] =90 - 150Y1.

BmecTe ¢ rpaduKoM QYHKIONH CTPOATCH OCH KoopauHar, Ock X HMeeT KO-
opaunary Yg = 90, a oce ¥ — woopaunary Xg = 10,
[MporpaMMa DOCTPOEHHA IPaiKa CASAYHOIIAA!

Uses Craph;
Var Driver, Mode : Integer;
X ¢ Real; Xg, Yg, I : Integer;
Begin
{-—--— Mamumammzauua rpadubHeckoero pexMMa-—---)
Driver := Detect;
InitGraph{Driver, Mode, *'C:\TP\BGI'};
SetColor (White); {Benud uBeTr IMHMKIA}
SetBkColor (Black); {Yepuwmm uepeT ¢podHal
Line (10, 90, 200, 90}; {Ocv X}
ine {10, 20, 10, 160); {Ocb Y}
{-—--- NocTpocenre rpadmra PYHKUMM KeJITEHMM TOoNKAM————}
X 1= 0;
For I := (0 To 190 Do
Begin Xg := 10 + Round(95/Pi = X};
Yg := 90 —-Round (50 % Sin(X));
PutPixel (Xg, Yg, Yellow);
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X = X + Pi/%85
End;
{--—--PazmeTka ©CelM, 3anmMch GyHRUMM————)
OutTextXY (15, 30, 'Y'):
OutTextXY (205, 90, '¥X'};
OutTextXY (130, 40, 'Y = 3in(X)"):
Readln; {3anepxxa}
CloseGraph; {Bexon u3 Tpapuxu;}
End.

YMPAXKHEHIA

1. CoctaBuTh porpaMmy «3pesaHoe HeQOo»: PACCTAHOBKH B TePHOM OKHe
caygaBHBIM 06pasoM Gearlx Todek, pafoTa KOTOPOH 3aKaHYMBACTCH Ha)KaTHeM
KAdBHIIH.

2. UaMeHuTL nporpaMmy «3Bes3aHoe HeGo» TakUM 00paszoM, 4TOOR HADIAY
C 3aJK¥MraHHeM HOBEIX 3BE3A NPOHCXOAMAO YTracaHHe (3aKpalliHBadue UBETOM
¢hoHa) VrRe CBeTAIIHNXCS 3Be3A,

3. B nporpamMy 13 npuMepa 2.11 BHeCTH H3MeHEHHS, B PE3YABTAaTEe KOTOPLIX
PofOT OKaskeTCH pacKpalleHHBIM B pa3HuIe IIBeTa.

4. Mcnoab3ys AHHHH H ADYTHe TpahuuecKHe IPUMHTHBEL, COCTABUTEL TIPO-
rPaMMY, PHCYIOWIYIO AOM.

5. Cocrapurn MpOTPAMMY PHCOBAHEA Ha 3KpaHe MAaxMaTHOTO MOAS.

6. Hauncars YHHBEPCAABHYK) IIPOLIeAYPY MOCTpOeHHks rpadrka (PyHKIHH
y = F(x) ToueuHeIM MeToAOM. TTponeaypa AOAKHA HMETE CALAYIONINE NapaMe-
TPBL: Xminl Xma.xl Ymml Ymaxl Xgmiru Xgmaxr ng'mr ngax q)yHKHHH F[X) OITUCEIBAETCA
BO BHEIIHEH NoANIporpaMMe-MyHKLHH.

7. UccaepoBaB 00AACTE OINIPEACAEHHAS B BBIOPAB PACNOACKEHHUE KOOPAH-
HATHHIX OCeH, NOCTPOMTEL Ha YKpaHe, HCIOAL3YA NPOLNEeAYDY M3 MPEARIAVINEeH
3aaa4f, rpadHKy CASAYIOIINX DYHKIIWH:
gy Xt
x+1

' B) y=1+g+i.

Y y= x-2 x x?

N CUMBORNLHBLIE CTPOKA

PaccMOTpHM THIN AQHHEIX, OTHOCSIIIMACH K IHCAY CTPYKTYPHUPOBAaH-
ULLX —— CTPOKOBHIE (CTpoka). CAeayeT 3aMeTHUTE, YTO CTPOKOBHIM THII
AAHHEX ecTEs B Typbo [Mackaae u OTCYTCTBYET B cTaHAGPTHOM Ilackane.

Cmpokae — 3T0 TOCA€AOBATEABHOCTE CHMEOACB. KasKABIE CHMBOA
zauumaer 1 GadT namsTH (Kop ASCII). KoamdecTBo CHMBOAOB B CTPOKE
HA3HIBAETCH ee AMMHOH. AANHA CTPOKH MOMKET HaXOAWTECH B AHANazo-
He 0T 0 a0 255, CTPOKOBEIE BEAMUMHEl MOTYT OBITE ROHCTAHTAMH H
nepeMeHHHMH.

CmpoKoBaA KOHCMAHMO — 3TO MOCASADBATEABHOCTE CHMBOAGB, 3a-
KAIOYeHHasA B auoctpods, Hanpumep:
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'HAzpik nporpaMMupoBaHus [TACKANL'
'"IEM PC — computer',
'33-45-12".

CIHPOKOBCI}I nepeMeHnasA ONHUCEIBAETCA B pasAeae OIIUCaHHA nepe-
MCHHBIX CAGAYIOIIIHNM oﬁpaaoM:

Var <uneHTmumuraTop> : String[<MarkcHMasbHas LOIIMHE
CTpOKM>] .

Hanpumep:
Var Name : String[20].

AAMHa CTPOKM MO’KeT H He YKashIBaThCA B ONHcaHuu. B srom cay-
yae II0APAa3yMeBaeTcd, YTO OHA MaKCHMMaAbHa — 255 cumBoaoB. Ha-
npuaMep:

Var Slovo : String.

CTpokoBas NepeMeHHasi 3aHWMaer B NaMATH Ha 1 6aiT OoAnme,
YeM YKalaHHasd B ONHMCAHHH ee AHHA. AeAO B TOM, UTO OAHH (HyAe-
BOH) GaHT COACP/RHT 3HauUeHHe meKyujell gAuHbl cmpoku. Ecan crpo-
KOBOHM NMepeMeHHOH He IPHCBOEHC HHKAKOTO 3HAUeHUHdA, ee TeKylias
AAMHA PABHA HYAIO,

[To Mepe 3anoAHeHUs] CTPOKH CHMBOAAMHU €€ TeKyIlas AAMHA BO3-
pacTaeT, HO OHa He AOAKHA MPEBLIIETE MAKCHMAABHOTC II0 OTIHCAHHAIO
3HAYEHHUS,

CHMBOABI BHYTPH CTPOKM HMHAEKCHDYIOTCA (HYMEPYIOTCH), HauMHas
C @AMHUITEL. KaKABIH OTASABHEI CHMBOA UASHTU(RUIMPYETCS HMEHEeM
CTPOKH € HHACKCOM, 3aKAIOCUEeHHBIM B KBappaTHEe CKoOkH. Hanpumep:

Name[5], Name[i], Slovolk+l].

HMupeKC MOKeET OBITE NMOAQRHUTEARHON KOHCTAHTOH, nepeMeHHOH
BEAMMHHON H BRIPAKCHHUEM NEAOTO THUNA. JHAUEHHEe UHASKCa He AOAK-
HO BHIXOAHTE 33 FPAHUILI OTTHCAHMA,

Tun String u craspaprieif Tun Char coBMecTUMEL. CTPOKHM M CHM-
BOABI MOTYT YNIOTpeDAATECH B OAHUX M TeX Ke BLIPAKeHHAX,

CTpOKOBHE BLIDAKEHHS CTPOSITCH M3 CTPOKOBBIX KOHCTAHT, Iepe-
MeHHEIX, GyHKIWH U 3HAKoB onepatuil. Haa cTPOKOBLIMA AAHHEIMHA
ACIYCTHMEI OTIepallii CHelIACHHS U OTHOLICHHS.

Onepauua cyenierus (+) IPUMEHSETCI AASL COEAWHEHMUS HeCKOADL-
KHUX CTPOK B OAHY Pe3YAETHPYIOLIYHY CTPoKy. CHenAdTh MOMKHO Kak
CTPOKOBEIE KOHCTAHTHI, TAK U NepemenHdsle. Hanpumep:

'9BM'+" IBM'+' PCT.
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B peayAbTaTe MOAYYHTCSA CTPOKA
'3BEM IBM PCT.

AAVHA pesyALTHPYIONIel CTPOKH He AOASKHA NPeBBIaTh 255 cHM-
BOAOB,

Onepayuy omuroweRusa (=, <, >, <=, >=, <>} IPOH3BOAAT CpPaBHeHHE
ABYX CTPOK, B PE3YABTATe Mero [IOAY4aloT AOTHYECKYIO BeaHuHHy (True
uaH False). Ouepania oTHOLIeHUA MMeeT O0Aee HH3KHI IIPHODHTET,
yeM onepanus cliemaeHusA. CpaBHEHVE CTPOK POH3BOAWTCA CAEBA Ha-
PABO AQ [IE€PBOT0 HECOBIBAAIONIETO CHMBOAA, H OOABRIIEH CUMTaeTCH
Ta CTPOKA, B KOTOPOH IEPBBIH HECOBNAAAIIHN CUMBOA HMeeT DOAb-
ITHA HOMEP B TabAMTIe CHMBOALHOH KOAMPOBKH,

EcAM CTPOKH MMENT Pa3sAUdYHYH0 AAHHY, HO B 0011l YacTH CHMBO-
ABI COBIIGAQIOT, CUMTAETCSH, 9TO D0oAee KOpOTKag CTpPoKa MeHEllle, deMm
6oace aanmHad. CTPOKK PARHBIL, €CAW OHW MOAHOCTRIO COBIAAANOT IO
AAMHE W COASDKAT OAHU B Te XKe cuMBoARl. Hanpuvep:

Brupaxeine PesyapTar
'cosml' < 'cosmZ' True
‘pascal' > "PASCAL® True
‘Kmoou_' <> 'Kneg! True
'MS DOS' = 'MS DOS' True

» Oyuxuua Copy(S, Poz, N) — BHAeAsIET U3 CTPOKH S TIOACTPOKY
AAMHOH N CHMBOAOB, HauMHas ¢ nmosHiud Poz. 3aece N u Poz —
1IIeAOTHCACHHEBIE BEIpaykeHud. HaupuMep:

3naveHHe § Buipaskenue PeayanTaT
'ABCDEFG’ Copy {5, 2, 3) 'BCD'
'ABCDEFG' Copy (S, 4, 4) 'DEFG’

s Oynxuua Concat (S1, 52, ..., SN) — BHIIOAHALT CLHENACHHUE [KOH-
KaTeHanuo) ctpok 51, ..., SN B opHy cTpoKy. Hanpmmep:

Bripaxenue | PesyanTaT

Concat ("AA', 'XX', 'Y") |'AAXXY‘

s Qyurums Length(S) — ompeaeaseT TEKyIIYIO AAMHY CTPOKM S.
PesyapraToM OyaeT SBAATHCA 3HaYeHWe Ueaoro tuna. Hampu-
Mep:
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3HadeHue S BripakeHue Peayabrar
'test-5" Length (S) [
" (A+BY*C* Length(3) 7
n Oysxnus Pos{S1, 52) — o0HapyRuBaeT NepROoe IMOSSIBAEHHE B

crpoke S2 noacTpokH S1. B pesyaprdare MOAYYalOT HeAoe HHCAO,
pasHOe HOMEPY HO3WULHH, TAE HAXOAWTCS TIEPBBIA CHMBOA TIOA-
crpokun S1. Ecan B 52 noacTpokd S1 He 00HapyReHOQ, Pe3yAbTaT
paseH 0. Hammpumep:

3uauerre 52 Bripaxenue Pesyaxrar
'abcdef’ Pos('cd', 82) 3
'abededef! Pos{'cd', 52) 3
‘abedef? Pos{'k', 52) 0

m [Iponeaypa Delete(S, Poz, N) — yaaaseT N CHMBOAOB U3 CTPOKH
S, HaunHas ¢ no3unuu Poz. Hanpumep:

HcxopHoe 3Hayenue S OnepaTop KoHeuHoe 3HadeHHe
'abcdefqg’ Delete (S, 3,2) 'abefg'
'abcdefg? Delete(Ss, 2, 6) raft

B pesyAbTaTe BHINTOAHEHHS NPOLEAYPH YMEHBUIAETCA TEKYILAT AAH-
Ha CTPOKH B IepeMeHHOH S.
s [Iponepaypa Insert(S1, 52, Poz) — BcTaBaset cTpokKy S1 B CTPOKY
52, nauuHas ¢ no3auuH Poz. Hanpumep:

HauaasHoe S2 Oneparop Koreunoe 52
'SEM PC! Insert ('IBM-', 52, 5) '3BM IBM-PC'
‘Puc. 2! Insert{'N',52,6) 'Prc. N2°

IMpumep 2.13. TTporpamma noayuers U3 crosa « BEAMTUYMHA» caora «HA-
AMNYHE»:

Program Slove 1;

Var 311, 512 String[10];
Begin
S11 := 'BEJMYMHA':

S12 := Copy(511,7,2) + Copy(S11,3,4) + S11[2]1;
WriteLn(S12)
End.
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Ilpamep 2.14. ITporpamma noaygenns H3 caosa « CTPOKA» caosa «CET-
KA»:

Program Slove 2;
Var Sl : String[1l0];
Begin
51 := 'CTPOKA';
Delete(51,3,2);
Insert('E’',51,2);
WriteLn (S1)
End.

IIpumep 2.15. [TporpaMma, GOPMHPYIONIAS CHMBOARHYIO CTROKY, COCTOATIIYH)
u3 N 3Be3pcuek {rac N — 1jeroc umcao, 1 £ N €255):

Program Stars;
Var A : String;
N, I : Byte;

Begin
Write ('BeBeOMTe 4MCIC 3Be3IOuUeK’');
ReadLn {N) ;
A =1y
For 1 :=1 To N Do
A = A4+ Tx';
Writeln(A)
End.

3aeck CTPOKOBOM NepeMeHHOW A CHaYaAa MPHCBAMBAETCA JHANMEHHE IYCTON
cTpox# ('), a 3aTEM K Hel NPUCOSAMHAIOTCH 3BE3A0UKH.

IIpumep 2.16. IIporpamMMa IopcYeTa B CHMBOABHOM CTPOKE YHCAa IHAP,
[IPeAIeCTBYIONIHX IIEPEOMY CHMBOAY «[»:

Program C:;
Var S5 : String;
K, I : Byte;
Begin
Wiriteln{'BeenuTe CTpoOKy');:
ReadLn (S}
K := 0:
I :=1;
While (I <= Length(S)} And (S[TI] < '!"') Do
Begin
If (S[I] >= "0") And {S[1i] <= '9")
Then K (= K+ 1;
I :=1+1
End;
Writeln {('KommwecTBo uMp mo cuMmsBona "!" paBHo ', K)
End.
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B 3TO# nporpaMMe nepeMeHHas K UrpaeT pOAb CYeTYHKa LHOP, a mepe-
MeHHasd [ — POAL TIapaMeTpa ITHKAA. BrIMoAHeHHEe MHKAE 3aKOHIHTCH TPH
IIepBOM K€ BHIXOAE Ha CHMBOA «!» HAH (€CAH B CTPOKE TAKOre CUMBOAA HET)
MIPH BLIXOAE Ha KOHell cTpokH. CuMBoa S[/| apagerca nudpoi, ecAr HCTHHHO
otaomenue '0' € S[f] <'9".

IMpumep 2.17. AaHa CHMBOABHAS CTPOKA BHAa: ‘A @ B = 3aeck A B — pe-
CATHYHEIE NUGPEL; 3HAakoM D obo3HaUYeH OAHH H3 3HAKOB Olepanyi (+, — *).
Huaue rosopd, AQHO apudMeTHYECKOE BEIPAKEHHE ¢ ABYMS OAHO3HAYHEIMH
YHCAGMH K 3HaKOM PaBeHCTBa, HaupuMep: '5 + 7 =", Tpebyercs, 4robel MalnnHa
BEIYHCAHAA 3TC BEIPAKEHHE W TIOCAe 3HAKA «=» BEIBeAa pesyAbTaT. Onepamus
ACASHHS HE PACCMATPHBAETCH, YTOOBL UMEThE AGAT TOABKO C LEABIMH YHCAAMH.

IMporpaMMa peleHUs TAKOH 3aAdUYM HA3LIBASTCH UHMepNPEeMmamopoM.
Harepiperarop A0AKEH paciuu(posaTh COAEPKAHHE CTDOKH H BHIIOAHHTD
COOTBETCTBYOLIYHO apA(pMeTHUECKYIO ollepalliio, OT HCXOAHOM CHMBOABHOMR
HHDOPMALIMK OH AOAKEH lepedTH K pafore ¢ YHCAOBOH MH(pOpMaIuen.

EcAn [PeAiOAOM AT, YTO CTPOKA COCTABAEHA TOABKO H3 YETHIPEX CMMBOAOB
B COOTBETCTBHM C YKa3aHHRIM (bopMaToM, T MpoTpaMMa penieHud GYAET A0-
BOABHC TIPOCTOW:

Program Interpretator;
Var Str ; String[4];
A, B : 0..9;
C : —-100..100;

Begin
{-————- BBOL MCXONHCOW CTPORM———-—}
Writeln('BerenmTe BHpaxerue!');
Writeln;
Read (Str);
{-~--TlpeoBpazoraHue LUMOPOBEX CUMBONOE B uMCHma--—---}

A := 0Ord(Str[l]) —-C0rd('0Q");
B 1= Ord(Str[3]) ~0rd('0");

{-—~--Bumon#eHre apMndMeTHUECKOM onepaumu----}
Case Str(2] Of
'+ : C = A + B;
t—-' :+ C := A-B;
'*' + C = A % B
End;

{-—--BelBON pesynsTara--—--}
WriteLn{(C:2)
End.

B ABHHOI [IpOIPaMMe POAL CEAEKTOPA B CIIepaTope BEIGOpa HIPAaeT CHMBOAL-
Han BeayunHa Sir[2]. Ecan oHa paBHa «+», BEIIOAHUM oneparop C = A+ B; ecan
OHa paEeHa «—», BEIIOAHUM onepartop = A — B; eCAH OHa paBHA «¥», BBIIIDA-
yum oneparop C:= A * B. Aad A1oOBEIX ADYTHX 3HauYeHHH Sir[2] He BBIIOAHHM
HH CAMH U3 0IlepaTopOoB IPHUCBaWBaHUA, U 3HaTYeHHe epemeHHoH C ocTaeTcs
HEeONIPeAeAEeHHBIM.,
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B »>To# nporpaMMe MCIIOAB3CRAHA HEMOAHaA (popMma onepatopa Case, T.e.
Gea BeTBH Else.

[porpaMMa BEAGYH COOBIIEHAS O DOAYYSHHH HEBEPHOTO CHMBOAA B Str[2]
OVAET CACAYIOLIAA:

+' 1 C = A + B;
'-' 1+ C = A-B;
'#' : U = A =B
Else Writeln('HepepHelll 3HAaK onepauMm’)

End;

Paztepemca Teneps B TOM, Kak OyAeT BHINOAHATLCA HporpaMMa
Interpretator.

IMocae BBOAR CTPOKH OHQPOBBIE CHMEOARI [IEPEBOASTCH B COOTRET-
CTBYIOIHHE AeCATHYHEIE YHCAd, 3aTeM HHTepPIPeTHPYETCH 3HaK orepa-
yan. B 3aBUCHMOCTH OT 3TOH MHTEPIpEeTalHH BHINOAHAETCSI OAHO H3
TpeX apHU@MeTHYeCKHX ASHCTBHUH. Aance pPE3IYARTAT BHIBOAWUTCA Ha
JKPAaH IIOCAe CHMBOAA «=»,

YNPAXKHEHWA

1. CocTaBHTE NpOrpaMMy HOAYYEHHA H3 CAOBA «AMCKOBOA» CACBA KBOCKM,
HCTIOAB3YS OepallHio clenaeHus H dyHrIuio Copy.

2, CocTaBUTE NPOrpaMMy MOAYYeHUS CAOBA «IIPABHAO®» M3 CAOBA «OIepa-
s, HCTIOAL3YA OponeAyps! Delete 1 Insert.

3. B 3apanHOM CAOBE 3aMEHMTL NEPREH U NOCAGAHKE CUMBOAK HA CHMBOA
kY,

4. B 3apaHHOM CACBE MPOHM3BCCTH ODMeH MepPBOTO H IMOCASAHETo CHMBO-
AOBR,

5. K 33AaHHOMY CAOBY IPHMCOSAMHUTL CTOABKO CHMBOAOB «!», CKOABKO B HeM
HMeeTCs GYKE (HANPHMEP, H3 CTPOKHA «YPA» MOAYYHTE «YPAIlIn),

6. B 3aAaHHON CTPOKE BCTABHTL IPOGEA MOCAE KAFKACIO CHMBOAA.

7. YABOHTE Ka¥AYK0 OYKBY BBEAEHHOTO CAOEQ.

8. IlepeBepHYTE BECACHHYIO CTPOKY (HAaIpHMep, H3 cTpoKH «AVICKs» no-
AyuuTE « KCHA»),

9. B 2apaHHO# CTPOKE YARAUTE BCE IpOOeAH.

10. CocTaBHTE NporpaMMy IIEPEBOAA CTPOKH, IPEACTABASIOWEH coBol 3a-
TTHCE L@AOI'0 YHCAA, B COOTBETCTBYIOLLYH) BEAHUMHY LEAOTD THIA.

=i MACCUBbDI

B nomcepreBHON M HaydHOH NpaKTHKe HACTC IPHXOAWTCA BCTpe-
JaThCA ¢ MHdopMallHel, MPeACTAaBAGHHOH B TabanunoH dopMe. Cpea-
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TaBnuuya 2.7. IuHeanan Tabnuua TemnepaTyp

Temmne- -21{-18(-75)1 56 | 10 | 18 |22,2| 24 [ 17 | 54| -7 | -18

HeMecsauHble 3HAaYCHUSA TEMIIePATYP 38 ONMPEACACHHBIH I'0A COACDMKHT
Taba. 2.7. Taraa rabauna, npeacTasasiioniag coGod IOCAEAOBATEAL-
HOCTB YHIOPAAOUEHHBIX YHCEA, HasklBaeTcd AuHeliHoil. Ecan rpebyercs
Kakas-To MaTeMaTuyeckas oOpaboTka 3THX AAHHEIX, TO AAd HX oGo-
3Ha4YeHHs 0DBITHO BEOAST HHACKCHYIO CHMBOAHKY. Hanpumep, T; o6o-
3HAYAIOT TeMIepPaTypy fHBaps (nepeoro MecAna), a T; — Mad U T. A,
B ofuweM BHAR MHOKECTBO 3HAUYEHHWH, copepsKauuxcsa B Tabanne, o6o-
3HAYACTCA CASAYIOIIHM 00pasoM:

{Ti}, i =1, ..., 12.

[NopapkoRble HOMepa 3AeMeHTOB {1, 15, { ¥ Ap.) HA3HIBAIOTCA UH-
gexcami, MIHACKCHPOBAHHEIE BEAMUMHE YACOOHEe HCIOAB3IORATH IIPH
3a[MCH UX AAT MaTeMaTH4decKo# obpaborku. HanpuMep, aAAf BEIGHC-
ACHMS CPEAHETOAOBOH TeMIIepaTypPhl UCIOAb3yeTCH GopMyAd

T::p = EZT(

Terneprs npeaCTaBETE, YTO TpebyeTcsa coOpaTh HHMPOPMANHUIO O Cpep-
HeMeCAYHEIX TeMIleparypax 3a 10 Aet, HanpuMep ¢ 1981 o 1990 r. Uc-
TMOAB3YEM AAA 3TOTO RPAMOYTOABHYI0 mabauyy (Taba. 2.8), B KoTopoii
cToADIR COOTBETCTBYOT FOAAM, & CTPOKH — MeCSIaM.

Tabnuua 2.8. MNMpamoyroneHan Tabnuua Temnepartyp

Mecatl roaa

Top,
1 2 3 4 5 6 7 8 9 10 11 12

1981 | -23 | -17|-84( 65| 14 (186} 25 | 19 [123] 56 [-4,5]{ -19
1982 | -16 | -8,5|-3.2 #1 | 84 [1387285]| 21 | 65| 2 |-13|-20
1983 | 98 -14[-92| 46 |156( 21 (178 20 |11.2| 8.1 | -16 | =21

1990 | -251-97{-3.8| 85 | 13.9|178(235[175]| 10 | 57 | -14 | -20
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YaauHo BrIOpaHHas (pOpMa 3aITHCH ABHHHX obecrmeuHBaeT ya006-
CTBO ¥ ORICTPOTY NOAYYeHHA TpeldyeMol HHGopMalun, Hanpumep, U3
Taba. 2.8 AeTKC y3HATE, B KAKOM TOAY OBIA CAMBIN XOAOAHBI SAHBADL
MAM B KaKoM Mecslle OhIA CAMBIM HeCTAOMABHEIH TeMIIEPATYPHLIA pe-
FKHM 3a YKazaHHOe AeCATHAETHE,

AAS 3HAUEHHH, XPaHAIUXCS B HOACOHOH TaOAKIIe, YAODHO HCITOAB-
30BaTEL ABYXMHAEKCHHIe obosHauenusa. Hanpwumep, Higg o — 0Oo3Ha-
YUTHL TEMUepaTypy B (perpaae 1981 r. u T.A. TIpH aTOM BCIO COBOKYT-
HOCTb AGHHHX, COCTaBASIOIIMX TabAHIY, MATEeMaTH4eCKH MOKHO 3a-
MHCATh CABAYHOLIIAM 00pa3oM:

{H,} i=1981..1990;j=1, ..., 12.

O6paboTKa TAKHX AGHHBIX IPOH3BOAMTCS ¢ HCIOAL3OBAHHUEM ABYXHH-
AEKCHRIX BeAmdrH. Hanpuwmep, cpeaHsas reMiiepaTypa mapra 3a 10 aet

1 1920
H a = —_— H ,
CP.Mapt 10,’:%91 i3

@ CpeAHdAd TeMNepaTypa 3a Bech ACCATHAETHHH NepHoA,

1 1590 1 i 1 1%] i
H(Z = _ H('" = Hi. i
P 10(':198! 12j:l ! 120 i=1981 j-1 !

B Ilackare aHaAOroM TaGAMI] ABASETCS CTPYKTYPHPOBAHHEIN THII
AAHHEIX, KOTOPHIH HA3LIBACTCA PeryAApHLIM MUncoM, WAH MACCUBOM.
Kax u Tabaniia, MACCHB ITPEACTABASICT COB0M COBOKYTTHOCTE IPOHYME-
POBAHHEIX OAHOTHITHEIX 3HAYEHKH, UMEIOIHX oblee UMA. JACMEHTE
MaccHBa 0H03HAYAIOTCH KAK IepeMeHHEIe ¢ MHAeKcaMH. HMHpekch 3a-
MHCHBAIOTCH B KBAAPATHRIX CKOOKAX MMOCAe MMEHH MaccHBa. Hanpu-
Mep:

T[1], T!51, T{i}, H[19881, 9], H[i, J]

MaccHB, XpaHaIui AMHERHY0 TaDARIYY, HA3RIBAETCH OGHOMEDHbBIM,
d TPAMOYTOABHYIO — GBYXMEpDHEIM. B NPOrpaMMax MOTYT HCIHOAL3O-
BaTBECA MaCCHBHI X GOABIIESH pasMepHOCTH.

THII 9A€MEHTOB MACCHBA ABAAETCH er0 O0a30BbM munoM. OUeBHAHO,
AASL PACCMOTPEHHEIX MaCCHBOR TeMIIepaTyp (Ga30BBIM THIIOM SIBAAETCH
BellecTBeHHBIHA (Real).

OnHacarne MAcCHUBOB. [lepeMeHHast peryAApHOro THIIA OIHCHIBAET-
¢ B pa3AeAe ONMHCAHHSA NICPeMeHHBIX B CAGAVIOLIEH (popMe:

Var <uneHTtuhuraTop> : Array [<Ttun megexca>] Of <run
KOMIIOHEHT>
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Yallle Bcero B Ka4ecTBe THIIA HHAEKCA YIIOTPeDASeTCH HHTEPBAAb-
HBIM. HamnpuMep, paccMOTpeHHEIH paHee OAHOMEDHHH MacCHB CpPEeA-
HeMeCSYHEIX TEMIIePAaTyp MOXHO OIIHCATE CACAYIOIIHNM o0Dpa3zoM:

Var T : Array [1..12] Of Real;

OmnHCaHHE MacCHBA OIIPEAEATET ero pasMenieHHe B IaMATH U I1pa-
BHAA AdAbHedInero ynotpebaenus B nporpamMe. IlocaepoBaTeALHRIE
3AEMEeHTBl MaCCHBA PACIIOAQraloTCA B [IOCAGAOBATEABHEIX AdelKax Ia-
vt (T[1], T[2] 1 T.A.), OpHYeM 3HAYCHUA UHACKCA HE AOAKHEL BEIXO-
AMTE M3 Auanazoda 1...12. B KayecTse HHACKCA MOXKeT YHOTpeOAaT:-
cs1 Al0DOe BEIpasKeHHe COOTBeTCTBYIOHIero tTuna. Hanpumep, T[i + jl,
Tlm div 2].

THaN HHAEKCA MOKET GBITEH ATOORIM CKAaASIPHEIM ITOPHAKOBEIM THIIOM,
kpome Integer. HanpuMep, B OporpaMme MOI'yT HPUCYTCTROBATE CA€-
AVIOLIHE OMHUCAHHA:

Var Cod : Array(Char] Of 1..100;
L : Array[Bocolean) Of Char;

B aaHHOH mporpaMMe ACHIYCTHMEL CACAVIOIIHE O0O3HAYSHHI DJAe-
MEeHTOE MaCCHBOB!

Cod['x']; L[True]l; Cod[Chr(&5)]s L[a > 0].

B HeKOTOpHIX caAyuasx OGBIBAeT YACGHO B KaYeCTBe HHASKCA UCTTIOAB-
30BaTh IlepeuHCAsIEMEH THII AAHHBIX. Hallpamep, AaHHBE O KOAHYe-
CTBe YYeHHKOB B UeTHIPEX AeCHATHIX KAACCaX OAHOM IITKOARI MOTYT Xpa-
HUTLCA B CASAYIOIIIEM MaccHBe:

Type Index = (A, B, C, Dj};
Var Class 10 : Array([Index] Of Byte;

U ecau, nanpumep, saemerT Class_10[A] paBenu 35, 3T o3HayaeT,
uro B 10 A Kaacce 35 geaorek. Takoe HHASKCHPOBAHUE AEAQET TPO-
rpaMmy Bonree HarASAHOH.

HYacTo CTPYKTYDHPOBAHHOMY TUIY AAHHLIX RPHCBAUBAETCS UMHA B
pasaere THIIOB, KOTOpOe 3aTeM HCIOAL3YETCA B Da3jeAe OMHCAHHA
nepeMeHHBIX:

Type Masl Array [1..100] Of Integer:;
Mas?Z Array [-10..10] Of Char;
Var Num : Masl; Sim : MasZ;
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Ao cux nop pedb maa 06 OAHOMEDHEIX MACCHBAX, B KOTOPBIX THIIEL
3AEMeHTOBR CKaAApPHEIE.

Muoromeprntii maccus B [lackare mpakmyemcst KaK OgHOMEPHBL
MACCUB, MUN IAEMEeHIMOB KOMOPOro MAK¥e ABAACMCA MACCUBOM (mac-
cus maccusos). Hanpumep, paccMOTpeHHYH) PaHee NIPAMOYTOABHYH)
TabAHIY MOJXHO XPaHWTE B MACCHBe, OHHCAHHOM CAGAYIOIIEM ofpa-
30M:

Var H : Array(1981..1990] Of Array(l..12] Of Real;

[MpuBeaeM OpHMepil 0603HAUEHUS HEKOTOPHIX 3A€MEHTOB 3TOrQ
MacCcuea:

H[1981]1[1]; H[1985]1([10]; H[1930][12].

OAHAKO Yale YyIoTpebAsSeTCs CAEAYIONasi, 3KBHBaAeHTHas dhopma
0003HaYeHH 3IAEMEHTOB ABYXMEPHOI0 MacCHBa:

H[1981, 1]1; H[1985, 141; H[19%0, 12].

3aecs nepeMenHas H[1981] obosHauaeT BCIO NEPBYIO CTPOKY Tab-
AHIGEL, T.€. BeCh MAcCHB TeMneparyp 3a 1981 r.

OKBUBAACHTHHIM BAPHAHTOM IIPHBEASHHOTO OIIHCAHHA ABYXMEpPHO-
ro MacCHBa SIBASIETCS TAKKE CASAYIOIIee:

Type Month = Array [(1..12] Of Real;
Year = Array [1981..195%0]1 Of Month;
Var H : Year;

HantGoaee KpaTKHfI BApHAHT OIHKACAHHUA AAHHCTO MaCCHBA HMeeT
BHA,

Var H : Array([1981..1590, 1..12] Of Real;

AHAANOTUYHO TPeXMEpHBIH MacCHB MOJKHO OIPEAEAWTEH KakK OAHO-
MEPHEIH MacCHB, ¥ KOTOPOTO JAeMEHTaMH SBASIOTCA ABYXMepHEe Mac-
cueul. Hanpumep:

Var A : Array(1..10, 1..20, 1..30] Of Integer;

370 onmucaHue MaccHBa, cocrosulero U3 10 - 20 - 30 = 6 000 neanix
YHCEeA B 3aHuMaromero B maMara 6000 - 2 = 12000 Gaiir, B Tlackanae
IeT OrpaHHYeHUs CBEPXY Ha pa3MepHOCTL MaccuBa. OAHAKO B KaXK-
AOM KOHKpeTHOU peaansanuy [lackaad OrpaHUUYMBAETCA OOHEM liaMs-
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TH, BLIABAHEMLIH TOA MaccHBhl. B TypGo Ilackaae 3To orpaHuyeHnHe
cocraBasieT 64 KOaHT.

ITo aHaAcrHM ¢ MATEMATHMKOH OAHOMEPHEIE YHCAOBLIC MACCHBHI
YACTO HASHIBAIOT BEKMOPUAMU, & ABYXMePHRIE — Mampuuamu.

B [lackaae He AomycKaercsl yoorpebAcHHE AMHAMHYECKMX MACCH-
BOB, T.€. MaCCHBOB, PasMep KOTODHIX CHPEAEASIETCA B NPOLIeCCe BhI-
IIOAHEHHs NIporpaMMbl. MameHeHMe pazMepoB MacCHBA MPOMCXOAWUT
yepe3 U3MCHEeHHe B TeKCTe NpOTpaMMBl H IOBTOPHYIO KOMITHASIIMIO.
AAA YIPONIEHHS TAKMX H3MeHCHHI ONPEeASASIOT HHASKCHLIe TapaMeT-
DhI B Pa3AeAe KOHCTAHT:

Const Imax = 10; Jmax = 20;
Var Mas : Array[l..Imax, 1..Jmax] Of Integer;

Teneps AAL M3MEHCHMS pAsMepos Maccuna Mas M Bcex omeparo-
POB NPOTrPaMME], CBA3AHHHX C 3THMH pPasMepaMu, AOCTATOYHO OTpe-
ABKTHPOBATE TOALKO OAHY CTPOKY B IipOrpaMMe — pAa3AeA KOHCTAHT.

AelcTBHA Hap MACCHBOM KAK €AHHEIM LeABIM. TakHe AGUCTBUA AOQ-
IMYCTHMEI AMIIB B ABYX CAVYasX:

= [PHCBAHBAHHE 3HATEHWH OAHOTC MACCHBA APYIOMY,;

® B ONCPAIMAX OTHOUIEHHN «DABHO», «HE PABHOY.

B ofoux cAyyasx MacCHBEI ACAKHEl HMETE OAMHAKOBEIE THITEL {THIL
HHAEKCOB M THII 3AeMeHToB). Hanpumep:

Var P, Q : Array[l..5,1..10] Of Real;
[TpH BBIIOAHEHWH ONepalHy ITPHCBAMBAHUNA
P =0

BCe 3AEMEHTHl MAcCHBa P CTaHyT paBHEI COCTBETCTBYIOIIMM 3AEMeH-
TaM Maccusa (,

Kak yRe 0TMedanoch, B MHOIOMEPHBIX MAaCCMBAX NEpeMeHHada C
HHAEGKCOM MOXeT 0003HavaTh ueanri Maccus. Hanpumep, ecan B Tab-
anne H tpebyercs AanHble 3a 1989 r. caeaaTh TakMMH e, Kak 3@
1981 r. (AeBATOM CTPOKE IIPHUCBCUTE 3HAYEHUE NTePBOH CTPOKH), TO 3TO
MOJKHO CAEAATE CAGAVIONMM 0Bpazom:

H[19%89] := H[1981].

IToMeHATh MeCcTaMH 3HaYeHHS 3THX CTPpOK B TabARIIE MOMKHO yepes
TPeTs) IePeMenHYH TOT'O Ke TUIIa!

P := H[1989]; H([1989] := H[1981]; H[1981] := P
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3aeck P onmcaHa cAeAYIOUIMM 00pazoM:
Var P : Array [1..12] Of Real;

O@pabomka MACCUBOB B NPOrpaMMax NPpoU3BOguinca NOKOMNo-
Henmo.
[puBeaeM NPUMEpE BEOAS 3HAYEHWH B MaCCHBEL

For I :=1 To 1Z Do
ReadLn (T[I]);

For I := 1 To IMax Do

For J := 1 Teo JMax Do

ReadLn (Mas[I, J1}:

3aecCh KakpOe CAepyiollee 3HAYEHHe OVAeT BBOAMTBCH C HOBOH
CTPOKH. AAd MOCTPOYHOTO BBOAA MCIIOAB3YETCS ocleparop Read.

AHAAOTHHYHO B I[MKAE 110 HHAEKCHON TNEpEeMeHIION OPraHH3yercs
BRIBOA 3HAaYeHMH MaccuBa. Hanpumep:

For I := 1 To 12 Do Write (T[I]:8:4);

CrepyouE (PPAarMeHT NPOTPaMMBl OPTAHH3YCT MOCTPOYHEIA BEHI-
BOA METPHIEI Ha JKpaH:

For I := 1 To IMax Do
Begin
For J := 1 To JMax Da
Write(Mas[L,Jl:06};
Writeln
End;

TMocae meuyaTH o4yepeAHON CTPOKH MAaTPHOEL oneparop WriteLn He3
mapaMeTPoR MepPeBeAeT KYPCOp B Hadano HOBOH cTpokH. Caepyer 3a-
METHTh, YTO B IOCAGAHEM IIPHMepe MaTPULA Ha SKpaHe OYACT IIoAyYe-
Ha B eCTECTBEHHON (hopMe IpAMOYTOARHOH Tabaunul, ecam JMax me
npeBslaeT 12 {caMoCTOATeABHO ODBACHUTE, [IOYEMY).

PaccMOTpuM HECKOABKC IIPHMEPOR THIIOBEIX POTpaMM o0paboTKH
MACCHBOE.

IMprMep 2.18. Aas 3823HHOI'O payee MacCuBa CpeaHeMeCaYHEBIX TeMIEPaTyR
T[1...12] rpeGyeTca BRIMACANTS CHEAHETOAOBYIO TEMIIERATYDY H €XeMeCAIHEIe
OTKAOHEHUS OT ITOrO 3HaYeHMWH.

TMporpaMva pelleHHs AQHHOM 3apa'uM CACAYIOLAL:

Program Example;
Cont N = 12;
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Type Vec = Array [1..N] Qf Real;
Var T, Dt : Vec;
3t : Real;
T : Integer;
Begin {---- BBOO MCXOIHHX HaHHHEX--——-}
Writeln('Berooure rtaSnuuy TeMrepaTyp');
For I := 1 To N Do
Begin
Write{I : 2, ":'};
ReadLn (T[IL]}
End;
{--—-BruWcnexHMe cpelHel TeMleparyps----—}
St o= G
For I := 1 To N Do
St St + T[I]:
St := St/N;
{——--BerurcraexKde TabiMuel OTKJIOHEHMH OT CpegHerco-—--—-)
For I :=1 To N Do
DL[I] := St-TI[I):
{-—---Bupon pe3yALTATOB-—--}
Writeln ('CpenxHsas TeMneparTypa paBHa ', 3t:6:2);
Writeln;
Writeln ('OTxknoHEHMA OT cpenHel TeMnepaTypu:'};
For I ;=1 To N Do
WriteLn{I:1, ': ', Dt[I]:6:2)

End.

IMo aTol nporpaMMe MOXXHC DACCYHUTATE CPeAHEe 3HAYEHMEe H BEKTOD OT-
KACHEHUIT OT CPpepAHero 3fadeHusi AAT AI0DOTo OAHOMEPHOTO BEULECTREHHOTC
MaccHusa. HacTpoiika pasMepa MaccHBa OCYIIECTBANETCH TOARKO PEAGKTHPO-
BAHHEM PA3BAEAAQ KOHCTAHT.

NpnMep 2,19, TpeGyercs BHIOPaTE MAKCHMAABHBEIA SAEMEHT H3 PACCMOTPEH-
HOI'O patee MACCHBA TEMIIEPATYD, T. € OTOOPATh CAMYH BLICOKYIO TeMIIEpaTypy
U HOMED Mecslld, COOTBeTCTBYIOLINH e,

Haes aATOpUTMA PellIeHHA 3TOH 343341 CASAYIOILAS: YTOOR IOAYYHTE MaK-
CHMMAaARHYIC TEMOEPATYDY B BelleCTBEeHHOH NepeMedHo#d TMax, cHavaAa B Hee
3aHOCHTCA IEPROE 3HAUeHNe MaccHsa T11]. aTeM noouepeaHo anavenne TMax
CPAaBHMBAETCH C OCTAALHBIMM 3AGMEHTAMH MaCCHBa TeMIEDATYP, H KakAoe
3HavyeHue, boaplee Thax, npHcBauBaercs 3Toll nepeMeHHON. AASt IOAYUEHMST
HOMEpa CaMOT0 TENACTO MeCHla B IeAylo nepeMedHyo NumMax cAreAyeT 3a-
CHIAETEL HOMEP 3A€MeHTa MACCHEA TeMHUEpPaTyR KasXARH pai CAHOBPEMEeHHO C
3aHeceHdeM B TMax ero 3HaueHHs.

INporpamMma peureHHs AGHHOHN 33A39H CACAYFOAs!

TMax := T[1];
NumMax := 1;
For I := 2 To 12 Do
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If T[I] > Tmax

Then
Begin
TMax := TII];
NumMax := 1
End;

3aMeryM, 4TO ecAH B MacCHBe TeMIepaTyp HeCKOALKO 3HaudeHHH,
pPaBHBEIX MaKCHMAARHOMY, To B NumMax OyaeT noaydieH IepBBIH Ho-
Mep H3 3THUX 3AeMEeHTOB. AAS IMTOAYVIEHUS IIOCAeAHEeH AYTHL B OIepaTo-
pe If crepyeT 3aMeHHTE 3HAK OTHOMEHHS «>» HA «>=3.

TNipumep 2.20, TpeGyeTcA BHINOAHHTE COPTHPOBKY MAacCHEA, T.€. B DAHO-
MepHOM maccuBe X H3 N saeMeHTOB TpeGyeTca TPOH3IBECTH NepecTaHOBKY
3HAYEHWH TAKNM 06pasoM, YToOH OHM PACTIOACKHAKMCE 10 BO3PACTaHHID: X <
<X, €. < Xy

CymecTBYeT HeALlll KAACC aATOPUTMOB COPTHDOBKH. OHHIIEM AATOPHTM,
H33LIBAGMEH METOAOM TY3BIPbEA.

ITpon3BOAUTCH ITOCACAOBATEABHOE YIIOPSIAOYHBAHHE CMEKHBIX 12D DACMCH-
ToR MaccuBa: X, u X, X, u Xy, ..., Xy_; 1 Xy B UTOTe MAKCHMAALHOE 3HAYCHHC
nepeMecTHTCs B Xy, 3aTeM Ty e IpPOLEAYPY IOBTOPSIOT AD [IOAYYeHHR Xy
H T.A., BIIAOTE AQ NIOAYYCHHSA [eNOYKHA B3 ABYX 3AeMeHTOB X, u X,. Takom aaro-
PHTM HMeeT CTPYKTYPY ABYX BAOMEHHEX ITHKAOB, IIpH4YeM BHYTPDEHHMH IIMKA
GyaeT nepecMeHoH {coKpaijaromeica) AANHEL

[MporpaMma pelieHus AGHHOH 38A34H CACAYIOLIAN:

For I := 1 To N-1 Do
For K := 1 To N-TI Do
If X [K] > X [K + 1]

Then
Begin
A = YX[K];
X[K] = X[K + 1]:
XK+ 1] := A
End;

IIpumep 2.21. Ara OMHCAHHOTO paHee ABYXMEPHOTO MAcCHBa CpeaHeMecHay-
HHIX TeMnepaTyp 23a 10 AcT TpefyeTcs ONPEASAHTL, B KAKOM ropy GHIAC caMoe
TEILAQE AETO, T. €. B KAKOM FOAY DhlAa HauBOABILIAA CPEAHAT TEMIEpaTypa AeT-
HHUX MECALIeD.

Haes aAropHTMa pelleHUs CABAVIOLLAR: CHAYAAd B BEKTOpe S HOAYYHThH
CpepHHe TEMIIEPATYPL! AETHUX Mecanes 3a 10 aAeT, a saTem HAWTH HOMED Hau-
GOABIIETO JAEMEHTA B 3TOM BeKrope, 310 1 OYAET NCKOMBIA roa,

INporpaMma penieHus AGHHON 33A34M;

Program Example 2;
Type Month = Array([l..12] Of Real;
Year = Array(1981..1990] Of Month;
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Var H: Year;
S: Array[1981..19%0] Of Real;
I, J, K: Integer;
Begin {----Bpon DanHblx C KIABMATYPLI-—--—- }
For 1 := 1%81 To 199C Do
For J := 1 To 12 Do
Begin
Write(J : 2, '.', I : 4,': ");
ReadLn(HII, J]}
End;
(---BrMMCNEeHWEe BEKTOPa CPEeOHMX JIETHMX TeMoeparyp--—-—)
For I := 1981 To 1890 Do
Begin
S[I] := 0;
For J:= 6 To 8 Do
S[I] := S[I] + H{I, JI:
S[I] := S[I]/3
End;
{----Onpegenenme ropa € CAMBM TEILJIEM JeTOM———-—}
K := 1981;
For 1 := 1982 To 19%0 Do
If S[I] » S[K] Then K := I;
Writeln('Camoce Temyoe nero Geuio B ', K,'-m roaoy')
End.

YPAXKHEHNSA

1. Aan BerTop {z;}, i = 1, ..., 50. BEYUHCAHTE €T0 AAUFY:
L=zt + 25 + ..+ z5.

2. BEIMMCAWTE NoAuHOM 10-i crenenu no gopyyae Topeepa:
@oX + agx® + 4 X g = (8K + Q)X+ Q)X + o @)X+ Qs

3. Aasa mexropa {x;}, i = 1, ..., 20 HaliTH KOAMUECTBO KOMIIOHEHTOR, SHAYEHHA
KOTOpPHIX A€KaT B HATepBaAe [0; 1].

4. Apa 3apaHHEIX BeKTOpa (X}, {¥.}, i=1, .., 10, yHOPSACUEHHEIX IO BO3Pac-
TaHHIO, CAMTE B OARH BeKTOpP {2z}, { =1, ..., 20 TaRuM 06paszom, 4TOOKE COXpaHHU-
ABCh MX YIIODPAAOYEHHOCT.

5. AAA 3aAQHHOTO MAacCHBa, COCTOALNEro u3 100 UeAnx guces, CHAYAAA Bhi-
BECTH BCE YMCAd, BCTPEYANONIMECH B HEeM HeCKOABKO Pasz, a 3aTeM BCe YMCA4,
BCTPEYaIoIIMecs B HeM TOABKO OAMH pas.

6. HaiiTy 3Ha4CHHE H HHACKCH MaKCHMAALHOTO 3AEMEHTa NEAOUMCAEHHON
MaTpHOL paiMepon 10 x 10.

7. OnpeaeAMTE HOMEP CTPOKH C HAHBGOARIITHM KDAHYECTROM HyACH ABOMUHOM
MATPHUE pasMepoM 5 x 10,
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8. BCe CTPOKH BellleCTBEHHOH MaTpHLEl pasMepoM 10 x 15 yIopaACuHTE o
yORIBaHMIO 3HATEHUH WX SACMEHTOB.

9. TpaRCTOHHUPOBATH EAOIHCAEHHYIO MATPHITY pazmepoM 5% 5 1.8, orpas-
UTh €€ OTHOCHTEALHO TAABHOH AMArOHAAH.

10. B aABom9HOM MaTpHle pasMepoM 10 x 10 HAATH COBOaAAOLINE CTPOKH.

A PEKYPCUBHbBIE NOANPOrPAMMBI

Pexypcust — 3TO CIIocof OPraHu3allHi BCIIOMOTATEABHOTC AATOPHT-
Ma -— OATIPOTPAMMEL, [IPH KOTOpPOM 5Ta HOAIpOTrpaMMa (mpollepypa
uAH QYHRITHA} B XOAE BRITOAHeHH:A ofpalaercd caMa K cebe,

PexypcusnpiM Ha3blBaeTcs AOGOH OOBEKT, KOTOPLIM YaCTHYHO
OIPEASARCTCS Yepes caMoro cedsi.

Hanpumep, peKypCHBHEIM SIBASETCSA CAAYIONIEE OIPEASACHHE ABO-
HYHOIO KOAQ:

<IABOMYHBLIE KOM> ::= <IBOMYHAasA uudpa> | <IBOMYHBMA
xKOO> <IBCM4YHasg umgpa>
<nBomdHas umgpa> ::= 0 | 1

B pexkypcuBHOM onpepgaeHnn 00A3ATEARHO AOAKHO NMPUCYTCTRO-
RaTh OTpaHUYEHHUe, T.e. FPARUYHOE YCAOBUE, NIPH BHIXOAE Ha KOTOpOe
AAABHCHINIAA HHUITHAIHMA DeKYPCHBHEIX OOpallleHrH NpeKpallaeTes.

[TpuBeaeM MpUMEPE! DEKYPCHBHEX OINpepcAeHUH HeKOTOPHIX Ma-
TeMaTHYeCKHX (pyHKIUEH.

KAaCCHYECKHM NPHMEpOM peKypCHUH SBASETCH OIpepereHMe (hak-
Toprard. C OAHOH CTOPOHEL, (hakKTOPHAA ONPEALAIETCA B BHAE! nl =
=1-2.-3-...-n, & ¢ APyroll CTOpPOHE]L, €T0 MOKHO OIPEABAMTE CACAY-
OIUM 00pa3oM:

\ 1, ecaH n <1,

{n—-1)n, ecaun>1,

TpaHUYHKEIM B A@HHOM CAyYae ABASeTCA YCaoBHe n < 1,

PerypcuBHoe onpepeieHHe yHKIMH K(n), BO3Bpamaroned KOAH-
gecTBO NMUGP B 3apaHHOM HATYPAABHOM YHCAE I, HMEET CACAYICIINH
BHA

1, ecamn < 10

K -
™ =1\k@/10)+1.  ecaunz10.
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PexypcueHOe onpeacaedHe QYHKUHM S(n), BEMHCAAIOULIEHR CYMMY
DHPP 38AAHHOTO HATYPAALHOTO YHCAS, 3AIHUIATE CAMOCTOATEABHO I10
AHAAOTHH.

PexypcugHoe onpeapeaeHne hpyakird C(m, n), tae 0 £ m £ n, ArA
BEMUCAEHHAI OMHOMHAABHOIO Ko3(uiineHTa CF HMEET CACAVIOLIHN
BHA;

Cl=Cr=1 CP=CR +CR

ObpalgdeHre K PeKyPCUBHON IOANIPOIPAMME HUYEM He OTAMYAeTCH
OT BEI30BA ANOOOH ApyToH nopnporpaMMel. [Ipu aToM MpH KaXkAOM HO-
BOM DEKyPCHBHOM ODpallleHHH B IIaMATH CO3AAETCA HORAS KOIMMA MO -
MpOTPaMMBL CO BCEMH ACKAABHHIMM IIepeMeHHEIMH. Takue Koiuu Oy-
AYT CO3AABATHECH AQ MOMEHTA BLIXOAG Ha I'PAaHHYIHOe YCAORHe. OueBHA-
HO, 9TQ B CAYYAE OTCYTCTBHS PAHHIHOrO YCAOBHSA, HEOTDaHHUEHHEIH
POCT YHMCAA TAKHX KONKH NPUBEAET K ABADUHHOMY 3aBEpPIIEHHIO Ipo-
rpaMMH, T. €. NEPENOAHEHUIO CTEKA.

[ToporxaeHsie BCe HOBLIX KOOWMH PCKYPCHBHON TOATIPOFPAMMEL AD
BBIXOA3 HA IDAHMYHOE YCAOBHE HABLIBACTCH DEKYPCUBHLIM CRYCKOM.
MakcuMaAbHOE YMCAO KOMMH PeKypCUBHOR HOANPOIPAMME], OAHO-
BPeHHO HAXOAAIIMXCA B IAMATH KOMIABIOTEPAa, HA3LIBACTCS FAYOUHOL
pekypcul. 3apepllieHHe PafoThHl PEKYPCUBHEIX MOAIPOTPAMM, BIIAOTL
AO caMoll IepBOH, HHHITHHPORABIISH PEKYPCHEHEIE BEI3OBEL, HA3LIBA-
€TC PeKYPCUBHBIM NOGHEMOM.

BrimoaHeHHe AHCTBMH B PEKYPCHBHOH HOATIPOIDAaMME MOXKET
OBITE OPraHU30BAHO OAHHM M3 CABAVIOMINX cTIocoGOoB!

PeKypCUBHLIA CYCE H

PeKypCHBHEIH HOABEM PeRypCHBHMI COyCK .
A 4 PeKYPCHBHLIA IOABEM

Begin Begin Begin
P; CnepaTopkl; onepaTopsl;
oepaTops; P P;
End; End; onepaToph
End;

3aecs P — pekypcHBHas HOANIDOTpaMMa.

AeHCTEMA B PeKyPCHBHOM [IOATIPOTPAMMeE MOTYT BEITIOAHATECH AHOO
Ha OAHOM M3 3TAINIOB PEKYPCHBHOTO obpaleHus, AHO0 Ha oboux cpasy.
Cnoco6 opraHv3alMM ASHCTBHH AMKTYeTCS AOTHKOH paspabaThiBae-
MOT'Q 8ATOPHTMA.

Peaausyem TpUMBEACHHBIE paHee DEKYPCHBHBIE OIPEABACHUA B
Buae DYHKLHMH H IpoLleayp Ha [lackane.
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Mpumep 2,22, TlporpaMMHEIE pEaAH3alHH PEKYPCHBHOTO ONPEACARHUSE

dakropnaa:

{PyHXMAR Ra Hackane}
Function Factrial (N : Integer)} : Extended;

Begin

If N <=1

Then Factorial := 1

Else Factrial := Factorial (N-1) * N
End;

{[lpcuenypa Ha [lackane}
Procedure Factorial (N : Integer; Var F : Extended);
Begin
If£ N <=1
Then ¢ := 1
Else Begin
Factorial (N-1, ¥):
F := F * N
End
End;

IIpumep 2.23. TIporpaMMHLIE peasl3alHU PeKYPCHABHOTO OIpeAEASHRA

dyarmud K(N), Bozppamiaonel KoAHuecTso UMD B 3aAaHHOM HATYPAALHOM
yucae N:

{Pyuxumsa Ha [lackane}
Function K(N : Longint) : Byte;
Begin

If N < 10

Then K := 1

Else K := K(N Div 10) + 1
End;

{[Ipouenypa Ha [ackane}
Procedure K(N : Longint; Var Kol : Byte)
Begin
If N < 10
Then Kol =1
Else Begin
K{N Div 10, Kol):
Kol := Kol + 1
End
End;

IIpumep 2.24. [porpaMMHLIe PEAAH3alMH PEKYPCHBHOTO BEIMHCASHUS OH-

HOMHAABHEIX KO3 HLHEHTOB!
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{dyHKUN Ha llackane}

Function C(m, n : Byte) : Longint;
Begin

If (m = 0) Or (m = n)

Then C := 1

Else C := C(m, n—1} + C{m-1, n—1)
End;

([lpouenypa Ha llackane)
Procedure C(m, n : Byte; Var R : Longint):;
Var R1l, RZ: Longint;
Begin
If (m = 0) Or (m = n}
Then R := 1
Else Begin
C{m,n-1, R1);
C(m—1, n—-1, R2};
R := R1 + R2
End
End;

IIpumep 2.25. BerMHCASHHE CYMMBI 3A€MEHTOB AHHEHHOTO MAaCCHEA.

[pH pelleHHH AAHHOH 33AaYH MCMOAL3YEM CAGAYIONTEee yTBepRACHHE!
CyMMa PaBHA HYAIO, 8CAH JHCAO JAEMEHTOR PABHO HYAID, H PABHE CYMMe BCEX
MPEABIAYLIHX 3AEMCHTOB ITAKC MOCAGAHHH, €CAH YHCAQ JIASMEHTOB HE PAaBHO
HYAID.

IporpaMma GYAET HMeTE CASAYIOILHMH BMA;

{IlporpamMva Ha HNackane }
Program Rec2;
Type LinMas = Array[l..100] Of Integer;
Var A : LinMas;
I, N : Byte;

{PerypcHrBHAaA QyHKLUMA}
Function Summa (N : Byte; A : LinMas): Integer;

Begin
If N=0
Then Summa := 0
Else Jumma := A(N] + Summa(N-1, A)
End;
{OcHOBHaa nporpamMal
Begin
Write ('KomuMuecTBro IJASMEHTOB Maccumea? ');
ReadLn (N) ;
Randomize;
For I := 1 To N Do

Begin
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A[I] := -10 + Random{Z21);
Write(A[I1 : 4)
End;
Writeln;
WriteLn('CymmMa: ', Summa (N, A))
End.

[Ipumep 2.26. TpeOyercd ONPEASAUTE, HBAALTCH AH 38AAHHAA CTPOKA IEAMH-
APOMOM, T, €, YUHTAETCH OAHHAKOBO CARBA HAHPABO H CTPABA HAAERBQO, l"paunqﬂoe
YCAOBME! CTPOKA ABASETCA TAAHHAPOMOM, €CAM OHA TIYCTad MAM COCTOHT H3
OAHOTQ CUMBOAA,

Hpaed penieHus AaHHOHN 33A344 38KAKYAETCA B IPOCMOTPE CTPOKH OAHO-
BpeMeHHO CA€Bd HANIPABC U CITPAB4 HAACBRO H B CPABHEHHH COOTBGTCTBYI-OIILHX
CUMBOAOB. ECAH B KaKOH-TO MOMEHT CMMRBOADBL He COBIMAAAQKNT, ACAQETCHA BBIBOA,
O TOM, YTO CTPOKA He ABAACTCI MAAWHADOMOM, €CAM ZKe VAAQTCH ACCTHYD Cepe-
AMHEI CTRPOKH K TIPDH 3TOM BCE COOTBETCTBYICIIIHE CHMBOARI COBRITAAH, TO CTPOKa
ABAASTCA MMAAMHAPOMOM.

Program Palindrom;
{PerypcubHasg QyHKUMA}
Function Pal (S : String): Boolean;

Begin
If Length(s) <=1
Then Fal := True
Else Pal := (S[l] = S[Length(S)]) And
Pal{Copy (S, 2, Length(S}-2));
End;

Var S : String;

{OCHOBHAA OPOTpaMMal
Begin
Write ('BreguTe CTROKY: ');
ReadLn (5) ;
If Pal(S)
Then WritelLn ('Crpoka sABNAeTCcHd NOaIMHIpOMOM'}
Else WritelLn ('Crpoka He ABJISETCS NAJTMHIPOMOM')
End.

Temnepk, HMCHOAB3YS AHAAOTHYHEIN [I0AXOA, CAMOCTOSATEABHO CO-
CTaBETe NMPOTPaMMy GILIPEACACHHS, ABASETCH AM 33AAHHOE HATyPaAbL-
HO€ THCAQ IMaAHHAPOMOM.

[ToaBOASL WMTOT, 3@8METHM, YTO HMCIOABL30BAHUE DEKYPCHHU SABASETCH
KpPACHUBEIM IIPHEMOM IIPOrpaMMHUPOBAHUA. B TO Xe BpeMd OpH pernie-
HUH GOABIIHHCTBA MPAKTHYECKHX 33249 3TOT HpHeM He3dpdeKTHBeH,
TaK KdK YBEAMYHBACT BpeMs HCIIOAHEHHMS MPOrpaMMBI M 3a4acTyio
TpefyeT 3HAYHTEABHOTQ OObeMd NaMATH AAS XPAaHEeHHS KONMHH IIOA-
IPOrpaMMHL Ha PeKYPCHBHOM chycke., CAepOBATEABHO, HA IPAKTHKe
Pa3yMHO 3aMEHATEL PEeKYPCHBHEIE AATOPUTMEL HA HTEPATHBHELE.
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YNPAXHEHINA

1. TTpuBecTd cOGCTREHHEIE IPHMEPL] COAEPIKATEARHEIX 3aA34U, TAE AAS Dellle-
HHS MOKET ObITh HCNOAB30BAH PEKYPCHBHBLA BCIIOMOTATEABHEIA AATODHTM,

2, OnpeaeAdTE, IOYEMY CACAYIOLGHH AATOPHTM IIOCHMBOABHOIO (POPMHPO-
BAaHMS CTPOKM 3aBEPIIUTCH aBapHHHO!

Function Stroka : String;
Var C : Char;

Begin
Write('Beenure ouepenHod cmmpeon: '}; ReadLn (C):
Stroka := Stroka + C

End;

Ha xakoM 3Tane BHIIOAHSIOTCA AeHCTBHA B 9TOM aATOpHTMe?
3. Onucarh peKypcHBHYIO GQYHKIHIO pOW{X, i) OT BellleCTBeHHOTe X (X = 0)
H IeAOTO N, BHIMHCATIONIYIO BEAHYHNY X" M0 CAEAYIONIeH opMyae:

1 npun=0
)

~n

x" =

npH n < {;
x-x"Tnpun>0,

4. Aanwl HaTypaabHble yncaa n 1 m. Hakitn HOA(n, m), ncnoak3ays npo-
TPaMMYy, BRAIOUAKINYIO B ce0a PeKyPCHBHYIO 1IpOOCcAYPY BrraucaeHus HOA,
OCHOBaHHYIO Ha coorHowenun HOA(n, m} = HOA(m, 1), rae r — ocrarok or
ACACIIHA It Ha M.

- MHOXXECTBA

OpbuM 13 QYHAAMEHTAABHEIX PA3ASAOB MATEMATHKH SIBASETCA Te-
opua MHOXecTB. HekoTophie MOMEHTH MareMaTHYeCKOro amilapara
3TCH TeopuUH pearn30BaHB! B Ilackaae tepez MHOKeCMBEHHbIU mun
gaHHBIX (MHOXKECTBA}.

MroxecmBoM Ha3LBAETCS COBOKYIIHOCTH OAHOTHUTIHBIX 3A€MEHTOB,
pacCcMaTPUBaeMBIX KaK eprHoe Heaoe. B [Tackare MOryT OHITb TOABKO
KQoHeuHBle MHOXecTBa. B Typ6o Ilackarc MHOKeCTBO MOKET COAED-
FKaTk OoT 0 A0 255 aneMeHTOB,

B oramuune OT MacCcHBa 3A€MeHTHI MHOMXECTBA He MPOHYMEPOBAHE
H He ynopspoMeHBl. KaKAHI OTASABHEIM 3A€MEHT MHOKeCTBA He
HAEHTHPHIMPYETCH H C HHM HeAb34 BEIIOAHATE KaKHe-AH00 AeHCTBHA.
AelCTBHA MOTYT BHINOAHATECS TOABKO Hap, MHOXKECTEOM B LI€AOM.

Tun 5AeMEeHTOB MHOKECTBa Ha3blBaeTcA Da30BLIM THIIOM. Ba3oBEIM
MOXKeT OBITE AOOOH CKAAAPHEBIA THI 38 HCKAIOYeHHeM THIA Real.
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KoHCTPYKTOp MHOXecTBa. KOHKpeTHEIe 3HAUeHWsT MHOXeCTBa 3a-
AQIOTCH € IOMOLIBI0 KOHCTPYKTOPA MHOKeCTBa, IPEeACTABASIOIIEro co-
O0H CIIMCOK BAEMEHTOB, 3aKAIOUYeHHBIH B KB3ADaTHHIE CKOBKH. CaMu
3A€MEHTEl MOTYT OBITh AHDO KOHCTAHTaMM, AHOO BHpaKeHUAMH Da3o-
BOrQ THIA.

[MpuBeaeM HECKOABKO TPHUMEPOB 3apaHUHE MHOMXKECTB ¢ ITOMOUIED
KOHCTPYKTOD&!

(3, 4, 7, 9, 12] — MHOXeCTBO H3 IIATH LIEARIX UHCEA;
[1..100] — MHOMeCTBO IIeAHIX YHMceA oT 1 a0 100;
['‘a','b','c'] -— MHOXECTBO, COAEPalllee TPH AUTEDHI
a, b,
[a'..'z','?', "] — MHOMKECTBO, COACPIKAILe BCE CTPOYHEIE

AGTHHCKHE DYKBBI, d TA¥Ke 3HaKK ¢ U |
CHaMBOAOM «[|» ODO3HAYAIOT IYCTOE MHOJKECTBO, T.e. MHOKECTBO,
He CopeprXalllee HHKAaKHX 3AeMEeHTOB.

He mMeeT 3HaYeHHS MOPSAOK 3AIHCH JAEMEHTOE MHOXKECTBA BHY-
TpH KOHCTpyKTopa. Hampuwmep, [1, 2, 3] 1 [3, 2, 1] — 3TO 3KBUBAAEHT-
HEle MHOJKeCTBa.,

KamaplH 3AeMEeHT B MHOKECTBE YUMTHIBASTCS TOABKO OAHH pas,
nostoMy MHOXecTBa (1, 2, 3, 4, 2, 3, 4, 5] u [1..5] 5KBHBAACHTHHI.

THepementblie MHOMECMBEHHOIO MUNMA OMMCHIBAIOTC CACAYIOLIHM
oGpasom:

Var <uneHTubtmkaTop> : Set Of <6az0BmIl THIO>.
Hanpumep:
Var A, D : Set Of Byte;

B : Set Of 'a'..'z";

C : Set Of Boolean;

Heanas BBOAUTE 3HAUEHWS B MHOMECTBEHHYKO IepeMeHHYI0 olle-
PATOPOM BBOAA M BBIBOAWTL OLEPATOPOM BEIBOAA., MHOKeCTBeHHAs
[epeMeHHAast MOMKET [IOAYYHTE KOHKPETHOE 3HAYEeHHEe TOABKO B PE3YAb-
TATe BHITOAHEHUS! OMEPATOPA ITPUCBAMBAHMS CACAYIONIETroO POpMAaTa:

<MHOXECTBEHHAasd NepeMeHHAaR> = <MHOXEeCTBeHHOe BHpa-
KeHMe>

Hampumep:

A := [50,100,150,200];
B := [Pml'ln!'lkl];
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C [True, False];
D = A;

Kpome Tore, BRIpa>KeHHMsI MOTYT BKAIOUAThL B cebs OMepanyl Haa
MHOReCTBaMH,

Onepanun Hap MHOXecTBamm. B TTackare peaAl30BaHbl OCHOB-
HEle ONepandM MAaTeMaTHYeCcKON TeOpUH MHOMKECTB: 00LEAMHEHHE,
TlepecedeHHe, PasHOCTE. Bo Bcex 3THX oNepanuAX ONEpaHALl H pe-
3YABTATH €CTh MHOJKECTBEHHBIE BEAWUWHE! OAWHAKOROTO Ha30BOrO
THIIA.

Ob6beguHerueM gRYX MHOKeCB A W B Ha3bIBaeTCa MHOMKECTBO, CO-
CTosilee H3 JACMEHTOR, BXOAANIUX XOTA OBl B OAHO M3 MHOMXeCTB A
uAM B. 3nak onepanuu obbeauenns B Ilackare — 3To a+»,

Peayarrar 00BEAMHEHHS ABYX MHOMKECTE CXCMaTHYIeCKH II0KasaH
Ha puc. 2.27, u. Hanpumep:

[(1,2,3,4] + £3,4,5,6]1 —» [1,2,3,4,5,6].

Iepeceuenuem geyx mMHOXecms A m B HazbIBaeTCa MHOMECTBO, CO-
CTOsAlllee 13 3AeMeHTOB, CAHOEPEMEHHO BXOAAIIHX W B MHOMKECTBO A,
4 B MHOeCTBO B (puc. 2.2%, 6). Hanpumep:

(1,2,3,4] * [3,4,5,6]1 > [3,4].

Paznocmiio gByx maoxecms A ¥ B Ha3pIBaeTCd MHOMCCTBO, COCTO-
silllee M3 3AEMEeHTOB MHOMKEeCTBa A, He BXOASIIHX B MHOXECTBO B
(prc. 2.27, B). HanpumMep:

[1121314]_[314r5r6] - [1,2]
[3;415:6}_{11213r4] i [5!6]

OueBHAHO, 4TO OTIePalUH OOLEAHHEHHS H HepeceueHud [epecra-
HOBOYHEIE, & Pa3HGCTE MHOMKECTB — ONepaldi HellepecTaHoBOIHAS.

a

Puc. 2.27. Onepayui Haa MHDXECTBAMM;
a - abbeiHaHwe; § — NepeceYeHne; B — Pa3HoCTe
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Tabnuuya 2.9. Onepauny 0THOLLEHWS HaL MHOXKeCTBEMA

PesyakraT
OTHOLIEHKE
True False
A=8B MnosxecTBa A 1 B coBapaor B npoTuBHOM cAyuae
A< B MHoxecTBa A ¥ B He cOBNApAIOT To ke
A<=B Bce saeMeHTH A mpuHapaexar B »
A>=B Bce saeMeHTH B npHHapAesRaT A »

MHuoMecTBa MOKHO CPAaBHUBAaTh MeXAy cobci, T.e. AA HUX onpe-
AGAEHH onepauul ombciterus. Pe3yAsTaTOM OTHOMISHHS, KaK U3BeCT-
HO, SIBASIOTCH AOTHYeckad bBeawuwmHa True mau False. Ans MHOXecCTB
MIPAMEHKMEI BCE OIIePallii OTHOLIEHH:, 3a HCKAIOUEHHEM «>» U «<»,

Omepaliii OTHOIISHHWA Haj MHOKeCTBAaMM OIHCaHEL B Taba. 2.9
Ilpu 3ToM mpeAllcAaraeTCd, ITO MHOMKeCTBAa A M B copep’KaT 2AeMeH-
TH OAHOTO THIIA,

IlpHBeaeM HECKOABKC HPHMEPOB BRHIOAHEHHSA OMepanyi oTHoIue-
Hu#. IlycTe nepeMenHas M olllcaHa B IpOrpaMMe CAGAYIONIMM oGpa-
30M:

vVar M : Set Of Byte;
B pasaene onepaTopoB el IPHCBAUBAETCH 3HAYEHHES
M = [3,4,7,9]:;

Toraa cnepanyi OTHOMCHUS AQAYT CAEAYIOU[HE DE3YALTATHL

M= 1[4, 7, 3, 3, 9,] -— True;
M < [7, 4, 3, 9, ] — False;
[3, 4] <= M — True;

[] <= M-— True;

M>= [1..10] — False;

M <= [3..9] — True.

Omnepanis BXoKgeHUs YCTaHABAMBAET CBA3L MEKAY MHOKECTBOM H
CKAASPHOM BEAWYHMHOM, THI KOTOPOH COBIAjAaeT ¢ 0A30BEIM THIIOM
MHOMECTB, T. €. €CAH X ~— CKaAdpHasa BeANYMHa AGHHOTO THIA, a M —
MHORECTBO, TO ONMEPAIHNSA BXOXKASHHS 3alIMChIBASTCSH B BHAE

x In M.
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Pe3yanTaToM 3pech GYAET ACTHYecKad BeavumuHa True, ecan 3Hauve-
HHE€ X BXOAHT B MHOKecTBO M, u False — B npoTHBRHOM cayuae. Aas
ONUCAHHOTO paHee MHOMKEeCTBa

4 In M — True,
5 In M — False.

PaccMOTpHUM HECKOABKO 38AA4, AAS PEIIeHMS KOTOPHIX YAOGHO MC-
IIOABIOBATE MHOXKECTBRA.

IIpumep 2.27. Aana CMMBOALHAR CTPOKA. Tpefyercs OUpeAeAdTh B Heil
KOAMYECTBO 3HAKOB IpenuHanua ((— ,*: ! 7).
[TporpaMma AAs pelIeHHA AAHHOH 33Aa4H:

Program Pl;
Var 5: String; I, K: Byte;

Begin
Readln({S); K := 0;
For I := 1 To Length{S) Do
I€ S[I] Inm ['.", "=7, ", %', ":f, ‘v, rrr, v

Then ¥ := K + 1;
WritelLn ('UMcno 3HaKOB NOpenMHaHmMa paBHe ', K)
End.

B sTOoM nnprMepe UCNoABR30BaHA MHOKECTBeHHAS KOHCTAaHTa C CHM-
BOABHBIM THITOM 3AeMeHTOB. OAHAKO 33AaTy MOJKHO DENIMTE B He3
MHOKeCTE], 3allican B onepaTtope If AAMHHOE AOTHYeCKoE BLIpa’keHHe
(S[I] = '.'} Or (S[I] = '—'} uTp Hcnoan3oranue MHOMKe-
CTBA COXpallaeT 3allUCh.

Ilpnmep 2.28. AaHEI ABe CHMBOABHEIE CTPOKH, COASPRAINUE TOABKO CTPOU-
HBlE AGTHHCKHE OyKBEL TpefyeTcda IOCTPOMTE CTPOKY 53, B KOTOPYIO BOMAYT
TOABKO 0OGIIHe CHMMBOAR S1 1 S2 B aadaBUTHOM IOPIAKE H 663 NOBTOPeHMIA.

TMporpaMma aAst peLIeHHs AGHHOH 3aAaYH:

Program PZ2;
Type Mset = Set Qf 'a'..’'z’';
Var Si, 52, 33 : String;
M51, MS2, MS3 : Mset;
C : Char:;
Procedure SM(S : String; Var MS : Mset):;
{llpouenypa dopMmupyeT MHOXEeCTBO M3, conepxamee BCE CHUMBO-—
JIEl CTPpOKU S}
Var I: Byte;

Begin M3 := [}];
For I := 1 To Length(S) Do
MS := MS + [S[TI]]
End;
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Begin (BeOO MCXOMOHEX CTpOok}
Readlin(S1}; ReadLn({S52);

{®opMupoBakMe MHOXeCTE MS1 M MS2 M3 CHMMRONROB CTpOK S1 M
52}

SM(S1, MS1); SM{S2, MS2);

{[lepeceyeHMe MHOXECTE — BHOCIEHMEe ODWMX BIIEMEHTOE B MHO-
»ecTBO MS3}

MS3 = MS1 = MS2;

{PopMMpPOBAEME Pe3yNETHUPYRLE crpoxm S3}
S3 = '';
For C := 'a' To 'z' Do

If C In MS3 Then S3 := S3 + C;
WriteLn{'Pesynsrar: ', S3)
End.

Hpumep 2.29. TpeOyeTcs COCTAaBUTEL NPOrPAMMY, IO KOTODOH H3 IIOCAEAD-
BYTEABHOCTH HaTypPaAbHEIX uuceA oT 2 po N (1 < N < 255) GyayT BeOpaHhl Bce
OPOCTHIE YHCAR.

CyiecTByeT aArOpHT™, H3BECTHRIHA 110A HasgaHueM «Pemero DparocdeHas,
CYThb KOTOPOT'O COCTOHT B CABAYIOIIEM!:

1) ¥3 TUCAOBOI ITOCASAOBATEALHOCTH BEIDHPAKT MHHHMAABHOS 3HAUCHHE —
[IPOCTOE YHCAG;

2) U3 TOCACACBATEARHOCTH YAAAAIOT BCE YHCAQ, KpaTHLHE BEIDpaHHOMY
3HAYEHHHD,

3) ecan nocae YAAASHNA BCEX KPATHLIX YHCEA TIOCAGAOBATEARHOCTE HE CTAAR
NYCTOM, BOABPAMIAKTCA K BHITOAHEHUK) NTERBOTO ITYHKTA.

Tpuseaem npuMep paGOTHL TAKOTO AArOpUTMA And N = 15 (3peck niopuepK-
AYTH BHIOPAHHKE IPOCTHIE YHCAA)

2345678910111213 1415

3579111315

571113

71113

1113

13

B nporpaMMe pelnenns AGHHOH 3aA39H YAOOHO MCNCAB30BATE MHOKECTBEH-
HEIH THI A@HHLIX:

Program Eratosfen:;

Const N = 201;

{Bo3moxno awdoe 3HauvenMe 1 < N < 25§6)

Var A, B : Set Of 2. .N;

K, P : Integer;

Begin

{bopMMpOBaHME MCXOODHOTO MHOXKeCTBa A; B — MCxoMoe MHOXe—
CTBCO MPOCTHX YWMCEeN, CHadayna — IOycToe}

= [2..N];
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Repeat

{[IoCMCK MMHMMANBHOTC YMCNa B MHOXecTae Al
While Not (P In A) Do P := P + 1;

{Brmoyenue HaBRASeHHODO YMCNa B MHOXecTBO B}
B := B 4+ [P]:
K 1= P;

{Mcrmwuenme M3 A 4uMcesl, KpaTHeX P}
While K <= W Do

Begin
A := A-[K];
K := K + E;
End
Until A = [];

{BelrO@ pes3yneTaTa, T.&. BCeX YMCe]l M3 MHOKeCTBa B B No-
pAOKe EBO3pPACTaHMA}

For P := 2 To N Do If P In B Then WriteLn({P)
End.

3To Kpacueas nporpamMma. Ho, K COXAACHHIO, e HEAR3 HCNOALIOBATE NIPH
N > 255 u3-3a oTMevenHOTO BHIIIe orpanndenus B TypGo [ackase Ha MaKCH-
MAaABHBIH pasMep MHOKeCTBa.

Kak y>ke roBOpHAOCE, HeAL3s BEOAHTE 3HAYeHHI HeIOCDEACTEEHHO
B MHOXecCTBo, OAHAKO Takas noTpebHOCTE ¥ NPOrpaMMMCTa MOMKET
BO3ZHHMKHYTE. B 3TOM cay4Yae MOKHO HCHOAB3OBATE Nponeaypy INSET.

AASl IpUMepa pacCMOTPHM MHOMECTEO C CHMBOABHEIM 0azoBHIM
THIIOM, TIPEAIIOAATAS, YTG B OCHOBHOM IIporpaMMe racfasbHO O6hsIB-
AeH tun SetChar:

Type SetChar : Set Of Char;
Procedure INSET (Var M : SetChar):
Var I, N : Byte; C : Char;

Begin
Write('YrkaxuTe pasmep MHOXecTsa: '); ReadLn(N);
M= []:
For I := 1 To N Do
Begin
Write(T:1,'-i% ajnemeHT: '); ReadLn(C);
M := M+ [C]
End;
WriteLn('Beon 2asepmeH!’)
End;

B ccrOBHOH MporpaMMe AA BBOAA 3HAYeHHH B MHOKeCTBO, HAIIpH-
Mep ¢ mMeHeM SIM, aAocTaTouHO zamucaThk onepatop INSET(SIM).
B pesyanTaTe mpoH30HAST AMAAOTOBEIN BROA 3HAYEHHH.

150



YNPAXKHEHIAA

1. B nporpaMMe IPHCYTCTEYIOT CACAVIOLIME ONTHCAHNS
Var P: Set O0f 0..9; I, J : Integer;

QnpepeAdTh, KAKOE 3HaYeHWE [TOAYYMT MepeMeHHas P NpH BRITOAHEHUH
CAEAYTOIINX OMEPATOPOB IPHCBAWBAHYS, eCAH =3 H =0

ajpP := {I + 3, J Div 2, J..8qgr(I) -3];
6 p = [2 « I..J0;
B)P := [I, J, 2 = I, 2 *% J)¢

2. BEIYHCAHTEL 3HaYEeHHS CACAYIONIHMX OTHOIIEHHWH:
a) [2]1<>(2,2,2);

6){lal"bl] = ['b',"a'}];
B] [4,5,6] = [4,5,06];
[‘)['C','b'] = ['e'..'b"};

A [2,3,5,7] <= {l..8];
e [3,6..8] <= [2..7,9];
X) Trunc(2.9) In(1,3,51;

3)0dd (4)In [].

3. BEIYMCAMTE 3HaYeHUA CAGAYIOLIUX BHIPDAKECHHM:

a) 11,3,5] + [2,41; 6) [1,3,5] * [2,4];
B) [1,3,5] ~1[2,4); r)[1..6] + [3..8];
abfi..s] * [3..81; e) [1..6] - [3..8];
x) [1 + [4]; 3] [1 * [4];

u) [] - [4].

4. CocTaBUTE MPOTPaMMy MOACUETA KOAMYECTBA PDA3AMTHEIX SHAYAIHX IUdp
B ACCATHYHOM 3aIUCH HATYPAABHOTO YHCAQ.

5. CocTaBHTEL TpOTrpaMMy, [eYaTaoUIYIO B BO3PacTalolleM NopspKe BCe
UCALIe YHCAA H3 HHTeDPBaAa 1..255, NIPeACTaBACHHLIE B BHAL R + m?, Tae R,
m>0.

6. AaHa CTpOKa U3 CTPOYHEIX PYCCKUX GYKB. MeXAy COCEAHHIMH CAOBAMU —
3AMATASL, 3d MOCACAHUM CAOBOM — TouKa. COCTaBUTE IPOrpaMMy, HEUaATAKONIYED
B aA(PaBHTHOM HNODIAKE!

@) BCe TAACHEIE DYKBEI, KOTOPBIE BXOAST B KAKACE CADBO;

0) Bce coraacHole 6YKBEL, KOTOPEE HE BXOAAT HH B OAHO CADBO;

B) BCE COTAACHEIE BYKBBI, KOTUPHIE BXOAAT TOABKO B DAHO CAOBO;

r) BCe TAQCHEIe GYKBBI, KOTOPBIE BXOAAT DoAee HeM B OAHO CAOBO.

R OANNbI

C TepMuHOM «halir» BaM yiKe IPUXOAMAOCE BCTPEYaThCH. [ Ipexae
BCETO 3T0 [IOHSITHe OOBIMHO CBA3HBAKT ¢ WH(pOPMAUHEeH HA YCTPOH-
CTBaX BHEINHEH NaMsATH.
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B MNacxkare noHsATHe alAa UMeeT ABa 3HAYCHUS:

® TOMMEHOBaHHas# UHGOpPMAalus Ha BHElHeM YCTPOMCTBe (BHelll-
HuH (aiin);

® nepeMeHHas paHA0BOrO THHA B [lackaas-IporpaMMe (BHYTPEH-
HUH datir},

B nporpaMMe MexAY 3THMH OOBLEKTAMH YCTAHABAMEBAETCH CBA3b.
BcaeacTeHe 5TOrC BCe, UTO IPOUCXOANT B IIpollecce BLHINOAHEHHS IIPO-
rpaMMHB! ¢ BHYTPeHHHM dafiroM, AyOAUpYeTcs Bo BHelIHeM daliae, C
3A€MEeHTaMH dalira MOKHO BEITOAHATE TOABKO ABe OMEePAlMH: CUMTHI-
BaTL U3 (palira, 3aNHUCHIBATE B halia.

@aiinoBLil mun nepeMeHHOU -— CTPYKTYPHPOBAHHEBIH THI, IIpej-
CTABASTIOIINH CO00H COBOKYIIHOCTE OAHOTHIIHEIX 3AEMEHTOB, 9HCAO
KOTOPEIX 3apaHee (A0 HCTIOAH@HH IDOTPAMMEL] He OIIPEASAEHO.

Crpyxrypa onncauds PafA0BOM nepeMeHHOH HMeeT BUA

Var <umma nepemeHHoi> : FPile Of <rtun omemecHTa>;

3AECEH <THI 3AEMeHTa> MOKeT ObITh ANOGBIM, KpoMe (haMAOBCTO.
Hanpumep:

Var Fi : File Of Integer:
Fr : File Of Real;
Fc : File Of Char;

Dalin MOKHO NPEACTABHTL KaK IOCAEACBATEABHYIO IIeNOYKY 3Ae-
MeHTOE (3A.), IPOHYMEepPOBAaHHEIX 0T 0, 3aKaHYHBAIOMYIOCH CHelIHAAL-
HEIM KOAOM, HA3bIBA@MEIM MapKepoM koHUya (M. K.):

A0 Sa.1 AN M. K.

YHCAO 3AEMEHTOB, XPAHALIMXCA B AAHHEIH MOMEHT B dhaiire, Ha3bl-
BaeTed ero mexyweil gauHol. CyllecTByeT CHelHaAbHAaS SYeilKa l1aMsi-
TH, KOTOpas XPAHHT aApec 3aeMeHTa (aftrd, TpepAHAZHAYEHHOTO AAS
TeKylled o0paboTKy (3aMHCH HAM CYATHRAHMA]. JTOT aApec HA3bIBa-
eTCs YKA3AmeAeM, HAH OKHOM, halaa.

AAs TOTO 9TODE! HayaTk 38I1MMCh B haka, erc cCAeAyeT OMKDUNE Gas
3anucu. 310 obecneyuBaer nponeaypa Rewrite(FV); (rae FV — uma
¢ariaoeon rnepeMeHHoH). TIpH 3TOM yKazaTeAb YCTaHABAMBAETCS Ha
HadaAo haira. Ecau B dafiae a0 3TOro ObIAS MHPOPMAlMA, OHA HCYe-
3aeT.

CxeMaTuyecku BHIOAHEHME IpollepypH Rewrite MO>KHO mpeacTa-
BUTL B CAGAYIOIIEM BHAE:
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Ao A0 Sa. M. K.

Rewrite(FV);

TTocae: M. K.

/r

CTpeAKoH CHH3Y OTMEeYaeTCa NO3MIMA YKa3aTeAsd.

3anuck B (halirn OCYILICCTBAAETCH NpOHeAypoR Write(FV, V) (rae
V — nepeMeHHas TOTO JKe THIE, 9T0 | ¢aiia F V). 3aHces NPoUCXOANT
B TOM MeCTe, Ha KOTOpoe YCTAaHOBASHO OKHO (yKa3zaTeab dhalira}. Cua-
Yana 3alMChIBAETCS 3HAUCHHe, 3aTeM YKa3aTeAh CMeIlaeTCsl B CAEAY-
LYo MO3unHK:. ECAH HOBEIR 3AeMEHT BHOCHTCHI B KoHen dakaa,
CABMTAETCS MapKep KOHIA.

Cxema BBIIIOAHEHHS AAHHOH OPOIeAYPEl CACAVIOIIAA:

Ao: | ICLW I | An N M. K. J
/T
Write(FV, V),
IMocae: ‘73}\. §] \ a1 DA.N vV M. K.
T

Mipumep 2.30. TpebGyercd B dailroBylo nepemMennyio Fx BrecTn 20 reule-
CTBEHHRIX YUCEA, TTOCAEAOBATEARHO BBOAUMETX € KAGBHATYPHL
[MporpaMmmMa penierHs CAEAYIOLLAS:

Var Fx ; File Of Real;
X : Real; I: Byte;

Begin
Rewrite (EFx};
For I := 1 To 20 Do
Begin
Write('? '); ReadLn(X);
Write (F'x, X)
End
End.

AAs CYMTHIBAHWS SAEMCHTOB Dakna ¢ ero Havyaad CAeAyeT OmMKPhimE
daiin gas CHUMBIBAHUA, YTO BHIIIOAHAETCA Hpoueaypod Reset{FV). B
pesyAbTaTe yKalareAb yCTaHaBAHBAETCS Ha Hauanao (paiina. [1pH 3ToM
BCS nHpOpMAIHA B halire COXpaHAeTCH.
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CxeMa BRITIOAHEHHSI AQHHOH TIPOLeAYPEl CAGAYIONLAs:

Ao A0 Il 3a.N M. x.
T
Reset{FV};
IMocae: 2.0 Al 3A.N M. k.
T

Cuumblsrue U3 gaiiag ocylecTsadercs nponeaypot Read(FV, V),
(Tae V — mepeMeHHasl TOTO Ke THIIa, MTo | paia FV). I1pn 3ToM 3Ha-
TeHHe TeKyIlero 3aeMeHTa daiiia 3aMHCHBAETCS B IepeMeHHYIO V, a
VKa3areAb CMeINaeTcs K CACAYIOIeMy 3ASMEHTY.

CxeMa BEHIIOAHEHHA AAHHOH IPOLEAYPE! CAEAYIONIAL:

v
Ao | A0 Ol | LI OAK (BaAK+1) . | BA N M, Kl
T
Read{FV, V),
A%
Mocae: [3A.0|5a. 1.2 K| B K+1]..| 32 N|[M. &, 9A.K[
T

AOCTYI K oAeMeHTaM (palird MOKeT OBITL NOCAEGOBAINEALHLIM AW
npsimeiM. B craHpapTHOM [lacKane AONYCKEETCS TOABKO HOCABADBA-
TEALHEIH AOCTYII K 3AEMEeHTaM.

TlpuHyun nOCAEGOBAMEALHOTO GOCINYNA: AA TOTO YTOOKR HPOYHTATE
n-10 3amuch pakira, CHadaAd CAepAyeT NMPOoUHTATE BCe NPEALIAYINHe 3a-
nucH ¢ 1-i mo (n — 1)-10.

Tpumep 2.31. TpebGyerca B nepeMennait X noayiutep 10-# saeMenT Beme-
creedHoro (haiina Fx.
[MporpaMMa PeNIeHNs CACAVIOTIAA:

Program A;
Var Fx : File Of Real;
X : Real;
Begin
Reset (Fx);
For I := 1 To 10 Do Read(Fx, X)
End.

Oyurnus Eof(FV) npoeepsier mapkep KoHIa datiaa (end of file).
OTo Aorndeckas (PYHRUHMA, KOTOpad MOAYUdeT 3HadeHWe True, ecaMm
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YEKazareab YCTAHOBACH Ha MapKep KOHIA, H 3Ha4eHHe False — B npo-
THBHOM CAyUde.

Ipumvep 2.32. TpebyeTcs IpOCYMMUPOBATE Bee ducha u3 dakiaa Fx, onm-
C4HHOTO B npumepe 2.31.
[TporpaMma pellleHHA CACAYIONIAS:

Reset (Fx);
Sx = 0;
While Not Eof ({Fx) Do
Begin
Read (Fx, X);
Sx = 8x + X
End;

TaKkKe pellMTL AAHHYIO 33334y MOKHO C MOMOIIBKY IKAa Repeat:

Repeat
Read({Fx, X):
SX = Sx + X
Until Eof ({FX);

Bo BTOPOM BapHaHTE BO3IMOKHA OMMOKA CYMTEIBAHAL, ecAH dala Fx my-
ctoi. [TepBH BAPHAHT OT TAKOH OMIMOKH 3acTpaXoBaH, TO3TOMY OH IIPEANo-
uTHTEeABHEee,

Buemnne daitasl. B Typ6o [Tackaae BCce BHEUIHHE yCTPOHCTBA (AU-
CIAel, KAGBUATYpa, IPHHTEp, AMCKH H AD.) TPAKTYIOTCS KaK AOTHYe-
CKHe yCTpodicTBa ¢ (halfACBOH CTPYKTYPOH OpPraHu3ali AAHHEIX. Bee
HeMArHUTHRIE BHEIIHHe YCTpoHCcTBa — opHOManAoBHe. MHade ropo-
pH, ¢ K&KAHKM K3 HUX CBsA3aH OAMH (halia CO CTAHA@PTHBIM HMMEHEM,
npeaHa3HaveHHERIH Ans1 0OMeHa ¢ BHYTpeHHeH naMAaTeio IBM Tercro-
BOH (CUMBOABHOI) HH(pOpMaLen,

CraBEAapTHHE HMEld AOTHYECKHX YCTPOMCTE ONPeAeAsIoTes olepa-
IMHOHHOHM CHCTEMOH, B cpeae Koropod pabortaer IMackane. B cucteMe
MS DQOS onpeagaeHE CACGAYIOIIAE HMeHa:

CON (KOHCOAR) — AOTMYECKOEe YCTPOHCTBEO, CBI3aHHOE IPH BBOAE
C KAGBHATYPOIl, TPH BEIBOAE — C 3KPAHOM,;

PRN (npuHTep) — Aoruuyeckoe HMA dalAa, CBA3AHHOIO C YCTPOH-
CTBOM II€4aTH; :

AUX — Aormyeckoe HMMA KOMMYHHKAIlMOHHOIO KaHaAd, KOTODLI#
HCIIOAB3YETCA AAF CBs13U [TK ¢ ApYTHME MallIMHAMH;

INPUT — cTaHpAapTHOE YCTPOHCTBO BBOAA, CBA3AHHOE C KAABHATY-
PO, IPHIeM BROAHMEIE C KAABHATYPLT CHMBOALI OTPAXKAIOTCI HA IKpa-
He AMCIIAeS;

OUTPUT — cTaHpAapTHOE yCTPOHUCTEO BEIBOAZ Ha SKpaH.
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MaruuTHEIH AMcK (MA) — MHorodatiroeoe yerporictBo. Ha Hem
MOT'YT XPDAaHHTBCS K&K CTAHAAPTHEIE (CHCTeMHLte) qrafiarl, Tak ¢ ai-
ABl, CO3AABAEMEIE [TIOAB3OBaTeAeM. Ha MarHUTHOM AHCKe MOTYT CO3A8-
BaThcs hafAbl AFOOEIX THIOB. (Pafiabl Ha MA MOTyT HCIOAL2OBATHCA
KaK B PeXUME CYMTBIBAHMS, TAK K B PEXKUME 3aIHCH.

CrncoK dalinos Ha AMCKe XPaHHTCS B AHDEKTOPHH (KaTaAore) AUC-
Ka. KaTanor BHIZBEIBAETCH HA HKpaH cucTeMuoH xomauaol DIR. B moa-
Hol (PopMe KaTaAor COASPKUT HACHTH(hUKATOPEL (palfA0B, 0GBeM 3a-
HHUMaeMOH IaMATH, AQTY M BpeMs cozpanms darira. Mpentugpurarop
daiira COCTOUT M3 MMeHH M TUNa Gaiira:

<yMA dakna>.<tmn palina>

Hmsa daiaa copepskKHUT OT OAHOH AO BOCHMH AATMHCKUX OYKE M
{nan) nudp; THN hafira — HeoBA3aTeABHBIR 2AeMEHT (OT HYAS AQ TPEX
CHMBOAOB), VKa3BIBAIOMUH Ha Xapakrep HHMOPMAaNWH, XPaHHMOH B
datire. Hampumep:

PROGRAM. PAS — B (paiire TeKCT nporpamMMel Ha [lackaae;

NUMBER. DAT — (alia YHCAOBEIX AQHHEIX;

NAMES. TXT — TeKcToBm# datia.

AAS OpraHW3alH CBA3H MeXAy (PaHAOBOH IepeMeHHOH M BHEeI-
HuM hatirom B TypOo INackane MCTOABIYETCH CASAYIOLIAS NPoUeqypd
HO3HAYEHUS:

Assign (<uMa GalsoBoi nepemenHo>,
<MOEHTHUOMKATOP BHEWHeTO Odaina>) .

3aeCh <MASHTHHKATOp BHeluHero hadira> — CTPOKOBAA BeAHYH-
Ha (KOHCTaHTa HAH llepeMeHHad). Hanpumep:

Assign (Fi, 'Number.dat');

ITocae BEIMOAHEHHA NpoUeAyp Assign u Rewrile cospaerca HOBLIR
BHeWHHH (aiia, UMSA KOTOPOI'O 3aHOCHTCH B AHPEKTOPHIO.

Ecan caila OTKDBIBAETCA AAA CUHTHIBaums (Assign w Reset), To B
YKa3aHHOM KATAAOle yoKe AOMKEH COAEPIKATHCA YKA3aHHBIM BHEUIHHA
daiia. B npoTHBRHOM cayiuae 6yaeT oOHapy»KeHa OIIHBKA.

Patotra ¢ thataoM B TpOrpaMMe 3aBEPUIASTCH eT0 3UKPHUNUEM C 110-
MOILBIO CABAYIOIIEH ITPOIBAYDEL

Close (<umsa $alnoBOM NEepPEMEeHHON>) ;
Hamnpuwmep:
Close(Fi}.
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HMTaK, MOCAEAOBATEABHOCTE ACHCTBUI DU COSAAHUM H 3alOAHEHHH
daiira:

B OIIUCATEH (haMAOBYIO IIEpEMEeHHYIO,

® OHUCATH IEPEeMeHHYIO TOTO JKe THIA, YTO M daMA;

® IIPOH3BECTH HadHadeHwe (Assign);

= OTKPHITE thaila Arg 3andcH (Rewrite);

m 3anucaThk B (pada paHHEe (Write);

m 3aKphiTh (hakia (Close).

IIpamep 2.33. Tpefyerca co3path aia, COAPKAWHA CpEeAHeCYTOYHEIS
TeMuepaTyphl 3a HEKOTOpOe KOAMYeCTBO AHed. TIpu 3ToM He 00s3aTeAbHO
IpeABAPHTEABHO YK&3LIBATE KOAHYECTBO YHMCEA BO BBOAMMOH HHDOpPManmnu.
MoHO AOTOBOPHTECA O KAKOM-TO YCAOBHOM 3HaueHHH, KOTopoe GyaeT mpu-
3HAXOM KCOHI@ BEOAE, HampuMep YHcAo 9 999,

TIporpaMma pPelleHHsT CACAYIOIIan:

Program Taskl;

Var Ft : File Of Real; T : Real;

Begin
Assign(Ft, 'Temp.dat'); Rewrite(Ft);
WriteLn ('BeoouTe naxHMe. [lpu3Hak koHua — 393%9');
ReadLn (T) ;
While T <> 9%99 Do
Begin

Write(Ft, T); Write('? '); ReadLn(T)

End:
Writeln('BroO DaHHHX 3aKkoHueH!'):;
Close{Ft)

End.

B pesyabTaTe paboTEl 370l NpOrpaMMbl Ha AUCKe GYVAeT co3aaH thalia ©
umeneM Temp.dat, B KOTOPOM COXPAHHTCA BBeACHHAS HH(OPMAIHA.

AA TOCAEAOBATEABHOI'O CYUTRIBAHHS AGHHBIX M3 (haiira TpebyeTcsa
BLITIOAHHTL TAKJKe AEHCTBUA:

® OmUcaTh QaiAoBye HepeMeHHYo;

® ONHUCaThb NePEeMEeHHYK TOTO JKe THIA,

® BHIMOAHHUTE HadHaveHUe (Assign);

B OTKPHITE (paila AAd CYHThIBaHHA (Reset);
® B LUKAE CYMTHIBATE U3 ¢aiira (Read);

® 3axphTh datiia (Close).
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TIpumep 2.34. TpeGyeTcsa ONPEAEANTE CPEAHKIK TEMISPATYPY AAM 3HAYEHHI,
XpaHANuxcH B hadiae Temp. dat.
INporpaMMa pelleHHs CASAYIOILAS:

Program Task2;
Var [t : File Of Real;

T, St : Real; N : Integer;
Begin Assign{(Ft, 'Temp.dat');

Reset (Ft);
St = 0;
While Not Ecf (Ft) Do
Begin

Read (Ft, T};

St =5t + T
End;
N := FileSize (Ft});
St 1= St/N;

Writeln{'CpenHsas TeurieparTypa 3a ',
N:3, ' cyTok paeuHa', St:7:2,' rpaaycoB');
Close (Ft)

End.

B sT0l nporpaMyMe HCIOAR30BAHA CACAYVIOAS (DYHKUMA OIPEASACHHS Pas-
Mepa haiaa:

FileSize (<uMa $ainoBO¥ NEPEeMEHHON>) ;

PesyALTAT BRINOAHEHHS 2TOH PYHKUMM — LeAce YHCAD, PaBHOE TeKyLICH
AAMHe hafaa.

Mpumeyanrne CorracHo CTAHAAPTHOMY A3bIKY [acKkaae B (pakia, o1-
KPBITHI OMepaTopoM Rewrite, MOMKHO TOABKO 3aIACHIBATE WHQOPMAIHIO, a
¢aiia, OTRPHTE onepaTopoM Reset, MOKHO MCIIOAB3OBATb TOABKO AASI COWTHI-
panug. B TypbHo [Nackare AONYCKaeTCHd 3amuchk (Write) B dakA, OTKPLITEIH AAR
CYMTHIBAHHA (Reset}, uTo co3paeT oNpeaeAeHHRIE YAODCTBA ArA MOAMDUKAIINK
¢aitros.

Texcrosele aiiabl. D70 nanboaee dacro ynoTrpebidemasd pasHO-
BUAHOCTE patiroe. Kak y:Re oTMeuanoch paHee, HeMATHHWTHLIE BHELH-
HHe YCTpOMCTBa (AorHdeckue) paboTaioT TOARKO C TEKCTOBLHIMH dal-
aamu. Pafiabl, copeprRalMe TEKCTH HporpamM Ha [Tackaae M ADYTHX
SA3BIKAX MPOrpaMMUPOBAHKA, SBAAIOTCA TEKCTOBRIMU. PasauyHas A0-
KyMeHTan¥a H WHOPMaug, HepepdBaeMbLIe [0 KaHaAaM JACKTPOH-
HOH CBAI3M, — BCE JTO TEKCTOBLIE (DaiiAbL

B nporpamme dhaiiroRas mepeMeHHas TEKCTOROIO THTA OTTMCHIBAET-
Csl CAAYICITHM 0Bpa3oM:

Var <uDeHTHMOUKATOP> : Lext;

158



TexkcToRRE (haila npeacrasaser coOOH CHMBOABHYIO TIOCAEAORE-
TEABHQCTE, PA3ACACHHYIO Ha CTPOKH. Kaxaast CTpoKa CHMBOAOB (S) 3a-
KaHYMBAeTCA CIEeIHAABHEIM KOAOM — MapKepoM KOHIA CTPOKH
{M.x.c.). Bech ¢afin 2akaHuIMBaeTCa MApKepoOM KOHIIA atiaa (M. K. d.).
CxeMaTHIeCKH 3TO MOXKHO IIPEACTABHTEH CAGAYIOUIUM cOpasoM:

[s, Lsz 1S, [M.K.c.fsl S 1o | Se [Mre | .. [Mxd.

Tlpn 3TOM KasXABRIH CHMBOA [IPEACTABAEH BO BHYTPEHHEM KOaAE
(ASCII) » 3aHMMaeTr 1 BaiT. OAHaKO He TOABKO AEAEHHEM Ha CTPOKHU
OTAMYAETCH TEKCTOBHIA (alfian 0T CHMBOABHOTO: B MeKCMOoBbiil aiia
MOXKHO 3GNUCQME, @ MAKXe CHUmMamb U3 Here UHpopMmauuio Aoboro
muna. Ecau s1a uEQoOpMaLEA CHMBOARHAA, TO B NIPOLECCE CUHTBIBA-
HHUA HMAM 34IHCH IIPOMCXOAHT ee IIpeoOpa3oBaHHe HI CHMBOABLHOH
(pOpMEI BO BHYTPEHHIOK, ¥ 0OpaTHOo.

TekcTOBRIH (halla MOKHO CO3AATL MAW Npeolpal’oBaTh ¢ MOMOIILIO
TEKCTOBQI'O PeAdKTODd, ere TAarxXKe MOXHO IMPOCMOTPETE Ha JIKpaHe
AHCIIAEST HAM paclevaTaTk Ha IpUHTepe.

B nporpammax Ha [lackaae paa paboTel ¢ TEKCTOBEIMH dalaamu
inapsay ¢ npoueaypamu Read u Write ymoTpebAsiOoTCA NpOUEAVPEL
Readln 1 WriteLn.

[NponeAypa, cUHTHEBAIOWAA CTPOKY H3 (hakinra ¢ uMeHeMm FV u no-
Mevatolliasi BPOIHTaHHOe B AepeMeHHEle H3 CHHCKa BBOAA!

ReadLn (FV, <cnucox BBOOA>) .

[Nporneaypa, 3anuchBaouias B daia FV 3Havenns M3 cnucka BEI-
BOA@ M BBICTABAAIONASI MADKEP KOHILG CTPOKH:

Writeln (FV, <COMCOK BHBOOa>} .,

Oyaxnua Eoln(FV) HcooabzyeTcs ansi 0OHaPYKeHH KOHIIa CTPOKH
B TeKcTOBOM ¢haiiae {end of line — KoHel CTpox#). JTo AOTHYECKas
thyHKIINS, KOTOpAd IPHHAMAT 3HAUYEHHE Tue, eCAH YKa3aTeAb garina
AOCTHT Mapkepa KOHI@ CTPOKH, M 3HadeHde False — B npoTHBHOM
CAydae,

Ynorpebaenne oneparopos Read m Readl.n Ges ykalanus mMeHm
rafiAQOBOH [MepeMEeHHOA 03HAYAET CYUTHIBAHUE U3 CTAHAAPTHOrO (hak-
aa lnput (BROA ¢ KAABHATYPHL). Ynorpebaenue onepaTopoB Wrile n
WriteLn 6e3 uMeHH (paliAOBOH IIepeMeHHOH O3HavaeT 3alHuch B CTaH-
aAaprHei paria Qutput {BEIBOA Ha DKpaH), 3TH BAPHAaHTH ONIePATOPOR
MEI YK€ MHOTFOKPATHO HCMOAL30BaAH. CUHTaeTcs, 4To (paiasl Input u
Qutput OTKPEIBAIOTCHA COOTRETCTBEHHO AAA CHHTLIBAHHS W 3a0MCH MPH
pabore A1060H TPOTPAMMEL.
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Ipu BBOAE C KAGBHATYPH MAapKep KOHIIA CTPOKH OOHAPYKUBASTCS
IPH H&KETHH KAGBHIIM <Enter>.

INpoueaypa Readln MOKeT HCHOAB3OBATLCA 623 CIIHMCKa BBOAA. B 3TOM
CAyUae IMPOUCXOANT IPOIYCK TeKyIeH CTPOKK B CYMTHIBAEMOM (hadae.

YrnorpeSreHue HpolieaAyph Writeln 6e3 criMcka BLIBOAE O3HAYAET
BBIBOA, ITYCTOMH CTPOKH (B (haline BEICTABASETCH MapKep KOHIE CTPOKH).

[Tpu 3amucH B TeKCTOBHIH (halia B CIIHCKE BEIBOAA MOTYT IPHCYT-
CTBOBAThL QOPMATHL. AeHCTBHA (POPMATOB yiKe PacCMaTPUBAAMCE IIPH
ONMCAHMY BEIBOAA AGHHEIX HA 5KPaH (CM. Ioapasa, 2.6). TouHo Takke
thopMaThl paboTAOT H IPH BEIBOAE B TEKCTOBEIE PAMAR], CBA3AHHEIE C
AOOBIMHA ADYTHMHM YCTPOHCTBaMH.

ITpramep 2.35. [Tycts pafia ¢ EMeHeM Note. txt COASPKHT HEKOTOPRIA TEKCT.
TpebyeTcs ONPEeAGANTD KOAHTECTBO CTPOK B 3TOM TEKCTE,
[lporpamMma pelreHHs CAEAYIOIIAS:

Var Note : Text; K : Integer;
Begin
Assign (Note, 'Note.txt'):
Reset (Note) ;
K := 0;
While Not Eof (Note) Do
Begin
ReadLn (Note) ;
K=K+ 1
End;
Writeln ('KoanmuecTBo CcTpok pasdHo ', K);
Close (Note)
End.

HcnoabayeMelit 3aect onepatop ReadLn(Note) «mpOARCTEIBAET» CTPOKH U3
TEKCTOBOTO (dhailra Note, He 3aHOCH HX B KaKyl0-AMBO TepeMeHHYO0.

IIpumep 2.36. TpeOyercs B TexcroboM dafiae Note. txt oIpepeAHTH AAMHY
CaMoOl BGOABIIOH CTPOKH.
IMporpaMma pelieHHs CABAYIOLIASA:

Var Note : Text;
Max, K : Integer; C: Char;

Begin
Assign (Note, 'Note.txt');
Reset (Note) ;
Max := 0;
While Not Eof (Note) Do
Begin
K := 0;
While Not Eoln{Note) De
Begin
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Read {(Note,
K := K+ 1
End;
If K > Max Then Max := K;
ReadLn{Note)
End;
Writeln{'HaubonewaAa crTpoxa WMmeer ', Max, '
Close (Note)
End.

Cy:

AHAKOB') ;

3AECh KQKAASA CTPOYKA MPOYHTHIBASTCA IOCHMBOABHO, IIPH 3TOM B Iepe-
MeHHOH K paboTaeT cueTUHK YHCAG CHMBOAOR B CTPOKE, a B IepeMeHHON Max
oTOnpaeTca HanOoAbIIee 3HAYEHHE CHETIUKA,

IMpumMep 2.37. TpebyeTca pernmTh CAGAYIOMIYIO 3aaa4y. TToa AeBCTBHEM CHARL
F ¢ HanaapHOH CKOpOCTRIO V B BA3KOH cpepae ABMKeTCA Teao Maccoll M. Conpo-
THUBASHUE ABIDKEHHI) TROITOPIHOHAALHO KBAADATY CKOPOCTH C KOID(PHITHEHTOM
K. OnpepeAHTh BpeMs MPOXOXKACHMSA MATH KOHTPOARHEIX TOUEK TPACKTORMHA
ABHIKEHHA, PACCTOSHUE AO KOTOPHIX OT TOUKH CTApTa 3aAAHDI.

[TycTs € HOMOIIEBI TEKCTOBOTO pepakTopa B daiiae DATE. TXT ncxopHEe
AAHHEIe C(DOPMHPOBAHE] B BUAE CAEAYIOIICH TAOAHITHL

HMexopnnle paHHLIES
M (xr) F{H) ViM/c) K (kr/M)
36,3 2000 50,5 G,5
KoopAUHATH KOHTPOABHEIX TOYEK (M)
X(1) X(2) X(3) X(4} X(5)
10 100 150 1000 3000

CACAYET BBECTH YHMCAOBEIC AAHHEIE B BEUIECTBEHHLIC TepeMeHHEle M, F,
V. K 1 maccus X[1..5], TpOM3BECTH PACYETE], IOAYYUTE PE3YABTATE B MAacCHBe
T[1..5], BEIBeCTH MX Ha JKPAaH, 4 TAKKE B TEKCTOBLIH (paia Ha AMCKE C HMEHeM
Result. txt.

INpueeaem nporpammy pewreHus 6e3 pacieTHOH YacTH, IIOKA38B TOABKO BBOA,
HCXOAHRIX ABHHEIX H BELBOA PE3YABTATOB:

Var M, F, V, K Real; I Integer;
T, X Array(l..5] Of Real;
FR, FD : Text;
Begin

Assign(FD, 'DATE.TXT'); Reset(FD);

Asslgn(FR, 'ResullL.txt'); Rewrlte(FR);
{-—--Mponyck nepesx TpeX CTPOK—-—-}

ReadLn (FB}; ReadLn(FD); ReadLn (FD);
{--—-Bpoa naHHEX-—--—}
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ReadLn (FD, M, F, V, K);
{-—--lponycx Tpex CTPOK—---}

ReadLn {FD); ReadLn(FD); ReadLn(FD);
{----Brox naHHEX----)

For T := 1 Te 5 Do Read(FD, X[T]);

{-—--BueBOn pe3ynsTaToOB Ha 3KpaH U B dpann FR----}
Writeln('PesynpraTel '); Writeln;
Writeln (FR, ' Peaynerata'); WriteLn{FR);
Writeln(' T(1) T(2) T{(3} T{4) T(5)');
WritelLn(FR, ' T(1) T(2) T{3) T(4) T{(5)'):

For I := 1 Te 5 Do
Begin
Write(T[I):8:2); Write(FR, T[I]:8:2)
End;
Close(FD); Close(FR)
End.

Peayartarth GyayT coxpareHn B dhaiiae Result. txt. Mx MoKHO HOCMOTpeTE Ha
JKpaHe, pacnedarark Ha Hymare. [TpH HeobBxoaHMocTH ITOT datia MOKET CTATh
BXOAHBIM AAS APYTOM NPOTPAMMEL, €CAH COADXKAINAACH B HeM MHDOPMAUAL
OYAET SIBAATBCS HCXOAHOM AAS PelleHUA ADPYTOM 3apAaui.

YNPAXHEHVA

1. Aan ¢adia pellecTBeHHRIX YHCEA, ONPCACANTE KOAMYCCTBO HYACBEIX
3HAYCHHWH B 3TOM (hatire,

2. AaHbBI ABa (pavira nieablx aHceA. QUpPeABAHTE, SBASIOTCH AN OIH TOKAE-
CTBEHHBIMH.

3. A@HBI ABa CHMBOABHLIX (haira OAHHAKOBOrO pasmepa. [Ipoussecty obMeH
AHdopMaed MeskAY HHMH.

4. UMeeTca BHelIHWH TeKCTORBIHN daita, Hatreyarars Nepeyio B3 CaMBIX
KOPOTEMX €T0 CTPOK.

5. Onucats npoueaypy Lines(T}), K0TOpaa ROCTPOMHO FEYATAET COASDKHMOS
HEeNYCTOTO TeKCTOBOTO paiaa T, BCTABAAA B HAYAAD KAUKAOH NMevaTaeMOH CTPORM
e NOPSAKOBHI HOMCP, 3aHUMAIOIIHY YeThIpe [O3MUUH, H NHoDea.

6. B rercrorom daitre T 3anHCaHa HENYCTaA TOCAGAGBATEABHOCTD BeIIS-
CTEEHHLIX YHCEA, PaspeAeHHEIX npoberamMi. Omucats GyHKUuK) Max(T) ars
HAXORAEHHA HaHGOABLICTO M3 ITHX YHCCA.

m KOMBWHWPOBAHHbIM TN JAHHBIX

Bce CTDYKTypHpOBaHHEIE THIIBL AGHHBIX, KOTOPEIE YXKE PacCMAaTpH-
BAAHUCH, IPEACTABASIOT COO0H COBOKYIIHOCTH OAHOTHIIHBIX BEAHUHH.
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I AHKeTa CTy,[[CHTEL]

’ qm0| I Mon | I JlaTa—| |AJ1pec] r[(ypc | |prnna| |Cmne|-umg|

Puc. 2.28. OgHoypoBHEEDE [EPEBO

KomMOuHUDPOBGHHEIL MUN gaHHLX — CTPYKTYPHUPOBAHHLIN THII, CO-
CTOAUTHI K3 (PUKCHPOBAHHOTO YHCAQ KOMIIOHEHTOB (IIoAel) pa3HoTro
THNa. Apyroe ero Ha3BaHHe ~— 3anUch.

OGRIYHO 38THCH COASPIKHMT COBOKYNHOCTH DA3HOTHUIIHELIX aTpHOy-
TOB, OTHOCAIGHXCS K OAHOMY 0OLexkTy. Hanpumep, agkeTHEIEC CBOAE-
HHS O CTYAEHTE By3a MOMKHO IPEACTABHTE B BUAES MH(DODPMAalMOHHOH
CTPYKTYPE!, MOKa3aHHON Ha pHC. 2.28, KoTopast HainBaeTcd OgHOYPOB-
HeBbiM gepeBoM. B Tlackaae 3Ta MipOpMAallMs MOXKET XPAHWHTECH B
OAHOU mepeMeHHOM THIa Record (3ammncs). 33AaTh THO W OIHUCATE CO-
OTBETCTBYIOIYIO IepeMeHHYIO0 MOJKHO CAEAYIOIIHM 0Bpa3om:

Type Anketal = Record
FIO : String(5C]; {Tlonsa}
Pol : Char;
Dat : Stringl[ls6]; {zammcu}
Adres : String[50]:

Curs : 1..5; {mny s3neMeHTH}
Grup : 1..10;
Stip : Real {zanucu}

End;

Var Student : Anketal;

Takast 3alllCh, KAK W COOTBETCTBYIOWIEE €l AepeBO, HA3EIBAETCH
OAIOYPOBHEBOH.

K kaxkp0My HJAeMeHTY 3aluicd MoXHO 0DpaTHThCH, HUCHOAB3IVA CO-
CMABHOE UMSA, KOTOPOEe HMEeT CAEAYIOUIYIO CTPYKTYPY:

<VMS DNEPEeMeHHOW> .<MMA [OJS>

HanpuMep, Student. FIO; Student. Dat 1 T. A,
Ecan, Hanmpumep, noatd «Kyper TpeOyercd IpHCBOUTE 3HaueHHe 3,
TO 3TO ASAAEeTCS CAEAYIOWINM oGpas3om:

Student. Curs := 3;

IMoAs 3anMCcH MOTYT HMeTh A0OO0H THIL, B YaCTHOCTH, CAMM MOTYT
OnrTe zanmucaMuE. Takasa BO3MOMKHOCTE MCHOAB3IYETCH B CAYYAe, €CAM
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I Li5[8) l [ Mon J Hata IAzxpcc I I Kypc ] Iprnna J lCTmIel-uum]

Topon |thua,nom,xsmnﬂﬁg]

Puc. 2.29. [IsyxyposHesoe Oepeso

TpebyeTca NpeACTaBUTE MHOTOYPOBHEBOE AepeBO (0oAee OAHOTO YpPOB-
Hs). HanpuMep, Te ’Ke CBEAGHHS O CTYACHTaX MOMKHO OTOODa3HTH
ABYXyPOEHEBEIM A€pPeBOM, NTOKazaHHEIM Ha pHC. 2.29.

Takas OpraHU3alUMsA AAHHBIX NO3BOAWT, HAIIPHMep, ASAATH BRIOOD-
KH HHGOPMAIIAN O TOAY POKAEHMA HMAH IO FOPOAY, TAE KHBYT CTy-
ASHTHL. B 3TOM cAydae ONMHCAHME COOTBETCTBYIOWEH 3amucH OyaeT
MMETE CAeAYIOLIHI BHA:

Type Anketa2 = Record
FIQ: Stringl[5%0];
Pol: Char:
Dat: Record
God: Integer;
Mes: String[10];
Den: 1..31
End;
Adres: Record
Gorod: String[2C];
UlDomKv: String[30]:

End;
Curs: 1..5;
Grup: 1..10;
Stip: Real

End;
Var Student: Anketal;

IToass TAKOHM 3aIMCH, HAXOAALIMECA HA BTOPOM YPOBHE, HAGHTH(U-
IUPYIOTCH TPOHHBIM COCTABHEIM MMeHeM. Hanpumep,

Student. Dat. God; Student. Adres. Gorod.

CTpykTypa OIHMCAHHUS KOMOUHUPOBAHHOIO THNA I[IOKa3aHa Ha
puc. 2.30.
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B mporpamMMe MOTYT HMCIOAB3OBaThCH MACCHBBI 3allMced. EcaM Ha
daxyasTeTe 500 CTYACHTOB, TO BCC AHKETHRIE AGHHEIE O HMX MOXHO
MPEeACTEEUTE B MAaCCHEE!

Var Student : Array(l..500] Of Anketal;

B oroM cayyae, HalpUMep, TOA POXKAEHUA 5-TO B CIHCKe CTYAEHTa
XpaHuTca B nepeMenHol Student|5]. Dat. God.

Arobag 0BpaboTRA 3adHceld (B TOM YHCAe BBOA H BHIBOA) IIPOHM3BO-
AHTCST To3aeMmeHTHO. Hanpumep, BBoa cBeaeHmnil o 500 crypeHTax
MOJKHO BHIIOAHHTE CAGAYIOIIHM 06pa3oM:

For T := 1 To 500 Do

With Student[I] Do

Begin
Write {('®dMO: '}); ReadLn(FIO):;
Write{'Hom {M/%): '); Readln (Pol);
Write('OaTa poxpoeuma: '); ReadLn (Dat});
Write ('Amgpec: '); ReadLn (Adres);
Write{('Kypc: '); ReadLn(Curs);
Write('I'pynna: '); ReadLn (Grup);
Write ('Cruneanma {(py5.): "); ReadLn({Stip)

End;

B 2TOM mpHMMepe HMCIOAB3QBAH OUEPATOP MPHCOSAHHEHHS, MMEIo-
LUK CACAYIOIIKUH BHA;

With <nepemenHas Tuna z3anuch> Do <onepaTop>;

ITOT OMEPATOP MO3BOAIET, OAHH Pas YKa3daB UM IepeMeHHOH THIa
«3amHCEY Mocae caoBa With, paboTaTh B IIpeaeaax olepatopa ¢ HMe-
HAMH HOAEH KaK ¢ OOMYHBEIMY epeMeHHEIMH, T. €. He ITHCATh IPOMO3A-
KHX COCTasHEIX BWMEH.

Tun «3amuce» B [lackaire MOXXeT HMeTE IIepEeMEHHEH COCTaB Ho-
AeH, KOTOPHIHM M3MEeHSIeTCA B XOAE BHIIOAHEHHA TIPOTPaMMEI. JTa BO3-

< KoMOHHHPOBaHHBIA THIE>
» Record —= <Cnucok> —= End —=

<CrmHcok>

<Hms ona> O = <Tun> —p—
@ - I
@ —

Puc. 2.30. CTpykTypa onvcaHna KOMBMHWPOBEHHOMD TWNa
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MOM@HOCTE PEAANIYETCS C MCIIOAL30OBAHKEM TaK HaszblBaeMol BapHaHT-
HOH 4aCTH 3alHCH (ToAPOOHee CM. B CIeMHAALHOM AHUTepaType Mo
a3bIKy IlTackaan}.

Padora ¢ ¢QaiiraMe 3anmceil. Yale BCEro 3anHCH UCHOALIYIOTCH
KaK 3AeMeHThl PaiAOB, COCTABASIOIUX KOMUbIOTEpHEe wHbopManu-
OHHEl® CHCTeMEl. PaccMOTpHMM IpuMeps IporpaMM, paboraommx c
dalraMi 2anHCce.

ITpxtep 2.38. Tpebyerca cpopmuposats daita FM. DAT, copepxalruii 5K3a-
MEHAIMOHHYIO BEAOMOCTE OAHOM CTYABHUECKON IPYIIIEL. 3aTucH aiaa coCToaT
H3 Caepylomux aaeMenToB: (PHQ; HoMep 3aueTHOH KHHKKY; OLEHKA.

TTporpaMma pelleHUs 3aAavH:

Program Examen;

Type Stud = Record
FIO : String[30];
Nz : Stringlée];
Mark : 2..5

End;
Var Fstud : File Of Stud;
5 1 Stud;
N, I : Byte;
Bagin
Assign{Fstud, 'FM.DAT'); Rewrite{Fstud);
Write{'KonMuecTso cryleHToOR B rpynne? '):
ReadLn (N) ;
For I := 1 To N Do
Begin
Write(I:1,"-1, MO '); ReadLn(S.FIOQ):
Write('Homep zauerxn: '}; ReadLn (S.Nz);
Write('Ouexka: '); ReadLn(S.Mark);
Write(Fstud, 3)
End;
Writeln ('dopMrporanue daina zaxoHdenco!');
Close (Fstud)
End.

IMpesRAe YeM NePedTH K CASAYIOIIEeMY [IPUMepy, CBA3ZaHHOMY ¢ 00~
paGoTko# chopMupoBadyoro daiaa, paccCMOTPUM BUIE OAHO CREACTRO
paGorn! ¢ dalfiramu.

ITpaMoE pocTyIl K 3anncaM (asira. B craHaapTHOM A3bike TTackaan
AOIIYCTHM TOABKQ [IOCASAOBATEALHEIH AOCTYIL K 2AeMeHnTaM (padaa.
OAHOHM U3 AOTIOAHHTEARHBIX BO3MOMKHOCTEH, peaan3oBaHHLIiX B TypbHo
ITacrane, ABASIETCA NPAMOH AOCTVII K 3anUCAM (panaa.

Kak yXe oTMeyaroch, 3AeMeHTER! (haiiad HPOHYMEPOBAHE! B HOPSA-
Ke WX 3aHeceHHs B aka, HAaYHHAA C HYASA. 38AaB HOMEpD 3A€MeHTa
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thafina, MOXKHO HEIIOCPEACTBEHHO YCTAHOBHTE Ha HEro YKasaTeAb, 110-
cAe Yero MOKHO CUMTHIBATL HAM [I€Pe3alHChIBaTh AAHHEIH DAEMEHT.
YCTAHOBKA yKa3aTeAsd Ha 33AaHHEBIN 3AEMEHT (aHAa IPOH3BOANTCA
IpOUEeAyPOH
Seek (FV, n}.

3aeck FV — umsa altroBoH NepeMeHHOH, I — TTOPAAKOBLIA HOMep
IAEMEHTA.
MMpuBeaeM EpUMEP MCIOAB3OBAHHS 3TOH IIPOIEAYPEHL.

Ipumep 2.39. VimeeTca daiia, cihopMHpOBEHHEIN TpOrpaMMoi n3 NpUMe-
pa 2.38. [1yCcTE HEKOTOpEIe CTYACHTHI TePeCAGAM DK3aMeH H MOAYYHUAH HOBLIE
oreHKH. Tpeyerci COCTARHTHL MPOTPAMMY BHECEHHS PE3YALTATOB IIepesK3a-
MeHOBKM B daiia, KoTopas OyaeT 3anpaiinBaTh HOMEpP CTYAGHTa B BeAGMOCTH
H ero HOBYIO OLeHKy. PaGoTa 3aKaHYMBAcCTCA NPH BBOAE HECYWECTBYIONIero
Hovepa {3 999).

TlporpamMma pellieHHa CASAYIOIad:

Program New Marks;

Type Stud = Record
FIC : String[30Q1:; Nz : String(6];
Mark : 2..5

End;
var Fstud: File Of Stud;
S : Stud;
N : Integer;

Begin
Assign{Fstud, 'FM.DAT"');
Reset (Fstud) ;

Write{'HoMep B BeOmoOMOCTH? '};
ReadLn (N} ;

While N <> 29929 De

Begin

Seek(Fstud, N-1};
Read{Fstud, S):
Write(5.FIQ, ' cueHxka? '):
ReadLn {(S.Mark) ;
Seek{Fstud, N-1);
Write(tstud, §):
Write{'HomMep B BRemoMocTm? ');
ReadLn (N) ;

End;

WritelLn('Pabora 3akoH4YeHa!');

Close{Fstud)

End.

AaHHEH TpEMep TpebyeT HEKOTOPHIX HosgcHeHHH, CIIHCOK CTyASH-
TOB B BEAOMOCTH NPOHYMEPOBaH, HAYHMHAA C €AMHHILl, & 3d4lHMCH B
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thafire HyMepyioTed ¢ HyAd. Caep0BAaTEALHO, €CAM NI — 3TO HOMep B
BEAOMOCTH, TO HOMep COOTBETCTBYIOLIeH 3anucH B Galire paBeH it — 1.
Tlocae npouTeHHs 2anucH HoMep n — | yKasaTeab CMemlaeTcd K CAe-
AYIOWIeH fi-H 3aIUCH. AAS NOBTOPHOFO BHECEHHMA HA TO XK€ MeCcTO HC-
IIP3BAEHHOH 33TTHCH MOBTOPSAIOT YCTAHOBKY YKa3d8TCASL

YITPAXKHEHIA

1. Onncark 3aluck, COASPXKALIYIO CBEASHHS O pelice CaMOAEeTa.
2. ONHCATE MaCCHB 3amHcelt, CoaeprKalui TabAMIY XMMAYECKHX 3ACMEHTOB
A.H. Menaeaeesa. CocTaByUTh TPOIPaMMy 3aNOAHEHWS MACCHBA,
3. PaccmarTpubad KOMIAEKCHOE YHCAQC KaK ABYX3AEMEHTHYI) 3allMCh, COCTa-
BUTE HPOIEAYPRL BRINOAReHHA apu(MeTHISCKUX OIIePALH ¢ KOMIACKCHBEIMHI
YHCAAMH.
4, CRepeHHd 0 AGTAARX, XPAHAILIKMXCA HA CKAUAS, COADIKAT CABAVIOLILHE
aTpuOyTH: Ha3BaHUe, KOAMYECTBO, CTOMMOCTL OAHOM AeTaAn, COCTaBATEL Npo-
IrPaMMhl, PEUIAKIIHE CACAYIOIIHE 3aAAUN:
a) 3aTnoAHHTH dakA ¢ WHGOPMAIAe 0 APTAASX HA CKAAAL;
6] BRIMHCAUTE OOLYIC CTOHMOCTE AeTarei;
Bj BRISCHUTB, KAKHE AETAAH HMEIOTCH B HanboAblleM KOAHYeCTREe U KaKue —
B HAHMEHLIIEeM;

T) BRIBECTH MHGODMAIHIO O HAAMYMH Ha CKAaAe AeTareill AGHHOTO THNA W
00 UX KOAHYECTBE;

A) BHECTH H3MeHeHHd B paliA 1ocAe BHIAAUH CO CRAAAA ONIPEACACHHOTO KO-
AMYECTBA AGHHOrO BUAA AcTarer. Ecar KaKOR-TO THIL ABTaAeH NOAHOCTBIO
BEIOpaH CO CRAdAR, YHHYTOMKMUTD 3alIHCh O HeM B dakire.

VKASATENN U AUHAMWYECKME
CTPYKTYPbI JAHHbIX

Panee paccMatpuBaroCh IPOrpaMMHpPOBaHKe, CBIZaHHoe ¢ obpa-
DOTKOH TOALKO CTATHYECKHX AAHHEIX.

CmamuueckuMu HA3BIBAKOTCH BEAMYHHEI, ITAMATh IOA KOTODHIE BEI-
ABASIETCS BO BPEMSI KOMIIHAAIMY H COXPaHAETCS B Te4eHHe Bcel pabo-
ThI IPOTPAMMHI.

B INackane cyuwlecTsyeT W APYTOH CHOCOO BLIAGAEHHSA HAMATH TIOA
AAHHEIE — AMHAMHYecKH. AUHaMuyeCKUMU HASHBAIOTCS BEAMUHHEL
IaMATE [I0A KOTOPBIE OTBOAHTCA BO BPeMs BBUIOAHEHMs HPOIpaMMbL

Pazaen onmepaTuBHOM NTaMATH, pacOpeAeAsieMBIH CTaTUYeCKH, Ha-
3BIBAETCA CIMAMUUEcKodl NaMATHIo, AMHAMMYECKH pacnpeacAseMbli
pasjpen IaMATH Ha3HBAeTCHA gUHaMUYeCcKoU TaMATHIC.

Hcnoas3oBaHue AHHAMUYECKUX BEAMYHH [IPEACCTABASET IpoTpaM-
MUCTY PAA AONOAHUTEABLHBIX BO3MOMHOCTEH. BOo-nepBhlX, MOAKAIOUE-
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CTATHYECKAA 1TAMATE ﬂHHaMH'{CCK&H IaMATL

VYkararen Benvguna

| Anpec 3Hayenue

Puc. 2.31. Cxema pencTsvA ykasaTens

HUe AHHAMHYECKOH HaMATH MO3BOAAET YBEAUYUThH 0OBeM 0Opadarhl-
BaeMBIX AQHHEIX. BO-BTOpPBIX, eCAM HOTpPeBHOCTE B KaKUX-TO AAHHEIX
OTIIaAd AO OKOHYAHHMA OPOTPAMMEIL, TO 3aHATYIO UMM [I&MSTh MOXXHO
OCBOOOAWTE AASL APYTOH HHGQOPMALWH. B-TPeTEHX, HCIIOABL3OBAHUE AH-
HAMMYECKOW TaMATH NO3BOASET CO3AABATH CTPYKTYPHI AQHHEIX Tepe-
MEeHHOI'O pazMepa.

PaGora ¢ AMHAMHYeCKMMM BEAHYHHAMH CBA3dHa C HCIOAR3OBAHH-
&M elllg OAHOro THII& ASHHEIX — CCEIAQUHOIO,

Ykazarean. BeAUTHHEL, UMEFOIIHE CCHIAOYHBIH THII, HA3LIBAIOT VKA -
3AmeAamMil.

Yka3zameas COAEPIKUAT B ATHAMHIECKOH MaMATH Apec II0AS, B KOTO-
pPOM XPaHHTCA BeAMYHMHA olpejpeicHHOro THma. CaM yrasaTeab pac-
TIOASTAETCA B CTATHYECKOH TaMaTH (puc. 2.31}.

Agpec — >TO HOMep IepBOro 0aiTa IOAS NTAMATH, B KOTOPOM pac-
TIOAATAETCS BEAMUHMHA. PasMep HOASL OAHOZHEYHO OTIPEACAIETCS THUIIOM,

BeawyuHa CCHIAOUHOTO THI& (YKA3aTeAb) ONMCHIBAETCH B pazjpene
OIIHCAaHH IePEMEHHBIX CACAVIOIMM 00pasoM:

vVar <mnagcHTHUPUKATOP> : <CCLUIOUHEIA THIT>;

B cranpaptHOM [Tackane RaXABIN yKa3aTeAh MOXKET CCHIAGTBCT Ha
BEAHTHHY TOABKO CAHOTO OIIPEACAEHHOIO THIIA, KOTOPHH Ha3BIBAETCH
Ha30BHIM AASL AQHHOTO VEasaTeas. Mma Gasosoro tTuna yka3elBaeTrcs B
OTIHCAHWH B CAeAYIOWIeH dhopMe:

<CCHINOYHLIA TUI> = "<MMA TVa>»;
[TpuBepeM NpHMEPHl CIIUCAHMA YKa3aTeALH:

Type Massiv = Array([l..100] Of Integer;
Var Pl : "“Integer;

pPZ : “Char;

PM : ~Massiv;

3aeck Pl — yKkasaTeAbh Ha AMHAMMYECKYID BeAWYHHY IIEACTO THIA,;
P2 — yrazareabh Ha AHHAMHYECKYI0 BEeAHYHHY CHMBOABHOTO THIA;
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PM — yKalaTeab Ha AMHAMHMUIECKMM MAacCHB, THIl KOTOPOIre 2apAH B
paszaeae Type.

Camu AMHaMHYeCKHe BeAMYHHE He TpeOyIoT onHMCcaHHuA B IIporpaM-
Me, IOCKOABKY BO BpeMs KOMIMASIMH IaMSTh 110 HUX He BHIAGAICT-
cs1. Bo BpeMsl KOMIMASIIMK [IAMATE BRIACASIETCA TOALKO MO CTaTHUE-
CKHE BEAHWYHHB!. YKA3aTeAM — JTO CTATMYCCKHE BEAMUHMHE], IOATOMY
ORW TPeOyIOT ONHMCaHHH.

IMamaTs moa AMHAMHYECKYIO BeAHUHHY, CBA3aHHYIO C YKalaTeAeM,
BHIAGASIETCS] B PE3YARTATE BEIUIOAHEHHS CTAHAAPTHOH NPOLEAYPEH
NEW. ®opmar obpallleHia K 3T0H NPOLEAYDe CASAYIOLIHMI:

NEW (<ykazaTens>) ;

CumwraeTcd, YTO BEHIMOAHEHWE 3TOTO OIIE€pATOpa CO3paeT AMHAMHYe-
CKY0 BCAHYHAY, UMA KOTOPOH MMeeT CAGAYVIONTHA BHA!

<VMA IOMHEAMMUECKOM BeJNMUMHELR> ::= <yKaslarens>".

Tlyers B OporpaMme; B KOTOPOM UMeeTCs IPUBeASHHOe paHee Ollu-
CAHUE YKA3ATEAT, UMEKITCH CACAYIONIHE ONIEPATOPEL

NEW(Pl}; NEW(PZ}; NEW({(PM};

[Mocae X BEIIOAHEHHMS B AHHAMHYECKOM [IaMSTH OKA3BIBACTCH Bhl-
AEACHHBIM MecTO I10A TPH BEAWIUHE (ABE CKaAsDHLHE 11 OAMH MAaCcCHB),
HMeloliue COOTBETCTBEHHO MAaenTupuKaToper P1~ or, P2+ nr, PM*.
Hampumep, P1* — 370 0603HaueHue AMHAMHUYeCKOH NlepeMeHHOH, Ha
KOTOPYIO CCHIAGETCS yKas3aTeAb Pl.

CBfA3b MEXAY AMHAMHYSCKMMH BeAUYHHAMY 1 HX YKa3aTeAsiMH No-
Ka3aHa Ha CXeMe, NIPeACTaBAeHHOH Ha pHC. 2.32,

ANaree paboTa ¢ AMHAMMYECKHMMH NepeMeHHBIMH IIPOHCXOAHMT TOY-
HO TaK JKe, KaK CO CTATHYSCKHMM NepeMeHHBIMH COOTBETCTBYIOIIUX
THIIOB, T.€. UM MOMHO IIPHCBAHWBATh 3HAYEHWs, X MOXHO HCIOAB3O-
BATE B Ka4eCTBe ONEePAHAOB B BLIPAXKEHHAX, MapaMeTpOB MOAIDPO-
rpaMm | T. p. Hanpumep, ecan nepemennont P1~ rpefyeTcs NPHCEOUTE
YHCAQ 25, nepeMeHHOH FP2® NPHCBOMUTE 3HAYEHHE CHMBOAA «W», a
Maccue PM” 3aMOAHMTE TIO [OPSAKY LeARIMH YucaaMi ot 1 40 100, ato
AEAQEeTCH CABAYIOINM o8pa3oM:

P1” := 25; P27 := 'W';
For I := 1 To 100 Do PM*[I] := I;

Kpome npotleayprl NEW 3HaueHue ykazareas MOKET OIIPEASAATh-
CH CAGAYIOLIHM OIIEPATOPOM NPHCBAMBAHMA:

<Y¥YKazaTenb> = <CCHUIOUWHOE BohlpdXeHMe>;
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Crarnyeckad raMATh JAunaMuyeckas NaMaTh

¥Yxazarenb BesmmuuHa

P17(2 DafiT) I
{ P2*(1 Gattr)
M { PM™(200 631”{1')]

Puc. 2.32. CeAzb ykasaTensi ¢ JUHaMUHYECKIMK BENWHMHaMK

M

B xadecTBe CCHIAQUHOTO BEIPpEIRKEHHWA MOKHO HCIIOAB30BATD.
8 YHKA34ATeAb;

B CCBIACUHYIO (PYHKLHIO {T.e. DYHKLIHIO, 3HAUeHHEeM KOTOPOH 5B-
ASIeTCsl VRa3areab);

s KOHCTaHTY Nil.

Nil — 2To 3ape3epBHpOBaHHAS KOHCTAHTa, 0003Ha4aroNas IyCTYI0
CCEIAKY, T.€. CCHIAKY, KOTOpast HH Ha YTO He yKa3wlBaeT. [IpH npucea-
HBaHHU 6a30BHIE THIILI YKA3ATCAS H CCHIAOYHOTO BRIPDASKEHHS AOAKHE]
GLITL oauHakoBeiMU. KoHcTanTy Nil MOXHO IMPHCBAMBATL YKA3ATEAIO
C AIODEIM 0a30BBIM THIIOM.

CchIAOYHAS MepeMeHHAs A0 [IPUCBAHBAHUS € 3HAYeHHUs (C IOMO-
IR0 OMepaTopa NMpHCBaMBAHUA UAU NpoleAypr NEW) aBAdeTcd He-
O pEASAEHHOH.

BBop, B BEIBOA yKalaTeAel He AONYCKAeTCH,

PaccmoTpumM mpumep. [lycTh B IIporpaMme ONMHCAHBL CARAYIOIHE
YKa3aTeAH:

Var D, P : "Integer;
K : “Boolean;

TOI'AEl AOLYCTUMBIMH ABAAIOTCA OII€pPATOPSI IIDHCBAWBATINS
D := P; K := Nil,

HOCKOABKY AOAJKEH COBAFAATECH MPHUHITHII COOTRETCTRHUA TANOB. One-
parop K = D omfoueH, Tak Kak 0a30BLIE TUIILL IPABOW M AGBOH da-
CTEeH pa3Hele.

EcAM AHHaAMHYeCKAas] BEAHUHHA TEpsAeT CBOH YKa3aTeAb, OHA CTAHO-
BHTCS «MyCOpPOM», B mporpaMMHpOBAHHH TAK HA3RIBAKT He HYXKHYIO
HHQOPMAITHIO, 3aHMMAIOTYIO IaMITh.
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[NpeacTaBLTe, 9YTO B IPOrPAMME C ONHCAHHBIMHY PAdHEE YKa3aTeAIMH
B passene OIePATOPOB RANUCANO CASAVIOLIee,

NEW({D}; NEW(P);

{BrlIeneHO MECTO B IMHAMMUECKONM NaMATKM Non OBe Le-—
JiEee NepeMeHHBe. YKaz3aTelIu IONYy4YMIM COOTBETCTRYIUE
3HadYeHMR }

o™ = 3; P~ 1= 5;

{IMHaMyyecKkMM MepeMeHHuM [IPMCBOSHE 3HAYEHMS }

P :=D;

{¥Yrasarenmn P 1 D cTanM counaTeCHa HA OOHY M TY Xe
BEJIMYUKUHY, PaBHY®D 3}

WriteLn (P®, D”}; {Isaxnoe nedaTaseTCcA 4YMCIo 3}

TaxuM obpaszom, AHAMHUUeCKas BEAMYHHA, paBHas 5, IOTEPHAA CBOH
YKa3aTeAb M CTaAa HeAOCTYIIHOHM. OAHAKO MECTO B [IAMATH OHA 3aHAMa-
eT. 3TO ¥ €CTh NPMMep BO3HMKHOBEHHA «Mycopa». UTO MPOM30AC B
pe3yAbTaTe BEIIOAHeHHA onepaTtopa P := D norasaHo Ha puc. 2.33.

B lMackanre uMeeTCs CTAHAAPTHANA Opolleaypa, HO3BOASIOMIAsA OCBO-
O0KAQTh TEMATE OT AAHHEIX, TOTPeGHOCTE B KOTOPHIX ornaAa. Ee dop-
MaT

DISPOSE (<ykazaTens>) ;

Hanpumep, ech povHaMHudecKas nepemMenniag P Goarme He Tpeby-
eTcq, onteparop DISPOSE(P) yaaauT ee H3 IaMaTH, NIOCAE YETO 3HAYE-
HHE yKa3aTeAsd P cTaHeT HeolpeaereHHEIM. OcoGeHHO CylecTBeHHEIR
20 deKT 3KOHOMHH MaMATH NOAYYAtoT IDH YAAACHUH DOABIIIX MaccH-
BOB A@HHBIX.

B Bepcuax Typ6o lNackand, paGoTawllnux ¢ onepallHOHHONW CHCTE-
Mot MS DOS, nop AaHHBIE OpHO UporpaMmel BEAeAsteTca 64 KGawr
maMaTH. 3T0 ¥ eCTh CTATHYECKas 0BAacTh maMaATH. [1pu HeobXoAHMO-
CTH paboTEI ¢ GOABIIMMH MACCUBaAMHM HHOPMALHH 3TOT0 MOXKET OKa-
3aTECS HEAOCTATOYHO. PazMep AWHAMHMYECKOH IaMATH HAMHOTO GOAB-
me (COTHE kuAoDafT), IOITOMY ee HCIOABIOBAHHE IIO3BOASET CyIle-
CTBEHHO YBEAHYHMTh 00BeM oOpadarnBaeMoR HH(POPMALIUH,

Jo eeImontenms OMEPATODA Mocne BoInOTHEHNS onepaTopa

Puc. 2.33. MexaHW3m BOZHWKHOBEHAR EMyCcOpa)
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CaepyeT OTUETAMBO NOHHMATE, UTO paboTa ¢ AHHAMHWYeCKHMH AdH-
HBIMH 38MEAAET BRITOAHEHHE TIPOTPAMMEL, OCKOABKY AOCTYTI K BEAH-
YHHEe IPOUCXOAHMT B ABa 1LIara: CHadaAd OlIPeACASeTCS YKA3aTeAD, & 3a-
TEM 10 HeMy — BeAHYHHA. Kak 3T0 94acTo OBIBAET, AGHCTBYET «3dKOH
COXpaHeHHsI HeIIpUSTHOCTeH», T.e. BLIMIPHII B ofkheMe MaMATH KOM-
MeHCHPYETCH IPOUrpRIleM BO BPeMEeHH.

IIpamep 2.40. TpebyeTcs CO3AATE BEIECTBEHHBIA MaccHB U2 10000 yucea
M 3aIOAHMTE €r0 CAYYAHHBIMM YHCAAMH B AManasoHe oT 0 a0 L. BenacauTs
CcpeaHee 3HaueHMe MaccuBa. OUHCTUTE AMHAMMYECKYIO TaMATe, CO3AATE NeAbIH
MacchB pasmepoM 10 000, 3aTT0AHRTE ero CAYYAHHBIMHA LeAhIMH YHCAAMM B AWA-
mazoHe OT —~100 a0 100 M BEYKMCAHTE ero CpepHee 3HadeHHe,

IMporpaMma pelieHAs CASAYIOIIAL:

Program Sr;
Const NMax = 10000;
Type Diapazon = 1..NMax;
MasInt = Array[Diapazon] COf Integer;
MasReal = Array/Diapazon] Of Real;
Var Plint : "“MasInt:;
PReal : "MasReal;
I, Midint : longlnt;
MidReal : Real;
Begin
MidReal := 0; MidInt := 0Q;
Randomize;
NEW {(PReal} ;
{BrOeNneHMre NaMaTy [ICO BelleCTBEHHLIA MAaCCMB}
{(BrluMcIeHMEe ¥ CYMMHRpOBaHME MaccHBal

For I := 1 To NMax Do
Begin PReal”[I) := Random:

MidReal := MidReal + PReal"”[I]
End;

DISPOSE (PReal}; {¥Ymanenme BewecTBEHHOI'O MACCHBA}
NEW{(PInt); {BeOeneHMe NaMATMU NOO UL MaCCHUB )}
{BruMCeHMe M CYMMMPDORBAHME [EJNoTe MacCKBal

For I := 1 To NMax Do
Begin
PInt~([I] := Random{200) —100;
MidInt := MidInt + PInt"~[I]
End;

{BeIBOn cpenHWX 3HAUSHVI)
Writeln ('Cpenree ueyice papHo:',MidInt Div Max);
Writeln ('CpenHee BeunecTBEHHOE paBHO: ',
(MidReal / NMax)} :10:8)

End.
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CaaA3zanHbIe CIHMCKU. PACCMOTPHUM Tereph, KaK B AMHAMUYECKOH ITa-
MSTH MOJKHO CO3AATH CTPYKTYPY AQHHRIX IIepeMeHHOro pazMepa.

Pas&epem crepyronjuii ntpuMep. B nporecce duiznueckoro skcle-
pUMEHTA MHOrOKpPATHO CHMMAIOTCH IIOKa3laHus npubopa (AOMYCTHM,
TEPMOMETPa) M 3alIUCKRBAIOTCA B KOMIBIOTEDHYIO MaMATE AASL AQAb-
HeHItleil o6paGoTkR. 3apaHee HEUIBECTHO, CKOABLKO OyALT NIDOH3BEAE-
HO U3MepeHu.

Ecan paaa oBpaGoTKU TAKHX AGHHBIX HE HCIOAB3OBAThH BHEIIHIOO
naMATh (paiAEl), TO PA3yMHO DACIIOAGXKHTE HX B AMHAMUYECKOH Ma-
MATH. Bo-NepBRIX, AMHAMUYECKAas [aMATL MO3BOARET XPAHHUTL GOAL-
muH o0LeM HHPOPMAIIHY, TeM CTaTHYecKasa. Bo-BTOPRIX, B AMHaMIYe-
CKOHM DAaMATH 3TH UHCAA MOJKHO OPTAHW30RATEH B CBA3QHHBII CNUCOK,
KOTODBIH Fle TpebyeT NpepBapUTEABHOIO YKA3aHUA KOAHMYECTRA YHCEA
nop06H0 MaccuBy. UTo Ke Takoe CBA2aHHEIH ClUCOK? CXeMaTUuyeCku
ero MOXHO [IPeACTABHTE CACAYIOMINM 06pazomM:

e elnd > (o] » [ l]

KaARI 3AeMEHT CIIMCKa COCTOHT M3 ABYX YacTel: HH(OpMaLuoH-
HOM (X, X3, ..) ¥ YK&3aTeAs Ha CACAVIOIIMH 3AeMeHT {p,, Dy, ...). [1o-
CAGAHHE JAeMeHT MMeeT ITyCTOR yKaszareAb Nil. CBA3aHHEIH CHHCOK
TAKOI'0 THITd HA3KBACTCH OGHOHANPABAERHOU Yenoukoil.

B chopMyAHpPORAHHOH 3ajpa4e MH(OPMALMOHHAS YACTE COAEPIKHT
CAEAYIOLIME BellleCTBEHHEIE YHCAQ! X; —— DE3VAETAT NepBOTC HaMepe-
HUs; X; — DE3YARTAT BTOPOrc U3MEDPeHHs; X3 — PE3YARTAT TPETLETO
M3MEepeHHs; X, — PEe3yALTAT HoCcAeAHero HaMepeHnsa. CBA3aHHLIH CITH-
COK ODAGAGET TeM 3aMedaTeAbHbIM CROUCTBOM, YTO €ro MOXKHO AOTIOA-
HATL IO Mepe NOCTYIIAeHH HOBOM nuopMaiiny. AOIOAHEHHUe TPOUC-
XOAHUT IMPDHACOSAUHEHWEM HOBOTO 3AEMEHTa K KOHIY CTHCKa, a 3Hade-
HHe Nil B mocAaeaHeM sSAeMeHTe 3aMeHgeTcs CCBIAKON Ha HOBLIR
IAEMEHT [eTOUKN;

Lo~ [xTn] > [ole] » [l -+ [xe ]

Chsa3dHHBIH COMCOK He 3aHWMAaeT AWIIHeH naMaTu. [1aMaTs pacxo-
AyeTcs B TOM ofyheMe, KOTOPHIH TpebyeTcs AAS nocTynusuied uHgpop-
MALjH.

B mporpamme Aast IPEACTABASHU IAEMEHTOB LEIOYKH HCMOALIYET-
cst KOMOMHUPOBAHHENH T ARHHEIX — 341HCEL, B HalieM IpuMepe THI
TAaKOTO DAEMEeHTa MOKeT ORITH CAEAYIOIIHM:

Type Pe = "Elem;
Elem = Record
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T : Real:;
P : Pe
End;

3aeck Pe — 3T0 cCHIAOYHELHA THII HA TepeMeHHY0 THIIA Elem. DTHM
uMeHeM 0003HAYeH KOMOMHWDOBAHHBINA THII, COCTOAMHH U3 ABYX [IO-
aei: T -— BelljecTBeHHOHN BEAUYHHLL, XpaHAICH 3Hadee TeMIepary-
PEL, U P — yKa3zaTeas Ha AMHAMHYECKYIO BEAHYMHY Tima Elem.

B aaHHOM ONUCaHMM HAPYHIEH OAMH M3 OCHOBHLIX IIPHHIIANIOB A3KI-
ka [lackaab, COTAQCHO KOTOPOMY Ha AlOCOH IporpaMMHEBIA 0OBeKT
MOIKHO CCHIAQTECS TOABKO [TIOCAE ero cnucakud. B camom aeae, Tunm Pe
onpepeadeTca depes THI Elem, KoTopwiil, B CBOI OUepeAn, ONIpeAeAs-
ercq yepes tin Pe. Oanaro B Ilackaae cyiecTeEyeT eAMHCTBEHHOE HC-
KAIOYEeHHE K3 3TOrO IPABMAQ, CBA3AHHOE CO CCHIAOUHEIM THHOMI.-"HPH-
BeAEHHBIN (DPAarMeHT IPOrPAMMBL SBAAETCSA ITPABUALHEIM. ,’f

IIpumep 2.41. NporpaMMa OPMHPOBAHNS CRA3AHHOTO CIIHCKA B XOAS BBOAA
AdHHBIX!

Type Fe = "TypElem;
TypElem = Record
T : Real; P : Pe
End;
Var Elem, Beg : Pe;
X : Real; Ch : Char;
Begin
{Onpenenedne ajppeca Hadalla CHMCKA M €TI0 COXpaHeHue)
NEW(Elem) ;
Beg := Elem;
Elem”.P := Elem;
{InasIoTPOBLI1 BBOI 3HAYEHMM ¢ 2aHeCeHUeM WX 8 CIOMCOK
W OpraErM3auMer CBA3ZM MeXOy 2NCMEHTAMM )
While Elem”™.P <> Nil Do

Begin
Write ('Beogure umcnc: '); ReadLn{Elem”.T):;
Write('llosropurs BEBOL? (Y/N)'); ReadLn(Ch);

If (Ch = 'n'") Or {(Ch = '"N"}
Then Elem”.P := Nil
Else Begin
NEW(Elem”.P);
Elem := Elem”.P
End
End;
Writeln ('BBoO maHHEIX 3aKQHYEH') ;!
{BrlBOO TIONYYEHHOM UMCIIOBOM MNOCASOOBATENBLHOCTH ]
Writeln ('KoHTpONRHAA pacnevdarka');

175



Flem := Beg;

Repeat
Writeln(N, ':', Elem™.T : 8 : 3}:
Elem := Elem”~.P

Until Elem = Nil

End.

3AeCh CCHIACYHAA NTepeMmerHas Beg UcOoAbayeTcda AAA coXpallelusa aapeca
Havahra enodykd. Boakas o6paboTKa enouYKH HAYMHAETCS C ee MepBOro dAe-
MeHTa. B IIporpaMMe mokKa3saHo, Kak IPOoHCXOAUT OPOABMKEHHE N0 LelodYKe
npH ee 06paboTKe (B AQHHOM OpUMepe NpH pacncyaTke HHGOPMalHOHHOH
YaCTH CIHCKA MO TOPSIAKY}.

OaHOHaNpaBAeHHAA 11eII0YKA — MPOCTEHINHE BADHAHT CBA3AHHOTO
cnucka. B npakTHKe NporpaMMHAPOBaHHA UCIIOAB3YIOTCR TAKOKC AByHa-
[paBAeHHLIE IeIIOUKH {KOTAR KaKABIH SA€MEHT XPalHT YKa3aTeAh Ha
CACAVIOIIHE M IPEABIAYIIHE SAeMeHTH CIIUCKE) M ABOMYHEIC APPEBLA.
[TopoOHEIE CTPYRTYPH AG@HHBIX HAa3HBAKOTCA GUHAMUYECKUMU.

OpaHOB U3 9acTo ymoTpebAIeMBIX B IPOIrPAMMHPOBAHMH AHHAaMH-
YeCKHX CTPYKTYP AAHHBIX ABAdeTcs creK. Chek — 3TO CBA3AHHAA Ie-
IMOYKa, HAYAAQ KOTOPOM Ha3hBAeTCHd BEPIITMHON M COCTAB 3AeMEHTOB
KOTOPOH NOCTOSHHO MeHsieTcs. KasKAEIM BHOBEL MOCTYHAIOIIHH 3Ae-
MEHT yCTAaHaBAMBACGTCSH B BepIUHHe CcTeKa. YpaAeHHe JAEeMEeHTOB M3
CTeKa TaK)Ke IPOU3BOAUTCI C BEPIITHHEL

Crer nopobeH AETCKOH MHPAMHAKE, B KOTOPOH Ha CTePsKeHhL Hape-
BAIOTCA KOABIA. BCAROE HOBOE KOABLO OK@3LIBAETCA Ha €¢ BepIIMHE.
CHHUMATE KOABIIZ MOJKHO TOABKO cBepXy. [IpuHOND niMenenus copep-
SKaHHSA CTeKa 4acTo QOPMYAHDPYIOT KaK «IIOCAGAHHM MNPHIISA — TIep-
BLIM BBILLIEA»,

IMpumep 2.42. Tpe6yeTcsa COCTABHTL HPOLEAYPH A0GaBACHHSA 3A€MEHTA B
crek (INSTEK) u uckarodeHust saevenTta us creka (OUTSTEK], ecan atu 3ae-
MEHTBI — CHMBOALHEIE BEAMYHHEL

B OpOIeAYpax HCIOAB3IVETCA THI AGHHEIX Pe, KOTOpEIH AOAKeH OBITE MAO-
6aAbHO OOBABACH B OCHOBHOM IIpOTpaMMe:

Type Pe = “TypElem;
TypElem = Recoxd
C : Char; P : Pe
End;

B npuBepennon panee nponeaype INSTEK apryMeHTOM sBAseTCA
napamMerp Sim, coaepIKaluil BRAIOUAeMEI B cTeK CHMBOA. CCBIACYHAA
nepementas Beg COAepXUT yKa3aTeAb Ha BEPLIMHY CTeKa IIPH BXOAC B
PONEAYPY M NPH BEIXOAe H3 Hee. CAAOBATEARLHO, 3TOT IapaMeTp siB-
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ASIETCSL M @PTYMEHTOM, M De3YABTAaTOM NpoleAypsl. B cayuae xorpa
CTeK IIyCcToH, yKasaTeAbk Beg paBen Nil

Procedure INSTEK(Var Beg : Pe; Sim : Char};
Var X : Pe;
Begin New (X);

XN, C = 5im;

X~.P := Beg;

Beg := X
End;

B npuBeaennoi panee npoueaype OUTSTEK napamerp Beg urpaer
TY K€ POAB, 9YTO H B [IPEABIAYIIEH NPOIEAYPE, T. €. IOCAE YAAACHHS T10-
CAGAHEro CHMBOA& €ro 3HadeHwe craHeT pasHbIM Nil. fcHo, 4Te ecan
CTeK IIYCTOM, TO VAAAATE M3 Hero Hedero. Aorwdeckuil napamerp Flag
MO3BOASET PACMO3HATE 3TOT CAYYAM: €CAHM HA BHIXOAE U3 IPOLIEAYPHL
Flag = True, 5To 3HA4HT, 9TO yAareHHe OPOM30UIAO, a ecAH Flag =
= False, 970 3HAYHT, 94TO CTeK OLIA IYCT ¥ HAYETro He H3MEHHAOCK,

Procedure OUTSTEK (Var Beg : Pe; Var Flag : Boolean);
Var X : Pe;

Begin
If Beg = Nil
Then Flag := False
Else Begin
Flag := True;
X := Beg;
Beg := Beg”™.P;
DISPOSE (X)
End
End;

Aannas npoleaypa He OCTaBAsIeT Iocae cefid «Mycopa», 0CBODOXK-
AEA TAMSATE OT YAAASHHEIX 3AeMeHTOB,

YARPAXKHEHNR

1. B nporpaMMe MMelOTCA ONHUCAHHA,
Var P, Q : “Integer; R : “Char;

OnpeAeAUTE, KAKHE U3 CACAYIOLINX ONepaTOPOB HellPABUALHEIE H IIOTe-
MY:
ap = Q 6)Q = R; B) P := Nil, IR = Nil;
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A Q = P~ e P~ := Nil;, ®)R™: = P* 13)Q~ := Ord(R");
H)If R < Nil Then R" := Nil~k)If Q > Nil Then O~ := P%;
A)If P = (Q Then Write(Q);M)If Q <> R Then Read(R").

2. B nnporpaMme HMeKTCH OIHUCEHHA

Type A = "“Char;
B = Record F1 : Char; F2 : A End;
Var P : “B; Q: A;

OnpeaeAUTE 3HAYEHHA BCEX VKaszaTeAell H AMHHAMMUYeCKUX NMepeMeHHRX
IIOCAE BEIITOAHEHUS CAGAYVIONHX ONEepaTopOB:

NEW(Q): Q° = '7';
NEW(P); P*.Fl := Succ(Q"); P*.F2 := Q;

3. Halt ol1M0KHA B cAeAYIOLLeH nporpamme:

Program Example;
Var A, B : "Integer:;
Begin If A = Nil Then Read(A);

A” := 5; B := Nil; B" := 2;

NEW{B}; Read{B"); WriteLn(B, B");

NEW{A); B := A; DISPOSE(A); B~:= 4
End.

4. COCTAaBUTE IPOrPaMMy 3aHeCeHHS B AMHAMHYECKYHO IAMATEL BEIeCTBeH-
roro MaccuBa u3 10 000 uncen, xpaHAmerocs B dailie Ha MAarHHTHOM AYVCKE, &,
TEKOKe IJOMCKA B HEM 3HAa4eHUs H HOMePa IepBOIo MaKCHMAABHOIO DAEMEHTA,

5. BHINOAHHTE YETEEPTOE YIIPAKHEHHE HPH YCAOBHH, YTO PA3Mep YHCAOBOTO
MaCCHBA 3apaHEee He OlpepeAcH (onpeaeaseTcs pasMepoM dbalira: IPEATIoAa-
raercs, YTO pasMep dakia He IPeBHII&AeT PasMeDd AMHAMUIeCKOH [IAMSATH).
AaHHbBIE B AMHAMHUYECKOH IIaMATH OPraHM30BaTE B BHAE CBA3AHHOI'O CIIMCKA,

6. CBsA3aHHbBII CHUCOK IPEACTABASET COO0H CHMBOABHYIC LENOUKY H3 CTPOY-
HEIX A@THHCKHX GyKB. ONNCATh CABAYIOIYED NPOIEAYDY HAM (PYHKIIHIO!

a) ONPeASAAIOUIYIO, ABAHETCA AH CIIMCOK NYCTBIM;

6] 3aMeHAIONMIYIO B CIMHCKE BCE BXOXKAEHUA OAHOTO CUMBOAA Ha BXOSKASHMA

ADYTOTO;
B) MEHAIOIYI0 MEeCTaMH NePBHI K TOCAGAHMI AEMEHTHl HEITYCTOTO CITH-
CKa;

T) NROBEPAICIIYEY, YIOPSAOYEHEl AH DAEMEHTH CIIHCKA 110 AA(DaBUTY;

A} OTIPCASASIIONNYTO, KaKad OYKBA BXOAMT B CIIHCOK HaHOOABIIEEe KOAHUCCTBO

paa.

7. COCTAaBRHTH TECTORYIO [IPOTPAMMY, IPOBEDADILYIC IPAaBHARHOCTE PaboTH
npoteayp INSTEK u OUTSTEK u3 npumMepa 2.42.

8. Ouepeablo HA3EIBAETCS AMTHAMHYECKAA CTPYKTYPa (CBA3aHHad NeIodKa), B
KOTOPOY AHCTBYET NPUHIIMII «IePBEIM NpHIIeA — IePBLIM Bhllllea», Hanucarte
TIPOLIEAYPEL BKAIOYEHHA IAEMCHTA B O4ePeAR H HCKAIOUEHMA DAEMEHTa U3 ode-
pean. COCTABMTE TECTOBYIO [IPOrPaMMy, IPOBEPALLYI0 palfoTy NpoLeayp.
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m BHELLHWE NOAMPOrPAMMEI U MOZYIIN

CraHaapTHEIN [lacKaAb He pacloAaraeT CPeACTBAMHU paszpaboTKH K
IOAACPRKH GuGANOTeK TporpaMmMucra (B otauune ot Doprpana u
APYTHX £3BEIKOB IIPOTPAMMHUPOBAHIA BEICOKOIO YPOBHS), KOTODBE KOM-
MMHAMDPYIOTCA OTABABHO H B AGALHEHIIEM MOTYT ORITH MCHOAB3OBAHEL
He TOABKO caMHM paspaforuurom. EcAM mporpaMMHCT UMeeT A0CTa-
TOYHO OOABIUIHE HapPaOOTKM H eCAM Te HAM MHEIE TMOAIPOTPAMMEL MO-
I'yT OBITE HCTIOAB3OBAHLL IPKM HANKWCAHME HOBLIX NPUAOKEHHH, Ipu-
XOAMTCSA 3TH TIOATTPOTPAMME] ITeAWKOM BRAIOYATE B HOBEIH TEKCT.

B Typ6o llackaae aTo orpaHHYeHHe [IPeOAOASBAETCA, BO-IEPBLIX,
BBEAEHHEM BHEIIHHX [IOAIIpOrpaMM, a BO-BTOPEHIX, COZAAHHEM H HC-
MOAB3OBaHHeM MopyAel. PaccMorpum ofa cniocoBa,

BBeaeHHe BHEITHUX NoANporpaMM. B 370M cayuae HCXOAHEIH TERCT
KayKAOHM TMPOIEAYPH HAY (DYHKIIMH XPaHWUTCI B OTAABHOM ra¥iae H
IpH HeoOXOAUMOCTH C MOMOIILI0 CIIEIHAALHOH AMPEKTUBEI KOMITMAS-
TOpa BKAIOYAETCH B TEKCT CO3AABACMOM IPOTPAMMEL.

[TpOMAAIOCTPHPYEM 3TOT IPHEM Ha [IPUMEPe CASAYIOINEH 3apdaqu
[EAOYHCACHHOH aprthMeTHKHE: AGHO HATypasbHOE YHCAD N, Tpebyercs
HaWTH CYMMY [IepPBOH M NocAepHeH nudp 3TOre JHcAa.

AAS PEIlIeHHA 3apavdl MCHOAL3YeM (PYHKITHIO, BEMHCASIONYIO YNC-
AC MG B 3aIIMCH HATYPAARHOTO yrcaa. Hanpumep:

Function Digits(N : LonglInt): Byte;
Var Kol : Byte;

Begin
Kol := 0;
While N <> 0 Do
Begin
Kol := Kol + 1;
N := N Div 10
End;
Digits := Kol
End;

CoxpaHHM 3TOT TEKCT B (hatire ¢ paclIMpeHHeM.inc (pacllHpeHHe
BHEIIHUX IoAnporpaMM B Typ6o Ilackaae), Hanpumep digits. inc.

OnumreM Takke QYHKIIAN BO3BEAEHUI HATYPAABHOIO YHCAA B Ha-
TYPaABLHYIO CTEIIeHb (a"):

Function Power (A,N:LongInt) :Longlnt; {¢arn power.inc}
Var I, St : Longlnt;
Begin
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For I := 1 To N Do
St := St * A;
Power := St
End;

Tenepk cocTaBUM OCHOBHYH) MPOTPEMMY, PEMIAKINYH) MOCTABAEH-
HYIO 38AA4Y € WCHOABIOBAHHEM ONHCAHNKX (OYHKIHN:

Program Examplel;
Var N, S : Integer;
{§I digits.inc}! {[ogxiouyerHre BHemHer (YHKIMK K3
tarna digits. inec, BRHUMCISONEN KONMUYECTRO LUbp B
BFATIMCHM YUMCIIA }
{$1 power.inc} {lonknowueHMe sBHewHeH (QYHKLUMM N3
danna power. ing, BeNHCHAKUEN pesyJsisTaT BOSBEICHMUA
yuciia A B creneHb N}
Begin

Write ('BeemuTe HaTypansHoe uwmcno: '); ReadLn (N):
{Ins1 onpeneseHMA NocnenHel umdppu umciaa N Bepercs
QCTaTOK OT OelaHuA =TorTe umcna Ha 10, a ois onpe-—
OeneHus NepBCH uUMdpw wMcnc N genurca Ha uucino 10,
BO3BEIEeHHOe B CTElNeHE, Ha eNUHMLUY MeHbUYKD, UeM KO-
JIMYEecTBO UKnip B 3amnMcH 4dMciaa N (Taxk kKak "HymepallMsa
paspsance HaumHaeTrcs c 0)}

S := N Mod 10 + N Div Power (10, Digits(N) —-1};
WriteLn ('VMckoMasa cyMmMa: ', 3)
End.

AupekrrBa KoMumasTopa {3l <ums aiira>} mo3Boasier B paHHOE
M@CTO TeKCTd MPOrPaMMEl BCTABMTh COASPRUMOE (hakira C yKaIaHHLIM
HMeHeM.

Malitasl ¢ PACIIMPEHHEM. INC MOXHO HAKANAMBATEL HA MarHATHOM
AMcke, dopMHpyd TakMM o00pa3soM AWYHYH0 OHOAHOTEKY HOAIIDO-
rpaMM.

BHeNIHNe NPOILEAYPEL CO3ZAAITCA 1 BHEADPSIIOTCA B HCIIOAL3YIOIIHE
HX MPOTrpaMMH TaK JKe, KaK U (DYHKIHH B PACCMOTPEHHOH 3aaade.

Co3paHHNE H HCNOAB3OBAHHE MOAyAeH. PaccMOTpHM Tenmeps CTPYK-
TYPY. pa3paboTKy, KOMOHASLHMIC ¥ UCIIOAB30BaHHE MOAYAEH.

Mogyar — 310 HaGop pecypcoB (DYyHKIHH, IPOLEAYP, KOHCTAHT,
HepeMeHHLIX, THIOE H T.A.), pa3pabaTHEaeMEIX H XPAHUMLIX He3aBH-
CHMO OT HCNOAB3YIOIIMX HX NIPOrPaMM. B oTAMYHE OT BHELIHHX NOA-
[IPOrpaMM MOAYAR MOKET COAEpPKATE A0CTaTodHO 6Goabmoi HaGop
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nporneaAyp U (hyHKIHHA, a8 TAKKE ADPYTHX pPecypcoB AAS paspaboTKu
nporpaMM. B ocHOBe HpeH MOAYABHOCTH A€AT NPHHLMIIE CTPYKTYD-
HOro mporpaMMupoBanusg. CyllecTBYIOT CTAHAAPTHEREIE MOAYAH Typbo
INackaas (SYSTEM, CRT. GRAPH u ap.), cipaBodHas uHpoOpMaLUs 110
KOTOPHIM ASHA B NPpUAOXKeHHUAX 1...3.

MoOAYAL MMeeT CACAYIOIYIO CTPYKTYPY:

Unit <uma mogyna>; {3aToNCBOK MOIYJIS}
Interface

{HuTepgericHaa YacTh}
Implementation

{Paznen peanuzalium}
Begin

{Pasnen MHMUMAIM3AUMM MCOIYNs }
End.

[Mocae cayxebHoro caoBa Unit 3anMcHBaeTCI HMA MOAYAS, KOTO-
poe (aAs YAOGCTBA AQABHEHIUNY ASHCTBHH) AOAKHO COBHAAAThH C UMe-
HeM (palra, COASPIRAIETO AQHHBIN MOAYAB. CAGAOBATOALHO {KaK IIpH-
"aro B MS DOS), ums He AQAKHO COALPIKATE O0ACe BOCEMH CHMBOAOB.

B paspeae Interface ofwasasitorcs Bce pecypchl, KOTOpEe OYAYT B
AAABHENIIEM AOCTYIIHE NPOTPAMMHCTY HPH I[OAKAIOUEHHH MOAYAS.
AAs TOAIPOrPaMM 3A€CH YKa3LIBASTCS AL MIOAHBIH 3aron0ROK.

B pasaeae Implementation omUCBEIBAKITCA BCE HOATTPOTPAMMEL, KO-
TOphIe OLIAM paHee 0OBsiBAeHEL KpoMe Toro, B HEM MOTYT COASDKaTh-
¢Sl CBOM KOHCTAHTEI, NepeMeHHbIe, THILI, MOATPOTPAMMEI, KOTOPHIE
HOCAT BCMOMOTraTEeABHBIA Xapakrep M HMCIOAB3YIOTCH AAR HAllHCAHWA
QCHOBHBEIX MOANIpOTpaMM. B OTAH4YHe OT pecypcoB, OOLABAEHHEIX B
pasaeae Interface, Bce, 4TO ACHOAHHUTEABHO OOBSABAAETCA B
Implementation, y>xe He GypeT AOCTYIIHO NPH MOAKAIOYEHHMHM MOAYASA.
I'Tpu omMCaHUH OCHOBHOM NOANIPOTPAMME] AOCTATOYHO YKA3ATE €€ UMS,
He IepenyCHEBasa TOAHOCTRIO BeCh 3arOAOBOK, @ 33TeM 3alHCATEL TeAD,

Pasper HMHMITMAAM3AIIMK (3a94CTYH0 OTCYTCTBYIOLIEH] COACDIKHT
OMEPATOPHR], KOTOPHIE AOAKHEL ObITh BEIIIOAHEHEL CPA3Y KE 1OCAE 38-
ITYCKa IIPOTPAMMEL, MCIIOAB3VIONIEH MOAYAB,

[MpuBeaeM npuMep paspaboTEX M HCIIOAB3OBaHHA Mopayad. {[To-
CKOABKY paccMaTpHBaeMad aaiee 3aAada AOCTATOYHO 3aeMeHTApHA,
OrpaHUIMMCHA PACIevYaTKOM TeKCTa MPOrpaMMEl C NOAPOOUHEIMH KOM-
MEeHTapHUAMH. )

IipaMep 2.43. PeaAn30EaTE B BHAS MOAYASA HAOOD TIOATIPOTPAMM AAH BRITIOA-
HEeHHs Hap OBLIKHOBEHHBIMM APODSIMH BHAA P/ [Tae P — 1ieaoe uncao, 2 — Ha-
TYPAABHOC YHUCAD) CACAVIONHX OMepPariui: CACKEHUS, BEIMUTAHUA, YMHOMKCHHSA,
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ASACHHA, COKPALISHHMy, BO3BEACHHA B cTeneHb N (rae N — HaTypaabHOe YHCAO),
a Taroxe GYHKUHHA, peaAM3yIoIHX OilePAlRY OTHOLIEHHs1 (paBHO, HE paBHO,
DOABIIE HAM PABHO, MEHBIITE HAH PABHO, DOABLIE, MEHEIIE).

I'Tpu 3TOM APOGE TIPEACTABHTE CASAYIOIHM THIIOM:

Type Frac = Record
P : Integer;
Q : 1..327¢67
End;

C HCIIOABZ0BAHHEM DA3PaGOTAHHOIO MOAYAS. PeIIUTh ABE 3aAAUH.

1. Aam MaccHB A, 3AeMeHTH KOTOPOTO — OOHKHOBeHHKe ppobu. HaliTi
CYMMY BCEX 3AEMeHTOB M MX cpepHee aprdMeTraeckoe, OTBETH IPEACTARUTE
B BUAE HeCOKPAaTUMBIX ApoDel,

2. Aad mMaccHge A, 3AEMEHTHI KOTOPOI0O ~— OORKHOBEIHEEe Apofu. OTcopTH-
POBATE €0 B NIOPAAKE BO3DACTaHMA.

Peaauzanua naGopa HOATPOrpaMM B BHAE MOAYAL

Unit Droby;
Interface
Type
Natur = 1..High(LongInt});
Frac = Record
P : LongInt;
Q : Natur
End;
Procedure Sokr{Var A : Frac):
Procedure Summa (A, B : Frac; Var C : Frac);
Procedure Raznost (A, B : Frac; Var C : Frac);
Procedure Proizvedenie{h, B : Frac; Var C : Frac);
Procedure Chastnce{A, B: Frac; Var C : Frac):;
Procedure Stepen(A : Frac; N : Natur; Var C : Frac):
Function Menshe (A, B : Frac): Boolean;
Function Bolshe (A, B : Frac): Boolean:;
Function Ravno (A, B : Frac): Boolean;
Function MensheRavno(A, B : Frac): Boolean;
Function BolsheRavno(A, B : Frac}: Boolean;
Function NeRavno({A, B : Frac): Boolean;
{Pazgen peanMzaiMk MOIYIIs}
Implementation
(Hauboneuwui o0wmil OeInTells OBYX YKMCcen -
BCOOMOT&TENEHAA QyHKUMSA, paHee He oOBLABJEHHaA)
Function NodEvklid{(A, B : Natur): Natur;
Begin
While A <> B Do
If 2 > B Then
If A Mod B <> 0 Then A
Else A

]

A Mod B

H
s}
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Else
If B Mod A <> 0 Then B := B Mod A

Else B := A;
NodEvklid ;= A
End;
{Coxpawernne Opodu}
Procedure Sokr;
var M, N : Natur;
Begin
If A.P < 0O
Then
Begin
If AP <0
Then M := Abs(A.P)
Else M := A,P; {CoBMEUBHKE THUIORB, TaK Kak
A.P-TLongInt}
N := NodEvklidi{M, A.Q):
A.P := BL.P Div N;
A.Q := A.Q Div N
End
End;
Procedure Summa; {Cyvmma npodert}
Begin
{3HamMeHaTemnr gpobii}
C.Q := (A.Q % B.Q) Div NodEvklid(A.Q, B.Q);

{(ducnurent opodu}
C.P := A.P % C.Q Div A.Q + B.P * C.Q Div B.Q;
Sokr (C)

End;
Procedure Razncst; {Pa3HocTs Opobei}
Begin
{3HaMeHaTene Opobi}
C.0 1= (A.Q * B.Q) Div NodEvklid(a.Q, B.Q):

(Yucnurene Opobi}

C.P :=A.P % C.Q Div A.Q-B.P * C.Q Div B.Q;

Sokr (C)
End;
Procedure Proizvedenie; {¥Mmuoxenme gpoben}
Begin

{3uamenarens npolm}

C.Q :=2.Q = B.Q;

{Uncourene apobu}

C.P := A.P * B, P;

Sokr (C}
End;
Procedure Chastnoe; {Henenme npobeil}
Begin
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{3namMeHaTent npobu)
C.Q := A.Q = B.P;
{ducnurens npobu}
C.P := A.P % B.Q;
Sokr (C)

End;

Procedure Stepen; {Bossegenmne FpolGW B CTENEHE)

Var I : Natur;

Begin
C.Q
C.FP =
Sokr (A) ;

For I := 1 To N Do
Proizvedenie (A, C, C)

r

=

2

End;
Function Menzhe; {OTHoweHMe «<» Mexny npobawmm}
Begin

Menshe := A.P * B.Q0 < A.Q * B.P
End;
Function Bolshe; {OrTuomeure «»» Mexny opodamMm}
Begin

Bolshe (= A.P * B.QJ > A.Q *= B.P
End;
Function Ravnc; {OTHolWeHwe «=» Mexdy npofamm}
Begin

Ravno := A.P * B.Q = A.Q * B.P
End;
Function BolsheRavno; {OTHOmeHMe «2» Mexny IOpoGamm}
Begin

BolsheRavno := Bolshe (A, B) Or Ravno{A, B)
End;
Function MensheRavne; {OrHomeHme «<» Mexny Opobamu}
Begin

MensheRavno := Menshe (A, B} Or Ravno (A, B)
End;
Function NeRavno; {OTHoumeHME «<>» MexOy IpoGsmm}
Begin

NeRavno := Not Ravno (A, B)
End;
{Pazgen MUMUMANMI3ALUMM MONYIIA)
Begin
End.

Ilpu paspaborke MOAYAA PEKOMEHAYETCH CASAYIOIIHHA [TOPAAOK:

1} CHPOEKTHPOEATE MOAYAD, T. €. ONPEASAHTEL OCHOBHEIE H BCIIOMOI'aTEALHEIE
LIOATIDOTPaMME]L M ADYTHE PeCcypChl;

2) OIHCATE KOMOOHEHTHl MOAYAS;
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3) OTAGAMTE KaXKAYHO [IOATIPOIPaMMY OTAEABHO, [MOCAE YEero «BKAEHTE» B
TEKCT MOAYAS.

CoxpannM TekcT paspabotanroil nporpaMmel B haithe DROBY. PAS 1 otroM-
LLUAWDYEM MOAYAb, HCTIOAL3YS BHEUIHHIT ROMITHASITOD, [10CT@BAAEMENT BMECTE C
Typ6o INackarem. Komanpa Gyaer uMets Bup TPC DROBY. PAS. Ecaul B Tekcre
HET CHHTAaKCHYEeCKHX OHNTHOOK, moayyuM daiia DROBY. TPU, uHaue 6YAET BEIBE-
AEHO COOTBeTCTBYIOLIee COOBIIEHAS C YKA3ABMEeM CTPOKH, COAepXKallel onmb-
Ky. APYT'OH BapHaHT KOMIUASIHH: B MEHK) CUCTEME] IPOrpaMMupoBaHud Typoo
IMackaab BEIGpatrs Compile/Destination Disk, a 3atem — Compile/Build.

Teneps MOMHO TOARAIOTHTE PaspaboTaAHHHEI MOAYAL K IpOTPaAMMe, TAe
MAAHUPYETCS €T0 HCIOALROBAHKE.

[MporpaM™a penicHUA NepBO¥ NMOCTABASHHOM 3aja4HM CYMMHUPOBaHHA Mac-
CcHBa Apobeli:

Program Sum;

Uses Droby;

Var A : Array(l..100] Of Frac;
I, N : Integer;

S : Frac;
Begin
Write ('BRemMTe KOIMYSCTRO DJIEMEeHTOB Maccuea: ');
ReadLn (W) ;
S.P i=0; 5.0 :=1; {lleppoHadyalbHC CYMMa pPaBHa HYJ)
For I := 1 To N Do {BeoaMM M cyMMMPYEM Opobu}
Begin
Write('Beegure umcnuren: ', I, '-i1 gpobu: ');
ReadLn{A[I].P);
Write('Beenmmre 3HameHarens ', I, '"-# nopobu: ');

Readln{A[I].Q);
Summa (A[I], 3, 8);:
End;
WriteLn{'OCreer: ', S.P, /', 5.Q)
End.

BTOpY’!O TMOCTABACHHYIO 33244y — COPTHPDOBKY MdCCHBA — YHTATEARO NIPEA~
AQT4eTCH PelliiTEL CAMOCTOSITCALIIO.

Kak BHAHO H3 IPHBEASHHOTO IPDHMEDA, AAA [TOAKAIOUEHHS MOAYAA
HCIOAB3YeTCA CAyReOHOe cAoBO Uses, IOCAE€ KOTOPOrO YKA3BIBAETCH
HMA MOAYAA. AaHHasA CTPOKA 3aIIUCHIBACTCS Cpa3dy JKe ITOCAEe 3aTOAOB-
KA UpOTrpaMMEBL. Ecal HeoOX0AMMO IIOAKAIOUHTH HECKOABLKO MOAYAEH,
OHU NEPeYUCAAIOTCH YepPe3 3aLATYO.

[lpy HMCIOAB30BAHMK PECYPCOB MOAYAS NPOrPaMMHUCTY COBCEM HE
0b6s13aTeARHO 3HATh, KK pafioTaloT BRISEIBAEMEIE TOAIIPOTPAMMEL. AD-
CTATQYHO 3HATE Ha3HAYeHWe MOAIPOrpaMM U WX cuelddHRalny, T.e.
MMeHa W napaMerptl Ilo aroMy npuHIIUNY ocyiecrsadeTcd paboTa co
BCEMH CTAHAAPTHEIMH MOAYAAMH. CAGAOBATEABHO, €CAH IIPOTPaMMHECT
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pa3pabaTLIBaeT MOAYAH HE TOABKO AASI AMMHOIO [IOAB30BAHUA, €MY He-
00XOAMMO BRIIOAHHTE IOAHOE OIUCEHWE BCEX AOCTYIHEIX MPH IIOA-
KAIOUEHHH DECYPCOB.

YTNPAXKHEHWA

1. McnoA3ya ONMCAaHHEI B AQHHOM NTOAPA3AEAe MOAVAER Droby, penuTs
CASAYIOUIYEO 3apady. AdH MAacCHB A o6BIKHOEEHHHX Apobei. Haiitn cymmy
BCEX ApoOe#l ¥ pe3yALTaT NPEACTABKTEL B BUAC HeCOKpPATUMOH ApOOH. Bhiuuc-
AHMTL CpeaHee apuGMEeTHYeCcKoe Beex Apofiell U pe3yALTaT IPEeACTABHTL B BHAE
HECOKPaTHMOH ApoGH.

2, MUcnoap3ys ONMCAHIIEIH B AAHHOM IIOADA3AEAE MOAYAL Droby, pemuTs
CAEAVIOIIYIO 3apa4vy. AaH MaccHue A 0OLIKHOBEHHEIX ApoOeld. OTCOPTHPOBATL
ero B OPAAKe BO3pacTaHHA.

KOHTPONbLHLIE BOMPOCHL!

1. Kem, korga v c xakow uensto Gein paspabortan A3bIK NPOrpamMmm-
poeaHua Mackans?

2. M3 kakux paspencB coctouT nporpamma Ha MNackane [B Bepcun
Typ6o Mackans)?

3. Kakue rpynns cuMBeance BxonaT B8 andiaeut [ackana?

4. Mo xakvm NPaBWnam 3a0amwTca MaeHTMPVKETOP? MNpreeanTe
NPUMEPEI BEPHBIX W OLUMG0YHLIX BAPUAHTOE MOEHTUMKATOPOE.

5. Kakune Tvnbi gaHHbIX DTHOCATCH K NOPAOKOBLIM M Kakve ofiue
CBOMCTEA WX 06bequHaT?

6. Yem oTnMHaITCA NPOCTLIE TUNLI BEHHBLIX OF CTPYKTYPUPOBaHHbLIX?
Hazosute crpykryprpoBaHHeie Tunbl faHHbix Mackans (Typbo Ma-
ckans).

7. Kak npencrasnsioTeA 8 pa3nens onucadui TUNoB NepeyncnasMbIi
W WHTEPBaNkbHBIA TWNe? [pUBEAMTE NPUMERLI.

9. B Kakux ciy4anx pesynsTaTom apudiMETUHECKDR DNEPALMM CTaHo-
BUTGA BeNW4MHa Lienoro Twna? MNpusearte NpUMEpSI.

10. Kak peanuzoeats B [lackane Bo3BefeHWE B GTENEHL B CMy4ae LENo-
rg v B CrNy4ae BEWECTBEHHOIO 3HAYEHWA nokasaTens cTensHn’?

11. Kakune norvyeckue anepauuv [Tackana v Npasuna vx BbINeNHEHWA
(Tabnuusl MCTUHHOCTKU] BAM W3SBECTHELI?

12. PacnonoxuTte B nopAgke ybbIBaHWA NPUOPUTETOB BCE ONEpaLMn
MNackanA 13 cnegyowyx rpynn: apupMeETUYECKUE, NOTMHECKKUE, OT-
HOLLIEHMS,

13. C nomalub Kakux 0NepaTopos pPeanusyioTcs B NporpaMve BBOA
[aHHEIX C KNABUATYPL! K BeIBAA HA 3KkpaH? OnuwmTe mx dopmar.

14. Kakum cnocobom MOXHO yNpaensaTs HOpMaTOM BhIBOOE JaHHbIX?
[puBEAMTE NPpUMEPEI OGNS GaHHLIX PA3HbIX TUMNCB.
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15.

16.

17.

18.

18.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.
30
31.
3z2.
33.

34.
35,

HapwcyiTe CMHTAKCHYECKYHD ouarpaMmy OnepaTopa BETBNEHWUA M
cthopmynypyiTe NPaBUNE Ero BbINAMHEHUA.

Hapucy#Te cuHTakcuYeckyl guarpaMmy onepaTtopa sbifopa u
cthopMyNNpYATE NpaBrna ero BbINONHEHKA,

HapucyTe cUHTaKGUYECKYID guarpammy onepaTtopa UuKna G
NpeaycnoByeM 1 cthopMynupyiTe MPasung ero BeiNANHEHWS.
Hapucyite cyHTakcu4ecKya guarpammMy anepaTopa LWMKna ¢ no-
CTYCMNOBMEM W chOpMYNAPYATE NPEBUNA era BeIMONHEHNA.
HapucyATe cyHTakcuHeckyls guarpaMmMy onepaTtopa uvkna c na-
PameTpom U chopMyNMPYUTE NPaBKUNE era BbINOMHEHWA.
MNonbepute 3agavy, KOTOPYID MOXHRO PELLUWNTL, MCRONLIYA TPK
BapuaHTa onepaTopoB Lukna: uukn «okay, yukn «Hoy, umkn c
napameTpoM. CoCTaBkTE NPOrpammel,

B uem cocTouT pasHWLa Mexpay dyHkuuen 1 npouegypon? Npu-
pyMaiTe 3agady v onvWnTe ee pelierue B thopMe ayHKUMK 1 B
thopme Npouenype.

MpuaymavTe NpUmep 3af1a4u, KOTOPY MOXHO PELUWTL C NOMOLLBHO
npouenypbl W HENGE3A PELLMTE G NOMOLLBIO GiyHKLIMK,

Y10 Takoe diopmansHeie M GaKTUYECKME NapamMeTpsl NOANPorPaMMbI?
B vem 3aknoyaeTcs pasHuLa Mexay napaMeTpaMu-NepeMeHHLIMI
W NapamMETPaMU-3HIHEHUAMI B MX QNMCAHWA 1 VCMONL3DBAHAN Npy
afpawermm K nggnporpaMme? MponnmocTpypyATe Ha npyMepe.
Kakoesl Npasuna COOTBETCTEWA MeXGY (POPManeHbIMK W thakTu-
yeckumi napameTpamu? CoiopmynupyiTe wx.

B 4eM cocTouT pasHuua Mexay NoKaneHbIMW W rnofanbHeIMy onu-
caHnAaMu? [puBeyTe NpMMep NepeasaYyn AaHHbIX B NOANPOrpamMmy
vepes rnofaneHoLIe NepemMeHHLIE.

Yr1o takoe cUMBONBHAA CTPOKAY Yem oHa oTnuuyaeTes 0T Maccuea
cumBOnoB?

Kakwne cywecTsytoT B [lackane onepauum, HyHKLUWMK 1 NpoUERypsI
Ona paboTkl CO CTPOKaMN?

Kak onvcblBaloTeA B NporpaMme BenuYUHbLl PErYNAPHOra TUAE
(maccuebI]?

Y7o Takoe pasmMep MaccuBa u pasmepHOCTL Maccuea?

Kak noeHTUdivLmpyoTen 3NeMeHTEl Maccrea?

B kakoi NocnengoBaTenbHOCTA B NAMATA KOMMNBIOTEPAE PAcnonara-
KITCA BMEMEHTHI MHOFOMEPHOro Maccuea?

Kakwne agercTews MOXHC BbINCNHATL Ha[A MAcCHBOM B LENOM [He
MoaneMeHTHo)?

MpwvBeauTe thparmeHT NPErPaMmMel NOCTPONHONO BhIEOAE MaTPULILI
(ABYMEPHOrO MaccWBa) Ha 3KPaH KOMMNbIOTEpa.

Yo Takoe BREWHWA W BHYTREHHWA (arnsr?

C nomMoLUBH Kakoro onepaTopa ycTaHasNWMBaeTCA COOTBETCTBUE
mexxdy thalnosor nepeMeHHoRn (BHYTPEHHUM hafnoM] U BHELLIHWM
channom? OnuwiiTe ero chopmar.
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36.

37.
3B.

38.

40.

41.

42.

43.

44.

45.

4B.

47.

48.

49,
50.

C noMoLUbl0 KakKUX ONepaTopoe MpPoWM3BOOUTCA OTKphiTke thaina
ONA YTEHWA W 3ANUCK?

“To NpowcxoguT NpuU BLINONHEHWWM onepaTopa 3akpeITws haina®?
B 4em sakniovaeTca pasHMUE MEXOY TUMTM3MPOBAHHBIMK (DaNaMN
W TeKCToBbimK hannamu’?

C MoMOLLLIO KakWMX ONepaTopoE OCYLUBCTBASIOTCA BEOR W BhiBOA B
TUNW3VMPOBaHHLIE W TeKCToBbIE thannsl? [NpueeanTe NpUMEpsI.

B 4em coctowT pasnuvue B MCNONbL30BaHWM hatnos Nocnenosa-
TENBHOrQ 1 NPAMOro foctyna?

Y710 Takoe KOMBUHUPOBAHHLIA TN GEHHEIX W KAK OH OMMCHIBEETCA
8 nporpamme? Kak onucelBaeTcA BeUHMHa KOMBUHMpOBaHHOrO
Tvna {3anwnce)? preeanTe NpUMep.

Kak noeHTuhnurpyloTea snemeHTsi 3anvcn? [puseaute NpUMEpBL.
B 4em 3akniovaeTca paanuune mexay CTaTMHECKUMK U ANHaMU-
YECKUMMW BEMWUHMHAMK, CTETMHECKDR W AMHAMWMECKOR NEMATLID?
YTo Takoe yka3aTeflb W KaKk OH On1ckIBAETCA B NporpamMme? Kak
MOSHTUULMPYIOTCR AWHAMUYECKWe NepeMeHHLIe?

C nomoLybe KBKOro ONepaTopa NPOVWCXOAWT BEIABNEHKE MECTa B
NaMATKH NoA QMHAMUYECKYHO BENWYMHY?

C nomowpto Kakoro onepatopa NpovcxoguT oceoboxpeHne mecta
B NAMATY, PaHee BbIDENBHHOIC NOA AMHAMWYECKYHD BENUYMHY?
HT1o Takoe ceA3aHHLIM cnncok? Kak oH thopmupyeTcea? Hto Takoe
cTex?

B yem cocrouT pashHvua Mexay SHYTPEHHER W BHELLHEW Nognpo-
rpammoin? Kaxkuve cyluecTByioT cnocobbl CO30aHWA BHELLHVX Nod-
nporpamm?

Yo Takoe moayne? Kakyio cTpykTypy OH umMeeT?

Y70 HyXHO cOenaTth B NPOrpaMme OiA Toro, YTobol B HEW MDXHD
6610 UCNONE30BATHL PECYPCEl MOAYNAY



Maea 3

METOAbl MOCTPOEHA ANMOPUTMOB

M3 AaHHOH rAaBE] BB YaHdere:

= O peaAH3AIHH Ha S3LIKE NPOrpaMMUpoBaHusa [Tackask TEXHOAO-
FPHH TIOCASAOBATEABHOH ASTAAMZAIIMM IIPH COCTABACHHM CAOXK-
HOU IPOTPAMMEI;

m 06 OTAGAKEe TPOTPAMMEI M IIOCTDOEHHH TIOAHOH CHCTEMBI Te-
CTOB;

® K&k IpOrpaMMMPYETCS 3ajgyva 0 XaHOHCKOM OalllHe ¢ IOMOIIBIO
PEKYPCHBHOM MIPULEAYPHL;

® TITO TAKOE 2aAaTH Nepefopa M KaK MOJKHO ONTHMH3UPOBATE IIOA-
HBIH TIepefop BCEX BApHAHTOR;

® O PeKypCHBHOM aAropuTMe IlepeGopa ¢ BO3BpaTOM Ha npuMepe
33AAYH O TIPOXOKACHUH AaOHDHHTA;

® O KPUTEPHSX CAOXKHOCTH aATOPHTMOE;

B O NOCTEHOBRKE 338AQ9M COPTHPOBKH AAHHEIX;

® YTO TE&KOEe AATOPHTM COPTHPOBKH BKAIOUEHHEM;

B KAKOBA CYLIHOCTE aATOpHMTMa OBICTPOM COPTUPOBKM 3. Xoapa;
s 00 CIleHKaX CAOKHOCTH @ATOPHTMOB.

Br1 HayunTECH:

8 [IPHMEeEHSTE MEeTOA HOCAEAOB&TE!ALHO]’?I AETAAM3AlHH IIpHM IIPpO-
rpaMMHpPOBAHHH CAOKHEIX 34289,

B HCTNIOAL30BATH PEKYPCHBHEIE AATOPWTMEL AAS PELICHHA KoMOH-
HATODPHBIX 34A4Y;

B OIEHHBATE CAOKHOCTE AATODUTMORB.
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<Nl METO[ NOCNEAQOBATENLHON
OETANU3ALIAN "

B cooTBeTCTBHH € OCHOBAMH CTPYKTYPHOTO IPOrpaMMHPOBaHMS,
METOA, [TOCAEA0BATEABHON AETAAM3AIMH SBASIETCA IPHEMOM IDOeKTH-
PORAHHSA CAOKHBIX aATOPUTMOB. CyThb 3TOrC MeTOAd (CM. moapasa. 1.6)
33KAIOYAETC B CAEAYIOIIEM: CHAYaAd aHAAM3HPYCTCA HCXOAHAS 33Aa-
Yd, B Hel BLIACAAIOTCH [IOA38AAYH H CTPOMTCA HePapXua TaKHX MMOA3a-
284 (puc. 3.1). Aaree cOCTABASIOTCS AATOPHUTMEL (HAHM IDOrPAMMEL)}, Ha-
YHHAS € OCHOBHOT'O AATOPHTMA (OCHOBHOH NmpOrpaMmsel), a 3aTeMm —
BCIOMOraTeABHEIE AATGDHUTMBL C IOCAGAOBAETEABHEIM yrAyGacumnem
YPOBHA, IOKa He OYAYT MOAVUEHE! AATOPHTME! (IOANIPOrpaMME), Co-
CTOALINE K2 HPOCTHX KOMAaHA,

BepueMmca x npumepy 2.17, B KOTOpOM I[IpPHBEASHA MPOrpaMMa
Interpretator AAs pelieHWd WCXOAHOH CHMBOABHOW CTPOKK BUAA
‘A+ B=",

Cthopmyanpyem TpebosaHRA K nporpaMMe Interpretator, KoTophe
caeraloT ee fGonee YHHBEPCAALHOM, 4eM BAPHAHT, PACCMOTPEHHREIH B
noapasa, 2.15.

1. OnepaBAkRl a ¥ b MOTYT OHITE MHOrO3HAYHLIMH [[EABIMUA TTOAOKH-
TEARHhIMH UKCAAMU B npeaeAax MaxInt.

2. Mexay saeMeHTaMH CTPOKI, & TAK)Ke B @e Hadane H KOHIE MO-
YT ORTE IPOGEARL

3. AOAKEH OCYIIECTBAATHCA CHHTAKCHUECKHI KOHTPOAL TeKCTa, KO-
TOPHIM OrPAHUYKBAETCS NPOCTEHIIIMM BAPMAHTOM: CTPOKa ACAKHA CO-
CTOATE TOABKO H2 DU, 3HAKOB ONlepallii, 3HaKa «=» U NIPODEAOR,

4. Aoa>ReH MPOBOAUTBECA CEMAHTHUECKHH KOHTPOAB: CTPOKA AOAIK-
Ha OBITHL ODOCTpOeHa 1o cxeMe 'a @ b =", OmHbKa, eCAH KaKoii-To 3ae-
MEHT OTCYTCTBYeT HAH HapylleH HX TOPSAOK.

5. AoAYKeH OCYHIECTBAATLCS KOHTPOAb AHANa3zOHa 3HaYeHHH omne-
PAHAOCB M PE3YALTATA (3HAYEHHS He AOAKHBI BEIXOAMTL 33 IPEAEABI
Maxint).

W3 npueeaeHnoro nepeuss TpeboBaHMi SICHO, YTO IporpaMma Gyaer
Henpocroil. COCTaBAITE £e OYAEM, HCIOAB3YS METOA IIOCASAOBATEABLHOM
aAetarmzanui. HauHeM ¢ IpeacTaBAeHHA B CAMOM OOIIEM BHAE AATOPHT-
Ma Kax AMHEHHOH IIOCASAOBATEABLHOCTH JTAIOE PellleHUs 3aAa4H.

1. Broa, CcTPORH.

2. CHHTAKCHYECKMH KOHTPOAB (OIIpeAeAeHMe, HeT AW HeAOIyCTH-
MEIX CHMBOAOB).

3. CeMaHTHYECKHMH KOHTPOAB [(OHpEAEAeHWEe, MPABUABHO AH IO-
CTPOEHC BRIPAXKEHHE).
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Puc. 3.1. Miepapxiua nopaana4

4. BEIAGAGHHE OIIePAHAOB, IPOREPKA HX COOTBETCTBHA AOIIYCTHMO-
MY AHATIa30HY 3HAYCHHMH H fIepeBOo), B IeAbIe HYHMCAd.

5. Bommoauenne OIepally, MpoRepra COOTBETCTBHA pES}’AbTaTa AO-
NyCTUMOMY AHAIa30HY 3HAYeHHH,

6. BRIBOA pesyAkTaTa.

Oranul 2...5 6yaeM pacCMaTpHBATE KaK 110A33AAYH IIePBOre YPoB-
HsI, COOTBETCTBEHHO Ha3BaB MX (M OyaAyllMe INOANporpaMMul) Sintax,
Semantika, Operand, Calc. Aasi UX peaAHzaumu noTpebyercs pere-
HHEe CAGAYIONIMX IIOA3aAaY: NPOITYCK AMIIHUX IpobeaoB (Propusk) m
npeobpasoBaHue CUMBOARHON nudpel B Heaoe dHcao (Cifra), Kpome
TOrO, 1IPH BBLIAGAGHHH OII€pAHAOB NoTpefyeTcsd pacno3HaBaTk Olle-
pPaHa, NPEeBHINAOLIME MaKCHMAABHO AONyCcTHMCe 3Hadenue (Error}.
OGo0111ad Bce CKA3aHHOE B CXeMaTH4yecKOoH hopMe, IoAydaeM HEKOTO-
PYIO CTPYKTYDY II0A38Aa8", KOTOPOH OYAET COOTBETCTBOBATL &HAAOTHY-
Hasl CTPYKTYpa OpOrpaMMHEIX MOAyAel [puc. 3.2).

HMeppriii war gemaauszauuu. CHa4ara HaAMeTHM BCe HeOOXOAWMLIE
IOATIPOTPAMMEI, YKA3AB AMITL X 3arOAOBKY (cnenudmkanun). Ha me-

!

Pic. 3.2. CTpykTypa NporpaMmMHbIX MOAYNei




CTE NOAHNPOrpaMM™ 3dlldlleM IOHCHANIIMNE KOMMEHTAPHU (TAKOH BHA,
MOAIPOTPAMMEl HA3BIBAKOT 3aTAYIIROM). 3aTeM HAMUINeM OCHOBHYIO
4acTh IPOTPAMMEL,

Program Interpretator;
Type PozInt = (0..MaxInt;
Var Line : String;

A, B : PozlInt;

Znak : Char;

Flag : Boolean;

Rezult : Integer;
Procedure Propusk(Stroka:S5tring; M:Byte; Var
N:Byte);
Begin
{——-lponyckaer nolpan CTosure npobefisl B CTPOKE
Stroka, HauMHasa ¢ CuMMBOJa HoMep M. B nepemerHoit N
nojy<aeT HOMEp NMePBOTO CHMMBOJIA, HEe SABIHRWEeIOCsa Ipo-—
Henom——--1

End;

Function Cifra(C : Char): Boclean;

Begin

{—-—-—-MNonyuaeT 3HaueHre True, ecnu cuMBCoen C SBIReTCH
uudpol, m False —B NpOTHMBHOM cnydae—-—-—-—-}

End;

Function Sintax(Stroka : String): Boolean;

Begin

{~——-CHMHTAKCHMUYECKMI KOHTPOJIL. HomydaerT BHAUYEHME
True, €ClIM B CTpOKe HeT IPYTUX CHMMBOJIOB KDPOMe LMEP,

2IHAKOB onepauuii, sHaka '=' u npoGence. B npoTuBHOM
caydae —False----}
End;

Function Semantika(Stroka : String): Boolean;
Begin

{----TpoBepdeT, COCTBETCTBYET JIM CTPYKTYpPa CTRO-
kM QopMmaTy 'a @ b =". EC/IM COOTBETCTIRYET, NOJIy4daeT
anauenume True, ecnu HeT — False---—-}

End;

Procedure Operand(Stroka : String; Var A, B : PcozInt;
Var Z : Char; Var Flag : Boolean);

Begin

{——---Bomenser ornepaHIH. [IporepsAeT MX Ha COCOTBET-—

CTBEME LONYCTHMMOMY IOMANA30HY =3HaYeHMI . [lepeMeHHasn

Flag nonyuvaer 3xavdeHue True, ecn¥ pesyleTaT Npo-—
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BEDKU TNONOXMTENLHEM, ¥ False — B OpOoTHMBHOM CJydae.
MpeobpasyeT olepaHIOsl B LeNHe [IOJICKUTENbHBE dYuciaa A,
B. B nepeMmeHHCOW 7 HOAY4YAET SHAK Clepauum—---}
End;
Procedure Calc{(A, B : PoziInt; Znak : Char; Var Rez:
Integer; Var Flag : Boolean);
Begin
[-——-Beluucnaser pesynbTar onepauuu. lpoBepser npm-—
HARDJEXKHCCTEL pRe3yNkTaTa OManas’oHy oT—MaxInt no
MaxInt. Flag — npM3HaK pesynbTaTa NPOBEepKM. Pesynb-
TaT olepauumM nonyidaercs B IepeMeHHCOU Rez----1
End;
Begin (----Hadanc OCHOBHOM YAaCTH NPOTPAaMMBI-——-}
Writeln ('BpenuTe BHpaxeHMe: '},
Writeln;
Read {Line) ;
If Not Sintax{Line)
Then Writeln ('HenonoyCTUMEIE CHMMBGJEL' )
Else If Not Semantika (l.ine)
Then WriteLn{'HezepHoe BupaxeHMue')
Else Begin
Operand(Line, A, B, Znak, Flag);
If Not Flag
Then Writeln ('CimuroM SoJbuMe oNepaHOH' )
Else Begin
Calc(A,B,Znak,Rezult,Flag);
If Not Flag
Then Writeln{'BonrwoW pe3yILTaT')
Else WriteLn{(Rezult)
End
End
End.

Bmopoii war gemaauzaiuy ~— COCTABACHHME NOAIPOTDAMM,

Procedure Propusk(Stroka:String; M:Byte; Var
N:Byte);

Begin
N = M;
While (Streoka[N] = " ") And (N < Length(Stroka))
Do
N := N+1
End;

Function Cifra(C : Char): Beoolean;
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Begin
Cifra := (C >= '0') And (C <= "9")
End;
Function Sintax (Stroka : String): Boolean;
Var I : Byte;

Begin
Sintax := True;
For I := 1 To Length(Stroka) Do
If Not ((Strokal[I] = ' ') Or Cifra(Strokal[I]) Or
(strokal[Il = "+') Or (Strckal[I] = '-') Or
(Stroka[I] = %'} Or (Strokal[I] = '="))
Then Sintax := False
End;
Function Semantika (Stroka : String): Boolean;
Var I : Byte;
Begin
Semantika := True;

Propusk(Stroka, 1, I);
If Not Cifra(Strokalll)
Then
Begin
Semantika := False;
Exit
End;
While Cifra(Stroka[I]) Do
I :=1+ 1;
Propusk (3trcka, I, I);
If Not((Strockal[I] = '+') Or (Strokall] = '—"}
Or (Strokal[l] = "x=')) ’
Then
Begin
Semantika := False;
Exit
End;
I := T+ 1;
Propusk (Stroka, I, I):
If Not Cifra(Strokalll}
Then
Begin
Semantika := False;
Exit
End;
While Cifra{StrokalI]) Do
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I =1+ 1;
Propusk{(Stroka, I, I);
If Strokal[l] < '="'
Then

Begin

Semantika ;=
Exit
End;
I =1+ 1;
Propusk (Stroka, I, I):
If I < Length(Stroka)
Then
Begin

Semantika := False;

Exit
End
End;

Procedure Operand{Strcka : String; Var A, B

False;

Var Z: Char; Var Flag : Bcolean);

Var P, Q0 : String:

I : Byte;

Code : Integer;
Function Error(5 : String):

Boclean;

{dyHKUMA NpMEMMaeT =BHadeHme True,
HaxXooUTCH YUMo, OpeBRRManies MakKcHUMMaJbHOS LleJoe, U

False — B NIPOTHBHOM clydae }
Const Lim = "32767';
Var I: Byte;
Begin
If Length(8) > 5
Then Error := True
Else If ILength(S)
Then Error
Else Errcr

A
wn

i

End;

Bagin
Flag := True;
I :=1;
Propusk(Stroka, I, TI}:
Q = "';

False
S > Lim

While Cifra(Stroka[I}l} Do

Begin

Q = Q + Strokalll:

PozInt;

ecqaM B CTpoke S
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End;
If Error(Q)
Then
Begin
Flag := False;
ExXit
End;
Propusk{Stroka, I, I);
Z 1= Strckallil;
I :=1+ 1;

Propusk{Stroka, I, 1):
P =11
While Cifra(Stroka[I]) Do

Begin
P := P + Strokalll;
I =1+ 1
End;
If Error (B)
Then
Begin
Flag := False;
Exit
End;

val (Q, A, Code);
val{P, B, Code)

{CranpapTHas npouenypa Val opeobpasyer urMdposyio
CTPCKY B COOTBeTCTEyRUee uMcne; Code — X0 cumbrH}
End;

Procedure Calc(A, B : PozInt;
Var Rez : Integer; Var Flag : Boolean);

Var X, Y, 4: Real;

Begin
Flag := True;
Y = A;
Z = B;
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Case Znak Of
' X =Y + Z;
-t X = Y-7;
T#'. X 1= Y % 7
End;
If Abs{X} > MaxInt
Then

Znak : Char;



Begin

Flag := False;
Exit
End;
Rez := Round(X)

End;

O6paTiTe BHUMaHHe Ha To, ITo YHKUHA ErTor onpeaeaeHa Kak BHY-
TpeHHAA B Iporeaype Operand, Tak Kak OHA HCIOAL3IYETCHA TOABKO B AGH-
HOM NIpoLeAype. ADYTHM IPOrpaMMHBIM MOAYASIM OHA He TpelyeTcs.

OKOHYATEABHO OOBEAMHUE TEKCTH MOANPOTPAMM C OCHOBHOH LIPO-
rpaMMOH, MOAY9HM pabodmil BapHaHT nporpamuil Interpretator. Te-
[Ieph €€ MOKHO BBOAUTH B KOMHOBIOTED.

OTrapKa M TECTHROBaHue nporpamMmsel. Hukoraa Heabss OHITE yBe-
PEHHRIM, YTO HanucaHHa#d UpOorpaMma cpasy OyAeT BepHOH [XOTa Ta-
KO€ ¥ BO3MOJKHQ, HO C YCAGKHEHMEM 3apdyuH CTAHOBHICH BCE MeHec
BEPOSTHEIM). A0 OKOHYaTeABHOTO pabouero COCTOSHHUS IPOTpaMMa A0-
BOAMTCA B IIpouecce omAagKu.

Omubxy B IporpaMMe MOTYT OBITE «S3BIKOBEIE» H aATOpHTMHYe-
ckue. [lepBrIe, KaK NpaBHAO, NMoMoraer OCHADYRNTE KOMIIHMAATOD C
Ilackaasi. 2To olIMOKH, CBA3aHHLIE C HapYHIeHHeM NPAaBHA A3HKa IIPOo-
rpaMMHUpoBaHus. VX TakyKe HA3BIBAIOT CWUOKAOMU BPeMeHU KOMIUAS-
Hui, TAK Kak OGHaApYKHBAIOTCA OHM HMEHHO BO BpeMs KOMIIHARIHU.
Cam KOMIMAATOD B TOH MAW HHOM diopMe BHIAAeT MOAB3OBATEAND CO-
oblneHne 0 XapakTepe OIIMOKH M €8 MeCTe B TeKCTe nporpaMmil. He-
MPABHE OYEPEAHYVI) OIMMOKY, NOAB30BATeAb IIOBTOpSAET KOMIMAAIIMIC,
M Tak DpoACATKaeTCHA AQ TeX IIOp, TOKa He BYAYT AMKBHAHPOBAHEL BCE
OHIMGKH 3TOTO THIA.

AATODUTMHYECKHE OIMMOKKA MOTYT NPDUBOAUTE K PA3AMYHBIM I10-
chepcTBHAM, HanpuMmep, MOTYT BOZHHKATE HEBRIIOAHHMBIC ACHCTBUS!
ABACHHE Ha HYAB, KOPEeHb KBAADPATHEIN M3 OTPHIATEABHOTO YMCAE, BhI-
X0/ MHACKCA 3@ TPAHMITEL CTDOKM M AP. 3TO owiufiKl BpeMeHU uCnoAHe-
HuA, ¥ OHU NPHBOAST K INPEPRIBAHUIO BRIIOAHEHHA NporpaMMel. Kak
1IPABHAC, HMEITCH CHUCTE@MHEIS IPOTPAMMHBIE CPEeACTBa, IIOMOraliie
B IIOKMCKe TAKUX OROOK.

Tarske MOTYT BO3HHKATh CUTYAllHH, KOTAQ aATOPHTMHYECKHe OlIHO-
KH He HPHBOAAT K IIpepPHBAHHI) BHIIOAHEHHA NPOrpaMMHL. [Iporpam-
Ma BHINIOAHAETCA AO KOHIIA, BHIAQIOTCA KaKHe-TO Pe3yABTaTHl, HO OHH
He BepHHE. AA OROHYATEABHOH OTAGAKHM aATODHTMA M @HAAM3a €rc
MPAaBHALHOCTH [IPOH3BOAWUTCH MECMUPOBUHUE, T.€. BLHIICAHIETCH
mecm — BAPMAHT DeIleHHd 33AA9H, AR KOTOPOTO 3a8PaHee U3BeCTHRI
pe3YABTATHL. Kax mMpaBHAO, OAMH TECTOBHH BAPHAHT HE MOMKET AOKA-
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3aTh NMPaBHABHOCTE OporpaMMel. CASACRATEABHO, ITPOTPAMMMUCTE AOA-
JKeH MPHAYMATE CHCTEMY TeCTOB M COOTRETCTBEHHO FAAH TeCTHPOBA-
HHA AAT HCUePIEIBAIOIMEro MCITHTAHKS BCel IpOTpaMMa,

Kak y>Re TOBOPHAOCH, KaYeCTBEHHAS IporpaMMa HH B KaKOM BapH-
@HTe He AOAHA 3aBEpUIMTLCA aBapuiiHO. TecTH IIPOrPaMMBI
Interpretator AOACKHEI NPOAEMOHCTPHPOBaTh, UTO IIPH NPaBAALHOM
BBOAE MCXOAHOHM CTPOKHM BCeTAd OYyAyT NOAyYaThCs NpPaBHABHEIE pe-
3YABTATEL, @ IPH HAAUYWHK OMMHUOOK (CHHTAKCHYECKHX, CEeMaHTHIECKUX,
BLIXOAA 33 AONYCTHMELH AMANA30H 3HAYEHMH)] -~ COOTBCTCTBYIOLHE
cooburenus. ITaanr TecTHPOBAHHS Hamel NPOTPAMME MOXKET OHITh,
HalpUMep, CACAYIOILIUM!

Ne /o YTo BBOAMM Yro ACAIKEC TIOAYIHTECA
1 25+73= 98
2 5274 -12315= -7041
3 614%25= 15350
4 25,5+ 31,2= HeponyCTHMEIE CHMBOALI
5 S5=6-1 Heseproe suiparenne
6 F2315-256= CAHIIKOM OOABIINE OLE PaHAB
? 32000 » 100 = BOARIION PE3YARTAT

IMpaBUALHOE NIPOXOXMACHHE BCEX TECTOB — 3TO HeoOXOAUMOE YCAO-
EMe NMPABHABHOCTH IIPOTPAMMBl. 3aMeTHM, OAHAKO, 9T0 AQHHOE YCAO-
BUE HE BCETAA ABAAETCH AOCTATOUHEIM. YeM CAOKHEee (porpaMma, TeM
TPYAHEE OCTPOHUThL UCUEPIEIBAIOIIHI MAGH TecTHpoBaHuA. OIHT 0o-
Ka3BIBAET, UYTO AAKe B «(DUPDMEHHEIX» IDOTpaMMax B HpOIecce 3KC-
[IAYATaUVH OBHAPYKUBAKOTCA OWHOKY, T.e. MPo6AEMa TECTHPOBAHUA
MPOrpPaMM&BI — OUeHb BA)KHAA M OAHOBPEMEHHO OUeHb CAOMKHAS.

PEKYPCVIBHbIE METOAb!

CyTb PEKYPCHBHEIX METOAOB — 3TO CBEACHHE 3dA@4H K caMoH cebe.

Kak y>Re roBOpHAOCE, B Ilackane cymecTByeT BO3MOMKHOCTE DEKYD-
CHBHOI'O ONpepeAeHHs (DYHKIME W OpOIeAypP, Pearr3IoNHX peKyp-
CHBHELE BATOPHUTMEL. OAHAKO CO3MATH PEKYPCHBHEIN aATOPHTM peille-
HUS 3aA8YH 4aCTO ORIBAET O4eHb HellpoCTOo.

PaccMOTPHM KAGCCHUECKYI) 38AATY, M3BECTHYIO B AUTEpPaType HOA
Ha3paHHeM «XaHoMcKasa SamnA» (puc. 3.3).
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B C

Puc. 3.3. 3apava o xaHonckon GawHe

Ha naoiiaake (HazoreM ee A) HAXOAMTCH TUPAMHAR, COCTaBACHHAS
H3 AHCKOB YMEHBIIAMIIEIDCT OT OCHOBAHUA K BEDIIMHE pasMmepa, OTy
IHPAMHAY B TOM e Buae TpeOdyeTcs NepeMecTHTh Ha IACIIAAKY B
[Tpu BEIIOAHEHHH 3TOH PabOTHl HEOOXUAMMO CODAIOAATL CAGAYIONTHE
OrpaHuYeHHSs:
m TepeKAaABIBATE MOJKHO TOABKO OO OAHOMY AWCKY, B3ATOMY
CBEpPXy MHPaMHARL;
B KAACTH AHCK MOKHO TOABKO WAM H& OCHOBaHHWE ITAOIIAAKH, HAH
Ha AMCK BOABINIETO pasMepa;
m B Ka9eCTE€ BCIIOMOTATEABHON MOMKHO HCIIOAB30BATE HACIIEAKY C.
Haspanue «XaHoWcKasg OallIHA» CBIA3aHO C AETE€HAOH, COTAACHO KO-
TOPOH B AABIINE BpeMeHa MOHaXHM OAHOTO XaHOHMCKOTO XpaMa B3SAHCE
1IepCMEeCTHTE 110 3THUM IPaBHAAM GallHIo, COCTOAIVIO H3 64 AMCKOB.
MoHaxu Bce ellle paGoTaOT | €IIC AOATO OyAyT paborars!
HeTpyaHO pemINTE AGHHVIO 38A39Y AAS ABYX AHCKOB. ODO3HaYHEB
nepeMellleHUs AUCKa, HanpuMep C TIACHAAKH A Ha NAOAAKY B Kak
A = B, 3anmIileM aATOPHUTM AAS 3TOTO CAyYas

A= C A= B C=8B5,
T.€. BCEr0 TPH XOAA.
AATOPHTM peLISHHS 1aAa9U AAS TPOX AUCKOR OYAST AAMHHEE:
A=>BA=>CB=2CA=BC=AC=8BA—>2B

T.€. YK€ CceMb X0AOB.
OnOpepeArTsE TUCAC XOACE N AAS K AMICKOB MOKHO IO CACAYIOLICH

peKyppeHTHOH hopMyAe:
N1 =1, Nk)=2xNk - 1} + 1.
Taxg, noayunm THCAO X0p0B N(10) = 1023, N(20) = 104 857, a N(64) =

= 18446744 073709551615, T.e. CTOABKO NepeMElIeHHMH NOpHAETCH
CAEAATE XaHOWCKHM MoHaxaM. ITonpobyiTe NpOUMTETL 3TD YUCAD.

199



Tenepkb cocTaBHM NPOrPaMMy, NO KOTOPOH MalllMHa PACCIHNTAeT dA-
ropuT™ pafoTH MOHAXOB H BEIBEAET ero AAS AXDOOrO dHcAd AMCKOB N,
ITycTe Ha DAomMaaKe A HaXOAMTCA N AMCKOB, TOTAQ AATOPHTM peHnleHHs
33apa49u DYAET CACAYIOIIKM:

1. Ecaut N = (), TO HHYErO He HAAC ACAATD.

2. Ecau N > 0, 10 crepyer:

m nepeMmectaTe N — | AUCkoB Ha C uepes B;
= [lepeMeCcTHThL AMCK ¢ A Ha B (A = B);
» nepemecTwTb N — 1 parickos ¢ C Ha B uepes A.

[pu BEIIOAHEHHMHM ETOPOro MYHKTA GATOPUTMA [IOCACAOBATEABHO OY-
A€M MMETL TPH 3Tala NepeMelleHys AHCKOR, NOKa3aHHbe Ha PHUC. 3.4.

OuHcanHMe aATOPHUTMa MMeeT SIBHO PCKYPCHBHBIN Xapakrep, [lepe-
MemceHHe N AMCKOR OIIHCHIBAETCA Yepesd nepeMeniene N — 1 AUCKOE.
A TAg JKe BEIXOA M3 DTOH IOCAEADBATEABHOCTH PEKyPCUBHLIX CCHIAOK
aATopuTMAa Ha camora cets? OH B IepBOM IIYHKTE aATOPUTMA, KaKHM
OHl CTPAHHLIM He Ka3anoCh eFo TPHBHAALHOe COAepIRaHUe.

A Tenepb NOCTPOHM HPOTpPaMMy pellleHHs paccMaTpHBaeMol 3apa-
1 Ha Tlackane. B Heil HMeeTCsi peKypcHBHas nmponeaypa Hanoi, Bsl-
[IOAHEHHe KOTOPOH 2aKaHdHBaeTcs ToAakKO npu N = . Ilpu obpawe-
HHH K 3TOH IIPOLeAYPe UCIIOAB3YIOTCA (DAKTHIECKHE UMEHA MTACLIAAOK,
33AAHHBIE COOTBETCTBEHHO WX HoMepaMi: |, 2, 3, NO3TOMY Ha BBIXOAE
LIelo4Ka NepeMeIlleHH A OYAST OIMCHBATBCH CASAYIOIHM o0pasom:

1=221=32=3ura.

ITporpaMMa penleHMs 3aAa9M GYAET MMETh CASAYIOLHI BHA;

Program Monahi;
Var N: Byte;
Procedure Hanol (N: Byte; A, B, C: Char);
Begin
If N > 0 Then
Begin Hanci({N-1, A, C, B);
WriteLn{A, '=>', B):
Hanoi (N-—-1, C, B, A)
End
End;
Begin
WriteLn ('YxaxuTe 4YMCAO OAMCKOBR: ') ;
ReadLn (N) ;
Hanoi (N, '1', '2', '3")

End.
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Jran 1

A B C

Puc. 3.4. Tpy atana nepemeLleHUA QUCKas

OTO 0OAHA M3 CAaMBIX YAUBHTEALHBIX IporpamM! NonpobyiiTe Boc-
MpOHU3BECTH €e Ha MallluHe. [IpocAeplTe, Kak H3MeHAeTCAd YHCAO XO-
ACB C pocTaoM N, AAS 9er0 MOKeTe caMu A0DaBUTE B IPOrpaMMy CHeT-
YHK XOAOB H B KOHIIE BREIBECTH €0 3HAYEHEe HAH [I€YATATH XOALL C [10-
PAAKOBBEIMH HOMEpPaMH,

METO/bl NEPEEOPA B 3AJAYAX NOUCKA

PaccMOTPHM HEKOTOpPbIe 3aAaYH, CBA3AHHLEIE ¢ MPOOAEMON MOHCKA
HHQOPMATTWH. JTO OTPOMHBIM KAACC 38AaY, AOCTATOYHO TIOAPOOHO
ONHCAHHBIA B KAGCCHYECKON ANTEPaType N0 NPOrpaMMHPOBaHHIo,

O6IMA CMLICA 3889 [MOHMCKA CBOAMTCA K CAEAYIOLIEMY: H3 AAHHOMH
HHOpMAIMK, XpaHsdileiica 8 navMaTd 3BM, BLIOpaTE HeoGXoAWMMEIE
CBEACHHUS, YAOBACTBODAIIIHNE OIPEASACHHEIM VCAOBUSIM  (KpHUTE-
pUAM]).
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[MopobHBIE 38Aa4M MEl VK€ paccMaTpHBaAd. Hampumep, TOMUCK
MAXCHMAABHOI'O YHCAA B YHCAOBOM MacCHBe, IOHCK HeODXOAMMOLH 3a-
nucH B daline AGHHEIX U . A. Takol TOWCK ocyIecTBASIeTCH epebo-
POM BCEX 3AEMEeHTOB CTPYKTYPHl AAHHBIX M MX NPOBEPKOM HA CODAIO-
A€HHE YCAOBHH ITOUCKA.

TTepebop, IpHu KOTOPOM MPOCMATPHUBAFOTCH BCE SAEMEHTHl CTPYKTY-
PEL M KOTODHIH HAa3BEIBAETCA NOAHLIM hepefopoM, ABAAETCH «AOGOBBIMY»
CcnocoGoM IIOHMCKA M, OUeBUAHO, He BCeraa CaMbBIM AYUIIIHM.

PaccmorpumM npumep. B opaHOMepHOM MaccuBe X 3aAAHEI KOOPAH-
HaTeE N TOYeK, ACKAUIMX I11a BCIIeCTBEHHOH 4YHCAOBO#H ocH., TOURH
poHyMepoBaHul. X HOoOMepa COOTBeTCTBYIOT MOCASAOBATEALHOCTH B
maccuse X. TpebyeTcs ONpeAeAHTH HOMED NMepBOM TOYKH, HaumboAee
VAAACHHOH OT HaYaAda KOOPAWHAT,

AerKko MOHATE, UTO 9TO 3HAKOMAS HAM 3aAdua OIIPEeACACHUS HOMEpPa
HAUOOABIIETO MO MOAYVAK) SABMEHTd MacCHUBa X, KOTOpasi pelaercs
MOCPEACTBOM ITOAHOI'C ITepefopa:

Const N = 100;
Var X : Array[l..N] Of Real; I, Number : 1..N;
Begin
{-—-—--BBomg maccupsa X--—---}
Number := 1;
For I := 2 To N Do
If Abs(X[I]) > Abs{(X[Number])
Then Number := I;
WriteLn (Number)
End.

3aeck OAHLIN HDepebop SAEMEeHTOR OAHOMEPHOTC MACCHBA IIPOH3-
BOAHTCA C [OMOIIBE) OAHOH ITMKAMYECKOR CTPYKTYDBL.

A Tellepk HpH TeX e MCXOAHLEIX AAHHBIX OIPEASAMM Iapy TOUEK,
PACCTOsIHME MeSKAY ROTOPHEMU HAMBOALIICE.

IlpuMensas MeTop Ilepefopa, 3TY 3apa4y MOXKHO PCIIHTL CAEAYIO-
UM 06pa3oM: mepeGpaTh BCe IMaphl TOYeK 13 N 3aAQHHEIX U OLPeAe-
AUTE HOMEpA TeX U3 HUX, DAcCToSHHEe MeXKAY KOTODHMU Hauboanlee
{(HaMOOABITHHA MOAYAB Pa3HOCTH KOOpAMHAT). Takoi noaHBIN mepedop
Pearr3yeTca 4epe3 ABa BAOKEHHBIX ITHKAQ:

Numberi := 1;

Number? := 2;

For T := 1 To N Do
For J := 1 To N Do
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If Abs{X[I] -X{J] > Abs (X[Numberl] —X[Number2])

Then
Begin
Numberl := I;
Number? := J
End;

OpHAKO OYeBMAHO, UTO TaKOe pelleHIe 3aAayd HepalHoHAaALHO.
3aech KRAAS Iapa To4eK OYAeT MPOCMATPHBATHCA ABASKABI, HAIIPH-
Mepupu I=1,J=2unl=2 J=1. Aag cayuaa N = 100 BemonrHeHde
IHKAOB OypeT moBTopATECA 100 x 100 = 10000 pas.

BeimoAHeHHE NPOTPAMMElI YCKOPHUTCH, €CAH MCKAIOYUTL NOBTOpPEe-
uHg. McrAIOUHTE TakKe CAeAyeT W coBllapeHud sHadenudt I u J. Torpa

. N(N -1 _
YHCAO HOBTOPEHUH [[HKAA DyaeT PABHO — T.e. npu N = 100 no-
AyuHTCs 4 950 nOBTOpEHUIH.

AAS HCKAIQYEHHS] IOBTOPEHHM B IPEARIAYIIEH NPOrpaMMe CACAYeT
H3MEelNTh HaYaA0 BHYTpeHHero uukaa ¢ 1 wa [+ 1. Toraa nporpamMa
NIPHMET CACAYIOIHIA BHA,

Numberl := 1;

Number?2 := 2;
For I :=1 To N Do
For J :=1 + 1 To N Do

If Abs(X[I] ~-¥X[J]) > Abs{X[Numberl] -
X [Numbear?])
Then
Begin
Numberl
NumberZ
End;

PaccMOTpeHHEIH BapHaHT aATOPHTMAa Ha3oBeM nepebopoMm Ge3 no-
BmopeHuil.

Mpumeyadue KoHeUHO, 3Ty 3apaYy MOXKHO DEIAC PEIIUTE U ADYIHAM
cnocoboM, Ho B AQHHOM CAVYae HAC WHTepPeCOBAN HMEHHO MepebopHHIN aA-
TOpUTM, AAR TOUeK, PACTIOAOKEHHEX He Ha NPAMOH, 4 Ha TAOCKOCTH UAH B
IPOCTPAHCTRE, IOHUCK AALTEDHATHBH NepefopHOMY GATODHUTMY CTAHOBHTCA
BeCEMa TPOBAEMATHHEIM. '

B caeayromieil 3apave TpelGyercs BHIOparTs BCe TPOMKM uuncen Ge3
MOBTOPEeHHH M3 MaccHBa X, CyMMa KOTOPHIX PAaBHA AECSTH.
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B 3TOM CAyYae aAropuUTM GYAET COCTOATE U3 TPeX BAOKEHHELX IHK-
AOB, UMEIOLIHX [IePEMEeHHYIO AAUHY:

Foxr I :=1 To N Do
Foxr J := 1 + 1 To N Do
For K :=J + 1 To N Do
If X[I] + X[J] + X[K] = 10

Then WriteLn(X{I], X[J], X[K]):;

A Teneph NpeACTaBETe, HTO M3 MaccHBa X TpeOyercs BBIOpATh Bce
TPYIIEL YHCEA, CYMMa KOTOPBIX PaBHa AeCATH. KOAMYECTBO YUCeA B
rpynnax MoxXeT OnTh AJOOERIM, T.e. oT 1 Ao N. B aToM cayuae koande-
CTBO BAPHAHTOB nepebopa pPe3ro BO3PAcTaeT, & CaM AATOPHTM CTaHO-
BHTCA HETPHBEHAABHBIM.

Kaaanoce 6v1, Hy U wT0? Mammaa paGoraeT 6ricTpo! M Bee ke mo-
cyHTaeM. HUcAO pasAuvHLIX IPyNIl H3 N 0GBeKTOB {BKAKIYAA TYCTYEO)
cocrasager 2V, Flpu N = 100 ato Gyaer 2'° = 10, CreporaTeAbHo,
KOMMBIOTEDP, PaOOTAIONINI CO CKOPOCTEIO MHAAHADA ONEpalHil B ce-
KyHAY, OVAST OCYIIeCTBAATE TAaKoH nepeGop npubauzuteavHo 10 aer.
AasKe HCKAIOYeHYE MepecTaHOBOYHLIX NOBTOPEHHH He CASAdEeT TAKOH
mepebopHLIH aArOPHTM [IPAKTHYECKH OCYIIeCTRHMEIM.

[TyTh nNpakTUYeCKOH PAa3peHIMMOCTH MOAOOHLIX 333AQ4 COCTOMT B
HaXOKACHUH cnoco00B HCKAIOYeHUS U3 nepefopa 6ecnepCeKTUBHLX
C TOYKH 3DEHHS YCAOBHs 34AQ4YM BAPHAHTOB. AAS HEKOTOPHIX 33pa4
3TO YAQETCS CACAATEL C NOMOLIBK) AATOPHTMAE, ONMHCAHHOTO AdAaee.

PaccMOTPHM aATOPUTM NepeOopa ¢ BO3BpaMoM Ha PAMEepe 33pauu
O NpOXOXRKAeHNU AabupuHTa (pHC. 3.5).

AaH AaOHpPHHT, OKa3aBIINCE BHYTPH KOTOPOrO HeobOX0AMMO HAUTH
BHX0A M3 Hero. [lepeMeliaThc MOKHO TOABKO B FOPH3OHTAaALHOM H
BEPTHKAALHOM HallpaBAeHHAX. Bce BapHaHTH DyTel BHIXOAA M3 LieH-
TPaABHOH TOYKHA AADHMPHHTA MOKa3aHbl Ha pHC. 3.5, ... B.

a

Puc. 3.5. BapuaHte! (g...8] nyTef npoxoxgeHua nabupuHTa
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[Mpu co3paHUH ITPOrpPaMMEl PeIIeHHA 3TOH 3aAa4YH BCTAIOT ABa BO-
ITpoCca: KAk OpraHH30BaTh AGHHEIE H KaK IOCTPOMTE GATOPHTM ?

HUndopmMarmio o dopMe AabupuHTa ByaeM XPaHUTh B KBAADATHON
maTpHile LAB CUMBOABHOIO THIIa, pasMepoM N X N, rae N — Heder-
HOe YHCAO (JTOOH MMETE IeHTpaABHYIe TOUKY). Ha npoduar rabu-
PHHTA HAKAAABRIBAETCA CETKA TaKKM 00pa3soM, UTODEl B KaRAOH ee
AUeiKe HaX0AHMAAChk AMO0 cTeHa, Ar0o IpoxoA. MaTpHua orpaskaer 3a-
IIOAHEHHE CETKH: SAEMEHTaM¥# HPOX0AQ COCTBETCTBYIOT Mpobea, a 3ae-
MeHTaM CTeHBI, — KakOH-HUOYAER CHMBOA, HanpHMep Byksa «Mb», ITyTe
ABVJKEHHS 1O AaDHPHHTY DyAeT OTMeYaThCs CHMBOAAMH «+». Hanpw-
Mep, puc. 3.5, 6 COOTBETCTBYET 3allOAHEHHIO MAaTpHubl LAB, npuse-
AEHHOMY Aaaee,

M M M M M M M M M M M
M + + + M

M M + M + M M M M
M + M + M M M M M
M M + M + M M
M M + M + + M M M M
M M + M M M M M M M M
M M + + + M
M M + M M M M M
M M M M + + + + + M
M M M M M + M M

HcxopHbIe AGHHEBIE AAS aHaAK3a — TpodHAb AAOMpPHHTA (MCXOAHAS
MaTpuiia LAB 6e3 KpecTHUKOB); TpeOyeMEIN PE3YABTAT — BCE BO3MOK-
HBIE TPACKTOPHH BHXOAA U3 [[EHTPAABHOH TOUKH AAOUPDHHTA (AAS KaXK-
AOTO ITYTH BEIBOAMTCS MaTpHIla LAB ¢ TpaeKkTopuel, 0TMEUeHHOH Kpe-
CTHKaMH),

AATOpPHTM nTepebopa C BO3BPATOM TAaKKe HA3EBIBAIOT MemogoM npod,
H CYTh €T0 COCTOMT B CASAYIOILEM.

1. M3 xampa0i o4epeaHO# TOYKH TpaeKTOpPHH NPOCMATPHBAIOTCA
BOZMOKHEIE HATPABASHHA ABHJKeHHsI B OAHOH M ToH »Ke IOCAeA0Ba-
TeABHOCTH. AOTOBOPHUMCA, UTO [IPOCMOTP OVAET NPOUCXOAWTL KA RABIHN
pa3s OpOTUB 4YacOoBOH CTPEAKH (CIpaBa— CBepXY — CAeBa— CHHUIY);
AT [IPOH3BOAKTCS B IIEPBYIO Ke 00HAPY’KEHHYVIO CBODOANYIO COCCA-
HIQIO KACTKY, KAETKA, B KOTOPYIO CACAQH 1A, OTMEeYAeTCH KPDeCTHKOM.
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2. Ecau U3 ouepeAHOM RAeTKH Aaabliie IIyTH HET (TYNHK), crepyeT
BO3BPAT Ha OAHMH AT Ha3aa U [IPOCMOTD eifle He HCIPOBOBAHHBIX ITy-
TeH ABHJKEHMH M3 3ToH Touku. [Ipu BO3BpalleHHH Ha3ap IOKHHYTaA
KAETKA OTMedaeTcsa IpobeAaoM,

3. EcAu ouepeaHas KAETKA, B KOTODYIO CAEAAH AT, OKA3daAach HA
Kpaid AabMpHHTA (Ha BHIXOAE), HA TICYATE BHIBOAWTCH HAMACHHLIN
Ty Th.

[Tporpammy GyaeM CTPOHTH METOAOM NOCAEAOBATCABHON ACTAAH3A-
unu. TTepBHIE 9TAl AETAAN3AIHU!

Program Labirint;
Const N = 11; {pazmep nadbupreETa N X N xneTox}
Type Field = Array[l..N, 1..N] Of Char;
Var LAB : Field;
Procedure GO(LAB : Field; X, Y : Integer);
Begin
{Momck OyTeld M3 ueHTpa NabMpHMHTAa 00 Kpas — KaxIeid
HaMOeHHL NMyTL NevaraeTrcs)
End;
Begin

{Beocr nadupuuTa}

GO(LAB, N Div 2 + 1, N Div 2 + 1) {HaumHaem C

cCepeantn}

End.

IMponeaypa GO nHTAaeTCH CALAATH LIAr B KAETKY C KOODAMHATAMH
(X Y). EcAr 3Ta KAETKA OKa3BIBAETCH Ha BRIXOAE M3 AaDHDHHTA, BHIBO-
AUTCS Ha TedyaTh IPOHACHHLIM ITYTh, €CAH e HEeT, TO ACAAETCd Iar B
COCEAHIOI0 KAETKY B COOTBETCTBMHU C YCTEHOBACHHOI paHee IOCASAQ-
BaTEeABHOCTBIO. ECAHM KAESTKA TYIIMKOBas, AeAaeTcsl war Hasap,. K3 see-
rO CKA3AHHOI'O CAEAYET, ITO HMpOIleAypa HOCHT PeKyPCHBHEIH Xapak-
Tep.

3anunreM cHayara OGLIYK) CXeMy OPOIeAYDE Be3 AeTarH3aIium:

Procedure GO{LAB : Field; X, Y : Integer):
Begin
If {Kmerxa (X, Y) cecOopgHat}
Then
Begin
{liar Ha KneTry (X, YY)}
If {Jommu oo kKpad nabupuHTa}l
Then {lleuaTaeTcAa HaMOSHHBIT OYTB }
Else {[lonmTka cIenaTk Lar B COCeIHUE KISTKM B
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VCHOBIEeHHON IOCNedoBaTeNlbHOoCTH }
{BosppauleHMe Ha OOMH WATD Hazan}
End
End;

AAST BRIBOAR HAUACHHEIX TPAeKTOPUH ABMIKEHHS COCTaBASeTCs IIPo-
neaypa PRINTLAB.
B OKOHYATEALHOM BHAE IMPOrpaMMa OYAET HMeTh CASAVIOIIIHH BHA;

Program Labirint;

Const N = 11; {PasMep nabupmara N XN xieTox)
Type Field = Array[l..N, 1..N] Of Char;

Var LAB : Field; X, Y : Integer;

Procedure PRINTLAB (LABE : Field):

{IleyaTe HAMIOSHHOI'O NYTH B JabUpHMHTE}

Var X, ¥ : Integer;

Begin
For X := 1 To N Do
Begin
For ¥ := 1 To N Do

Write{LAB[X, Y]):
Writeln

End;

Writeln

End; {lleuaTwn)
Procedure GO (LAB : Field; X, Y : Integer);

Begin
If LAB[X, Y] = ' ' {Ecnmu xneTxa cBoBondHal
Then
Begin
LAB[X, Y] := '+'; {JenaeTcsa mar}
If (X =1) Or (X =N) Or (Y = 1) Or (Y = N} {Kpan}
Then
PRINTLARB (LAR) {lleyaTaeTcs HaAWIeHHBIA OYTE}
Else
Begin (llouck crnenyvemero warat
GO(LAB, X + 1, Y);
GO (LAB, X, Y + 1);
GO(LAR, X-1,Y);
GO (LAB, X, Y-1)
End;
LAB[X, Y] := ' ' [BozspalleHKe Haszan}
End
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End; {lpouenyps GO}
Begin {OcHOBHOK OpOrpamMMe }
{Bpon natupwunral

For X := 1 To N Do
Begin
For ¥ := 1 To N Do
Read (LAB[X, Y1);
ReadLn
End;
GO(LAB,N Div 2 + 1, N Div 2 + 1) {HaumMHaeM C cepe-—
IOIAHRE}
End.

JTo ellle OAMH MPUMep KPacHBOH MpOTPAMMEI ¢ UCHOAB30BAHHEM
PEKYPCHBHOI'O ONPEASASHHA IIPOIIEAYDEL

CxeMa aAropHTMa AAHHOH IIPOTPaMMEl THIMYHA AAA MeTOAa Mmepe-
Oopa ¢ Bo3BpaTtoM. [lo aHAAOTHYHBEIM GATOPHTMAaM PEINaloTCs, HAIpU-
Mep, NONYAApHEBIe 3aAa4i 00 006x0ae MaxXMaTHON AOCKHM (PUTYPAMH HAH
0 PacCTaHoBKe QHIYP Ha AOCKE TaKUM 08pasoM, 9To0E OHH «HC OAAMY
ADYT APYTa, 8 TAKJKe MHOJKeCTRO 3aAd4 ONITHMAABHOTO BEIOOpa (3apa4H
0 KOMMHBOSKEpe, 00 ONITHMAaABHOM CTPOHTEABCTBE ACPOT M T.A.).

I IlppMeyanne. HMi-za ucnoaszoBanusi MmaccHiBa LAB B kKauecTre
napaMeTpa-3HaYeHHd B nponcAype GO MOryT BO3HHKHYTE MpofAeME! C MaMs-
TBIO IPY UCTIOAHEHHH nporpaMmul Ha 2BM. B aroMm cayyae caeayeT mepefit K
rA0GaABRHOH NepeAgve MacCHBa

METO/1bl COPTUPOBKW AAHHbBIX
W CNOXKHOCTb ANTOPUTMOB

Chosiknocrs asropurMoB. CHagana oOCyAMM IpobaeMy OHEHKH
CAOKHOCTH aAropurMa. TPAAUIIMOHHO NPHHATO ONECHHBATL CTelleHb
CAOJKHOCTH GATOPHTMA II0 0OBeMY MCIOAB3YEMEIX MM OCHOBHEIX pe-
CYpPCOB KOMNELIOTEpa: IIPOIEeCcCOPHOro BpeMeHu H ONepaTHBHOM HaMa-
TH. B CBA3M ¢ 3THM BBOASATCA IOHATHA BPeMEHHOU U 00beMHOl CAGXK-
HOCIMU AATCPHUTMA.

BpeMeHHAR CAOKHOCTH CTAHOBHTCS OCOOEHHO BasKHa AAT 3a3AY,
NPeAYCMATPHBAKOIIHX WHTePAKTHMRHWH PEeXKUM paGoTEl MPOTPAMMEI,
MAH AM 38739 VIPABACHUA B PEKHMME DPeaAbHOTro BpemenH, Hacro
NPOTPEMMHCTY, COCTABASIIOIIEMY TIPOTPaMMy YIPABACHHS KaKHAM-
HHOYAR TEXHHYECKHM YCTPOHUCTBOM, HPHXOAUTCAI UCKATE KOMIIPOMHACC
MEKAY TOYHOCTBIC BBIYHCAEBHWH H BpeMeHeM paboThl mporpaMmel. Kak
NPaBHAO, NOBEIEAKHE TOCUHOCTH BEAET K YBEANYEHHIO BPEMEeHH.
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O0GnLeMHas CAOMHOCTD IIPOI'PAMMEL CTAHOBUTCA KPUTHIECKOH, KOT-
Ad 06heM o6pafaThHIBACMEIX AQHHAIX OKA3EIBaeTCHd Ha NIpeAeAe oObeMa
otlepaTuBHOE namsTy 3BM. A COBpeMeHHBIX KOMOBIOTEPOB OCTPO-
T8 3TOH NpofAEMEHl CHHJKAeTCA Oaarcpaps pocty obnema mx O3Y u
2thPEeRTHBHOMY HCIIOAB30BAHHIO MHOTOYPOBHEBOHM CHCTEMBI 38II0MH-
HAKIHX yCTpoicTe. [IpH 3TOM IpoTrpaMMe CTAHOBHTCS AOCTYTIHOM
OYeHb OOABIIASA, IPAKTHYECKM HeorpaHHYeHHas 00AACTE IaMATH {BHP-
TyaAbHas MaMATh), H HEACCTATOK OCHOBHON [aMATH IIPHBOAMT AWINE K
HEKOTOPOMY 3aMEAASHHUIO PAabOTHI M3-3a BHNOAHeHHS 0OMEHOB C AMC-
KoM, CymIecTBYIOT NpHeMEl, HO3BOAHIONINE MHHMMH3UPOBATE IIOTEPH
BPEMEHH NPH TakoM oOMeHe: HCHOAB3OBAHME KelI-ITaMsATH M alnapar-
HOTO TPOCMOTPA KOMaHA, IPOTpaMMEL BIIepes, UTO N03BoAseT 3abaaro-
BPEMEHHO [IePeHOCHTE C AWMCKA B OCHOBHYIO HaMAThH HeoOXOAHMEIE
srayedys. V3 ¢ka3aHHOro MOKHO 3aKANOYHTE, YTO MUHUMK3AIML eM-
KOCTHOH CAQKHOCTH He ABASISTCH IePBOOUYEPEAHOH 3apguel, Io3ToMy
Adree MBI GYAEM HMHTEPECOBATLCI B OCHOBHOM BPEMEHHOH CAOMKHO-
CTBIO AATOPHTMOB,

BpeMsa BBIIOAHEHHA NPOrPAMMBL IPOUIOPIHOHAABHO YUCAY HCIIOA-
HASMEIX oHepaldd. PasymeeTcs, B eAMHHIAX BpEMeHH (C) OHO TAKXe
3aBHCHT W OT CKOPOCTHA paboTH Opoleccopa. AAd TOro ¥ToCHI IoKasa-
TeAL BPEMEHHOH CAOMKHOCTH aATOpHTMa ORIA HHBADHUAHTEH TeXHHYe-
CKUM XapaKTepPHCTHKAM KOMIIBIOTepa, €ro M3MepsaioT B OTHOCHTEeAb-
HBIX epUHUlax, OOBIYHO BpEMEHHAS CAOXKHOCTE OLEHHBAETCH YHCACOM
BBLINOAHSEMBIX ONepalii.

Kak npaBrAc, BpeMEHHAA CACXKHOCTE AAIOPHTMA 3aBUCHT OT HCXOA-
HEIX AAHHBIX, [IPUYeM KaK OT BeAWYHH, TaK ¥ oT uxX obwema. Ecan obo-
3HAYHTH 3HAYCHHe HapaMeTpa BpeMeHHIH CAOKHOCTH aATOPHTIME O
CHUMBOAOM T, & HEKOTOPHIM YHCAOBOU [IapaMeTp, XapaKTepH3YIOIHH
WCXOAHRIE AGHHEIE, OYKBOH V, BpEMEeHHYIO CAOKHOCTL MOXHO NPEACTa-
BuTh Kak pyHKunio T, (V). Beibop napamMeTpa V 3aBHCHT OT THIa penia-
eMOU 38AATY BAM BHAA HCIIOAB3VEMOTO AAS DellleHHs aATOpPHTMA,

Mpumep 3.1. Tpefiyercs oUeHUTH BPEMEHHYIO CAOKHOCTE @ATOPHTMA BHI-
uMcAeHHA QaKTOPHaAd LEAOIO MOAOKUTCALHOTO UHCAA.
IMporpamma petueHus:

Functioen Factorial(x : Integer) : Integer;
Var m, i : Integer;
Begin
m := 1;
For i := 2 To x Dom :=m * i;
Factorial :=m
End;
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TMopcunTaeM ofliee YACAO ONepalnH, BRIIOAHACMEIX IPOTPAMMOH NIpU
AAHHOM 3HATeHMH X, OABH Pa3 BRINOAHSRTCH ONepaTop m = 1; TeAo LUKAA (B
KOTOROM ABe OlePauuM: yMHOXEHUEe U IIPHCBAuBaHKue) BBIIOAHgeTCH (X — 1)
paz; OAMH pa3 RRIToAHseTCS NpucBanBanue Factorial := m. Ecan kaxayo uz
OTMIePATIME PUHATE 38 eAUHWITY CAGIKHOCTH, BPEMEHHAST CAOXKHOCTE BCETO aa-
ropuTtMa GyaeT HMeTh BAA, 1 + 2(x — 1) + 1 = 2X, OTKypd NOHATHO, 4TO B Ka4ecTse
napaMeTpa V CAGAYET TDHHATL 3HadeHue X. (DYHKIHA BpeMeHRON CAORHOCTH
MOAYUHTCH CASAVIONCHN:

T, (V) =2V.

B 5TOM cAy"ae MOXKIIO CKa3aTl, ¥TO BPEMEHIAT CAOKHOCTE AMHEHIIO 3aBHUCHT
OT NapaMeTpa AAHHBIX — 3HAYeHUs apryMeHTa dyrknue Factorial.

TIpamep 3.2, TpeGyeTca BEIMHCANTD CKAASDHOE IPOU3IBSACHAS ABYX BEKTO-
POB! A= [al, [4 5T ﬂk], B= (bl, b2, verr bk).
INporpaviva pelniesus:

AB := 0;
For i := 1 To k Do AB := AB + A[i] * B[i];

B sroii 3apaue oGbeM BXOAHBIX AQHHEIX It = 2k, YHCAO BLINOAHAEMEIX OTIEpa-
omi 1+ 3k =1+ 3(n/2). 3aece MoxHO npuHATE V = k = n/2. CAOKHOCTE aATo-
pHTMa He 3aBHCHT OT 3Ha4YCHHH JA€MCHTOB BEKTOpOoB A M B. Kax v B npuMepe
3.1, 3AECH MOYKHO TOBOPHTL O AMHEHHOH 3aBHCHMOCTH BpEMEHHOH CAOKHOCTH
OT apaMeTpa AQHHEIX.

C napaMeTpoM BPEMeHHOH CAOKHOCTH QATOPUTMA 0OBIYHO CBA3BI-
BaOT ABe TeopeTHYecKHe IpobaeMel. [lepBas mpoGaemMa cocToUT B NO-
HCKe OTBeTA Ha CAGAYIOUIHMH BOIPOC: AQ0 KAKOro IIpepeaa 3HaueHus
BpEeMEHHGH CAOKHOCTH MOKHO AOWTH, COBEDIUCHCTBYs aATOPUTM pe-
IIeHUs 3aAaU? DTOT IpepeA 3aBHCHT OT caMOH 3apadH M, CAeAOBa-
TEALHO, SIBAAETCA ee COOCTBEHHOH XapaKTepPHUCTHKOM.

Bropas npobaeMa CBs3aHa € KaacCcHDHUKAHeH aArOpUTMOB IO Bpe-
MCHHOH caoxknocti. Qyaxiua T,(V) obbruo pacrer ¢ pocroM V. Kak
OLICTPO oHa pacTreT? CyniecTBYIOT AATOPUTMEBL ¢ AMHEHHOM 3aBUCHMO-~
cTei0 T, oT V (KaK B pacCMOTPeHHHIX pAMepax), ¢ KBaApaTHYIHON 3a-
BUCHMOCTLIO H 3aBHCHMOCTEIO DOAee BRICOKHX CTEHeHeﬁ, KOTOpbIE HA-
3LIBANOTCA MOAMHOMHAABHHMHA. CyIIecTBYIOT TAKJKE &ATOPHTME,
CAOZKHOCTH KOTODHIX pacTeT OwicTpee A0OOro noauHoma. [IpoBaema,
KOTOPYIC 4acTO PelialoT HCCASAOBATEAH AATOPHTMOB, 3aKAKOYAETCS B
CAGAYIOIIEM BOOpOCE: BO3MOXKEH AHM AAM TAKHX 3aAa4 [MOAMHOMMAAL-
HEIH aATODHTM ?

IMocTanoBKa 3apayll COPTHPOBKH AaHHBIX. CyIiecTBYeT TpajMIin-
OHHOE APAGHHE aATOPHTMOB Ha ABe KaTCTOPHH: YHCA€HHEIC W HEUHC-
AeHHBEIE, HucAeHHKe aAropummbl NPeAHAZHAYeHH AAS MareMarHye-
CKHX PacyeTOB: BLIYACACHHA 10 (DOPMyAaM, pelleHUs ypaBHeHHH,
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craTucTHiecKo o0paboTKHM A3HHEIX M T.I. B Takux aAropurmax
OCHOBHEIM THHOM 0OpalaThBaeMbIX AAHHEIX SABASIOTCA YHCAa. Heyuc-
AEGHHBIE QAFODILNMB] UMEFOT AGAO C CaMEIMU pa3sHOoOGpasHBIMH THIIAMK
AAHHBIX! CUMBOABHRIMY, IpapUuecKUMH, MyABTHMEAHHHON MH(popMa-
uHel. K ?TOi KaTeropuH OTHOCATCH MHOTHEe @ATODUTMEL CHCTEMHOIC
IpPOrpaMMHUPOBAHUSA (TPAHCASTODEL, ONE€PAllHOHHBIE CHCTEME), CHCTe-
MH yOpaBaeHHs Ga3aMM AAWHEIX, CETeBOTO NIPOrPpaMMHOTO obecnede-
HHA B AD.

AAST IPOrpaMMHLIX TPOAYKTOR BTOPOH KATETOPHH HAMOOAEe YacTo
HCIIOAB3YVIOTCH dATOPUTMBI COPTHPOBKH AAHHBIX, T.€. YIIOPIAOYEHMSA
HH(pOPMAIHK 10 HEKOTOPOMY NPU3HAKY. OT 3¢heKTHBHOCTH 3TUX AA-
TOPHMTMOB, W TIPEXKAE BCETO OT CKOPOCTH HX BHIIOAHEH!d, BO MHOIOM
zapHCUT 3ubeKTHRHOCTE PaboTel BCel NPOrpaMMEL.

PasArganT aAropuTME BHYTpeHHeH COPTHPOBKH — COPTHPOBKH
BO BHYTpeHHeH NaMsaTH — H aATOPHTMEI BHeIIHeH COPTHPOBKH — COp-
THPOBKM (PaiiroB. Aaree OyAeM pacCMaTPHBATh TOABKO BHYTPEHHIOIO
COPTHPOBKY.

Kak npaBHAO, COPTHpyeMble AGHIIBIC DACHOAATAIOTCA B MACCHBAX.
B npocretineM cayuae — 3TO YUCAOBHIE MACCHBH., OAHAKO AAS HEYHC-
A€HHHIX aATOPHTMOB oAee xapaKTepHa COPTHPOBKa maccuBa. [loae,
[0 3HAYEHHUIO KOTOPOTC NPOHZBOAUTCS COPTHPOBKA, HA3BIBAETCH KAIO-
YOM COPTHPOBKM M 0OBYHO MMeeT YUCAOBCH THN. HanpuMep, MaccHr
COPTHPYEMBIX 3alIMCeH COARDRXKHT ABa ITOAS: HAMMEHOBaHWE TOBAPa H
KOAHMYECTBO TOBapa Ha ckaape. B nporpamme Ha [lackaae ero omuca-
HUE HMEET CACAYIOITIUUA BHA;

Const n = 1000;
Type Tovar = Record

Name : String;
Key : Integer
and;

Var & : Array([l..n] Of Tovar;

COpTHPOBRA A@HHBIX NPOHM3BOAHMTCH AMOO IO BO3PACTAHHUIO, ABROOC
no yOLBaHWIO 3HaueHHs Karoua Ali] key.

Adaee BO BCeX MpHMMepax IPOrPaMM NPEAIIOAAraeTCH, YTO IpHBE-
AeHHEIE paHee OIHCaHus B [IPorpaMMe NPHUCYTCTRYIOT TACGBAABHO ¥ UX
06AaCTE ASHCTBHA PacllpoCTpaHsAeTCa Ha TPOLEAYPH COPTHPOBEH.

AATOpHTM CODTHPOBKH METOACM «IY3BIPBKA» PACCMATPHBAACHA B
noapasa,. 2.16. Teneps 06CcyaAMM COPTHPOBKY NIPOCTHIM BRKAICUEHHEM U
OLICTPYEO COPTUPOBKY.

AATODHTM COPTHPOBKH IPOCTBEIM BKAK4UeHHeM. [Ipeamoaomxum,
YTO Ha HEKOTOPOM 3Tane paboThl aATOPHTMA A€BAsA 9acTh MacCHBA C
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1-ro mo ({ — 1)-¥ sAeMEeHT OTCOPTUPCBRaHA, a NpaBas €ro 9acTh ¢ i-Io oo
N-d SAEMEeHT OCTAeTCH HEOTCOPTHPOBAHHOH, OuepepAHOH 1Iar aATOpHT-
Ma 34KAIOYAETCA B PACIIHPEHMH AeBOH YaCTH MAcCHBA Ha OAMH JAe-
MEHT ¥ COOTBETCTBEHHO COKpPAI[EHHH NpaBoH 4acTH. AAd sToro deper-
Cd NepBLIHM 3AeMEeHT NPaBoil YacTH (C MHAEKCOM i) H BCTABASETCH Ha
TIOAXOAALLIEE MECTO B A€BYIO YAaCTh TAKMM 00pa3oM, ITODL ee YIIops-
ACYEHHOCTE COXpaHHAachk. [Ipollecc HAUHMHAETCH C AGBOIH YaCTH MacCH-
Ba, COCTOALEH M3 OAHOTC 3AeMeHTa A[l], a 3aKaHUYUBAETCs, KOTAA €ro
[IpaBad YacTb CTAHOBUTCA ITYCTOM.
TIporpaMMa COPTHPOBKH IIPOCTHIM BRAXOUEHHEM CAGAVIONas:

Procedure StraightInsertion:

Var i, j : Integer; x : Tovar;
Begin For i := 2 To n Do
Begin x := A[i]; {B nepeMeHHOM X BallOMMHaETCH

3HaYeHMe, KOTOpOe HeoOXOoOMMO NOCTAaABMTh Ha CRCOE Me-—
CTO B JIeBOW dHacTH}

J = i-1; {lIlpaBu¥ KpaM IeBoOi 4YacTH!}
While (x.key < A[jl.key}) and (j >= 1) Do
Begin A[] + 1] := A[j]:; J := j—-1; {[pomBmxe-

HME «ORDKM» B NeBOM 4YacTM MAaCCHMBA CIPABA HAJEBO OO
TOWM MNO3ULMM, B KOTCPYH HNOMKeH DHTE BKIANUEH SJIEMEeHT
AlLl]}

End;

Alj + 1] := x {BrxywueHme A[i] B «OHpKY» B Je-
BOMW 4acTHM}

End

End;

Teneps OHEHHMM CAOKHOCTE AATOPHTMA COPTHDOBKH IPOCTHIM
BRAIOUeHHeM. O9eBHAHO, YTO BPEMEeHHAA CAOKHOCTE 3aBHCHT Kak OT
pa3Mepa COpPTHPyeMOor'o MACCHEA, TAK W OT €ro HCXOAHOTO COCTOSHHSA,
T. €. YIOPSIACTEHHOCTH BAEMEHTOB. BpeMeHHAes CAOKHOCTE OyaeT Mu-
HEMAABHOH, ECAM HCXOAHBIM MacCHB Y?Ke OTCOPTHPOBAH B TpebyeTMoM
NnopsaKe 3Ha4eHWH KAIOYA (B AAHHOM CAydae IO BO3pacTaHHio). Mak-
CHMaABLHOE 3Ha4YeHWe BPeMeHHOH CAOKHOCTH COOTBETCTBYET IpPOTH-
BOMOAOKHOH YIIODAAOYEHHOCTH MCXOAHOTO MaccHBa, T.e. B 3TOM CAY-
qd€ OHO MaKCHMMAABHO, @CAM MCXCAHBIM MACCHB yHOOPSIAOUEeH HO YORI-
BAHWIO 3HAYEHMHN Kaloda, OOLYHO BpeMeHHAs CAOXKHOCTEL aATOPUTMOR
COPTHPOBKH OIEHHBAETCH YHCAOM NEPeCHAOK JAEMEHTOB.

OnenuM MHHMMAABHYIO BPEeMEHHYIO CAORHOCTL arroprtMa, Ecan
MACCHB YK€ OTCOPTHPOBAH, TeAC LHukad While He GyAeT BBIIOAHATLCH
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HU pa3sy. BollOAHEeHHe OPOLeAYPH. CBeAETCS K pafoTe CAEAYIOIIEeTo
ITHKAA:

For i := 2 To n Do
Begin

x = A[i];

j o= i-1;

Alj + 1] ==
End;

[MockoabKy Teao ukaa For ncnoanserca n — 1 pas, To UHcAC nepe-
CHIAOK AAEMEHTOB MaccuBa M = 2(n ~ 1), a UHCAC CPaBHEHHH KAIO-
yell Cpi=n— 1.

CAOKHOCTE aAropUTMa OYAST MAKCHMMAABHOMN, €CAY HCXOAHBIN Mac-
CHB YHOpPSAACHUEH No yOBIBAHHIO. TOrpa KaKABIH saeMmeHT A[i] Oyaer
«IIPOrOHATECA» K HaYaAy MAacCHBa, T. €. YCTAHABAWRATLCS B IEPBYIO MO~
3un a0, Lluka While BLIDOAHUTCS OAHMH pa3 IpH { = 2, ABa pasa Ipu
i=3un-1pa3npui=n Takum o6pazoM, obOiee YUCAC IEPECHIAOK
3anuces

My =2n —1]+i(1‘ -=2n-1)+nn-1/2= -;—(n2 +3n - 4).
=2

Boaee mpueMAe@MOH B PeAABHON CUTYaIHH ABAACTCA CPEGHAA OULH-
K CAGKHOCHL QATOpUIMMA. AAA €€ BRIMHCACHUH CASAYeT [IPEATIOAD-
JKUTE, YTO BCE SAGMEHTHI MCXOAHOIO MacCHBa — CAYYAMHBIE YHCAE W
HX 3HAYeHWs HUKAK He CBI3aHBl ¢ UX HoMepaMmH. B aToM caywae pe-
IYABTAT OYePEAHON NTPOBepKH yeAOBHA X. key < Alj]. key B riukae While
TAaKoKe OYAET SIBAATHECS CAYYAHHBIM,

AOTHYHO AOIYCTHTE, UTO CpepHee THCAC BHIIIOAHeHHH ITHRAa While
AASL KOKAOTO KOHKPEeTHOTC 3HaUeHuA | papHo i/2, T.e. B CpepAHeM Kak-
ABI¥ pa3 IPHXOAMTCA MPOCMATPHBATE IIOAOBHHY MAacCHBa AO TeX IOp,
[MOKa HE HAHAETCH IOAXOAMAIEE MEeCTO AAT GYePEeAHOTC 3AeMeHTa, Tor-
A2 QOPMyAa AASL BEINHCACHMS CPEAHEro 9HMCAd NMEePEeCLIAOK (CpejHsAs
OITEHKA CAOKHOCTH) OYACT CAGAYIOMEeH:

M = 2[n—1)+zn:% =2(n-N)+(n-2)n-1/4= i(n2 +9n - 10).
=2

MaxkcuMaAbHAasT H CPEAHANA OIEHKHY CAOKHOCTH aAropuTMa KBaapa-
THYHBEI (IOAMHOM BTOPOH CTEIIEHH) 110 IapaMeTpy n — pasMepy cop-
THPYEMOTO MAacCHEa.
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AAropaT™M BBICTPOI COPTHPOBKH. JTOT AATORHTM OHIA paspaboral
3. Xoapom. B aaropurme GEICTPOH COPTHPOBKM HCTIOALIVIOTCH!

B pajacAeHHe COPTHPYEeMOTO MAacCHBA HA ABE 4aCTH — AEBYIO H
TIIpaBy;

8 B3aUMHOE YIIOpAAOUeHHe ABYX uacTeil (IoAMAacCHBOB) TakuM a0-
pa3oM, uTOOEI BCe DAEMEHTH AeBOM 4acTH He NIPeBOCXOAMAH
3IAEMEHTOB TIPABOH YacTH,;

B peKypCusi, IPH KOTOPOH NOAMACCHB YIIOPAAOYHBAETC TOYHO Ta-
KHUM Xe crocofOoM, KdK U BeCh MacCHB.

AAd paspeAeHHs MacCuBa Ha ABe 4acTH HeoOXOAHMMO BROparhs He-
KOTOpoe DaphepHoe 3HaueHHe KAloua. OTO 3HAYEHHE AOAKHO YAQ-
BAETBOPATEL €AMHCTBEHHOMY YCAOBHMIO: HAXOAUTECA B AHalla3oHe 3Ha-
UeHHH AAA AAHHOTO MaccHBa [T.e. MeMAY MHHHMAABHEIM M MAaKCH-
MaABHEIM 3HadeHHAMH). B KadecTBe faprepHOro MOXKHO BEIOparh
3HaYeHHEe KAKYa AI000TO 3AeMeHTa MaCCHBa, HAalpMMep MepBOro, [mo-
CACAHETO HAK HAXOASIIETOCS B €0 cepepuHe,

Adree CAGAYET CABAATE TaK, YTODBI B AEBOM IIOAMACCHBE OKA3aAUCh
BCE 3AEMeHTHl C KAIOYOM, MeHbIIe Daprepd, a B IPaBOM — C KAIOUOM,
Goarme «Hapbkepa». 3areM, NPOCMAaTPHBas MaCCHB CAGBa HANpPaBo,
HEAQ HAWTH MO3KIHMIO IIEPROTO 3AEMEHTa ¢ KADYOM, Doablue «bapre-
pa», 4 IPOCMATPHBAA €I0 ClpaBa HAAEBO, HAWTH I[IEPBLIM JACMEHT C
RAIOUOM, MeHbllle «Oapbepa». [lomeuss 3TH 3HaveHMs MecTaMM, 11poe-
AOAKUTE BCTPEHHOE ABHIKEHHE AQ CAeAyIOLIel Maphl SAeMEeHTOB, Lpea-
HAa3HAUYeHHBIX AAA oOMeHa. IIpomecc HeoOXOAMMO IPOACAIKATE IIOKA
HHAEKCHL A€BOTO 1 MMPABOT0 IPOCMOTPOE HE COBONaAyT. MecTo X coBma-
ASHUS CTAHET MDAHUIIEH MeXAY ABYMS BIAUMHO YIIOPAAOYEHHBIMH TI0A-
MAacCHEAMH. Aaree aATOPHTM PeKyPCHBHO IIDHMEHAETCH K KaKAOMY H3
TOAMACCHBOB (AEBOMY M IPAaBOMY). B uTore noAyuHMM COBOKYTIHOCTL M3
Il B3@MMHO YIGPAACHEHHBIX OAHOIACMEHTHBIX MACCHBOB, KOTOPEHIE Ae-
AHTh AAABIIE HEBOZMOXKHO. JTd COBOKYIIHOCTE 00pa3yeTr 0AMH IIOAHO-
CTRIO YIOPAACUEHHBLIH MacCHB, T.e. COPTHPOBKA 3aBepIIeHa.

INporpaMmMa OBICTPOIH COPTHPOBKH AGHHEIX MMEET CASAYIOLLWI BHA;

Procedure Cuicksort;
Progcedure Sort{l, R : Integer):
Var i, j, bar : Integer; w : Tovat;

Begin
i :=1L;
J 1= R;
pbar := A{(L+R)divZ2]. key; {¥YcTaHcBKa Oapwepal
Repeat

{lioMck 2aeMeHTa cJeBa nnsa oOMmeHal
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While Ali].key <« bar Do 1 := i + 1;
{loMck sAeMeHTa chnpakz naa obumeH}
While A[j].key > bar Do j = j—-1;
({OBMeH 2JeMeHTOR M CMelleHMe IO MACCURY )
If i <= § Then

Begin
w o= A[i]; A[i] := A[3]; A[]] 1= w;
i =1 +1; 7 :=3j-1

End;

Until i > 7;
{ChopMmMpoBaHE BSAWMMHO YIOPANOUYEHHES MOIMACCHBE ]}
{CopTMpoBRKa JNEBOTO NOIMACCHEA}
If . <« j Then Sort (L,j);
{CopTHMPORKA NPAaABOIC OOGIMacCCHUBA ]
If i < R Then Sort(i,R);

End; {Sort}
Begin
Sort(l,n)

End; {Quicksort}

Hccaeposanie BpeMeHHON CAOSKHOCTH aATOPHWTMA GRICTPOH COPTH-
POBKM ABASIeTCH OUeHb TPYAOEMKOM 3apauel, MOITOMY 3A€ChH MEL €T0
MpUBOAHTE He OyaeM. AaaMM AWIIL OKOHUY3TEABLHLIF Pe3YABTAT 3TOTO
aHaau3a. Bpemensas caoxHocTh T KaK (hyHKOKA OT 1 — pa3Mepa Mac-
CHBA — II0 NOPAAKY BeAHYHHBI BEIPAsKAETCS CAEAYIOEeR opMyAo:

T(n) = O(nrin(n)).

3AeCE UCTOAB3OBAHO IPUHHTOe B MareMaTHke obosnavenie Ox) —
BCAHYHITAE NOpsAKa X. CAepOBATEALHO, BPEMeHHASs CAOKHOCTE AArO-
pUTMa ORICTpOH COPTHPOBKM eCTh BEAWUMHA NOPAAKa nin(n), 4To AAd
eABIX TTOAOYKMTEABHBIX YHCEA N MeHbIle, YeM i (BCIOMHUM, YTO aA-
rOPUTM COPTHPOBKH IIPCCTBIM BKAIDUEHHEM MMeeT CAOKHOCThL NOPAA-
Ka n’). M yem GOABLIE 3HAYEHME N, TEM 3Ta PA3IHUIA CYIIECTBEHHER,

Hanpumep:
n=10, n? = 100, nin(n) = 23,03;
n =100, n* = 10000, nin(n) = 460,52,
YNPAXKHEHWA

1. AGHH AGKAPTOBE KOOPAHMHATHL N TOUEK Ha TAOCKOCTH. COCTaBHTE OPO-
TRPdMME]l PELIeHHA CACAYIOLIHNX 34Aa4:
a) HaUTH ABe CaMBIe OAM3KHE APYT K APYTY TOUKH;
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0} HalTH ABE CaMbie YAAASHHBIE ADYT OT APYTa TOUKH;
B) HAWTH TPU TOYKH, ASXKALIHE B BEePIIHHAX TRPEYTOABHIKA € HAHOOABIIHUM
epuMeTpoM;
r) HaiTu ABe GAMKaARIIKE TOYKH, OTPe30K MEXKAY KOTOPbIMY MOXET CAY-
JRUTE PAAMYCOM OKPYXKHOCTH, 3aKAIOUAIOIEH BHyTPH ¢efs BCe OCTaAL-
HEI¢ TOYKU, U YKA34Th, KaKasd U3 HUX ABAJETCHA NEHTPAARHOM.
2. MameHnTs nporpaMmy Labirint TakuM o6pasoM, 9Tobk! Ha newaTh BHIBO-
AMACH AHMINL KpPaTYAWITHH TYTE U3 IeHTpa AabDHUpuHTa AQ Kpas.
3. CocTaBUTEL IPOTPaMMy, B COOTBETCTBHH € KOTOPOI MIAaXMATHAH KOHB
060HACT BCHO AOCKY, ITOBHIBAB Ha Ka’KAOM TIOAE BCETC OAMH pPas.
4. CocTaBHTh IPOTPAMMY PACCTAHORKH Ha MIaXMATHOM AOCKe BOCEMI (hep3ed
TAaKMM 00pa3oM, YTOBEI OHH He YIPOKaAH APYT ADYTY.

KOHTPOJbHbLIE BONPOCDHI

1. B uem cocTOWT CyWHOCTE METoAa NOCHeoBaTeNEHON OETaNU3aLmM
8 NPOrpaMMUpoBaHun?

2. Kakum 06pasom npov3soguTc OTNaaka nporpaMmel?

3. B vem sarmovaeTcs 3apaya 0 Xanonckon Bawne? Cohopmynupyn-

TE NOBKD MPUMEHEHWA DEKYDCHMK ANA MNPOrPaMMWPOBAHKA 3a0a4M

0 XaHonckon Gawme.

Yro takoe zapa4a ronHoro nepebopa?

8 4em cocTouT naen anropwtMa nepebopa c Bo3aspaTom? Mosc-

HWTE HA NPUMEPE 38Aa4Y O NMPOXOXKAEHWU NabupuHTa.

Kakie cylecTByHT KpUTEpUM CROXHOCTA anroputmoe?

HYro Takoe anropuTM ¢ NONUHOMUENEHON BPEMEHHON CNOXHOCTLIO?

KakoBa uped anropuTMa copTUPOBKK NPOCTHIM BKIKQYEHWEM?

B 4em 3akniovaeTca uaes anropytMa BeICTpai copTupoBku?

KakoB NopAaoK CNoXHOGTW anroputMa beicTpon copTrpoBku?

S

SCoEND



Mnasa 4

OBbEKTHO-OPMEHTUAPOBAHHOE
nPGrPAMMUPOBAHWE

W3 AaHHOM TAABBI BRI YIHAETe:

UTO Taroe Oﬁ'BeKTHO-OpHeHTHpOBaHHOQ IpOorpaMMHApPOBAHHE,
HCTOPHID Dﬁ'bEKTHBHO-OpHeHTHpOBEIHHOI‘O IpoOTpaMMUDOBAHHA,

OCHOBHLIE HOHSATHSA OOBEKTHO-OPHEHTHAPOBAHHOTO NPOTpaMMH-
POBAHHST — OOBEKT, COCTOSIHUE 00BeKTa, METOAR OOLEKTa, UH-
KAlCyASI[HA, KAACC, HACACAOBAHHE, MOAUMOPQHIM;

TIPaBuAa OITUCAHHS ¥ UCIOAB30OBAHUS 00OLeKTOR B s3blKe Object
Pascal;

HUCTOpHIO H HazHaueHHe Delphi MHTErpHpoBaHHON CPEALL IIPO-
rpaMMUPOBAHMS;

00 OCHOBHHIX 3AeMeHTax WHTepde#ca Delphi;
o6 ocHOBHLIX KOMOoHeHTax Delphi v ux croficTiax;

9TO TaKoe COOBITHHHO-YIPaBAsieMOe IPOrPaMMUPOBAHUE M KaK
oHO peaaMsyercd B Delphi;

06 aranax pa3paboTkH TporpaMMHOro nIpraoxxenns B Delphi;
00 uepapXHi KAACCOB.

BBl HAYYHMTECH:

OIIWCHIBATEL 1 KCIIOAL30RBATE O6‘LEKTI;I B HECAOKHELIX nporpaMMax
Ha Object Pascal;

padoTaTk B cpepe nporpaMMuposasng Delphi;
CO3AABATE HECAOQXKHHIH MHTepdenc ard npuAoKeHHHA Delphi;

ONPEeASAATE CBOHCTBA M ITPOTPAMMHEPOBATE METOAH AAsl OODBEK-
TOB HHTePgEeHCy;

CO3AABATE HECAOKHELIE NpuacKeHns Windows cpeacrsamu Delphi.
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YTO TAKOE OBLEKTHO-OPVEHTUPOBAHHOE
NPOrPAMMUPOBAHME

Hcropusa OOTIL. OCHOBOTOAOKHHKAMH OFLEKTHOTO MOAXOAA B IIPO-
TPaMMHPOBAHMK CUHTAIOTCH HOpBeXOE Oae AxxoxaH Aaa n Kprcrel
Hroropt — aeTophl aselkKa Cumyaa. Meropusi CHMYABI HAYAAACH B
1962 r. ¢ npoerra Simulation Language, npeapHazHaYeHHOTO AAA
NPOrPaMMHOIC MOASAMPOBAHUA MeToaa MoRTe-Kapao. B 1965 . y aB-
TOROB ITOTO [IPOEKTA BO3IHHEAA HAes 0OBeAHMHHTL AQHHEIE C IPOLIEAY-
paM¥, UX 06pabareBaloIHMHE, B 135K GBIAM BEE€ASHKI HOBBIE CPEACTBA
MOAGAMPOBAHUA U UMHTALUKA MYABTHIIPOLECCOPHOH paboTel, 4 Takxe
TEPMHHEI ¢KAGCC» H «00LeKkT». TorAd e BO3ZHHKAQ W TEXHOAOTHA Ha-
CAGAOBAHHS, T. €. co3paTerrd CHMYARI BBEAH B A3BIK BOZMOKHOCTE HC-
[TIOAB30OBAHWA PA3HBIMH KAACCAMK OG[I];I/IX CBOHCTB TOCPEACTROM VKa-
3aFMfA Ha3BaHMA KAACCA B BHAE IpedpHKCa.

AnaaH Kell BeeA HOBYIO KOHIENIIHIO pa3paboTKH OporpaMM, B CooT-
BETCTBHH C KOTOPOH HA0OpP IOCAGAOBATEABHC BHIOAHAFOIIMXCS HH-
CTPYKUMH MOT OBITL 3aMeHeH Ha MHOTOMEDHYIO CPeAy B3aHMOAEH-
CTBHA OOBEKTOB, ODLIAIOWIMXCH APYT € APYTOM IIOCDEACTBOM acHH-
XPOHHOTO 00MeHa COOBIIEHUSMH. OTY HAEK OH BONAOTHA B HOBOM
si3plke SmallTalk, nepBoHavyaabrHO Ha3BaHHOM MM Biological System u
CMOACAHNPOBAHHOM Ha EeilclKe, a 3aTeM peaAH30BAHHOM Ha accem-
Gaepe. TepMuH «0OBLERTHO-OPHEHTHPOBAHHOE IPOIPaMMMPOBAHUE?
BIepBLIe ORIA IPHMEHEH MMeHHO 10 OTHOLIeHHIO K A3HKy SmallTalk.
Hanfoaee uasecTHa BepcHs s3uKa SmallTalk 80.

B 1980 r. brepn CrpaycTpyl AOTOAHWA S3BIK NPOLEAYPHOTO Npo-
rpaMMUpoBaHus CH KOHLIeNIIMeH KAACCOB, a B 1983 I. pan 3TOMY HOBO-
My HDPOAYKTY OKOHYaTeAbHOe lasBaHue Cu++, C Tex nop Cwu++ cras
HauGoAee NONYyAADHLIM SA3EIKOM O0BEKTHO-ODHEHTHPOBAHHOTO PO~
rpaMMUPOBaAHHS.

B apaAbBHEHINEM BO3IMOMXHOCTH OOBEKTHOI'O [1pOrpPaMMUPOBAHASN
CTaAH BKAIOYATBCS H B ADYTrHe s3biki. B TypOo Ilackanae cpeacTma
OOT1 noseuauck ¢ Bepcui 5.5. FaemenTsl OOT] sraoueHnl B Dop-
TpaH, HauWHasi ¢ Bepcui DoprpaH-90. CoBpeMeHHBIMH S3EIKAMH
[IpOrpaMMHPpOBaHus, 00bLeAUHHBINHMHU TexHoAaoTHIo OOIT ¢ BU3yasb-
HEIMH MCTOAGMH IPOTPAMMHPOBaHHA, aBAAi0TCA Delphi, Visual Basic,
Java.

Ocunosnpie nonatusa QOTL, OcnoBonoaaratoniedl naeeil o0LeKTHO-
OPHEHTHPOBAHHON MAPEAUTME IPOTPAMMHPOBAHHIS ABAAETCA OO BeAH-
HEHHEe AGHHLIX W 00palaTLIBAIONIHX HX IIPOIEAYP B CAHMHOE NeAce —
o0 bexinst,
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OfGbekMHO-0OPLEHMUPOBAHHOE NPOrpAMMUPOBAHLE — 3TO METOAO-
AOrUs MOpOrpaMMUpPOBAHUA, KOTOpas OCHOBaHA Ha IIPEeACTaBAEHHH
IpOrpaMMEL B BHAE COBOKYIIHOCTH OOLEKTOR, K&SKALIH U3 KOTOPHIX AB-
ASIeTCH peaAM3alield OIPeASAEHHOTO KAacca (THIAa AAHHBIX 0coB0oTo
BHAQ), @ KAACCH 00pasyioT MepapxHio, OCHOBAHHYIO Ha MpHUHIMIAX
HacAepoBaHUA. [Ipu 3ToM OOLEKT XapakTepPH3yeTcAd KaK COBOKYIIHO-
CTBIO BCEX CBOMX CBOHCTB M MX TEKYIIUX JHAYEHHH, TAK W COBOKYIHO-
CTHIO AQUYCTUMBIX AAS AQHHOTO OOBEKTa ASHUCTBHI.

HecMOoTpst Ha TO YTO B pa3AMYHBIX AUTEPATYPHBIX UCTOUHHMKAX Ae-
AQeTcs aklleHT Ha Te MAM HHble 0COOeHHOCTH BHEAPEHMS H npHMeHe-
Hua OQOIT, Tpu oCHOBHEIX (0a30BBEIX) €FO MOHATHA OCTAIOTCA HEM3MeH-
HEIMH:

s pprancyasnus (Encapsulation);
m HacrepaoBaHHe {Inheritance);
8 noauMopduaM (Polymorphism).

3T HOHATHA AEKAT B ocHOBE OOII.
[Tpu nDpoleAypHOM NOAXOAE K IPOTPAMMHPOBAHUIC TpebyeTcs oIK-
CaTh KasKALIN HIAr, KaXAoe ACHCTBHE aATODHTMAE AAS AOCTHDKEHUA KO-
HeuHOro pe3yAbTata. [IpH o6 LekTiIo-OpHelITHPOBAHIOM IOAX0OAE Upa-
BO pemiaTh, K&K OTPCATHPORAThH M 9TC CAEMAATH B OTBET Ta ITOCTYIIH-
BHIMH BHI3OB, OCTaeTci 38 o0OBeKTOM. AAS 3TOr0 AOCTATGHHO B
CTAHAEPTHOH (hopMe TOCTABHTE IIepea, HHEM 38Aa4y H MOAYYUTE OTBET,

OOBEKT COCTOMT M3 TPEX 4aCTeH:

= FMeHH;

& COCTOSHMS (HePeMeHHbIX COCTUSINAY;

§ MeTOAUB (Omepariui).

MoRHO AGTE 0bobmaromee onpeaeaenne; ofwexkm OO — 3To co-
BOKYIIHOCTb II€pPEeMEHHBIX COCTOSHUS M CBA3AHHBIX ¢ HMUMH METOAOB
{omepanuit), KOTOpBIE CIIPEABANIIOT, KaK OObeKT B3aHMOACHCTBYET C
OKPYRAIOUIUM MHPOM.

Memogst 06BeKmMa — 3T0 NPOUEAYPH U (BYHKIHHK, OOBABAEHHE KO-
TOPBIX BKAKYEHO B OIMCcaHHe 0DBbeKTa U KOTOPLIe BHEIIOAHAIOT AEH-
cTBUA. BOAMOKHOCTE YIIPABAATE COCTOSHHUAEMH O0BEKTa NMOCPeACTEOM
BERI30BA METOAOB B HTOTE K OIpejpeAsdeT NOoBepeHHe OOReKTa. JTY Co-
BOKYTIHOCTE MeTOAOB YaCTO Ha3HBAIOT unmepgelicom o6bexkma.

Hurancyasyust — 3T0 MeXaHH3M, KOTOPHEIE OOLeAHHSeT AaHHBIE M
MeTOARl, MAaHHIYAHUPYIOLHEe 3THMH A@HHEIMH, ¥ 2alljHlIaeT H TO U ADY-
roe OT BHEMIHEro BMEIIAaTeABCTBA MAH HeIPaBHABLHOTO HCIOAB30BA-
HHs. Koraa MeToAR! M AQHHEEIE ODBeAHHAIOTCI TAKHM CTIOCo0O0M, CO3Aa-
eTCa 00 BOKT,
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TlpuMeHAA MHKANCYAALMIO, MBI 3aU(UIaeM AAHHEE, TPUHAANEKA-
mHe 0OBeKTY, OT BO3IMOMKHEIX OIIHOOK, KOTOpPHE MOTYT BOIHHKHYTH
[IPH OPsIMOM AOCTYIIe K 3THM A@HHBIM. KpoMe TOro, IpUMeHeHHe 3TO-
TO MEeXaHM3Ma OYeHBR YaCTO IIOMOTAaeT AOKAAHU30BATL BO3MOKHLIE
OUWMOKU B KOAE IIPOTPAMMEL, YTO HAMHOTC YIIPOLEET pomecc ux mo-
HMCKa M MCIpaBAeHus, MOXXHO CKa3aTb, YTO IIOA HHKAIICYASITHEH MOA-
pasyMeBaeTCs COKPHITHE AAHHBLIX, T.e. WX 3amurta. [IpuMeHenue MH-
KallcyAsN Y BEAST K CHUXKeHMI0 Hh(eKTHBHOCTH ADCTYTIA K DAeMEeH-
TaM 00BeKTa, UTO 0OYCAOBASHO HEOOXOANMMOCTLIO BHI30BA METOAOR AAT
H3MEeHEeHHd ero BHYTPEeHHHX 5AeMeHTOB {HepeMeHHBIX). OAHako npH
COBpPeMeHHOM YpOBHe Pa3BHTHA BHUUCAHTEABHOMN TeXHHKH 3TH (10Te-
pH B 3(pDeKTHBHOCTH He HIPaloT CYLeCTREHHOH POAH.

Hacaegosanue — 3To npouecc, TOCPEACTBOM KOTOPOT0O OAHH 00h-
KT MOJKeT HAaCAeAOBaTh CBOHCTBA APYTrorc odmbexra M A0DABAATL K
HUM YePTH, XaPaKTEePHLIC TOABKO AAA Hero. B Tore co3zpaetcs Hepap-
XUt 0O BeKTHRIX TUNOE, TAC TOAA AGHHBIX H METOAOB (TIPCAKOB» dBTO-
MAaTHYEeCKH ABAAIOTCA M NOASIMYA AGHHEIX H MeTOAOB «IIOTOMKOB»,

CMEICA U YHHBEDCAABHOCTh HACAEAOBAHHS 3aKAKYEETCA B TOM, YTO
He HAAQ KaKABLHE pa3 3aHOBO (C HYAS) CHHCHIBATH HOBBIA OOLEKT, a
MOSKHO YKA3aTh «POAWTEAs» (DAa30BEIA KAACC) M OIIMCATE OTAHYHUTEAB-
HBle OCOOEHHOCTH HOBOTrO Kraacca. B pesyapTaTe HOBEIH 0OEEKT GyaeT
00ABAATE BCEMU CBONCTBAMH «DOAWTEABCKOTO» KAACCA W CBOMMH COO-
CTB@HHBIMH OTAHYHTEABHLIMH O0COOEHHOCTAMH.

Hanpumep, MoXHo c0o33aTh Ga30BHIH KAacC «TpaHCIIOPTHOE Cpea-
CTRO», KOTOPKIH 6yAeT YHHBEPCAARHEIM AAS BCEX CPEACTB [IEPEABHIKE-
HMSA HA 9eTRIPEX KOAeCAX. DTOT KAACC «IHAET», KaK ABHIKYTCH KOAeCa,
KaK OHH TIOBODA@YMBEIOT, TOPMO3AT U T. A. 3aTeM Ha OCHOBRE 3TOr0 KA4C-
€a MOXHO CO3AATH KAACC «AETKOBOH aBTOMOOHAL», [TOCKOABKY HOBLIHN
KAACC YHACABAOBEH OT KAACCa «1paHCNOPTHOE CPEACTBO», TO yHaCAe-
AOBAHLI ¥ BCe OCHOBHEIE 9ePTH 3TOTO KAACCa, T.e. He HAAD B OMEPeA-
HOH pa3 OIHCHEBATE, KAK ABMJRYTCS KOAECA H T.A., & CAEAYVET IPOCTO
AODABHTE Te 4epTHl, 0COOEHHOCTH NMOBEASHHS, KOTOPBIE XapaKTepHBI
AASL ACTKOBBHIX arToMOOHAeH. B TO ke BpeMda MOJKHO, B3fiB 32 OCHOBY
TOT JKe KAACC «TpPaHCIOpPTHOE CPeACTBO», IOCTPOWTE Kaace «I'pyiosbie
aBTOMOBHAMY, OIIHCAB MX OTAHMHUTEALHEIe OCODEHHOCTH, H Ha OCHOBA-
HHH YKe 3TOr0O HOBOTO KA8CCA CIIMCATh OIIPEASACHHHH TOAKAACC IPY-
30BUKOB H T.A. TakaM ofpasoM, cHavaaa (popMupyeTcs NpocToH mwafh-
AOH, d 3aTEM TIOCPEACTBOM YCAOKHEHWH ¥ KOHKPEeTH3alH| NI03TalHo
CcoapaTeA Bee Boaee CAOKHBIE HAOAQHEL.

fMoAumopgusm — 3TO CBOUCTEO, KOTOPOE NO3BOASET OAHO H TO
JKe UM$ UCTOALBIOBATE AAA peHIeHHs HEeCKOABKMX TeXHHYECKH pas-
HEIX 3aAad. [loamMopdusM moApazyMeBaeT TAKOE ONIPEAEACHHE Me-
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TOAOB B HepapxuH THIIOB, [IPH KOTOPOM MeTOA € OAHHM MMeHeM MO-
JKeT IPHUMEHATLECHA K PA3AUYHRIM POACTBEHHHM 00BbeKTaM. B o0mem
BHUAE KOHLENIUed MoAHMOp{HM3Ma SABASETCA HAEs «OAMH HHTep-
defic — MHOMKECTBO METCAOR», T.€. MOAUMOP@H3IM NOMOTaeT CHH-
KATh CAOXKHOCTE I[IPOTPaMM, pa3spelrass HCIIOABIOBAHHE OAHOIO HH-
Tepderica A8 eAMHOTO KAaacca aedcTBUN. [Ipu 3ToM BEIGOD KOHKpeT-
HOTO AeI:]CTBPlH B 33aBHCHMOCTH OT CPITY&HHI/I BO3AATAETCH HAa
KOMIIHASITOD,

Hanpumep, nycTs ecTb Kaace «ABRTOMOOHAE», B KOTOPOM OIHCAHO,
KaK ACAXKEH MepeABHIaTECSA aBTOMOOHMAB, KaK OH NOBOPAaYMBaeT, Kak
IICAGET CHTHaA M T.A. Tam >ke onmcad Metop, «[lepekacueHve mepe-
Adu», AOTYCTHM, UTO B ITOM METOAE KAdCca «ABTOMOOGHAL» OIIHMCAaHA
aBTOMAaTH4eCKasad Kopobka nepepad. Tpebyerca onucarts kaacc «Cop-
THBHEH aBTOMOOHAB», ¥ KOTOPOTO MEXAHUYECKOE (Py4YHOe) [epeKAIO-
yeHHe cKopocTeli. KoneuHo, MOsKHO OLIAO OBl OIMCATE 34HOBO BCE Me-
TOAEI AAST HOBOTO Kaacca. OaHaKo BMECTO 3TOTO MOKHO YKazaThk, 9TC
raace «CNOPTHBHBIN dBRTOMODUAL? YHACASAOBAH OT KAACCA «ABRTOMO-
OUAR», @ CAEADBAETEARHO, O0AaAAET BCEMM CBOMCTBAMH M METOAAMH,
CIHCAHHEIMHA AASL « POAUTEALCKOTO» KAACCa. EAMHCTBEHHOS, UTO HaAD
CAEAATH — 3TO Nepenucarb MeTop «lleperalouesine mepeaau» AAT Me-
XaHHUeCKoH KopobOxm Iepepad. B pesyarTaTe IpH BH30BE METOAR
«[leperatouenre nepepad» OyAeT BBINCAHATECS METOA HE POAHTEAB-
CKOTO KAACCa, a BHOBb CO3AAHHOTO.

Mexanuzm paboter OOI1 B 3THX CAYYAAX MOKHO OIIHCATH TpHMep-
HO TakuM obpazoM. [IpH BHI30BE TOTO MAM MHOTO METOAA KAACCA CHa-
yaAd CASAVET HCKATh MeTOA B CaMOM Kxaacce. Ecan MeToa HAHAEH, OH
BEIIIOAHAETCH M MMOMCK ero japepmaerca. Ecal )Xe MeToa He HaHAeH,
crepyeT 00paTUTBCA K «DOAHTEARCKOMY» KAACCY M MCKATh BHI3BAHHBIM
METOA B IICM, Ecan METOA, HaﬁACIl, O1I BLIIIOAHAETCH ¥ ITOUCK erc Tax-
JKe MPEeRPaliaeTcsd, a eCAM He HalAeH, TIOMCK IIPOAOAKASTCA Aaiee
BBEDX II0 MEPapPXHUUYCCKOMY AepeBY, BILAOTh AC KOPHS (BepXHero Kaac-
ca) mepapxuu. JTOT npUMep OTpakaeT TaK Ha3LIBaeMEIH MeXaHU3M
PaHHETC CBA3HIBAHMA.

m OBbLEKTbI B TYPEO NMACKASE

Onucanne oOpeKkTroB. UHRancyasuna. AAS ONHCAHHST OOLEKTOB B
TypGo Tlackane szapezepBHpoOBaHO cA0OBO «objects, Tum «Objects —
3TO CTPYKTYPA AQHHEIX, KOTOPASs COASPKHT HOAS H MeTOARL. OnHcaHHe
DOBEKTHOTC THAA HMEeT CASAYIOIIUA BUA:
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Type <uOeHTHdMraTcp THa obeexkTa> = Object
<none>;

<nane>;
<MeTon>;

<MeTOon>;
End;

[Toae copepsKUT MM U THII AAHHEIX. Memoghl — 9T0 NIPOIEAYPE
ua¥ PyHKOWH, OOBABACHHEIE BHYTPU AeKAapalliM 06 BeKTHOTO THIE, B
TOM YHCAE U OCOORIE [IPOIEAYPH, CO3AA0IIHe H YHHUTOXKAIOHe O0b-
eKTHI {KOHCTRYKTOPH M AeCTPYKTOpPEI). O8bABRAeHHE METOAa BHYTPH
OIIHMCAHHSA OOBEKTHOTQ THIIA COCTOUT TOABKO M3 3aTOAOBKA (K&K B pas-
aeae Interface B moayae).

ITpuamep 4.1. OnnineM o6LekT « OOGKKHOBEHHAA APCDL» ¢ MeToaaMM «HOA,
YUCAHTEAS ¥ 3HAaMeHaTeAqd», ((COKPBII_IEHHE» H ((HaTypaALHaH CTerneHbe»;

Type Natur = 1..32767;

Frac = Record P : Integer; Q : Natur End;

Drch = Object A : Frac;

Procedure NOD(Var C : Natur);

Procedure Sokr;

Procedure Stepen{N : Natur; Var C : Frac);
End;

Omnucanme oGBLEKTHOTO THIA COGCTEEHHO H BhIpaXKaeT TaKoe CBOH-
CTBO, KAK WHKAIICYASTIHA.

[MpomantocTpupyem paree paboTy C OIHCAHHEIM O6LEKTOM, pPeani-
3anuel ero MeToAOB W ofpalileHHe K YKa3zaHHBIM MeTopaM (IpH 3TOM
NMOHAA0OHITCA HEROTOPHIE BCIIOMOTATEALHEIE METOALI):

Type Natur = 1..MaxInt:
Frac = Record P : Integer; Q : Natur End;
{—----Onmcasre oBBEKTHOTC THUMIa--———}
Drob = Object
A : Fracg;
Procedure Vvod; {BReom npobu)
Procedure NOD(Var C : Natur); {BOIO}
Procedure Sokr;
Procedure Stepen{lN : Natur; Var C : Frac);
Procedure Print; (Bupeon npotu}
End;
{-—---0Cnucanuda MeTOoOCcE Oo0BeKTa-—---!
Procedure Drob. NCD;
Var M, N : Natur:
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Begin M := Abs(A.P); N := A.Q;
While M <> N Do
IfM>N
Then If M mod N <~ C Then M := M mod N Else M := N
Elgse If Nmod M < 0 Then N := N mod M Else N := M;
C =M

End;

Procedure Drob. Sckr;

Var N : Natur;

Begin
If A.P <> 0
Then Begin
Drob. NOD (M) ;
A.P = A.P div N; A.Q := A.Q div N
End
Elgse A.Q =1
End;

Procedure Drob. Stepen;
Var 1 : Natur;

Begin
C.P :=1; C.Q := 1;
For I := 1 To N Do
Begin C.P = C.P *» A.P; C.Q = C.Q * A.Q
End;
End;
Procedure Drob. vvod;
Begin
Write{'Bregure umMcnMTens npobm: '); ReadLn{A.P);

Write (‘BRenmuTe =2HaMeHaTesbs IOpobu: ‘) ; ReadLn(A.Q);
End;
Procedure Drob.Print;
Begin WriteLn(A.P, ‘/', A.Q) End;

{-—--OcHoBHas nporpamMmda----}
Var Z : Drob; F : Frac;
Begin

Z.Vvod; {Bsom apoBu!}

Z.Print; {([leuaTsr BBeJeHHOM OpoOu}

Z.Sokr; {CokpaueHVe BBESISHHOM OpcOM}

Z.Print; {lleyare IpclOu nocCle COKpalléHMs}

Z.S5tepen (4, F); {BozBenenwe BBeleHHOWM mpobu B
4-10 cTeneHb}

WriteIn(F.P,'/', F.Q)
End.
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[MTporRoMMEeHTHPYEM OTARABHBIE MOMEHTE] B PACCMOTPEHHOM IIPHMEpe.,

Bo-mepBRIX, peaAd3aniia MeTOACOB OCYIECTBASICTCH B PA3AGAE OTTH-
CAHUH NOCAe OOBABAEGHHA OOLEKTa, MPHYEM [IPH PEAaAH3alIMH MEeTOA]
AOCTAaTOYHO YKA34Th ero 3aroA0BOK 0e3 CMHCKa NlapaMeTpoR, HO € YKa-
3aH#eM OO'BEeKTHOTO THIA, K KOTOPOMY OH OTHOCHTCS. Eme pas orMe-
THM, YTO BCE 3TO HATOMMHAET CO3AAHHe MOAYAS, KOTAQ PeCcypCHI, AO-
CTYIIHBIE [IPH €ro MOAKAIOUYEHHH, TIPEXAE BCero OOBABAAIOTCA B pas-
aeae Interface, a zarem peaansyioTca B paspeae Implementation.
B AeHACTEMTEABHOCTH OOBEKTH H HX METOAbI PEAAHM3VIOT Hallle BCero
MMEHHO B BUAE MOAYACIL

Bo-BTOpRIX, BCE AEHCTBHS Hap O0OLEKTOM BLIMOAHSIOTCH TOALKO C
NOMOLIBEO €I'0 MEeTOAOB.

B-TpeTbHX, AAsT PABOTH € OTAGABHEIM 3K3€MIASPOM OOBEKTHOIO
THIIA B pa3’jAeAe OMHCAHHA IePeMEHHEIX AOAMHAa ObITh ODEBsIBACHA M-
peMeHHas (MAM IlepeMeHHBIE) COOTBETCTBYIOLLero TAma. M3 npuMepa
BHAHO, UTO 00'BbABACHHE CTATHIECKHX GOBeKTOR He OTAHYAeTCS OT 00h-
SIBAGHUS ADYTHX DE€PEMEHHBIX, @ HX HCTIOAB3OBaHie B IIpOTpaMMe Ha-
MMOMHHAET HCIOAL30OBaHWE 3allhCced.

Hacaeposanme., OOLeKTHEE THIIEI MOFKHO BEICTPOHUTE B HEPAPXHIO.
OpMH OOLEeKTHLIN THIT MOJKET HACAGAOBATh KOMIIOHEHTH APYTOro 00L-
eKTHOTO THIE. HacaepAyromui OFBLERT HA3BLIBASTCH ¢TIOTOMKOM», a
ODBEKT, KOTOPOMY HACAESAYIOT, — «MpeakoM», BECAM «TIPeAOK» cam siB-
AAETCA YBHM-AHOO «HECAEGAHMKOM®, TO «IIUTOMOKY» HACAEAYET H 3TH
TTOAST H MeTOABL. CACAYET NOAYEPKHYTE, UTO HaCACAOBaHHE OTHOCHUTCH
TOABKO K THIIGM, HO HE 3K3ieMnasgpaM oGbeKTa,

Onucanue THIA IIOTOMKE» MMEET OTAHMHTEALHYIO 0CODEHHOCTE:

<uMsA THna noToMmka> = Object (<umMa Tuna npenxas>) ;

Aanee zanuch ONMHCaHHUA — OOHTHASA.

CaepyeT NOMHHTE, YTO IIOAS HACACAYIOTCA 6€3 KaKoTo-AHG0 HCKAIG-
YeHHs, IO3TOMY, O0BLABAAA HORKIC TIOAA, HEODXOAUMO CAEAMTE 3a YHH-
KaABHOCTBIO HX MMEH, HHAYE CORNAAEHHE MMeHH HOBOTO [MOAA C HMe-
HEM HACAEAYEMOIo TIOAS BHI30BeT OmMOKy. Ha MeTOABI 3TO MPaBHAO
HE PACNpPOCTpaHseTcd, HO 00 3TOM paAee,

IIpumep 4.2. OnuineM oGLCKTHBIH THN « Braweamreans ¢ metopamu « CAQKe-
Hue», «BerHTaHHe», « YMHOReHHe», «AeAeHHe» (MOAGAMPOBAHHE ITCKOTOPOTrO
HCIIOAHHUTEAA} ¥ MPOU3BOAHLIH OT HETO THN «[1POABHIYTLIH BEIYHCAHTEALS C
HOBEIMM MeToaaMH «Crenenny», «KopeHb n-#l creneHun:

Type BaseType = Double;

Vichislitel = Object

A, B, C : BaseType:

Procedure Init; {BroJa WMIM MHMLNManUs3auMe nOome}
Procedure Slozh;
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