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BBepeHue

B mocrenree BpeMsl Ha KHIKHOM PBIHKE MOSBIIIOCH OONBIIOE KOTMIECTBO M3a-
HUI, TOCBANIEHHBIX TOMYISIPHBIM SA3BIKAM W CUCTEMaM IPOTPaMMHUpPOBAHUS.
OnHaKko JajeKo He KaKmoe M3 3THX M3TAHWH MOXeT OBITh peKOMEHIOBAHO B Ka-
yecTBe yIeOHOTO TTocobus T TpodecCHOHATBHOTO 00yJIeHNST TTPOTpaMMHIPOBa-
HWI0, TJIABHBIM 00pa3oM TI0 OHON TIpWUYNHE: 3TH KHUTU ONMMCHIBAIOT KOHKPETHBIC
0COOEHHOCTH TOTO WJIM WHOTO SI3BIKA, a He OCHOBOTIONATAOIINE TTPHHITATIB TTPO-
TPaMMUPOBAHMS.

M3BecTHO, 4TO HA PHIHKE KOMIIBIOTEPHBIX MPUIOXKEHMI U MPOrpaMMHOIO obec-
MeyeHuss HAaMOOIBIIMM CIPOCOM IOJb3YIOTCS OONbIINE MPOrPaMMbL U IIPOTPAMM-
HbIE€ CHCTEMbI CO CIOXHBLIMU AaHHbIMU. CUCTEMATUYECKUNA M HAYYHBIA IOIXOM
K ITOCTPOEHUIO TAKUX MPOrpaMM OYeHb BAXKEH, IOCKOJBbKY MPOrPAMMUCTEL MOLYT
130exKaTh GOJIBILIOIO KOJMYECTBA OIIMOOK, €CAM CO 3HAHWEM Aeaa OydyT mpume-
HITh T€ WM HHbIE METOAbl IporpamMvupoBaHusa. IlpakThka MOKas3bIBAET, YTO
HEBO3MOXHO peaJM30BaTh BCE 3TU METOAbl 0e3 3HAaHMI O pa3MYHBIX BapuUaH-
Tax CTPYKTypupoBaHus HaHHbix. H. Bupr B KHure "AJTrOpuUTMBI + CTPYKTYPBI
JAHHBIX = MporpaMMbl’ nuier: "PellleHUs] O CTPYKTYPUPOBAHUU JAHHBIX HeEJb3s
NPUHUMATbL 03 3HAHUS AITOPUTMOB, IMPUMEHSIEMBIX K 3TUM TAHHBLIM, U HA000-
POT, CTPYKTYpa U BBIOOP AITOPUTMOB CYLUECTBEHHBIM O0PA30M 3aBUCAT OT CTPYK-
Typbl OaHHBIX". B gaHHOM y4yeOHOM IOCOOMM aBTOPBL IONBITAIMCH H3NOKUTH
KJIaCCHYECKUE AITOPUTMBL U METOIbI IPOrpaMMUPOBAHUS, II0KAa3bIBasd HA IPUMe-
pax, Kakag CTPYKTypa JAHHBIX MOXET ObITb MCIIOIb30BAHA B TOM WM MHOM CIy-
yae. KHura mnoarotropjieHa HAa OCHOBE MHOIOJETHEro OIIbITA IpernonaBaHusd
OCHOBHBIX U CHELMATU3UPOBAHHBIX TUCIUIUIMH KOMIIBIOTEPHOro LMKIA Ha da-
Ky/lbTeTe NPUKIATHOH MaTeMaTUKU, MHMOpMATUKU MU MexaHuku BopoHexckoro
rOCyAIapCTBEHHOIO YHUBEPCUTETA.

Hactosiiee usnanue sipasieTcsl JIOTMYECKMM TIPOJOIKEHNEM YYeOHOTO TTOCOoOusI
Tex ke aBTropoB "TIporpammuposaHue Ha s3bike [TACKAJID: 3anayHuk”, KoTopoe
BBIILIO B u3faarenbeTBe "TTutep” B 2002 roay n nmeet rpud MunucTepcTBa odpa-
soBaHnug Poccuiickoit @eacpaiiin.

Kuura "IIporpaMMuUpoBaHue aJropuTMOB 00pabOTKM JaHHBLIX' IpeJHa3HauyeHa s
CTYIEHTOB BYy30B, YyIIyOJeHHO M3yyaolMX MHGPOPMATUKY, IperojgaBareieid MH-
opMaTHKK, a TAKKE CIELUAIUCTOB B 00acT MHGOPMALMOHHBIX TEXHOJIOIUIA.



2 Beenerue

Kuura cocrout us aByx uacteil. B nepeoii wacmu paccMarpuBaloTcs TEXHOIOTUM
peau3alydy AJITOPUTMOB KOMIIBIOTEPHON 00paboTku MHGpOpMALUU: MOAYIU WU
OOBEKTHI.

Bo emopoii wacmu mipencraBneHB Hanboee YIMOTPeONTETbHBIC aTOPUTMBI KOM-
MBIOTEPHOI 06pabOTKM MAHHBIX: PEeKYPCUBHEBIC aTOPUTMBI, 3amadyd TTOWcKa (ai-
TOPUTMBI C BO3BPaTOM, XEIIMPOBAHNE), aNTOPUTMBI BHYTPEHHNX W BHEITHUX COP-
THPOBOK, AJITOPUTMBI pabOTH ¢ CHIIBHO BETBSIIIIUMUCS JTePEBBIMMU.

B npuaoHCeHUAX NMPUBEACHDBI CTAHIAPTHBIC IIPOLECAYPhIL, Heo0XonuMble I IIOHK -
MaHuA MHOIOYUCICHHBIX IPUMEPOB IIPOrpaMMm, paCCMOTPCHHbIX B KHUIC.

Kaxnmas rmaBa HaumHaeTcsT ¢ KPaTKOTO M3ITOXEHUS TEOPeTHIecKOro MaTepuaja,
KOTOpOe HOCHWT CITpaBOYHBIN Xapaktep. [lociaemHnit pasmen Kakmoi TIaBLI CO-
JepsKUT Habop 3a7ad IS caMOCTOSITeTEHOTO pellieHns. [IpakTUdecKu Bce TIaBb
comepkar MpUMepBl OONBIIUX TIPOTpaMM, KOTOphIe CIYKAT XOpollel MIUTIoCTpa-
el TeopeTUYecKoro MaTepraia. B HeKOTOpEIX TIpmMepax He TONBKO TIPUBEIcH
TEKCT TPOTPaMMBI ¢ KOMMEHTAPUAME, HO M OTPaKEHBI 3TANBl e¢ MPOEeKTHPOBa-
HUS, pasBUTHA W pealH3allii. ABTOPBI HAACIOTCS, YTO WX KHUTA TIOMOXET B CTa-
HOBJICHUW MaTeMaTHKa-TIporpaMMHCTa W OyIeT CIOCcOOCTBOBATh TOBBLIIICHUIO
KYTBTYpBI MBIIUTEHUST. KHWTA TIpemHasHavdeHa IS OBIAICHUS KOMITBIOTEPHBIMU
MeToJaMu oOpaboTKN WHMOPMAITNH TTyTeM pPasBUTHUA TpodeccuOHATLHBIX HABbI-
KOB pa3paboTKH, BEIOOpa W MpeobpasoBaHUsT aITOPUTMOB, YTO SIBIISTIETCST BAXKHOIM
coCTapmsoNeH 3pheKTUBHON pearn3alny TPporpaMMHOTO TTPOIYKTa.

[lpeacrapieHHbI B KHUIE MaTepual yIOBIETBOpseT TPeOOBAHUSAM OCHOBHOM 00-
pa3oBaTeNbHON MPOrpaMMbl MOATOTOBKU CIELUMAIMCTOB B OOJACTH MPUKIAMHOMN
MaTeMaTuKi ¥ KOMITbIOTePHBIX HAayK U MOMIEPXKUBAET BY30BCKHE KYpChl, B KOTO-
PBIX U3YYAIOTCA CTPYKTYPhI U QITOPUTMbI OOPAOOTKU TAHHBIX.

ABTOpPBI GaromapHBl CTYIEHTAaM W BBITYCKHWKAM ¢haKyJbTeTa TPUKIaTHONW MaTe-
MaTHUKHN, WHGOPMATUKA W MEXaHWKHW BOpPOHEKCKOTO TOCYTapcTBEHHOTO YHUBEP-
CUTETa, KOTOpBIE OBUIM CAMBIMW TIPUCTPACTHBEIMU M BHUMATETHHBEIMHU ICHUTEIS-
MI W cynbaMni. CBOMMH BOMPOCAMH W 3aMEUaHWSIMHU OHU TTOMOTJIN WCITPAaBUTH
IIIEPOXOBATOCTH M3JIOKEHWSA MaTephala W CcIocoOCTBOBANIM COBEPIICHCTBOBAHUIO
METOINKH TIOAYN MaTepuaia.

Kosuiektup aBropoB Oyier npu3HareieH 3a Jiobble 3aMevyaHusi, IIPEeIIoXeHUs,
[OXEJIaHWs,  HalpaBleHHble [0  aipecy:  voronina@amm.vsu.ru  Wix
nataly@amm.vsu.ru, 396006 r. BopoHex, YHupepcurerckas i, 1, ¢akyibrer
[IMM, Ten.: (0732) 789-698.
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TEXHONOIrmn PEANNN3AUNN AINITOPUTMOB

MnaBsa 1. MoaynbHbIM Noaxon B NporpaMMUpoOBaHUMU

MaBa 2. O6bLEKTHO-OPUEHTUPOBAHHbLIN Noaxon
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MopaynbHbIN nogxoA
B NporpaMmmMupoBaHumn

Modyas (unit) — 3TO MMEHOBAHHAs COBOKYMHOCTH KOHCTAHT, TUTIOB, MepeMeH-
HBIX, TIpolieAyp ¥ ¢dyHKIMU. B omimume oT mommporpamMMmbl (Mpoleaypbl WiIn
GYHKIIMM) MOMYJb XpaHUTCS OTAEIBHO OT OCHOBHOI TpOTpaMMbl U KOMITUJIUPY-
eTcs HezaBHCHMO OT Hee. Cam 110 cebe MOIy/Ib He SIBJISETCS BHITTOTHSIEMON Tpo-
rpaMMOM — ero OOBEKTHI NCTIONb3YIOTCS IPYTUMU MTPOTPAMMHBIMA SIMHUIIAMUA.

CrtaHgapTHbie Mmoaynu

Turbo Pascal umeer BoceMb CTAHIAPTHBIX MOYJIEH, B KOTOPbIX COHEPKATCS BCE
CHCTeMHble Mnpouenypbl M GYHKUUM (SYSTEM, DOS, CRT, PRINTER, OVERLAY,
GRAPH, GRAPH3, TURBO3).

Bce mepeuncieHHBle CcTaHOAPTHBEIE MOIYIAM XpaHATCS B cHUCTeMHOM daline
Turbo.tpl. Kpome Toro, KaxXmplii CTaHIAPTHBINT MOIYIb HAXOAWUTCS B OTHOWMEH-
HoMm TPU-¢aiine — B cuctemHoM Karaiore Turbo Pascal. UmeHa Bcex HMCToNb-
3yeMBIX B IIporpaMMe MOIyJIei, KpoMe SYSTEM, HeOOXOAMMO yKa3arh B crieudm-
Kallii WCIONAB30BAaHUS 10 OOBIYHBIM TIpaBWiaaM. Monyiab SYSTEM MOXHO He
VKa3bIBaTh B crieM(UKAIINN UCITOJb30BAHNS, TAK KaK BCE €T0 PeCypChl MOIKITIO-
YyarTCcsl aBTOMaTUYecKn K JII000i TIporpamMe. PaccMoTpuM cTaHmapTHBIE MOIYIN
moapobHee:

O B MoAy/lb SYSTEM BXOAIT BCE€ MPOLENyphl M (YHKIMHU CTAHAAPTHOIO SA3bIKA U
MOAMPOrPAMMbI, OPUEHTUPOBAHHbIC HA KOHKPETHYIO OIEPALIMOHHYIO CPey;

O Moay/ib DOS COAEPKUT CPe/CTBA JOCTyMNa K OMNepalluoHHON cucteMe W sSIBIsi-
eTcsl TIpOrpaMMHBIM TIpe/icTaBIeHueM cucTeMHoro uHTepdeiica MS DOS;

O Monmyiab CRT OOECIeuYMBAeT BO3MOXHOCTb AOCTYNA K DKpaHy IUCILIEd B TeK-
cTOBOM pexume. B aToM Moayne cocpenoToyeHbl cpeacTBa uTeHus nHgpopMa-
LMY C KJIABMATyphl, BKJIIOYAA PACIIUPEHHBbIE KOABl KJIABUIL, U IIPOCTEHIIEro
YIIPaBIeHUs1 3BYKOM;

O Monmynb PRINTER WMeeT ¢MMHCTBeHHBIN WHTepdeicHEBIN 2IeMeHT Lst THTA fext,
CHCTEMHO CBSI3AHHEIN ¢ JorndecKnuM yerpoitictBoM PRN, To ecTh ¢ mevararo-
IIIAUM YCTPOMCTBOM, €CITW OHO €CTh B KOH(UTYPALIVH;



6 Yacrs I. TexHonorum peanvaayuy aiaroputMoB

O Monyib OVERLAY MPEIOCTABISIET CPEeACTBA I OPraHU3alMK OBEPISHHbIX IIPO-
rpaMM OOJIbLIKX Pa3sMEpPOB, MPEBBIIAIOIIMX O0ObEM MOCTYIIHON ONepaTHBHOIL
MaMsITH;

O Monyiab GRAPH OOBEAMHSIET MHOTOYMCIIEHHBIE NPOTPAMMHBIE CpENCTBA YIIPaB-
JeHns TpachuIecKuM peXUMOM paboTHl JAUCIUTes, 0OECTIEUNBAET UCTIONb30BA-
HHUE BCEX BO3MOXHOCTEH Haubojee pPACIPOCTPAHEHHBIX TUIIOB TUCILIEEB
CGA, EGA, VGA, HERCULES;

O MomyiuM TURBO3, GRAPH3 00€CIeYMBAIOT COBMECTMMOCTb IaHHOH BepCcUM
¢ boyiee paHHUMU BEPCUAMU.

O6uwan cTtpykTtypa moayns

CTpyKTYpHO MOIyJb MMEET 3arojJlOBOK M pasiejeH Ha ABe 4acTu: UHTepdeiic
(Interface) M peanusauusl (Implementation). OObIBIEHUS, YKA3aHHBIE B HH-
tepdeiice, SIBASIOTCA JOCTYIHBIMU I J11000i MNPOrpaMMbl, UCIIOAB3YIOIIEH STOT
Moayib. [losToMy uHTepdeiic Ha3bIBaeTCs OTKPBITOM 4acThio. B yactu peanuza-
LMY IIOMEILAIOTCI HEBUAMMbBIC WM CKPBIThIE 00beKTbl. Moaynb B s3bike Turbo
Pascal umeer ciaeayiomiuii Bu:

Unit <uma>;

Interface {oTkpriTas yvacTs (MHTEPOENC) }
Uses <CIMCOK MMEH MOIYyJen>;

{obume oOBABIIEHMUA }

Implementation {ckpriras vacTe (peaamsans)}
Uses <CIMCOK MMEH MOIYyJen>;
{noxanbHEle OCBABIIEHUS }

{npouenyper n QyHKIMM}

begin
{onepaTopsl MHMLIMAJIMBALII}

end.

Crmcok Mopmyneit mHTepdelicHOM YacTh comepkKUT WMeHa MOIYIeH, MCIOIb3ye-
MBIX B JaHHOM MOAYJe WJIM B BBI3BIBAIONIEH TporpamMMe. BeI3biBaromias mpo-
rpaMMa MOXeT WCIIOJTb30BaTh 3TW MONYIW, OOPAaTWBIINCHE K HUM C ITOMOIIILIO
Uses <>, TaK XK€, KaK eci OBl OHW OBUTH OMMHMCAHBI B camMoil TiporpamMme. Bce
BBI3BAHHEIC BETMIWHBI SBIISTIOTCS TS BBI3BIBAIOIICH TPOTpaMMBI TIOOATEHBIMA.

Cnucok MO,Z[y.HGﬁ B pasiacie peain3ainn IejJaacT JOCTYIIHBIMU COOTBETCTBYIOLIME
MOIYJIHN TOJILKO B pasacjce peajlu3aluni JdHHOIO MOAYJIA. Paznen Implementation
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MOXKET COACP2KATD MHULHUAIUIUPYIONLYIO YaCThb. OHa, B 4aCTHOCTH, IIpE€aHasHa4ye-
Ha 11 YCTAaHOBKM HadaJlbHbIX 3HAYEHU I HNEPEMCHHbIM MOIYJIA. B CJIy4yac OTCyT-
CTBUS OIIEPATOPOB 9TA YACTb COCTOUT U3 3aBEPLIAIOLIETO MOAYJIb end.

TakuMm 06pa3zoM, MOIYJIb COCTOWT W3 3arOJIOBKA M TPeX OCHOBHEIX YacTei, Jobas
W3 KOTOPBIX MOXET OBITH MTYCTOIA.

Komnunsauua mopgynei

Kak u nporpamMma, Momy/ib IIOMELIAETCA B OTAEAbHbINA (haill 1 KOMITUJIUPYETC.
M daitna, coaepxalllero UCXOAHbIA TEKCT MOAYJS, [OJKHO COBIaJaThb ¢ UMe-
HeM aToro mouyis. KoMouwistop nocie TpaHCASLMU I[OMElaeT KO MOIYJIs
B (haiill ¢ TAKUM Xe MMeHeM U pacliupeHueM tpu (oT aHrnuiickoro Turbo Pascal
Unit). Uma moayns, kak u ums daiina, JOJKHO colepxXaTh He 0ojee BOChbMU
CUMBOJIOB. B oHOM ¢haiijie MOXET pa3Mellarbcs TOAbKO OJMH MonyJb. Eciu He-
00XOJUMO XPaHUTb KOJ MOAyJs B haiifie ¢ APYTUM UMEHEM, TO MOXHO HUCIIONb-
30BaTh IUPEKTUBY $U IS IepeonpeneeHuss UMeHu aiia. Jra AupeKTuBa ume-
eT ONMH HapaMeTp, KOTOPbI TpakTyeTcs Kak HacTosilee MM daiina ¢ JaHHbIM
MoayineM. OHa J0/DKHa HaxoAuTbes Iepeld MEepBbIM MCIIONb30BAHUMEM MOYJSl B
crneunduKaluy UCIoib30BaHud. Hanpumep, KOHCTPYKLIMS
Uses {$U Nain} ABC;

MPUBEIET K TOMY, YTO KOMIUIATOp OyaeT McKaTh kol Moayias ABC B muckoBoMm
¢aitie Nain.tpu.

B cpene Typ6o ITackanst onpeaeseHbl TpU pekruMa KOMITWISTINU:
O COMPILE;

O MAKE;

3 BUILD.

ITpu KoMIUISIIIUKM MOMYJS WU OCHOBHON mporpaMmbl B pexkumMe COMPILE Bce
YIIOMUHAIOIIHECS B MPEUIOKEHUN Uses MOMAYJIU JOJKHBI OBITh TpeIBapUTEIBHO
OTKOMITMJIMPOBAHBI W PE3YJBTAThl KOMIWISIIMU TIOMEIeHbl B OJHOWMEHHBIE
daitael ¢ pacuimpeHueM tpu. Hampumep, eciu B Tiporpamme (Momyje) UMeeTcs
MpeUToXKeHne

Uses Global;

TO Ha mucke B Karamore, oobsBiernHoM omieir OPTIONS\DIRECTORIES yxe
noimkeH HaxommThes daiim Global.tpu. Paitn ¢ pacmmpeHneM tpu cO3mMaeTcsT aB-
TOMATUYECKN B Pe3yjbTaTe KOMMUISIIMK Moayis. Tak, eciu OCHOBHasl Iporpam-
Ma MOXeT KOMITMJINpoBaThbesl 0e3 co3maHus ucnonHsieMoro EXE-daiina, To KoM-
MTUJISIITAS. MOMYIIST BCerna MpUBOANT K cosganuto TPU-daiina.

B pexume MAKE xomnunarop nposepsier Hanuuue TPU-¢aiiioB misd Kaxaoro
00BaBaeHHOro Moay/sa. Ecnu kakol-HuOyab u3 (ailjloB He 0OOHAPYKEH, CUCTEMA
MBITAETCS OTBICKATh M CKOMIIWJIMPOBATh OJHOMMEHHBIA (haiil ¢ pacliupeHueM
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pas, To ecThb ¢aiil ¢ MCXOMHBIM TEKCTOM Monyind. KpoMme Toro, B 5TOM pexume
CHCTEMA CIEAUT 32 BO3MOXHBIMM U3MEHEHUSIMH MCXOOHOIO TEKCTa JI0OOro Mc-
noassyemoro moayis. Eciu B PAS-gaiinbl BHeceHbI U3MEHEHMS, TO CUCTEMA BCe-
[Ja OCYLIECTB/SIET UX KOMIIMJISAIMIO Tepell KOMIIWISLUKUEe OCHOBHOM IporpaMMbl.
Bonee toro, ecnu usmMeHeHUs BHECEHBI B MHTeP(MENCHYIO0 YacTh MOIYJs, TO OynyT
NePEeKOMIWINPOBAHbL  TakKXe U BCe Jpyrde MOnOyau, oOpalraioiiuecs
K HeMy.

B pexxume BUILD cymiecrsyomue TPU-daitabl UTHOPUPYIOTCS U cUCTeMa OThI-
CKWBAaEeT M KOMITMJNPYET cOOTBeTCTBYIOIUI PAS-daiin mis kaxmoro oobsiBiIeH-
HOTO B TIPEJIOKEHUN Uses MOAYJISI.

Mpumep 1. Onepayumn ¢ KOMNIEKCHbIMU
yncnamm

Co3nate MOAYNb, PECATU3YIOIIUI CPeACTBA PAOOTBl ¢ KOMIUIEKCHBIMUA YUCTAMU
(muctunr 1.1).

INMuctuxr 1.1. Moaynb, peanu3ylolmii cpeacTBa paboTbl C KOMMIIEKCHLIMUY YucnamMmm

Unit Cmplx;

Interface

Type {OnmucaHre KOMIUIEKCHOT'O 4MCJia}

Complex = record
re, im : real
end;

{Ilpouenypa BBOIA KOMIUJIEKCHOTO uUMCTa Z}
Procedure ReadC (var z: Complex);
{[Ipouenypa CIOXEHMUS OBYX KOMILJIEKCHBEIX YMCEJ X U Y}
{PelsynbTaT BanoOMMHAETCS B II€PEMEHHOM Z}
Procedure AddC (x, y: Complex; var z: Complex);
{IIpouenypa BBMUMUTAHUS IOBYX KOMIUJIEKCHEIX UMUCEJI X U Y}
{PesynbTaT 3anoMMHaeTCs B II€PEMEHHON Z}
Procedure SubC (x, y: Complex; var z: Complex);
{IIpouenypa yMHOXEHMS IOBYX KOMIIJIEKCHEIX UMUCeJl X M Y}
{PesynbTaT BanoMMHAETCS B IIE€PEMEHHON Z}
Procedure MulC (x, y: Complex; wvar z: Complex);
{Ilpouenypa IeJeHMA OBYX KOMIUIEKCHEIX UMCeJl X U V}
{PesynbTaT BanoMyHaeTCs B II€PEMEHHON Z}

Procedure DivC (x, y: Complex; var z: Complex);
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{OyHKLMSA CPaBHEHMS OBYX KOMIUIEKCHEIX UMCell X U V}
{Eciu umcna pasBHE, TO (QyHKLMSA BO3BpaUaeT}
{BHauenmne true, mHaue — BHaueHme false}

Function EqvC (x, y: Complex): boolean;
{IIpouenypa BEBOOA KOMILJIEKCHOT'O dYKCIa Z}

Procedure WriteC (z: Complex) ;
Const C: Complex = (re: 0.1; im: -2);
Implementation

Procedure ReadC;

begin

with z do readln (re, im)

end;

Procedure AddC;

begin
z.re = x.re + y.re;
z.im := y.im + x.im
end;

Procedure SubC;

begin
zZ.re = X.re - y.re;
z.im := x.im - y.im
end;

Procedure MulC;

begin
z.re := x.re * y.re - x.im * y.im;
z.im := x.re * y.im + x.im * y.re
end;

Procedure DivC;
Var v: real;
begin

v := sqgr(y.re) + sqr(y.im);
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if v=0 then
begin
writeln ('"OmmbBra! JeneHme Ha HOb'); readln; halt (0)
end
else
begin
z.re := (x.re * y.re + x.im * y.im) / v;
z.im := (x.re * y.im - x.im * y.re) / v
end;
end;
Function EqvC;
begin
EqvC := (x.re = y.re) and (x.im = y.im)
end;
Procedure WriteC;
begin
with z do
if (re=0) and (im=0) then write('0")
else
begin
if re<>0 then write (re:2:2);
if im<>0 then
begin
if (im>0) and (re<>0) then write('+'); write(im:2:2,"'i")
end;
end;
writeln;

end;

end. {xoxHeu momymns Cmplx}

TekcT 3TOro MoAy/Isl HeOOXoAUMO MoMecTUTh B ¢aiin Cmplx.pas. Ilocae Toro xak
OH OyleT OTKOMIIWJIMPOBAH, BbI3bIBAIOIIEH MPOrpaMme CTAHYT AOCTYIIHBI Mpolle-
Jdypbl U3 HOBoM Oubnuoreku. Hanpumep, B cieaylolieil nporpaMme (IMCTUHT 1.2)
MpOBepsIeTCs, COBNAMAET JIM Pe3ybTaT apudMETUYECKUX OIepaluil CAOXKEHMS,
BBIUMTAHMA, YMHOXEHHUs Hal Hapoid KOMIUIEKCHBIX YMCEA C 3amJaHHBIM KOM-

IUICKCHBIM YUCJIOM.
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NuctuHr 1.2. Mpumep nporpamMmbl, MCNOJL3YOLWEA MOAYIb C KOMMNJIEKCHBLIMU
yucrnamm

Program ComplexValue;
Uses Cmplx, Crt;
Var a, b, ¢, d : Complex;
begin
ClrScr;
writeln ('BBemuTe OEMCTBUTENBHYI U MHUMYK YaCTU IEepBOTO uucia');
ReadC(a) ;
write ('IlepBoe uwmcio ') ;
WriteC(a);

writeln ('BBemuTe IEMCTBUTENBHYI M MHMMYIO YacTy BTOPOTO umcia');
ReadC (b) ;

write ('Bropoe uwmcno ');

WriteC (b);

writeln ('BBemuTe OEUCTBUTENBHYIO U MHUMYID YaCTU TpeTbero umcia');
ReadC(c) ;

write ('TpeTre umcio ');

WriteC(c);

AddC(a, b, d);
write ('CymmMa OBYX IEPBHIX UMCEJI paBHa ');
WriteC(d) ;
If EqvC(c,d) then

writeln ('oHa coBmamaeT C TPEeTbHUM UUCIIOM')
else

writeln ('oHa He coBHamaeT C TPEeTbMM YMCIOM') ;

sSubC(a, b, d);
write ('PasHOCTL IBYX IEPBEIX UMCEN paBHa ');
WriteC(d) ;
If EqvC(c,d) then

writeln ('oHa coBmamaeT C TPEeTbHUM UUCIIOM')
else

writeln('oHa He coBHazaeT C TPEeTbMM YKUCIOM') ;

MulC(a, b, d);
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write ('I[poMBBeneHKe IByxX IIE€PBEX 4UMCell PaBHO ') ;
WriteC(d) ;
If EqvC(c,d) then

writeln ('oHO coBmamaeT C TPEeTHUM UUCIIOM')
else

writeln ('oHO He coOBHAIAET C TPETbMM YMCIIOM') ;
readln;

End.

TMocne oOBSIBAEHUSI Uses Cmplx MPOTPaMME CTAIU JOCTYITHBI Bee O0BEKTHI, 00b-
sIBJIEHHBIE B UHTepdeiicHoi yacTh mMoaynsi Cmplx. [Tpu HEOOXOMMMOCTH MOXKHO
TepeoTipeeIUTh JIH00H U3 3TUX O0OBEKTOB, KaK 3TO MPOU3OIIIO ¢ OOBABIEHHON
B MojyJe TUTM3npoBaHHol KoHcTaHToit C. Tlepeoripenenere o0beKTa O3HAYAECT,
YTO BHOBBH OOBSBICHHBIN OOBEKT 3aKpbIBaeT paHee OIpe/ie/IeHHbIN B MOayJie Of-
HOMMEHHBIN 00BheKT. UTOOBI MOAYYNTH JOCTYN K 3aKPHITOMY OOBEKTY, HYKHO
BOCIIOJIb30BaThCsl COCTABHBIM UMEHEM: Tiepel UMeHeM OOBbeKTa TOCTaBUTb WMS
Monyns u Touky. Hampumep, onepatop

Writeln(cmplx.c.re:5:1, cmplx.c.im:5:1, 7i’);

BBIBEIET HA OKpPaH COACPKUMOE 33KpI)ITOI71 TI/IHI/ISI/IpOBaHHOﬁ KOHCTAaHTBI U3 TIpHU-
BEICHHOIO IIpuUMeEpa.

Mpumep 2. Onepayuu Hag maTpuyamMm

3apaua 1

Boeraucauth BeIpaxeHne Bupa fiX) = 2*X 3 - 5%X 2 + 3*X - 2*I, rne X — BBOIM-
Mas TIOJTb30BATeIeM MaTpulia pasMepHocTH 3 x 3. PellleHwe 3agaum JaHo B JIAC-
TuHTE 1.4.

3apaua 2

Bbluucauth 3Hayenue soipaxenusa (A + BT) * B, rne A — marpuua pazMepHOCTU
2 x 3, B — marpuua pasmepHoctu 3 x 2, BT — TpaHcnoHuposanHasg marpuua B.
Peuienue 3amauun gaHo B suctuHre 1.5.

Penienne naHHBIX 3a1a4 GasupyeTcsl Ha oOIeM MOJyJe, B KOTOPOM peanu3oBaHbI
ornepalumn Haa MaTtpunamMu (JIUcTuHT 1.3).

" NMuctunr 1.3. Peanusauus npoueayp Ans paboTkl C MaTpuLel

unit Matrix;
interface

const
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MDim = 10; {MaxcyManbHass PasMEPHOCTEL MaTPULIEL}

type
TElem = Real {Integer}; {Tun >JEeMEeHTOB MaTPULE}
Dimension = 1..MDim; {/lHTepBasl MHOEKCOB MaTpPULIH}

TL = array [Dimension] of TElem; {cTpoxa MaTpPWMLE}

TM = array [Dimension] of TL; {MaTpnua }

TMatrix = record
{IeicTBUTENbHEE 3HAUYEHNMSA PAa3MEPHOCTEM MaTPWLIH }

Diml, Dim2: Dimension;

{MaTpnua }
M: TM
end;

{BozBpamaeT B nepeMeHHOM Result emMHMUHYK MaTpPULLy }

{pasmepHOoCcTM (Dim x Dim) }

procedure MatrixI( Dim: Dimension; wvar Result: TMatrix );
{TpaHCOHUPOBAaHKE MATPULE A}

procedure MatrixTranspose( A: TMatrix; var Result: TMatrix );
{BBOO MaTpuULH}

{PasmeprHOCTM Diml, Dim2 ompenensioTCs HPM BEIROBE IIPOLIEIYPH }

{( Diml1>0, Dim2>0) wmaw BBOOATCS I[IOJIb30BaTEJIEM}

procedure MatrixInput (var Result: TMatrix; Diml, Dim2: Integer);
{BelBOII MaTPMLEL}

procedure MatrixOutput( A: TMatrix );

{Cnoxenre MaTpul. MaTpHUlsl OOJDKHEI OBITE OIMHAKOBOM pPa3MEPHOCTH}
procedure MatrixSum( A,B: TMatrix; wvar Result: TMatrix );
{YmHOXeHMe MmaTpuipl A Ha umcio N}

procedure MatrixNumberMul (A:TMatrix; N:TElem; var Result:TMatrix);
{BerumTaHMe MaTpul,. MaTpPULE! IOJDKHE! OBITH OOVHAKOBOW pPa3MepHOCTHM }
procedure MatrixSub( A,B: TMatrix; wvar Result: TMatrix );
{YvHoxenne matpuiy. Result (i x k) = CYMMA TIO j A(i x J)*B(J x k)}
procedure MatrixMul ( A, B: TMatrix; var Result: TMatrix );

{CpaBHEeHKUEe MaTpuUll Ha PaBEHCTBO}

function MatrixEqual ( A, B: TMatrix ): Boolean;
{Berancienne HOpMel MaTpuupl: | [A|| = MAX TIO i j |Aij|}
function MatrixNorm( A: TMatrix ): TElem;

{BozBemeHne MaTpulpl A B CTeNeHb P}



14 Yacrs I. TexHonorum peanvaayuy aiaroputMoB

{Marpnua A nojxkHa OHTH pasMepHocTM (N x N)}

procedure MatrixPower (A: TMatrix; P:Integer; var Result:TMatrix);

implementation

{YcranarmuBaeT pasMEpPHOCTb MATPULE}
procedure SetDimension(var A: TMatrix; Diml, Dim2: Dimension);
begin

A.Diml:=Diml;

A.Dim2:=Dim2

end;

{BosBpamaeT B nepeMeHHO! Result eIMHUUHYI0 MATPUIYY pPasMEPHOCTU
(Dim x Dim) }

procedure MatrixI( Dim: Dimension; wvar Result: TMatrix );
var k, j: Dimension;
begin
for k:=1 to Dim do
begin
Result.M[k,k]:=1; {Ha TJIaBHOM IMATOHAJNM — E€IVHMLIE}
{ocTanbHEEe B3JIEMEHTHE PaBHEL HYJIO}
for j:=k+1 to Dim do
begin
Result.M[k,j]1:=0;
Result.M[j,k]:=0;
end;
end;
SetDimension (Result, Dim, Dim)

end;

{TpaHCnOHMPOBaHME MaTPULEl A}
procedure MatrixTranspose( A: TMatrix; wvar Result: TMatrix );
var i, j: Dimension;
begin
for i:=1 to A.Diml do
for j:=1 to A.Dim2 do
Result.M[j,i]:=A.M[i,]]; {BHMMmaTenvHO: (i,]) -> (j,1)}

SetDimension (Result, A.Dim2, A.Diml)
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end;

{BBOO MaTpuULE}
{PasmeprHOCTM Diml, Dim2 ompenensioTCs HPM BEI3OBE IIPOLIEIYPH }

{(Dim1>0, Dim2>0) wmIM BBOOATCH MOJIbL30BATEJIEM}

procedure MatrixInput ( var Result: TMatrix; Diml, Dim2: Integer );

var i, j: Dimension;
begin

Writeln('< Beom mMaTpuiEr >');

if (Diml<=0) or (Diml>MDim) or (Dim2<=0) or (Dim2>MDim)
begin
{BBOI HEpPBOM pPas’MEpPHOCTH }
repeat
Write ('BBemuTe NEpBY PasMEPHOCTL MaTpuLE: ') ;
ReadLn (Diml)
until (Diml>0) and (Diml<=MDim) ;

{BBOID BTOPO} pPasMEpPHOCTH }

repeat
Write ('BBemmuTe BTOPYH Pa3MEPHOCTL MATPULE: ') ;
ReadLn (Dim2);

until (Dim2>0) and (Dim2<=MDim)

end;

{COXpaHHeM BBeIIeHHEBIE paBMepHOCTI/[}

SetDimension (Result, Diml, Dim2);

Writeln ('BBemuTe MaTpully pasmMepHoctu ', Diml, 'x', Dim2,

for i:=1 to Result.Diml do
begin
for j:=1 to Result.Dim2 do
Read (Result.M[i,]j]):
Readln {mMaTpuua BBOOUTCS NOCTPOUHO }
end

end;

{BelBOII MaTPMLEL}

then

2



16 Yacrs I. TexHonorum peanvaayuy aiaroputMoB

procedure MatrixOutput( A: TMatrix );
var i, j: Dimension;
begin
for i:=1 to A.Diml do
begin
for j:=1 to A.Dim2 do
Write(A.M[i,3]1:8:2," ");
Writeln
end

end;

{Cnoxenre maTpuil. MaTpulE DOJDKHE! OBITHL OIMHAKOBOM pPa3MEPHOCT }
procedure MatrixSum( A, B: TMatrix; wvar Result: TMatrix );
var i, j: Dimension;
begin

for i:=1 to A.Diml do

for j:=1 to A.Dim2 do
Result.M[i,]J] := A.M[i,3] + B.M[i,7];
SetDimension (Result, A.Diml, A.Dim2)

end;

{YmHOXeHMe MaTpuupl A Ha umucio N}
procedure MatrixNumberMul ( A: TMatrix; N: TElem; wvar Result:TMatrix);
var i,j: Dimension;
begin

for i:=1 to A.Diml do

for j:=1 to A.Dim2 do
Result.M[i,j] := A.M[1i,]] * N; {yMHOXaeM KaXIEli DJIEMEHT }
SetDimension( Result, A.Diml, A.Dim2 )

end;

{BeumuTaHne MaTpul. MaTPULE OOJDKHEL OHTH ONMHAKOBOM pPasMEepPHOCTH }
{BameuaHre. [JaHHYO OlepaLMio MOXHO pPeanm30BaTbh Takxe uepes}
{ymuoxeHre MarTpuupl B Ha -1 u cioxenme Cc maTpulein A}
procedure MatrixSub( A, B: TMatrix; wvar Result: TMatrix );
var i,j: Dimension;
begin

for i:=1 to A.Diml do
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for j:=1 to A.Dim2 do
Result.M[i,j] := A.M[1i,]] - B.MI[1i,]];
SetDimension (Result, A.Diml, A.Dim2)

end;

{YmHoxenne matpmi. Result (i x k) = CYMMA TIO j A(i x J)*B(J x k)}
procedure MatrixMul ( A, B: TMatrix; wvar Result: TMatrix );
var i,j,k: Dimension;
s: TElem;
begin
SetDimension (Result, A.Diml, B.Dim2);
for i:=1 to Result.Diml do
for k:=1 to Result.Dim2 do

begin
s = 0;
for j:=1 to A.Dim2 do
s := s + A.M[1,3] * B.M[],k];
Result.M[i, k] := s
end
end;

{CpaBHeHMVEe MaTpHull Ha PABEHCTBO }
function MatrixEqual ( A, B: TMatrix ): Boolean;
var i,j: Integer;
begin
MatrixEqual := False;
{pasMepHOCTN y PaBHBIX MAaTPUL, IOJDKHEl COBIAIaTh }
if (A.Diml=B.Diml) and (A.Dim2=B.Dim2) then
begin
i:=0;
repeat
i:=i+1;
J:=0;
repeat
Jr=j+1
until (j=A.Dim2) or (A.M[i,j]<>B.M[1i,]])
until (i=A.Diml) or (A.M[i,j]<>B.M[i,]]1);
MatrixEqual := (A.M[1,j]=B.M[1i,]]1);
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end

end;

{llonck MakCyMMyMa B CTPOKE }
function LineMax ( Vector: TL; Dim: Dimension ): TElem;
var i : Dimension;
max: TElem;
begin
max := Vector[l]; {HauanbHOe BHaueHue}

for i:=2 to Dim do

if max < Vector[i] then max := Vector[i];
LineMax := max
end;
{Berancienne HOpMel MaTpuupr: | [A|| = MAX TIO i j |Aij|}
function MatrixNorm( A: TMatrix ): TElem;
var i : Dimension;

max, Mmax: TElem;

begin
Mmax := LineMax( A.M[1], A.Dim2 ); {HauaJbHOe 3HaueHUE}
for i:=2 to A.Diml do
begin
max := LineMax( A.M[i], A.Dim2 ); {HaxomIMM MaxkCUMyM B CTpPOKE }
if max > Mmax then Mmax := max
end;
MatrixNorm := Mmax
end;

{BospemeHne MaTpulpl A B CTeneHb P}
{Marpnua A nomxHa OHTL pasMepHOocTM (N x N)}
procedure MatrixPower ( A: TMatrix; P: Integer; var Result: TMatrix );
var i: Dimension;
begin

Result := A;

for i:=2 to P do

MatrixMul (A, Result, Result)

end;

end. {Konew, monynsa Matrix}
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' Iluctunr 1.4. PeweHue 3agaum 1

program MatrixTestl;
uses Matrix, Crt;
const Dim = 3;
var

X: TMatrix;

hl, h2, h3, h4: TMatrix; {BcCnoMoTaTesIbHEE MaTPULE}

begin
ClrScr;
MatrixInput (X, Dim, Dim); {BBOLm MaTpPMLIEL}
MatrixPower (X, 3, hl); {hl = X*3}
MatrixNumberMul (hl, 2, hl); {hl = 2*X"3}
MatrixPower (X, 2, h2); {h2 = X*2}
MatrixNumberMul (h2, 5, h2); {h2 = 5*X"2}
MatrixNumberMul (X, 3, h3); {h3 = 3*X}
MatrixI (Dim, hd); {hd = I}
MatrixNumberMul (h4, 2, hd); {hd = 2*I}
MatrixSub (hl, h2, X): {BHUMCIIEHVE 3aIaHHOT'O BEIPAXEHMU }

MatrixSum (X, h3, X);
MatrixSub (X, h4, X);

writeln ('PesymnbTaT BepaxeHms 2*X"3-5* X" "2+3*X-2*1 paBeH ');
MatrixOutput (X); {BEIBOII pe3ynbTarat

Writeln ('Haxvmmre wiyaBumy <Enter> ...");

ReadlLn

end.

JluctuHr 1.5. PelweHune 3agaum 2

program MatrixTest2;
uses Matrix, Crt;
const

Diml = 2;
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Dim2 = 3;
var

A, B: TMatrix;

hl: TMatrix; {BCcnomMoraTenbHas MaTpula}

begin
ClrScr;
MatrixInput (A, Diml, Dim2); {BBOLm MaTpuuEr A}
MatrixInput (B, Dim2, Diml); {BBOZm MaTpuurr B}
MatrixTranspose (B, hl); { TpaHCcnoHmpoBaHne MaTpPULE B}
MatrixSum (A, hl, hl); {hl = A+BT}
MatrixMul (hl, B, hl); {h2 = (A+BT) *B}
Writeln ('} (A+Br)*B| = ', MatrixNorm(hl):8:4 );
Writeln ('Haxvmmre xiapBumy <Enter> ...'" );
ReadLn

end.

Mpumep 3. PaboTa ¢ ouepeablo

JaHa cTpoka TekcTa, CMMBOJbBI KOTOPOIl IO OJAHOMY BBOISTCS C KIABUATYpPHL.
Pacneuararh cHavana Bce CMMBOJIbBI CTPOKU, 3aTEM BC€ 3HAKU MPENUHAHUSI B TOM
MOpsJKE, B KOTOPOM OHU BCTpeyaluch B TeKcTe. PellieHue 3agauu aHO B JIMC-
TuHre 1.7.

Ing pelmeHns 3amaudl BOCTIONB3yeMcST TaKOM CTPYKTYpoit TaHHBIX, Kak odepesb,
TTO3BOJIAIONIEH XPAaHWUTDh W BHIBOAWTH JaHHBIE B TOM TIOPSITKE, B KOTOPOM OHH ObI-
U 3aHeceHHB! B ouepenb. OmmcaHne W Bce TPOIEMYPHI TSI paboTHl ¢ OYepeabio
BBIHECEM B OTAEIBHBINA MOAY/Ib DinQueue (IUCTHHT 1.6).

* N'nctuHr 1.6. Peanusauusa npoueayp Ansi paboTbl ¢ ovepeablo

Unit DinQueue;
Interface
{Onucanre ouepeny Ha OCHOBE IOVHAMUYUECKUX CTPYKTYP AaHHBIX}
type
TElem = char; {Tun »JeMeHTOB ouepenu }
{Cnomcok, npenHasHAUEHHEN Ui XPAHEHMSA BJIEMEHTOB oOuepenin}
TList = "TElement;
TElement = record {OnemeHnT cnmcka}

Info: TElem; {lupopmalMOHHas YacCThb}
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Next: Tlist {Ykazaresnpr Ha CIenylmmi 3JIEMEeHT CIMCKA }

end;

TQueue = record {IlpencraBieHue ouepenu}
Head: TList; {"T'omoma" ouepenu}
Tail: Tlist {"XBocT" ouepemn}

end;

{Onmcaure npouenyp u byHxumi mis paBoTel C oduepenbio}

{Mnnuyammzaumusa odepemu Q}

procedure Queue Init( var Q: TQueue );

{[Ipoeepka ouepeny Q Ha IIyCTOTY}

{Pesynbrar QyHxumMM: true - ouepenp nycra, false - ouepenb He IycTa}
function Queue IsEmpty( Q: TQueue ): boolean;

{llomecTuTe 35eMeHT E B "xBOCT" ouepemu Q}

procedure Queue Push( var Q: TQueue; E: TElem );

{/I3Brieubr BJyeMeHT M3 oduepemu Q}

{Pesynbrar QyHKLMM: M3BJIIEUEHHEN! M3 "TOJOBH'" ouepemy SJIEMEHT }

function Queue Pop( var Q: TQueue ): TElem;

{Peammzauysa npouenyp M oyHxumi myis paboTel ¢ oduepenbio}

Implementation

{Mnnuyammzaumusa odepemu Q}

procedure Queue Init( var Q: TQueue );

begin
{VIZHAUaNbHO CHOMCOK, XPaHSIMM DJIEMEeHTH odepeny, IIyCT}
Q.Head := nil

end; {Queue Init}

{[Ipoeepka ouepeny Q Ha IIyCTOTY }
{Pesynbrar QyHkumMM: true - ouepenp nycra, false - ouepenb He IycTa}
function Queue IsEmpty( Q: TQueue ): boolean;
begin
{Ouepenp mycTa, eciu IyCT COOTBETCTBYIOUMM CIVCOK}

Queue IsEmpty := ( Q.Head = nil )
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end; {Queue IsEmpty}

{llomecTuTe s35eMeHT E B "xBOCT" ouepemu Q}
procedure Queue Push( var Q: TQueue; E: TElem );
var Z: TList;
begin
new( 2 ); {CosgmaeM HOBOE BBEHO CIMCKA }
z"~.Info := E;
Z™ . Next := nil;
if Queue IsEmpty( Q )
then Q.Head := Z
else Q.Tail”.Next := 7Z;
Q.Tail := Z

end; {Queue Push}

{/I3Brieubr BJyeMeHT M3 ouepemu Q}
{Pesynbrar QyHKLMM: M3BJIIEYEHHEN! M3 "TOJNOBH'" ouepemy SJIEMEHT }
function Queue Pop( var Q: TQueue ): TElem;
const ErrorCode = 255;
var Z: TList;
begin
if Queue IsEmpty( Q ) then
begin
writeln ('VBBieueHme B3JeMeHTa M3 IIyCcTOM ouepemm !!! ');
{ABapuiiHOe BaBeplleHKe IPOTPaMME}

Halt (ErrorCode)

end
else
begin
Z := Q.Head; {CoxpaHseM yKaszaTejlb Ha SBBEHO CIMCKa}
Q.Head := Z".Next; {[lepememaeMcsa k CIEOyRIEMy 3BEHY }
Queue Pop := Z".Info; {YmansgeMm 3BeHO CIMCKa}

dispose( Z )
end
end; {Queue Pop}

end. {UnQueue}
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' NluctuHr 1.7. TnaBHas nporpamma

program TestQueue;
Uses Crt, DinQueue;
Const {3HakKy NOyHKTyaLWn}
PunctMark = [".", ", ", ", = 0 000 ]
var Queue : TQueue; {Ouepens}
E : TElem; {OuepenHoOil CUMBOJ}
flag : boolean; {dmar, KOTOpPEII IIOKA3EBAET, }

{Hamo nu BEBOIMTH Opaszy "PesynbTar: "}

begin
ClrScr;
{Mnnuyanmzaumus odepenu }
Queue Init (Queue);
write ('BBemurTe cCcTpoky Texkcra: ');
flag := true;
{[lomemeHne BHAKOB NyHKTyallMy B Odyepenb MM [IeYaTh OCTAaJIbHEX CHMBOJIOB}
while not eoln do {Iloxa He KOHEL] CTPOKM }
begin
{UuraeMm cienyoumi CUMBOJI}
read( E );
if Flag then
begin
write ('PesynbTaTr: ');
Flag := false;
end;
{Eciu cuMBOJI — 3HaAK IYHKTyaluu }
if E in PunctMark then
{Ilomemaem ero B ouepens}
Queue Push (Queue, E)
else
{nHaue - neuaraem ero}
write (E)
end;
readln; {UuTaem NpmM3HaAK KOHIIA CTPOKM }
{lleuaTaeM BHaKM IIYHKTYaLWN}

while not Queue TIsEmpty( Queue ) do
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{lloka ouepenp He IyCTa, M3BJIEKAEM CMMBOJI M3 OUepemy M BEBOIMM €I}
write (Queue Pop (Queue));

writeln;

write ('Haxvmmre <Enter> ... ");

readln

end.

3apaHusa gna caMmocToATeNbHO paboThl

L.

CocCTaBUTb MOAY/b, PEUIM3YIOIIMHA CAeayIOlIe OMepalud HaJ BEKTOPAMMU:
e BBOJ KOMIIOHEHT BEKTOpa ¢ KJIaBUATYpHl U M3 alina;

e BBIBOJ KOMIIOHEHT BEKTOpA Ha OUCILIEH U B daiif;

e BBEIYUCIICHNE HOPMBI BEKTOpa B pa3slTMYHBIX METPUKAX;

e ompeneneHne MMHHUMAIbHON (MakCHMMalbHON) KOOPAMHATBI BEKTOpa U €e
MOPSAAKOBOIrO HOMEPA;

® BBLIYHUCICHUEC CKAISAPHOIO IMPOU3BEACHNA IBYX BEKTOPOB,

® JIPOBEPpKA HA BO3paCTaHUEC MU Y6bIBaHl/Ie IoCaCa10BaATC/IbHOCTU KOOPpAMHAT.

. Janbl nBa Bektopa X u Y pasmepHoctu # = 30. Mcnonb3ysl cocTaBieHHBIN

B 3aJJaHUN 1 MOOyJ/Ib, BbIYUCJIUTD
DRBIEDR DN .
Jozs? -5 P2 - (S )
6) nY XY XLV ’
JoE 3 -5 Py -, )

rae k — MOPAAKOBBI HOMEp MAKCUMAaIbHOM KOOPAMHATHI BeKTopa X, p — mo-
PSAKOBBIA HOMEp MUHUMAJIbHOKH KOMIIOHEHThI BeKTOpa Y.

a)

. Janbl Tpu BekTopa X, Y, Z, Kaxnawlit pasmepHocti # = 30. Mcnionb3ys cocTaB-

JICHHBIC B 3aIaHUU 1 MOOYJIN, BbIYUCINTD
a) minX * (4, A) + maxY * (B, C),

rie A — TOT W3 JIAHHBIX TPEX BEKTOPOB, MUHWMAJIBHBLIA 3JIEMEHT KOTOPOTO
WMeeT caMmblit Oonbllioit HoMep (CUUTaTh, YTO TAKOM BEKTOP €IWHCTBEHHBIN),
B u C — pBa npyrux BekTopa; minX — MWHWUMAJIBbHBIA 3JeMeHT BekTopa X,
maxY — MakcUMaJbHBIN 3JIeMEHT BeKTopa Y,

6) k*(A, A+ p* (B, O),

e A — TOT W3 JAaHHBIX TpeX BEKTOPOB, KOOPAWHATH KOTOPOTO YIIOPSIOUCHEI
MO BO3pacTaHU (CYMUTATh, UYTO TaKOW BEKTOP eAWHCTBeHHBIN), B u C — naBa



nasa 1. MogynbHbIi Nogxos B nporpaMmMmupoBaHig 25

10.

11.

OpYyTUX BeKTopa; k — HOMEp MHUHMMAJIBHOTO DJEMEHTa BeKTopa Z,
p — HOMEp MaKCHMAJIBHOIO dJeMeHTa BekTopa Y.

Hcrnonas3yst Moayib, pa3pabOTaHHBIN JUIsT ofepalnit ¢ KOMIUIEKCHBIMU YUC-
JJaMU, BBIYMCIWUTH 3HAUYeHWE KBaJpaTHOTO TpeXwieHa ¢ KOMIUIEKCHBIMU KO-
acddunreHTaMu ax? + bx + ¢ B KOMIUIEKCHON TOUYKE X.

Hcnons3yst Momynb, pa3paboTaHHbLd ISl ONEpaLUid ¢ KOMIUIEKCHBIMU YUCIAMU,
BBIYUCIUTD C 33JaHHOI TOYHOCTHIO € 3HAUEHUE KOMILIEKCHON YHKIUK
. z 22 2N
e =l+—+—+..+—.
P2 nl

PeanuzoBars Moayab st pabOThl ¢ MHOXECTBOM, UUCIO BJIEMEHTOB B KOTO-
poM Gosblie, yeM 256. TIpuMeHuTe mpeacraBieHue "GoNbIIOro” MHOXECTBA
B BHJIe MaccuBa MHOXeCTB. Moaylb JOIKEH colepKaTh MPOLeNypbl MHUAIMA-
JIU3alUM  MHOXECTBa, BKIIOUYEHMS, MCKIIOUEHUS 3JIEMEHTOB W TPOBEPKH
TIPUHAJICKHOCTH 3JIEMEHTa MHOXECTBY.

Hcnonb3ys mMomynb mist paboTbl ¢ MHOXKECTBOM, OIMCAHHbLIA B MPeAblIyLIEi
3aJa4e, COCTABUTb IPOrpaMMy HAaxOXAEHUS LelblXx 4uce]l M3 JUana3oHa
1..10000, ynoBIeTBOPAIOIUX NPEACTABIECHUIO n2 + m?, 1e n U m — Lelble
yuycia.

PeanmnzoBath MOOyJIb JJIsd pa6OTI)I co crekoM. Hameuarars B 06paTHOM 10~
pstaAKe CUMBOJIBI CIIOBA HanOOoJIbIIel UIMHBI U3 3aJaHHOTO TEKCTOBOTO cbaﬁna.

PeanuzoBare Moaynb masg paboThl ¢ ouepennlo. HameyataTh HauOolibliee IO
JUIMHE MpeaaokeHne U3 3a0aHHOro TeKCTOBOro gaiiia.

Co31aTh MOAYNb, PEATUIYIOIINN CIEAYIONINe OTepalni Haj, CUMBOJBHBIMU
CTPOKAMM:

e [IOMCK IEPBOrO BXOXKIEHUS B CTPOKY 3aIaHHOIO CMMBOJIA;
e [TOWCK TOCJETHETO BXOXICHUS B CTPOKY 3aTaHHOTO CHMBOJIA;

e [OUCK IOCJAEAHETr0 BXOXKISHHUS B CTPOKY 3aJaHHOM IMOACTPOKM;

e [IOWCK B CTPOKE MEPBOTO CUMBOJIA, OTIIMYHOTO OT TIpoberna;

e [OHCK B CTPOKE MOCJIeIHEero CUMBOJIA, OTIMYHOIO OT IMpodea.
Hanmcats iporpaMMy, HIUTIOCTPUPYIONIYIO paboTy MOTYIeHHOTO MOIYIIS.
Cosgark MOAyJb, COAEPKALMI onnMcaHue TUna "gaTa" U onepauuil HaJa HUM:
e [IPOBEpPKA KOPPEKTHOCTH COBOKYITHOCTH TOJIel (eHb, MECHII, TOMI);

e yBeJIMYEHHME JaThl HA 3aJaHHOE YUCIO NHEil;

e yMEHbBIIIeHUE AaThl Ha 3aJaHHOE YNCIIO ITHei;

e 1peobpazoBaHue Tula "cTpoka” - "maTa";

e TIpeoOpaszoBaHue Tumna "mara" = "cTpoka".

Hanucare nporpamMmy, WULIOCTPUPYIOLLYIO padoTy MOAYYEHHOTO MOLYJIS.
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12.

13.

14.

15.

Co3nate MOOy/b, PeANU3YIOIIMIl HpeacTaBleHue IMHHOIO LEJIOro 4Yucia
B BUIE CTPOKU CHMBOJOB, a Takxke omepauuu *, /, —, +. Hanucare nporpam-
MYy, WLTIOCTPUPYIOILYIO PABOTY MOJYYEHHOIO MOIYJIS.

Co3naTb MOAYb, PEATU3YIONIUN TIpeAcTaBIeHUE TTOIMHOMOB B BUJIE CIMCKA,
a Takxke omnepanuu *, /, —, +. Hanucarb nmporpamMmy, WUTIOCTPUPYIOUIYIO pa-
00Ty TTOJYYeHHOTO MOJIYJIS.

Co3znaTh MOIyJ/b, PEATM3YIOLINI TOCTPOSHNUE YEThIPEX BUIOB AUAIPAMM:
e cronbuarag;

e Kpyrosasi;

e 3D cronbuaras;

e rpaduk.

Hanucars niporpamMMy, WITIOCTPUPYIONIYIO paboTy MOJYYEHHOTO MOAYJISI.

Cozpatb Moay/ib s paboThl ¢ (GailioM COTPYIHMKOB, L€ KaXaas 3aluch
cogepxut nons "dpammiusa”, "umsa”, "oryectBo”, "NOKHOCTL", "ok1an" U Ipu-
3HAK yaajaeHHocTu 3anucu. Peanusosars cienyiolnne onepauuu ¢ Gaiaom:

e J100aBJIEHUE;
e yaaleHUE;
e IIOMCK 10 (paMUJINU, UMEHU, OTYECTBY, JOJDKHOCTH W OKJIAAY;

e pacyeT CyMMAapHOIO M CpeIHero okjaaaa BceX COTPYIHMKOB.
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O6beKTHO-OpPUEHTUPOBAHHbIN
noaxopn B NporpaMmmMumpoBaHun

OOBEKTHO-OPUEHTUPOBAHHbBIN  SI3bIK MPOTrPAMMUPOBAHUS  OTAMYAETCS BBICOKOMI
CTENEeHbBIO CTPYKTYPUPOBAHHOCTU, MOAYIbHOCTU M abcTpakTHocTu. Ero xapaxrepu-
3YIOT TPU OCHOBHBIX CBOMCTBA: MHKAICYJISILLMSL, HACJIELOBAHUE U MOJIUMOPGhUIM.

Hrrancyrsayus — 310 oObeAUHEHWE 3aMucei ¢ mpoleaypaMu 1 QYHKIMSIMU, YTO
MpeBpaIaeT X B HOBBIM THII JAHHBIX — OOBEKT. DTO OObeAWHEHUE TIOJIeil maH-
HBIX ¥ Koja B ofgHOW oboyouke. IToms maHHBIX 00BeKTa comeps:kaT WHMOPMAIIHIO
00 obwekTe. Ilpouenypsl 1 GyHKIINM 0O0BEKTa HA3BIBAIOTCI MeTomamu. Meton —
mporenypa win (GpyHKIIAS TECHO CBSI3aHHBIC ¢ JAHHBIM TUTIOM. METONIBI OMUCHI-
BaIOT TTOBEICHNE OOBEKTA.

[IpuHiUnbel O0OBEKTHO-OPUEHTUPOBAHHOIO MPOIrPAMMUPOBAHUS TPeOYyIOT, YTOOBI
JOCTYII K IIOJIIM OOBEKTOB OCYIIECTBIISIICH [TOCPEACTBOM METOAOB, a HE HaIIPSMYIO.

OnnH "3 BaXHEWIINX MPUHIIATIOB 0OBEKTHO-OPHUEHTUPOBAHHOTO TTPOTPaMMUpPO-
BaHWS: TIPOTPAMMMUCT JIOJDKEH MyMaTh O KoAe WM JAHHBIX BO BpeMS MTPOCKTHPOBA-
HUA TiporpaMM. JlaHHbBIe VITPaBIAIOT TOTOKOM KOfa, a KOA MaHUIyInpyer dhop-
Molt 1 3HAYeHNEM TaHHBIX.

HMukarncyngauus 1aHHbIX, KaK U MHOIME aclieKTbl OObEKTHO-OPUEHTUPOBAHHOIO
MPOrpaMMHMPOBAHUS, — BTO JUCLUUIUIMHA, KOTOPOil HEoOXOOMMO ClIeAoBaTh BCe-
roa. OOpaiuarbesi K JaHHbIM OOBEKTAa CJEAYET [OCPEICTBOM METOM0B BMECTO
MPSMOrO YTeHUSI JAHHBIX. MOXHO YCHWIMTb MHKAICYISILUIO, UCIIONB3YS 3apesep-
BUPOBAHHOE CJIOBO private (JIMUHBII) B OObABIEHUU OOBEKTA.

B psime ciaygaeB MOXeT BO3HUKHYTH TTOTPEOHOCTh B OTKA3e OT 3KCITOPTA OTAETb-
HBIX yacTeit oobekTa. HampuMep, paspaboTdnK MOCTaBIsAeT OOBEKTH APYTHM TTPO-
TpaMMHUCTaM JUTSI WCIOTB30BAHUS M XOUYET 3aIPeTHTh MaHWMYIWPOBATEH TTONSIMU
obbekTa Hampsamyto. C 3Tol IeIbl0 OH MOXET OOBSIBUTL TU TIOJA, a TIpH Heob-
XOAVNMOCTH W METOIbI, JTUYHBIMW. JINUHBIE TIOMS W METOALI MOCTYITHBI TOJHKO
BHYTPU MOIYJSA, B KOTOPOM OOBSABICH OOBEKT. JINUHBIC TIONS W METOIBI OODBIB-
JITIOTCSI cpasy mociie OOBITHBIX METOMOB:

type
HOBEII OOBEKT = object (mpernox)

noJid;
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MEeTOMBI;

private
HonA;
MEeTOIBI;

end;

Hacaedosarue — 5T0 UCNONb30BAHME OOBEKTA 14 MMOPOXKACHUA UEPAPXUU I10-
TOMKOB, C obecreyeHueM BO3MOXHOCTHU AJOCTYyIIA KaXKJI0Iro U3 IMOPOXKIACHHDIX 00B-
€KTOB K KO4y U JaHHBbIM IIPCIKa.

BDK3eMIUISIPBl OOBEKTHOTO THTIA OOBSIBISIIOTCS TOYHO TaK 3Ke, KaK OOBSIBIsSeTCS
JII00ast TiepeMeHHas.

OOBEKT CUUTAETCA AOCMPAKMHBIM, €CIIM OH MOXET ObITb MCIIONb30BAH TOJBKO
B KayecTBe 0a30BOro I APYIMX OOBEKTOB. DK3EMILISIP OT HEro He MOXET OBITh
00pa30BaH.

MexaHu3M HacjeloBaHUS obecneunBaeT paciiupsieMocTb o0beKTOB. [Ipu sTowM,
Korna 3ajaeTcsl POAUTEIbCKUM THI, METOABI POAWUTEIBCKOTO TUMA HacleayroTes,
HO TIpY HEOOXOTMMOCTH OHW MOTYT OBITH MEepeKpPBITH. UTOOB TIepeKpPHITh POIH-
TEJIbCKUI METO, HEOOXOMMMO 3a/1aTh METOA C TeM K& UMEHEM, UTO U POINTETb-
CKW#, HO ¢ JAPYTUM TeJIOM U, €CIN ecTh MOTPebHOCTh, ¢ JIPYTMM HabopoM napa-
MeTpoB. Ho (BaxHO!) B TO BpeMsl Kak METOAbI MOXHO TIepeKpbiBaTh, MoJe
JAHHBIX TIepeKpbiBaTh Heb3s. Eciu mnoje JaHHBIX YKe 3aAaHO B MepapXuu obb-
€KTOB, TIOPOXACHHBIM TUMN HE MOXET 3aAaTh Moje MaHHBIX ¢ TOYHO TaKUM Ke
UACHTUMDUKATOPOM.

Ilo YMOJYAHHNIO METObI, OOBSIB/IEHHbIE B OOBEKTHOM TUIIC, ABIAIOTCA cmanmiu-
yeckumu. OHU HUKAK HE ITOMEYAIOTCS.

Jlorka KOMITHAIATOPA B pa3pellieHNH BHI30BOB CTATHYECKUX METOIOB TaKOBA: TIPU
BBEI30BE METOAAa KOMITWIISITOpP BHAYajJe WINET METON ¢ STUM WMEHEM, OIpelesIeH-
HBI BHYTpU THTa 00bekT. Ecmm MeTon ¢ TakWM MMeHeM He ompeleiieH BHYTPU
O0OBEKTHOTO THIIA, TO KOMITWIISITOp oOpaliaercs K HEMOCPESACTBEHHOMY POIUTEThb-
CKOMY THUTTY W WIIET €ro BHYTpU 3Toro Thma. Ecim MeTod ¢ 3TMM MMeHeM Haif-
JIeH, TO ampec POAUTEITLCKOTO TUIIA 3aMeHsieT WMS B HMCXOTHOM Koie MeToaa
moToMKa. Ecm MeTom He HaliieH, TO KOMITWISTOP IOTHUMETCST BHIIIIE K Cle-
ayioleMy Tipenky. Korma KOMTHIISTOp MOCTUT BEPIMWHBI WEpapXWM, OH BHIIACT
coobmieHre 06 OIMMOKe, YKa3bIBaolIee, YTO NCKOMBIM METOI He OTpeccH.

CieayeT MOMHUTD, YTO MCIOJAb3YeMbIid CTATUYECKUI METOJ, HAllIeHHbI B pOAuU-
TEJIbCKOM THUIIE, OyIeT TOYHO TaKUM, KaKUM OH OIpeleieH U OTKOMIIMIUPOBAH
11 poauTenbckoro tumna. Eciu ponuTenbCcKuil METOM BBI3BIBAET APYrMe METO/bL,
TO BbI3bIBAEMbIE METOIbI OYIYT POAUTEIbCKUMU METOAAMM, JAXe €CIU IIOTOMOK
MMEEeT MEeTOAbl, 3aMeLIAIOIINE POIUTENLCKUE.

Hoaumopgpusm — 370 3aganme OTHOTO OOIIETO WMEHW TS AeHCTBUN Ham KaXXKIbIM
W3 ceMeiicTBa OOBEKTOB, ¢ pealusalueil 3Toro JAeHCTBUSI COCOBOM, COOTBETCT-
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BYIOLIMM KaxmoMmy oOBeKTY B cemelicTBe. B HallleM ciayyae ceMelcTBO — 3TO Ha-
CIeICTBEHHAs HepapXusl.

TMonumopdraM — ype3BbIUaiiHO MOIIIHOE CPeJCcTBO 00001IeHus. PeatusyeTcsi oH
TpU TIOMOIIU BUPTYaAJTbHBIX MeTonoB. CraTnyeckrue METO/bl KOMITWISTOP pa3Me-
1AeT ¥ paspelnaer Ha HUX CCBUIKM BO BpeMs KOMMUJISIIMKM. Tako#l mpoliecc Ha-
3bIBACTCS PaHHUM césa3bisanuem. 1Ipu obpallieHun K BUPTYATbHBIM METO/AaM, B OT-
JIUYKUE OT CTaTMUYECKUX, KOHKPETHasl Tpoleaypa Uiau (ByHKIIMST ompenessieTcsl Bo
BpeMsi caMoro obpallieHus. DTOT Mpoliecc Ha3bIBACTCSI HO30HUM CEA3bIBAHUECM.

Meron cTaHOBUTCS BUPTYalbHBIM, €CJIU 33 €ro OObsSBIEHUEM CledyeT 3ape3epBu-
pPOBaHHOE CIOBO virtual. EcM MeTOA B pOAUTENBCKOM TUIE OOBSBIEH BUPTY-
aJlbHBIM, TO BCE METOAbl C TAKUM K€ MMEHEM B JI0O0M MOPOXIEHHOM TUIIE
JOJKHBI OBITh TaK K€ OODBSBIEHbI BUPTYAJIbHBIMU, UYTOOBI M30€XAaTh OILUMOKHU
KOMIIMJIILIMU.

Kaxerit THTT 00beKTa, KOTOPBIH COMEPKUT BUPTYATBHBIE METOMIBI, TOJKEH UMETh
KOHCTPYKTOP (constructor). BBI30B KOHCTpPYKTOpa MOMKEH OBITH cAeTaH Tepen
BEI30BOM BUPTyaTbHOTO MeToma. Kakmplif sK3eMTUistp obBheKTa MOKeH WHHIINA-
JU3UPOBAThECA ¢ TTOMOIIBIO OTHETHHOTO BEI30BA KOHCTpyKTOopa. Hemocratouro
MHUTIAATU3NPOBATh OMMH 3K3eMITISIp 00BeKTa, a 3aTeM TPHUCBONTDL 3TO 3HAYCHNE
APYTAM 3K3EMIUTSpaM. XOTS TOCiIe 3TOTO APYTUe 3K3EMIUTSIPBI MOTYT COAEpKATh
MTpaBWJILHEBIC MTaHHBIC, OHW He OyAyT WHNIINATU3NPOBAHBI ¢ TTOMOIIEBI0 ofeparopa
TTPUCBANBAHNA W BBI30BYT OJOKMPOBAHWE CHUCTEMBI NMPH BHI30BE BHPTYATLHBIX
MeTonoB. Hammpumep:

var TIteml, Ttem2: Tun oCwekTa; {mBa sk3eMmidapa Tumn oObeKTa}

begin
Iteml.Init (napamerp{et}); {BEI30B KOHCTpPyKTOpa mia Tun OOBEKTa}
Item?2 := Iteml; {HeBepHO}

end;

KakoBo xe dyHKIIMoHaNbHOE HazHAYeHHEe KOHCTpyKTopa? Kaxaplil TIl 0ObeKTa,
COMEPXKAILEr0 BUPTYAIbHbIE METOIbl, UMeeT TalauIly BUPTYalbHBIX METONOB
(VMT). VMT conpepxuT pa3mep oObeKkTa U IS KAXIOIO BUPTYaJbHOIO METOAA
yKazarejlb Ha KO, Pealu3yIolIuid 3ToT MeTon. KOHCTPYKTOp ycTaHaBIMBaeT CBS3b
MeXIy SK3EMIUISIPOM, BbI3BIBAIOILMM €ro, W TaOAuLEel BUPTyalbHbIX METOIOB.
MMeHHO Mo3TOMY BBI30B KOHCTPYKTOpPA TaK BakeH M OOJKEH IIpeldlliecTBOBaTh
BBI3OBY BHUPTyalbHOIo MeTodd. KOHCTPYKTOpP He MOXET OBbITh BUPTYaTbHBIM.

Camu 0OBEKTH MOTYT OBITh KaK CTaTMUYECKUMHW, TaK W OWHAMWYECKUMHA. Iist
pasMeleHns THHAMIYeCKNX OOBEKTOB M OCBOOOXKIECHMS TTAMSITH WMCTONB3YIOTCS
TTPUBBIYHBIE MPOTEAYPHl new U dispose. JomMycKaercs paciipeHne CHHTaKCHca
new, 9TOOBI ¢ TTOMOINBIO OMHOW OMepalii OTHOBPEMEHHO W BBIACIUTH TAMSITh,
¥ TIPOMHUTINATN3NPOBATh OOBEKT:

var P: "Tumn oOwbeKTa;

begin
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new (P, Init (mapamerpf{m});

ITpu 35TOM new MOXET UMeTh KakK (PYHKIUOHAIBHYI, TaK W TIPOLEAYPHYIO
¢opMeI:

type PTR = ~Tun oOweKTa;

var P: PTR;

begin

P:= new (PTR, Init (napamerp{et}):;

OcBoOOXIEHNE NaMATU TIPOUCXOAUT C TIOMOIIIbI0 dispose: dispose (P).
Ho ynaneHue HeHyXXHOTO TMHAMHMYECKOTO OOBEKTa MOXET BKIIOYATh HE TOJbKO
OCBODOXIEHNE eTo TpocTpaHcTBa B Kyde. OOBEKT caM MOXET ColepKarh yKasa-
TeIb Ha JApyrue OOBEKTbl, KOTOPbIe HEOOXONMMO OCBOOOMUTH B OMpeAeeHHOM
TopsIJIKE, OCOOEHHO KOT/IA OHU BKIHOYAT CIOXHBIE JUHAMUYECKUE CTPYKTYPHI
JaHHBIX. CyllecTByeT clelMaNbHbI TUTT MeToAa, TIpeHa3HAYeHHbBIN TSI OYUCT-
KA W yhaleHus JWHAMWYecKW pactpeleeHHbIX o0bekToB. OH HasbiBaeTcs
JEeCTPYKTOp (destructor). JecTpykKTop KOMOMHUPYET 11Iar OCBOOOXKIEHUST TTaMsi-
TH B Ky4€ C HCKOTOPBIMU IPYTUMHU 3aJa4aMU, KOTOPbIC HEOOXOMUMBI JJIsI JAHHO-
To TUMAa OOBEKTA.

HecTpyKTopbl MOXXHO HAac/Ael0BaTh, 1 OHU MOIYT ObITh KaK CTATUYECKUMU, TAK U
BUPTYalIbHbIMU. Tak Kak [ pa3iuyHbIX TUIIOB OOBEKTOB OOBIYHO TPeOyIOTCS
pasaMyHble 3a0a4d OCBOOOXKIECHUS IaMITH, AECTPYKTOPbl PEeKOMEHAyeTCs Bceraa
JeJ1aTh BUPTYaIbHBIMM, YTOOBI B J1I0OOM clydyae BBIIOJHSUICS Obl COOTBETCTBYIO-
LIUMHA TAHHOMY OOBEKTY HecTpyKTop. JecTpykTopbl daxTuyecku AeHACTBYIOT TOMb-
KO Ha OMHAMMYECKU paclpeneieHHble 00beKThbl. [IpM ouMcTKe Takoro oObeKTa
JEeCTPYKTOP TapaHTUPYeT, YTO Bceraa OyaeT ocBOOOXIATHCS MPaBUIbHOE KOJIHMYE-
cTBO 0aiiToB B Kyde. OAHAKO HET HMKAaKOro Bpeda IPU MCIOJb30BAHUU IECTPYK-
TOPOB CO CTaTUYECKU pacnpeldeJeHHBIMU OObEKTAMU.

HeiicTBue AecTpyKTOpPOB HauboJjee MOJHO MPOSIBASIETCS TIPHU UCTIONb30BAHUM TTO-
JUMOPGhHBIX 00BbeKTOB. [TonmuMophHBIN 00BEKT — 3TO 0OBEKT, KOTOPBIN ObIT Ha-
3HAYeH POAMTENBCKOMY THUIY HAa OCHOBAaHWUM TpaBUJI PacIIMPEHHON COBMECTHUMO-
CTU THUTIOB OOBEKTOB.

PacuivpeHHasg coBMECTUMOCTh TUIIOB UMEET TPU (OPMbI:
O MexXay 3K3eMIUTSIpaMU OOBEKTOB;

O Mexay yKasaTeJsMU Ha 3K3EMILISIPbl OObEKTOB;

O mexay hopMaTbHBIMUA U (paKTUUYECKMMU TTapaMeTpamMu.

Bo Bcex Tpex dopmax coBMeCTUMOCTb THUIIOB PAcIpOCTPaHSIETCS OT IOTOMKA
K IPeIKy: POAUTEIbLCKOMY DK3eMIUIIPY MOXHO MPUCBAUMBATH DK3EMILIAP JIOOOro
MOPOXKAEHHOTO UM TUIIA.
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Mg moauMopdHBIX OOBEKTOB BO BpeMS KOMIIMISIMU M3BECTHO JIMILbL TO, YTO
JaHHBIA OOBEKT OymeT OJHUM M3 OOBEKTOB, MOPOXIEHHBIX 3AMAHHLIM THUIIOM.
Bo BpeMsa KOMIOMIALMU M3 HOAMMOPGHOro oOBEeKTa Helb3s MOTYUYUTb HUKAKOIL
nHboOpMAIIUU O pazMepe 0ObeKTA.

HecTpykTop pemraer mpobjeMy MOCPEACTBOM OOpalieHWs K TaOmuile BUPTYalb-
HBIX METOIOB HAHHOTO 3K3eMIUIIpa. B Kaxmoir Tabauile BUPTYaTbHBIX METOHOB,
Kak OBUTO yXKe YITOMSIHYTO, €CTh pa3Mep B OalitTax o0beKTa, K KOTOPOMY OTHOCHT-
cd 9Ta Tabauna.

YTOOBI BBINIOJHUTh OCBOOOXAEHUE IIAMSITU Ipy IIO3OHEM CBA3bIBAHWUU, OECTPYK-
TOPp HAIO BbI3BATh KAK 4YACTh PACIUIMPEHHOI'0 CUHTAKCUCA IIPOULAYPbI dispose:

dispose (P, Done);
Done — pekoMeHayeMoe uMs IeCTPYKTOpPA.

Cnez[yeT 3AMCTUTDb, YTO METOI IECTPYKTOPA MOXKET OBITH IIYCTBIM W BCC PaBHO
BLITIOJTHATH CBOIO (I)YHKHI/HOZ

destructor Tumn oCwekra.Done;
begin

end;

[lonesuyio paboTy B TAKOM AECTPYKTOPE BBINOJHSAET HE Teao MeToda, a Kom, re-
HepUPYEMBbIil KOMIIMISITOPOM B OTBET Ha 3ape3epBUPOBAHHOE CJIOBO destructor.
B sTOM necTpykTOp momobeH MOAYJIO, KOTOPBIA HEe KCIOPTUPYET HUYEro, HO
BBIIOJHSIET HEKOTOPYIO HESIBHYIO (PYHKIIMIO MMOCPEACTBOM BBLIIOAHEHMSA MHULIMA-
JIM3ALMU Iepes 3ayCKOM IIPOrpaMMbl.

O0OBeKTHO-OpUeHTHpOBaHHOEe TiporpamMmMupoBanue (OOITI) mno3Boxsier panmo-
HaJIbHO OpTaHW30BBIBAThH MOCEN0BATEIBHOCTH JAHHBIX B MPOTPAMMHBIX CTPYKTY-
pax. HacienoBaHue u MHKaTNCyasIus SIBISIIOTCS 3(PHeKTUBHBIMU cITocobamMy JUTS
yIIpaBIeHUs CIOXHOCTBIO TPUKIaAHbIX 3anad. Kpome toro, OOIT npenocrapisier
BO3MOXHOCTB TTOBTOPHOTO UCITOJIB30BAHUS KO/IAa U oDecIieuynBaeT ero pacuimpsie-
MOCTb.

Mpumep 1. O6paboTka cTpoOKU

HaHa crpoka Texcra. BriBecTU cHauana Bce CMMBOJIbI, OTJIMYHBIE OT 3HAKOB Mpe-
NMHAHUS, B MOPAAKe MOABIEHMS MX B TEKCTe, & 3aTe€M BCe 3HAKM IpenuHaHM
B obpatHoM mnopsaake. g pelieHusa 3amayd UCMOAb30BaTh CTeK, IPU DTOM IIpe-
JOCTAaBUTh I10J1b30BATEII0 BO3MOXHOCTb BBIOPATh BUO CTE€KA: IOCTPOEHHBIA Ha
OCHOBE JIUHAMUYECKUX CTPYKTYP LAHHBIX WIU [OCTPOCHHBIA HA OCHOBE MACCUBA.
IlpousniocTpupoBarh MpolLecc U3MEHEHUs AaHHBIX B CTEKE.

st pelieHust 3ToW 3a7auu yaoOHO BOCITOJIB30BAThCS METOAONOTUEN 00beKmHO-
OPUEHMUPOBAHHO20 NPOSPaAMMUPOsanus. B KauecTBe UCXOTHOTO MOXHO BBIIEIUTH
a0CTPaKTHBIH OOBEKT TVisualStack (POAMTENbCKUI, BBHINIENESKAIINN OOBEKT),



32 Yacrs I. TexHonorum peanvaayuy aiaroputMoB

KOTODbI COAEPXKMT NAHHBIC, OTBEYAIOIIME 3a BM3yalNU3allMI0 PaboThl CTeKa —
KOOPAMHATBI BepLIMHbLI ¢TeKa. JouepHUMU (HUXelexalluMu) oObeKTaMu OyIyT:
TDinStack, KOTOPbI OTBEYaeT 3a pealu3alMio cTeKa, IOCTPOeHHOro Ha 06ase M-
HEMHOro CmucKa, U TStatStack, KOTOPBI OTBeYaeT 3a pealM3allMio CTeKa, Io-
cTpoeHHoro Ha 6asze maccuba. Ha puc. 2.1 npuBegeHo uepapxuyeckoe AEPEBO
B3aMMOCBS3ell MexXay OOBbeKTaAMMU.

TVisualStack

TDinStack TStatStack

Puc. 2.1. Nepapxuyeckoe OepeBo B3aMMOCBA3EN Mexay obbektamm

OObIUHO AJ15 JT1000ro cTeKa ONpeAesoTC Cleaylolue Ipoueaypbl U hYHKIIMK:

e [Ipoueaypa MHULMANU3ALMU CTEKA Init,

e (YHKUMS [IPOBEPKU CTEKA HA IYCTOTY ISEmpty;

e [Ipolleilypa, KOTOpas OTBEYAET 3a [IOMELIEHUE DJIEMEHTa B CTEK Push;

e [Ipolleilypa, KOTOpas OTBEYAET 3a U3BJIEUEHUE DIIEMEHTA U3 CTEKA Pop.
Kpome 3tux npolieayp yacto B 3agauyax TpeOyioTcs Takue NpoLeaypbl, Kak:

* OYMCTKA cTeKa (M3BJeYeHUEe BCeX €ro JEMEHTOB) Clear;

e [I€YaTh COAEPXKMUMOrO CTEKA U €r0 OUMUCTKA Print.

INockoabky peanuzanus MOCIEIHUX ABYX IPOLEAYp HE 3aBUCUT OT TMIIA CTEKa
(3TM TIpolIeypHl 3aBUCSAT TOMBKO OT (YHKIIMM IMPOBEpPKH CTeKa Ha TYCTOTY
IsEmpty U MPOLENYPhl U3BICUSHUS ASMEHTa U3 CTeKA Pop), TO MOAIPOrpaMMbI
Pop, Push M IsEmpty CJIEAYeT cAeTaTh BUPTYATBHBIMU, YTOOBI JUTSI KakKAOTO U3
CTEKOB (IMHAMMYECKOro M CTATMUYECKOTr0) HE IMepeoNnpenessaTh MPoLenyphl Clear
" Print. M3-3a BUPTYATbHOCTH 3THX TIPOIEAYp, TTOTpebyeTcsl KOHCTPYKTOp W Je-
cTpykTop. B KauecTBe KOHCTpyKTOpa YOOOHO BBIOPATH MPOLEAYpY MHUIIMAIM3A-
MW cTeKa Init. Kak MecTpyKTop OMpeneNnM TIpOLeaypy Done, KoTopas Oyaer
BBIIOJHSITH OMHO-€AMHCTBEHHOE NeHCTBUE — OYMIIATh CTEK.

[Ipouenypsl Wi peaiu3aldu CTeKa HA OCHOBE JMHAMUYECKUX CTPYKTYP JAHHBIX
¥ Ha OCHOBE MaccuBa He TpeOYIOT TOMOTHUTETBHOTO MOSICHEHUS (JTUCTHHT 2.1).
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" Incturr 2.1. Moaynb, B KOTOPOM peanu3oBaHbl pa3fiuiyHbieé BapuaHThl CTeka

Unit Stacks;

Interface

Uses Crt;

const {MakcuMajbHOE UMCJIO BJIEMEHTOB CTEeKa, CO3OaHHOTO Ha OCHOBE MacCuBa}
MaxN = 20;
StackColor = blue; {UBeT 3JIEMEHTOBR CTeKa}

{POpMSOHTaJ’IB, Ha KOTOpOIZ BEIBOOATCA BSJIEMEHTEL CTeKa}

StackLine = 20;
CDhelay = 15000; {3amepxka B HOporpamMde }
Type TElem = char; {Tun nJeMeHTOB CTeKa}

TVisualStack = object {aBcTpaxkTHElI CTex}
private
X, Y : integer; {KOOpIMHATE BEPUMHEL CTEKa }
public

{MHMLIManmMsaumsa creka}
constructor Init;
{abcTpakTHas QyHKLUMS NPOBEPKM CTEeKa Ha IIyCTOTY }
function IsEmpty : boolean; wvirtual;
{nomemenne snemeHTa Elem B cTex}
procedure Push (Elem : TElem); wvirtual;
{n3BIeueHne syjemMeHTa Elem u3 creka}
procedure Pop (var Elem : TElem); virtual;
{BEIBOI cooBmeHus o6 ommbke}
procedure ErrorMessage (ErrorCode:byte);
{13BJIeUEHEe BCeX DJIEMEeHTOB U3 CTeKa}
procedure Clear ;
{meuaTsr BCex DJIEMEHTOB CTeKa }
procedure Print;
{yHMUTOXEeHNEe CcTeka}
destructor Done; virtual;

end;

{YxazaTensr Ha abCTpPaKTHEI CTEK}

PtrVisualStack = "TVisualStack;

{onmcaHme nMHENHOT'O CINMCKA }
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{ona creka, HNOCTPOEHHOI'O Ha 0Oase IOMHAMMUYECKMX CTPYKTypax IaHHBIX }
TList = "TNode;
TNode = record

inf : TElem;

next : TList

end;

{cTek, NOCTPOEHHEN! Ha OCHOBE JIMHEVHOT'O CIMCKA }
TDinStack = object (TVisualStack)
private
top : TList; {Bepumua cTexa}
public
{MHMLManmMsaumsa creka}
constructor Init;
{abcrpakTHas QyHKLUMS NPOBEPKM CTEeKa Ha IIyCTOTY }
function IsEmpty : boolean; wvirtual;
{nomemenne mnemeHTa Elem B cTex}
procedure Push (Elem : TElem); wvirtual;
{n3BIeueHre syemMeHTa Elem u3 creka}
procedure Pop (var Elem : TElem); virtual;
{yHUMuTOXEHME CTeka}
destructor Done; wvirtual;
end;
{ykazaTesb Ha IOMHaAMMUECKUN CTEK}

PtrDinStack = ~TDinStack;

{OnucaHre mMaccuBa IJjig CTeKa, I[NOCTPOEHHOTO Ha €T'0 OCHOBe}
TElements = array [1..MaxN] of TElem;
{[IpencraBieHne CTEeKa Ha OCHOBE MAaCCUBA }

TStatStack = object (TVisualStack)

private

Elements: TElements; {3meMeHTH cTeka}

Top: integer ; {/lnomexc BepuMHE CTEKa }
public

{MHMLUManmM3auusa creka}
constructor Init;
{abcTpakTHas QyHKLUMS NPOBEPKM CTEeKa Ha IIyCTOTY }

function IsEmpty : boolean; wvirtual;
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{rnomemeHne sjemMeHTa Elem B crek}
procedure Push (Elem : TElem); wvirtual;
{usBneueHne siemMeHTa Elem u3 crexa}
procedure Pop (var Elem : TElem); virtual;
{yHMUTOXEeHNEe CcTeka}
destructor Done; virtual;

end;

{yxazarTenbr Ha CTeK, I[IOCTPOEHHEDI Ha OCHOBE MAaCCHUBA}

PtrStatStack = "TStatStack;
Implementation

{Manuyamzaumus abCTPakTHOI'O CTeKa }
{MHnuyam3aumus KOOPIOMHAT OJis BEPUMHEl CTEKa }
constructor TVisualStack.Init;
begin

X:=7;

Y:=StackLine;

end;

{BusyanbHOE OTOOpPaXeHMVe IpU I[IOMENEeHVM BJIEMEHTa B CTEK}
procedure TVisualStack.Push;
var TmpX,TmpY : integer;

TmpColor : word;

begin

{3anomMmHaeM Texkympe napaMeTphl: KOOPIMHATEL Kypcopa ¥ LBeT}

TmpX:=WhereX; TmpY:=WhereY;
TmpColor:=TextAttr mod 16;
{momcunTEIBAET KOOPIMHATEL HOBOM BEPUIMHHL}
X:=X+2;
if X>79 then

begin

Xei=1; Y:=Y+1

end;
{BeBOIIMM BEPUMHY }
TextColor (StackColor) ;
GotoXY (X,Y) ;

write(Elem, ' ");
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{BoccraHaenueaeM HapaMeTph}
TextColor (TmpColor) ;
GotoXY (TmpX, TmpY) ;

end;

{BusyanbHOe OTOOpaxeHMUe IPpM M3BJIEUEHUM B3JIEMEHTa B CTEeK}
procedure TVisualStack.Pop;
var TmpX,TmpY : integer;
TmpColor : word;
begin
{3anoMmHaeM Tekyumye IapaMeTpPEl: KOOPIMHATH Kypcopa 1 LBeT}
TmpX:=WhereX; TmpY:=WhereY;
TmpColor:=TextAttr mod 16;
{cTupaeM 3JeMeHT Ha DSKpaHe}
GotoXY (X,Y);
TextColor (TextAttr div 16);
write (Elem, " ");

{HepeCT{MTBIBaeM KOOpOMHAa TBL HOBOM BepHIV[HBI}

X:=X-2;
if X<0 then
begin

X:=79; Y:=Y-1
end;
{BOCCTaHaBIMBaEM IapaMeTpH!}
TextColor (TmpColor); GotoXY (TmpX, TmpY) ;

end;

{abcTpaxkTHas QYyHKLMS NPOBEPKM CTEKa Ha IIyCTOTY }
function TVisualStack.IsEmpty;
begin

end;

{BEIBOI coobmeHnsa o6 ommbke}
procedure TVisualStack.ErrorMessage;
const Code = 255;
var ch : char;
begin

TextColor (Red+Blink) ;
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GotoXY (20,24);
if ErrorCode=0 then
writeln( 'VM3BJleueHVe 3JIEMEeHTa M3 OYyCTOTo cTeka !!!' )
else
writeln( 'llepenomuenne crexa !!!' );
repeat until KeyPressed;
ch:=ReadKey
{ABapuitHOe BaBeplleHre NPOTPaMMHL}
Halt ( ErrorCode )

end;

{/I3BJjIeUEeHe BCexX DJIEMEHTOB CTeKa }
procedure TVisualStack.Clear;
var elem : TElem;
begin
while not IsEmpty do Pop(elem);

end;

{meuaTe ¥ M3BJEUEHNME BCEX BJIEMEHTOB U3 CTEKa}
procedure TVisualStack.Print;
var elem : TElem;
begin
while not IsEmpty do
begin
Pop (elem) ;
write (elem) ;
Delay (cDelay)
end;

end;

{yHMUTOXEeHNEe CTeka}
destructor TVisualStack.Done;
begin

Clear

end;

{uHMUVanm3aumns CTeKa, CO3IaHHOT'O Ha OCHOBe JIMHEVHOTO CIMCKaA }

constructor TDinStack.Init;
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begin
inherited Init; {mHMIMMpYeM KOOPIMHATE BEPUVHE CTEKa }
Top := nil; {B CcTeke HeT 3JIEMEHTOB }

end;

{npoeepka CcTeka Ha IyCTOTy}
function TDinStack.IsEmpty;
begin

IsEmpty:=(top=nil)

end;

{nnomemeHne sjemMeHTa Elem B crek}
procedure TDinStack.Push;
var t : TList;
begin
new (t); {cosmaemM HOBOe BBeHO}
t~.inf:=Elem; {moBaBigeM ero B CTeK}
t”.next:=top;
top:=t;
{oToOpaxaeM 3TO Ha BKpaHe}
Inherited Push (Elem)

end;

{/I3BlIeUueHMrEe DBJIEMEHTa U3 CTeKa}
procedure TDinStack.Pop;
var t: TList;
begin
{Ecnmm cTek nycT, BEBOIVMM COOOmeHre o0 omnoke }
if IsEmpty then ErrorMessage (0)
else {B OPOTMBHOM Cilydae}
begin
{zanoMmHaeM 3JIeMEHT U3 BEepUHE}
t:=top;
Elem := t”.inf;
{cTupaem ero c skpaHa}
inherited Pop (Elem);
{YHMuUTOXaeM 5TO 2BEHO}

top:=t".next;
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dispose (t)
end;

end;

{YHMUTOXEeHNEe cTeKa}
destructor TDinStack.Done;
begin

Clear

end;

{MHMLIManmMsaumsa creka}

constructor TStatStack.Init;

begin
{VHMLIMUpYyEeM KOOPIMHATH BEPIMHEl CTEKa }
inherited Init;
{/I3HauanpbHO CTEeK HEe COINEPXUT 3SJIEMEHTOB }
Top := 0

end;

{IIlpoBepka cTeka S Ha MNIyCTOTY}

function TStatStack.IsEmpty;

begin
{Crex nmycT, eciu OH HE COINEDPXUT DJIEMEHTOB }
IsEmpty := ( Top = 0 )

end;

{IlomecTuTs 3JyeMeHT Elem B crek}
procedure TStatStack.Push ;

begin

{ecnmu moOaBiieHME BJIEMEHTa He NIpuUBeneT K [IEePEelOoJIHEHUIO CTeKa }

if Top < MaxN then
begin
{moBaBiygeM BJEeMEeHT B CTekK}
Top := Top + 1;
Elements[Top] := Elem;
{BEIBOIIMM €r'0 Ha 5SKpaH}
inherited Push (Elem)

end
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{mHaue - neuaraeMm coobmeHre o6 oummbke }
else ErrorMessage (1)

end;

{/I3BrleueHNUE DBJIEMEHTa W3 BEPUMHB CTEKA }
procedure TStatStack.Pop;
begin
{ecmn crek nycrT, neuvaTaem coolmeHre o0 omnoke }
if IsEmpty then ErrorMessage (0)
else
begin
{rHaue mM3BIEKaeM BJIEMEHT U3 CTeka}
Elem := Elements[Top];
{cTupaem ero c skpaHa}
inherited Pop (Elem) ;
Top := Top-1
end

end;

{yHMUTOXEeHNEe CcTeka}
destructor TStatStack.Done;
begin

Clear;
end;

end. {Stacks}

{ocHOBHasa nporpamvmMa }
program Main;
Uses Stacks, Crt;
Const {TopuszoOHTanb, B KOTOPOM BHBOIUTCS PEe3yJIbLTAT}
TxtLine = 11;
{lBeT CTPOKM-pPe3yJILTaTa}
TxtColor = LightGray;
{BHaKy NyHKTyalun}

[l LI R BN B B R D D e B | lr)l].
7 7 r o~ r I roos s ’

PunctuationMark =
var
str : string; {ucxomHas cCTpoka TekcTa}

i: byte; {BCcnoMoraTesbHasa NepeMeHHas}
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{yxazarensr Ha abCTPaKTHEI CTEK}

Stack : PtrVisualStack;

{YxazaTensr Ha CTek, INOCTPOEHHENI Ha OCHOBE JIMHEVHOTO CIMCKA }
DinStack : PtrDinStack;

{YxazaTenbr Ha CTek, I[IOCTPOEHHEN Ha OCHOBE MAaCCHUBA }

StatStack : PtrStatStack;

{[Ipouenypa mnyus OnpenesieHMs Tulna cTeka, }
{xoTOpEl! OyIeT MCIOJNL30BATLCS B IPOTpPaMMe }
procedure InputTypeStack;

var ch: char;

begin

{BeIBOII MeHIO Ha DKpaH}

writeln ('BBemuTe THO CTeka, C KOTOPEM BH xXoTuTe padoraTh');
writeln('D - CcTek Ha OCHOBE OVHAMMUECKUX CTPYKTYP HOaHHHX') ;
writeln ('S - cTek Ha OCHOBe Maccupa');
{3anpoc nose30BaTENO}
repeat
ch := ReadKey
until ch in ['S','s','H', '&t’, 'D','d",'B", 'B"];
write (ch);
{onpernenenre BapraHTa OTBETA}

case ch of

{ecnn nosp30BaTENb BHOPA CTATUUECKWM CTEK}
'st,'s','H'", "ut'
begin
{MHUMLIMMpYEeM CTaTUUYecKMUil CTeK U BaloMMHaeM ero}
new (StatStack, Init) ;
Stack:=StatStack

end;

{ecnu nosp30BaTENb BHOPAa OVHAMUECKMUN CTeK}
'D','d','B'", "B’
begin
{MHMLMMpYyeM OVHaMMUeCKMuy CTeK ¥ BaloMMHaeM ero}
new (DinStack, Init);
Stack:=DinStack
end;

end;
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end;

{Opouenypa BEBOIa CTPOKM str B TOUKe C koopauHaTaMy X, Y LBeTOM color}
procedure OutTextXY (X, Y: integer; color : word; Str: string);
begin

GotoXY (x,V);

TextColor (color) ;

write (Str);

end;

begin
{BBOI IaHHBIX }
ClrScr;
writeln ('BBemuTe CcTpoky TekcrTa');
readln(str);
writeln;

InputTypeStack;

{ObopmnerHne sxpaHa}

ClrScr;

OutTextXY (1,2,Yellow, "'MicxonmHasa cTpoka: ');
OutTextXY (3,3, Yellow, str) ;

OutTextXY (1, StackLine, StackColor, 'Crek: ") ;
OutTextXY (1,TxtLine-1,Cyan, 'llolydyeHHas crpoka: ');

GotoXY (3, TxtLine) ;

{OBpaboTka CTPOKM M BEBOI Pe3yJbTaTa}
for i:=1 to length(str) do
begin
{Ecimm 5TO He 3Hak NyHKTyaluuy, TO IedyaTaeM ero}
if not (str[i] in PunctuationMark) then
write(str[i])
else
{rHaue - nomemaeM B CTek}
Stack”.Push (str[i]);
{3amepxxa}
Delay (cDelay)

end;
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{leuaTs COOEPXMMOI'O CTeKa }
Stack”.Print;

{yHMUTOXEeHNEe CcTeka}
dispose (Stack, Done) ;

end.

Mpumep 2. AnemeHTapHbIN rpacnyecKuin
pepaKrop

HeMoHcTprpyeTcsT MTHAMATBHEIN HAOOp CPEACTB I cO3MaHWs Ha dKpaHe TIpH-
MHUTHBHOTO PUCYHKA, HANOMWHAIOMWHA JETCKYI0 WTPYIIKY, KOTJAa ¢ ITOMOIIILIO
JIBYX BpAIIAIONINXCSl pyIeK YIIPABISAIOT TOJIOBKOM, KOTopas, TiepeMelasich, OCTaB-
JIET cIIen.

Ilo sKkpaHy ¢ MOMOILIBIO CTPESOK U PACIIONOXEHHBIX PSIIOM Ha CIIy:KeOHOI JacTu
KJIaBMATYPhl KJIABUII IMEepeMellaeTcss Kypcop, MPeacTaBIdIoOlInid coO0il CTpeKy.
"Topsiueil” TOUKOIi, TO €CTb TOUKOM, OMNpEIesAolIeil MEeCTOMOIOXeHUe Kypcopa
Ha 2KpaHe, sBiagercs ocTpue crpeaku. Ecnu Haxars kinabuiny <+>, To Kypcop
HauMHAeT OCTaBIATb 3a coOoii cien. IloBTopHoe Haxarue O3TOH Xe€ KIABUIIU
npekpaiaeT nogpieHue cieaa. B kavyecTBe MOMOJHUTEIbHONH BO3MOXKHOCTH Ha-
katue KiaaBuiid <R> Mo3BojseT BOMTH B PeXUM PUCOBAHUS OKPYKHOCTH, KOTLAa
knapuiy <Ins> u <Del> cnyxar nnsg ee paciuupenus u cxartus. IlopropHoe Ha-
xkatue <R> Mo3BoJgeT BBIATH U3 PeXUMa MAHUIYISALUU C OKPYKHOCTHIO.

IMporpamma (IucTUHT 2.5) Wcnonb3yeT Tpu Monyas (tuctuHru 2.2, 2.3 u 2.4).

' INMuctuxr 2.2. Mogyns KEYBOARD ans pa6oThl ¢ knaBuatypoi

unit Keyboard;
Interface
Type {BO3MOXHEE BapMaHTE HaXaTBX KJIABUII}
tKeyType = (ktUnknown, ktEsc, ktEnter,
ktLeft, ktRight, ktUp, ktDown,
ktLeftUp, ktRightUp, ktLeftDown, ktRightDown,
ktIns, ktDel, ktCircle, ktTrack);
{QyHKLMS, OTBevammas 3a CUMTHBAHME KJIABMIN M ONpPENeJIeHMs ee Tua}

function GetKey : tKeyType;

Implementation
Uses Crt;

Const
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kbEsc=#27; {knapuma <ESC>}
kbLeft=#75; {kynaBuma <CTPEJIKA BJIEBO>}
kbRight=#77; {kyaBuma <CTPEJIKA BIIPABO>}
kbUp=#72; {kmaBuma <CTPEJIKA BBEPX>}
kbDown=#80; {xyaBuma <CTPEJIKA BHWM3>}
kbRightDown=4#73; {xsaBuma <PgDn>}
kbRightUp=#81; {xmaBuma <PgUp>}
kbLeftDown=#71; {xnaeuma <End>}
kbLeftUp=#79; {kmaBuma <Home>}
kbCircle='R"; {xyaBuma <R>}
kbEnter=#13; {knmaeuma <Enter>}
kbTrack=#43; {knapuma <+>}
kbIns=#82; {knapuma <Del>}
kbDel=#83; {knmapuma <Ins>}

Function GetKey;
var ch : char;
begin
GetKey:=ktUnknown;
ch:=ReadKey;
if ch=#0 then

begin

ch:=readkey;

case ch of
kbLeft : GetKey:=ktLeft;
kbRight : GetKey:=ktRight;
kbUp 1 GetKey:=ktUp;
kbDown : GetKey:=ktDown;
kbLeftUp : GetKey:=ktLeftUp;
kbRightUp 1 GetKey:=ktRightUp;

kbLeftDown : GetKey:=ktLeftDown;
kbRightDown : GetKey:=ktRightDown;

kbIns : GetKey:=ktIns;
kbDel : GetKey:=ktDel;
end
end
else

case ch of
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kbEsc : GetKey:=ktEsc;
kbEnter : GetKey:=ktEnter;
kbCircle : GetKey:=ktCircle;
kbTrack : GetKey:=ktTrack;
end;
end;

end.

Nuctuir 2.3. Moayns PRIMITIVES

{Momyne PRIMITIVES COOEPXUT HEKOTOPEHE IPVMUTKUBHBEE I'padnueckyme OOBEKTH }
unit Primitives;
interface
uses Graph, Keyboard;
type
{aBcTpakTHEN OOBEKT IIEPBOTO YPOBHS MEPaApPxXUy HACJIeNOBAaHUS,
oTBevalmMil 3a IPUBA3KY IIOTOMKOB K KOOPIAMHATHOM CeTKe »SKpaHa}
Location = object
private
X, y: integer;
public
procedure Init (InitX, InitY: integer);
function GetX: integer;
function GetY: integer;
end;
{aBcTpakTHEN OOBEKT BTOPOTO YPOBHS MepapxuUM HacCJeOOBaHUSI,
oTBeYaIMA 3a coxpaHeHre (QOpMH OOBEKTa M €T'0 KOPPEeKTHYH NEPEepPUCOBKY }
Figure = object (Location)
private
{yxasaTenp mna coxpaHeHMs OOJacTM Ion OOBEKTOM
IS HOCJIeNylmero BOCCTAHOBJIEHMS 2TON o00IacTu
B Cllyuae IepeMeleHrs ofbekTa Ha HOBOEe MeCTOo}
AreaPtr : pointer;
{mmprHa m BHCOTa obmactu}
Width, Height : integer;
procedure SaveArea;
public
constructor Init (InitX, InitY, InitWidth, InitHeight: integer);
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destructor Done ; virtual;

function GetWidth: integer;

function GetHeight: integer;

function GetSize: integer; wvirtual;
procedure Draw ; virtual;

procedure Show ;

procedure Hide ;

procedure MoveTo (NewX, NewY : integer);

end;

Point= object (Figure) {reomerpunueckmii OOBEKT — TOUKA }
constructor Init (InitX, InitY: integer);
destructor Done ; wvirtual;
procedure Draw ; virtual;

end;

Circle = object (Figure) {reomerpuueckuiti oOBLEKT — OKPYXHOCTE }

private
Radius: integer;
public
constructor Init (InitXcenter, InitYcenter, InitRadius:
destructor Done; virtual;
procedure Draw; virtual;
procedure SetRadius (NewRadius: integer);

function GetRadius: integer;

integer) ;

{MeTOmEI, oOecrneurBamuye NOBEINEHUE OKPYXHOCTM: €e paclMpeHMre U CxaTue}

procedure Expand (ExpandBy: integer); wvirtual;
procedure Contract (ContractBy: integer); wvirtual;
procedure ChangeSize; wvirtual;

end;

implementation

{peamm3zauusa MeTOIOB OOBEKTOB }

{Location rules}
procedure Location.Init;

begin
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x:=InitX;
y:=InitY;
end;

function Location. GetX: integer;
begin
GetX:=X;

end;

function Location.GetY: integer;
begin
GetY:=Y;

end;

{Figure rules}

constructor Figure.Init;

begin
inherited Init (InitX, InitY);
width:=InitWidth;
Height:=InitHeight;
SaveArea;

end;

destructor Figure.Done;
begin
FreeMem (AreaPtr,GetSize) ;

end;

function Figure.GetWidth;
begin
GetWidth:=Width

end;

function Figure.GetHeight;
begin
GetHeight:=Height

end;
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function Figure.GetSize ;
begin
GetSize:=ImageSize (x,y,x+width, y+tHeight)

end;

procedure Figure.SaveArea;
begin
GetMem (AreaPtr, GetSize);
GetImage (X, Y, X+Width, Y+Height, AreaPtr”);

end;

procedure Figure.Draw;
begin

end;

procedure Figure.Show;
begin
SaveArea;
Draw;
PutImage (X,Y,AreaPtr”,OrPut) ;

end;

procedure Figure.Hide;
begin
PutImage (X,Y,AreaPtr”,NormalPut) ;

end;

procedure Figure.MoveTo;
begin
Hide;
x:=NewX; vy:=NewY;
Show;

end;

{Point rules}
constructor Point.Init;
begin
Inherited Init (InitX, InitY, 1, 1);
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SaveArea;

end;

procedure Point.Draw;
begin
PutPixel (X,Y,GetColor) ;

end;

destructor Point.Done;
begin
inherited Done

end;

{CircleRules}
constructor Circle.Init;
begin

Radius:= InitRadius;

inherited Init (InitXcenter-InitRadius, InitYcenter-InitRadius,

2*InitRadius+1l,2*InitRadius+l) ;

end;

destructor Circle.Done;
begin
inherited Done;

end;

procedure Circle.Draw;
begin
Graph.Circle (xtRadius, y+Radius, Radius);

end;

function Circle.GetRadius: integer;
begin
GetRadius:=Radius

end;

procedure Circle.SetRadius;

var xx, yy: integer;
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begin
xx:=x+Radius; yy:=y+Radius;
FreeMem (AreaPtr,GetSize) ;
if NewRadius<0O then NewRadius:=0;
Radius:=NewRadius;
x:=xx-Radius; y:=yy-Radius;
Width:=2*Radius+l; Height:=Width;
SaveArea;

end;

procedure Circle.Expand;
begin
Hide;
SetRadius (Radius+ExpandBy) ;
Show;

end;

procedure Circle.Contract;
begin
Expand (-ContractBy) ;

end;

procedure Circle.ChangeSize;

var key TKeyType;
begin
Show;
repeat
key:=GetKey;

case Key of ktIns
ktDel

Expand (1) ;
Contract(1);
end;
until Key=ktEnter;
end; {ChangeSize}

end.

NMuctuhr 2.4. Mogyns CURSORS, cogepxawmii 06 LeKT Kypcop

unit cursors;

interface
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uses Graph, Primitives, Keyboard;
type
define = procedure;
{oBBexT - Kypcop}
cursor = object (Figure)
private
{Touxa oBmacTyu, KOTOpas OCTAaBJISET CJEeI}

PaintPoint : Location;

{none, KOTOpOEe IIOKa3BBaeT, OCTaBJIAET JIM KYypCOp cnen}

track: boolean;

{nmone, onpemnensiomee dopMy Kypcopa}

Form: define;

{ykazaTenp mna coxpaHeHus obyacTu non oOBEKTOM}
{mna nepepucoBxu kypcopa}

FormPtr: Pointer;

public

constructor Init (InitX, InitY, PaintX, PaintY: integer;

InitWidth, InitHeight: integer;

InitTrack: boolean; InitForm: define);

destructor Done; virtual;

procedure Draw ; virtual;

{MeTOn, ofOecHneunBaoumili NepeMelleHre Kypcopa IO SKpaHy }

procedure Drag (dragBy: integer); virtual;

end;

implementation

constructor Cursor.Init;
begin
inherited Init (InitX, InitY, InitWidth, InitHeight);
PaintPoint.Init (PaintX, PaintY) ;
Track:=InitTrack;
GetMem (FormPtr, GetSize);
Form:=InitForm;
Form;
GetImage (0,0,GetWidth, GetHeight, FormPTR");
PutImage (0,0, FormPTR", xorPUT) ;

end;
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destructor Cursor.Done;
begin

Hide;

inherited Done;

FreeMem (FormPTR, GetSize);

end;

procedure Cursor.Draw;
begin
PutImage (GetX, GetY, FormPTR", ORPUt);

end;

procedure Cursor.Drag(dragBy: integer);
var DeltaX, DeltaY: integer;
aCircle: Circle;
function GetInstr(var Dx, Dy: integer): boolean;
var key: TKeyType;
begin
Dx:=0; Dy:=0;
GetInstr:=true; key:=GetKey;

case Key of

ktLeft: Dx:=-1;
ktRight: Dx:=1;
ktDown: Dy:=1;
ktUp: Dy:=-1;

ktRightDown: begin

ktRightUp: begin

ktLeftDown: begin

ktLeftUp: begin
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ktCircle: begin
Hide;
aCircle.Init (GetX+PaintPoint.GetX,

GetY+PaintPoint.GetY, 1);
aCircle.ChangeSize;
aCircle.Done;
Show
end;
ktTrack: track:=not track;
ktEsc: GetInstr:=false;
end;

end; { function}

begin
Show;
while GetInstr (DeltaX, DeltaY) do
begin
if track then
begin

Hide;

Line (GetX+PaintPoint.GetX, GetY+PaintPoint.GetY,
GetX+PaintPoint.GetX+DeltaX*dragBy,
GetY+PaintPoint.GetY+DeltaY*dragBy) ;

Show;

end;
MoveTo (GetX+DeltaX*dragBy, GetY+Delta¥Y*dragBy):;
end;
end; {Drag}

end.

" MucTuHr 2.5. MnaBHasa nporpamma

program Main;
uses Crt, Graph, Primitives, Keyboard, Cursors;
var MyCursor: cursor;
Driver, mode: integer;
{SF+}

procedure CursForm; {mpouenypa "pucopaHusa" xypcopa}
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begin

Line(0,0,7,7); Line(0,0,4,2); Line(0,0,2,4);
end;
{S$F-}

begin
DetectGraph (Driver, Mode); {MHuLmammuzauusa Tpadrueckoro pexmMa }
InitGraph (Driver, Mode, ' ');
SetGraphMode (Mode) ;
{uHMUManmM3auus Kypcopa}
MyCursor.Init (159, 99,0,0, 8, 8, false, CursForm);

MyCursor.Drag(5) ; {YnpaBneHue xypcopoMm}

MyCursor.Done; {Ynaneunue xypcopa}

CloseGraph; {[lepexon K TEKCTOBOMY pPEXUMY }
end.

3apgaHua ansa caMmocToaTesIbHOI paboTbl

1. YCIoXHWTH pacCMOTPEHHYIO B KauecTBe TIpUMepa 3a1avy, co3AaB HeOONBIIYo
BUOTMOTEKY KypCOPOB pasiTMyHON GHopMBI W MPEeAyCMOTpeB TTOBOPOT Kypcopa
TIPU TepeMEIeHUH €T0 B TOPU3OHTATHHOM WM TWAarOHATLHOM HaIlpaBIcHUH,
a TaKkke TIPY ero IBWKCHUH BHU3.

BeiGop HyxXHOH TOYKM 3KpaHa OOBIYHO BBIIOIHSIETCS IIOABOAOM Kypcopa
K 5Toi Touke W Haxaruem kiasuuid <Enter>. MHorna ObiBaer 10j1€3HO BU-
IeTh U IPEeAbLIYIIYI0 BbIOPaHHYIO TOYKY — IOCJEIHIO TOYKY, 3aduKcUpo-
BaHHyl0 Kiapuiueil <Enter>, u HOBYIO TOYKY, HAa KOTOPYHO YKa3blBaeT Kypcop.
Hasi 3TOoro UCHonb3ylTcsi METOd "pe3UHOBOK" HUTU U MeTod "pe3uHOBOro”
[IPSAMOYIOJIbHUKA!

a) B MeTojie "pe3nHOBON" HUTU OJWNH KOHEIl oTpe3Ka 3apUKCHPOBAH U yKa3bl-
BaeT TMOCJEAHIO BBIOPAHHYIO TOYKY, BTOPOH KOHeIl mepeMelaeTcsl B co-
OTBETCTBUM C U3MCHEHNEM YKA3BIBACMOU TOUKMN;

0) B MeToAe "pe3sMHOBOrO" MPSIMOYTOJbHUKA OJUH YIOJ MPSIMOYIOJbHUKA 3apuK-
CUPOBAaH M YKA3blBaeT IIOC/EIHION BBIOPAHHYIO TOUKY, @ IPOTUBOJEXKALIMIA
YIoJl [epeMeilaeTcs B COOTBETCTBUM ¢ U3MEHEHUEM YKa3bIBAEMOM TOUKMU.

IMocTponTh OKPY:KHOCTH TIO JABYM 3aAaHHBIM TOYKAM: IIEHTPY W OIHOM M3 TO-
yeK oKpy:KHOCTH. Obe TOYKHM YKA3bIBAIOTCA C KITABMATYPHI IO METOAY "pEe3H-
HOBOTO" TIpIMOyTONbHNKA. COCTaBUTH TIPOTpAMMY JUTSI VIIPABICHHUS pasMepa-
MW OKPYXHOCTH W ee TIOJIOKEHWEeM Ha BSKpaHe. YIpaBlIeHWe BHITTOTHICTCS
KJTAaBHUTIIAMM:

e < > > yBEJIMYUBACT PAIUYC OKPYKHOCTHU;
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e < < > yMEHbIUAET PAAUYC OKPYKHOCTH;

e KIABHUIOW VYIPABICHUSA KYPCOPOM BBI3BIBAIOT TEPEMEIICHNUE OKPY>KHOCTHU
B COOTBETCTBYIOILIEM HAIIPpaBJICHNUN,

o <Enter> 3aBepuiaer paboTy IpOorpaMMbl.

2. TloayuuTb Ha 3KpaHe Kakyw-ianbo Gurypy m "oXMBWUTH" ee: TyCTh ILITIEHOK
JIeTaeT W XOMUT, phiba TUTBIBET, MOABOAHAS JOJKA TTOJHUMAET U OMycKaeT Te-
PHUCKOII, COBA MallleT KPbUIbSIMM, CTPENKKN OyIUJIBHUKA M KOJIecO BpalllaioTcs,
BEJIOCUTIE]T KaTUTCS, TeJepOHHBIN TUCK KPYTUTCS U TakK Janee.

3. B pucoBaHHBIX MYJIbTGUIBMAX WLIIO3US ABWKEHHUS CO3AeTcs IOcieaoBa-
TEJbHOM CMEHOM KampoB, KaXIbld M3 KOTOPbIX (UKCUPYET OYepemHoe MO0JI0-
JKEHMe IBMXYIIErocsad o0bekTa. Mcronb3ysd 2TOT MPUHLMI, HOAYYUTh MYJbT-
(bubM, MOKA3BIBAIOLIMIA:

a) BeTyIero YeoBeYKa;

0) UIOYLLEro Yea0BeuKa;

B) UeJIOBEYKA, BHITTOTHSIONIETO MPUCETaHMST;

I) Y€JI0BeYKA, BBITOJHIOLIErO CUTHANU3ALMIO PIakKKOM.

s mocTpoeHUsT OTAENbHBIX KaapoB MYJIbThMIbMAa BOCMONb30BaThCsS DUTYP-
KaMU, onmucaHHbIMU B pacckase Konan Moting "Tlnsiyiine yenoBeuku”.

4. AHaNOru4HO MPEeAbIAYILIEH 3aJa4e NOAYYUTh CIIOPTUBHbINA MYJIbT(PUIbM:
a) 0 METaHWU JINCKa;
0) o Gere ¢ bapbepaMy;
B) O MOATATHBAHWUN Ha TIEPEeKIaINHe;
I) O NPbIKKAX B JJIMHY,
1) o Tpebie;
€) O MOJAHATUM ILUTAHTHU.
IMocTpoeHMe OTHETEHBIX KaApOB BEIMOJTHATE HA OCHOBE OTUMITUIACKOI CIMBOJTUKHA.

5. CmogaenupoBaTb KomnoHeHThl Delphi. Kaxablit KOMIIOHEHT AOKEH SIBISATHCS
00BEKTOM U OBbITb pasMellieH B OTAeAbHOM MoayJe. JomkHa ObITh HANMMCAHA
IporpaMma, KoTopas AeMOHCTPUPYET paboTy BTOro KoMmmoHeHTa. BmecTo co-
OBITUI MCITONb30BATb CBOCTBA M METONbl. MoneanpyemMble KOMIIOHEHTHI:

o Edit, MaskEdit;

¢ RadioButton, RadioGroup;
e ListBox;

e ComboBox;

e StringGrid;

e OpenDialog;
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10.
11.

12.

13.

¢ SaveDialog;

e ColorDialog (ColorGrid);
¢ FindDialog (FindNext);
e Calendar;

¢ SpinButton, SpinEdit.

"Kuznp". Urpa Mozenupyer XW3Hb MOKOJEHUI TUMOTETUUYECKON KOJOHUU
JKUBBIX KJIETOK, KOTOPbIE BbDKMBAIOT, Pa3MHOXAIOTCS WKW MOrMbGaloT B COOT-
BETCTBUM CO CJAEAYIOUIMMU TpaBuiaMu. KieTka BbDKMBAeT TOraa M TOJBKO
TOrJa, KOrja OHa MMEEeT JBYX WU Tpex cocedell U3 BOCbMU BO3MOXKHBIX.
Ecnu y xeTku TOJAbKO OAMH COCENl WIU HU OJHOTO, OHA MOrubaeT B M30Js-
uuu. Ecnu KieTka MMeeT yeThlpex Win Oojiee coceseit, oHa morubaer oT me-
peHaceneHus. B noboif mycToit mo3uiiuM, y KOTOpOW POBHO TP cocena,
B CJeyiolleM MOKOJIEHUM TIOSBIsIeTCsl HOBasT KJIeTKa.

CocTaBuTh IIporpamMmy ajiasi oOyuyeHus pabore ¢ KinaBuatypoii. Ilporpamma
JOJKHA BBIAABATH HA 9KpaH OyKBbI, IUDPHI, c10BA U (Ppa3bl, KOTOPLIE CAEMy-
€T HabpaTh HA KJIaBUATYpe.

CocTaBUTh TTpOTpaMMy IS TPEHUPOBKHN TamsATH. [IporpaMMa mToiskKHa BEICBE-
TUTb Ha 3KpaHe HEeCKOJNBLKO TOYeK, MTPAIONINii — yKasaTrb, B KaKOM TOpPSIIKE
5TH TOYKHW OBITM BBICBeUeHBI. KoopawmHATHI ToUeK BLIOMpAIOTCS B TIpOTpaMMe
¢ TIOMOIIBIO TATYWKA CTYIANHBIX YHCET.

"Coeit camoner”. [1o skpaHy JeTdT Bpaxeckue camoseTbl. Lleab — cOuTh ux.
[lyckoBast ycraHOBKA HaxoIUTCS B HMXHel cTpoke 3kpana. [lyckoByio ycra-
HOBKY MOXHO II€peMellaTh [10 CTPOKE BIepen 1 Ha3a/,.

Hanucars niporpaMMy, pealusyiolyio MpocTeiinnii Bapuadt urpsl "Terpuc”.

Bubauoreka rpaduueckux IpUMUTUBOB COAEPKUT TOUKY, KPYI, IPSIMOYIOJib-
HMK, JUMHUIO, TPEYrojbHUK, JOMaHyl0, ayry. PeannsoBarb BO3MOXHOCTE CO3-
IaHKMS ¢ [IOMOILbIO 3TUX rpadUyecKux OPUMUTUBOB KapruHku. [Ipemycmor-
perb BhIOOp LBera ¢oHA U DAEMEHTOB KAPTHMHKM, a TAKXKE BO3MOXHOCTh
pasMelleHus] KapTMHKU B Kaape. [ist 3Toro cosmarb ClelualbHbId OObEKT
"paMKa", KOTOPbIA MOXET OXBaThIBAaTh U COXPAHSITh CLIEHY.

"Mopckoii 60it". EcTb mymika. ITonb3oBaTeNb MOXET YIMPaBIsITh HallpaBIeHN-
€M CTBOJIa MYIIKU, MOXET CTpeNsaTh. EcM MyIlika BeICTpeaniIa, TO JIETUT CHa-
psan. B 3To BpeMs Te-To 1Mo 3KpaHy TUIBIBET KOpalJuK, B KOTOPBIM UTparo-
MK pomKkeH monacTh. Eciau cHapsgn momamaeT B KOpaOluK, TO OH
B3pbIBaeTCsl U Kopadbauk ucuesaer. M Tak, Hanpumep, 10 pa3. Eciu mosbs3o-
BaTeJib YCIEITHO WCIOJb30BaJl BCEe BBICTPENBI, TO €My B KadecTBe Tpusa
TpejutaraeTesl elie Tpu BhIcTpena.

Peanuzoparp 3amaHue 1, JOIIOJIHHUB €ro BO3SMO2KHOCTBIO YIIPABJIATL KypCOpPOM
C IOMOLIBIO MBIIIH.
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2 )/2 Z2

X
14. PeammsoBarh MOCTpOEHHWE ABYIIOJOCTHOTO TUIepbomonga —+—--——=-1,

15.

16.

17.

18.

19.

20.

a® b 2

¢ — JelcTBUTENbHAS IOJYyOCh, @ U b — MHUMBIE moayocu. Ilycte a = b, To-
raa rurnepOoson]i MOXET ObITh IIOJIYUEH BpallleHUMEM IUMIEepOOJibl C IOIYyOCs-

MU a U ¢ BOKpyr ocu 2 -c. Mepapxusa oObeKTOB: ToUKa —> runepboaa — ru-
epOOJTONI.

x2 )/2

PeanmsoBarh mocTpoeHNe SITUNITUYECKOTO Tlapabdoionaa z =+ ITycts
a b

a = b, Torma uMeeM MmapaboJIOMI BpallleHMs, MOJydaeMblid IpU BpallleHUU
napabosibl 7 = x 2/ a ?, nexaumeil B ILIOCKOCTU X, Z BOKpYr ee ocu. Mepap-

Xusl 00OBbEKTOB: TOYKA —> I1apadoia — 1napadoIou.

Onncarb ceMeicTBO OOBEKTOB, OMMCHIBAIOIINX (AMIBl PAa3TMYHBIX THUTIOB W
JeHCTBUS HAl HUMHW. YTIPOIIEHHO TMEePBUYHBIN OOBEKT MOXHO TIPEICTABUTH
KaK COBOKYITHOCTD MAHHBIX:

e JIMHA (aiiia;

e TeKyIlas MO3WINS yKasaTelsd B caiiie;

e JiaTa co3gaHus ¢aiina;

¥ COBOKYITHOCTb METOMOB paboTHI ¢ (haiimaMu:
e I[IpouMTaTh OANT U3 haiiaa;

e 3amucath OalT B haiir;

e YCTAHOBUTH JATy co3naHus daiiia.

a) Hammcarb mporpamMmy, ¢ ITOMOIIBIO KOTOPOI OCyIIecTBIsSeTcs (hopMaT-
POBAHHEI BBOI YMCE.

6) Hamucarh mporpaMmy, ¢ MOMOILBIO KOTOPOH OCyIlecTBsIeTcsl PpopMaTu-
POBAaHHBIA BBOJ OyJIeBCKUX 3HAYEHMI.

B) Hammcath mporpamMMmy, ¢ TMOMOIIBIO KOTOPOI OCYIIECTBIsAeTCS GhopMaT-
POBAHHEIIT BBOI CTPOK.

Hanucars nporpammy, peanusyionrylo HEKOTOpble (PYHKIMU PAbOTHL ¢ JIEK-
TPOHHOI Tabjaulell, HampuMmep, CYMMHUPOBAHME 3HAYEHMI IO CTPOKAaM,
CTOJ01IAM, MCIIOIb30BAHME MPOCTEHIIUX DOPMY U T. 1.

PeammzoBarh mocTpoeHre AMHAMWYECKOTO CIMCcKa, WH(OpMAIMoHHOE Tole
KOTOPOTO COJCPKUT CCBITKM Ha OOBEKTHI PasHLIX ypoBHeN wepapxwu. Omm-
caTh HEOOXOIMMBIE TIONITPOTPAMMEI TSl pabOTHI ¢ TAKIM CITUCKOM.

Onucarb oobekr DJIEKTPOHHAA KHHMI'A, npennonarag ero o0ObEKTOM
HYXKHETO YPOBHS Mepapxuu, HAIpUMeEp, pasgeil-riaBa-dacTtb U T. mo. Ilpumy-
MaTh U OMUCATh HAOOP METOAOB TaKOro oObeKTa WISl peann3auuu d¢hQPeKTUB-
HOI1 pabOThI C 2IEKTPOHHOU KHUIOI.

Onucarp Ha npocrteiiiieM ypoBHe o0bekT CKIIA/L.
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PeKypcuBHble afiropuTmMbl

Pexypcus — »To Takoi# crmocod opraHM3allii BHEYUCIUTENBHOTO TIpollecca, TIPH
KOTOPOM TofIporpaMma (Ipotieaypa uian GyHKITNST) B XOJe BBITTOJIHEHUS COCTaB-
JITIOMNX ee oTepaTopoB obpamaeTcs camMa K cebe. Bo3aMOXHOCTL peKypCHBHOTO
obparieHus obecrieanBacTCs TeM, UTO MTAMATh IO MapaMeTphl M JOKaIbHBIE TIe-
peMeHHBIe pe3epBHUpyeTcsT B cTeke. Hampumep, ecnm mpornenypa A wMmeer Tapa-
METp X W BBI3BIBACT caMy cebsl, TO TapaMeTp X BHOBBL BHI3BLIBACMOM TIpOLeayphl A
CTaHET COBEPIICHHO JAPYTUM TMapaMeTpoM; a MPW BO3BPALICHUU K NEPBOMY BbI-
30BY TIPOTIEIYPHI A TIpekHee 3HaYeHNe TIepeMEeHHOM X 6yIeT BOCCTaHOBIIEHO.

MakcuManabHOe YUCIO PEKYyPCUBHBLIX BBI3OBOB IPOLEAYypbl WIM (DYHKLIUU Oe3
BO3BpPATOB, KOTOPbIE MPOUCXOIAT BO BPeMsl BbUIOJHEHUS IPOrpaMMbl, Ha3blBAeT-
¢4 IIyOMHOI peKypcui.

Yncno peKypCHBHBIX BBEI30BOB B KAKIBIH KOHKPETHBIIT MOMEHT Ha3bIBaeTCS
TEKYIINM YPOBHEM PEKYPCHM.

B NPaKTUYCCKUX IMPUIIOKCHUAX BAXKHO HE TOJBLKO Y6€£LI/ITbCH B TOM, 4YTO MdKCH-
MaJlbHas FJIY6I/IHa PEKYpCMU KOH€YHA, HO KM B TOM, YTO OHA IOCTATOYHO MaJad,
yTOOBl HE BBI3BATh HEPENOJIHEHNUEC CTECKA.

I'maBHOE TpeboBaHWe K PEKYPCUBHBIM TIOANIPOTPAMMaM: B WX OMpeAeTeHNN TOKHA
MTPUCYTCTBOBATh MPOBEPKa 3aBepIIeHNST peKypcuBHOTO BBI3oBA. CTpyKTypa KOHeY-
HOTO PEeKYPCHUBHOTO aJITOPUTMA MOXKET OBITh OTMCAHa CIIEIYIONTNM 00pa3oM:

eCII ycCcJioBue

TO nelicTBye, BHIIOJHSAeMOe 0e3 PeKypCMBHOI'O BEI3OBA

MHa4de HeﬁCTBMe, BEIIIOJIHAEMOE C PEeKYPCUMBHEM BBEISOBOM

Bo MHOTMX ciyyasix I TOTO, YTOOBI BBITTOJTHEHNE PEKYPCUBHOU MOATIPOTpaMMBbI
3aBEPIIUIOCH, JOCTATOUHO HAJWYWUS B MOANPOTPAMME HEKOTOPOWH HEOTPUIATENb-
HOI (HEMONOXUTEIbHOW) BEINYNHBI, KOTOpast CTporo yoObIBaeT (Bo3pactaer) Mpu
KaXIOM peKypcUBHOM BbI3oBe. Eciu 3HauyeHUe 3TOW BEAWYMHBI CTANIO PABHBIM
HYJTIO, BBI3OBBI PEKYPCUBHOM (hyHKIIUM TIpeKpainamTcs. B mpocThix cayvasx posb
TaKoM yrmpasisitollieil BEIMUMHBI UTPAET OAUH W3 MapaMeTpoB MOANPOTPaMMEI.
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CTpyKTypa peKypCUBHOH IpOLEIypbl Rec, BKIIOYAIONIEH HEKOTOPOE MHOXECTBO
OIEPATOPOB U OAMH WIM HECKOJBKO OIEPATOPOB PEKYPCHBHOTO BBI30BA, MOXKET
HUMETb TPU Pa3Hble (POPMBEL.

1. C BpImosTHEHNEM MHOXECTBA OTIEPATOPOB S IO PEKYPCUBHOTO BBI3OBA, TO €CTh
C BBLIMTOJITHEHUEM JIEVCTBUIA HA PEKYPCUBHOM CITYCKE:
Procedure Rec;
Begin
S;
if ycrnoBme then Rec
End;
2. C BBIMOJIHEHWEM JIWCTBUI S TIOC/Ie PeKYPCHBHOTO BBI30BA, TO €CTh HA PeKyp-
CUBHOM BO3BpaTe:
Procedure Rec;
Begin
if ycmoBue then Rec;
S;
End;
3. C BbITIOJHEHUEM JEUCTBUI S1 M0 PeKYpCUBHOTO BBI30BA M S2 TOCTE PeKyp-

CUBHOI'O BBI30OBA, TO €CTb KaK Ha PEKYPCUBHOM CITYCKE, TaK W Ha PEKYPCHUB-
HOM BO3Bpare:

Procedure Rec;

Begin
S1l;
if ycmorme then Rec;
S2

End;

nin
Procedure Rec;
Begin
if ycmorme then
begin
S1;
Rec;
sS2
end;
End;

Ha mpakTuke HaxogdT mpuMeHeHHe Bce 9TH (GopMbl. MHOrME 3agauyd AOIMYCKAIOT
HCMOIb30BaHKMEe JI000i1 opMbl pekypcuBHOI mpouenypbl. OOHAKO CYIIECTBYIOT
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KJIacchl 3amay, Hampumep, 3a1a4ld, MCIOJb3YIOIIMe CTEKOBble U IPEBOBUIHbBIC
CTPYKTYpPBI JAHHBIX, KOTOPhIE TPEOYIOT OT MPOrpaMMUCTa YMEHUS HAIIPaBIATh XO.I
pekypcuu. B Takux 3amadyax ofHM AEHCTBUS MOXHO BBIIOJHMUTbL TOJbKO HA CIIyC-
Ke, Ipyrue — TOJbKO Ha BO3BpAre.

Pexypcushast chopMa opraHusalvu aaroputMa naer, Kak MpaBuio, 0ojiee KOM-
MMaKTHEIM TEKCT TIpOrpaMMEI, YeM WTepaltmoHHas. Ho pekypcust paboraetr Men-
JIeHHee U MOXeT BbI3BaTh mnepemnosHeHue cteka. [Tostromy H. Bupt [2] pekoMmeH-
JyeT TPUMEHSATh PEeKYPCUBHBIE TOAMPOTpaMMBl ISl peaju3alnu  aIrOpUTMOB,
PEKYPCUBHBIX TIO CBoell Mpupoje, riae obpabaTbiBaeMble JaHHBIE OTPENesTIOTCS
B TepMUHaX peKypcuu. bonbllloi Kiacc Takux 3ajad MpeACTaBIsiioT KOMOWHATOP-
HBbIE 3a[a9M, pelllacMble TTOJTHBIM UJIU OTPaHUUEHHBIM TepedopoMm.

PexypcuBHble MOAIpPOrpaMMbl UMEIOT ONHY U3 IBYX (OpM: MPAMYIO PEKYPCUIO U
KOCBEHHYI0 peKypcuio. B mepBoMm ciydae moamporpaMMa COAEPXKUT OIeparop
BBI30Ba ITOH XKe MoANporpaMMmbl. Bo BTopoM — moamnporpamma BbI3bIBAET KaKylo-
JM6O ApYrylo IOAINpOorpamMmy, Koropad aubo cama, MO0 IIOCPEICTBOM APYIUX
MOAMPOIrPaMM BBI3bIBAET MCXOAHYIO. B ciayyae KOCBEHHOH peKypCcUU BBOIUTCH
omepexaloliee OIMMcaHue ¢ IOMOLIBIO KIIOYeBOro CJI0BA FORWARD (BIepen).

3apauun, nporpamMmmbl

1. JaHo cienymliee oNUcaHne TUHEHHOTO CITUCKA:

type
TElem = integer; {Tun muHGOPMALIVIOHHOW YacCTM}
TList = "~TNode; {[lpencrapneHue cnmucka}
TNode = record {3BeHO cnmcka}
Info: TElem; {lnpopmalIMOHHas YacCThb}
Next: Tlist {Cnenymoumi 2JIEMEHT CIMCKa}
end;

Hanwvcars pekypcuBHYI0O TIpolielypy YAalleHus 3JieMeHTa U3 cIucKa (Jmc-
THHT 3.1).

|
NucTuHr 3.1. PekypcuBHas npoueaypa yaaneHus aneMeHTa U3 cnucka

function BList DelElem2 (var L: TList; E: TElem): boolean;
var N: TList; {ykazarens Ha ymajigdeMOoe SBBEHO CIIMCKA }
begin
if L <> nil
then {ecnu cnmcok He OycT}
if L".Info = E
then
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{ecnu nepBoe 3BEHO SABJIAETCH yIAJsSeMbM }
begin
{BanoMmHaeM ykasaTenb Ha yHajigseMOe S3BeHO}
N:=L;
L:=L".Next; {ynmanseM 3BeHO U3 CIMUCKa}
dispose( N ); {ocBoBOoxmaeM IaMsaTh }
List DelElem2:=true
end
else
BList DelElem2:=BList DelElem2( L".Next, E )
else BList DelElem2:=false;
end;

Hanucate pexypcuBHYIO MpoLenypy Mg Me4aTu JMHEHHOIO CIIMCKA.

Hammcats pekypcuBHYIO TIpOTIenypy, KOTopas TieyaraeT 3JIeMeHThl ABYHAITpaB-
JIEHHOTO CTIMCKA B TIPAMOM W 0OpaTHOM TIOpSITKE.

Hanucate pexypcuBHyl0 (YHKIMIO IS HAXOXACHUST OMHOMHUAIBHBIX KO2(h-
¢ulneHTOB
Lnpum=0n>0umum=n=>0
Crn=30,mpum>n>0
-1 -1
Cr~, +Cy ', uHave

Hnst 3ananHoro M BuiuncanTh Bce C / , M>i>j>0.

3agaHo KOHEUHOEe MHOXKECTBO WMEH KUTeNeil HEKOTOPOro Tropoaa, MpudyeMm
JUTSL KaXKJIOTO U3 SKUTENIEH TTepeuncIcHBl UMeHa ero aeteit. XKuremu A u b Ha-
3BIBAIOTCSI POACTBEHHWKAMU, CCITH:

a) n1ubo A — pebeHoK b,
0) 6o b — pebeHoK A,

B) 10O cyliecTByeT HeKUil B Takoii, yTo A sIBasSeTcs poACTBeHHUKoM B, a B
SIBJISIETCS POACTBEHHUKOM b.

IMepeuncnuTh Bee mapbl XXKUTeNel ropoaa, KOTOpbIE SBASIIOTCS POJCTBEHHUKA-
MM (JIUCTUHT 3.2).

| Jluctuur 3.2. PoactBeHHUKHU

Program Task3;
Uses Crt;

Type tName = (Nik, Pit, Kat, Mary);
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tRelative = array [tName,tName] of boolean;
tSet = array [tName] of boolean;
Const FirstName = Nik;
LastName = Mary;
names : array [tName] of string =
("Kong', "llera', '"Kara', '"Mama"') ;
Var R : tRelative;
namel, name?2 : tName;
ch : char;
S ! tSet;
{PexypcuBHas oGyHKLMS, KOTOpas BO3BpallaeT BHaueHue true,
ecnM OBa uUeJjioBeka C ¥MMeHaMy nl ¥ n2 gBiSOTCS PONCTBEHHUKAMM,
n false — B NPOTMBHOM Cllydae}
Function Relative (nl, n2: tName; S : tSet): boolean;
var n : tName;

fl : boolean;

begin
if R[nl,n2] or R[n2,nl] then
Relative := true
else
begin

S[nl]:=true;

s[n2] :=true;

fl:=false;

n:=FirstName;

if not S[n] and Relative(nl,n,S) and Relative(n,n2,S) then

fl:=true
else
repeat

n:=succ(n) ;
fl:= not S[n] and Relative(nl,n,S) and Relative(n,n2,S);
until fl or (n=LastName);
Relative:=f1l
end;

end;

{rnapHas nporpammva }

begin
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ClrScr;
{obnyeHne MCXOIHEIX MAaCCHBOB }
for namel:=FirstName to LastName do
begin
S[namel] :=false;
for name2:=FirstName to LastName do
R[namel,name?2] :=false;
end;
{BBOI MCXOIHBIX IAHHHIX }
for namel:=FirstName to LastName do
begin
writeln ('fBngeTcsa mm yKa3aHHEN deJlOBeK pebeHKoM',
' yejioBeKa C mMeHeM ',names [namel], ' (Y/N)- 27);
for name2:=FirstName to LastName do
if (namel<>name?) and (not Relative (namel,name2,S))then
begin
write (names[name2],"' - ");
readln(ch);
R[namel,name?2]:=(ch="Y")or(ch="y");
end;
end;
{oBpaboTka 1 nedaTb pesysbTaTa}
writeln;

writeln ("PomcrBeHHMKNM: ") ;

writeln;
for namel:=FirstName to pred(LastName) do

for name2:=succ (namel) to LastName do
if Relative (namel,name2,S) then
writeln (names[namel], "' - ',names[name2]);
readln;

end.

6. IIOHCqHTaTB KOJIMYECTBO PaA3TUYHBIX HpeHCTaBHGHTﬁiSaHaHHOFO HaTypaJlbHOI'O
NB BUJIEC CYMMDbBI HE MCHEC IBYX ITOMAPHO PA3INYHBIX TMOJOXUTECIbHBIX Clia-
TacMbIX. npeI[CTaBJTCHI/IH, OTIINYAIOUINECS TIOPAIAKOM ClIara€MbIX, pa3smuYHBIMHA

He cuuTatoTcd. PenreHue maHo B JUcTHHTeE 3.3.
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NMuctunr 3.3. PelieHue 3agayuum 0 pasnuyHbIX NpeacTaBfIeHUAX HaTypanbHOro
yucna B BUAe CyMMbl NONOXUTENbHbIX criaraemMbix

Program CountTerm;
Uses Crt;
Const Str=" npencraBuTb B BUIOES CyMMEI PA3JIMUHBIX CJjlaraeMex ';
var n : integer;
c : integer;
{PekypcuBHas QyHKLMS NOOCUETA.
n — 4YKMCciO, OJA KOTOPOT'O BeHeTCs IOICYET,
first - nepBoe crlaraemoe m3 CyMMEL
flag - BcCnoMOTraTenbHEN NapaMeTp, KOTOPENI [IOKAa3HBAET,
€CTb JIM XOTb OIHO CJjlaraeMoe B CyMMe. }
function Count (n, first: integer; flag: boolean): integer;
var k, i, c: integer;
begin
if n < first then Count:=0
else
begin
c:=ord (flag);
for i:=first to n div 2 do
c:=c+Count (n-i, i+1, true);
Count:=c
end;

end;

begin {I'naBHas nporpamMa }
ClrScr;
writeln ('BBemurTe HaTypasbHOe umcio'); readln (n);
c:=Count (n, 1, false);
if c=0 then writeln (n,' Hemb3g',str)
else writeln (n,' moxHO',str,c,' cnocobamm') ;
readln;

end.

7. BBIUUCINUTB OTpeAeNUuTeNlb MaTPUIILI, TTOJb3YsSICch (HOPMYJION paszoXeHUs 1o
TIEPBOU CTPOKE

det A= Z(—l)k“ Ap  det By,
k=1
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rge Matpula B Iodyyaercs BblUepKMBaHUEM U3 A IepBOi CTPOKU U Kk-TO
cToNOLA.

8. I[J'[SI 3aJaHHOTO LIEJIOT0 7 BbIYVMCIUTHD 3HAYCHUE CYMMBI

i3 i3 n 1
ZZZ P (mucTtuHr 3.4).

i1=1 =1 in=1

|
NucTtuhr 3.4. BeluncneHne sHaYeHUs CyMMbI

Program Summa;

var n:integer;

function Sum(k, n : Integer; s: real):real;
var i: integer; c: real;
begin
c:=0;
if k=n then
for i:=1 to n do c:=c+1/ (s+i)
else

for i:=1 to n do c:=c+Sum(k+1,n,s+i);

Sum:=c
end;
begin
writeln ('BBemuTe HaTypajibHOe uucio'); readln(n);

writeln ('PesynsTaT paBeH ', Sum(l,n,0):5:3); readln

end.

9. Ucnonb3yst peKypcUBHYIO TPOLEAYPY, HaleyaTaTh CASNYIONIYIO KapTUHKY
(18 pas)

. (16 pas)
T et 7 (14 pas)
2222 (4 paza)

11 (2 pasa)

2222 (4 paza)

(14 pas)
(16 pas)

(18 pas)



MaBa 3. PekypcuBHbie anroputmMbl 69

10. IMocTpouTh cUHTAKCUYECKUI aHanu3arop noHdaTus <HMaentudukatop> (Juc-
TUHT 3.5).

<HMpnenTudmraTop>: :=<O0ykpBa> | <MneHTudbukaTop> (<uudppa> | <Oyxsa>) ;

" Nnctunr 3.5. CuHTaKCM4YeCKUii aHanusaTop noHsaTus <UpgeHtTucpukarop>

program Identificator;
const Mlen = 20; {mMaxcumanbHas IJIMHa MOSHTUOUKATOPA }
var Ch : char;

Id : array[l..Mlen] of char;

IdLen, 1 : integer;

procedure Idd;

begin
if Ch in ['A'..'Z2", 'a'..'z"', '0"..'9'] then
begin
IdLen := IdLen + 1;
Id[IdLen] := Ch;
read( Ch ); Idd
end;
end; { Idd }

procedure Ident;
begin
if Ch in ['A'..'Z', Ta'..'z'] then
begin
IdLen := 1;
Id[1l] := Ch;
read( Ch );
Idd
end;

end; { Ident }

begin
read( Ch );
IdLen := 0;
Ident;

Write( '"UmeHTmdbmxartop: ' );
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11.

12.

13.

14.

15.

16.

17.
18.

for i := 1 to IdLen do write( IdI[i] ):;
readln

end. {Identificator}

[ToctpouTh  CUHTaKCHYECKHMUl  aHanuMzaTtop Ui IHOHSATUS  <IIPOCTOE
BbIpaXeHue>.

<OpoCTOe_BEpPaxXeHMe> ::= <OPOCTOV MIOEeHTUOMKATOP> |

(<npocToe BrHpaxeHme> <3HaK onepauum> <IpOCTOE BHpPaXEHME>) .

<OpocCToO¥_ umeHTuOuUKaTOp> ::= <OyKBa>.
<bykpa> ::=a | b | ¢ | .. | z
<3HakK_omepaumu> ::= + | — | *.

IIposeputb, sBAME€TCS JU BBOAMMASA  IIOCAEIOBATEIbHOCTH CHUMBOJIOB
<BEIll_YUCITIOM>.

<Bem_uncjo> ::= <uejioe umncjo>.<uejioe uucio> |
<uejioe umcio>.<uejoe 6e3 3Haka>E<uenoe umciao> |

<uesoe_umcio>E<uesoe umcio>.

<uesioe 0e3 3HakKa> ::= <uubppa>[<undpa>].
<ueJsioe UmMcIio> = [+|—]<uenoe_6e3_3HaKa>.
<umppa> ::= 0 | L | 2 | 3 | 4 | 51 6 | 7181 9.

Hanucate npolenypy, KoTopas IO 3aAaHHOMY IPOCTOMY JOIMYECKOMY BbI-
PaXeHWIO BBIYUCIISIET €ro 3HAYeHUE.

<mpocToe joruueckoe > ::= true | false | <ugenTupurarTop> |

not <mpocToe JIorMuYeckKoe > |

(<mpocToe JjiormMueckoe> <3HAK onepauuu> <OpocToe JIOTMUECKOe>) .
<upentudpmkaTop> ::=a | b | ¢ | .. | z.
<3Hak_omepauum> ::= and | or.
Hanucarte nporpammy, Koropas 0o 3aLaHHOMY [PABUIBHOMY IIPOCTOMY JIO-
THYCCKOMY BBIPAKECHUIO (CM. YCJIIOBUE HpeI[I)II[YLHCﬁ 33[[3‘{1/1) BBIYUCTACT 3HA-

YECHUE OTOI'O BbLIPA2KCHMUA. C‘{I/ITaTb, YTO 3HAYCHHA NECPEMCHHBIX XPAHATCA B

MACCUBE value: array ['a'..'z'] of Boolean.

PaccTtaBuTh Ha 1IaxMaTHOU JOCKe BoceMb (dep3eit TaKuM oOpa3oM, UTOOLI HI
OJIMH HE YIPOXaJ IPYrOMYy.

[loayuuth paccTaHOBKM BOCHMM Jadeidl Ha IIaXMaTHOH NOCKe, MPU KOTOPBIX
HW OTHA JIAThd HEe YTpoXaeT APYTOi.

IMonyynTh Bce MEpeCTAHOBKH IEMEHTOB 1, ..., 6.

IMoayunth Bce pasmenieHuss u3 10 amementoB 1, 2, ..., 10 Mo 3 B Kaxmaom.
PazmerieHueM Ha3bpIBaeTCs BBIOOPKA M3 M YKA3AHHBIX DJEMEHTOB 71 HEIOBTO-
PSTIOTITUXCS DJIEMEHTOB.
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19.

20.

21.

22.

23.

24.

Ha 1maxmarHoit gocke OIIPEAC/IUTD I10JId, B KOTOPbIC MO2KET IIOIIACTb KOHb 3d
n X0O0B N3 YKaSaHHOﬁ TTO3NTNH.

Hwmerores n ropogos. Hexotopele 13 HUX COEIWHEHBI TOPOTAMHM W3BECTHOM
JUIAHBI.

a) Haiitu kpar4aiiliye MapipyThl U3 33aAAHHOIO rOPOIA B OCTANIbHBIE.

6) Haiitu xparyailludii MaplIpyT, HAauMHAIOLIMICS B 3aJaHHOM Tropoje U
TIPOXOAIINNA yepe3 BCe OCTANTBHBIE.

Haiitn paccraHoBKy TisiTH chep3eit, Tpu KOTOpOUH Kaxjoe Toyie IIaxMaTHOW
JOCKU OyJIeT HaXOJUThCH 0] yIapOM XOTsl Obl OJHOIO U3 HUX.

"3amaua o proksake". UMmeeTcss M pasnuyuHbIX IpeIMeTOB, U3BECTHhI BEC KaX-
JIOTO TpeAMeTa W ero cTomMocTb. OMpeaenThb, KaKue TPeaMeTh Hamao TOoJo-
KUTb B PIOK3aK, YTOObl OOILMIA BEC HE IIPEBbIILAN 3aJaHHOK IpaHUIbI, a 00-
ast CTOUMOCTD ObITa MAaKCUMAaTBHOM.

Hansr nemoe # ot 2 o 20 n BemecTBeHHoe ¢ > (). HaiiT ¢ TOYHOCTBIO € Bce
KOpHHU #1-To MHorowieHa Yeoriiesa 7,(x), onpenensemMoro ¢hopMmyaaMu

To(x) =1 Ti(x) = x; Ti(x) = 2xT1(x) = Tie—2(x), (k =2,3,..).

‘ Mpumevyanme }

MHorouneH Tk(x) vwmeeT Kk pasnuyHbIx kopHen B wuHTepsane (-1,1); ecnn
X1 < X2 < ... < Xk — KOPHW MHOrouneHa Tk(x), TO MHOrouneH Tk+1(X) UMEET Mo OAHOMY
KOPHIO B KaX0M 13 nHtepsanos (-1, xi), (x1, X2), ..., (X, 1).

"Xanotickue oamrHu". UmerwTes Tpu Konbiika A, B, C 1 n TUCKOB pa3HOTO
pasMepa, MepeHyMEPOBAHHBIX OT 1 40 # B IOPSAKE BO3pACTAHUS UX pa3Me-
poB. CHavayia Bce IMCKU HAAEThl Ha KOJBIIEK A B BUAe MupaMuanl. Tpebyer-
Csl MepeHecTU BCe AMCKU C KOJbllliKa A Ha Koablliek B, cobmiogas cieaylo-
ye TpaBWia: OUCKA MOXHO TIEPEeHOCHTb TOJBKO TI0 OTHOMY, IHUCK
0oJIblIEro pasMepa HeJb3sl CTaBUTb Ha MeHbLIKMA. Juck C MOXHO UCIONb30-
BaTh B KAYECTBE MPOMEXKYTOUHOTO.

Perienne 3amaun yaoOHO chOpMYIHpPOBATh B BHAEC PEKYPCUH (JTUCTUHT 3.6):
JUISL TOrO, YTOOBL IEPEMECTUTD 1 JUCKOB ¢ OallHU A Ha OalllHI B, HYXHO:

a) nepemecTuTb (n — 1) muck ¢ 6awHu A Ha 6aiwHw C,
0) mepeMecTUuTh JUCK C HOMEPOM # ¢ OalHu A Ha OallHI B,
B) mepeMectuth (7 — 1) auck ¢ 6amHu C Ha 6auiHo B.

Takum 06pa30M, peLICHNE 3aJauM IEPEMEIUCHUA A JUCKOB BbIPA2KACTCA 4YC-
pe3 peUICHUE 3a1a4u TICPEMCIICHUA /7 — | nucka.
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" Nuctunr 3.6. PewueHune 3agaum "XaHowckue 6awHun"

program Hanoi;

var
Towl, Tow2, Tow3: char;
n: integer; {xomMuecTBO IOMCKOB}

{mpouenypa nepeMemeHrsa OMCKOB C OamHy tl Ha OamHio t2,

GamHa t3 - BcroMoraTesbHas}

procedure Hanoi Tower (tl, t2, t3: char; k:

begin
if k<>1 then
begin
Hanoi Tower (tl, t3, t2, k-1);
writeln(tl:10, t2:10);
Hanoi Tower (t3, t2, tl1, k-1)
end
else
writeln(tl:10, t2:10)
end; { Hanoi Tower }
begin
write ('BBeIuTe KOJIMUECTBO IMCKOB:
readln(n);

writeln('c mucka':10,

Towl := 'A';
Tow2 := 'B';
Tow3 := 'C';
Hanoi Tower (Towl, Tow2, Tow3, n);

write ('Haxvmre kjaaBumy <Enter>...'

readln

end. {Hanoi}

25.
paxkeHUs B TTOCTHUKCHYIO.

26.
Hoi1 opMme.

27.
B 00paTHOM TIOpSIIKE.

integer);

')

'— Ha muck':10);

)7

Hammcats mporpamMmy mepeBoma WHOUKCHOM 3amucl apudMETHIeCKOTO BhI-
Hanucate mporpaMmy BbIUMCAEHUS BbIPAXKEHUS, 3aAMMCAHHOIO B MOCT(PUKC-

,HaHa CTPOKa TEKCTAa, OKAHYUBAIOIIAACS toukoit. Harmeuararb 3TOT TeKcT
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28.

29.

30.

31.

32.

33.

34.

35.

Onucarb peKypCUBHYIO JIOTHYECKYIO (DYHKIIMIO, KOTOPAs IpOBepsieT, SIBJIAeT-
cA JIL CUMMETPUYHOM YACTh 3aMaHHOM CTPOKM, HAYMHAIOLIASACH i-bIM M KOH-
YaloNIasacs j-bIM CUMBOJIOM.

Hannmmte ase ¢yHKIMY BeIMUCIEHUS i-ro yncia PubGoHauun, peKypCcUBHYIO
W HEPEeKYPCHUBHYIO, W Hamevaraite Tabaully IS CpaBHEHWS BPEMEHW BBIYHNC-
JIEHUS i-0T0 YUCa.

DOyukuu f{n) onpeaeneHa sl UEAbIX YUCeN CASAYIOLIUM 00pa3oM

Ln=1
fln)= Zn:f(ndiv2),n22'
2

Beraucauts ftk), k = 15, 20, 30, 40.
I]pOBepMTm ABJSETCA JIM BBOAUMAYA TTOCIACAOBATCIIBHOCTH CUMBOJIOB <KOH-
CTAHTHbIM Bblpa)KeHI/IeM> .
<KOHCT_ BHP>::=<uejloe_0e3 3HaKa> |

(<uenoe 6Ge3 3Haka><3HaK onepaumm><KOHCT BHP>) .
<uejioe Ges3 3HakKa>::=<uubppa>[<uudpa>] .
<3HAK omepauumm>::= + | — | *.
<umbpa>::=0]112]31415]16]718]9.
Hanucars nporpammy, KoTopas MmO 3agaHHOMY MOPABUIbHOMY KOHCTAHTHOMY
BbIpaXEHUIO (CM. YCIOBUE MpeAblAyllieil 3agaud) MO0 BBIYMUCISET 3HAYeHUE
OTOI'0 BbIPpAXKECHUA, Jubo nevaraer COO6LL[CHI/IC 00 OLL[I/I6KG, €CJIM IIPOUCXOIUT
HEPCHOJNHCHUE B PE3YJAbTATe Bbl‘{I/ICJIeHI/Ifl, TO €CTb €CJIM 3HAYCHUEC BbIPAKCHUA
HE IIPUHAILICKUT 3apaHee U3BECCTHOMY JHUAIIA30HY JOIIYCTHMbIX 3HAYEHUI.

IMTpoBeputh, sBIsSIETCS JW  BBOJAMMASl  TIOCJIENOBATEIbHOCTh  CHUMBOJIOB
<CIUCKOM_TIapaMeTPOB>.

<COmMCOK napamerpos>::=<napamerp>[,<napamerp>].

<napamerp>: :=<uma>=<uudppa><uudppa> | <uma>= (<CNUCOK_MapamMeTpoB>) .
<mmMsa>: : =<0ykpa> | <Oykpa> | <OykBa>.

<umppa>::=0[11213[4|5|6]17[819.

<BykBa>::= alblcldlelflglhliljlklliminlolplglrisitiulviwlxlylz.

ITpoBepuTh, COOTBETCTBYET JIM BBOAMUMAST TTOCIEAOBATEIBHOCTE CHMBOJIOB 11O~
HATUIO <CKOOKU>.

<CKOOKM>: :=<KpyIJiHe> | <xkBaIpaTHBE>.
<KpyIJUIEle>: : = (<KkBaOpaTHHEe><KBaIOpaTHEE>) | +
<KBagpaTHHE>: :=[<KPyIJEe><KpyIJee>] | —

IMpoBepuTh, COOTBETCTBYET M BBOAWMAS ITOCIEIOBATEILHOCTE CHMBOJIOB TI0O-
HITHI0 <CIHUCOK_CTNCKOB>.

<CHOMCOK CHNMCKOB>: :=<CHOMCOK> [;<Cnmcox>] .
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<CHMCOK>: :=<3JIeMeHT> [, <3JIeMeHT>] .
<symement>::=al|blcldlelflglhliljlkllim|nlolplglrisitiulviw|x|ylz.

36. IlpoBeputb, COOTBETCTBYET JIM BBOAUMAS I1OCJIEI0BATEILHOCTh CUMBOJIOB I10-
HATHIO <CKOOKU>.
<CKOOKM>: :=<KpyTIUltle> | <KBaIpaTHHE>.
<kpyrmJele>: :=A| ( (<xkpyrJiele>) [<kBagpaTHHE>]) .
<kBampaTHBE>: :=B| [ [< kBampaTHBEE >] (<KpyTJBEE>) ].

37. IlpoBeputb, sIBISIETCS JM BBOAMMAS IOCJIEAOBATEIBHOCTD CUMBOJIOB (OPMY-

JIoi caenyoliero suga (muctuHr 3.7):

<dpopmyna>: :=<repm> | <pyHKUMA> | (<bopMya><zHak onepaumnn><popmyra>) .
<@yHKuMH>:Z=<MMH7®yHKuMM>(<@OpMyHa>).

<uMAa_QyHKUMM>: :=sin|cos.

<TepM>: :=<uenoe> | <muma>.

<sHaK_omepaumm>::=+| - | * | /.

<uesoe>::=[+]| -]<umbppa>[<undpa>].

<uMsa>: :=<0OykBa> [<OykBa>].

<umbpa>::=0 |1 |2 |3 |4 |5 |6 |7 |8 |9

<ByxBa>::= al|blcldlelflglhli|jlk|lIm|nlolplglris|tiulviw|[x|ylz.

NMucTuHr 3.7. NMpoBepka cOOTBETCTBUS NocrefoBaTeNbLHOCT CUMBOIIOB
 3apaHHoOM cneuudukaumm

Const TerminateChar=#0;

Digit = ['0'.. '9'];
Letter = ['a'.. "z'];
Sigl’l: [l+l, l_l, l*l, l/l];

Var ch: char;

Error: boolean;

{OyHKLMSE, CUMTHBAKIAS CJIEIYIOUMI CUMBOJ }
procedure NextChar;
begin
if eoln then
ch:=TerminateChar
else
read (ch)

end;
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{IIpouenypa npornycka IpoOesos }
procedure SkipSpaces ;
begin

while (ch=" ') do NextChar

end;

{OyHKLMSA, CUMTHBAKOIAS UOSHTUOMKATOP }
Function ReadIdent: string;
var w: string;
begin
w:=ch;
NextChar;
while ch in Letter do
begin
w:=w+ch;
NextChar
end;
SkipSpaces;
ReadIdent:=w

end;

{QyHKLMS IJIS OpPOIyCKa CMUMBOJIOB}
procedure SkipSym (c: char);
begin

if ch<>c then Error:=true;

NextChar;

SkipSpaces;

end;

{OyHKLMSA TIPOBEPKM, SABJISETCS M CTPOKa W MMEHeM GyHKUMM COS MM sin}
Function IsFuncName (w: string): boolean;
begin

IsFuncName:=(w="sin')or (w="cos")

end;

{OyHKLIMS OJa mponycka Lmdp}
procedure SkipDigit;
begin
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if ch in ['+', '"-'] then NextChar;
if not (ch in Digit) then

Error:=true

else
begin
while (ch in Digit) do NextChar;
SkipSpaces;
end;

end;

{IIpouenypa DpPOBEPKU GOPMYJIIH}
procedure CheckFormula;
var w: string;
begin
if not Error then
begin
SkipSpaces;
if ch in Digit+['+','-'] then
SkipDigit
else
if ch in Letter then
begin
w:=ReadIdent;
if IsFuncName (w) then
begin
SkipSym(' (") ;
CheckFormula;
SkipSym(') ")
end;
end
else
if ch=" (' then
begin
SkipSym (' (")
CheckFormula;
if ch in Sign then
NextChar
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else
Error:=true;
CheckFormula;
SkipSym (') ")

end
else Error:=true;
SkipSpaces;
end;

end;

{OcHOBHasa nporpamvmMa }
begin
ch:=" ";
writeln ('Input formula ');
CheckFormula;
SkipSpaces;
Error:=Error or (ch<>TerminateChar);
if Error then
writeln('not ok'")
else writeln('ok'");
readln;
readln;

end.

38. BBommmasi moCIemOBATEILHOCTh CUMBOJIOB TIpEACTaBsgeT coboil dopMmyry
CTIEMYIONIETO BUIA

<bpopmyna> ::= <umbppa>|
M (<dopmyma>, <bopmyra>) |m (<popmyia>, <popmyia>) .
<umppa> ::= 0 | 1 | 2 | 3 | 4 | 5| 6| 7 1] 8| 9.

M o3HavaeT (yHKINIO max, a m — min. BeIUUCINTDL 3HAYeHUe JaHHON ¢hop-
MyJBl (JiucTuHT 3.8).

I Nuctunr 3.8. Boiuncnenune opmynbl ¢ oyHKunssMmu m(min) n M(max)

Program Formula;
Uses Crt;
Const TerminateChar=#0; {Ilpm3HaK KOHIlA TEeKCTa }

var ch: char; {Texkyumil CHMBOJI}
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result: char; {Pesynprar QopmyIsl}

{IIpouenypa, KOTOpas CUMTHBAET CJIEIyOUV CUMBOJI }
procedure NextChar;
begin
if eoln then
ch:=TerminateChar
else
read (ch)

end;

{Ilpouenypa, KOTOpas CUMTHBAET CJIEIOylUM) 3HaYaUlMi CHMMBOJI}

procedure NextSym;

begin

NextChar;

while (ch=' ') do NextChar;
end;

{BeiBOI coofmeHus o6 ommbke}
procedure Error;
begin
writeln ('OmmOka B BHpaxeHum') ;
repeat
until KeyPressed;
halt (255)

end;

{PexypcuBHas QyHKLMS NOOCUETa BHAUEHUS BHPAXEHNI}
function Calc: char;
var res: char; {pesynbTar}
opl, op2: char; {onepanmer}
op: char; {3Hak omnepauun}
begin
NextSym;
if ch=TerminateChar then Error
else
if (ch>='0') and (ch<='9') then res:=ch

else
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if (ch<>'m') and (ch<>'M'"') then Error
else

begin
op:=ch;
NextSym;
if ch<>'" (' then Error;
opl:=Calc;
NextSym;
if ch<>'",' then Error;
op2:=Calc;
res:=opl;
if (op='M') and (op2>opl) or
(op="m') and (op2<opl)
then res:=op2;
NextSym;
if ch<>'")' then Error;
end;
Calc:=res
end;
{OcHOBHasa nporpamvmMa }
begin
ClrScr;
writeln ('Beemure BHpaxeHue');
ch:=" ";
result:=Calc;
NextSym;
if ch<>TerminateChar then Error;
writeln ('PesynbTaT paBeH ', result);
repeat
until KeyPressed
end.
39.ITpOB€pHTB, VOOBJIECTBOPSICT JWU BBOAWMAS MOCICAOBATCIBHOCTL CUMBOJIOB

TMTOHSITUIO <TEKCT.

<TeKcT>

1 1= <3JIeMeHT> |

<BJIeMeHT><TEeKCT>.

<spyeMeHT> ::= a | b| (<TvexcT>) |

[<TexkcT>]

{<TexcT>}.



80 Yacrtb Il. AniroputMbl koMribloTepHo 06paboTkiu AaHHbIX

40. PeanuzoBaTh peKypCUBHYIO IMpoOLedypy KONMPOBAHMSA ABOMYHOIO JepeBa
(mucrunr 3.9).

" NuctuHr 3.9. PekypcuBHas npoueaypa KOonMpoBaHUsi ABOMYHOrO AepeBa

type
TElem = integer; {Twun mHOOPMALIMOHHON YaCTHU}
TTree = "TNode; {llpencTaBjieHre OepeBa}
TNode = record ({V¥Yzen nepena}l
Info: TElem; {VlnpopmaLmOHHasS YacThb }
Left: TTree; {YxazaTenb Ha JIeBOe NOINEPEBO}
Right: TTree {Ykazarenp Ha Opapoe NOOIEPEBO }

end;

{OyHKLMSA CcOBHaeT KOIMI OBOMUHOTO Oepera A}
{PesynbTaToM OYHKLMM SBJISETCS yKasaTesb Ha KOOWio nepeBa A}
function TreeCopy( A: TTree ): TTree;

var Tree: TTree; {YkazaTejb Ha KOIUK IepeBa}

begin
if A <> nil then
begin
new( Tree ); {cozpmaeM HOBOE BBEHO IepeBa}
Tree”.Info := A".Info; {xonupyem MHOOPMALIMOHHYI UYaCTh }

{coxpaHsgeM ykasBaTesb Ha KOIMI JIEBOT'O IIOOIEpeBa }
Tree”.Left := TreeCopy (A".Left);
{coxpaHsgeM ykasBaTesyb Ha KONMI [IPpaBOIT'O IIOIIAEpPEBa }

Tree”.Right := TreeCopy (A".Right)

end
else Tree := nil;
TreeCopy := Tree

end; {TreeCopy}

41. IlogcyuTaTh YUCIO JUCTHEB (TEPMUHATBHBIX DJEMEHTOB) B 3aJaHHOM ABOUY-
HOM JIepeBe.

42. OnpenenuTb BBICOTY 3aJaHHOTO JBOMYHOTO jepeBa (MUCTUHT 3.10).

' Jlnctunr 3.10. OnpepeneHne BbICOTbl ABOUYHOrO AepeBa

type
TElem = integer; {Tun MHOOPMALIMOHHON YaACTHU}
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TTree = "TNode; {[IpencraBieHue nepesa}
TNode = record ({V¥Yzen nepenal
Info: TElem; {lnpopmalIMOHHas YacCThb}
Left: TTree; {YxazaTenb Ha JIeBOE NOINEPEBO}
Right: TTree {YxazaTesnb Ha OpaBoe MNONIEPeBO }
end;
{OyHKLMS BBEUMCIISET BEICOTY }
{3amaHHOTO IOBOMYHOI'O IepesBa A}
function TreeHeight( A: TTree ): integer;
var lh: integer; {BmcoTa neBOIO monmepera}
rh: integer; {BuHCOTa mpaBOoro HOImepesa}
begin
if A = nil then
TreeHeight := 0
else
begin
1lh := TreeHeight ( A".Left );
rh := TreeHeight ( A"~.Right );
if 1h > rh then
TreeHeight := 1h + 1
else
TreeHeight := rh + 1
end

end; {TreeHeight}

43. Onucarb peKypcUBHYIO (DYHKINK, KOTopas MO 3aJaHHBIM TpaHWIaM a U b,
3ajlaHHON (DYHKIINU f{X) U 3aJaHHOU TOYHOCTU &, METOJOM JIEIeHUS OTpe3Ka
MoToJIaM HaXOJAUT ¢ TOYHOCTBIO & KOpeHb ypaBHeHUs f{x) = 0 Ha oTpe3ke
[a, b]. Cuurtare, uto £> 0, a< b, fla)- fib) <0, fix) — HempepbIBHAI U
MOHOTOHHast Ha [ a , b |.

44. Jlns 3amaHHbIX [PaHUL, MHTEIpPUPOBAHUS @ U b BbIMUCIUTH (JMCTUHT 3.11)
3HAYEHHUE OIpeleIeHHOr0 MHTerpaaa cleAyloliero Buaa

s on-1
sin"" xcosx n-1g¢. ,_
- + jsm”zxdx, n>2

n n

Isin”xdx: ﬁ—lsian, n=2
2 4

—cosx, n=1
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' MucTtuHr 3.11. BeluncneHune 3Ha4YeHUs onpeneneHHoro uHTerpana

Program IntegralSin;
var a, b: real;

n: integer;

function F1 (x : real): real;
begin
Fl:=(-1)*cos (x)

end;

function F2 (x : real): real;
begin
F2:=x/2-sin(2*x) /4

end;

function F3 (x: real; n: integer): real;
var i: integer;
res,c: real;

begin

c:=sin(x);

res:=cos (x);

for i:=1 to n do res:=res*c;

F3:=(-1) *res/n

end;

function IntSinN (a, b: real; n: integer): real;
begin
if n=1 then
IntSinN:=F1 (b)-F1 (a)
else
if n=2 then
IntSinN:=F2 (b) -F2 (a)
else
IntSinN:=F3 (b,n)-F3(a,n)+(n-1) /n*IntSinN(a, b, n-2)

end;

begin
writeln ('Input a,b (a<b)');
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readln (a,b);
while (b<a) do
begin
writeln ('Error! Please repeat');
readln (a,b)
end;
writeln ('Input power of sin (n>0)"');
readln (n);
while (n<=0) do

begin
writeln ('Error! Please repeat');
readln (n)
end;
writeln('Result : ',IntSinN(a,b,n):7:5); readln;

end.

3apgaHua ansa caMmocToaTesIbHOI paboTbl

1. Ommcarb peKypcUBHYIO (YHKIINIO, KOTOpas IO 3aJaHHBIM BEIIECTBEHHOMY X U
[IEJIOMY 71 BRIYUCISIET BETHINHY X" coTiTacHo dhopmyrre

Ln=0
x" = y‘n‘,n<0
x
x-(x”"'),n>0

2. Hanucarp nporpamMmy BelYucCAeHUsS GyHKUUYM AKKepMaHa AJIsl BCeX HEOTpulia-
TEJNbHBIX LEIbIX APIYMEHTOB M U 1

A0, n)=n+1
A(m,n) = A(m,0)= Am -1, 1), m>0 :
Am, n)= Aim -1, Am,n—-1)), m,n>0

3. Hammcarb peKypcuBHYIO (GYHKIIWIO, KOTOpas BBIYUCIICT = Kx o crenyro-
el hopmyJie

[ ; _yj

k-1 n

M a=0,1,2, ..
k

3a otser IIPUHATDH HpVIGJTI/I)KeHI/Ie, JIJIA  KOTOPOTO BbLITIOTHACTCH YCJIOBUE
[Vus1 = ya| < &, rae € = 0.0001.

Yo=1 Yes1 =yu +
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10.

11.

12.

13.

14.

15.

Ya -Ya? +1
1+¥3+a

HU y = x BbrumMcnats ¢ Tounoctbio & = 0.00001 no clAefylolIeid UTepaLy-

Ilo BewectBeHHOMY uMcay a > (0 BBIUMCAUTDL BETUYUHY . Kop-

OHHOM hopmyie

vo =1; yuu =y,,+y—, n=20,1,2, ..,

MIPUHSB 32 OTBET TIPUOIKEHNE V4, JUIT KOTOPOTO | Vnrl — yn| <g.

HOI[C‘{I/ITaTB YHUCJO Y3JI0B B 3aJaHHOM ABOWYHOM ACPEBE.

[NoacyuraTh YKCIO Y310B HAa k-OM YpOBHE 33JaHHOIO ABOMYHOTO AepeBa (KO-
peHb CUUTATh Y3I0M 1-T0 ypOBHS).

Haner mgBa TekcToBBIX ¢haimta A m B. MaxcumanbHag mjnHA CJIOBa —
20 cumBonoB. 3anecTtu B ¢aitn C Te ciaoBa daiina 4, KOTOpbIX HET B ¢haiise B.
Hnst xpaHeHus cjioB ¢aiija B ¥ yCKOpeHUs ToUucKa Cpeiau HUX BOCIIONb3Yii-
TeCh JEPEBOM TBOMYHOTO TIOMCKA.

PeanuzoBarh pekypCUBHYIO IPOLEAYPY IIe4aTu BCEX DJIEMEHTOB 3aJaHHOIO
JBOMYHOIO JepeBa.

Onncarhb JOTMIECKYI0 (PYHKIINIO, TIPOBEPSIONIYIO Ha paBeHCTBO ABa 3aMaHHBIX
JTBOWYHBIX JIepeBa.

Onucarb JOrMYecKylo (YHKIIMIO, ONPEaeIsIOlyIo, eCTh JU B 3aIaHHOM IBO-
MYHOM JepeBe XOTs Obl ABA ONMHAKOBBIX 2JAEMEHTA.

Onuncarb Tpolenaypy, KoTopasd I 3agaHHoro N CTPOWT JBOWYHOE IEPEeBO
¢ KOJTMYeCTBOM YpoOBHe# N, Tme Ha KaXIOM YPOBHE i pacIioyiararoTcs V3IIbl,
MHOOPMAITNOHHEIE YaCTH KOTOPBIX PaBHEI /.

Onucarb peKypcuBHYIO (GYHKIMIO, A OHpeesieHUs MAaKCUMAaJbHOIO 3Jje-
MEHTa BEKTOpa, COCTOSIIEr0 M3 BEIeCTBEHHBIX YMCEJ, BBEIsS BCIIOMOIATe/b-
HYIO PEKYPCUBHYIO (QYHKIIVIO, 3aBUCSILYIO OT A, HAXOMSALUYI0O MUHUMYM Cpe-
1 k MOCAeTHUX DJIEMEHTOB BEKTOPA.

Hana cTpoka TeKcTa, OKAHUMBAMOIIasicsd TOYKoi. Harmeuatarp 3TOT TekcT
B 00paTHOM TIOpSIIKE.

HaHa nocyegoBaTeJbHOCTh HEHYAEBBIX YMced, 3a KoTopoil ciaemyer (. Hame-
yaraTb CHa4yajJa BCEe OTPULATEIbHbIE WIEHbI DTOH IOCIeA0BaTeIbHOCTH, a 3a-
TEM MOJOXUTENbHbIC B JTI000M MOPSIKE.

Onncarb peKypcHBHYIO JIOTHYECKYIO (DYHKIINIO, KOTOpas TIpoBepsieT, SBIAET-
cA M CUMMETPUYHOM YacTh 3aflaHHOM CTPOKM, HAYMHAIOMIAACS i-bIM M KOH-
Yaromasacs j-bIM CUMBOJIOM.
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16. st 3aiaHHBIX [PAHUL MHTEIPUPOBAHUS ¢ U b BBIUMCIUTD 3HAYEHUE OIpee-
JIEHHOTO MHTErpajia cjeaylollero Buaa:

cos"! xsin x N n-1

J.cos”"2 xdx, n>?2
n n

a) Jcos”xdxz §+%sin2x, n=2

sinx, n=1
B 1 ‘.coslx +n—2 'de nz2
n-1 sin"'x n-1Jsin"*x
dx X
)Isin”x g2
x, n=0
1 sin x n-2 dx
n>2

* _ _ 9
n-1 cos"'x n-1Jcos"?x

B)I d _ lntg(%+§j,n:1 ;

cos” x
x,n=0

n _,ax

x"e n -

——Ix” le™dx, n>1
a a
r) jx”e“"‘a’x = ;

ax
5 (ax-1),n=1

a

xnamx n

nlna mlna

mx mx ’

xa a
,n=1

mina - m(ln a)2

J‘ Ix”"lam‘dx, n>1
m | x"a™dx =
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ax n—1 .

e cos" xlacosx +msinx) nln-1 _

(2 5 )+ g 2)Ie“*cos”2xdx,n22
a +n a +n

— e™(sin x + @ cos x) nol

b

e) Ie‘“ cos” xdx = —
at+n

,n=0

e
a

X) Ie”x sin” bx dx =

ax 3.4 0—1 : 2

e™sin"' bx(asinx —nbcosbx) nln-1 .

5 55 )+ g 2)b2 je“"‘sm” Zbxdx,n>?2
a +nb a +nb

— e (asin bx — b cos bx)

= ,}1:1 ;
a’ +b*
¢ ,n=0
a
xln”x—njln”’lxdx,n>1
3) Iln”xdx= ;

xInx-x,n=1

In" x - Jx”’ In"" xdx,n > 1
m+1 m+
") jxmln”xdxz ;
matl IN X | nel
m+1l (m+1y |

K)I & _|J2n-1)a +x2y, (a2+x ;
(az+x2 1
—-arctg —, n =
a
tgn_lx n-2
1 —'[tg xdx,nz?2
) jtg”xdxz —lr1|cosx|,n=1 ;

x,n=0
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n-1
_usx jctg”"zx dx,n=2

n-1

M) Jctg”x dx = {Infsin x|, n = 1 ;

x,n=0

x" m
——cosax+—J‘x"’"1 cosaxdx,m =1
a a
cos ax
-—— m=90

il

H) Ix’” sin ax =

m

x™ m o

—s1nax+—_[xmls1naxdx,m21

a a

sin ax
m=0

b

0) Ix’” COs ax =

b
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Anroputmbl ¢ BO3BpaTtom

Oco0OBbIil KIAcC COCTABISIIOT aJrOPUTMbI, KOTOPbIE MIIYT PelleHus He IO 3amaH-
HBIM IMpaBWiaM, a MeToAoM Mpod u owuboK. OOLIYHO MOAOOHBIE AJITOPUTMBL
HCMOJB3YIOTCA B 3amadyax MCKYCCTBEHHOIoO HHTelIeKTa. Hampumep, misg cucreM
HUCKYCCTBEHHOIO HHTEJJIEKTa XapaKTepHO TaK Ha3bIBaeMOe HeIeTepMUHHPOBAH-
Hoe yrpapieHue. Takoe ynpapieHne HeOOXOAMMO IOTOMY, UTO 3HAHUS B MHTEN-
JIEKTYyaJbHbIX CHCTEMax 4acTO HaKaIlJIMBalOTCA (PparMeHTAPHO U TO MPUBOIUT
K HEBO3MOXHOCTU 3apaHee OMpPedeNUThb LEMOYKYy JOIMYECKUX BBIBOAOB, B KOTO-
PhIX OHM KcCHOJB3yIOTCA. HeobxonuMo meromoMm mnpod v oluMOOK BhIOPATh HEKO-
TOPYIO LIEMOYKY BBIBOAOB, a B Clyyae HeylZaud OpraHM30BaTh Iepebop ¢ BO3Bpa-
TaMU U1 IOMCKA APYroil 1IeNOoYKH U T. 1.

OOBIYHO TIpoIIeCce PEIIeHNST METOAOM TTpob W OMMOOK pasaensieTcs Ha OTAeTbHEBIC
rmoasamayr. Yacto oTH MMOA3amadl eCTECTBEHHO BLIPAKAIOTCS B TEPMUHAX PEKyp-
CHW ¥, B CBOIO ouepedb, TpeOYIOT WccleNoBaHMS KOHEYHOTO YKCNa TIon3amad.
TaxkuM o6pazoM, TIpoliece pellieHNs 3aaqi TIPEICTaBIsIeTCs] B BUIE MTOWCKA TYTH
B TTPOCTPAHCTBE COCTOSTHUI OT MCXOMHOTO COCTOSTHUS MO TIEJICBOTO TYTEM ITOBTO-
pEeHUST BOBMOXHEIX TIpeobpa3oBaHnii. s opraHn3alliy TONcKa B IMPOCTPAHCTBE
COCTOSTHUI yIoOHO MCITONB30BaTh JepeBO MOMCKA WK ero Gomee obIIyo dhopMy —
rpad. Bo MHorHxX 3amavax aepeBo MOWCKA pacTeT OYeHBb OBICTPO, POCT €0 3aBH-
CUT OT TTapaMeTpoB 3aaYM M YacTo OBIBAET SKCTOHEHINATHEHBIM. CTOMMOCTD TTO-
MCKa B TOM CJIydae JOCTAaTOYHO BhIcoKa. MHOIma mepeBo MoMcKa yaaeTes CoKpa-
THTb, WCTONB3YysT pa3sHoOOpasHBIe HJBPUCTHKHM, TeM CaMbIM CBOIS 3aTpaThl
K pasyMHBIM TIpeeIaMm.

PaccmarpuBaeMbie B JaHHOM pasfene 3agadd IpearnoaaraloT MCIOAb30BaHUe pe-
KYpCUH IPU UX PEIUECHUM.

3amayn, perreHne KOTOPBIX MOXKET OBITH TIPEICTAaBICHO B BUAE aJITOPUTMA C BO3-
BpaTamMn (C WCIOMB30BAHNEM PEKYPCHUBHON (DYHKITNM), YacTO TIPEACTABIISTIOT
co0oit NTPOBBIE CUTYAIINN, B KOTOPBIX M3-332 OTCYTCTBHS aHANUTHYECKOTO pelle-
HUA TpebyeMoe pellleHne TOoIyJaeTcsl Tocje BBITTONMHEHUS TOCIeA0BaTeTBHOCTH
XOJIOB.
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NMpumep 1. 3apgava o Bocbmu chep3aax

Paccmorpum B KadecTBe HpUMEPa CIEAYIOLIYIO 3a1auyy: HA LUAXMATHOW JOCKe
(pasMep 8 x 8) HEOOXOAUMO PACCTABUTL BOCEeMb (pep3eil TAKUM 00pPa30M, UTOOLI
HU OIUH (Pep3b HE HAXOAWJICA IOJ, yIAPOM APYroro. DTo U3BECTHBIA NpPUMEpP HC-
MOJAB30BaHUS MeToda Ipod U ouinbok. B 1850 r. 3amauy o BocbMu (ep3sax uccie-
gosan I'. ®. 'ayce, HO MOTHOCTHIO OH €€ He PEeLln.

Penienue 3amaum JOMKHO OBITH TIpEJACTaBIEHO KaK HaOOp KOOPAWHAT BOCHBMM
depaeii. CymiectByeT npubnusnuteabHo 232 croco6os 64! / ( 56! * 8!') paccraHOB-
K1 BocbMU depaeit. Ha puc. 4.1 nipuBejeH TipuMep OTHOTO M3 JOMYCTUMBIX pe-
HIEHUWA.

Puc. 4.1. lNpumep 0QHOro U3 AOMNyCTUMbIX PELLIEHNN PaCCTaHOBKN BOCbMU dep3en

Hi1s Toro 4yrodbl HAWTU HEODXOAUMOE pelleHUe, JOCTaTOYHO IepedpaTh BCE BO3-
MOXHBIE PACMOIOKEHUSI BOCbMM (ep3eil, UCKIIoYasd Te, B KOTOPbIX ¢ep3u ObloT
apyr apyra. Ilponecc mepebopa perieHuii MOXHO IPEACTABUTb B BUAE IOCJENO-
BarejbHOro BblOOpa Mo3uuuu s Kaxiaoro ¢depss. Takum obpasoMm, NpaBuibHOE
pelleHne — 9TO pelleHue, KOTopoe IpeacTaBiser coboil BoceMb "XOIOB", Kax-
Il UX KOTOPBIX CIgNaH ¢ y4eTOM TOIO, YTO HM OAMH U3 Ipelbiayliux depsei
He nomanaeT Mo ynap.

I[J'[SI TIPCACTABIICHUS 3aKOHUYCHHOTO PECIICHNUA JOCTATOYHO CIICAYVIOIIUX JaHHDIX:
Const N = 8;
Var F: array [1..N] of 1..N;

Kaxnapiii anemeHT MaccuBa Ffi] cogepXuT HOMEP IOPU3OHTAIM IS i-ro ¢epad,
CTOSIIETO B j-ii BePTUKAAM. DTOr0 MTOCTATOYHO, TAK KAk ABA (rep3s HE MOTYT Ha-
XOAMTbCS Ha OMHOH BepTUKAIU. JUId MPeACTaBASHHOIO PEIIeHUs] COACPXMMOe
Maccusa oyger cneaytomum (1, 5, 8, 6, 3,7, 2, 4).
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[Ipouecc perieHusa 3agauud mpeacTapisercss GYHKIMEl Step, OCYILECTBISIONIET
h-ii XoJ M BO3Bpallawllei Jornyeckoe 3HaUYeHWe "MCTMHA', ecli Mpoliecc pac-
CTaHOBKM ¢hep3eit ¢ A-ro xoaa o N-it O6bUT yenelTHbIM (JIMCTUHT 4.1).

InuctuHr 4.1. 3apgaya o BocbMu dep3sx

Const N = 8;
Var F: array [l..N] of 1..N;

{nerraeMcsa nocraeuTek h-oro depssa B h-yio BepTHKAaJb }
Function Step (h : integer) : boolean;
Var I : integer;
Res : boolean;
Begin
{Opemeimymme N XOOOB YCIENHH, [IOJIydeHO pelleHue }
If (h = N+1) then
Step := true
Else
Begin
Res := false; {mpmsHaK TOr'O, UTO PEUEHVE HANUIEHO }
I :=1;
{noka He nepebpanu BCe BapMAaHTH BOOJIb BEPTUKAIIN
Y HEe Haluu peleHue }
While (i<=N) and not Res do
Begin
{npoBepsemM, SABIAeTCH JM h-bBI1 XOI IOIYCTVMBIM}
If TestStep(h,i) then
Begin
{3anommHaem nosuuyo Qep3sa}
Flh]l := 1i;
{meITaeMcsa OCTaBUTL OCTAJbHEIX (epszeln}
Res := Step ( h+l);
End;
{nepexommM k clenyomeMy BapMaHTYy
pacCTaHOBKM Ijisg h-oro ¢epza}l
I:=1i+1;
End;
Step := Res;
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End;
End;

{dyukuusa TestStep npoeepseT HONyCTMMOCTBE h-OI'O XOZa.

®ep3p "Ober" mpyroro deps3s,

ecny pacrnojiaraeTcs C HUM Ha OIHOY T'OPMBOHTAaJM, BEPTUKAM MM OVaTOHAJMN .
B mameMm ciiydae HaM I'apaHTUPYeTCs,

uTO Qepsr PaCHIONIOXEHH B PAaBHBIX BEPTUKAIIAX .

h - HOMep BepTMKanyM, POS — HOMEP I'OPU3OHTAIN}

Function TestStep (h, pos : integer) : Boolean;
Var I: integer;
Res: Boolean;
Begin
Res:=true;
I:=1;
While (i<h) and Res do
{ecim 2 depss crToAaT Ha OIHOM T'OPMUBOHTAIMN }
If (F[i]=pos) or
{Ha BepTukanM MOymel cieBa HalpaBO UM CHUBY BBEPX}
(F[i]-pos=i-h) or
{Ha BepTuMKanmM MOyme} CJieBa HalpaBO M CBEpXy BHU3}

(F[i]-pos=h-i) then

Res := false
Else
i:=i+1;
TestStep := Res;

End;

{rnaBHas nporpammva }
Var i : integer;
Begin
If Step(l) then
For i:=1 to N do
Writeln (i, F[i]);
Else
Writeln ('pemenwus He cymecTByeT');

End.
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Ha puc. 4.2 npuseneH ¢pparMeHT Aepesa MoucKa s 3aauu npu # = 4.

YpoBeHb 1 ®ep3b Ha a2 dep3b Ha a4
V ? dep3b Ha Depsb Ha
YpoeeHb 2 l I b3 ba
s () (R (D) (8
pOBeHb v.'s v,'; :’b :’b{

Puc. 4.2. ®parmeHT aepera novcka Ana peweHna 3agadum o depaax npu n = 4

Hyru B 3TOM JepeBe 03HAYalT PeKYpCUBHbIC BBI3OBHI MpolieAyphl. Kaxpil yzen
COOTBETCTBYET TIPOOHON TOCcTaHOBKe (hep3s Ha yKaszaHHoe MecTo. IlepeuepKHY-
ThI€ y3JIbl 03HAYAIOT HEBO3MOXHOCTh TPOAOKEeHUST obxoaa AepeBa yepe3 TaHHBI
y3eJ, TaK KaK MBI MOJYYUIIN CUTYallio, TTPU KOTOPOW OAWH U3 ¢hep3eil HaxomuT-
cs mon ymapoM. PellleHue Haiieit 3amadu TMpeAcTaBiIsieT o0XOI TakKoro Jepena.
Takoit mpoilecc obxoja AepeBa Ha3bIBAIOT MOUCKOM B TIyOuHy. B ciywae eciu
Hac WHTEpecyeT eMMHCTBEHHOE pellleHue 3aadyi UM TPOCTO €0 BO3MOXKHOCTD,
TO TIOWCK MpeKpalaercs Mpu JOCTUXEHUN y3jia JiepeBa Ha H-OM YPOBHE U BbI-
TTOJTHEeHWU YCIOBUSI, TIPU KOTOpoM hep3n He HaxonsaTcs Mo yaapoM. IIpu moa-
cyeTe BceX BApMAHTOB Ha A-YPOBHE HEOOXOAWMO YBEIWYWBATH CUETUYMK TPU Ha-
XOXICHAW OYepeTHOTO BapUaHTA.

Mpumep 2. 3agaua o KOCTAX JOMUHO

Y urpoka nMeercs Habop KocTeil TOMUHO (He o0s13aTeibHO MONHBIN). Haittu no-
CJIeIOBATEIbHOCTh BBIKJIAABIBAHUSI 3TUX KOCTeW TakuM oOpa3oM, YTOOBI TONy-
YUBIIAsCS B pe3yjbTaTe 1eroyka Oblia MaKCUMaTbHOW JIJTUHBI.

OnpenenuM CTPYKTYpbl Al MPEACTABACHUS MCXOMHbIX TAHHBIX U PE3y/IbTaTOB
PpaboThbl IPOrPaAMMBI.

Const N = 28; {MakCcrMaJIbHOE KOJIMUEeCTBO KOCTEM IOMMHO }

Type domino = record {ogHa KOCTBH IOMMHO }
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left, right : 0..6; {BHauUeHNa}
used: Boolean; {ucnosp30Baack JM KOCTL/BEICTaBIIEHA/ }
end;
Var
F: array [l..N] of domino; {Habop KoCTell OOMMHO y UTPOKa}
NF: integer; {KonmmuecTBO KOCTell y MI'POKa }

CurPos : array [l..N] of 1..N; {rTexymml NOPAOOK BEICTABJIEHVS KOCTEMN}
BestPos : array[l..N] of 1..N; {gyuumil nopsmok BHICTABJIEHUS KOCTEMN}

BestPosN : integer; {KOmMuUeCTBO KOCTEell B JIydlleM BapUaHTe}

IMpaBuio BEICTABIEHUS KOCTEH COCTOWT B CIEAYIOIIEM: HA MEPBOM XOAY HA CTOJI
BBICTABJISIETCSI TIPOM3BONIBHASI KOCTh, 3aTeM K Hell MOTYT OBITH HOOABICHBI COBITA-
JAIOIINAE TT0 3HAYEHUI0 KOCTH KaK cJieBa, Tak M crpasa. OmHA U Ta XK€ KOCTh MO-
KeT OBITh MCIONB30BAHA TOJIHKO OAWH pas. OCHOBHAS TIpOrpaMMa BMECTE ¢ UHH-
HHanu3anuei 3HaAYeHW OyIeT BEITISICTD CIEAYIOINAM 00pa3oMm:

begin
writeln ('"BBemmre KOJIMUECTBO KOCTEM IOMMHO') ;
readln (NF) ;
for i:=1 to NF do

begin
write ('3BHauenus xoctm: '); readln( F[i].left,F[i].right);
F[i].used := false;
end;
BestPosN := 0;

for i:=1 to NF do

begin
CurPos[1l] := i; {BHCTarisgeM i-yi KOCTL B KaueCTBE IEpPBOI}
F[i].used := true; {moMeuaeM KakK MCIIOJb30BAHHYIO}

{BEIBOB MpOLENypH BEICTABJIEHUS 2-O¥, 3-€il U T. I. KOCTU}
Step(2,F[i].left,F[i].right);
F[i].used := false;

end;

Crout o0paTnTh BHUMaHWE Ha JIBA MOMeHTa B Hamieil mporpamme. IlepBbrit —
Kaxmash KOCTh, MOCJIe TOTO KaK OHAa BBICTaBJIeHa, TToMedaeTcs KaK MCTOb30BaH-
Hasg. DTo HeoOXOmUMO IUTS TIPETOTBPALCHHS 3AIIMKIMBAHUS TIPOTPAMMBI B pe-
3y/bTaTe MOBTOPHOTO WCITONB30OBAHUS KOCTU. DTOT (iar JomkeH OBITh 00s3a-
TENTBHO CHAT TIOcHTe TPOOBI, YTOOBI JaHHAs KOCTh MOTJa OBITh WCIOTh30BaHA
B TIETIOUKE Ha APYTOM MecTe, KpoMe TiepBoro. Bropoit MOMEHT — 1T BHICTABICHUS
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BTOpPOM, TpeTbeil M T. I. KOCTU MbI OydeM HCIIOJB30BaTh TY XK€ MPOLEnypy, Tak
KaK 9TH AeHcTBUSI aHaIoruyHbl. IIpu 3TOM MOJKHBI ObITh U3BECTHBLI 3HAYEHUST Ha
KOHIIAX LIEMOYKH, KOTOpasd oOpa3oBaHa HA TAHHbIA MOMEHT.

IMponenypa Step DOTKHA TTOMPOOOBATH B KAUECTBE CIACIYIONIEH KaKIYI0 KOCTh U3
BCEX HEUCIIONb30BaHHbIX. Ilocie KaXaoro ygauHOro BBICTABIEHUSI HEOOXOMUMO
MepeiTH K CAeAyIolleMy 11ary U BRICTABUTb OYEPEIHYIO KOCTh B LIEIOUKE.

{mEITaeMCsa HOCTaBUTL OUepenHyld KOCTbL B LeNouky C IpaHmuavm left, right}
Procedure Step ( curn, left, right integer );
Var I integer;
Res Boolean;
Begin

{Texymmil BapMaHT JIydllMil IO IUIMHE UM MBI €0 COXpaHsaeM}
If ) then
BestPos

curn-1 > BestPosN

CurPos;
{npocMmaTpuBaeM BCE KOCTU KaK BOBMOXHBE BapPMAHTH }
for I 1 to NF do

if not F[i].used then

begin{ npofyem mocTaBuTb i-yi0 KOCTB }

F[i].used true;

CurPos[curn] := i;

if F[i].left
Step (curn+1,
if F[i].left

Step (curn+l,
if F[i].right

Step (curn+l1,

if F[i].right
Step (curn+l,

left then {ecim kKOCTbL MHNOIOXOOMT CJIEBA}

F[i].right, right ); {T0o mpoByem crnemyomyo}
right then
left, F[i].right );
left then
F[i].left, right );
right then

left, Fl[i].left );

F[i].used false;

end;
end;
TTocne BBI3OBa 3TOI MpoleaAypsl B MaccuBe BestPos Oynmer mosyyeHo sydiiee U3
BO3MOXHBIX peLHeHHﬁ. DTO MOXKET OBLITH JAZKE IICTTOYKA TOJIBKO M3 OZ[HOI71 KOCTH.
Ocraercy TOJIbKO Hare4dyaTtaTb MOJYYECHHOC PEUICHUE.
for i:=1 to BestPosN do

writeln( i:4, F[BestPos[i]].left:4, F[BestPos[i]].right:4 );

end.
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EnuHCTBEHHBIN HENOCTATOK Halllel MporpaMMbl — MBI HE OIpeaessaeM, ¢ Kakoil
CTOPOHBI HYXHO Ha i-OM XOAy IOCTaBUTb KOCTb. JlymMaeM, 4To uuTareaun 6e3 Tpy-
Ja peliar 3Ty IpobaeMy, U3MEHUB CTPYKTYPhI, UCIIOIb3yeMbIe B IIPOrpaMMe.

Ha puc. 4.3 npuBeneH ¢pparMeHT AepeBa MoucKa pelieHnst U1 TaHHOW 3a1avu.

Hauano

1:4 2:4 3:3 3:4 3:5

2:4 1:4 3:4

3:5

Puc. 4.3. ®parmeHT aepesa noucka pelleHns ans 3aaadm O KOCTaX AOMUHO

Mpumep 3. Boixoa ns nabupuHra

Crenyiolas 3amaya MpeacTaBlgeT coOOi UIPOBYIO CUTYallMlO, KOIIA HEKTO, IOo-
naBliuid B 1a0UpUHT (puc. 4.4), HyxXaaeTcsl B MOACKA3Ke AJ1s ObICTPOro Haxoxiae-
HMS IIPOXonaa Io JAOMPUHTY B YKa3aHHYIO Touky. [IpeactaBum JabUpUHT KaK IO-
Je 5 x5, Kaxgas Kierka Koroporo jaubo mpoxoauma (Oeiblii LBeT), JuUOO HET
(dyepHbiil LBeT). 11 ymodcTBa MpOHYMepyeM KJIEeTKH MO aHAJOTMYHO LIaxMar-
Holi gocke. PaccMoTpuM temeph 6ojee TOUHO HAIlly 3amadyy: HEOOXOAMMO ompee-
JIUTh, MOXHO JIM U3 3aJaHHOM KJIETKM, cKaxem, )5, MONacTb B APYIYIO 3aAaHHYIO
KJIETKY, cKaxeM, AI, U ecid MOXHO, TO BbIIATh IMyTh MUHUMAABHON MJIMHBI, KO-
TOPBIA OTU KIETKU coeauHseT. Cpady HyXHO OTMETUTb, YTO pelleHME Hallleil
KOHKPETHOH 3a1auyMd He SBIseTCS ONTUMalbHbIM. CylIeCTBYET TaK Ha3blBa€Mblid
"BOJIHOBOII MeTo[", KOTOPhIA siBiisieTcsl 0ojee 3(pheKTUuBHbIM. ONHAKO MOJY4YeH-
HOE HaMH pelleHue AIeMOHCTPUPYET OCHOBHBIE MPUHLMIIBI PEKYPCUBHOIO pelle-
HMS TaKuX 3ama4 U OyIeT SIBJIAThCSA OCHOBOM IMpPU PelleHMU MOXOXUX 3amay.
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ABICDE

Puc. 4.4. Cxema nabupunta

= NDNW A~ O

PekypcuBHOe pelueHue 3aja4yud CBOAMTCS K Ipouenype repebopa Bcex BO3MOX-
HbIX XOIOB MIPOKA U3 TEeKYLIeH KJIEeTKM B OJHY U3 coceaHux. Takux BapuUaHTOB
MakcuMyM 4deTbipe. [Ipu 5TOM HY:XHO MOMHHUTH MPO HpobjeMy "3alUKIMBAHUS"
HAalleil pOoLEeayphl, CBA3aHHOMI ¢ IOBTOPHBIM IIOCELIEHUEM KIETKU IIyTeM PEeKyp-
CHUBHOrO BbI30Ba. Bo m3bexaHue 3alMKIMBAaHUSA HEOOXOAMMO XpaHUTb MHpOpMA-
LU0 O TeX KJIETKAX, B KOTOPbIX UIPOK yxe I0ObIBal HA OJHOM M3 IPEAbLIYIIMX
xonoB. Ilpoiiecc perieHus 3amauy MOXHO MPEACTABUTb B BUAe 00X0Ma COOTBETCT-
Bylollero jaepesa (puc. 4.5).

D5
=
D4
o

C4 D3 E4 D5

v \

BS D4 D2

\

Puc. 4.5. [lepeBo nouncka pelleHus ans 3agaqn "Beixoa vs nabupuHrta”

CepbIM OKpallleHBl Y3JIbI, B KOTOPBIX UTPOK OBUT HA OJHOM W3 MPEABIAYIINX XO-
JIOB, ¥ TIOBTOPHO TTOCENIaTh OH UX HE TOIKCH.

OHpe,ZleJIl/IMCH C JAHHbIMHU, HY2KHBIMK HaM 1JId PCLICHUA 3ada4yu. B kauecrse ot-
BE€Ta IIpeAjIara€rcsa BbBIBECTU I1OCJICIOBATCAbHOCTD KOOPAMHAT KJIETOK, KOTOPLIC
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WUIPOK JOJKEH IPOHTHM HA IMyTUM K BbIXody. B mpouecce HaxoXxaeHUs peLIeHMs
HEOOXOIMMO COXPAHITh ONTUMAIBHOE pelIeHUe U MPORASHHBIA MyTh.

Const N1 = 'E'; (* pa3MepHOCTb JlabupMHTa *)
N2 = 5;
Type Cell = record (* KOOPIMHATEI KJIETKU *)
X: 'A'..N1;
Y: 1..N2;
end;

Var (*nabupuHT, true — npoxon paspeumeH *)

Maze: array [l..N1, 1..N2] of Boolean;

(* true, ecnu KJeTKa [IOoCellajlaCh Ha NpemplmyleM XoIe *)

MazeB: array [l1..N1, 1..N2] of Boolean;

(* Texkyumii OyThb *)

CurPath: array [1l..N2*N2-1] of cell;

(* xpaTuarmmy nyTb *)

BestPath : array [1..N2*N2-1] of cell;

(* KOIMUEeCTBO SuUueek B JIyulleM IyTu *)

BestPathN : integer;
Teneps ocHOBHas mpolleaypa. HamoMHUM, 9TO HaM HEOOXOIMMO TTPOBEPUTH BCE
BO3MOZKHBIC BApUAHTLI IMMEpexoaa n3 TCKYLHCﬁ KIJIICTKH, MTPU 3TOM HYXKHO n30erath
3AUKIINBAHNAS W JIEJaTh MPOBEPKY BHOBL TMOJIYYEHHOTO pEUIeHUST HA ONTHMAb-
HOCTD.
{mEITaeMcs crmenaTe XOI M3 TeKymel KJIeTKM, CTapaschb IOCTMYb KOHEUHON }
{CN - mnrHa OPOMIEHHOTO IIyTH}
Procedure Step ( cur: cell; endcell: cell; CN: integer );
Var Newcell : cell;
Begin

{Texymmyl BapMaHT JIydlMi IO IJIVMHE M MBEl €0 COXpPaHseM}

If ( CN > BestPathN ) and ( cur = endcell) then

Begin
BestPath := CurPath;
BestPathN := CNj;

End;

If Maze[cur.X, cur.Y] and not MazeB[cur.X, cur.Y] then
Begin (* xjleTka cBOOOIHa& U B HeM Mbl He OvUIM *)
(* crTaBMM IpMBHAK, UYTO B 3TOM KJIeTKe MBI OBUIM* )
MazeB[cur.X, cur.Y] := true;
CurPath[CN] := cur;
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If cur.X > 'A' then (* BjerBoO *)
Begin

Newcell.X := pred( cur.X);

Newcell.Y := cur.Y;
Step (Newcell, endcell, CN+1);
End;

If cur.X < N1 then (* Bmpaso *)

Begin
Newcell.X := succ(cur.X);
Newcell.Y := cur.Y;
Step (Newcell, endcell, CN+1);
End;

If cur.Y > 1 then (* BHU3 *)
Begin
Newcell.X := cur.X;
Newcell.Y := cur.Y - 1;
Step (Newcell, endcell, CN+1);
End;
If cur.Y < N2 then (* BBepx *)

Begin
Newcell.X := cur.X;
Newcell.Y := cur.Y + 1;
Step (Newcell, endcell, CN+1);
End;
(* CcHMMaeM NPU3HAK, [IOCJe yxola C KIIETKU *)
MazeB[cur.X,cur.Y] := false;
End;

end;

Ilocne BeIZoBa 3TOil mpoueaypbl B MaccuBe BestPath Oyaer moayuyeHo aydiuee
BO3MOXHO€ pelleHHe B BUAE KOOPAMHAT KJIeTOK. YuTarenio mpemaiaraercs paspa-
Oorarb Ipollelypy IeyaTu pelieHus: CAaMOCTOATENbHO.

3apgaHuna ana camocToAaTesNibHO paboThl

1. Haiitu Bce BepuiMHbI rpada, HEJOCTUXKMMBbIE M3 3aJaHHON. YKa3zaHue. Uc-
[10/1b30BaTh PEKYPCUBHYIO MPOLEAYPY NPOBEPKU AOCTYIIHOCTU OJHOU Bepllu-
Hbl U3 APYIoOi.

2. Packpacuth rpad MUHUMaIBHBIM KOJMYEeCTBOM IBeTOB. Kaxkmast BeplinHa
JIOJKHA OBITH TTOMEUYEeHa 1[BETOM, OTJIMYHBIM OT 1IBeTa CMEXHBIX BEPIIWH.
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3.

10.

11.

12.

13.
14.
15.

16.

17.

18.

19.

OrnpenenuTb, BISeTCs JU CBA3aHHbIM 3aiaHHblid rpad. YKazaHue: uMcrob-
30BaTh PEKYPCUBHYIO MPOLEAYPY [IPOBEPKU JOCTYIIHOCTU OIHOMN BEPIIUHbBI U3
IPYTOM.

Haittn nnvnHy Kpartvaiiiiero 1ukia B rpade.

OrnpeaenuTb BEpLIUHY, YIAIEHUEM KOTOPOl MOXHO CBECTU I'pad K IEPEBY.

Haittn BepmmAy rpada, KoTopas MpUHALICKUT KAKIOMY TTYTH MEXIY IBYMS
3aTaHHBIMHA BEpIIHAMU.

3amaHa cucTeMa OJHOCTOPOHHHUX Aopor. HailTu myTh, coemuMHAIONINI ropoaa
A u b, He IpoXoIAllUil yepe3 3aJaHHOE MHOXECTBO BEpPILIMH.

3amaHa crcTeMa ABYCTOPOHHUX Aopor. HaiTh 3aMKHYTEIN MyTh, TTIPOXOIASATITIIN
yepes KKyl BepIIMHY U JUIMHOW He O6ojiee 100 kM.

HaiiTu B cucteme ABYCTOPOHHUX OOPOr IOpOA, IS KOTOPOTLO CyMMa pac-
CTOSIHUIA IO APYTUX TOPOIOB MUHUMAJbHA.

IMo cucreMe ABYCTOPOHHUX TOPOT ONPENeNUTh, €CTh JIM B HEM TOpOI, M3 KO-
TOPOr0 MOXHO H00parbesi B JII0OOON apyroii, mpoexas meHblie 100 km. Pas-
pelnraeTcst TOCTPOUTH TOTIONTHUTETEHO TPU JOPOTH.

Ilo cucreme ABYCTOPOHHUX AOPOr ONPEASIUTb, MOXHO JIM, 3aKPbIB KaKue-
MO0 TPU U3 HUX, JOOUTHCI TOrO, UTOObL U3 ropoia A Helb3s ObLIO IONACThb
B ropoa b.

3agana crucTteMa IBYCTOPOHHUX Aopor. N-miepudepneii Ha3bIBaeTcsi MHOXECT-
BO TOPOIOB, PACCTOSIHUE OT KOTOPBLIX JO BBEIIEJNIEHHOTO Topoma Oojbime N.
Onpenennth N-niepudepnio s 3a0aHHOTO V.

OnpenenuTsb, 130MOpdHLIL 1M ABa rpada.

TTocTponTh Takoit MHOTOYTOMBHMK (HEe 00sI3aTeTbHO BHIMYKITBII) ¢ BepIIMHA-
MW B 3aJaHHOM MHOXECTBe, TIepIMETpP KOTOPOTO MaKCUMaJIeH.

Hajitu MMHUMaabHOE MHOXECTBO IpsAMBIX, HA KOTOPbBIX MO2KHO PA3MECTUTDH
BC€ TOYKHM 3aJaHHOI'O MHOXKECTBA.

B TpexmepHOM TIpocTpaHCTBe 3aaHO MHOXeECTBO TodeK. Haiitm pasomenme
3TOTO MHOKECTBO Ha /IBA HEITYCTHIX HeTlepeceKalonInxcsd MHOXECTBA, UTOOBI
WX TIEHTPHI TSOKECTH HAXOMMIMCH KaK MOXKHO OJTIKe IPYT K JIPYTY.

B ycinoBuu mpenbiayilieil 3agauyd HaiTH MHOXECTBO, coiepxaiiee poBHO N
TOYEK, LIEHTP TSLKECTU KOTOPOro HAXOMUTCS KAK MOXHO OlMXe K Hayalay Ko-
OpJMHAT.

Nwmeetcsa n xocreit JOMMWHO. HOCTpOI/ITB TMOCJIEAOBATEIBHOCTh MAKCUMATBbHOU
JJITUHBI.

JlaHa I10C/IeN0BATEIbHOCTh KOCTEH mOMMHO. OIpenesuTb I[0C/Iei0BaTe/lb-
HOCTb XOIOB JBYX UIPOKOB, KOTOpble BeAyT K "pbiOe” (cuTyaLusi, B KOTOPOii
y IBYX UIPOKOB €CTb KOCTH, HO HU OJMH HE MOXET C/EeIaTh XOM).
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20. s maxmarHoro nojs pasmepoMm N x N, Ha KOTOPOM pacCTaBieHbl YepHbIe
u Oenble GUIypbl, HAMTH HaUMEHbIIee KONU4ecTBO dep3eil U UX pacCTaHOB-
Ky, IIpM KOTOPOH Bce MOJs AOCKU, 3aHAThble (UIypaMu MPOTHMBOIOJOXHOIO
LIBeTa, HAXOMATCS MOA ymapoM. PelllMTh aHAJIOrMYyHylO0 3amady i Cledylo-
LIMX IIaXMaTHBIX (UTYP:

e KOHB;
e CIIOH;
e JIajIbs.

21. Hajitu kparyaiiiuii 1Mo KOJMYECTBY XOIOB IIyTh JIAIbU, IO3BOJISIOLIUI MO-
[acTh U3 OMHOI KIETKHU B APyryio. M3BecTHO pacmojoxeHue OelblX U uep-
HbIX ¢Guryp Ha gocke. GUTYphI NPOTUBOMOIOXHOTO LIBETA MOXHO "OUTB".

22. 3amana kBampaTHasd Marpuia pasmepoM N x N, KOTopas CONEpPKUT IIeJIbie
yucna or 0 1o 6. KocTbio TOMMHO MOXHO HAKpBITh IBE COCEIHUE STYECHKH
MaTpuilbl (TOPU3OHTANIbHBIE UM BEPTUKANbHBIE), €cl YKicia Ha KOCTH COB-
MajJalT ¢ yuciaMu B siueiikax. ITpoBepuTb, MOXHO JU 3aJlaHHYI MaTpUILy
HaKpPbITh OJJHUM KOMIUIEKTOM KOCTEH JOMUHO.

23. Kakoe MUHUMAaJIbHOE KOJHUYECTBO KOMIUIEKTOB JOMMHO HEOOXOZUMMO, YTOOBI
MMOCTPOUTD 3aJAHHYIO0 MATPULLy?

24. EcTh Habop KocTeil TOMWHO, YacTh U3 KOTOPBIX BBUIOXKEHA Ha CTOJE, a OC-
TaTbHBIE HAXOJATCS Y JIBYX UTpokoB. HeoOxomnumo omnpenennTb, CyIecTByeT
JIU TIOCIEIOBATENHLHOCTD XO/IOB, TP KOTOPOW BTOPON MTPOK BLIHYXKIECH MPO-
MTYCTUTE XOJ M3-3a OTCYTCTBUSA HEOOXOAMMEIX KOCTei. TpoKky XomgT Mo ode-
penn. Urpy HauWMHaeT TEepBLIA UTPOK.

25. B urpe Ha opUeHTHMPOBAHHOM Ipade ABa MIPOKA IOOYEPEIHO HAKPBIBAIOT
OeabIMU U YepHbIMU (PUILKAMU BePIUMHBL. XOM SIBISIETCS TONYCTUMBIM, €CJIU
B 3aJaHHYI0 BEpLIMHY BEIeT Ayra M3 BeplIMHbI, B KOTOPOM pacroyiaraercs
duIIKa TpPOTUBOIONOXKHOTO 1BeTa. IlepBbIM X0moM Oeyble HAaKphIBAIOT JIO-
Oy1o BepluuHy. [IpoUrpbIBaeT TOT, KTO HE MOXET CAelaTb OYepelHOro XOzd.
OnpenenuTb, SBASETCA JM HadalbHAs KOMOMHALMS BbIMIPBIILIHON A1 OeNbIX.

26. Ian Habop cioB. COCTABUTH U3 HUX LEMOYKY MAKCUMATBHON MIINHBI IO KO-
JIUYecTBY cJIOB (MM Mo KojuuyecTBy OykB). llemouka obpasyeTcsi, ecinu mep-
Basi OyKBa CJIENYIOIIETO CJOBA COBIMAJAET C TocheaHel OYKBOWH Mpeabiayliero
cioBa. [ToBTOPHO MCTIONB30BATEH CJIOBA HETb3S.

27. B urpe "banga" mia 3agaHHoORl KoHdUrypauuu OyKB U 3aJaHHOro Hadopa
CJI0B ONPEIEIUTb [OC/IEI0BATEIbHOCT XOI0B YKA3aHHOM [UIMHBI, KOTOpas
[IPUHECET IIEPBOMY UIPOKY HauGOJIblilee KOJUYECTBO OUKOB.

28. HaiiTh MakKCHUMAaJbHYIO JJIMHY KOJBIA, TOCTPOCHHOTO U3 CJIOB, COACPXKAIINX
OJINHAKOBOE KOJTMYECTBO TJIACHBIX U COTIIACHBIX OYKB.

29. HaHa cxema jabupuHTa. HeoOXoauMo HailTu BCe BO3MOXHBIE BapUaHThI I1y-
Teil BbIXxoAa U3 NAa0MpUHTA Oe3 ImepeceyeHU.
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30.

31.

32.

33.

34.

Ilo nByM KoHBeliepaM ABUTAIOTCS MOJOYHbIE OyThUIKH. JIS Kaxmoi OyThUIKA
M3BECTHO BpeMs 3alojJHeHUs U 3aKymopuBaHus. Haiitu paccTaHOBKy OyTbI-
JIOK, IIPU KOTOPOH BpeMsl 00paboTKU MUHUMAJIBHO.

Hexro, cTost Ha ocTaHOBKe, B TEUeHWE Yaca OTMeYa]l WHTEPBAIBl TPUOBITHS
aBroOycoB. Kakoe MUHMMalbHOE KOJUYECTBO aBTOOYCOB MOTJIO padoTaTh Ha
JUHWUU B 3TO BpeMs U KaKOB WHTepBal WX JABWXeHus1? Hampumep, ecnu ot-
MeueHHble uHTepBanbl {3, 10, 10, 10, 10, 10}, To 3To o3Hayaer, yTo padoTan
onuH aBrodOyc. TlepBBIli pas OoH MOYSBWJICS Yepe3 TPU MHMHYTHI Tocje Hayaja
HabTIOJCHUI 1 fanee TOSIBASIICS ¢ UHTepBAIOM B 10 MMHYT, TO eCTh MOMEH-
THI €ro TIOSBJIEHUSI Ha OcTaHOBKe cienywornue — {3, 13, 23, 33, 43, 53}. Ecau
OTMEUYEHHbIC WHTEPBATLI COOTBETCTBYIOT CHEAylollleMy Habopy umcel
{2, 10, 5, 15, 3, 12, 11}, To 3TO O3Havaer, yTo padoTanu jaBa aBrobyca. Ilep-
BBIH M3 HUX MOSBUJICS 4epe3 JBe MUHYTBI OT Hayaja oTcyera W jajee XOaui
¢ WHTEepBaJoM B 15 MMHYT, TO €CTh MOMEHTHI €T0 TIOSBJIEHUS Ha OCTAHOBKE
caenyromme — {2, 17, 32, 47}. Bropoii aBrobyc BrnepBbie TosBUiIcA B 12 Mu-
HYT, @ UHTEepPBaJl €ro ABWXEHUST — 23 MUHYTHI, 3HAYUT, OH TIOSIBJISIJICS B clie-
aytoinne MomeHTHI: {12, 35, 58}. CnenoBaTenbHO, oblee BpeMsT TOSIBICHUS
JBYX aBToOycoB {2, 12, 17, 32, 35, 47, 58}, 4To KaK pa3 COOTBETCTBYEeT WHTEP-
Banam {2, 10, 5, 15, 3, 12, 11}.

3amaua o mpobupxax. JdaHbl Tpu npobupku obbemom 100 mui. [IBe M3 HUX
HMMEIOT LKAy PUCOK. YPOBHU PUCOK YKa3bIBAIOTCA Mojb3oBareneM. Ompene-
JIUTh, BO3MOXEH JIM Mepexo] U3 HadanbHoro coctosHus {100 s, 0 ma, 0 mu}
(B meppoit npobupke 100 mn, a aBe Opyrue — IyCThl) IyTeM IepeluBaHus
SKUAKOCTU M3 OJHOH NpoOUpPKHU B Apyryio B cocrosguue { _ , _, 1 ma} (B mpo-
OUpKax ¢ pUcKaMU — IPOU3BOJIBHOE KOJUYECTBO MULIMIUTPOB, a4 B MPOOUp-
ke 6e3 pucok — 1 mi).

Han tpad. Ompenennte MocaeToBaTeIEHOCTh BEPIINH, Yepe3 KOTOpPEIe Heoo-
XOANMO TIPOUTH, YTOOHI HapHrcoBaTh 3ToT Tpad. Hemrb3s oTpeIBaTh KapaHaanr
OT OyMarm u TPOXOAUTH TI0 OIHOM U TOI 3XKe IyTre HECKOIBKO pas.

3agaua o prokszake. JlaHo N IpeaMeToB, y KaXIoro ectb Bec u LieHa. IIpen-
JIOXKUTb HAOOp NpeaMeToB MaKCHMAIbHOH CTOMMOCTH, [OMEIIAIOLINXCS
B prok3ak 50 Kr.
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BHyTpeHHUe COpTUPOBKHU

B sTo0lf maBe paccMarpmBacTCd BOTIPOC, KOTOPHIN YacTO BO3IHUKACT B IIpOTpaM-
MUPOBAaHUW: TEePETPYITUPOBKA (COPTHPOBKA) 3MTEMEHTOB B BO3pacTaiolleM WITN
yoOBIBaroIIeM Topaake. Lleqb cOpTHPOBKM — OOMETYNTh TOCACAYIOMNN TIONCK
3JIEMEHTOB B OTCOPTHUPOBAHHOM MHOXecTBe. C OTCOPTUPOBAHHBIMU MHOXKECTBA-
MM O0OBEKTOB MBI BeTpeuaeMcsl B Telle(pOHHBIX KHWTAX, B CIOBApSAX, B OUOIHOTE-
KaX, Ha CKJIajax, MOYTH Be3Mle, e HYXKHO MCKaTh XpaHUMBIe OOBEKTEHI.

AJITOPUTMBL COPTUPOBKM IMPEACTABIIIOT COOOH HMHTEPEeCHbIi YAaCTHBIA IpUMep
TOIO, KaK clieAyeT IOIXOAUTh K pelIeHnIo MpobieM IporpaMMUpOBaHusa BOOOIIe.
MeToabl COPTUPOBKHU CAYXKAT BEJMKOJSIHON WLTIOCTpalMell uaeil anaiusa aieo-
pummos, T. €. UACH, IMO3BOMIOIIUX OLEHUBATh pabouue XapakTepUCTHKKM aaro-
PUTMOB, a 3HAYUT, pa3yMHO BbIOMpATh JYULIMHA CPeau, Ka3ajioch Obl, PABHOLIEH-
HBIX MeTomoB. Ha mpuMepax cOpTHpPOBOK MOXHO IIOKa3aTh, KAaK YCIOXHEHHE
QITOPUTMA MPUBOIUT K 3HAYUTEILHOMY BBIUIPBIILY B 3(DGEKTUBHOCTU.

CyllecTByeT MHOTO Pa3IMYHBIX AJTOPUTMOB COPTUPOBOK. B [6] paccmotpeno 25
takux anroputMoB. Ho, kak ormeuaer 1. Kuyr [6], "...oT0 myrawliee KOIHIECTBO
METO/IOB Ha caMOM JeJie JIUIIb Majias TOJANKa BCeX alTOPUTMOB, TIPUAYMAHHBIX JIO
cux mop”. OH Xe ToAYepPKUBAET, YTO "K COXAJEHUIO, HEU3BECTEH "HAWIYyJIIUi"
CMoco0 COPTUPOBKH; CYIIECTBYET MHOTO HAUJIYYIIIUX METOAOB B 3aBUCUMOCTH OT
TOTO, YTO COPTUPYETCS, HA KaKOl MallluHe M TSl Kakoh 1ean’.

Bri6op anroputMa 3aBUCUT OT CTPYKTYphl 0OpabaThbiBA€MbIX JAHHLIX, 4 B CIydae
COPTUPOBKM TaKasl 3aBUCUMOCTb CTOJIb IIyOOKa, YTO COOTBETCTBYIOILIME METOIbI
ObU1M pa30MThL HA JABA Kjacca:

O copTUPOBKU MAacCHBOB;
O copTupoBKu (ailioB (I10CIeI0BaTeIbHOCTER).

MHorna Wx Ha3bIBAIOT GHYMpeHHell VI GHeliHell COPTUPOBKO, MOCKOIbKY MacCUBBI
XpaHsITcd B OBICTPOIl (omepaTUBHOW WM BHYTpPEeHHeH) MaMsITH cO CIydyaiHbIM
JocTynoM, a daiiibl 0OBIYHO pasMelnamTcs B boyee MeUIeHHOM, Ho Ooslee eMKO
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BHEIIHEN [aMsITH, Ha YCTPOMCTBAaX, OCHOBAHHBIX HAa MEXaHWYECKUX IepeMellie-
HUAX (OUCKAX WIK JEHTAaX).

OnHWUM W3 yclioBUiT BbIOOpa METO/A BHYTPEHHEN COPTUPOBKU SIBISIETCS DKOHOM-
HOE UCTIOJb30BaHUE JOCTYITHOW TaMSITU, TIEPECTAaHOBKH, TIPUBOISIINE JIEMEHTHI
B TIOPSIJIOK, IOJKHBI BBITIONHSITHCS HA TOM Xe MecTe. PYKOBOJICTBYSICh 3TUM KpH-
TeprUeM, MOXHO KJIacCUDUIIMPOBATH METOMBI TTO0 UX SKOHOMUYHOCTH, TO €CTh IO
BpeMeHHN paboThl. Xopolei Mepol 3thGhEeKTUBHOCTU CAYKUT YUCIO HEOOXOIH-
MBIX CPAaBHEHMI W YHCJIO TIepechUIoK (TepecTaHOBOK) SEMEHTOB. DTH Yucia siB-
JIStoTesl GYHKIUSIMKM OT YKUCNIA COPTUPYEMBIX 3JIEMEHTOB #1. XOPOIIKNE alTOPUTMBI
COPTUPOBKU TpeOyIoT Topsyika (n x log n) cpaBHeHUH. B MpoCThIX M OYeBUTHBIX
MEeTOJAX, MX HA3LIBAIOT APAMbIMU, TPEOYETCS TOPSAAKA /12 CPABHEHWIA.

Meronbl COPTUPOBKU "Ha TOM e MecTe" MOXHO pa3OuTh B COOTBETCTBUM C OIl-
peaesIoIUMMU IPUHIMIIAMA HA TPU OCHOBHbIE Kareropuu [3]:

O copTtupoBKa ¢ oMol BKItodeHus (by insertion);
O copTupoBKa ¢ oMollblo BbiaeleHusa (by selection);
3 copTtupoBka ¢ moMolnbio oomeHoB (by exchange).

TexHonorus euewirell copmupogky B KOpHe OTJIMYHA OT TEXHOJOIMHU BHYTpEeHHei
COPTUPOBKU, XOTSI B 0O0OMX cIydyasix 3a/laya ojiHa U Ta Xe: HeoOXOJUMO pacroso-
JKUTb JaHHBlE M3 Habopa, A1 BHEIIHEHd COPTUPOBKM — 3amucu U3 (aiilaa, B oIl-
peneneHHoOM Topsiake. OOBSICHSIETCST 9TO T€M, UTO TpebyeMoe BpeMs ISl JocTyna
K (ailiaM Ha BHELUIHUX HOCUTEISIX BEIMKO M 3a4acTyl0 3TU YCTPOMCTBA He obec-
MEeYnBaOT TPOU3BOJILHOTO (TIPSIMOTO) JOCTyNa K JaHHBIM. CTpyKTypa NaHHBIX
IpU peanu3aliyd AIrOpUTMa BHELIHEH COPTUPOBKM MOJIXKHA ObITh TAKOM, YTOOLI
VUYUTBIBATH 3TH 0coOeHHOCTH. [ToaToMy GONBIIUHCTBO METOAOB BHYTPEHHEN COp-
TUPOBKU (BCTaBKa, BLIOOP, 0OMeH) Gecrojie3HO 1151 BHEIIHEeH COPTUPOBKU. AIro-
PUTMBI BHEIIHEN COPTUPOBKU OCHOBAaHBI HA CIWSHUW YIIOPSIIOYEHHBIX 3apaHee
noadainos. CiugHUe ONEpPUPYEeT TOJAbKO OYEHb IPOCTbIMU CTPYKTYpaMu daH-
HBIX, TIPOWTU KOTOPbIE MOKHO TTOCIEIOBATENHHBIM 00pa3oM.

g paccMOTpeHUST aJTOPUTMOB COPTUPOBKHM BBelAeM HEKOTOpBIE OGO3HAYCHUS.
Ecnm y Hac ecTb 37eMeHTBI

a, a, ..., a,,
TO COPTHUPOBKA €CThb IICPECTAHOBKA ITHUX DJICMCHTOB B MACCHUB
Arrs Qpyys oevy a/(” ,
TAC TIpnu HCKOTOpOﬁ ynopsmoqI/IBa}omef/’I CI)YHKHI/H/I fBBIHOJTHSIIOTCH OTHOILICHUS
flay) < fla) < ...< f(ag,).

OOBIYHO YIOpsAOYMBAIOLIAsl (PYHKIIMSA HE BBIYMCISETCS 10 KAKOMY-JIU0O0 IpaBU-
JIy, a XpaHUTCI KaK fABHAI KOMIIOHEHTA (IoJjie) Kaxaoro sjaeMeHTta. Ee 3HaueHue
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HasbiBaeTca karouom (key) onementa. Ilostomy i mpeiacTaBieHUS DJI€MEHTOB
XOPOILIO MOAXOOUT TakKasd CTPYKTypa MAaHHBIX, KaK 3amuch. Ee MOXHO omucaTh
claeayloluMm oopazom

Type item = record
key: integer;
{Opyrve KOMIIOHEHTH Balmncu}
end;
IMox "ApyruMmu KoMmToHEeHTaMu" TOApa3yMeBaloTCsl JAHHBIE, TIO CYILIEeCTBY OTHO-
cAIMecd K COPTUPYEMbIM DIeMEeHTaM, a KoY MPOCTO UASHTUGULMPYET KaxkIblid

aneMeHT. ['oBOps 06 adTOpWTMax COPTHPOBKH, MBI OymeM obpamarh BHHUMaHWe
JIMIIb HA KOMIIOHEHTY-KIIOY.

Merton COPTUPOBKM HA3bIBAETCSl YCTOMUMBBIM, €CIM B IIPOLECCE COPTUPOBKU
OTHOCHTEJILHOE PACITONOXKEHNE 3JIEMEHTOB ¢ PaBHBIMM KITIOYaMW He M3MEHSIETCS.
YCToMYMBOCTE  COPTUPOBKM  XKeJIarelibHa, €clld pedb uiaer o0 3jieMeHTax,
VKe YIOPSIITOYeHHBIX (OTCOPTUPOBAHHBIX) TI0 HEKOTOPHIM BTOPWYHBIM KITIOYAM
(T. €. CBOICTBAaM), HE BIUSAIOLIUM HA OCHOBHOM KJIIOY.

NMpumepsbl npoueayp,

peanuayiowumx pasnn4yHbie anropnTMbl
BHYTPEHHUX COPTUPOBOK

ITpuBeneM mpuMepsl TPOUESAYP, PEATUIYIOIINX HEKOTOPhIe aJTOPUTMbI BHYT-

PEHHHUX COPTHUPOBOK. B »TMX mpuMepax 3amaguMcsi CIEAYIOIIUM OMUCAHUEM
TAHHBIX:

Const N = 15; {KonmnuecTBO D3JIEMEHTOB B MacCCUBe}
MinKey = 0; {MrHMMAJIbHOE BHAUEHMe KJIoUa }
MaxKey = 100; {MakcuMaslbHOE BHAUEeHMe KJIoUa }

Type tIndex = 1..N; {/lHOeKCE B MaccuBe}
tRange = MinKey. .MaxKey; {Iranaszo0H 3HaUYeHWUN KJIoda }
tKey = tRange; {Tun xmoda COPTUPOBKM }
tElem = record {Tun »JjgeMeHTa Balucu B MaCCHuUBe}

Key : tKey;

Other : Char
end;
PtrElem = “tElem; {YxazaTenr Ha DJIEMEHT }

tArray = array [tIndex] of PtrElem;
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COpTI/IpOBKa SJIeMeHTOB MaccuBea
MeToaAOM noacuyeTa

Kaxnplii 5IeMEHT CpaBHUBAeTCS CO BCEMU OCTaJIbHbIMU 3ieMeHTamu. Eciau ka-
KOI-TO 2JIeMEHT OoJiblie, YeM K 3JIEeMEHTOB BTOr0 Xe MaccuBa, TO IOCIe YIops-
JOUeHUs OH JoJKeH 3aHuMmarh (k + 1) Mecro, cnemoBare/lbHO, HEOOXOIUMO
CPABHUTH MOMAPHO BCe KJIIOYU U MOACUUTATb, CKOJBKO M3 HUX MEHbIIE KaXI0ro
oTlenbHoro Kiwda. Ilocne aToro HeoOXOIUMO MMEPECTABUThH SJIEMEHTHI B COOTBET-
CTBUU C OIlpeae]eHHbIMU MeCTaMMU.

Eciu xonuuecTBo 3JIeMEHTOB MaccHMBa pPaBHO 7, TO KOJUYECTBO CpaBHEHUM
B COPTMPOBKE METOJOM TojcyeTa pasHO (12 — 1) / 2, a KOJUYECTBO TepeMelle-
auit — (9n / 4).

Peanuzaiusi coprupoBKU JaHa B JucTuHre S.1.

INMuctnnr 5.1. CoptnpoBka meToaom noacueta

procedure Calculation (var A : tArray);
var i,j,k : Integer;
{BcrioMoraTesibHEN MACCHUB IJIS I[IOICYeTa }
Count : array [tIndex] of 0..N;
Eleml,Elem2 : PtrElem;
begin
{OBnyneHrne BCIOMOT'AaTEJILHOT'O MACCHBA }
for i:=1 to N do Count[i]:=0;
{PopMmpoOBaHME BCHOMOT'ATEJIbBHOTO MacCuBa. }
{CpaBHEHUE KaXIOTO 3JIEMEHTa C OPyTMMM U HOOCYeT, OOoJblle CKOJIBKMX OH}
for i:=N downto 2 do
for j:=1 to i-1 do
if A[i]".Key>=A[]j]".Key then
Count[1i]:=Count[i]+1
else
Count [j]:=Count[j]+1;
{PaccTaHOBKAa BJIEMEHTOB MCXOIHOT'O MacCCKMBa IIO0 CBOVMM MecTam
Ha OCHOBAaHMM BCIIOMOTAaTEJIbEHOT'O MacCCUBa }
i:=1;
while i<=N do
begin
eleml:=A[i]; j:=Count[i]+1;

while i<>j do
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begin
elem2:=A[j]; A[j]:=eleml; eleml:=elem2;
k:=Count[j]+1; Count[j]:=j-1; j:=k
end;
Ali]:=eleml; count[i]:=i-1; i:=1i+1
end

end;

CopTupoBKu BCTaBKaMm

BIeMeHTBI IpoCcMaTpruBarTCA MO OAHOMY, 1 KaXXIBI HOBBIA BJIEMEHT BCTABISIET-
Cs B TOAXOIAIIECE MECTO CPEeAN paHEE YITOPSIAOUYCHHBIX 3JIEMCHTOB.

CoptupoBKa NpocTbiMu BCTaBKaMu

ITycTb Ha i-oM 1Iare aaropuTMa nocjiegoBaTebHOCTh U3 (i — 1) MEepBBIX BIeMeH-
TOB MaccuBa yropsiioueHa. /lobaBieHue i-ro 3jieMeHTa B 3Ty TOCJIeI0BaTe b-
HOCTH TIPOWU3BOAUTCST YIIOPSIIOUEHHO: BJIEMEHT, KOTOPbI HA/ll0 BCTABUTh, CPaBHU-
BaeTcsl ¢ MPEABIAYIINMU JIO TEX TIOp, MOKa He HaWAETCsS MECTO i-To 3JIeMeHTa.

Ecniu n — KOIMYECTBO 2I€MEHTOB MAccuBa, TO CpedHee KOJMYECTBO CpaBHEHMIT
118 JAHHOI copTUpoBKU OyaeT paBHo (n2 +n —2) /4, a cpeamee KOIMUECTBO
nepemenieHuit — (n? +9n — 10) / 4.

Peanuzaiiust copTUpOBKM aHa B TUCTUHTE 5.2.

i JNuctuHr 5.2. CoptnpoBKa NPOCTbIMU BCTaBKaMu

procedure Simple Insert (var A : tArray);
var i,j : Integer;
Elem : PtrElem;
begin
{BCcTaBigeM 1-Bl1 BJIEMEHT }

for i:=2 to N do

begin
{j — HOMEp »remMeHTa, C KOTOPEM CpPaBHMBaEM 1-Eif}
Jri=i-1;

{BanoMmHaeM BHAUeHMEe BCTABJIAEMOI'O 3JIEMEHTA }
Elem:=A[1];
{nomck mecTa, Ha KOTOPOM HOOJDKEH HAXOOUTLCS 1-bEI1 BJIEMEeHT}
while (j>0) and (A[j]”".Key>Elem".Key) do
begin
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{ecn smemenT A[]] Oompme, uem Elem,
TO OH OymeT pacCIOJIOXeH [IpaBee, ueM Ccenuac;

sjeMeHT A[j] cmBuraeTcsa BIPABO, M CPaBHEHME IPOIOJDKAETCS}

A[j+1]1:=A[71;
Ji=j-1
end;

{nocne BEIXOIA M3 LUWKJIA MECTO B3JIeMeHTa HanmeHo: (Jj+1)}
A[j+1l]:=Elem
end

end;

BuHapHble BcTaBKK

ITycTb Ha i-oMm 1m1are mociemaoBarebHOCTh U3 (i — 1) MEpBBIX BIEMEHTOB MacchBa
yrnopsinoyeHa. HobaBieHne i-ro ajeMeHTa B BTy MocjeqoBaTeIbHOCTh MPOU3BO-
JIUTCS YTIOPSITOUEHHO: MIIETCS MeCTO JUISI HOBOTO 3JIeMEHTa METOAOM OWMHApHOTO
noucka. [lajgee aaeMEHTBI, KOTOPBIE JOKHBI CTOSITh 34 i-bIM 3JIEMEHTOM C/IBUTA-
I0TCSl BIIPABO, U HOBBINM 3JIEMEHT MOMeIaeTcsl Ha CBOE MecTO.

KonuyecTBo nepeMenieHuid B COPTUPOBKE OMHAPHBIMU BCTABKAMU TOYHO TAKOe
XK€, KAK U B COPTUPOBKE IIPOCTHIMU BcTaBkaMu, — (n? + 9n — 10) / 4, Konuuecr-
BO cpaBHeHui — n x (log n — log e = 0.5).

Peanu3zaiiust copTUpOBKM AaHa B IUCTUHTE 5.3.

I NuctuHr 5.3. CoptupoBka 6MHapHbLIMU BCTaBKaMu

procedure Bynary Insert (var A : tArray);
var Place, i, j: integer;

Elem: PtrElem;

{HepekypcHrBHasa Opolelypa NoMCKa MecTa g 2JjeMeHTa Elem,
left m right - 5neBasg u mpaBas T'paHulla yXe OTCOPTMPOBAHHOTO OTpesKa }
Function FindPlace (left, right: Integer; Elem: PtrElem): integer;
var middle: Integer;
begin
repeat
{BHOMpPaeM CpeIHMM DJIEMeHT M3 OTpes3Ka }
middle:=(Left+Right) div 2;
{cpaBHMBaeM CO CpemHVM 3JIEMEHTOM 3JIEMEHT, KOTOPHII HaIo BCTaBUTH }
if A[middle]”.Key>Elem”".Key then

{ecnmu cpemHuit seMeHT OGOJblle, UEeM BCTaBJISEMBII,
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TO MBMEHSeTCH IpaBas I'paHulla OTpesKa,
TO eCThb IIOMCK MecCcTa mJjis BCTAaBJISEeMOI'O 3JIEMEeHTa
OyneT NpomoJIKaTbCsa B JIEBOM YacTu}
Right:=middle-1
else
{ecnmu cpemHMl 2JIEMEHT MeHbIIE, UYEeM BCTaBJISEMBII,
TO M3MeHseTCs JjieBad I'paHulla OTpesKa,
TO eCThb IIOMCK MecTa IOJIsS BCTAaBJISEeMOTO 3JIEMEeHTa
OymeT NpoIoJrXaThbCs B IIPaBOM dWacTU}
Left :=middle+l
{Takue nelicTBMS NPOIOJIKAITCS IO Tex IOop,
noka JjieBasd I'paHulla He cTaHeT OoJiblle MNpaBoOl}
until Left>Right;
{nocsie BHIXOIA M3 LMKJIA MECTOIOJIOXEHME 3JIeMeHTa HanmeHo: left}
FindPlace:=Left

end;

begin
{BCTaBnseM moouepenHO BCE BJIEMEHTEH, HauMHas CO BTOPOTO 1o N-bi1}
for i:=2 to N do
begin
{3anomMmHaeTCsa 3JIEMEHT, KOTOPEI HEOOXOIMMO BCTaBUTH }
elem:=A[1];
{onpenenserca MeCcTO, I'I€ OH HOJIKEH HaxOOUTbLCH}
Place:=FindPlace(1l,i-1,Elem);
{BCe BJIEeMeHTE], KOTOpPHE NOJIKHEI CTOSTH I[IOCJIe BCTAaBJIAEMOTO,
COBUTAITCSA Ha OIHY [IOBWLVIO0 BIPABO}
for j:=i-1 downto Place do A[j+1]:=A[]j];
{BCTaBisgeMell 3JIEMEHT CTaBUTCS Ha CBOE MEeCTO}
A[Place] :=Elem
end

end;

MeTtop LLlenna unu coptuposka ¢ yb6biBaloLmm Liarom

CHauasia OTAEIbHO TPYMIIUPYIOTCS U COPTUPYIOTCS DIEMEHTBI, OTCTOMIIME IPYT
OT Ipyra Ha HEKOTOpoM paccrodHud Al (A1 = 1), METOOOM IPOCTHIX BCTABOK,
3aTeM BJIEMEHTHI MeperpyImupyioTes (I1ar YMeHbBIIaeTcsI W CTAHOBUTCS PaBHBIM
HEKOTOpPOMY 3HaYeHWI0 #42) W Tocje 3Toro cHoBa coptupyiotcs. [Ipottecc mpo-
JoJKaeTcs JIo TeX Top, TToKa IIar COpTUPOBKA HE cTaHeT paBHBIM 1.
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DddekTuBHocTh coprupoBku Illenna 3aBucuT oT cmocoba olpeaeaeHuMs luara
coprupoBku. H. Bupt B [3] roBopuT 0 TOM, UTO HEM3BECTHO, KAKUE PACCTOSHUI
JgaoT Hawaydirui oddext. Ho mia HeKOTOphIX BUIOB PACCTOSHUIM OLEHKU 2¢h-
dexTuBHOCTU ompeaeaeHbl. Tak, HampuMep, €ClId PACCTOSHUS BLIOUMPAIOTCI IO
caenyrouiuM dopMmynam A =2 x iy + 1, hy=1wu ¢t = |_log2 nJ — 1, To 3aTpaThl
[POIOPLUOHAIBHDL 7112,

Peanu3zaiiust copTUpOBKU aHa B TUCTUHTE 5.4.

I NuctuHr 5.4. CoptnpoBka metogom Llenna

procedure Shell (var A : tArray);
var i, j, step, p, 1, T : integer; Elem : PtrElem;
{BcnomoraTenbHas (QyHKUMS IS BBUMCIIEHMS Iara}
{B maHHOM HpMMepe mar BBMUCIASTCHA HO dopMysie h = 2%}
{rme i =7, T-1, T-2, .., 0, T = [log:, N] }
Function CountStep (j:Integer) :Integer;
Var i, st : integer;
begin

st:=1;

for i:=1 to j do st:=2*st;

CountStep:=st-1

end;

begin
{onpenmensaeM KOIMUECTBO MATOB }
T:=trunc(1ln(N)/1ln(2));
for j:=T downto 1 do
begin
{BBUKCIISEM OUEpPENHOM War}
step:=CountStep (j) ;
{mpuMeHseEM COPTMPOBKY HNPOCTHMM BCTaBKaMy IJIS BCexX I'PyIN}
{7eMeHTOB, OTCTOANMX NPy OT IpyTra Ha war step}
for p:=1 to step do
begin
i:=step+p;
while (i<=N) do
begin
Elem:=A[i]; l:=i-step;
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while (1>=1) and (Elem”.Key<A[l]”".Key) do

begin
A[l+step]:=A[l]; l:=1-step

end;

A[l+step] :=Elem; i:=it+step

end
end
end

end;

CopTupoBku o6meHamun

CopTtupoBka metooM "ny3bipbka"

Ha nepBoM mpoxone cocemHue 2AeMEHThl CPABHUBAIOTCS, M €CJIM DJIEMEHThI He
YIOPSIAOYEHbI, OHU MEHSIOTCI MeCTaMM, B pPe3yjbTaTe Yero camblii OONbLIOR
9JIEeMEHT MepecTaBIsIeTCs Ha IocjeAHee MeCTo. 3a BTOPOH MPOXOMd CAMblil 0OIb-
LIOM U3 ocTaBLUMXCA (cpaBHeHMe ujeT Mexay (N — 1) sieMeHTaMU) MepemMella-
eTCd Ha MpeinocieaHee MECTO U TaK IO TeX MOp, [IOKA MACCUB HE OKAXETCS OT-
COPTHUPOBAHHBIM.

B JAHHOM TIPUMEPE pacCMaTpUBACTCA YCOBCpLHCHCTBOBaHHbIﬁ METOJ:. Ha KaXXaOM
MpoxXoac 3alTOMHUHACTCS MECTO TMOCIEOHETO obMmeHa MEXOY IJIEMEHTaAMU. Ha cie-
AVIOUIEM TTPOXO0AE CpaBHEHNE BBITTIOTHACTCSA TOJBKO JO OTOTO MECTA.

KonuyecTBo cpaBHeHMiII B CTpOro 0OMEHHOM IIy3bIPbKOBOH COPTUPOBKE PaBHO
(n2 —n) /2, a cpenHee KOMMYECTBO nepeMewienuit — 3 x (n2 — n) / 2. Auanus
VIIy4llIEHHOrO MEeTOAa HOBOJBHO claoxeH. KHyT cuuraer, yro MIsl yaydlUeHHO

COPTUPOBKM IMY3bIPHKOM CpeAHee YMCIO MPOXOAOB MPONOPLMOHATBHO 7 — kivn ,
cpemHee YNCIO CpaBHEHWH MPOMOPIMOHATEHO (712 - n(k2 +1In n))/Z , a cpen-

Hee YMCIO MepeMElleHUH OCTAeTCs TaKMM e, KaK M Ui CTPOro oOMEeHHOIo
y3bIPbKA.

Peanu3zaiiust copTUpOBKU faHA B TUCTUHTE 5.5.

[
INMuctnHr 5.5. CoptupoBka meToaom "ny3bipbka’™

procedure Bubble (var A : tArray);
var i, Bound, t : integer; Elem: PtrElem;
begin
{BEIOMpaeM rpaHully CopaBa Ol CPaBHUBAEMBIX B3JIEMEHTOB }

Bound:=Nj;
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repeat
{OpemnonaraeM, 4YTO Ha IaHHOM MIPOXOHe ajlropuTMa OOCMeHOB He OynerT,
T. €. BCE DJIEMEHTH YNOPSAIOOYEHH }
t:=0;
{cpaBHUBaeM BCE COCEIHME DJIEMEHTHL:
1l-s01 m 2-o¥, 2-ou u 3-wui,.. Bound-1 m Bound}
for i:=1 to Bound-1 do
{ecimu snemMeHT cnepa OOJsblle, UYEM SJIEMEHT CIpaBa, TO}
if A[i]".Key>A[i+1l]".Key then
begin
{MeHsgeM ux MecTamu }
Elem:=A[i+1]; A[i+1]:=A[1]; A[i]:=Elem;
{BanoMmHaeM MeCTO IOoCJenmHero obMeHa }
ti=1
end;
{3anoMmHaeM MeCTO MNOCJeOHEeTrO OOMeHa KaK HNpaByld I'PaHUILLy }
Bound:=t
until t=0

end;

BbicTpasa copTupoBka unun metop Xoapa

CopTupyeMBIii MaccuB TIpOCMATPUBAETCA cpasy ¢ IBYX CTOPOH (cieBa W CIIpaBa).
Ecnu cnesa HaxomuTcs daeMeHT OOJbILIMIA, YEM DJIEMEHT CIIpaBa, TO OTU DJIeMEH-
THl MEHSIIOTCS MecTaMH. TaK TpoAoDKaeTesT Mo TeX TMop, TToKa yKas3aTelld Ha Jie-
BBl U IpaBblii 2JeMEHThI He IepecekyTcsa. B pesyabTare Takoro npoxoia airo-
puUTMa TOJAYYMM, YTO Bech MacCHB pasdbWT Ha 1IBe YacTW. B meBoit wactn
HaxoAdTCs DJIEMEHThI ¢ MEHbIIMMU 3HAYEHUSIMU KIIo4eil, a B MpaBoii — ¢ 00db-
mmMu. TeTepb ocTaoch OTCOPTHPOBATH TEM K€ CAMBIM METOMOM KaKIyIo YacTb
OTIEJIbHO.

H. Bupr B [3] roBopUT 0 TOM, YTO B JIy4llleM CIy4yae B COPTUPOBKE Xoapa Mmorpe-
OyeTcs mopsska n x log n omepanmii, a B Xyamem — n2.,

Peanusanust coprupoBKu aHa B JIMCTUHIE 5.0.

NucTunr 5.6. BeicTpas copTupoBka

procedure QuickiRec (var A : tArray);
procedure QuickSort (left,right : integer);
var i, j: integer;
Elem: PtrElem;
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begin
{ecimu ecTb 4YTO COPTUPOBATEH }
if left<right then
begin
{BanoMmHaeM ykaszaTeyy Ha JIEBLIA M I[IPABELNI CPAaBHMBAEMEIE BSJIEMEHTH}
i:=left; j:=right;
{mo Tex mop, noka ykal3aTelu He IIepeceKyTCs}
while (i<j) do
begin
{mmeM syemeHT cropaBa, KOTOPBEDI Obul OB MEHbIIE, UYeM DJIEMEHT CJIeBa}
while (i<j) and (A[j]".Key>=A[i]".Key) do j:=j-1;
{MeHsEeM BJIeMeHTEl MecTamu }
Elem:=A[i]; A[i]:=A[j]; A[j]:=elem;
{umemM sJIeMeHT cCJieBa, KOTOpblL OvUI OBl OOJbIIE, UYEeM BJIEMEHT ClipaBa}
while (i<j) and (A[j]".Key>=A[i]".Key) do i:=i+l;
{MeHsaeM >JIeMEeHTHE MeCTaMu }
Elem:=A[i]; A[i]:=A[j]l; A[]j]:=elem
end;
{copTupyeM JeBy© YacTb MaCCHUBA } QuickSort (left,i-1);
{coptupyem mpaByio uacTbk MaccuBa} QuickSort (j+1,Right)
end
end;
begin
QuickSort (1,N)

end;

CopTupoBKu Bbibopom

Mpocton BbIGOP

CHavana U3 N 2JIeMEHTOB BbIOMpaeTcss MaKCUMANIbHBIA aneMeHT. danee N-blil u
HalJIeHHbI MAKCUMAJIbHbIA 3J1€MEHTbl MEHSIIOTCS MecTaMu. 3areM Cpeiu OCTaB-
wuxcsa (N — 1) sneMeHToB oT 1 g0 (N — 1) BeIOMpaeTcss MaKCUMAIbHbBLA U MEHSI-
€TCsl MECTaMU ¢ 2JIeMEHTOM, crosuiuMm Ha (N — 1) mecre u T. n. Tak npomoixka-
€TCsl 10 TeX IIop, II0KA Bechb MaccuB He Oymer orcopruposad. Ilocnennuii pas
MaKCHMyM BbIOMpAETCSl U3 JIBYX 2JI€MEHTOB, CTOSIIMX HA IIEPBOM M HA BTOPOM
MECT€ COOTBETCTBEHHO, U HAMOOJbUIMA U3 HUX CTABUTCS HA BTOPOE MECTO.

KonuyectBo cpaBHeHW# [UISI JaHHOTO MeEToJa Bceraa TMOCTOSSHHO W paBHO
(n2 — n)/2, a cpemHee KOIMYECTBO MEpEMENICHUIT ONpeneasercs Caeayoei
dopmynoit: 1 x (In n + g), tne g — nocrosgHHas Ditnepa (g = 0.577216).

Peanuzaiiust copTUpoOBKM AaHa B AUCTUHTE 5.7.



laBa 5. BHyTpeHHue copTupoBku 113

INnctnnr 5.7. CoptnpoBka NpocTbiMm BbIGOPOM

procedure Simple Choice (var A : tArray);
var i, j, k : integer;
Elem : PtrElem;
begin
for j:=N downto 2 do
begin
{mmeM MakxCuMyM cpemm S3JIEMEHTOB OT j mo 1}
{MecTONnONOXEHNE MaKCUMAJIbHOT'O 3JIEMEHTA BaloOMMHAEeTCs B IepeMeHHOM 1}
i:=3;
for k:=j-1 downto 1 do
if A[i]".Key<A[k]".Key then i:=k;
{j-B07 M 1-BD1 BJIEMEHTH MEHSITCS MECTaMm}
Elem:=A[]];A[]j]:=A[i]; A[i]:=Elem
end

end;

IMoMuMoO TTpUBEIEHHBIX BBITIE TIPHMEPOB BHYTPEHHNUX COPTUPOBOK CYIIECTBYIOT U
JIpyrue, HAPUMED:

pacipelenomui oacYeT;

JBYXITyTEBble BCTABKM;

BCTaBKHU B CIIMUCOK C BbIYMCIEHUEM ampeca;
LIefKepHas COPTUPOBKA;

0OMeHHAs mopaspsaHas COPTUPOBKA;
NUPaMUIATBHASI COPTUPOBKA;
napauienbHas coptupoBka batuepa;

npocroe caussHue (Meron HelimaHa);

auouaoaaoaoaudyq

€CTECCTBEHHOE CIIMAHUC.

DddPexTUBHOCTD ITUX METOAOB onucaHa B paborax Kuyra [6] n Bupra [3].

AHanus anroputmosB
COPTMPOBOK MacCUBOB
Ha puc. 5.1 u 5.2 nopuBeaeHbl rpapukyd COPTUPOBOK IS MPOCThIX U YAyYLIEHHBIX

MeToq0B. B kauectBe kputepusa >PpheKTUBHOCTY 30€Ch UCIONb3YETCA obllee Ko-
JIMYECTBO OMEPalUil — U KOJIMYECTBO CPABHEHUIl, U KOJUYECTBO IEPEChUIOK.
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Puc. 5.1. padumkm adPekTMBHOCTN NPOCTLIX METOA0B COPTUPOBOK

45000
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0 DWee KONHYECTBO OMNEpaLMH

33000

30000

23000

20000 4
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000 +
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MpammaaneHaa
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MNopaspagHaa

—— MpocToS CAMAHKE

2 3 4 a & 7 g 9 10
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Puc. 5.2. MNpadumkn apPeKTUBHOCTU YIyHLLIEHHbIX METOA0B COPTUPOBOK
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3apaHua gna caMmocTofATesNibHO paboTbl

L.

3ajaH MaccuB 3alMceid, Iojie key KOTOporo — luejble uucna. Hanucarb
[IporpaMMmy, KoTopasd HarjigaiHo AEMOHCTPUPYET COPTUPOBKY MACCHUBA 10 KO-
4y key:

a) METOJIOM TTPOCTOIO CIUAHHA,
6) METOAOM €CTCCTBCHHOI'O CJIMAHUA.

KonuuectBo 3meMeHTOB MaccuBa TAKOBO, YTO BCE 3JIECMCHTHI 0T06pa}Ka}OTCH
Ha 3KpaHe. B JAHHBIX COPTHUPOBKAX NUCITOJb3YETCHA JIOTIOJTHUTEJIbHBI MAcCUB.

HccnenoBaTth COPTUPOBKU MPOCTBIM M €CTECTBEHHBIM CIUSHUEM, IOCTPOUTH
rpaduKy 3aBUCMMOCTU KOJMYECTBA CPABHEHUH M KOJMYECTBA IMEPECTAHOBOK
OT Konu4ecTBa 3jeMeHToB MaccuBa (n = 1 .. 100) oy oTUX ABYX COPTHUPOBOK.
Hcnonb3oBarth (PyHKLUIO, KOTOpas MO 3aJaHHOMY MACCUBY U KOJUYECTBY
9JIEMEHTOB B 3TOM MACCHBE MOICUMTHIBAET, CKOJIBKO IIOTpedyeTcs cpaBHeHUi (Ime-
PECTAHOBOK).

3agaH MaccHB 3amucelt, mone key KOToporo — lensle yucaa. Hamucars mpo-
rpaMMy, KOTOPAsl HAarSIAHO JACMOHCTPUPYET NMUPAMUIATBHYIO COPTHUPOBKY MO
K04y key:

a) MaccuB 1/1306pa>1<eH B BUJEC IIOCICA0BATCIbHOCTH DJIEMEHTOB,

6) MpU TTOCTPOSHWW THUPaMHUABI Ha SKpaHe MacCHB OToOpaskaeTcsl He TOJBKO
B BUJIe TIOCITEIOBATEIBHOCTH, HO W B BUJIE TTOCTPOCHHON TTMPAMUIEL.

Hanucate nporpammy, KOTopasg HAarIAAHO WUIIOCTPUPYET paboTy OOMEHHOM
MOPa3PAAHON COPTUPOBKM AIS CIEAYIOLIMX TUIIOB JAHHBIX:

a) 1IeNoro;

0) CUMBOJIBHOIO;

B) CTPOKOBOTO (KOPOTKOTO).

Hanucare nporpamMmy, WUIIOCTPUPYIOLLYIO pabOTy COPTUPOBKU Xoapa:
a) peayl30BaTh PEeKYPCUBHBIM METOIOM;

0) peaau3oBaTh HEPEKYPCUBHBIM METONOM;

B) peajiu30oBaTh JIOOLIM U3 METOAOB, HO YUUTHIBATb, UTO JIJISI COPTUPOBKU Mac-
cHBa MaJeHbKOIro pa3Mepa Jydllle MPUMEHSITh KaKoW-HUOYAb ApYyroil MeTos
COPTUPOBKU (HAmpuMep, MPOCTBIMU BCTaBKAMU, METOA "TTy3bIpbKa”, ...).

[IpoutocTpupoBaTh pabory copTupoBku batuepa.

YkazaHune

O6patute BHMMaHWe Ha TO, YTO 3Ta COPTMPOBKA MapannensHas, T.e. CPpaBHe-
HVWe Uy nepecTaHoBKa 3IEMEHTOB AOMKHbI BbINOMHATLCA O4HOBPEMEHHO (mapan-
NernbHO).
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7.

10.

11.

12.

13.

14.

Hanucate nporpammy, KoTopas HamISIHO WLTIOCTPUPYET paboTy Cleaylolux
METOJIOB COPTUPOBKU:

a) "mysbipex”;
0) melikepHas.

ITpoBectn cpaBHEHME COPTUPOBOK METOIOM '"Ty3BIpbKa" W IMEHKEPHON ITO
KOJIMYECTBY CPAaBHEHMil, IO KOJMYECTBY OOMEHOB. [l 9TOro MOCTpOMThH Ipa-
¢uKku 3aBMCHMOCTEN JaHHBIX BEJTUYUH OT KOJWYECTBA 3JIEMEHTOB MacCHUBa.

Jlan TeKCTOBBIN haiil, cOCTOSIINI U3 CIIOB, pasfiefieHHbIX TpobenaMiu. OTcopTH-
POBATh CJ10BA B 3TOM (haiiie METOMIOM BCTABKU B CIIMCOK C BHIYMCICHUEM ampeca.

Hanucare nporpammy, KoTtopas wulocTpupyeT padory merona Illemna ¢ oa-
Hoit U3 hopMyJ BLIUUCICHUS 111ara COPTUPOBKMU:

a) Wk — 11 =3kl + 1, [ =1, t=[logz n] — 1;
0) hlk — 11 =2nlk]l + 1, Al =1, t=[logy n] — 1;

B) 26 — I3

r) 2K+ 13

m) (2K = (=1)%)/3;
e) Bk=1)/2

K) unciaa GuboHaTIn.

Hanwucars mporpammy, KoTopasi ucclieayeT 3aBUCUMOCTb KoJMYecTBa CpaB-
HeHul (KojauMdyecTBa IepecraHoBok) B Mmeroge lllemna or BbiOOpa pasHBIX
dopmyn s BBIUMCIEHUS 1ara. M300pasuTh COOTBETCTBYIOIIME Tpachuku
GYHKLMIA.

PeanuzoBarb COpTUPOBKY MaccuBa LEJNbIX YKMCE] METOIOM ABYXIIYTEBbIX BCTa-
BOK TIPW UCTIOJIB30BAHUM CAEAYIONINX AOTIOJHUTENBHBIX CTPYKTYP JaHHBIX:

a) MaccuBa;
0) ABYHANPaBICHHOTO CMUCKA.
ITporpamma n0KHA HATISITHO WUTIOCTPUPOBATh PAdOTy MAHHOTO aJITOPUTMA.

Hanmcats mporpammy, KoTopast HamIIHO WITIOCTPUPYET paboTy COPTUPOBOK
MPOCTHIMU U OMHAPHBIMU BCTABKAMU.

HccnenoBarh 3aBUCUMMOCTb KOJIMYECTBA CpaBHeHI/Iﬁ B COPTHUPOBKAX IIPOCTBIMU
n 6I/IHapHBIMI/I BCTaBKaMHM OT KOJIUYECTBA SJIEMCHTOB B 3THX MAaCCHBax. an/I
OTOM 0T06p331/ITb HEo0X0IMMOe KOJUYECTBO EePECTAHOBOK.

HaH MaccuB 3anucei, 1ojue key Koroporo — uejible yuciaa. Hanucarb npo-
TpaMMy, KoOTopasl WITIOCTPUPYeT paboTy COPTHUPOBKM IO KITIOUY key METO-
goMm noxacyera. Ilpu 5TOM HOMKHBI OTOOPAXAaTbCd HE TOJIbKO CpaBHUBAe-
MBI¢ DJIeMEHTHI, HO W BCIIOMOTATeNBHBI MAacCHB, B KOTOPOM XPaHSITCS
pe3yabTaTthbl cpaBHeHHUid. IlepecTaHOBKU DJ1€MEHTOB OCYILECTBIAIOTCSA B HC-
XOTHOM MAaccHUBe.
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15.

16.

17.

18.

19.

Hanucares nporpammy, KoTopasi WIUIIOCTPUPYET COPTUPOBKY MAcCuUBa paciipe-
ACJSIOIUM  ITIOACUYETOM. DaeMeHTOM MaccuBa SIBISIETCS 3allucCh CICOYIOLICIo
TUIIA:
Record
Ch : char;
Key : integer
End

YkasaHue
Kritouom COPTUPOBKN ABINAETCA nore uenoro tmna.

g KaxXaoro W3 MyHKTOB 0OMeHa BATIOTHI M3BECTHHI Kype MOKYIMKH W Kypc
MTPOIAXXW AoJmapa. BeiBecTH CITCOK MYHKTOB B TTOPSJIKE:

® BbIIOJbl ITPOOAXKHU,
® BLITOIbI MOKYITKH,

e yOBIBAHMSA CpPEIHEKBAIPATMYECKOIO OTKIOHEHMS OT Kypca Jojuiapa Ha
MMBB.

B marazune CTPOUTEIbHBIX MATECPUATIOB B MMPOJAZKE UMEIOTCS CTCHOBDLIC TTAHE-
JIU, KOTOPBIC XapaKTECPUIYIOTCH CICAYIOIINUMU BEININHAMM:

e IMPUHA;
e JUINHA,;

e KOJMYECTBO LUTYK;
e 1eHa3a 1 M2

BhiBecTu B mopsiike Bo3pacTaHusl LIEHbI CBEIEHMUSI O TeX CTEHOBBIX MAHENSX,
001L1asl IIOLIAAb KOTOPbIX HE MEHbILIE 3aJaHHOM.

Han cmmcok mopdeM, B KOTOPOM yKazaHa cama mopdema m ee TUn (IIpu-
cTaBKa, KopeHb, cyhdrKe MM OoKOHYaHMWe). B crmucke MOTryT BCTpevyaThest
noBTopsitoliecss MopdeMbl. Hamucars mporpamMmmy, pesyabratoM paboThl Ko-
TOPOM JOJKEH OBITh CIMUCOK MopdeM, pazOUTHI Ha TPYMIBl JUIST KaXXJI0TO
Tina. BHyTpu aTux rpynmn MopdeMbl JOJKHBI OBITh YIOPSIIOUEHBl B JIEKCHU-
KorpadmyecKoM TopsaKe. B rpymme KopHeil omHa M Ta Xe MopdeMa MoXeT
BCTpeUaThCsl HECKOJBKO pa3, a B APYTUX Tpyrmnax MopdeMbl JOJKHBI ObITh
YHUKAJTbHBIMMU.

Ecthb Hekuii u3MepuTeNbHBI IpubOp, padoTa KOTOPOro 3aBUCUT OT
BXOAHBIX IIAPAMETPOB o M X, a pe3yJbTaT OINpeAeIsieTcsa ClAenylolei
dbopMynoii y = o - sin (ax) - cos 2 (x/a). [IpoBoauTCs cepusl ONBITOB UL 3HA-
YeHUN Xq, X, ..., Xp, O = const. BelBecTH pe3yabTaT B BUIE TAOIMIIbI, YIOPS-
JOYEHHOM M0 YObIBAHMIO 3HAYEHMiIl MOKA3aHMU IMpudopa, MOJyYeHHbIX B XO-
Jie OIBITOB.
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20.

21.

22.

23.

24.

B maccuBe npousBosibHO xpaHsiTcs cBedaeHus o xuibuax (PHUO, ampec, Te-
nedoH). YnopsigouuTh 3TU AaHHble 1o noiw MHMO B andaBUTHOM MOPSIKE.
Peanuszoparb cieayoliye BO3MOXHOCTH:

e go0aBiieHNE CBEACHUIN O HOBOM JKUIIBIIE,
® VYIAJICHHE CBEIAEHUH O KWJIBLEC,
® DPEIAKTUPOBAHUEC CBEJICHUU O XWJIbIIE.

DTU NeUCTBUS HE JOMXKHBI HapyuaTrb ynopAaaoud€HHOCTbL MACCHUBaA.

YkasaHune

Mcnonb3oBaTb anropuTMbl, U3NOXEHHbIE B METOA4axX COPTUPOBOK MPOCTbIMU UAN oun-
HapPHbIMW BCTaBKaMW.

HMHdopmauus areHTCTBa 110 MPOJaxe HEeIABUXKUMOCTU CONEPKUT CAeAylolIne
CBEJIEHUS] O KBapTUpax: pailoH, B KOTOPOM HaXOAUTCA KBapTUpa, 3Tax, KO-
YyecTBO KOMHAT, obwag Iuowans, uena 3a 1 M2, Kiuenr, obpaiasch
B areHTCTBO, UMEET BO3MOXHOCTb YKa3aTb BEC [UISl KaXJAOr0 U3 KPUTEpPUEB
(BaXXHBIA KpUTEpPUl MMeeT OONbIIOI BeC, HE3HAYUTEIbHbIA — MAaJEeHbKUIA),
a areHTCTBO, B CBOIO Ouepelb, IpeijaraeT eMy CIIMCOK KBapTUp, YIOPSIo-
YEHHbII 10 HEBO3PACTAHUIO CYMMbl BECOB.

JlaHa 1eovncieHHas KBaaparHas MaTpullia pasMepoM A. YIOpSIOYUThH 3HA-
YEHUS TaK, YTOOBl aj| < app, < < a1, < ay < ay << 4y, << ay) < ap, << ayy,.

B uemmnuonare Poccuu no ¢yrbony npuHumaior ydactue 16 xomann. [ist
KAXKIOM KOMAHIbl M3BECTEH CIIMCOK UIPOKOB, KaXIbId MIPOK M3 KOMAHIbI
MMeeT CBOH peATHHI. BBIBECTH CIMCOK KOMAHA B MOpPSAKe YObIBAHMS BEpo-
SITHOCTU MOOenbl B YyeMIMoHaTe. BepodTHOCTb MMoGeabl paBHa PEeMTHHIY KO-
MaHIbl — CyMMe PEHUTHUHIOB 11 JIy4yIIMX UTPOKOB.

Hano
const n = 20;
type rOPOIT = (A, B, C, D, E, F, G, H);
ropona = set of ropoxn;
MapmpyT = record
rop : ropoza;
ueHa : integer;
end;

Typ o¢upma = array [1..n] of mapmpyT;
var TO® : Typ dmpma; I : integer;

BeiBecTH cIMCOK MapIipyToB, He TIPEBBIMIAIONTNX 1O MeHe 3aMaHHoe 3Hade-
Hue [[, B mopsiaKe YOBIBAHWSI KOJMYECTBA TOPOIOB B MapIIpyTe.
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BHelLlUHVe COPTUPOBKHU

BremAne cOpTUPOBKH — 3TO COPTUPOBKU, TMPUMEHSIEMBIE K JaHHBIM, KOTOPEIE
XpaHSITCS BO BHELIHEeN mamsaTu. B Takom ciy4ae MBI FOBOPUM, UTO AaHHBIE IIped-
CTaBIIOT cOoDOM TToc/eIoBaTeIBHEIN (haiiyI, COCTOSIIINI 13 3aNicel WA SJIeMeH-
TOB. B Kaxaplii MOMEHT HENOCPEACTBEHHO OOCTYIEH IS CUMTBIBAHUS TOJbKO
onnH sneMeHT. Kak 1 B ciiygae BHYTPEHHHX COPTHPOBOK CYIIECTBYET OOIBIIIOE
KOJIMYECTBO QJIIOPUTMOB, MO3BOJIAIOIIUX COPTUPOBATH JAHHBIE, KOTOPbLIE XpaHAT-
cg B (atinax. boabIIMHCTBO X OCHOBAHO HAa CIMSHUW YaCTUYHO YIOPSIOYEHHBIX
BCIIOMOTaTeIbHbIX (ailyIoB.

CToOuT 3aMeTUTh, YTO €CJAM B HEKOTOPOH pealpHOi 3amaye MosBIgeTcs HeobXo-
JUMOCTh OTCOPTUPOBATH JAaHHBIEC, XpaHsIInecs BO BHEIIHEH MaMsITH, U €CTh BO3-
MOXHOCTb 3arpy3uTh MX B OIE€PaTUBHYIO MaMATb U YIOPSIAOUUTb ITU JIAHHbIE
TaM, TO PEKOMEHJIyeTCcsl UCTONb30BaTh €€, TTOCKOJbKY BpeMsl oOpallleHUs K ofe-
paTMBHON MaMsITU ropasfo MeHblle, YeM BpeMs oOpallleHus K BHEIIHEN MamsTu.
Takast mporpamma OyneT paboTaTh ObICTpee, YeM TIPU pearu3alii Kakoro-J1ubdo
U3 AJITOPUTMOB BHEUIHUX COPTUMPOBOK. B KauecTBe BClIOMOrarejbHbIX CTPYKTYP
MpU 3arpy3ke JaHHBIX W3 BHEUIHEW MaMsITU MOTYT ObITh BbIOpAHBI MACCHBHI,
MHOXEeCTBa, cIUcKU, depeBbsd. B kHure /Ix. bentnu "2KeMuyXuHbl IporpaMmmu-
poBaHus" [1] paccMOTpeHbI HECKOJBKO 3aMevaTeSbHbIX TPUMepoB, KOTNa cIeln-
a1bHOE IMpeicTaBlieHue JAaHHbIX BO BHYTPEHHEN NaMsaTh I103BOJMUJIO ObICTPO M
JIETKO YMOPSIAOUNTh TaHHBIE.

HanGonee wm3BecTHbIE ANTOPUTMBI  BHELIHMX COPTUPOBOK  MIPEACTABICHBI
Ha puc. 6.1.

HauGonee BaHbIM METOAOM COPTUPOBKHU MHOCNEN0BATEJbHOCTEN SBISIETCA METO/,
COPTUPOBKN C TMMOMOUIBIO CAUARUA. an)KI[C YEeM OIMUCBIBATH MMPUHIIUIILI, 3aJTOXKEH-
HbIC B COPTUPOBKE CIIMAHUEM, BBCACM OIIPCACICHUE YIIOPAIOYCHHOI'O OTPE3KA.

Ynopsadouennoim ompesxom WU cepuetl Ha3bIBACTCA MOCIEIOBATEABHOCTD DJEMEH-
TOB, JUISI KOTOPBIX BLITIONHSIETCS YCJIOBUE yrHopsmodeHHocTH. KomamdecTBo aie-
MEHTOB JAaHHOH MOCIeN0BATEebHOCTU HA3LIBAETCS OAUHOU YHOPAOOUEHHO20 Ompe3-
xa (cepuu). OTpe30K, COCTOSIINI W3 OTHOTO BIEMEHTa, YITOPSIIovYeH Beeraa.

H. Buprt [3] naer cnemytomee omnpeneieHue ciausiHusg: "CanusiHue o3HayaeT
oObenMHeHre AByX (Mau Oojiee) TOCHeOBATENbHOCTEN B OJHY-EAUHCTBEHHYIO
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YIOPSIOUYEHHYIO I10C/IEI0BATENbHOCT C IIOMOLIbBIO [MOBTOPSIOLIErocsl BbiOopa U3
JOCTYIHbIX B AaHHBII MOMEHT 2JeMeHTOB". JIpyruMu cIoBaMM, cHayajua Cepuu
paclpeleNsaoTcs Ha JiBa WM HECKOJIbKO BCIIOMOrare/ibHbIX (ailoB. Pacnpene-
JIEHUE Cepuii MJET MOOYEPEJHO, TO €CTh IepBas Cepusl 3alluCbiBaeTCs B IE€pPBbIid
BCIlOMOraTe/ibHbIi ¢ait, BTOpas — BO Bropoil M Tak nanee. Ilocie toro kak
MPOU30LLIA 3aNUCh B MOCNEIHUI aii, OMsATh HAYMHAETCI 3aIIMCh CEPUU B Iep-
Bblii BcrioMoraresbHblid ¢aiin. Ilociae pacmpeneneHuss BceX cepuid, oHU oObeIu-
HAOTCS B 00Jie€ JUIMHHbBIE YIIOPSJOUEHHbIE OTPE3KU: U3 KAXIOI0 BCIIOMOIaTelb-
Horo (aiina Gepercs MO OAHOI cepuM, WU OHMU cauBalOTCA. Ecau B KakoM-TO
(aiine cepusa 3aKaHUMBaeTCd, TO CIEOYIOIAs MoKa He paccmarpusaercsa. Cdop-
MMPOBAaHHbIH OoJiee JJIMHHBIA YIOPSJAOYEHHBIH OTPE30K 3aluchiBaeTcs JUOO B
HUCXOAHBIN (ailn, 1100 B KAKOU-TO U3 BCOOMOIATe/IbHBIX (PAMIOB, 5TO 3aBUCUT OT
BUIa copTupoBku. [locie Toro kak Bce cepuu M3 BCeX BCIOMOIATeNbHBIX (ailnoB
00beIMHEHbl B HOBbIE CEpUU, OIAThb HauMHaeTcs ux pacnpeneneHue. Tax mnpo-
JOJKAETCS 10 TeX I10p, II0Ka BCe JaHHble He OyayT yIOPsIOYEHbI.

BHeLUHWe COPTUPOBKM

CopTupoBsku YnyulleHHble
CrINSHUEM COPTUPOBKM
MpocToe EcrectBeHHoe MHorochasHasn KackagHas
cnusiHne cnusiHve COpPTUPOBKA copTupoBka

N

Bes ncnonbaoeaHus
BHyTpeHHei UCMoNb30BaHNeM C6anaHcupoBaHHoe | | HecGanaHcupoBaHHoe
Y BHYTPEHHe cnvsiHue cnvsiHue
COPTUPOBKU
COPTUPOBKM

Puc. 6.1. BHewHne COpTUPOBKN

MoOXHO BBLIEIUTH CIACAYIOIUEC IBE XapAKTCPUCTUKHU COPTUPOBKHU CIUAHHNEM.

O KosuuecTBO BCMOMOTATENbHBIX hallioB, Ha KOTOpbIC WAET paclpeaciceHue
cepuit. Ecnmu maHHBIC pacmpelesiioTcs Ha JBA BCIIOMOTATEIbHBEIX haiiia, To
COPTUPOBKA HA3BIBACTCH 08yxXnymegwvim causHuem, ecnu Ha N (N > 2) Bcriomo-
TaTeIBHBIX (DANTOB, TO — MHOONYHEBbIM CAUAHUEM.

O KonuuecTBo (a3 B peanusalnu copTUpoBKU. Da30ii HA3LIBAIOTCS ASHCTBUSA MO
OQHOKpaTHO 00paboTKe Bcero MHoxecTBa. HauMmeHbIIMI Xe Ipoliecc, Io-
BTOPEHME KOTOPOIO COCTAB/SIET IIPOLECC COPTUPOBKM, HA3BIBAETCS HpOXO0OM
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uin amanom. B 0syxgasznoii copTUpOBKE OTAENbHO PEATU3YIOTCA ABE (asbl:
pacrpenenetue u caugHue. [lociae Toro Kak mpou3olUIo paclpeaeieHne aaH-
HBIX II0 BCIIOMOIaTeJbHbIM (DailiaM, OHU OOBEAMHSIOTCS M 3aMUCHIBAIOTCS
B MCXOOHbIA (aitn. B oduogasnoii coptupoBke obe 3T a3kl 0ObeAMHEHbI
B onHy. Bo Bpemsa causgHus cepuil AJaHHbIE HE TOJBKO OObEAMHAIOTCI, HO U
cpasy ke paclpenesdioTcsl Mo APYIMM BCIIOMOTraTeibHbIM (aiinaM, KOTOpbIe
CTAHOBATCSL MCXOOHBIMU IS cienylolliero mpoxond. OgHodgasHas cOpTUPOBKA
bosee >dhdekTUBHA, YeM JByxdasHasd, IOCKONbKY (haza pacmpeneaeHuss pak-
TUYECKM HE OTHOCHTCS K COPTUPOBKE, TAK KAK BO BpeMs 3TO (asbl dIeMeH-
Thl He MePECTABIAIOTCS U He YIOPSIOUMBAIOTCS, & KOJIUYECTBO ONepaluil me-
penucu JAaHHBIX Takoe Xe, Kak M Ha ¢daze caugHud. OmHAKO KOAMYECTBO
BCIIOMOTIaTeJbHbIX (ailioB, KOTOpble TPedyloTcs Mg 0gHOMAa3HON COPTHUPOB-
KU, OoJbllie, YEM TO, KOTOopoe TpedyeTcs Ml AByx¢ha3HOi COPTUPOBKH.

MpocToe cnuaHue

OTnuyne MeXay TPOCThIM CIUSIHUEM M eCTeCTBEHHBIM CIUSIHUEM, KOTopoe pac-
CMOTpEHO B CleAylolleM pasfesie, 3aKiioudaeTcss B onpeneicHUun cepuun. B npo-
cmom caugHuu AnVHA cepum dukcuposaHa. Ha mepBoMm 1are ymopsimouyeHHbIE
OTPe3KN UMEIOT JUTMHY, PABHYIO €IMHUIIE, TO €CTh COCTOSIT U3 OMHOTO 3JIeMEHTA.
IToToM OHM OOBEAWHSTCS, U eCAU CAWUSIHUE NBYXIyTEBOE, TO BHOBb CCHOPMHPO-
BaHHBIE OTPE3KHU OYIYT COCTOSTH U3 JIBYX 3JEMEHTOB, €CIIM CIUSHUE MHOTOIyTe-
Boe (KOJIMYECTBO BeoMoTraTeNbHBIX (haitnoB N), To — u3 N snemenHToB. IIpenno-
JIOXKUM, YTO UCXOAHBIN (haill comepXUT cleAyrolne TaHHbIe:

FO : 57 3 2 8 4 1.

B ta6n. 6.1 mokasaHo mepeMellieHre TAHHBIX BO BPEMSI COPTUPOBKU JIBYXITYTEBBIM
IByXtasHBIM CIUIHUEM, a B Ta0). 6.2 — MHOTOINYTEBBIM ABYX(A3HBIM CITHSIHUEM.

Tabnuya 6.1. [pumep 4ByxryTeBoro 4ByxgasHoro c/naHus

OByxdasHasa copTMpoBKa OpHocdpasHan
CoOpTUpPOBKa
Pacnpepenenue CnusHne
1npoxog F1:53 81 FO:57 23 48 1 F1:538 1
F2:7 2 4 F2:7 2 4
2npoxog F1:57 48 F0:2357 148 F3:57 48
F2:23 1 F4:23 1
3npoxog F1:2357 F0:1234578 F1:.2357
F2:148 F2:148
4 npoxop, F3:1234578

F4 .
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Ta6nuya 6.2. [pumep MHoronyTesoro asyxgasHoro cauaHuda (N = 3)

OByxdasHasa copTupoBKa OpHocdpasHan
CoOpTUpPOBKa

PacnpepeneHune CnusHune

1 npoxog, F1:5 21 FO:357 248 1 F1:5 21
F2:7 8 F2:7 8
F3:3 4 F3:3 4

2 npoxof, F1:357 F0:1234578 F4:1234578
F2:248 F5:
F3:1 F6:

JvHa cepum B aJITOPUTME TIPOCTOTO CAUSHUST 3aBUCUT OT KOJIMYecTBa BCIIOMOTa-
TEJIbHBIX (halIOB, HA KOTOpOE MAET pactpeneieHue cepuii. Ecim kK — 310 HOoMep
npoxonia, a N — KOJWYECTBO BCIIOMOTATENbHBIX (haiijioB, TO AWHA CEPUU OMNpe-
nensieres opmynoit N k. O6patnm BHMMaHME Ha TO, 4TO HA TMEPBBIX MPOXOIAX
JUIMHA CEpUM pacTeT MeJIEHHO, HalpuMep, B JABYXIIYTEBOW COPTMPOBKE, UYTOOBI
MOJYYUTDb ceputo, coctosiyio n3 100 siaemeHTOB, TpebyeTcsl ceMb MPOXOI0B. DTO
He 3(hGhEeKTHBHO, U TO3TOMY IS VAYUIIEHUS aITOPUTMAa CIUSIHUS MOXHO WC-
MOJb30BaTh BHYTPEHHIOK COPTUPOBKY B KauyecTBe BcroMoratenbHoi. B aTom
ciyyae Ha TIEpBOM TPOXOJe YacTh JaHHBIX ((pUKCHpPOBAHHOE KOJMYECTBO) Mepe-
MMHCHIBACTCS B OMEPATHBHYIO TTaMSTh, HAITPUMep, B MAcCHB, W TaM YITOPSITOYNBA-
ercs1. TakuM obpaszoM cpasy (opmupyetcsi cepust OONbIION IIUHBI, U JJISl Jalib-
HeWIero clIusiHus MoTpedyeTcsl MeHblliee KOMUYECTBO TMPOXOA0B. DTOT crnocod
VIIOPSITOYEHUS] JAHHBIX HAa3bIBAETCS MPOCTHIM CIAUSIHUEM C HWCTONb30BAHUEM
BHYTpeHHe# COPTUPOBKH.

HpI/I3HaKaMl/I KOHIIa COPTUPOBKU IIPOCTbBIM CIAHAHUCM ABIAIOTCA CACAYIOLIUE
YyCJIOBUA:

O uiMHa cepuu He MEHbBIIIE KOJWYeCcTBa BJIEMEHTOB B ¢haiisie (ompeaensiercs mo-
ciie ¢dasbl CAUSHUS);

O koauyecTBO cepuii — oaHa (ompenengercsd Ha daze CAuaHu);

3 BTOpOIT O cueTy BCIOMOTaTebHbIN ¢haiin mpu omHoda3sHOWH COPTUPOBKE MO-
cJie pacTipelleNIeHUs CEpUN OCTANICS MTYCThIM.

EcTtecTBEeHHOe cnusgHue

B ciydac MpoCTOTO CIUSHUA HUKAK HE HCIOJB3YETCH YaCTHYHAasl YIMOPSIOTO4YCH-
HOCTb 3JICMEHTOB B MCXOJHOM d)af/’me: pasMep CIUBacMbIX Ha k-oMm IIPpoOXoJae ce-
pI/Iﬁ MCHBIIIE WJIU paBCH Nk N HE 3aBUCHUT OT CYLIECCTBOBAHUS Goiee JJIUHHBIX
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YIIOPALOYCHHbIX NOAIOCIEN0BATEAbHOCTEM. daxTuuecku no6bIe ABC YyIIOpAa0-
YEHHBIE MOAIIOCICAOBATE]bHOCTU IIMHOU M W A MOXHO CJIUBaTb B OIHY, CO-
CTOALLYIO U3 1 =+ m 2JIEMEHTOB.

CopTHpoBKa, TpU KOTOPO# Bceraa cIUBAKOTCS JABE camble JUIMHHBIE U3 BO3MOX-
HBIX cepuil, Ha3bIBACTCS eCMecmeeHHbIM causHuem. B copTUpoOBKe ecTecTBEeHHBIM
CITUSTHUEM OOBEINHSIIOTCS CEpUN MaKCUMalIbHON, a He 3apaHee (UKCUpPOBAHHOM
JUIMHBL. [TpusHakoM KOHIIA cepuM B 3TOM ciIydae SIBIsIeTCs pe3yabTaT CpaBHEHMUS
JIBYX COCEJHUX 3JIEMEHTOB, €CIM OHU He YIIOPSIIOYEHBI, TO CepUsi 3aKOHUYMIIACH.
B kaxxmom mpoxojie Unciio cepuii yMeHblaercst B N pas (ecid KOJIWYeCTBO cepuit
BO BCTIOMOTATENbHBIX (haitjax oIMHaKoBO), a 00lllee YKclio Tiepechbulok He bolee,
yeM # x [log n]. OXunaemMoe 4YHUcio CpaBHEHU 3HAYMTENBHO OOJNbIIIE, TTOCKOIBKY
KpoMe cpaBHEHUMH, HEOOXOAWMBIX JUIS CIUSIHUS, TpeOyloTcs TOTONHUTETbHbBIE
CpaBHEHUS JJIsT ompeneieHus: KoHla cepun. [lpuBenem npumep ecTecTBEHHOTO
cusiaus. TIpenmnomoxnM, UCXOMHBIN (haiiyl cCoOMepKUT caeayrle TaHHbIe:

FO:2317789146923118.

Torna nByxmyTeBoe AByx(a3zHOe ecTecTBeHHOe CAWsIHUE OyJAeT MPOXOAUTb Cle-
ayoiuM obpasom (Tabn. 6.3). CumBoa * 0603HAYAET MIPU3HAK KOHIIA CEPUHU.

Ta6nuya 6.3. [Mpumep ABYXMyTeBoro AByXghazHOro eCTeCTBEHHOrO CIINAHNSA

OByxdcasHasa copTupoBKa

PacnpepeneHune CnusHune

1 npoxog, F1:2317 1469 118 F0:2378917123469118
F2:789123

2 npoxon F1:2378917 * 118 F0:1223346789917118
F2:123469"

3 npoxopg F1:1223346789917 F0:1122334678991718
F2:118

st ynopsimoueHUsl JaHHBIX B COPTUPOBKE MPOCThIM CIAUSIHMEM IIpU TeX Xe ca-
MBIX YCJIOBUSX IOTPeOOBAIOCh ObI YEThlpe MPOXOAA, MOCKOJBKY JJIMHA CEepUM Ha
YEeTBEPTOM IIPOXOAe cocTapisia Obl 16 smeMeHTOB, a B UCXOAHOM ¢ailie comep-
KuUTcs 14 n71eMeHTOB.

Tak ke Kak M IIpocToe CAWSIHUE, COPTUPOBKA €CTECTBECHHBIM CIUSIHUEM MOXET
OBbITH IBYXITYTE€BOW MM MHOTOMYTEBOH, ABYX(azHoU win ogHoda3HOA.

OOpaTuM BHUMAHUE HA TO, YTO COPTUPOBKA MPOXOIUT I(DGEKTUBHO, ECIU KOIMU-
YecTBO CepUil, pacmpeaeaeHHbIX HA BCIIOMOrareibHble (Gailibl, TPUOIU3UTEIBHO
onrHakopoe. [lockosnbKy NPU3HAKOM KOHLA CEPUM B ECTECTBEHHOM CJIMSIHUM
SIBJSAETCS Pe3yabTaT CPABHEHUS IBYX COCEAHMX DASMEHTOB, IBE WMIM HECKOJIbKO
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cepuil, pacmpene/eHHbIX APYT 34 APYroM BO BCIIOMOTaTelbHbIi (haiia, MOryT o0b-
eIMHUTbCSL B oaHy. Paccmorpum mnpumep. IlycTb McXomHBI aill comepKuT
JaHHBIE:

FO: 1 2 9 339 11 4 18 13 5 16 24 15 4 25 17 317

Ilocne dasel pacaopeneneHus BCIioMoraTeabHble (aiiabl OYyIyT UMETh CASMYIOIIMiT
BUI:

F1: 1 2 9 11 13 15 17

F2: 3 39 Y 4 18 Y 5 16 24 4 25 317

B niepBoM BcmomoratenbHoM (paiine okazanach oJHa YOpsiIoUeHHas! cepust, XOTsI
3aMUCBIBAJIOCH TyAa TsITh cepuit. To ecTh MpOU30ILI0 CIUSIHNE HECKOJbKUX ce-
pUii B OJTHY M3-3a TOTO, YTO TEepPBbIN a5eMeHT (i + 2)-oit cepun Goabllle, YeMm Mno-
CJIeIHWI 3JeMeHT i-oit cepum. BeneacTBre oTMEUeHHOTO SIBIEHUS, YUciaa cepuit
BO BCTIOMOTAaTeNbHBIX (haiijlax MOTYT CUJIBHO pasinyarbesi, W AajbHellee ciamsi-
Hue OyrmeT He 3ddekTHBHBIM. EcTecTBeHHOE clUsiHME, Y KOTOporo mocie (asbl
pacripenieleHuss KOJWYECTBO CepUid BO BCIIOMOTATENbHBIX ¢haifjax oTanvaetrcs
JIPYT OT Jipyra He Oojiee YeM Ha eIWHUILY, Ha3bIBACTCS COALAHCUPOBAHHBIM, B TIPO-
TUBHOM cjlydae peub WIET O HecOaiauncuposanHom ciusiHuu. UToOwl B cbanmaHcu-
POBAHHOM CJIMSIHUM CEepUU pacTpefesiIuCh KOPPEKTHO, HEOOXOMUMO BO BpeMst
3aMicH ouepeHOU cepuu B (hailyl BBITIOIHSTh CASAYIONIYIO MPOBEPKY: €CIU Cepust
SIBJISIETCS TIPOJIOJIKEHUEM TIPEABIAYIel, To 3amucaTh B 3TOT aill He OfHY, a JiBe
cepun. st cOamaHCUPOBAHHOTO CIAWUSIHUSI B TIPUBEICHHOM BBIIIE MpUMEPe JaH-
HBIE TIOCJIE pacipeeNieHus OyAyT UMeTh CIeNyIoIni B

Fl: 1 2 911 Y 4 18 5 16 24 M 17

F2: 3 39 V13 15 Y 4 25 317

HpI/I3HaKaMl/I KOHIIa COPTHUPOBKU €CTECTBCHHbLIM CIHAHUEM ABIAIOTCA CICAYIO-
e yCcj1oBUA:

O konmyecTBO cepwii — omHa (oTpemensieTcs Ha dase CIUTHUSA);

3 BrOpoil IO cueTy BcroMoraTelbHbId (aiin mist ogHo(a3HOH COPTUPOBKU IO-
CJle paclpeieseHus Cepuil ocraicsl MyCThIM.

YnyJlwieHHble MeToAbl COPTUPOBKM

Yay4nreHHBIe METOABI COPTHPOBKHM TIOCTPOECHHI Ha 0a3ze MHOTOITYTEBOTO €CTECT-
BEHHOTO cOaJlaHCHPOBAHHOTO cMUSHUS. K HUM MOXHO OTHeCTH MHOToda3HyIo 1
KacKaaHyI0 COPTHPOBKH.

MHorochasHasa copTupoBKa

Mnoeogpaznas copmuposka (Polyphase Sort) Ovina uzobpereHa P. Tuictsgom.
B ocHOBe yydInieHUsI JIEKUT OTKA3 OT JKECTKOTO MOHSITUS MPOoXoa: cHavaaa Mpouc-
XOMUT HAYUTBHOE pacIpenesiecHue NaHHBIX, a 3ateM ucrnonssyercst (N — 1)-myteBoe
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CIMSIHUE, TO €CTb Bce BpeMs cepuu Oepyrea u3 N — 1 aiioB U CIMBAIOTCA
B ofuH mmycToit. YtoObl (N — 1)-nyTeBoe CIMSIHUE CTANO BO3MOXHBIM, HEOOXOIM-
MO BHayaje pacHpeneiuTh MaHHble OCOObIM OOpa3oM: paclpeneaeHUe MPOUCXO-
ouT Ha N — 1 BcroMoraTeNbHbl (aill, IpH 3TOM KOJIUYECTBO CEPUI B KAXIOM
13 paiyioB 3aBUCUT OT KOJAMYECTBA BCIOMOTATeNbHBIX (DailIOB U KOJMUYECTBA Ce-
puii B ucxogHoM daiine. ITocKoabKy mocaeqHuil mapaMeTp 3apaHee He M3BECTeH,
TO paclpengieHue cepuil MpoucXoguT Mo yposHAM. Eciu B uMcxomHom daiine
OIlHA Cepusl, TO HAa HyJEBOM ypOBHE BCE€ JAHHBIE JOXKHBI OBbITh 3aIIMCAHbL B ONMH
(daiin. Ha Bcex oCTalbHBIX YPOBHIX KOJMYECTBO CEPHUi, KOTOPOE HOKHO OBITh
pacrpeneneHo Ha KaxkIblid M3 BCIIOMOraTeabHbIX (aiiioB, ompenensercsa Gopmy-
JIAMU:

al =1 a)=0,i=2,3,.., N

L L-1 -1 ;
ai’ =a;,, +a; ,i=12,..,N -1,

rae L — HoMep ypoBHS, a N — KOJIMYECTBO BCIIOMOTraTelbHbIX (haiinoB.

HeTrpynHo 3aMeTUTh, UTO KOJIWMYECTBO cepUit B UCXOMHOM daiije MOXeT OTIu-
4yarbCd OT TAKOro MAeANbHOrO pacmperneneHus. B oToMm ciydyae cuMmraercsd, 4To
B PaCIOpSLKeHUW MMetoTesl (DUKTUBHBIE (MTyCThIE) cepuu, MPpUYeM MX CTOJBKO,
YTO CyMMa IIyCTHIX M DPeaTbHbIX CepUil paBHA MAEANbHOM cymMMme. 3aMeTUM, 4YTO
CIIMsSTHUE TYCThIX cepuit n3 Bcex N — 1 MCTOYHUKOB O3HAYaeT, UYTO HUKAKOTO pe-
ANbHOTO CJAMSIHUS HE IPOMCXOIUT, BMECTO HEr0 B BBIXOAHYIO IOCIEI0BATENIb-
HOCThb 3alMCHIBAETCS Pe3yIbTUpylolas mycras cepus. OTcioga MOXHO 3aKITi-
YUTh, YTO IMYCThIE CEPUU HYKHO KaK MOXHO Oojiee paBHOMEPHO paCIIpeaeisaTh Mo
N — 1 nocienoBaTeNbHOCTSIM. AJITOPUTM "TOPUIOHTATBLHOTO paclpeeicHUs myc-
THIX cepUil”, U30XKEHHDIH B [6], m0o3BoaseT 3(PGEKTUBHO PACIIPEIENIUTh CEPUM.

1. IoacyuTarh YUCIO CEpUii, KOTOPOE TOKHO OBITh paclpengieHo B KaxXIblil U3
BCIIOMOTaTe/IbHbIX (ailIoB HA JaHHOM ypoBHe (afi=1, ..., N— 1).

2. IlomcyuTarh KOJIMYECTBO CepUil, KOTOPOE HAAO JONMMCATh B KAXIbIH U3 BCIIO-
MorarejbHbIX (aiiloB Ha JaHHOM YpOBHE, YTOOBI TOJYYUTH YWUCIO CEpUil,
paBHoe al: dl =al —al™". Tlocne Toro Kak 3To YMCIO OMpENETICHO, CUNTA-

eM, 4TO B K&KIBIiT M3 BCITOMOTATEbHEIX (baiiIoB 3amicaHo df TYCTBIX CepHil.

3. Tloka He KOHUMJICS MCXOMHBIN (haifim 1 TMoKa He WcUepraHbl Bce TYCThIe CEpUN
Ha JAaHHOM YPOBHE, 3aMEHSeM IYCTYIO CEpUIO Ha pealbHylO; MPU ITOM 3aIlH-
chIBaeM ee B TOT ¢alil, B KOTOPOM KOJWYECTBO MYCTHIX CepUii MAKCUMATBHO.

4. Ecnau ucxonHblit daiin He KOHUYMJICS, OCYUIIECTBISIETCSI TIEPEXOM Ha CIEIyI-
wuii ypoeub: L = L + 1 u nepexon K NyHKTY 1.

Korna Bce maHHble pacnpeneieHbl, IPOUCXOOUT CAUSHUE JAHHBIX: CHAYana Ciu-
BalOTCd AAHHbIE M3 BCIOMOraTrenbHbIX aidaoB ¢ Homepamu 1, 2, ..., N—1
B N-blii BcoMmoraTelbHbIi paiin, mpu sToM ¢aila ¢ HomepoM N — 1 craHer



126 Yacrtb Il. AniroputMbl koMribloTepHo 06paboTkiu AaHHbIX

MycThIM (cnusgHMe HA L-oM ypoBHe). [anee HOMep ypOBHS YMEHBIIAETCS U MPO-
HUCXOAUT causHue QaiioB ¢ HoMepamu 1, 2, ..., N— 1 B (N — 1)-blii ¢aiii, T. €.
ciusnue Ha L — 1 ypoBHe. Tak mpomoykaercs A0 TeX MOp, IOKA HOMEP YPOBHSI
He cTaHeT paBHbIM 0. 3amMeTHM, YTO BO BpeMs CIMIHMUSI HA OYEPEeTHOM YpPOBHE,
€CIM He KOHYMJIMCH ITyCThIE CEpMH, TO B IEPBYIO ouyepelb OObEAMHSIIOTCS OHMU,
IOCKOJIbKY MX 0ObeAMHeHHe TpeOyeT MeHblle 3arpaT. B KauecTBe mpumepa mpu-
BeaeM Tabi. 6.4, KoTopasi WUIIOCTpUPYET paciiperneieHue U ciausHue 129 cepuii
B MHOrodasHoil COPTUPOBKE IMPU MCIIONb30BAHUM II€CTH BCIOMOIATENIbHBIX
¢daiinos.

Tabnuuya 6.4. [lpumep MHoroghasHow copTUPOBKU

PacnpepgeneHne cepwii

L ay a, ag a, as ag
1 1 1 1 1 1 0
2 2 2 2 2 1 0
3 4 4 4 3 2 0
4 8 8 7 6 4 0
5 16 |15 |14 [12 |8 0
6 31 30 |28 (24 |16 |O

CnusaHne cepuii

L a, a, as a, as as OtKypa Kypa | Ckonbko
6 31 30 (28 |24 16 [ O 1,2,3,4,5 |6 16

5 15 14 12 |8 0 16 [6,1,2,3,4 |5 8

4 7 6 4 0 8 8 56,1,2,3 | 4 4

3 3 2 0 4 4 4 4,5,6,1,2 |3 2

2 1 0 2 2 2 2 3,4,56,1 |1 1

1 0 1 1 1 1 1 2,3,4,5,6 |1 1

0 1 0 0 0 0 0

O6paTuM BHUMAHME Ha TO, YTO B COPTHUPOBKE €CTECTBEHHBIM CIUSHMEM ABE
[OC/IEeI0BATE]bHO MOCTYNAIOLIME B OAMH haill cepuM MOIJIM IIPEeBPaTUTLCS
B OJHY-€IMHCTBEHHYI0. B MHOro(asHoil COPTUPOBKE 3TO MOXET IMPUBECTU K "Ha-
pYLUEHUIO" OXMIAEMOro YKC/Ia CEepuid, MOSTOMY IPU pealu3alud aaropurMa
MHOTo(a3Hoil COPTUPOBKU 00A3aTENIbHO HALO OTCIEXKUBATh 3(hdEeKT TAKOro Ciy-
YARHOrO CHUSIHUSA.
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KackagHasa copTupoBKa

Kackadnas copmuposxa 1moxoxa Ha MHOroasHyio copTupoBKy. OTnuuue 3aKiio-
yaeTcsl B caMOM TIpollecce CIUSIHUS: cHavajga mpoBoautcess (N — 1) — myreBoe
causgHue B N-blid Qaill no Tex mop, noka ¢aili ¢ Homepom N — 1 He OILyCTeeT;
3areM (N-plif hailn yxxe He 3arparuBaeTcsl) mnposoautcsi (N —2) — myreBoe
caussHue B (N — 1)-b1id daiin; 3ateM (N — 3) — nyreBoe B (N — 2)-blil daitn; ...;
TTOTOM JABYXITYTeBOE CIUSIHWE B TpeTuii ¢haity, a B KOHIIe KomupoBaHue u3 ¢aiina
¢ HomepoM 2 B mepBbiii ¢aiin. Chenyomuii npoxoa paboTaer Mo aHaIOMYHOMI
cxeMme, TOJBKO B oOpaTHOM HarpabieHuu. [TocKodbKY cAusiHWME B KacKajHOM
COPTUPOBKE OTJIMYAETCS OT CIAUSHUSI B MHOro(haszHoOil COPTUPOBKE, TO U Havyallb-
HOe paclipesieieHne TaHHBIX OCYIEeCTBIsIeTCS TO-IpYyroMy — KOJIWUYECTBO cepuit
B KAXIOM U3 BCIIOMOIaTeNbHBIX (PailioB MOJKHO OBITH ApyruM. OHO OllpeneisaeT-
¢Sl B COOTBETCTBUM C (hopMyTaMu:

a10=1 al =0,i=2,3,...,N

ai]‘:aiﬁl+aj];,ili, i=N-1LLN-2,..,1
1581078

0 0 :

a =1 a =0, i=2,3..,N

al = Zaf"l; ak =at —ai?, i=1,2,..,N -2
i=1

H. Buprt B [3] nuuier: "XoTsa Takasi cXeMa BBIISIIUT XyX€ MHOIO(Aa3zHOro Ciusi-
HUsI, TTOCKOJIBKY HEKOTOPBIE TTOCIeOBATEIBHOCTU "TIPOCTauBAIOT", U €CTh ITPOCTO
olepaliuu KOIMPOBaHMS, TEM HE MEHEE, OHA, YTO YAUBUTEIbHO, OKa3blBAETCH
Jiy4iiie MHOTO(ha3HOW COPTUPOBKU TIPW OYeHb OONBIINX ¢haiaax U MecTd Wian
bosee mocienoBaTeJbHOCTAX". 3aMETUM, YTO IIPUM XOPOLUEH peaau3aluyd airo-
pUTMa KacKaaHOW COPTUPOBKH, OT KOMUPOBAHUS MOXHO M30aBUTHCS, UCITONB3YS
KapThl UHAEKCOB. Boyee noapobHoe oObICHEHUE AIrOPUTMOB, 4 TAKXKE UX pealn-
3alMI0 MOXHO yBuaeTh B KHurax H. Bupra [3] u . Kuyra [6].

B kauectBe mpuMmepa mpuseneM Tadd. 6.5, KoTopasi MUTIOCTPUPYET pacIpenesie-
Hue u caugHue 190 cepuil B KaCKagHON COPTUPOBKE IMPU MCIONb30BAHUM ILIECTH
BCTTOMOTATENTBHBIX (haifioB.

Ta6nuya 6.5. [pumep kackagHoV copTUPOBKU

PacnpepeneHnne cepnii
L ay a, as a, as ag
1 1 1 1 1 1 0
2 5 4 3 2 1 0
3 15 14 12 |9 5 0
4 55 |50 | 41 29 15 [0
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Ta6nuya 6.5 (oxoHyarue)

CnusHue cepwii

L a, a, as a, as as OTKypa Kypa Ckonbko
4 55 |50 | 41 29 15 [0 1,2,3,4,5 6 15
40 (35 |26 14 |0 15 1,2,3,4 5 14
26 | 21 12 |0 14 1,2,3 4 12
14 |9 0 12 1,2 3 9
5 0 9 1 2 5
0 5
3 0 5 9 12 14 15 [6,54,3,2 1 5
5 0 4 7 9 10 |[6,5,4,3 2 4
4 0 3 5 6 6,5, 4 3 3
3 0 2 3 6,5 4 2
2 0 1 6 5 1
1 0
2 5 4 3 2 1 0 1,2,3,4,5 6 1
4 3 2 1 0 1 1,2,3,4 5 1
3 2 1 0 1 1,2,3 4 1
2 1 0 1 1,2 3 1
1 0 1 1 2 1
0 1
1 0 1 1 1 1 1 6,5,4,3,2 1 1
0 1 0 0 0 0 0

Mpymep NnporpaMmmbl BHELLHEW COPTUPOBKM

B kauectBe npuMepa pacCMOTPUM CAEAYIONIYIO 3a1ady.

CaejieHUsI 0 TOBapax, XpaHSIINUXcs Ha cKJajax, BKIIOYAT B cedsl HaMMeHOBaHUE
TOBapa M ero KojJmdecTBo. B TeueHUe mecsiia Ha CKJIaae BeJAeTCsT yueT TOCTYIHB-
WX W OTTIYIIEHHBIX TOBAPOB (€CAN KOJUYECTBO MOJOXKUTEIBHOE, TO pedb WAeT
0 TIOCTYNUBIIEM ToBape, WHaYe — 00 OTMYIIEHHOM). DTH CBEICHWS 3aHOCATCS
B ¢aitn. M3navaiasHO B daitne xpaHuTcst MHGOpMaIIUs 0 TOBApax, OCTaBIIUXCS Ha
cKJajie ¢ MpeabIIylero Mecsua.
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Hanucate nporpammy, KoTopasg ¢hopMHUpyeT CIUCOK TOBApPOB B aldaBUTHOM IIO-
psAOKe ¢ yKazaHUeM KOJMYECTBA, MMEIOIEerocs Ha cKiane B HAHHbIA MOMEHT
(B KOHIIE OUYepeIHOro Mecsia).

OIHUM U3 CITOCOOOB pelllcHUd MOCTABICHHON 3aMa4l SIBJISIeTCS CEAYIOINI:

O cHayaia OTCOPTUPOBAThL BCE AAHHbIE IO HAMMEHOBAHMIO ToBapa. Takum obpa-
30M, CBelIEeHHS 00 OMHOM U TOM K€ TOBAPE OKAXKYTCS PSIOM;

O 3aTeMm cXaTb TIOJTYYCHHBIC JaHHDBIC, T. €. IJId OOHOIO TOBapa IMOCYUTATh OCTAB-
1eecs KOIUYECTBO U 3aIUCaTh B HOBBIN (1)21171)'[ B BUJIE OJHOW 3aITUCH.

H1g peanuszalyy dToi 3amaun MOTpedyeTcs PsAA BCIIOMOraTelbHbIX MPOLENyp:

O mporenypsl BBOJA/BHIBOAA TAHHBIX TSI TECTUPOBAHUST OCHOBHOM MTPOTPAMMBL;
O npolenypa COpTUPOBKM AAHHBIX;

O mporenypa cXXaTusl OTCOPTHPOBAHHBIX TaHHBIX.

Juist HADISAHOCTU COCTABMM IporpamMmy (IMCTuHr 6.1) co cieayolueil CTpykKTy-
poii: mpouenypsl BBOAA/BbIBOAA MOMECTUMM B OJMH MOIYlb, a IpPOLEAypbl, OTBE-
yalolye 3a pelleHue OCHOBHOM 3amauud, — B Apyroi. I1ockodbKy U Te U Apyrue
pabotaior ¢ (aitiaMy OMMHAKOBOIO TUIIA, TO BBIHECEM OAHHBLIE IO OMMCAHUIO

TUIM3UPOBAHHOIO (baitia B oTAeNbHBINA Moayab. Bce BcmoMorarenbHble MpOLeTy-
Pbl OYOYT BbI3BIBATHCS M3 OCHOBHOI MPOTPaMMBL.

CTpyKTypa IMporpaMMBI:

O Momyib Common COAEPXKUT CBEIEHMS O TOBApax U O TUIlE ¢aidaa, B KOTOPOM
TOBAapbl XPAHATCS;

O Momyiab InpOut COMEPKUT TIPOIEIYPHI, OTBEYAOIINE 32 BBOJ/BLIBOI JTAHHBIX
(MBI He GymeM TOAPOOHO ONMMCHIBATH PEATU3AINIO 3TUX MPOIEAYpP, MOCKOIBKY
OHU SBJISTIOTCS BCITOMOTATELHBIMI M MX HaIMCcaHWe He COCTAaBIIeT TPYIa);

O Momylb Main CONEPXKUT OCHOBHBIE IPOLICAYpPbI, OTBEUYAIOLIME 34 pelLIeHUe MO-
CTABJI€HHOI 3a1a41, 8 UMEHHO:

e TIpOIllEypa Sort, OCYIIECTBISIONIAS COPTUPOBKY HMCXOTHOTO ¢haifiaa MeTo-

JIOM €CTEeCTBEHHOTO JIBYXTYTeBOTO nByxdasHOro HecbamaHCUPOBAHHOTO

causgHuS (caM MeToj OyaeT paccMOTpeH To3ke), UMsl ¢aitna mepenaercs
B KauecTBe MapaMerpa;

e IIpoleaypa Compress, CXMMAIONIAS OTCOPTUPOBAHHBIE AaHHbIe B daiine,
HUMS KOTOPOTo IepeaaeTcs B KaYecTBe Iapamerpa.

B MOIYJI€ Main BBOIHWTCHI HOHOHHHTGHBHBIﬁ TUTT TAaHHDIX, KOTOpHﬁ TTO3BOJIACT
CIOCJIAaTh BBIIICYITOMSHYTBIC TTPOLICAYPBI COPTUPOBKN U CXKATUS 0oJiee TTOHSITHBIMU
¥ YATAOEITBHBIMU.
type tSequence = record

f : tFile; {batnopas nepemeHHas}

elem : tElem; ({smemeHT Odaiina}
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eof : Boolean; {npm3Hax xoHua o¢aiina}
eor : Boolean {Ipr3HaK KOHLA Cepun}
end;

OnuieMm 3TY 1ojs 0onee IoApPOOHO:

O £ — uMs ¢daiioBoii mepeMeHHOU, T. e. oTKyAa (M3 Kakoro caiiia) YuTarTcs
JAHHBIE WJW KyAa 3aluichIBArOTCS;

O elem — 3anuch (daeMeHT) ailaa, Koropas ObLia cuMTaHa u3 ¢aiiaa wiu 3a-
nucaHa B aiin nociaeaHei;

O eof — noJje JOTMYECKOTO TUTIA, KOTOpoe TIPUHUMAaeT 3HaYeHHe true, eciu o0-
paboTaHa TocenHsIs 3anmnch daitaa (obpadoTka daitna 3akoHUyeHa). BBoa Ta-
KOTO TI0JIsI OOYCJIOBIICH TE€M, YTO TIpUMeHeHue PYHKIIUU eof () He Bceraa Kop-
PEKTHO, T. €. eclI CYUTAH TOCIEeNHUN 3eMeHT aiiia, To eof (f) = true, a
3TO HE O3HAYaeT, YTO BTOT BJIeMEHT OblT 00paboTaH (3armncaH);

O eor — MoJIe JIOTMYECKOTO THUIIA, KOTOPOE IMPUHUMAET 3HAYeHHUe (rue, eciu 3a-
KOoHYeHa o0paboTKa YIOPSIAoYeHHOro oTpeska (cepuun). Dro mnone creluduy-
HO TOJBKO Ul IIpoliecca COPTUPOBKM, U MOITOMY OHO OymeT moapoOHee pac-
CMOTPEHO IPU OMUCAHMU €CTECTBEHHOIO CIUSIHUS.

B MOAYJIE Main BBEACH PSN BCIIOMOTIATEIBHBIX TIPOLICAYP, KOTOPBIC ITO3BOJJSIIOT
pa6OTaTI) C IEPEMEHHBIMU TUIIA tSequence!

0 procedure OpenSeq (var s: tSequence; fn: string);

npolenypa, KoTopas OTKpPbIBaeT ¢aila, T. €. accoluupyeT ¢ailioBylo Imepe-
MEHHYIO s.f ¢ (ailloM Ha AMCKe MO UMEHEM fn;

a procedure ReadNext (var s: tSequence);

ecIV He Bce 2IeMeHTH dalina s.f ellle MPOYNTAHBI, TO OCYIIECTBIAETCS UTe-
HYe ONHOTO 3JIeMeHTa M3 3Toro (daiia B TMojie s.elem, B TPOTUBHOM CIIyyae
TTpU3HAK KOHTIA daiiia s.eof MPUHNMAET 3HAUYCHHE true;

a procedure StartRead (var s: tSequence);

npolenypa, KoTopass OTKpbiBaeT ¢aia s.f I YTeHUs, OCYLLECTBISIeT YTeHHE
[IePBOro 2AeMEeHTAa B MEPEMEHHYIO s.elem U OIpedendeT MPU3HAK KOHLA ce-
pUM KaK IDpU3HAK KoHLa (aiina, T. €. ecid KoHYmwIcd daiis, To odpadotaHa u
cepusi, 1 HA00OpOT;

a procedure StartWrite (var s: tSequence);
Tpolieaypa, KoTopasi OTKpbIBaeT (haitym s 3anmciu;

O procedure CloseSeq (var s: tSequence);
npoueaypa, Kotopas 3akpbiBaeT aiin.

Tenepnb paszbepeM TompoOHee TIPOIEAypPY COPTHPOBKU. OMUIIEM METON eCTeCT-
BEHHOTO IBYXITYTEBOTO NBYX(hasHOTO HecOaTaHCUPOBAHHOTO CIWSTHHS, Ha OCHOBE
KOTOPOTO OCYIIIECTBIISIETCST COPTHPOBKA 3JIEMEeHTOB. Mmes copTHpOBKU CIUSHUEM
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COCTOMT B C/IEAYIOLIEM: CHayala Bce JaHHbIE U3 UCXOAHOro Qailyia pacnpeneisaiorcs
Ha HECKOJbKO BCIOMOTaTeIbHBIX (DaiiioB (B AaHHOM CIyyae BCIIOMOIaTeIbHBIX
(aitnoB OymeT nBa, TAK Kak CAMAHUE IBYXIIYTEBOE), IOCJE DTOrO M3 BCIOMOra-
TeJbHbIX (PAlIOB JAHHbIE OOBEAUHAIOTCS B UCXOAHBIA (aiin. Tak moBropsierca ao
TeX IIOp, MOKAa MCXOAHBbIA paila He Oyaer orcoprupoBaH. Takum obOpa3oM, Bech
MPOIIECC COPTUPOBKU COCTOUT M3 IBYX (a3: (asbl pachpeneaeHus IaHHbIX U da-
3bl caugHud. OTClofa U HA3BaHUE COPTUPOBKU — ABYyX(a3Hasl.

AJITOPUTM COPTUPOBKH CIMSTHUEM, 3aTTMCAHHEBIN HehopMaTbHO:

repeat

pacnpeneneHne IOaHHEHX;

CIMSHVE OaHHBIX
until ¢aii;n oTCOpPTHPOBAaH;
PaccmoTtpuM noapobHee obe hasbl, a TaKXKe KPUTEPU OKOHYAHUSI COPTUPOBKMU.
Cepueil Ha3blBaeTCs MOCIEIOBATEIbHOCTb (haiila MAKCUMANBHONW UIMHbBI, MEXIY
QJIEMCHTaMU KOTOpOfI BBIIIOJIHACTCA OTHOLICHUE YIOPAAOYCHHOCTHU. CHGZ[OBE[—
TeJbHO, (pa3a pacipeaeeHus 3aKII0YAeTCs] B TOM, YTOOLI ITIOOYEPEIHO B KaXKIblii
13 BCIIOMOraTe/JIbHbIX (baﬁHOB 3aIllMChIBATD I10 OHHOﬁ cepuu.

OnHNUM W3 KPUTEpNEeB OKOHYAHUST COPTUPOBKU CIUSIHUEM SIBISIETCS TO, YTO TP
00BeMMHEHUN Ccepyii M3 BCTIOMOTATENBHBIX (haitToB B HCXOMHOM dalile oKasarach
TONbKO omHa cepusl. [loaToMy Ha ¢haze CAUAHUSA HAMO CYNTATh, CKOJNLKO cepuif
3aIMCcaNioch B WCXOMHEIN alir, T. e. B TeX MecTaxX alTOpUTMa, TAE TPOUCXOINT
3aINCh CepUN, CYSTINK CepUil HAO YBETMUNBATL HA CTMHUILY.

AJITOPUTM pacHpeleseHUs] JaHHBIX 110 ABYM BCIIOMOIaTeJbHbIM (haiaaM, 3amu-
CaHHbIA HeOPMAIbHO:
HOOTOTOBUTE Galybl (MCXOIHEN IJIs UTEHMs, BCIOMOTATEJIbHEIE — IJIS BaliCHu)
while not f0.eof do
begin
3anycaTh Cepmio BO BcHoMoraTenbHelr dann f1;
if not f0.eof then =3BammcaTbe cepuw BO BCHOMOTATENbHBI Gaiyn f2
end;

BaKPHETL (Qane;

CnusiHue cepuil OCYIIECTBIAETCS CJAEAYIOLUIMM O0pa3oM: M3 KaxIOro BCIOMOIa-
TenbHOro ¢aina 6epercs Mo OIHON CepUU, OHM OObEAMHSIOTCS B OJHY YIIOPIIO-
YEHHYIO CepUI0 M 3aIlMChIBAIOTCA B UCXOAHBIA aiin. Ilpoliecc npogomkaeTcd Ao
TeX MOp, MOKAa He KOHYMTCI OAMH M3 BCIIOMOraTteiabHbix ¢aitnoB. Ilociae atoro
HeOoTpaboTaHHbIE JAHHbIE KOIMUPYIOTCA B UCXOAHBIA (aii.

AJITOPUTM CITUSTHUS M3 ABYX BCTIOMOTATEIBHBIX GalfloB B OMWH WCXOTHEIN, 3ami-
CaHHBIH HeOopMaTLHO!

TIOOTOTOBUTE Gamybl: (MCXOOHBEI — IJIS 3alMCK, BCIOMOTATEJIbHBED — IJIS UTEeHUS)
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while (not fl.eof) and (not f2.eof) do

obpenMHUTE IO omHOoW cepmu m3 ¢dannos fl m £2 B dain £0;
ponmcars pmaHuele m3 £l B £0;
gonmcars pmaHuele m3 £2 B £0;

O0paruM BHUMaHME Ha TO, YTO B 1LIMKJIE while XOTs Obl oluH U3 ¢ailioB Oyner
MPOYNTAH TIOJIHOCTHIO, ClieIoBaTeIbHO, OAUH M3 MYHKTOB "MOTMKCATh" HE BBITION-
uutcsi. PacuudpyeM noapobHee cTpoky "oObeIUHUTb IO OJHONH cepuUM”: IOKa
€CTh 2JIEMEHTHI B CepHsIX (He KOHEIl cepun), CpaBHUBAEM WX W HAXOIUM MWHH-
MaJlIbHbIii, 3aIIMCHIBAEM €ro B UCXOAHBIA ¢aiin. M3 daiina, orkymsa ObUl B3IT 21e-
MEHT, CUUTBIBACM CJIETYIOIITUMN.

AJITOPUTM 1JTs1 0OOBEANHEHNS IBYX BCIOMOTATENIBHEIX (haliioB:

while (not fl.eor) and (not f2.eor) do
if fl.elem.name<= f2.elem.name
then
begin
zanrcarbk ziaemMeHT u3 odanna fl B f£0;
cuuTaThk B danne fl crenyommi 3JIEMEHT
end
else
begin
3anmucars siaeMeHT u3 dpania £f2 B £0;
cuuTarTh B dainne f£2 ciaepyoumii 3JIE€MEHT
end
if not fl.eor then
nmoncare cepmio no koHua m3 fl B £0;
if not f2.eor then
monucaTrs cepuio IO koHua m3 f2 B f0;
oJs BcroMoraTesbHerx GanioB fl m £2 mM3MeHMTH NpM3HAKM KOHLIA CEPpUM B 3aBU-—
CMMOCTM OT INpM3HaKa KoHLAa odala (ecim ¢alyi 3aKOHUEH, TO M Cepus 3aKOoHUe-—
Ha, u HaobopoT) .
"Jlomucath JaHHble U3 BcnoMmoraTenbHoro ¢aiina f1 B ucxogHslii ¢aida f0" MoxHO
paCH_H/ICI)pOBaTB CJICAYIOIIUM 06p2130MI
while not fl.eof do
zanncare cepmio u3 fl B f0;
O6paTI/IM BHHUMAHUE HA TO, YTO 4YACTO B AJITOPUTMAX CIIHUAHKUA U PACIIPEICICHUA
JAHHBIX BCTpevaeTcsl MYHKT "3amucaTh cepuio” (U3 daitna x B daitn y). Onuiem
OTU ACHUCTBHUA OTAC/IbHOHN IIPOLUCAYPOU, AJITOPUTM KOTOPOM BLIIVIAAUT CACAYIOINM
obpazom:

BanmcaTs cepuio m3 Qansa x B danim y:

repeat



MaBa 6. BHeLLHWe copTupoBKU 133

3anMcaTh BJEMEeHT u3 dalia x B Qanm y;
cumMTaTh BJEeMeHT u3 daia x

until x.eor {cepmusa BaxKoHUeHa}

OmnpenenuM 1Ba ACMCTBUS: 3allMCATh DIEMEHT M CUMTATb CAEAYIOLIMK KaK OT-
JeJIbHYIO IPOLeaypy, HO IPKU 3TOM IpenBapuTe]bHO OrOBOPUM, KaK OIpenesseT-
¢4 MpU3HAK KOHLA CePUU.

an/I3HaK KOHIIa CEPHUU B COPTUPOBKE C€CTECCTBECHHBLIM CIIUSAHWEM OIIPEACISICTCA
KaK pPe3yibTaT CPABHEHUS JABYX COCETHUX 3JIeMEHTOB B ¢aitne. Ecnmu ynopsimo-
YEHHOCTDb HapymacTcs, TO CEPUS CUUTACTCS 3aKOH‘{6HHOI7I, T. €. TIPU3HAK eor
MMpUHUMAET 3HAYeHUe true, B TPOTUBHOM ciiydyae — false.
ANTOPUTM KONMPOBAHMA DJIEMeHTa u3 ¢anyna x B danm y:
3aloMyHaEeM BJIEMEHT, KOTOPEN HANO 3alucaTh B Ioje y.elem;
3anuceBaeM ero (x.elem) B dain y.£;
CUMTHBAEM CJIeNylmmyl 3JIeMeHT 13 dalia x.f, ompenenas npr3Hak KOHLA oOaiina;
ompernesnseM IIpMBHAK KOHLA cepuy B Qaine x:

cepus BakKOHUEHa, eCiM BaKOoHUeH OGami

UM TOJIBKO YUTO CUMTAHHEL DJIEMEHT X.elem MeHbme npempmymero (y.elem)

(CopTHpOBKa IO HeyOBIBAHMI)

Ar OPUTM CXKaTUA JaHHbIX:
NOOTOTOBUTE (aliiikl
(MCXOOHBEI — HOJid YTEHMS, BCIOMOTATEJIbHENI — IJIs BallcCH)
CUMTaThL IIEPBBII DJIEMEHT;
while not fl.eof do
begin
3aloMMHaeM Ha3BaHMe TOoBapa M ero KOJMYECTBO;
CUMTEIBAEM CJIENYIOUMII DJIEMEHT;
while not fl.eof and mmeHa omvHakOBH do
begin
3anyCEHBaEeM pPe3yJIbTaT BO BCIOMOTATEJNLHEIL (Qais
CUMTEIBAEM CJIENYIOUMII DJIEMEHT;
end;
end;
BaKPHTL (Qane;

nepenMeHoOBaTL (Gani.
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' MucTunr 6.1. 3agava o ToBapax

{Momynbe ommcaHMs IaHHBIX }
unit Common;
Interface
Type
{Tun snemeHTa B OQane}
tElem = record
name: string;
count: integer
end;
{Tun damnna}

tFile = file of tElem;

Implementation

end.

{MOIynb BCHOMOT'aTEeJIbHEIX MNPOLenyp}
Unit InpOut;

Interface

{mpouenypa noGaBieHus OaHHEIX B Qain Cc mMeHeM FileName}
procedure InputData (FileName: string);
{npouenypa BBIBOIA IAHHBEIX Ha SKpPaH}

procedure OutputData (FileName: string);

Implementation

Uses Common, Crt;

{mpouenypa noGaBieHus OaHHEIX B Qain Cc mMeHeM FileName}
procedure InputData;
var £ : tFile;
el : tElem;
begin
assign (£, filename);
reset (f);
seek (f, FileSize(f));
writeln ('IoBaBbTe manHEE. [[pM3HaAK KOHLIA BBOIA — IyCcToe mMa');
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write ('HammenoBaHme: '); readln (el.name);
while el.name<>'"' do
begin
write ('KommuectBo: '); readln (el.count);
write (£, el);
write ('HammenoBaHme: '); readln (el.name);
end;
close (f)

end;

{npouenypa BEIBOIA IAHHBIX Ha SKPaH}
procedure OutputData;
var £ : tFile;
el : tElem;
ch : char;
begin
ClrScr;
writeln ('Comepxmmoe odamnna ', filename, '":'");
assign (f, filename);
reset (f);
writeln ('HammenoBanue':30, 'KommuecTBo':15);
while not eof (f) do
begin
read (f, el);
writeln (el.name:30, el.count:15);
end;
close (f);
ch:=readKey
end;

end.

{MOIy7lb OCHOBHEIX NIPOLIEIYP }
Unit Main;

Interface

{npouenypa copTupoBkyu ¢anna c mveHeMm FileName}
procedure Sort (FileName: string);

{mpouenypa cxaTusa maHHEX B damye c mMeHeM FileName}
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procedure Compress (FileName: string);

Implementation
Uses Common;
type {Mudopmaims o dane}

tSequence = record

f : tFile; {dan}

elem : tElem; {nepBenl syeMeHT B daiije}
eof, {mpu3Haxk koHLa Obaina}
eor: Boolean {mpr3HaK KOHLlA OTpesKa}

end;

{IIpouenypa, KoTOpas OTKpuHBaeT Oain c mveHem fn}
procedure OpenSeq (var s : tSequence; fn: string);
begin

assign(s.f, fn)

end;

{IIpouenypa, koTopas cumMmTeBaeT mn3 Odaina s.f crenmywoumit >JeMeHT }
procedure ReadNext (var s : tSequence);
begin

s.eof:=eof (s.f);

if not s.eof then read(s.f, s.elem)

end;

{IIpouenypa nonroToBku odanna s.f mna ureHusa}
procedure StartRead (var s : tSequence);
begin

Reset (s.f);

ReadNext (s) ;

s.eor:=s.eof

end;

{IIpouenypa nomroroBkyu ¢anna s.f mma zammcu}
procedure StartWrite (var s : tSequence);
begin

rewrite(s.f)

end;
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{IIpouenypa, koTopas BakpuBaeT ¢ain s.f}
procedure CloseSeqg (var s: tSequence);
begin

close(s.f)

end;

{Ilpouenypa KONMPOBaHMA BJIeMeHTa M3 ¢aiya X B dan y}
procedure Copy (var x, y : tSequence);
begin

y.elem:=x.elem;

write(y.f, y.elem);

ReadNext (x) ;

x.eor:=x.eof or (x.elem.name<y.elem.name)

end;

{IlpoLenypa KONMPOBaHMA cepur u3 Odalia x B Qani y}
procedure CopyRun (var x, y: tSequence);
begin
repeat
Copy (2, ¥)
until x.eor

end;

{IIpouenypa HauajbHOTO PAaCIpPemesyieHrs cepuit M3 mucxomHoro danma f£0}
{Bo BCcnomorarenvHele ¢Ganne £1 u £2}
procedure Distribute (var f0, fl, f2: tSequence);
begin
{nomroroBka Ganios}
StartRead (£0); StartWrite (fl); StartWrite (£2);
{PacnpeneneHue NaHHHX }
while not f0.eof do
begin
CopyRun (£f0, f1);
if not f0.eof then CopyRun (f0,f2)
end;
{3axprTre danmos}

CloseSeq(f0); CloseSeq(fl); CloseSeq(f2)
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end;

{Ilpouenypa CHIMAHMA Cepuil M3 BCHOMOTaTesNbHBIX ¢anyor fl u £2}
{B mcxomuemr dann f0 c nomcueToM KoJMuecTBa cepuit count}
procedure Marge (var £0, fl, f2: tSequence; var count: integer);
begin

{momrororka oGanios}

StartRead (fl); StartRead (f2); StartWrite (£f0);

{oBHyJIeHre cueTuyka cepuim}

count:=0;

{cnusaune}
while not fl.eof and not f2.eof do
begin
{oOpemMHeHE BJIEMEHTOB U3 ONHOW Cepuu}
while not fl.eor and not f2.eor do
if fl.elem.name<=f2.elem.name then
Copy (f1, £0)
else

Copy (£2,£0) ;
{ecnmn ocTammchk BJEeMEeHTH cepuy B HnepBoM daiine,
TO IOMNCEIBAEM CEPMI0 IO KOHILA}
if not fl.eor then CopyRun (fl, f0);
{ecnu ocTanmuce 2JIEMEHTH Cepur BO BTOPOM odaiine,
TO IOMNMCHBAaEM Cepuio IO KOHILa}
if not f2.eor then CopyRun (f2,£0);
{mM3MeHseM NpM3HaAKM KOHLA Cepuil B BaBUCHMOCTU OT
OPM3HAKOB KOHLA (anios}
fl.eor:=fl.eof;
f2.eor:=f2.eo0f;
{YBemmumBaeM cueTumk cepui}
count:=count+l

end;

{monmceBaeM 3JIEMEHTEl M3 IEPBOTO daija, eCiyM TaKOBBE OCTAaJIMChH }
while not fl.eof do
begin
CopyRun (f1, £0) ;
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count :=count+1
end;
{monmceBaeM 3JIEMEHTEl M3 BTOPOTO daija, e€CiM TaKOBBEE OCTAaJIMCH }
while not f2.eof do
begin
CopyRun (£2, £0) ;
count :=count+1

end;

{3axprmBaem Qanmner}
CloseSeq(fl); CloseSeq(f2); CloseSeq(f0)

end;

{mpouenypa copTupoBKM danna c vMeHeM FileName}
procedure Sort (FileName: string);
Var {BcrnoMmoraTejnbHee GanioB}

f1, £2 : tSequence;

{ncxonuemt dai}

f0 : tSequence;

{cueTunk KOJIMUECTBA CEpPUIL}

count: integer;

begin
{orkprBaem Qanne}
OpenSeq (£f0, filename); OpenSeq(fl, 'helpl'); OpenSeq(f2, 'help2');

repeat
Distribute (£0,f1, f2); {PacnpemeneHue cepwui}
Marge (f0, f1, £2, count) {Cnuauue cepuii}

until count <= 1;

{ynanenue HeHYXHEX (QaIoB}
Erase(fl.f); Erase(f2.f)

end;

{mpouenypa CxaTus NaHHHBX }
procedure Compress;

Var {fl — ucxomuemt daiyn, £2 — BCnoMoTaTesbHBEIL Gaii}
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f1, £2 : tSequence;
{BCrioOMOT'aTEeJIbHEN SJIEMEHT }
el : tElem;
begin
{momrororka o¢anios}
OpenSeq (fl, fileName); OpenSeq(f2, 'Help');
StartRead (fl); StartWrite (f2);
{cxaTre maHHHX }
while not fl.eof do
begin
el:=fl.elem;
ReadNext (f1) ;
while not fl.eof and (fl.elem.name=el.name) do
begin
el.count:=el.count+fl.elem.count;
ReadNext (f1)
end;
write(f2.f,el)
end;
{3akxpeBaeM ¢danie}
CloseSeq(fl); CloseSeq(f2);
{ynansem crapent dam}
Erase (fl.f);
{meperMeHOBEHEBaEM BCIOMOTATEJbLHEN Gai}
Rename (f2.f, FileName)
end;

end.

{ocHOBHasa nporpamvmMa }
Uses Crt, Main, InpOut;
var FileName: string; {mma daina mia oGpaboTku}
begin
ClrScr;
{BBonm mmenu obaiina}
writeln ('BBemure mMmsa danna mna obpadoTkm') ;
write ("Vims danna:'); readln (FileName) ;
{JononHeHne o¢aina HOBBMM OAHHEMMA }

InputData (filename) ;
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{lleuaTs copmepxmMorTo Qaina mo odpaboTkm}
writeln ('Io oBpaborxu') ;

OutputData (filename);

{O6paborka ¢daina}

Sort (FileName) ;

Compress (FileName) ;

{[leuaTs comepxMMOTo Qanya mnocie oBpadoTku }
writeln ('Ilocne o6paBorkm') ;

OutputData (filename)

end.

| Mpumep pa6oTbl NporpaMmbl

Beemure mMsa Qanna misa oBpadoTku

Vvsa dadna: primer

IoBapbTe HaHHEE. [IpM3HAK KOHLA BBOIA — IIyCTOE MM
HammvenoBanme: Kykia
KommmuecTBO: 9
HammvenoBaunme: Kykia
KommmuecTtBo: 15
HamveHoBaHme: KOHCTPYKTOP
KommuecTBo: 12
HammvenoBanme: Kykia
KommuecTro: -5
HamveHoBaHre: KOHCTPYKTOP
KommuecTro: -7
HamveHoBaHme: KOHCTPYKTOP
KommuecTBo: 12
HammvenoBaunmue: Kykia
KommuecTBOo: -3
HamvenoBanme: Msau
KommmuecTBo: 40
HammvenoBanmue: Kykia
KommuecTtBo: 10
HamvenoBanmne: Msau
KommmuecTBo: -20

HamvenoBaHnne:
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JIlo obpaborkm

ConmepxyMoe dala primer:
HammveHnoBanme KosmuecTBO
Kykia 9

Kykia 15
Koucrpyxkrop 12
Kykia -5
Kouncrpykrop -7
Koucrpyxkrop 12

Kykia -3
Msug 40
Kykia 10
Msug -20

IIocoe ob6paboTku
Comepxmmoe ¢anya primer:

HammveHoBaHme KommuecTBO
Koucrpyxkrop 17
Kywia 26
Msau 20

3apaHusa gna caMmocToATeNbHOI paboThl

Kaxnas u3 3amau (1—16) momkHa OpesocTaBasaTh CAeaylole BO3MOXHOCTHU:
O coananne HoBoro aiina;

O gonoyiHeHME cylliecTByroLIero aiina;

O npocMmoTp cBelleHU U3 daiina;

O BBIIOJHEHHWE OCHOBHOM 3aJa4yl, YKA3aHHONW B YIIPAXHEHUU.

Yactaoe npeanpusatue "IlerpoB u K°" 3aAnMaeTcs npuodOpeTeHueM Y M3TOTOBH-
TeJell MOKOMATHBIX KOHMET B YIMakoBKax (KOpoOKax) W WX Tpoaakel YacTHBIM
JUIAM U opranusanusM. s yaydiieHust KOHTPOJdsSl 32 TIPUXOIOM M PacxoioM
TOBapa TpPEATpUsiTHE BeJAET KOMIIBIOTepHBIN ydeT. OYeHb YacTO TOKYATENsIM
JaHHOW (pupMBI TpeOyIoTCs Te WIN WHBIE CBEJACHUS O TOBape, Hampumep, Haubo-
Jiee cBexkre KOHMETH WU U3TOTOBIEHHBIE KAKUM-TO OTpeNeIeHHBIM TTPON3BOIH -
TeJIeM.

Hrak, cBemeHus o KoH(MeTax BKIIOYAIOT B ce0s CAeAYIONINe JAHHbIE:
O HasBaHWHeE,

O Bec YIAKOBKHU,
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= aaa

i

LIeHa YIAKOBKU;
HU3rOTOBUTENb;
Jara BBIIIYCKa;
CPOK XpaHEHMUSI.

BeiBecTu cBeneHusd o KOH(I)GTE[X, YIIOpAAO4YUB UX 1O HAa3BaAHMUIO. Hcnons3zoBars
JBYXITYTEBOC OI[HOCbaSHOG C€CTCCTBCHHOC HCC6EU'[3HCI/IpOBaHHO€ CIIUSITHUC.

BreiBectn CBECJICHUA O KOHCI)CT&X, KOTOPbLIC HE JOPOXKE IECHDI, 3aIAHHON TTOKY-
narejieM, U OTCOPTHUPOBAHHLIC B IMOPAOKE ITOBBLIILICHUA LICHDbI. Hcnons3zoBars
MHOTOITYTEBOC OZ[HO(I)&SHOC MIPOCTOC CIUAHUCE.

BeiBecTH maHHBIE O MPOCPOYEHHOM TOBape, SCIM W3BECTHA TeKyImas aara, W
VIOPSJOYUTE WX MO IoNw "U3roroButens’. McHonab30BaTh MHOIOIIYTEBOE
IByXasHoe TIPOCToe CAUSHNE ¢ BHYTpeHHEH COPTUPOBKOIL.

BuiBecTn cBeneHmMs 0 KOH(pETaxX ¢ 3aMaHHBLIM BECOM VITAaKOBKU, YITOPSIITOYNB WX
IO IaTe BhIMycKa (CHayama caMble cBexue). Mcroab3oBaTh IBYXIYTEBOE IBYX-
(dasHoe ecrecTBeHHOE cOATAHCUPOBAHHOE CITUSTHHC.

BriBec™n HazBaHUS KOH(I)GT W WX U3TOTOBUTENIEH B TTOPAIKE YBCIIMYCHUS CPO-
Ka XpaHEHUA KOH(bCT. HMcnonn3zoBaTh MHOI'OIIYTCBOE OZLHO(bEBHOG €CTECTBCH-
HOC H€C63JT21HCI/IpOBaHHOC CJIUSTHHUC.

BeiBecTn HasBaHMS W OATy WCTEYCHWST CpOKa TOTHOCTH, YIOPSIOUYNB JaHHBIC
B MopsaKe yObIBAHMS OTHOILUEHMS Beca YIMAaKOBKU K ee 1eHe. Mcrmonab3oBaTh
JBYXITYTEBOE NBYXhasHOe TIPOCTOE CIUIHYE.

Beigectnt B andaBUTHOM TMopsiiKe Ha3BaHUST KOHGET, BBITTyCKAeMBbIX 3aJJaHHbBIM
[POU3BOAUTENIEM, C yKa3aHMEM JaTbl BbIIIYyCKa W CpOKa XpaHeHus KOHQer.
Hcnionb3oBaTh MHOTOIYyTeBoe ofHoda3zHoe MpocToe CAUsSHUE ¢ BHYTpeHHel
COPTUPOBKOI.

KoHuepHn "BugeocepBuc” mpegocTaBiseT YCIyTd MO MPOKATy W Ipoaaxe BU-
IeopMIBMOB YAacTHBIM JHIIAM W opranuszamusiM. CeemeHWs o GUIbMaX,
MMEIOIMXCS B HATWYMHU, XPaHATCI B DJeKTPOHHOM Buae. g oGierdyeHus
BEIOOpA 3aKa3a MOKYTATEN0 MPETOCTABISAEeTCS BO3ZMOXKHOCTh COKPATUTh KaTa-
JIOT MPOCMOTPA IyTeM 3adaHUS AAThl Bbixoma pUabMa UIM, HAIPUMEP, KHHO-
CTYINH, BBITYCTUBIIEH STOT (HUITHM.

CaenmeHns o ¢hUILMAaX BKITIOYAIOT B cebs cIemyolne TaHHEIe:

O HasBaHWHeE,

O rox BBIMIYCKA,
O KWHOCTYIWSI,
O pexuccep;
a

JUTUTENTBHOCTD (PUITEMA;
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10.

11.

12.

13.

14.

O HanuMuue Ipu3sa;
O Tpu TIaBHBIX TEPOS.

BeiBecTu B andaBUTHOM HOpSAKE CBEACHUS O BUACODMIbMAX C YKazaHUEM
KUHOCTYIUI, UX BBUIYCTMBIUMX B 3aJaHHBIA Mepuoa BpemMeHW (Mg mepuona
3a0aH roJ Hayajaa M roi KoHiia). Mcronp3oBaTb MHOIOIYTEBOE ABYX(a3HOe
€CTeCTBEeHHOE HecOaIaHCUPOBAHHOE CIUSIHUE.

Pacmevatars HaszBaHWS (UIBMOB, B KOTOPBIX CHUMAJCS KAaKON-TO KOHKpET-
HBI aKTep, B 0OpaTHOM TOpPSIIKE WX BBIXOIA B CBET (CHavyajga camble CBe-
xme). Ucmonb3oBaTh MHOTOTTYTeBOE IBYX(hasHOE TPOCTOe CIUSTHHE.

BeiBecTu cBemeHuss O KHUHOCTYAMSIX, BBIIYCTMBIIMX ¢uabMbl B 2000 r.,
1 0 KMHOpEXHUCCEPax, paboTAIONIMX HA OTUX CTyAusX. JJaHHbIe 0 KMHOCTYIH-
SIX IOJIKHBI OBITh YIOPSIOUEHbl B aadaBUTHOM IMOPAAKE W I KAXIOH Ku-
HOCTYIMM CBEIEHHUS O pexXuccepax TAKXKe MOMKHBI ObITb YHOPSIOYEHbI IO
andasuty.  Mcrnoab3oBarh  ABYXIyTeBoe  ONHOMA3HOE  ECTeCTBEHHOE
cOaaHCUPOBAHHOE CIUSIHUE.

BeiBecTn cBenmeHMs 0 (hUIBMAax, MMEIOIINX HATpanbl, YIOPSIOUYNB WX TIO JJTH-
TeNBHOCTH TIpocMoTpa. Mcronmb3oBaTh IBYXITyTEeBOe ONHOMA3HOE TIPOCTOe
CIWSTHUE ¢ BHYTPEHHEH COPTHPOBKOIA.

YHnopsanouuTs Ha3BaHusg (GUIBMOB IO (QaMuiIMgM aKTepoB, IMPUHUMAIOIIUX
B HMX y4actue. Mcmoinb3oBaTh IBYXIyTe€BOe OBYX(azHOE eCTeCTBEHHOE He-
cbanaHCUPOBAHHOE CIUSIHUE.

B OOH wumeetcst ToTHBIN TepedeHb BCeX CTpaH, KOTOPBIN BKITOYAET B ceds:
J Ha3BaHue;

0 KOHTUHEHT;

O croauuy;

O nomane;

O 4YMCAEHHOCTb HACEJIEHUS;
O rocymapcTBEHHBIN CTPOIA.

B pazHbIX cuTyauusx (Hampumep, AJ1s OKa3aHUs IOMOILM HEKOTOPOH CTpaHe)
TpebyeTcs BuIOpaTh M3 BCEro CIMcKa T€ WM MHbIE rocyaapcTBa. Tak Kak cBe-
JeHUs O CTpaHaxX XpaHATCd B DJAEKTPOHHOM BHUIE, TO YaCTO ObIBaeT HEOOXO-
JUMO PelllaTh 3aAa4yu, TOA00HbIE HUXEeN3JTOXEHHbBIM.

Vkazatb CBCIOCHUS O TOCYAapCTBaX 3dJAHHOTO KOHTHMHEHTA B TOPSAAKE BO3-
pacTaHusl YUCJICHHOCTH HACCICHUS. Hcnonmb3oBath JBYXITYTEBOC OI[HOCI)&SHOC
MIPOCTOC CIAUAHUCE.

YHopsiio4uTh 0 Ha3BaHUSM CTOJIML CBEAEHMS O IOCylapcTBax C ILIOLIANbIO
MeHbllle 3anaHHoi. Mcnonab3oBaTh ABYXIyTeBoe AByX(aszHoe MpocToe CIMM-
HHE C BHYTPEHHENH COPTUPOBKOI.
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15.

16.

17.

18.

Ykazarb HazBaHM: rocyaapCTtB € 3aJaHHbIM IroCyJapCTBCHHbIM CTPOEM B ajl-
(baBl/ITHOM IIOPAIKE. Hcnonb3zoBaTh MHOI'OIIYT€BOEC OZ[HO(I)E[?)HOC €CTECTBCH-
HOE C6aﬂaHCl/IpOBaHHOC CJIUsAHHUE.

BeiBecTn HasBaHUS W CTOJUIIH TOCYAAPCTB B MOPSAKE YOBIBAHWUS TIOTHOCTH
HaceaeHus. IlpuMeHUTb MHOromyTeBoe NByx(a3Hoe ecTecTBeHHOe cOanaHCH-
POBaHHOE CIMSTHUE.

Hanucars mporpaMmy, KoTopast OCYIIECTBISIET COPTUPOBKY CJIOB TEKCTOBOTO
(aiina (omHO CIOBO B OAHOM CTpOKe) MyTEM CIMSIHMS NAaHHBIX U3 (daiia u
HEKOTOPOU 3aJaHHON BHYTPEHHEN CTPYKTYPHI:

a) MaccuBa;
0) TMHENHHOTO CMUCKA;

B) Jiepena.

YkaszaHune

1) UcxoaHbl TeKCToBbIA harin reHepupyeTcs crny4variHbiM 06pa3oM: KONMM4yecTBO
cnos B HeM crniyyainHo (ao 10000) n camu crnoBa creHepupoBaHbl Npy MOMOLLU
AaTtyvka cryyariHbIX Yncen.

2) CopTupoBka OCyLLECTBNSETCA CReayoWwmnm cnocobom: AaHbl ABa BCromoraTerb-
HbIX (haiina u HeKoTopasi CTPYKTypa AaHHbIX, Hanpumep maccuB. CHayana nep-
Basi NOPLMS AAHHBIX U3 UCXOAHOrO ¢haiina ynopsaoYeHHO nepekaynBaeTcs B 3a-
JaHHYl0 BHYTPEHHIOW CTPYKTypy. [ns maccuBa AaHHble 3aHOCSATCS METOAOM
NPOCTbIX WUNKM GUHAPHBIX BCTABOK, AN CNMCKA — METOAOM BCTaBOK B CMUCOK;
Ans AepeBa — NOCTPOEHNEM AepeBa-Crnmcka.

3) Nanee n3 maccuBa (cnucka, Aepesa) ynopsifoyeHHble AaHHble nepenunuckiBaoTca
BO BCroMoratesnbHblid chaiin. 3atem cnepyrowas nopuns AaHHbIX U3 UCXOAHOIO
harina ynopsgoyeHHO NepeHoCUTCA B MaccuB (CMMUCOK, AepeBo), Nocrie 4ero
OCYLLLECTBNSIETCS CMUSIHWE AaHHbIX U3 BHYTPEHHEN CTPYKTypbl W paHee 3amnors-
HEHHOro BcrioMoraTesnbHoro carina. PesynbTtaT cnmsaHusa 3anucbiBaeTcd B ApYy-
ro BcromoraTesibHblA gans. Tak npogomKaeTcs A0 TeX Nop, noka Bce AaHHble
He ByayT OTCOPTMPOBAHDI.

Hccnenoparh onMH U3 METOLOB COPTUPOBKU, yYKa3aHHbI B 3a1a4ax ¢ 1 no 16
0 3aMaHHOMY KPUTEPUIO, HApuMep, IO KOJWIECTBY CPaBHEHWH, TI0 KOIMYeCT-
BY IIPOXOMOB, 11O BPEMEHH BbITOJHEHUSI COPTUPOBKHU. 1151 3TOro HeoOX0MuMOo:

a) OTCOPTUPOBATh (haiia LENBIX YMces, cHOPMHUPOBAHHBIA CIydyailHbIM 00pa-
30M U OMpPEeAETUTh 3HAYEHUST KPUTCPUS;

6) oTcopTHpoBaTh Al TENBIX YHWCeN, 3aJaHHBI B OOpaTHOM TOPSIIKE W
ONpeIeNUTb 3HAYEHUS KPUTEPHUS.
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19.

20.

21.

IlyHkTbl @) U 6) HY:KHO BBIUIOJHHUTb 1151 (GAIOB ¢ KOJIUYECTBOM 2JIEMEHTOB,
paBabiM 100, 500, 1000. Pesynbrar BeIiBecTH B BuAe Tabauisl (Tada. 6.6).

Tabnuya 6.6. Dopmar BbiBoAa pe3yibTaToB

KonunuectBo 3HaueHue KpuTepusa
3NeMeHTOoB

CnyyaliiHelii ghavin Ob6parHbiii ¢harin
100
500
1000

PeanuzoBarb anroputrm MHoroazHoi coptupoBku. Ilpu sTom:

a) BM3YaJIU3UPOBATH TIPOIIECC pacTpeleSeHUs] cepuil Mo BCIOMOTaTeIbHBIM
daitmam (IOJKHO OBITH OTOOPAKEHO KOJWYECTBO peajbHBIX CEpUid, 3aru-
CBIBAGMbIX B KaXIBIlf M3 BCIIOMOTAaTeIbHBIX (halioB HAa JaHHOM YPOBHE
W KOJUYECTBO (DUKTUBHBIX CEPUH, OCTAIOIIMXCS BO BCIIOMOTATEIbHBIX
daitnax);

6) BU3YaTU3UPOBATH IPOLIECC CAUSHUS CepUil, MPUIEM TOKHBI BbLACIATHCS
BCIIOMOIATeJIbHbIE (DAIbBI, YYACTBYIOLIME B CIUSIHUU, U IOJDKHO oToOpa-
JKaThCSl M3MEHEHME KOJMYecTBAa cepuii (M peaabHbIX, U (UKTUBHBIX)
B oTUX (aitnax (He camuy dAeMeHThl (DaIoB).

PeaymmzoBarh anropnT™ KacKamaHOM copTupoBKH. [1pn sToM:

a) BU3YAIMU3UMPOBATb IPOLECC paclpeneieHuss Cepuil MO BCIOMOIaTeJbHbIM
daitnaM (IOJKHO OBITH OTOOPAKEHO KOJMYECTBO PEATBHBLIX CEpUid, 3aIllM-
ChIBAEMbIX B KAXAbI M3 BCIOMOIATENbHBLIX (PaiIOB HA AAHHOM YPOBHE,
U KONUYeCTBO (PUKTUBHBIX CEPUI, OCTAIOLIMXCA BO BCIIOMOTaTeIbHbIX
daitnax);

0) BU3YATU3UPOBATH MPOIECC CAUSHUSI cepuil, MpUYeM JOKHBI BBIIEISITHCS
BCcTIOMOTaTeNbHbIE (haiyibl, yJyacTBYONIINE B CIUSHUU, U JOKHO OTOOpa-
KaTbCd W3MEHEHWe KONWYecTBa cepWit (M peajbHbIX, M (UKTUBHBIX)
B 9TUX (aitnax (He caMu 3JIeMEeHTHI (haityioB).

B aiine xpaHuTcs MocCaenoBATEIBHOCTh PYCCKUX CIIOB. YIIOPSIAOYUTH €€
B a1paBUTHOM MOPSAKE.

YkazaHune
1) TpUMEHATb BHELLHIO COPTUPOBKY.

2) Y4yecTb, YTO NOPSIAOK KOAOB BykB pycckoro andpasuta He COOTBETCTBYET NOPAAKY
Oyks B andasuTe.
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XewunpoBaHue

BonbIIMHCTBO METOIOB TTIOMCKA OCHOBBIBAETCSI HAa YIIOPSAOUSHUN JAaHHbBIX. OfaHa-
Ko 3(pdeKTUBHOCT, TONWCKA MOXHO TOBBICUTb, €CIU BMECTO YITOPSIIOUYEHHBIX
CTPYKTYP HWCTIONIB30BaTh TaK Ha3biBaeMble OecTOpSIOUHbIC WM TepeMelllaHHbIe
CTPYKTYPBI TaHHBIX. 151 paboThl ¢ TAKUMH CTPYKTYpaMU TMpeaHa3HAaYeHbl METOIbI
xemupoBaHus. CpejHee BpeMsl TTOMCKA 3JIeMEHTa 3TUMM MmeTonamMu ecTb O(1),
BpeMs JUIsl Hauxyuiero ciydass — O(n). 3nech n — odliiee YMCI0 JIEeMEHTOB.

NMoctaHoBKa 3agavum

IlycTh 3a1aHO HEKOTOPOE KOIMYECTBO 3alUCEi, CPEld KOTOPBIX OCYLIECTBISIETCS
nouck. Ilpeanonoxum, 4To 3amucy pasMelleHbl B ONEPATUBHON MaMATU M, cle-
JOBATeNbHO, KaKAOH MOXHO MOCTABUTb B COOTBETCTBUE UYMUCAO @ M3 AMAIa3oHa
(0 m — 1, xotopoe HazoBeM adpecom 3anucu. Hampumep, 3amucu pasmellieHbl B
OIHOMEPHOM MACCHMBE; B KAUECTBE 3HAYEHUS d MOXHO B34Th CMELIEHUE 3aIMMCHU
OTHOCHUTEJILHO Hayajla MaccuBa, a B Ka4ecTBe m — pa3Mep MAaccuBa.

Hazosem xarouom 3ammcn HCKOTOpBIﬁ YUCIOBOM I/II[CHTI/ICIJI/IKaTOp, OJHO3HAYHO
OHPGI[GJTSHOH_[Hﬁ JTY 3aIllHChb.

O0603HAUUM 4Yepe3 kK — KIIIoU 3alucu ¢ aapecoM a. Torma zadaua noucka COCTOUT
B OIpejelieHUd I10 3aJaHHOMY apryMeHTy k ampeca 3amucu a(k), comepxalieit
3aJaHHbINA KII0Y.

OcHOBHasI Uaes acCONMATUBHOM afpecalliii COCTONT B TOM, UYTOOLI COXpAaHUTH Oe3
W3MEHEHNS HEYMOPSAOYeHHYIO CTPYKTYPY W, WMesl KITI0Y JUTS TIOWCKA 3aIlich,
OTIpEeNeTNTL afapec Oe3 TpeaBapUTeIbHOTO CpaBHEHWS KITIOYel, TO ecTh paccMaT-
pUBaTh aipec Kak (GYHKIIUIO OT KITIoYa.

O6Lwue noHATHA

OpraHu3auuio JAaHHBIX B BUe TAONULBI HA30BEM XELI-Ta0AUlIeH, ecd aapec Ka-
JKJIOH 3alUCU @ 9TOi TabIKMLbl OLPeaeIsaeTcsl KaK 3HAUeHUe HEKOTOPOM (hyHKIMU
h(k), HaspIBaeMoOM Xell-(yHKIMe. 3aech K — 3HAUeHUe KJIloua 3alucu d.
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Ecin uMcio 3amuceil HEeBEIUMKO U 3apaHee M3BECTHO, TO MOXHO IIOCTPOUTh
(dbyHkuMIO IpeobpazoBaHus 33J1aHHOI0 MHOXECTBA KIIOYEH B pasiuuHble aapeca.
Eciin BO3MOXHO, TO B IOC/IEI0BATE/]bHbIE AAPeca, YTO BBIFOAHO IIPU HUCIIOJIb30-
BaHUU BUPTYAJIbHOI Iamsaru. Eciu xe ducio 3amnuceil BeJUMKO, TO HANTH TaKYylO
(byHKLMIO OKa3bIBaeTCs CIOXHO. B cilyyae eciu 4Mcio pasivyuHbIX 3HAYEHMIT
KIIIOYEeii, BEPOSITHOCTD IIOSIBJACHUSI KOTOPBIX OTJIMYHA OT HYJI, IPEBbIILIAET pa3Mep
Xel-TabiuLbl, MOCTpoeHe QYHKIIMM OKA3bIBAETCSI HEBO3MOXHBIM. B aTOM Ciy-
yae IPUXOAMTCS OTKA3bIBATHCS OT MIAEH OJHO3HAYHOCTU M PAcCMATPUBATh Xelll-
dbyHKLMI0 KAaK (YHKLKIO, PACCEMBAIOLIYI0 MHOXECTBO KIIOYeil BO MHOXECTBE
agpecoB Om — 1.

Otka3 oT TpeOOBaHWUSI B3AaWMHO OJHO3HAYHOTO COOTBETCTBHS MEXIy KIIOUOM M
afpecoM oO3HavaeT, 4YTo g JBYX pa3InyHbIX Kiwoudeil k1 # k2 3HaueHue
Xelr-pyHKIUM MoxeT coBnagarb: (k1) = h(k2). Taxkast cuTyanmsi Ha3bIBaeTCs
Koaau3suel.

Knrouu k1 u k2 Ha3bIBaIOTCS CUHOHUMAamU Xell-DyHKUMU A, ecau h(kl) = h(k2).

s Metona XellIMpoBaHUS TIIaBHBIMU 3aJauyaMi SIBJISIIOTCS BBIOODP Xelll-(hyHKIUU A
W HaxoXJAeHWe crocoda paspellieHNs] BOZHUKAIOIINUX KOJIN3NA.

Xew-pyHKLUUN

Ilpu BBIOOpE XelI-PYHKUUMU cCJAeAyeT YIUTBIBATh CIOXHOCTb €€ BbIUMCASHUS,
a TaKXKe PaBHOMEPHOCTb paclpee/eHusl 3HAaUeHUI, KOTopas MO3BOJIsIeT He TOMb-
KO COKPATUThH YMCJIO KONIU3UHA, HO U HE TOMYCTUTh CKYUMBAHMS 3HAYEHUH B OT-
JeJIbHBIX YACTIX TAOIUIIbL.

s Kakaoro KOHKPETHOTO MHOXKECTBA BO3MOXHBIX KIHOUEe MOXHO W300pecTH
(momobparh, HAWTH) CBOK, BO3ZMOXHO HAMJYYIIYI0, Xell-(pyHKIN pacripeaesne-
Hus Kiwdeidd mo tabiuie. Ho cyliecTByioT M yHUBepcajbHBIE Xell-(hyHKIUH,
JIAIOTIME XOPOIIHUe pe3yabTaThl B OOJBIINMHCTBE ciiyyaeB. PaccMOTpuUM HeKOTOpbIe
W3 HUX.

Metoa peneHuns

B meTone meneHus B KauecTBE 3HAYEHMS XCLL[-(I)YHKLII/II/I h HCITOJIb3YETCA OCTATOK
OT OCJICHUA KIlo4Yd Ha HEKOTOPOEC LEJI0€ YUCIO M

h(k) = k mod M,

rae M oObIYHO paBHsIETCsl pasMepy xell-Tabaulbl. DPHEeKTUBHOCTb paccerBaHUS
KJ1l0Yeil Bo MHOroM 3aBucUT oT 3HaudeHus M. He crout BbeiOMpaTh M paBHBIM
CTeIeHU OCHOBAHMS CUCTEMbl CUMCIAEHMS, TAK KAaK 3HAYeHUEeM Xelll-(QyHKIIMH
OyoyT mpocTo MIAALIMe paspsabl kiodya. Hampumep, Aasd CMMBOJBHBIX KIIIOYeil
He clenyer Bolouparb M paBubiM 28 win 216, B otoM ciyuae xew-byHkuus 6yaer
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PaBHATBCS OMHONM WIM ABYM IocaenHUM OyksaMm kimioua. i mpeaoTBpalieHus
CKYYMBAHHUS KIIOYel ciemayeT BBIOMparb M paBHBIM IIPOCTOMY UMCIY.

MeTon femeHWsT YacTo WCIONB3YeTcsT TTocie TPUMEHEHUS pyToi Xem-hyHKITAT
JUTSI COOTBETCTBUS TIOMYICHHBIX 3HAYeHUI pasMepy XelI-TaOIHIThI.

MeTop cBepTku (cnusaHus)

[peanonoxum, 4TO KIIIOY NMPEACTABAEH B BUAE IIOC/IEI0BATENBHOCTH Pa3PSIIOB ;.
k = aimaza,, rne p xpatHo Hekoropomy uucay w. Torma sHayeHueMm xel-
bynkuun  Oyaer cymma (k) = a1axay, @ ay410y,4200 @ ... ® Gpyp41a,—4ap, TIE
B KayecTBe ollepauudu @ MOXET MUCIIONb30BAThCd ONepaLus apudMeTUYecKoro
WK IIOOUTOBOTO CJOXEHHUS, IOOUTOBAs olepalus "UCKIoJaoLee uid" u T. 1.

s cMMBOJIBHBIX KJTIOUEel B KadyecTBe W ylOOHO BHIOWpPATh 3HAUEHUSI, KpaTHBIC
BocbMH. OCHOBHOM HEZOCTAaTOK 3TOTO METOMA COCTOMT B TOM, UTO OH HE OYeHB
YYBCTBUTEJICH K MOPSIAKY cuMBOJoB. Ho M30aBUThes OT 3TOTO TipocTo. JdomnycTum,
YTO PE3YABTAT KAXKIOTO TOCIETOBATENHLHOTO MPUMEHEHHS Ofnepalun @& coxpaHsi-
eTcsl B TIepeMeHHON /', KOHeYHoe 3HaYeHHe KOTOpOl ObUTO pe3ylbTaToM BBIUKC-
JieHus xell-pyHKiuu. Toraa Juisi BO3JAEHCTBUSI TIOPsIIKA CUMBOJIOB Ha 3HAUYeHHe
(k) HeoOXoaMMO TIPUMEHSITh ONepaliuio MUKINYECKOTo CABUTA /1 Tiepes ouepen-
HBIM TTpUMEHEHNEM omepaluu @.

MeTop, YMHOXeHnqa

[lpeacraBuM 3HayeHUMe KIlOYa K B BUAE ABOMYHOIO YMCIA U IPUMEM pasMep
XelL-Ta0JMLbL 72 PAaBHBIM 2 2. YMHOXUM ApoOb d HA k U BO3bMEM JAPOOHYIO YacTh
yycia, KoTopylo 0003HauYMM Kak {k x d}, a B xayecTBe 3HAUEHMS Xelll-pyHKIIUU
JICIIONB3yeM p cTapluux paspsnos!, T. e. A(k) =|Lm x {kd}], rne |x] — HauGons-
lee Lenoe YuUcao, He mpeBocxonsdilee x. PekoMeHmayerca B KayecTBe 3HAYeHUS d
Oparb WPPAINMOHATLHOE YUCIO, HANPUMEP 30J0TOE CEYEHUE (\/g -1)/2. Tlpm

d = 1/m MeTon SKBUBATEHTEH METOIY JeJeHMS.

Metop "cepeaunHbl KBagparta"

IMycts m (pasmep xem-tabaunel) paseH 27. O6osHaunM d = k? n npeactaBuM d
B BWAE JBOWYHOTO yucia. Torma 3HauyeHUeM xelll-pyHKIUM A(k) Oyner p OUTOB
cpenHelt yact d. JaHHBII MeTOM M0 MHOTUM TapaMeTpaM YCTYITaeT METOAY YM-
HOXEHUS.

I TpebGoBaHue, 4TOObI NpY BhIMMCIAeHUU A(k) pasMep XeLI-TabIuLbl PaBHSUICS CTENEHU 2,
He sBsgeTcs 00si3aTeibHbIM. OHO ObUIO MCIOJIb30BAHO TOJIBKO NIJIsi OOJIETYeHUs TOHWMa-
HMs1 pabOTHI METOAA.
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MeTtop npeo6pa3oBaHnsa CMCTEMbI CYUCTIEHMNSA

B ocHoBe Meroma JsexuT IpeoOpasoBaHMe 3HAYEHMS KIlouya K, BBIPAXEHHOIO
B CUCTEME€ CUUCIEHUSI ¢ OocHoBaHueM p (k= ay+ aip + aypp + ...), B cucremy
cuucieHus1 ¢ ocHoBaHueM ¢ (A(k) = ay+ a1q + arqp + ...) OpU YCIOBUM, 4YTO
p < g. TpyooeMKoCTb (YMCIO OMEepallMil) ITOro MeToma oKasbiBaeTcsl OOJblieil,
yeM METOJOB AeAeHUS UM YMHOXEHMS.

MeTtop geneHuss MHOrousieHoOB

Ilyctb k, BblpakeHHOE B JOBOMYHOH CHCTEME CUMCIACHMS, 3alUChIBAETCS Kak
k=2"p,+ ...+ 2b; + by, u nycTb pazMep Xel-TabJauLbl /7 SBISETCS CTEINEeHbIO
npoitku m = 27, IlpeacraBUM NBOMYHBIA K104 K B BMIE MHOrowieHa BUAA
k(?) = b,t" + ... + byt + by. OmnpenenuM OCTaTOK OT AeJEHMS ITOrO0 MHOIoOWIeHa
HA [OCTOAHHBIA MHOrowieH Buaa c(f) = M+ ¢, "1 + ... + ¢;f + ¢). Dror ocra-
TOK, paccMarpuBaeMblii B ABOMYHON CUCTEME CUMCIEHMA, UCIIONb3YeTCd B Kaue-
CTBE 3HAYeHUA Xell-PyHKUUU A(k). 1 BBIYMCISHUS OCcTaTKa OT AeJEHMS MHO-
FOWIEHOB HCIIONb3YIOT IOJMHOMMAIBHYIO apubMeTuKy no Moaymo 2. Ecau
B KauecTBe ¢(7) BbIOpATh IMPOCTON HENMPUBOAMMBIA MHOIOWIEH, TO IPU YCIOBUHU
OJIM3KUX, HO He paBHbIX k1 U k2, o0s3aresbHO OydeT BBINOIHATHCS YCIOBUE
h(kl) = h(k2). MHorowieH c(f) Ha3biBaeTCs MPOCTHIM HEINPUBOAUMBIM MHOIoOWIe-
HOM, €CJIM €ro Helb3s MpeacTaBUTh B BuUde IpousBedeHus c(f) = ¢q(f) x nf), roe
qg(f) u Hf) — MHOrOWIEHBI, OTJMYHbIC OT KOHCTAHTHI. DTa (QYyHKLUA obnagaer
CUJIbHBIM CBOMCTBOM PACCEMBaHMA CKyYEHHOCTEN.

MeTopbl pa3peLueHns KOnnnm3unm

IMpu pabore ¢ xem-TabAWIIeH BBIIETISIOTCS TPW OCHOBHBIC OTEpalMi: BCTaBKa,
MTOWCK W yhameHwe smeMeHTa. [Ipmduem cyIecTByeT KpyT 3amad, B KOTOPBIX HC-
MTOJTB3YIOTCST TOJABKO TIepBBIe nmBe. [Ipu pellleHnn 3amadn cieayeT YIMTHIBATh Ha-
6op MpeAToaraeMbIX oTepalTiit, TaK Kak, HallpuMep, oIepartist yIaJeHnsT MOXeT
TTPUBECTH K M3MCHEHWIO CTPYKTYPHI TaHHBIX, COOTBETCTBYIOIICH HMCIIOTB3YeMOMY
METOJY paspelieHNs KOJUTH3HH.

Mertoabl paspeliceHuAa KOJUIU3UM MOXKHO Pas3gcJauTb Ha JABa Kjiacca: METOI LCIIO-
YEK U METOJ OTKprTOfI agpecaluu.

MeTtop uenouek

B stom MeToze mng paspelieHns KOMIUM3UA B KaKIYI0 3allMCh XeI-Tabnulbl 10-
bapisgeTca ykazaredb IJI NOANEPXKAHUSI CBA3AHHOIO cnucka. CaMu CIMCKU MOLYT
pasMellaTbcd KakK B IaMITH, IpUHaLIexalleid Xell-Tabauiie (BHYTpEHHUE lie-
IOYKM), TAK U B OTAEIbHOM MaMITU (BHEIIHKE LIEIIOYKN).
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BHeluHune LHeno4vkun

Xell-Tabnuua OpeacTaBasieT coboil MACCUB CBSI3AHHbBIX CIIMCKOB pa3Mmepa m (2Je-
MEHTbI MaccuBa OOBIYHO MMeIOT uHAeKchbl oT O go m — 1). Ilocine BbYMCIEHMS
3HAYEHMS Xell-GyHKIMHU g = A(K) 3amaya cBOAUTCI K IIOCA€IOBAaTebHOMY IOMC-
Ky B a-oM ciucke (cMm. puc. 7.1).

BosMoxxHO, uTO CIMCOK pasMelacTcsT BO BHEIIHEH maMaTu. B aToM ciaywae mst
YCKOPEHUST TIOWCKA KEJATebHO, YTOOBI 3alMMCU ¢ KITHYAMU-CHHOHUMAMU TIpU
BCTaBKe TTOMAANV B OMWH KJactep ¢aiia.

Xew-tabnuua

CBA3aHHbIE CNUCKU

— =
—* =

Puc. 7.1. MeToa BHELLUHMX LEno4yeK

Ecnu 4mciao CMHOHWMOB CTAaHOBUTCS CIAWUIITKOM 6OJTI)H_II/IM, MOXHO BMECTO JIN-
HEWHBIX CIIUCKOB UCIOJb30BATh JEPEBO TTOUCKA.

BHyTpeHHMe Lenoyku

B metone BHyTpeHHUX Hemodek (cM. puc. 7.2) cBA3aHHBIE CIIUCKM JUISI CUHOHU-
MOB MOJUIEPKUBAIOTCST BHYTpU TaOMWIILL. s moucka cBoOOAHOTO MecTa B Tad-
JIUTIE MOXHO WCIIONB30BaTh pasHbie MeToAbl. Hampumep, mocienoBarenbHBIN
MMPOCMOTP TTO3UTINI TaOIUIIHL.

Xew-Ttabnuua

2 2
6

5 5

1 1

4

34,6 3

Puc. 7.2. MeToa BHYTPEHHNX LENOYEK
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Ilpu BcraBke HOBBIX KIIIOYEl MpOSIBISETCS TeHACHLMS OObeAUHEHMs Xelll-aipecoB
B I'PYILIIbI, YTO IPUBOIUT K CPACTAHUIO CIIUCKOB. Takum ob6pazoM, B OIUH CIMCOK MO-
[YT IOIACTb KIIOUM, He SBISIOILMEcs] CUHOHMMAMU IO XelI-(DYHKLMM, YAJIUHSSA CIIU-
cok. Yacto MeTos, BHyTpEHHUX LIEMOUEK HA3hIBAIOT METOIOM CPACHAIOUUXCS UEHOUCK.

MeTtop oTKpbITON agpecauun

B sToM MeTome Bce ameMEHTHI XelI-TaOMWIILI XPAHSTCS B OMHOMEPHOM MACCUBE.
Ecnu npu mobaBiaeHNHM HOBOTO 3J€MEHTAa BO3HMKACT KOJUIM3WS, TO TTPON3BOIUTCS
MTONCK CBOOOMHOTO MecCTa B CIIEAVIONIEH sdeiike TaOauIbl. AIpec clemylomeit
STYEHKM BBIYUCIISIETCS TIPA TTIOMOIIM HEKOTOpOi (hYyHKIIMUA, apTyMEHTaMU KOTOPOIt
B O0IIEM ciy4yae SBISIOTCS: 3HAYCHWE KITI0Ya, TIEPBUYHBIN Xell-afpec, MOydeH-
HEIN TIpW TIEPBOM ITPUMEHEHWH XelI-(yHKIIMNA K TeKyIIeMy KITIouy, HOMEp Imara
TMpU MIOUCKE CBOOOIHON STYCHKH.

BeneM obo3HaueHus:

k — 3HaYeHNe KITI0Ya;

ho(k) — nepBUYHBIA XellI-aapec;

i — HOMep 1ara Ipu TONCcKe cBOOOMHOM a4deiiku, i = 1, 2, ...;

hi{k) — 3HaueHUEe xell-aapeca, IONYYeHHOIO Ha i-OM llare.

Torma anropuT™ TIoMcKa/noOaBIeHNS MeMeHTa OyaeT BHITISACTh TaK.
1. Ionaraem i = 1.

2. Boruucnsgem a = hyk).

3. Ecnu a ¢BoOOgHO, TO aJIrOpUTM 3aBepiuaercs (IpouLeaypa BCTABKU COXPAHSIET
SJIEMEHT B fYEHKE @, NPOLEAypa IOUCKA COOOWAeT 00 OTCYTCTBUM KIIIOYA
B Xelll-Ta0nulLie).

4. Ecim xiou B slueiike a paBeH K, TO aJTOPUTM 3aBepinaercs (mpolieaypa
BCTaBKM TTOBTOPHO HE COXpaHseT 3JIeMEeHT B suelike, Mpolieaypa Moucka co-
00111aeT 0 HallIeCHHOM BJIEMEHTEe).

5. O6uapyxena kownuausd. Ilonaraem i = i + 1 u nepexoauM K MyHKTY 2.

JlnHeHoe onpob6oBaHue

B nmannom mMetone A;(k) = hy(k) + ci, Tne ¢ — xoHcTaHTa. B mpocteiimem ciyuae
¢ mojaraetrcs paBHoit 1 mwiam —1. B aTOM ciyuae Bo3HMKaeT OMacHOCTH CKydMBa-
HWSI CHHOHUMOB (TTPY WICTIONB30BAHWY BUPTYATBLHOM TTAMSTH 3TO CBOMCTBO OymeT
MPEeMYIIECTBOM MeTofa). [ ycTpaHeHWs CKyduBaHuUsA ¢ W m  (pasMep
XeMI-TabJINIIBI) MOJIKHBI OBITH B3aWUMHO TIPOCTBIMHU, & ¢ — HE CJIWIITKOM MaJBIM
JUCITOM.
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JnneiiHoe onpo6oeaHue: h(k) = (hy(k) + c) mod n

Cc C Cc C Cc

Puc. 7.3. NluneriHoe onpo6oBaHue: hik) = (ho(k) + ¢i) mod n

KBagpaTtunuHoe onpo6oBaHue

B nuHeiiHOM ompoOoBaHuM 3HAYeHUe Hky(k), MOIaBlLIee HA DJIEMEHT IOCIeao-
BaTe/]bHOCTM CHHOHMMOB, BCErla VIIMHSIET 3Ty IOC/IEI0BATENbHOCTh, YCTpa-
HMTb 3TOT HEIOCTATOK II03BOJISIET BBEACHUE HEJIMHEHHOCTH B Xell-(YHKIIMIO:
hi(k) = ho(k) + ci + di2, tne ¢ u d — KOHCTAaHThL.

KeapapatnuHoe onpoboeanue: hi(k) = (hO(k) + ci+di2) mod n, c>d

c+d c+ c+ c+d c+d

2c+4d

Puc. 7.4. KsagpartudHoe onpo6osaHue: hik) = (ho(k) + ci+di) mod n, c>d

Ha puc. 7.3 u 7.4 npuBeiieH NpUMEP OAHOTUIIHON CUTyalUU, IIPU KOTOPOIA:
8 holky) = ho(ky) = ho(ks)

O holks) = hy(ky)

O ho(ks) = ho(ke)

O hy(ks) = ho(ky)

Kak BugHO, B ciyyae JMWHEWHOTO OMpoOOBaHMS Bo3HWMKaeT 10 Komausuit,
a B ciyyae KBaJapaTUYHOTO — 3.
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[BoiiHOe XxelumpoBaHue
3aecw hi(k) = ho(k) + ig(k), rne g(k) — xewm-¢GpyHKUUSI, OTJAMYHASL OT /y.

Eciu pasMep xXemr-tabauiel 7 — MPOCTOE YUCIO, TO MOXKXHO PeKOMEHIOBATH Ta-
KOI BUJ Xell-(pyHKIINN:

hik) = (kmod m) + i (1 + £k mod (m — 2)).

st He3aBUCUMBIX (DYHKIIUH Ay U g BEPOSATHOCTDh KOJUIM3UH MPU TBOWHOM Xellu-
poBaHWUM OyJIET COCTaBIAThL 1 / m2.

3ameuaHue K onepauum yaaneHus a/IeMeHTOB
13 xew-taébnuybl

Bo Bcex paccMOTpeHHBIX METONAX paspellieHUs] KOJIMU3NH, 32 NCKIIUeHNeM Me-
TO/Ia, OCHOBAHHOTO Ha XelI-TabJuIlaX ¢ BHEIIHWUMU IIeMOYKaMU, yAajleHue sJe-
MeHTa M3 Xell-TaOJuIlBl He BCeraa SIBJsSeTcsl onepairueli oOpaTHOW BcTaBKe, MO-
CKOJIBKY TMPU YAaJIEHUN HapyllaeTcsl CBI3b MeXaAy cMHOHUMaMu. YToOBl 3TOTO He
TPOU30IILIO, MOXHO, HE TIPOU3BOAS yIAJICHUS 3allMCU, BMECTO KIJII0Ya, CTaBIIETO
HEHY>XHBIM, BIHCATh CIEIUATBHBIA KOA. DTOT KOJ BO BpeMs MOUcKa MpOIycKa-
€TCsI, HO pa3peliacT UCHoib30BaTh 3Ty MO3UIMIO JJISI BCTABKM HOBOTO 3JIEMEHTA.
Takum obpazom, Kaxaass TTO3UINS XEIT-TaOIUIIBI MOXET HAXOAUTHCSI B OTHOM M3
TPEX COCTOSTHUI: CBOOOMHOM, 3aHSITOM WIN ynajeHHOM. Eciu He mpeAnpuHUMAaTh
Mep TIO TIepeBOy TO3UINIM U3 cOoCcTOsSIHUA "yaanieHo" B cocTossHHUE "cBOOOMHO", TO
MPU MOCTOSTHHOM M3MEHEHWU Xell-TaOJIWIIBl MOXET HAacTYMUTh CUTyallusl, Koraa
He OCTaHeTcsT ¢BOOOTHEIX suceK. CKOPOCTh TTOMCKA 3aMETHO YXYIIIUTCS W Oyaer
COOTBETCTBOBATh JMHEMHOMY TIOMCKY BJIeMEeHTa B HEyNopsiIoueHHOM TMocenoBa-
TEJTbHOCTH.

NuTtepdpeitc mopgyna HashTable
(xeww-rabnuua)

OrnpeaenuM nHTepdelic MOAYIs, TPeoCTaBISIONero Habop METOMOB JIIsT paboThI
¢ Xel-TadauIe.
unit HashTable;
interface
{mpennonaraeTrcs HalMMuMe CJEOyONMX TUIOB: }
{THashTable - Tun «xem-rTadanua»}
{TKey — Tun xJmouda}

{TItem — Tun sJIeMeHTa IaHHBIX }

{cosmanme xem-Tabimipl 3alaHHOTO pas3Mepa size}
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procedure Create (size: integer; var t: THashTable);

{nonyueHne pasMepa xem-TaOInLE }

function GetSize (t: THashTable): integer;

{ymanmnTe BCe BJIeMeHTH B xem-Tadnnie }

procedure Clear (var t: THashTable);

{moBaBiieHre sjeMeHTa B Xem-Tadauiy. }
{®dyHKLIMSA BOBBpall@eT 3HaueHne true }
{B cilyyae yCHEmHOCTM BHIIOJIHEHWVS OIepaluy BCTAaBKU }

function Insert (var t: THashTable; k: TKey; i: TItem): boolean;

{nonck »remMeHTa IAHHEIX 10 KJIOUY. }
{dyHKLMSA BOB3BpamaeT BHaueHue true}
{B cnyuyae yCHEmHOCT) BBIIOJIHEHMS Olepaluu IOMCKaA }

function Find (t: THashTable; k: TKey; var i: TItem): boolean;

{ymaneHnme sieMeHTa 10 BaIaHHOMY KJIOUY. }
{dyHKLMSA BOBBpamaeT BHaueHue true }
{B cilyyae yCHEemHOCTM BHIIOJIHEHMS Olepaluy yIaJleHUsd }

function Delete (var t: THashTable; k: TKey): boolean;
implementation

end.

NMpumep. PaboTta ¢ xew-tabnuuen

NocTtaHoBKa 3apaun

Peanu3zoBars Moayab paboThl ¢ xewl-Tadauueil (nuctuHr 7.1), xpaHaiueit uHdop-
mauuio 00 abonente (Homep ATC, damuausd, umsa, oTyecTBO U T. .). Heobxomu-
MO o0ecnevyuTh A00aBleHUue HOBBIX OAHHBIX B XEII-TAOJMIY M IMOUCK CBEASHUI
00 aboHeHTe Mo 3aJaHHOMY HOMepy TeliepoHa.

KommeHTapui kK 3apgave

B nanHoi 3amade 3amuMchlo SBASETCA MHGpopMalygd ob adoHeHTe, a KII0YOM —
HoMep ero Teaedona. Ilpennaraercss opraHu30BaTh XeLI-TAOMULYY B BUIE JUHEHHOIO
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MaccuBa, B KayecTBe Xelll-(QOyHKIIMU BbIOpPaTh METOM CBEPTKM, 4 B KaYECTBE CIIO-
coba paspelleHUs KOJUIUM3UA — JMHeiHoe onpobGoBaHue.

BapuaHT MeTona cBEpTKU, UCMOMB3YEMbIil B JAHHON 3amave: MIECCTU3HAYHBIA HO-
Mep ATC k = ajayazasasaq pazduBaeTcsl Ha ABC TPeX3HAUHBlE UMD ajaya; U
(40506, ANPECOM 3alUCH B Xell-Tabnuue Oynet (k) = (ajayas + asasag) mod M,
rme M — pa3smep Xemnr-TabauIb.

JluHeliHoe onpoOOBAHUE COCTOUT B TOM, UTO MPU BO3HUKHOBEHMU KOJUIU3UU MPU

J00aBAeHMH 3alUCh IIOMELIAeTCd B CJAEAYIOIIYI0 CBOOOIHYIO SIYEHKY Xelll-
TAOIULIBL.

" I'nctuur 7.1. Mogynb paboThbl ¢ xew-Tabnuuen n npumMep ero UCnosiL30BaHuUs

unit Hash;

interface

const HTablelen = 200; {PasMep xem-TaOImLE}
Phonelen = 6; {Uncno umpp B TesnedoOHHOM HOMEDPE }
FIOLen = 50; {InuHa CTpoku mnnsa xpaHeHusa MO}

type

TPhone = string[Phonelen];

TFIO = string[FIOLen];
TInfo = record {XpaumMas B xem—Tabmuue mHbOoOpMaLMA}
Phone: TPhone; {llecTr3HauHEll TesleboH adoHeHTa }
FIO : TFIO {®VIO aboHeHTa}
end;
THashItem = record {Auelka xem—-TabsmLE}
Info: TInfo; {Mndpopmanms }
used: Boolean {[lpyB3HaK MCIOJbL3OBAHUA SUEHKN}
end;
THashTable = record {Xem—rabmmua }

Size : Integer;
H : array [0..HTablelen-1] of THashItem

end;

{BBon Tenedona}
procedure InputPhone (var Phone: TPhone) ;
{BBOO CTpyKType Info}

procedure InputInfo(var Info: TInfo);
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{MHnumanmmszaumusa xem—TabInLH }
procedure HashInit( var HTable: THashTable );
{llouck B xem-Tadmule.
Info - mHbopmMaumsa o6 aBoOHEeHTe MCKOMBEM HOMepoM TejiedpoHa Phone. }
{OyHKLMSa BO3BpamaeT 3HaueHve MCTVHA, ecnu TenedOH HalmeH}
function HashFind( wvar HTable: THashTable; Phone: TPhone;
var Info: TInfo ): Boolean;

{BcraBka B xem-Tabmuuy. Info - mHbpopMauus o6 aboHeHTe. }
{OyHKLMS BO3BpaumaeT 3HaueHue VCTUHA,

ecnu mHQOpPMAalLMSa BCTaBJIeHa B xem-Tadnmily }

function HashAdd( var HTable: THashTable; Info: TInfo ):Boolean;
{IleuaTr BAIlOJIHEHHHX dUeeK xXel-TaOJNMiH }

procedure HashPrint ( var HTable: THashTable );

implementation

{[IpoBepka NpPaBMIIBHOCTM 3alucCu HoMepa TenedoHa }
function ValidPhone ( Phone: TPhone ): Boolean;
var i: Integer;
begin

if Length (Phone)=PhonelLen then

begin
i:=0;
{IIpoBepsemM, UTOCH HOMep TejiehOHA COCTOSI TOJBKO M3 Ludp}
repeat

i:=i+1

until (i>PhonelLen) or not (Phone[i] in ['0'..'9"']);
ValidPhone := i>Phonelen

end

else
ValidPhone := false

end;

{BBon Tenedona}
procedure InputPhone (var Phone: TPhone) ;
begin

repeat

Write ( '"BBemure TemedoH: ' ) ;
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Readln ( Phone )
until ValidPhone ( Phone );

end;

{BBon crpykrypel Info}
procedure InputInfo(var Info: TInfo);
begin

InputPhone ( Info.Phone );

Write ( '"Beemure OMO: ' );

Readln ( Info.FIO )

end;

{HMLManMs3aumnsa xem—TaO Lk
procedure HashInit( var HTable: THashTable );

var i: Integer;

begin
HTable.Size := 0;
for i:=0 to HTableLen-1 do
HTable.H[i] .used := false
end;
function HashKey( Phone: TPhone ): Integer;
begin

{B xauecTBe xem—-QyHKLUVNM MCIIOJb3yeM METOH CBEPTKHU}

HashKey := (Ord(Phone[l])*100+0rd (Phone[2])*10+0rd (Phone[3])+
Ord (Phone[4]) *100+0rd (Phone [5]) *10+0Ord (Phone [6]) )
mod HTableLen

end;

{llonck B xem—Tabmuue. Info - mHbPopmMalLmsa 06 abOOHEHTE MCKOMBM HOMEPOM Tejie-—
dbona Phone.}

{Oynxums BosBpamaeT 3HaueHyme VCTUHA, ecim TenedoH HalmeH }
function HashFind( var HTable: THashTable; Phone: TPhone;
var Info: TInfo ): Boolean;
var i: Integer;
begin
i := HashKey( Phone );
while HTable.H[i].used and (HTable.H[i].Info.Phone<>Phone) do
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i := (i+1l) mod HTablelen;
if HTable.H[1i].used then

begin
Info := HTable.H[i].Info;
HashFind := true
end
else

HashFind := false

end;

{BcraBka B xem-Tabmuuy. Info - mHbopMauus o6 aboHeHTe. }

{OyHKLUMS BO3BpamaeT 3HaueHue VICTVHA, ecnu mHOOpMaluUs BCTaBJIEHA B Xell—
Tabnauiy }

function HashAdd( wvar HTable: THashTable; Info: TInfo ): Boolean;
var inf : TInfo; 1 . Integer;
begin
if (HTable.Size=HTablelen-1) or HashFind (HTable, Info.Phone, inf)
then HashAdd := false

else
begin
i := HashKey( Info.Phone );
while HTable.H[i].used do i := (i+1) mod HTablelen;
HTable.H[i].used := true;
HTable.H[i].Info := Info;

HTable.Size := HTable.Size + 1
end

end;

{IleuaTer BANOJIHEHHEIX SUeeK Xel—-TaOJmLE }
procedure HashPrint ( var HTable: THashTable );
var i: Integer;
begin

Writeln ('Comepxymoe xem—Tabmmup: ') ;

Writeln ("<NN> <Temedpon> <damvmnma Vmsa OruecTBO>') ;

for i:=0 to HTableLen-1 do

with HTable.H[i] do
if used then
WriteIn(i:3,': ',Info.Phone, ' ', Info.FIOQ)
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end;

end.

{rnapHas nporpamva }
program HashTest;

uses Hash, Crt;

var H : THashTable; {xem-Tabmuua}
Info : TInfo; {upopmanmsa o aboHeHTe}
Phone : TPhone; {Tenedonurlr HOMep aboHeHTa}

{BBOI maHHHIX B xem-Tabnuily C OTOOPaXEHMEM pPesyJbTaTa Olepaluu }
procedure Input;
begin
writeln ('BcrapiasgeMele OaHHEE') ;
Writeln (Info.Phone, ' ', Info.FIO);
if HashAdd( H, Info )
then Writeln ('3anuck B xem—-Tabiauily Opoyla yYCHemHO')
else Writeln ('Onepalmsa 2amnucu B xXem-Tadimily OTKIIOHeHa') ;
writeln;

end;

begin
ClrScr;
Writeln ('< Mamumanmsaumsg >');
HashInit( H );
Writeln ('< Beonm mHOOpMaumy B xem-Tadmmiy >');
Info.Phone := '711711"';
Info.FIO := 'MenbHUKOB Bamum MurpobaHoBUU. Pejexc';

{JaHHag onepauusg Banucy B xem-Tabnuily IOJIKHA OBTH BEIIOJIHEHA }

Input;

{JaHHasg onepauusg Banucy B xem-Tabnuily IOOJIKHA OBTH OTKIIOHEHA }
Input;

Info.Phone := '789698"';

Info.FIO := 'T'opBenko Oner HOaHuioBuu. Kabempa MO 5BM';

{JaHHag onepauusa Banucy B xem-Tabnuily IOJPKHA OBTH BEIIOJIHEHA }
Input;
{BBon cTpykTypel Info nombrzoBaTeneM}

writeln ('BBemnre HOBHE IaHHEE') ;
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InputInfo( Info );
Input;
{IleuaTr BaAIlOJIHEHHHX d4YeeK xXel-TaOJNMLH }
HashPrint ( H );
{************************ HOMCK ***************************}
WritelLn ('< Ilouck >'");
Phone := '711711"';
Writeln ('Ilonck MO mo HOMepy TeneboHa ',Phone, ':');
if HashFind( H, Phone, Info )

then WriteLn( '®MO: ', Info.FIO )

else Writeln( 'YxaszsaHHbl HOMep TesyedoHa He HaMmeH');
{Beonm HOMepa TenedoHa IMNOJL3OBATEIIEM}
InputPhone ( Phone );
Writeln ('llonck MO mo HOMepy TeneboHa ',Phone, ':');
if HashFind( H, Phone, Info )

then WriteLn( '®MO: ', Info.FIO )

else Writeln( 'YxaszsaHHBM HOMep TesyedoHa He HaMmeH');
Writeln ( 'Haxmmre kjaBumy <Enter> ..." );

ReadLn

end.

3apaHua anga caMmocToATesNIbHOW paboThl

l.

3agaH TekcT TIporpaMMbl Ha S3BIKE IMackanb. OHpeZ[CJ'H/ITI) HacToOTy UCIIOJIb30-
BaHWS:

a) UIeHTU(PUKATOPOB;
0) KJTIOUYEBBIX CJIOB;
B) CUMBOJIbHBIX KOHCTAHT.

3agaH TekcToBbIU daitn. CchopmMupoBaTh CIUCOK CJIOB, YHIOTPEOISIIOLINXCS
B TeKcTe OoJjiee MSITH pas.

3agan TekcroBblii (ail. ChopmupoBarh HAOOP CIOBOCOYETAHUH MO ABA U
OoJjee c10Ba, BCTpEYAIOIUXCS. B TEKCTE HE MEHee IBYX pas.

3amaH Habop 3amucedl ciemyrolleit cTpyKTyphl: TabembHbIl HoMep, PUO, 3a-
pabotHas turara. [To TabenmbHOMY HOMEpPY HAWTH OCTaNBHBIC CBEICHMS.

3agaH Habop 3amuceil cleaylolleil CTpyKTypbl: HoMep Tenedona, PUO, ag-
pec. I1o HoMepy Tenedona Halitu cBegeHus o @MO BaagenbLa U ero aapece.
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6.

10.

11.

3amaH HaOop 3amuceil ciaedyiolled CTPYKTYphbl: HazBaHUe KUHOGMWIbMA, pe-
KUCCep, CIUMCOK aKTepoB, KpaTrkoe conepxanue. Ilo 3amaHHOMY Ha3BaHUIO
¢uwibMa HATU OCTANbHBIE CBEICHMS.

3amaH Habop samwmceil cIeaylolieil CTPYKTYPH: HOMEP aBTOMOOWIISI, €TO Map-
ka 1 ®UO srmagensita. [To HoMepy aBTOMOOWUTSI HATH OCTATbHEBIC CBEACHUS.

3aﬂ,al{ CIUCOK UMEH JIOACH. OHpe,ZleJIl/ITb 4YacCTOTy HMCIIOJIb30BAHUA KaXI0ro
HMMC€HU B HEKOTOPOM TEKCTE.

CosaaTh MOAY/b, PEATU3YIOMINH METOABI JUIST paboTHI ¢ Xelr-Tabauneil: MHu-
Uanu3anys, To0aBJIeHne DJIEeMEHTa, YIaJeHue dJeMeHTa, mouck. Kpome To-
ro, TP 3aMOJTHEHWU XelI-TaOIWIIBI BHIIIE 3aJaHHOTO YPOBHS pasMep Xell-
TaGJIUITEI JOJLKEH aBTOMATUYECKH YBETUYNBATHCS.

HccnenoBarh 3aBUCUMOCTD YMCIA KOMLIM3UA OT KO3(dULMeHTa 3al10JIHEHHO-
CTU XelI-TabJIMLbI.

N3 aitma, comepamero TeKCT HAa PYCCKOM SI3bIKE, CIOBA TTOMEIAIOTCS
B XemI-Tabnuiry. OnpeaeanTh cpemHee YNCIo KOJUIM3WHA I HeCKOMBKUX 3a-
JTAHHBIX Xel-GyHKIINH.
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CunbHO BeTBALLMECH
AepeBbs

MoxHo OaTb HECKOJIBKO Pa3JINYHBIX OHpCI[CJTCHI/Iﬁ oepeBa.

O /lepeeom HA3BIBAETC CBA3HBIA OPUEHTUPOBAHHBI Tpad 6e3 LUKIOB, Kaxmas
BEpLIMHA KOTOPOro UMEET TOJIbKO OJHO BXOnsgilee pedpo.

3 H. Bupt B [3] npuBoauT cieaytoiee omnpeneieHue: "JIpeBoBUIHAS CTPYKTypa
¢ 6azoBbIM TUTIOM T — 3TO AMOO TycTast CTpyKTypa, mubo ysen tumna 7, ¢ Ko-
TOPBIM CBSI3aHO KOHEYHOE YMCIIO JPEBOBUIHBIX CTPYKTYP ¢ 06a30BBIM TUTIOM 7,
Ha3bIBAEMBIX TIOIEPEBBSIMU".

V3en 1 nopaepesbsl CBA3aHbL MeXIy co00il BeTBIMU. Yuciao BeTBeil, BBIXOISIIUX
U3 y371a, OIpeaeisiioT ero apHocms. Ecau Bce y3ibl UMEIOT OJUHAKOBYH) apHOCTb,
PaBHYIO #, TO TaKasl CTPYKTypa HasbIBaeTcsl n-apubim depesom. Eciu n =2, to ne-
PEBO HA3bIBACTCSI OUHAPHBIM.

Ynopsdouennoe depeo — 3T0 NMepeBo, Y KOTOPOTO BETBM KaXKIOTO y3Ja YITOPSIAO-
yeHbl. Ellle Takne nepeBbs Ha3bIBAIOTCSA depeevamu noucka. HampumMep, omHapHOe
JepeBO  YIOPSMOYEHO, €cU JUTS KakKJIOTO W3 Y3JTOB cJieBa HAXOMNUTCS Y3el
¢ MEHBIIUM 3HAYeHWeM KITIo4a, a chpaBa — ¢ GoxbmmM. Kimou yama, pacmoio-
SKEHHOTO BEITIIE, MOXET COBMAmaTh ¢ KITIOYOM WM YacThi0 KITI0Ya, HUXKepacio-
JIOXXEHHOTO Y371a.

YnopsigoyeHHble A-apHbIE A€PeBbs, [Ae n > 2, HA3BIBAIOTCS CUABHO GCMEAUUMUCS
(multiway trees). CTpyKTypa CUIBHO BETBAILUXCS JEPEBbEB CYLLIECTBEHHO OT/IMYa-
€TCS OT CTPYKTYPbl OMHAPHBIX IEPEBbEB.

BaxkHas obnacTe MpUMEHEHWSI CUJIBHO BETBSIINUXCSI JepeBbeB — (hOPMUPOBAHUE
W WCTIONIb30BAHNE KPYIMTHOMACIITAOHBIX JIePEBbeB MOKMCKA, B KOTOPBIX HEOOXOMH-
MBI M BKJIOUEHUSI, U yAaJeHHUsI, HO JIJIST KOTOPBIX ONepaTUBHas MaMsaTh HeaocTa-
ToyHo Besnka. CHIbHO BeTBSIIIIUECS JIepeBbsl MOTYT OKa3aThcsl YAOOHBIMM s
ToucKa BO BHEIIHEN MaMsITH, a TakKe B MeTO/aXx WHAEKCHO-TIOC/IeNoBaTeIbHOM
opraHuzaiuu caiina.

P dCCMOTPHUM HECKOJbKO BUJIOB CUJIbHO BETBALLIUXCA ACPEBLEB.

I[J'[SI TIOMCKa JAaHHBIX, XpaHAIINXCS BO BHELITHEN TIaMsATH, BaA2KHO COKPATUTDb YHUCJIO
HCpeMCH.[eHI/Iﬁ JAHHBIX U3 BHEIIHEH TaMITU B OTICPATUBHYIO. Bonee 6I)ICTpI)IM
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OKAa3bIBAETCH IOCIEA0BATEIbHbIA OOCTYyIl K CMEXKHDbIM Y4YaCTKaM IIaMATH, HEXKECIN
HpHMOfI JOCTYII K JaHHBIM, HAXOOAILIUMMCA B PA3HbIX MECTAX IMaMATH.

ﬂ,JlE[ opraHnvsalyu IIOMCKa BO BHEIIHEH IIaMITH CUCTEMHOE IporpaMMHOE obec-
NEYCHMUE UCIOJIL3YET TdK HA3bIBACMbBIC B-ZLCpCBbH.

B-0epesom nopadxa n HaspiBacTCsl CUIBHO BETBALIEECS NepeBO apHocTh Zn + I,
obianarolee caeayoliMy CBOHCTBAMU:

O Kaxnblii y3es, 3a UCKIIOYEHMEM KOPHS, COAEPXKUT He MeHee n U He Oojee Zn
KJIIOYeH;

a KOPEHDL COACPXKUT HE MEHEC OTHOIO M HE bomee 2n K.T[IO‘-ICﬁ;

a

BCEC JIMCTbA PACIIOIOKEHBI HA OJHOM YPOBHE,

O Kaxablii HeTePMUHATHHEIN V3T CONCPKUT JBA CIIMCKA: YIOPSIOUYCHHBINA TTO
BO3pACTaHWIO0 3HAYCHUI CMHWCOK KIIOUeH W COOTBETCTBYIOIIHWIA €My CITHCOK
yKazaresieit. s TepMUHATBHEBIX Y3JIOB CITUCOK yKa3aTelel OTCYTCTBYET;

O KaxIblii HETEPMUHAIbHBIA Y3€J1 COAEPXKUT YMCIO YKasarejled Ha €IMHUILY
OoJibliiee uMcna Kiouei.

AJITOpUTMBI BKJIIOUEHWS M VIVICHHS 3JIeMeHTOB B B-mepeBo mompoOHO ommcaHbl
B [3].
OnHoit 13 pasHoBHIHOCTe B-nepeBbeB siBsiioTcst B+ -depesvs. cTMHHBIE 3Ha-
yeHUs Kimoueil B+ -mepeBa comep:karcs TOJMBKO B JIMCTBSIX, @ B HETEPMUHATHHBIX
y3J71aX HaXOmATCS KITIOUM-pasfe/IuTeIN, 3aalolIne Iana3oH W3MEHEeHNS KITIoUei
JUTST TIOICPEBBEB.

Hpyrasa pazHoBugHocTh B-aepeBbeB — B-nepeBbs nepsoro nopsaka (n = 1). bu-
HapHoe B-nepeBo (BB-gepeBo) MoxeT coiepxkaTh OAMH WIKM ABA KJOYa U, COOT-
BETCTBEHHO, UMETh IBe WM TPU cBA3U. Bce ero JucThA pacmoaoxeHbl Ha OTHOM
ypoBHe. Enie Taxue mepeBbs HasbIBAIOTCA (2-3)-depesvamu Unu (3-2)-Oepesvimu
(no xonuvecTtBy cBaseii). IloseneHue (2-3)-mepeBbeB MPU CAYYAHHBIX BCTaBKaX
KIIoYel xapakrepusyerca cieayoinuM. Eciud gepeBo comepXXUT # KIIoYeid, To
CYLIECTBYET POBHO # + 1 MyTh OT BepLUIMHBI 10 BHeIIHero ysna. Ilpu cnydaiiHbix
BCTaBKaxX BEpPOATHOCTM BbIOOpa J1000ro M3 3TUX myTei paBHbl. Ilpu 3TOM Cpea-
Hee YMCAO0 BHYTPEHHMX Y3JI0B MPU IOCTATOUHO OOJMbILUX A JiexkuT mMexay 0.7x
u 0.79x.

Hasganue Trie-depeso MPOUCXOAUT OT MCKYCCTBCHHO OOpPAa30BAHHOIO CJIOBA frie,
OT TIOJIHOTO cJioBa retrieval (mouck). Takoe nepeBO MCMOAB3YyeTCsl TOrAa, KOTAA
KJTI0YaMU TTOMCKA SBJISIIOTCS] TOCTATOYHO KOPOTKUE cioBa. Yem Goniblile KOPOTKUX
CJIOB COACDPXKUTCSl B Trie-Oepese, TeM 3¢(eKTUBHEE COOTHOIICHUE KOIUYECTBA
CJIOB K KOJMYECTBY MaMATH, PACXOAYEMOW MON XpaHCHUE 3JIEMEHTOB B Trie-
depege. Kaxnplit ko4 B Trie-depeée MOXHO PAacCMAaTpUBATh KaK CITUCOK CUMBO-
JIOB, a BCE CMUCKU BMECTe — Kak JAepeBo TMoucka. B Takoit cTpykType y3ny ypos-
HS i + 1 cTaBUTCS B COOTBETCTBUE J-bIli CUMBOJ CJIOBA, MO3TOMY KaKIBIN y3es
CONEPKUT JIUIIb OJUH CUMBOJ. MeTObl TOUCKA MO TAKOMY IEPEBY SKOHOMHEI 1O
MaMSATH W TI0 BPEMEHH.
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NMpumep. Peannsauyunna Trie-gepesa

Peanu3zosars Trie-mepeBo Kak o0bEKT, MO3BOJSIONINN OCYIIECTBIISATH CIEAYIONINE
omnepaiuu (JIUcTuHr 8.1):

O cosmanwne Trie-mepesa;

[pOBepKa Ha MYyCTOTY;
nmobasineHue ciosa B Trie-aepeBo;
nouck ciosa B Trie-gepese;
yaajeHre cJIoBa M3 JiepeBsa;

neuars Trie-gepesa;

aaaoaaudy

OYHNCTKA N YHUUYTOXEHHNEC JCpCBa.

INMuctuxr 8.1. Moagynb ansA pa6oTkl ¢ Trie-gepeBom

unit TrieTree;
interface
Type
{MHIOEeKCH, Ha OCHOBE KOTOPEIX IOCTPOeHO Trie-mepeno}
TIndex = "a'..'z";
{Onucaure Trie-mepesa}
PtrTrieTree = ~ TNode;
TNode = record
Ptrs : array [tIndex] of PtrTrieTree;
eow : boolean;

end;

{O6pexT Trie-mepeso}
TTrieTree = object
private
{YkazaTenb Ha KOpPEHb IepeBa}
TTree : PtrTrieTree;
public
{Hnuyanzauus nepena}
Constructor Init;
{IIpoBepka IOepeBa Ha IIyCTOTY }
function IsEmpty : boolean;

{Ilpollenypa NIOMemeHMUS CJIOBa B IEPEeBO}
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Procedure Push (s : string);

{OyHKLMS TPOBEPKM, €CTh JIM CJIOBO S B Iepese}

Function Find (s : string): boolean;
{IIpouenypa yHalleHuUs CJIOBa U3 IepeBa }
procedure Pop (s : string);
{Ilpouenypa neduaTn IOepeBa}
procedure Print;
{[Ipouenypa yHaleHuUs BCex CJIOB U3 OepeBa}
procedure Clear;
{Ynaneuue nepesa}
Destructor Done; virtual;

end;

Implementation

Constructor TTrieTree.Init;
begin
TTree:=nil;

end;

function TTrieTree.IsEmpty;
begin
IsEmpty:=TTree=nil

end;

procedure TTrieTree.Push;

procedure PushString(var T : PtrTrieTree; i:byte);
var ch: TIndex;
begin
if T=nil then
begin
new (T) ;
T".eow:=false;
for ch:=low(TIndex) to High(TIndex) do
T”.Ptrs([ch]:=nil;
end;
if Length(s)<i then

T".eow :=true
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else
PushString (T".Ptrs[S[i]],i+1);

end;

begin

if Length(s)>0 then PushString (TTree,

end;
function TTrieTree.Find;
function FindString (T PtrTrieTree;
var ch: TIndex;
begin
if T=nil then
FindString:=false
else
if Length(s)<i then
FindString:=T".eow

else

1)

i:byte) :boolean;

FindString:=FindString (T".Ptrs([s([i]],1i+1);

end;

begin
if Length(s)=0 then
Find:=false
else
Find:=FindString (TTree, 1)
end;

procedure TTrieTree.Pop ;

function AllEmpty (T:PtrTrieTree)
var ch : TIndex;
fl

begin

boolean;

fl:=not T".eow;
ch:=low (TIndex) ;
(ch<=High (TIndex) )

while and fl

boolean;

do
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if T".Ptrs[ch]=nil then
ch:=succ(ch)
else
fl:=false;
AllEmpty:=f1l

end;

procedure PopString (var T: PtrTrieTree; i:byte);
var ch: TIndex;
begin
if (T<>nil) then
if i<=length(s) then
PopString (T".Ptrs[s([i]],i+1)
else
begin
T".eow :=false;

if AllEmpty(T) then

begin
dispose (T) ;
T:=nil
end;
end;
end;
begin

if length(s)>0 then
PopString (TTree, 1) ;

end;

procedure TTrieTree.Print;

procedure PrintString (T:PtrTrieTree; s:string);
var ch : TIndex;
begin
if T”.eow then
writeln(s):;
for ch:=Low (TIndex) to High(TIndex) do
if T*.Ptrs[ch]<>nil then
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PrintString (T".Ptrs[chl, s+ch)
end;
begin
if not IsEmpty then
PrintString (TTree, '")
else
writeln ('OepeBo mycTo')

end;

procedure TTrieTree.Clear;

procedure DelNodes (var T:PtrTrieTree);
var ch : TIndex;
begin

for ch:=low(TIndex) to High(TIndex) do

if T".Ptrs[ch] <> nil then
DelNodes (T".Ptrs[chl);
Dispose (T) ;
T:=nil;

end;

begin
if not IsEmpty then DelNodes (TTree) ;

end;

destructor TTrieTree.Done;
begin

if TTree<>nil then Clear;
end;

end.

{OcHOBHag nporpamvMa Ijig TeCTUPOBAHUS}
Uses TrieTree;
var TT : TTrieTree; s : string;
begin
TT.Init; {Mamimammzauysa Trie-mepesal
{BBOO maHHEIX B IEepeBO}

writeln ('BeemuTe CjioBa, KOTOPHE HANO IOMECTUTL B IepeBo') ;
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readln(s) ;
while s<>'' do
begin
TT.Push(s);
readln (s)
end;
{lleuaTp InepeBa}
TT.Print;
readln;
{Ilonck croBa B IepeBe U ero yHaJjieHue}
writeln ('BBemuTe CJIOBO, KOTOPOE HANO yIaJUTh');
readln(s);
if TT.Find(s) then
begin
TT.Pop(s);
writeln ('CroBo ymajneHo');
end
else
writeln ('Takoro cjioBa HeT B mepere');
writeln ('KoHTposbHASA MNeUaTh CONEPXMMOTO Iepera');
TT.Print;
readln;
{Ouncrka mneperal}
TT.Clear;
if TT.IsEmpty then
writeln ('IOepeBo mycTo')
else
writeln ('IepeBo He mycTo');
readln;
TT.Done;

end.

3apgaHua ana camocTofATesNIbHON paboThl

1. Hano Trie-mepeBo. IMomcumTaTe KOAMYECTBO CJIOB, HAYWHAIOIIUXCS C 3a1aH-
HOW TIOCITIEIOBATETBHOCTA CUMBOJIOB.

2. Jad TeKCTOBBIA (aiil, COCTOSIIUMI K3 CIAOB, pazaeleHHbIX mnpodenamu. Ilo-
cTpoutTh Trie-mepeBo, KOTOpoe COAEpPXKUT IepeBepHyTbie ciloBa U3 daiina.
Haiitu Bce cnoBa, uMeOLIKE 3a1aHHOE OKOHYAHKE.
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3.

10.
11.

12.
13.
14.
15.
16.
17.

B Trie-nepese onpeneauTh KOJUYECTBO CJIOB, cogepKalluxX OyKBy A.

B Trie—ﬂepeBe TTOACYNUTATh KOJIMYECTBO CJIOB, KOTOPBIE COACPIKAT OIPEACICH-
HOC KOJINMYECTBO COTJIACHDIX.

JaH TeKcTOBBIA (haiia, KOTOPBIA COAEP:KUT CIOBa, BO3MOXHO, IOBTOPSIO-
mecs. PacnevaraTth ux B angaBUTHOM IOPSIKE, YKA3aB YUCIO BXOXICHUMN
KAXIOro CJIOBA B TEKCT.

Hano Trie-nepeBo U HeKoTopoe cIoBo. BeiBecTu Bce (hOpMBbI IAHHOTO CJIOBA,
comepxaruecs B mepeBe. DopMoit cToBa CUMTAETCST HEKOTOPOE JPYTOE CIIO-
BO, OTJIMYarolleecsl oT 33JaHHOTO He 0OoJjiee YeM Ha 7 TOCHeTHUX CHUMBOJIOB,
TJie # BBOIUT TTOJH30BATENb.

W3 Trie-gepeBa ynaiurth Bce C10BA, KOTOPbIE COMEPKAT YKA3AHHYIO TOACTPOKY.

B Trie-mepeBe HaiiTU Bce c€JI0Ba, COACPKAIINE TOJBKO CHMBOJBI 33JaHHOTO
MHOXECTBA.

Hna 3aganHoro Trie-gepeBa mocTpouth Trie-nepeBo, B KOTOPOM BCE CJIOBA
PacIoOXeHbl B 0OpaTHOM MOPSAKE.

N3 Trie-gepeBa ynanmTh Bce CI0BA ¢ YeTHOW ITMHOIA.

[Nocuutars B Trie-aepeBe KOAMYECTBO CJOB, OKAHYMBAIOLIMXCS HA COIMACHYIO
OyKBy.

Hanucars nipouenypy, pealusylollyi BCTaBKY 3jeMeHTa B B-mepeso.
Hanucate npouenypy, peau3ylolnylo yiaieHue djaeMeHTa u3 B-nepesa.
Hanucars nipouenypy, peaiusylollyio BCTaBKY 3jeMeHTa B (2-3)-1epeBo.
Hanucarp npouenypy, peaausylollyio yaaneHue ajaeMeHTa u3 (2-3)-aepesa.
Hanucars nipouienypy, peatusyrollylo BcTaBKy dieMeHTa B B+-nepeBo.
Hanucate npouenypy, peajusylollylo yaaieHue saeMeHTa u3 B+-nepesa.
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Mopaynb CRT. Pa6boTta
C TEKCTOM

Monynb CRT TpeAcTaBIsgeT coboil 6GmubmnoTeky ¢GYHKINN U TIpoleayp, MpeaHa-
SHAYEHHBIX IS YBETWUYEHUST BO3MOXKHOCTEH TEKCTOBOTO BBOJA-BBEIBOAA MAHHBIX.
Bce ommcanmne Bo3sMOXHOCTEH JAaHHOTO MOAYJIS TIpeacTaBieHo B Tadm. T11.1. JImst
3aIaHUsI OTHOTO M3 TEKCTOBBIX PEKUMOB MpeIHAZHAUEHA MMpolleaypa

PROCEDURE TEXTMODE (MODE: WORD) ;

rae Mode — KOJ TEKCTOBOTO pEXUMA, KOTOprﬁ MOXET NMPUHHUMATDL CICAYIOUINE
SHAUYCHUS:

BW40 = 0 - uepHO-OGemet pexuMm 40 x 25;

C040 = 1 - uBeTHOM pexum 40 x 25;

BW8O = 2 - uepHO-Oemmt pexuMm 80 x 25;

Cc080 = 3 - uBeTHOM pexum 80 x 25;

MONO = 7 - MOHOXPOMHEIM IJis YepHO-O0eJIOTO amalnTepa;
FONT8X8 = 256 - MCHOJIB3YITCS IOJg 3arpyXaeMoro mpudTa

B pexmMe 80 x 45 mium 80 x 50 ¢ amantepamu VGA nan EGA.

Kaxkoit Ob1 peskuM HU ObLT YCTAaHOBJIEH, KOOPAWMHATHI BEPXHETO JIEBOTO yIjla DKpaHa
Beerna omnpeaensitoress Kak X1 =1 u Y1 = 1. Tpupaienne 3HadeHnit mo ocn X mpo-
WCXOMUT cJIeBa HampaBo, a o ocu Y — cBepXy BHU3. 3HAYeHUe KOOPAWHAT HUKHETO
MpaBoro yria 3aBUCUT OT pekuma: aubo X2 =40 u Y2 =25 mubo X2=80 u
Y2 =25, tubo X2 =80 u Y2 = 45, mmoo X2 = 80 u Y2 = 50.

Ta6nuya IM11.1. QyHxymm n npouenypsl mogynsa CRT

®dyHKuma/npoueaypa HaaHaueHue u npoTtoTnn PyHKLMK/NpoLeAypbI

KeyPressed Onpepgenset, bbina i HaxkaTa KnasuLla Ha KnasuaTtype
Function KeyPressed: boolean;

ReadKey YurtaeTt 3HaUYeHNEe HaXXaToll KnaBuLLIN
Function ReadKey: char;

TextBackground YcTtaHaBnuBaeT uget choHa
Procedure TextBackground (Color: byte);




174

lMpunoxerue 1

Ta6nuya 11.1 (okornuyarue)

®dDyHkuma/npoueaypa HasHa4eHune n npotoTn pyHKUNN/NpoueAypbl

TextColor YctaHaBnuBaeT LBeT BbIBOAUMbIX CUMBOJIOB
Procedure TextColor (Color: byte);

TextMode YcTaHaBnmBaeT TEKCTOBbIN PeXUM
Procedure TextMode (Mode: Word) ;

CirScr OuniaeT aKpaH 1 ycTaHaBNMBAET KYpCoOp B JIEBbI BEPXHUIA
yron aKpaHa
Procedure ClrScr;

Window OnpepenseT TEKCTOBOE OKHO Ha 3KpaHe
Procedure Window (XI, Y1. X2, Y2 Byte) ;

WhereX Bosepallaet 3HaveHune abcuucesl
Function WhereX: Byte;

WhereY BoaBpaluaeT 3HaueHue opauHarThbl
Function WhereY: Byte;

GotoXY MNepeBoguT Kypcop B ykasaHHOE MeCTo
Procedure GotoXY (X. Y Byte) ;

DelLine YHuuToXaet BClo CTPOKY C KypcOpoM
Procedure DellLine;

InsLine BcraBnset cTpoky
Procedure InsLine;

ClrEol CTtupaeTt yacTb CTPOKU OT Kypcopa 10 NpaBoii rpaHuLb
Procedure ClrEol;

HighVideo YcTaHaBnMBaeT MoOBbILLEHHYIO APKOCTb CUMBOJIOB
Procedure HighVideo;

NormVideo YcTtaHaBnuBaeT HOpMasibHYIO APKOCTb CUMBOJIOB
Procedure NormVideo;

LowVideo YctaHaBnMBaeT NOHUWXEHHYIO APKOCTb CUMBOJIOB
Procedure LowVideo;

AssignCrt Cen3blBaeT TekcToBbIl dhaiin ¢ okHom CRT
Procedure AssignCrt (F: Text);

Delay BBogut 3agepxky B MUNIMCEKyHAAX
Procedure Delay (T: Word);

Sound 3acTtaenseT guHaMUK 3By4YaTh C HY)XHOIA YacToTol
Procedure Sound (F: Word) ;

NoSound OTtkniovaeT AnHamMumK

Procedure NoSound;
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st Toro 4ToObl CTaaMd JOCTYIIHbL yKaszaHHbie B Taoa. I11.1 ¢pyHkuMu U npouery-
Pbl, HEOOXOIMMO ABHO YKA3aTh MOAYJIb CRT KOMAHIOMN

uses Crt;

C OMOILIBIO MPOLETyPhL

TextBackGround (Color: byte);

MO2HO YCTaHaBJIMBATb PAa3IMYHbIC LIBETA OKpdaHd HJIM TCKCTOBOI'O OKHA. ,H,OHYC-

TUMbI€ 3HAYEHUSI MepeMEeHHON Color Kojebmores oT 0 (uepHblid LBeT) g0 7 (Oe-
JIbLI 1IBET).

I[J'[SI YCTAHOBJICHUS [IBETOB CUMBOJIOB CJIVXKHUT IIpOLIEaypa
TextColor (Color: byte);

rJe 3HauYeHWe BeTa uaMeHsiercd ot O go 15, a MeplraHne CMMBOJIOB YCTaHABINBA-
ercs 3HaueHneM 128.

B Momyie CRT MOXHO ycTaHaB/IMBATh 1iBeTa ¢oHA U 1IBETAa CUMBOJIOB ¢ IIOMOILIbIO
MHEMOHMYECKUX KOHCTaHT (Tada. I11.2).

Ta6nuya IM1.2. KoHctaHTel yBeta mogyns CRT

HaumeHoBaHue 3HauveHue LiBeT/cbyHKuMA
KOHCTaHTbI KOHCTaHTbI

BLACK 0 YepHblii

BLUE 1 TeMHo-cuHMIA
GREEN 2 TeMHo-3eneHbll
CYAN 3 Buptozosebiii
RED 4 KpacHbii1
MAGENTA 5 ®uoneToBblii
BROWN 6 KopuyHeBblin
LIGHTGRAY 7 CseTno-cepblii
DARKGRAY 8 TemHo-cepblit
LIGHTBLUE 9 lony6olii
LIGHTGREEN 10 CanatHblin
LIGHTCYAN 11 CgeT1no-61pto30BbIin
LIGHTRED 12 Pososbiin
LIGHTMAGENTA 13 ManuHosblli
YELLOW 14 XKenTbiia

WHITE 15 Benbiia

BLINK 128 MepuaHue cumsona
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[Ipouenypa TextBackGround YCTaHABIMBAET LBET, 4 ClrScr OYMIIAET DKPaH WIK
TEKCTOBOE OKHO M 3aKpallluBaeT ero TpebdyembiM LBeToM. Kypcop mpu sToM me-
peMelniaercs B JeBblil BepxHuil yroji. [1o ymMoayaHuIo IBET DKpaHa YepHBIH.

Hal'[pI/IMep, IJIA TOTO, YTOOBI TTOCTEIOBATEIBHO 3dKpalInuBaTb 3KpaH BO BCE IIBCTa
MMAJTUTPbI, HY2KHO OPTaHN30BATDh cnez[y}omnﬁ UK.

FOR i:=0 TO 15 DO
BEGIN

TEXTBACKGROUND (I); CLRSCR
END;

Ecimm BBI XOTHTE YCTAHOBUTDL TEKCTOBOC OKHO U 3aKpallWBATH €r0 B PA3IUYHbBIC
OBETA, TO 3TO MOXKHO CACIATD, O6paTI/IBH_H/ICI) K MMpoueaype WINDOW:
WINDOW (X1, Y1, X2, Y2);
FOR I:=1 TO 15 DO
BEGIN
TEXTBACKGROUND (I) ; CLRSCR
END;

rae X1, Y1 — KoopauHaThl BEPXHEro JEBOro yriaa okHa, X2, Y2 — HUXHEro mpa-
Boro. Cpasy mocje BbI30Ba IIPOLEAypbl WINDOW Kypcop ITOMELIaeTcs B JIEBbIA
BEPXHUI1 YyroJ OKHA, a caMO OKHO 3amojHsercsa uperoM goua. O6parute BHUMA-
HMEe, YTO OOpalleHHe K Ipoleaype WINDOW MTHOPHUPYETCs, eclu Kakasd-iubo U3
KOOPAMHAT BBIXOAMT 3a IPaHMIy OKpaHa WAM HApYyLIaeTcd  YCJIOBUE
(X2 > X1) AND (Y2 > Y1).

B MOOyJI€ CRT OOMOJHUTCIBHLIC BO3MOXKHOCTH TIO YIIPABICHUIO KJTaBI/IaTypOﬁ
pPEaATN3YIOTCS CIJYHKHI/IHMI/I READKEY U KEYPRESSED.

@yHKIMA READKEY BO3BpAlllAeT 3HAUYEHUE TUIA CHAR, KOTOPOE HU3BJIEKAeTCs U3
Oydepa knaBUaTyphl B Buie Koja cumBoia. Eciau 6ydep nyct, To pyHxkuusa Oyner
XKIATh HAXAaTUs Ha N100ylo kiaBuily. OOpartuTe BHUMAHUE, YTO 3Ta (PYHKLUS He
0TOOpaXaeT BBOJMMbBIE CUMBOJIbI HA DKpaHe.

ITpu wcnonb3oBaHWU READKEY B Oydep momelnaercs pacilliUpeHHbBIH KO, T. e.
JUISL JTH0001 amdaBUTHO-TTMMPOBOI KIABUIIM OH COOTBETCTBYET KOMY BBOJIUMOTO
CUMBOJIa, a TIPU UCTIONIB30BaHNUM (DYHKIIMOHANBHBIX Kinasulln <F1>, <F2>, <F10>
u <Ins> reHepupyetrcs AByxOaliToBast mocienoBareJbHOCTh U3 #0 W Kojga KiIaBH-
mn. Kpome Toro, ¢yHKIMS urHopmpyeT Haxkatme <Shift>, <Ctrl>, <Alt>,
<CapsLock>, <NumLock>, <ScrollLock>, <F11> n <F12>, BocnpuHMMasT UX
TOJILKO B KOMOWHAIIMK ¢ YeM-HUOYIb elle.

@yuxkuMgd KEYPRESSED BO3BpalllaeT 3HAue€HHe TRUE, ecld Oydep KIaBuaTypbl
He IIyCcT, U FALSE — B MPOTUBHOM ciyyae. Hampumep, misd BeiBoaa Bcero 6ydepa
(10 16 cMMBOJIOB) HA 9KpaH MOXKHO MCII0Jb30BaTh CJCHYIOLIYIO IIPOrpaMMy:

PROGRAM ONE 10;
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USES CRT;
VAR RR: STRING;
BEGIN
RR:=""';
WHILE KEYPRESSED DO RR:=RR+READKEY;

WRITE (' COOEPXVMOE BYOEPA KJIABVATYPH:

WRITELN (RR)
END.
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Mopaynb Graph. Npadmka

Bubanorexa rpadnuecknx moamnporpaMm GRAPH (Tabs. T12.1), comepxarnast 6o1ee
50 pasHooOpasHBIX TIpoledyp W GYHKIOWI, paclIupsieT  BO3MOXKHOCTH
PASCAL 7.0 no co3ganuio n3o0paxkeHNI.

Ta6nuya MN2.1. QyHxkuny n npouenyps Mmogynsa GRAPH

®yHkuma/mpouegypa HasHauyeHme u npoToTUN PyHKLMK/NpOLEAYPbI

Arc MocTpoeHune ayru oKpyXHOCTU
procedure Arc (X, Y: Integer; StAngle, EndAngle, Radius: Word);
Bar MocTpoeHune 3akpalleHHOro NPAMOYrofibHUKa
procedure Bar(xl, yl, x2, y2: Integer);
Bar3D MocTpoeHune 3akpalleHHoro napansenenuneaa
procedure Bar3D(xl, yl, x2, y2: Integer; Depth: Word; Top: Boo-
lean);
Circle [MocTpoeHue okpyxxHoCTU

procedure Circle(X, Y: Integer; Radius: Word);

ClearDevice OuucTka akpaHa 1 3anumBka ero LBeTom doHa
procedure ClearDevice;

ClearViewPort OuucTtka okHa 1 3a5iMBKa ero YepHbIM LiIBETOM
procedure ClearViewPort;

CloseGraph 3aBepLueHne paboTbl rpaduyeckoro pexmnma
procedure CloseGraph;

DetectGraph Bosepalaet Tun gpaiieepa u pexum ero pabotbl
procedure DetectGraph(var GraphDriver, GraphMode: Integer);

DrawPoly MocTpoeHne MHOroyronbHMKa
procedure DrawPoly(NumPoints: Word; var PolyPoints);

Ellipse MocTpoeHue snnunca
procedure Ellipse(X, Y: Integer; StAngle, EndAngle: Word; XRa-
dius, YRadius: Word);
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Ta6nuya 2.1 (npofonmxeHue)

®dyHkuma/npoueaypa HasHayeHne n npotoTn PyHKLNN/NpoLeAypbl
FillEllipse MocTpoeHune 3akpalleHHOro aanunca

procedure FillEllipse(X, Y : Integer; XRadius, YRadius: Word);
FillPoly MNMocTpoeHue 3akpaLlLEHHOrO MHOrOYrosbHUKa

procedure FillPoly(NumPoints: Word; var PolyPoints);
FloodFill 3anosiHeHne 3aMKHYTOI purypbl C UICNONb30OBAHNEM TEKYLLIETO

LBeTa 1 ysopa

procedure FloodFill(X, Y: Integer; Border: Word);
GetArcCoords BosBpallaeT koopauHaThl LieHTpa, Havana 1 KoHua ayru

procedure GetArcCoords(var ArcCoords: ArcCoordsType);
GetAspectRatio BosBpallaet pasmep CTOPOH 3KpaHa

procedure GetAspectRatio(var Xasp, Yasp: Word);
GetBkColor BosBpalyaet ugeT poHa

function GetBkColor: Word;
GetColor BosBpaluaeT LBET JIMHUIA 1 KOHTYPOB

function GetColor: Word;
GetDefaultPalette  BosBpallaeT 3Ha4YeHUe TeKyLLe nanuTpbl

procedure GetDefaultPalette(var Palette: PaletteType);
GetDriverName BosBpaluaeT ums TekyLlero gpalisepa

function GetDriverName: string;
GetFillPattern Bosepaluaet T1n y3opa 3anosiHeHUs

procedure GetFillPattern(var FillPattern: FillPatternType);
GetFillSettings BosBpaluaet TN 3anosiHeHus

procedure GetFillSettings(var Filllnfo: FillSettingsType);
GetGraphMode Bosepallaet Homep rpacpuyeckoro pexuma

function GetGraphMode: Integer;
GetImage CoxpaHsieT nsobpaxeHue B 6ycepe

procedure Getimage(x1, y1, x2, y2: Integer; var BitMap);
GetLineSettings Bosepallaet napameTpbl IMHUA

procedure GetlLineSettings(var Linelnfo: LineSettingsType);
GetMaxColor BosBpaluaeT MakcuMarbHblli HOMep B NasuTpe LIBETOB

function GetMaxColor: Word;
GetMaxMode BosBpaluaeT konmyecTBO BO3MOXHbIX rpadouyecKux pexxmumMoB

function GetMaxMode: Integer;
GetMaxX BosBpalyaeT MakcumManbHytlo koopauHaTy X

function GetMaxX: Integer;
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Ta6nuya 2.1 (npofonmxeHue)

®dyHkuma/npoueaypa HasHayeHne n npotoTn PyHKLNN/NpoLeAypbl
GetMax¥Y BosBpalyaeT MakcumanbHyto koopgauHaty Y
function GetMaxY: Integer;
GetModeName BosepaluaeT umsa 3agaHHoro rpachyeckoro pexmma
function GetModeName(ModeNumber: Integer): string;
GetModeRange BosBpallyaeT MUHUMANbHLIA 1 MakcUManbHbIiA HoMepa rpadu-
YECKUX PeXnMoB
procedure GetModeRange (GraphDriver : Integer; var LoMode,
HiMode: Integer);
GetPalette BosBpaluaeT uBeTa nanuTpbl
procedure GetPalette(var Palette: Palette Type);
GetPaletteSize BosepallaeT KonmyecTBo LBETOB B NafnUTpe
function GetPaletteSize: Integer;
GetPixel BosBpaluaet uBeT nukcena
function GetPixel(X, Y: Integer): Word;
GetTextSettings BosepallaeT napameTpbl TekcTa
procedure GetTextSettings(var Textinfo: TextSettingsType);
GelViewSettings BosBpallaeT napaMeTpbl TEKYLLEro okHa
procedure GetViewSettings(var ViewPort: ViewPortType);
GetX BosBepaluaeT koopauHaty X Kypcopa
function GetX: Integer;
GetY BosBepalyaet koopauHaty Y Kypcopa
function GetY: Integer;
GraphDefaults C6poc napameTpoB rpacpveckoro pexuma
procedure GraphDefaults;
ImageSize 3apaHue Tpebyemoll AnsA nsobpaxkeHus NamaT

InstallUserDriver

InstallUserFont

Line

LineRel

LineTo

function ImageSize(x1, y1, x2, y2: Integer): Word;

YcTtaHoBKa rpacpuyeckoro apaiisepa nosib3opatesns
function InstallUserDriver(Name: string; AutoDetectPtr: pointer):
Integer;

YcTaHOBKa HOBOFO LUpUddTa NOMb3oBaTeNst
function InstallUserFont(FontFileName: string): Integer;

Pucyet nuHuio
procedure Line(x1, y1, x2, y2: Integer);

PucyeT NMHMIO B OTHOCUTESbHBIX KoopAUHaTax
procedure LineRel(Dx, Dy: Integer);

PucyeTt nuHuio K yka3aHHOI Touke
procedure LineTo(X, Y: Integer);
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Ta6nuya 2.1 (npofonmxeHue)

®dDyHkuma/npoueaypa HasHa4eHune n npototnn pyHKUNN/Npoueaypbl
MoveRel MepemellaeT Kypcop B TOUKY C OTHOCUTESbHBIMU KoopAuHaTamu
procedure MoveRel(Dx, Dy: Integer);
MoveTo MepemMelleHue Kypcopa B yKasaHHYIO TOUKY
procedure MoveTo(X, Y: Integer);
OutText BbiBOoguT TEKCT
procedure OutText(TextString: string);
OutTextXY BblBOAUMT TEKCT, HAUMHAA C YKa3aHHOU TOYKM
procedure OutTextXY(X, Y: Integer; TextString: string);
PieSlice CtpouT 1 3aKpalumMBaeT YacTb Kpyra
procedure PieSlice(X, Y: Integer; StAngle, EndAngle, Radius:
Word);
PutImage MNomeluaet nsobpaxerue ns bydepa Ha skpaH
procedure Putimage(X. Y: Integer; var BitMap; BitBlt: Word);
PutPixel Pucyet Touky
procedure PutPixel(X, Y: Integer; Pixel: Word);
Rectangle Pucyet npamoyronbHUK
procedure Rectangle(x1, y1, x2, y2: Integer);
RegisterBGIdriver Peructpauusa gpaisepa
function RegisterBGldriver(driver: pointer): Integer;
RegisterBGIfont Peructpauus wpudrta
function RegisterBGlfont(Font: pointer): Integer;
RestoreCrtMode BosBpalleHue B TEKCTOBLIA PEXUM
procedure RestoreCrtMode;
Sector Pucyet 1 3akpalumBaet cektop
procedure Sector(x, y: Integer; StAngle, EndAngle, XRadius,
YRadius: Word);
SetActivePage 3apaet aKTUBHYIO CTPaHULY
procedure SetActivePage(Page: Word);
SetAllPalette 3apaet nanuTpy
procedure SetAllPalette(var Palette);
SetAspectRatio 3apaeT COOTHOLLEeHMe MexXay LUMPUHON U BbICOTO 3KpaHa
function SetAspectRatio(Xasp, Yasp: Word): Word;
SetBkColor 3apaet uBeT choHa
procedure SetBkColor(ColorNum: Word);
SetColor 3apaert UBeT NIMHUIA, TOYEK U T. 4.

procedure SetColor(Color: Word);
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Ta6nuya 2.1 (npofonmxeHue)

®dyHkuma/npoueaypa HasHayeHne n npotoTn PyHKLNN/NpoLeAypbl
SetFillPattern 3akpaluvBaeT NMPOU3BOJIbHYIO 3aMKHYTYIO pUrypy

procedure SetFillPattern(Pattern: FillPatternType; Color: Word);
SetFillStyle YctaHaBnmMBaeT cTufb 3anosiHeHusa

procedure SetFillStyle(Pattern: Word; Color: Word);
SetGraphBufSize YcTtaHaBnuBaeT pasmep bydepa

procedure SetGraphBufSize(BufSize: Word);
SetGraphMode YctaHaBnuMBaeT TN rpacouyuecKoro pexmma

procedure SetGraphMode(Mode: Integer);
SetLineStyle YctaHaBnuBaeT CcTUb IMHUN

procedure SetLineStyle(LineStyle: Word; Pattern: Word; Thick-

ness: Word);
SetPalette YcTaHaBnMBaeT oguH LBET NasiuTpbl

procedure SetPalette(ColorNum: Word; Color: Shortint);
SetRGBPalette YcraHaBnuBaet nanutpy ans VGA

procedure SetRGBPalette(ColorNum, RedValue, GreenValue,

BlueValue: Integer);
SetTextJustify YcTaHaBnuBaeT CTUMb BbIpaBHUBAHUA TEKCTA

procedure SetTextJustify(Horiz, Vert: Word);
SetTextStyle YcTtaHaBnuBaeT CTWU/Ib BbiBOJA TEKCTA

procedure SelTextStyle(Font, Direction: Word; CharSize: Word);
SetUserCharSize YctaHaBnuBaeT BbICOTY U LLUMPUHY CUMBOJIOB

procedure SetUserCharSize(MultX, DivX, MultY, DivY: Word);
SetViewPort YcTaHaBnMBaeT pa3mepbl OKHa

procedure SetViewPort(x1, y1, x2, y2: Integer; Clip: Boolean);
SetVisualPage YcTaHaBnuMBaeT napameTpbl BUAUMOU CTpaHULLbl

procedure SetVisualPage(Page: Word);
SetWriteMode 3apaHue cnocoba pucoBaHuUs INHUN

procedure SetWriteMode(WriteMode: Integer);
TextHeight BosBpaluaeT BbICOTY CTPOKU B nuKkcenax

function TextHeight(TextString: string): Word;
TextWidth BosBpaluaeT LUMPUHY CTPOKK B NUKcenax

function TextWidth(TextString: siring): Word;

Mogynb GRAPH TpeOyeT yCTaHOBJEHMSI rpacpuueckoro pexuma. s Toro ytodbl
9TO CTAJ0 BO3MOXHBIM, HEOOXOAMMO MPOAENaTh CJAEAYIOIIME ASHCTBU.

Bo-mrepBBIX, B IporpaMMe MOJKHA OBITh CCHITKA HA MOIYJb

USES GRAPH;
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Bo-Brophix, paboTy MOmyIsd HYXKHO MHULIMUPOBATH KOMaHIOM
INITGRAPH (DRIVER, MODE, ’C:\BP\BGI’);

rae DRIVER — MapaMeTp YCTaHOBKM TUMA IpacdhHUUYEcKOro ApaiiBepa BUAgOaTaITe-
pa; MODE — 3aJaHHUe PEeXUMa ero paboThl; 'C:\BP\BGI' — CTPOKA, YKA3bIBAIOLIAS
Ha IyTh K JUPEKTOpUU, [Je PaclooxXeHbl rpaduueckue apaiiBepnl *.bgi. Eciau
B TOIl € IUPEKTOPHM, LAe HAXOAUTCI Ballla MpOrpamma, paclojaraercs U Tpe-
oyembiii BGI-apaiiBep, TO aTa CTpoKa AOJKHA ObITH I1yCTa:

INITGRAPH (DRIVER, MODE, '’);
B-tperbux, Heobxomumo HactpoutTh cpeny PASCAL. [dag sToro B MeHIO
OPTIONS\DIRECTORIES Cpe€llbl B I10JIe UNIT HEOOXOIMMO YKazarb Kartajor, Le
pasMmelleH ¢aitn Graph.tpu.
Ecnu BbI 3aTpynHseTech yKa3aTh PexXuM paboThl Balllero BUAcoamanTepa, To Mo-
3BOJIBTE CUCTEME OTPENETUTh 3TO CaMOl ¢ TTIOMOIIIBIO (DYHKIINU DETECT.

PROGRAM PROBA;

USES GRAPH;

VAR DRIVER, MODE: INTEGER;

BEGIN

DRIVER := DETECT;

INITGRAPHDRIVER, MODE, ’C:\BP\BGI’);

IMepen BEIXOOOM W3 TIPOTPAMMBI TpadUUeCKIit peskUM HYKHO 3aKPBITh KOMaHIOM
CLOSEGRAPH.
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