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Maea 5
S/IEeMEHTbI TEOPUU aNropuTMoOB

§ 34
YTOoYHEeHue NOHATUS anropurma

3auem HY:KHO onpejelienue ajropurma?

Kakx BBl 3HaeTe, aJrOPHTMOM HAa3BIBAIOT TOYHLIA HaGOp MHCTPYK-
A IJI8 UCIIOJMHHUTENSI, KOTOPBIA IPUBOAHAT K PEIIeHNIO 3aaduu 3a KO-
HEYHOEe BpeMs.

OcobpIii MHTEpec NPOABJAJU K ajropurmMaMm maremMaturu. Opue
U3 JpeBHEHIINX M3BECTHBIX AJNrOPATMOB — anroputMm EBkanza nas
BeRIUMCJIeHns Hauboabiiero obmero penutensa (HOJI) asyx HaTypaasb-
HEIX unces. CaMo cjoBO «anropuTm» (oT mMenu maremaruka IX Beka
anb-XopesMH, KOTOPOro CUMTAIOT OCHOBaTesieM ainreGpbl) BBENX B Hay-
Ky B XVII Bexe Hemenkuit maremaruk I'. B. Jleii6aum.

Jlonroe BpeMsl CUMTAJIOCh, YTO AJs JIIOOOH MareMaTHYecKOM 3aja-
4§ MOXXHO HaliTu MeTol (aJITOPUTM) pPelIeHus, IIPOCTO AJIA pAaa 3amad
TaKHWe aJITOPUTMBI eIé He HaleHBI. JTY Kl BHICKasas ajib-Xopes-
MM, TAKOH 3Ke TOUYKH 3PeHHUdA IIPHAEPIKUBAINCH U IPYyTHe MaTeMaTHKH
BIJIOTEH A0 Hadajga XX Beka.

Onuaxko, HECMOTPsS Ha BCe YCHJIMsA, PEIINTHh HEKOTOPbIe 3ajJauHd He
yAaBajJock B TeueHHe cromeruii. Hanpumep, Oe3ycremiHo 3aKOHYM-
JINCh MHOTOUYHCJIEHHbIE IIONBITKHA HAWTH aJITOPHUTM JOKA3aTeJIbCTBA
NPaBUJILHOCTH JIFO00# TeopeMbl HA OCHOBE 3aJaHHOH CHCTEMBI aKCHOM.

B 1931 r. ascrpmiickuit matematTunk K. I'émens goxasan Teopemy
0 HENOJIHOTE, CMBICJI KOTOPOM COCTOMUT B TOM, 4YTO B JI00OH mocTaToy-
HO CJIOKHOHM (opManbHOM cucTeMe, OCHOBAHHOH Ha akcumomax (Hamnpu-
Mep, B apudMeTHKe, TIe BBeJeHBl HATYpPaJbHBIE YHCJIA H Olepanuu
CJIOKEeHUSA W YMHOMKEHHS), eCTh YTBEpIKAeHHEe, KOTOpOoe HEeBO3MOXKHO
HHU J0Ka3aTh, HU ONPOBEPrHYTH B paMKax dTo#H cucrembl. Iloaromy
GBLI0O BBICKA3aHO IIPEAIOJIOMKEeHHe O TOM, YTO HEeKOTOphIe 3aJadu
aJNrOPpUMTMHMYECKH Hepas3pemumsbi, T. €. s HUX B IPHHIUNE He
CYIIECTBYET aJrOPUTMa PElIeHUs, A 109TOMY MCKATEL €ro 6eccMBICIeH-
HO. YT0oOBI CTPOro AOKa3aTh MJIM OINPOBEPrHYTH 9TY IHIIOTE3Y, HYKHO
OBLJIO BBECTH MaTeMaTUUYeCKOe MOHATHE aJropuTMa.

«Onpenesnierne», KOTOpPoe MBI IPHUBEJIM B HaUaje I'IaBbl, YaCTO Ha-
3BIBAIOT UHMYUMUEHbLM, TOTOMY UYTO OHO COAEPIKUT TaKHUe «HeMaTe-




JnemMeHTbl TeOpUMn anropmMTMoB

MaTH4YeCKHe» IOHATHHA, KAK <«TOUHBIM HAOOD», «HHCTPYKIUA», «HC-
TOJIHUTEJIb», <«pelleHHue 3ajadu». IJTH TEePMHHBI HEBO3MOXKHO 3aIld-
caTk CTPOrO, MCHONb3YH A3BIK MATEMATHKHU M JIOTHKH, MO3TOMY IJIA
MaTeMaTH4eCKOro JOKas3aTeJbCTBA TAKOe OIIpeJeieHne He IOAXOIHUT.

HccnenoBanus B 3TO#M 00J1aCTH, KOTOPBIE HAUYAJH AKTHBHO ITPOBO-
nureca B 30-x rogax XX Beka, NPHUBEJIH K BO3HHKHOBEHHUIO TEOPHH
aJAroOpMTMOB, KOTOpPas 3aHUMAeTCH:

e JIOKa3aTeJbCTBOM AJITOPUTMHYECKONH HEpPaspPeIIMMOCTH 3a1a4;
e AHAJIHU3OM CJIOKHOCTH AJITOPHUTMOB;
e CPaBHUTEJBHOH OLEHKOII KauyecTBa aJrOPUTMOB.

3HAYUTeJbHBIN BKJAJ B PA3BUTHE TEOPUH AJTOPUTMOB BHECJIH MaTe-
matTuka A. Teropunr (Benuxobpuranusa), 3. Iloct (CIIIA), A. Yépu
(Benukobpuranus), C. Knuau (CIIA) u A. A. Mapkos (CCCP).

Yro Takoe axropurm?

IlepBble M3BECTHBIE AQJTIOPUTMBI — BTO MPABWJA BLINIOJHEHHSA
apudMeTHYEeCKHUX JAeHCTBHH ¢ uyucaaMu. B HHX YETKO ompeieseHbl
00BeKTHI (YHCia B AECATHUYHON 3aIHCH) U 3JIeMeHTApPHBIe maru (cjo-
KHUTh, BBIYECThb, IEPDEMHOXKHUTDH ABA OAHO3HAYHBIX UHWCJIA — BCIOMHU-
Te TabJHIIBI CI0XKEeHUA M YMHO:KeHHdA). I[ocTemeHHO CJI0KHOCTH 3a-
Aad, KOTOPhIE€ PellajMch C IIOMOIILI0 AJTOPUTMOB, VBEJIUYUBANIACH, U
HOHATHE «IIar ajJropUTMa» OKAas3aJIoCh HEYETKHUM, pasdMbIThiM. Hanpu-
Mep, MOXKHO JIH CUMATATH BJIEMEHTAPHBIM IIIATOM pAa3JIOXKeHHe YMCJa
Ha MPOCThble MHOMKHUTENN UK CI0KEHHEe MHOTO3HAYHBIX yuces?

Co BpeMeHEeM MOHATHE AJINOPUTMA PACLIMPHIIOCE — CeHYac MbI ro-
BOpPUM 00 ajaropuTMax AJs HUCIOJHUTENEH, KOTOphle paboTalmT ¢ TeK-
CTAMH U JPYTUMH 00BEKTAMH pealbHOro Mupa. OJHAKO 0Kas3alochk, 4YTO
BCe 3TH OOBEKTHI MOJKHO TE€M WM HMHBEIM COOCODOM 3aKOAMPOBATEH B
BHJe IeMoYeK CHMBOJIOB, TAK 4TO JiI000OH aJropuTM CBOAUTCHA K Ipeod-
PA30BaHMIO OJHOM CHMBOJIBHOH CTPOKM B Jpyryio. Takum cmocobom
MOKHO IIPEJICTAaBUTh U KJIACCUYECKWE BLIUUCIUTENbHBIE AJITOPUTMBI —
onepanuu ¢ mudpamu. B anropurme maxMaTHONR UIpPhl 00BEKTEHL — 3TO
¢Gurypsl Ha AOCKe, HO HX PAaCIOJIOIKEHHE JIEFKO 3aKOJHPOBATHL B CHM-
BOJIBHOM (hopMe (BCIOMHHUTE 3allMCh IMIAXMATHBIX IAPTHIL).

ITosToMy MOKHO paccMaTpHBATL TOJBKO AJrOPATMEI 00paboTKu
CHUMBOJIBHBIX CTDOK, & MOJYUYEeHHBIE Pe3yJIbTATHI OYAYT NPUMEHHUMBI K
a00BIM anropuTMaM. Kak BbI 3HaeTe, TEKCT, 3alIMCAHHBIN ¢ IIOMOIIbLIO
ai000ro aaBuTa, BCErza MOXKHO II€PEBECTH B JBOMYHEIN KOJ, II09TO-
My, BOoOOle ropops, HOCTATOYHO PACCMATPHUBATEH TOJLKO AJITOPHUTMEI,
paboralinue ¢ IBOMYHBIMY IIOCJIEI0BATEIbHOCTAMM.




YTouHeHue NoHATUNR anropurmMma

Hpo 1000 aJITOPUTM MOXKHO CKasaTh cJeayrlimee:

e AJITOPUTM IMOJYy4YaeT HAa BXOJ AUCKPETHBIH 00beKT (Hampumep,
CJIOBO);

e aJroputM oOpabaTeIBaeT BXOAHOM O0BEKT IO maram (AUCKpeT-
HO), CTPOA HA Ka)XJO0M Iare HpOMeKYTOYHBIE AUCKPETHBIE 005-
€KTBI; 3TOT IIPOIIECC MOJKET 3aKOHYHUTHCA MM He 3aKOHYHUTHCH;

e €CJIH BHIIOJIHEHHE aJITOPUTMa 3aKaHYMBaeTCH, ero pesyabTaT —
3TO 00'BEKT, MOCTPOEHHBII Ha IOCJeIHEM IIIare;

e €CJIM BBINOJHEHHE aJI'OPHTMAa He 3aKaHuMBaeTcd (QJIrOPHUTM 3a-
IUKJINBAETCA) UIKM 3aKaHYMBaeTcd aBapuiiHO (HampuMmep, B pe-
ayabrare geneHus Ha 0), To pesyabTaT ero paboThel IpU JaHHOM
BXOJe He OIIpeJeseH.

JIto60if a/JirOpUTM PACCUMTAH HA ONPEAEJEHHOTO MCIOJHUTENA: OH
JOJIPKeH WCIIOJIB30BATEH TOJBKO IOHATHBIE ATOMY HUCIIOJHHUTENI0 KOMaH-
Abl. 3ajlaHue AJIsi WCIIOJHHUTENs — 9TO TEeKCT Ha cuenuajbHoM (dop-
MaJabHOM) SI3BIKe, KOTOPbIH 06bIY4HO HA3bIBAIOT nporpammoii. IToaTomy
MOJKHO OUIpEAEeJHATh AaJrOpuTM KAaK IIporpaMmy MAJsS HEeKOTOPOIo
MCIIOJIHUTEJ A,

HanmoMHHM, 4TO, C TOYKH 3peHUA TEOPHU AJTOPUTMOB, JOCTATOU-
HO paccMaTpHBATL TOJBKO AJTOPUTMEI, paforaminue ¢ IeIoYKaMu
CHUMBOJIOB, KOTOPEIE HA3bIBalOT cjaoBamu (puc. 5.1).

BxopHoe ci0BO Brixoansoe cioro

B v

MYXa — AJTODHTM |weep  CJIOH

Puc. 5.1

Kaxaprii anroputm 3amaér (Berauciser) (pyHKIHIO, KOTOpas IIpe-
o0pasyeT BXOAHOE CJIOBO B pPe3yJbTaT (BBIXOAHOE ca0B0). Takasa GpyHK-
IUA MOKeT ObITh He OIpejiesieHa IJId HEKOTOPBIX BXOAHBIX CJIOB, €CJIH
aJITOPUTM 3aluKJIuBaeTcsa WM 3aBeplaeTca asapuiiHo.

DYHKI WA, 3alaHHAA aJJTOPHTMOM, MOKeT OBITh HUTJEe He omupene-
JeHa. Hanpumep, aJropuTm

HII nDOKa [a
oy

dallHKJINBaeTCA IIpHu J11000M BXOZHOM CJIOBE.




JnemMeHTbl TEOpuM anropuTMoOB

AJITOPDATMBI HABBIBAIOTCS 3KBMBAJEHTHBIMHM, €CJIU OHHU 3a[ai0T
ofHYy u Ty e QyHKnuo. To ects npu a1000M BXOZHOM cjoBe oba aji-
TOPHATMA AOJKHBI IPUBOAUTE K OJHOMY U TOMY JKe€ DPe3yJbTaTy HJIH
3anMKJIUBaTECA (00a anropuTMa He BHIZAIOT HUKAKOI'O pe3ysabTara).
Hanpumep, ciefyiomue ajiropuTMbl IS BbIGODA MHHHMAJBHOTO W3
3HAYEHHUH IepeMeHHBIX a U b 3KBHUBaJIeHTHBI!

ecnmn a<b To M:=b

M:=a ecim a<b To
MHaYe M:=a

M:=b BCe
BCE

YHauBepcaibubie HCIOJHUTEIH

Kax M=l YVie BHOEJH, NIOHATHE aJrOpHUTMa OKa3bIBAeTCA «IIPHUBS-
3aHHBIM» K €r'0 MCIOJIHUTE/JI0 M HEKOTOPOMY A3BIKY IIpOrpaMMHpOBa-
HHAA. ITO HE MO3BOJISET OonpeneJiuTh aJropuTM Kak MaTeMaTHYeCcKHit
00BeKT. H03TOMy BOSHHKJIA HAedA NONbITATBCA MNOCTPOWUTH VHHBeEp-
CAJIBHBIN MCIIOJIHHUTEb.

YHuBepcanbHLIi UCMONHUTENs — 3TO UCTONHUTESb, KOTOPbIA MOXET
moZenuposatb paboty noboro Apyroro UCNONHUTENS.

370 3HauMT, 4TO ANA NGOro anropuTMa, HanMcaHHoro Ans nioboro
UCMOSNHUTENS, CYLLIECTBYET 3KBUBAMNEHTHbIA anropuTm

Ans YHUBEpCansHOro UCNonHUTens.

Taxoil MCIOMHHUTENb MOKHO OBLIO GBI MCHOJIL30BATh AJA JOKA3a-
TeJIbCTBA Pa3PEelIMMOCTH WJIHW HepaspellMMOCTH 3amad. Ecau yaaércs
IIOCTPOUTH AJTOPUATM PelleHUA 3aJadu JJIs YHUBEPCATBHOIO UCIIOJNHHU-
TeJisd, TO 3ajada paspemuma. Hcenam moxkasaHO, 9TO aJrOPUTM He Cy-
IeCTBYeT, TO 3ajada Hepaspemuma. CumcremMa KoOMaH] TAKOI'O HCIIOJ-
HUTeJs [O0JKHa OBITH Kak MOMKHO IpOIle — TakK ero Oyaer jerde
HACTOJIB30BATH B IOKA3aTeNbCTBAX.

B cepeaune XX Beka pasHBIMH YUYEHBIMU HE3aBHUCHMO JDPYT' OT
Apyra ObLIM NIperIosKeHbl HeCKOJBbKO HCIIOJHHUTeJel, IpeTeH yIONnX
Ha pPOJb YHUBEpPCANbHBIX (OHH OyAyT pacCMOTpPEeHBI [ajiee), IIPHUYEM
B TEOPUH AaJITOPUTMOB [JOKa3aHO, YTO BCe OHU SKBHUBAJEHTHBI YT
ApYyTy. 9TO 03HAYAET, YTO [JIA JIOGOT0 AJropuTMa AJA OJHOTO VHU-




YTOYHEeHMEe NOHATUNR anropurma

BEPCAJILHOTO HCIIOJHHUTENS MOKHO IIOCTPOMTh OKBHBAJIEHTHBIA aJro-
PUTM AJIsi APYTOTO0 YHUBEPCAJIBHOT'O MCIIOJHUTEJI.

Kax ke cBA3aH YHHUBEDPCAJLHBLIA HCIOJHHUTENb ¢ IIpobieMoi cTpo-
roro ompejieseHUAsA ajiropurma?

TMo6oi anropuTm MOXeT BbiTb NpeAcTaBneH Kak nporpaMma
ANSA YHUBEPCanbHOro UCMONHUTENS.

D10 ocHOBHAA HAedA Teopuu anropurmoB. CTporo AoxkasaThb 3TO yTBep-
JKJeHUue HeBO3MOJYKHO, IIOTOMY YTO 3[eCh MCIOJb3yeTcsd WHTYUTHBHOE
MMOHATHE «AJITOPUTM».

Kax MBI YBHAMM, KaXKAbliH YHHUBEDPCAJBHBIA HCIIOJHUTENb OIIH-
CBIBAETCH C IIOMOIIBI0 MATEMATHYECKUX TEPMHHOB, IIO3TOMY Ha €ro
OCHOBE MOJKHO JaTh CTPOTO€ OIpeaesieHHe alropuTMa:

Anroputm — 3T0 NporpamMmma Ans yHUBepcanbHOro UCNonHUTeNs.

YHuBepcaJbHBI HCIOJHUTENb — 9TO HEKOTOpPas MOXe]b BBIYHC-
JeHuH, KoTopas 3ajaér crnocold ONMMCAHUSA AJMOPUTMOB M UX BBINOJIHE-
HuA. Mojenb BEIYUCIEHHN AOJIKHA CONEPIKATh:

e «IIPOLECCODP», 3aJAINUN cHCTeMy KOMAHJ U CIoco0 MX BBIIOJI-
HEeHUS;

«IIaMATb», ONPEeAeIAIIIYI0 clI0cO0 XpaHeHus JaHHBIX;

ABHIK IIPOIPAMMHPOBAHUSA (CII0oCcO6 3amycu IPOTrPaMM);

crioco® BBOJA HAHHBIX (YTEHHsI BXOILHOTO CJIOBA);

crioco® BBEIBOJA CJIOBA-pe3yJibTara.

Bcee VHHUBepCaJIbHbI€ HCIOOJHUTEJN OSKBHUBAJEHTHBI, IIO3TOMY IIO-
cjaengHee HPHBE,E[éHHDQ onpejiejieHHe ajJropuTrma He 3aBHCHT OT KOH-
KPeTHOI'O MCIIOJTHHUTEeJIA.

Mammunra TsropuHTa

IlepBBIM IIpEJIOKWJI YHUBEPCAJBLHBIH HMCIOJHHUTENb aHTIHUNCKUMA
maremaTuk Ajnan Twoopunr. IIpmaymanHOoe UM BooOparkaemMoe yCTPOH-
CTBO COCTOHT U3 TPEX HacCTeu:
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® 0ecKOHeYHOll JleHmbl, PA3NeIEHHON Ha AYelKu;

® xapemiu (YUTAIOMIENH M 3aIUCHIBAIOIIEH TOJOBKH);

® npozpammupyemozo agmomamd.
IIporpaMMupyeMBIii aBTOMAT yNIpaBjiseT KapeTKO,
moceLIafd el KOMaHJbl B COOTBETCTBUM C 3aJI03KeHHOMH
B HEro cMeHAeMOH nporpammoii. JleHTa BBEIIOJHSAET
POJIb TaMATH KOMIBIOTEPA, ABTOMAT — pOJIL IIPOIec-
copa, a KapeTKa CHAYXHT IJIs BBOAA W BEIBOJA JaH-
mepiX. Takoe ycrpoiicTBo HaswiBaloT mMamuHOM Thio-
pHHTa.

Teoperuuecku neHTa B Mmamuue Tropuara 6ecko-
HeYHAa, OJHAKO B KaXJBIi MOMEHT BpeMeHU paboTsl A. Teiopuar
MAaIlTWHBI UCIOJB3YeTCA JIUIIL KOHeUHAS €€ YaCTh. (1912-1956)

Kaperka B /50601 MOMEHT BpeMeHM HAXOXUTCH HAJ OXHON sueii-
KOM, aBTOMAT MOJKeT YUTATh U H3MEHATH COAEPKHMOe 3TOH AYeHKH,
KOTOpasi HasblBaeTCa TeKylneil (paboueit) sueikoit (puc. 5.2).

Kaperxa
Beckoneunas nenTa

Texymasn sueiika

Puc. 5.2

B kamayoo A4YelKy JIEHTH MOXKHO 3aluMCcaTh OAUH J000H CHMBOJI,
npuHAAJeKamuil BelOpanHomy andasury. Jloboit asdasur o06a3a-
TEeJbHO COJEPKUT mpobesn (IycTOH CHUMBOJI, COOTBETCTBYIOIIMH «4HC-
TBIM» YYacTKaM JIeHTHI), KOTOpPbIA MBI 6ymem obosHauaTh sHaxoMm [1.
Andasut 06b19HO 0003HaUaeTCs OYKBO A, a ero aJeMeHTHl — CTPOY-
HEIMU OykBaMu a ¢ uHIeKcamu: A = {a,, @, ..., ay}. Hanpumep, ai-
¢aBsur MamuHE TrIOpHHra, paborawineil ¢ ABOMYHBIMH YHCJIAMH,
samaéreda B Buge A = {0, 1, O}.

HenpepeIBHYI0 IeIOYKY CHMBOJIOB Ha JIEHTE HA3BIBAIOT CJIOBOM.
Ha pucynke 5.2 neHTa comep»kuT cioBo «1011», KoTopoe MOHO BOC-
ONPHUHUMATh KaK JBOMYHOE UHCJIO.

ABTOMaTOM Ha3LIBAIOT YCTPOUCTBO, paboraiormiee 6e3 yJacTud de-
JoBeKa. ABToMar B MamuHe ThIODUHIa MMeeT HECKOJLKO COCTOSHHI
M IIPH ONpeJesIEHHBIX YCJIOBHAX IEPEXOAHUT M3 OJHOIO COCTOAHHA B
apyroe. CocTofgHHe aBTOMATA OIpPEJENSAeT Ty NIPOMEXYTOUHYIO 3a4ady,
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KOTOpPYIO peliaeT aBTOMAaT B JaHHBIH MOMEHT. 3TO HAIOMHHAET COCTO-
AHUA YeJIOBeKa: HOYbIO OH cnuT (cocroAHme 1), yTpoM BCTAET M yMBI-
Baerca (cocroanue 2), saBrpakaer (cocrosHme 3), maér Ha pabory
(cocrosrue 4) u T. .

MHOecTBO BCeX COCTOSAHMI aBToMara obosHauaercsa OYKBOi @, a ero
3JIeMEeHThl — CTPOYHBIMHU OykBaMu ¢ ¢ MHAeKCAMH: Q ={q;, G5 > Qo)
IIpuHATO, YTO B HAYAJbHBIA MOMEHT MamnHa THIOpPUHTa HAXOAUTCA B CO-
CTOSIHUH (.

Ocob6oe cocrosiHMe ¢, — 9TO cocTogHMe ocTaHoBa. Eciu mammHa
IIeEpeX0JUT B OTO COCTOsIHMEe, BHINOJHEHWE [POrPpaMMEI Cpasy
OCTaHABJIMBAETCH.

ABTOMaAT ynpaBiafeTcda IporpamMmoii. Bo Bpemsa Ka)XJoro mara
IporpamMMbl ABTOMAT BHIIOJIHAET MOCJIEL0BATEIbHO TPH AeHCTBUA:

1) usmensieTr cUMBOJ B paboueii sueiike HA Apyro# (Miu ocrasiser 6e3

U3MEeHEeHUI);

2) nepemelaeT KapeTKy BJIEBO HJIX BIPABO (MJIH OCTABJAET HA MECTe);
3) mepexoAHUT B APYroe COCTOAHME (MM OCTAETCHA B IIPEXKHEM COCTOS-

HHH).

IToaToMy Ipm cocTaBJIeHHHM IPOTpPaMMBI IJIf Ka)XJoi mapsl (cumeo.,
cocmosnue) HYKHO OIpeAeuTh TPHU IapaMeTpa: CHMBOJ @, M3 BbI-
6panHOro angasura A, HanpapjeHHe IepeMeIleHUd KapeTku («— —
BJIEBO, —» — BIIPaBO, TOYKA — HET IIePEeMEI[eHUs) U HOBOE COCTOSHUE
aBTomMara ¢,. Hanpuwmep, xomanza 1 <« ¢, ofo3Hauaer «3aMeHMTh
CHMBOJI Ha 1, ImepeMecTHUTh KapeTKy BJeBO Ha 1 A4YeHKYy W mepeuTH
B COCTOSIHHE (g».

Ilpumep 1. Ha neHTe 3anmcaHo 4MCJIO B ABOMYHON CHCTEME CUHC-
anesus. Kaperka HaxoguTcs rge-To Hajg umciaoMm. TpebGyercsa yBesu-
YATH YUCJIO HA eAUHUAILY.
Juia Toro 4Tobnl MOCTPOUThL MamuHy ThIOpUHra, HYKHO:
e onpeaenuTh ajpaBuT mamuHsl ThOpUHTA A;
¢ BBIJEIUTH INpOCTeHIINe NoA3aJadyd U OIpeAes]uTh HaAOOp BO3-
MOJKHBIX COCTOSAHHMY @; 3asaTh HAYaJIBHOE COCTOAHME ¢; M KO-
HEeYHOe COCTOAHUE ¢, (B KOTOPOM MAalllMHA OCTAHABJIMBAETCH);

e COCTABHTh IpOrpamMmy, T. €. [JJIA KaKJo# mapsl (a; ¢,) ompeze-
JIUTH KOMAaHY, KOTOPYIO OOJI?KeH BBINNOJIHHMTE aBTOMAT.

Kax mb1 yxe BBIACHHIH, axdaBur Mamueesl Teopusnra, pabGora-
Iome# ¢ JBOMYHBIMHM YHCIaMH, BKJ0OYaer cuMBojbl 0, 1 u mpobe:
A ={0, 1, O}. OnpenenuM BO3MOKHBIE COCTOSHUA (pa3obbéM 3agady
Ha dJIeMeHTapHbIe IIoA3aJadn):
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1) g, — aBTOMAaT HMIET IPaBLIN KOHEI] cJ0Ba (YHCJIa) Ha JeHTe;
2) g, — aBTOMAT YBeJIUYNBAET YHACJIO HA 1, IPOXOJA ero crpasa HaJieso,
¥ OCTAaHABJIMBAETCHA, 3aKOHYUB paboTy.
Teneps zaiimémes nporpammoii. Ha nepsom aTame, Korga aBToMar
HINEeT KOHEeI, cJIoBa, ero paboTa MoKeT OBITh OIMKUCAHA TaK:
1) ecqin B paboueii sueiike sanucana udpa 0, nepeMecTUTLCS BIPABO;
2) ecsiu B paboueii ssiueiike 3anucana nudpa 1, mepeMecTHTHLCA BIPABO;
3) ecau B paboueit sueiike npobesi, MIepeMeCcTUTs KapeTKy BJIEBO U Ie-
PEeUTH B COCTOAHUE (y.

Torpa peficTBusA aBTOMATa B COCTOSHMH ¢; MOMKHO IIPEACTABUTH B BUJE
TabaMUIBI, TAEe B 3ar0JI0BKAX CTPOK B3ANUCHIBAIOTCS CHUMBOJIBI ajdaBu-
Ta, & B 3aroJIOBKax CToJIO10OB — cocToaHuA (puc. 5.3).

5l
0 [0—>q
1 1-q
O |0¢«qy
Puc. 5.3

3aMeTHM, YTO BO BCEX CHydasiX CHMBOJI IOJ KapeTKOil He MeHseTcH.
Kpome TOr0, CocTOAHME MeHsIETCHA TOJBKO B mocienHel sueiike. ITo-
9TOMY AJA YIOPOIIeHUs 3amucu He OyAeM yKaselBaTh B Tabauue To,
uyTo ocrtaérca O6e3 mamenenui. Tak, Ha Ham B3rAsnL, Oojlee KpPaTKO
¥ NoHATHO (puc. 5.4).

51
0 —
1 —
O « gy
Pue. 5.4

Bropoit saTan — yBenwuyeHWe ABOMYHOrO YUCIA HA eAUHHUIY. DTO
MOKHO CJeJaTh CJaeayIoIuM crnocobom (BcrmomHHUTE Temy <«CuHcTeMEl
CUMCJIEHUA» ):

1) ecnu B paboueit siueitke sanucana nudpa 0, sanucars B Heé 1 1 cTom;
2) ecan B paboueil Aueiike 3anucada mudpa 1, BEIDOJIHHUTE IEPEHOC B

cTapIInii pasps — 3anucars B AdeidKy 0 1 mepeMecTHTLCHA BJIEBO;
3) ecsu B paboueit aueiike npobes, 3anmucars B Heé 1 u cror.
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Ins Toro uTobbl OcTaHOBHTH pabory Mamuubl ThIOpHHTra, HYIKHO Iie-
peBeCTH eé B COCTOSIHME OCTAaHOBA (. Temepb MOXHO HOGaBUTH B Tab-
JIAIY cTOJIOel], COOTBETCTBYIOIINI COCTOSHUIO ¢, (PUC. 5.5).

q q9
0 o 1.q,
1 = 0«

O «—qy | 1.q,

Puc. 5.5

ITocTpoennasa nojuas tTabauna (cMm. puc. 5.5) — aT0 U ecThb Mpo-
rpamma auas mamuesl Teopurara. O6parure BHHUMaHue, YTO MBI pas-
OMJIM MCXOJHYIO 3a/1auy Ha I0A3aJaud, IJIA KasKIoH U3 HUX COCTaBH-
J¥ IporpaMmy, a IIOTOM HX coeguHWIU. [[Be moasamadyy CBA3AaHBI de-
pes sueiiky (O, ¢,), B kKoTopoil cocTosiHMe aBTOMATa W3MEHAETCH
Ha ¢,. B mamHOM mpocTeiimeM ciydae B KamAOM U3 ABYX aJIrOPUTMOB
OBITIO MCIOJB30BAHO TOJBKO OIHO COCTOSIHME, HO BTO He 00A3aTelnb-
HO — MOXKHO TAKHM ke cIocofoM COeIHuHATH U DoJjiee CIOKHBIE AJIro-
purMmbel. Ecnu anroputvMbl A m B MOMKHO 3anporpaMMHpPOBaTh Ha
mamuHe TpoOpuHra, TO M A0V WX KOMOMHAIUIO TOXe MOXKHO
3aIpoOrpaMMHUPOBATE.

THIOPHHT NPEAIOJTOIKHAI, UTO:

NioBGoit anroput™ (B UHTYUTUBHOM CMbICNE 3TOrO Crosa) MoXeT BbITb
npeAcTaBneH kak nporpamma Anst MalluHbl ThiopuHra.

IT0 yTBEp:KAEHHE B TEOPUM AJITOPHTMOB H3BECTHO KaK Te3HC
Yépua—Teiopunra.

Mammusaa TelOpHHra MoKeT OBITH CTPOTO 3aJaHa C TOYKH 3PEHHUA
MaTeMaTUKH. Andasur A U HaGOp BO3MOKHBIX COCTOSAHUHA @ MOryT
OBITH 3allMCaHbLI B BHUJE MHOYKECTB, a IIporpaMMa — B BHJe HATEPOK
suga (a; g a; diy» q,,), 3aKaonUX KOMaHJAY <«eCjJH MalluHa Haxo-
IATCA B COCTOAHMU ¢, U B paboueil A4yeiike 3anucaH CUMBOJ @;, TO 3a-
nucaTh B paGouyio sUeHKy CHMBOJ d;, CMECTHTHCH B HANIPaBJIEHUH d),
U TepedTH B cocTosiHMe ¢, ». Hanpumep, nmpuBeféHHasA BbIlIe IIPO-
rpaMMa yBeJHYeHHs JABOMYHOI'O 4YucJa Ha 1, 3anucaHHas B BHIe
TAKHX OATEPOK, BBIMVIAAUT TAK:

(0’ Qp Oa = Q1)’ (19 qla 1’ =y Q1)$ (D’ ql! D’ €= QQ)s

(0, g5, 1, ., qp)s (1, g3, 0, «, q5), (a, qs> 1, ., qg)-
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Ora MalluHA — MaTeMaTUYeCKHUil 00'beKT, U JaHHOe HA €6 OCHOBe
onpeieneHye aJropuTMa MOXKET MCIOJL30BATHCH IJIs JOKA3aATEeILCTB.
Exsa nm MoxHO npuMeHnTh MamuHy THIODHHTra AJAA PeIIeHUA IPaK-
THYEeCKHUX 3a/a4, HO 3Ta IPOCTas MOAEJb ANTOPUTMA OdYeHb yAoGHA
AJIA TPOBeJleHUA TeOPeTHYECKUX HCCJeloBaHUM. B orimume or uaTyn-
TABHOTO OIpPeJeJIeHUsA AJIrOPUTMa HOBOE OIpelieJIeHHe He COMepPIKHUT
TAKUX HEONpPeJeIEHHbIX NOHATHH, KAaK «HMHCTPYKIIHS», «HUCIOJHMU-
Telb», «pemieHue 3azaun». Takum obpasoMm, GopMasbHOE OIperesie-
HUe CJIoBa «aJropuT™m» (o THIOPHUHIY) BBITJIAAUT TaK: aJrOPUTM —
9TO mporpamMmma s Mamuebl TeiopuHra.

Mammuna ITocra

[IpakTuyeckn opHOBpPeMeHHO ¢ ThIOPpUHIOM
(B Tom ke 1936 r.) u HE3aBUCUMO OT HEro aMepHKaH-
ckuii marematruk 3. JI. IToct npemnosxun emé Gosee
IpOCTYI0 cucTeMy o6paboTKU HAHHBIX, HA OCHOBE KO-
TOPOH No3jHee ObLIA MOCTPOEHA TAK HasbIBaeMasd Ma-
muHa Ilocra.

Jleara B mamune Ilocra (Tak sxe Kak ¥ B MalluHe
Trroopunra) 6eckoHeuHa M pasbura Ha sauelku. Kamx-
nas sTYefiKa MOMKeT colepiKaTh MeTKY (6bITh oTMede- 9. JL ITocr
Ha) WA He cojlep:KaTh eé (mycras sueiika) (puc. 5.6). (1897-1954)

Kaperka
Beckoneunas senra

o i o e B e e e

Texymas sigeiika

Puc. 5.6

Taxkum obpasom, IToct cokpatua andasuT Bcero A0 ABYX nudp. Ito
AOTYCTUMO, ITOTOMY dYTO JI0OBIe JaHHBIE MOYKHO NEPEeKOAUPOBAThH B
ABOMYHBIA KOJ, COIIOCTABHB KaKA0# OyKBe MCXOAHOro andaBuTa YHU-
KaJIbHYIO TI0CJIeIOBATENbHOCTS HYJIel M euHUII.

Kpome Toro, anropurm pabGorel mammuubl IlocTa 3amaérTca He B
BHJe TabJHUIBI, & KAK IPOrpaMMa, COCTOAIIAA M3 OTAeJIbHBIX KOMAHI.
Cucrema xomaua mamuas! [Tocra comepsxuT ToapKO 6 KOMaH/A:

- — IIepeMeCcTHUTh KapeTKy Ha 1 AdeiiKy BJIeBO;

— — IlepeMecTHTh KapeTKy Ha 1 s4elKy BIpPaBO;

0 — cTepeTh MeTKy B paboueit sueiike (sanucats 0);
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1 — IIOCTaBHUTH METKY B paboueil syeiike (3anmucatsb 1);

? ny, n; — ecnu B paboueil AueliKe HET METKH, NEePEHTH K CTPOKE
ng, MHaYe MepeiTH K CTPOKEe 7,;

CTOIL — OCTAHOBHTH MaIlIUHY.

IToneiTKA cTEepeTs METKY TaM, rjge €€ HeT, WIH IIOCTaBHTH METKY IIO-
BTOPHO CUMTaeTcA OMIMOKOM, ¥ MAIllMHA aBapDUUHO OCTAaHABJIMBaeTCH.

Bce cTpokm B mporpamMme HyMEpYIOTCH O NOPAAKY, 9TO HeobXo-
auMo nna paborbl KoMaHABI BerBaeHUdA (? ngy, n,). C nmomompio 3TOM
KOMAaHJbl MOKHO TaK’Ke CTPOMTH IIMKJLI KaK C IpPeAycJIOBHEM, TaK U
¢ mocrycyjoBueM. Hampumep, cieayiomias IIporpaMMa Iepemeraer
KapeTKy BJIEBO JI0 MePBOM OTMeYeHHOM AYeHKH:

1. «
2.2 1,8
3. cronm

Ecau mociie BBINOJMHEHHUS KOMaHABL <—, —, 0 miaum 1 Tpebyerca Iie-
peiTH He Ha CJIEAYIOIIYIO CTPOKY, & Ha KaKylo-TO APYIYI0, TO HOMEP
9TOW CTPOKH MOXKHO 3aIlIMCaTh B KOHIe KoMaHALl. Hanpumep, kxomaHza

«— 3

03HAYaeT «IePEeMECTUTH KAPETKY BJIE€BO U MEPEHTH HA CTPOKY 3».

ITpu pabGore c¢ wmamwuuoit IlocTta uymena OOBIYHO 3aIUCKLIBAIOT
B YHADHOU (€AMHWYHOM) CHUCTEME CUYHUCJIEHHUs, B BUJE HEIPEPHIBHOM
IEeNOYKHM METOK HY)KHOH JJIMHBEI (BCIIOMHHUTE CYETHBIE NaJOYKH B
miagme myosie). Hanpumep, Ha JjleHTe, mOKasaHHOW Ha pwuc. 5.6,
3anmcasHo yucio 4.

ITocT mpeAmosIoKMI, 4To JI060H aJropuTM MOXKeT OBITH 3alHCaH
Kax IporpaMMma AJs IIPeAJOsKeHHOro UM HCIOoJHuTead. B Teopun amn-
TOPUTMOB JIOKa3aHO, 4yTo Mamuub!l [locta n ThlOpUHra OANHAKOBEI IO
CBOMM BO3MOKHOCTAM. OJTO B3HAYUT, YTO KPYI' 3ajad, KOTOPHIH OHH
pelamT, TOXe OLUHAKOB.

Hopmansnsie anropugmer Mapkosa

Cosercknii marematTuk A. A. MapkKoB, KOTOpDBI#

B cepeagmHe XX BeKa M3yYyaJ paspelIMMOCTH HEKOTO-
PBIX 3azad aJyreOphl, NPEeNJOKHI  HOBYIO MOZENIb
BBIYMICJIEHHH, KOTODPYIO OH HAas3BaJl HODPMAaJbHBIMHA y
MPOI_I;H@MaMH' A. A. Mapkos
opMmaabHbrie anropucpmer MapkoBa (HAM) — (eanmni)

9TO cTporas MareMaTH4ecKasa (hopMa 3aliCH aJITOPHT- (1903-1979)
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MOB 00pabOTKM CHMBOJIBHEIX CTDOK, KOTODYIO MOKHO MCIIOJb30BATH
AnA AOKAa3aTesIbCTBA Pa3pelIMMOCTH MM HEepaspPeIIMMOCTH Pas3IndHBIX
3azad. MapKoB IpeANoIOKII, 9TO JI000H AJIrOPUTM MOMKHO 3aITHCATh
xkak HAM. B orsmume or mamwue Teiopurra u ITocra HAM — srto
«YHCTBI» AJI'OPUTM, KOTODPBI HEe CBSA3aH HU C KAKUM «alIapaTHBIM
obecnieueHUEM» (JIEHTOU, KAPETKOH U T. 1I.).

HAM npeoGpasyer ogHO cI0BO (II€IOYKY CHMBOJIOB HEKOTOPOTO
andasuTa) B APyroe u 3agaérca aapaBATOM U CHCTEMOH HOJCTAHOBOK.
3aMerbTe, UTO B JKU3HHA Mbl HEPEAKO MPUMeHAeM TaKue 3aMeHbI. Har-
puMep, IPU YMHOKEHUHM B CTOJNOHMK MBI HE BBIUHMCIAEM Ka)XABLIA pas
npou3BefieHne 7 - 8, a MPOCTO MOMHMUM, YTO OHO paBHO 56.

IIpumep 1. Ilycres andasur HAM — 5T0 pycckue OYKBEI U 3afaHa
cucTeMa MOACTAHOBOK:

a—H

VX — JO

M

IIpuMeHMM 3Ty CHCTEMY NOACTAHOBOK K HAYaJbHOMY CJIOBY
«myxa». IToncTaHOBKM HY’)KHO NMPOCMATPUBATH IO MOPAAKY, HAYHMHASA
c nepsoii. Ilepsaa moacTaHOBKA O3HAYAET: «€CJIU B CJIIOBE €CTh OVKBEI
“a”, sameHUTHL mepByio GykBy “a” Ha OykBy “H”». B cioBe «myxa»
ecTb OyKBa «a», IOITOMY 3aMeHsAeM eé Ha «H». Iloiyuaerca «MyXH».

HaunaaeM npocMOTp HOACTAHOBOK cHayaja. BYykB «a» Gosabime
HeT, I03TOMY MepexoJuM KO BTOpo# mnoacraHoBke. CodyeTaHHe «yX»
€CTB B CJIOBE «MYXH», IIO3TOMY BTOpasd HOACTAHOBKA cpabaTwiBaer,
M MBI 3aMEHSEM «yX» Ha «JIO»: IOJYYAeTCH «MJIOH».

Tenepr HM mepBas, HU BTOpPAs IOJCTAHOBKH HE IPUMEHUMEI, a HC-
IIOJIb30BaHUE TPeTheil JAéT B pes3yJIbTATe CJIOBO «CJOH». BoJblle HH
OJHY IOACTAHOBKY cJesaTh Heab3sds, 1 HAM saxkanuusaer pabory. Ta-
KHUM 006pas3oM, OIpuBeAEHHAS CHUCTEMA MOJACTAHOBOK IpeobpasyeT CJIOBO
«MyXa» B CJIOBO «CJIOH».

IIpu noucke obpasna pabouyas IEIOYKa CUMBOJIOB IPOCMATDPUBAET-
ca ¢ Havana. Ecam B cTpoke cioBo-o6pasern BeTpeyaeTcsi HECKOJIBKO
pas, TO 3a OJMH IIar 3aMeHAeTCA TOJBKO IIepBoe M3 HuX. Tak Kayk Ha
CIeAVIOIeM Ilare IpPOCMOTP OIATH HAYMHAETCHA C HAYAJNa LEeNOoYKH,
mocjie IepBOM BBINIOJHEHHOH 3aMeHBI MOMKeT <«cpaboTaTb» COBCEM
Ipyras MOJACTAHOBKA.

B 3amnucu mo/CTaHOBOK CJIOBO-00pasel; MosKeT GBITh IIyCTHIM, B 3TOM
caydae CJIOBO-3aMeHa NIPMINChIBAeTCA B Hayaio paboueil CTPOKH:

-0
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Takas TMOACTAHOBKA BCerja JOJKHA OBITH HOC/IEJHel B CIUCKe, WHAYe
IporpaMMa 3aIUKJMTCA: B Ha4ajo cjoBa OyayT IOCTOAHHO AOIHA-
CHIBATHLCA BCE HOBBIE M HOBEIE HYJIH.

Eciu mocje cJoBa-3aMeHBI CTOMT TOUYKA, IIOCJie BBIINOJHEHWA Ta-
Kol moacTaHOBKM pabGoTa mporpaMMbl 3akaH4yuBaercsa. Hanpuwmep,
ecsan npumeauTs HAM

a— 0.

K CJIOBY «KapoBa», TO B pe3yJibTaTe MOJYYHM «KOpOBa», IIOTOMY YTO
mmocJjie IepBOro Ke JeiicTBUA paboTa MPOrpaMMbl 3aKOHYMTCHA, W MO~
caenaas Oyxkea He OyZeT 3aMeHeHa.

Ipumep 2. Hocrpoum HAM ana cieayiomeit safadu: yAaJdUTh U3
cTpoku, cocrosmeit us 6yks «a» u «b», mepsrrit cumeoa. Hanpuwmep,
crpoxa «abba» mosknHa GBITH mpeoOpa3oBaHa B «bbas». Kasamock 0w,
31ech HYKHO HCIIOJb30BATE CHCTEMY IOJCTAHOBOK!

a—.
b—.

Opnako Takoit HAM Oyaer HenpasuiabHO paboTaTh AJisi CJIOB, HAYM-
HAIOMMXCA ¢ OykBbI «b», Hanpumep AJs ciosa «bba», B KoTOpoM oyaer
yaajeHa nocjeAHsas Oyksa, OTOMY YTO IepBas MOJACTAHOBKA BBITIOJIHUT-
cA paHbile, 4eM Bropasd. IlepecraHOBKa JBYX CTPOK TaKiKe He naér pe-
[IEeHUsI — Telephb AJrOPUTM HEeNpaBUIbHO paboTraer /Jisi CJIOB, HaUYMHA-
joruxca ¢ 6yKBbl «a». YToOBI pemmuTh 9Ty 3ajady, B aadasBuT HAM pno-
GaBJIAIOT eme OAWH CHENMATbHBIA CHMBOJ, HAIPUMeD CHMBOJI «*».
DTHM CHMBOJIOM IIOMEYAIOT HAYAJIO CJIOBA, MCIIOJL3YH MIOJACTAHOBKY.

- *®
ITonubri aJITOPHUTM BBITJIALUT TaK:

*a — .
*h — .
_}*

Cuauasa cpabaThiBaeT TPeThs MOACTAHOBKA (CTaBUM «*» B HAYAJO
CTPOKH), 3aTeM, B 3aBUCHMOCTH OT IepBoii OYKBBI MCXOJHOr0 CJIOBa,
paboTaer mepBas WJHA BTOpPasd IOACTAHOBKA, W AJIrOPUTM 3aKaHUYMBAaeT
pabory. JIOMOJTHUTEIBLHBIA CHMBOJ TOX0 Ha MapKep B TEKCTOBOM pe-
[IAKTOpe — OH OTMeJYaeT MECTO B TEKCTe, C KOTOPBIM HOTOM GyAyT BBI-
MNOJNHATHCH KaKHe-TO AeliCTBHA.

Kax mokKasaHO B TEOPHMH AJTOPUTMOB, JII000H aJrOpuUTM /Jisl Ma-
mun Teiopunra u ITocta moxuo samucars Kak HAM m Hao6opoT.
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OnemMeHThbi TEOPpUM anropuTMOR

[loaToMy Bce TpM PacCMOTPEHHBIX MOAXOAA K CTPOIOMY OMPEAeNeHUIO
NOHATHUA «aJTOPATM» 3KBUBAJICHTHBI (DABHOCHIBHEI).

Bonpocskl u 3apanus

1. 3aueM moHALOOGUIOCH YTOUHATE MOHATHE «aITOpPUTM» 7

2. Kaxue 3a/laun pacCMaTPHBAIOTCHA B TEOPHA ajaropuTmMos?

3. IloueMy MOYKHO OrDAHHYUTBCA AJITOPUTMAMHU 00paboTKH CHMBOJIBLHBIX
cTpok? MOKHO 1M paccMaTPMBATH TONBKO AJTOPUTMEI IS npeobpasosa-
HUSA OBOMYHBIX KOZOB?

4. Kak BEI NOHHUMAaeTe yTBep:KAeHUE «AJNITOPATM 3a7aéT HEKOTOPYIO (PYHK-
IHI0» 7

5. Kak cBABAHBI NOHATUSA «AJTOPUTM» U «HCTIOTHUTEND» ?

6. Yro rakoe nporpamma?

7. B kakom cayuae TOBOPAT, YTO JBa AJITOPUTMA 3KBHUBAJIEHTHBI?

8. Uro Takoe yHHMBepCAILHBIN HCIOTHATEND?

9. CpaBHHUTE UHTYUTHBHOE M CTPOrOe HOHATHA aJropuTMAa.

10. OnmmaTe yerpoiicTBo U cucremy NporpaMMUpOBaHuA MamuHbl TelopuHTa.

11. Yro TaKoe COCTOAHME MAIIHHBL Teropunra?

12. Conocrasbre ycrpoitcTso mMamussl ThiOpUHTa ¢ YCTPOMCTBOM KOMIbIOTE-
pa. Kaxue ycrpoiicTBa Mamuasl ThIODHHra BHINOTHSAIOT Te ke byHKIHH,
4YTO ¥ aHAJOTHYHBIE YCTPOUCTBA KOMIIbIoTEpa?

13. B yem 0coGeHHOCTHL COCTOSHMI qo v g, mammasl Thiopuara?

14. Ilo KaKOMy NPUHIMOY MOYKHO HOCTPOHUTH nporpamMmy s mamuesl Thio-
PHHra, KOTOpas IMOCJIeA0BATEbHO BLINOJIHAET onepanuu A u B?

15. Copmynmpyiite resuc Yépua—TriOpUHTra.

16. CpaBauTe Mamuns Thiopuara u [ocra.

17. Bauem HyMepyIOTCs CTPOKH B mporpamMme Ajis Mamuas Ilocra?

18. Yro rakoe HOpManbHBIH anropupm Mapkrosa?

19. 3auem HMCIOAB3YIOT clenuaNbHBEIe CHMBOILI B HAM?

20. UTo o3HayaeT BKBMBAJEHTHOCTH DA3IMYHBIX YHHBEPCATBHBIX WCIIOJHH-
Teaei?

IloaroroBsTe coobmenue

a) «Kaxwue 6niBator mamuasr Teopuara? »
0) «D3oTepuuecKme s3LIKM MPOTPAMMHEPOBAHMA»
B) «Pexypcusnbie QyHKIAT»

3apaum

1. Yro penaror ciaepyomue NPOrpaMMBbl A1 MAIIHHEL Teopunara?




YTOo4HEeHue NoHATUNA anropurma

a)

2.
3.

4.

10.

a9 ©) 9 B) 51 P
0 — 0 - qg a qs O«
1 « i - gy 6 qs O«
(| > qp O “— O o do

B KaK®X CAyYasiX 3TH NPOrPAMMBI 3alHKIMBAIOTCH?

IIpeanoskuTe MporpaMmy AJf MamWHEbl ThIOpHHra ¥ HaYaJbHOE COCTOA-
HUe JIEHTHI, IIPX KOTOPOM 3Ta NporpaMMa 3alMKJIHBaeTCsd.

CocraBpTe mnporpaMmy pans mamuHEbl ThiopuHra, KOTOpad YMEHBIIAET
ABOMYHOE YHCiIOo Ha 1.

CocraBbTe IDporpaMMmsl Ajd MamuHbl ThIODUHIa, KOTOPbIE YBEJIHMYHBAIOT
¥ YMEHBIIAIOT HA eAMHMILYy YHCJO, SAllUCAHHOe B [ECATUYHON cHcTeMe
CYMCTIeHUA.

CocraBpTe nporpaMmy aias mamusbl ThlOpuHra, KOTOpas CKIALbIBACT
ABA uMcJa B ABOMYHOMN cHCTeMe, pasiesieHHbIe Ha JIeHTe 3HAKOM «+».

. CocraBpTe TporpaMMbl s MamuHbl ThIODUHra, KOTOPbIE BBINOIHSIOT

ClOMKeHWe W BHIYMTAHHUE ABYX UMCEJ B JECATUYHOHN cucTeMe CUHC/IeHUA.
Yro gesaioT cieayioliue mporpaMMsl s MamuHasl [locra?

a) 1.1 6). 1. B) 1.7 2,3
2. > 2.73,4 2.14
3.»1 3.11 3.»1

4, cron 4, cTon

Kax 6yzer paGoraTh KakJas M3 NPOrpaMM NPU Pas/MYHBIX HAYAJIBHBIX
COCTOAHUAX JIEHTHI?

. Hanmmmure nporpammy gias wmamuebl Ilocra, KoTopasd YBeIHYHBAET

(yMeHbIIAeT) YUCJA0 B eJHHUYHOH cUCTEMe CUMCJEeHHA Ha eJHHHIY. Ka-
peTKa pacmoJjioyKeHa cJeBa OT YHCJa.

Hanumure nporpammy ajis mamusbl Ilocra, Koropas CKJagblBaeT ABa
ypesna B eAMHWYHOM cHcTeMe cumciaeHunsa. Kaperka pacnojiodkeHa Hal
npo6esnoM, pasfeAIoNuM 9TH YUCIa HA JIEHTe.

Yro genator caegyiomue HAM, ecqu NPAMEHHTh MX K CHMMBOJBHON Ie-
[IOYKe, COCTOAIeH U3 HyJIel u efuHUI?

a) 0-00 6) *0— 0% B) *0—00%
1->11 *1 > 1% *1—>11%
¥ = Ll
-y —y ¥

Kax Gyger paboraTs Ka)kjas W3 OPOrPDAMM NPH DA3JNYHBIX HAYAJBHBIX
COCTOAHMAX JIEHTHI?




OnemeHTbl TEOPUM aNnropuTMOB

11. Hanwmure HAM, xoropsiit coprupyer nudphl JBOMYHOTO YHMCJIa TAK,

uTOOBI CHAYAJIA CTOHAJIHN BCe HYJIH, & IOTOM — BCe eJIMHHUIIEL.

12. Hamnmwmrte HAM, KoTOpERIA yoanaeT nocnedHwWii CMMBOon
CTPDOKK, COCTOALSRm M= uwHMdp O 1 1. Kakyo onepaumes oH
BbBIMOMAHAST, €Crfik paccCMaTpMBaTe CTROKY KakK ABOMYHYHD
anrcb JYucna?

13. Hanumure HAM, KOTODBIH YMHOKAeT ABOMYHOE YHCJIO HA 2, nobasiaaa
0 B KOHeI 3anucH YHcIA.

§ 35
ANroputMMYeCKu HepaspeluuMble 3anaum

Beruncimmeie u HeBBIYMCAMMBIE (DYHKIHH

Mol yae roBopmiM, 4YTO JI060H aJITOPHTM 3amaéT HEKOTOPYIO
(QYHKIHIO, KOTOPas AJA KajyKJA0ro BXOAHOIO CJIOBA, K KOTOPOMY IIPH-
MEeHHM aJITOPHUTM, OAHO3HAYHO 33Ja6T Pe3yJbTAT — BBIXOIHOE CJIOBO.
Taxne QYHKIMU HA3BIBAIOTCA BBIYHUCIUMBIMHU.

Beluncnumas yHKUMS — 370 yHKUMS, ANs BBIMMCNIEHUS KOTOPOM
CYLIECTBYET anropuTm.

Jliobasi BBIUMCIMMAA (DYHKIUA MOMKET 3aJaBATHCH PA3HBIMU AJl-
ropuTMaMu (PasHBIMH IIPOTPAMMAMY AJIA BHIOPAHHOTO YHHBEPCAJIBHO-
ro ucnonHurenas). Hanpumep, ciaeayoique ABa HOPMAJIbHBIX AJIIO-
pudpma MapkoBa 3aMeHAIOT BO BXOJHOM JABOMYHOM CJIOBE BCE OYKBBI
«a» Ha HYJIA U BCce OYKBEI «0» HA eIMHUILLI:

a—0 6—>1
0—>1 a—0

Jlobas BeIUMCAMMAs (DYHKIUA MOMKET OBITh BBIYMCIEHA C IIO-
MOIIBIO JIFOOOTO YHHBEPCAJBHOIO HCIOJIHUTENA: MamuH THIOPDUHTA U
ITocra, HOpManeHEIX anropudmos Mapkosa u ap.

Paccmorpum, Hanmpumep, Takyo (DYHKIHIO, ONpPENeNISHHYIO IIA
BCEX HaATYpPaJIbHBIX YHCEJ:

f(n) = {

1, ecniu n — uérHOoe;
0, ecim n — HedéTHOE.




ANropurMmuYecKu HepaspeluMbie 3apa4m

ITonpo6yeM cCOCTaBHTH HMPOrpamMmy AJd MamuHbl ThIOpUHra, KoTopas
BBIUMCJISET 3Ty (DYHKIHIO. BygeMm cuMTaTb, YTO YHCJIO 3aNHCAHO B
eIMHUWYHON CHCTeMe CUHCJIeHHA (B BU/E HEIOYKHU efMHHUI!), U KapeT-
Ka B HAYAJbHBI MOMEHT CTOMT Haj caMmoii jesoit eguHunei. OKassl-
BaeTcs, TaKas IPOrpaMMa AefcTBUTEIbHO cymiecTByeT (puc. 5.7).

qy qz q3 q4
1 —> g5 - qy “— qy O «
| «— g3 “«— gy 9o
Puc. 5.7

Kax npuHATO, B Ha4aJIbHBI MOMEHT MAIINHA HAXOAUTCS B COCTO"
SHWM ¢,. 3aTeM OHa JBUIKETCHA BIPABO BJOJb YMCJA, II00YEPESHO e
pexojisl U3 COCTOAHHUA ¢, (MpoiHAeHO YETHOe YUCIIO eJWHUI]) B COCTOA-
HUe ¢, (UpOiifleH0 HEeYETHOe YMCJIO eAMHUI) U O6PaTHO. Taxum obpa-
30M, €cJIH BCTpedeH mpobesl W ManInHa HAXOJAUTCHA B COCTOAHHUHU (g, TO
YMCA0 HEYSTHOE M HYIKHO IPOCTO CTEpeTh BCe eIUHMILbI (COCTOAHME
q,)- Ecim mMamuHa 3aKOHYMJIA NIPOCMOTP B COCTOAHWH ¢y, TO HHCIO
4YéTHOe; PU STOM HYIKHO OCTABHUTH OJHY eAHHHIYy (COCTOAHHE gs) U
mepeiiTy B COCTOSTHUE ¢, (CTEPEeTh BCE OCTAJbHBIE eAMHHUIIEI). O6parure
BHMMAaHwue, uro sAueiika (0, g3) B Tabaune mycrasa — 3TO HEBO3MOXKHOE
cocToAgHMe (TOKAXKHATE 9TO CAMOCTOATEIbHO).

TakuM 06pasoM, PACCMOTpPeHHas (QYHKIMA BBIUUCIMMA, T. €. €€
MOXHO BBLIYMCJIATH ¢ MOMOINLI0 MamumHbl ThIOpHHIa, a 3HAYHUT, U C
OMOIbI0 JII06OTO yHHBepcajabHOro ucnonHurens. Hanpumep, HOp-
ManabHBIH agropudm Mapkosa ans andasuta A = {1} BRINIAAMT TAK:

11 —"%
1-.
— 1.

B mepBoil IOJACTAHOBKE JBe COCEJHHE eIUHUIbI yAANAOTCH (CIOBO-3a-
MeHa 3JIech NYCTOE, AJfA SCHOCTH OHO B3ATO B KaBBIYKH, KOTOPBIMH
MOJKHO orpaHmumuBaTh cioBa B HAM). 9T0 NPOMCXOAHUT A0 TeX IOP,
noka He OyAyT yJalieHbl BCe Naphl, MOCKOJIBKY 3Ta NOACTAHOBKA CTOUT
nepsoii. Ecim ocraércA ojHa €AMHHIA, OHA YJAaJAETCA C IIOMOIIBIO
BTODOIi IIOJICTAHOBKY, ¥ pabora NpOrpaMMbl 3akaHumBaercs. Eciau
BCe eQMHUIBI VAAJeHbl (YHCI0 YETHOE), TO ¢ MOMOIBI0 TpeThel moj-
CTAHOBKM MBI CTABMM ONHY €IWHHIY ¥ OCTAaHABJIWBaeM aBTOMAT.

Ilycras neHTta coorBeTcTBYeT unciay 0.




SnemMeHTbl TeOpUn anropuTMoB

CymecTByioT u HeBBIYMCIMMbIe (yEKmuE. Paccmorpum IIpoCTOH
npuMep, npeajgoxeHHBId B. A. Vemenckum B xHure «Mamuna Iloc-
Ta». M3BecTHO, 4TO MaTeMaTHYeCKasi IOCTOSAHHAA T — HPPALHOHATD-
HOEe YHCJIO0, ero AecATHYHAsA 3anmuch OECKOHEYHA M HeNepHOAWYHA.
Beenem ¢yuxnuio h(n), Koropas ans mo60ro HaTYpPaJbHOTO YUCIA 71
paBHA 1, ec/M B JeCATHYHON BaMHCH YHCJIA T €CTh N CTOAIIMAX IOAPSIL
AEBATOK, OKPYKEHHBIX APDYrHMHE Hu(paMu, ¥ paBHA HYJIO, €CIU Ta-
KO LENOYKHM JeBATOK HeT. Kak BBIUHC/INTH 3HAYEHUE HTOH byHKOHHA
Opy HEKOTOpoM 3azaHHOM n? KoHeYHO, MOKHO BBIUMCIATHL APYT 3a
ADYTOM JeCATUYHBbIE 3HAKH YHCja T (TAKHe AJrOPHTMBLI MaTeMaTHKAM
M3BECTHHI!) ¥ IPOBEPATH, He HANILIACH JH B IOJYYEHHOI nocJienoBa-
TEJIBHOCTH HU(D Iernouxka u3 n JeBATOK. C IOMOIIBI0 TAKOIO «HAHMB-
HOrO» ajropuTMa MOXKHO HAaWTH TaKWe 3HAYEHUsS 1, NPU KOTOPBIX
h(n) = 1: obHapysxuB TpebyeMyio IENOYKY, aJITOPUTM 3aKOHYUT pabo-
ry. Hanpumep, ananns nepssix 800 3HAKOB MOKAa3bLIBAET, UTO h(n)=1
onpu n = 0, 1, 2, 6. Ho ecinu aas kaxoro-ro n dysxnus h(n) pasza
HYJIO, TO «HAWBHBIM» AJMOPDATM HUKOTZA He OCTAHOBHUTCA. Bojee
TOTO, AJIAA 9TOH (YHKIOHMHM BOOOINE HE CYIIECTBYET AJTOPHTMAa, KOTO-
PEIi IpH J11060M 7 OCTAHABIMBAETCS UM BhIZAeT 3HaueHMe h(n) B Kauec-
TBe peaynbraTta. [loaTtoMmy Takas GYHKIHA HEeBBIYMCIUMA.

Korna sagava ajropurMuvyecku Hepaspemuma?

Kax Bbl 3HaeTe, HEBO3ZMOKHO CO3ZATH BEUHKII ABUTATENb, IoTOMY
4TO 3TO NPOTHBOPEYUT YHHUBEDPCAJbHBIM (DH3UYECKUM 3aKOHAM COXpAa-
HeHUs. TOYHO Tak ke B MaTeMaTHKe U MHOOPMATHKE CYIIECTBYIOT 3a-
Jadu, JAJIA KOTOPBIX pellleHHe B 00IIeM BHEe OTCYTCTBYeT.

Ilockoneky anropmrM paboTaeT TOJBKO C AHCKPETHBIMU 06BEKTa-
MU, J00as aarOpUTMHYECKas 3ajada — 3TO MYHKIMSA, 3a/aHHAS HA
MHO€eCTBe AMCKPeTHBIX 00BEKTOB (BXOLHBIX CJIOB).

ITycrs, Haupumep, TpebyeTcs IO ImaxMaTHOMN NO3UIUHN OIIpeje-
JIATh, KTO BBIMIDHIBA€T NP NPAaBHJIBHONA Urpe — Oejible, YEpPHbIE MU
Oyaer Huuba. ITocTpouM (YHKUMIO, COOTBETCTBYIOIIYIO STOMY AJITO-
purmy. [Ins aTOro BhIGEpPEM CIOCOO KOAMPOBAHHUA, OPHU KOTOPOM KajK-
Aas MO3UNUA MOXKeT ObITh 3aKOAMPOBaHA CJIOBOM (CHMBOJBLHOIT CTpO-
KOii) v B moaxoxsamem andasure. Torga IpUBEAEHHON 3a7a4e MOKET
COOTBeTCTBOBATL (hyHKIUA f(V), 3afjaHHAS HA MHOYKECTBE TAKHUX CJIOB:

'B’, ecnm v — KOJ MO3UIMH, B KOTOPO# BBIAIDHIBAIOT Gesble,

'II.,
f)=4, . 2
0’, ecam v — KoJ MO3UIMH, B KOTOPOW GYVIET HAYBS,
'?", ecam v — omMOGOYHBIN KOJ HO3UIIUH.

€CJIM U — KOJ| IO3UI[UH, B KOTOPO# BBIUIDPHIBAIOT YEPHBIE,




ANropuMtMuYecKu Hepaspelwinmbie 3apa4u

Eciu @GyHKIMSA, COOTBETCTBYIOIIAsA 3ajade, BbIYHCJIMMA, TO 3aja-
ya HA3BIBAETCS AJTOPMTMHYECKH Pa3pelIuMoi — IJIs €€ BhIYMCIeHHU s
MOJKHO HOCTPOUTH anropuTMm. Ecim onpenenéHHas B 3ajade QYHKIUA
HeBBIYUCINMA, TO AJITOPATMA AJIA €€ PellleHusd He CYIIeCTBYeT.

AnropuTMUYECKM Hepa3spelummas 3agava — 370 3aaya, CoOTBeTCTBYLWan
HEBbLIMUCNIUMON (PYHKUMHA.

B 1900 r. sa MexayuapogaoM mMaTeMaTHyeckoM koHrpecce B Ila-
puske uaBecTHbIM mMaremaruk lasuj 'manbepr chopmynauposan 23 He-
peméHHBIE MaTeMaTHdecKue mnpobieMsll. B 3HaAMEHHTOH «IecATOR
npobaeme I'mibbGepra» Tpebyercsa HAWNTH METOX, KOTOPBIA ITO3BOJAET
onpejeanTh, AMeeT M 3aJaHHOe ajrebpandecKkoe ypaBHEHHE C IeJbl-
Mu  koaddHUIMeHTAMH pelleEde B UeJblXx uuciax. Hanpuwmep,
yPaBHEHHe

x2+y3+2=0

HMeeT ABa IeJIOUMCIEHHBIX pemreHus, (5; —3) u
(—5; —3). C10KHOCTB COCTOANA B TOM, UTO Tpebo-
BaJIOCh HAWTH e€AUHLIH MeToZ (aJaropuT™m), IIO3BO-
JAKIONUA pPelIuTh 3ajady AJaA 200020 TaKoro
VDaBHEHUS CO MHOIMMH HEH3BECTHBIMU.

B mauase XX Beka OblIa YBEPEHHOCTb, YTO
TAKOUN aJITOPUTM €CTh, ¥ IO3TOMY €ro yIOpHO HC-
kanu. Ogaako B 1970 r. coBeTCKOMY MaTeMaTUKY
0. B. Matusicesuu 0. B. Maruscesudy yznanoch A0Kas3aTb, 4TO 00-

(pom. B 1947) Iero aJICOPUTMa peIlleHUs JTOH 3ajadyd He Cy-
IIecTBYeT.

Hemenxuit maremarur I'. B. Jleitouun 8 XVII Bexe Geaycmemino
NBITAJICA HAWUTH METOJ MPOBEPKH IPABUJIBHOCTH JIOOBIX MaTeMaTHYe-
cKuX yreep:kaeHuii. Kak BbI 3HaeTe, IIOYTH BCe MaTeMaTHUYeCKHe TeO-
PpUHM OCHOBAHBI HA HCHOJB30BAHUU aKcuoMm (IOJIOXKEeHHH, NpHHUMAae-
MbBIX 0e3 HOKA3aTeJbCTBA), M3 KOTODBIX BBIBOAATCHA BCE OCTAJbHBIE
yTBepaKIeHUuA (meopemot). 3amaua 3akaidanack B TOM, 4ToOBI paspa-
foTaTh aJTOPHUTM, IIO3BOJAKIIHA YCTAHOBHTH, MOKHO JIM BBIBECTH
dopmyny B us dopmynsl A B paMKax 3afaHHON CHCTEMBI AKCHOM

Ceifiuac OONBIIMHCTBO M3 HUX PEHIeHO [OJHOCTHI0 MJIM HACTHUYHO.




InemMeHTbl TeOpuM anropmMTMoB

(«npobaema pacno3nasanus avlgodumocmu»).
B 1936 r. amepukasckuit marematux A. Yépu moxa-
3aJ, UTO 9Ta 3ajaya 6 obwem ude aJIroOpUTMUUYECKH
Hepaspemiuma, II09TOMY HeJlb3ss c(HOPMYJIAPOBATH
YHHUBEPCAJbHBINA AJITOPUTM, NPUTOLHBLIH AJS AOKA3a-
TeJLCTBA JI060it TeopeMsr!.

Taxum o6pasoM, yTOYHEHHBIE OINpeJeJeHUA AJro-
PUTMa, OCHOBAHHBIE HA NOHATHUH YHHBEPCAJILHBIX HC-
IIOJTHATEJIeH, ChIrPAJM B HAYKe OYeHb BasKHYIO
POJIb — IIO3BOJIMJIM TOJYYHUTH OMPUUAMETLbHbLE pe-
3yJavmamet, T. €. JOKasaThb, UTO AJIOPUTMOB PEIIEHUS HEKOTODBIX
3a7a4 B 00IeM BH/le HE CYIeCTBYeT.

Jas Toro 4robel JOKa3aTh HEPaspPEeUIMMOCTL KaKoi-TO HOBOM 3aja-
4Hd, OBITAIOTCA CBECTH €€ K yKe M3BeCTHBIM aJIFOPATMHYECKH Hepaspe-
wuMbeIM 3agadyam. Ecam 2710 ymaércsa, sHAuuT, M HOBas 3ajada aJro-
PUTMHYECKH HepaspermmumaZ,

CymecTByior Takke 3aja4u¥, PO KOTOPble HEU3BECTHO, AJTOPHT-
MHAYECKH PaspeluMbl OHM HJIM HET — pellleHHe He HAWAeHO, HO AJIro-
PUTMHYeCKasa HepaspelInMOoCTh He JoKas3aHa.

AJITOPDUTMUYECKH HepaspelluMble 3aJa4d BCTPEYAIOTCH HE TOJILKO
B MaTeMaTHKe, HO ¥ B HH(pOpMAaTHKe, HAIPUMep IIPU pa3paboTKe mpo-
rpamm. OKasbiBaeTCd, HEBO3MOXKHO HAIMCATH IPOTPAMMY AJIS MALIK-
Hbl ThiOpUHTa (aAropuTM™M), KOTOpasA II0 TEKCTY J1000# nmporpaMMsr P u
€€ BXOJHBIM JaHHBIM X ONpeje/sieT, 3aBepIIaeTcs JH IporpamMma P
npu Bxozie X 3a KOHEYHOE YHCJIO INAroB WM 3aIllMKJINBAeTCH. DTO Tax
HaselBaemasa mnpobjeMa ocraHopa. Eé HepaspemuMOCThL O3HAYAET, B
9aCTHOCTH, YTO HEIb3s IMOJHOCTHIO aBTOMATH3WPOBAThH TECTUPOBAHUE
A06BIX IPOrpaMM, IOPYYMB 3TO KOMHObOTEpY. OZHAKO A HEKOTO-
PBIX KJIACCOB AaJOPUTMOB Npo6GjeMy OCTAHOBA PEIIUTE MOKHO.
Hanpumep, suHeiiHas nporpaMma, He COIepIKalas BeTBJICHHUIH
¥ IMKJOB, BCErZa 3aBepIIUTCH,

Bruro pokasaHo, WTO aJNropUTMHYECKH HepaspemuMma mpobaema
9KBHMBAJIEHTHOCTH: II0 JIBYM 3aJaHHBIM aJTOPHTMAaM OIpeJeuTh, 6y-
AYT JI¥ OHU BBIABATH OJWHAKOBBIE PE3YJIBTATHI JJIS JIIOOBIX JAOIYCTH-
MBIX HCXOJNHBIX AaHHBIX. CieloBaTeNbHO, HEBO3MOXKHO IIOJHOCTHIO

A. Yépu
(1903-1995)

1
Tem He MeHee OT/ieJIbHBIE KJIACCHI TeOpeM MOXXHO JOKA3BIBATHL HA KOMIIBIO-

Tepe.
Honycrum, uro (1) saxaua A Hepaspemmma u (2) ec/M MbI MOXEM IIOCTDPOUTH

aNropuTM JUIA PellleHus 3aja4uu 5, TO ¢ ero IOMOIIBI0 MOYKHO ITOCTDOUTE aJjl-
roputM pemeHus sagaum A. Torga sazaua B ToKe HepaspelInMa.




ANropuTMMYECcKun HepaspeluMmMslie 3aaaumn

ABTOMATH3WPOBATE pEIIeHWe MHOTMX BaKHBIX 3aJad, CBA3AHHBIX
¢ pa3paboTKoO IIporpaMm, HalpuMep:

® 110 3aZlaHHOMY TEKCTY IPOrPAMMEBI OIPEAEIHUTE, YTO OHA «JeJIaeT»;

e ONpe[esuTh, MPABUJBLHO Jii paboTaer mporpaMma OpH JOOBIX

JONYCTUMBIX MCXOAHBIX NAHHBIX;
e HaiTH OIMOKY B mporpamme, paboTaromieil HeIpaBUJIBHO.
ITosToMy nipu oTJIafiKe IPOrpaMMbl GONBIIYIO POJIb UIpaeT MHTYH-
nu#a. ITomoraioT (HO He pemraiT npobJjieMy ITOJHOCTHIO!) cTaHZAPTHEIE
IPHEMEI, ITO3BOJIAIONIHAE HANTH OHNIUOKY:
e cpaBHEHWeE pe3yJbTaToB paboThl IpPOTPaAaMMBI C pe3yJbTaTaMu
PYYHOI'O CUETa;

® BKCIEPUMEHTHI ¢ IIPOTPAMMO HNPH PA3JIMYHBIX MCXOJAHBIX JaH-
HBIX IS TOrO, 4TOOBI BEISABUTH 3aKOHOMEPHOCTH IIOSABJICHUS
omuboK;

® BpEeMEHHOE OTKJI4YeHue (KOMMEHTHDOBAaHHE) YacTeil Iporpam-

MBI ¥ JD.

ITocKkonbKY MHOTHE 3Tambl pa3paboTKU IporpaMMHOro obecrede-
HUSA B IPUHIIAIIE HEBO3MOKHO IIPEJCTABUTh B BHJE AJTOPHUTMOB, IPO-
rpaMMupoBaEue ocraércsa paboroir uyesoBeKa. IToMHOCTBIO MOPYYUTH
ero KOMIILIOTEDPY He YAaéTcsi, XOTs pellleHHe HeKOTOPBIX 3alad BCE ke
MOX<HO ABTOMATHU3UPOBATE.

Bonpocsbl n 3agaHusa

1. Yro Tarkoe BeraucauMas pyHKIuAa?

2. IIpuBeauTe IpUMEpP HEBEIYHCIHUMON PYHKIIUH.

3. Uro Tarkoe anropuTMHUYEeCKH Hepaspemumsie 3agauu? IIpuseanure mssecT-
HBI€ BAM IIPHMep.I.

4. Yro Taxoe npobiaema ocranopa? KakoBbl eé cieicTBUA?

5. Yro raxkoe npobieMa SKBUBAJIEHTHOCTH?

6. Kax MOMKHO J0OKasaTh aJropuTMHYECKYI0 HepaspelruMocTh HOBOH 3a-
paqu?

3apaquv

1. B xauecTBe JOKA3ATEeNLCTBA TOrO, YTO claeAyiomas (GyHKIHA BEIYHCIAMA,
HanHUIIUTe nporpaMmy s mamuHsl [locra.

f(n) ={

1, eciu n — 4€THOE;

0, ecsiu n — HeudTHOE.

&

V)




AnemMeHTbl Teopun anropuTMos

2. Noxaskure, yro cuexpyomas GYHEKIUA BEIYHCIAMA:

1, ecnu n genurcs Ha 3;
f(n) ={

0, ecin n He nenuTcH Ha 3.

B kauecTBe nOoKasaTenbCTBa HANMIINTE MPOrPAMMBI JJIs MamuH ThiOpHH-
ra u Ilocra, a Tak:xe HAM.

*3. IlepBoii 3agaveil, HepPa3peIIUMOCTs KOTOPOH OBLIA JAOKaszaHA, ObLIA IPO-
6iemMa caMONPMMEHHMMOCTH: 10 3aJaHHOMY TEKCTY IporpaMmsl P onpeje-
JIUTH, OCTAHABJIMBAETCA JIM mporpamMma P, eciau eif Ha BXOJ HMOJATH TEKCT
aroit ke mporpammsl. Jloxaskmre, 4TO mnpob6ieMa OCTAHOBA CBOAUTCH K
npobineme caMONPUMEHMMOCTH (MMEHHO TaK M ObLIa JOoKasaHa Hepaspe-
IIMMOCTE NpobjieMbl OCTAHOBA).

§ 36
CnoXXHOCTb BbIYUCNIEHUNA

YT0 TaKoe CHOKHOCTH BEIYUCICHMI?

IlerTpanpHaa 3ajaya TEOPUH AJTOPUTMOB — BBIACHHUTH, CYIIIECT-
BYET JIK aJITOPUTM pelleHHudA TOH MiaM uHOit 3amauun. Eciau cyiecrsyer,
TO BOBHMKAET CJeAYIOIMUN BOIIPOC: & MOYKHO JIM UM BOCIIOJIL30BATLCHA
Ha IpakTHKe, IPDA COBPEMEHHOM YDOBHE Pa3BUTH A BBIYMCIHUTEIHHOI
rexHuKu? To ecTh crocoGeH U KOMIbIOTED 3a IPUEMJIEMOe BpeMs I0-
JYy4uTh peaysbTar? Hanpumep, B urpe B MIaXMaThl BO3MOKHO JIHIIb
KOHEYHOE KOJIMYEeCTBO MO3UIUN W, 3HAYHT, TOJBKO KOHEYHOE KOJIH-
YecTBO PAa3NHYHBIX napruii. ClefoBaTeNbHO, TEOPETHUECKH MOMKHO
nepe6paTh BCe BO3MOXKHBIE NAPTUH M BHIACHUTH, KTO MobexKaaeT npu
NPaBUJILHON HMrpe — OGenble uiau uépHbie. OJHAKO KOJMUYECTBO BapH-
aHTOB HACTOJIBKO BEJIHKO, YTO COBPEMEHHBLIE KOMIILIOTEPHLI HE MOTYT
BBITIOJTHUTE TaKOH mepebop 3a mpuemMyieMoe Bpems.

Yro MBI XoTHM OT ajgropurma? Bo-mepBbix, 4TO6BI OH paboTan Kak
MOKHO OpIcTpee. Bo-BTODBIX, 4TOOBI 00'bEM HEOOXOAMMOM MaMATH GBI
KaK MOYXHO MeHbIe. B-TpeTbHX, 4TOOBI OH OBLI Kak MOKHO 6Gojee
IpoCT M NIOHATEH, YTO NO3BOJAET JIerde OTJIAMKHUBATE NPOrpaMMYy.
K coxxanenuio, aTu TpeGoBaHUSA IPOTUBOPEYNBLI, U B CEPLE3HBIX 3aja-
JyaxX peAKo yAaércsad HAWTH aJropuT™M, KOTOPHEIA Obln OBl Jydie
OCTAJIBHBIX IO BCeéM IMOKAaA3aTeJIdAM.




CnoXXHOCTh BbIMMCNEHUN

YacTo TOBOPAT O BPEMEHHOU CA0NHCHOcmu anroputMma (6b.ecmpo-
deiicmaeuu) 1 nPOCMPAHCMBEHHOU CAOHHOCMU, KOTOPad OIpeJeaeT-
csi 00béMOM HeobxoguMou namATH. IJOCKONBKY MaMATHL IOCTOAHHO
Jemeseer, a OBICTPOJEHCTBHE KOMIBIOTEPOB PACTET Me[JIEHHO, MBI Oy-
JeM paccMaTpPUBATh IJIABHBEIM 06pa3oM BPEMEHHYIO CJIOKHOCTh — Bpe-
MsA BBIIIOJIHEHHA IPOTrPaMMBbI, paGoTarlei 1o JaHHOMY AJI'OPUTMY.

B o6mem ciy4ae, rOBOPA O CIOKHOCTH QJINOPUTMa, HYIKHO yTOY-
HUTH, 0 KAKOM HCIOJIHUTEJe UAET peub, KaKWe djieMeHTapHEIe onepa-
IUHA MBI ACIIOJb3yeM. Kak mpaBuUio, 9TO OAWH U3 YHHUBEPCAJIbHBIX MC-
noJHHTeNell (BO MHOTHMX cCJydadXx YHUBEDPCAJbHBIM HCIOJHUTEJIEeM
MOKHO CYUTATh KOMIBIOTEp). BpemeHneM pabGoThl ajJropuTMa Ha3blBa-
eTcs KOJIMYECTBO BBINOJHEHHBLIX MM dJeMeHTapHbIx omepanuit 7. Ta-
KON IOAXO0J ITO3BOJSAET OIeHUBATh UMEHHO KauecTBO aJIrOPUTMA, a He
CBOMCTBAa MCIOJHUTENA (Hanpumep, ObICTPOJeMCTBME KOMIIBIOTEpa, Ha
KOTOPOM BBINIOJIHAETCHA AJTOPUTM).

Kak npasmino, BenmumHa T OyxerT cCyLIieCTBEeHHO 3aBHCEThL OT
00'béMa MCXOMHBIX JAAHHBIX: IOUCK B cunucke u3 10 sjreMeHTOB 3aBep-
muTes ropasno 6wictpee, yem B cnucke us 10 000 anemenTtos. IloaTo-
MY CJIOXXHOCTH AJrOpuTMa OOBIYHO CBA3BIBAIOT C PA3MEPOM BXOJHBIX
JaHHBIX n ¥ omnpexensioT Kak ¢yuxnuio T'(n). Hanpumep, ans anro-
puTMOB 00pabOTKY MACCHUBOB B KAQueCTBe pasMepa 71 MCHOJb3YIOT JIJIH-
ay maccuBa. ®yuaknus T(n) HaszpiBaeTCcsa BpeMEeHHOH CIOKHOCTBIO aj-
rOpPUTMA.

IIpumepsr

PaccMOTpMM AQJITOPUTMBI  BBLINOJHEHUS DPASJHUYHBIX ONepamuii
¢ MacCUBOM A JJHHBI 77, KOTOPHII MOKeT ObITH 06BABJIEH B Iporpam-
Me Ha IMKOJBHOM AJIFOPATMUUYECKOM fA3bIKe KaK

nenrad A[l:n]

IIpumep 1. TpebyeTcs BHIUMCIUTL CYMMY IE€PBBIX TPEX 2JIeMEHTOB
maccuBa (mpu n = 3).
Perrenne aTOM 3aja4u COAEPIKUT BCET'O OJAMH OIEpPaTop:

Sum:=A[1]1+A[2]+A[3]

3TOT AJTOPUTM BKJIIOYAET [Be ONEepaIlHuy CJIOXKEHHA U OJHY omepa-
IIAIO 3aliCH 3HAYEHUA B IaMATH, IIO3TOMY ero cjoxHocts T'(n) = 3 He
38BUCHT OT pasdMepa MaccuBa BooOIe.
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INeMeHTbl TEOPUU aNirOPUTMOB

IIpumep 2. TpeGyeTca BEIYUCIUTL CYMMY BCEX 2JIEMEHTOB MACCHBA.
B aroii 3agaue ysxe He oboliTHCh Oe3 MUKIA:

Sum:=0

H gus 1 or 1 mo n
Sum:=Sum+A[i]

K11,

31ech BBINOJHAETCA 7 ONEpPaIUil CIoKeHus U n + 1 omepanuii 3a-
oMcH B mamATs!, mostomy ero caoxxsoctk T(n) = 2n + 1 Bospacraer
JHHEHHO ¢ YBeJIUYeHHEeM AJIMHELI MaccuBaZ,

IIpumep 3. TpebyeTca oTcOPTHPOBATL BCE 3JIEMEHTHI MACCHBa IIO
BO3PACTaHHUIO METOAOM BEIOOpA.

HamomauM, 4To MeToZ BbIOOpa NpeAmONAraeT HOMCK HA KAasKIOM
miare MHUHMMAJIbHOTO M3 OCTABIIMXCA HEYIOPAZOYEHHBIX B3HAYEHUH
(3mecs i, j, nMin u ¢ — ueJoUYnCIeHHBIE IepeMeHHEbIe):

HO ang 1 or 1 mo n-1
nMin:=i;
HU anst j or i+l mo n
ecm A[j]<A[nMin] mo nMin:=j Bce
KL
ecnu nMin<>i wo
c:=A[i]; A[i]:=A[nMin]; A[nMin]:=c
BCe
K1Y

Ilopcumraem OTAeNIbHO KOMM4YecTBO cpaBHeHHMH T (n) W KoJWYecTBO
nepectaHoBok T (n). KosmyecTso cpaBHenuii He 3aBUCHUT OT JAHHBIX U

ompeAeasAeTcA YHCJIOM IIAroB BHYTPEHHErO IMHUKJIA:
nn-1 1 1
T(n)=(n-1)+(n-2)+..+2+1 =—=§n2 i
Hucno mepecTaHOBOK 3aBUCHT OT JaHHBIX. Hanmpumep, eciu mac-

CHB YK€ OTCOPTHMPOBaH B HYXXHOM IIOpAJKe, IEDECTAHOBOK He Oyaer
BooGmie. B xyamem cayuae Ha KaskKA0M IIare OCHOBHOTO IIMKJIA ITPOHMC-
XOJHT IlepecTaHOBKA, BCEro uX Oyaer Tp(n) =n - 1.

1
3xece U gasiee AJs YIPOIIEHHA BHIBOJOB MBI He YYNTHIBAEM KOMAH/EI, He-

of6xoxuMEele I OPraHM3AMH IHKJA, IOTOMY YTO IOpU GOJBINMX N BpeMs
HX BBINOJIHEHHA OYEHbL MAaJI0 B CPABHEHWH CO BPEeMEHEeM BhINOJHeHHSA
OCTANBHBIX ONEPATOPOB.

IIpeanonaraercs, 94To CAOMKEHHE JIIOOBIX JABYX 4YMCes BBINOJTHAETCHS ONHHA-
KOBOE BpeMs.




CnoOXHOCTb BbIYUCNEHUN

Y7o TaKkoe aCHMIOTOTHUYECKAA CJIOKHOCTH?

HonycTuM, 4TO HYXHO BhIOpATH MeXAY HECKOJIbKUMH aJIrOpUTMAa-
MH, KOTOPbIe MMEIOT PasHyIo CJI0KHOCTh. Kakoil 3 Hux jydme (pa6o-
Taer ObicTpee)? OKaswpIiBaeTcs, AJIs ITOr0 HeoOXOAWMMO 3HATH pasMep
MaccuBa JaHHBIX, KOTOpble HYsKHO obpabarbiBaTh. CpaBHHMM, HAIpu-
Mep, TPH AJITOPHUTMA, CJIOMKHOCTH KOTODPBIX

T,(n) =10000 - n, Ty(n)=100-n2, Ty(n)= nd.

Ilocrpoum aTu 3aBucuMocTu Ha rpaduxe (puc. 5.8). IIpu n < 100 no-
ayuaem T3(n) < Ty(n) < Ty(n), npu n = 100 Kosm4ecTBO omepanuit
OJd BceX TPEX AaJrOPUTMOB COBIAJAET, a4 HpH OOJBIINX N HMeeM
Tg(n) > Ty(n) > T(n). d

OGbIYHO B TeopeTwuecKoiét mHbopma- 7 4 !
TUKe IIPA CPABHEHHUH AJTOPUTMOB HC-
MONB3YeTCA HMX ACHMIITOTHYECKAS CJIONK-
HOCTB, T. €. CKOPOCTh DPOCTA KOJIMYEeCcTBa
ornepanuil mpu OOJBIINX 3HAYEHUAX 7.
IIpu »srom Banuce O(n) (uuraercd
«0 Goapiroe ot n») obosHaUaer, UTO, Ha-
ypHasg ¢ HEeKOTOPOro 3HAYeHUSA N = Mg,

sy

KOJHWUYEeCTBO OIepaluii orpaHuyeHo pyHK-

el c-'n rme ¢ —  HeKoTopad

o O p Puc. 5.8
KOHCTAHTA:

T(n)<c-n pnan 2 n,.

Taxue alrOpuTMBEI UMEIOT JHHEHHYIO CJIOKHOCTH, T. €. IIPH yBe-
JAYeHHuN pasmepa gaHHbIX B 10 pas o0pEM BEIUHCIEHUNH yBeJIWYUBaeT-
ca Toxke npumepHo B 10 pas.

Ilyers, manpumep, T(n) = 2n — 1, Kak B aIropuTMe MOUCKA CYyM-
MBI 9J1eMeHTOB MaccuBa. OueBngHO, uTo npu atroM T'(n) < 2n ansa Bcex
n > 1, mo3ToOMy aJrOpUTM MMeeT JUHEHHYIO CJI0KHOCTh.

MHorye u3BeCTHbIE AJNTOPUTMEI HMEIOT KBaJAPATHYHYIO CIIOKHOCTh
O(n?). 9To 3HAYUT, YTO CJIOMKHOCTH AJrOPHTMAa OrpaHnmYeHa QyHKIueR
¢+ n2:

T(n)<c-n?pananzn,.

IIpu aroM ecinu pasMep AaHHBLIX yBeaudusBaerca B 10 pas, To Ko-
JAYECTBO omepanuii (1 BpeMsl BBINOJHEHW ) YBeJUIUBAETCA IpUMep-
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AnemMeHTbl TeOpUUu anropuTMoOB

HO B 100 pas. IIpumep Taxkoro ajropaTMa — COPTHPOBKA METOILOM
IpAMOTro BbIOOpA, A KOTOPOM YMCJIO CPaBHEHHUH

1 1 1
T.(n)==-n2 -—n<=-n? pus Bcex n > 0.
(™) 2 Ry ks

ANropuTM MMeEeT acuMnToTUYecKyr cnoxHocts O(f(n)), ecnu Hanpéres Ta-
Kasi NOCTOAHHAA ¢, YTO Arnsi BCEX N = Ny BuINonHsercs ycnosue T(n) < c - fin).

9TO 3HAYHUT, UTO HPU N > n, rpapuK - ;
dbyHKDUHA c - f(n) upér BeINIE, yeM rpa- ¢ f(n)}
buk byaxnuu T(n) (puc. 5.9). 3

Ecnu xonuyecTBO omepanuii He 3a-
BHCHT OT pa3Mepa AaHHBIX, TO I'OBOPAT,
4TO0 CJOXKHOCTH ajropurma O(1), T. e.
KOJIMYECTBO OIlepanuil MeHbIIe HeKOTO-
POl HOCTOAHHOU ITPH JIOOBIX 7.

CyliecTByeT Takske HEMAaJo aJro-
PUTMOB C KYOMYECKOH CJIO}KHOCTBIO —
O(n3). Ilpu GonbIIMX 3HAYEHUAX N AJ- Puc. 5.9
TOPUTM € KyOHMUECKOH CJIOMKHOCTBIO Tpe-
6yeT OoJIbIIIEro KOJIWYECTBA BHIYUCIIEHUH, YeM AJTOPUTM CO CJIOMKHOC-
t610 O(n?), a TOT, B CBOIO OuYepeAb, PabOTAET JOJbIIE, YeM AJITOPUTM C
JUHEHHOHN CJI0KHOCTHIO. 3aMeThTe, UTO NIPHA MAJLIX 3HAYEHHAX N BCE
MOKeT OBITh HA0BOPOT; ATO 3aBHCHUT OT IIOCTOAHHON € AJA KaKIOTO U3
aJIrOPUTMOB.

W3BecTHBI M AJTOPUTMBI, I KOTOPBIX KOJHWYECTBO OIeparuii
pacTér ObicTpee, 4yeM J000il HOJIMHOM, Hampumep kKak O(2") uam
O(n!). OHM BecTpeualoTcsi yalmie BCEro B 3afadaX ONTHMMIAIMU, KOTO-
phIe pelrarTesa TOJbKO MEeTOAOM IOJIHOTO Iepebopa. CaMas usBecTHas
3ajada TaxKoro TWIa — 3TO 3ajadya KOMMHBOAKEpa (Opoasdero Top-
rOBIIa), KOTOPBIA JOJIKEH IIOCETHUTH II0 OJHOMY Pasy KasKAblil M3 yKa-
3aHHBIX I'OPOJOB U BEPHYTHCHA B HAYANBHYIO TOUYKY. [l HEro Hy3KHO
BEIOpaTE ONTHMAJIbHBIH MAPHIPYT, IPH KOTOPOM CTOHMMOCTE IOE3AKH
(nan obmasa auHa nyTH) OyaeT MUHUMAIBHOM.

Emé oxue npuMep CIOKHON 3ama4d, KOTOpAas penIaeTcid TOJLKO
IIOJIHBIM I1epefopoM BceX BapHMAHTOB, — 3aJada BRINOJHUMOCTH. [[aHO
JIOTHYECKOe BBIpa)keHHe, KOTOpOe COJAEpPKHT TOJBKO HMeHa Jioruye-
CKHX IIepeMeHHBIX, CKOOKH, a Takike onepanuu «W», «MAJIHW» u «HE».
Tpebyerca ompenenuTs, CyumiecTByeT Ju HAGOP 3HAUEHHN JIOTMYECKUX
IepeMeHHbBIX, IPH KOTOPOM 3aJaHHOE BhIPpAYKEeHUEe MCTUHHO.




CnoXHOCTb BblYUCNEHUA

AJII‘O])HTMH IOHCKa

CpaBHHM BBIYHUCIHUTEJNBHYIO CJIOMHOCTH [ABYX HauboJsiee HM3BeCT-
HBIX aJIT'OPHUTMOB IIOHCKA.

IIpumep 4 (uHeHHBIH Mouck). [laH MaccuB, B KOTOPOM 3JI€MEHTBI
pacroJio’KeHbl B IIPOMU3BOJIBHOM mnopsaake. Tpebyerca HaWTH B HEM 3a-
HaHHOe 3HaueHue X WA COOBIIUTH, YTO €ro HerT.

Penrerue 2TOH 3a7a4y CBOAUTCA K IIOCJEAOBATEJBHOMY IIPOCMOT-
PV BCeX 3JIEeMEHTOB MacCHBa:

nX:=0
HII ana 1 or 1 mo n
ecimm A[i]=X wo
nX:=1i
BHXOQX
BCe
K13
ecmu nX>0 o
BeBOO "A[", nX, "]1=", X
uHaue
BHBOHO "JnemMeHT He HaumeH"
BCe

B arom anropurMe YHCJI0 CpaBHEeHHMH (B XyJuieM cJjydae) paBHO
T(n) = n, 10TOMY OH HMEET JUHEHHYIO CIOKHOCTE.

IIpumep 5 (xBomuHbIi mouck). JlaH MaccuB, B KOTOPOM 3JIeMEHThI
YIOpANOYeHbl IO Bo3pacTanuioo. TpeOyerca HailTHM B HEM 3aJlaHHOE
3HayeHue X MJIMA COOOIIUTH, U9TO €Tr0 HET.

Ilo cpaBHeHUIO C HpeABIAYINEH 3azadeil, dJIeMeHTHI MacCHBa OT-
COPTHPOBAHBI, ¥ 9TO YCKOPSAET pelleHHe, IOTOMY YTO MOYKHO IIpHMe-
HHATH METOJ] ABOMYHOTO IOUCKA (ZUXOTOMHHM):

L:=1; R:=n+l
Hi noxka L<R-1

c:=div(L+R, 2) | mmm c:=L+div(R-L, 2)
ecnu X<A[c] To
R:=c
MHa4Ye
L:=c
BCEe

KII,




AneMeHTbl TeOpUM aNropuTMoOB

ecim A[L]=X wo

eaBOR "A[", L, "]1=", X
MHa4de

BRIBOL "3JJeMeHT He HanineH"
BCe

ITonpo6Gyem omnpenennTh, CKOJIBKO pPa3 BBIMOJHAETCS OCHOBHOM
IUKJ OpY ABOMYHOM mnoucke. CHavajia IIMpUHA HHTEPBAa IIOUCKA —
BCe 71 3JIeMeHTOB MaccuBa. Ha KajKJOM Iare sTOT MHTEPBAJ AEJTHTCS
Ha 2, ImpoIecc 3aBeplIaeTcd, KOrja JieBad W IpaBasd I'DaHUILI MHTEP-
Baja cosnaayr. IIpeAnosnoKuMM, YTO YHCJIO 2JIEMEHTOB — 3TO IleJasd
CTelleHb ABOHMKH, T. €. n = 2™ Torpa 3a m maroB MIMpUHA UHTEPBAJA
cyskaerca m0 1, a Ha cJaeAyiOINeM IIare ero TPaHMIBl COBIALYT,
¥ IUKJ 3aKOHYUTCA. Takum 00pasoM, KOJHMUECTBO IIAroB IMKJA paB-
HO m + 1. VI3 paBeHcTBa n = 2™ nosydyaeMm m = log, n, Tak 4To

T(n) =log, n + 1.

Hanpumep, npu n = 216 pureiinsrit mouck morpebyer B XyAIIEM CIy-
yae 216 = 65 536 cpasHenwuii, a ABoMuHLIA — Bcero 16 + 1 = 17 cpas-
HEeHWH,

Takum o6pasom, aJrOpUTM JBOWUYHOIO MOMCKA MMEET ACHMIITOTH-
geckyio cyoxxkHOCTE O(logn). OcHoBanme morapudma OOBIUHO HE YKa-
3BIBAIOT, IIOTOMY 4TO BeIpaskeHus log, n u log, n pasnugaiorca Ha mo-
CTOAHHBIH MHOMKHUTENb (KOTOPBIA MOYKHO BKJIIOYHUTL B HOCTOAHHYIO C):

log n=~—1—-log n.
¢ log, a b

Mo:xHO UM CKasaTh, YTO AJATOPHUTM JBOMYHOIO HNOMCKA JIydIle aj-
ropurMa JuHeiHOro moucka? Her! Beap anropurM JTMHENHOrO mouckKa
IPHMEHUM K JIIOOBIM MaccuBaM JaHHBIX, & AJTOPUTM ABOMYHOIO IIO-
HCKa — TOJIBKO K YIOPAAOYEHHBIM (OTCOPTUPOBAHHBIM). A €ClIH MBI
CHadJaJja OTCOPTUpPYeM MAacCHB, & IIOTOM IPHUMEHHM K HeMYy JABOWYHBIH
IOKCK, TO 00iee Bpemsa paborel Oymer OoJbIlle, YeM NPH JHHEHHOM
IOUCKE.

Curyanus MeHseTCs, €CJM HaM HYXXHO MHOTOKPATHO BBINOJHATH
olleparyio MOMCKAa AJA OAHHMX M TeX »Ke JaHHBLIX (TaK, KaK IPaBHJO,
obIBaeT pu pabore ¢ 6asamu jgaHHBIX). Torza mmeer cMmbICJ 3apaHee
OTCOPTHPOBATE MaccHUB (IPUMEHHTEL IIPDEJABAPHUTENBHYIO 00paboTky
JAaHHBIX), a 3aTeM, HWCIOJb3ysA JBOWYHBLIA MOWCK, OKOHOMHTH BpEMSA
IpH KarKA0M HOBOM IIOMCKOBOM 3aIlpoce.




CnoOXHOCTb BbIMUCNEHUA

ANropuTMBEI COPTHPOBKH

Panee MBI mpoaHAMU3UPOBANKM OAWH M3 IPOCTHIX METOAOB COPTH-
POBKHM MAacCHMBOB — METOJ, IPAMOro BbIOOpa M BBIACHWUJIH, YTO €ro
acuMnroTuyeckas ciokHocTh O(n?). IloBTOopMM aHANM3 JAJS METOJA
ny3BIpbKa, KOTOPBINA TaK:Ke nayuascsa B 10 xaacce:

HO gnsg i or 1 mo n-1
HO anss j or n-1 mo i mar -1
ecim A[j]>A[j+1] wo
c:= A[j]l; A[j]l:= A[j+1]; A[j+1l]:= c;
BCE
KIL
K

Ha mepBOoM miare OCHOBHOIO I[MKJIA BEIIOJHAETCA n — 1 Iaros
BHYTDEHHEro HUKJa, T. €. n — 1 cpaBHeHui. [lamee KoaudecTBO CpaB-
HeHWH yMeHbIIaercsa Ao 1, Tak uro ofljee KOJHYECTBO CpaBHEHHH
PaBHO:

T(n)=Mn-1)+(n-2)+...+2+1 :M:lnz —ln,
2 2 2
TaK JKe KaK M y aJropaTMa npsamoro Beibopa. B To ke BpeMaA B XVyA-
ImeM cJjydae NpPH KasKJ0M CPABHEHUH BHINOJHAETCHA IIepecTaHOBKA,
uTo Tpedyer

Tp(n) =3.n(n—_1_).=§n2 _:_3.n
2 2 2
omepanuii IpucBamBaHWA. Takmm o00pasoM, 3TOT aJIFOPUTM MMeEeT
ACHMIITOTHUYECKYIO CI0XKHOCTh O(n?) Kax 0o 4YHMCJIy CPaBHEHUH, Tak
¥ 110 YUCJY IPHUCBAMBAHUM.

CymiectByioT 11 6osiee a(heKTHBHBIE CODPTUPOBKH, HMeKIue, Ha-
npuMep, JUHEHHYIO CI0KHOCTE? Jla, AIA HEKOTOPHIX OCOOBIX CJIydYaes
cyimecTByoT. Hanpumep, eciu M3BECTHO, YTO BCe 3HAUYEHHUA MCXOIMHO-
ro MaccHBa HAXOUATCA B HMHTepBase oT 1 A0 HEKOTOPOro 3HAYEHUHA
MAX, MOXXHO HMCIIOJIb30BATH COPTHPOBKY nojcuérom. Ins sroro Bhife-
JAsieTcs JONOJHHUTEJNbHBIA MACCUB CUETUNKOB:

uenrad C[1:MAX]
KOTOPBI#A IIpeABAPUTENIEHO O0HYIAETCH:

HU ansg i or 1 mo MAX
C[i]:= 0
KIg,
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3aTeM B IIMKJe IPOXOAUM BeCh MACCHB C AAHHBIMH M JJIA KAMXKIOrO
anemeHnTa A[i] yBenuuuBaem cuéruuxk C[A[i]]. Hanpumep, ecam
A[i]=20, cuérunk C[20] yBeauuuBaercs Ha 1. IToc/ie OKOHUAHUS TUK-
Ja B KaxkaoMm cuérunke C[i] HaxoguTCsa KOJIHUYECTBO 3HAUEHHH HCXOJ-
HOI'O MacCuBa, PaBHBIX i.

HO onss i or 1 mo n
CI[A[i]]:=C[A[i]]+1
K1,

Teneps ocTaéTcss pacCTaBUTh YHCJIA B MAaCCUBe A B HY’KHOM KOJHUYECT-
Be. Hanpumep, ecan C[20] = 5, B MaccuB A 3anmuchIBAIOTCH IIOCJIEHO-
BaTeJIbHO 5 3HaueHMH, paBHBIX 20:

k:i= 1
HO ansg 1 or 1 mo MAX
HO aast j or 1 mo C[i]
Alk]:=1i
k:=k+1
KL
K1y,

ITonpo6yem mojcYMTaTh KOJHMYECTBO ONepanMil AJIS 3TOTO AJIrO-
purma. 3anonHenme maccuBa C Hynamu Tpebyer MAX npucsausa-
Huil. [TuKI moACcYéTa 9/IeMEHTOB COAEPIKUT 7 CIOKEeHMH U MpUCBAUBAa-
HHUi, T. €. ero CJI0KHOCTb — JuHelHad, O(n). HakoHen, mociaemumit
BJIO}KEHHBIH [UKJ BBINOJHAET TaKKe 7 CIOKEHHH M NpUCBaMBaHHUA
(o 4mucay aneMeHTOB MaccuBa A), MO3TOMY AJTOPHTM B IEJIOM HMEeT
JHUHEHHYIO CI0KHOCTD TI0 7.

OxHaxko HYXHO YYUTHIBATH, YTO NPUHIUIIMAJBLHOE YCKODEHHE aj-
TOpUTMAa B CDABHEHMH C NPEeAbIIYIIUMHE IIOJYYEHO 3a CYET TOro, YTO:

¢ BCE 3Ha4YeHHUdA — IleJible YHCJIa B OTPAHUYEHHOM JHamasoHe;

® €CTh BO3MOKHOCTEH MCIIOJIb30BATH JOIOJHHUTEJIbLHEIA MACCUB pas-
mepoM MAX, KOTOPBIf MOKeT 3HAYUTENIHHO NPEBHIIATEH pas-
Mep HCXOZHOTO MAacCHBAa.

31ech MPOSABIAETCH KOMIPOMHUCC «CKODOCTh — IAMATb», KOTO-
PBIi IPHCYTCTBYeT BO MHOI'MX 3aZadax: YCKODeHHEe AJrOPUTMa BO3-
MOJKHO 3a CYET HUCIOJIb30BAHUA JOIOJIHUTEILHON NaMATH ¥ HaoGopoT,
9KOHOMHA NaMATH OPHBOAUT K 3aMelJIeHUI0 paboThl aaropuTMa.




CnoXHOCTb BbIMUCIIEHUN

IoxasaHo, 94TO B 00IeM ciydae BEIYMCIHUTEJbHAA CJIOMKHOCTH COP-
THPOBKHM, OCHOBAHHOH TOJBKO Ha MCIOJB30BAHWH OIepanuil «cpas-
HHATL» M <«IIepeCTaBUThL», He MOoKeT ObITh MeHbine, uem O(nlogn).
MMeHHO TAKYIO CJI0KHOCTH MMEIOT, HaIpUMep, COPTHPOBKA CIHAHHEM
(anryu. merge sort) u nUpaMuaIbHAs cCOPTHpPOBKa (aHra. heap sort),
KOTOpble TIPUMEHATCA npu pabore ¢ Gonbmumu HabGopaMu JaHHBIX.
BeicTpas coprupoBka (aHri. quick sort), Koropasih wu3ydajach B
10 xmacce, B CpeflHEM ToKe uMeerT cJoXHOCTH O(nlogn), omHako
B XyAmIeM ciydae (Korga Ha KajKJOM IIare MacCHB JIeJIUTCS Ha JBe
YacTH, OZHA M3 KOTOPBIX COCTOMT M3 OLHOTO sJeMeHTa) Tpebyercsa
0O(n?) o6meHOB,

Bonpocbl u 3apaHus

1. Kakue KPUTEDUH MCIOJBIYIOTCH JJIS OLEHKH KAauecTBa aJropuTMos?

2. ITouemy cxopocTb pPaGoTHI AJITOPUTMA OIEHHBAETCH HE BPEMEHEM BBINIOJ-
HEeHHA, a KOJHYIECTBOM dJIeMeHTAPHBIX Oomepammii?

3. Kax yuuThIBaeTCA pasMep MAHHBIX IPHU OIlEHKe CKOPOCTH ajropurma?

4. Yro osmauator samucu O(1), O(n), O(n®) u O(2")?

5. B kakux ciaydyasx ajJrOPUTM, MMEIOIHH acHMITOTHYECKYIO CJIOKHOCTH
O(n®), moxer paborars ObICTpee, 4eM A&ATOPHTM C ACHMITOTHYECKOH
caoxHOCTEIO O(1)?

3apaum

1. OumennTe KOJUYECTBO ONEPAIMil JJIf aJropUTMOB:
a) moHMcKa BCeX JesuTeNiell uucia;
6) HaxoXAeHWs MHHUMAJTBHOTO M MAKCHMAJIbHOrO 3/IEMEHTOB MaCCHBA;
B) omnpejeleHUs KOJHYECTBA IOJOKHUTEJIbHBIX 3JIEMEHTOB MaCCHBAa;
r) OpoBepKH YHCJia Ha MPOCTOTY.
B xaIoM ciiyuae omAiuIuTe HaGOp HMCIOJb3yeMBIX 3JIEMEHTAPHBIX oIepa-
nuii. OnpegeauTe aCUMITOTHYECKYIO CIO0MHOCTh 3THX aJITOPUTMOB.

%2, TIpeaiosKUTe AJITOPUTM, NO3BOJNAIOMIMI HAWTH W BHIBECTH HA 9KpaH Te
CHMBOJIBI, KOTOpPbIe BCTPEYAIOTCS B CTpoKe Gosee oxHoro pasa. Omenure
ero ACHMIOTOTHYECKYIO CJIOMHOCTE.

%3, AndaBuT A3BIKA IJIeMeHH «TyMmOa-tomba» comepxuT k cumsoyos. Ilpex-
JIOKHUTE AJTOPUTM MOCTPOEHHA BCEX BO3MOXKHBIX CJIOB 9TOr'0 A3BIKA, MMe-
IOIMIUX AJUHY N CHMBOJIOB, ¥ OIEHHTE €ro ACHMITOTHYECKYIO CJIOKHOCTE.
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§ 37
Hoka3aTrenbCTBO NpPaBUNbHOCTU NporpamMm

Kak nokasaTs mpaBHIBHOCTH NMPOrpaMmsi?

Kax mpasuio, mporpaMmMucT paspabaTsiBaeT IporpaMMy Ha 3aKas,
U OoT Hero TpebyeTcs He TOJBKO HAIIMCATHL KOJ, HO W yOeAUTLCH, 4TO
Kox paboraeT NpaBWIBHO, T. €. B COOTBETCTBMM C TpeOOBAHUAMH
3aKas34YmMKa.

OueBHAHO, YTO ecaM NporpaMMa BBIJAéT HEBEPHBIA pDe3yJbTaT
XOTsi OBl AJIAA OJJHOrO BapHMaHTa BXOAHBIX AAHHBIX, MOMKHO Cpasy CKa-
3aTh, YTO OHA HEKOPPEKTHA, T. €. COAEPKUT OIIHUOKM.

CroxxHee I0Ka3aTh NPABUJILHOCTL NIPOTPAMMBI — YOEAUTHCH, 4TO
OHa BBIJJae€T BePHBbIE Pe3yJbTAThl IPH JIOOBIX JOMYCTHMBIX BXOJHBIX
AaHHBIX. IIporpaMMHCTHI-IDAKTHKH [JIsi PelleHud 3TOH 3ajadu HC-
NIOJIB3YIOT TECTHPOBaHHMEe: IIPOBEPAIOT PAabOTy MPOTPAMMEI ¢ IIOMOIIBIO
Habopa TeCTOBBIX MAHHBIX, JJIA KOTOPHIX HM3BECTEH NPABUILHEINA pe-
sysabTaT. ECam mosiy4eHHBIH pesysJbTAT HE COBIAJaeT ¢ 3aMaHHBIM,
BBINOJIHAETCA OTJAaAKa NOpPOrpaMMbl, T. €. IOHUCK M WCIPaBJIeHUe
omuboK.

Oxmaxo, Kak muca] HUAEPIAHACKHI YJIEHBINH,
OJWH U3 co3JaTeseii COBDEMEHHOT'O IIPOrpaMMHpOBa-
HuA Iacrep leikcerpa, «OoTJIafKa MOJKET IIOKA3aTh
JHUIIb HaJIu4YWe OmMOOK M HHUKOTAAa — HMX OTCY-
TCTBUE». B pesynbrarTe MOKHO rapaHTHPOBATEH Bep-
HYI0 paboTy nporpamMMbl TOJIBKO NIPU TeX JaHHBIX,
KOTOPBIE HCIIOJb30BAJIHUCH B KOHTDOJBHBIX TeCcTax.
Kpome TOro, HesicHO, Kak oOnpeieluTh, 4YTO BCe
OmMOKH BHIABJIEHBI M HYKHO 3aBEPIINTH OTJIANKY.

9. B. [leiixcTpa
(1930-2002)

IIpumep 1. PaccMOTPHM CIIEAYIOLIYIO IPOTPaMMy JJIsi BHIGODa Max-
CHMAaJIbHOTO U3 TPEX 3HAaYeHUil, 3aIMCAHHBIX B IePeMeHHbIX a, b 1 ¢!

ecnau a>b To M:=a mHave M:=b BCce
ecnn b>c To M:=b mmave M:=c Bce

IIpoBepsas eé Ha Tecrax
(a,b,c) = (1,2,3), (1,8,2), (2,1,3) u (2,3,1),

MBI BO BCeX 39THX Cly4Yasx II0JiydaeM B NepeMeHHOM M BepHBLIA OT-
Ber 3. OnHako 9TO He O3HAYAET, YTO NPOrpaMMa IPABHIBHAS, TAK KaK




Aoka3zaTrensCTso NPaBUILHOCTY NPOrPaMm

cymecTByeT KoHTpupumep (3,2,1): aaa aroro Habopa BXOIHBIX [OaH-
HBIX B mepeMeHHON M B pesyiabTare OKasbIBaeTCHA YHUCIO 2.

Yro6el OBITE YBEePEHHBIMH B TOM, 4YTO mporpamma pabGoTaeT mpa-
BUJIBHO IIPH J}00bLX JONMYCTUMBIX MCXOAHBIX JaHHBIX, IDHMEHAIOT Me-
TOABI OKA3aTEeJHLHOr0 MPOrpaMMHpPOBAHMA: JJIA KaxJoro 6Jioka mpo-
rpaMMBbI COCTaBJAT TpeOOBaHUA K BXOJHBIM M BBIXOJAHBIM JaHHBIM
M CTPOTO JOKa3bIBAIOT, YTO IIpOrpamMMa Bcerga paboraeT BepHO.

K coxaneHnio, JOKasbIBATH IPAaBUJIBHOCTE IIPOrpaMM He TaK IpoO-
CTO, U B TAKHX [JOKa3aTeJbCTBAaX TOKe BO3MOKHBI omnbku. OpHAKO
IIpX 3TOM ABTOD AOJIKEH IiyboKo pasobpaThca B ajJropuTMe M €ro
«IOJBOJAHBIX KAMHAX», X YACTO IIPU 9TOM ODHADPY:KUBAIOTCA OIMUOKH,
KOTOphIe MOIJIH OBl NPOABHUTHCA YIKe IIOCJe BBINYCKA MNPOrPaMMBEI
B CBeT.

Ha mpakTHKe peKo NOKAa3BIBAIOT IPABHJIBHOCTH BCEM ITPOrpaMMBbI
B nejioM. B TO Xe BpeMsa O4YeHb IIOJIE3HO JOKAa3biBATh NPaBHJIBHOCTH
OTAEeNbHEBIX 0JIOKOB (ILUKJIOB, Opoueayp U MYHKIUNA) A0d YMeHbIIeHUA
KOJIMYecTBa «HEOOBACHUMBIX» OIIMOOK M COKpallleHUda BpeMeHHU
OTJIaIKH.

IToxa)xemM MeTOJ| AOKAa3aTeJbCTBA NPaBUJBHOCTH IIPOrpaMMBI Ha
IIPOCTOM IIpHMeEpe.

IIpumep 2. Tpebyercss morasaTb, 4TO NOCTE BHINOJHEHUSA CIENy-
IoIIe#l IporpaMMbl 3BHAYEHUA IIEPEMEeHHbBIX @ ¥ b MeHSAITCA MeCTaMu:

b:=a+b [
a:=b-a | 2
b:=b-a L 3

ITpepnmosiaraercs, 4To CyMMa MCXOIHBIX YHCEJ HE NPUBOAWT K IIe-
PeIoJHeHNIO pas3paAnHoil cetkn. [lna ynobcTBa onmepaTopsl IPOrpaMMbl
NPOHYMePOBaHBI.

OGo3saunM HavaJbHBEIe 3HAYEHWS NePeMeHHBIX 4 U b uepe3 q, u
bo. Ilocne BeimostHeHus omneparopa 1 B mepeMenHo# b Oyxer 3amucanHo
3HaueHue a; + b,. Oneparop 2 3anucebiBaeT B IEPEeMEHHYIO @ 3HAUYEHUE

b-—a=ay+by,—a;=2b,.
B pesysbTare BBINOJNHEHHA Oomeparopa 3 IojydyaeM HOBOe 3Haue-
HUe nepeMeHHOi b, paBHOe
b”a=a0+b0_b0=a0-
Taxum 06pasoM, B pe3ybTaTe BBINOJHEHUS IPOrPAMMBI IIepeMeH-

Hble @ 1 b 6yayr paBHEI b, U @, COOTBETCTBEHHO, YTO U TpPeOOBAIOCH
HokasaTs. IloaToMy IpHBeAEHHAS IPOrpaMMa IpaBHUIbHAS.
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IIpumep 3. ITompoGyeM a0KasaTh MM ONPOBEPrHYTH INPABUJIbL-
HOCTh YyiKe BCTpeuaBlllelicd paHee IpOrpaMMBI AJA BeIOOpa MAakKcH-
MaJIbHOTO U3 TPEX 3HAUEHMI, 3alIMCAHHBLIX B IIEPEMEHHBIX a, b u ¢:

ecnu a>b mo M:=a mHave M:=b BCe sk

ecnu b>c mo M:=b mHave M:=c BCe f.42

Ananusupys CTPOKY 2, BHISICHAEM, YTO B Heil 3HAUeHUE NepeMeH-
HOMt M 6cez0a Gymer Mm3MeHEHO, T. €. pe3yJbTaT paGoTsl mepBoil cTPo-
KH¥ IPOTPaMMBI CTUDAETCH, U

— b, eciub>ec,
¢, ecauc = b.

Koneuno, sTa BeJIM4MHA He COBIIAJAET C OIpeJeJeHHEM MAKCHMAJbLHOIO
3HA4YeHUA U3 a, b u c. Takum o6pasomM, mporpaMMa HeIpaBUJIbHAA: OHA
BBIIAET HEBEPHOE 3Ha4YeHMe, eC/IM MaKCHMAaJbHOE M3 TPEX YHCEeJ XPaHH-
JIock B nepeMeHHO# a. KoHTpnpuMep MeI ysxe npusoguiau: (3,2,1).

Aaroputm EBkiauna

Tenepr HOKakeM, 4YTO OAWH W3 APEBHEMINNX M3BECTHBIX AJITOPHUT-
MOB — ajropuTMm EBKJauIa — JelCTBUTEJLHO BEIYUCISET HaAmbOJb-
mmi o6muit genurens (HO) aByx HATYpaNbHBEIX Yuces (MBI paccMar-
puBanu ero B 10 xiacce).

Anroputm EBkampa. Ilycrh 3azjaHbl Ba HATYPAJbHBIX YHUCIA M
u n, npudém | M 2N, Jna serauciaenusa HOJI(m, n) ciaexyeT MHOro-
KpaTHO 3aMeHATh 0OJIbIIlee YHUCJIO OCTATKOM OT JejleHus OoJbIero Ha
MeHbIllee 0 TexX Iop, IOKa MeHbIIlee YUCJIO0 He CTAHeT PABHBEIM HYJIIO.
Toraa ocraBieecs HeHyJieBoe uucyo u ects HOI(m, n).

IIporpamma, ocHOBaHHas Ha aaropurMe EBKJIHAa, MOKET BBIIJIA-
JeTh, Hanpumep, Tak (3geck a, b W r — IeJOYHUCICHHBIE IIepe-
MeHHEIE):

a:=m; b:=n i HOI (a,b)=HOI (m, n)
HIy noxa b<>0 J4:2
r:=mod(a, b) i 538
a:=b; b:=r | 4 HOI (a,b)=HOX (m, n)
K1 I8
BEIBOO a | 6 HOI (a,b)=HOO (m,n), b=0

JlorkaskeM, 4TO B pe3yJibTaTe 3TOr0 aJrOPUTMa B NEPeMEHHON a HaXOo-
aurca HOI(m, n).

B crpoke 1 McxonHBIE 3HAUEHHA KOMHUPYIOTCA M3 IEPEMEHHEBIX m
U N COOTBETCTBEHHO B mepeMeHHBIe a U b. OueBHJHO, UTO IPH ITOM
BeinosHeHOo yeaosue HOIl(a, b) = HOO(m, n).




[okaszaTenbCTBO NPaBubHOCTY Nporpamm  [R<ig

Ha xaxaoM miare nukiaa (B cTpokax 3—4) BBIYHCISIETCA OCTATOK I
OT mesleHHs a Ha b u mapa (a, b) samensierca Ha napy (b, r). Kakumu
CcBOMCTBaMH 06JIaal0T NOJYyYeHHEIe 3HAYeHuA b u r?

ITockonBKY r — 9TO OCTATOK OT fejieHUus @ HA b, [0 BHIIOJHEHUS
CTPOK 3—4 OBLIO CIpaBeAJHWBO PABEHCTBO a = bp + r, Tie p — HEKOTO-
poe nesioe uuciao. Torga, eciu a v b uMeroT OGIIMI AeJIATENH, TO TAKOM
e menurtens umeer u r. Cnemomarensno, HOJ(b, r) = HOI(a, b) =
= HOII(m, n). 9to sHauur, urto ycaosue HOIl(a, b) = HOMI(m, n)
TIO-TIPeKHEMY BBINIOJHAETCHA MOCJe KaKJIoro Iara IuKJia.

ITocKOMBKY OCTATOK 7 C Ka/JAbIM IIAaroM CTPOr0 YMEHBLIIAeTCH,
B KOHIIE KOHIIOB OH CTAHET PABHBIM HYJIIO U 34AIUINETCHA B IIEPEMEHHYIO
b npu BeIMONHEHWH CTPOKH 4. I{uKJ cpasy ke 3aKOHUYUTCS, MOCKOJBKY
HapylIuTCa YCJOBHE ero BBIDOJHEHHA. llociie 3aBepmieHMs paboThI
nukya ycaosue HOJIl(a, b) = HOJ(m, n) mo-npesxHeMY BBIIOJHAETCH,
HO, KpoMe Toro, b = 0. Orcioga cienyer, uro a = HOII(m, n).

HuasapuanT uuxiaa

Taxum obpazoMm, ajis anropurma EBKIWAA CYILIECTBYeT YCJIOBHe
HO[(a, b) = HOJI(m, n), koTropoe ocTaéTcsa CIpaBefJUBBLIM HA IPOTH-
JK€HHMH BCero BBHINOJIHEHHUA AJTOPUTMA: Iepej HAuaJoM IHAKJAa, IOCJe
KaXXZI0ro mara IHUKJIa ¥ Iociae OKOHYaHUA paboTel mukiaa. Taxkoe
yCIOBHe HasblBaeTCs MHBADMAHTOM IHUKJA (aHrJ. invariant — Heus-
MEeHHBIT).

MHBapuaHT UMKna — 3TO COOTHOLLEHUE MeXay 3HAYEHUSIMWA NEePeMEHHbIX, 0
KOTOpOe OCTaéTca CnpaBefnuBLIM Mocre 3aBepLueHns Niboro wara yukna.

BrizenuB B ABHOM BHJE WHBAPHUAHT KaXKIOT'O
IUKJa, Mbl u30eraeM MHOTMX BO3MOKHBIX OIIH-
00K Ha HayaNbHOU CTAAWM U JejiaeM NepBBIH mmar
K JIOKas3aTelbCTBY IPABHJIBHOCTH BCEH IIporpam-
mei. Kax mmcan axagemuk Amnapeit Ilerpo-
Buu EpInoB, oAuH U3 NEpPBBIX TEOPETHKOB IIPO-
rpamvupoBanua B CCCP, «nmporpammucra 6bBIOT
10 pyKaM, ecJid OH IIOCMeeT HAIlMCATh OIepaTop

i A. Il1. Epmos
LUKJIa, He HAWIA Iepe/l STUM er0 MHBADHAHTA» .
i L (1931-1988)
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PaccMOTpHUM HECKOJIBKO IPHMEPOB.

IIpumep 1. JIBOe UrparT B CAEAVIOUIYIO UIPY: IEepes HUMH JIeKaT
B pax N + 1 kamueli, cuagana N OesbIX, ¥ B KOHIE IEIOYKH — OJUH
yépHBIA. 3a OIMH XOJ KayKIbIi MOXKeT B3ATh OT 1 A0 3 kamueil. IIpo-
UTPBIBaeT TOT, KTO GepeT YEpHBIN («HECYACTIUBLIN» ) KAMEHB.

Hauném ananus ¢ mpocteimux ciaydaes. Eciu N = 0, To nepssrit
HIPpOK TPOMIPajl, OH MOJKEeT B3ATh TOJBKO YEPHBIA KaMeHb. Ecuu
N =1, 2, 3, To, Hao60pOT, NPH MPABUJILHON WUI'DE IPOUIDHIBAET BTO-
poOH HMIpPOK, IOTOMY YTO HEPBBIX MOKeT 3abpaTh BCe KaMHH, KpoMe
uyéproro. BapuanT N = 4 cHOBa OIPUBOAHUT K IPOUTDLIIIY II€PBOr0 WUT-
pOKa, IIoToMy 4To 3abpaThb Bce Oesible KAMHH OH He MOJKeT, a Iocje
ero xXoja BTOPOI OCTABUT TOJBKO YEPHBIA KaMeHb. Takike IMPOUTDPHIII-
HBIMH OyayT nosunuu npu N = 8, 12, 16, ..., T. e. npu J100BIX 3HaYe-
HAAX N, KOoTOpble AenaTcsa Ha 4.

TakuM o06pa3oM, [Jifd CBOEro BHIMTPBINIA UIDOK AOJIKEH KAaXIBIM
CBOMM XOJOM BOCCTAHABJIHUBATH UHBAPUAHM: YHUCJIO OCTABIIUXCHA Ge-
JBIX KaMHed AOJKHO ObITh KpaTHO 4. Ecim MHBApHAHT BHIOOJHEH B
HAYaJbHOHM IO3UIIMH, IOJIOKEHNE IPOUIPLIIIHOE U IEePBBIA UIPOK MO-
JKeT HaJeAThCH TOJBKO HA OUIMOKY CONEPHUKA.

IIpumep 2. Ilycrs 3aman maccuB A aiauesl n. Haiiném uasapuanT
IUKJa B IpOrpaMMe CYMMHPOBaHUS 9JIEMEHTOB MacCHBa:

Sum:=0

HO gns 1 or 1 mo n
Sum:=Sum+A[i]

K11

3xechk Ha Ka)k[oM Iare K nepeMeHHoil Sum nobaBisercs sJeMeHT
maccuBa A[i], Tak uro npu a060M i MMOCTe OKOHYAHHUS OUYEpPeIHOro
miara IUKJIa B Sum HaKOIUIeHa CyMMa BCeX 3JeMeHTOB MacCHBa C HO-
MepaMu oT 1 10 i. 9TO M ecTh MHBaApMaHT Hukga. IloaTomy cpasy
MOJKHO CHAeJIaTh BBIBOJ O TOM, YTO IIOCJIe 3aBepIIeHHA IUKJAa B mepe-
MeHHO# Sum Gyxer sanmucaHa cyMMa BCEX 9JI€MEHTOB MACCHUBA.

AHaJIOTMYHO MOKHO IIOKa3aTh, YTO B AJrOPUTME MOWCKA HaH-
MeHBIIIEro 3HAUYeHNUs B MacCHUBe:

Min:=A[1]
HO onss 1 orT Z mo n
ecan A[i]<Min wTo
Min:=A[1i]
BCe
K1
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MHBapUaHT (QOPMYJHUPYETCSA TaK: MOCIEe BHINOJHEHHA KaMJIOoro miara
LHUKJAa B mepeMeHHON Min 3anucaH MUHUMAJIBHBIA W3 IEPBBIX i dJe-
meHTOB. OTCIOZa cpasy CiaejgyeT, 4TO IIOCJe 3aBepIIeHuA IUKJa (IpH
i=n) B 9TO# mepeMeHHOM OyaeT MHHUMAJIBHBIH U3 BCeX BJIEMEHTOB.

Ipumep 3. Ins Toro ke maccuBa HalijjeM WHBAapHaHT IUKJIA
B IpOrpaMMe COPTHPOBKH 3JIEMEHTOB MaCCHBA METOZAOM IYy3BbIPBKA:

HO gnss i or 1 mo n-1
HU gnss J or n-1 mo i mar -1
ecam A[j]>A[j+1] wo
c:= A[j]: Aljl:= A[J+1]; A[J+1l]:= @i
BCE
KILI
K11

Jo Hayayia aJropuTMa sJe€MEeHTHI PACIOJIOKeHEI Iponu3BoJbHO. Ha
KasKJOM IIIare BHEIIHEro IIMKJA HA CBOE€ MECTO «BCILIBIBAET» ONUH
ajeMeHT MaccuBa. [109TOMY MHBApHMAHT BTOr0 LUKJA MOMKHO chopMy-
aupoBathk Tak: «llocie BeIOJIHEHMA i-ro miara IUKJA HepBble i dJe-
MEHTOB MACCHBA OTCOPTHPOBAHBI U YCTAHOBJIEHLI HA CBOM MeCTa».

Teneps MOCTPOMM HWHBAPHMAHT BHYTPEHHEro LMKJA. B 9TOM IHKIe
OUepeqHOM «JIErKUM» JJIEMEHT IIOJHUMAEeTCA BBEPX K Hadaly MaccHBa.
Ilepen mepBeIM HIATOM BHYTPEHHEIr0 HIHUKJA BJIEMEHT, KOTOPHIH Oyner
CTOSITH HA i-M MeCTe B OTCOPTMPOBAHHOM MACCHBe, MOXKET HaXOAUTBHCA
B sa0bou aueitke or A[i] mo A[n]. Ilocne Kagoro mara ero «30Ha Ha-
XOMKAEHUA» CYsKaeTCs HA OJHY MOBHILMIO, TAK YTO WHBAPUAHT BHYTPEH-
Hero IMKJa MOYKHO c(POPMYJIMPOBATH TaK: «3JJeMeHT, KOTOpbIH Oyner
CTOSAATH HA i-M MecTe B OTCOPTHPOBAHHOM MACCHBE, MOXKET HaXOAUTBHCHA
B J000it siueiike ot A[i] mo A[j]». OueBngHO, 4TO KOrZa B KOHIIE TOrO
nouKaa j = i, aueMmeHT A[i] Bctaér Ha CBOE MeCTO.

B mpeablAymux mpuMepax MbI OIpPeAeaAld MHBAPHAHT I'OTOBOTO
nukiaa. Teneps MOKa)keM, KaK MOYKHO CTDOHMTH IIMKJI C IOMOIIBIO 3a-
paHee BbIGpAHHOTO MHBApPUAHTA.

IIpumep 4. PaccmoTpuM ajropuT™m OBICTPOrO BO3BEeNEeHHA B CTe-
IeHb, OCHOBAHHBINM Ha MCIOJB30BAHUM OIEpalluil BO3BEAeHHUS B KBal-
par u ymMHOKeHUA. OH UCIIONB3YeT JBe OYeBUHBIE (DOPMYJIIBI:

(1) a* = a*! - a npu weuéTHOII cTrenenu k u
(2) a* = (a?)*/2 npu uérHOH cTenenu k.
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ITokaskeM, kak paboTaeT ajJropuTM, Ha IIPUMepe BO3BeIeHHUSA YHC-
Ja a B CTeNeHb 7:

@ =a®-[a] = (@%)? - [a] = (a})? [a? - a] = (a*)! - [a? - a] =
- (a4)0 . [a4 - a2 - a] — [a4 a2 - a]_

3/eck MOOYEPENHO NPUMEHAIOTCA IepBas u BTopas GhopMyasl. 3a-
MEeTHM, YTO Ha KayKJOM dTalle BEIPaKEHHe a" MOJKHO IpPeJCTaBUTh B
Buze a" = bk p, rae yepea p obo3HaUeHA YACTh, B3ATAA BHIIIE B KBaJ-
paTHBIe cKOOKHM. Ecim HaM KakuM-TO 00pasoM yAacTcs YMEHBIIUTH K
0 HYJIA, COXPAHHUB 3TO PABEHCTBO, TO MbI MOJIYYHUM a" = p, T. e. 3aja-
ya Oyjer pemena, a pe3yJbTaT OyZeT HAXOAUTHLCA B IepPeMEHHOH p.

Takum oO6pasoM, paBeHCTBO a" = bf:p MOKHO MCIOJB3OBATH KaK
MHBApUAHT IUKJa. 18 Toro 4robbl ofecrnedyuTh BBINOJHEHHE 3TOTO
PaBeHCTBA B HaYaJIbHBIH MOMEHT, MOXXHO IPWHATH, Hanpumep, b = a,
k=nmup=1. lanee B nukjie npumensaorcsa Gopmyusl (1) u (2) (8 3a-
BHCHMOCTH OT 4YETHOCTH k Ha gaHHOM Imare). I[uka saxkasuuBaeTcs,
xorza k = 0. B peayaprare monyuaeMm ciaeAyioliee penieHue:

b:=a; k:=n; p:=1
HIL noxa k<>0
ecnu mod(k,2)=0 To

k:=div(k,2)
b:=b*b
MHaue
k:=k-1
p:=b*p
BCe
K11,
BHEBOL P

3aMeTHM, YTO MHBADHAHT IHKJa a" = b?:p BhImOJHAETCA A0 Ha-
yajia IIUKJa, IocJae KaXXJoro IIara, a TaKiKe IIOClie 3aBepIIeHUus IHUK-
na. Takum o6pasoM, MBI HAIIMCANH KOJ IPOrPAMMEI M OZHOBPEMEHHO
JOKAa3aJI¥ IIPABUJIBHOCTE 3TOT0 GJ0KA.

Cnenuduxanus

I[JIH AOKAa3aTeJIbCTBA NPaABHJBHOCTH IpPOrpaMMBbI Heo0X0oauMOo
HMeTb CHEHHQJHR&IJ,HIO — TO4YHO€ OIMcCaHHe TOI'o, 4YTO OJOJXHO OBITH
cAaeJiaHO B pe3yabTaTe paﬁo'rm IporpaMMhbl.
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Cneuundmkaums — ToyHas 1 nonHas hOpMyNMpOBKa 3adayu, cogepailas
MHOpMaLMIo, HeOBXOAWMYIO ANA NOCTPOEHWUS aNropyUTMa eé peLLeHus.

Ha mpakTuke cnemuduKanmuu IporpamMMm OOBIYHO (HOPMYJIHUPYIOT
Ha eCTeCTBEHHOM #fA3bIKEe, B KOTOPOM CJIOBA MOTYT HMMETh HECKOJBKO
PasHBIX 3HAa4YeHUH. J[14 ¢TPOroro JoKasaTebCTBA KeJaTeJbHO, YTOOL
cnenudukanua OblIa 3agaHa B (OPMaJbHOM BHE, C ITOMOIIBLIO
GOpPMYJT UM COOTHOIIEHUM MEXAy BeJIUYHHAMH.

Ilo mpepnoxenuro anraumiickoro yuenoro 4. Xoapa, cuenuduka-
nusa 3anuckiBaercsa B dopme {@}S{R}, rae @ — HayaJLHOE YCJIOBHE,
S — nporpamma u R — yTBep:KAeHUS, OMUCHLIBAIOIIME KOHEUHBIA pe-
syabraT. 3anuck {Q}S{R} osmauaer caexyomee: «Ecam BeImoJIHEHUE
nmporpaMmsbl S HaYajaoch B COCTOSIHWH, YAOBJETBOpsAOIIEeM §, To ra-
PaHTHpPyeTCs, YTO OHO 3aBEPIIHTCA Yepe3 KOHEeUHOe BpeMs B COCTOfA-
HHUU, YIOBJIETBOpAOIIeM R».

KoppekTHas nporpamma — 370 Nporpamma, CoOTBETCTBYIOLLas
cneundukaumm.

Ecnu ana MCXOAHBIX NAHHBIX He YAOBJIETBOPSAETCH ycCJoBUe @,
mporpamMma AOJIXKHA co0o0IIaTh 06 3TOM IOJIB30BATENI W 3aKOHUHUTH
paboTy. 9TO TOBOPUT O HAXEMKHOCTH IIPOIDAMMEI.

Hanpumep, nna anropurma Epxkaupa yeaosus @ u R MOryT BbI-
TIALEeTh TaK:

g:m=2n >0, R:a=HOIO(m,n),

a JJIA IporpaMMbl CYMMHPOBAaHHS dJIeMeHTOB maccuBa A[l:n] (cm.
npumMep 2 Ha cTp. 40) — Tak:

Q:n>0, R: Sum = iA[i] = A[1] + A[2] + ... + A[n].

Crnenuduranuu Moryt (u ,aczmlmﬂhr) OBITH COCTABJIEHLI HE TOJIBKO
AN IPOrPAMMBI B IIeJIOM, HO ¥ AJIA €€ OTAEeNBLHEIX OJI0KOB (mpomenyp,
GbyHKOHHE, OUKJIOB U T. A.). [TosesHo BHOCUTH yTBep:KAeHus @ u R
IpsAMO B TeKCT nporpaMmel. ITocTpoeHHads TaKUM 006pasoM aHHOMUPO-
8aHHAA nNpozpamMma — DTO emé OAWH Imar K JAOKa3aTeJbHOMY
IPOrPaAMMUPOBAHHUIO.

¢
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Y. Xoap paspaboTaj cnenuaJibHbIA annapar, Mo3BOJIAIOMMUNE OKa-
3bIBATH IIPABUJILBHOCTHL IPOTPAMMBI HA OCHOBE CHEIHDUKAIIUHA OTHe/Ib-
HbIX Os0Ko0B. IIpuBeném mpocreiilue npasuia NpeodpasoBaHUA:

o ecau {Q}S{P} u P = R (u3 uctuaHOCTH P CleyeT MCTHHHOCTH

R), To {Q}S{R};

o ecau {Q}S{P} u R = @, to {R}S{P};

e €CJM mporpamMma S — 3TO HOCJIeJOBATEeJbHOe BHINOJHeHHe 6Jo-
KoB S; u S,, AN KOTOPHIX BBINOJHAKTCA CHENUPUKAIMHA
{Q}S{P} n {P}S,{R}, To Bamonuserca cuenuburanus {Q}S{R}.

JokasaTeabCTBO IPABUJIBHOCTH IIPOrPAMM HMCIOJIb3YIOT B IBYX CH-
TYanHuax:

s JOKas3bIBAIOT NPaBUJIBHOCTE N'OTOBBIX IporpamMm (BepudHKaIMs

IporpamMmm);

e CTPOAT NIPOrpaMMbI OZHOBPEMEHHO C AOKAa3aTeJIbCTBOM HX Ipa-
BHJIBHOCTH (CHHTE3 IIPOrpamMMm).

Kak nmpaBuno, BepudHUKanus — 3TO OYEHb TPYAOEMKHH M CIOMKHBIN
mpomecc, ¥ OKA3bIBAETCH 3HAYUTEJHHO IPOINe HCIOJL30BaTh JA0KAa3a-
TeJbCTBA IPABUJIBHOCTH BO BpeMsa paspaboTku mporpamMmsl. Ilpu aTom

nporpamMMmbl IOJYy4YalOTCA TIpomie, 3(@deKTHBHee H 3HAYUTEILHO
HaEKHee.

Bonpocbl u 3agaHua

1. 3aueM HY’KHO JOKA3BIBATH MPABHJILHOCTE IIporpamMmm?

2. Paccka)kuTe 0 JBYX NOAXOAaX K IIPOBEpPKe NPABUJIBHOCTH IPOTrPAMM.

3. Ilouemy ¢ NOMOIIBI0 TECTHPOBAHUA CJIOKHO JOKA3ATh NPABHJILHOCTL IIPO-
rpammer? B kakmx caydasx aro Bcé ke MoixkHO cpenarts? [Ipusepure
OpHUMepHL.

4. YTto ME=MeHUTCA B OoKazaTenbCcree anroputMma EeBknuoa,
2CNKM /T M N — 3TO NPOMIBOMbHBIE HATYpPallbHble YMcna
(HepaBeHCTBO M = N MOMEeT He BbINOMHATLECA)?

5. Uto Taxoe uHBapuMaHT HuKIa?

6. 3aueM HY:KHO ONpeJeIAThL UHBAPHAHT IUKJIa?

7.4Yro rakoe cnemupuramua? Ilodemy KenaTeabHO (OPMYJIHPOBATE eé
B BUJe JOpMaJIbHBIX YTBep#/JAeHHi, a He Ha eCTEeCTBEHHOM A3bIKe?

8. O6bacauTe 3anucs {Q}S{R}.

9. Kakasa nporpaMma Ha3bIBaeTCH KOPPEKTHOM?

10. Kax BBI AymaeTe, MOKHO JIM HA3BATh KOPPEKTHOM MpOrpaMmy, KoTopas
«3aBHCAeT» IIPH HeBePHBIX BXOAHBIX AaHHBEIX? OOGCyAuUTE 5TOT BOIPOC
B KJjacce.

11. Yro Takoe BepudHUKaIUd MIPOrpaMmMbl?
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12. Kax BBl JyMaeTe, YTO CJOKHee — J[OKA3bIBATH NPABHJIBHOCTE I'OTOBOI
mporpaMMbl HWJIM Cpasy IHCATH IpPOrpaMMy, JOKasblBas IIPABHJIBHOCTb
oraenbabIx 610xkoB? Ilouemy? Ob6ecyauTe 3TOT BOIPOC B Kjacce.

3apaum

1. JokaskuTe, 4TO CJIEAYIOIIHME OIEPATOPHI AAI0T ONWHAKOBBIH pesynbTaT
upu a06bix 3HaveHHAX L u R (paccMoTpuTe YéTHBIE M HEUYETHHIE 3HAYE-
HHusA 00enX ImepeMeHHBIX):

c:=div(L+R, 2) c:=L+div (R-L, 2)

Kakxde JOCTOMHCTBA M HEJOCTATKH €CTh Y KaJOT0 METOJAa BbIYHCIEHHS
9TOH BEJHYHHBI?

2. oxkakure, 4TO B Pe3yJbTATEe BBLIMOJHEHUA CJeAYyIOIero (pparMeHTa IIpo-
rpaMMbl B InepeMeHHOII M He Bcerga Oyjger sanmucaHO MaKCHMajlbHOe M3
Tpéx umucen (a, b u ¢):

M:=a
ecnn b>a mo M:=b BCe
ecnu c>b Tmo M:=c BCe

IlpuBeguTe KOHTPIPUMED, T. €. TAKWE 3HAUEHHUS 4, b U ¢, IPH KOTOPBIX
snauyenue M Oyper orimuarTscs orT max(a, b, ¢). Kak MOXHO MCIpPaBHTH
aTy mporpaMMmy, 3aMeHHB B Hell BCero OJMH CHMBOJ?

3. MoxaxkuTe WJIH ONPOBEPrHUTE NPABHJIBHOCTH IPOrPaMMBI AJA BbIGOpa
MaKCHMAJBHOTO U3 TPEX 3HAYEHMI, 3aIMCAHHBIX B IIePEMEeHHHIX @, b | c:

ecnu a>b To M:=a
uHave ecnu b>c 1o M:=b
MHaye ecnM c>a To M:=c
BCe; BCe; BCe

Ecau aTa mporpaMMa HEKOPPeKTHas, NpHBeAuTe KoHTpnpumep. Mosker
Jgu 6bIThH, YTO IPH KAKUX-TO BXOJHBLIX NaHHBIX 3HA4YeHHe IepeMeHHON M
6yaer Heonpeae EHHBIM 7

4. lokaxxkure, 4TO CJAEAYIOIIUI (hpparMeHT NPOrpaMMBI IPaBHJILHO COPTHPY-
eT 3HAYeHHA B IepeMeHHEIX a, b u ¢ 110 BO3pACTAaHHIO, T. €. Bcerja moay-
gaerca a < b < e:

ecnu a>*b TO noMeHATE (a, b) Bce
ecim b>c wo noMeHsATk (b, c) Bce
ecnmn a>b To nomeHsaTh (a, b) Bce

AJITODATM NOMEHATH MEHAeT MeCTAMM 3HAYeHHWs IIepeMeHHBIX-IapaMeT-
POB.
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5. B urpe «HUM» JBO€ MIDOKOB II0 ouepeAHn GepyT KaMHH M3 ABYX KYYeK.
3a OMH XOJA MOMKHO B3fAThH J060e HEeHyJeBOe KOJHYEeCTBO KaMHEH, HO
TOJBKO M3 OJ{HOM KyukH. TOT, KOMy He OCTANOCh KAMHEei, MPOUTIDLIBAET.
Kax onpemenurs, KTO BHIUIDAET NPH NpaBHiabHO# mrpe? Kaxoit muBapu-
aHT obeclleYynBaeT BLIUIPLINI?

o

OnpesenuTe MHBADMAHT IHKJA IS CJIEAYIONIEr0 AJITOPUTMA ABOMYHOIO
noucka (IpeAnojaraeTcs, 4TO BJIEMEHTHl MacCHBa A OTCOPTHPOBAHEI IIO
HeyObLIBAHHIO):

L:=1; R:=n+1

HII noxka L<R-1
c:=div (L+R,2)
ecnmn X<A[c] wTo

R:i=c
MHa4Ye

L:=c
BCe

KL

Wcnonp3ya HaiiileHHBIH WHBADUAHT, ONpPeAeTUTe, KAKOH UMEHHO BJIeMeHT
maccuBa Oyner HalijieH, ec/ii B MACCHBE €CTh HECKOJBKO 9JIEMEHTOB, PaB-
vpiXx X. Kaxk Hy)XHO MBMEHHThL MHBapHaHT (U HUKJI), 9ToOERI HalTH nep-
6btil 9JIeMeHT, paBHBIN X7

7. OnpenenuTe HHBAPDHAHTEHL AJIA CAEAYIOIIUX IUKIOB. Uro GygeT BHIYMCIE-
HO B nepeMeHHOii b?

a) 6)

k:=0; b:=1; k:=n; b:=1;

HII noxa k<n HO noxa k>0
k:=k+1; k:i=k-1;
bi:=b*a; b:=b*a;

KIT K1

8. Onpenenure ycnoBusa @ u R a1 alropuTMOB:
a) HaxXO0XKIEHHUS CYMMBEI BCeX [eJIuTeNei Yucia;
0) IpoBepKH 4YmcJA HA IIPOCTOTY;
B) oIpejie/ieHUsA KOJHYECTEA CJIOB B CHMBOJILHOI CTPOKE;
T) ABOMYHOI'O IOMCKA dJIEMEHTA B OTCOPTUPOBAHHOM MACCHBE;
[) mepecTaHOBKH 3J€MEHTOB MaccHuBa B 00OpaTHOM IOpHAJIKE;

e) npeobpa3soBaHUA YHCJA U3 CHMBOJBHOM 3alHCH B 3HAYeHUEe nejaoro
THIIA.
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9. IlpexyokuTe ApPyrue HadaabHbIe 3HAUYEHHUSA IIepeMeHHBIX b, B U p B anro-
puTMe OBICTPOrO BO3BEJEHHUA B cTeneHb., VHBADHMAHT IUMKJA HOJMKEH CO-

XpaHHUTBLCA.
10- OueHUTEe CNOMHOCTb anropvTMa 5bICTpOFO BOZEejeHKA B

cTenedHs npwr 7 = 2™, rae m — HaTypalbHOE 4YMCio.
MpakTuyeckume paborbl kK rnase 5 m

Pa6ora Ne 36 «Mamuua Teiopunra»

PaGora Ne 37 «Mamwuna ITocra»

Patora Ne 38 «HopmasbubIe anropuTMbl Mapkosa»
Patora Ne 39 «Buruucaumele QYHKIIN»

Pa6ora Ne 40 «MAuBapuanT muKIa»

JO0P k rnase 5 Ha cante PLUOP (http://fcior.edu.ru) M

o AJropUTMHUYECKH HEpa3peIIMMbIe 3aJaun

Camoe BaxHoe B rnaee 5

¢ HMHTYUTHBHOE NOHATHE AJITOPHUTMA, KOTOPOE MBI MCIOJNL30BAH
paHee, HEIIDUIOAHO AJIA MaTeMaTHYECKOT0 AOKAa3aTesJbCTBa He-
paspelIuMOCTH 3axad.

» BxoagHble U BBIXOZHBEIE NaHHBIE JIOOOTO AJTOPHUTMA MOMKHO 3a-
KOAWPOBATE B BHAE IOCJeNOBATEJBHOCTEH CHMBOJIOB HEKOTOPO-
ro angasura (1 Jaxke ABOMYHOrO aJIdaBUTa).

e IIpo mo6oit aropuTM MOKHO CKa3aTh CJEAYIOIee:

— aJropuTM NOJy4YaeT Ha BXOJ IHUCKPETHHIN 00BeKT (Hampu-
Mep, CJIOBO);

— anroputM o0pabaTeiBaeT BXOAHOW OOBEKT 1O maram (auc-
KPeTHO), CTPOA Ha KaXKAOM Iare IpOMe;KyTOYHbIe JUCKPETHEIe
06'BEKTBI; 9TOT HPOLECC MOYKET 3aKOHUYMTHCA HJIM HEe 3aKOH-
YUTBCH}

— ecJIM BBIIOJIHEHHE AJI'OPUTMA 3aKAHYWBAETCSH, ero pesyib-
TaT — 3TO 00BEKT, IOCTPOEHHEIN Ha IOCJeJHEeM IIare;

— €CJIA BBINOJIHEHWE aJITOPUTMa He 3aKaH4YMBaeTcs (aJropurm
3allMKJMBAETCA) MJIM 3aKaHYABAETCA aBAPUIIHO, TO Pe3YJib-
TaT ero paboThI IpK JaHHOM BXOJe He OIpEeesEH,

47
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L] AJII‘ODHTM —— 3TO IporpaMmMa AJid HeKOTOPOI'O MCIIOJITHHUTEeJIA.

e YHUBeEpCAJbHBIM HMCHOJHUTEIbs — 9TO HCIOJIHUTENb, KOTOPHIH
MOKeT MOJAeJHpoBaTh pabory aw060Oro ApPYyroro MCIOJTHUTENA.
9TO 3HAYUT, YTO AJA JIOOOTO aJroOpuTMa, HANUCAHHOIO AJIA JIIO-
60ro MCHONTHUTENS, CYIIECTBYET 9KBUBAJIEHTHBIA AJIIOPUTM AJA
YHHBEPCAJIbHOTO UCIIOJHHUTEI.

» Bce yHuBepcasibHbIe UCIIOJHUTENA SKBUBAJCHTHEI MeKIY cobOii.

o Kaxaerii anropurm sagaér (BelunciaseT) (PYHKIOWIO, KOTOpas
npeobpasyer BXOIHO€ CJOBO B pe3yabTaT (BBIXOJHOE CJIOBO).
ANTOpUTMBI HA3BIBAIOTCH dKBUBAJIEHTHBIMH, ECJH OHH 3a7af0T
OJlHY U Ty Ke (PYHKIHIO.

e Bprumciaumas QyHKIHA — 9TO QYHKIIMA, AJNA BEIYHUCIEHUA KO-
TOPOH CyIIeCcTBYeT airoputm. Jlwobasa Beuucammas (QYHKIIUAA
MOJKeT 3aJaBaThbCsAd PA3HBIMH AJTOPUTMAaMHU.

e AJIropuTMHYECKHM HepaspelImMas 3ajada — 9TO 3ajada, CooT-
BETCTBYIOIIAasA HEBBEIYMCIUMON (PYHKIIHHU.

e I'oBOopAT, 4TO AJNrOPUTM HMEET ACHMIITOTHYECKYIO CJIOXKHOCTH
O(f(n)), ecnu wmaiigérca Takad DOCTOAHHAA €, 4YTO, HAYMHAA
C HEKOTOPOTO N = n,, BeINOJHsAeTCA yeaosue T(n) < c-f(n).

e 3aJauu ONTHMHM3AIHUH, KOTOPLIE PEIIAITCH TOJLKO MOJHBIM IIe-
pefopoM BapHaHTOB, MOTYT HMETh, HAIIpHMEP, ACHMIITOTHYE-
CKyI0o canoskHocTs O(27) nnu O(n!). 9tn GyHKUUKA npu OOJBIINX
n BO3pacTalwT ObICTpee, YeM MHOTOYJIEH JII000H CTemeHH.

e UYrobwl obecneunTs HALEKHOCTH NPOrPAMMBI, HCIOJb3YIOT Me-
TOABI JOKA3aTeJILHOTO0 IIPOrpaAaMMHPOBAHMA: pa3paboTKa IIpo-
rpaMMbl BeJETCA OJHOBPEMEHHO C JOKas3aTeJbCTBOM €€ mpa-
BHJILHOCTH.

L] HHB&pH&HT IOHKJIa — 39T0 COOTHOIIIeHHMe MeXIAY BeJIHYHHaMu,

KoTopoe ocraércs CIipaBeJIMBBIM IIOCJIe 3aBepIIeHUudA Jaroboro
mara MUKJAa.




Nhasa 6
AnropurMmm3saumsa u nporpamMmmMmmpoBsaHue

§ 38
Lleno4YmcneHHbie anropuTMbl

Bo MBoOrmx samauax Bce MCXONHBIE AaHHBIE U HeoOXOJUMBIE pe-
3yJabTAaTBEl — UeJble uyuciaa. [Ipu sToM Bcerga xejaTelbHO, uTO0OBI BCE
IIPOME’KyTOUYHbIE BBIYMCIEHUSA TOXKe MPOBOAMJINCH TOJBKO C I€JbIMHA
yucnamu. Ha 3TO ecTh, 110 KpailHel Mepe, JBe IPHYNHBIL:

e IIPOIECCOD, KAK MPAaBHUJIO, BHIIOJIHAET ONMEPAMH C IeJIbIMUA JHuC-

JaMH 3HAYHTEJbHO OBICTPEe, YeM C BeIlleCTBEHHBIMU;

e IeJble YWMCJA BCErja TOYHO NPEJACTABJAIOTCA B NaMATH KOM-
OpIOTEpPa, ¥ BHIYUCIEHUA C HAMH TaKiKe BBIIOJHAOTCA 0e3 mo-
rpemiHocTeit (ecau, KOHEYHO, He IPOMCXOJUT IIepenojHeHue
paspsAfHONA CEeTKH).

Pemero 9parocdena

ITpocThie YMCIa MUPOKO MCIOJB3YIOTCA BO MHOTHMX HPHKJATHBIX
saziauax, HAIpEMeD NpM MUGPOBAHUK C HOMOINbI0 anropurma RSA
(BcmomHHMTEe Martepuan ydeOnmka ans 10 kmacca). OcHOBHBIE 3ajavu
npu pabore ¢ MPOCTHIMH YHMCIAMU — 3TO NPOBEPKa 4YHCJa Ha IPOCTO-
Ty ¥ HaxXOKJeHHe BCeX IPOCTHIX YHCeJ B 3a/JaHHOM JHanasoHe.

ITycTs 3a/1aH0 HEKOTOpOe HaTypajibHOe uucyio N u Tpedyercsa Ha-
TH BCe IpOCTHIe uucaa B guanasoHe oT 2 go N. Camoe mpoctoe (HO He-
ahdexTrBHOE) pelIeHUe ITOH 3aJauM COCTOUT B TOM, UYTO B IUKJIE IIe-
pebuparorcs Bce yncya or 2 fo N, U Ka)k[oe U3 HUX OTJEJbHO IMpoBe-
pserca Ha npocrory. Hanpumep, MOKHO INPOBEPUTE, €CTh JIM Y YHCIA
k menuTeNnu B AuamasoHe OT 2 mO JEk. Ecim HM OZHOTO TAKOTO JeJuTe-
JIfl HeT, TO YHCJIO k IpocToe.

OnucaHHBIH MeTos npu Gonsmiux N paboraeT OYeHb MeAJIEHHO.
I'pevecknii MaTremaTux Dpartochen Kupenckmit (275-194 rr. o H. 3.)
IIPeJIOMKHI APYTOi aJrOPUTM, KOTOPEIN paGoraeT HaMHOTO GhICcTDEe:

1) BeImmcAaTh Bce 4Mcia oT 2 10 N;

2) mayatbc k = 2;

3) BEIYEDKHYTH BCe umcia, Kpatasie k (2k, 3k, 4ku . 1.);

4) HaliTH cieayiolnee HEBRIYEPKHYTOE YK CJIO ¥ IPUCBOUTE €r0 IepeMeH-

HoOl k;

5) nmoeropsTh maru 3 u 4, moka k < N.




AnroputmMusauma v NnporpaMmMupoBaHue

IToxkaxxem pabory anropurma npu N = 16:
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ITepBoe HeBBHIYEDKHYTOE YMCIO — 3TO 2, MO3TOMY BEIYEDKHBAEM
BCe YETHEIe YHuCia:

2 3Kk 5 F 7 F 9o H 11 B 138 15 B
Hanee BIYEPKUBAEM Bce YMCJIA, KPATHEIE 3:
2 3 Fs F7 R EE 11 B 138 B B

Bce umucna, kparabie 5 u 7, yike BeIUepKHYTH. Takum o06pasom, noJy-
4YeHEI pocThle yucaa 2, 3, 5, 7, 11 u 13.

Knaccuueckuit anropuTM MOMHO yJIyYIOUTH, YMEHBIIMB KOJIH-
4YecTBO omepanuii. 3aMeThbTe, UYTO NPHM BHIYEPKUBAHMM YHCEJ, KpaT-
HBIX TPEM, HAM He NPHUILIOCH BBIYEPKMBATH YHMCJIO 6, TAK KaK OHO
yoke Oblno BBEIUepKHYTO. Kpome Toro, Bce umcia, KpaTHble 5 u 7,
K IIOCJIEHEMY IIary TOKe OKa3aJuCh BBIYePKHYTHI.

IIpeanonoxuM, 9TO MBI XOTHM BEIYEPKHYTH BCE UMCJA, KPaTHHIE
HexoTopoMmy k, Hanpumep k = 5. IIpu srom umcna 2k, 3k u 4k yxe
ObIIM BBIYEPKHYTH HA NPEABIAYIIMX IIarax, MO3TOMY HY’KHO HAYATH
He ¢ 2k, a ¢ k2. Torxa nosnyuaercsi, uto npu k2 > N BHIYEDKHBATH yiKe
Oyaer Heyero, YTO Mbl M yBHAeNIU B mpumepe. I1oaToMy MOKHO wmc-
TIOJIB3OBATH YAYUIIEHHBINH aJIrOPUTM:

1) BeImmcaTh Bce uyucaa ot 2 1o N;

2) Hauatec k = 2;

3) BEIYEDKHYTH BCe YUCIA, KPATHbIE k, HauuHas ¢ k;

4) HaiiTH ceAyIOee HeBLIYePKHYTOE YMCJIO U IPUCBOUTE €r0 IepeMeH-

HOU k;

5) noBTopaTH maru 3 u 4, noka k% < N.

YTo0bl COCTABUTH HPOrPAMMY, HYKHO ONpeAeIHTb, YTO 3HAYUT
«BBIUCATH BCE UMUCJIA» U «BBIYEPKHYTH YHCI0». OHUH U3 BOZMOMKHEIX
BAPHAHTOB XPaHEHHUsA NAHHBIX — MACCHB JIOTHYECKHX BEeJIUYHMH C HH-
aexcamu oT 2 no N. Kak u B yuebnuke 10 xiacca, cieBa Gygem mnu-
caTk OIPOrpaMMy Ha IIKOJbHOM aJITOPUTMHYECKOM fBLIKE, a cIIpaBa —
Ha a3biKke Ilackans.

O0bABNeHNe NepeMEeHHBIX B INporpaMme OyAeT BBINIAAETh TakK
(nna N = 100):

men i, k, N=100 const N=100;
norrab A[2:N] var i, k: integer;
A: array([2..N] of boolean;




Lleno4yMcrnieHHble anropuTmsl

Ecam umcso i He BBIYEPKHYTO, OyJeM XpaHUThL B dJIEMEHTe MaccuBa
A[i] ucTUHHOe 3HAYEHHE, €CJM BBHIYEPKHYTO — JOokHOe. B camom Ha-
yajie HY’KHO 3aIIOJIHUTh MAcCCUB MCTUHHBLIMHA 3HAYEHNUAMH:

HI ans i1 or 2 mo N for i:=2 to N do
A[i] :=ma A[i] :=True;

K

B 0CHOBHOM IIMKJI€ BBINIOJHAETCH OIMKMCAHHEIN BBINIE aJTOPUTM:

k:=2 k:=2;

HI noxa k*k<=N while k*k<=N do begin
ecinm A[k] wo if A[k] then begin

i:=k*k i:=k*k;

Hi noka i<=N while i<=N do begin
A[i] :=HeT A[i] :=False;
i:=i+k i:=i+k

K11, end

BCE end;
ki=k+1 k:=k+1
KIT end;

OfpaTuTe BHMMaHHWe, YTO AJISI TOrO, 4TOOBI BOOOIE HE NPUMEHATH Be-
IIeCTBEHHYIO apu(dMeTHKy, Mbl 3aMeHIIH ycJoBue k < Jﬁ HA PaBHOCHJIb-
Hoe ycyioBue k2 < N, B KOTOPOM UCHOJB3YIOTCS TOJBKO IleJIble YHCJIa.
Ilocnie 3aBepIIeHUS 3TOTO IIUKJIA HEBBIYEPKHYTHIMHU OCTAJMCH TOJb-
KO TIPOCTBIE UMCJIA, JJS HUX COOTBETCTBYIOIIVE dJIeMEHThI MaccuBa Co-
JiepaKaT UCTHHHBbIe 3HAYEHUs. ITH YHCja HY:KHO BRIBECTH HA dKpaH:

HO ana i or 2 mo N for i:=2 to N do
eciu A[i] wTo if A[i] then
BHIBOI 1,HC writeln(i);
BCeE
K11

« IIMHHBIe» YHCIA

CoBpeMeHHBIE AJTOPATMBI MIH(POBAHUA HCIOJBL3YIOT AOCTATOYHO
NJMUHHBIE KJIOYM, KOTOpble NPEeJACTABISIOT co00# dYHMciaa [IJIWHOMN
256 6uroB u Gonbire. C HUMU HYXHO BBINOJHATH PasHbIe ONEpalUu:
CKJIaJbIBaTh, YMHOMKATh, HAXOAMTH OCTATOK OT AejeHHA. Bompoc co-
CTOMT B TOM, KaK XpPaHMUTb TaKHe 4YHCJIa B NaMATH, e AJIA LeJbIX
quces OTBOAMTCA IAMATH 3HAYUTEJIHHO MEHBIIMX pPadMepoB (0ObIYHO
go 64 6uros). OTBeT ZOCTATOUHO OYEBUAEH: HYXKHO PasbHThL NJIMHHOE
YMCJIO HA YaCTH TAK, 4TOOBI OHO 3aHMMAJIO HECKOJbKO AYeeK MaMATH.




AnroputMusauus U nporpaMmmMmmpoBaHme

«[ANMHHOE» YMCNO — 3TO YMCMO, KOTOPOE HE NOMELLAETCH B NePeMeHHYHo
CTaHAapTHbIX TUMOB AaHHLIX A3blka NporpammupoBaHus. AnroputMel paboTbl
C ANUHHBIMKW YUCNAMU HA3bIBAKOT «ANUHHOW apUMEeTUKONY.

Insi xpaHeHUs <«JAJIUHHOTO» UYHCIA YAOOHO HCIOJIB30BATH MACCHB
uenslx uyucen. Hanpumep, uuciao 12345678 mokHO 3ammcars B Mac-
cuB ¢ nHgexcamu ot 0 1o 9 rakum obpasom:

0o 1 2 8 ‘4 & 6 7. 8 9
alr]2[8|4]s5[6]7][8]0]ol]

Taxoii criocob mMeeT psj HEIOCTATKOB:
1) Hy»KHO TZe-TO XPaHWUTh JJIHHY 4YHCIa, uWHade umcaa 12345678,
123456780 u 1234567800 GyzeT HEBOZMOKHO PA3ININTh;
2) HeymoOGHO BBEINOJIHATE apudMeTHUeCKHe ONepalui, KOTOPbie HAUHU-
HAIOTCA C MJIAJIIEr0 Paspsaaa;
3) naMATh pacXxoAyercsa HeSKOHOMHO, IOTOMY YTO B OJHOM 3JIEMEHTe
MaCCHBa XPaHUTCH TOJBKO OAMH paspsan — guciio ot 0 go 9.
Yro6er m36aBUTHECSA OT HEPBBIX ABYX IpoOJeM, HOCTATOYHO «pasBep-
HYTh» MAaccuB HaobopoT, Taxk dYTOOBI MJIaJIIXUM paspAa] HaxXoAUJCH
B A[0]. B aToM cayuae Ha pHCYHKaX yA00HO IPHMEHATH OOPATHBIA I10-
PANOK 2J1€MEeHTOB:

9 8 7 6 5 4 3 2 "1 9
alolof[1[2[3[s4]5[6]c7]s]

Tenepr HY)XHO HalTH 06o0jlee ’KOHOMHYHBIA Ccrmocob XpaHeHHA
JauHHOTO umciaa. Hanpumep, pasMecTuM B OZHOM 3JIeMEHTE MacCCHUBa
TPH pas3pafa YKucjia, HauMHaA clIpasa:

9 8 7 6 5 4 3 2 1 0
Alolo] o] oo o] o] 12]345]6r8]

3zech UCIOJB30BAHO PABEHCTBO
12345678 = 12 - 10002 + 345 - 1000! + 678 - 1000°.

(DBRTH‘IGCRH MEI npenc'ranmm HCXOOHOe YHCIJIO B CHCTeMe CUHCJIEHHA
¢ ocaHoBarmem 1000.




LlenouncneHHsie anropmTmbi

CKOJBKO pPaspsa/l0B MOKHO XPAHUTh B OJHOM 3jieMeHTe maccupa?
9TO 3aBHCHT OT pasmepa ajgeMeHTa. Hanpumep, eciam nepeMeHHas 3a-
HuMaer 4 GaiiTa ¥ YMCJIO XPAHUTCHA CO 3HAKOM, AONYCTHMBIHA Auamna-
30H ero 3HAYeHWMH:

or —232 = —4 294 967 296 po 232 -1 =4 294 967 295.

B TakoMm 3jieMeHTe MOYKHO XPAHUTH 0 9 paspAfoB JeCATHUHOTO
Yucjia, T. €. HCIOJb30BATH CHCTEMY CUHCJIEHMs C OCHOBAHMEM
1 000 000 000. OgHAKO HYXHO YUYHTHIBATH, YTO C TAKMMH YHCIaMH
OyAyT BBIMOJHATHCHA apudMernuecKue olepalyuy, pe3yabTAT KOTOPBIX
IOJIKeH IOMeIlaThCAd B NEepeMeHHYI0 HeKortoporo Ttuna. Hampumep,
ecJIM HaJ0 YMHOYKATH PaspsaAbl sToro umesa Ha 4ymeao kB < 100 u B
A3BIKE IpOorpaMMHpoOBaHHA HeT 64-0MTHBIX IIEJIOUMCJIEHHBIX THIIOB
JAaHHBIX, TO B 2JIeMEHTe MacCuBa MOXHO XPaHUTH He Gosee 7 paspAmoB.

ITokaxkem Ha mpuMepe, KaK MOYKHO HMCIIOJB30BATH CHUCTEMY CUHC-
nerus ¢ ocaoBanuem 1000000 ayia BBINOJHEHUSA ONMEePalHil ¢ «AJHH-
HBIMH» UHCJIAMH.

3amaga. BelumeauTs TOYHO 3HadYeHme (axrTopuana 100! =
=1-2-3-...-99-100 u BeIBeCTH ero Ha dKpaH B JECATHUIHON cHcTeMe
cunucaeHusa (9TO YMUCJIO COCTOUT OoJiee YeM U3 COTHU HUPp U ABHO He
IOMEeNIaeTcHs B OHY IePeMeHHYI0).

Insi XpaHeHUA «AJUHHOTO» yucijaa OyeM HMCIoJIb30BaTh LEJIOYHC-
JeHHBIA MaccuB A. OnpegenuM HeoOXOAUMYIO AJUHY MaccuBa. 3aMe-
THM, 4TO

1:2+-3+...-99+100 ‘< 100199,
Yucao 100190 cogepsxur 201 nudpy, nosromy uuciao 100! comepxur He
6osiee 200 mudp. Ecau B Kaxkmom sjieMeHTe MaccuBa 3anucano 6 nudp,
JUIs XpaHeHus Bcero yncia tpeGyerca He Oojiee 34 2/1eMEeHTOB!

men N=33 const N=33;
nenra6 A[0:N] var A: array(0..N] of integer;

Yrober HaiTu 100!, HyXKHO cHAaYala IPUCBOUTL «IJIMHHOMY» YHC-
Jy 3HAueHHe 1, a 3aTeM IOCJIeJOBATEJLHO YMHOMKATE €r0 Ha BCe UMcia
ot 2 o 100. 3anumemM 3Ty WA HA NCEBJOKOAe, 0603HaUUB uepes [A]
«IJAHHOE» YHCJIO, HaXOoAdAlleecd B MaccuiBe A:

[A]:=1

HI mans k or 2 mo 100
[A] :=[A] *k

KIg,




AnropMrMmu3aums u nporpaMmmMmupoBaHme

3anucaThk B «AJHHHOE» YHCJIO €AWHUAIY — 3HAUUT IPUCBOUTH 3JIEMEH-
Ty A[0] 3HaueHue 1, a B ocTajibHbIE IepeMeHHbIE 3aIMCATh HYJIH:

A[0]:=1 A[0]:=1;

HO ansg i1 or 1 mo N for i:=1 to N do
A[i]:=0 A[i]:=0;

KL

Taxum o6paszom, OCTAETCH HAYUUTHCH YMHOMKATH «IJUHHOE» YHUC-
Jo Ha «KopoTKoe» (B < 100). «KopoTkuMu» 00OBIYHO HA3LIBAIOT YHCJ]A,
KOTOpPBIE IOMEIAIOTCA B IIePEMEHHYIO OJHOTO M3 CTAHZAPTHBIX THIIOB
JaHHBIX.

IlonpobyeM cHavaja BBINOJHHATH TAKOE YMHOJKEHHE Ha IIpUMepe.
IlpeAmonoXuM, 4TO B KaXKAOM dJIEMEHTEe MaccuBa xpaHATcA 6 mudp
«JIMHHOTO» YHWCJA, T. €. UCIOJB3YeTCs CHCTEMAa CUYHCJIEHHA C OCHOBA-
HueMm d = 1 000 000. Torga uucao [A]=12345678901734567 xpanur-
cA B TPEX dJIeMeHTax:

2 1 0
A | 12345 | 678901 | 734567

IIyers k = 3. Hauumaem yMHOMKATH C MJIAJIIEr0 paspaga:
734567 - 3 = 2203701. B mHysneBoM pasp#Afie MOTYT HaXOJUTHCA TOJIb-
Ko 6 mudp, sHauMT, cTaplIas ABOUKA NepeHaeéT B IEpPEeHOC B CIeny-
omui paspazn. B nporpaMme aiisi BeIJeJIEHUA IIepPeHOCA I' MOXMKHO HC-
IIONB30BATH IIEJIOUYMCIEeHHOE JejleHHe Ha OCHOBaHHEe CHCTEeMBI CUHCJIe-

Husa d. OcraToKk OT AeleHUs — 3TO TO, YTO OCTAETCA B TEKYIIEM
paspsage. IloaroMmy noayyaem:

s:=A[0]*k s:=A[0] *k;

A[0] :=mod(s,d) A[0]:=s mod d;

r:=div(s,d) r:=s div d;

Hns cmepyroiero paspsana Gyaer BCé TO e caMmoe, TOJIBKO B IIePBOH
omepanuy K IPOU3BEJeHUI0 HYKHO J0OABUTH NepPeHOC M3 IpejblAyIne-
ro paspsifia, KOTOpHIM ObLI 3anucaH B nepemenHyio r. IIpuHAB B ca-
MoM HauaJsie r = (, 3anuiieM yMHOXXeHHe «IJIMHHOIO» YMCJA HaA «KO-
POTKOe» B BHJe IIMKJa II0 BCeM dJeMeHTaM maccura, ot A[0] xo A[N]:

r:=0 r:=0;

HO gna i or 0 mo N for i:=0 to N do begin
s:=A[i]*k+r s:=A[i] *k+r;
A[i] :=mod (s, d) A[i]l:=s mod d;
r:=div(s,d) r:=s div d

KIL end;




LlenouyncneHHbie anropruTMbl

B cBow0 ouepeapb, 3TH AEHCTBUA HYYKHO BBIIIOJHHUTH B APYroM (BHeII-
HeM) LuKJIe Aas Bcex k or 2 go 100:

HID gns k or 2 mo 100 for k:=2 to 100 do begin
KIg end;
ITocne aToro B maccuBe A OygeT HaXOAWUTHCA HCKOMOE 3HAYEeHUE

100!, ocraércs BeIBecTH ero Ha 3KpaH. HYKHO y4uecTb, 9YTO B KaKIoi
AJyelike xpaHATcsa 6 nudp, moaToMmy B Maccuse

A | 1 s2 | 8|

xparutca sHadverue 1000002000003, a me 123. Kpome Toro, crapuiue
HYyJIeBEIe paspsaAbl BEIBOAUTH HA 3KpaH He Haxo. [losroMy npu BeIBOAE
TpebyeTcs:

1) maiiTu nepBhI (cTapUINii) HEHYJIEBOU PA3PA] YHACIA;

2) BBIBECTH 9TO 3HaUYeHUe 0e3 JTUAUDYIOIIUX HYJIeil;

3) BBIBECTH BCe CJIEAYIOIINE Pa3paabl, 100aBIAA TUAUPYIOIIAE HYJIN A0

6 nudp.

ITockonBKY MBI 3HaeM, 4TO YHCIO HE PABHO HYJIO, CTAPIININ HEHYyJe-
BOM paspsAj MOMKHO HAWTHU B TaKoM IuKjel:

i:=N i:=N;

HI noxka A[i]=0 while A[i]=0 do
i:=i-1 i:r=i-1;

K1

Crapiuii paspsii BEIBOAUM OOBIYHBIM 00pasom (6e3 JTUAUPYIOIUX HY-
Jeit):

BRIBOL A[i] write(A[i]):

Jna ocTalbHBIX paspAnOB OyAeM MCIOJB30BATH CIEUAJBHYIO IIPO-
nenypy Writeb:

HO ansa k or i-1 mo 0 mar -1 for k:=i-1 downto 0 do
Write6 (A[k]) Write6 (A[k]);
K11

HOI[YM&I?!TE, YTO MB3MEHHTCH, €CJH BbIBOZHMOE YHMCJI0 MOKeT OBITh HYyJe-
BBIM.
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OTa mpoueaypa MIocjJefoBATEeIbHO BBIBOAUT IUMPHI AECATHYHOIO YHC-
Jia, HAYMHAA C COTEH THICAY M KOHYAA eQUHHUIIAMHU:

anr Write6 (umen x) procedure Write6(x: integer);
Hay var M: integer;
uen M, =xx begin
XX:1=X M:=100000;
M:=100000 while M>0 do begin
HI, noxa M>0 write(x div M);
BEBOLO div(xx,M) x:=x mod M;
xx:=mod (xx, M) M:=M div 10
M:=div (M, 10) end
K13 end;
KOH

HOas Toro uro6el paszobpaTbcsA, kKak oHa paboTaeT, BBINOJHUTE «pyd-
HYIO IPOKPYTKY» NPHU PA3JIMYHBIX 3HAUYEHUAX X (Hanmpumep, BO3bBMHUTE
x=1, x=123 u x = 123456).

Q Bonpocsl u 3apaHusa

1. Kakue npeuMylIecTBa ¥ HELOCTATKM HMMeeT AJTOPUTM «peliero Jparto-
cheHa» IO CPABHEHHIO C MPOBEPKOM KAXKAOI0 YMCJa HA MPOCTOTY?

2. Yro Takoe «IJUHHBIE» Yucaa?

3. B kakux ciaydaax HeoOX0AuMO IPHMEHATh «AJUHHYIO apudMeTHKY » 7

4. Kakxoe MaxCUMAJIBHOE UYHCJO0 MOMKHO BSaIHCaTh B SYEHKY pasMepoM
64 6ura? PaccMoTpHTe BADHAHTH XPaHEHHWs YMCEN CO 3HAKOM U 6e3 3HaKa.

5. MO’KHO JIM HCIOJb30BATD AJIf XPAHEHUSA «JJIHMHHOIO» YHCIA CUMBOJBHYIO
crpoky? Kakue nmpo6ieMEl Ipy 9TOM MOTYT BO3HHKHYTB?

6. Ilouemy HeyJOOHO XPAHUTHL «JAJIHHHOE» YMCJO, B3AlMCHIBASA IEPBYIO 3HA-
yamyo nudpy B Hadano maccusa?

7. IloyeMy HE3KOHOMHMYHO XPAHUTH HO OJHON mudpe B Ka)KIAOM dJIEMEHTe
maccusa?

8. CKONBbKO paspsAfoB YHMCIA MOXKHO XpaHUTh B 16-OuTHOM aieMeHTe
maccusa?

9. O6bsicHEUTE, Kakue NpobiieMbl BOSHHKAIOT IPH BHIBOJE JJIUHHOIO YHCJIA.
Kak ux M0XXHO pemars?

10. O6bsacauTre pabory npoueaypsl Writeb.

o 3apaum

1. loxkaskuTe, 9TO ecy y Yucja k HeT HA OZHOTO JeJUTeNs B JHANA3OHE OT
2 1o vk, 1o oHO mpocToe.




CTpykTypbi (3anucwu)

2.

*8.

10
*EL.
*12.

Hanumiure ABe IpOrpaMMbl, KOTOpPhIe HAXOJAT BCE IPOCThHIE YHCIA OT 2
no N gByMs pasHBIMH crocobamm:

a) IpOBEPKON KaXA0T0 YHCJIa U3 9TOTO MHTEpPBAJIa Ha IIPOCTOTY;

6) ucnosne3ys pemero IparocdeHa.

CpaBHUTe 4YHCJIO IIAroB HuKJaa (BpeMsa paGoThl) 9THX IporpaMm JIJis
pasHuIX 3HadYeHHi N. ITocTpoiiTe HiA Ka’XZOr0o BApMAHTA 3aBHCHMOCTH
KoJu4ecTBa maros or N, cueiaiiTe BEIBOALL O CJIOKHOCTH AJI'OPUTMOB.
Joxaxure, 4T0 B IPHBEAEHHOH B naparpade mporpaMMe BbIYMCIEHHSA
100! Be OygmeT IepenoJHEHHS IIPH HCIOJb30BAHMH 32-0MTHBIX IEJBIX
IepeMeHHBIX.

. Moxuo su B mporpamme BbiuucaeHua 100! B oxmoii Aveiike maccuBa

XpaHuTh 9 mudp «ATUHHOrO» YHCaa?

. Bbes mcnonwp3oBaHUA nporpaMMel OonpegenHTe, CKOJBKO HYyJed CTOHT B

KoH1e uncya 100!

. Cobepure Bcio mporpammy # BeiduciautTe 100!. Ckonbxko nudp BXOZUT B

9TO YHCNIO0?

OdopmuTe BBIBOZ «AJAWHHOTO» UHCJIA HA SKPAaH B BHJE OTAEJbHOM IIpO-
meaypel. YUTHTE, YTO YHUCJIO MOKET OBITE HYJIEBBIM.

IlpupymaiiTe Apyroi cmoco® BBIBOAA «JJIMHHOTO» YHCJA, HCIOJIbB3YIO-
Ui CHMBOJIbHBIE CTPOKH.

. HanummwuTe npomeaypy AJas BBOAA «AJHHHBIX» YHCe] U3 (aiina.

HanumuTe Npoueaypsl AJOs CJ0MKEHHA W BEIYUTAHNA JIMHHBIX YHCEJ.
Hanumure nponeaypsl A8 YMHOMKEHHUSA U JeJIeHUA «IJHHHBIX» JHCEJ.

Hanumure nponenypy Ajs HW3BJIeYeHUA KBAJPaTHOTO KODHA M3 «IJIUH-
HOI'0» YHCJIA.

§ 39
CrpykTypbl (3anucu)

3ayeM HYKHBI CTPYKTYpPbI?

ITpepcraBuM cebe Das3y naHHBIX OMOJHMOTEKH, B KOTOPOH XpPaHHUTCHA

nHpopManud o KHHrax. [nsa Ka)aod U3 HUX HYMKHO 3alIOMHUTEL aBTO-

pa,
poB

Ha3BaHWeE, TOJ H3JAHUA, KOJHYECTBO CTPAHHUIL, YUCJIO IKIEMILIA-
u 1. a. Kaxk xpasuTts atu gagasie?

57




AnNroputMmM3auus v nporpaMmmupoBaHue

ITocKONBKY KHUI MHOIO, Hy)XeH maccuB. Ho B MaccuBe HCIOJIb-
3YIOTCHA 2JIEMEHTHI OJHOI'0 THIA, TOrJa Kak MH@opManmuA O KHHUrax
pPasHOpOAHA, OHA COLEPIKHUT Iejible YHCJIa U CHMBOJIbHBIE CTPOKH pas-
HOM anuHbl. KOoHeuHO, MOXHO pasduTh 9TH JaHHBIE HA HECKOJBKO
MaccHBOB (MacCHB aBTOPOB, MAaCCHB HA3BAHHUH M T. A.) TaK, YTOOBI
i-il 3JIeMEeHT Kaj<JA0ro MacCuBa OTHOCHJICA K KHHre ¢ HomepoM i. Ho
TAKOH MOAXOJ OKAa3bIBaeTCH CJAMUIIKOM HeyAOOHBIM ¥ HeHaZEKHBIM.
Hanpumep, OpH COPTHPOBKE HYMHO IepecTaBJATH dJEeMeHTHl BCeX
MaccHuBOB (OTAeNbHO!) B MOJKHO JIETKO OIIAOUTHECA U HAPYIIHUTE CBA3b
JaHHBIX.

Bosuukaer ecrecTBeHHas ujaes — O0OBLEIWHHUTH BCe NaHHBLIE, OTHO-
cAIUeca K KHUTre, B eAUHBINA OJIOK HaMATH, KOTOPLIH B IPOrPaMMHUPO-
BAHWM HABBIBAGTCH CTPYKTYPOH.

CTpyKTypa — 37O TUN [aHHbIX, KOTOPbIA MOXET BKMNOYaTh HECKONbKO Mo-
nel — 3/1eMEeHTOB pa3HbIX TUMOB (B TOM YUCNe U APYrve CTPYKTYpbI).

B ITackaye CTPYKTYpHI 110 TPAAULUKA HA3BIBAIOT 3aIMCAMH (aHIJI.
record — szanmucs). Jlanee B aTO# ryiase MbI OyZeM HMCIIOJB30BATH BO3-
MOXKHOCTH CBOOOZHO pacnpocTpanseMoro kommnuaaropa FreePascal.

O0BaBIEeHUE CTPYKTYP

Kak m miobble mepemenHble B Ilackase, CTPYKTYphl HeoOX0AMMO
06bABIATE. JI0 #TOro MBI paboTaju ¢ NPOCTHIMU THIAMHU JaHHBIX (me-
JBIMH, BeIleCTBeHHBIMH, JIOTMYECKUMM M CHMBOJBHEIMH), a TaKKe C
MacCHBAMH 3THUX THIOB. Bbl 3Haere, 4TO NpPH OOBABIEHUU IIepeMeH-
HBIX ¥ MACCHMBOB YKa3bIBA€TCH WX THII, IO3TOMY AJA TOro, 4ToOBI pa-
60TaTh CO CTPYKTYpPAMU, HYKHO BBECTU HOBBIM THII JaHHBIX.

ITocTpouM CTPYKTYDPY, C IIOMOIIBIO KOTOPOH MOXXHO ONUCATH KHH-
ry B 6age JaHHBIX GHOIMOTeKH. ByZeM XpaHHUTH B CTPYKTYpe TONbKO:

« (amuanio asropa (cTpoxa He 6osee 40 cUMBOJIOB);

+ HasBaHUWe KHUTHU (cTpoka He Gosee 80 cHMBOJIOB);

» HUMeloleecs B OMOIHMOTEKe KOJHUYECTBO 3SK3EeMILIAPOB (meJsoe
YHCJIO).

KoHeuHO, B pealbHON CUTYAIMH JAHHBIX GOJIbIIe, HO IPUHIIUI He MEHAETCH.
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Of6bsABIEHNE TAKOI'O COCTABHOrO THIIA MMeeT BU/I:

type
TBook = record
author: string(40]; {aBTOpP, cCTpOKa}
title: string(80]; {Ha3BaHMe, crTpokal
count: integer; {konmmuecTBO, UeJyoe}
end;

O0bsABNIeHNA THUNOOB NAaHHBIX HAYMHAKIOTCH C KJKIOYEBOIO CJIOBa type
(B mepeBoJie ¢ aHIJI. — THII) U PACIOJIATAIOTCHA BbIIIe GJ0Ka O6BABIIE-
Hus nepeMeHHbIX. iMa HOBoro Tuma — TBook — 3TO yzo6HOe coKpa-
meHHe oT aHrauiickux ciaoB Type Book (mun xHuza), X0TA MOMKHO
OLLTIO MCIIONB30BATH M JI000E APYroe UMsi, COCTaBJIeHHOE IO IPaBHIaM
fA3bIKa nporpamMmupoBaHus. CinoBo record osHauaeT, 4YTO 3TOT THUII
JaHHBIX — CTPYKTypa (3ammch); gajiee MEPEYHCIAIOTCSA MOJSA U yKa-
8bIBalOTCA UX THUNEI. O0BABIEHUE CTPYKTYDPHI 3aKaHUYMBaeTCAd KJIIOUe-
BBEIM CJIOBOM end.

O6paruTe BHUMaHHe, 9TO AJs CTPOK author u title ykazaH Makcu-
MaJbHBI# paszMep. 9TO CHENIAHO AJISA TOTO, YTOOLI TOYHO OIPEAEIUTh,
CKOJIbKO MeCTa HYXHO BBIJEJIUTh HA HUX B IaMATH.

B pesyabTaTre TakKoro o0bsABIeHHA HHKAKHX CTPYKTYP B HaMATH
He CO3AaéTcA: MBI IIPOCTO ONMCANMA HOBBIH THII JAHHBIX, YTOOBI TPAHC-
JATOP 3HAJ, UTO JleJlaTh, eCJIH MbI 3aX0THM €ro KMCIIOJIb30BaTh.

Tenepr MO’KHO MCHONB30BaTHL TN TBook Tak ke, KAk M IIpPOCTHIE
TUIIBI, 1A 00bABIEHUA IIEPEMEHHBIX U MACCUBOB:

const N = 100;
var B: TBook;
Books: array[l..N] of TBook;

3nechk BBeJeHa nmepeMeHHas B tuna TBook m maccuB Books, cocros-
M U3 BJIEMEHTOB TOrO e THIIA.

Wnorna ObiBaeT HY)KHO ONpeJeJIUTH Da3Mep OJHOM CTPYKTYDBHI.
Hnsa aTOro Mcmoabayercs craHAapTHas (QYHKIHUA sizeof, KOTOpOH
MOJKHO IIepefjlaTh UM#A THIA, a TaAKXKe IePEeMEeHHYIO UM MAaCCHB:

Writeln(sizeof (TBook)) ;
Writeln(sizeof (B));
Writeln(sizeof (Books));

IlepBrie aBe KOMAaHJABI BRIBEAYT HA 9KPaH pasMep OJHOH CTPYKTYDHI
(124 OGaiira), a nocaegHAA — pasMep BBIZIEJIEHHOTO MAaCCHBA W3
100 crpyrTyp. PasMep CTPYKTYpPHI BBIBHIBAET HEKOTODBIE BOIPOCHI:
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Ka)XKIbIH 2JIeMeHT CTPOKH 3aHumaer 1 Gait, a memoe umcno — 2 6aii-
Ta, MO3TOMY IIpOCTOH moacuéT naer 3Hadenme 40 + 80 + 2 = 122.
Orkyzna nossBuauck emé 2 6aura? Ieso B ToM, 4TO CTpoKa author us
40 cumBoJioB (paxTHuecku saHumaer 41 6GallT, a CTPOKOBOe ImoOJie
title — 81 HaiiT: 1 momonmHMTENBHBIN HANT pacxoAyeTcs Ha XpaHeHUe
(daKTHYECKOr'0 pasMepa CTPOKH.

OOpameHue K IOJI0 CTPYKTYPBI

Ilnsa Toro uro6sl paboTaTs He CO BCeil CTPYKTYpPO#i, a ¢ OT/AeJbHbI-
MM [OJAMH, UCIOJNL3YIOT TAK HA3BIBAEMYIO TOYeYHYI HOTAI[MIO, pa3-
Jendd TOYKOM HMM#A CTPYKTYpHI U umda monad. Hampumep, B.author
obozHayaeT «moJjie author cTPpyKTypel B», a Books[5].count —
«moJie count ajemeHTa maccuBa Books [5]». Hanpumep, ansa onpene-
JIeHUs pasMepa mojieii B GaiiTax, MOKHO CHOBAa HMCIOJb30BaTh (PYHK-
OHI0 sizeof:

writeln(sizeof (B.author)):;

writeln(sizeof (B.title));

writeln(sizeof (B.count));

¥ MBI YBHAMM Ha 3KpaHe unuciaa 41, 81 u 2.

C moNAMM CTPYKTYPHI MOMKHO o0OpamaThcs Tak ke, Kak M ¢ 00bI4-
HBIMM TEpPEeMeHHLIMH COOTBeTCTByIomero tumna. MOKHO BBOJUTE HMX
¢ KJaBHaTypsl (uiam ua daiina):

readln (B.author) ;
readln (B.title);
readln (B.count);

IpUcBanMBaTh HOBBIE 3HAYEHHUHA:

B.author:="llymukua A.C.';
B.title:='llonraea';
B.count:=1;

HCHOJIL30BaThH IpU 00paboTKe JaHHBIX:

p:=Pos (' ', B.author);
fam:=Copy (B.author, 1, p-1); { Toneko ¢ammnusa }
B.count:=B.count - 1; { B3AnM OOHY KHUTY}
if B.count=0 then

writeln ('3Tux kHur BGomnemwe Her!');

M BBIBOJWUTH HA 9KpaH:
writeln(B.author, ' ',B.title, '. ', B.count,' mr.');
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Pabora ¢ dairamu

B nporpammax, paborarommux ¢ 6a3aMu JAaHHBIX, HEOOXOJAHMO UH-
TaTh MACCHBBEI CTPYKTYD U3 (hailsia u 3anucerBaTe B daitn. Komeuno,
MOXHO XPaHUTh CTPYKTYPBI B TEKCTOBBIX (ailjax, Hampumep, 3allu-
ChIBas BCe IOJIA OJAHOHN CTPYKTYDPEHI B OJHY CTPOKY M pasfends MX Ka-
KHM-TO CHMBOJIOM-pasfieJIuTesieM, KOTOPBIH He BCTpPedYaeTcs BHYTPH
caMHuX IIoJIei.

Ho ects Gosee rpaMOTHBIN CII0C06, KOTODBIM ITO3BOJISAET BBIMOJI-
HATH (paliioBble OIepallMy IIpoIle M HaNé)XKHee (C MEHBIIEH BepoAT-
HOCTBIO OIMOKHK). [IJ1A 3TOro HYXHO MCIOJIL30BaTh (Paliiibl CIenuasb-
HOT'O THIIA, KOTOPhIe HA3BIBAIOTCSA THIIM3HPOBAHHBIMH. Bce 3amuchiBa-
eMble B HUX JaHHbIe JOJKHBI UMeTh OOJUHAKOBHIM THI. B oTanume oT
TEeKCTOBBIX (ailyIOB JaHHBEIE B THNM3WUPOBAHHBIX (hailjiax XpaHATCA BO
BHYTpeHHeM (opMare, T. €. TaK, KaK OHH IPEACTABJEHBLI B NAMATH
KOMIIbIOTEpa BO BpeMdA paboTel mporpaMmbel. Hanmpumep, MOXKHO che-
JaTh (a1 mebIX YHCeJI WIH JJOTHYEeCKUX BeJIUYNH.

B nannoM ciyuae Hac uHTepecyer (aiin cTpyKTyp THma TBook,
TaKk 4To (haitnoBas mepeMeHHas F nua paboTel ¢ THUOM3MPOBAHHBIM
daitnom pomxHa ObITH 00BABICHA TAK:

var F: file of TBook;

3anuchk CTPYKTYPHI B (Daiiyl BHINOJHAETCS CTAHAAPTHBIM CIIOCOO0OM:
Assign (F, 'books.dat"') ;
Rewrite (F) ;
B.author:="Typreues M.C.';
B.title:="Mymy';
B.count:=2;
write (F,B);
Close (F);

HanmomruM, 4uTO mpomeaypa Assign cBA3bIBaeT (hailioByI0 mepemMeH-
HYI0 ¢ (haiijioM Ha AHUCKe, NpomeAypa Rewrite OTKpeIBaeT (aiiin Ha
3amuchk, a nponenypa Close — saBepliaeT 3alMCh HA JUCK U 3aKpbI-
Baer ¢aiii.

IIpounenypa Write, onpeaenus, 9To (aiinoBas nepemenHas F cBa-
3aHa C TUNU3WPOBAHHBLIM (baijIOM CTPYKTYD, 3alHCBHIBAET B Qai oaHy
CTPYKTYPY BO BHYTpeHHeMm dopmare. IIprm momeiTke mepenaTts 3TOH
nponeaype NepeMeHHYIO APYTroro THIa Npou30iaér omubka U aBapuii-
HBIH OCTAHOB IIPOTPAMMEIL.

C momomipio IIMKIa MOYKHO 3aIACATh B (aiiJl BeCh MACCHB CTPYKTYD:

for i:=1 to N do

write (F,Books[i]);
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IIpouurars u3 daiina OAHY CTPYKTYDPY M BBIBECTH €€ IIOJIA Ha IK-
paH MOYKHO CJIeAYIOUIuM 06pasom:

Assign(F, 'books.dat');

Reset (F) ;

Read (F, B) ;

Writeln(B.author,', ',B.title,', ',B.count);
Close (F) ;

IIpoueaypa read, MOJYYUB CCHIIKY F Ha TUNHU3UPOBaHHEIN (aiii, Mo-
JKeT IPUHHUMAThH B KAYeCTBe CIAeAYIOIIUX IapaMeTPOB TOJBbKO CTPYKTY-
pel THAa TBook.

Ecnu 3apasHee M3BeCTHO, CKOJbKO CTPYKTYp 3amucaHo B (aiine,
IIpU YTEHUH UX B MACCUB MOYKHO NIPMMEHUTH IIUKJI C IIepeMeHHOM:

for i:=1 to N do
read (F,Books[i]):

Eciu ke 4MCIO CTPYKTYP HEU3BECTHO, HYKHO BBINOJHATH YTEHHE IO
Tex mop, Moka ¢aiin He 3aKOHUMTCH, T. €. PYHKOUSA Eof He BepHET
HCTUHHOE 3HAYeHUe:
i:=0;
while not eof (F) do begin
i:=i+1;
Read (F,Books[i]);
end;

31ech nenad MepeMeHHAasl i UTPAET POJib CYETYMKA: B Hell Ha KaK0M
mare 3alMCcaHO KOJUYeCTBO MaKTUUECKH NIPOYUTAHHBIX CTPYKTYD.

CoprupoBka

Ilisi COPTMPOBKHM MacCuBa CTPYKTYD IPDHMEHSAIOT T€ K€ MEeTOABI,
4YTO W JJIS COPTUPOBKM MACCHBA IPOCTHIX NepeMeHHBIX. CTPYKTYDBI
O0OBIYHO COPTHUPYIOT II0 BO3PACTAHMIO WM YyOBIBAHUIO OJHOIO W3 IIO-
Je#, KOTOpoe HA3hIBAIOT KIIOYEBBIM IOJIeM MM KIIOYOM, XOTA MOXK-
HO, KOHEYHO, MCIIOJIb30BATH U CJIOXKHbBIE YCJIOBHUA, 3aBHCAIINE OT He-
CKOJBKHX I0JIe# (COCTABHOM KJIIOY).

OtcoprupyeM mMaccus Books (tunma TBook) mo (aMuimuaAM aBTOPOB
B andaBUTHOM TmopsAAKe. B naHHOM ciaydae KJouoM Oyzer moje
author. Ilpegnonoskum, 4TO (haMHIMA COCTOMT M3 OAHOTO CJIOBA, & 38
Helt uepes mpoben ciaexyior mEMOHANL. Torga COPTHPOBKA MemodoM
nY3ulpbKa BHITJIATAT TaK:
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for i:=1 to N-1 do
for j:=N-1 downto i do
if Books[j].author>Books[j+1].author then
begin
B:=Books[j]; Books[j]:=Books[j+1];
Books[j+1] :=B;
end;

3nech i M j — IeJOYHMCIeHHbIE IepeMeHHble, a B — BcrmomorareabHas
CTPYKTypa Tuna TBook.

Kax BbI 3HaeTe u3 Kypca 10 Kiacca, Ipu CpaBHEHHH ABYX CHM-
BOJIBHBIX CTPOK OHH pPacCMaTPUBAalOTCA IIOCMMBOJBHO A0 TeX TIOp,
noxa He OyAyT HailileHbl NepBble pasjandalomuecd CHMBOIbI. amee
CPaBHUBAIOTCA KOAbI 3THX CHMBOJIOB IO KOJX0BO¥ Tabaume. Taxk Kak
KoZ npobesia MeHbINle, YeM KOJ Ji000il PYCCKOi (M TaTUHCKOI) GYKBEI,
cTpoka c¢ Gamunueir «Boak» oOKaykeTcs BBIIE B OTCOPTHPOBAHHOM
CIHCKe, YeM CTpoKa ¢ Oosiee ANMHHOU pamunueir «BoakoB», maske c
VY4€TOM TOro, 4TO mocje (aMHIUK eCcTh MHUNuaibl. Ecam daMminu
OAMHAKOBBEI, COPTHPOBKA MPOMCXOAWUT II0 IepPBOHl GYKBe MHUIIHMAJIOB,
3aTeM — IO BTOPO¥ OyKBe.

Bo3Mo3xHO, 94TO CTPYKTYpPHI TpebyeTcss OTCOPTHMPOBATH TAK, YTOGBI
He mepemMemiatTh UX B namAaTH. Hanpumep, oHu odeHL GOJbIIHe, H
MHOIOKPaTHOEe KONHMPOBAHHE IEJBIX CTPYKTYDP 3aHMMaeT MHOro Bpe-
MEHH; WJIHM [0 KaKMM-TO JDYIMM NPUYMHAM II€PeMeIlaTh CTPYKTYDPhI
Heab3s. IIpy TaKOM OrpaHMYEHWM HYYKHO BBIBECTM HA SKDAH HIH B
(aitn oTCOPTHPOBAHHEBIM CNHCOK. B 3TOM cilyyae NPUMEHSIOT COPTH-
POBKY II0 yKasaTelfAM, B KOTOPOH HMCIOJIB3YeTCH IOMOJHUTEIbHBIH
MAacCHUB [IEPEMEHHEBIX CIeIUalbHOr0 TUIA — yKasaTeJei.

YKkazatenb — 3T0 nepemeHHasi, B KOTOPOM MOXHO COXpaHuTb aapec nioboi
nepemMeHHO 3aAaHHoro Tuna.

To ecTs cozepKUMOe yKasaTens — 3TO agpec DaMATH. YToObI u3-
GeoxaTe crydaiiHBIX OIIMOOK, Ka)KZOMY YKa3aTeJi0 NPH OObABICHHUH
NIPUCBAMBAETCA THUI JaHHBIX, apeca KOTOPLIX OH MOMKeT XPAHHTh.
Hanpumep, o0bsaBIeHNE

type PBook="TBook;

BBOAMT HOBBIM THI JaHHBIX — YKasaTeJb Ha CTPYKTYDPY THma TBook.
Anpeca mepeMeHHBIX JDYIHX THIIOB B TAKOH YKasaTe/lb 3alMChIBATH
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Henb3A. MMa Tuna-ykasarens yaoOHO HAYMHATE ¢ OyKBBI «P» oT aHr-
JHICKOTO CJIOBA pointer — yKasaTelb.

Ilns coprupoBKM MaccuBa Books HY’KHO DasMeCTUTh B HaMATH
MacCHB TAKHMX yKasaTesJed ¥ OJHY BCIIOMOTATEJBHYIO TepPeMeHHYIO,
KoTopas GyZAeT MCIOJIb30BaHA IIPH COPTHPOBKE:

var p: array(l..N] of PBook;
pl: PBook;

Crnenyloniuii aTan — pacCTaBUTh yKasaTeJlH Tak, 4ToObI i-i yKasaTesb
OBLI CBA3AH C i-U CTPYKTYpo# u3 maccuBa Books:

for i:=1 to N do p[i]:=@Books[i];

Brax @ obos3HavaeT omepamuio B3ATUS azpeca, T. e. B yKasaTejdb 3a-
OHUCHIBaeTCA ajpec CTPYKTYPHI.

Ilas Toro 4ToOBl OT yKasaTejls NepedTH K O0BEKTYy, Ha KOTOPBIN
OH cChLIaeTcH, UCIOJbL3YIOT onepanuio ~. Hanpumep, B HameMm ciaydae
(mocjie MOKA3aHHOM BBIIIE HAYAJHLHON YCTAHOBKH YKasaTejed) 3alucCh
pli]” obo3HauaeT TO JKe caMmoe, 9TO M Books[i], a p[i]~.title —
TO JKe caMmoe, 4To M Books[i].title.

Tenepr MO3xHO nepediTu K copTupoBKe. PaccmoTpum uae Ha
npuMepe MaccuBa M3 TPEX cTpykKryp. CHavasa yKasaTeJd CTOAT IIO
nopaaky (puc. 6.1, a). B pesyirrare COPTHPOBKH HYKHO IePECTABUTH
HX TakK, 94T0o0bI p[1] yKassiBaj Ha MNePBYIO CTPYKTYPY B OTCOPTHPOBAH-
HOM cHnucke, p[2] — Ha BrOpyio U T. 4. (puc. 6.1, 0).

a

pl1] pl2] pi3]
% i {
| Haru6u= 10. | ‘ | Acrapres B. l ] i Bacunses B. l ‘ |
¢ pi3l pl1] pi2]
l + &
| Harubtus= 10. l ‘ | Acrapnes B. ] l ] Bacunres B. | l l
Puc. 6.1

O6paTuTe BHUMaHUE, YTO IIPH 3TOM CaMM CTPYKTYDPHI B IaMATH He
nmepeMenianTe.

IIpu coprupoBKe obpaleHue K MOJAM CTPYKTYD HAET 4Yeped yKa-
saTenM, W MEHAIOTCS MeCTaMU TOMKe yKasaTejlu, a He CAMH CTPYK-

TYpBI:
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for i:=1 to N-1 do
for j:=N-1 downto i do
if p[j]l~.author > p[j+1]”.author then

begin
pl:=p[jl; plil:=pl[j+l]);
pli+l]:=pl;
end;
31ech HMCIOJAb30BAaH Memod nysvipvka, a pl — 3T0 BpeMeHHas Iepe-

MeHHas Tuna PBook, KOTOpas CIY;KHUT [JIA IePeCTAHOBKH yKasaTeJIeil.
Temeps MOXHO BBIBECTH OTCOPTHPOBAaHHEIE NAaHHLIE, 00pallasch
K HUM 4Yepes3 ykasaTesau (a He yepes maccus Books):
for i:=1 to N do
writeln(p[i]”.author, '; ',
plil~.title, R
pl[i]”~.count);

Bonpocbl n 3agaHusa

1. Yro Takoe cTpykrypa? B 4yém eé orauume or MmaccuBa?
2. B KaKHuX ciay4asx HCIOJIL30BAHUE CTPYKTYP Aaér npeumymecrsa? Kaxue
umeHHO? IIpuBeguTe HIpUMeEpHI.
3. Kax o0maBafAeTcA HOBBIM Tun gaHHBIX B Ilackame? Brigensercsa Ju Nnpw
9TOM MAMATEL?
4. Kax ofpamaiorcs K MO0 CTPYKTYphi? Pacckaskure 0 TOYEUHON HOTAIAH.
5. Kak onpeznenuTs, CKONBKO 6afiTOB IAMATH BHIAEIAETCA HA CTPYKTYPY?
6. Yro Taxoe TunmsupoBanHLIil daiin? Yem oH oTaMYaeTCA OT TEKCTOBOI0O?
7. Kak paGoraTh ¢ THOIH3UPOBAHHEIMU (haitmamu?
8. Kak MOKHO COPTHDOBATE CTPYKTYPHI?
9. B Kakux ciy4yadx IPU COPTHPOBKE JKENATeNbHO He IepeMeliaTh CTPYK-
TYPBLL B HaMATH?
10. Yo Takoe yKasaTeab?
11. Kaxk 3anucaThb B yKasaTeJsb ajpec nepeMeHHOH?
12. Kak ofpamaTsca K HOJAM CTPYKTYPhI Yepes ykasaTelb?
13. Kax ucuosis3yoTcs yKasaTe/n OIpa COPTUPOBKe?

IloarorosbTe coobmenue

a) «Crpykryps! B szsike Cu»
6) «CTpykTYpHI B A3bIKe Javascripts»

3apaumn

1. OnummrTe CTPYKTYPY, B KOTOPO# XpaHUTCA MHpOpManusa o:

§ 39

LB
A

V)

65
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a) BHAEO3AIHCH;

6) corpyaHuKe QUPMBI;
B) caMoJéTe;

r) mopoxucToit cobaxe.

2. ITocrpoiiTe nmporpammy, Koropada paboraer ¢ 0asoil ZaHHBIX B BHJAE TH-
nusuposagHoro (aina. Bama CVB] (cucrema ynpaBieHus 0asoil maH-
HBIX) AOJI}KHA MMETh CJeAYIOInHe BO3MOMHOCTH:

a) IpoOCMOTp 3amucei;

6) mobaBieHMe 3amHCeil;

B) yaaneHue sanuceil;

r) COPTHPOBKA II0 OJHOMY M3 IOJIei (4epes3 yKasaTesu).

§40
AvHaMmuyeckue MacCuBbl

Yro 3TO TaKoe?

Korma mbl 00bfABJISEM MACCHB, MeCTO IJIf HEro BBIJAEIAETCH BO
BpeMs TPAaHCJIALMH, T. €. A0 BBINOJHEHUA nporpaMmsel. Takoil Maccus
HAaB3bIBAETCA CTATHYECKHM.

B To e BpeMs MHOIJAa pasMep JaHHBIX 3apaHee Hem3BecreH. Ha-
npuMep, IycTh B Gaiiie 3anmmMcaH MacCHB 4YMCeJ, KOTOpPble HYXHO OT-
copTHpoBaTh. VX KOJIMYECTBO HEHW3BECTHO, HO HM3BECTHO, YTO TaKOH
MAacCHB IIOMeIllaeTcs B ONEPATHBHYIO NAMATL. B aToM ciydae ecTh JBa
papuaHTa: 1) BBIZIEJINTH 3apaHee MAaKCHMaJbHO 6OJbIION GJOK HaMATH
u 2) BBIIENIATH NMAMATH YK€ 60 8DeMsA 6blNONHEHUA npozpammbul (T. e.
JIMHAMMYECKH), KOT/Ja CTAHeT M3BecTeH HeoOXOAUMEIH pasMep MAaCCHBA.

Ipyroit mpumep — 3ajjada COCTaBIEHHUA ALPABUMHO-LACTMOMHO20
caoeaps. B daitne naxoaures cnucok cyos. Hy:KHO BHIBECTH B APYroi
(aitn Bce pasiuMuHBIE CJIOBA, KOTOpDbIe BCTpeyaloTcd B daiise, u ompe-
eJIATH, CKOJILKO pPa3 BCTpeuaeTcs Ka)<Jjoe CJIOBO. 31ech mpobiema co-
CTOMT B TOM, YTO HYJKHBI pasMep MacCHBa MOKHO Y3HATH TOJBKO
TOrZa, KOT/la BCe pasJWYHBIe cJoBa OyAyT HaleHBl W, TaKuM obpa-
3oM, 3ajada permeHa. 1109ToOMy HYXXHO CAeJaTh TaK, 4TOOBI MacCUB
MOT' «PACIIMPATHCA» B X0Je paboThl NPOrpaMMBbl.

Oty 3a7aYM NPUBOAAT K IOHATHIO THHAMHYECKHX CTPYKTYP AaH-
HBIX, KOTOpbIE IIO3BOJAIT BO BPEeMA BBINOJHEHHUA IIPOrPAMMEI:

s CO3JIaBATh HOBBIE 00'EKTHI B IAMSATH;

¢ M3MEHATH UX pasMep;

e VAAJATH UX W3 MaMATH, KOTZA OHHA He HYXXHBHI.

IIaMATH TOA 5TH 00beKTHl BBIIEJNSAETCA B CIIENUAIbHOM 00JaCTH, KOTO-
pyIO OOBIYHO HA3LIBAIOT «Kyduei» (aHry. heap).




AuHamMmu4yeckKkme MacCcHuBbi

Paszmemenne B maMaTH

3anaua 1. TpebGyercs BBeCTH ¢ KJIaBHATYDHI Iejioe 3HadyeHHe N,
3aTeM N meJIbIX YHCeJ ¥ BHIBECTU HA SKPAaH 3TH YHUCJIA B IOPAAKE BO3-
pacTaHusd.

ITockoNBKY AJIA COPTHPOBKM BCE YHCJIA HEOOXOAMMO VAEpKHBATDH
B IaMATH, HYXKHO 3aBOAUTH MACCHB, B KOTODPBIH OyAyT 3ammcaHBl BCe
asieMeHTHI. [loaTOMy anropuTM pemeHus 3ajadyd HA INCEBAOKOJE BhI-
TJIAOUT TaK:

NpoYMTaTE HOaHHHEe M3 Qalia B MacCHUB
OTCOPTHMPOBATE MX MO BO3pacCTaHMIO
BHIBECTM MaCCHMB Ha 3KpaH

Bce atu onmepamum Ans OOBIYHBIX MACCHBOB HOAPOOHO paccMaTpHBa-
auck B Kypce 10 kiacca, moaTomMy 371eCh Mbl OCTAHOBHMCS TOJIBKO HA
IJIaBHOM npobieMe: KaK pPa3MeCTUTh B IIaMATH MAacCHUB, pasMep KOTO-
POTO [0 BBINOJHEHUA NPOTPAMMBI HEH3BECTEH,

Muss moo6HBIX cay4aeB B Bepcuu s3bIKa Ilackais, KoTopas IoOZ-
Aep:kuBaercsa B cpefe FreePascal, cyliecTBYIOT IHHAMHWYECKHe Mac-
CHBBI, KOTOPbIe O0BABIAIOTCA 063 yKasaHusA pazmepa:

var A: array of integer;

Hcnonb3oBaTh cpady TAKOH MacCHB HeNb3sd, MOCKOJILKY ero pas-
mMep HeusBecTeH. IlonmiTka ofpameHus K sjemeHTy, Hanpumep A[l],
BBI3BIBAET OIMIHOKY ¥ aBaApUHUHBIN OCTAHOB IIPOTPaAMMEIL.

Korna smauenme mepemennoit N BBejeHO, MOMKHO (DaKTHUECKH
PasMeCTUTh MACCHMB B MNAaMATH, HCIOJbL3YA mpouenypy SetLength
(amru. set length — ycraHoBuTh AIUHY):

SetLength (A, N) ;

Hanee MacCHB A HCHOJB3YeTCA TAaK ke, KAK U OOBIYHBIN (crarnue-
ckmit) maccus. OcTaéTcsa OAMH BONPOC: B KAKOM JAMANa30He HAXOASATCS
ero MHIAEKCHI?

Bel noMHHTE, 9YTO IpPaHUIBLI U3MEHEHUS UHAEKCOB OOBIUHOTO (cra-
THYECKOI'0) MacCHUBa 3aJalOTCA IPH €ro OObABIEHUN, NIPAYEM HAYab-
HBIA WHIEKC MOXKeT ObITh J00bIM. MHAEKCH AMHAMHYECKOTO MACCHABA
8cez0a HAUUHAOMCA C HYJAS, TAK UTO K HAYAJNBLHOMY BJIE€MEHTY HYMKHO
obpamarscs kak A[0], a k mocnegnemy — xax A[N-1]. Hanpuwmep,
4TeHHe JaHHBIX C KJIaBUATYDPHI BHINOJIHAETCA B IIUKJIE:

for i:=0 to N-1 do read(A[i]);

67




AnropurmMu3sauus v nporpaMmMmmupoBaHue

Kpome TOro, Maccup «3HAeT» CBOIO IJINHY, KOTOpasd BBIYHUCIAETCH
¢ IIOMOIBIO CTAHAAPTHOM (QYHKIMH Length (B mepeBoge C aHIVI. —
AJHMHA), ¥ MAKCUMAJLHBIA HWHIEKC, KOTOPHIH BO3BpamaerT (QyHKIUS
High (B mepeBose ¢ aHryi. — BBICOKMIT). I[09TOMY IIpeABIAYIIMA AKJ
MOJKHO 3aMeHHUTh Ha TaKOM:

for i:=0 to High(A) do read(A[i]):;

Pasmep maccuBa (KOJIMYECTBO 3JIEMEHTOB B HEM) MOXKHO BBIUMCJIHTH
Kak Length (A)mau High (A) +1.

Kak TOJBKO MacCHUB CTAHET He HYKeH, MOYXHO YJaJHUTh ero u3 na-
MATH, YCTAHOBUB HYJEBYIO NJUHY:

SetLength(A,0) ;

IIns Takoro (yAanéHHOrO) MacCHBa HYJIEBOM AJNUHBI (QYHKIHA
Length (A) Bepuér sHaueHue 0.

Taxum ke o6pa3zoM MOKHO paboTaTs ¥ ¢ JUHAMWYECKUMH MATPU-
mamu. OHM 00BABIAIOTCA KAK «MACCHB MAaCCHBOB»:

var A: array of array of integer;

Ilna ompejenenus eé pasMepoB B Iponenype SetLength HY:KHO yKa-
3aTh JBa MapaMeTrpa — KOJUYEeCTBO CTPOK M KOJHYEeCTBO CTOJOIOB:

SetLength (A, 4,3);

dyurknuA High BO3Bpamaer MaKCUMAJbHBIA HHAEKC CTPOKM (MHHU-
MalbHBII MHAEKC Becerga paseH 0):

writeln (High(A)); {= 3}

Ilns onpejeneHus IpaHUL, U3MEHEHUA BTOPOTO HHJEKCa (MaKCHMAJb-
HOTO HOMeEepa CTOoJIOIa) HYKHO BLI3BIBATE 3TY (DYHKIUIO JSA OTHENBb-
HOHM CTPORH:

writeln (High(A[O0])); {= 2}

Henoas3oBaHue B MoAnporpaMmMax

JInHEaMUUYeCKHMe MACCHUBBI MOXKHO IlepefaBaTh KaK mapaMeTphl Ioj-
nporpamMM (upoueayp u ¢yuxmuii). Hanpumep, npoueaypy AJdA BbIBO-
J1a HA PKPaH IeJOYHCIeHHOr0 MacCHBa MOXKHO HANHUCATh TaK:

procedure printArray(X: array of integer);
begin

for i:=0 to High(X) do write(X[i], ' '):
eng




OAvuHaMuyeckue Mmaccusbl

JIunaMuyecKre MacCHBBI MOYKHO IEDeJATh B IOAIPOrpaMMy Kak
H3MeHseMble mapaMeTpsl (C IOMOIILI0 KJIIUEBOro cjioBa var). B arom
caydae BCe M3MeHEHHsd, CleJIlaHHbIe B MOANPOrpaMMe, IPUMEHAITCHA K
MaccHBY, IepeJaHHOMY BBISLIBAIOIIENH HpOrpaMMoii, a He K ero Ko-
ITHH.

PacmmpeHne MaccHBa

3apaua 2. C KiaBuaTypsl BBOAATCH HATypaJbHBIE YHUCJA, BBOJ 3a-
rKanumBaerca duciaom 0. Hy)kHO BBIBECTH Ha 9KpaH 9TH YHCJIa B IO-
psiiKe BO3pacTaHHA.

Kax u B npeasiayineii sagade, /I COPTHPOBKHA HYJKHO IIpeJBapH-
TeJIbHO COXPAHHMTH BCe YHMCIA B ONepaTHBHON mamsaATu (B Maccuse). Ho
npobieMa B TOM, 4YTO pasMep 3TOr0 MacCHBA CTAHOBHUTCA MB3BECTEH
TOJIBKO TOTZAA, Korga OyAyT BBeAeHbI Bce Ynucaa. YTo iKe genaTb?

B mepByio odepenh OPHUXOAUT B I'OJIOBY TAKOM BApHAHT: IIPHA BBOJE
KasKJ0ro cJIeAyIOILero HeHyJIEBOrO UHc/ia PACIINPATL MAacCHUB Ha 1 aje-
MEHT M 3aIMCHIBATH BBEAEHHOE UMCJIO B IOCJIEIHHII AJIeMEHT MacCcuBa:

read (x);

while x<>0 do begin
SetLength (A, Length (A) +1) ;
A[High (A) ] :=x;
read (x)

end;

3xeck X — 8TO HeJsiad nepeMeHHas. K cuacThio, IpPU TAKOM paciiupe-
HUM MAacCHBa 3HAYEHUA BCEX CYINEeCTBYIOIIHUX 3JeMEeHTOB COXPaH-
IOTCH.

Yem nyox takoi noaxox? Ilemo B TOM, 4TO HaMATh B «Kyde» BEI-
penserca Onmokamu. IToaTomMy mpu KaskJOM yBeJHYEHUU AJIHHBEI Mac-
CHBa IIOCJef0BaTeJbHO BBIIIOJHIIOTCA TPH OIepaI[iu:

1) BeIfienneHMe GJIOKA IAMSATH HOBOT'O PasMepa;

2) xonupoBaHHUe B 3TOT OJOK BCeX «CTaAPBIX» 3JI€MEHTOB;

3) ynaneHue «cTaporo» 0JJOKa MaMATH U3 «KYJH» .
BuaHo, 4TO «HaKJIaAHBIE PACXOABI» OY€Hb BEJIUKH, T. €. MBI 3aCTABJIA-
€M KOMOBIOTEep JieJIaTh CJAHIIKOM MHOTO BCIIOMOraTeJIbHOM paboThl.

Curyanuio MOKHO HEMHOTO HCIPABHUTH, €CJH YBEJIHYHBATH Mac-
CHB He KaXJbli pas, a, ckameM, mocjie KaxaslX 10 BBeAEHHBIX 3Jie-
MeHTOB. To ecTh Korjia Bce cBOOOJHBIE 3JeMEeHThl MAcCHBA 3aII0JHEHBI,
K Hemy pobasisercs emié 10 HoBbIX ayiemMeHTOB. llpm aToM HYIKHO
CUHUTATh (PAKTHYECKOe KOJHMYECTBO 3allMCAHHBIX B MACCHB 3HAYEHHH,
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IOTOMY 4YTO ONpEAEeNHTH HUX, KAaK B MNpeABIAYIIeH IporpaMme, depes
dyHKOU0 Length (A), OyaeT HEBOBMOMKHO:

N:=0;
read (x) ;
while x<>0 do begin
if N>High(A) then
SetLength (A, Length(A)+10);
A[N] :=x;
N:=N+1;
read (x)
end;

3pecs nenas nepemenHas N — 3TO CYETUYMK BBEJEHHBIX UHCeJ.

Teneps, Korga Bce YMCJIA 3alMCAHBI B MACCHB, MOXXHO OTCODPTHPO-
BaTh MX JIOOBIM HM3BECTHBIM METOAOM, HAIIPHMED MEeTOJOM Iy3bIphKa
WIM C TIOMOMIIbI0O OBICTPOIl COPTHUPOBKM (3TH aJrOPUTMBI M3Yy4YaIHCh
B 10 xyiacce). 3aKOHYUTH IPOrPAMMY BhI MOXKETE€ CAMOCTOATENIBHO.

Kak aro paboraer?

Y106l rPAMOTHO IIPHMEHATH AUHAMUUYECKHE MaCCHBBI, HEOOXOaM-
MO paso0paThcs B TOM, Kak OHH paboraioT. [y 3TOro BhIBEJeM Ha DK-
paH pasmep maccuBa us 100 sieMeHTOB (1IeJBIX YHCEN):

SetLength (A, 100);
write(sizeof (A));
write (100*sizeof (integer));

Ber ¢ yauBieHumeM OOHaApys;XuTe, UTO IIpOrpaMMa BBIBOAUT 4Yucjia 4
u 200, T. e. GyHKOUA sizeof cuMTaeT, YTO pa3Mep MACCHBA pPaBeH
4 faiitam, xota Ha camoMm Aeise 100 mensIx nmepeMeHHBIX NOJMKHBI 3a-
muMmath 200 GaiitoB. Bomee Toro, BetmumHa sizeof (A) He 3aBHCHUT OT
daxTuueckoro pasmepa Maccupa. IlosaToMy MOXKHO cjiesaTb BBIBOJ,
4TO pasMep 3JIEMEHTOB TYT BOOOIle He YUYUTHIBAETCH.

Ha camoMm genie, B mepeMeHHOM A xpaHuTCcA adpec MaccHuBa B Ila-
MATH (puc. 6.2), KoTopslil geiicTBuTeNbHO 3aHMMaeT 4 Gadta. Takum
obpasom, daxkTHUecKH A — 3TO yxasameavb. Ecam maccuB HMeeT

A

Puc. 6.2
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HYJIEBOM pa3Mep, 9TOT yKasaTelb paBeH HyJI0 (Hyaesoi agpec B Ilac-
KaJe o6osHavaercsa nil).

Yro u3 aroro ciaenyer? IlpeacraBbTe, HAIIPAMED, YTO MBI IOCTPOMU-
JI¥ CTPYKTYPY, KOTOpas COCTOUT M3 MaccuBa (moJsie data) m KOJIU4ecT-
Ba MCIOJIb3YEMBIX 3JIEMEHTOB B HEM (moJe size):

type TArray=record
data: array of integer;
size: integer;
end;

HonyceTum cosgana nepeMeHHas TANA TArray:
var A: TArray;

[JIS KOTOPO# BBHIZleJIEH B MAaMATH BHYTPEeHHMI Maccus data W 3amoJ-
HeH IeJIBIMHA YHUCIaMH:

SetLength (A.data,10) ;
for i:=0 to 9 do A.datal[i]:=i;
A.size:=10;

Yro Oymer, ecaM MbI NOOBITAEMCS COXPAHUTH TAKYIO CTPYKTYDY
B TUIM3UpOBaHHOM (aitne? HecnoxHO HOHATH, uTO B dailya 3anumyr-
CfA TOJIBKO 3JIEMEHTBI CTPYKTYDHI, T. €. ajpec MaccuBa data W KoOJu-
YECTBO 3JIeMeHTOB size. CaMu dJIeMeHTHI He BXOAAT B CTPYKTYPY, IO-
3TOMY coXpaHeHEI He Oyayr. Ecim mocne aToro Mbsl mpoumTaeM u3
daiina Taxkyimo CTPYKTYDY, ajapec data Oymer HeneHCTBHTENeH U HC-
IOJB30BaTh ero Hesb3fA. IloaTroMy npu coxpanenuu B daiiie CTPYKTYD
C AMHAMUYECKMMH HOJIAMH HYKHO IPUHUMATH CIeNUAaIbHbIe Mephl 110
COXPaHEeHHIO COAePKUMOr0 MAacCHBOB.

JrHaMuYecKas MATPHUIA — 3TO YKasaTeJ b HA MACCHB yKasaTeieii:

var A: array of array of integer;

Ecnu npuMeHHTH K Heil mpoueaypy SetlLength ¢ ogHEM apamMeT-
pom
SetLength (A, 10);

TO B naMATH OyfeT BhIIeIeH MacCHB yKasaTeseil Ha CTPOKHU, IIPHYEM
naMATE IOJ CAMH CTPOKHM He BbIZeasercsa. To ects A[l] (crpoxa mar-
PHIBI ¢ MHJAEKCOM 1) — 3TO yKasaTeiab, K KOTOPOMY MOKHO «IIPUBS-
3aTh» JUHAMHUYECKHUN MacCHUB J000r0 pasMepa, HallpuMep Tak:

for i:=0 to High(A) do
SetLength (A[i],i+1);
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Takum 00pasoM, MBI HOJAYYHJIM MATPHILY, TZle BCE CTPOKH HMEIOT
PasHYIO AJIUHY:

writeln(Length(A[0]1)); {= 1}
writeln (Length(A[9]1)); {= 10}
0 Bonpockl U 3apaHus
ﬁ 1. IlpuBeguTe mpuMephbl 3ajlay, B KOTOPBLIX HMCIOIL30BAHHE AMHAMHUYECKHX
MacCHBOB AaéT npeumyInecTsa (KakKue nMeHHO?).

2. Yro Taxkoe AMHAMHYECKHe CTPYKTYDHI AaHHEIX? I'e BejlensdeTca NaMAThL
1OJ 9TH AaHHbIE?

3. Kak o6bABHTHL B mporpaMMe AMHAMHUYECKWI MacCHB H 3aJlaThb €ro pas-
mep?

4. Kax pacmupurh MaccuB B xoje paborsl nporpammei? He morepaiores iu
NPH 9TOM Y2Ke 3alIMCAHHBIE B HEM JaHHbIe?

5. Kax onpesenuTs rpaHUNb U3MEHEHUS WHJEKCOB AHHAMHYECKOTO MACCH-
Ba? HyskHO JIM XpaHUTE €ro pasMep B OT[eJbHOU NepeMeHHOH?

6. Kax yganuTs MaccHB U3 IaMaTH?

7. Kaxk pasMecTUThL B IaMATH JUHAMHYECKYIO MATPULLY?

8. Kak nepepaThk AHHAMHYECKHIl MACCHB B IIOANPOrpaMmy?

9. Kakue npo6GiieMbl MOTYyT BO3SHMKHYTH [IPH COXPAHEHHM IHHAMUYECKHX
MAacCUBOB U MaTpuI B (haitnax? Kak Bel mpeamaraere ux pemars?

A IloagroroBsTe coobIeHHE
a) «InaamMuuecKkue MaccuBhbl B fAdbiKe Cu»
6) «[IluHaMHuyecKkHe MacCHUBBI B A3bIKe Javascript»
B) «Cnucku B Aseike Python kax pfumHaMudYeckHe MACCHUBBI»

o 3apaum

1. Hanumure moJHBIE NPOrpaMMbl JJis PeINeHHA 3ajad, PacCMOTPEHHEIX B
TexcTe naparpada.

2. Begute ¢ KaaBuaTypsl Yucsio N ¥ BRIYMCJIHATE BCE IPOCTHIE YHCIA B AHAa-
nasoHe ot 2 go N, ucnoasaysa pemrero dparocdena.

3. Beegure ¢ KnasuaTypsl umciao N M 3anuinuTe B MaccuB nepseie N mpo-
CTBIX YHCEJ.

4. BeeauTe ¢ KJIaBHATYpPhl yHcao N M 3alHIIATE B MAacCHB nepBele N 4Hces
Dubonavyuy (HATOMHUM, YTO OHHM 3aJal0TCA PEKyppeHTHOM dopMysoi
F,=Fp 1+ Fp3, Fi=F;=1).

5. Hanumure QyHKIHKO, KOTOpasd HAXOOUT MAKCUMAJLHBIW 3JIEMEHT mepe-
JAaHHOTO el JTHHAMHWYECKOro MaccHusa.

6. Hanmumure noxmporpaMmy, KOTOpas HAXOAMT MaKCHMAJIbHBIA M MHHH-
MaJbHBINA 3JIeMeHThl IePeJaHHOI0 el AMHAMHYECKOr0 MaccuBa (MCIOJb-
3yiiTe U3MeHsAEeMBIe TapaMeTphl).




Cnuckn

7. Hanummure peKypCHBHYIO (DYHKIMIO, KOTOPAA CYUTAET CYMMy 3HAUEHUH
3JIeMEeHTOB IePeJaHHoro0 el TMHAMUYeCKOro MacCHBa.

8. Hanumure GyHKIHUIO, KOTOPAsA COPTHUPYET 3HAYEHMSA NepeflaHHOTO el Au-
HAMHYECKOT0 MAacCHBa, WMCHOJBL3yA AJTOPUTM «OBICTPOI COPTHPOBKH»
(cm. yuebuuk ans 10 kaacca).

§ 41
Cnucku

Yro TaKoe CIUCcoK?

3anauva 1. B ¢aiine HaxXoquTCa CIHUCOK CJIOB, CPeIH KOTOPBIX €CTh
nopropsmomuecsa. Kaxaoe cioBo 3anucaHo B 0TAeNbHOI cTpoke. Tpe-
6yeTcsa MOCTPOUTH AN(PABATHO-YACTOTHBINA CJIOBADBL: BCe pas3INYHBIE
CcJI0Ba JOJKHBI OBITHL 3alUCAHBLI B ApyroH ¢aiy B andaBuTHOM MOPA-
Ke, CIIpaBa OT KakJOro CJIOBa YKa3aHO, CKOJBKO pa3 OHO BCTpedaeTrcs
B HcxoxHOM (aiiie.

Jns permreHust 3alauv HAM HYKHO COCTaBUThL CRUCOK, B KOTOPOM
XPaHHUTh [apbl «CJIOBO — KoauuecTBOo». Comcok cocraBiseTcsa IO
Mepe uTenus (aiina, T. €. 3T0 AUHAMHUYECKAA CTPYKTypAa.

CnucokK — 3T0 YNopsiAoYeHHbI Habop aNemMeHTOB OAHOro TUNa, AJs KOTopbIX
BBE/IeHbl ONepaLmny BCTaBKM (BKNIOUEHUA) U yaaneHUs (UCKIoYeHus).

OOBIYHO MCIIOJB3YIOT JHHEHHBIe CIIMCKM, B KOTODPBIX /IS Ka)JI0Tro
3jgemMeHTa (KpOMe MepPBOro) MOMKHO YKA3aTh NPeABIAVINUIL, a Iad Kax-
JIOTO BJIEMEeHTa, KPOMe IOCJIeHero, — CJIeJYIOIH.

Bepuémca K Hame# 3ajade IIOCTPOEHUSA aJ(PaBUTHO-YACTOTHOI'O
caoBapsd. AJITOPDUTM, 3aIMCAHHLIA B BHJe MCEBIOKOMA, MOMET BBITJIsA-
JeThb Tak:

HI IOKa eCThL CJIOBa B Qawnine

npoYyMTaTe odYepelrHoe CJIOBO
ecqiM OHO eCTEkE B CIMCKe TO
YyBEeNMMYMTh Ha 1 CUETUMK OIA 3TOTrO CJIOBa
HMHaue
nobaBuUThL CJIOBC B CHUCOK
zanmucaTbk 1 B CUYETUYMK CJIOBA
BCe
KII
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Teneph HYXHO 3alfcaTh BCe IIarv 3TOro ajJropuTMa ¢ IOMOIIBI0 OIle-
PaTopoOB A3BIKA NIpOrpaMMHDPOBaHHA.

Hcenons3oBanue AHHaAMHYEeCKOro maccHea

B Bamem ciydae Ka)KABIM 2JIeMEHT CIOHMCKA AOJDKEH COAEPIKAaTh
napy 3Ha4eHWH: CJIOBO (CHMBOJBHYIO CTPOKY) M CUETYHK 3THX CJIOB
(menoe uymcino). ITosTomMy sJIeMEHTHI CIIMCKA — 3TO CTPYKTYPHI, THII
KOTOPBIX MOYKHO OIIMCATHL TaK:

type TPair = record

word: string; {cnoso}
count: integer; {cuéTumux}
end;

Jia opraHM3anyuy CIucKa OyZeM MCIOJIb30BaTh AHUHAMUYECKHAE MacCH-
Bel FreePascal.
3xech pasMep MaccHBa CTAHOBHUTCA H3BECTEH TOJbLKO B KOHIIE pa-
6orel nporpamMmMel. IloaTomy TpebyeTca JHUHAMHUYECKH MACCHB, COCTO-
AUANA U3 ONMCAHHBIX BbIIIEe CTPYKTYP. C HUM HYKHO BBIIOJHATH CJie-
AVIOUIHEe OIepaIlyn:
® JCKATh 3aJaHHOE CJOBO B CIHCKE;
® yBeJMYHMBATHL CYETUYMK 3aJAHHOIO cJoBa Ha 1;
® BCTABJATH CJOBO B ONpeJleJIEHHOE MECTO CHHUCKa (TakK, 4TOObI
COXpaHUTh al(aBATHBINA MOPALOK).
Kak u B npeasigymem nmaparpade, OyneM pacliupATh pasMep MAacCHUBa
cpasy Ha 10 sysiemenToBl, uToOBI He BHIZIEJIATH MAMATH CJHIITKOM YACTO.
OOBABUM CTPYKTYPY-CIHCOK:
type TWordList = record
data: array of TPair; {IOMHaMM4YeCKMUIM MacCCHB }
size: integer; {xonuuecTBO 3JIEMEHTOB }
end;

HanoMHHM, 4TO KOJM4YeCcTBO (haKTHUYECKH MCIONb3YEMBIX 3JIEMEHTOB
MaccHBa Size MOKeT ObITh MeHbIIE, YeM KOJIMYEeCTBO 3JIEMEHTOB, pas-
MeIEHHbLIX B IaMATH.

BBepém nepemeHHyo L Tuna TWordList:

var L: TWordList;

B Hayajie OCHOBHOH NpOrpaMMBl OYMCTHM CIHCOK H YCTAHOBHMM [JIfA
Hero HyJIeBYIO JJIHUHY:

Boamo)XHBI W Apyrue BAPHAHTHI, HANPUMED MOXKHO YBEJHMYHBATHL pasMep
MaccuBa B 2 pasa.
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SetLength(L.data,0) ;

L.size:= 0;
OcHOBHOM HUKJ (YTeHUEe JAHHBIX W3 (ailja ¥ [MOCTPOEHHE CIIHMCKA)
MOXKHO 3alMCaTh Tak (IJIA MOCHeAYIONero o0'bACHEHUS CTPOKHU B Teje
IMKJIAa TPOHYMEDPOBAaHBI):

while not eof (F) do begin

readln(F,s); {1}
p:=Find (L, s); {2}
if p>=0 then {3}
Inc(L.data[p].count) {4}
else begin {5}
p:=FindPlace (L, s) ; {6}
InsertWord (L,p,s) ; {7}
end; {8}
end;

31eck MCHIOJBL3YIOTCA [BE BCIOOMOraTe/bHBIE NepeMeHHBIe: CHMBOJb-
Has CTPOKa s (TMna string) m mesnas mepemeHHas p. B crpoke 1 mpo-
rpaMMbl OYepeJHOe CJIOBO YHTaeTcss u3 (haiiia B CTPOKY 8. 3aTeM ¢ mo-
Mombl0 QYHKIMM Find ompeznensieTcs, €CTh JIM OHO B CIUCKe (cTpo-
ka 2). Ecau ects (QyHKOHMA Find BepHyJa CYIIECTBYIONIIMI HHAEKC),
VBeJIMYMBAEM CYETYHK 3TOro cjaoBa Ha 1 (CTpoku 3-4) ¢ MOMOIIBIO
CTaHAapTHOM IpOIeaypsl Inc.

Eciu B ciucke cnoBa emié Her (GyHKuMA Find BepHyaa —1), HyX-
HO Ha#WTH MECTO, KyJla ero BCTABUTh, TAK 4TOObI He Hapymmuiaca ajda-
BUTHBIN NOPAAOK. ITO Aenaer GyHKIUAA FindPlace, KOTOpas JOMMKHA
BO3BpallaTh HOMEP BdJIEMEHTA MACCHBa, neped KOTOPLIM HYMKHO BCTa-
BATH [POYUTAHHOE CJOBO. BecraBKy  BBINOJHAET IIPOIEAYypa
InsertWord.

3necn BCTPETHJIOCH oboszHaueHme c ABYyMS TOYKaMH:
L.data[p] .count. BcmomuumM, uro L — »3TO CTPYKTYpa-CIIUCOK,
y Hero ecThb nojie-maccus data. B aTom mMaccuBe mpomcxogur obparie-
HUEe K JJIEMEeHTY C HOMEepOM p. IJTOT dJIeMeHT — CTPYKTypa THIa
TPair, B cocTaBe KOTOpoH ecTb mnoiae count. Taxum o6pasowm,
L.data([p].count osnauaer: «Ilone count B cocrase p-ro ajeMeHTa
maccuBa data, KOTOPBIH BXOAUT B CTPYKTYPY L».

Korza cnucok roros, ocTaéTcss BEIBECTH €0 B BBIXOAHOI aiin:

Assign (F, 'output.dat');

Rewrite (F) ;

for p:=0 to L.size-1 do

writeln(F,L.data(p].word,': ',L.data[p].count);
Close (F) ;
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HOnsa kaaoro sjaeMeHTa CIMCKa B (palia BBIBOAUTCHA XpaHAIIeecsH
B HEM CJIOBO M 4Yepe3 ABOETOYHME — CKOJIBKO Das3 OHO BCTPETHJIOCH
B TEKCTeE.

Takum oOpasoMm, HaM ocTaérca HamucaTs @QYHEODUM Find
u FindPlace, a Taxkke npoueaypy InsertWord.

DyEKIUA Find NPHHUMAET CIIMCOK M CJIOBO, KOTOPOe HYKHO HC-
Kartbk. M3 Kypca 10 xjacca Bbl 3HAKOMEI C JIBYM#A aJrOPUTMaMH ITOMC-
Ka: JTUHeHHBIM U ABOWYHBIM. 3/lech AJIA IMPOCTOTHI OyAeM HCIIONbL30BAThH
JAHEWHBIN NMOUCK. B IUKJIe MPOXOAUM BCe dJIeMEeHTHI (He 3a0bIBad, 4TO
UX HyMepalus B AWHAMHUYECKOM MaccHBe HauymHaercsa ¢ Hyus). Kakx
TOJILKO OUepejHoe CJIOBO CIIMCKAa COBIAZET ¢ 00pasmoM, BO3BpallaeM B
KadecTBe pesyjbTaTa QYHKIMH HOMEp 3TOro sjaeMeHTa. Ecim mpocMoT-
PeHBI BCe 3JIeMEHThI U COBIIaJeHus He ObLI0, QyHKIHA BepHET —1.

function Find(L: TWordList; word: string): integer;
var i: integer;
begin
Find:=-1;
for i:=0 to L.size-1 do
if L.data[i] .word=word then begin
Find:= i;
break;
end;
end;

dyaknua FindPlace TakKe INIPUHUMAaeT B KayecTBe ImapaMeTpoOB
crucoK u cioBo. OHAa HAXOAUT MECTO BCTABKH HOBOTO CJIOBA B CIIHCOK,
OpU KOTOPOM coXpaHfeTcd aJ(aBUTHBIA MOPANOK PACHOJIOMKEeHHUS
caoB. Peayabrar QYHKIIMM — HOMED CJIOBA, Iepel]] KOTOPBIM HYIKHO
BCTaBUTH 3ajaHHoe. 1A 3TOro HY)XHO HalTH B CIHMCKE CJIOBO, KOTO-
poe «Bonbiie» 3agaHHoro. ECaM Takoe CI0OBO He HalIeHO, HOBOE CJIOBO
BCTABJIAETCA B KOHEI| CIIMCKA:

function FindPlace(L: TWordList; word: string):

integer;
var i, p: integer;
begin
p:=-1;

for i:=0 to L.size-1 do
if L.data[i].word > word then begin
p:=i;
break;
end;
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if p < 0 then p:=L.size;
FindPlace:=p;
end;
IIponieaypa InsertWord BecTaBjageT cJI0BO word B MO3UIUIO B B CIH-
cok L:
procedure InsertWord(var L: TWordList; k: integer;

word: string);
var i: integer;

begin
IncSize(L); {1}
for i:=L.size-1 downto k+1 do {2}
L.data[i] := L.data[i-1]; {3}
L.datalk] .word:= word; {4}
L.data[k] .count:= 1; {5}
end;

ITockonbky B cOHCOK Ao0aBjisiercss HOBBIA 3JIeMEHT, ero pasMep yBe-
auunBaercd. IIna aToro BBemeHa npoueaypa IncSize, KOTopas BhI3BI-
BaeTca B cTpoKe 1 (MbI Hanumem eé nmoaske). Jlajee B MUKJe cABUraeM
BCe IIOCJIeJJHUE 2JIEMEHTBHI, BKJIOYAA BJEMEHT ¢ HOMepoM k, Ha OJHY
AYeUKY K KOHIY MaccuBa (ctpoku 2-3). Takum oOpaszoMm, sjaeMeHT
¢ HoMepoM k ocBobo:knaercs. B cTpoke 4 B Hero samuchIBaeTcs HOBOE
CJIOBO, & B CTPOKe 5 CYETYMK IHTOrO CJIOBa YCTAHABJIMBAETCS paB-
HBIM 1.

IIponeaypa IncSize yBeamuwmBaeT pasMep CHMCKa Ha 1 sieMeHT.
Korna myxHBI pasmMep cTaHOBUTCS GOJIbIe, YeM pasMep AWHAMHYe-
CKOr'0O MaccMBa, MAacCHB pacmiupsieTcA cpasy Ha 10 ajieMeHTOB.

procedure IncSize(var L: TWordList);

begin

L.size:= L.size+l;
if L.size > Length(L.data) then
SetLength(L.data, Length (L.data) +10) ;
end;

IIponeaypa IncSize B mporpaMme AOJIXKHA PACHOJATATHCH BBIIIE BBI-
3BIBAIOIIEH eé Iponexypsl InsertWord.
IIpuBeéM OKOHYATENBHYIO CTPYKTYPY IPOrPAMMEL:

program Alphalist;

{ obbaBneHua Tunor TPair um TWordList }
var F: text;

T
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s: string;
L: TWordList;
p: integer;
{ npouenypu u QyHxumu }
begin
SetLength (L.data,0) ;
L.size:=0;
Assign (F, 'input.dat');
Reset (F) ;
{ OCHOBHOM LMKJI: COCTaRJIEHME CIMCKa CJIOB }
Close (F);
{ BHBOm pesyneTaTa B Qann }
end.

Bioku, BelZe/NeHHBIE cephiM (OHOM, yike OBLIH HanHcaHBI paHee
B aToM maparpade.

3aMeTHM, UTO €CJIM M3BECTHO MAaKCHMAaJIbHOE KOJHYECTBO Pa3HBIX
ciaoB B (aine (ckaxxem, He 6omee 1000), To ke camMoe MOXKHO CAeJaTh
¥ Ha OCHOBe OOBIYHOrO (CTATHYECKOr'0) MAcCHUBa, B KOTOPOM NaMATh
BBIJIeJIEHA 3apaHee HA MAKCHUMAaJIbHOE UHCJIO 3JIeMEeHTOB.

MoayasHOCTH

IIpu paspaboTke GONBIIMX NPOrpaMM HYIKHO pasfieuTh paboTy
MeXK/y IIPOrPAMMMCTAMY TAK, YTOOBI KaKABIN Jesiajl CBOM He3aBHUCH-
Mblii 060K (Moxyns). Bce mozmporpaMmbl, BXOAsAINNE B MOAYJb,
JIOJIKHBI OBITH CBA3AHBI APYT C APYTOM, HO cj1ab0 CBA3aHBI C APDYTHMU
mponeaypaMu u GyeExknusmu. B Hameil mporpaMMe B OTAeJbHBIH MO-
JIyJIb MOYXHO BBIHECTH BCe OIePAaIH CO CIIMCKOM CJIOB.

Mopayns B sisbike Ilackasb, B OTJIMYHE OT OCHOBHOM IMPOrpaMMbI, Ha-
YMHAEeTCS CO CJIOBA unit, mocje KOTOPOro CTABHTCA Has3BaHHe MOAYJA.

unit WordList;
interface
implementation

end.

B Moxyse ABa OCHOBHEIX pasjesia: interface (uHTepdeiic, obue-
JOCTYyIIHaA dYacTb) U implementation (peanusanusa, HEAOCTYIHAHA
ApyruM Moxyaam). B pasmene interface o6BIYHO pasMemanT 00bAB-
JIeHHS THUIOB MAAaHHBIX, (QYHKOHA # Ipoueayp, a B pasjgeie
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implementation — mporpaMMuBIH K04. B Hame# mnporpamme mo-
AyJib MOKeT BBIIJIANETh TaK:

unit WordList;
interface
type TPair = record
word: string;
count: integer;
end;
TWordList = record
data: array of TPair;
size: integer;
end;
function Find(L: TWordList; word: string): integer;
function FindPlace (L: TWordList;
word: string): integer;
procedure InsertWord(var L: TWordList; k: integer;
word: string);
implementation
{ npouenypu ¥ OyHxKUMM }
end.

B cexknuu interface MBI pacmoJIOKHIN OOBLABIEHUE THIIOB AaH-
HBIX, KOTOpbIe OYyAyT HY’KHBI OCHOBHOHM IpOrpaMMe, W 3aroJIOBKH IIOA-
oporpaMMm 3TOI'0 MOAYJA, KOTOpPBIe MOI'YT BbI3LIBATBCA H3BHe. Bceé,
4TO HaAXOAHUTCA B CEeKIHMM implementation, CKPBITO OT «BHEITHEro
Mupa». B 4acTHOCTH, TaM MOryT OBITh BHYTPEHHHE MOANDPOTDAMMEI,
KOTOpBI€ «BHJHBEI» TOJbKO BHYTPH MOAYJA (B HAIlEM CJIydae 3TO IIPO-
neaypa IncSize).

CrpyxTypa Momynas B 4éM-To mojo0Ha aiic6epry: BHIHA TOJBKO
«HaJBOAHAA dYacTh» (interface), a 3HauHWTeNbHO O0oOJiee BecoMmasd
«IIOABOJAHAA 4YacTh» (implementation) ckpeitTa. 3a cuér aTOro Bee,
KTO HCHOJB3YIOT MOAYJb, MOTYT He AYMaTh O TOM, KaK MMEHHO OH
BBIMOJIHAET CBOIO PaboTy. JTO OAWH M3 IPUEMOB, KOTOPBIE TTO3BOJIAIOT
CIPaBJIATHCA CO CJOMKHOCTBIO DOJIBIIUX IIPOrpamMm.

Moaysnb mogkaOuaeTcs K OCHOBHOI Iporpamme (MIu K APYroMmy
MOZAYJIIO) C IIOMOIIBIO KJIIOYEBOTO cJioBa uses. Eciam mporpamma mc-
TIOJIB3YeT HECKOJbKO MOJyJiel, Bce OHHM IMEPEUHUCIAIOTCA Yepes sard-
TYIO IIOCJIe CJIOBA uses.

Hamia ocHoBHas mporpamma, HCIIOJB3YIOIad MOAyJab WordList,
BBIMVIAJUT TAK:
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program Alphalist;

uses WordList; { nonknwYyeHMe MOonOyns |}

var F: text;

s: string;
L: TWordList;
p: integer;
begin
{Teso ocHOBHOWI NpPOrpPaMM:u }

end.

Pasnenesue mporpaMMbl Ha MOAYJIX objierdyaeT IOHUMAaHHE U CO-
BepIIeHCTBOBAHWE IIPOrPDAMMEI, ITIOTOMY YTO KaKAblii MOAYJb MOXKHO
paspabaTeIBaTh, U3y4aTh U ONTUMUSHPOBATH HE3ABUCHUMO OT JPYTrHx.
Kpome TOro, Taxkoil mDOAXOJA YCKOPAET TPaHCAALUIO OONBIIUX IIPO-
rpaMM, TaK KakK KajKAblil MOAYJb TPAHCIAMPYETCH OTAEIbHO, INPUYEM
TOJIBKO B TOM CJHIy4ae, ecjiu OH ObLI U3MEeHEH.

CBaA3HBIE CIIHCKH

JlugelHBIH CHOMCOK WHOIJA HpeicTaBjdAeTcA B IporpaMmMe B BHJE
CBS3HOTO CIHMCKAa, B KOTODOM Ka’KABIH BJIEeMEHT MoKeT ObITh pas-
MeIéH B NaMATH B NPOM3BOJBHOM MecTe, HO [JOJIXKeH COJAepiKaTh
CCBIIKY (yKasaTesb) Ha CIAEAYIOIMIUM a1eMeHT. ¥ [OCJIeAHero sjJeMeHTa
ara ccelika HyseBad (B [lackasme — nil), oHa NOKAa3LIBaeT, 4TO ClAENy-
JOLIEro sleMeHTa HeT. Kpome TOro, Hy;KHO XPaHHThL I'Ze-To (B yKasa-
rTeste Head) ajpec mepBoro sjleMeHTa («TOJIOBbI») CIMCKa, WHAYE CIIH-
cok O6yzer HemoctyieH (puc. 6.3).

Head

| IaunHBIE | o—l—-—l HaHHEBIE | o+——-[ Haurbie |ni1|

Puc. 6.3

Ecau 3aMKHYTH CBA3HEIN CIIMCOK B KOJIBIO, TAK YTOOB! MOCTEAHMIMA
5JIEMEHT COAEPIKAJ CCHIIKY HA TePBBIA, [ONyYaeTcs HUKJIMIECKHH
cimncox (puc. 6.4).

Head

!

[ Haﬁﬂre ‘ .—l»——-—l JauHbIE l o—‘——l Jauabre I [

Puc. 6.4
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ITockonbKy 2/1eMEHTHI CBASHOTO CIMCKA COAEPIKAT CCHLIKH TOJBKO
Ha CHeAyIOMIUN 3JIeMeHT, K NPeABLIAYIIeMY TepeiiTh Helbas. ITosaTomy
nepe6op BO3MOJKEH TOJBKO B OJHOM HAIPABIEHWH. DTOT HEJIOCTATOK
YCTPaHEH B IBYCBASHOM CIHMCKe, IZle Ka{Ablil 5JIeMeHT XPAHUT aipec
KaK CJeIyIOIero, Tak U NpeabIAyInero saeMenrta (puc. 6.5).

Head Tail

Iilll HauHBIE |:':|: ’ IaaHbIe |:l:§-l Hauusie |nil|

Puc. 6.5

lns Takoro cmucka OOGBIYHO XPaHATCH XABA ajgpeca: «roJioBa» CIHCKA
(vrasarens Head) u ero «xsocr» (ykasareab Tail). MosHO Oprasuso-
BaTh M OUKJUYECKUN ABYCBASHBIN cliucok. Mcnmoab3oBaHMe IBYX VKa-
3aTesef JJis KasKAOrO dJIeMEeHTAa IPHUBOAUAT K JOIIOJTHUTEeNIFHOMY pac-
X0y maMATH U YCIOKHEHUIO BCeX ONepanuil co CIUCKOM, ITOTOMY YTO
Opu N00aBJI€HUU U yHAJeHWM BJIEMEeHTa HYIKHO MOPABUJILHO paccra-
BUTHL 00a ykasaTes.

IIpuMeHeHMe CBABHBIX CIMCKOB NPUBOAUT K GOJIEE CIIOIKHBIM Q-
ropurmMaM, 4yeMm pabora ¢ AMHAMHUYECKUMH MACCHBAMWY, paccMaTpu-
BaTh COOTBETCTBYIOIIME IIPOrPaMMbI MBI He OymeM.

Bonpocbl u 3apanus

1. Yro Takoe crnucok? Kakue onepanuy OH JonyckKaer?
2. BepHO 1M, UTO BJIEMEHTHI B CIIMCKE YIIOPIAOUCHEI?
3. Kakoit MeToJ IOMCKA B COMCKEe MOKHO HCHOJIB30BATEH? O6cyaure pasabie
BApPHAHTHI.
4. Kax no6aBuTh 3/IeMeHT B JHHEHHBIH CIIMCOK, COXPaHUE 3aJlaHHEIA IOps-
JOK COPTHPOBKH?
5. Kak MOXXHO NpeCcTABUTH CIHCOK B nporpamme? B Kakux cayuasx s
3TOI'0 MOKHO HCIIOJIB30BATE OOLIYHBIH MaccHB?
6. O6pacHUTE Banmuck L.data([i] .word.
7. Yro Taxoe moxynn? Bauem HMCIOJB3YIOT MOAYIH?
8. Kak odopmasercs Teker mMonyna? Kak mo HeMy OTIHMYHTL MOAYJIL OT
OCHOBHOH IIpOrpaMMel?
9. Uro pasmemniaerca B ceknuax interface u implementation?
10. MoxxHO 1M BCe TepeMeHHBIE M HOJANPOrPAMMEI IIOMECTHTE B CEKI[HIO
interface? Yem aro mioxo?
11. Kax mogx/ovaerca MOAYIIbL K OCHOBHOIN nporpaMme HJIH JAPYTroMYy MOMYJIIO?
12. Yo Takoe cBA3HEIN cIIUCOK?
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13. Yro Takoe nmukiauueckuit crnmcok? IlomerraiiTeck MpHAYyMaTh 3ajady, rie
rocJie 3aBepIIeHusA IIPOCMOTPA CIACKA HYXHO HA4YaTh IPOCMOTP 3aHOBO.

14. CpaBHATe OJHOCBASHBIA M ABYCBASHBIA crnuckh. Ilokaskure Ha IpHUMe-
pax. B uém socTOMHCTBA M HEJZOCTATKH OJHOIO U BTOPOTO Tunos?

IloaroToBsTEe COOOIIEeHHE

a) «Cnucku B asbike Cu»
6) «AcconuaTUBHBIE MACCHBEI B A3bIKe Javascript»
B) «Cnosapu B A3bIKe Python»

o 3apaum

1. IlocTpoiiTe nporpamMMmy, KOTOopas COCTaBIfAeT andaBUTHO-YACTOTHRIH CJIO-
Baph AJs 3ajaHHOro (ailja cO CIHUCKOM CJIOB. HcnonepayiiTe MOAYJIb, CO-
Jeps;Kaluii Bce onepamuy co CIIMCKOM.

*2. B mporpamme u3 3ajadu 1 uaMenwuTe PyHKIMIO Find Tak, 4yToGEI B HeH
MCIOJIL30BAJICA ABOMYHBIN IOHCK.

3. B nporpamme u3 3azaun 2 obbequHuTe PyHKIHMHA Find H FindPlace, 3a-
MeHHB uX Ha oAHy (yHKouio. Eciu cioBo HaliZleHO B CIHCKE, (hyHEIHA
paGoraer Tak ke, Kak Find: Bo3BpamjaeT HOMEp CJIOBA B CIHCKE. Ecunn
CJI0BO He HaiifleHO, QYHKIHA AOJKHA BEPHYTH OTPHIATEIbLHOE YHCJIO: HO-
Mep 2JIeMeHTa MACCUBA, Iepeji KOTOPhIM HY’XHO BCTABHTHL CJIOBO, CO 3HA-
KOM MHHYC.

*#4, B mporpamMMe u3 3ajad¥ 3 BhIBE/UTe BCE HAJEHHBIE CIOBA B ¢aiin B mo-
pAjAKe yOBIBaHUSA 4ACTOTHI, T. €. B Hadajle CIHCKA AOJIKHBI CTOATE CJIOBA,
KOTOpBIE BCTpedaroTes B Qaiiye yalle Beex.

§42
Crek, oyepenb, AeK

Yro Takoe cTex?

IIpeacrasbre cefe CTONKY KHMT (IOAHOCOB, KHUpIMYed M T. m.).
C ToukM 3peHHs MHGOPMATHKH, €€ MOKHO BOCIPAHUMATDL KaK CIHCOK
5JIEMEHTOB, PACIIOJIOKEHHBIX B OIpeleJIéHHOM IIOPAAKe. ITOT CIMCOK
WMeeT OJHY OCODEHHOCTh — YAAJATh U A00aBIATH JIEMEHTBI MOXMKHO
TONBKO ¢ OAHON («BepxHeii») cTOPOHEI. [edCTBHTENBLHO, AJA TOrO
yTO6BbI BBITAIIUTH KAKYIO-TO KHUTY U3 CTONKH, HY’KHO CHavYala CHATH
BCe Te KHWUI'HM, KOTOpbIe Haxoasarcs Ha Hedl. ITOJIOXKHTE KHUTY CPasy
B CepeJNHY TOXe HeJIb3d.




Crek, ouepenb, ek

Crek (aHrn. stack — cTONKa) — 3TO NUHENHbIN CNNUCOK, B KOTOPOM SNEMEHTbI
A06aBnATCA U yaansioTcsa TOMbKO ¢ OAHOO KoHua (aHrn. LIFO: Last In — First
Out — nocneaHuii NpUWEN — nNepebIM ywWwén).

Ha pucynke 6.6 moxasaHbl nmpuMephl CTEKOB BOKDYI HAC, B TOM
YHCJI€ aBTOMATHBIN MarasuH W JeTcKasa MUPaMUIKA.

Puc. 6.6

Kax BbI 3Haere us yuebnmka gas 10 Kiacca, crTex HCIIOJIL3YVeTCHA
IIpA BBINOJHEHWH INPOrpaMM: B HEM XDPaHATCA ajpeca BO3BpaTa M3
IOAIpPOrpaMM, mapaMeTrpsl, epeAaBaeMble GYHKIUAM U IPOHEAypaM,
a TaKsKe JIOKaJbHbIE IepeMeHHbIe,

3amaua 1. B ¢aiine sanucanst nesbie uucaa. Hy»HO BbIBeCTH HX
B ApPyro# (Gaiin B o6paTHOM mopsake.
B aT0ii 3asaue oueHs yA06HO UCNONTB30BATE cTeK. [lIsi cTeKa omnpe-
JleJIeHBI JBe OllepaIiuu:
¢ N00aBUTH 3JIEMEHT Ha BEepPIIMHY CTeKa (aHrJa. push — BTOJK-
HYTb);
® IIOJIYYHUTH 3JIEMEHT C BEePIIWHEI CT€KA M YJAJIHUTh ero M3 CTeKa
(aHTJI. pOp — BBITOJKHYTE).
3anuiieM ajJropuTM pelIeHus Ha ICeBAOKoze. CHauama uymMTaeMm
AaHHBIe U 700aBJIfAE€M UX B CTEK:

HI nokKa ¢any He nycrT
NpoYMTaThL X
nDoBGaBMUTE X B CTEeK

K11
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Teneps BepXHHUI 3JIEMEHT CTEKA — 9TO IIOCJeJHee YUCIO, MPOYHTAH-
Hoe u3 (paitnma. IToaToMy ocTaércss «BBITOJKHYTH» BCe 3alllCaHHBIE
B CTEK YHWCJa, OHU OYAyT BHIXOAUTE B 06paTHOM MOpPAAKe:

HII MOKa CTEK He IyCT
" BHITONKHYTH 4YMCJIO M3 CTeKa B X
3anMcaTbk X B Qann
KL

HUcenonp30oBaHHEe THHAMHYECKOT0O MacCHBa

ITocKOJNIBKY CTeK — DTO JUHEHHad CTPYKTYpa AaHHBIX C IlepeMeH-
HBEIM KOJIAYECTBOM 3JI€MEeHTOB, AJIA CO3JaHHA CTeKa B IIPOrpaMMe MBI
MOYKEM MCIONIB30BATh AMHAMHUUecKuit maccuB. KoHeuHno, MOKHO opra-
HM30BaTh CTEK M3 OOBIYHOrO (CTATHMYECKOro) MaccuBa, HO ero Oyaer
HEBO3MOKHO PACIIMPUTH CBEPX pasMepa, BBIJIEJIEHHOTO IPU TPaHCIIA-
IUH.

Jlns paccMOTpeHHOM BbIlle 3afauud 1 CTPYKTYpa-CTeK COAEPKHUT
IUHAMWYECKHUH IMeJJOUYMCIeHHBII MAaCCUB U KOJUYECTBO MCHOJb3YeMBbIX
B HEM BJIEMEHTOB:

type TStack = record
data: array of integer;
size: integer;
end;

Bysem cuuTaTh, 4TO CTEK «pacTéT» OT Hayaja K KOHIy Maccusa, T. €.
BepIINHA CTeKa — 3TO IOCAeJHUI 3JIeMeHT.
Ilns paGoThI CO CTEKOM HYJKHBI JIBe TIOJIPOrPaAMMBI:
e Ipollefypa Push, Koropas nobGaBiseT HOBBII dJIeMEHT Ha Bep-
IINHY CTEeKa;
e MVHKIMSA Pop, KOTOpas BO3BpalllaeT BePXHHUI 3JIEMEHT CTeKa
u ybupaeT ero M3 cTeka.

IIpuBesiéM 5TH TOAIPOTPAMMBL:

procedure Push(var S: TStack; x: integer);
begin
if S.size>High(S.data) then
SetLength (S.data, Length(S.data)+10);
S.data[S.size]i= X%:
S.size:=S.size+l;
end;
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function Pop(var S:TStack): integer;
begin
S.size:=S.size-1;
Pop:=S.data[S.size];
end;

ObGparuTe BHMMaHHUE, YTO 3JeCh CTPYKTYpa THMHa TStack M3MeHSETCH
BHYTPH NOANPOrpaMm, IIO3TOMY BTOT HapaMeTp AOJI3KeH ObITH M3MEeHS-
€MBIM (OIIMCaH C IIOMOINBIO var).

3amMeTHM, YTO eciid HaM MOHAJOOUTCH CTeK, KOTOPBIA XPAaHUT HaH-
HpIe JApPyroro TUna (HampuMep, CHMBOJbI, CHMBOJIbHBEIE CTPDOKH WJIH
CTPYKTYPEI), B OObSIBJIEHUHN THIIA ¥ B NPUBEAEHHBIX NOAIPOrpPAMMAX
HYXHO IIPOCTO 3aMEHHUTh integer HA HYKHBLIN THUII.

Kpowme roro, BBegém nponeaypy Initstack, KoTopas 3anoJIHAeT
HOoJsi CTPYKTYDPBI HAYANBHBIMY 3HAUYEHUAMHU (BBINOJHACT MHUAILHAAIIU-
3aIHIo cTeKa):

procedure InitStack(var S: TStack):;

begin

SetLength(S.data, 0) ;
S.size:=0;

end;

Teneps Hec0XHO HamUCATHL UK BBOAA JAHHEIX B CTEK U3 daiina:

InitStack(8);

while not eof (F) do begin

read (F, x)
Push (S, x)
end;

r
.
r

3neck S — mepemennas Tuna TStack; F — daiiioBas mepemen-
Had, CBA3AaHHAA C (AilJloM, OTKPBITHIM Ha YTEHHE; X — IeJas Iepe-
MeHHas. BeIBog pesysbrara B (haily BBEIIOJIHAETCS TaK:

for i:=0 to S.size-1 do begin

xs=Popi(S):
writeln(F, x);
end;

3xech i — menas nepemMenHas, a F — (aiiosas nepeMeHHas, CBA3aH-
HafA ¢ (alIoM, OTKPBITEIM HA 3aUCh.
Beruncinenne apudMeruueckux BhIPaKeHHIH

Bel He 3asiyMBIBaNNCh, KAK KOMIIBIOTED BEIYHCIAET apupmeruye-
CKHe BBIDAKEHUsA, 3alMCaHHbIe B Takoil ¢opme: (5+15)/(4+7-1)7?
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Takad s3anuch HasbiBaeTcsd MH(MUKCHOH — B Hel 3HAK Olepanyu pac-
MOJIOKEeH Medcdy omepaHAaMu (ZaHHBIMM, Y4YacTBYIOIIMMH B omepa-
numn). Uapukcuas dopma HeyqobHA IJId aBTOMATHYECKUX BBIUHCIIE-
HHUH M3-3a TOTO, YTO BBIPAsKEHHE COJEP’KUT CKOOKM M ero HeJb3sd BBI-
UHCJIWUTE 34 OJUH IPOXOJ CleBa HAIpaso.

B 1920 r. nonsckuit maremaTuk S1H JlyKaceBHY IpeIJIOKHU MNpe-
(ukcayo ¢GopMy, KOTOPYIO CTANM HA3BIBATH MOJBCKOM HOTaIue.
B Heit 3HAK OIepaluM pacrojo;KeH neped onepanmamu. Hampuwmep,
BeIpakeHme (5+15)/ (4+7-1) MosKeT ObITH 3aIIMCAHO B BHAE

/ + 5 15 - + 4 7 1.

Ckob6xu 37ech He TpebyloTcs, TaK KAk MOPAJNOK OIepaiuil CTporo
ONpeZieJIEH: CHAYAJIA BBIMOJHAIOTCA ABA CI0KEHHA (+ 515u+ 4 7),
saTeM BLIYATAHWE, W, HAKOHeIl, AejeHue. [lepBo# CTOMT HOCIEJHAA
omepanus.

B cepenune 1950-x rr. 6su1a npejoskeHa o6paTHasd NOJLCKAA HO-
TanMA, UiIK nocrdukcHas ¢Gopma 3anmcH, B KOTOPO# 3HAK onepanuu
CTOHUT nocJie OIepaHaoB:

515 + 4 7 + 1 -/
B aToM ciyuae Tak)ke He HY’KHBI CKOOKH, ¥ BBIpa)KeHHE MOJKeT
6BITH BBIYHUCJIEHO 3a OJHH IIPOCMOTD C IOMOIbIO CTeKa CJIeIYyIOIIUM
obpasom:
® ecay OuepejHON 3JIeMEHT — YUCJI0 (Wan rnepeMeHHas), OH 3aIlu-
CBHIBAETCH B CTEK;

® ecJM OuepeNHON 3JIeMEeHT — ollepanus, TO OHA BBINOJHAETCH C
BepXHUMH 3JIeMEHTAMM CTeKa, M I0cJe 3TOro B CTeK NoMelaer-
CA pe3yJIbTAT BBITOJHEHHUA 3TOM ONepamuu.

IlokaskeMm, kak paboTaeT 3TOT aJrOPUTM (CTEK <«pacTeéT» CHHU3Y
BBepx) (puc. 6.7).

7 1
15 4 4 5k 11 10
) 5 20 20 20 20 20 20 2
53 15 + 4 7 + 1 by
Puc. 6.7

B pesyibTaTe B CTeKe OCTAETCA 3HAUEHME 38JaHHOTO BHIPAXKEHUH.
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Crko6Gounbie BhIpaKeHHA

3amauya 2. BeoauTcs CHMBOJILHAs CTPOKA, B KOTODOI 3aIHCaHO
HeKOoTOpoe (apudMeTHUYECKOe) BHIPDAYKEHHEe, WCIOJAb3YIONee CKOOKH

Tpéx tunos: (), [] m {}. IIpoBepuTh, NPABUIBHO JU DPACCTABJIEHBI
CKOOKH.
Hanpuwmep, Boipaxkenue () [{()[]}] — npaBUJIbHOE, IOTOMY 4YTO

Ka)XJA0# OTKphIBaoIleil CKoOKe COOTBETCTBYET 3aKphIBAIOINAsA, U BJIO-
JKeHHOCTb CKOOOK He Hapymaercs. BelpaskeHus

(O [0 [0} ) ( (0]

HelpaBUJIbHbIe. B mepBBIX TPEX ecTh HemapHbIe CKOOKH, a B IOCJEI-
HUX ABYX He cOOJIONaeTCs BJIOMKEHHOCTEH CKOOOK.

Hauném ¢ sagaum, B KOTOpPOH HMCHONAB3YeTCA TOJBKO OAWH BUJ
CK0OOK. E€é MOKHO pemmTh ¢ NMoMONIbIO CYéTuymKa ckobok. CHauasa
cuéruuK paBeH HyJ0. CTpoKa mpocMaTpHBAaeTCH CJIeBa HAIPABO, €CJIH
OuYepejHOil CUMBOJ — OTKPhIBAIOINasA CKOOKA, TO CUSTYMK yBEJIHMINBA-
erca Ha 1, ecau 3akpeiBaInad — yMeHbInaercs Ha 1. B kKomme mpo-
CMOTpa CYE€TYUK JAOJKeH GBITh paBeH Hyai0 (BCce CKOGKM mapHEIE),
KpoMme TOro, BO BpeMA NPOCMOTPa OH He JOJIKeH CTAHOBUTBLCS OTPUILA-
TeJBHBIM (HOJIIKHA COBIIONATECS BJIOMKEHHOCTL CKOGOK).

B ucxopnmoit zamaue (¢ Tpems TuUmamMu CKOOOK) XOYeTCH 3aBECTH
TPU CYETUMKA U PabOTATh C KAXKABIM OTAeNbHO. OJHAKO 3TO pelIeHue
HeBepHoe. Hanpumep, ansa BeipaxkeHus ({[)}] ycIOBHA NpaBHIBHOC-
TH BBINIOJHAKTCA OTAEJbHO JJIA KaXJ0ro BHAA CKOOOK, HO He IJIA BEI-
PaYKeHUA B I[EJIOM.

3ajaun, B KOTOPBIX BajsKHA BJIOKEHHOCTH OGBEKTOB, YA0GHO pe-
IaTk ¢ IOMOINBIO cTeKa. Hac MHTEpecyloT TOJBKO OTKpHIBalOIIMe U
3aKphIBalOIe CKOOKM, Ha OCTAJIBHBIE CHMBOJIBI MOXKHO He obpalmaTh
BHHMAaHHSA.

Crpoka npocmaTpuBaercs ciesa Hampaso. Ecam odepegHOH cuM-
BOJI — OTKPBIBalOL[asdA CKOOKa, Hy}XHO IOMECTHUTH €€ Ha BepIIUHY CTe-
ka. Ecam aTo 3akpbiBamomas cCKobKa, TO IPOBEPAEM, UTO JIEHKHUT HA
BepIIMHEe CTeKa: eCJH TaM COOTBETCTBYIOIIAs OTKDPBLIBAIOIIAA CKOOKA,
TO €€ HYIKHO IIPOCTO CHATH CO cTeKa. EC/IM CTeK IyCT MIM HA BEpIIHHE
JIEJKAT OTKPBIBAIOIIAA CKOOKa APYyroro THIla, BEIpayKeHHEe HeBepHoe U
HY)KHO 3aKOHYHTB IPOCMOTDP. B KoHme o6paboTku mpasBmibHOH cTpo-
KH CTeK AoJKeH ObiTh mycr. Kpome Toro, Bo Bpemsi mpocMoTpa He
ROJKHO ObITE omnGok. PaGora Takoro aaropurMa MILTIOCTPHPYETCS
Ha PHCYHKe (41 IpaBUJILHOIO BeIpaykeHus) (puc. 6.8).
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(
( i ( {
[ | [ [ [ [
( ( ( ( ( ( ( ( (
( [ ( ) { ( ) } ] )
Puc. 6.8

Beegém cienyroniue nepeMeHHbIe:

type TStack=record
data: array of char;
size: integer;
end;

Orauuue cTeKa S OT CTeKa B Ipeablayineil 3ajadye TOJIBKO B TOM, YTO
OH COJEPIKUT He Iejble Yucja, a CHMBOJBI (Tuna char). IToaTomy
IPHBOAUTEL MOAIPOrpaMMel Push m Pop MbI He GyaeM, BBl MOXeTe UX
mepefiesaTh caMocTosaTeabHo. Jlna ygpo6eTBa J00aBUM TOJBKO JIOTHYE-
CKyI0 PYHKIIUIO, KOTOpad BO3BpalaeTr 3HadeHue True (ucTuHA), ecau
CTEeK IIyCT:

function isEmpty(S: TStack): boolean;
begin

isEmpty:=(S.size=0);
end;

BeenéM cTpoKOBBIe KOHCTAHTHI L m R, KOTOpHIE COJep:KaT BCe
BUbI OTKPHIBAIOIIMX M COOTBETCTBYIOIMAX 3aKDPHIBAIOIIUX CKOOOK:
const L = "([{';
R=")1}":
O6BLABAM ITepeMEHHBIE OCHOBHOW IIPOTPaMMBI:

var S: TStack;

p, i: integer;
str: string;
err: boolean;
c: char;

IlepeMenHasa str — TO MCXOAHAdA CTPOKa. Jlormyeckas nepemMeH-
gag err Oyzer curHammauposath o0 ommOke. CHavana eil mpucBau-
BaeTcd 3Ha4YeHUe False («JIOXKb»).

B OCHOBHOM LMKJIe MeHsieTcA Iejas IepeMeHHas i, KoTopas 060-
3HAYAET HOMEp TeKyIIero CMMBOJIa, epeMeHHasdA p MCHOJb3YyeTCd KakK
BCIIOMOTAaTeJIbHAA:
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for i:=1 to Length(str) do begin
p:=Pos(str[i], L); {1}
if p>0 then Push(S,str[i]); {2}
p:=Pos(str[i],R); {3}
if p>0 then begin 14}
if isEmpty(S) then err:=True {5}
else begin
:=Pop(S) ; {6}
if p<>Pos(c,L) then err:=True {7}
end;
if err then break {81}
end
end;

Cravana mer umem cumsox str{i] B crpoke L, T. e. cpean OTKPBIBAIO-
mux ckoGok (crpora 1). Ecam 510 AefCTBUTENBHO OTKPBHIBAIOIAN
cKoOka, momemaeM eé B crek (2). Jlaree WmeM CUMBOJI Ccpeau 3aKphbi-
BalOIMuUX cKO6ok (3). Ecim Hamim, To B mepByio odepens IpoOBepseM,
He mycT Jn cTeK. Ecim cTex mycr, BeIpaskeHue HEBEpHOE M IEpPeMeH-
HadA err NpUHUMAaeT MCTHHHOe 3HaueHue. Ecim B cTexke uTo-TO ecTh,
CHHMaeM CHMBOJ C BEPIIMHBI CTeKA B CHMBOJIBHYIO ITepeMeHHYo ¢ (6).
B crpoke (7) cpaBHMBaercs Tun (HoMep) 3aKpbIBaiOmeil CKOOGKM pu
HOMep OTKPBIBAIOIIel CKOOKH, HalJeHHOW Ha BepIIHHE cTeka. Beaun
OHM HEe COBINAZAIOT, BhIPAYKeHHE HENPABUJILHOE, U B TIEPEMEeHHVIO err
3anuceIBaeTca 3HadeHue True. Ecnu npu o6paboTKe TeKyIIEro cuMBO-
Ja OOHAapy»KeHO, YTO BbIDa)keHHe HeBepHOe (3HAYeHMe IepeMeHHOH
err — True), HY’KHO 3aKOHUYUTH IMKJ JOCPOYHO C IOMOIIBIO OIEPATO-
pa break (8).
B KoHIe nporpaMMel 0cTaéTcs BEIBECTH Pe3YJbTAT HA KpaH:

if not err

then writeln ('Bupaxenue npaeuiabHOE, ')
else writeln('Rumaweums wvarmmaomamemaa i .
B HKOHILE MO M MBI OCTAETCH BEIBECTH PeayIbLTAT HA PKPAH:

if not err
then writeln|('BupamxeHMe NpaEBMIEHOS. ")
elsa writeln('Bupameume HenmpasBMIeHoe. ") ;

Ouepenn, TexH

Bee MBI 2HAKOMEI ¢ NPHHIOHIOM oOdYepegd: OepbBobii apHRmen —
nepeeld obcnyxxen (amrn. FIFO: First In — First Out). Coorser-
CTBYHMIAR CTDYETYDPA HJAHHBIX B HHPODMATHKE TOMEe HAILIBASTCA OUe-
pesLIo.




AnropurMusauma U nporpaMmMmmpoBaHue

0 Ouepepnb — 3TO NMHENHbIA CNUCOK, AN KOTOPOro BBEAEHbLI ABE onepauuvu:
« nobasrneHve HOBOFO 3fIEMEHTA B KOHEL oYepeau;
e y[areHue NepeBoro afieMeHTa U3 oyepeau.

Ouepeb — 9TO He MPOCTO TeopeTHUecKasa Mozesnsb. OnepanuoHHbIE
CHCTeMbI MCIOJIB3YIOT OUepead [Jisfi OPraHW3alUuH COOOINeHHH MeMxay
IporpaMMaM#: KaskJas [IporpaMMa MMeeT CBOIO ouepelb COOOIIeHu.
KoHTpoJLIeps! MECTKUX AUCKOB (DOPMHUPYIOT O4Yepeau 3alpocoB BBOAA
¥ BBIBOJA JAHHBIX. B ceTeBLIX MAapIIPyTH3aTOPaX CO37aéTcs ouepelb
U3 NaKeTOB JaHHBIX, OMKHUAAIOINUX OTIPABKH.

3amaua 3. PucyHOK 3azaH B BHJe MaTpUIbI A, B KOTOPOH aje-
meHT Aly, x] onpezenser mBer mukcesad (X, y) Ha nepece4eHUH CTPO-
KH y u cronbna x. TpeGyercs mepeKpacuTh B I[BeT 2 OAHOLBETHYIO 00-
J1aCTh, HAUMHAA ¢ nuKcens (x,, Y,). Ha pucynke 6.9 noxkasan pesyiib-
TAT TAKOHM BaJMBKM JJA MATPUIOBLI M3 5 CTPOK M 5 CTOJOLOB C
HavYaJabHOU TOuko# (2,1).

1.8 Bydnb 1. BE Erdnb
1|of1f{o|1]|1 1 (oj2|o0|1]1
2 (1f1f1)2|2| (1) 2[2]2[2]|2|2
8lol1|of2|2| — 3 |oflof2]2
4/8l8|l118]2 4 |3[38|1|2]|2
5/0|/1[{1|0]0 5/0/1|1|0]0

Puc. 6.9

Dra sajada aKTyajdbpHa AaA rpadwdyecknx mporpamm. OaueH u3
BO3MOJKHBIX BADHAHTOB DelIeHHUsA KCIIOJb3YyeT oYepelb, 9JeMeHTHl KO-
TOpOH — KOOPAMHATHI NHUKceJel (ToueK):

nobaBUTE B ouepelb TOYKY (Xg, Vo)

3aNOMHUTE LBET HadaJlbHOM TOUKHU

HO, noKa odepelb He MycTa

B2ATb M3 odepemM TOUKY (X,Y)
ecnu Aly,xX]=LBeTy HadalJlbHOA TOUKM TO

Aly,x]:=2;

nobaBuMTE B Oouepens TOYKY (x-1,¥)

nobaBuTh B odvepens TOouky (x+1,Yy)

nobasuTe B ouepelb TOUKY (X,y-1)

nobaBuTe B ouepenb TOYKY (x,y+l)
BCEe
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Koneuno, B ouepeasr Z06aBIAIOTCA TONBKO Té TOYKH, KOTOPHIe HAXO-
AATCA B Hpefesax PUCYHKa (MaTpuibl A). 3aMeTHM, UTO B 3TOM aJiro-
PHUTMe HEKOTOPbIe TOYKH MOTYT ObITH AOGABJIEHBI B OUepelbh HECKOJb-
KO pas (moaymaiiTe, KOrfa aTo MOXKeT Ciay4duThes). [loaTomy anropurm
MOXXHO HECKOJIBKO YJIYYIINTh, KaK-TO IOMeYas TOYKH, Ve J00aBIeH-
HEBIe B Oo4Yepe/b, 4yToOLl He N00aBiIATL MX MOBTOPHO (mompobyiiTe che-
JaTh 9TO CAMOCTOATEJIBLHO).

[Be KOOpDAMHATHI TOYKM CBA3AHBI MeXAy coboif, I0ITOMY B npo-
rpaMMe Jy4nie O0beAMHUTH HMX B CTPYKTYPY TPoint (oT aHDiI.
point — TO4YKa), a 0Yepexb COCTABUTHL U3 TAKUX CTPYKTYD:

Type TPoint = record
X, y: integer;
end;
TQueue = record
data: array of TPoint;
size: integer
end;

Hna ymoberBa mocTpomMm GYHKIHIO Point, Koropas dopMupyer
CTPYKTYpPY THHa TPoint mo 3alaHHBIM KOOPAMHATAM:

function Point(x,y: integer): TPoint;

begin
Point.x:=x;
Point.y:=y
end;

HAns pabGoThl ¢ OYepenbIO, OCHOBAHHON HA AMHAMHYECKOM MaccHBe,
BBEJIEM JIBe IIOAIIPOrPaMMBI:
e Ipomenypa Put ngobaBiser HOBBIA 3JIEMEHT B KOHEI[ OYepeaH;
€CJIi HY’KHO, MacCHUB paciuupserca 6aoxamu no 10 aremMeHTOB;

e (QyHKNUA Get BO3BpAIIaeT MEPBLIA JEMEHT OUYepelH U YAaIdeT
ero u3 odepeau (006paboTky OommMOKH <Ouepejb IyCTa» BBl MO-
JKeTe cCHeJlaTh CAMOCTOATENIBHO); BCe CJEAVIOIIHEe 3JIeMEeHTBI
CABUTralOTCA K HaUaJly MAcCHBA.

procedure Put(var Q: TQueue; pt: TPoint);
begin
if Q.size > High(Q.data) then
SetLength(Q.data, Length(Q.data)+10);
Q.data[Q.size] :=pt;
Q.size:=Q.size+l
end;
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function Get (var Q:TQueue): TPoint;
var i: integer;
begin
Get:=Q.data[0];
Q.size:=Q.size-1;
for i:=0 to Q.Size-1 do
Q.data[i] :=Q.data[i+1]
end;

Ocraércsa HaAIHCATh OCHOBHYIO mporpammy. OOBABIAEM KOHCTAHTHI
¥ IepeMeHHBIe:

const XMAX = 5; YMAX = 5;
NEW COLOR = 2;
var Q: TQueue;
x0, y0, color: integer;
A: array[l..YMAX,1l..XMAX] of integer;
pt: TPoint;

Ipenmnonaoxum, 9T0 MaTpuna A samosiHeHa. 3a7aéM MCXOJHYIO TOUKY,
¢ KOTOpOi HAauMHAeTCA 3aJMBKa, 3alIOMHHAEM €€ «CTaphiii» IBET U J0-
faBisgeM 9Ty TOUKY B odepelb:

x0:=2; y0:=1;
color:=A[y0,x0];
Put (Q, Point (x0,y0));

OCHOBHOM ITUKJI OpakTUYeCKH IOBTOPsET aJIropuTM Ha IIceBAOKOne:

while not isEmpty(Q) do begin
pt:=Get (Q) ;
if Alpt.y,pt.x]=color then begin
Alpt.y,pt.x] :=NEW COLOR;
if pt.x>1 then Put (Q,Point (pt.x-1,pt.y));
if pt.x<XMAX then Put (Q,Point (pt.x+1l,pt.y));
if pt.y>1 then Put (Q,Point(pt.x,pt.y-1)):
if pt.y<YMAX then Put (Q,Point(pt.x,pt.y+l))
end
end;

3pech hyHKOuA isEmpty — Takad ke, KAk U JJId cTeKa: Bo3BpamaeTr
True, ecau ouepens nycTa (mose size paBHO HYJII0).

B mnpuBenéHHOM DpUMepe Hayajgo oOdYepead BCerga CcoOBIAAAeT
C TIepBLIM 3JIEMEHTOM MaccuBa (MMeIOIUM HHJIEKC 0). IIpu stom yzna-
JeHHe 3jleMeHTa M3 odepedu Hea(pdeKTHBHO, MOTOMY 4YTO Tpebyerca
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COBMHYTE BCE OCTaBIIMeCH 2JIeMeHThl K Hauvany maccusa. CymiecTsyer
M IPYTOM MOAXOJM, IPH KOTOPOM 3JIEMEHTHI OYePeAH He NepeJIBHUTaioT-
cda. JlonmycTuM, YTO MBI 3HAeM, YTO KOJIMUUECTBO 3JIEMEHTOB B Ouepeam
Bcerjga Menbuie N. Torga MoXHO BBIAEJNUTHE CTATHYECKHMII MACCHB M3
N anemenTOB (¢ MHAEeKcaMu oT 1 0 N) ¥ XpaHUTHL B OT/EJbHBIX Iepe-
MEHHBIX HOMEpPA IEePBOrO 3dJIeMeHTa ouepelu («roJIOBBI», aHTJ. head)
Hu TocjeJHero ajgeMeHTa («xBocra», aHri. tail). Ha pucysake 6.10, a
nokKasaHa odepeab M3 5 aneMeHTOB. B aToM cliyuae yaajieHue siieMeH-
Ta M3 O4YepeArd CBOJUTCA IPOCTO K YBEJIMUYEHUIO HepeMeHHOM Head
(puc. 6,10, 6).

a Head Tail
1 | | N

1 2| 3 4 | 5

o Head Tail

8 Tail Head
1 ‘ 1 N
9 | 10 {:11- 12 1 2 3 4 5 6 7 8
2 Tail Head

1 . A N

Puc. 6.10

Ilpu nobaBnenuwn deMeHTA B KOHeI| ouepean mepemenHaa Tail yBesn-
yuBaercsa Ha 1. Eciu oHa mepes aTum ykasbiBaja HA TIOCHeIHUIT diie-
MEHT MacCHBa, TO CHEAYIOIIHH dJIeMEHT 3allMChIBAeTCH B HAUAJIO MAaCCH-
Ba, a nepeMeHHo# Tail npucBauBaerca sHauenwe 1. Takum oOpasom,
MaCCHB OKa3bIBAETCHA 3aMKHYTBIM «B KOJbIO». Ha pucynxe 6.10, 8 no-
KasaHa IEeJMKOM 3aloJHeHHas oudepejb, a Ha puc. 6.10, ¢ — mycras
ouepeAb. OAMH 2JIeMEHT MAaCCHBA BCErJa OCTAéTCHA HE3aHATHIM, WHAYE
HEBO3MOKHO OyZleT PasiuvYUTh COCTOAHHA «0YepeAb IIyCTa» M «ouepelb
3amoJIHEeHAa» .

OrmeruM, 4YTO NpUBEAEHHAS 3J€Ch MOJENb OIMUCHLIBAET paGoTy
KoJbIeBOro Oydepa KiaaBHATyphl, KOTOPBI MOKeT XpaHWUTL A0 15
ABYyX0alTHBIX CJIOB.




AnropurmMusauus U NnporpaMmmMupoBaHue

Kpome Toro, ouepess MOXKHO IIOCTPOUTH Ha OCHOBE CBA3HOI'O CIIHC-
Ka (cM. § 41). [leranu Takoi peasmsaniuu MOMKHO HaAWTH B JUTepaType
unu B UHTEpHETE.

CymiecTByeT elje OfHA JMHeHHasaA AUHAMHYECKasa CTPYKTypa JaH-
HBIX, KOTOPadA HAa3LIBAeTCH JeK.

[lex — 37O NMHEeMHbIN CNMCOK, B KOTOPOM MOXHO AobaenaTe 1 yaanaTb
3MeMmeHTbl KaK C OIHOTO, TaK M C APYroro KoHua.

W3 sToro ompeiesieHus CIEeAYeT, 4TO JeK MOKeT
paboTaTe ¥ Kak CTeK, W Kak odepeAb. C IOMOIIBIO
JeKa MOKHO, HAIpPUMEpP, MOJIEeJIHpPOBaTh KOJIOAY
UrpajbHBIX KapT.

Bonpocskl n 3apnaHuns

1. Yro Taxoe crex? Kakue onepanuu co cTeKOM paspemieHb1?

2. Kax MCIOJIB3yeTCH CHCTeMHBIN CTEK NPH BBINOJHEHUU IporpaMm?

3. Kaxkue omu6Ky MOTYT BOZHHUKHYTH IIPU MCIIOJB30BAHUM cTeKa?

4, B KaKuX cay4asx MOKHO HMCIOJb30BaTh OOBIYHEIN MACCHB JUIA MOJEJIH-
poBaHHA cTeKa?

5. Kak mocTpouTh CTEK Ha OCHOBE JWHAMHYECKOI'o Maccupa?

6. Ilouemy Ipu mepejade CTEKa B IOAINPOrpaMMEl, IPUBEAEHHLIE B IIaparpa-
de, COOTBETCTBYIONIUII TapaMeTp JOJI3KeH ObIThE H3MEeHAeMbIM?

7. UYto Takoe ouepens? Kaxue omepanuu oHa Jomyckaer?

8. IIpuBeauTe NIPUMEDH 38/1a4, B KOTOPBIX MOKHO MCIOJbL30BATE O4Yepe/b.

IToaroroBnTe coobLIeHNE

a) «MozenupoBasue cTeKa u odepenu B asbike Cu»

6) «MozenupoBaHue cTeKa u odepeau B asbike Python»
B) «MogenupoBaHue ouepe/ i ¢ HOMOIILI0 CTEKOB»

r) «Ouepensb ¢ IPHOPHUTETOM »

3apaum

1. Hanumure nporpaMmy, KOTopas <«IlepeBOpauYMBaeT» MAacCHB, 3aIMCaH-
HBIA B daiiyi, ¢ moMomisio creka. Pasmep maccuBa HeusBecTeH. Bee ome-
palHM CO CTEKOM BEIHECHTE B OTJEJbHEIH MOAYJIb.

2. HanumuTre mporpaMMmy, KOTOpasi BEIYMCISET 3HAYeHUEe apH(hMeTHYecKOo-
ro BHIDA’KeHUS, 3AIMCAHHOTO B mocTdukcHOH ¢dopme. BripadeHue BBO-
JIHUTCHA ¢ KJIABHATYDPHI B BH/le CHMBOJBHOH CTPOKH.




AdepeBbs

3. Hanumure mporpaMmy, KOTopas MIpOBepseT IpPaBHJIBHOCTH CKOBGOYHOIO
BRIDa)XeHUs C YeTHIPbMA BuAamu ckobok: (), [], {} » <>. Bee omepamun
CO CTEKOM BBIHECHUTE B OTJAeJbHBII MOIY.JIb.

*4, Haligure B TuTeparype unu B UHTEepHETE aJirOPATM NepeBoja apudMern-
YEeCKOT'0 BbIpajkeHHWs U3 WH(PHKCHOH GOPMBI B HOCTHUKCHYIO M HAIMIIN-
Te IporpaMMy, KOTOpas pelIaeT 3Ty 3amady.

5. Hanumure mporpaMmy, KoTopas BBINOJHAET 3aJHUBKY OJHOIBETHON 06-
JIaCcTH 3aJlaHHBIM OBeToM. MaTpuiia, comeprkalnas IBeTa MHKceJeil, BBO-
auTca u3 daiina. 3aTeM ¢ KJIaBHATYPhl BBOAATCS KOOPAMHATHI TOYKH 3a-
JIMBKH M IBeT 3aJuBKU. Ha skpaH HY’KHO BBIBECTH MATPHUILY, KOTOpas
HOJyYHJIaChk Iocje 3aJuBKHU. Bce omepamuy ¢ ouepeibio BHIHECHTE B OT-
JeJbHBIH MOAYJIb.

*6. IlepenuIuTe IPOrpaMMy M3 3ajJadd 5 — HCIIOJNL3YITe CTATHYECKHIT Mac-
CHB JUIA OpraHusanuu ouyepeau. CumraiiTe, 4TO B Ouyepeayu MOKeT GHITH
He Gosee 100 anemenTos. Ilpeaycmorpute 06paboTKy OMIHMOKH <«0dYepensb
nepenoJHeHa ».

*7. Hanumiure nporpaMMy pelIeHHs 3aJad¥ O 3aJIUBKe 06JacTH, moMedas
IPH 3TOM TOYKH, JoOaBlIeHHEIe B ouepeib, 4ToOBI He HOGABIATE WX IIO-
BTOpHO. B uém mpeuMyIecTBa u HeJOCTATKU TAKOTO aJropuTMa?

§ 43
AdepeBba

Yro Takoe gepeso?

Kax BeI 3HaeTe u3 yue6Huka 10 kiacca, mepeBo — 5T0 CTPYKTYpAa,
OTpa’kalomas uepapXxuio (OTHOIIEeHUSA NOAYMHEHHOCTH, MHOTOYDPOBHE-
Bble cBA3M). HamoMHHM HEKOTOpbIe OCHOBHBIE IOHATHS, CBA3AHHBIE
C JIePEBbAMM.

lepeBo COCTOUT U3 y3JI0B M CBA3eH MeKAy HUMHU (OHH HA3bIBAIOT-
ca gyramu). CaMblit IepBBIi y3eJ, PACIIONOKEHHbIH Ha BepXHEM YPOB-
He (B HEro He BXOJAMT HU OJHA CTPeJKa-Ayra), — 5TO KOPEHb Jepesa.
Koneunsie y3ibl, M3 KOTOPBIX He BHIXOAWUT HU OZHA AYra, HA3HLIBAIOTCH
JucTthbAMH. Bce ocrajbHBIE y3/IbI, KDOME KODHS H JIHMCTHEB, — B3TO
IIPOMEe}KYTOYHbIE Y3JIbI.

W3 nByxX CBA3AHHBIX Y3JI0B TOT, KOTODBIH HAXOAUTCS Ha 6GoJiee BbI-
COKOM YpPOBHE€, Ha3bIBA€TCA PpOAMTeJeM, a JApyroii — ceiHOM. Ko-
PeHb — 2TO eIMHCTBEHHBIN y3eJl, Y KOTOPOrO HET DOJAUTEJISA; V JUCTHEB
HeT CbIHOBEeil.

Hcnonpayioress TakiKe MOHATHS «IPefOK» M «IOTOMOK». IloTo-
MOK KaKOro-TO ya3Jjia — 9TO y3eJ, B KOTODBIH MOKHO HEepelTH Io

£ Jog




ANropuTMM3auus U NporpaMMmmupoBaHue

o cTpejKaM oT yaJja-npenka. CooTBeTCTBeH-
HO, TMPeI0K KaKOro-TO y3jaa — 3TO y3el,
e e U3 KOTOPOro MOXKHO TepelTH 1o CcTpej-
KaM B JIaHHBIN y3eJ.
B nepese Ha puc. 6.11 ponuTens ysna
e 9 o @ E — aTo yzen B, a npeaku ysna E — aro
Puc. 6.11 yanael A u B, ans KOTopeIX y3ea E — mo-
Tromok. Iloromxamu y3aa A (KopHA
JlepeBa) SIBJSIOTCA BCe OCTAJbHbBIE Y3JIbI.
BeicoTa mepeBa — 9T0 HauboJbliee paccToAHUE (KOJIHYECTBO AYT)

OT KOpHA 0 aucTa. Beicora aepesa, npusegéHHOro Ha puc. 6.11, pas-
Ha 2.

0 dopmanbHO AepeBo MOXHO ONpeaenvTsL creayowmm obpasom:
1) nycras cTpykTypa — 370 Aepeso;
2) nepeBso — 3T KOPEeHb U HECKOMbKO CBA3AHHbBIX C HUM OTAEMNbHbIX
(He cBsi3aHHbIX Mexay coboit) nepeBbEeB.

31ech MHOKeCTBO 00beKTOB (ZlepeBbeB) ONpejiesigeTCs Yepes3 caMo
3TO MHOKECTBO Ha OCHOBe IpocToro 6asoBoro ciaydas (IycToro aepe-
Ba). Takoii mpméMm HasbIBaeTcs peKkypcueil (cm. riaBy 8 yueOHHKA
nna 10 xnacca). CorsiacHo aTOMY OIIpe/leJIeHUIO, AepeBO — 3T0 PeKyD-
CHBHAS CTPYKTYpa AaHHBIX. [[09TOMY MOKHO OXKHAATh, YTO IpH pabo-
Te ¢ AepeBbAMH OYAYT MOJE3HBI PEKYPCUBHBIE aJITOPUTMBL.

Yange Bcero B MH(OpMATHUKE WUCIONB3YIOTCA O060UYHble (WIH OUu-
HapHbvle) fepeBbs, T. €. TaKue, B KOTOPBIX KasKIBIN y3es umeeT He 6o-
Jlee NBYX CchIHOBeM. VIX TaKiKe MOKHO ONpEeJeJUTh PEKYPCHUBHO.

0 [BouyHOe agepeBo:
1) nycras cTpykTypa — 9T0 ABOUYHOE AEPEBO;
2) nBOMYHOE AEPEBO — 3TO KOPEHb W ABA CBA3AHHbIX C HUM OTAEIbHbIX
[BOWYHbLIX AepeBa (nesoe v npasoe noaaepesbs).

IlepeBbsi MIMPOKO NPUMEHAIOTCA B CHEAYIOMUX 3ajadax:

® poucK B 0OJIBIIOM MAaCcCHBE HEMEHAIIUXCH JAHHBIX]

® COpPTUPOBKA HAHHBIX;

® pruyucieHHe apu(p)METHIECKHUX BHIPaKeHUH;

® onTUMAIBHOE KOAMpOBaHUE AaHHBIX (Meroh cxxarusa Xadbdmana).




Oepesbs

JdepeBbs MOHCKA

M3BecTHO, YTO AJSA TOro, 4ToObl HAWTH 3aJaHHBINA 3JIEMEHT B He-
yIOpAZOYEHHOM MaccuBe u3 N 2JeMeHTOB, MOKET noHagobutrscsa N
cpaBHeHuii. Teneps NPEAOIOKHAM, YTO dJI€MEHTH MAcCHBa OPraHU30-
BaHBI B BHJE CIIelMaJbHBIM 00pasoM IMOCTPOEHHOIO JepeBa, HallpuMep
KakK moxasaHo Ha puc. 6.12.

(6)

Puc. 6.12

3HauyeHUA, CBA3AHHBIE C Y3JaMH JepeBa, IO KOTOPHIM BEIIMOJHAETCH
[IOWCK, HASLIBAIOTCSA KJIYAMM 3TUX Y3J0B (KpoMe KJIIOYa y3es MOXKeT
cozepIKaTh MHOMKECTBO APYIMX AaHHBIX). IlepednciuM BasKHBIE CBOM-
CTBa JiepeBa, MIOKa3aHHOro Ha puc. 6.12:
® cjleBa OT KaXJOro yaJa HaXONATCHA Y3Jbl, KJIIYH KOTOPBHIX
MeHBIIIe WM PABHBI KJIOUY AAHHOTO y3Ja;
® crpaBa OT KadkJOIO y3ja HAXOAATCA Y3Jbl, KJIOYHA KOTOPBIX
B6ONBINe WM PABHBI KJIIOUY JAaHHOTO yaJia.
IlepeBo, obiamaiomiee TAaKMMH CBOMCTBAMH, HA3bIBAETCHA IBOMYHBIM
JAepeBOoM IOMCKA.

HanpuMmep, NycTh HYKHO HallTH y3es, KJIOY KOTODOTO paBeH 4.
Haumnaem moucK no gepeBy ¢ kopHs. Kirou kopaa — 6 (Gosbie sa-
IaHHOTO), IIO3TOMY Jajibllle HYKHO UCKATh TOJBKO B JIEBOM HOAJepeBe
u T. 1. Ecay npu JTUHEHHOM IMOHMCKe B MacCHBe 3a OJAHO CDaBHEHHE OT-
ceraerca 1 sjeMeHT, 3/ieck — Cpa3y IPHMepPHO IIOJIOBHMHA OCTaBIIMX-
ca. KomuuecTBo onepanuii cpaBHeHHA B 3TOM CJiydae NPOMOPLAOHAE"
#O log,N, T.e. airopuTM HUMeeT ACHMITOTHYECKYIO CJIO¥KHOCTH
O(log,N). Koneuso, HY}KHO y4YUTBIBATE, YTO IPeABAaPUTENHHO AEPEBO
JOJKHO 6BITH mocTpoeHo. [loaroMy Takoil aJropuTM BBIMOAHO IpUMe-
HATH B TeX CJydasX, KOTAa JaHHbIe MEHAIOTCA PEAKO, & IOHUCK BEI-
noJHAeTCA YacTo (HanmpuMep, B 6asax AaHHBIX).

06x0a1 IBOMYHOTO JAepeBa

OG0T JlepeBO — 3TO 3HAUYHT «IIOCETHUTH» BCE Y3JIBl IO OJAHOMY
pasy. Eciu nepeuuciuTs y3Jbl B NOPAJKE MX MOCEIIeHWs, MBI IIDe.-
cTaBUM JaHHEIE B BHJE CIIMCKA.
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CylecTByIOT HECKOJIBKO cI0c0BOB 06X04a AepeBa:

o KJIII — «xopeHs — JIeBbI# — npaBhiii» (06X0A B IPAMOM IOPSAKe):
NnoceTmnTh KOpeHb

o0oNiTKH JIeBOE NOOOEepPeBO

o0oiTK npaBoe NOLOEPEBO

o JIKII — «aeBblif — KOPeHb — IpPaBbI» (CHMMETPUYHBIH 06X0J):
oBoiTM JIeBOE IoOOepesBo

NOCETUTE KOPEHb

o6oiTK mpaBoe NONOEPEeEO

o JIIIK — «xeBbrit — mpaBelii — KOpeHb» (06X0X B 0GPATHOM IIO-
pAnKe):

OBOMTHM JIeBOe MOOOepeBO

OBOMTHM NpaBoe MNOLOEepeBOo

NNoCeTUTE KOPEeHb

Kax Buaum, 510 peKypcuBHbIe anropuTMel. OHH AOJIKHBI 3aKaH-
YUBATECA Ge3 MOBTOPHOrO BHI30BA, KOIZA TEKYIIMH KOPeHb — IIyCTOE
ZIlepeBo.

PaccmoTpuM fepeBo, KOTOpoe MOKeT GBITH COCTABJIEHO [JIA BBIYUC-
JIeHHA apu(pMeTHIecKoro Belpaxkesuda (1 + 4) * (9 - 5) (pue. 6.13).

Puc. 6.13

Beipa)keHue BEIYHCIIAETCA IO TAKOMY JeDEeBY CHU3Y BBepX, T. €. Ioce-
IjeHye KOPHA JepeBa — 3TO NOCJeAHSAA BBINOJIHAeMas Onepanus.

Paznuunbie TMNBI 06X04a AAIOT IIOCHEA0BATEIBHOCTD Y3JI0B:

KJIII: * +14 - 95

JKII: 1 + 4 * 9 - 5

JIIK: 1 4 + 9 5 - *
B nepsom ciayuae MBI mosy4mian npedurcHyo Gopmy 3amucu apudme-
THYECKOI'0 BBIDasKEHHHA, BO BTOPOM — IIPHUBBIYHYIO HAM HHPHUKCHVIO
Gopmy (Tonpxo 6ea ckoGok), a B TpeTbeM — HOCTHUKCHYIO (opMy.
HanomauM, 4T0 B mpedMKCHON u B mocTdUKCHOI GopMax CKOOKH He
HYKHBI.
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0O6xox KJIII maswsiBaeTcs «00X0AOM B INIyOMHY», IOTOMY 4YTO CHa-
yajla Mbl HAEM Briaybb aepeBa IO JIEBBIM TNOJAJEpeBbAM, I[OKa He
noipém go aucta. Takoil 06X0k MOKHO BBINIOJHHUTE C IIOMOIIBIO CTEKa
caenyiomuM o0pasom:
3alIMCcaTk B CTeK KOpPeHb »OepeBa
HI] [IOKa CTEeK He MycCT
BuOpaThk yz3en V C BEepUMHE CTeKa
noceTuTs y3en V
ecnmn y y3na V ecTk MNpaBeii CBH TO
no6aBuTe B CTEK MNPaBoOr'oc CHHa V
BCE
ecnu y y3na V eCcThb JIEBHM CHH TO
nobaBUTE B CTEK JIEBOT'O CeHa V
BCeE
I

Ha pucyske 6.14 moxasaHo M3MeHEHHE COCTOSHHSA CTeKa IIPH Ta-
KoM obxoze nepesa, uaobpaskennoro Ha puc. 6.13. ITox crexom 3ammu-
caHa MeTKa y3Jia, KOTOPBI# mocemaeTcsa (HapuMep, AaHHbBIE U3 3TOTO
y3Jia BBIBOAATCA HA 9KpaH).

1
ot 4 =l 9
= s =g —=— — -
* + 1 4 - 9 5
Puc. 6.14

CymecTByeT emé oauH crocod o0X0Aa, KOTOPBIM Ha3bIBAIOT 00XO-
mom B mupHHY. CHauaja mocelalT KOPeHbL JepeBa, 3aTeM — BCeX
ero ChbIHOBeli, 3aTeM — CBIHOBeil ChIHOBE# («BHYKOB») M T. Z., IIOCTe-
TIeHHO CIIyCKasich HAa OAWH ypoBeHb BHu3. O6xox B MMPHUHY AJA OpPHU-
BeJEHHOI'0O BEIIIE JAepeBa JacT TaKylo IMOCJeNOBATeJbHOCTh IOCEINeHNA

Y3JIOB:
* otk o= 7L o4 D

Inast Toro 4To6bl BBHIMOJHUTE TAKONW 00X0J, NMPUMEHAIOT OYepelb.
B ouepens 3anMCHLIBAIOT Y3JbI, KOTOpble HEoOXoauMo moceTuTh. Ha
IceBAO0KOoAe 00X0/ B IIMPHHY MOYKHO 3amHcaTh Tak:
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3anMcaTe B OdYepelb KOPEeHb IeperBa
HIl nIoKa odYepene He NycTa
BEIOPATEL MEepBEli y3en V M3 ouepemm
noceTuTe yszen V
ecnn y y3na V ecThb JIEBHIM CHH TO
H06aBUTE B odUepens JIEBOTO CHHa V
BCe
ecnm y y3ya V ecTe NpaBeil CHH TO
noBaBMThL B OYepenb NpPaBoro ChHa V
BCe
K11

Beruucienue apudmernueckux BhIpaKeHHUI

Oxus u3 CIOCOGOB BHIYMCIEHUA apU(PMETHUYECKHX BHIPAYKEHUI
OCHOBaH Ha MCIIOJb30BaHWU JepeBa. CHauana BeIpajkeHHe, 3alUCcaH-
HOe B TWHEWHOM BuJe (B OJHY CTPOKY), HY?KHO «pas3obpaTb» U HOCTPO-
HUTHh COOTBETCTBYIOIEe eMy AepeBO. 3aTeM B peayJbTaTe IPOXOAa IO
9TOMY AEPEeBY OT JHCThEB K KOPHIO BBIUMCJIAETCH PE3YJLTAT.

s mpocToTsl OyaeM paccMaTpUBAThL TOABKO apudMeTHYecKHe
BBIPaXKEHU#A, coJepsKalliue 4HUCIa U 3HAKH YEeTBIPEX apu(pMeTHYeCKUX
onepauuii: + - * /. ITocTpoum ZiepeBo AJisi BBIPAYKeHUA

40— 2 * 3 - 4 * 5§
HysHo cHavama HaliTH NOCJHEJHION ONEepanuio, TPOCMATPHBAS

BBIDAJsKE€HHE cJIeBa HalpaBo. 3Jech IMOCJHeIHAS ONepanus — 3JTO BTO-
poe BEIYHTAHHE, OHO OKa3bIBaeTcd B KOPHe Aepera (puc. 6.15).

0] -] 2] *] 3] FYEE]

Puc. 6.15

Kakx BBINONMHUTEL 2TOT moucK B mporpamme? M3BecTHO, YTO OmEpaIlny
BBIIIOJIHAIOTCH B NOpPAJKEe NpHOpHTeTa (CTApIIMHCTBA): cHadaja oIle-
panuu ¢ Gojee BBICOKMM IIPUOPUTETOM (CjieBa HANpPaBO), MOTOM —
¢ Gonee HM3KHM (Takike cieBa Hampaso). OrTcioga cieayeT BarKHBIM
BBIBOJI.

B KopeHb AepeBsa Hy)HO NOMECTUTL NOCAEAHIOKD U3 OnepaLuii
C HaUMEHBLLMM NPUOPHUTETOM.




Depesbs R

Terneps HYKHO TMOCTPOMTH TAKMM JKe cCIocoDOM JieBoe U IIpaBoe
noaaepesbs (puc. 6.16).

Puc. 6.16

JleBoe moamepeso Tpebyer emié ogHoro mara (puc. 6.17).

(2
(= ()
© & O O
2 ®

Puc. 6.17

Jra mmpoueAypa peKypcHUBHasA, eé MOYKHO 3allMCaTh B BHJie NCeBAOKOIA:
HamTU MOCJIENHIKL BHINTOJHAEMY ONepalMio
ecnm onepauuyi HET TO
co3maThk Y3eNn-JIMCT
BEIXOI,
BCeE
NMOMECTUTE HaWOEHHY oNepauuio B KOPEeHb IOepeBa
NOCTPOUTE JIEBOE MNOOOEPEBO
MOCTPOUTHL MIpaBoe MNOAOEpPEeBO

Pexypcusi 3aKaHuYuBaeTCs, KOrZa B OCTABIIEHWCs YACTH CTPOKHU HET HH
OJIHOM omepaluyu, 3HAYUT, TAM HAXOAUTCH YKCIO (3TO JIUCT JepeBa).

Teneps BBIYMCIUM BbIpakeHue 1m0 gepeBy. Eciam B KOpHe Haxo-
AUTCS 3HAK Olepalny, e€ HY’KHO NPUMEHHUTH K pe3yJbTaTaM BBIYHC-
JIEHUA IOJ/IePeBbeB:

nl:=3HadeHMe JIeEBOI'O NonuepesBa

n2:=3HadYeHue MNpaBoro noiurepesa

pesynbTaT:=onepaumsa (nl, n2)

CHOBa ONIYYHJICA PEKYPCHBHBIA AJITOPUTM.
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Boamosxken ocobblit cayyail (Ha HEM 3aKaHUYMBAeTCs peKypcusd),
Korjla KODeHb JlepeBa COZEPIKHUT YUcao (T. €. 3TO JUCT). ITO YHCIO
u OyzeT pe3yJIbTATOM BBIYMCJIEHUSA BLIPDAKEHHA,

Hcnoas3oBaHMe CBA3AHHBIX CTPYKTYP

IlockonbKy nBOMYHOE AEepeBO — 3TO HEJIMHEHHAas CTPYKTYpa MaH-
HBIX, HCIOJIB30BaTh AUHAMHUYECKHH MAacCHB I/ pasMeIleHusd 3JeMeH-
TOB He O4YeHb yA006HO (XOTA BO3MOXKHO). BMecTo aToro 6yaeM mcmoib-
30BaTh CBA3aHHBIe y3Jibl. Kasablll TakoW ys3eix — 3TO CTPYKTypa, CO-
Jep:kamiasg TpH obigacTu: o06JacTs JaHHBIX, CCBLIKA Ha JeBoe
nojzepeso (ykasaTesb) M CCBHLIKA HA NPaBOe IOALEPeBO (BTOPOH yKa-
3aTesnb). Y JUCTheB HET CHIHOBEH, B 9TOM CJydae B yKasaTeau Oyaem
3anuceIBaTh 3HaYeHHe nil (HyJsieBo# ykasarenb). [lepeBo, cocrodmiee
M3 TPEX TAKUX Y3JI0B, IIOKA3aHO HA puc. 6.18.

| Mammwe [ o [ @ |

l Iaunbie I nil | nil l ’ Iaunbie I nil | nil |

Puc. 6.18

B nmamHOM cnyuae o6sacTs JAaHHBIX y3Ja Oy[eT coAep:kaTh OJHO
1oJjie — CHMBOJIBHYIO CTPOKY, B KOTOPYIO 3aIMCEIBAETCS 3HAK Omepa-
MY WUJIH YHCJIO0 B CHMBOJIBHOM BHJIE.
Beeném nBa HOBBIX THIA: TNode — y3en aepeBa, ¥ PNode — yKa-
3aTesb (CCBLIKY) Ha TAKOM y3e:
type
PNode = “TNode;
TNode = record
data: string[20];
left, right: PNode
end;

Camblif BasKHBIA MOMEHT — BBIJeJI€HHE NaMATH II0J HOBYIO
cTpyKTYpYy. IIpeanonoxum, 4To p — 9TO mepeMeHHaA-yKaszaTeJlb TAIA
PNode. Ilma Toro 4urobGbl BBIJEJNHUTH HAMATH II0J HOBYIO CTPYKTYDY
M 3anMcaTh ajipec BBIAEJEHHOro 0JIOKa B p, HMCIOJb3yeTCA Ipoleaypa
New (auriu. new — HOBBIR):

New (p) ;




AepeBbs

Kak mporpaMma onpefienser, CKOJIbKO MaMATH HYKHO BBIJEJIUTH?
Yro6bl OTBETUTh HA 3TOT BOIIPOC, BCIIOMHHM, YTO yKasaTeJb P YKasbl-
BaeT Ha CTPYKTYpPY Tuna TNode, pasMep KOTOPOH M ompeaessieT pas-
Mep BBIJIEJIAEMOro OJI0Ka TaMATH.

Onst ocBOOOMKAEHUA MaMATH CHIYKUT Ipoleaypa Dispose (aHri.
dispose — JMUKBUAUDPOBATE):

Dispose (p);

B ocHOBHOH mnporpamme oO0BABUM OJHY TIepPeMeHHYIO THIIA
PNode — aTO OyJeT cchLIKa Ha KOPeHb JepeBa:

var T: PNode;
BrelunciaeHne BEIPa’KeHUsI CBOAUTCS K ABYM BbIZOBaM (DYHKI[HIH:

T:=Tree(s);
writeln ('PesyneTar: ', Calc(T)):;

3meck mpepamoJiaraeTcs, 4Tro apudMeTHYECKOe BBIPAXKeHHE 3aIlMCaHoO
B CHMBOJIBHOH CTPOKEe S, (QpYHKIHA Tree CTPOMUT B MaMATH JepeBo IO
aTO# cTpoke, a GyHKIUA Calc — BBIYMCIAAET 3HaAYEeHWE BBIPAKeHUs
IO TOTOBOMY JepeBy.

Ilpu mocTpoeHHH AepeBa HYXXHO BBIAEJATH B IIAMATH HOBBIH y3es
¥ MCKAaTh IOCJEIHIOK BBIMOJHAEMYIO OIlepamuio — 3To Oyaer aeaThb
dyurmus LastOp. OHa BosBpamaer 0, ecau HH OAHOHM omepanuu He
00HApyIKeHO, B 9TOM CJIy4ae CO3AaéTcs JIHCT — y3eJ 6e3 IIOTOMKOB.
Eciu onepanusa HalifieHa, e€ o003HauYeHHe 3aluchbIBaeTcs B noJie data,
a B yKasaTeJd 3alMChIBAIOTCA agpeca noJlepeBbeB, KOTOPhIe CTPOATCH
PEKYPCHBHO JIJI JIEBOM U IIPAaBO¥ 4acTel BhIPAKEHUA:

function Tree(s: string): PNode;

var k: integer;

begin
New (Tree) ; {BHIOENMTE NaMATEk}
k:=LastOp (s) ;
if k=0 then begin {cozpmaTe JsmcT}

Tree”.data:=s;
Tree”.left:=nil;
Tree”.right:=nil;

end

else begin {cozmaTe yz3en-onepauuo}
Tree”.data:=s[k];
Tree”.left:=Tree (Copy(s,1,k-1));
Tree”.right:=Tree (Copy (s, k+1,Length(s)-k))

end

end;
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Pysrnua Calc ToxKe OygeT peKypCUBHOIN:
function Calc (Tree: PNode): integer;
var nl, n2, res: integer;
begin

if Tree”.left = nil then
Val (Tree”.data, Calc, res)
else begin
nl:=Calc(Tree”.left);
n2:=Calc(Tree”.right);
case Tree”.data[l] of
'+': Calc:=nl+n2;
'-': Calc:=nl-n2;
t*¥t: Calc:=nl*n2;
'/': Calec:=nl div n2;
else Calc:=MaxInt
end
end
end;

Ecan cerlika, nepenanHas GYHKIHY, YKa3bIBaeT HA JUCT (HET JIEBOI'O
moAfepeBa), TO 3HaUeHHe BHIPAXKeHHUs — 3TO pe3yJbTaT npeobpasosa-
HHUA YUCJa U3 CUMBOJBHOM (DOPMBI B UHCJIOBYIO (C TIOMOIIBIO IIPOIEAY-
pel Val). B mpoTUBHOM ciy4Yae BBIYHUCIAIOTCA 3HAYEHUA IJIA JIEBOTO
¥ IpPaBOTO HOAJEPEBLEB ¥ K HUM IIPUMEHSETCHA Olepanus, YKasaHHAd
B KOpHe JepeBa. B ciyuae omubKu (HeM3BeCTHOH omepanuu) PyHK-
A BO3BpalaeT 3Ha4eHue MaxInt — MaKCHMAJIbHOE IEJI0e YHUCJIO.

Ocranock HanucaTh GyHKOUIO LastOp. Hy:KHO HAWTH B CUMBOJIbL-
HOM CTpPOKEe IOCJEZHIOI OIEePAIlHI0 ¢ MHHHMAJIBHBIM IIPAODHTETOM.
Ins aroro cocraBuM (YHKIUIO, BO3BPAIANOIYIO IIPHOPHUTET oOIepa-
uuu (IepefaHHOro e CUMBOJIA):

function Priority(op: char): integer;

begin
case op of
'+','-": Priority:=1;
PR1; /Y Priority:=2;
else Priority:=100
end
end;

CrnoskeHHe W BBIYUMTAHHE HMEIOT IPUOPUTET 1, YMHOMKEHUE W JjeJie-
HHe — TPHOPHUTET 2, a BCe OCTAJNbHEIE CHUMBOJIbI (He omepamum) —
npuopurer 100 (ycioBHOe 3HaueHHE).




Hepesbsa

Dyarnua LastOp MOMKeT BHIIVIALETH TaK:
function LastOp(s: string): integer;
var i, minPrt: integer;

begin
minPrt:=50;
LastOp:=0;

for i:=1 to Length(s) do
if Priority(s[i])<=minPrt then begin
minPrt:=Priority(s[i]);
LastOp:=i
end
end;

ObGparure BHMMaHMWe, YTO B YCJIOBHOM OIlepaTOpe YKa3aHO HeCTpOroe
HEePaBeHCTBO, 4YTOOBI HAWNTH WMMEHHO NOCAeOHI00 OIepalMio ¢ Hau-
MEHBIIHUM IpuopuTeroM. HadanbHoe 3HaYeHHe IepeMeHHOU minPrt
MOXXHO BBIOpaTh Ji060e MesKAy HAaubOJbIIUM IPUOPHUTETOM OIepamui
(2) u yenoabeiM KomoMm He-omepanuu (100). Torga ecim HaiizeHa JIO-
Gasi omepanusa, YCJOBHBIA orepaTrop cpafaTbIBaeT, a €CJIHM B CTPOKe
HeT onepainuii, ycjioBue Bceria JOKHO U B nepemenHoit LastOp ocra-
erca HavasbHOe 3HauyeHue 0.

Xpanenne JABOHYHOTO JJepeBa B MaCCHBe

IIBonuyHbBIE JEpPeBbA MOMKHO XPAHUTH B (AHHAMHYECKOM) MACCHBE
IIOYTH TaK JKe, KaK M COMCKH. Boopoc 0 TOM, KaK COXPAHUTH CTPYK-
Typy (B3aMMOCBA3b Y3JIOB), pemaercd ciexyooniuMm obpasom. Ecim
HyMepanus 3JeMeHTOB MaccuBa A HadyuHaeTcsa ¢ 1, TO CHIHOBBS 3je-
meHTa A[i] — ato A[2%i] m A[2%i+1]. Ha pucyske 6.19 noxasan mo-
PAZOK pPACIOJIOMKEHUs JJIEMEHTOB B MACCHBE [JfA JepeBa, COOTBET-
CTBYIOIIEr0 BBIPAIKEHHIO
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Puc. 6.19
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AnropuMrMusauus u NporpaMMupoBaHmne

AJITODUTM BBIYUCJIEHUS BHIPAKEHUA OCTAETCH NMPEKHUM, U3MEHACTCH
TOJIBKO METOJ XpaHeHHs AaHHBIX. OOpaTuTe BHHMAaHHUE, YTO HEKOTO-
pBI€ BJIEMEHTHI OCTAJMCH IYCTLIMH, BTO 3HAYHMT, YTO MX DOAHUTENH —
JIMCT JiepeBa.

Bonpocbkl u 3apaHua

1. TaiiTe onpefesleHNe IOHATHI «€PEBO», «KOPEHb», «JIHCT», ¢« PDOAHATE]b»,
«CBIH», IOTOMOK», «IIPEOK», «BBICOTA JepeBa».
2. I'me MCIIONMBBYIOTCA CTPYKTYPHI THIA «JepeBo» B MH(MOPMATHKE U B ADY-
rux obsactax?
3. O6bACHUTE PEKYPCUBHOE OIIPe/ieJieHHe JepeBa.
4. MOXHO I CUMTATh, YTO JHHEHHEIN CIMCOK — O5TO YACTHBIH ciayuait ge-
peBa?
5. Kakmmu cBoiicTBamu obagaeT gepeBo noucka?
6. ITogymaiiTe, KAK MOXXHO IIOCTPOUTH JePEBO MOUCKA M3 MACCHBA JAAHHBIX.
7. Kakne mpeMMyIlllecTBa UMeeT MOUCK ¢ IOMOIILI0 Aepesa?
8. Yro Takoe 06xox gepeBa?
9. Kaxune cnoco0wl o0xoza mepeBa Bel 3Haere? IlpuayMaiiTe apyrue croco6ul
obxopga.
10. Kak cTpouTCA JepeBO AJiA BEIYUCIEHUA apu(MeTHUIeCKOro Belpaxkenus?
11. Kax MOXHO IpeACTABHUTH AepeBo B nporpamme Ha Ilackaine?
12. Kax ykasaThb, 4TO y3eJ epeBa He UMeeT JeBoro (mpasoro) ceiaa?
13. Kak BblzensieTcsa maMATEL 1107 HOBLIH y3en?
14. Kak BBI JyMaere, MOUYeMy DEKYDCHUBHEIE AJrOPUTMBI paboThl ¢ AepeBbLAMM
MONy4YalTCH [IPOIe, YeM HepeKypCUBHbIE?
15. Kax XxpaHUTH JBOMYHOE JepeBO B MaccuBe? MOKHO JIM MCIIOJB30BATH Ta-
KOI MpHUEM /1A XPAHEHUSHA NepPeBLEeB, B KOTOPBIX V3JEI MOT'YT UMeTh 60Jib-
me nByX ceiHOBeit? IlpuBeauTe npumep.

IloaroroBsTe coobmenue

a) «JlepeBbsa B ssbIKe CH»
6) «[lepeBbsa B A3bIKe Python»
B) «Jurpammsl cBaseit (mind maps)»

3apgaumn

1. HanumuTe nmporpaMMy, KOTOpPas BBOJHT M BEIYMCJIAET apH(MeTHUECKOe
BelpazxkeHue Oe3 cxkobox. Bce omepanum ¢ JepeBOM BBIHECHTE B OTHENb-
HBIA MOJYJb.

2. o6aBbTe B mporpaMmy u3 3ajgaum 1 mpomeaypel 0o6xXoma IOCTPOEHHOTIO
JepeBa TakK, YTOOBI MOJYYHATH NpPe(PUKCHYIO H NOCTHHUKCHYIO 3allMCH BBe-
AEHHOTO BBIDAYKEHUA.




Mpadbi

#3. JlobaBeTe B MpOrpaMMy 3aZiaun 2 mpoueAypy obxoja gepeBa B IIMPHHY.

*4, YcoBepmeHCTBYiTe nporpaMMmy u3 3agadm 1, uTobel OHa MOIJa BBIYHC-
JIATH BEIPA’KEHHA CO CKOOKaMH.

%5, BKJIIOUYMTE B BAIly IPOrPAMMY BEIYHCJIEHHSA apH(METHUYECKOTO BhIpae-
HuA 0e3 ckoGok 00paboTKY HEeKOTOpHIX OomubG0K (HampuMep, JBa 3HaKa
onepanuit moapaxn). Ilopaboraiire B napax: oOMeHAlTeCk NpOrpaMMaMiu C
cocegoM ¥ mompobyiiTe HalTH BhIpajkeHHe, IPH KOTOPOM €ro mporpaMmma
saBepHInTCH aBapuiiHo (He BrIgacT coobieHue 06 ommubke).

*6. HanumuTe mporpaMMy BBIYHMCJIEHHA apA(pMeTHUYEeCKOr0 BbIPDAMKEHUS, KO-
TOpas XpaHUT AepeBO B BHe MaccHBa. Bce onmepanuu ¢ AepeBOM BbIHECH-
T€ B OTAEJbHBIN MOAYJIb.

§ 44
Npadbi

Yro Taxoe rpad?

Kax Bol 3Haere u3 Kypca 10 kJjacca, rpadp — sro Habop y3noB
(BepmiMH) ¥ cBsA3el mexay HuMu (pédep). Mudopmanuio ob ysigax u
cBaA3AX rpada o6BIYHO XPAHAT B BuAe TAGAUIEI clIelHaJbLHOIO BUJa —
MaTpHIBI cMexKHOoCTH (puc. 6.20).
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Puc. 6.20

EnuHuIa Ha IepecedeHHHN CTPOKH A 1 cTonbna B o3HAYaeT, YTO MeXX-
ny yanamu A u B ecthb cBA3s. Honb yKaspIiBaeT Ha TO, YTO CBA3H HeET.
MarTpuiia CMeXHOCTH CHMMETPHUYHA OTHOCHTEJBHO TJIABHOM AHMATOHA-
nu (BeigeneHHBIe (oHOM sdeiiku B Tabnune). ExvHuna Ha riaBHOH
AuaroHajgu o0O3HaYaeT MeTar — pebpo, KOTOpoe HadWHAaeTcsa W 3a-
KaH4YMBaeTCAd B OJNHOM W TOH ke BeplIIuHe (B JaHHOM IpUMepe —
B BepminHe C). Crporo rosopsd, rpag — aTo MareMaTHYeCKH# 00beKT,
a He pucyHOK. KoHeuHO, ero MOXHO HApHWCOBATH Ha IJIOCKOCTH, HO
MaTpHIIA CMEXXHOCTH He AaéT HHUKaKoil mHGOpMAIIMH O TOM, Kak




AnropuTtMu3auus U nporpaMmMupoBaHue

MMEHHO CJIeJlyeT pacHnoJjiaraTh y3Jbl JPYI OTHOCHTEJNBHO Apyra. s
TabauIbl, TpUBeAEHHON Ha puc. 6.20, BO3MOXKHBI, HAIPUMED, TAKHE
BapuaHThl (puc. 6.21).

Puc. 6.21

B paccMoTpeHHOM IpuMepe BCe Y3Jbl CBA3AHBI, T. €. MEMIAY JIIO-
00¥ mapoil y3JIOB CYIIECTBYeT IyTh — IIOCJIEJ0BATEIbHOCTL pédep, 1o
KOTOPBIM MOXKHO IepedTH U3 OAHOTO yaia B apyroi. Takoil rpad Ha-
3BIBAETCH CBA3HBIM.

Benomuaas marepuals npepeiayiiero naparpada, MOKHO CIenaTh
BBIBOJ, UTO JAepeBO — 3TO YACTHBIN caydail cBA3HOro rpadga, B KOTO-
POM HeT BaMKHYTEIX MYyTell — IHKJIOB.

Ecnu ansa kaskaoro pebpa ykKasaHo HalpaBJieHHWe, rpad Ha3bIBAIOT
opueHTHpOBaHHBIM (oprpadom). Pébpa oprpacda HasbIBAIOT AyraMH.
Ero marpuna cMe)KHOCTH He Bcerjla cuMMeTpuuHas. ExumHuna, cros-
mada Ha IepecedeHUH CTPOKH A u croabua B, rOBOPUT O TOM, 4YTO Cy-
IIeCTBYeT Ayra u3 BepInuHBI A B Bepuuny B (puc. 6.22).
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Puc. 6.22
Yacro ¢ KaXxIbIM p96p0M CBASBIBAKOT HEKOTOpPOe YHCJIO — BecC

pebpa. 9To Mo:KeT OBITh, HAIIPHMEp, PACCTOAHWE MEXKAY TOpPOoAaMu
WJIM CTOHMOCTH Ipoe3za. Taxoi rpad HasblBaeTCd B3BeNIEHHBIM.
Hadopmanusa o B3BEIIEHHOM Ipade XpaHUTCA B BHIE BECOBOH MATpPH-
1BI, cOZlepoKalneii Beca pébep (puc. 6.23).
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3 A B C D
o e A 12 8
C 8 5
9 6 Q D 6 4

Puc. 6.23

Y BsBemeHHOro oprpafa BecoBasd MAaTpPHUIa MOJKeT OBITH HECHMMET-

pUYHA OTHOCUTEJBLHO IJIaBHOUM auaroHanu (puc. 6.24).

A B C D
A 12 8
B 12 5
C
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Puc. 6.24

Ecin cBA3M MeXxXAy ABYMSA y3JIaMH HeT, Ha Oymare MOKHO OCTa-
BHUTH AUYeHKY TAOJMIBI IIYCTOM, 4 IPU XPaHEHUH B IIaMATH KOMIIbBIOTe-
pa sanuchIBaTh B HEe€ YCJIOBHBIM Koj, Hanpumep 0, —1 umau odeHb

60JbIIIOe YKUCIIO (0), B 3aBUCHAMOCTH OT 3a4a4H.

«/Kagasie» aJaropuTMsel

3anaua 1. 3BecTHA cXeMa AOPOT MeXJIY HECKOJBKHMH I'OPOJaMH.
Yucaa va cxeme (puc. 6.25) o6osHauaioT paccTOAHUA (LOPOrH He IIpd-
Mble, II03TOMY HEpPaBEHCTBO TPEYroJbHHKA MOXKeT HapyllaTbCcs).
Hy:xuo HaliTh KpaTyadinuii MmapmpyT U3 ropoga A B ropog F.

Puc. 6.25




AnroputMmusaumsa v nporpaMmmMupoBaHue

IlepBaf MBICIBL, KOTOpPas NPUXOAUT B IOJOBY: HA KaxKJOM IIare
BRIOMpaTh KpaTdyailinii MapmpyT A0 GJMIKaMIIero ropojia, B KOTOPOM
MBI emé He O6buin. 1A 3agaHHON CXeMBI HA IIEPBOM JTalle efeM B Io-
pox C (mnuna 1), nanee — B E (auuna 4), satem B D (aamua 3) u, Ha-
KoHell, B F (giuHa 1). Obmas guuaa mapmipyra passa 9.

AJNTOpUTM, KOTODPBI MBI NPHMEHWJIM, HA3BIBACTCH «KAXHBIM>.
O=H cocTouT B TOM, 4TOGBI HA KAXKAOM IIare MHOTOXOJOBOTO Ipollecca
BBIOMpaATh HAWJIYYIIUN B JaHHBI MOMEHT BADHUAHT, He JyMas O TOM,
4TO BIIOCJEJCTBHM BTOT BHIOOD MOMKET NPHBECTH K XYAIIeMY pelle-
HHUIO.

[ns maHHOM CXeMBbl «KAAHBIA» aJrOPUTM [AaéT ONTHUMAJILHOE pe-
LIeHue, HO Tak OyzeT majieko He Bcerga. Hampumep, ansa Toi ke 3ama-
49U ¢ Apyroi cxemoit (puc. 6.26) «kamHbIi» aIrOPpUTM JACT MAPHIPYT
A—-B-D-F pnunoit 10, x0oTs cyuiecTByer 6oJiee KOPOTKHUH MapuipyT
A—-C-E-F pnusoit 7.

«KagHbln» anropuTMm He BCcerga no3esonAeT Nony4nuTe onTuManbHoe pelleHue.

OpHako ecTh 3ajayd, B KOTOPBIX «)KaAHBIN» AJI'OPUTM Beerja
IPUBOAUT K NPaBUJIbHOMY perreHuio. OxHa M3 Takux 3agay (e€ Ha3bI-
BatorT 3amauei Ilpuma—Kpyckana B uects P. Ilpuma u 1. Kpyckana,
KOTOpble HE3aBHUCHMO IpeIoKuiau eé B cepeauHe XX Bexa) dopmy-
JUPYETCHA Tak.

3anaua 2. B crpane Jlumonuu ects N ropojos, KOTOPEIE HYKHO
COeIMHUTH JUHUAMU CBA3H. MeXay KaKuMH IopogaMH HYYKHO IIPOJIO-
JKUTH JIMHUM CBA3M, 4TOOERI BCe ropoja ObLIM CBA3AHEI B OJHY CHCTEMY
1 o0Iasa NJIMHAa JUHUHA cBA3HW ObLIa HAaMMeHBInei?

B Teopum rpacdoB asra 3ajada Has3bIBAeTCA 3aja4deil IIOCTPOEHHUA
MHHMMAaJBHOI'O OCTOBHOro jaepeBa (T. e. AepeBa, CBA3BIBAIOILIEI0 Bce
BepminHEl). OcToBHOe aepeBo AJA cBA3HOro rpada ¢ N BepuimHaMu
umeer N — 1 peGpo.




Npadwi

PaccmoTpuM «)KaAHBI» AJFOPUTM DeIleHHs 3TOM 3amadu, Ipen-
JoKkeHHBIN Kpyckaiom:

1) HauanbHOE AEPEBO — IIYCTOE;

2) Ha KaKJOM Illare K JlepeBy jgob6aBidercsa pe6po MHHHMAaJbHOI'O
Beca, KOTOpPOe ellé He BXOJUT B AE€PEBO U He NPUBOJAUT K IOSAB-
JIEHHIO IIUKJa B JepeBe.

Ha pucyske 6.27 nokasaHo MUHHMAJIBHOE OCTOBHOE HepeBO MIJIs

OJJHOr'O M3 pACCMOTPEHHBIX BhIlIe rpadoB (CIIOIIHBIE JKUDHBIE JIH-
HHUH).

3meck BO3MOMKHA TaKasd MOCHEJOBATEJLHOCTL JgobaBjeHus pébep:
CE, DF, AB, EF, AC. Obparure BHUMaHue, 4TO Tocje aobaBiIeHUSA
pebpa EF cnepyiommee «CBOOOAHOE» PeOPO MHHHMAJIBHOI'O Beca — 3TO
DE (mnuna 3), HO oHO of6pasyer mukJa ¢ pédbpamu DF u EF, nosatomy
He OBLIO BKJIOYEHO B JIePeBo.

IIpu mporpaMMHpOBaAHHMM HTOr0 AJTOPUTMA CPa3y BO3HHKAaeT BO-
IIpoc: Kak OIpPeJeJHUTh, YTO pedpo eljé He BKJIIOYEHO B JEPEBO U He
obpasyer mukaa B HéEM? CymecTByeT O4eHb KPacUBOe pelleHue 3TOM
npobyeMbl, OCHOBAHHOE Ha «DACKPACKE» BEPIIHH.

CHauajia Bce BepPIINHBI «PACKPAIIMBAIOTCA» B pasHble nsera (T. e.
MM IIPHUCBAMBAIOTCSA Pa3HBIE YHCJIOBBLIE KOJBI):

for i:=1 to N do col[i]:=i;

3aeck N — KOJIMYECTBO BEPIUIUH, a Ol — IeJIOYHUCICHHBIA MACCUB
¢ uHAaexcamu ot 1 mo N.
3arem B nukjge N—1 pas (MMEHHO CTOJIBKO pE0ep HYKHO BKJIIO-
YHUTE B JlePeBO) BEIDOJIHAEM CJHEAYIOIIHE ONepariuu:
1) nmem pe6po MHUHMMAJBHOHM AJIWHBI CPDeJu BceX pébep, KOHUbL
KOMOpPbLX OKPAULEeHbL 8 PA3HbLE UBema;
2) naiinenHoe pebpo (iMin,jMin) nobaBiseTcss B CIIMCOK BhIOpaH-
HBIX, ¥ BCe BepPLIMHBI, UMepInue nser col[jMin], nepexparu-
BaTCA B 1BeT col[iMin].
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IIpuBeéM MONMHOCTHIO OCHOBHOM IIMKJI OIPOrPaAMMBIL:

for k:=1 to N-1 do begin
{nouck pebpa C MMHMMAaJILHEIM BecoM}
min:=MaxInt;
for i:=1 to N do
for j:=1 to N do
if (col[il<>col[j]) and (W[i,j] < min)

then begin
iMin:=i; jMin:=j; min:=W[i,3];
end;
{noBaBnenmue pebpa B CNMCOK BHOpaHHHX }
ostov([k,1]:=iMin;

ostov[k, 2] :=jMin;
{mepexpaumMBaHre BEpPUMH }
for i:=1 to N do
if col[i]l=col[jMin] then
col[i] :=col[iMin];
end;

3nece W — nenouuncinennas marpuna pasmepa N x N (MHZEeKCHI CTPOK
¥ CTONOLOB HAYMHAIOTCA ¢ 1); 08fov — IIeJIOUMCJIeHHBIH MAacCUB M3
N-1 cTpox u ABYX CTOJOLOB AJA XpaHeHHd BBIOpaHHBIX pébep (masa
KakJoro pedpa XpaHATCA HOMEpa JBYX BepIIWH, KOTOPhLIE OHO COeIU-
HAET).

ITocsie OKOHUAHWA IUKJA OCTAETCS BBIBECTH peayJbTaT — pébpa
H3 MaccHuBa 0Stov:

for i:=1 to N-1 do
writeln (V(?,; ostov[i,;1]5 %% ostov[i,2]; %) "'")3

Kparuaiimue MapupyTsl

B mpeppigyiieM OyHKTe MBI HO3HAKOMHJIMCE C 3ajzadeil BeiGopa
KpaTdyaillnero MapumpyTa U YBHAEJH, YTO B Hel «KaJHBIH» aJrOpHTM
He Bcerja gaér npasujbHoe pemnenue. B 1960 r. 3. [leiikcTpa npejyo-
JKWJI AJITOPUTM, ITO3BOJIAIOIIUNA HAWTH Bce KpaTdyaWlliue pPacCTOAHUSA
OT OAHOM BepPIIMHBEI rpada A0 BCeX OCTAJbHBIX M COOTBETCTBYIOILIVE
uM mapupytel. Ilpeanosaraercsi, 4To AJIWHEL BecexX pébep (paccToaHUSA
MeXIy BQDI[IHH&MH) IMOJIOHUTeJIBHEIE.

PaccMOTpUM yKe B3HAKOMYIO CXeMy, B KOTOpod He cpaboran
«xagHbliy» anroputm (puc. 6.28).
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Puc. 6.28

Anropurm JIeHKCTPBI HCHOONB3YET MNOMOJHHUTEJbHBIE MACCHUBHI:
B OfHOM (Ha30B€M ero R) xpaHsTcs Kpardaiimue (Ha AaHHBII MOMEHT)
PaccTOAHUA OT MCXOJAHOHW BEePINMHBI JO KaKJAOH u3 BepluuH rpada,
a BO BTopoM (MaccuB P) — BepIIMHA, U3 KOTOPOH HYIKHO «IIPUEXATh»
B JaHHYIO BEPIIUHY.

Cravasa sanuceiBaeM B MaccuB R DaCCTOSHUSA OT MCXOXHOM Bep-
INMHBI A 10 BCeX BepIINWH, & B COOTBETCTBYIOIHE 3JIEMEHTHI MACCUBA
P — Bepmuny A (puc. 6.29).

A B C D E F
RO 2 4 | o | ®©

P| x| A| A

Puc. 6.29

3HaK « 0603HaYAeT, YTO MPAMOrO IYTH M3 BEPIIUHLI A B JaHHYIO Bep-
IUMHY HeT (B ImporpaMme BMECTO © MOXKHO HCIIOJIb30BATh OYEHDb GOJIE-
moe uucio). Takum obpasom, BepmimHa A y»Ke PACCMOTPEHA M COOT-
BeTCTBYIOIIUIA 3JIeMeHT MaccuBa R Bwiesnen ¢doHomM. B mepBblil aute-
MeHT MmaccuBa P 3anucaH CHMBOJ X, 06O3HAYAIOIIME HAYAIBHYIO
TOYKY Mapuipyra (B mporpaMme MOKHO HCIOJb30BaTh HECYIECTBYIO-
QUi HOMEep BepIIWHEI, Hanpumep 0).

W3 ocraBmmxcs BepIIMH HAXOJAMM BEPIIAHY C MUHUMAJIHHBIM
3HaYeHHWeM B maccuBe R: aro sBepmmua B. Tenmepsr nposepseM myTH,
OpOXOoAAIIHe Yepe3 3Ty BEpPIIUHY: He IO3BOJAT JIU OHU COKDATHUTH
MapmpyT K JPYTHM BePIIMHAM, KOTODPEIe MBI elé He rnocemann. Unes
COCTOUT B CJIeJyIOIIeM: ecau cymma BecoB W[x,z] + W[z,y] meHnbIme,
geM Bec W[x,y], To u3 Bepmuasr X Jydmre exaTs B BepIIUHY Y He Ha-
npsAMYyIo, a Yeped Bepinuny Z (puc. 6.30).

ITposepsiem mam rpad: exats u3 A B C uepe3 B HeBBIIOLHO (mony-
4JaeTcda NyTh ANuHOK 11 BMecTo 4), a BoT B BepmuHy D MOMKHO upo-
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W[x,z2] Wz,y]

Wx,y]
Puc. 6.30

exaTh (IyTh AJUHON 9), MOTOMY 3allOMUHAEM 3TO 3HaYeHHEe BMECTO %
B MaccuBe R m sanuchiBaeM BepHIMHY B Ha COOTBETCTBYIOI[ee MeCTO B

maccuB P («B D npues:xaem us B») (puc. 6.31).
A B ©u.DEE F

RO___2-4oooo
Pl x|a|a|®

Puc. 6.31

Bepmusasl E u F no-npe;xHeMY HeJOCTYIIHBI.
Cnenpyiomeit paccmarpusaeM Bepmmuy C (ans Heé 3HadYeHHe B
maccuBe R mumHmManbHO). OKaspiBaercs, 4YTO Uepes HeE MOXKHO J0-

6parbca ao E (anuura nytu 5) (puc. 6.32).

A B C D E F
R| O _ gigadal o @ 0
Blox 1A | ad.B @

Puc. 6.32

BaTeM mocemaeM BepmuHy E, KoTOpas Mo3BoJifAeT JOCTUIHYTH BepIIH-
get F ¥ yAyYIIATh MUHUMAJIBHYIO AJMHY OYTH A0 BepmuuHEl D

(puc. 6.33).
D

&

A
o

ol 18

A

B

@
®

P X

Puc. 6.33
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ITocne paccmorpeHuss Bepmud F u D Tabiuna He MeHAeTcHd.
HWrax, MBI HOJXy4YHIH, YTO KpaTyadmui mapmpyT u3 A B F umeer
JnuHy 7, IpU4éM OH IPUXOAUT B BepmuHy F u3 E. Kak ke moJy4uTh
Bech MmapmpyT? HyskHO nmpocTo mocMoTpeTs B MaccuBe P, oTKyza JIyd-
e Bcero exark B £ — BrIficHsieTCH, YTO U3 BepuinHsl C, a B BEPIIUHY
C — HampsaMyI0 U3 HadaJgbHOU Touku A (puc. 6.34).

A B ,c~D ,E~F
I I
R| 0|24 \8 ' 5 \7

» [ [ D NI

Puc. 6.34

ITosromy kKparuaiimmuit mapmipyr A-C—E-F. O6paTutTe BHUMaHUe,
YTO 3TOT MapUIPyT <«pPacKpy4YuBaeTcd» B OOpPaTHYIO CTOPOHY, OT KO-
HEYHO# BepIIMHBI K HAYaJIbHOW. 3aMeTHM, YTO IMOJydYeHHad Tabauma
COIEPIKUT 68Ce KpaTdyaillline MapmipyThl U3 BEPIIMHBLI A BO BCe OCTAJNEL-
Hble BEPIIUHBI, a He TOJBKO U3 A B F.

AnroputM Jle#iKCTPBI MOKHO PacCMaTPUBATL KaK CBOEOODAa3HBIiH
«’KaJHBIil» aJITOPUTM: NeACTBUTENLHO, HA KAXKJOM IIare U3 BCeX He-
BEIODaHHBIX BEDINWH BeIGMpAaeTCs Takas BepmimHa X, UTO JJMHA IYTH
or A 1o X MMHUMaJIbHA, €CJIM €XaTh TOJBKO Yepe3 yiKe BhIGpaHHBIE
BepminHbl. OJHAKO MOMKHO [JOKAas3aThb, YTO 3TO DPACCTOAHHE — Jeii-
CTBATEJNBHO MHUHHMAaJbHasA AJuHa Oyt or A po X. Ilpeamonoxum,
YTO AJIsi BCeX NPEABIAYIMX BHIOPAHHBIX BEPINWH 3TO CBOMCTBO CIIpa-
BeguuBo. IIpu srom X — oro Gamikaiiimnas HeBbIOpaHHAs BepIIWHA,
KOTOPYIO MOXXHO AOCTHYb M3 HAYaJIbHOM TOYKH, IPOE3Kasd TOJBKO de-
pes BbIOpaHHBIe BepIIWHEI. Bce ocranbHble myTH B X, MPOXOAAIIHe
4yepes ellé He BeIOpaHHBIe BePINWHBI, OYAYT AJMHHEE, MOCKOJBKY BCe
pébpa MMeIOT IOJOXKUTEeNbHYI0 AnuHy. Takum obpasoMm, HaiifeHHaA
AnuHa nyTta u3 A B X — MUHHMAaJbHAA.

ITocne saBepineHHsa aJropurMa, KOrja BCe BEPIIMHBI BhIOpAHBI, B
MaccuBe R HaXOAATCA AMWHBI KpaTYafIIuX MapIIpyTOB.

B nporpamMme 06bABUM KOHCTAHTY ¥ IepeMeHHBIE:

const N = 6;

var W: array[l..N,1..N] of integer;

active: array [1..N] of boolean;

R, P: array [1..N] of integer;

i, j, min, kMin: integer;
Maccus W — 10 BecoBas MaTpuila, eé yao6HO BBOAUTH M3 (aiina.
Jloruueckuit MaccuB active XpaHUT COCTOSHHE BePHIMH (IIPOCMOTpPEHA




AnropurMusauusi U nporpamMmMupoBaHue

WU He IIPOCMOTpeHa): ecau 3HaueHue active[i] nCTUHHO, TO BepIIWHA
axTUBHA (elé He IPOCMATPHBAJIACE).

B Hauaje mporpaMMsbl IpHCBapBaeM HadasbHbIe 3HaYeHUsA (00bAC-
HEHMe CM. BBEIIIe), cpa3y IIoMedaeM, 4To BepiunHa 1 mpocmorpeHa (He
aKTHBHA), C Heé HAUMHaeTCA MapuipyT.

for i:=1 to N do begin
active[i] :=True;
R[i]l:= W[1l,i]:
P[i]:=1;

end;

active[l] :=False;

P[1]:=0;

B OCHOBHOM I[MKJIe, KOTODBI#A BhImosHserca N — 1 pas (Tak, 4ToOBI
BCe BepPIIMHBI OBLIM IIPOCMOTPEHEI), CPel¥ AKTUBHBIX BEPIIMH HINEM
BepIIMHY C MHUHHUMAJbHBIM COOTBETCTBYIOIIMM 3HAYeHHEM B MaccHBe
R ¥ IpoBepsieM, He JIydllle JIU eXaTh Yepe3 Heeé:

for i:=1 to N-1 do begin
{nouck HOBO¥ pabouen BepumHsl R[]j] -> min}
min:=MaxInt; {MakcumajybHOE LEJI0€ HYUCJIO}
for j:=1 to N do
if active[j] and (R[j]l<min) then begin
min:=R[]];
kMin:=j;
end;
active[kMin] :=False;
{npoBepka MapupyToB uepes3 BepumHy kMin}
for j:=1 to N do
if R[kMin]+W[kMin,j]<R[j] then begin
R[j]:=R[kMin]+W([kMin,j];
P[j]:=kMin
end
end;

B KOHIle IMPOrpaMMBbI BBIBOAMM ONTHMAJIbHBI MapumpyT B oGpaTHOM
nopfankKe:
i:=N;
while i<>0 do begin {ana HavasneHOM BepmmHbl P[1]1=0}
write(i:5);
i:=P[1i] {nepexon k cienyoumely BepuMHe }
end;
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Anropurm [le#ikeTpbl, Kak Mbl BUJEIMN, HAXOAUT KpaTdaimue
OyTH U3 00HOIL 3a0aHHOU 6epuiuHbL BO BCe ocTajbHble., HaiiTu Bce
Kparyaimue myTH (43 21000l Gepuwiurbl 6 JI06YH0 Opyzyro) MOKHO C
nomomeio aaropurvma Muoiiga—Yopmenna, oCHOBAHHOI'O HA TOH Ke
caMoOil ujiee COKpalleHUs MapmpyTa (MHOrga 6bIBaeT Kopode exaTh de-
pe3 IIPOMEeXYTOUYHbIe BEepPIIUHBI, Y4eM HAIIPAMYI0):

for k:=1 to N do
for i:=1 to N do
for j:=1 to N do
if W[i,k]+W[k,j] < W[i,j] then
W[i,jl:= W[i, k] + W[k,Jj1;

B pesysnbTaTe mcxonHas BecoBas marpuna rpada W pasmepom N x N
IpeBpallaeTcsai B MaTPHUIYy, XPaHAIYIO JIHMHBI ONTHMAJBHBIX Map-
mpyToB. Ilyia Toro 4To6bl HAWTH CAMM MApPIIPYTHI, HYXHO HMCIIOJIb30-
BATH €m[e ONHY JAOMOJHUTEJIbHYI0 MATPHUILY, KOTOPASA BBINOJHAET TY
YK€ POJIb, YTO M MaccuB P B anropurme [leidKCTpHI.

Hexoropsie 3agaun

C rpadamMu cBA3aHBEI HEKOTOPLIE KJaccuyecKkue 3agaqyn. Camas ua-
BeCTHasl U3 HUX — 3aJadya KOMMHBOsKEpa (6poasuero Toproena).

3amaua 3. Bpogauuii Toprosern JoJKeH moceTHTh N TOPOAOB IO
OZHOMY pa3y W BepHYThCA B T'OPOJ, OTKYJA OH HAYAJl IyTeIlecTBHE.
W3BecTHBI pacCTOAHUA MEXKAY ropojamMu (MM CTOMMOCTH TIepee3zia U3
OZHOTO ropoja B Apyroi). B Kakom mopsfke HYXHO IIOCELIATH I'OPO-
ZAa, 4yToOBl cyMMapHas IJHHA NOyTH (MIM CTOMMOCTEH) OKas3ajach HAM-
MeHbIIei?

Ora 3ajavya OKas3ajach OJHON M3 CAMBIX CJIOKHBIX 33444 OITHUMMU-
sanuu. Ilo ceit neHbP M3BECTHO TOJBKO OJHO HAJMEKHOE DeIleHHe —
HOJIHBIH NepeGop BAPHAHTOB, YHCJIO KOTOPLIX PaBHO GaKTOpHay 3Ha-
geHuss N — 1. 9T1o umcno ¢ ysenuyenmeM N pacTér OueHb OBICTPO,
ObicTpee, uem Jsobas crenens N. Yoxe gasa N = 20 takoe pelreHue
TpefyeT OTPOMHOTO BPEMEHH BBIYMCIEHHNA: KOMIBIOTED, IIPOBEPH-
romuit 1000 BapmaHTOB B CeKyHAY, OyZer pemaTh s3agaduy <B J106»
OKOJIO YeTHIPDEX MMJ/LIMOHOB JieT. II09TOMYy MaTeMaTHMKH TNPHUJIATaIN
GosibIIne YCUIHSA JJIA TOIO, YTOOHI COKPATHTH IIepeGop — He paccMar-
PHBATH T€ BAPUAHTHI, KOTOpPbIE 3aBEJIOMO He JAIOT JYYIIUX Pe3yabTa-
TOB, YeM yiKe MOJy4YeHHbIe. B pealbHBIX CHUTyanmUAaX HEPEJKO OKAa3bI-
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BAIOTCs MOJIE3HBIMH NpUONUIKEHHBIE PelleHusd, KOTOPbie He rapaHTH-
PYIOT TOYHOTO ONTHMAJBHOTO peIlleHWsd, HO MO3BOJIAIOT IIOJYYHTH
npueMJieMbl}i BApHaHT.

IIpuBeném bopMyIHUPOBKH eIé HEKOTOPBIX 3a/1a4, KOTOPhIe pemra-
IOTCSA € IIOMOIIBIO TeopuHu rpadoB. AJNTOPUTMEI UX PeIlleHHUs Bbl MOXKe-
Te HaliTH B IuTeparype unu B MHTEepHeTE.

3amaua 4 (0 makcumaabHOM NoToKe). Ecrh cucrema Tpyd, KOTO-
pele uMeroT coeauHenus B N yanax. Onun ysen S ABjiseTcs UCTOYHH-
KoM, emé oguH T — crTokoM. M3BeCTHBI IPONYCKHEBIE CIOCOOHOCTH
kasxaoi Tpy6el. Hamo HalTH HaubONBIINKA IOTOK OT HMCTOYHHKA
K CTOKY.

3apmaua 5. Umerorca N HaceJEHHBIX NYHKTOB, B KayXJ0M H3 KOTO-
PBIX JKUBYT p; MIKOJABHUKOB (i = 1, ..., N). B KakoM IyHKTe HYXHO
pasMecTHTh IIKOJY, 4YTOOBI ofIee paccTOsiHHWE, IPOXOAUMOEe BCeMU
y4eHMKaMHM IO JOpOre B IIKOJY, ObLJIO MUHUMAIbHBIM?

3anaua 6 (o HanGoasmem napocouyeranun). Ecte M myxxuus u N
skeHIMUH. Kaskaplii My»XYMHA yKasbiBaeT HECKOJbKO xeHmuH (or O
o N), Ha KOTOpDBIX OH cOrJiaceH KeHHWThcA. Kakaas jKeHIMUHA yKa-
3LIBAET HECKOJABbKO My:kuuH (or 0 mo M), 3a KOTODPBIX OHa COIJIacHa
BBIATH 3amMysk. Tpebyercs 3aKJIOYUTHL HauboJbilee KOJUIECTBO MOHO-
raMHBIX OpaxoB.

Bonpocsl u 3aaaHusa

1. Yto Takoe rpad?

2. Kax 06bI9YHO 3a7a0TCS CBA3H Y3J0B B rpagax?

3. Yro Takoe MATPUIIA CMEXKHOCTH?

4. Yro Taxoe nerna? Kax «yBHeTb» €é B MATPULE CMEKHOCTH?

5. 9ro Takoe nyTh?

6. Kakoit rpad HasbiBaeTCA CBA3HBIM?

7. 9ro Takoe oprpad?

8. Kak mo MaTpuIe CMeXXHOCTH OTJMYMTEL oprpad OT HEOPHEeHTHPOBAHHOI'O
rpada?

9. Yro Taxoe BaBemeHHBIH rpad@? Kax MoeT XpaHUTHCA B MaMATH HHDOD-
Manus o Hém?

10. Uro Takoe <xagHblii» anropurm? Bcerga JM OH NO3BOJIAET HAWTH JIyd-

mee pemeHue?
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IloaroroBsTe coobumienHne

a) «Pabora c rpadamu B aseike Cu»

6) «Pa6ora c rpadamu B sizeike Python»

B) «sHangublil anropuT™ B 3azaue KOMMUBOSMKEDA»

r) «MeTox BeTBe# M rpaHMIL»

n) «Anropurm JIuTTiaas

e) «3azmaga 0 MAKCMMAaJbHOM IOTOKE»

) «3amava 0 KeHUrc6epreKux MocTax »

3) «Mcnone3oBarue rpados Ana aHANKW3a HAHHBIX B HaTepHeTe»
u) «Teopua rpadoB B npakTUYeCKHX 3a7adax»

3apaum o

1. Hanmummure mporpaMmy, KOTopas BBOAUT M3 (aiina BECOBYIO MAaTPHILY
rpada u CTPOMT JIA HEro MHHMMAJILHOE OCTOBHOE JepeBo.

2. OuenuTe aCHMINTOTHYECKYIO CJIOKHOCTH AJTOPHTMA IIpuma—Kpyckana.

3. Hanumure nporpamMmy, KOTOpas BBOLUT U3 thaitna BecoByr MaTpumy
rpaga, 3aTeM BBOAMT C KJABHATYDEl HOMEDA HAYAJIBLHOR M KOHEYHOH Bep-
IIHH U OUpeAesser KpaT4yaliuuil MapIipyT.

4. Hanumure nporpaMMy, KOTOpas BBOAMT W3 (aiina BECOBYI0O MATPHILY
rpaa u ompefesseT AJMHBEI BCEX KPATYAHIIMX MAPIIPYTOB C IIOMOIIbIO
anropurma @joiiga—Yopmeia.

5. OueHnTe aCHMIOTOTHYECKYIO CJIOKHOCTH AJTOPUTMOB HeiikcTper 1 Duoi-
na—Yopuieana.

6. Hanumure nporpaMMy, KOTOpas pemnaer 3afaqy KOMMMUBOSKEpPaA AndA 5
TOpPOJOB METOMOM IOJHOro nepebopa. MokHO 1M HCIONABL30BATE €6 aua 50
roposios?

*7. Hanummure nporpaMmy, KOTOpas peliaer 3ajgady 5 (0 pasMenieHHH IIKO-
abl). Jlns onpefeseHHs KparTd4afiliMx NyTeH HCIOJbL3yHTE AJTODHTM
Duioiina—Yopuesa. Becosyio marpuny rpada BBOLUTE K3 daiina.

§ 45
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YTo TaKkoe IMHAMHYECKOE NPOrpaMMHpOBaHHE?

Ms1 ysxe BCTpewasndCh C MOCJIEA0BATENBHOCTHIO yncen PuboHayun
(cM. yuebHEK ans 10 kracca):

By =Fom s Fom B %P o QKNS 2.
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JIyisi ¥X BBIYMCJIEHUS MOYKHO HCIIOJIb30BATh PEKYPCHUBHYIO QYHKIIHIO:

function Fib (N: integer): integer;

begin
if N<3 then
Fib:=
else Fib:=Fib(N-1)+Fib(N-2);
end;
Kakpoe m3 aTUX YMCeJ CBA3AaHO
¢ OpeAbIAYIIUMH, BbhIuHcaeHue Fy @

NPHUBOAUT K PEKYPCUBHBIM BBI3O-

BaAM, KOTOphle TIOKasaHbBl Ha e @
puc. 6.35. Takum o6pa3om, MBI

nBa pasa Berumcauaun Fi, Tpu @ @ e @
pasa — F, u nBa pasa — F,. Pe-
KYPCHBHOE pellleHHe O4YeHb IIpo-
¢Toe, HO OHO HEONTHMAJBHO II0 @ 9
OBICTPOJEHCTBUIO: KOMIBIOTED BBI-
noJaHAeT JHINHIOK pabory, @o-
BTOPHO BBIUMCIAA yiKe HalleH-
HBIE paHee 3HAYeHUd.

Tme e Beixoa? Hampumep, MOXXHO XPaHHUTH BCe IpeIbIIyIIHe
gquesa duborauun B Maccuse. IlycTh aToT MaccuB HasbiBaeTcs F:

Puc. 6.35

const N = 10;
var F: array(l..N] of integer;

Toraa AJA BHIYUCIeHHs Bcex yuces Pubonauum ot F; 1o Fy MoxHO
HCIOJb30BATH IIUKJL:

Flll:=1;. F[2]:=1
for i:=3 to N do
Fl(i]:=F[i-1]+F[i-2];

0 [uHaMuyecKkoe nporpaMMMpoOBaHMe — 3TO Crocob peLleHns CroXHbIX
3afiay nyTeM cBeaeHus ux k Gonee NpocTeIM NoA3agavam Toro xe Tuna.

Takoif MOAXOJ BIEpBbIe CHUCTEMATHYECKM NPUMEHHJ aMepHKaH-
ckuit maremMaTuk P. BeisiMad OpH peIleHHMH CIOKHBIX MHOTOIIATO-
BBIX 3ajad oNTUMM3anuu. Ero maes cocTosja B TOM, YTO ONTHMAJb-
Has T[OCJeJOBATEILHOCTh IIAroB ONTHMMAaJbHA Ha J000M ydacTke.
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Hanpumep, nycrs Hy»KHO mepeittu u3 nyHKTa A B nyHKT E uepes
oauH u3 nyHKTOB B, C mau D (sa puc. 6.36 umcnamm oGosHaueHA

«CTOMMOCTE» MapiupyTa).
O

*

OgRcEEG
Yoy 40

e €
Puc. 6.36

IIycTs yake M3BECTHBI ONTHMAABHBEIE MapHOIPYTHI M3 NYHKTOB B, C
u D B nysKT E (0HM 0603HAYEHE! CILIOLNIHEIMHU JIUHUAME) ¥ UX «CTOH-
MocTh». Torma Ans HaxXxoXKZAeHHWs ONTUMAJILHOIO MapiipyTa m3 A B E
HYKHO BbIOpATh BapuMaHT, KOTODPBIH JACT MUHUMAJBLHYIO CTOMMOCTH
0 cyMMe ABYX maros. B gamnom caydae aTo mapmpyr A—B—E, crou-
MOCTh KOTOporo paBHa 25. Kak BuamM, Takme 3ajauyu penaioTcs
«C KOHIIa», T. €. PellleHHe HaUMHAETCA OT KOHEYHOTO MyHKTA.

B undopmMaTHKe AMHaAMHYECKOE IPOrPaMMHpOBAHUE YACTO CBO-
AUTCA K TOMY, YTO Mbl XPaHUM B IAMATH PElIIeHHA BCeX 3a4au MeHb-
IIeil padMEPHOCTHU. 3a CYET HTOro YAAETCA YCKOPUTH BHIIOJIHEHHUE IIPO-
rpammbl. Hanpumep, Ha OZHOM M TOM ’Ke KOMIIBIOTEPE BBLIYWCIEHHE
Fy; ¢ noMompio peKypcuBHOM (pyHKuum TpebyeT OKOJO 8 CeKyHJ,
a ¢ HCcIoJb30BaHMeM mMaccuBa — menee 0,01 c.

3ameTuM, 4TO B NAHHON Ipocreiimeil 3amaye MOKHO 0GOMTHCEH BO-
ob1ie 6es maccusa:

£f2:=1; fl:=1;

for i:=3 to N do begin

FN:=fl1+£f2;

£f2:=f1;

£f1:=FN;
end;

3anaua 1. Haiitu xonmuecrso K, nmenouek, cocrosmmux ma N Hy-
JIell ¥ eANHUI], B KOTOPLIX HET ABYX CTOAIIMX NOADAJ eIWHHIL.

IIpu Gonpmux N peleHue 3afjaudl MeTOHOM nepebopa morpebyert
OTPOMHOI'0 BpeMeHHU BBIYHCIeHHusA. s TOro 4robhl MCIOIL30BATE Me-
TOA ANHAMHUYECKOr0 IPOTrPAaMMUPOBAHUSA, HYKHO!
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1) BeipasuTs K uepes mpeAblAyIlHe 3HAYEHUS IIOCIEJOBATENBHOCTH
K, Ky, ..., Kn_y;

2) BHIZIEIUTH MACCHUB AJIA XPAHEHHA BCEX NPEAbIAYINUX 3HaueHHH K
i=1,..,N-1).

CaMoe IJIaBHOe — BBIBECTH PeKYPPeHTHYI (opmymy, BhIpayKa-

fomyio K, uepes peleHus aHaJOTMYHBIX 3a/a4 MeHbIIEH pasMepHOC-

ti. PaccMorpum nenouxky uad N GuTOB, nepBblil aJeMeHT KoTopoir — 0
(puc. 6.37).

1 2 3 N-1 N

Puc. 6.37

ITocKOJBKY AOMOJMHUTENAbHBEIH 0 He MOMKeT NPUBECTH K IOABJIEHHIO
ABYX COCENHMX eIWHWIL, NOAXONAUIUX IOCHeoBaTeIbHOCTeH AMUHBl N
¢ HyJIEM B Hayaje CyIIecTBYeT CTOJBKO, CKOJBKO HNOAXOAAIIMX IIOCye-
noBarensHocTedt amuEsl N — 1, 1. e. Ky ;. Ecnu ke mepswlii cuM-
BOJ — 3T0 1, To BTOpBIM 00sA3aTesbHO AoJKeH ObiTh 0, a ocranbHas
nemouka u3 N — 2 6UTOB A0JKHA OBITH NPaBUJIBHOM, Ge3 ABYX cocen-
aux eguHHLN (pmc. 6.38). IlosToMy MOAXOAAINMUX IIOCHEAOBATEIBHOC-
Tet nauHON N ¢ efUHHIENH B Hadajie CYIIECTBYET CTOJBKO, CKOJBKO
MOAXOAAIAX TOcaeAoBaTeNbHOCTeH AauHbl N — 2, T. e. Ky _,.

1 2 3 N-1 N
1 0

Puc. 6.38

B peayasraTe moaydaem: Ky = Ky_; + Ky_p. 3HaUuT, XA BEIYHUCIE-
HUA OYepeAHOro 4ucja HaM HY’KHO 3HATh ABa NPeAbIIYIIHX.

Tenephb paccMOTpPUM IpocThie ciaydan. OueBuHO, YTO €CTh ABE IO-
caenoBarenbHocTy anuesl 1 (0 u 1), 1. e. K, = 2. Jlanee, ecTsb 3 mox-
XOAAIIMX IocaenoBaTenbHOCcTH Asuebl 2 (00, 01 u 10), moatomy
K, = 3. Jlerko moHATH, 4TO pelleHMe Hame# safaym — ducio Pubo-
Hagun: Ky = Fy.,.

IToucKk ONTHMAJBHOrO pelleHnud

Bamaua 2. B nucrepae N naurpoB MoJjioka. EcTe GHAOHEI obBéMOM
1, 5 u 6 aurpoB. Hy>XHO Pas3JuTh MOJOKO B GHIOHBI TaK, 4YTOOBI BCE
GUIOHBI OBLIM 3AIOJHEHBI M KOJHWYECTBO MCIOJAb3YyeMbIX OHZOHOB
OBIJIO MEHHMAJIbHBIM.
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YesoBek, ckopee Bcero, OymeT pemaTth 3agady mepeGopom Bapu-
anToB. Hama 3anaua oclIo;KHsAETCS TeM, 4TO TpebyeTcs HamucaTh Ipo-
rpaMMy, KOTOpas pemraer 3ajady AJsdA Jio6oro BBeAEHHOro ymciaa N.

Camelif mpocTo#f MOAXOJA — 3aNOJHATHL CHauaja OGUAOHBI CAMOIO
Goapmroro paamepa (6 1), saTrem — MeHBIIME U T. 1. ITO TaK Ha3BIBae-
MBIA «KaJHBIH» anropuTMm. Kak Bbl 3HaeTe, OH He BCerjia IPUBOAUT
K onTuManbHOMY pemenuio. Hanpumep, nima N = 10 «xagsbiii» anro-
put™m naér pemenuwe 6 + 1+ 1+ 1 + 1 — Bcero 5 6ux0HOB, B TO Bpe-
MA KaK MOXXHO oboiitucek asyma (5 + 5).

Kak u B sn060M pemeHMH, HCIOJb3YIOIIEM AWHAMHYECKOE ITPO-
rpaMMUpOBaHHue, 2/la6Has 3adava — Ccocmasumbv pPeKYypPeHmHYIO
¢opmyny. CHavana ompegesuM ONTHMAaAbHOe umcI0 OumoHoB K,
a MOTOM IoZiyMaeM, KaK ONPeNesIUTh, KaKHe UMEHHO GUIOHBI HYIKHO
HCIOJb30BATE.

IIpencraBum cebe, uTo MBI BhIOMpaeMm OGuaoHBI mocTenenHo. Toraa
nocaefHUIN BRIODAHHBIM OHIOH MOKeT MMeTh, Hampumep, obsém 1 i,
B aroM cay4ae Ky = 1 + Ky ;. Ecau mocaeguauii 6u0s nmeer o6bém
5a,T0oKy=1+Ky 5, aecnu 61, To Ky =1+ Ky ¢ Tak kak Ham
HYXHO BBIOpDaATh MUHHUMAJILHOE 3HAYEHHE, TO

Ky=1+min(Ky 4, Ky 5, Ky g)-

BapuanT, BEIOpaHHBINA IPH NOMCKe MUHHUMYMAa, OIpeJeJseT IOCcael-
Hu# nobaByieHHBIH OMIOH, ero 06bEM HYXKHO COXPAHHUTEL B OTAEJIHLHOM
maccuse P. 9ToT MaccuB OyAeT MCIIONb30BAH JJIS ONpeAeSeHus KOJH-
JecTBa BHIOpDAHHBIX OHIOHOB Ka:KJ0T0 THNA, B KauecTBe HAUYAJIBHOTO
sHayeHus Gepém K, = 0.

ITonyuennasa gopmysna npumenuma npu N > 6. Ilna mespmux N
HCIOJB3YIOTCA TOJBKO Te JaHHBIE, KOTOpPhIe e€CThb B Tabauie
(puc. 6.39). Hanpumep:

Ha pucynke 6.39 moxasansr maccussl aiaa N = 10,
N 0 1 2 3 4 5 6 T 8 9 10

Klo|1]2|8|a]|1|1]| 23|42
PO[1 111 |GB)]e]|1]1]1
\’/
Puc. 6.39

Kak mo maccuBy P ompefenuTh ONTHUMAJBHBINA COCTAB OGMAOHOB?
Ilycrs, manpumep, N = 10. 3 maccuBa P HaXOAMM, YTO IIOCIEXHUIA
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mobaBieHHBIN OuI0oH UMeeT 00béM 5 J. Ocraéress 10 — 5 = 5 1, B axe-
menTe P[5] Toske samucaHo 3HaueHue 5, MOTOMY BTOPOM OHIOH TOXKe
umeer 006béM 5 a. OcraTtoxk 0 J1 03HaYaeT, YTO MBI IIOJIHOCTBIO OIpeze-
JaUJIA Habop OHIOHOB.

MoHO 3aMeTHUTh, YTO TaKas IpoleAypa OYeHb IIOXO0Ka Ha ajro-
putMm [elikerpel, ¥ 3T0 He cayuaiiHo. B anroputmax JlediKcrTphbl u
dolina—Yopineina, IO CYyTH, HUCOOJAB3YeTCA MeTOJ AUHAMHYECKOro
NporpaMMHUpPOBAHHSA.

3anaua 3 (3agaua o Kyue). s kamueii Becom p; (i = 1, ..., N) Tpe-
oyerca HabpaTh Kydy BecOM DPOBHO W uiIH, eCclIHM 3TO HEBO3MOYKHO,
MaKcHuMaJbHO Oau3Kyo ¥ W (Ho MeHbUIVIO, yeM W).

OTa 3azaua OTHOCUTCH K TPYAHBIM 3aJadaM IeJOYMCJIEHHOM ONTH-
MH3aHUH, KOTOPhIe PeIlalnTcs TOJBKO IIOJHBIM IepebopoM BapHaH-
ToB. Kaskaplif KaMeHb MOKEeT BXOJUTH B Ky4y (0003HAUMM 3TO COCTOA-
Hue Kak 1) mwiu He BxoauTh (0). IlosToMy HYy’KHO BHIGPATH IEIOYKY,
cocrosmyio u3 N 6uros. IIp; 5TOM KOJIMUYECTBO BapHaHTOB paBHO 2V,
u npu bonpmux N mojaHBIN Iepefop NPaKTHYeCKHU HeBBIIIOJIHHM.

IuaamMuyecKoe MNPOrpaMMHpPOBaHHWE IIO3BOJAET HAWTH pelleHue
3afady 3HAUYMTEeJLHO ObicTpee. Mges cocTouT B TOM, 4TOOBI COXPaHATH
B MaccuBe pelIeHHs BceX 0oJiee HPOCTHIX 3aKad 3TOro TUma (Ipu
MeHbIIeM KOJIMUecTBe KaMHel u MeHbIleM Bece W).

Iloerpoum marpuny T, rae snemeHT T[i,w] — 2TO ONTHMAJBLHBIN
BeC, MOJIYYeHHBIH MPH IONBITKE cOOpaTh Kydy BeCOM W M3 [ IEepPBBIX
mo cuéry Kamuei (w usmensercsa or 0 go W). OueBuaHO, YTO IEPBBIH
cronbern 3amoJiHeH HyJAsAMH (OpH 3aJJlaHHOM HYJIEBOM Bece HUKaKHX
KaMHeill He Oepém).

PaceMoTpUM IIepBYIO CTPOKY (€CTh TOJABKO OJMH KaMeHb). B Haua-
Jle 9TOH CTPOKH OyAyT CTOATH HYJH, a Jajbllle, HAYWHAA CO CTOIONA
Py, — BHa4YeHMs p, (B3AJIHM eIUHCTBEHHBI KaMeHb). ITO IPOCThIE Ba-
PHMAHTHI 38744y, PEUIeHUs IS KOTOPBIX JIETKO IMOACYUTATH BPYYHYIO.
PaccmoTpum npumep, Korga tpedyerca HaGpaTh Bec 8 M3 KaMHel Be-
com 2, 4, 5 u 7 equnun (puc. 6.40).

0 1 2 3 4 5 6 7 8
0 2 2 2 2 2 2 2

-1 Ot B DN

0
0
0
0

Puc. 6.40
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Tenepsr npenmosoxum, 4To CTPOKH ¢ 1-if mo (i—1)-10 y»Ke 3aIOJHEHBI.
Ilepeiinem K i-#f cTpOKe, T. e. mobaBuM B Habop i-ii kKamenb. OH MOXKeT
OBITE B3AT WJIM He B3AT B Kyuy. Eciu Mbl He gobaBiifgeM ero B Ky4y, TO
Tli,w] = T[i—1,w], T. e. pellleHre He MeHAETCA OT AoGaBIeHUA B HaAGOp
HOBOro KamHs. Eciu KaMeHb ¢ BecOM A00aBJIeH B Ky4y, TO OCTAETCHA
«100paTh» OCTATOK ONTHMAJIBHBIM 00pPasoM (MCHOJb3YS TOJIBKO IPeAbI-
Aymue kamHH), T. e. T[i,w] = T[i-1,w—p,] + p,.

Kak »e pewnTe, OpaTb Mnm He GpaTe KkamMmedb? Hago
NpoBEepMTL, B KaKoM cnydae noly4deHHbIA Bec OyaeT Sonble
(GnNuxxKe K w).

Takxum ob6pa3oM, MOJy4aeTcss pPeKyppeHTHas (opMmyia AJs 3anojiHe-
HUA TAaOINIIBI:

Tl w] = T[i-1Lw], npu w< p;,
= max(T[i-Lw], Ti-Lw-p;] +p;), npu w = p;.

Hcnonbsysa a1y Gopmyiy, samosHsgeM TabIHUIy IO CTPOKaM, CBEpXy
BHH3; B KaJI0M CTpoKe — cJjeBa Hampago (puc. 6.41).

0o 1 2 3 4 5 6 1 8
2 |0 o0 @)2 2 2 2 2 2

4 (o o (272 4 4 6 6 6

5 o o 2 2 4 5 6““'?"‘®-)
7o o 2 2 4 5 6 1 (1

Puc. 6.41

Bugum, uro cymmy 8 HaOpaTh HEBO3MOXKHO, GiaMKalilIee 3HAUEHUE —
7 (upaBBIil HHKHUHA YIOJ TaGaUILEI).

Ora Tabiuna COAepIKUT BCe HEOOXOAUMBIE HAAaHHBIE AJIA OIpejese-
HUA BBEIODAHHOU rpynnel kaMHed. JleificTBUTENBHO, €CIM KaMeHb C Be-
COM p; He BKJIOYEH B Habop, To T[i,w] = T[i-1,w], T. e. 9ucyo B Tabd-
Julle He MeHAeTCcA IPH IepexoJie Ha CTPOKY BBepx. Haumnaem c mpa-
BOTO HMXKHEro yria Tabiuisl, uéM BBEPX, IIOKA 3HAYEHUSA B CTOJOIE
paBHEI 7. IlocnenHee Takoe 3HayeHWe — JJsA KaMHA ¢ BECOM 5, I103TO-
My OH ¥ BeIOpaH. Belumras ero Bec M3 CyMMBI, moayuaem 7 — 5 = 2,
IepexoiuM BO BTOPOM crToJifel] HA OAHY CTPOKY BBEpPX, W CHOBA HAEM
BBEPX MmO cTONOHY, IMOKA 3HAUeHMe He MeHserca (paBHo 2). Tax Kak
MBI YCHENIIHO JOLLIX 0 CAMOTr0 BepXa TabJuIlbl, B3AT NEPBBLIA KaMeHb
¢ BecoMm 2.
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3aMeTHM, YTO B PACCMOTPEHHOM CJy4ae eCTbh M eIé OJHO pelle-
HUe — B3ATH OJWH KaMeHb ¢ BecoM 7 (moaymaiiTe, Kak B MOZOGHBIX
caydasx HaXOOUTH BCE PEIIeHUs 3aJauu).

Kax MBI yoxe oTMedany, KOJIMYECTBO BAPDHMAHTOB B 3azade ana N
KaMHei pasHO 2V, T. e. anropuT™M NOJHOro nepedopa UMeeT ACHMIITO-
THYEeCKYI0 caoxkHOoCcTs O(2V). B naHHOM ajJropuTMe KOJUYECTBO OIe-
panuil paBHO YHUCJIY 3JIEMEHTOB TAOJIUIILI, T. €. CJOKHOCThL HAIIero aj-
ropurMa — O(N - w). OgHaKo HeJb3s CKAasaTh, YTO OH MMeeT JIMHei-
HYIO CJIOYKHOCTb, TaK KAK €CcTh ellé CHAbHadg 3aBHCHMOCTH OT
3aaHHOTO Beca w. Taxkue anropuTMBLI HA3BIBAIOT NCeE8OONONUHOMU-
anvHbiMu. B HUX yCKOpPeHHMEe BBIYUCJIEHUU HOCTHUraeTcs 3a CYET Hc-
IIOJIB30BAHUSA MOIIOJHHUTEJBHON NAMATH JAJSA XPaHEHHA IPOMEXYTOod-
HBIX Pe3yJIbTaTOB.

KoauuecTBo pemeHuit

3amaua 4. YV ucooiaHUTENA YTPOUTENb ABEe KOMaHIbI, KOTODPBIM
NIPHUCBOEHBI HOMEpA:

1) npubass 1

2) ymHOXE Ha 3
IlepBas W3 HUX yBeJWYHMBAET UYHCJIO HA dKpaHe Ha 1, Bropaa —
yrpauBaer ero. IIporpamma ansa YTpouTeJas — 3dTO IOCJeJ0BATEIb-
HOCTh KoMaHJ. CKOJIBKO ecTh ImMporpaMm, KOTOpele umcyao 1 mpeobpa-
ayiot B uncao N = 207

3amMeTHM, YTO IPH BBIIOJHEHUH JII000M M3 KOMAaHJ YHCJI0 YBEJIUYM-
BaeTcd (He MOXKeT yMeHbIIaTbcsa). HauHeM ¢ IIpOCTHIX ciaydaes, ¢ KOTO-
pbix OyzeM HauyuHATH BeIYMcieHus. IloHaTHO, uTo ans N = 1 cymecrt-
ByeT TOJIBKO OfHA IporpaMma — IycTas, He cojep:Kalmiasd HU OJHOM KO-
maHzapl. Ina N = 2 ecTb TOXKe TOJBKO OfHA IIPOrpamMma, COCTOAINAas M3
KoMaH/bl caoxenus. Eciu uepes K, 0003HAYUTH KOJHYECTBO DPas3HBIX
nporpamMm AJis noaydyesnus yucnaa N us 1, o K, = K, = 1.

Tenepsr paccMoTpuM OOL[ME cJaydail, YTOOBI NOCTPOUTH pPEKyp-
PeHTHYIO (hopMyJy, cBA3bIBalomyio K, ¢ NpeAblAyIIUMH 3JIeMeHTaMu
nocaenosarenbHocTd K, Ko, ..., Ky, T. e. ¢ pellleHUAMH TaKUX Ke
3ajiad aJs MeHbIIux N.

Ecan uncao N He gennTcesa Ha 3, TO HMOCJeAHEH KOMAaHIOH AJISA ero
NOJIy4eHUA MOXXeT OBITE TOJBKO OIepalusd CJIOXKEeHHS, II03TOMY
Ky =Ky . Eciu N pennrca Ha 3, TO mocieAHedl KOMaHIONH MOXKeT
OBITh KaK CJIOXKeHHe, TaK U yMHokeHHe. IloaTOMy HYIKHO CIIOXKHUTH
Ky_; (xonuuecTBO mIporpaMMm ¢ TIIOclexHelt KOMAaHAOH CIOMEHUS)
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u Ky 3 (KOJINYECTBO NPOrpaMM ¢ MOCJeAHeH KOMaHAOW YMHOXKEHUS).
B urore nonyuaem:

- Ky _;,ecnu N He menurcd Ha 3,
N Ky +KN/3,ecnnNnennTcaHa3.

Ocraércsa 3anonHuTs Tabauny AJasA BCeX 3HadYeHHU ot 1 g0 3agaH-
Horo N = 20. [Ina He6ONbIIMX 3HAYEHHH ITY 3aJady JErKo PeIluThb

BPYUYHYIO:

N|1|2(3(4|5(6|7(8(9(10|11|12(13(14|15|16(17(18|19|20
Kyl1|1(2(2|2(3|38(3[6(6|5|7|T7|7|19]9(9(12]|12|12

3amMeTHM, YTO KOJMYECTBO BAPHAHTOB MEHSETCA TOJBKO B TeX
cronbuax, rae N genurcs Ha 3, NMO’TOMY M3 BCeil TaOAMIILI MOMKHO
OCTaBUTE TOJBKO 3TH CTOJOLBLI (M n00aBUB cleAyiollee 3HAYEHUE,
KpaTHOe TPEM):

N|1|3|6 |9 |12|15|18] 21
Kyl 1|2 |83 |5|7]9[12]15

3anannoe uucygo 20 momagaer B mocyiexHu# mHTepBaa (or 18 mo 21),
II0O3TOMY OTBET B JaHHOH 3amadye — 12.

IIpu cocraBieHHMH NPOrpaMMbl ¢ IIOJHOH TaGaUIEH HYKHO BBIZe-
JIATh B NaMATH IeJO0YHCIeHHBIA MaccuB K, HHIEKCH KOTOPOrO M3Me-
HATCA OT 1 o N, M 3alOJHUTE ero 1o NPUBEAEHHBIM BbIIIE (PopMmMy-
Jam:

K[1l]:=1;
for i:=2 to N do begin
K[i]:=K[i-1];
if i mod 3 = 0 then
K[i]:=K[i]+K[i div 3];
end;

Orserom Gyzer snaueHue K[N].

3amada 5 (pasmeH mMoHeT). CKONBKHUMU PAa3JIMYHLIMU CIIOCO0aMM
MOJKHO BBIZaTh ciayy pasmepom W py0GJseii, ecim ecTh MOHETHI J0O-
CTOMHCTBOM p; (i = 1, ..., N)? [Ina Toro 4Tobbl caady BCerga MOXKHO
6n1710 BBEIATH, OyAeM Ipeamosararh, 4To B Habope ecTh MOHeTa A0CTO-
uHcTBOM 1 Py6as (p; = 1).

127
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IdTo 3amaya, Tak JKe, KAK U 3ajada O Kyde, DeIIaeTcs TOJbKO II0J-
HBIM nepe6OpOM BapHaHTOB, YHCJIO KOTOPBIX IpH Goabmmux N O4YeHB
BEJIMKO. Byzem mcnoss30BaTh AHHAMHYECKOE IIPDOIPAMMHADOBaHHE, CO-
XpaHsAA B MacCHBe DeIIeH’s BCeX 3ajad MeHbIeil pasMepHOCTH (IJIdA
MeHbIINX 3HadeHur N u W).

B marpune T ssauenme T[i,w] Oyaer obo3HadYaTh KOJIHUYECTBO Ba-
PHAHTOB cJadu pasMepom w pyouei (w usmensercs or 0 mo W) mpu
HCIOJB30BAaHUHU MEPBHIX i MOHeT 3 Habopa. OueBHAHO, YTO IPH HYyJIe-
BOH cade ecThb TOJBKO OAWH BapHaHT (He AaTh HU OJHOH MOHETHI),
TaK K€ M NPHU HAJIWYHH TOJHKO OJHOTO THIIa MOHET (HAIIOMHHM, YTO
p; = 1) ects TOxKe TOoNBKO OoxMH BapuaHT. IloaToMy HyJseBo# cTosber;
¥ IIEPBYIO CTPOKY TAaOJMIILI MOMKHO BaIllOJHHATH Cpasdy eAuHHANAMH. i
npuMepa MbI OygeM paccMmarpuBarh 3agaudy ana W = 10 u mabopa mo-
HeT goctouHcTBOM 1, 2, 5 n 10 pybaeii (puc. 6.42).

0o 10 2@ od 8 ool 1B Saydl
111 1 % 1 ¥ ¥ 1@ 1L 1 1 ‘1
2 |1
5 |1
10 11

Puc. 6.42

Takum obpaszom, MBI OIpefeJ UM IpPocThbie 0a3oBbIe ciaydau, OT
KOTODBIX «OTTAJIKHUBAETCA» PeKYpPpPeHTHas dopmyia.

Tenepr paccMoTpuMm o0muil caydai. 3anoJHATE Tabauny Oymem
mo cTpokaM, ciyieBa Hanpaso. [na Beruucnenus T[i,w] npepnosoxkum,
4TO MBI Jo0aBiasieM B HaOOp MOHETY JOCTOMHCTBOM p;. Eciam cymma w
MeHbIlle, YeéM p;, TO KOJHYEeCTBO BADMAHTOB HE YBEJIWYMBAETCH, M
Tli,w] = T[i-1,w]. Ecau cymma Goibmie p;, TO K 3TOMY 3Ha4YeHHUIO
HYXHO NODABUTH KOJHYECTBO BAPHAHTOB C «yd4acTHeM» HOBOH MoOHe-
Tel. Eciim MoOHeTa JOCTOMHCTBOM p; MCHOJb30BaHA, TO HY}KHO y4ecThb
BCe BAPDUAHTBI «DA3JIOKEeHUsA» OCTATKa W — p; HA BCe JOCTYIHbIE MOHEe-
T, T. €. T[i,w] = T[i—1,w] + T[i,w — p;]. B nrore nony4aerca pexyp-
peHTHaA (Gopmyna
Tl ] Tli-1,w], npu w< p;,

wil=

b Tli-1,w] + Tli,w—p;], nupu w= p,,

KOTOpas MCHOJIb3yeTcs AJs 3anoJHeHusa Tabaunsl (puc. 6.43).
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0 1 <203 % <5 e vpvis 9 A0
I 13 1 1 & 1 1 1 1 1 1 1
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Puc. 6.43

OTBeT K 3ajjade HAXOAUTCHA B IIPABOM HUMKHEM YTy TabJHIIbI.

Bsl MOTJIA 3aMeTHTBL, UTO PeIIeHrhe dTOW 3ajjady OUeHb ITOXO0MKe Ha
peleHMe 3a/lauM 0 Kyde KaMHeil. JTo He ciydailHO, JBe 9TH 3aJa4M
OTHOCHATCA K KJIACCY CJOKHBIX 3ajad4, AJA PelleHUd KOTOPBIX M3BeCT-
HBI TOJBKO mepeGopHBIe anropurmsbl. McmosszoBaHWe METOIOB JHUHA-
MHYECKOr'o IPOrpaMMUPOBAHUSA TO3BOJIAET YCKOPHUTDH PellleHne 3a CYET
XpaHeHHUs IPOMEXYTOYHBIX pPe3yJbTAaTOB, OJHAKO Tpe0yeT MOIOJHH-
TEJIBHOI'O PACXO0Ja IaMATH.

Bonpocskl U 3apgaHus 0

1. Yro Takoe AUHAMHYECKOE IPOrpaMMHUpOBaHHE?

2. Kaxoil cMBICI MMeeT BHIDAYKEHHE «JHHAMHYECKOEe NPOrpaMMUPOBAHHE»
B T€OPHH MHOTOIIATOBON ONTHMU3ALUAN?

3. Kakue maru HYXHO BBIIOJHUTH, 4TOOBL! IPUMEHHUTH JHHAMHWYECKOE IIPO-
rpaMMHpPOBaHHE K DelleHuio kaxkoi-nubo sagaun?

4, Ba cuér yero ynaércA YCKOPUTH DellleHHe CJIOKHBIX 3a7ad MeToJOoM Iu-
HAMHYECKOI0 IPOrpaMMUPOBAHUAT

5. Kakue orpasMYeHHs €CTh Y MeTOa AUHAMAYECKOrO IPOrpaMMHUPOBAHNA?

IToaroToBbTE COOOIIEHHE G

a) «3agada o0 pIOK3aKe»
6) «3amauy HaA MOANOCTIEAOBATEIHHOCTH »
B) «3aauM Ha MOMCK OITHMAJBHOIO MapmipyTa»

3apauu o

1. HanumuTe nporpaMMmy, KOTOpas OIpeAeNseT ONTHMAJbHBINA Habop 6umo-
HOB B 3azave 2 m3 nmaparpada. C xjaBHaTyphl HWJIH M3 (aiija BBOAUTCH
00'b€M LHMCTEPHBI, KOJHYECTBO THIIOB OMAOHOB U MX pasMepsl.

2. Hanumure mporpaMMy, KOTopas pellaeT 3afady 3 o Kyde KaMHeH safaH-
HOT'O Beca, PACCMOTPEHHYIO B TeKcTe maparpada.

*3. 3amaua o panue. Ecte N mpeaMeToB, OIS Ka)KJ0ro U3 KOTOPBLIX M3BECTEH
Bec p; (i = 1,..., N) u croumocts ¢; (i = 1,..., N). B paHen, MOXHO B3ATb
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npeameTsl o6muM BecoMm He Gosee W. Hammimmre mporpammy, KoTopas
omnpejessieT caMblii AOpOroi HaGoOp mpeAMeTOB, KOTODPBI MOMKHO YHECTH
B paHIie.

4. YV ncnonaurena KagpKynaTop ABe KOMaHABI, KOTOPLIM IIPHCBOEHBI HOMEpA:

1) npuBaes 1
3) ymHOXB Ha 4

Hanummure nporpamMmy, KOTOPasi BBIYMCJISET, CKOJBKO CYIIECTBYeT pas-
JUYHBIX IporpamM, npeobGpasyromux ymcao 1 B umcno N, BBegéHHOE C
KJIaBHATYPHI. chonbsyi‘i're; COKpaIléHHyo Tabauny.

5. ¥V ucnonaurens KanbKyaaTop TPH KOMaHABI, KOTOPEIM IIPHCBOEHEI HOME-
pa:
1) npubaee 1
2) ymHoxe Ha 3 £
3) yMHOXE Ha 4

Hanumure nporpaMmy, KOTOpas BBIUMCISAET, CKOJILKO CYIIECTBYeT pas-
JIMYHBIX OpOrpaMM, npeobpasymimux uuciao 1 B uumcno N, BBeJéHHOE C
KJIABHATYPBIL.
6. Y wucnonaurens KanbKynsaTop JABe KOMAHABI, KOTOPBIM IIPUCBOEHSI
HOMepa:
1) nputaee 1
2) yBennub kaxIelt paspAn uucna Ha 1
CKOJIBKO ecTh IporpamMm, KOTopsle uncyao 24 npeobpasyior B yuciao 46?2
7.V wucnonsurens KanpKynAaTop JABe KOMAHAEI, KOTOPLIM MPHCBOEHBI
HOMepa:
1) npubaes 1
2) yBenuue KaxOelt paspsn uucia Ha 1

CKONBKO cymIecTByeT NporpaMm, KorTopele umciao 26 npeobGpasyorT B
gucao 497

*8. [IpAMOYTONBEHEIA OCTPOB pasfielléH Ha KBaApaThl TaK, YTO €ro pasme-
pel — N x M kBaapaToB. B Ka)kJoM KBajgpaTe 3apbITO HEKOTOPOE UHCJIO
30JI0TBIX MOHET, 3TH JaHHBbIE XPAHATCA B MaTpuie (IBYMEpPHOM MAacCHBe)
Z, rpe Z[i, j] — uncio MOHeT B KBajgpare ¢ Koopausaramu (i, j). ITupar
XO04YeT NPOHTH H3 IOro-3alajHOro yrja OCTPOBA B CEBEPO-BOCTOYHBIM,
NpUYEM OH MOKeT ABHTaThCA TOJNBKO HA CeBep MJM Ha BocTOokK. Kak mum-
paty cobpark HamboJiblee KoaudecTBo MoHer? Hanmmure mporpamMmy,
KOTOpas HaXOJUT ONTHMAJIEHBEIA IyTh HHpaTa M YHCJIO MOHET, KOTOpoe
eMy yjgacrca cobpars.

m MNpaxkTnueckmne paborbl k rnaese 6

Pabora Ne 41 «Pemmero Oparochenar
Pabora Ne 42 «JI1uHEHEIE YHCIa»




OuvHamuueckoe nporpaMmMmupoBaHue

Pa6ora Ne 43 «BBoa u BBIBOJ CTPYKTYDP»

Pa6ora Ne 44 «Urenue cTpyKTyp 1u3 (daitna»

PaGora Ne 45 «CopTHpPOBKA CTPYKTYP C IIOMOIIBIO yKa3aTeJei»
Pa6ora Ne 46 «J[luHaMUYeCKHe MACCHBEI»

PaGora Ne 47 «Pacmupsamomuecs AuHaAMUYeCKHe MacCHUBBI»
Pa6ora Ne 48 «AndaBUTHO-4ACTOTHBIH CJIOBADh»

Pabora Ne 49 «Mogynu»

Pabora Ne 50 «Brraucinenue apudpmerndecKux BBIPaKeHHH»
Pabora Ne 51 «IIpoBepka cKOOOUHBIX BHIPAYKEHUN »

Pabora Ne 52 «3anuBka obaacTu»

Pa6ora Ne 53 «Brruucnenue apudmeTndeCKUX BbIpaXKeHHH»
Pabora Ne 54 «XpaHeHHe IBOUYHOrO JiepeBa B MacCHUBe»
Pabora Ne 55 «Anropurm IIpuma—Kpyckana»

Pabora Ne 56 « Anropurm efiKkeTpsi»

Pabora Ne 57 «Anroputrm Paoitga—Yopiieanas»

Pa6ora Ne 58 «Yucia Pubonauum»

Pabora Ne 59 «3amaua o Kyue»

Pabora Ne 60 «KonuuecTBO mporpamMmm»

Pabora Ne 61 «Pasmen moHer»

S0P k rnase 6 Ha caite PLIUOP (http://fcior.edu.ru)

¢ Pemero dparochena

* OcHOBHBIE CTPYKTYPBI ZaHHBIX

¢ CymHOCTh MOAYJIBLHOrO mporpaMmmupoBaHus. I[IporpaMMHBIN MO-
Ayb

e PafGora c yKasaTeJAMH MW CTPYKTypaMu (Ha IpUMepe A3bIKA

Pascal)

JluneitHble CTPYKRTYPHI AaHHBIX. CONCOK, CTEK, OYepelb

Opranusanusa u pabora co CTeKOM

Opraumnsanusa u paboTa ¢ ouepesbio

OcuHoBel Teopum rpadoB. CmnocobGvl mpencTaBiaeHUs rpadoB.

O6xopx rpada

3azaya 0 Kkpardyaimux nyrax. AnroputrMm ®Dioiaa, JedkcTpsl

* 3azayy onTuMmusanuu. [InmHAMHAYEeCKOe IIpOrpaMMUpOBaHUe

Camoe BaxHoe B rnase 6

* CTpyKTypa — 9TO CJOMKHBIA THI JaHHBIX, KOTOPBIH IIO3BOJAET
00'beINHUTH JaHHBIE Pa3HBIX THIOB. DJIEMEHThI CTPYKTYPhI Ha-




AnropurMusaums v nporpaMmmMMpoBaHue

3bIBAOT MOJaAMH. IIpu obpaimmeHnu K HOJAM CTPYKTYPBI HCIIONE-
3yeTcs TOYeYHAas HOTAIMA:
<MMA CTPYKTYPB>.<uMS [OOJIA>.

* YKasaTelab — 3TO NepeMeHHAasi, B KOTOPOH MOKHO XDaHUTH ai-
pec ApYyTo#l IepeMeHHON 3agaHHOrO THna. B ykasaTesie MOKHO
BallOMHUTEL aJipec HOBOH IIePeMEHHOI, MeCTO IJisi KOTOpPO# BBI-
AeJIeHO B MaMATH BO BpeMs pa0oTHl IPOrpaMMBbI.

¢ JIlmEaMHYeCKHE MAaCCUBBI — 3TO MACCHBEI, MaMATH IJIA KOTO-
PBIX BBIJeNseTcsa BO BpeMa paboTel mporpaMMmel. J[mHaAmMH4e-
CKHMIi MaccHB B IporpaMMe Ha ssbiKe [lackane — 3TO ykasa-

TeJib, B KOTOPBIA 3aIMCHIBAETCHA aJpec BHIAEJIEHHOTro OJIOKa ma-
maru. [Ipm sanmcm Takoil mepeMeHHOW B (ailyi coXpaHUTCSA
TOJNBKO 3HaUeHHe yKasaTellsd, a 3HAYEHHUA JJIEMEHTOB MacCHBa
OyAyT NOTEepPAHEI.

o Cnucok — aTo ynopsAAO4YeHHBIH HaGOp 3/IeMEHTOB OZHOIO THUIIA,
AJIA KOTOPBIX BBEJIEHBI OIlepalriy BCTABKH (BKIUEHHS) B yaa-
JeHudA (MCKIIYeHUs).

* Crex — 2TO JIMHEHHBI CIIMCOK, B KOTOPOM Jo0aBjieHMe W yaa-
JIeHHe 3JIEMEHTOB pa3pelIalTcA TOJBKO ¢ OJHOro xoHma. Cue-
TEeMHBIH CTeK MPUMEHAETCHA [JJIA XPaHeHHs aJpPecoB BO3BpaTa U3
IOAIPOTPAMM M pPasMellleHUA JIOKAJbHBIX ITepeMeHHbIX.

» JlepeBO — 3TO CTPYKTypa AAaHHBIX, KOTOpPas MOJEJIUDPYeT uepap-
XHI0 — MHOI'OYPOBHEBYIO CTPYKTYDPY. llepeBo — peKypcuBHas
CTPYKTypa, MO3TOMY AJA ero o0paboTku yao0HO HCIOIB30BATH
PEKypPCHBHBIE alropuTMmbl. llepeBbs HCHOJB3YIOTCA B 3ajadax
IOMCKa, COPTUPOBKU, BBIYHUCIEHHUA apU(MeTHUYEeCKUX BhIpasKe-
HHUH.

» I'pag — aT0 HaboOp y3710B M CBASKIBAIOINUX MX pébep. Uudbop-
Manusa 0 rpade gaine BCero XpaHHMTCA B BHAE MaTPHIBLI CMEK-
HOCTH MJH BecoBO¥ marpunsl. HauboJsiee M3BeCTHBIE 3alauM,

KOTOpBIe pelIaloTcsa ¢ IOMOUIIBI) TEeOpPHH TrpadoB, — IMIOUCK
ONTHMAJILHBIX MapIIPYTOB.
» JluHAMUYECKOE MPOrpaMMHMPOBAHUME — 3TO MeTOJ, II03BOJIA-

IOIMHAN YCKOPHUTH pellleHHe 3aJady 3a CYET XpaHeHUuS pelneHuil
aHAJOTHMYHBIX 3aJa4y MeHbIIeH pasMepHocTH. s ero McmoJinb-
80BAHUSA HYKHO BBIBECTH DPEKYPPEHTHYIO (hopMysay, CBA3LIBa-
0llee pellleHHe 3ajJadd C pellleHHeM 3aZad MeHBIIeil pasmep-
HOCTH, W OIIpeJeIUTh NpocThie 6a3oBele caydau (ycaIoBHEe OKOH-
YaHHUA PEeKYypCHH).




Mmasa 7
O0BbEeKTHO-OPUEeHTUPOBaHHOE
nporpaMmmMmmMpoBaHue

§ 46
Y10 Takoe O0N?

Kak BBl 3HaeTe, paboTa MepBBIX KOMIOBIOTEPOB CBOJMJIACE K BBI-
YHUCJIeHUAM II0 3a/laHHBIM (OpMyJiaM DPas3JIMYHON CJIOKHOCTH. Hmemo
HepeMeHHBbIX U MACCHBOB B mporpaMme OBIJIO HEBEJIMKO, TAK YTO IIPO-
rPAMMMCT MOT JIETKO VAEPYKUBATH B MAMATH BCe B3AMMOCBA3U MEXKAY
HUMH U JeTaJH aJropuTMAa.

C kaAbBIM TrOJOM IIPOU3BOJHTENBHOCTH KOMIBIOTEPOB pOCia,
M YeJIOBEK <«IIOpydas» UM Bcé Gojee m Oojiee TPyAOEMKHe 3ajadum.
KoMnsoTepsl CIeAVIOIIHNX MOKOJEHHH CTAaJH HCIOJb30BaATHCA AJIA CO-
37aHUSA CJOKHBIX HWHDOPMAIMOHHBIX cucTeM (HampuMmep, OaHKOB-
CKHMX) W MOAEJIWPOBAHHUS IIPOLECCOB, HNPOMCXOAAIIMX B peaJbHOM
mupe. Hosele 3agaun TpeboBanm Gojiee CIOMKHBIX ajJropuTMOB, 00BEM
IpOrpaMM BBIPOC A0 COTEH THICAY M Jake MUJJIHMOHOB CTPOK, YHUCJIO
IepeMeHHBIX ¥ MAaCCHBOB U3MEPAJIOCH B ThHICAYAX.

IIporpaMMHCTEI CTOJKHYJIMCH ¢ IIPO6GJIeMOH CIIOKHOCTH, KOTOpag
TIPeBLICHJIA BO3MOYKHOCTH UYejioBeuecKOoro pasyma. OQuH desloBeK yiKe
He crnocofeH HAIMCATh HAAEXKHO paboTaloIIyIo Cepbe3Hyio IporpaMmy,
TaK KaK He MOKET «OXBAaTHUTh B3IVIAZOM» Bce eé meranu. IlosTomy B
paspaboTke GONBIIMHCTBA COBPEeMEHHBIX IPOTPAMM NPUHHUMAeT ydac-
THe MHOXKECTBO clienuajucToB. IIpu sTOM BO3HHKaeT HoOBas Ipobie-
Ma: HYXHO pasfeiuTs paboTy MeKAy HMMH TaK, YTOOBI KasmAbIA MOT
paboTaTh HE3aBUCHUMO OT JAPYIHUX, a IIOTOM TOTOBYIO IIPOrpaMMmy
MOKHO ObLIO0 OBI cOOpaTh BMeCTe M3 TOTOBBIX OJIOKOB, KakK M3 Ky-
OuKOB.

Kax ormeuan  W3BEeCTHBIM  HHUIAEPJAHACKUN  IPOTPAMMMCT
9ncrep JlefikcTpa, YeI0OBEUECTBO eIlé B JPEBHOCTH HPHAYMAJO cIocob
yIpaB/JeHHA CJOMKHBIMHA CHCTEMaMH: <«pasfiejdil W BJIACTBYH». ITO
O3HAUYaeT, 4TO HMCXOAHYIO CHCTeMYy HYYKHO pas30bUTh Ha IIOJCHCTEMBI
(BBIMOJIHUTE JEKOMIIO3HI[MIO) TaK, 4ToObI paboTy KamAoM M3 HHX
MOKHO OBIJIO paccMaTpHUBAThH W COBEPIIEHCTBOBATH HE3aBHCHMMO OT

ApYTHUX.
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O6bLEeKTHO-OPUEeHTUPOBAHHOE NPOrpaMMUpPOBaHNe

Inss aToro B KJaccM4ecKoM (IpPOIEAYDHOM) MPOrpaMMHDPOBaAHUU
HCIOJb3YIOT METOJ NMPOEKTHUPOBAHUSA «CBEPXY BHHU3»: CIOMKHAA 3a7aua
pasbuBaercs Ha 4YacTH (IOA3aZadW M COOTBETCTBYIOLIAE UM aJ2OpUM-
Mbl), KOTOPBIE 3aT€M CHOBA paszbuBaioTca Ha 6ojee MeJKHe NMoA3afadn
u T. A. (puc. 7.1). OgHaxo npu 3TOM 3ajauyy «peaJbLHOTO MHpa» IPH-
xoauTcA nepedoOpMyJIUPOBLIBATE, IIPEACTABIAA BCe AaHHBIE B BUJE IIe-
PeMeHHBIX, MAaCCUBOB, CIIHUCKOB U APYIHX CTPYKTYP AaHHBIX. IIpu Mo-
JeJAPOBaHUH GOJMBIIUX CHCTEM 00BbEM 3THX NAHHBLIX YBeJIWYMBAETCH,
OHH CTAHOBATCA IJIOXO YIPABIAEMBIMH, W 3TO IPHBOAUT K GOJIBIIOMY
yucny omubok. Taxk kKak J000H aJropuTM MOMKeT OOpaTHTBCHA K
n10066IM rI06aNbHEIM (0OIEAOCTYIHBEIM) JAAHHBLIM, IOBBIIIAETCH PHCK
cay4aifHOrO HEZOMYCTUMOr'0 N3MEeHEeHUA KaKHUX-TO 3Ha4YeHH.

Banaua

|
Iﬂmaaﬂ;a‘m 1 1 | ITopzamaua 2 I | ITomsamaua 3 '

IE}IS&A&H& 2: 1| |Hon3a.naqa 2.2] |H0n3a,a.at{a 2.3I

Puc. 7.1

B rorme 60-x rogor XX Bexka mosiBMJIaCh HOBasg HAaed — IIpPUMe-
HUTH B pasdpaboTKe IIPOrpaMM TOT MOAXO0J[, KOTOPBIA MCHOJL3YeT Ueso-
BEeK B IIOBCEJHEBHOH XHU3HH. JIIOAM BOCIPDHMHHMAIT MHD KaK MHO-
JKeCTBO 00BEKTOB — IIDEAMETOB, KUBOTHBIX, JIOAEH — 3TO OTMeYas
emé B XVII Bexe dpannysckuit marematruxk u ¢umocod Pene [lexrapr.
Bce 00BeKTBI HMEIOT BHYTPEHHEE YCTPOMCTBO M COCTOSIHME, CBOMCTBA
(BHeIIHMEe XapaKTEPUCTHKH) M IOBeJeHUE. UTOOBI CIPABUTHCA CO
CI0HOCTBIO OKPYKAIOIIero MUpPa, JIOAHA YacTO He BHUKAIOT B AeTaIH
BHYTPEHHEr0 yCTPOMCTBA M MIHOPHUPYIOT MHOTIHE CBOMcTBa 00BEKTOB,
OrpaHUYMUBAACEH JIMIIL TEMH, KOTOPble HEOOXOAMMBI IJIA PEIIeHUus WX
nNpakTHYeCKHX 3agad. Taxkoil npuém HasslBaeTcs abCcTpakiuein.

ABGcTpakuusa — 3T0 BblieNleHne CYLLECTBEHHbIX XapakTepucTuk
obbekTa, OTNUYAKLWMX ero oT ApYrx o6bLEKToB.




YT10 Takoe O0MN?

Iaa pasHBEIX B3ajad CYIIeCTBEHHBIE CBOWCTBAa OLHOTO M TOTO XKe
o0bexTa MOryT OBITH COBepIIeHHO pasHbIMuU. Hanpumep, yCaAbIIIAB
CJIOBO «KOIIIKa», MHOTHE IIOAYMAIOT O IYIIHNCTOM YCAaTOM KHBOTHOM,
KOTOpOe MYPJBIKAaeT, KOrja ero raagaTr. B To »Xe BpeMs BeTepuHAap-
HBEIII Bpay MOpeJCTaBJSeT CKeJleT, TKAHH M BHYTDEHHHe OpPraHbl KOII-
KM, KOTOPYIO €My HYXHO JIeUNTh. B KajKA0OM M3 3THX CJy4YaeB IpUMe-
HeHue abCTpakIuu AaéT CBOI0 MOJAENh OZHOTO M TOTO Ke o0BeKTa,
MOCKOJIBKY Pa3JIMYHEI e MOAEeIHPOBAHU.

Kax npuMeHUTH NPUHOMN abCTPAKIMUA B IIPOrPAMMHUPOBAHUH?
ITockonsky (hopMyIHMpOBKa 3ahad, pemiaeMbIX Ha KOMIIBIOTepax, BCE
Oonee mpubiauikaerca K GOPMYJIMPOBKAM peayIbHBIX XH3HEHHBIX 3a-
Jad, BO3HHKJIA TaKas HAes: IPeACTABHTH IIPOrpaMMy B BHJe MHO-
JKecTBa 00BEKTOB (MOjeseil), KaAblii U3 KOTOPHLIX 00/1aaeT CBOMMHU
CBOMCTBAMY W IIOBEJeHHEM, HO ero BHYTPeHHee YCTPOMCTBO CKPHITO OT
apyrux obowexToB. Torza pemreHume 3ajadyd CBOAUTCA K MOJeJIApOBa-
HUIO B3auMOJeicTBHA 9TUX 00BeKToB. IlocTpoenHas TakuMm obOpasom
MOJeNb 3ajaui HaskIBaeTcsa 00seKmHoil. 34ech TOXe UAET IIPOeKTHPO-
BaHHE «CBEpPXY BHHM3», TOJBKO He IO aJaropurMam (Kax B Ipouenyp-
HOM TpOrpaMMupoBaHuu), a nmo obwexraMm. Ecim HapHcOBaTh cXeMy
TAKOM NeKOMIO3HMIINM, OHa OygeT mpeicTaBiaATh coboit rpad, Tak Kax
KAl O00BEKT MOYKeT OOMeHMBATHCA HAHHBIMH CO BCEMM APYIHMH
(puc. 7.2).

Puc. 7.2

3mece A, B, B u I' — o00GBeKTHl «BepXHero yposHA»; B;, B,
u By — momo6eexTh! o6bexTa B u T. 1.

s peleHusA 3agadyl «HA BEePXHEM YPOBHE» JOCTATOYHO OIIpeAe-
JUTh, YmMO JeJIaeT TOT HWJIM HMHOH 00BeKT, He 3aboTAChH O TOM, KaAK
HMEHHO OH 3TO fesiaeT. TakuMm o6pasoM, AJIA IIPEOOJIEHUA CJIOMHOC-
T MBI HCIONB3yeM abCmpaxKyul, T. €. CO3HATEeJIbHO OoTOpackiBaeM
BTOPOCTEIIeHHEIEe AeTajlH.
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O6beKTHO-OpUeHTUPOBaHHOE NPOorpaMMmMpoBaHue

Ecnu mocrpoena o0bexkTHasi MoxeNns 3aJauM (BbIJeJeHbl O0BEKTHI
M olpeaeJeHBl NpaBuyia oOMeHA NAHHBLIMHM MEXIY HUMM), MOKHO IIO-
PY4YHUTH pa3paboTKy KaKA0ro U3 06BEKTOB OTAEIBHOMY HPOIPDAMMUCTY
(mim rpynmne), KOTOpble AOJIKHBI HANUCATh COOTBETCTBYIOIIYIO YACTh
IporpaMMsbl, T. €. OHNPEAENUTh, KAK UMEeHHO 00BEeKT BBIIOJHAET CBOH
dysrnuu. Ilpum sToM KOHKDETHOMY paspaboTuyMKy He 0083aTeJbHO
Aep:KaTh B rojioBe MOJHYI0 HH(popManuio 000 Bcex 00beKTax, HYIKHO
JIMIOb CTPOro cobiofaThk corJialleHus o crocobe oOMeHa DaHHBIMH
(unmepgeiice) «cBoero» oO'beKTa ¢ APYTUMH,

IIporpaMMupoBaHWe, OCHOBAHHOE HA MOJEJMPOBAHUM 3aJa4d pe-
albHOTO MHpa KaK MHOJKecTBa B3aHMOJelCTBYIOINUX 00HEKTOB, IIPH-
HATO Ha3bIBaTh 00BEKTHO-OPHEHTHPOBAHHBIM IIPOrPaMMHPOBAHHEM
(OOII). Boxee crporoe onpepesieHUe MBI JaAAM HEMHOT'O IIO3Ke.

Bonpocbkl U 3apaHuna

1. TTouemy co BpemeHeM HeM30EIKHO M3MEHSIOTCA METOALI POrPAMMMPOBAHMA?

2. Yro TaKoe AEKOMIIO3UI[Hs, 3aUeM OHA IpHMeHsdeTcH?

3. Yro Takoe nponeaypHoe nporpammuposasue? Kaxoit By neKoMIosummum
B HEM HCIIOJb3yeTcsa?

4. Kaxue npo6ieMbl B IPOrpaMMHDOBAHUH IPUBEJH K mogsiaeruo O0IT?

5. Kax BBINOJHAETCA JeKOMIO3HIMA aJTOPHTMOB B NPOIEAYPHBIX SA3BIKAX
IpOrpaMMHUPOBAHHA?

6. Yro Takoe abcrpaknua? 3aueM OHA HCIOJB3yeTCA B 00LIYHOM KU3HUT

7. O6bAcCHATE, KaK CBA3aHA aGCTPAKIHA ¢ MOJAEJUPOBAHHEM.

8. Kakue npeumymiecTsa Aaét o0BeKTHBIN MOAXO0 B IIPOrPAMMHUDPOBAHMN?

9. Kakoil BUJ IeKOMIO3UIIUK HCIOab3yercsa B OOII?

10. Yro raroe uaTepdeiic? IIpuBeauTe npuMeps! 06LEKTOB, ¥ KOTOPBIX OIU-

HAKOBEII MHTep(delc 1 pasHoe YCTPOMCTBO.

IloaroroBsTe coobmenue

a) «IIpobyieMEl IpoLEAYPHOrO0 NPOrPAMMHDPOBAHMA »
6) «I'tobanbHbIE MepeMeHHEBIE: 38 ¥ IPOTHB»
B) «OOIl: mocTouMHCTBA ¥ HEAOCTATKH »

§ 47
O06GbeKkTbl U Knacchbl

Kax MBI yBHZENIN B npeablAynieM maparpade, AJas TOro 4Tobwl mO-
CTPOUTHL O0BEKTHYIO MOJENb, HYXHO:




O0BbeKTbl U KNacchl

® BBIJIEJIUTH B3aMMOJAEHCTBYIOIIME OOBEKTHI, C IIOMOIIBIO KOTO-
PBIX MOKHO JOCTATOYHO IIOJIHO OIIMCATHL IIOBEAEHHE MOAeHpye-
MOM CHCTEMBI;

® OIIpeJe/IUTh CBOMCTBA O0'LEKTOB, CYIIeCTBeHHbIe B JaHHOH 3amade;

e OomucaTh MoBeAeHHe (BO3MOMKHBIE JeHCTBHUA) 00BEKTOB, T. €. KO-
MAaH/bI, KOTOPbIe 00 BEKTHI MOT'YT BHIIOJHUTD.

Jran paspaboTKM MOJEJIH, HA KOTOPOM pellaiTcs NepedrceHHbIe
BEIIIIE 3a/la4d, Ha3blBaeTcd O0BEeKTHO-OPHMEHTHPOBAHHBIM aHAJH30M
(O0A). O BBIIONHSIETCHA JO TOr'0, KAK IMPOrPAMMUMCTHl HAMHWIIYT ca-
MYI0 IEepPBYI0 CTPOYKY KOJa, W BO MHOTOM OIpejesisgeT KadecTBO H
HAAEKHOCTb OyAyLIeil IporpaMMaI.

PaccmorpuM 00BEKTHO-ODHEHTHPOBAHHBIN aHAJM3 Ha IpUMepe
npocroi 3amauu. IlycTsh HaM HEOOXOAMMO M3YYUThL ABH)KEHHE aBTOMO-
Ouieit Ha II0CCE, HAIIPMMED, IJIS TOr0, YTOOLI OIpeNeIUTh, AOCTATOYHA
JIM ero MponycKHas cnocofHocTb. Kaxk mocTpouTh 00BEKTHYIO MOZEJH
aroit sagaun? Ilpexxge Bcero, Hy:KHO pa3obpaTbes, YTO TAKOE 0OBEKT.

O61BLeKkTOM MOXHO Ha3BaTb TO, YTO UMEET YETKUE rpaHnubl
1 obnagaet cOCTOSAHUEM U NOBEAEHUEM.

Cocrosinue oOBEKTa ompejesigeT €ro BO3MOXKHOe moBegeHue. Ha-
npuMep, JeMKadyuil UYeJIOBeK He MOMKEeT IMPLITHYTh, a He3apsarKeHHOoe
PV bé He BBICTPEJIHT.

B mHameil sagade 00bEKTEI — 3TO JOPOTa W JBHUralomipAecd II0 Hel
MamuHbl, Mamue MosxeT OBITh HECKOJNBKO, IPUYEM BCe OHH, C TOUKH
3peHus Halled 3agauym, UMeloT obmuiue cBoiicTBa. IloaTomy HeT cMmbIcIa
noApPOOHO ONMMCHLIBATEL KAXKAYI0O MAIIHWHY II0 OTAEJILHOCTH: AOCTATOUHO
OJVH pas OIpeleNHuTh UX 00IIHe uepThl, a IOTOM IPOCTO CKAas3aThb, YTO
Bce MammuHbl uMHu obsgagaroT. B OOII ana aToi mesn BBOAHUTCA CIIEIH-
AJIBHBIH TEPMUH — «KJIAacc».

Knacc — aT0 MHOXecTBO 06beKTOB, UMetoLMX 06LLYI0 CTPYKTYPY
1 obllee noBeaeHue.

Hanpumep, B paccMaTrpuBaeMoil 3a/laye MOYKHO BBECTH JBa KJac-
ca — Jlopoea m Mawuna. Ilo ycnoBuio, mopora ojHa, a MAIIWUH
MOeT OBITH MHOTO.

§ 47
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O0bEeKTHO-OPMEHTUPOBAHHOE NPorpaMMupoBaHue

Byaem paccMaTpuBaTH TPAMOIl OTPE30K JOPOTH, B 3TOM CJjydae
00BEKT «JOopora» MMEEeT ABa CBOMCTBA, BAXKHBIX IJIs HAIllell 3agadyu:
JUIMHY U IMIAPUHY — YHCJIO II0JIOC ABHKeHHUA (puc. 7.3). OTH cBOiicTBa
OIIPEAENAIT cocmosaHue noporu. «llogedeHue» IHOPOrH MOMKET 3a-
KJI0YaThCA B TOM, UTO UHCJO IIOJIOC MEeHAeTCHd, HallpuMep, H3-3a pe-
MOHTA IIOKPBITHSA, HO B Hallleil mpocTelilneil MoJenu 06BEKT «Zoporas
He OyaeT M3MEeHSAThCH.

IInpuna

Hnunaa

Puc. 7.3

CxemaTnuHo Kjaacc JJopoza MOXHO M300pasUThL B

Hopoza

BHJE IIPAMOYIOJbHHUKA C TPEeMs CEeKIHUAMH: B Bepx-
LLJI:E'I.I;::EI Hel BaIIHCE:IBaIOT Ha3BaHUe RUJIacca, BO BTOPO¥H t{&f-
TH — CBOMHCTBA, a B TpeTheil — BO3MOXKHBIE Jeli-
CTBHS, KOTOpPbIE HA3LIBAIOT MeTomamu. B Hameir mo-
Puc. 74 JeJId JOpPOTHM JBa CBOMCTBA ¥ HH OJHOI'O MeToAa

(puc. 7.4).
Teneps paccMoTpuM 00BeKTHI Kjaacca Mawuna. Ux BakHeimue
CBOMCTBA — KOOPAMHATBI M CKOPOCTH ABMiKeHUdA. [lnA ympounjeHus

OygeM cuuTaTh, YTO:
¢ BCe MaIIWHBI OAMHAKOBEI;
e KajKJas MalllMHAa ABHUIKETCHA II0 JOpOore cJeBa HANpaBO C IIOCTO-
SHHOM CKOpPOCTBIO (CKOpPOCTHM pAasHBIX MAIIUH MOT'yT OBITh
Pa3IUYHBIMHA);
s II0 KAXKJAO0M TOJIOCE ABMIXKEHHUA eJeT TOJBbKO OJHA MAallHHAa, Tak
YTO MOYKHO HE YYHTHIBATH OOrOH M IIepexoji Ha APYIyIio MOJIOoCY;
¢ €CAM MAIIMHA BBIXOAMWT 3a IpPaByI TI'PAHUILY JOPOTH, BMECTO
Heé cjeBa Ha TOM JKe I10JI0Ce MOABJIAETCA HOBaA MAallUHA.
He Bce aTH monylieHNsA BHIMIAAAT €CTECTBEHHO, HO TaKafd NpocTas
MO€eJIb II03BOJIUT IIOHATH OCHOBHBIE IPHUHIIUIIEI METOA.

3a KOOpAMHATHLI MAIIMHBLI MOKHO NPUHATH paccrosgHue X OT JIeBO-
I'o Kpada paccMaTpHBaeMoOro y4dacTKa [iocce M HOMEP IIOJIOCHI ¥ (H&TY'
paibHOe yucao — puc. 7.5). Ckopocrs aBromobuna V B Hamell mMoze-
JIA — HeOTpHUIlaTeNbHAs BeJIUYKHA.




O6bekTbl UKnacchl LE-¥i

Y V
X
Puc. 7.5

Temepr paccMOTPUM HOBeJeHHEe MAaIIHWHEL. Mg
B nanHO#i Mozenn OHa MOXKeT BBINOJHATHL BCETO X(xoopamHara)
OJHY KOMaHJy — eXaTh B 3aJJaHHOM HAIPaBJIE€HUU Y(nonoca)
(masoBém eé «aBuraThcA»). 'OBOPAT, YTO OGHEKTHI V (CKOpOCTb)
Kjgacca Mawuna UMEIOT MeTOJ «JBUIaThCHA» nBAraThCs
(puc. 7.6).

Puc. 7.6
MeTtopn — aT0 Npoueaypa unu yHKUMA, NpUHaAnexallas Kknaccy o6bekTos. o
JpyrumMu cioBamMu, MeTOJ — 3TO HEKOTOpPOe AelcTBHE, KOTOPOe

MOT'YT BBEIIIOJIHATE BCE 00BEeKTHI KJacca.

3929?&. = Mawuna
AnvHa ¥Yamare | X (koopauHarta)
LMpnra ATHEY | ¥ (nonoca)
V (ckopocTs)
ABUAraTbCcs
Puc. 7.7

IToxa MBI MOCTPOMIM TOJBKO MOJEJH OTAENBHBIX 00BEKTOB (TOU-
Hee, KJjaccoB). UTo6kl MOZEIHPOBATH BCIO CHCTEMY, HYKHO pasobpaTh-
cf, KaK aTH OOBEeKTHI B3amMoAeHcTBYIOT. OO6bexT-MalnuHAa JOJIMKeH
YMETH «OIIpeAeJUTh», B KAKOM MecTe JOpOoru oH Haxoxurcd. asa aro-
ro Mall¥Ha JOJMKHA obpamarscs K 00BeKTy «Joporas, salpamiuBas
ANUHY goporu (cMm. cTpesky Ha puc. 7.7).

L]




W O6BbEeKTHO-OPUEHTHUPOBaHHOE NPOrpaMMupoBaHme

Cxema Ha puc. 7.7 ounpenensaer:

¢ CBOHCTBA 0O'BEKTOB;

e OIepalHu, KOTOPhIe OHU MOTYT BBEIIOJHATE;

o cBa3u (oOMeH JaHHBIMH) MEXAY 00beKTaMH.

B TO Xe Bpemsa MBI II0Ka HHYEro He 'OBOPHJIM O TOM, KaK yCTpoe-
Hbl O0BEKTHl M KaK MMEeHHO OHHM OyAyT BBINOJHATH 3TH ONepamuu, U
aTo He caydyanno. Cornacuo npunmunam OOII, HM oguH 00BEKT He HOJI-
JKeH BaBHCETh OT BHYTPEHHEro YCTPOMCTBA M aJI'OPUTMOB pabGoThI Apy-
rux 00BexToB. IloaToMy, MOCTPOMB TaKyI0 CXeMy, MOXKHO IIOPDYYHUTH
paspaboTRy IBYX KJIACCOB OOBEKTOB ABYM IIPOTPAMMUCTAM, KaXXJbIH
M3 KOTOPBIX MOYKET pellaTh CBOIO 3alady He3aBHCHMMO OT APYrux. Bas-
HO TOJIBKO, 4TOOBI BCé OHM UETKO cobjrojanu mHTepdeiic — Ipasuia,
ONMUCHLIBAIOIIE B3aUMOJENCTBHE «CBOMX» OO'BEKTOB C OCTAJBLHBIMH.

@ Bonpocbkl u 3agaHus

1. Kaxue arans! BXOAAT B 00'beKTHO-OPHEHTHPOBAHHEIH aHAIN3?

2. Yro Taxkoe 00beKT?

3. Uro rakoe ryacc? YeM pasnuyaloTcsa MOHATHS ¢KJIAacc» U «00BEKT»?

4. Yro Takoe meTon?

5. Kak uzobpaxaroTca Kiaccel Ha cxeme?

6. ITouemy npu 06BEKTHO-ODHMEHTHPOBAHHOM aHaJM3e He YTOYHAKT, Kak
UMeHHO 00BeKTEI OYyT YCTPOEHBI M KaKk OHH OyAyT peliaTs CBOHM 3afadu?

A 3apaum

1. IloaymaiiTe, KAaKMMH CBOMCTBAMH M MeToJaMHu MoOrau Ol ob6nazaTe 00b-
eKTHI CJAEeAVIOMUX Kjaaccos: Yuenuk, Yuumensw, Illkona, Sxsamen, Typ-
Hup, ¥porx, Cmpana, Bpaysep. Ilpugymaiite cBOM KJacchl OOBEKTOB H
BBHINIOJIHUTE UX aHAJIHS.

2. lo6aBbTe B pacCMOTPEHHYIO B maparpade Mozesb cBeTo(ophl (Ha gopore
ux MokeT ObITh MHOTO). [logymaiiTe, Kakue CBOMCTBA H METOABI JOJAKHBI
6eITE y 06BbexTOB Kiaacca Ceemoghop. Kaxk moryr OBITH CBA3AHBI KJACCHI
Hopoza, Ceemogrop n Mawuna (cpaBHUTEe PasHble BADUAHTHI)?

3. IlpuaymaiiTe CBOIO 3a7a4y U BHIIOJHHUTE €€ 00BEKTHO-OPHEHTHPOBAHHBIM
apanu3. Ilpumepsl: MojgenupoBaHre paboTsl MarasuHa, 6anka, 6ubauore-
KH H T. II.




Coaganue 06beKTOB B NporpaMmme

§48
Co3paHue 06bEKTOB B nNporpamme

Knacce Jopora

O0BeKTHO-OPHMEeHTHPOBAHHAA IPOrpaMMa HauyWHaeTCd C ONMCAHUA
KJiaccoB o6beKToB. Kiace B mporpamMme — 3TO HOBBIM THI JaHHBIX.
Kax u crpykTypa (cM. § 39), Kiacc — 2TO CHOMKHEIH THI AaHHBIX, KO-
TOPBIA MOKeT OOBbeAMHATH NepeMeHHbIe PA3JUYHOrO THIIA B eTUHBIH
6i0k. OnHAKO, B OTJIMYME OT CTPYKTYDBI, KJIACC CONEPIKHUT He TOJHKO
AaHHBbIE, HO U MEeTOABI paboThl ¢ HUMHU (IPOUEAYPLI U (PYHKIIUH).

B mameii nporpamMme cambiii npocToil Kjaacc — ato Jopoza.
O6BeKTHI 2TOro Kjacca MMEIOT ABa cBoiicTBa: anupy (aHra. length),
KOTOpasg MOKeT OBITh BeIeCTBEHHBIM YHCJIOM, W INUPUHY (aHIJI.
width) — KOJMYECTBO IOJIOC, Iesoe yucyuo. A XpaHeHus 3HAYeHUI
CBOMCTB HCHOJB3YIOTCA IIepeMeHHble, NPUHAJJIekKAIIHe 06BeKTy, KO-
TOpBI€ HA3BIBAIOTCS MOJIAMH.

Mone — 370 nepemeHHas, NpuHagnexailas o6bekTy.

SHaUeHHMA NOJIeH ONMUCHIBAIOT COCMOAHUE O0OBEKTa, a METOAbI —
ero nosederue.

Onucanme knacca /opoza B nporpaMme Ha OO0BEKTHOH Bepcuu
Iackans (3mece mmeercs B Bupy FreePascal wnu Delphi) Beiraspar
TaK:

type TRoad = class
Length: real;
Width: integer;
end;

OTH CTPOKHM BBOJAAT HOBBIM THH JaHHBIX — KJjacc TRoadl, T. e.
co001Ial0T KOMIMJIATOPY, YTO B IPOTPaMMe, BO3MOXKHO, OYAYT HC-
IOJIB30BATBCA OOBEKTHI 3TOro Tuma. IIpwm aTOM B HaMATH HE CO-
3Ma€TCA HU OAHOrO 00BeKTa. DTO ONMCAHHE IOXOXKe HAa YEePTEMx, M0
KOTOPOMY B HYKHbIi MOMEHT MOJKHO IIOCTPOUTH CKOJBKO YIOJHO Ta-
KHUX 00'BEKTOB.

Byksa «T» B Hauasne Ha3BaHMA KJacca — 9TO COKPAILLEHHE OT CJIOBA type.

§ 48
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OOGBLEeKTHO-OPUEeHTUPOBaHHOE NPorpaMmMupoBaHmne

Ecnu mbl xoTHM paboTaTh ¢ 06BeKTOM KJjacca TRoad, B Iporpam-
Me HYXHO 00BABUTH COOTBETCTBYIOIIVIO IePEMEHHYIO:
var road: TRoad;

OpuHako u 3TO emnlé He 00'bEKT, a CChLIKA (YKasaTesnb), T. €. Iepe-
MeHHAafd, B KOTOPO# MOXKHO COXPAHHUTh ajapec JI000ro obpeKTa Kiaacca
TRoad. YToOBI co3gaTs caM OO'BEKT B MAMSATH, HY’KHO BbI3BATH CIIEIH-
anpHBI Memod Create, KOTOPBIA HA3LIBAETCA KOHCTPYKTOPOM.
Ajnpec HOBOro o0'beKTa 3alKUCLIBAEM B IIEPEMEHHYIO road:

road:=TRoad.Create;

CoapmaHHBIH 00BEKT OTHOCHTCHA K KJjaccy TRoad, moaToMy ero Ha-
3BIBAIOT IK3EMILISIPOM Kiacca TRoad.

IIpu onucaHuM Kjgacca MBI HUYero He TOBOPHUJIH O MeTole Create.
On pobaBiseTcsa KO BCeM KJaccaM II0 YMOJYaHWIO, IPH ero BLI3OBe
BCe IIepeMeHHbIe 06beKTa 3aNONHAITCA HyAAMuL,

KOHCTPYKTOp — 3TO METOp KIacca, KOTopbIi Bbi3blBaeTC AN co3aaHus
ofbeKTa aToro knacca.

CpoiicTBa JOPOr¥ MOMKHO H3MEHHTH C IOMOIIBIO TOYEYHOH HOTA-
MU, C KOTOPO# BbI MO3HAKOMMJINCH, paboTas CO CTPYKTypaMu:

road.Length:=60;

road.Width:=3;

ITonHas mporpaMma, KOTopas co3aéT 00beKT «xopora» (u 60ib-
e HUYero He JiejiaeT), BRIMVIAIUT TaK:
{$mode objfpc}
type TRoad = class
Length: real;
Width: integer;
end;
var road: TRoad;
begin
road:=TRoad.Create;
road.Length:=60;
road.Width:=3
end.

XoTsa craHgapTa Ha 9TOT CYET HET, TAK CHeJIaHO BO BCeX 0OBEKTHBIX peajn-
sanusax Ilackais.




Co3paHue 06beKkToB B nporpamme [l 153

Crpoka {$mode objfpc} mo ¢opme moxoka Ha KOMMEHTapHii,
IIOTOMY 4TO 3aKJlo4eHa B (pUrypHble cKOOKH. OfHAKO AJNA KOMIIMJIA-
TOpa 3TO KOMaHJa HepedTH B pekUM paboThl ¢ o6beKTaMu (aHIJ.
mode — pexum; object — obobexT; FPC — Free Pascal Compiler —
cBOOOZHO pacmpocTpaHAeMsblit KomnuaaTop Ilackansa).

HauanpHBle 3HaYeHUA NOJIEH MOKHO 3aJaBaTh NPAMO IIPH CO3[a-
HuU o0beKTa. [[1d 9TOro Hy»KHO N00ABUTH B ONMMCAHUE KJACCA HOBBIM
KoHCTPYKTOp. KoHCTpyKTOpPY OyzeT mepemaBaThCs ABa mapaMeTpa —
HavyaJIbHble 3HAUEHUSA IJIMHBI U [IIUPUHBL JOPOTH:

type TRoad = class
Length: real;
Width: integer;
constructor Create (lengthO: real;
widthO: integer)
end;

Peanusayus (mporpaMMa) KOHCTPYKTOPa MOYKeT BBITVIANETHh TaK:

constructor TRoad.Create(lengthO: real;
widthO: integer) ;
begin
if length0>0 then
Length:=length0
else Length:=1;
if width0>0 then
Width:=widthO
else Width:=1;
end;

3zech NMpoBepAeTcA NPaBUJILHOCTH IEPEeJAaHHBIX apaMeTpOB, UTO-
661 M0 omMOKe JAJIMHA U NIMPUHA AOPOTH He OKA3aJIMCh HYJIEBBIMH WA
orpunarensEbiMul. Teneps cozaaBaTs 06BeKT 6yaeT mpore:

road:=TRoad.Create (60, 3);

Hnura aroit foporu — 60 eguHUI, OHA COMEPIKHUT 3 MOJIOCHI.

Takum obpasom, KJacc BBINOJHSET POJab «habpuKH», KOTOpas
«BBIIYCKaeT» (Co374aéT) OOBEKTHI «IO0 YepTeKy» (OIMHCAHMIO KJacca)
IIPHU BbI30BE KOHCTPYKTOpPA.

1
Koneuno, B peasJbHOIl IporpaMme NpW Hepefade HENPABHJILHBIX AAHHBIX

HYHO BBELIABATEL coobLieHHe 00 omubke.




OO0BLEKTHO-OpPUEHTUPOBaHHOE NPOorpaMmMupoBaHne

Kaace Mamuna

Tenepr Mo:xHO ommcaTs Kiaace Mawuna (B mporpaMMe HasOBEM
ero TCar). O6bexThl KJacca TCar MMEIOT TPH CBOMCTBA U ONUH Me-
Tox — mpouexnypy move. Koopauuara X u ckopocts V — aTo Bermect-
BEeHHEIE 3HAYEHHs, a HoOMep moJiockl P — 1meloe.

type TCar = class

X, V: real;
P: integer;
road: TRoad;
procedure move;
constructor Create(road0: TRoad;
p0: integer; v0: real);
end;

Tax kak 06BEeKTHI-MAIIMHBI JOJKHBEI oOpamaTrbesa K O0BEKTY «I0-
pora», B 00JIaCTh AAHHBLIX BKJIIOYEHO HONOJHHUTEIbHOe moye road. Ko-
HEYHO, 9TO He 3HAYWT, YTO B COCTAB MAIIMHBLI BXOAHUT gopora. Hamom-
HHUM, YTO 3TO TOJBKO CCBHLIKA, U Cpa3y Imocje co3JaHusa o0beKTa-Mallln-
Hbl HYKHO 3alnucaTh B Heé ajapec 3apaHee CO3ZAHHOTO o00BeKTa
«popora». 9Ty IPHUBA3KY yA0OHO clesjaTh IPAMO B KOHCTPYKTOpPe, NpH
co3laHuM 00BbeKTa. 3a0JHO MBI OIpeAesieM IIOJIOCY ABHMIKEHHA U CKO-
poOCTh, & HAYaJbHAsA KoopauHarta X aBTOMATHYECKH YCTAHABIMBAETCH
PaBHOM HYJIIO:

constructor TCar.Create (road0: TRoad;

p0: integer; v0: real);
begin
road:=road0; P:=p0; V:=v0;
end;

Teneps saiimémcsi peanusanued (IporpaMMHpPOBaHHMEM) MeToJa
move (aHIJI. move — ABUTAThCA). B 9TOM MeToje HYXHO BBIYHCIUTH
HOBYIO KoopauHaTy X MAIIWHBI ¥, €CJIM OHA HaXOJUTCHA 3a NpejeaamMu
JIOPOTH, YCTAHOBUTH €€ B HOJIb (MAIIWHA HOABJAETCA cJieBa Ha TOH Ke
nonoce). FlaMeHeHne KOOPAWHATHI IPU PABHOMEDHOM ABHMKEHHM OIIM-
ceIBaeTcda GopMmyaoi

X=X0+V'At,

rae X, u X — HavaibHa#d ¥ KOHEYHAs KOODAMHATHI, V — CKODOCTb,
a At — BpeMs ABHI)KeHHUsS. BCIIOMHHUM, 4TO Ji000e MOJenupoBaHHe (hu-
3UYECKUX IPOIEeCCOB HA KOMIIBIOTEDPe IIPOMCXOAUT B AUCKPETHOM Bpe-
MeHH, ¢ HEKOTODBIM HMHTePBAJIOM JucKperusanuu. I[1s IpocTOTE MOXK-




Coapnanue o6vexToB B nporpamme  [SR- %3]

HO M3MEPATh BPeMdA B 3THX MHTEPBAJNIAX, & 32 CKOPOCTh V IIPHUHATH pac-
CTOAHHE, MNPOXOAMMOE MAaIIMHON B3a oxmH mHTepBas. Torma wmerox
move, OIUCHIBAIOIINN N3MeHeHHe I10JI0MKeHUA MAaIIWHEL 34 OZMH MHTEep-
Bas (At = 1), MoKeT BBITIANETH TAK:
procedure TCar.move;
begin
X:=X+V;
if X > road.Length then X:=0;
end;

OcHoBHas mporpamMmma

B ocHOBHOI mporpaMme 060bABMM MACCHB 00BEKTOB-MAIIIHH:

const N=3;
var cars: array [l..N] of TCar;

Kak Bbl momHHuTE, 3TO emé He OOBEKTHI, & CCHUIKM — IepeMeH-
Hble, B KOTOpDBIE MOJKHO 3alucaTh ajapeca o0BEKTOB KJjacca TCar.
Teneps HYKHO CO3AaTh CAMU O0BEKTHI:

var i: integer;

for i:=1 to N do

cars[i] :=TCar.Create(road, i, 2.0%*i);

IIpu BEI3OBe KOHCTPYKTOpa 3aAalOTCA TPU MapameTpa: agpec 00b-
eKTa «0pora» (ero Hy»XHO CO3JAaTh O BBINOJHEHUS 3TOr0 IUKJA), HO-
Mep HOJIOCEI ¥ CKOpPOCTh. B nmpuBenéHHOM BapuaHTe MAaIIMHA HA IOJIO-
ce C HOMEPOM i ABHMIKETCH CO CKOPOCTBIO 2i €IMHUIL 38 OAWH MHTEepPBAJ
MOJIeITMPOBAHUSA.

CaM IMKJ MOJEIMPOBAHHUSA NOJAYyYaeTCA O4YeHb IIPOCTOM: HA Kajk-
AOM IIare BBIBBIBAETCHA METOJ move AJA KayKA0i MalluHbI:

repeat

for i:=1 to N do cars[i].move;
until keypressed;

3TOT UMK 2AKOHYMTCA TOr4a, Koraa NoMb20BaTeNb HAXMET Nbyi KNaeuwy u
dyHKUMA keypressed, pacnonoXeHHan B Mogdyne Crt, BepHET SHadeHwne True.
ITosrHOCTEIO OCHOBHAS MPOrpaAMMA BBITJIALHUT TAK:

mses T s
const N — 37
war oad:s TEREoad ;

cars: array [l..N] of TCar;
i: integer;
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begin
road:=TRoad.Create (60, N);
for i:=1 to N do
cars[i] :=TCar.Create(road, i, 2.0*i);
repeat
for i:=1 to N do cars[i].move;
until keypressed;
end.

MoskHO 1 6BLIO HANMCATH TAKYIO ’Ke IIporpaMMy, He HCHOJIb3ys
06wexTh1? Komeuno, ga. Y ona moayuumiack ObI KOpode, 4eM Haml 0065-
eKTHBIH BapuaHT (c y4éroM ommcaHuA KjaccoB). B uém ke npeumy-
mectea QOII?
Mzr yaxe ormeuann, uro OOII — aro cpexcTBo paspaboTku GoJb-
IIUX TIPOrpaMM, MOJAEJUPYIOIIMX PaboTy CJIOKHBIX cucreM. B atom
caydae oOueHb BayKHO, YTO IIPU MCIIOJL30BAHMH O0BEKTHOIO IMOJAX0o[a:
e OCHOBHAs IIPOrpaMMa, OIMCHIBAIOIIAA PpellleHHe 3ajJadu B Iie-
JIOM, TOJy4YaeTcs NPOCTOM M MOHATHOH; BCe KOMAaHJbI HAIIOMU-
HAIOT JleficTBUA B peasbHOM mupe («mammuHa Ne 2, Boepén!»);

¢ paspaboTKy OTAENbHBIX KJIAacCOB 00BEKTOB MOXKHO NOPYYHTH
PAa3HBIM NPOrpaMMHCTAM, IIPH 3TOM KaXKABIH MoKeT paboraThb
HEe3aBHCUMO OT JPYTHX;

e ecam 00BEKTHI KjaccoB [Jopoza u Mawuna noEanobaTCa B Apy-
rux paspaboTKax, MOXKHO OyZeT JIerKO MCIOJb30BaTh yiKe roTo-
Bble KJIACCHI.

Bonpocbl u 3agaHus

1. Yro Takoe mosie B ONMUCAHMH KJjacca obbexTa?

2. Kak o6maBageTca Kaace 066eKTOB B mporpamMme?

3. Kax obbaBaserca nepeMeHHas A paborel ¢ 00BEKTOM HEKOTOPOTro
kaacca? Yro B Helt xpaHUTCA?

4. Kax B naMATH co3aaércs sKa3eMILIap kaacca (00beKT)?

5. Uro Takoe KOHCTPYKTOpP?

6. Uto Takoe ToueuHas Horanusa? Kax oHa mcmonssyercsa npu pabore ¢ 06b-
exTaMu?

7. Kax MOXHO 3a1aTh HaYa bHbIEe 3HAYEHHU JJIA noJei obnexTa?

8. [Toyemy B MeTofe TCar.move (mpumep, pasoOpaHHBEIA B naparpade) He
06bsABJIeHEl IepeMeHHbIe X 1 V?

9. CpaBHMTEe INPEMMYINECTBA M HEJOCTATKH PellleHHs PacCMOTDPEHHOH 3aja-
4| «KJaccuuecKuM» crocobom u ¢ nmomomsio OOIL. ChaenaiiTe BHIBOJBI.




CKpbiTUe BHYTPEHHero yCTpoicTea

IloaroroBsTe coobmenue

a) «Knaccer B aseike Cu»
6) «Knaccel B a3eIKe Javascript»
B) «Kaacce! B szeike Python»

3apaumn

1. lo6aBbTe B pacCMOTPEHHYIO B maparpafe IporpaMMy OHNepaTophl, MO3BO-
Jadpmue 1300pasuTh HA 9KpaHe IepeMelleHre MAIIWH (B TeKCTOBOM HJIU
rpapuyeckom pesxume). IlogymaiiTe, Kakue MeTOAbLI MOMKHO J06aBUTH
IJIs ®TOT0 B KJjacc TCar.

*2. [TobaBbTe B MOZeab U3 naparpada cBeTodop, KOTODEIH MepeKIouaeTcs aB-
TOMATHYECKH II0 mporpamMmme (HampuMep, 5 ¢ TOPHT KPACHBIH CBET, 3aTeM
1 ¢ — xénTeid, mOTOM 5 ¢ — 3eNEHEIA M T. A.). U3MeHHTe KJIacchl Tak,
uTo0bl MallMHA 3ampammuBana y obwexTta JJopoza mecromnosioxenue 6Jm-
saiimero cserodopa, a sarem obpamanack K cBeTodopy A TOTO, YTOOHI
V3HATH, KAKOHW CHrHAJ ropuT. MamIuHbI JOJYKHEI OCTAHABJIWBATLECH Y CBe-
To(hopa ¢ 3anpelarniIuM CUTHAIOM.

§ 49
CKkpbiTUe BHYTPEHHEero ycTpomucTea

Bo Bpemsa nmocTpoeHus 00BEKTHON MOAENH 3aJa9M MbI BBIAEJIHIHA OT-
AeJibHble 00BeKTBI, KOTOpbIe AJIA OOMEHA NaHHBIMH JAPYT C JAPYTOM HC-
HOJB3YIOT UHMep@elic — BHEIIHHEe CBOMCTBA U MeToxbl. IIpu 3TOM Bce
BHYTDEHHUE JaHHBIe U JeTald BHYTPEHHEro yCTpoMcTBa OOBeKTa MO~
HbI OBITH CKDBITHI OT «BHEIIHEro Mupa». TaKoi MoAXoJ MO3BOJISET:

e ofesomacHuTh BHYTPEHHUE JaHHEIE (II0JA) 00beKTa OT M3MEeHEeHUIt

(BO3MOXXHO, Pa3pYIIATENBHEIX) CO CTOPOHBI APYIUX 00'HEKTOB;
e IIPOBEPATHL JaHHBIE, NOCTYIAIOII¥e OT APYIruX OOBEeKTOB, HA
KOPPEKTHOCTb, TeM CaMbIM IIOBHIIIAA HANEHOCTH IIPOI'PAMMEL;

e IlepeJeNbLIBATE BHYTPEHHIOIO CTPYKTYPY M KOJ 00BeKTa JII06BIM

crmoco00oM, He MEHAs ero BHEIIHWEe XapaKTepUCTUKU (MHTep-

¢deiic); mpu 5TOM HHUKAKON IepefieIKH IAPYTrHX OOBEKTOB He
TpebyeTcs.

CKpbITWe BHYTPEHHErO YCTPONCTBa 06 LEKTOB Ha3blBaIOT
MHKancynsiuuen («noMeLleHune B kancyny»).

&b
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O6LEeKTHO-OPUEeHTUPOBAHHOE NPOorpaMmMupoBsaHme

3aMeTHM, YTO B 00beKTHO-OPHMEHTHDOBAHHOM IIPOrpaMMHPOBAHUH
MHKATCYJSANNed TakKe HasblBalOT o0belWHeHHe JAaHHBIX U METOIOB
paboThl ¢ HUMH B O{HOM O0BeKTe.

Pasbepém mpocroii nmpumep. Bo MHOrHX cHCTeMaxX NpPOrpamMMUpO-
BAHUSA €CTh KJIACC, ONMMCHLIBAIOIIUHN CBOMCTBA «Ilepa», KOTOPOE HCIIOJIb-
3yercsa PUM PUCOBAHUM JIMHUM B rpadudeckoM pexxume. HasoBém aroT
kjacc TPen, B IpocTediieM BapuaHTe OH OyZeT COJepXaTh TOJBKO
onuo nose Color, Koropoe onpefensier npeT. ByjieM XpaHuTh KOJ IBe-
Ta B BUJe CUMBOJIBHOM CTPOKH, B KOTOPOM 3allMCaH IIecTHaALlaTepHud-
HBI KOX cocraBiasiomux mozenmu RGB. Hanpumep, 'FFOOFF' — aro
(duoseroBslit 1BeT, moTomy uTo KpacHas (R) m curasa (B) cocrasiusio-
e paBHel FF ¢ = 255, a 3eséH0# cocraBJAomei Her Boobme. Kinace
MOYKHO O0O'BABUTH TAK!:

type TPen = class

Color: string;
end;

Ilo ymMonuaHMio BCe WieHbI Kiacca (MO ¥ METOAbl) OTKPHITHIE,
ob6mepocrynasie (anzn. public). Te saeMeHTHI, KOTOpBIE HYYKHO
CKDBITh, B OIMMCAHUM KJjacca NOMEIIaloT B «YacCTHBIN» pasgen (aHaa.
private), Hanpumep, Tak:

type TPen = class

private
FColor: string;
end;

B sTrom npumepe mosie FColor 3akpeiToe. ViMeHa BcexX 3aKpPBITBIX
noJseit panee Gymem HaumHaTh ¢ OyKBel «F» (oT aHra. field — moie).
K 3aKpBITBIM TMOJASAM HEJb3sd 00paTUTbCA H3BHE (9TO MOrYT JAesaTh
TOJBKO MeTOAbLl CaMOro 00BbeKTa), MOITOMY Telleph HEBO3MOYKHO He
TOJIBKO M3MEHHUTh BHYTDEHHHEe JaHHBEIE O00BeKTa, HO M IIPOCTO Y3HATH
uxX 3HaueHusd. YToOBl pemuTh 3Ty NpobieMy, HYKHO A00aBUTH K KJac-
cy elié ABa MeToja: OAWH M3 HUX OyaeT BO3BpallaTh TEKyllee 3HaYe-
uue nonsa FColor, a BTOpoii — IIpUCBaWBaTh IIOJII0 HOBOE 3HAYEHUE.
OTH MeTOABI AOCTYIAa HasoBeM getColor (B ImepeBojie ¢ aHIJ. — IONY-
aute Color) u setColor (B mepeBoae ¢ auri. — ycraHoBuTh Color):

type TPen=class

private

FColor: string;
public

function getColor: string;

procedure setColor (newColor: string);
end;




CxpbiTne BHYTPEHHero yCTpoucraa

ObparuTe BHUMaHHWe, dYTOo o06a MeTOZa HAXOAATCA B CEKIIHH
public (obmenocrynasie).

Yo ke yIAYyYIIHJIOCH IO CPAaBHEHMIO ¢ NMEePBLIM BapMaHTOM (Korza
noJsie 6b110 OTKPHITEIM)? CorsacHo npunnunam OOII, BHYTpeHHHE
noaa o60BeKTa JOJIKHEI OBITH JOCTYIHBI TOJBKO C IIOMOILIO METOHOB.
B sTom cnyuae BHyTpeHHee mpeAcTaBieHNE HAHHBIX MOXKET KakK yroj-
HO OTJIMYATBCA OT TOTO, KaK JAPyrue 00beKTHI «BHAAT» 3TH JaHHBIE.

B npocreiiinem ciaydae MeTox getColor MOMKHO Hanucarh Tak:

function TPen.getColor: string;
begin

Result:=FColor;
end;

B meTozme setColor mMbl Mo:xeM obpabarbiBaTe omubKM, He paspe-
ias NPUCBAMBATH IIOJII0 HEJZONyCTHMbIe 3HaueHus. Hanpumep, yera-
HOBHUM, YTO CUMBOJIbHafA CTPOKA C KOJAOM I[BeTa, IepejaBaeMas Hale-
My O0BeKTy, AOJAKHA COCTOATH M3 IIECTH CUMBOJIOB. Ecnu atu ycmo-
BUS He BBINOJHAKTCA, OymeM gsamuceiBaTe B mnoje FColor Koj
yépHoro nsera 000000':

procedure TPen.setColor (newColor: string);
begin
if Length(newColor)<>6 then
FColor:='000000"'" { ecnu oumbka, TO USPHEII LBET}
else FColor:=newColor
end;

Teneps ecin pen — 310 06bEKT Kjacca TPen, TO A YCTAHOBKH
¥ YTEeHHUA ero IBeTa HYXHO HCIOJIL30BATH IOKA3aHHEIE BBINIE METOMAbI:

pen.setColor ('FFFF00'); {u3MeHeHue uBeTa}
writeln( 'uBer nepa: ', pen.getColor );
{nonyuenmne usera}

HUrak, MBI CKDBIIM BHYTPeHHHE AaHHBIE, HO OJHOBPEMEHHO 06-
pameHHe K CBOMCTBAM CTaJI0 BHITJSJETh JAOBOJBHO HEYKJIOMXe:
BMECTO pen.Color:="FFFF00"' Teneps HYXHO nHuCcaTh
pen.setColor ('FFFF00'). Yro6pl yOpPOCTHTH 3aIMCh, BO MHOTHUE
00b€KTHO-OPMEHTUPDOBAHHEIE SA3BIKN IPOrDAMMHUDOBAHUSA BBEJIH I10-
HATHEe cBo¥icTBa (aHTJ. property), KOTOpOe BHEIIHEe BBITJALUT KAK
nepeMeHHas o0beKTa, HO Ha caMOM Jejle NPU 3aNUCA W UYTEeHUH
CBOMCTBA BHISBIBAIOTCA METOABI 06BEeKTA.




OO0BbEeKTHO-OpPUeHTUPOBaHHOe NporpaMmMmupoBaHue

CBoiicTBO — 370 cnNocob AocTyna k BHyTPEHHeMY COCTOsIHMIO 06bekTa,
UMUTUPYIOLMIA 0BpaLLEHWE K ero BHYTPEeHHel NepemMeHHOMN.

CpoiicTBO color B HalleM CJIy4ae MOMKHO OIpeJeuTh TaK:
type TPen = class
private
FColor: string;
function getColor: string;
procedure setColor (newColor: string);
public
property color: string read getColor
write setColor;
end;

3necyr Meroasl getColor M setColor mnepeHeceHbBl B paszaen
private, T. e. 3aKpBITBI OT ApPYrux o0bexkToB. OfHAKO ecTh obIue-
JOCTYIIHOE CBOMCTBO cOlor CTPOKOBOIO THIA!
property color: string read getColor
write setColor;

IIpu ureHMm »sTOro cBOiicTBa (aHTJI. read) BBI3BIBAETCA METOJ

getColor, a mpH 3anIHCH HOBOI'O 3HAYeHUA (aura. write) — MeTox
setColor. B mporpaMMe MOIXHO HCIIOJIH30BATE 3TO CBOMCTBO TaK:
pen.color:='FFFF00"'; {nsmeHeHMe usera}
writeln( 'user nepa: ', pen.Color );

{nonydyeHue uBeTal

ITockonbKy npuBeAéHHas BhINle GyHKNusA getColor mpocTo BO3-
Bpamjaer 3HadYenue nojsa FColor u He BBINOJHAET HUKAKHX JNOIOJIHU-
TeJILHBIX AeiCTBUIl, MOKHO ObLIO BoOOmIe yAanuTh MeToh getColor
1 00BABUTHL CBOMCTBO TaK:

property color: string read FColor write setColor;

B 5ToM cayuae INpH YTEHWHM BHIIOJHAETCHA IPAMOHA JOCTyH
K IIOJIIO.

TakuM 06pasoM, ¢ IOMOILIBIO CBOMCTBa color Apyrue 00'beKTH MO~
I'yT H3MEHATh U YUTATh LBeT 06HeKTOB Kiaacca TPen. [lus obMeHa JaH-
HBIMU C «BHEIIHMM MMPOM» Bas<HO JIMIIb TO, YTO CBOHCTBO color —
CHMBOJBHOTO THIA, M OHO COAEPKHT 6-cuMBONBHBEIN Kopi msera. Ilpm
5TOM BHYTDEHHee YCTPOHCTBO 00beKTOB TPen MOKeT ObITH JIOGHIM,
¥ ero MOXKHO MeHAThL Kak yroguo. IToxaskeM 5To Ha mpuMepe.




CKpbiTUe BHYTPEHHEero ycTpouncraa

XpaHeHHe IIBEeTAa B BHJE CHMBOJIBHON CTPOKH HEIKOHOMHO U He-
yaob6HO, TaK Kak OOJBIIMHCTBO CTAHAADPTHBIX (DYHKIHUHN HCHOIb3YIOT
YUCJIOBBIe KOABI I1BeTa. IloaToMy Jaydllle XpaHUTHL KOJ IIBETA KakK Iie-
Joe uucio, u noje FColor cipenats 1mesoro Tumna:

FColor: integer;

IIpu aToM HeoO6xX0AUMO IIOMEHATH MeTOAbl getColor u setColor,
KOTOpbIe HEIIOCPEACTBEHHO paboTaT ¢ 3THUM IIOJIeM:

function TPen.getColor: string;
begin
Result:=IntToHex (FColor, 6) ;
end;
procedure TPen.setColor (newColor: string);
begin
if Length (newColor)<>6 then
FColor:=0 {ecnmm oumbka, TO 4YEpPHEM LBeT}
else begin
FColor:=StrToInt ('$'"+newColor);
end;
end;

Jlns mepeBojila YMCIOBOI'O KOJA B CUMBOJBHYIO 3aIHUCh MUCIOIB3Y-
erca (pyErknua IntToHex, Bxoasamasa B 6ubauorexy FreePascal (mo-
Ayib SysUtils). Eé BTOpOii mapamMeTp — KOJH4YeCTBO Hu(pP, KOTOpOe
Oymer B mecTHaanatrepuuHoM uwuciie. O6paTHbIA 1epeBOJ; BBITOJHSIET
dyaknusa StrTolnt. dnsa Toro urobbl yKasaTh, 4TO YHUCJIO 3aIUCAHO B
IIecTHaJAaTepUYHOIl cucTeMe, mepes HUM A00ABJIAIOT CUMBOJ S$.

B srom npumepe MBI NPUHIMUNUAIBHO H3MEHMUJIM BHYTPEHHEe
yCTpoHcTBO 00BEKTAa: 3aMEHWJIM CTPOKOBOE II0JIeé HA IEJIOUHCIeHHOE.
Opsaxo apyrue o0beKTHI Jajke He «J[OrafaloTcA» O TAKOH 3aMeHe, IT0-
TOMY UTO COXpaHWJICA HHTep(delic — CBOHCTBO color IO-TIPeKHEMY
uMeeT CTPOKOBBIM Tun. Takum o00pasoM, MHKAICYIAIUS [TO3BOJISET
KaK YyrogHO U3MEeHATh BHYTPEHHEe YCTPOMCTBO 00BLEKTOB, HEe 3aTparu-
Baa uHTepdeiic. IIpu aToM Bce ocrasibHBIE 00BEKTHI H3MEHATH HE Tpe-
Oyercs.

Hnaorga He HY’)XHO paspemiaTh APYrMM O0OBEKTAM MEHSITH CBOM-
CTBO, T. €. TpebyeTca cAenaTh CBOMCTBO «TOJBKO AJIA UTEHUSA» (AHIVI.
read-only). IlycTts, HaIpuMep, MBI CTPOUM HPOTPAMMHYIO MOJENhL aB-
Tomobunsa. Kak nmpasuio, Apyrue o60bEKTEl HE MOT'YT HEIOCPEJCTBEHHO
MEHATH €r0 CKOPOCTh, OAHAKO MOTYT MOJYYHUTE WHMOPMAIIHIO O Hel —
«IIPOYHTATB» 3Ha4YeHHe cKopoctw. IIpum OmMCAaHMM TaKOro CBOMCTBAa
CJIOBO write M HasBaHWe METOJA 3allMCH He YKas3bIBAIOT BOOOIIE:
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type TCar = class
private
Fv: real;
public
property v: real read Fv;

end;

Takum obpazoM, AOCTYyH K BHYTPEHHHMM JAaHHBIM 00bEeKTa BO3MO-
JKeH, KaK I[paBuj0, TOJBKO € IIOMOIIBI MeToxoB. IIpumeHeHHe
cBOiicTB (property) oueHs yA00HO, IOTOMY YTO IIO3BOJIAET MCIOJIb30-
BaTh Ty e (opmy 3anucu, 4TO U npu pabore ¢ 00IIeOCTYIIHOM Iepe-
MEHHOH 00BeKTa.

IIpu HCIOJIb30BAHWH CKPBITHA NAaHHBIX JIMHA IOPOTPAMMBI dale
BCEro YBEeJIMYHBAETCH, OAHAKO MBI IIOJIy4aeM U Ba’sKHBIE IPEeNMYIIecT-
Ba. Koj, cBasaHHBIN ¢ 00BEKTOM, pasiesiéH Ha ABe yacTu: obmieno-
CTYIHYI0O uYacTh (ceKmus public) u sakpeiTyio (private). O6nbexT
B3aUMOJENCTBYeT € JAPYyrAMH 00BeKTaMu
TOJBKO C MHOMOIIBI0 CBOMX OOINEJOCTYIHBIX
cBoiicTB m MeronoB (uHTepdeiic) — puc. 7.8.
Ilosromy mnpu coxpaHeHUH HHTepdeica MO~
HO KaK YIrOJHO MEHATH BHYTPEHHIOI CTPYKTY-
PV HAaHHBIX W KOJ METOJAOB, M 3TO HHKaK He
Oymer BAMATE Ha Jgpyrue o0bwexThl. Iloam-
YepKHEM, UTO BCE 9TO CTAHOBHUTCA HAEHCTBH-
TeJbHO BajKHO, Korjga paspabareiBaercsa 60Jb-
mas nmporpaMma ¥ Heo6xXoammo obecneduTs eé
Puc. 7.8 HAJIEKHOCTbD.

CgoiicTBa

o Bonpochl u 3apaHus

1. Yro Takoe uHTepheiic oobexTa?

2. Uro Takoe narancyasanua? Kaxoss! eé memnu?

3. Uem pasnuualoTcsa ceKnuu public m private B onucanuu Kjaccos? Kax
OIpe/IeTUTE, B KAKYIO U3 HUX IOMECTHUTEH CBOMCTBO HMJIH MeTox?

4. TToueMy pPeKOMEHIVIOT AeJaTh JOCTYI K IIOJAM 00BeKTa TOJBLKO C IIO-
MOIIBI MEeTOHOB?

5. Uro Taxoe cBoiicTBO? 3adyeM BO MHOrMe A3BIKH NPOrpaMMHMPOBAHHSA BBe-
AeHOo 3T0 noHaTHe?

6. Mo>xHO J¥ ¢ MOMOIIBI0 CBOMCTBA 0Opamarhcs HAIPAMYIO K HOJI0 00bekx-
Ta, He HCIOJbL3YA MeTon?




Mepapxua knaccos

7. Iloyemy MeTOABI HOCTYIA, KOTOPbLIE MCIIOJL3YET CBOWCTBO, A€JAIOT 3a-
KPBITBIMHA?

8. 3aueM HYKHEI CBOMCTBA «TOJBKO AJs ureHusi»? [IpuBeauTe NpuMepsl.

9. IlogymaiiTe, B KAKHX CUTYALUAX MOKET OBITH HYKHO CBOMCTBO «TOJBKO
JUIA 3amucH» (KOTOpOe Helb3d IpouYMTaTh). Kak BBecTH Takoe CBOMCTBO
B onucaHue Kiaacca? IlpuBeauTe nmpuMepsl.

IloaroTroBeTe coobmeHue A

a) «MEKancynanus B Asbike Cu»
6) «Makancynanusa B A3bIiKe Javascript»
B) «MHEKancynanua B A3sike Python»

3apaua o

HMsMeHHTEe TOCTPOEHHYIO paHee NPOrpaMMy MOAENHDOBAHUS JBUMKEHHUSH
TaK, 4To0BI BCe MOAA Yy 00BEeKTOB OLLIN 3aKpBITEIMHU. McnonsayiiTe cBOI-
CTBa JJIA AOCTYIa K NaHHEIM.

§ 50
Uepapxua knaccos

Kaaccnduxanum

Kak B Hayke, Tak M B ObITY, Ba)KHYIO DOJIb UIDaeT KJIaccupuka-
IMA — pasjieIeHUe U3yJYaeMbIX O00BeKTOB Ha Ipymmbl (Kjaaccel), 00b-
eIMHEHHBIe O0INMMH NpPU3HAKAMHM. IIpeik[e BCero 3To HYIKHO IJdA
TOro, 4TOOBI He 3amyTaThes B OOJBIIOM KOJHYECTBE MAHHBIX ¥ He
OIIUCHIBATE KaKAbIA 00BEKT 3aHOBO.

Hanpumep, ects MHOro Buaos ¢pykros! (abmoxu, rpymmu, Gama-
HEBI, aleJbCHHBI U T. [.), HO BCe OHM 00/IaZal0T HEKOTOPBIMM OOIIMMH
ceodicrBamu. Hciau mepesecru ator npumep Ha A3k OOII, kiace
Ab6n0rK0 — 9TO MoaKIace (IPOM3BOAHLIN Kjace, KIacc-HACIeTHHK, II0-
TOMOK) KJacca ®pyrxm, a Kiaacc Ppykm — 5To 6a30BbIA Kiace (cy-
IepKJjace, Kjacc-upelaokr) nas Kiaacca A0.0ko (a Taxkxe IJis KJIACCOB
I'pywa, Crusa, Anenvcun u up.).

Crpenka Ha cxeme (pmc. 7.9) ob6osnauaer Hacinenosanue. Hampu-
Mep, KJjaacc A0.10K0 — 3TO HacJegHUK Kyacca Ppykxm.

mpyKT&MH HA3BIBAIOT COUHBIE CheJOOHEBIE ILJIOLBI JdepeBbeBE H KYCTADHHKOB.

153




O6BLEeKTHO-OPUEeHTUPOBAHHOE NPOrpaMMupoBaHne

Baazosslit Kiace

Knaccsr-
s60K0 I'pyma Causa ADENLCHE | Lo e nauKHy
Puc. 7.9

Knaccuueckuii mpuMep Hay4YHOH KiaaccH(UKAIMKA — KJaccupukra-
IUA KUBOTHBIX MM pactrenuit. Kax BBl 3HaeTe, OHa IpeACTaBJIfAeT CO-
6011 uepapxuio (MHOIOYpPOBHEBYIO CTPYKTYpY). Hanpumep, ropesiii Kie-
Bep oTHOCUTCH K pony Kaesep cemeiictBa Bobosvie Kiacca [[éydosibHbLe
u 1. . l'osopsa Ha aswike OOII, wkuacc I'opHbLll Kae6ep — 3TO HACHeN-
HUK Kjaacca Kuaesep, a ToT, B CBOIO Ouepelb, — HACIeAHHK KJjacca
Bobosbie, KOTOPLIN ABJAETCA HACIEAHUKOM Kiacca [JeydonvHble U T. 1.

Knacc B siBnsieTca HacneaHWKoM knacca A, ecnv MOXHO cKkasaTb, 4To b —
9TO PasHOBUAHOCTL A.

HanpumMep, MOKHO CKasaTh, 4TO #06J0KO — 3T0 GPYKT, a TOPHBIH
KJIeBep — OJHO M3 pacTeHuil cemeiictBa /Jeydoavrbie. B To e Bpemsa
MBI He MOKEM CKas3aTbh, YTO «JIBUraTeJb — 9TO PA3HOBHUAHOCTH Malllu-
HbI», MO3TOMY KJacc /Jeuzamenb He sABIAeTCA HACIeZHUKOM KJjacca
Mawuna. [IBAraTesb — 3TO COCTABHAA YACTH MAUIMHEBI, I03TOMY 00h-
eKT Kijacca Mawuna comepkuT B cebe o0bekT Kiaacca [[euzamend.
OTHOLIEHUS MeKAY ABATaTeNeM H MAIINHOW — 9TO OTHOIIeHHEe
«94acTh — IIeJI0e».

Hepapxml JJOTHYECKHX 3JIEMEHTOB

PaccMoTpuM TaKyIO 3aJady: COCTABUTH IIPOTPaAMMy IJA MOJIEJH-
pOBaHHSA YIPABJIAIOIIAX CXeM, IIOCTPDOCHHBIX HA JIOTUYECKHUX JJIeMEeH-
Tax (cM. riaBy 3 B yuebHuke aisa 10 kimacca). Ham HyxHO «cobpaThb»
3aJaHHYIO CXeMY U IIOCTPOHUTH €€ TaGJHUIly UCTHUHHOCTH.

Kak BBI yKe 3HaeTe, mepej TeM, Kak IPOrpaMMHpPOBAaTh, HYMXXHO
BBITIOJIHUTL OOBEKTHO-OPMEHTHPOBAHHBIN aHanui. Bce o0beKThI, H3
KOTOPBIX COCTOMT CXeMa, — 9TO JIOTHYECKHe 3JIeMEeHTHI, OJHAKO OHH
moryT 66ITE pasaeiMu (HE, U, UJIU u gpyrue). Ilonpobyem BBIZEIUTH
obmiue CBOMCTBA ¥ METOABI BCEX JIOTUYECKHUX 3JeMEeHTOB.




Uepapxus knaccos

OrpaEuYuMCA TOJBKO 2JI€MEHTAMH, y KOTOPBIX OZWH MJIH JBa
Bxoza. Torga mepapxmusa KJIaCCOB MOYKET BBIIVIAZETh, KAK IIOKA3aHO HA
puc. 7.10.

Jloruuecknii ajeMeHT

il s

C ogHEM BXOOOM C aBymMsA BXOJaMH
HE " NI
Puc. 7.10

Cpenu Bcex 3JIEMEHTOB C JBYMs BXOZAMH MBI IIOKA3aJl TOJBLKO 3JIe-
meHTHI «A» u «AJIW», ocTaibHEIE BBl MOXKETe N00ABUTH CAMOCTOATEILHO.

HUrak, nna Toro 4roObl He OMUCHIBATHE HECKOJBKO Pad OAHO M TO
JKe, KJacchl B IpOrpaMMe JOJIXKHBI OBITH IIOCTPOEHBI B BHJE Hepap-
xun. Temepr MOKXHO JaThk ompefiesieHHe OOBEKTHO-OPUEHTHDPOBAHHOTO
IIpOrpaMMHPOBaAHMA.

O6BLEeKTHO-OPUEHTUPOBAHHOE NPOrpaMMUpPOBaHKUEe — 3TO TaKOW NOAX0A
K MPOrpamMMMUpPOBaHUI0, MpY KOTOPOM MNporpaMma npegcrasnseT coboi
MHOXECTBO B3aUMOLENCTBYIOLMX 0GBEKTOB, KaXAbINA U3 KOTOPLIX ABMSAETCS
9K3eMNnspoM onpeAenéHHOro Knacca, a Knaccel 06pasyloT uepapxmio
HacnefoBaHWSA.

BazoBerii KiIace

ITocTpouM IepBEHI BAPDUAHT ONMUCAHUA KJAac-

ca Jlozuueckuii anemenm (TLogElement). O6Go- Jlordxement
3HAYUM ero BxXoasl Kak Inl u In2, a BeEIXOJ Ha- in1(sxon 1)
30BéEM Res (or aHrI. r — pe3yabTar

( esult pesy ) In2 (BX0n 2)

(pme. 7.11). 3pecs cocTOSHHE JIOTHYECKOTO 3Je-
MeHTa onpejeisiercsi Tpemsi BejquuuHamu (Inl,
In2 u Res), 9TO NO3BOJSAET HA OCHOBE TOTO Ke ca- calc
Moro 6a30BOro KJjacca MOAEJHPOBATL M 3JEeMeH-
THI ¢ IAMATHIO (HAIPUMED, TPUITEPHI), & He TOJIb-
KO crarudeckue anemMeHTH (kak HE, WU, HMJIHU
" T. IL).

Res (peaynbtar)

Pue. 7.11




O6bLeKTHO-OPUEeHTUPOBaHHOE NPOrpaMMupoBaHue

JI060i1 ToruyecKui 3JeMeHT AOJIYKeH YMeTh BEIYMUCJIATHL 3HaUeHUe
BBIXOZA II0 M3BECTHBIM BXOJAaM, AJIA 3TOI'O BBEAEM B KJACC METON
calc:

type

TLogElement = class
Inl, In2: boolean;
Res: boolean;
procedure calc;

end;

B TakoM BapuaHTe BCe NaHHBIe OTKpBITHIE (0bmiesocTymHEbIe). UTO-
OBl 3ALUTUTL BHYTPEHHEE yCTPOMCTBO 00BEKTa, CKPOEM BHYTDEHHHE
nosaa (7o6aBUM IpH 3TOM B MX Ha3BaHuUsA nepeyio OykBy «F») m BBe-
JEéM cBoOMCTBA:
type
TLogElement = class
private
FInl, FIn2: boolean;
FRes: boolean;
procedure setInl (newInl: boolean) ;
procedure setIn2 (newIn2: boolean);
procedure calc;
public
property Inl: boolean read FInl write setlInl;
property In2: boolean read FIn2 write setlIn2;
property Res: boolean read FRes;
end;

O6paTuTe BHUMAHHE, UTO CBOMCTBO Res — 3TO CBOHMCTBO TOJIBKO
1A 9TeHHHA, W Jpyrue oO0beKTHl He MOTYyT ero MeHaTh. Kpome Toro,
MBI IOMECTHJIMA OPOLEeAYyPY calc B CKPHITHIN paszern (private), moro-
MY UTO IEepPecdYéT pe3yJbTaTa AOJIMKEeH BBINOJHATHCA AaBTOMAaTHYECKH
IpH u3MeHeHHu JI000ro BXOAHOTO curHana (Apyrue OOBEKTHI He
JOJKHBI 00 9TOM 6eCIIOKOUTHCH).

HecnoykH0 HanucaTh IMpoueaypy setInl (B aHAJNOTMYHYIO eil Ipo-
nenypy setIn2), B Hell HOBOe BXOAHOe 3HadYeHWe IpHCBAMBAaeTCH
IOJII0 ¥ CPasy NepecuuThIBAETCH Pe3yabTar:

procedure TLogElement.setlInl (newInl: boolean);
begin

FInl:=newlInl;

calc;
end;




Uepapxus knaccoe

Ecsin BHHMATENBHO NPOAHAJIM3WPOBATH IIOCTPOEHHOE OIHCAHUE
KJlacca, MOYKHO BBIABUTH HECKOJBbKO NpobiaeMm. Bo-nmepBrix, ajgeMeHT
HE uMeeT TONBKO OAWH BXOJ, IIOTOMY He XOTEJIOCH OBI JJIA HEro or-
KPBIBaTh AOCTYH K CBOMCTBY In2 (9TO He HYKHO M MOXKET IPUBECTH K
omubKam).

Bo-BTOpBIX, IpoHEeAypyY calc HEBO3MOMKHO HAIHCATH, IOKA MBI HE
3HaeM, KaKOd MMEHHO JIOTWYECKHH dJeMeHT Mojenupyercs. Bmecre c
TeM MBI 3HaeM, YTO TAKYIO HPOLEeAypy UMeeT JII00OW JIOTHUYEeCKHH dJie-
MEeHT, T. €. OHa J0JIKHa NPHHAAJIeKaTk HMeHHO KJjaccy TLogElement.
3mech MOKHO HANMCATH IPOIENYPY-<«3arjyIIKy» (KoTopasg HUYEero He
Aeyiaer):

procedure TLogElement.calc;

begin

end;

Ho HY»XHO Kak-TO JaTh BO3MOKHOCTb KJaccaM-HacJeSHUKAM H3-
MEHHTH 3TOT METOJ TaK, YTOOLI OH BBIIOJHAN HYIKHYIO onepanuio. Ta-
KO#l MeToj HasbIBaeTca supmyaivHuvim. Bojee TouHOe ompeneneHue
3TOTO NOHATHA MBI JaJAHUM HECKOJBKO II033Ke.

Knaccel-HacmefHHKH MOTYT II0-PA3HOMY peajJu30BLIBATH OJWH
M TOT Ke MeToZ. Takasd BO3ZMOIKHOCTh HA3LIBAETCS MOJHMOP(HHU3IMOM.

Monumopcuam (OT rpeyd. ToAv — MHOTO, 1 [opeT — hopMa) — 3TO 0
BO3MOXHOCTb KIaCCOB-HACNeHUKOB NO-PasHOMY Peanu3oBbiBaTh METOA,
ONWCaHHbIW ANs Knacca-npeaka.

Mg ysxe TOBOPHJIHM O TOM, 4YTO METOJ calc He HYXKHO AejaTh 00-
mepocTynHeIM (public). B To :Ke BpeMsa ero HeJb3sd AejlaTh 3aKphl-
ThHIM (private), moToMy 4YTO B 3TOM cJy4Yae OH He OyAeT AOCTYIeH
KJjaccaM-HacjaeIHHKaM. B Takux ciaydasxXx B ONMCAaHHM KJacca HC-
noJab3yercd TpeTuii 610K (KpoMe private u public), KOTOPBIA HA3BI-
Baerca protected (3amuménneiit). JJanabie U MeTOABI B 3TOM 0JIOKe

AOCTYIIHBI IJIfA KJIaCCOB-HAaCJIeAHHMKOB, HO HEAOCTYIHBI AJA APYIHX HKIACCOE.
B 2ToT »e Gnok protected mbl NnepemecTiiM obbAsneHe NnonA FRes (ero byayT

MEHATE HACASeAHKMKKM B Npoueaype Zala) v obbABneHKWe cBolcTBa INnZ — oHO

ByneT ckpbiTo ANA 3neMeHTa <HE=», a 3nemMeHTbl € ABYMA BX0OAaMW €ro «0TKpOHIT»

{4y Tbh Nozxe).

type
TLogElement = class
private
FInl, FInZ: boolean;

157
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procedure setInl (newInl: boolean);
procedure setInZ (newInZ: boolean);

protected
FRe=: boolean;
property In2: boolean read FIn2 write setlIn2;
procedure calc; wvirtual; abstract;

public
property Inl: boolean read FInl write setlInl;
property Res: boolean read FRes;

end;

Ob6paTrure BHUMaHUe Ha OObsABJIEHMe MeTOAa calc: mocie Hero cTro-
AT cnoBa virtual (BupTyanbHBINA) 1 abstract (B mepeBofe ¢ aHIVI. —
aberpakTHEe). Onucarens virtual roBopMT O TOM, 4TO MeTof calc —
BUPTYAJIbHBIM, U KJIACCHI-HACJIEJHUKHA MOTYT ero mepeonpezaensars. Kak
yiKe OTMeYasioch, MBI JOJIKHBI OOBABUTE 3TOT MeETOJ (BBECTH ero B
OIMCaHUe KJacca), HOCKOJBbKY OH JOJ3eH OBITh y J1000r0 JIOrHIecKoro
aJieMeHTa. B TO Ke BpeMs HEBO3MOMKHO HamMCaTh Iponenypy calc,
IOKa HEeM3BeCTeH THII JIOTHYEeCKOoro sjgemMeHTa. Takol MeTo[ Ha3bIBaeT-
ca aberpakTHBIM u ob6o3Hauaercs omnucaTeneM abstract. Ilns abe-
TPAKTHOI'O METOLA He HY>XHO CTABUTH «3aIVIYIIKY».

ABCTpaKTHbLIAN MeToa — 3TO MeToA Knacca, KoTopbii obbaBnaeTcs,
HO He peanusyeTcs B Knacce.

BoJsiee Toro, He CYIIeCTBYeT JIOTMYECKOI'O 3JieMeHTa «BooOme»,
Kax He CYIIEeCTBYeT «IIpocTo GpyKTa», He OTHOCAIIErocsa K KaKOMYy-TO
Buay. Taxoit kmace B OOIl masweiBaerca abGcrpakTHbiM. Ero ornmuun-
TeabHAA YepTa — XOTA Obl OAUH abCTpaKTHBIN (HepeaausoBAHHBII)
MEeTOJ.

ABCTpaKTHbIN Knacc — 3TO Knacc, coaepxalumin xots 6bl oauH abeTpakTHbINA
MeTog.

HWrax, monydeHHBIM Kiaacc TLogElement — 5To0 abCcTpakTHBIN
rjace (KOMIMJIATODP ONPEAeJHUT 9TO aBTOMaTHudecku). Ez2o MOMHO uc-
NnoAbL308AMb MOJALKO OJ8 pas3padomiu KAACC08-HACLeOHUKO0E, CO-
3/laTh B IporpaMme O0'beKT 3TOTO KJIacca Helb3d.

Yrobsl KJacc-HACJAeJHHUK He OBIT abCTpakTHBIM, OH JOJIKEH Iepe-
OIpeNeJIUTh Bce abCTpaKTHBIE METONEI IIpejfKa, B JaHHOM cjiydae me-
Tox calc. Kak aro caenars, BBl YBHAUTE B CJIeAYIONIEM IIYHKTE.
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Knnccnpnacnennnnu

Teneps 3aiiMéMca KiaccaMu-HaclaeZHuUKaMu oOT TLogElement.
Ilockonsky y Hac OyaeT eNWHCTBEHHBIH 3JIEMEHT C OZHHM BXOILOM
(HE), caenaeM ero HacJegHMKOM IpaAMO oT TLogElement (He 6ymem
BBOJHUTH CHEIHAJLHBINA KJIACC «3JIEMEHT C OJHUM BXOJ0M»).

type

THot = class (TLogElement)
protected

procedure calc; override;
end;

ITocse cnoBa class B ckoOKax yKasaHO HasdBaHHe 0a30BOro KJac-
ca. Bce 06bexTHI Kilacca TNot 061a7ai0T BCeMU CBOMCTBAMU U METOMa-
MH KJjacca TLogElement.

Hosmlii KJacc mepeompenenasier MeTon calc, Ha 3TO YKasblBaeT
CJIOBO override (B mepeBojie C aHIVI. — IE€PEKPHITh). 3aMETUM, YTO ¥
f6asoBoro kJjacca TLogElement aTOT MeTOJ He peaJu30BaH — OH
abcTpaKTHBIN, IIO3TOMY B JAHHOM cJjydae MBI (JaKTHYECKU IIporpam-
MHUpyeM MeToJ, OOBABJIEHHEIH B 0asoBom Kiacce. Ilna siemeHTa
«HE» OH BEITIAAUT OYEHb IPOCTO:

procedure TNot.calec;
begin

FBes := not Iml
end;

Knacc TNot y:xe He abCTpaKTHBIH, MOTOMY 4YTO aOCTPAKTHBIN Me-
TOJ IIpeZiKa Iepeolpe/ieJIEH M Telneph M3BECTHO, YTO JeJIaTh IIPHA BHI3O-
Be Mmerozma calc. IloaToMy MOXKHO coszaBaTh OOBEKT 3TOro KJacca
H WICIOJIL30BATh €ro:

var n: TNot;
n:=TNot.Create;
n.Inl:=False;
writeln(n.Res);

OcrasbHBIE BJIEMEHTHI UMEIOT ABa BXoma H 6y,uy'r HacJeJHHKaMH
KJjacca.

TLog2In = class (TLogElement)
public

property In2;
end;
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EfuHCTBEHHOE, YTO AejiaeT 3TOT KJacC, — IEePEeBOJUT CBOMCTBO
In2 B pasien publiec, T. e. genaeT ero o6IIeJOCTYIHEBIM. OrmeTuM,
YTO BHUAMMOCTE MOKHO TOJBKO IIOBBIIIATH, T. €. HeJb3s, HaIpuMep,
B HacJHegHHUKe chesiaTh ODOIIeZOCTYIHOe CBOMCTBO KJacca-ipeika 3a-
KPBITBIM HJIM 3alUINEHHBIM.

Knace TLog2In — aT0 Toe abCTPAKTHBIM KJAacc, IOTOMY 4TO OH
He IIepeoIpeiiesinjl MeTox calc. 9TO cHenalOT ero HacJaefHUKH TAnd
(snnemenT W) u TOr (ssnement WUJIM), KoTOphIe ONpPeAeJSIOT KOHKDET-
HEIe JIOTHYeCKHe 3JIeMeHTHI:

tyvpe

Thnd = class (TLogZIn)
protected

procedure calc; owverride;
end;
TOoOr = class (TLogZIn)
protected

procedure calc; override;
end ;

Peanusanus nepeomnpeiesiéHHOr0 MeToAa calc Ajusa aneMeHTa «M»
BBEIIJIAOHUT Tak.:
procedure TAnd.calec;
begin
FRe= := Inl amd InZ
end;

Onsa snementa «MJIW» sToT MeTO ] onpelesieTca aHAJOTHMIHO.
O6paTum BHUMaHHE Ha MeToJ setInl, BBeAEHHEIN B 6a30BOM KJlacce:
procedure TLogElement.setInl (newInl: boolean) ;
begin

FInl:=newInl;
cala;
end;

B HéM BhI3BIBaeTCA MeTOJ calc, KOTOPBIA IepecYUTHIBAET 3Haye-
HHe Ha BBIXOJe JIOTHUEeCKOro 3JieMeHTa Npu M3MeHeHuHu Bxoja. Kaxoi
ke Metopn OyaeT BeI3BaH, ecaiu B 0asoBoM KJacce TLogElement OH
TONBKO O0'BABJIEH, HO HE pPeaju30BaH?

Ilpo6iema B TOM, 4YTO AJif BBI3oBa J000H IpoOUIeAyphl HYMKHO
3HaTh eé ajzpec B nmaMATH. [l OOBIYHBIX METOZOB TPAHCJIATOP Cpasy
3anUChbIBaeT B MAIIMHHBIA KOJ HYIKHBIH ajgpec, IIOTOMY YTO OH 3apa-
Hee U3BeCTeH., JTO TAaK HA3bIBAEMOE CTATHYECKOe CBA3BIBAHHE (CBA3BI-
BaHHe Ha ?Talle TPAHCIAIWK), IIPH BBINOJHEHHH NPOrPAMMBI 3TOT
ajpec He MEHAETCH.
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B wHamem cJydae ajpec MeToja HeHW3BeCTeH: B KJjacce
TLogElement ero HeT BooOme, a Yy KasKAOro Kiacca-HacJeJHHKa aji-
pec meroza calc cBo# cobcTBeHHBIH. UTOOB! BBIATH U3 IIOJIOMKEHHUS,
HCIOJIb3yeTCs AMHAMUYECKOe CBA3bIBAHME, T. €. aJpec BHI3bIBAEMON
Iponeaypsl ONpejesseTcs IPH BHINOJHEHUM IPOTPaMMBbI, KOTAa yiKe
ompezieéH TN 00BbEeKTa, ¢ KOTOPhIM MbI paboraem. Taxoit Merox
HY’KHO OOBABIATL BUPTYaJbHBIM, YTO MBI M CJejaniud paHee. OITO
O3HAYaeT He TOJBKO TO, UTO €ro MOT'YT IepeolpelensaTh HaCIeNHUKH,
HO ¥ TO, 4TO GYAeT MCIIOJIb30BAaThCA AMHAMHUYECKoe cBAsbiBaHHe. Te-
nepb MOXXHO JATh IIOJHOE OIpeJeseHNe BUPTYAJIbHOI'O METOAA.

BupTyanbHbii MeToa — 370 MeToA 6a3oBoro knacca, KoTopbii
MOFyT NMepeonpeaennTb Knaccbl-HacneaHuku, Npu 3Tom 0
KOHKpEeTHbI agpec Bbl3blIBaeMOro meToga onpegensercs

TOMBLKO NPW BLINONHEHWX NPOrPaMMb.

Terepbs MBI I'OTOBBI K TOMY, 4YTOOBI CO3/IaBaTh M MCIOJB30BATH IO~
CTpOEHHBIE JIOTWYEeCKHe 3jieMeHThl. Hampumep, Tabiuny HCTHHHOCTH
UL TIOCJIeOBATEBLHOTO coefuHenus ajneMeHTOB «M» n «HE» moxHO
MOCTPOUTE TaK:

var elNot: TNot;
elAnd: TAnd;
A, B: boolean;
begin
elNot:=TNot.Create;
elAnd:=TAnd.Create;
writeln('| A | B | not(A&B) ')
writeln(!————=—mr——ene—————— )
for A:=False to True do begin
elAnd.Inl:=A;
for B:=False to True do begin
elAnd.In2:=B;
elNot.Inl:=elAnd.res;
writeln('| ', integer(A), ' | ', integer(B),
' | ', integer (elNot.Res))
end
end
end.
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Crauana cospaiorcs ABa o0BbeKTa — JOrMYecKHe sjemeHTs! HE
(rnace TNot) m MJIM (xnacc TAnd). [dasee B ABOWHOM LHKJe mepe6u-
paloTcs BCe BO3MOJKHbIe KOMOMHAIMM 3HAYEHHH JIOTHYECKHUX Iepe-
MeHHbIX A 1 B, OHM mOJAIOTCA HA BXOABI aJemeHTa M, a ero BEIXOHL —
Ha Bxoj ayemMeHTa HE. Uto6bl mpu BeIBOJAE JIOTHYECKHX 3HAYEHHI
BMecTO False um True BBIBOAWJIKUCH Gojiee KOMIAKTHEIE 0003HAYEHUSA
O u 1, 3HaueHWs BXOJOB M BHIXOJA HPeoOpas3yIOTCA K IeJIOMY THILY
(integer).

MopyasHOCTH

Kax BbI 3HaeTe u3 riassl 6, Gosblnne MpPOorpaMMel OGLIYHO pastH-
BalOT HA MOAYJIY — BHYTDEHHE CBA3HBbIE, HO CJab0 CBA3aHHBIE MEXAY
coboit Gnoxm. Takoil mHOAXOA HCIOAB3YeTCH KAK B KJIACCHUECKOM
nporpaMMupoBanuu, Tak u B OOII.

B mameif mporpamMme C JIOTHYECKHUMH 3J€MEHTAMH B OTAENbHBIH
MOJAYJIb MOYXHO BBIHECTH BCE, UTO OTHOCHTCH K JIOTUYECKHUM 3JIeMeH-
Tam. Moayne, comepKamuil KJIacchl JOrMUYECKUX 3J€MEeHTOB, Ha 00b-
€KTHOU BepcHuu aA3bIKa [Jackanb MOMKHO 3anucaTh TaK:

unit log _elem;
{$mode objfpc}
interface
type
TLogElement = class
private
FInl, FInZ: boolean;
procedure setInl ({newInl: boolean);
procedure setIn2 (newIn2: boolean);
protected
FEes: boolean;
property InZ2: boolean read FIn2 write setIn2;
procedure calc; virtual; abstract;
public E
property Inl: boolean read FInl write setInl;
property Res: boolean read FRes;

end;
THot = class (TLogElement)
protected

procedure calc; owverride;
end;

Tand = class{TLog2In}
protected
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procedure cale; owverride;

end;

TAnd = class (TLog2In)

protected

procedure calc; owverride;

end;

Tor = class(TLog2In)

protected

procedure calec; owverride;
end;
implementation

procedure TLogElement.setInl (newInl: boolean);
begin

FInl:=newInl; calc;
end;
procedure TLogElement.setIn2 (newIn2: boolean);
begin

FIn2:=newln2; calc;
end;
procedure TNot.calc;
begin

FRes:=not FInl;
end;
procedure TAnd.calc;
begin

FRes:=FInl and FIn2;
end;
procedure TOr.calc;
begin

FRes:=FInl or FIn2;
end;

end.

Yro6Hl HCIOJB30BATE TAKOM MOAYJb, HYMHO NOAKJIIYHUTH €ro
B OCHOBHOM IIpOrpaMMe ¢ IOMOIIBLIO KJIIOYeBOI'O CJI0OBa uses, IIOcje
KOTOPOr'0 Uepes 3anATYIO MePeUNCIAITCS BCe UCIO0Ib3yeMble MOJYIN:

program logic;
{Smode objfpc}
uses log_elem;
var elNot: TNot;
elAnd: TAnd;
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begin
elNot:=TNot.Create;
elAnd:=TAnd.Create;

end.

Coobmenusa Mexay o0beKTaMHu

Korpa sorudeckue snemMeHTBI 00BeUHSIOTCH B CIOMHYIO CXeMY,
JKeJlaTeJIbHO, 9TOORI mepefayua CUIHAJIOB MeXKAY HAMH NDPH U3MeHeHUH
BXOAHBIX AAHHBIX NPOMCXOAMJIa aBToMaTHdecKH. [lJIg 3TOro MOMKHO
HEMHOr'0 pacmupuTh 6a30BbIii Kaace TLogElement, 4TOGBI 2JIeMEeHTHI
MOIJIM IIepefaBaThk APYr ApPYyry coodmmeHus 00 M3MEHEHMH CBOEro
BBIXOZA.

Jns mpocToThl GyAeM CYMTATH, YTO BBIXOJ JIIOOOIO JIOTHYECKOTO
9JIeMEHTa MOXKeT OBITh MOJAKJIIYEH K J060MYy (HO TOJNBKO oAHOMY!)
BXOAY APYTrOro JIOTHYECKOro ajeMeHTa. [{o6aBHM K ONHCAHHUIO KJacca
JBa TOJIA U OAUH METO/:

type

TLogElement = class

private
FNextEl: TLogElement;
FNextIn: integer;

public
procedure Link(nextElement: TLogElement;

nextIn: integer);

end;

Ilone FNextEl XpaHUT CCHUIKY HaA CHEAVIOIIUHN JIOTMYEeCKHIH aje-
MeHT, a noJie FNextIn — HoMep BXOJa 3TOrO CJEAVIOIIEro 3JeMeHTa,
K KOTOPOMY HOJKJIIOYEH BBIXOJ JaHHOTO 3jeMeHTa. C moMoIneio obige-
JOCTYIIHOTO MeToJa Link MOXKHO CBA3ATh NAHHEIN 3JIEMEHT CO CIEAy-
IOIIM

procedure TLogElement.Link (nextElement: TLogElement;
nextIn: integer);
begin
FNextEl:=nextElement;
FNextIn:=nextIn;
end;
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HyXHO HEMHOro U3MEHHUTh MeTOAbl setInl u setIn2: Ipu U3Me-
HEeHMHU BXOAa OHH JOJKHBEI HE TOJIBKO IIePeCYUTHIBATh BBIXOJ AAHHOTO
3JIeMeHTa, HO ¥ OTHPaBJATE CUI'HAJ Ha BXOJ CJIeAYIOIIero

procedure TLogElement.setInl (newInl: boolean);

begin

FInl:=newlnl; calc;
if FNextEl<>nil then
case FNextIn of
1: FNextEl.Inl:=res;
2: FNextEl.In2:=res;
end;
end;

Venosre FNextE1<>nil o3HA4aeT «eC/IH CIEAYIOIAM 3JIEMEHT 3a-
nau». Ecau oH He ObLI ycTaHOBIeH, sHaueHue noia FNextEl Gyper
paBHO nil ¥ HUKaKMe JONOJHUTEeIbHbIE AefCTBUA He BHIIOJHAIOTCH.

C yuéTOM 3TUX U3MEHEHHUU BHIBOJ TAOIMIIBI MCTUHHOCTHA (QPYHKIMHU
HU-HE wmoxHO 3anwcaTek Tak (omepaTopel BBIBOZIA 3aMEHEHBI
MHOTOTOYUAMH):

elNot:=TNot.Create;

elAnd:=TAnd.Create;

elAnd.Link (elNot, 1);

for A:=False to True do begin

elAnd.Inl:=A;

for B:=False to True do begin
elAnd.In2:=B;

end;

end;

Of6paTuTe BHUMAaHUE, YTO B CAMOM Hadajle Mbl YCTAHOBHUJIH CBA3B
anementoB I u HE ¢ momompio MeTona Link (cBA3aaM BBIXOJ dJI€MEH-
ra VI ¢ nepBeIM BxonoMm anementa HE). Ilasee B Tese nuxja obpaime-
HuA K anementy HE Her, motomy uro anemeHT Fl aBTOMaTHYECKH CO-
o6muT eMmy 00 U3BMEHEHUH CBOEr0 BHIXOJA.

Bonpocbkl v 3apaHva

1. Yro Takoe knaccuburanua? Sauem oHa HyxHa? IIpuBesuTe IpUMepHI.

2. B kakoM ciaydae MOMKHO ckasaThk: «Kmace B — HaclegHMK Kiacca A»,
a xorga: «O6mexT Kiacca A comepur o0BeKT Kinacca B»? Ilpusenure
IpHUMepB.L.
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3. Uro rTakoe mepapxus Kjaaccos?
4. O6’bsicHATe NPUBEAEHHYI0 MEPAPXMIO JIOTHYECKHX ajeMeHToB. Obcyaure
e€ NOCTOMHCTBA ¥ HEeJOCTATKH.
5. HaiiTre monHoe onpenenesue OOII u o6bAcHUTE €ro.
6. Uro raxoe 6GasoBeIi Kjacc u Kiacc-HaciaeAHuk? Kaxme cHHOHHMEI HC-
HOJB3YIOTCHA AJIS 9THX TEPMHUHOB?
7. Ha npumepe knacca TLogElement (mpuMep u3 maparpada) moKa)XuTe,
KaK BBIIOJHEHA MHKATICYJIAIUA.
8. Yro Takoe BHPTYyaJIbHEIN MeTOH?
9. Yro Takoe momumophusm?
10. Yro rakoe abcrpaxTHEM Kiacc? IlouemMy Henab3s co3AaTh 0OBEKT ITOTO
Kaacca?
11. Kak TpaHCIATOD OmpeAessieT, YTO TOT MJIM MHOH Kjacc — abeTpakTHBINA?
12. Yro HyXHO cpenarhb, 4To0Bl Kiacc-HACIEIHHK abCTDAKTHOrO KJjacca He
6611 abeTpakTHBIM?
13. Bauyem Hy:keH onmcarens protected? Yem oH oTimuaeTca oT private
u public?
14. YTo o3HauaeT onucaTeab override?
15. Kakue npeumyiecTsa AaéT NpHUMeHeHHe MOAyJieldl B nmporpamme?
16. 3 xaxux yacTeil COCTOMT KasKAblH mMoayab? YUTO BKJIKYAIOT B KAMKIVIO
U3 HUX?
17. MoxxHO N1 BCE CONEepP:KMMOEe MOAYJA BKJIIOYHTH B CeKNHI0 interface?
YemM aT0 miaoxo?
18. MoxkHO JH BCEé COHEPIKMMOE MOAYJA BKJIIOYHUTHE B  CEKIIHIO
implementation? Yem at0 mioxo?
19. O6acHUTE, KAK 0OBEKTEI MOTYT IlepeJaBaTh cOOOIeHUus APYT APYTY.

IToaroroBhTe coObmIEeHHE

a) «Mepapxusa Kinaccos B a3bike Cu»
6) «Mepapxus KiaccoB B a3bIKe Javascript»
B) «Mepapxusa xkuaccoB B a3eike Pythons

o 3apaumn

1. TobaBbTe B OnMMCaHHYIO B maparpade HepapxHio KJIAcCOB JIEMEHTHI «HC-
rkarouaomee UJIW», «1-HE» u «1JIM-HE».

2. «Cobepute» B nmporpamme RS-Tpurrep M3 ABYX JIOTHYECKHX 3JIEMEHTOB
«JIN-HE», mocrpoiite ero Tabauny mcTUHHOCTH (oOpaTHTe BHHMAaHNe
Ha BapMaHT, Korga ofa BXoja HYyJeBEIe).




Nporpammsi ¢ rpaduyueckum nitepdeiicom  ERR

§ 51
Mporpammsl ¢ rpadpuyeckum nHreppemncom

Oco0eHHOCTH COBPEMEHHBIX NMPHUKJIAJAHBIX MPOrpaMM

BonBIIMHCTBO COBPEMEHHBIX IIPOTPaMM, IIpeJHasHA4YeHHBIX [IJIA
II0JIBL30BATeJIel, YyIIpaB/dgeTca ¢ IIOMOINbI0 rpaduueckoro MHTepdeica.
Bel 3HaKOMBI € TOHATHSMH <«OKHO IIPOrpaMMBbI», <«KHOIIKa»,
«(hIaxoK», «II0Jie BBOZA», «IIOJIOCA MPOKPYTKWU» U T. N. Taxme OKOH-
Hble CHCTEeMBI 4Yalle BCero NOCTPOeHbl Ha NPHHIUNAX O00BEeKTHO-
OPHEHTHPOBAHHOTO IPOrpaMMHUPOBAaHUA, T. €. BCe 3JIEMEHThl OKOH —
aTO0 00'bEKTEI, KOTOPhle OOMEHMBAIOTCHA JAaHHBIMH, IIOCHELIAA APYT APYIY
cooDImeHnd.

CoobuweHune — 370 6NOK aHHbLIX ONpPeAen&éHHON CTPYKTYPbI, 0
KOTOpLIN UcnonbayeTcs ans obmeHa uHdopmaumein mexay o6bekramu.

B coobmieEnn yKasbIBaIOTCH:
anpecat (00bEKT, KOTOPOMY IIOCHLIaeTca coobIeHne);
YHUCJI0BOM KOX (THII) cOODIIEeHN;

napaMeTpsl (JOIOJHHUTEIbHBIE JaHHBIE), HAIPUMED KOOPAHHATHI
IIeJUYKa MBIIIBIO UM KOJ HaKaTo# KJIABUIIH.

CoobOmieHre MOKeT OBITh INHPOKOBENIATEJbHBIM, B DTOM Cjydae
BMECTO ajpecaTa yKasbIBaeTcsa o0cobblil Kog W cooblmeHHe IIocTyIaeTr
BceM OOBEKTaM OIpeAeJéHHOro TUna (HaIpumep, BCEeM IVIABHBIM
OKHaM IpOorpaMm).

B mporpamMmax, KOTOpPBIe MBI ITHCAJIM pAaHbBIIE, IIOCJIeA0BATEIb-
HOCTB JefiCTBHSA 3apaHee OIIpeJieleHa — OCHOBHAad IIPOIPAMMAa BBIIOJ-
HseTCA CTPOYKA 3a CTPOUKOM, BEI3BIBAA NpPOLEAypbl ¥ (QYHKIIUU, BCe
BETBJIEHUS BBIMOJHAKTCA € [OMONIIBI0 VCJIOBHBIX OIEpPaTOPOB
(puc. 7.12).

B coBpeMeHHBIX IpOorpaMmax OOPSANOK AeHCTBHI ompenesseTrcs
[I0JIb30BATEIeM, APYrHMH OPOrpaMMaMH HJIH HOCTYIJIEHMEM HOBBIX
JAHHBIX W3 BHEINIHEr0 MCTOYHWKA (HampuMmep, HU3 CETH), IO3ITOMY
KJaccudeckas cxema He moxaxoaut. Ilosb3oBaTess TEKCTOBOIO pelak-
TOpa MOJKET IIEJKATh Ha JIIOOBIX KHOINKaX M BeIOMpaTh Ji00ble IMyHK-
Thl MEHI) B IPOM3BOJILHOM mopszake. Ilporpamma-cepBep, Inepezaa-
oIIas JaHHBIE ¢ Beb-caliTa HAa KOMIBIOTED IIOJbL30BaTeJIs, HAUYHHAET
JeMCTBOBATE TOJBKO I[PH IOCTYILIEHMH odepeaHoro szampoca. Ilpm
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OcHoBHasA nporpaMmma J
I Bsoa nasabIX I 2 g N\
! w
| O6paboTka JaHHBIX I
1
[ BriBoj pesyisTaToB l
IIpoueayps! B QYHKIHAR

Puc. 7.12

IIPOrPaMMHUPOBAHMM CETEBBIX MUI'P HYXKHO YUIHUTHIBATH B3auMMOJeicTBHe
MHOTHX O0BeKTOB, HH(MOPMAIUA O KOTOPBIX IMepefaéTcs IO CeTH
B cJydaiiHble MOMEHTHI BpeMeHH,

Bo Bcex aTHX ImpuMepax mporpaMma AOJKHA «BKJKYAThCA B pa-
00Ty» TONBKO TOTZAA, KOTAA MOJYYHUT YCJIOBHBIM CHIHAJ, T. €. IIPOH-
30MET HEKOTOpOe cobbimue (M3MEeHEeHHUe COCTOAHUA).

Co6biTHe — 370 nepexof Kakoro-nubo obbekTa M3 0AHOro COCTOSHUS
B Apyroe.

Co6bITHA MOTYT OBITH BHISBAHBI JeHCTBUAMHE IIOJIb30BaTeNasa (yIpas-
JIeHHe KJIaBHaTypPO# ¥ MBIIIBIO), CHUTHAJAMH OT BHEIIHMX YCTPOMCTB
(mepexos NMpHHTEpPa B COCTOSHHE TOTOBHOCTH, IIOJNYYeHME IAHHBIX M3
ceTH), NOJAyUYeHHEeM COOBIIeHHusA OT ApPyro# nporpammsel. Ilpu HacTymie-
HHAU COOBITHH OOBEKTHI IIOCELIAIOT APYT APYT'Y COODIIeHnd.

TaxkmMm ob6pasom, Bech XOJ BLINOJHEHHS COBPEMEHHOW IIPOrDAMMEI
onpejeaeTcsa MPOUCXOAAIIUMHU COOBITUAMY, a He »KECTKO 3aJaHHBIM aJl-
roputmoM. IToaTomy roBopsT, YTO HPOTPAMMBI YIIPABJIAKOTCHA COOBITHA-
MH, 8 COOTBETCTBYIOIIWH CTHJIb IPOIPAMMHPOBAHHA HA3BIBAIOT COOBI-
THITHO-OPHEHTHPOBAHHBIM, T. €. OCHOBAHHBLIM Ha 06paboTke COOBITHIA.

HopmanbeHbIf pexuM padoThl COOBITHHHO-OPHMEHTHPOBAHHOM IIPO-
rpaMMbl — IHUKJ 00paboTku coobrmerwuii. Bee coobmerna (oT MBIIOH,
KJIaBHATYPHI, ApaiBepoB YCTPOMCTB BBOJA M BBEIBOZA M T. II.) CHAYAJa
IOCTYyNaT B €JUHYI Oouepedb COOOIeHHH OomepamuOHHOH CHCTEMBI.
Kpome TOro, nnsd KaXJOH IpOrpaMMBI OIepallHOHHAS CHCTEeMa CO3-




Mporpammel ¢ rpadpuvecknm uiteppeincom

JaéT OTAENBHYI0O oOuYepeab COOOIIeHui U I[oMemniaeTr B Heé Bce
COoOOIeHns, IpeiHABHAYCHHbIe UMEHHO 3TOi nporpamme (puc. 7.13).

Rnamla'rypf, MBIIIB, ...

CucTeMHasa odepeasb
4 y AN
Ouepens
‘Om:nnanne cooﬁmenna| IporpaMMbl OrFueImg
i : cucTeMa
1
| ..
IOGpaﬁo'ma cooﬁm;ennal i O6paboTunku
] i Tporpamma coobmennit
Puc. 7.13

IlporpaMmma BEIOMpaeT o4yepegHOE COODINeHWe U3 OUYepedy M BBI3BI-
BaeT CHelHAaNBHYIO IpoLeaAypy — 00paboTduk aToro coobueHusa (eciau
oH ecTs). Korga nonnp3oBaTesb 3aKPhIBAET OKHO IPOrPAMMBI, €il IIOCHI-
JaeTcd CHOeIUaNbHOe CcoolIIeHMe, HPH MNOJYYEHHH KOTOPOro IHKJI
(u pabora Bceli mporpaMMel) 3aBepIIAeTCHA.

Takum oGpa3oM, rIaBHasA 3ajada IIPOrpAMMMCTA — HANHUCATH CO-
JepskaHue o6pabOTUMKOB BCeX HYIKHBIX coobmieHuit. Emé pas mopa-
YEepPKHEM, 4TO IIOCJIEIOBATEJIbHOCTh UX BBI30OBOB TOYHO He OIIpejeJieHa,
OHAa MO’KeT ObITh JI000H B 3aBUCHMOCTH OT AEHCTBHH MOJbL30BATENA
M CHTHAJIOB, MOCTYNAKIIUX C BHEIIHUX YCTPOMCTB.

RAD-cpens! xiaa pa3paGoTku mporpamMmm

Paspaborka nmporpaMm sl OKOHHBIX ONEPAalMOHHBIX CHCTEM M0
cepenuabl 1990-x rr. 6BLIA ZOBOJBHO CJIOYKHBIM U YTOMHUTEJIBHBIM Je-
JgoM. OueHb MHOTO YCHJIMH YXOAMUJIO Ha TO, 4YTOOBI HANHMCATH KOMAH/BI
AN co3naHUA MHTepdelca ¢ MOab30BATEJIEM: PA3MECTHTh 3JIeMEHTHI B
OKHe IIPOrpaMMbI, HANIMCATH U NPABUIBHO 0OPMUTE 06paGOTYUKHU CO-
obmieHnii. 3HAYUTENBHYIO YacTh CBOEI0 BPEMEHU MIPOTDAMMHUCT 3aHU-
MaJica TPYAOEMKOH paboToi, KoTopas IOYTH HUKAK He CBA3aHAa C pe-
HIeHUeM IJIaBHOM 3amadM. HOSTOMy BO3HHKJIA eCTeCTBEHHadA MBICJIbL —
aBTOMATH3HPOBATE ONMCAHME OKOH M MX 2JIEMEHTOB TaK, 4TOOBI Bech
uHTepdeic mporpaMMbl MOXKHO OBLJIO HOCTPOUTE 0e3 PYyYHOro mIpo-
rpaMMUpPOBAaHHUA (dallle BCEr0 ¢ MOMOIIBIO MBIIIHN), & YeJIOBEK AyMaJl
OBl 0 cyTH 3ajgauH, T. €. 00 aaropurMax o0paboTKH JaHHBIX.
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Takme cHCTeMBbl [IPOTPDAMMUDOBAHUSA MOJYYUIA HA3BAHUE cpen
ObIcTpoii paspaborkm npuiaoxkenuin — RAD-cpex (or amrun. Rapid
Application Development). Paspaborka nporpamMmel B RAD-cucreme
COCTOMT M3 CHAEAYIOUINUX STANOB!

e cos3zaHue GopMEI (TaKk Ha3bIBAKOT mA6J0H, IO KOTOPOMY CTPO-
HUTCA OKHO IPOTDAMMEI HJIM AUAJIOra); IPU 9TOM MUHUMAIBHBIN
Kox mobaBisieTcs aBTOMATHYECKH W cpady mojaydaeTcsa paboro-
crnoco0Has mporpamMma;

e paccTaHOBKA Ha (opMe 3JIeMeHTOB HHTepdeiica (moseil BBOAA,
KHOIIOK, CIIMCKOB) C IIOMOIIBI0 MBIIIY ¥ HACTPOMKA MX CBOMCTB;

e cosgaHue 00pabOTYMKOB COOBITHIA;

¢ HaIUCaHHWEe AJrOPUTMOB 00pabOTKM AaHHBIX, KOTOpPHIE BBITIOJ-
HAIOTCSA IIPU BbI30Be 00pabOTYMKOB COOBITHIA.

O6parure BHUMaHHE, YTO OpH nporpammupoBanuu B RAD-cpemax
00BIYHO roBOpPAT He 00 obpaborumkax coobmieHuit, a 06 obpaboTumKax
coberTuii. CobblTHEM B HporpaMMe MOXKeT OBITbH He TOJIBKO HayKaTue
KJIABHIIH WX INEJYOK MBINIBIO, HO M IepeMelleHre OKHA, H3MeHeHHe
ero pasMepoB, HAYaJI0 U OKOHJYAHHE BBINIOJHEHHA pPacyéToB W T. A. He-
KOTOphIe COOOIeHUs, IIOJIYYeHHEIe OT ONepallMOHHOM CHCTeMBbI, OmOIH-
oreka RAD-cpennl «TpaHCAHpyeT» (IIEPeBOJUT) B COOTBETCTBYIOIIHE CO-
OpITHS, a HEKOTOpLIe — HeT. BoJjiee TOro, mporpaMMHCT MOKET BBO-
JUTH CBOM CODOBITUS Y OIIPEJEJATh IIPOLeAYPHl IJIA UX 00paboTKH.

OpHolt u3 nepBEIX cpex ObIcTpoit paspaborku crana cpexga Delphi,
paspaborannas dupmoii Borland B 1994 r. Camas usBecTHasi coBpe-
mMeHHas unpogeccunonansHas RAD-cucrema — Microsoft Visual
Studio — mnoamep;XKHUBaeT HECKOJBKO $3BIKOB IIPOrPAMMHPOBAaHUA.
Ianee nnsi BBIMIOJTHEHHS MPAKTHYECKUX paboT Mbl OyAeM HCIOJIb30-
BaThk cBoboauyio RAD-cpeny Lazarus (lazarus.freepascal.org), xKoro-
pas BoO mHorom amanorwuna Delphi, Ho mosBonsieTr cosmaBate Kpocc-
naaTdopMeHHbBIe IIporpaMMsl (IJIf omepamuoHHBIX cucteM Windows,
Linux, Mac OS X u ap.).

Cpensi RAD mosBoiuMiaM CYINECTBEHHO COKPATHTHL BpeMs paspa-
foTkm mnporpamMm. OJHAKO HYXHO IOMHHTB, 4YTO J1000# HHCTPY-
MEeHT — 3TO TOJbKO MHCTPYMEHT, KOTOPhI# MOYXHO HCIOJB30BaTh I'pa-
MoTHO uau GesrpamoTHo. McnonszoBanue cpeasl RAD camo mo ceGe
He rapasTUPYeT, UTO V BaC ABTOMATHYECKU IOJYYHUTCS XOpOoIlas Ipo-
rpaMmMa ¢ XOpOIIMM TIOJB30BaTeIbCKUM HHTepdeiicoM.




OcHoBbi nporpammuposanus 8 RAD-cpepax

Bonpocskl U 3agaHua @

1. Yro Taxkoe rpadpuyeckuii narepdeiic?
2. Kak cBszaH rpadudecKHii HHTepdeiic ¢ 06BeKTHO-OPHEHTHPOBAHHBEIM
TOAXO0A0M K IPOrpaMMHPOBAHHIO?
3. Uro rakoe coobmenue? Kakne nanHbIie B HE'O BXOLAT?
4. YTo Taxoe IIMPOKOBeIaTebHOE coobmenune?
5. Yro Takoe o6paboTuuk coobmenusa?
6. YeM NpHHIMOIUAJBHO OTIMYAIOTCA COBPEMEHHBIE MPOrPaAMMBI OT KJIACCH-
yecKux?
7. Yro Taxkoe cobriTme? Kakoe nporpaMMHpOBaHHE HA3BIBAIOT COOBITHII-
HO-OPHEHTHPOBAHHBIM?
8. Kax paboraer coOBITHIHO-OPHEHTHPOBAHHAA porpaMmma?
9. Kakve nIpUYMHEBI cAeJald HeoOXOAMMEBIM cos3faHme cpel ObICTPOi paspa-
6orku nporpamMm? B yem ux npeumymecrBo? IIpuBeauTe IpHMepH.
10. Pacckasxkure npo aransl paspaborku nporpaMmmel B RAD-cpeze.
11. O6baACHUTEe Pa3HHUIY MEKAY MOHATHAMH «COOBEITHE» U «coobmjeHMes.

IloaroroBsTe CoOOIEeHHE A

a) «0O6paborka cooblieHnil B onepalMOHHBIX CHCTEMAax »
6) «CopemenHsle cpefbl OBICTPOI paspaGoTKH IporpaMm»
B) «IIporpamMmsl ¢ rpadudeckum uHTEpdeiicom Ha Python»

§ 52
OcHoBbl nporpammMmupoBaHma B RAD-cpepnax

O6mmit mogxon

B arom paspmene MBI IPOAEMOHCTPHPYEM OCHOBHEIE IPHUHIIHAIEI
nporpammupoBasusa B RAD-cpegax Ha npumepe cpeasl Lazarus, KoTo-
pas pacmpocTpaHAeTcda cBoGOZHO M MoKeT pabGoTaTh B pPa3IMYHBIX
onepanmuoHHBIX cucreMax — Windows, Mac OS X, Linux. Tem He me-
Hee Bce M3y4daeMble 34eCh IPHHIIUILI CIPABEAJIHABEI TAKIKE U AJIS APY-
I'MX aHaAJOTMYHBIX IIporpamM, Hampumep Delphi u Visual Studio.

Paspaborka mporpaMMbl HauyMHAETCA C CcO3JaHUs npoexkra. Tax
HasbIBaeTca Habop GaiaoB, U3 KOTOPHIX KOMIHJATOP CTPOUT HCIOJ-
HAeMBbIH (aila nporpamMMel. B cocTaB npoekTa 0OBIYHO BXOILAT:

¢ npoekT (daitn ¢ pacmimpesuem lprl, or Lazarus Project — mpo-

exT Lazarus), B KOTOPOM COZEPKHUTCHA OCHOBHAA IIpOrpamMma;

3zeck U fayiee pacIIUpPeHHA HMEH (aiiyioB YKasaHLI AJiA cpeibl Lazarus.
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o Hacrpoikm npoexra (lpi, or Lazarus Project Information —
nHbopManusa o npoexkte Lazarus);

s MOJAYJIHA, U3 KOTOPBLIX COCTOHUT mporpamma (pas);

e (Gopmsr (Ifm, or Lazarus Form — ¢opma Lazarus) — onucanus
BHEITHET0 BUJA U CBOMCTB OKOH M UX 3JE€MEHTOB.

B nporpamme c¢ rpadmueckum wuHTepeiicom MokeT OBITH He-
CKOJTBKO OKOH, KOTOpble HasbiBaioT dopmamu. C raxmoit dopmoit
cBs3aHa mapa daiinos: B ogquoM (¢ pacimumpenuem lfm) xpanarcs pas-
HBIe O PACHOJIOXKEHWH H CBOMCTBAX 3JIeMEHTOB MHTepdeiica, a BO BTO-
poM (¢ pacmimpeHHeM pas) — MPOrPaMMHBIA KoJ 00paboTYMKOB C000-
IeHWUH, CBA3AHHEIX C 9TOH (hopMOIi.

Opua ¢opma — 2naéHas, OHA TIOABIAETCA Ha 9KpaHe IIPH 3aIlyCKe
nporpammsbl. Korga monb3oBaTeib 3aKphIBaeT IJiaBHyIo (hopmy, pabora
IIporpaMMBbl 3aBepPIIIAeTCs.,

IIpocreitmasn nmporpamma

Inst cosmanus npoexrta B Lazarus HY»XHO BEIGpATH IIYHKT MEHIO
@ain — Co3gars 1 B NOABUBIIEMCH OKHe OTMeTHUThH BapuaHT IIpoekTt —
Ipunoxenue. I[lpum sTom cospaércsa BmoaHe paGouyas mporpaMma, Ko-
TOPYIO Cpasy K€ MOXKHO 3allyCTUThH Ha BHINOJHeHHWe Kjaasumeir F9.

IIpu pabGore B cpeme Lazarus wuCHoOIB3YIOTCA YeThIpe OKHAa
(puc. 7.14):

e IJIABHOE OKHO;

» oxkHO UHcmekTOpa 00 BEKTOB;

¢ OKHO MCXOOHOTO KOJa;

®» OKHO (pOPMBHI.

I'maBHOE OKHO cpefbl (PacHoOJIOKEeHHOe CBEePXY) COAEp:KHT MEHIO,
KHONKH AJis OBICTPOTO BBHI30BA KOMAaHJ W NaXUTpy (0mbGamoTery) KoM-
noHeHToB. KOMIIOHEHTAMH HA3BIBAIOTCA TOTOBBIE O0BEKTHI (KHOIKH,
IMOJIsA BBOJAA, COMCKH M T. II.), KOTOPble MOXHO HCIIOJb30BATH B IIPO-
rpaMmax.

Bes mporpamma, corsnacuo npuuanunam OOII, cocrour n3 ob6bek-
ToB. [ HACTPOMKM CBOMCTB 00BbEKTOB HCHOJB3yeTcAa okHO HHCHek-
TOpa 00'BEKTOB, KOTOPOE COCTOUT M3 ABYX uacTeil. B BepxHeil uactu
IIOKAa3aHO JepeBo 00BEKTOB. B mpocTeimeil mporpaMme Mbl YBHJIUM
BCero ouH o0beKT — (hopMy ¢ uMeHeM Forml. B HuKHeit yacTH OKHa
HECKOJIBKO BKJIAJIOK, caMble Ba)KHbIe u3 Hux — CpoiicTBa, Irije MOYXHO
H3MEHHUTH 0O0IefocTyIHBIe cBOMcTBA 0OBeKTa, U COOBITHSI, Ha KOTO-
poii ycTaHaBIUBAIOTCA 06paGOTUNKY COOBITHH 3TOTO O6'BEKTA.




OcHoebi nporpammmposanus 8 RAD-cpepax

unit Unitl;
{Smode objfpo}{!
interface

uses
Classes, SysU Graphics,

type
TForml = class (TForm)
private
{ private declarations }

Puc. 7.14

B oxHO (hopMBI MOXKXHO MBIIIBIO IIePETACKUBATE KOMIIOHEHTEI C IIa-
JIATPBI ¥ MBMEHATH MX pasMephl M paclioyoxeHme. Taxkum obGpasom,
HHTep(heHCc IPOrpaMMBI IIOJHOCTHIO CTPOUTCA C IOMOIIBIO MBIIIIH.

C xaxpoit ¢GopMoil cBA3AH NPOTPAMMHBIN MOZYJIL, B KOTOPOM
ONMCHIBAIOTCA KJIACCHI M 00pabOTYMKH COOBITHI, MCIOJIb3yeMble 3TOH
¢dopmoit. Paiinel (POPMEI B COOTBETCTBYIOIIETO €l MOAYIA MMEIOT OJU-
HaKOBO€ WM3#, HO pasHble pacmiupeHns. IIo yMoadYaHWIO cO3maHHAA
ranaBHaa ¢opMa mporpaMMbl HasbiBaerca Forml, a MOAYJb — Unitl.
CopepsxaHne MOAYJIA IPUMEDPHO TAKOe:

unit Unitl;

interface

uses
Classes, SysUtils, FileUtil, Forms, Controls,
Graphics, Dialogs;

type
TForml=class (TForm)
private
{private declarations}
public
{public declarations}
end;
var

Forml: TForml;
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implementation
{$R *.1fm}
end.

Kax u B g1060M MoAyJje, 3leCk eCTh ABe ceKnuu: interface (uH-
repdeiic, obmiemocTynHble AaHHBIE) W implementation (peasmusa-
IUuA — JaHHbIe, CKpBITBIE OT Apyrux moayiuei). Ilocime cnoBa uses
epeducasioTcss Moayau 6ubamorekn Lazarus, KOTOpbI€ MCIOJB3YIOT-
csa ana pabotel ¢ hopMoOi.

W3 npuBeA@HHOr0 TEKCTa IPOrPpaMMbl BHAHO, 4TO (hopma (00BEKT
Forml) — 3TO 3K3eMILIApP KJjacca TForml, KOTOPHIM ABJIAETCA HacCHeR-
HUKOM CTaHJapTHOro KJjacca TForm u3 Oubamorexkn. Iloka HMKaKHX
HOBBIX IIOJIEH, CBOMCTB ¥ METOAOB B CO3JaHHBIA KJjacc He JobaBJeHO.

Cexnusi implementation mpakTuueckH mycra. ExmHCTBeHHaAS
CTPOYKAa

{SR *.1fm}

NoX0yka Ha KoMMeHTapuit (B (urypHbsix cKobKax), OZHAKO TPaHCJA-
TOp obpalllaeT HA Heé BHUMaHWe. JTa KOMaHJAa HOAKJUYaeT ¢aia c
TeM ke MMeHeM, YTO M y MOAYJs, HO ¢ pacmupeHueM lfm (onmcanme
¢GOpMBI ¥ pasMeIEHHbIX HA He KOMIIOHEHTOB).

Kax BBI 3HaeTe, MOAYJb HE MOJKET BHIIOJHATBCA CAMOCTOATEIBHO.
OcHOBHafi IporpaMMa HaxofauTcs B (paMse nmpoexTa. [las Toro 4robsl
yBHIETh ero, Hy»xHo HaykaTh KiaaBumu Ctrl+F12 u Beibpars daiia c
pacmupenuem lpr. Oror ¢ain 6yaer 3arpy’keH B OTAeJbHYIO BKJIAAKY
penakTopa:

program projectl;

uses
Interfaces, Forms, Unitl;

begin
Application.Initialize;
Application.CreateForm(TForml, Forml);
Application.Run;

end.

B wHauvame (aiiia OOAKJIIOYAIOTCA MCIOJIb3yeMble  MOAYJIH
Interfaces m Forms ua Oumbiamoreku Lazarus, a TakmxKe MOAYJIb
Unitl, cBA3aHHBIN ¢ Hamei GopMoii.

Best nporpamMa — 3T0 06beKT ¢ MMeHeM Application, KOTOPBIA
OTHOCHTCH K KJaccy TApplication. OTOT 06BEKT co3faércsa aBTOMA-
TUYEeCKH IpH 3arpyske MoAyJa Forms. B ocHOBHOI mporpamMMe BbI3bI-
BAIOTCSI TPHU ero wmerofa: Initialize (HadaJpHBIE YCTAHOBKH),
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CreateForm (cosmanue ¢opmel) u Run (3anyck). Ilukia ob6paboTkn co-
o0mIeHEnii CKPBIT BHYTPH MeTOZa Run, TaK 4TO 3JeCh TOYKe HCIO0Jb30-
BaH NPUHIUI UHKAICYJIANNH (CKPBITHA BHYTPEHHETO YCTPOHCTBA).

CsoiicTBa 00'beKTOB

HuacnekTop 06'bEKTOB IIO3BOJISET H3MEHATH CBONMCTBA BBHIAEJIEHHO-
ro oosexTa (Hanpumep, (GopMel) U yCTAHABIMBATE 00paboTUUKU COOBI-
THH AaA aToro obobexTa. Ilaa 3TOro MOKHO HCHOJB30BATH MBIIIL HIH
KJjaBuatypy. Hampumep, MOKHO 3aMETHTh, YTO IPH IepeMeIleHHH
opMEI U3MEHAIOTCSA €€ cBoicTBa Left (B mepeBoje ¢ aHIJI. — JIeBBIif)
u Top (B mepeBojie C aHIJI. — BEPXHHUIT), KOTOpPHIe 3aJal0T KOOPAHUHA-
THI JIEBOTO BepxHero yria (GopMmbl Ha dKpaHe. B To Ke BpeMs MOXKHO
BPYYHYI0 H3MEHHThL BTH KOODAMHATHI, BBOAA HOBBbIe 3HAYEHUA B
Hucnexrope 00beKTOB (IpH 3TOM GopMa IepeiBUTIAeTCH).

Eciu maMeHATH MBIIIBIO pasMepbl (DOpMEI (IepeMelnas e€ rpaHu-
upel), To OyAyT H3MEeHAThCA cBoiicTBa Width (B mepeBome ¢ aHrja. —
mupuHa) u Height (B mepeBoje ¢ aHrJj. — BBICOTA).

CsoiicTBo Name (B mepeBojie ¢ aHIVI. — HMMs) — BTO HasBaHUe 00'b-
ekTa-hopMbl B mporpaMme (MMs IepeMeHHOI). B mMeHHM MOXKHO HC-
OJIB30BATh TOJIBKO JIATMHCKHe OyKBBI, IUMPBI M 3HAK IOJYEPKHBA-
HudA. Eciv mameHuTh HasBaHHWe (opmel B MHcneKTOpe 00BEKTOB, CKa-
JKeM, Ha MainForm, To 3TO Ha3BaHHE ABTOMATHYECKHM HM3MEHHTCA U B
TeKcTe MOAYJs aToM ¢opmbl. Bosiee Toro, Ha3BaHMWE KJacca TOXKe H3Me-
HUTCA Ha TMainForm. 3TO 0O3HAYaeT, 4YTO MHOTHE M3MEHEHUSA BHOCATCS
B KOJi IPOTPaMMBbI aBTOMaATHYECKH.

IlepeunciauM elé HEKOTOPLIE BajKHbIE CBOMCTBA (DOPMEI:

e Caption — TeKCT B 3aroJjIOBKe OKHAa;

e Color — uBet paboueii obnacTu;

e Font — mpudT HagTHCEH;

e Visible — BuauMocTh (ga/HeT).

O6paboTunKH COOBITHI

Ha Bxaagke CoOblTMA Iepeduc/ieHbl BCe COOBITHSA, KOTODBIE MO-
sker obpabareiBaTh hopma. Hagpanms ux obpaboruumkoB B MHcmekTO-
pe o0beKTOB HauuHAIOTCA ¢ OYKB On (B mepeBojie ¢ AHIJI. — B OTBET
Ha...). YTob6el cos3zare 00paboTYMK, HYXKHO OBaMKABl INETKHYTH
MBIIIBIO Ha IIOJie cIIpaBa OT ero HasBaHWUsA. IIpu 5TOM OTKpBIBaeTcA
OKHO pPeflakTopa B B TEKCT MOAYJIA aBTOMaTHYecKH nobaBisercsa myc-
TOol 00paboTuyuKr cobniTUA (m1abJyioH), B KOTOPHIH OCTAETCA TOJIBKO HO-
0aBUTH HY>XHEIE KOMaHJbI.

175




O6BLEeKTHO-0pPUEeHTUPOBaHHOE NPOorpaMMmUpoBaHue

PaccmoTpuM mpocToii npuMep. Bel 3HaeTe, 4TO MHOI'He IpOrpaM-
MBI 3aNpalIMBaIOT MOATBEP)KJAeHHEe, KOrja I0Jh30BaTeJb 3aBepliaer
ux pabGory. [Hnsa sTOro MOMKHO HCHOJL30BATH 00paboTIHK
OnCloseQuery (B mepeBoje C aHrJ. — 3ampoc Ha 3axkpeiTue). Obpa-
OOTUYMK, CO3JAHHEIA NBOMHBLIM IEIYKOM MBIIIBIO, UMEeT BUJ:

procedure TForml.FormCloseQuery (Sender: TObject;
var CanClose: boolean);
begin

end;

OnHOBpPEMEHHO 3TOT MeToj mAobaBiIAeTcsa B OINMCaHMe KJjacca
TForml (BblIIe cexnuu private).

Kax BuaHO u3 3arojoBka npoueiaypsi, B 00paboTuuk mepefaioTcs
ABa ImapameTpa:

s Sender — cChUIKA Ha 00'bEKT, OT KOTOPOT'O MPHIILJIO cCOODIIeHHe
0 coOBITHH (B ZaHHOM ciaydae aTo Oyzer cama dopma);

e CanClose — uaMeHsAeMBI JIOTMYECKHH IapamMeTp, B KOTOPHIH
HYJKHO 3amucaThb pPe3yjbTaT 3allpoca: UCTHHHOe 3HadeHHe O3Ha-
JaeT, 4TO MOXXKHO 3aKPbIBATh OKHO, JIOJKHOE — YTO HeJIb3f.
B Lazarus ects craggapTHas GyHKOHUA MessageDlg, KoTOpas BEI-
BOAMT Ha KpaH 3alpoc ¢ HeCKOJbKHMMH KHonkamu (pmec. 7.15) m mo-
3BOJISIET MOJYYUTH OTBET MOJIb30BaTe A (KOA HaKaToil KHOMKH).

Puc. 7.15

B Tesno o6paGoTunka MOKHO ZOGABUTEL YCJIOBHEIH OllepaTop, KOTO-
peIii 3anunIeT B nepeMeHHy0 CanClose 3HadeHHe True, eCJH HOJIb30-
BaTeJb MOATBEPAMJ BBIXOJ M3 IIPOrPaMMBbl:

procedure TMainForm.FormCloseQuery(Sender: TChject;
var CanCloze: boolean);
var res: TMndalResult;
begin
res:=MessageDlg (' HogTeepxnesme ',
'BH OEMCTEMTENbHO XOTUTE BHMTM M3 Oporpamqu?’,
mtConfirmation, [mbYes,mbNa], 0);




OcHoBbl nporpammupoBanuns B RAD-cpegax

CanClose:=(res=mr¥es) ;
end; ;

31ech BbI3bIBaETCA (DYHKIIUA MessageDlg, u eé peadyJbTaT 3alu-
CBIBAETCA B IIepeMEeHHYIO res Tuna TModalResult. Eciau aTo 3HaueHue
COBHIAJaeT CO BCTPOEHHON KOHCTAHTOM iMr¥es (rT. e. moJb30oBaTeJ b Ha-
}aJl Ha KHOOKY Yes), B nepeMmennyo CanClose zanucbiBaeTcsa sHade-
Hue True, M IporpaMMa 3aBeplIaeTcd, HHAUYe KOMaH/la OTMeHAeTC .

dyurnuu MessageDlg nepeganTcs NATH TaPaMeTPOB:

e 3aroJIOBOK OKHAa;

e TEKCT BOIIpOCA;

e THII 3aIIpOCa, ONPeAeSAIONINI PUCYHOK CJIeBa OT TeKcTa:

mtError ouruoKa;
mtWarning npeaynpeKgeHne;
mtInformation nHboOpManus;

mtConfirmation OOATBEPIKIEeHHE;

e Habop (MHOXXECTBO) KHOIIOK, KOTODBIE TOSABJISIOTCA IO TeK-
CTOM; B HaIleM cJy4ae 3T0 KHONKH Yes u No, obo3HaueHHEBIe
koHcrantamMmu mbYes u mbNo;

¢ HOMED pasjiejla CIIPAaBOYHOM CHUCTEMBI, B KOTOPOM €CTh O0'bsCHEe-
HHe BTOH CHTyanuu (y HAC HeT CIPABOYHON CHCTEMBbI, II03TOMY
crasum 0).

Hrak, MbI mocTponsu npocreiimyio paGoToCHmoco6HY0 IporpaMmy

H IIO3HAKOMHJIHCHE cOo cpeaoi Lazarus. B cuegyrmomem maparpade BbI
y3Haere, Kak paboTaTh ¢ KOMIIOHEHTAMH.

Bonpocs! 1 3aaaHus Q

1. B KakKoM CMBIC/Ie HCIOJB3YETCHA TEePMHH «IIPOEKT» B IIPOrpaMMHpPOBA-
HHU?

2. M3 xakux Gailnos cocTOUT THIHUHEIH npoekT B RAD-cpege?

3. Yro rakoe ¢opma? Ilouemy musa onucaHus Gopmsl B Lazarus mcmosnay-
1oTea aBa gaiaa?

4. Kaxkue oCHOBHBIE OKHA MCIOJIL3YIOTCA B cpefie Lazarus? Sauem oHM HYKHBI?

5. IToxkaskuTe, 4TO mporpaMma, HanMCaHHAS ¢ NOMOIIBI0 Lazarus, COCTOHUT
u3 00'bEKTOB.

6. C moMompio KAKOT0 MEXAHM3Ma TPAHCAATOD «MOJAKII0UaeT» (hopMy?

7. I'me pacrojioskeHa OCHOBHAs IporpaMMa B mpoekTe Lazarus? O6bscuuTe
BCE KOMAH/bl OCHOBHOM NMPOTPAMMEIL.

8. IloyemMy B OCHOBHOII porpamMme He BH/EH IIUKJ 06paboTKu coobreHmnii?
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9. HasoBuTe HEKOTOpEIE Ba)XHeilmne cBoiicTBa ¢opmbl. Kakumu cnocobamu
MO>KHO MX H3MEHATH?
10. ITpuBeuTe NpUMEpPbl ABTOMATHYECKOr0 IIOCTPOEHHMA M HM3MEHEHHUA KoJa
B RAD-cpege.
11. Kax cospars HOBBIMA o6paGorunk cobwbiTua? IlomymaiiTe, MOMKHO JIH cle-

JIATh 9TO BPYYHYIO.
12. Kak nmepepaiorcsa napaMeTpsl coobimenus B o6paborank?

13. Kax Mo3¢HO BbIBecTH coobijenue 06 omubxe Ha sKpaH?

IloaroroBhTe coObIIeHHE

«ITpocras nporpamma Ha ssbsike C# B Visual Studio»
3apava

ITonpobyiiTe n3MeHATL Kakue-HUOYAbL cBoiicTBa (OPMBI, IIOCTPOUB obpa-
GoTuMk emé omHOro cobwiTuda (Hanpumep, OnShow — BBIBOJA (OPMEI Ha
sKpaH; OnClick — ImeauoK MbImX; OnResize — M3MeHeHHE Pa3MepoB).

§ 53
Ucnonb3oBaHue KOMMOHEHTOB

IIporpaMma ¢ KOMIIOHEHTAMH

B raasHOM OKkHe Lazarus pacmnosiokeHa Tak HasblBaeMas NMajJUTpa
KoMmoHeHTOB (puc. 7.16) — O6ubimoTEeKa TOTOBBIX 00BEKTOB, KOTODBIE
MOJKHO J00aBHTh B CBOIO IMPOrpaMMy, IIPOCTO INepeTallydB MX MBIIIBLIO

Ha (hopmy.

Puc. 7.16

KomnoHeHTBI pa3buTsl Ha rpynnsl. Msl 6ygeM HCIOJIb30BATH KOM-
nmoHeHTH U3 rpynn Standard (Crasgaprabie), Additional ([lomos-
HUTenbHBIe) W Dialogs ([uasnoru). Kasxaerii 3madox ob6osHauyaer
olpeAeéHHBIN KoMMIOHeHT. Ecim 3ajgep:xaTh yKasaTeJb MBIIIKA HaJ
3HAYKOM KOMIIOHEHTa, B TEKCTe BCILUIBIBAIOINel IOJCKAa3KU MOYKHO
MPOYUTATH €r0 Ha3BaHHUe.
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IlocTpoum mpocTyio mporpaMMy AJd IPOCMOTPa PHCYHKOB, HC-
IIOJIb3Y s TOTOBBIe KOMIIOHEeHTHI. B BepxHell uacTu ((popMbl) HA maHe U
pPasMecTHM KHONKY IJA 3arpysku (aiina ¥ (QrakoK-BBIKJIIOYATENb,
KOTOPBIH HM3MeHseT MacmTal PUCYHKa Tak, 4YTOOBI OH BIHCLIBAJICH
B OTBeJI€éHHOEe eMy MecTO (puc. 7.17).

Knonka | llpnnmp PHCYHKOB

Ilarens
TPanel

~._BuIkaouarens
TCheckBox

Puc. 7.17

Cosnagum HOBBIH HpoeKT (KaK B NpeAbIAyINeM naparpade), usame-
HAM umMsa (GopMmbl (cBoiicTBo Name) Ha MainForm, a e@ 3arojioBOkK
(cBoiicTBO Caption) — Ha «IIpocMOTP PHCYHKOB».

HobaBuM Ha (popMy IaHENIbs — KOMIOHEHT |:| TPanel M3 IPYIIIBI
Standard (CraszapTHsie). 11 3TOr0 MOYKHO NEPETAIIUTD 3Ty KHOIKY
Ha (opMy UK MEJIKHYTE HA KHONKE W HAPHUCOBATH HMPAMOYTOJbHUK,
OrpaHMYMUBAIONINN NaHeNb. Temeps pasMepsl MaHeIW MOXKHO H3Me-
HAThb, NepeTacKuBasg MapKepbl Ha I'PAHUIAX WIN M3MEHAS 3HAYEHUSA
cBoiicTB Width (mmpmua) u Height (BeIicoTa) B MHCIEKTOpe 00LeK-
ToB. IlaHes s MOXHO IIEpPeTACKMBATE MBIIILIO IO opMe. XoTenoch OB,
4TOo0BI HmaHeJ b ObLIa BCE BpeMsd NPHUKATA K BepXHeH TIpaHWIle OKHA U
e€é pasMepsl U3MEHSAJINCh BMECTe C pasMepaMu OKHAa. JJIs 3TOro HYyX-
HO YCTAHOBHUTBL CBOMCTBO Align (BbBIpABHHBaHHME) pPaBHLIM alTop
(aHru. align top — BBIPOBHATH 110 BEpPXY).

Ha cosganHO# naHeau MOMKHO 3aMeTHTh Haanuck «Panell», xoro-
pas HaM He HyXHa. YToObl yOpaTh €€, HY»KHO CTepeTh 3HauYeHHe CBOIi-
crBa Caption (B mepeBojie ¢ aHIJI. — 3ar0JIOBOK) HaHEJH.

Tenepr maHenb rOTOBA, HA HEW HYXHO PA3MECTHTh KHONKY (KOM-
moHeHT [&] TButton) ¥ (uaxox (kommoHeHT [¥] TCheckBox). Ha
KHONKe Jo/xHa ObITe Hagnuck «OTkpeiTh (Gaia» (cBOHCTBO
Caption), a cupaBa or ¢uiaskka — TekcT «Ilo pasmepam okHa» (TOXe
cBOiicTBO Caption) — pwme. 7.18. Pazmepsl ¥ pacHoJioKeHHe KOMIIO-
HEHTOB HYKHO IIOMEHATH C MOMOIILI0 MBIIK. MMeHa KOMIIOHEHTOB

§ 53
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 _omonmosh | I ropemomons -

(cBoiicTBa Name) ToKe MOJKHO H3MEHHUThH, HampuMmep, Ha OpenBtn
u SizeCb (uMeHa OOBEKTOB CTPOATCS IO TeM JKe IpaBujaM, 4UTO H
uMeHa nepeMeHHBIX B Ilackase).

B BepxHe#t uactu HHcnexTopa

B[] MainForm: TMainForm 00'bEKTOB MOJKHO YBUJETH CTPYKTY-
E1 53 Panelt: TPanel py 06beKTOB (DOPMEI B BHJE AepeBa

(puc. 7.19). I'naBubBIH 06BEKT — 2TO
: @ OpenBtn: TButton cama (popma MainForm, oHa ABIAET-
-[3] SizeCh: TCheckBox ¢4 podumenvcKum 00BeKMOM s
naHeau Panell. 9To o3Ha4YaeTr, 4TO
npu nepememieHuun (GopMel IaHEIb
nepeMeniaeTrcs BMecTe C Heil.
B cBo0 ouyepeib, MaHEJb — 3TO POJUTEIBCKUH 00BEKT A KHONKH
u paaxka. as Troro 4yrobsl peIaKTUPOBATH CBOMCTBA M METO/bI KaKO-
ro-To oo’bexTa B MHCIeKTOpe 00'beKTOB, €ro MOYKHO BBIAEJHUTH IIPAMO
Ha (opMe UIHU B AepeBe 0OBEKTOB.

Teneps mob6aBuM Ha (GOPMY CIEIHATBHBIA OOBEKT - TImage
(rpynna Additional), xoTopselii «ymeeT» oToOpaXkaTh PHCYHKH pas-
JAYHBIX (hopmaros. [1is Toro uToObl OH 3aIOJHAN BCe CBOOOJHOE ITPO-
CTPaHCTBO (KpoMe MaHeJ Hn), HYKHO YCTaHOBHMTH JJisd HEero BEIPaBHUBA-
HHe alClient (cBoiictBo Align). Uamenmm HasBaHHe 0oOBeKTa Ha
Image.

OcraeTcs pelInTh JBa BOIpoca:

Puc. 7.19

1) xak caenaTh BeIOOD (haiina 1 3arpy3Ky ero B KOMIIOHEHT Image;
2) KaK HOArOHATHL pa3Mep PUCYHKA 110 pazMepy GopMEI.

K cuacTblo, AJA 3TOr0 JOCTATOYHO MCHOJB30BATE BO3MOYKHOCTH
roToBeix KommnoHeHToB. Ha mamenu Dialogs ([luanoru) ects roToBBIH
KOMIIOHEHT [JsA BLIOOpAa pHCYHKa Ha [ANCKe, OH Ha3bIBaeTcsd
TOpenPictureDialog. ¥ Hero ecTb MeToA Execute — (QyHKOHA, KO-
TOpas BLI3BIBACT cmandapmHublii duanoz BeIbOpa (haiiyia ¥ BO3BpAaIiaer




HUcnonb3oBaHe KOMMOHEHTOR

Joruyeckoe 3HauyeHue: True, ecau (paity ycrmemrHo BeIOpaH, m False,
ecJIM IO0Jb30BaTeN b OTKasajcA oT BeiOopa cdaitna. Uma BeiOpaHHOTO
daiisa MOMHO HNOJYYUThL, IPOYUTAB CBOMCTBO FileName 9TOro KOMIIO-
HEHTA. =

JobaBuM KOMIIOHEHT TOpen}?ictureDialog Ha (hopmy (B Jro-
6oe mecTo0). ITO HEBHB3YAJbHBIN KOMIIOHEHT, ero He OymeT BHIHO BO
BpeM# BBINIOJHEeHUA InporpamMmbl. B HMHcnekTope OOBEKTOB MOXMKHO
IIPOBEPHUTH, UTO AJIA HEro poguTesbCKUM obbexToM Oynzer cama dop-
Ma. [l KpaTKOCTH M3MEeHHM ero HazsaHue Ha OpenDlg.

Temepr B ciaydae IeJYKa HAa KHOIIKE HY)KHO BBIBBATH METOJ
OpenDlg.Execute 4, ecIX OH BepHET 3HaUeHWe True, 3arpy3UTH BHI-
OpaHHBIN (haila, UMA KOTOPOro ImoaydaeTcs Kak 3HauYeHHEe CBOMCTBA
OpenDlg.FileName. Illenryox Ha KHOIKe — 3TO cobbITHe, 006pador-
YUK KOTOoporo HaseiBaercs OnClick. Cosmamgum 1mabiaoH atoro obpa-
6orunka B MHCnIeKkTOpEe 00BEKTOB M 3alIUIIIEM B HET'O KOMaHJbI:

if OpenDlg.Execute then
Image.Picture.LoadFromFile ( OpenDlg.FileName );

Iloacaum sarpysky daiina. KommoHeHT Image HMeeT CBOMCTBO
Picture, B KOTOpPOM XpaHHUTCA H300paxkeHHe. ITO ToOmxKe OOBEKT,
y KOTOpOro, B CBOIO oYepeab, ecTb MeToA LoadFromFile (3arpys3urs
u3 daina), sSTOMy MeTOAy mepenaérca umsA (aina, BEIOPAHHOTO IOJb-
soBareseM. Tenmepb MOYKHO BallyCTHTh HNPOrPAMMY M IPOBEDPHTH, Kak
oHa paboTaer.

ObparuTe BHHMaHHe, 4TO M300pakeHHe BBLIBOAUTCSA B MaciuTabe
1:1 sesaBucumo oT pasmepa oxHa. Pnaxxorx Ilo pasmepam oxHa
MOJKHO BKJIIOYATH W BBIKJIOYATH, HO OH HUKAK He BJIMAET HA Pe3yJib-
Tar. YTo0bBI HCIPABUTH CHUTYAIINIO, OyIeM HCIOJB30BATH COOBITHE W3-
MeHeHHuA COCTOAHHA Guakka, ero ob6paboTuurk HasbIBaeTcs
OnChange (mpu m3MeHeHHH). ¥ ob6beKTa Image eCTb JOTHUYECKOe
CcBOMcTBO Proportional (IpomopriuoHANBHEBIN), €CJaU eMy IIPHUCBO-
UTHE 3HauYeHHWe True, KOMIOHEHT Image CaM BBIINOJHHUT NOATOHKY
pasMepoB PHUCYHKAa IoJ pasmep cBobomHoil obnactu. Takum obOpasom,
obpaboTunk cobpiTHA OnChange KoMmoHeHTa SizeCb COmep:KHT Ta-
KO# oleparop:

Image.Proportional:=SizeCb.Checked;

CsoiicTBo Checked (B mepeBoje ¢ aHIJ. — OTMEYE€H) — 3TO JIOTH-
YecKoe 3HAYeHHe, ONpEeAeAoIlee COCTOAHNE BBIKJIIYATENA: eCJIHU OH
BKJIIOUEH, 9TO CBOMCTBO pPaBHO True, €CJIU BBIKJIIOYEH, TO False.
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Teneps MOKHO 3aIyCTUTH TOTOBYIO NPOrpaMMy M IIPDOBEDHTEH eé
pabory. OTmMeTHM cleAyIOIAe BajKHbBIEe 0COOEHHOCTH:

® IporpaMma IeJMKOM COCTOUT U3 00BeKTOB M OCHOBAHA HA HJe-
ax 00II;

¢ MBI TIOCTPOMJIM TIPOTPAMMY TIpaKTHYecKH 0e3 mporpaMMupoBa-
HUS;

® HCIOJIL30BAHUE TOTOBLIX KOMIIOHEHTOB CKDBLIBAET OT HAC CJIOMK-
HOCTH BBITIOJHAEMBIX OIepaInuil, MosTOMY CKOPOCThL paspaboTKu
IporpaMM 3HAYUTENbHO HOBBIIIAETCH.

BBoa M BBIBOJ JaHHBIX

Bo MHOrmx mnporpaMmax HYYXHO, 4TOOBI IIOJIB30BATENH BBOZUJ
TEKCTOBYIO MJIM YHCJOBYIO MH(MoOpManuio. Yaine Bcero Jja BBOJA JaH-

HBIX TNPUMEHSIOT II0Jie BBOJA — KOMIIOHEHT [l TEdit (BKJIagKa
Standard). Insa mocryna K BBeJEHHOW CTPOKE HCIOJIL3YIOT €ro CBOI-
cTtBO Text (B mepeBojie C aHIJI. — TEKCT).

HIpudTr Texkcra B moJie BBOJA 3aaéTcs CIOMKHBIM CBOMCTBOM Font
(anen. mipudT). 9TO 0OBEKT, ¥ KOTOPOrO €CTh CBOM CBOMCTBA, UX CIIH-
COK MOJKHO yBHAeTh B WHCmekTOope 00BEKTOB, €CJIM INENKHYTH Ha
3Ha4YKe E Hanpumep, cBOMCTBO Size — pasMmep mpudTra B OYyHKTaX,
a Style — CBOMCTBO-MHOJKECTBO, B KOTOPOE MOTYT BXOJHUTH CTHJIHA
opopmaenunsa fsBold (kupubIi), fsItalic (kypcuB), fsUnderline
(moguépkHyTeIii). Eciu ycraHoBATH MIpU@T A KaKOoro-to odmbexTa,
HanpuMep 1y GOpMbI, BCe JOUYePHUE KOMIIOHEHTHI 110 yMOJI4YaHHUI0 Oy-
AYT UMETh TaKoH ke mpudr.

IIporpaMmma, KOTOPYIO MBI cedYac IOCTpouM, OyaeT NnepeBOAHUTH
RGB-cocraBiammiye I[BeTa B COOTBETCTBYIOIIUH IIeCTHAAIIATEPAYHBINH
KOJ, KOTOPBIM HCHOOJIb3yeTcA AJdA 3aganusa nsera B A3sike HTML
(cm. § 26).

Ha dopme 6yayT pacnomoxess! (puc. 7.20):

e TPH HOJSA BBOJAA (B HUX IIOJIBL30BATEb MOJKET 3aJaTh 3HAYEHUA
KpacHOM, 3eJIEHOM M CHHEeH COCTABJAIIIUX IBeTa B MOJAENH
RGB);

® IIPAMOYIoJbHUK (KoMmoHeHT TShape ma rpynnsl Additional),
IIBET KOTOPOr0 H3MEHAeTCHA COIJIACHO BBEINEHHBLIM 3HAYEHUAM;

® HECKOJBLKO MeTOK (KOMIIOHEHTOB TLabel).

Merkn — 3TO HaglIHMCcH, KOTOpPBIE NOJIE30BATEJIb HE MOJKET pemax-
THPOBATh, OAHAKO HX COZEpKaHWe MOXKHO HU3MEHATH U3 IIPOrPaMMBI
yepe3 CBOMCTBO Caption.
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ITosie BBOa rEdit Merka rgbLabel

TEdit TLabel
™ RGB-K0A1POBaHKE |_f_T_

Ddurypa rgbShape

TShape
ITose BBOma bEdit IToxne BBO#a gEdit
TEdit TEdit
Puc. 7.20

Bo Bpemsa pabGoTel mporpamMmbl 6YAYT MCIOJB30BATHLCS IOJA BBOAA
rEdit, gEdit u bEdit, MeTKa rgbLabel, ¢ HOMOIIbIO KOTOPOit OyaeT
BBIBOJUTHCA Pe3yabTaT — KOJ IBeTa, U (purypa rgbShape. B kauect-
Be HaYaJIbHBIX 3HAYEHUH IOJIell MOYXHO BBECTH JII00bIe IeJible ducja
or 0 go 255 (cBoiicTBO Text).

IIpr M3MeHEeHUU COAEPIKUMOTO OJHOT'0 U3 TPEX ITOJIed BBOAA HYMK-
HO ob6paboraTs BBeAEHHBIE JaHHBIE U BBIBECTH PE3yJbLTAT B 3Ar0JIOBOK
(cBoiicTBO Caption) MeTKH rgblLabel, a TakXe HM3MEHHUTH I[BET 3a-
JUBKM AyA GUrypsl rgbShape. O0paboTyuk COOBITHA, KOTOPOE IIPOUC-
XOAUT P M3MEeHEHMH TeKCTa B IIoJie BBOJa, HaadbsIBaeTcaA OnChange.
Tark kKak NpH UBMEHEHHH JI0O0ro M3 TPEX IOJIedl HYIKHO BBINOJHHUTH
ONWHAKOBBIe HeHCTBUA, ANA ITUX KOMIOHEHTOB MOYKHO YCTAHOBUTH
OJMH M TOT ke obpaborunk. [[J1a aTOr0 HY;KHO BBIAEIUTH HX, VAEPHKH-
Basa kaasumry Shift, u nocire aroro coszars HOBBIA 06paBOTUUK ABOM-
HBIM HIe9KoM B MHcHeKTope 00'eKTOB.

Jasa toro urobsl nmpeoGpas3oBaTh TEKCT M3 IOJA BBOJA B COOTBET-
CTBYIOILlEE€ IIEJIOE YHCJIO, HCHOJb3yeTcA CTaHZapTHasd (YHKIUAA
StrToInt (maa obpaTHOro mepeBoAa IpHUMeHAETCA (PYHKIIMSA
IntToStr). O6paboTyuk cobbiTust OnChange AJs IOJS BBOAA MOXKET
BBITVIAJIETH TaK:

procedure TForml.rEditChange (Sender: TObject);

var r, g, b: integer;

begin

r:=5trToInt (rEdit.Text):;
g:=StrToInt (gEdit.Text);
b:=StrTolInt (bEdit.Text) ;
rgbShape.Brush.Color:=RGBToColor (r,qg,b);




.

OO0BLEeKTHO-OPUEeHTUPOBaHHOE NPOrpaMMUpPOBaHUue

rgbLabel.Caption:="#'+IntToHex (r,2)+IntToHex (g, 2)
+IntToHex (b, 2);
end;

ITosscHuM mocsiegHue ABe cTpoku. durypa kiaacca TShape umeer
CBOMCTBO-00'BEKT Brush, KOTOpOe OmpejesieT 3aJUBKY BHYTDEHHEH
obnmactu. CpoiicTBo Color aToro o0beKTa 3aJaéT IBET 3aJIMBKH, KOTO-
PBIii MBI CTPOMM M3 COCTABJIAMIOIIUX C MOMOIIBIO CTAHAAPTHON (yHK-
uum RGBToColor.

Hanee dopMupyercs CTpOKa, cojepiKalias NIeCTHAAIATEPUYHBINA
Koja npera. s mepeBojaa 3HAYEHUIl B IMEeCTHAAIATEPHYHYIO CHCTEMY
uernoassyercss GyHKuusa IntToHex, BTOpoi eé mapaMeTp 2 yKasbIBaeT
HA TO, YTO YMCJIO 3alHCBIBAETCA C ABYMS 3HAKaAMH.

Bsr MoskeTe 3aMeTHTB, YTO IIPU 3alycKe NPOrpaMMbl KOJ IBeTa
M IIBeT IPpAMOYIOJBbHHMKA He U3MEHAITCH, KaKHe 5]:-1 3d3Ha4YeHHudA MBI HH
VCTAaHOBHJIA B Ioasax BBoga B WHcmekTope o6beKkTOB. UTOOBI HcIpa-
BHATH CHTYAIlHUI0, HYXKHO BBEIZBATH yiKe roTOBBI o0paboTuuk u3 obpa-
6oTunka OnCreate (opMsbl (OH BHI3LIBAETCH IIPH CO3AAHUH (DOPMBEI):

procedure TForml.FormCreate (Sender: TObject):;
begin

rEditChange (rEdit) ;
end;

IIpu BHI3OBe B CKOOKax ykasaH oO0beKT, KOTOPBIH IOCHLIaeT coo6-
ImieEne 0 COOBITHH. 3[eCh B KaueCTBe HMCTOYHHMKA yKasaH KOMIIOHEHT
rEdit, HO B JaHHOM CJy4ae MOXXHO OBLIO HCIOJIL30BATH JII000H 005
eKT, IOTOMY 4YTO mapamerp Sender B ob0paborumke OnChange He uc-
OJIB3yeTCH.

O6paboTka ommnGoK

Ecnu B npeaplAyineil nmporpaMMe I0Jb30BaTeNlb BBEAET He UHMCHA,
a 4To-TO JApyroe (UM MyCTYI0 CTPOKY), IIPOrpaMMa BBIJACT cOOOIIeHue
o HeoOpaboTaHHOI OomIMOKe HA AHIVIMACKOM #A3bIKe M INPEIJOKHUT 3a-
BepinTh pabory. Xopomada IIporpaMMa HHUKOTZA He JOJIJKHA 3aBep-
maTbCd AaBAPHMWHO, MJA BTOr0 Bce OMHUOKHM, KOTOPhle MOMKHO
npegycMoTpeTh, Hajo obpabaTeiBaTs.

B coBpeMeHHBIX S3BIKAX MPOrPAMMHMPOBAHMA €CTh TAK HasbIBae-
MBI MEXaHM3M WMCKIHYEeHHI, KOTOPHIH mo3BojfeT obOpabaTsIBaTh
NpaKTU4YeCKM BCe BO3MOJKHBIE OIINOKH. ,HJIH 3TOr0 BCe «OIIacCHBIE»
yuacTK# KoZa (Ha KOTOPBIX MOYKeT BOSHHKHYTH OIIMOKAa) HYKHO IO-
MEeCTHUTH B OJIOK try — except:




Ucnonb3oBaHue KOMMOHEHTOB

try

{"onacHue" KOMaHIH}
except

{oBpaborka oumbru}
end;

Ci0BO try mo-aHIJIMIACKHA 03HAYAET «IONBITATHCA», except — «uc-
KJI04YeHHe» (MCKJIIOUHUTENbHAS WU OIINO0YHAS, HENpPEeABUAEHHAA CH-
ryanusa). [Iporpamma nonazaer B 610k except — end TONBKO TOrZA,
KOrZa MexJy try U except mpomsolnia omuOKa.

B mameil nporpaMMe «omacHbie» KOMAaHIBI — 3TO OIEPaTOPHI IIpe-
obpazoBaHUsA JaHHBIX W3 TEKCTA B 4Yucaa (BbI3OBBI (YHKIUHN
StrTolInt). B cnyyae ommnbKmM MBI BBIBEEM BMECTO KOJa IBeTa 3HAK
BOIIpOoca. YJIYUIIeHHBIH 00paboTyMk C 3aIUTONH OT HEIpPaBHIBHOTO
BBOJla IPUHUMAaET BUI:

try
r:=StrTolnt (rEdit.Text);
g:=StrTolnt (gEdit.Text);
b:=5trTolInt (bEdit.Text);
rgbShape.Brush.Color:=RGBToColor (r,qg,b) ;
rgbLabel.Caption:='#'+IntToHex (r,2)+IntToHex (g,2)

+ IntToHex (b, 2);

except
rgbLabel.Caption:="'?2";

end;

Yrobbl yBHAETH PE3YJbTAT TaKOi 00pabOTKM OmMMOOK, HYKHO 3a-
IycKaTh IpOrpaMMmy OTAeJbHO, He M3 cpexabl Lazarus, uHade cucremMa
nepexXBaThIBaeT OIIUOKK B OTJIAJM0YHOM pPEeKHuMe.

CymecTByeT u Apyroit crmocob samuThl — GJIOKHPOBATH IIPU BBOJE
CHMBOJIBI, KOTOPBIX OBITH He HOJKHO (OYKBBI, CKOOKH u T. 11.). B Ha-
Ireif mporpaMMe JAJsl BCeX MOJI€H BBOJA MOYKHO YCTAHOBHUTHL TaKoil 06-
paboTuuk coOriTHA OnKeyPress (B HepeBoje C aHIJI. — IIPHA HaKaTHH
KaaBumuml):

procedure TForml.rEditKeyPress (Sender: TObject;

var Key: char);
begin
if not (Key in ['0'..'9',#8]) then Key:=#0;
end;

Eciu B mporpamme Hy»xHO o6paGaThlBaTh PyCCKHMe GYKBBLI, MCIOJIL3YeTCH
obpaboTuuk OnUTFB8Key.




7 O6bEeKTHO-OPUEHTUPOBAHHOE NPorpaMMupoBaHue

9romy 00paboTuMKy Iepenaércs M3MEHsAeMbIH mapamerp Key —
CHMBOJI, COOTBETCTBYIOIIUI HaxkaToi kiaBuine. Ecim aror cuMBOJI He
BXOAUT B JONYCTHMBIH HabGop (mudpsr m kaaBuma BackSpace, mme-
omasn Kox 8), BBeIEHHBINA CHMBOJI 3aMeHsieTcA Ha CUMBOJ ¢ koxom 0,
KOTODPBI IIPH BBIBOJe IIPOCTO MTHOPHPYETCH.

0 Bonpocbkl u 3apaHuna

1. YTo TaKoe KOMIOHEHTHI? 3aUyeM OHHU HYIKHBI?
2. O6psACHHUTE, KAK CBA3aHLI KOMIIOHEHTHI ¥ M6 WHKAICYJIAIHA.
3. Yro Takoe pogurenbckuil 06bexT? UTo 910 3HAYHT?
4. O6bsAcHATE POJIb CBOMCTBa Align B pasMeleHWH 3JIeMeHTOB Ha (opme,
5. Uro raxoe cragmaprHbei guanor? Kak ero ucnosnnsoBats?
6. HasoBHuTe OCHOBHOE CBOMCTBO (haskka-BeIKIIOYaTenss. Kak ero ucmonbso-
BaTh?
7. PacckakuTe 0 CIOKHBIX CBOMCTBAX Ha MpPUMepe cBolicTBa Font.
8. Kakoil mpu@T ycraHaBIuBaeTcd AJIS KOMIIOHEHTA 10 YMOJIYaHHIO?
9. Yro rakoe merka?
10. Bauem HCHOABL3YIOTCA QYHKIMHE StrTolnt ¥ IntToStr?

A 11. Kax o6pa6aTsiBaoTcs omIUOKH B COBpeMeHHBIX mporpammax? B uém, Ha
Balll B3IJIAJ, IPeMMyIlecTBa U HeHocTaTKH Taxoro moaxona? Ilpueemure
IpUMepHI.

12. Kak npu BBOJile MOYKHO DJIOKMPOBATH HEKOPPEKTHBIE CHMBOJIEI?

A IToaroroBeTe coobIIEeHHE

«Hcnonp3oBaHue KOMIIOHEHTOB B IporpaMme Ha sisbike CH»

o 3apaum

1. lobaBbTe B mporpaMmy maasa mocrpoeHus RGB-koma npera samuty oT

BBOJIA CAMIIKOM Gonbmmx uuces (60abmux, uem 255).

Paapa6oraiiTe nporpaMmy AJsi II€pPeBOJa MODPCKHMX MMJIEHl B KHJIOMETDHI

(1 muna = 1852 m).

Paspa6oraiiTe nporpaMmy IJis PeIIeHUA CHCTEMBI JBYX JMHEHHBIX ypaB-

HeHuit. O6paTuTe BHUMaHWe Ha 00paboTKy OmMNBOK NIPH BBIYUCIEHUAX.

PaspaboraiiTe nporpaMmy AJf IepeBoja CyMMbl B pybnax B Apyrue Ba-

JIIOTHI.

5. PaspaboraiiTe nporpaMmy IJif IepPeBOJa YHCEJ M3 AECATHYHON CHCTeMBI
B /IBOMYHYIO, BOCBMEPUYHYIO U IIeCTHAJIlaTePUYHYIO.

6. PaspaboraiiTe mporpaMmy [Jif BbIUNCJIeHHs HH(O)OPMAIMOHHOIO 00BEMA
PHCYHKA O ero pazMepaM H KOJHYeCTBY IIBETOR B IAJHTpe.

7. PaspabGoraiiTe mporpaMMy IJifi BhIYMCIEHHS MHQpOpPManuoHHOrO obbema
3BYKOBOro (paiiia IpM HU3BECTHBIX IJIUTEJLHOCTH 3BYKAa, 4aCTOTe AHUCKpe-
TH3ALMA U TIyOuHe KOAUPOBaHUA (duciay 6GUTOB HA OTCUET).

2
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COBEplﬂEHCTBOBa HUEe KOMNOHEeHTOoB

§ 54
CoBeplLieHCTBOBaHUE KOMIMOHEHTOB

Kax BBl Buzenu B npefbigyineM maparpade, Ha NpakTUKe HepeaKo
HYXHBI TOJIA BBOJA 0cOG0OT0 THUIA, C IOMOIILI0 KOTOPBIX MOYKHO BBO-
AATH Hesble yucnaa. CTaHAapTHEIM KOMIOHEHT TEdit paspermaeT BBO-
AUTH J100ble CHMBOJIBI M IPEACTABJISeT Pe3YJbTAT BBOAA KaK TEKCTO-
Boe cBoicTBO Text. IToaToMy s TOro, 4ToOBI MOJYYUTL HYKHOE HAM
nosejieHHe (BBOJ LIEJIBIX YHCEJ), MBI:

s pobaBuim o6paboTuuk OnKeyPress, 3a6J0KHpPOBAB OIMMOOYHEBIE
CHUMBOJIbI;

e JUIA TIePeBO/iIa TEKCTOBOH CTPOKHM B UHMCJIO KaXKJBIH Pas MCIOJb-
3oBanu QyHKIHIO StrTolnt.

Ecnm Takme mosis BBOJA HY;KHBI 4aCTO W B PasHBIX NpOrpaMMax,
MOJXHO u30aBHTBCA OT OTHX DYTHMHHBIX omepaunuii. Ilasi artoro co-
37aéTCcA HOBBIM KOMIIOHEHT, KOTOPKIH 00Ja/aeT BceMH HEOOXOAUMBIMU
CBOMCTBaMH.

KoneuHo, MO’XKHO CO3ZaBaTh KOMIIOHEHT «C HYJfA», HO TAK IOUYTH
HHKTO He Jeyaer. OOBIYHO 3ajmada CBOOUTCA K TOMY, UTODBI KaK-TO
VJAYYIOUTH CYIIECTBYIOIIMI CTAHAAPTHBIA KOMIIOHEHT, KOTODBIN yike
ecTb B OmOamoreke Lazarus. Msei Gyzem COBepIIeHCTBOBATH KOMIIO-
HeHT TEdit (mose BBOAa), moaToMmy, corsiacHo npuHnunam OOII, Ham
KOMIIOHEeHT (HasoBéM ero TIntEdit) 6Gyaer HacJAeJHMKOM KJjacca
TEdit, a kgacc TEdit 6ymer COOTBETCTBEHHO 0A30BBIM KJACCOM IJIA
HOBOIo KJjacca TIntEdit:

type TIntEdit=class (TEdit)

end;

Wsmenenus crapgapTHOro kjacca TEdit CBOAATCA K JABYM NYHK-
Tam:

e BCe HEKOPPEeKTHBIe CHMBOJBI (KpoMme mudp H Koja KJIABHIIH
BackSpace) mo/kHBI GIOKMPOBATHECA aBTOMaTHYeCKH, 0e3 ycra-
HOBKH JOIOJTHUTEJIbHBIX 00paboTINMKOB COOBITHIL;

e KOMIIOHEHT HOJI’KeH YMeTh COO0IATH YHCJIOBOE 3HAUEHUE; AJIA
aTOro MBI J06aBMM K HeEMy CBOMCTBO Value (B mepeBome ¢
aHIVI. — 3Ha4YeHHe) IeJIOT0 THIIA.
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O6BbEeKTHO-OPUEeHTUPOBaHHOE NpPorpaMMmmpoBaHmue

Taxum o6pasom, onucaHue HOBOTO KJjacca BBITJIAJUT Tak:
type
TIntEdit = class(TEdit)
private
function GetValue: integer;
procedure SetValue (Val: integer);
protected
procedure KeyPress(var Key: Char); override;
public
property Value: integer read GetValue
write SetValue;
end;

U3 npeasigyimero marepuasa (cM. § 49) BamMm JOKHO OBITHE TOHAT-
HO, UTO AJig UTeHHS BBEJEHHOI0 UYHMCJIOBOIO 3HAYEHUSA HCIOJb3yeTCs
3aKpPBITEIH MeTon GetValue, a [AJs 3a0UCH — 3aKPBITHIH MeTOX
SetValue. 9TH MeTOABI MOTYT BHITJIAAETH TAK:

function TIntEdit.GetValue: integer;

begin
try Result:=StrTolnt (Text);
except Result:=0; end;
end;
procedure TIntEdit.SetValue(Val: integer);
begin
Text:=IntToStr (Val);
end;

IIna mnpeobpaszoBaHWA IeJLIX 4YHCEJ H3 TeKcToBoro ¢opmara
B UHCJIOBOH McHoJab3yeTcda PpyHKIuA StrTolnt, a Ana obpaTHoOro mpe-
obpasoBaHua — (QyHKOuA IntToStr. B Merox GetValue BBejaeHa 3a-
muTa — B cayyae omubku GyHKIua Bosspamgaer 0.

Ilns 06paboTKM BBOAMMEIX CHMBOJIOB OyJeM HCIIOJNB30BaTh METOJ
KeyPress. 9TOT MeTOJ He HOBBIM, OH ecTh M y 6a3oBoro KJjacca
TEdit. CioBo override roBopuT O TOM, YTO KJacC-HACJIeJHUK Iiepe-
ompezensier aToT Merox GaszoBoro kiaacca TEdit. Eciam mocmoTrpers B
HCXO[HBIE TEeKCThbl OuOJHoTeKHu Lazarus, MeTol, KeyPress COCTOHMT H3
OZHOH CTPOYKM — OH BhI3bIBaeT oOpaborTumk cobeiTmsi OnKeyPress,
yCTaHOBJIEHHBIN MOJIb30BaTeseM. MBI lepeonpesie/iuM 3TOT METOA TaK:

procedure TIntEdit.KeyPress(var Key: Char);

begin
if not (Key in ['0'..'9', #8]) then Key:=#0;
inherited;

end;




CoBepuieHCTBOBaHME KOMMNOHEHTOB

B mepBo#l cTpOKe HNPOMCXOAHUT OJOKHMPOBKA HEBEPHBIX CHMBOJIOB,
a BO BTOPOH C IMOMONIBI0 KOMaHAblI inherited BhI3bBIBAaeTCA MePEKPHI-
ThI#t MeTox OGasoBoro Kiaacca. IToaTomy ecii moJib3oBaTejlb KOMIIOHEH-
Ta TIntEdit ycranoBuT oOpaborunk OnKeyPress, OH OyJeT yCOEIIHO
BLI3BAH, HO yiKe IIOCJIe TOro, KaK BBeJEHHBIA cHUMBOJ obOpaboraer
Hallla Ipoieaypa.

I'oTOBBI KOMIIOHEHT JIy4YIlle BCEro IIOMEeCTHUTh B OTAeJbHBIH MO-
Aynb, HasoBeM ero int edit. B cpese Lazarus ans cosmaHus HOBOTO
MOAYJIA HYXHO BbIOpaTh KomaHay MeHio @aitnr — Coszares MOOyJb.
Onucanme Kjacca pasMelnaerca B ceKuuu interface, a camMu MerTo-
Ikl — B ceKIuM implementation. Kpome Toro, B coMCOK HCIOJIb3Ye-
MBIX MOZAyJed (mocne cJjioBa uses) HYXHO J00aBUTH MOIYJIb
StdCtrls, B KOTOpPOM onMcaH KJjacc TEdit.

CozpaguM HOBBIHA IIPOEKT W cpasdy Ao0aBMM B CIHCOK HCIOJIL3ye-
MBIX MOAYJIeil HOBBI MOZYyJb int edit. ra mporpamma Oyaer mepe-
BOJHTE IeJIble YUCaa U3 JeCATUYHON CHCTEeMBbl B IIeCTHAAILATEPUYIHYIO
(puc. 7.21).

o WecTHaguaT epuiHan CHCTENS

|1001|

3E9
e .
ITone decEdit \Me’m’.a hexLabel

TIntEdit TLabel
Puc. 7.21

IlomecTu™ Ha dopmy MeTKY hexlLabel aJsa BBIBOJA IIeCTHaIIIaTe-
PHYHOTO 3HAYEHHA.

Tenepr HyY:KHO A00aBUTH Ha (OPMY HOBBIN KOMIOHEHT KJiacca
TIntEdit, HO mpobJjieMa COCTOMT B TOM, 4YTO €ro HeT B HAJUTPE KOM-
noHeHToB! B 3TOM ciiyuae KOMIOHEHT MOXXHO J00aBHUTH IIPH BBINIOJIHE-
HHHM NPOrpaMMbl, M BCE €ro CBOMCTBA NPHUAETCH HACTPAUBATH BPYyY-
HYI0, B IpOorpaMme.

Crauvana jo6aBuM B onucaHue (DOPMBI IIEPEMEHHYIO THIIA
TIntEdit:

TForml=class (TForm)
decEdit: TIntEdit;
end;




-

O6BbeKTHO-OpUEeHTUPOBaHHOE NPOrpaMMmupoBaHmne

Kak BbI 3Haere, 3TO ellé He II0Jie BBOAA, A CChLIKA — IIePEMeH-
HafA, B KOTOPOIl MOYHO XDAHHUTH aApec KaKOro-HUOYIb IOJIS BBOJA.
CoszmaBaTe caM o00BeKT yaobHee Bcero B o6paGoTumke cOOBITHS
OnCreate (opmel (0H OyzeT BbIBBAH IPH CO3ZaHWM (OPMEI B CaMOM
Hayaje paboThl IPOrpaMMBbl):

procedure TForml.FormCreate (Sender: TObject);
begin
decEdit:=TIntEdit.Create (Self);
decEdit.Text:='100";
decEdit.Left:=6;
decEdit.Top:=6;
decEdit.Width:=115;
decEdit.Parent:=Self;
end;

B mepBoit cTpoKke co3maércd HOBBI KOMIIOHEHT, M ero ajpec 3alu-
ceiBaeTcsa B mosie decEdit. CimoBo Self mpH BBI3OBE KOHCTPYKTOpPA
Create osHauaeT «dTOT 00BbeKT». IlockoabKy MeToJ FormCreate —
9TO0 MeTo[ (hOPMBI, B JAHHOM cJjydae 3ToT 00beKT — cama ¢opma. Ta-
KOil BBIBOB KOHCTPYKTOpPa TOBOPUT O TOM, 4YTO BJajgeabueM (aHaJ.
owner) HOBOrO KoMIIOHeHTa Oynxer (hopma, u xKorga ¢opma Oyzaer yzna-
JeHa M3 NaMATH, BMecTe ¢ Heil OyJeT YHHUTOMeH M KOMIIOHEHT
decEdit. B caeaymomux cTpoxax yCTaHABJIHMBAIOTCS HadaJbHbIE 3HA-
YeHHUdA [AJs1 CBOHCTB KomIoHeHTa (Text — cojep:kumoe, Left
u Top — KOOPAMHATEHI JIEBOI'O BepXHero yria, Width — mmupuHa).

B mocnepHeil cTpouke MBI MEHsieM CBOMCTBO Parent (B IiepeBone
C aHI'JI. — pOJAUTENb), 3aNUCHIBAA B Hero aapec ¢opmsel (Self). 3Irto
O4YeHb BayKHO, IIOTOMY YTO «POJMTE]b» OTBEYaeT 3a IIOKa3 BCeX «Jouep-
HUX OOBEKTOB» Ha dKpaHe; ecJId 9TOro He cAesaTh, TO IIOJIe BBOZA OCTa-
HeTCSA HeBUIMUMBIM.

Ocraércsa onpefesuTh AJis HOBOI'O KOMIIOHeHTa 00paboTuMK COGBI-
THA OnChange: Npu M3MeHEHHH COJEPKHUMOro IOJsA BBOJA HYMKHO MO-
KasaTbk COOTBETCTBYIOIIee INecTHaJIlaTePUYHOEe YHCJ0 C IIOMOIIBIO
meTKH hexLabel. Crauaina co3gagum cam obpabGorumx. Bpydunyio mo-
6aBuM B onucasHue (GOPMBI 3aroJIOBOK IPOIEAyPhI:

procedure decEditChange (Sender: TObject);

a B ceKnuio implementation — eé TekcT:
procedure TForml.decEditChange (Sender: TObject);
begin
hexLabel.Caption:=IntToHex (decEdit.Value, 1) ;
end;




CoBepLueHCTBOBaHME KOMMNOHEHTOB

Cuauasa MBI 3anpamusaeM uyuciioBoe (!) 3HadyeHme y mojs BBOJA,
HCIOJIB3YA HOBOE CBOMCTBO Value, a 3aTeM HEepPEeBOAUM €ro B IIEeCT-
HajAIlaTePDUYHYI0O CHCTEMY CYHCIEHHS € IIOMOIbI0 (QYHKIUHA
IntToHex. Eé BTOpOI mapaMeTp — KOJHMYECTBO IIECTHAAATEPUUHBIX
nudp; ecam 3TOT mapaMerp paBeH 1, BeIOMpaeTrci MUHHMAJIBLHO BO3-
MOXKHOEe KOoJu4ecTBO Iudp (6e3 muaupyIonmx HyJjiei).

Teneps HYKHO KAK-TO MOAKJIYUTHL 3TOT 00paboTYIMK K BHOBBL CO-
3JaHHOMY KOMIIOHeHTY. [y aTOro Hejlb3s HCHOJIB30BaTh MHCHEKTOD
00'BEKTOB, IOTOMY 4YTO B peskuMe paspaboTKH HAIlero KOMIIOHEHTA Ha
dopme Her. Ho cymecTByer apyroi coocod — B IporpaMme 3alucaTh
B cBoHicTBO OnChange (oHO Hacxeayercs or 6as3oBoro kjacca TEdit)
azpec mpouexypsl 06paboTku CcOOBITHA. DTO HYXKHO CAEJATh IPH CO-
3naHuu GopMeI, 106aBUB B KoHel 06paboTunka OnCreate CTPOKY

decEdit.OnChange:=@decEditChange;

Cumsox @ nepea umeHeM mpolneayphl 0603HaUaeT eé agpec.

Teneps mporpaMma roToBa M €€ MOMKHO 3allyCTUTh. PaKTHUYECKH
Mbl BPYYHYIO CZeJIaJd BCe OIepaldy, KOTOPBIe OOLIYHO BBINIOJHAET
cpena Lazarus, eciu KoMmoHeHT gobaBisgercs Ha (GOPMY U3 MAJTHUTPEI
KOMIIOHEHTOB. YCTAHOBHUTH KOMIIOHEHT B MAJUTPY MOYKHO € ITOMOIIBIO
meHI0 ITakeT, HO 9TO BEIXOJHUT 3a PAMKH HAIIIEro Kypca.

Bonpocbl u 3apaHuna

1. B Kakux cay4yasax HMeeT CMBICJ pa3pabaThiBaTh CBOM KOMIIOHEHTHI?

2. ITogymaiiTe, B 4éM MOCTOMHCTBA M HEJOCTATKM WCIIOJb30BAHUA CBOMX
KOMIIOHEHTOB.

3. Iloyemy IpPOrpaMMHUCTHI PEAKO CO3AAI0T CBOM KOMIIOHEHTEI «C HYJd»?

4. O0psACHUTE, KAK CBA3aHLI KJAcChl KOMIOHEHTOB TIntEdit um TEdit us
npumepa B naparpade. Yem onu pasiuuaworcs?

5. B KaKHMX CeKIMAX MOAYJA HYMKHO PACIOJOKHUTH ONMCAHME HOBOTO KJac-
ca ¥ ero peajamsanuio (IporpaMMHBIA Koj MeToR0B)? OOBACHHTE, IOYEMY
HejKeJaTeJbHO PACIOJIAaraTh BCE B OMHOM CEKITHH,

6. Kaxne GyHKIMH HCIIONB3YIOTCA [N MPeobpa30BaHUS YHCJIOBOIO 3HAYe-
HHUA B TEKCTOBOe u o6paTHO?

7. Kakaa QyHKIUA NPHMEHAETCS IJIf [IePeBOja YUCIa B IIECTHAALATeDPHY-
HYIO CUCTEMY CYMCJIeHUuA?

8. O6ssacHuTE, Kak pabGoraer cpoiicTBO Value y KoMmoHeHTa TIntEdit mua
npumMmepa B naparpade?

9. Ilouemy B npuBeaéHHOM B maparpade npumepe ans o6paGoTKu BBOAM-
MBIX CHMBOJIOB MBI He YCTAHABJIUBAIU CBOHM 00paboTumk OnKeyPress?

10. Yo osHadaer cj0BO override Ipu ONUCAHHHN MeTOAA?
11. Kax co3aTh KOMIOHEHT BO BPeMs BEINOJHEHHUA ITPOTPAMMEI?
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12. IToueMy KOMIIOHEHTEI OGBIYHO CO3ZAI0TCA B 06paboTunke OnCreate (popmbi?

13. HYem pasnuualoTcsa DPOJM BJAJENbIA KOMIOHEHTA M ero pPOAHUTENbCKOro
obwsexTa?

14. Tloyemy cBoiicTBa HOBOIrO KOMIIOHEHTA B JAHHOM IPHMEDE YCTAHABIMBAIOTCH
TOJBKO U3 IMPOrPaMMEI, a He B MHCHeKkTope 00beKTOB?

15. Kak ycTaHOBUTEL 00paboTuMK cOOLITHS BO BPeMs BBINOJHEHHA IIPOrPAMMEI?

16. ITouemy MOKHO MCIIOJIB30BaTh 06paboTuuk cobeiTUA OnChange, KOTOPBIA
He OBb1J 00'BbABJIEH B Kaacce TIntEdit?

IToaroroBbTe coobmeHue

«CosgaEre KOMIIOHEHTOB B nporpamme Ha C#»
3apaum

1. MsMeHHUTE PACCMOTPEHHYIO B Iaparpade nporpaMMmy Tak, 4To0BI B caMOM
Havaje MeTKa MOKAa3bIBaja IIecTHAAUATePHYHBIH KO YHMcia, KOTOpoe 3a-
IUCAHO B II0JIe BBOJA.

2. PaspaboraiiTe KOMIIOHEHT, KOTODEIl II03BOJIAET BBOJHTL IIECTHAZIIATe-
PHYHBIE YHCJA.

*3. Mcnons3ysa AOomoIHUTEbHBIE MCTOYHUKHM, pasbepurech, KaK YCTAHOBHTH
HOBBII KOMIIOHEHT B majJuTpy cpeiabl Lazarus. IlepepenaiiTe cBOO IIpo-
rpaMMy Tak, 9To0bl KOMIIOHEHT AobaBiasica Ha GOPMY M3 HNaJUTPHI.

§ 55
Mopens u npencrasneHue

OnHa W3 Ba)KHEHMIIMX HAEH TEeXHOJOTHH OBICTPOrO IPOEKTHPOBA-
Husa nporpaMMm (RAD) — moBTOpHOE MCHOJB30BaHHE HAIIMCAHHOI'O pa-
Hee TOTOBOrO Kojga. UroObl 00JerduTh pelleHue 3TOM 3ajadu, ObLIO
OpeAJIOeHO MCIOJB30BATh €Ilé ONHY O0eKOMNO3UyUio: pasiaeuTbh Mo-
Aenb, T. €. JaHHBIE M METOALI MX 00paboTKH, W NpeAcTaBlIeHHEe —
croco® B3aMMOAEHCTBUSA MOJAENH C [oJb3oBaTeneM (mHTEpdeic)
(puc. 7.22).

IlycTrs, HaTpUMep, AaHHBIe 06 M3MEHEHHMH Kypca JoJjiapa XPaHAT-
cA B BUJAEe MAacCHBa; TpebyeTcA MCKATh B MaCCHBE MaKCHUMAJIBHOE U
MHHHMAaJBHOE 3HaA4YeHHA, a TaKe CTPOHTH upnﬁnnméname 3aBHCH-
MOCTH, IMO3BOJSAIONIHE IIPOrHO3MPOBATHL M3MEHEHHe Kypca B OJmkaii-
meM OyayineM. 9To ONMHCaHHWe 3afa4yd HA YPOBHE MOJAEJNH.
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IIpencrasnenne l-— 2 - 0

-~
g

Mopensb »

Hpe,u;c-raanenuaj——‘\é@_._ !

Puc. 7.22

Jlns moab30BaTeNsT 9T AaHHBIE MOTYT OBITH IIPEACTABJIEHBI B Pa3-
au4YHBIX GopMax: B Buze Tabaunel, rpadpura, guarpaMMbl 1 T. IL ITo-
Jy4YeHHBIE 3aBUCUMOCTH, HPUOJIMKEHHO ONMCHIBAOIINEe HM3MEHeHue
Kypca, MOryT ObITh MOKa3aHbI B BHjAe (GOPMYJbI MJIU B BHAE KPUBOIA.
9T0 ypoBeHb NpEeACTAaBIeHUA I HUHTepdeiica ¢ I0JIb30BaTeIeM.

Yem xopolno Taxkoe paspesenue? Ero riaBHoe IpeMMyIeCTBO CO-
CTOMT B TOM, YTO MOjJeJbh HE 3aBHCHT OT IIpe/iCTaBJIE€HHHA, IOITOMY
OAHY M Ty K€ MOJeSb MOKHO HCIOJb30BaTh 0e3 M3MEeHeHHU# B IIpO-
rpaMMax, IMeOIUX COBEPIIeHHO Pa3IMYHbIi HHTEepdeic.

Brruncienue apuMeTHYecKuX BhIPAKeHMIl: MOJeIb

IlocTpomM mporpamMmy, KOTOpas BBIYHUCIAET apupmMeTuduecKoe BbI-
pakeHHe, 3allMCAHHOE B CHUMBOJIbHON cTpoke. [l IPOCTOTHI oynem
CYHUTATH, YTO B BBIPAYKEHHUM HCHOJIB3YIOTCHA TOJBLKO:

e IIeJble UMCIIa;

e 3HAKM apudMeTHUECKUX AeMCTBUH + — * /.

IIpeAmoOI0KIM, UYTO BLIDAYKEHHE HE COJEPIKUT OMIMGOK M IOCTO-
POHHHUX CHUMBOJIOB.

KakoBa momenb mjida aToi sagmauu? Ilo ycioBuio, faHHBIE XPaHAT-
cA B BHJE CHUMBOJBHOM cTpoxku. O6paboTka HAaHHBIX COCTOUT B TOM,
YTO HY’KHO BBIYMCJIUTEH 3HAYEHHE 3allMCAHHOTO B CTPOKE BBIPDAKEHU .

BemoMHMTE, YTO aHAJOIMUYHYIO 3aady MbI pemanu B § 43, rae uc-
OJIB30BaJIaChk CTPYKTYpa Tuna «jaepeBo». Temeps MbI NPHUMEHHM
Apyroi cmocoB.

Karx BBI 3HaeTe, IPH BHIYHCJIEHUHY apU(PMETHYECKOI'0 BhIDaKeHHdA
mocJjefHel BBIMOJIHAETCS KpalHAA clipaBa olepanusd ¢ HAUMeHBIIUM
npuopurerom (cm. § 43). Takum oGpasoMmM, MOKHO C(HOPMYJIHPOBATH
CHeAVIOMMIA aJrOPUTM BBIUHCJIEHUA apu@MeTHYecKOoro BBIDaXKeHHd,
3aIIMCAHHOIO B CHMBOJIBHON CTPOKE S:

1. HaiiTu B CTPOKE S HOCJIEJHIOO OTepaliiio ¢ HAMMEHBIIIUM IPHOpUTe-

ToM (IIyCTHh HOMED STOTO CHMBOJIa 3aIIMCaH B IepeMeHHOH k).
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2. Wcnone3ys ABasKABI 9TOT Ke AJITOPHUTM, BHIYHCINTE BHIPaYKeHU s
CJIeBa ¥ CIIPaBa OT CHMBOJIa C HOMEPOM K ¥ 3aIIMCATH Pe3yAbTAThHI BhI-
4YHCJIeHNsA B nepemenHsle nl u n2 (puc. 7.23).

k

22 + 13 - 3 * 8
nl n2

Pue. 7.23

3. BeImosHHUTE OnEpanuio, CAMBOJ KOTOPOi 3anucan B s[k], ¢ mepemes-

HeIMu nl u n2.

O6parure BHMMaHMe, 4TO B II. 2 3TOTO AJTOPUTMA HYIKHO DELIUTH
Ty e camMylo 3aia4yy AJIs JIeBOM M IpaBoif JYacTeil MCXOZHOTO BhIpace-
Hus. Kak BbI 3Haere, Takoif npuemM HassiBaeTcs pexypcueil.

OcHoBHY10 hyHKIMIO HasoBéM Calc (ot aHra. calculate — Burume-
muTs). OHA TNPUHMMAET CHUMBOJBHYIO CTPOKY M BO3BpAINAeT Iesoe
YHMCJIO — Pe3YJbTAT BBIYHMCJIEHHUS BHIPAYKEHHs, 3alMCAHHOTO B 3TOM
cTpoke. AJIropurMm eé paGoTel Ha TICEBIOKOIE:

k:=HOMEp CuUMBONa, COOTBETCTBYOWETO MNOCIenHe onepauum
ecnu k=0 wo
3Ha4Y:=[epeBecTM BCK CTPOKY B YMCIIO
MHave
nl:=pe3yneTaT BHUMCJIEHUS JIEBOM YACTH
n2:=pes3ysbTaT BHYMCIIEHUSA NPaBON YacTH
3HAaY:=NPMMEHUTh HaWOEeHHYI onepaumio K nl u n2
BCe

Hist TOro 4TOOBI HAWTH MOC/IEAHION BHIIOJIHAEMYIO ONepaIuio, oy-
AieM HCIO0JIb30BaThk (QyHKNuIO LastOp ua § 43. Ecau ata pyEHKOUA
BepHyJsa 0, To onmepanus He HaifjeHa, T. €. BCA IepegaHHAS eil CTpO-
Ka — 9TO YHCJIO (IpeAmojiaraeTcs, 4YTo AaHHbBIE KOPPEKTHEI).

Teneps MO2kHO HanucaTh GYHKIMIO Calc:

function Calc ( s: string ) : integer;
var k, nl, n2: integer;
begin

k:=LastOp (s);
if k=0 then Calc:=StrTolInt(s) {BCA CTPOKa - YMCJO}
else begin

nl:=Calc(Copy(s, 1, k-1)); {neBasa uyacTr}
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n2:=Calc (Copy (s, k+1, Length(s)-k));
{npaBas yacTeb}
case s[k] of { BHIMOJIHMTE oOnepauuo}
4! iuCalet=nl+n2;
L-!: Calc:=nl-n2;
VRilis Caloir=mlrnZ;
'/': Calc:=nl div n2;
end;
end;
end;

OGparure BHHMaHHe, 4TOo (yHKIHUA Calc — peKypcHUBHadA, OHA
ABa’kIbl BEI3LIBaET cama cebs.

Dyaxuun Calc u LastOp (a Takske QYHKOUIO Priority, KOTo-
pas BhI3BIBaeTCHA M3 LastOp) yAo6HO O00BEJUHUTH B OTAEILHBIA MO-
Ayas Model (MOAYJIE MOJENN):

unit Model;

interface

function Calc(s: string): integer;

implementation

uses SysUtils;

function Priority(op: char): integer;

function LastOp(s: string): integer;

function Calc(s: string): integer;

end.

Cexknusa interface 3TOro MOAYJIA COIEPIKUT TOJBKO 3aroJOBOK
dyHKIEU Calc — 3TO BCE, UTO AOCTYIHO APYIAM MOAYJIAM IIpOTDaM-
Mbl. B ceknuu implementation mogkiiodaercA MOAyab SysUtils
(B xoropom Haxozurcsi GyHKmus StrTolnt) u sanucaHbl Bce (PYHK-
num (MHOroroune obosHauaer Tesno ¢pynrkuun). Takum obpasom, Hama
MoOJenb — 5TO (PYHKIUH, ¢ IIOMOINBIO KOTOPLIX BRIUHCIIAETCA apudme-
THYECKOe BhIpakeHHe, 3allUCAHHOE B CTPOKeE.

Brruucienue apudpmMeTHuecKuxX BRIPAKEHWI: TPeicTABICHHE

Teneps mocTpouM uHTEpdeiic nmporpaMMel. B BepxHell uacTu OKHa
OyaeT pasMelléH BHINMANAIONIAN crucoK (KoMmoHeHT TComboBox), B KO-
TOPOM II0JIL30BATE/IL BBOAUT Bhipaykenue (puc. 7.24). IIpu maxkatuu Ha
kaasumny Enter BeIpaykeHHe BBIUHCJIAETCA W €ro Pe3yJIbTAT BHEIBOJHUTCH
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B IOCJIeJHEH CTPOKE MHOTI'OCTPOYHOTO PEeNaKTO-
pa Texcra (komnoHeHTa TMemo). Cnmcok moJie-
3eH JJIS TOr0, YTOObI MOKHO OBLIO BEPHYTHCH K
y?Ke BBeJEHHOMY DaHee BBIDAKEHWIO M HCIpa-
BUTE ero. JlJiss aToro Kakjoe HOBOe BhIDarKeHue
oymeMm mo0aBiIATE B BEINAJAIOINUNA CIIMCOK.

Hrak, Ha hopMy HYKHO HO0DABUTH KOMIIO-

Puc. 7.24 HeHT TComboBox (rpynma Standard). Yro6s:

IPHXKAThL €r'0 K BepxXy, YCTAHOBHM CBOMCTBO

Align, paBHOe alTop. HazoBeMm 3TOT KOMIOHeHT Input (B mepesoje
C aHIJI. — BBOJ).

Jlo6aBngeM BTOpPOil KOMOOHEHT — TMemo (rpynna Standard),
yCTaHABJIHMBaeM JJIA HEro BeIpaBHUBaHHe alClient (3aIOJIHUTH BCIO
cBobomHyI0 obsacTs) U uMsA Answers (B IepeBoje C aHIJI, — OTBETHI).
J1a Toro 4To0Bl MOJIB30BaTEIb HE MOI MEHATH I10J€ BBIBOAA, AJA KOM-
IIOHEHTa Answers yCTaHaBJIMBaeM JIOTHYECKOe CBOHCTBO ReadOnly
(ToJIBKO AJA UTeHHHA), paBHOE True.

Jloruka pa6oTel IPOrpaMMbl MOKET OLITH 3alMCAHA B BHJE IICEB-
JOKOAAa:

12+4156%3=9
13+6/7-4=9
25%4+190/13=114

ecnM HaxaTa knasuma Enter wTo
X:= 3HadYeHM’e BhpPaXeHMs
noOaBUTE pes3ynbTaT BHYMCIIEHMM B KOHELl] MOoJis BHBOIA
€CNnM BLHIpAXeHMA HeT B CIMCKEe TO
nob6aBuUTeE ero B CHIMCOK
BCE
BCe

Jna mepexBara Ha)kaThs Kiaasumu Enter 6yaeM HCIOIB30BATh
obpaboTymk OnKeyPress kKoMnoHeHTa Input. Kinasuma Enter mmeer
Koz 13, moaTomy yciaoBHe «ecau HaxKara KJjasumia Enter» sanumercs
B BUE

if Key=#13 then begin
end;

3HayeHNe BBHIPAXKeHHUA OyAeM BHIYUCIATH C MOMOMIBI0 (DYHKIUMN
Calcs

x:= Calc(Input.Text):;

9ta QYHKOHA HAXOAHUTCA B MOAyJIe Model, KOTOpPBIH HYIKHO MOJI-
KJIIOYUThH, 00AaBHUB B HauaJio CeKIUK implementation KomMaHay

uses Model;
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KoMmmnoHeHT TMemo COAEPXHUT MACCHB CTPOK, KOTOpPBIE MOCTYIIHEI
KaK cBoHcTBO-MaccuB Lines. Yrobsl 100aBUTHL K HUM HOBYIO CTPOKY
(B KOHeI[ MAaccuBa), HYKHO MCIOJb30BaTh MeToh Add (B mepesoje
c a"Hra. — Ao0aBUTH):

Answers.Lines.Add (Input.Text+'='+IntToStr(x));

ObpaTtuTe BHHMaAHWE, 9YTO pe3yJbTaT BBIYMCIEHUH IepeBeleH
B CUMBOJIbHBIA BHJ C ITOMOINBI0 pyHKIHH IntToStr.

CTpOKM, BXOJAAIIUE B BHINAJAAIONINANA CIIMCOK, JOCTYIHBI KaK CBOM-
cTtBo-MaccuB Items obwexTa Input. Mertos IndexOf CHYKHUT AJA IIO-
HCKa CTPOKHM B CIIMCKE M BO3BpalljaeT HOMEep HaliJleHHOro 3JieMeHTa
(ayMepanus HaYWHAETCA ¢ HyJs) WM 3HadYeHHe —1, ecnu obOpasen He
HafimeHn. [TosroMy KoMaHAa A00aBJieHUs B CIIHCOK HOBOM CTPOKH BBI-
TJIAOUT TaAK:

i:=Input.Items.IndexOf (Input.Text):;
if i<0 then
Input.Items.Insert (0, Input.Text);

Meron Insert nobaBiasieT CTPOKY B cOHMCOK. Ha mepBoM Mecte
yKas3bIBaeTCH MO3UIUA, B KOTOPYIo nobaBiuserca crpoka (0 — B Haua-
Jo crnucka). IlpusesiéM nosHOCTHIO 00paboTunk OnKeyPress:

procedure TForml.InputKeyPress (Sender: TObject;
var Key: char);
var x, i: integer;
begin
if Key=#13 then begin
x:=Calc (Input.Text);
Answers.Lines.Add (Input.Text+'='+IntToStr(x)):
i:=Input.Items.IndexOf (Input.Text);
if i<0 then
Input.Items.Insert (0, Input.Text);
end;
end;

Teuepb IporpaMmMy MOYKHO 3allyCKaThb H HCIBITHIBATH.

Hrak, B 9TOi nporpaMMme MblI Pasjiesiin Mojesb (JaHHbIe ¥ CPej-
cTBa uX 006paboTKM) M IIpefcTaBiieHHe (B3amMoOJeiicTBHE MOJENU C
HoJIb30BaTENeM), KOTOpbIe pasHeCeHBLI [0 PA3HbIM MOAYIAM. DTO MHO-
3BOJIAET HMCIIOJIB30BATh MOAYJE MOJAeNH B JIOOBIX HporpamMmax, rje
HYXHO BBEIUHCJIATE apudMeTHUYecKHe BhIpAKeHUd.
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Yacro K mape «MojeJb — IpeicTaBiIeHHe» J00aBIAIOT emé
yupasasoomui 60K (KOHTpOJIEp), KOTODHIH, Hampumep, obpabarsi-
BaeT OmuOKM BBOAA JaHHBIX. HO OpH [OPOrpaMMHUPOBAHHH B
RAD-cpegax KOHTpPOJLIED U LpeACTABJIE€HHE, KAK IPAaBHJIO, 00beJHHA-
IOTCA BMeCTe — KOHTDPOJb [JAHHBIX NPOMCXOAUT B oO6paborTumkrax
COOBITHH.

@ Bonpochkl 1 3apaHus

1. Yem xopomIo pasfejieHHe IPOrpaMMbl Ha MoJeab U uHTepdeitc? Kak aro
CBA3aHO ¢ 0COOEHHOCTAMH COBPEMEHHOI'0 IIPOrPAMMMPOBAHMA T

2. Yto 0GBIYHO OTHOCAT K MOJIeJIH, 4 UTO — K IPeACTABJIeHHI0?

3. Yro oT yero 3aBHCHT (M He 3aBMCUT) B Iape «MOAe]b — IMpeJcTaBie-
HHAE» ?

A 4. IlpuBeguTe CBOM MPHMEDHI 337184, B KOTOPBIX MOKHO BBIJIEJIUTH MOJENDb U
npexacrasaesue. ITokaxure, 4TO AJNA OQHOH MOJENIM MOYKHO IPHAYMATH
MHOI'O pas3HbIX IpeAcTaABIeHHH.

5. OObACHATE aJITOPUTM BHIYMCIEHHA apU(METHYECKOTO0 BhIpayKkeHus 6es
cKOGOK.

6. Ilycre TpeGyercds H3MEHHMTh HPOIPAMMY BHIYMCJIEHHS ApHMMETHUECKOTO
BbIpasKeHHA Tak, 4ToObl OoHa oOpabaThbiBasia BHEIDAYKEHHA CO CKOOKaMH.
YTo HY’KHO H3MEHHTh: MOJe/b, HHTepdeiic UIKu U TO, U gpyroe?

A ITogroroBbTE COOOIIEHHE

a) «3aueM HYXHBbI MIa6JI0HEI IPOEKTUPOBAHUAT »
6) «Cxema "Mopens — mpejcTaBiieHre — KOHTpoJLIep  »

0 3apaum

1. MaMeHHTe paccMOTPEHHYIO B Iaparpade mporpaMMmy Tak, 94ToObl OHA BbI-
YHCJIAJNA BHIPAYKEHHA C BELIEeCTBeHHBIMH 4YHCJIAMH (IJA INepeBoja Be-
IeCTBEHHBIX YHCEeJ M3 CHMBOJBHOTO BHAA B YHCJIOBOH HCIOJB3yiiTe
GbyHKOMIO StrToFloat).

2. lobaBbTe B pacCMOTPEHHYI0 B maparpade mporpaMMmy o0paGoTKy OIIm-
ook. IlogymaiiTe, Kakme OmMOKH MOIKET cAesaTh NOJIb3oBaTeNb. Kaxue
omu6KHA MOTYT BOBHHKHYTH NpH Beiunciaeruax? Kak ux o6paGorars?

*3. laMeHUTe pacCMOTPEHHYIO B maparpade mporpaMMmy Tak, 4ToObI OHA BBI-
YHCJAJA BhIpaykeHusA co ckobramu. ITodckasrka: HYKHO MCKaTh MOCJEeN-
HIOH ONEePAalHI0 C CAMBIM HU3KHM IPUODPHTETOM, CTOSINYIO 8HE CKODOK.
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4. Iocrpoiite nporpaMmy «KanpkynaTop» JJs BBINOJHEHUA BRIYUCIEHUH C A
HEeJIBIMHA YMCIIaMH:

MNpakTuyeckue paboTbl K rnase 7 A

IIpoexT Ne 1 «]JIBuixeHHe Ha gopore»

Pa6ora Ne 62 «CKpBITHE BHYTPEHHEIO YCTPOHCTBA OOBEKTOB»
IIpoexT No 2 «Mepapxusa KJiaccoB (JIOTHYECKUE DJI€MEHTHI)»
Pa6Gora Ne 63 «Cosnanue dpopmsr B RAD-cpene»

Patora Ne 64 «Mcnonb3oBaHue KOMIOHEHTOB»

Patora Nt 65 « KoMIoHEHTHI AJIg BBOJA U BHIBOJA HJAHHBIX»
Pabora Ne 66 «PaspaboTka KOMIIOHEHTOB»

IIpoextT Ne 3 «Mogens u npeacTaBJIeHue »

OO0P k rnase 7 Ha caite ®LIUOP (http://fcior.edu.ru) m

O0'beKTHO-OPHEHTHPOBAHHOE IIPOTPAMMUPOBAHUE
OcuoBHbie TOHATUSA 1 npuHiuIs OOIT

Oranel 00BEKTHO-OPUMEHTUPOBAHHOI'O IIPOIPAMMUPOBAHUSA
O0BeKTHO-OPHEHTUPOBAHHAA MOJEJb IPOrpaMMUpPOBaHUA

OCHOBHBIE NPUHIUNEL 00BEKTHO-OPHMEHTHPOBAHHOTO IIPOTPaM-
MUDOBAHUSA: WHKAINCYJISIUN WU NOJuUMOp(U3Ma, HacJeJOBaHUSA
¥ IepeolpeneseHnsd.

e & o o o

Camoe BaXkHoe B rnaee 7

e CIIOKHOCTL M pasMepbl COBPEMEHHBLIX MPOrpaMM TAKOBBI, UTO
B HX pa3p&ﬁOTRe IpUHHUMAaeT y4dYacTue MHOMEeCTBO IIporpaMMHc-
T0B. OOBEKTHO-OPHEHTHDPOBAHHOE IIPOrPAMMHDOBAHHE -— 3TO
MeTOJi, IO3BOJAKINUEA paséuTe 3ajady Ha YacTH, KaKIad U3
KOTOPBIX B MAKCHMAJbLHOM CTEIIEHU HEe3aBHCHUMA OT APYTHX.
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¢ IIporpamma B OOIl — 310 HAGOp 0G'BEKTOB, KOTOPblE OOMEHUBA-
I0OTCS COOOIIEeHUSIMM.

e Ilepex mporpaMMHUpOBaHMEM BHIIOJHAETCA O0BEKTHO-OPUEHTH-
pOBaHHBIA aHanu3 3ajgadu. Ha sTOM aTame BBIIEIAIOTCA B3aHU-
MoOfeHCTBYIONIMe OOBEKTHI, ONPEAeNIsIoTCS HMX CyIlecTBeHHbIE
CBOMCTBAa U MOBEJEHHUE.

o Jlo6oif 06BEKT — 3IKI3EMIUIAP KAaKOro-to kKjacca. Kiaccom Ha-
3BIBAIOT TPYIINY 00BEKTOB, 001a4al0IUX OOIIUMH CBOMCTBAMH.

o OOBEKTBI HE MOT'YT «y3HATh» YCTPOMCTBO JAPYrUX OOBEKTOB
(mnpuenMnD wHKancyaauwmu). IIpu omucaHWHM KJjacca 3aKphIThIE
IOJIA M MEeTOAbl IIOMENIAITCHA B CEeKIHI0 private, a obmiemo-
CTyIHBIE — B CeKI[HIO public.

o O6MeH HaHHBIMH MeXAYy 00BEKTAMHU BBIMOJIHAETCH C IIOMOIILIO
0O0IIEeIOCTYIHBIX CBOMCTB M METOMOB, KOTOPhIE COCTABJISIOT HH-
Tepdeiic 06bexkTOB. U3MeHeHe BHYTPEHHEIO yCTpOcTBa 00B-
eKTOB (peajiM3aluy) He BJIUAET HA B3aUMOAeHCTBHE C APYTIHMH
o0beKTaMH, ecIM He MeHseTcAa HHTepdeiic.

o Kax mpaBumno, Kiaccel o6pasyloT mepapxuio (MHOTOYPOBHEBYIO
cTpyKTypy). Kinaccei-moroMky 00/1a7al0T BCEMH CBOMCTBAMH H
MeTOoJaMH KJIACCOB-IIPEAKOB, K KOTOPHIM A00aBIAIOTCA MX COO-
CTBEHHBIE CBOICTBA M METOAEL.

¢ OOII nosBossier oGecriedynBAThL BBICOKYIO CKOPOCTL H HANEKHOCTH
paspaboTky B MoOAMGHUKADWUK OONBINUX M CJIOMKHBIX IIPOrpamMM.
B nmpocteix 3agauax npuvmeHeHue OOII, kak npasmuio, yBeauyu-
BaeT JUIMHY IPOrpaMMEL ¥ 3amMeiAeT eé padory.

« CoBpeMeHHBIE IpPOrpaMMbl ¢ rpadudecKUM HHTepdeiicoM OCHO-
BaHBI Ha 00paboTKe COOBITHI, KOTODBLIE BBLI3BAHBI JEeHCTBHAMH
MOJIb30BATENIA W IOCTYIJIEHWEM JIAHHBIX M3 APYIUX HCTOYHH-
KOB, I MOT'YT OIPOMCXOAXATEL B JI000M IIOCHEA0BATEILHOCTH.

e Jlns GwicTpOii pa3pabOTKM IpOrpaMM IPUMEHSIOT CHCTeMbI BHU-
3VaJbHOr0 IPOrPaMMHPOBAHHA, B KOTOPBEIX MHTepdeHc CTPOHUT-
ca 0Oe3 HanmMCcaHHA OPOrpPaMMHOro Koza. Takwme cHcTeMBbI, Kak
npasmiio, ocHoBaHbl Ha OOIL.

» B coBpeMeHHBIX mporpaMMax IPUHATO PasgenasTb MOAenb (ZaH-
HBle ¥ AJrOPUTMBI MX 00paboTKM) M mpexacTaBieHHe (crocob
BBOJIa MCXOJHBIX 3HAUEHHI W BBIBOJIA Pe3yJLTATOB).
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§ 56
OcHOBbI pacTpoBoi rpaduxkm

Kax BbI 3HaeTe us Kypca 10 Kiacca, pacTpOBBIH PHCYHOK, KAk MO-
3aMKa, COCTOUT M3 OTHEJbHBIX «KBaAPATHKOB»-IIUKCeJeH, KaKaAbIi 13
KOTOPBIX 3aKpalleH cBOHUM IBeroMm. llBeT Komupyercsa Kak Habop um-
cen, HampuMmep B Mogenu RGB nser nukcens sagaércsa Tpemsa 3Haue-
HAAMH — KpacHoi (aHri. R — red), senénoit (aurin. G — green)
u cubHel (aHra. B — blue) cocraBngamomiumu.

B oroit rnaBe Bl y3HaeTe 0 TOM, KaK MOYKHO oOpabarTwiBaTh pac-
TPOBBIe H300pa)KeHUA C HOMOIIBI0 COBPEMEHHBIX rpa@UyecKux pe-
AaKTOPOB.

Yro Takoe paspemenue?

JIro60oe m3obpa:keHHMe, B KOHEYHOM CUETE, NPEAHA3HAUEHO A
npocmorpa. IIpu BEIBOJe HA PKPaH WM HA HEYaTh OHO HOJIKHO MMETh
onpezeJIEHHbIE PasMephl, MOATOMY HYXKHO YCTAHOBHUTH CBA3bL MEMKIY
IIMPUHON M BBICOTOI PHCYHKA B NUKCEJAX U €ro pasMepamu (B CAHTH-
MeTpax MJIH JPYTHUX eJUHHUIAX [JIWHBI) HA SKPAaHEe MOHUTODPA WJIM HA
Oymare. 9Ty CBA3b OIpeJe/iAeT paspelleHre, T. €. YHCJIO NUKceIel Ha
HEKOTOPOM OTpesKe M3o0OpakeHus (mo mupuHe uwiu Bbicote). Ilo Tpa-
AWMU pa3pelleHHe M3MepsieTcs B NUKCeJsX Ha goim! (asvria. ppi —
pixels per inch). Yem Gonblile pagpelreHue, TeéM BhIIIEe KAYECTBO U30-
OpasxeHHA, HO TeM OOJbIIE MeCTa OHO 3aHMMAaeT B IAMATH.

Hanpumep, mycTe MBI XOTMM BBIBECTH Ha SKpaH HM300pakeHMe
pasmepom 10 x 15 cm. KakoBel 6yayT pasMepbl pUCYHKA B ONHKCEIAX?
O6bIYHO CTAaHZAPTHBIM paspelleHreM [AJsi H300pakeHus Ha IKpaHe
cuntaercs® 72 ppi miau 96 ppi. IIpu paspemennu 96 ppi pasmeps! pu-
CYHKa B IIMKCEJIAX JOJIKHBI OBITH DABHBI:

Beicota: 10 - 96 / 2,564 ~ 378 nmukceneii;

mupuHa: 15 - 96 / 2,54 ~ 567 nukcesei.

1 groiim = 2,54 cm.

Paspemenne 96 ppi, Hanpumep, COOTBETCTBYeT pasmepaM skpaHa 1280 x
1024 nukcensa qiA MOHHTOpA C AUAroHANLIO 17 moiiMoB.
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KoneuHO, HYXHO YYHUTHIBATh, 4YTO (PAKTHUYECKOe paspelleHUEe BK-
paHa MoxKeT oTau4arekca oT 96 ppi, OHO 3aBUCHUT OT pasMepa MOHHUTO-
pa u pexxuma paGoThl BHAEOKAPTH! (33AaHHOIO B €€ HACTPOUKAX KOJIH-
YyecTBa NHKCEJel 10 HNIMPUHE W BLICOTE 3KpaHa).

Teneps NIpPeAINIONOKUM, YTO HAM HYKHO HalleyaraTh Ha Oymare
cTaHAapTHYIO (poTorkapTouky Toro e pasmepa (10 x 15 cm). Ileuara-
OIIHe YCTPOMCTBA MOTYT 00€CIeYHTh 3HAYHUTEJBHO 0ojiee BBICOKOE
paspeluieHue, dyeM sKpaH. lJig mosiyueHHUA OTHEYaTKOB CPEAHEro Ka-
yecTBa (IIPH KOTOPOM Yy Ke HNPAKTUYECKH He3aMeTHO, 4YTO H3obpake-
HHE COCTOMT M3 muKceseit) Tpebyercsi paspemienue oxosio 300 ppi, a
ans npodeccronanbabXx pador — 600 ppi u Gomee (o 2400 ppi). Ilpn
paspemersun 300 ppi pasmMepsl pPHCYHKa B NHKceaAX OyAyT coBcem
apyrue:

Beicota: 10 - 300 / 2,54 ~ 1181 nukcenb;

mupura: 15 - 300 / 2,54 ~ 1772 nukcens.

Ha pucynke 8.1 nas cpaBHeHUs IOKa3aHO OAHO M TO e M300pa-
JKeHMe C Pa3HBIM pas3pelleHueM.

96 ppi
Puc. 8.1

3aMeTHO, 4TO M300paskenume c¢ paspemenueM 300 ppi cmorpurcsa
BIIOJIHE €CTECTBEHHO (IIHMKCeJU He BHAHBI), a Opu paspemteHuun 24 ppi
POMAIIKH yiKe C TPYJAOM YraislBalOTCA B IOJyuHBIIeMcHs Habope
NUKCeJIen.

[lng uamocTpanuu Mbl OyJeM HCIOJb30BaTh CBOOOAHBIN pacTpo-
BBl rpaduueckuit pegakrop GIMP (www.gimp.org), Bepcuu KOTOPO-
ro cymectByior ans Windows, Linux m Mac OS. [Ipyrue momyJsp-
Hble pejgaxTopsl, Hanpumep Adobe Photoshop, ummeioT anasoruyHbIe
BO3MOXKHOCTH.

Ecau B penaxTop GIMP sarpysurs HEKOTOPOe HM306pakeHue, ¢ 10~
mompio MeHio Hzobpamxennme — Pasmep H300pakeHHA MOIKHO IIO-
CMOTpEeTh ¥ M3MEeHHThL ero napamerps (puc. 8.2).
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“ CHeHa pasmepa wiobpaxenua

ITo ymosmyanuio pasmep m3obparkeHus 3afaéTca B IMHKCENIAX (TOY-
Kax pacrpa). Yrobbl yBumers pasMephl OTImeYaTKa (B CAHTHMeTpax
UM MUJUIAMETPax), B BBINAJAOIIEeM CIMCKe CIpaBa HYXHO BEIGDATH
COOTBETCTBYIOIIYIO €IUHULY U3MEepPeHUA.

ITO AMAJIOTOBOE OKHO NOBBOJIAET TAK)KEe MEHATb PasMephl PUCYH-
Ka ¥ ero paspemeHue. Vismenssa pasmep m300pakeHUA B ITHKCEIAX,
MBI HCKa)KaeM PUCYHOK. Hampumep, nycTh IpH yBeJHuYeHHUM pasMepa
HYKHO 3aMeHMUTH 5 nuKceseil Ha 8. B aroM cayuae nmporpaMmme npuxo-
AUTCs C MOMOINBI0 MATEMATHYECKUX METOJOB IEePECTPOUTH KAPTUHKY
TaK, 4Tobbl M300pa)keHHe COXPAaHWJIOCHh KaK MOKHO Jyumie. AJro-
puUTM Takoil obpaborkm 3amaérca B mose Hurepmonsuual. Ky6Guue-
CKasgd WHTEPHNOJANUSA CUMTAETCA OAHOM M3 JYyYIIUX, OAHAKO IPU HC-
IIONB30BAHMHM ITOr0 MeToja wu3o0pa’keHHe HEMHOrO pa3MBIBAETCH.
YTo0bI COXPAHUTH YETKHE IPAHUNEI HA DHCYHKE, B CIHCKE Hurepno-
JANMUA HY;KHO BbIOpaTh BapuanT Hukaxas.

Ilpn naveHeHMM pa3pelleHUs] KOJMYECTBO NMUKCENelH B PUCYHKe
OCTA€TCHA TeM JKe, MMOITOMY HHUKAKOW IOTepH KauecTBa He IPOMCXO-
auT. OgHAKO pasMepsl OTIEYATKA U3MEHATCH: eC/y YBEeJIHMYUTH paspe-
LIeHWe, IPY IIeYaTd U3o0parkeHue YMeHbIIUTCA.

1
WHTepnonsnns — 3T0 BOCCTAHOBJIEHME IPOMEKYTOUHBIX BHAYCHMH (BYHK-

LMW,
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IIBeTOBBIE MOIEIH

Kax Bbl 3naere (cM. § 16 yuebHuKa ana 10 xiacca) fia KOZUPO-
BaHHA [[BeTa NHUKCeJel MOXHO HUCIOJh30BaTh Pa3HBIe IIBETOBBIe MOJe-
JI¥, IPAYEM MX BBIOOD 3aBHCHUT OT YCTPOMCTBA, HA KOTOpPOE HYXXKHO Oy-
JleT BEIBOAUTHL M3006pakeHue.

Eciu BBl I'OTOBUTE PHUCYHOK IJIsi IIPOCMOTpa Ha dKpaHe (HAIpH-
Mep, WIIOCTPAIMIO AJs Beb-caifTa), HYKHO HCIOJBL30BATh MONEJb
RGB, B KOTOpPO#l IBET NUKCEJA 3aJaeTCs TPeMs YUCIaAMHU — KPaCHOM
(agrn. R — red), senénoit (ara. G — green) m cuHei (aara. B —
blue) cocrapiasaiomumu. Mogeas RGB ucnonbayerca Aas yCcTPOHCTB,
KOTODBIE U3Y4aiom CBeT, HaIpUMep JJA MOHHTOPOB.

Ecau nzobpaskeHne rOTOBUTCA AJA MeYaTH, IIePeXOoNAT K MOJeH
CMYK: C — cyan (roay6oit), M — magenta (mypmypssbii), Y —
yellow (okénrerit), K — key color (kaioueBoii nser, yépHeiii). Moaeas
CMYK 6osee yaobHA IJIs ONHUCAHUA OMPAJNHEHH020 CBeTa, KOTODBIA
B 9TOM CJIy4ae BUJUT YeJOBEK.

Bo Bcex aTUX MOJeJsAX IBET KOAUWpyeTcA HabOpOM 4mcesl, U TOJb-
KO YCTPOMCTBO BBIBOJA OIpefesisieT, KaKoll MMEeHHO IBeT YBUAUT 4Ye-
nosek. IloaTomMy zisi TOro, 9To0BI OTIIEYATOK BBRITJIALEJ TaK JKe, Kak
usobpakeHre Ha SKpaHe, NpU NpeoOpasoBaHUY M300pPaKeHUsA U3 MO-
peau RGB B CMYK HyXHO HCIIOJIB30BATEH IBETOBBIE NMPOMUIN MOHH-
TOpa ¥ IPUHTEpPa, KOTOPbIe ONPEJEeIATCA ¢ IOMOIIBI0 CIeNUualbHBIX
yerpoiicTs (kanubparopos). Haubonpmumy BO3MOMKHOCTAMHA [JIA TOM-
FOTOBKHM KadeCTBEHHBIX H300paskeHMil A npodeccHOHANbHON medva-
T obanagaer nporpamma Adobe Photoshop.

CymiecTBYIOT U Apyrue mnseroBbie Mojenu. Hambosee mHTEpecHAas
u3 Hux — momeas HSV1! (auran. Hue — ToH, oTTeHOK; Saturation —
HaCHIIIeHHOCTh, Value — BesuumHA), KoTOpad OJMIKe BCEro K ecTect-
BEHHOMY BOCIDHUATHIO dejoBeka. JlJigd KOAMPOBAaHUSA «abCOJIOTHOTO
nBeTa», He 3aBUCHAIIET0 OT yCTpoicTBa, HMpuMeHsercs mopxeas Lab
(amrn. Lightness — cBersiora, a U b — mapameTpsl, ONpeAeNA0Iie
TOH M HACHIIIEHHOCTH IIBETAa).

Bonpocel n 3apaHusa

1. Yto Takoe paspemenue? B KaKuX eJUHUIAX OHO U3MepsAeTCA?
2. Kax BeIOMpaTh paspelleHHe AJis BhIBOJA M300paKeHU HA MOHHMTOD ¥ Ha
neuars? ITouemy nns meuarn Tpebyercs Gosee BeICOKOe paspernedue?

WUnu HSB (amrn. Hue — TOH, OTTeHOK; Saturation — HACBIIIEHHOCTE,
Brightness — ApKoCTSE).
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3. Or uero 3aBHCHT (PaKTHYECKOE paspellleHHe NPH BBLIBOJAE U300paskeHUs
Ha 9KpaH?

4. Yo mpousoiiAéT, ecau M3MEHHTH paspellleHHe PHCYHKA, He MEHAS ero
pasMepsl B MHKCENAX ?

5. Yro mpousoiifér, ecii U3MEHUTL Pa3Mephl PHCYHKA B CAHTHMETDAX, CO-
XpaHUB paspemesue?

6. Yro rakoe uHTepnoaanus? 3aueM HYKHBI PASHbBIE BU/LI HHTEPIOIALANT

7. B KakuX cay4asx HCIOJbL3VIOTcA HBeroBbie mogenu RGB u CMYK? Ka-
KHe eIé IIBeTOBBIe MOJENH Bhl 3HaeTe?

8. Bcnomaure (cm. § 16 yuebuuka ana 10 kimacca), 4TO TakKoe I(BETOBOI
OpoduIb YCTPOHCTBA U 3a49eM OH HYKeH.

IloaroToBhTe COOGLICHHE A

a) «IIpeoGpasoBanme mBera mMexay mozenamu RGB u CMYK»
6) «IlBeroBas momennr HSV»
B) «IIlBeroBas momens Lab»

3apaum o

1. ins pucynka pasmepom 200 x 100 nuxceneil ycTaHOBJIEHO paspelleHue
300 ppi. Onpegenure ero pasMeps! B CAHTHMETPAX IIPH BHIBOZAE HA 9KpaH
M P IeYaTH.

2. OnpesiennTe, KAKOBBI JOJKHEI GLITH PA3MePhl PUCYHKA B IUKCEIAX, €CIH
HYXXHO HamedaTaTh u3obpasxenue pasmepom 297 mm Ha 210 mMm (popmart
A4) ¢ paspemennem 300 ppi. Ckoabko MeramuKcenaeil (MAIINOHOB MUK-
ceseii) AOJKHA COJEPIMKATH YyBCTBUTENbHAA MATpuma uudpoBoro (poro-
annapara, ¢ OMOIIbI0 KOTOPOr0 MOMKHO CAeJaTh TAKOH CHUMOK?

§ 57
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Hns BBOAA PAacTPOBBIX M300paskeHMiII B KOMIBIOTED dAallle BCEro
OPpUMEHAT HU(POBEIe (GOoTOATIIAPATEI ¥ CKAHEePHI.

IIndpossie doroannapars:

Cambrii BayKHBIN 371eMeHT IudpoBoro GoToanmnapata — 3TO CBeTo-
YYBCTBMTEJIbHAA MAaTPHMIA — HHTErpaJbHasi MHKDOCXeMa, KoTopasd
COCTOHUT M3 CBETOYYBCTBHTEJLHBIX 3JIEMEHTOB — (oroauonos. Cser,
IOCTYnMBIINI Ha (oToAmon, mpeobpasyeTcss B dJeKTPUUYECKHII CHTr-
HaJl, KOTOPBIA C IOMOINBIO &HAJIOro-uudpoBoro mnpeobpasoBaTess
(AIIIT) nepeBoAUTCA B YHCJIOBOH KO,
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SenéHuIH HOust Toro 4robel NOJYYUTH
HBeTHOEe u300pasKeHHe, KarKAblil
doTonmMon <«HAKPBIT» CBETO(MHIBLT-
poM omnpeneJEéHHOro unsera (uamie
BCEro MCIOJB3YIOT mMozens RGB —
KpacHble, 3eJIEHble U CHHHE CBETO-
¢duawprper). Takum obpasom, doTo-
JAHOJ M3MepsieT APKOCTH TOJBKO OJi-
HOM  cCcOCTaBIAIONIE  I1BeTa, a
ocTaJIbHbIe KOMIIOHEHTHI BOCCTAHAB-
JUBAIOTCA IIpoleccopoM GoTokame-
Puc. 8.3 pel IO CcOCegHMM mHKcenaMm. Bo
MHOrux Qoroanmaparax HCIOJIb3Y-
JOT TaK HasbIlBaeMblit guabmp Bailepa, cocroaniuii u3 25% KpacHHIX,
25% cuBHX B 50% seméspix GuasTpos (puc. 8.3 W 1BEeTHOI puc. Ha
tdopsane). Takoe cOOTHOIIEHHE OOBACHAETCA TEM, UTO YeJOBEUECKHUM
ria3 6ojiee UYBCTBUTEJIEH K 3€JIEHOMY ILBETY.

ITudpossie (oToanmapaThl NPH ChEMKE COXPAHAIOT H300pa)keHHe
Ha BCTPOEHHOH KapTe IMaMATH B JBYX OCHOBHBEIX ¢opmarax: RAW u
JPEG. ®opmar RAW — »sro HeoOpabGoTaHHBIe AaHHBIe (0T auam.
raw — «ChBIpOH», «CBIpBE», HeoOpaboOTaHHEII), T. €. KOJABI CHT'HAJOB,
MOJYYEHHBIX KaKJIbIM 3JIEMEHTOM UYBCTBUTEIbHOM MaTPHIBI (poToar-
napara. Caumox B dopmare RAW cogep:xut HamboJsiee IOJHEBIE AaH-
Hble, HA KaXKIbIi IBeTOBOIl KaHaJ orBojguTcA 12—-14 6uroB (B orau-
gue or 8 6uToB npu obsrunoM RGB-koxuposanun). Cymecrsyer Gosee
coTHH pasauuyHbix RAW-dopmaToB ais pasHbIXx Mojeseid doroanmna-
paTos.

Ecau doroannapar coxpaHsier cHUMKHM B ¢opmare JPEG, «cbI-
peie» RAW-Kozsl cpasy mocyie cbéMKH 06pabaThIBalOTCA IPOLECCOPOM
¢ y46TOM HACTPOEK Kamephl, BHIODAHHBIX HOJb3oBaTeneM. Peayibrar
aToii 00paboTKHU 3aTeM W COXpaHAeTCHA Ha KapTe NaMATH, IIPH 3TOM!:

e TTYOMHA KOAMPOBAHUA yMeHbInaeTcs A0 8 6UToB Ha KaHAN (IO-
Tepa uHpopmanunl);

« usobpaskeHue cyxumaercs ¢ norepamMu mo anropurmy JPEG,
B pe3yJbTaTe HeKOTODPbIe NeTalu CHUMKa 6e3BO3BPATHO TEPAIOT-
cdA, X0Ta pasMmep daiina 3HAUYUTEIBHO YMEHbIIAeTCH;

e BCe MCXOIHBIe NaHHbIe YHHUYTOXAKTCAH.

Ecam Kamepa OblIa HEBEPDHO HAaCTPOeHAa, IOJy4YeHHOe U300paske-
Hue OyZeT HU3KOT0 KadeCTBa M BOCCTAHOBHUTH €ro NPaKTHUYECKH HeBO3-
MOKHO,
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Iloaromy npodeccruoHanbHbIe GoTorpadsl NMPAaKTHYECKH BCErja Co-
xpaHawT Gororpadhuu B opmare RAW. Oro maér sHauuTe bHO 60JB-
1re BO3MOKHOCTEH AJIfi KOPPeKIuu (YJIYyYIneHus) ¢ IOMOIILIO ITPOrpaM-
MHOro obecneuennsa. Hanpmmep, 4acTo yAaéTcd yBeJIWYUTH KOHTPACT
IIPU IJIOXHMX YCJIOBHAX CBEMKHU. [y TOro urobbl MOJNYYHUTE M300paske-
HHe B OAHOM H3 KOMHObIOTepHBIX (hopmaToB (JPEG, GIF, TIFF, BMP u
Ap.), «ChIpbie» CHUMKH HYXKHO 00paforarh crenuaabHON NMpOrpaMMoii,
Koropasi HasbiBaeTca RAW-komBepropoM. OgHa M3 HM3BECTHBIX IIPO-
rpaMM-KOHBEPTOPOB — n Adobe Photoshop Lightroom.

Has sarpysku msobpaskeHuil ¢ (poroammapara B KOMILIOTED 3TH
ABa ycTpoiicTBa coefuHAIOTCA Kabesem uepes mopr USB. ITocse moa-
KJIO4YeHus GoToannapar ob6HAPYKHUBAETCA KaK HOBBIM CHEMHBIH JTHCK.
MoxxHO TaKKe MCHIOJB30BATh YCTPOMCTBO AJIA YTEHUA KapT MaMd-
TH — Kapapuaep (Ipu 2TOM KapTy NaMATH HYXXHO BBIHYTHL U3 (hOTO-
amnmnapara).

CraHupoBanue

CxanupoBanme — 5TO BBOJ M300paKeHHUA B KOMIBLIOTED C IIOMO-
IbI0 CKaHepa. MHorue pacTpoBbie rpad)myecKue pefaKkTOphl ITO3BOJIA-
I0T BBOAUTH CKAHMPOBaHHOE M300pa’keHHWEe C IIOMOIIbI0 COBCTBEHHOIO
veH. Hanpumep, B GIMP ans 3TOro Hy»XHO BBIOPATH INYHKT MEHIO
®aiin — Cosnate — Cramep/Kamepa. Ilocie aToro samyckaercs mpo-
rpamma, obcay:KuMBalOIlas CKaHep, B KOTOPO#l Tpebyerca 3afaTh pe-
SKUMbI CKAHUDOBAHUA.

B nepsyio ouepess TpeGyeTcs ONpEENATH THI H300paKeHns:

e 4yépHO-6esoe (ABYXIBETHOE);
e OJyTOHOBOE (256 OTTEHKOB Ceporo, OT YépHOro 1o 6es0ro);
e IIBETHOE.

Bropoii BaykHBIN napaMeTp — 3TO paspemenue. Ero HY»KHO BHIGH-
paThk ¢ HEKOTODBIM 3alacoM, YYHATHIBafA, YTO OTCKAHWPOBAHHOE M30-
Opaskenue moTom daiie Bcero oGpabGarbiBaercsa. Ecam maobpakeHHe
CKaHUPYeTCs NJIA BhIBOJa Ha sKpaH (¢ paspemenuem 72—-96 ppi) u ero
He HY)XHO YBEJIHWYMBATH, IIPM CKAHHPOBAHUM MOMKHO BBIODATH paspe-
mwenue 150-200 ppi. Ecnu sxe BeI XoTuTe 06paboTarh PUCYHOK M IIO-
TOM HAIeYaTATh €ro Ha IPHUHTepe, HYXKHO BLIOMDPATH paspelleHHe He
meree 300-400 ppi.

WHorza Hy)KHO OTCKaHHMPOBATH TEKCT, YTOOBI IIOTOM MOJATOTOBHUTH
BJAEKTPOHHYIO BEPCUIO JOKYMeHTa. ECIHM HOKYMEHT He HYKHO pejakx-
THPOBATH U MOXKHO COXPAHHUTH €ro B BHJE PUCYHKA, AOCTATOYHO yCTAa-
HOBUTEH paspemienue 150-200 ppi. Ecam ke Tpebyercs pacmosHaTh
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TEeKCT JOKYMEHTAa C IIOMOIIbI0O CHENHaJbHOH IIporpaMMsbl (THOa
ABBYY FineReader wuim CuneiForm), Hy:XHO BbhIOHpaTh OOJEE
BBICOKOe paspeinernune — He meHee 300 ppi.

Kangpuposanue

ITocsie cKaHMpPOBAHHMS MHOJY4YeHHOEe m300paskeHUe, Kaxk IPaBHIIO,
HY’KHO KaJpHpPOBaTh, T. €. BLIOPATH HY»KHbIe I'PDAHUIILI U306paKeHNdd,
obpesars nummHee. PaccMoTpuM ciydail, korga ¢ororpadus 6buia mo-
JOXKeHa HEePOBHO, TAK 4YTO e€é HYIKHO CHadaja MMOBEPHYTh, 4 IMOTOM
KaxpupoBaTh (puc. 8.4).

Puc. 8.4

CHayasia BBIIOJHHUM IIOBOPOT TaK, YTOOBI JIMHHSA TOPH30HTa ObLIa
CTPOr0 T'OPU30HTAJIbHA. JlJsi 3TOro HY’KHO 3arpysuTh PHUCYHOK B
GIMP, BreIOpaTh MHCTPYMEHT s Bpamenue 1 MEJIKHYTh Ha PUCYHKe.
IloaBUTCA OKHO, B KOTOPOM MOYKHO YCTAHOBHUTHL HYKHBIH yroJ IOBO-
pora (puc. 8.5).

“© BpaujeHue ¥ :-, 5'
& e
yron:  [8,30 i
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Koppexkuus ¢pororpadmii

ITpu uaMeHeHUHU yria B OCHOBHOM OKHEe BUIEH Pe3yJIbTAT IpPHMe-
HeHHA 3TOH omnepamuu. MoXKHO TakyKe BpamiaTh m3obparkeHHe, CXBa-
THUB €r0 MBIIIBIO.

Tenepr BrImoNHAEeM Kajapuposauuel. BriGepem HHCTPYMEHT
ﬁ KanpupoBanme u BbIZENIMM IPAMOYTOJBHYIO 00J4CTH, OCTABHB
TOJBKO HYMKHYIO YaCTh PHCYHKA. YTIJIBI BBIJEJEHHOH 00/IaCTH MOIKHO
nepeTacKMBATE MBIINbIO. IIpu Haskatum Ha Kiasumy Enter mona 6y-
AyT o0pe3aHEl.

Ecan yron nosopora e kparen 90 rpagycam, pacTposoe m3oGpa-
MeHHe HCKaykaercA. [ld moCTpOeHHsT HOBOrO PHCYHKA IIPOTrDaAMMA HC-
IOJb3yeT MaTeMaTHYeCKHe MEeTOAbl HMHTEPIIOJSIMH, TaK Ke Kak
U IIpY U3MEeHEeHUU ero pa3mepos.

Bonpocel u 3apaHus

1. Kakxue Ba OCHOBHBIX criocofa BBOJA PacTpoBLIX M300pasKeHUH BBI 3HAeTe?

2. Kax BBl JymaeTe, KOrJia JIydile MCIOJIb30BATh CKAHMPOBAHME, 8 KOTAA —
tororpadpuposarnue? Ilpusenure npuMepsI.

3. B xakux (hopmaTax 06BIYHO COXPAHAIOT CHAMKH IU(POBLIE (oroanmapaTei?

4. Yro Takoe dopmar RAW? B uéM ero mpemMyImecTsa ¥ HEAOCTATKN
no cpasHeHuio ¢ opmarom JPEG?

5. Yro rakoe RAW-konseprep?

6. Kax MOXHO 3arpy3uTh B KOMIBIOTED M300DaKeHHs, 3aNUcaHHble HA Kap-
Te namMAaTH nudposoro doroannapara?

7. Yro rtakoe ckanupoBanHe?

8. Kakue mapaMeTph! Ba)KHBI IDU CKAHUPOBAHUH?

9. Yro rakoe kaxpupoBanue? 3aueM OHO HYKHO?

IloaroroBsTe coobmenne

a) «Popmaret RAW: 3a u nmporus»
6) «Bri6op napamMeTpoB CKAHMPOBAHUA»

§ 58
Koppekuus ¢dotorpadpmii

KauecrBo MHOrmx (ororpaduii MOKHO SHAYUTETHHO YIAY4IIAT,
YCTPaHUEB AedeKThl, BOSHUKINNE H3-3a HEIPABUJIbHON HACTPOHKH (o-
Tokamepsl. Kpome Toro, mMo:kHo mcnpaBuUTE HEKOTOpHIE HCKaXeHusd,
KOTOpbIe BHOCHT caM (poToamnmapar.

B Adobe Photoshop ragpuposarue n HOBOPOT BHIIOAHAIOTCH cpasy (paMky
KajJpa MOXKHO BPAIATh).
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KomnbioTepHas rpadpuka v aHumauus

IToCKONBKY PACTPOBBI PUCYHOK XPaHUTCA Kak Habop dmces, KO-
AUPYIOLIUX LBeTa IUKceJel, KoppeKnusa dororpaduii CBOITUTCA K Ma-
TeMaTHUYeCKOH 06paboTKe STUX JAHHBIX C ITOMOIIBIO CIEIHaJbHO pas-
paboTaHHBIX aJTOPHUTMOB.

HcnpapieHue nepcrneKTHBBI

Onruueckasi cucTeMa (oTOANNAPATOB YaCTO [AaéT WCKayKeHHd,
B Pe3yJIbTaTeé KOTODPHIX BePTHUKAJbHBIE JUHHUH (HANPHMEp, CTeHBI X0~
MOB) CTAHOBATCA HaKJOHHBIMH (puc. 8.6, a).

Puc. 8.6

9roT nedeKT JIeTKO UCNpaBisieTcss B COBPEMEHHBIX rpapuuecKux
pepaktopax (puc. 8.6, 6). B GIMP Hy:XHO BHIZEJIUTH BCE M300pae-
aue (xnasumu Ctrl+A umim menio Beimenenme — Bee) u BbIGpaThH
HHCTPYMEHT A IlepcnexkTuBa. Iloce aToro yrisl puCyHKa, BhIJETeH-
HBIe KBaJpaTaMW, HaJA0 IePeTAlUTh Tak, 4TOObI BBIPDOBHATH BePTH-
KaJbHbIE JIUHUH.

T'ucrorpamma

OueHb MOME3HYIO WHDOPMALNMIO AJA OIEHKH H300parkeHus naéT
rucrorpaMmMa — rpad¥K CHOENUaJbHOrO BHJA, KOTOPBIA IOKA3hIBaeT
pacrnpezenenue nukcenei no sapkocru (puc. 8.7). Beicora BepTHKATL-
HBIX OTPE3KOB OMpejesseT KOJINYEeCTBO NuKceael, MUMEIHUX ONMHAKO"
BYIO ADKOCTH, OT CAMBIX TEMHBIX (CJeBa) 0 CaMbIX CBETJIBIX (cipasa).

Yro6bl YBHAETb THCTOTDAMMY 3arpy’KE€HHOro H300pakeHusd, B pe-
nakrope GIMP myskHo BhIOpaTh myHKT MeH0 Oxma — Ilpukxpenus-
onuecsH auajsoru — 'merorpamma.




Koppekuus ¢pororpadpui

Puc. 8.7

ITo npuBesénneIM Ha puc. 8.7 rucTrorpaMMam cpasy BHIHO, YTO:

¢ (doro 1 caumKoM TEMHOE, IOTOMY 4TO BCE IUKCENIU COCPENOTO-
4YeHBI B 00J1aCTH TEMHBIX TOHOB (CJIeBa);

e (HOTO 2 CIMIIKOM CBeTJIOe (HeT TéMHEIX TOHOB);

(doro 3 MamOKOHTpacTHOe (eCTh CpeJlHMe TOHA, HO HEeT TEMHBIX
M CBETJBIX);

e (OoTO 4 COEPIKUT MUKCEIN BCEX YPOBHeH apkocTul.

Wsobpaskennam 1-3 He xBaraer KoHTpacTa. UToObl MX YJIYUIIATD,
HY)KHO «pPacTAHYThb» THCTOTDAMMY TaK, 4TOObI OHa 3aHHUMAaJla BeCh
AManasoH TOHOB, OT 4épHoro mo Gesoro. nsa aroro B8 GIMP ucnonbay-
erca MeHio Ilser — Yposau?. B nosBuBIIEMCA OKHE HYKHO OTDETyJIH-
poBaTh NOJIOKEeHHEe YEPHOI0, Ceporo M 0eloro ABUIKKOB IOJ THCTO-
rpammoii (puc. 8.8).

Puc. 8.8

Ha aroii dororpadpuu — xapruna «IIpucramb» xygosxauxa K. A. Toroxe-
Ba, BEIDE3aHHAS M3 Jepesa.

B Adobe Photoshop — menio M3o6pamenne — Koppexuua — YposHH.




KomnbioTepHas rpadpuka v aHumaumusa

Bece nmkcenu ciesa OT YEPHOrO ABHWIKKA CTAHOBATCA YEPHBIMU.
Te, 94T0 OKA3aJIMUChH CIIpaBa OT 6eJoro ABMKKa, cTaHYT OGeabiMu. Takum
obpasoM, Bcs 06acTh MeXAy YEPHBIM U OesibiM ABMIKKAMU PacTAHET-
cA Ha Bech AmanasoH. [lepeasuras cepslit ABUMKOK (II0 YMOJYAHUIO OH
HAXOJUTCHA IOCepeJInHe MEeXKAYy UYEPHBIM M OesbIM), MOMKHO MEHATH
KOHTPACT CpeJHuX TOHOB. I[Ipu 3TOM B OKHe HM300pasKeHus MBI Cpa3y
BUAMM pesyabraT (Takoil »sddeKT HaspIBaeTcsd NpeABaPHTEIbHBIM
NPOCMOTPOM, T. €. IPOCMOTPOM pe3yJbTaTa KaKoi-To omepanun 1o eé
OKOHYATEJIHHOI0 IPUMEeHEeHUd).

Ilocne KoppeKIuM ypOBHeH BHemHHN BUA (Qororpadmu 3HAYH-
TeJIbHO YJIVUIIaeTcs, OHA CTAHOBUTCH GoJjiee KOHTPACTHOM, COAEPIKHUT
OCTATOYHO OOJIBIIIOE YHMCJIO U CBETIBIX, U TEMHBIX muKcesxei. OxHaxko
THCTOrpAMMa IIOCJie KOPPEeKI[MH He CILJIOIIHAsd, & COCTOUT U3 OTHAeNb-
HBIX TIOJOCOK (cM. puc. 8.8). T0 3HAYHT, YTO IMHUKCeNe# ¢ HEKOTOPbI-
MM 3HAUYeHMAMH SPKOCTH HET coBceM (mogyMaiiTe rodyemy).

3aMeTHM, YTO HAJ THCTOTPAMMOI B OKHe Y POBHH DPACIOJIOXEH
BBINAAAIONIMI CIIMCOK, B KOTOPOM MOKHO BBIOpAThH [JIA KOPPeKIUH
OJIWH IIBETOBOM KaHAJ: KPACHBLIN, CHHUM MJIH 3eJEHBIH. OTO NaéT BO3-
MOJKHOCTB HACTPAMBATHL Ka'KAbIH KaHAJ OTIEJIBbHO.

JIlns BLIpABHUBAHUSA YPOBHEH MOXKHO TaKKe HCIOJb30BATH OKHO
peryampoBKH sSpKocTd M KoHTpacra (Menio Ilser — Spkocrs — Komn-
Tpact). Bojee CIOMXHYI0O TOHOBYIO KOPPEKIMIO BBINOJHAKT C IIO-
momibio KpuBbix (I[Ber — Kpussie).

Koppexkuus usera

B HeKOTOPHIX M300pakKeHuAX sIBHO BHAHO, YTO KAKOW-TO OTTEHOK
ABHO CHJIbHEe, 4yeM HYKHO, W H3-3a 9TOr0 JIMCTBA /I€PEBHEB ‘MOMKET
oxkasaThCcA CHHeiH, a KpacHas Kpblmia — 3eJéHoil. B arom caydae
MOKHO MCIOJIb30BATH KOPPEKIMIO IIBeTa, MCIOJb3ys CBOH 3HAHUA O
TOM, KaKue I[BeTa MMeIOT OOBeKTHl B JeiicTBHUTeJbHOCTH. B mporpam-
me GIMP HykHO BBIOpaTh NyHKT BepxHero MeHio IlBer — IlBeromoi
OanmaHc.

C moMoIbI0 OKHA, M300paKéHHOTo Ha puc. 8.9, MOKHO OT/AENBHO
KOPPEKTHPOBATh I[BeTa TEMHEBIX yYacTKOB (TeHeit), MUKcesell cpejHen
APKOCTH (IIOJIYTOHOB) ¥ CBETJBIX YacTeu.

O6paTuTe BHMMaHHE, YTO HEBO3MOXKHO CKOPPEKTHPOBAaTH OJAHUH
KAaKOii-TO IIBET, OCTABHB Bce OcTajbHble Oe3 usMeHeHusa. Ilpeamosio-
UM, 4TO JAJIA KaAKOI'o-TO IIHKCeJIA Mbl YMEeHBIIHJIH KpacHYK cocTab-
nsomyio (B mogenun RGB). 9To aBromaTHYecKH 03HA4YaeT, YTO yBeJIu-
YUTCA OTHOCHUTENbHAA [OJA 3€JI6HOH M CHHEH COCTaBJIAKIIHX, T. €.




Koppekuus dportorpacduii

Puc. 8.9

yemauTess rony6oit kaman (aHra. cyan). Ilapel KpacHBIH—T0y6oiA,
3eJIEHBIA—TIYPNYPHEIA (DUONETOBLIN) U CHHUA—IKENTHII — 5TO TaK
Has3plBaeMble [NONOJHHTEJbHbIe HBeTa (YBeJIHWYeHUe ONHOT0 M3 HUX
BBI3BIBAET YMEHbIIIEHUEe TapHOro).

HHorpa Hy’»XHO IpeBpPaTHUTHL IBETHOEe M306paKeHHe B yépHOo-6ejtoe
(cepoe), mHanpuMep Ausi nyGJMKAMK B KHUre. B aToMm ciiygyae umH(OOD-
ManuA O nsere OyJer moTepsHA M OCTAHETCS TONBKO TOH (APKOCTH).
B pemaxrope GIMP asst 3TOr0 HCHONB3YeTCHA MYHKT MEHIO Iser —
OGecuseuusanmne.

9ra omepanus He TAK IPOCTA, HOITOMY NPOrPaMMa IIpeAJIaraeT Ha
BBIOOD HECKOJBKO METOJOB IIOCTPOEHUS «CepPOro» u300pakeHnsa
(puc. 8.10).

Puc. 8.10

Hanpuwmep, npu BeiGope BapuanTa CBeTHMOCTH TOH ITHKCEIS BbI-
uucnsercsa no ¢opmyne 0,21 R + 0,72 G + 0,07 B, rze R, G u B —
3HAYEHHUs SAPKOCTeil KPacHOro, 3eJIéHOr0 U CHHEro KaHAJOB. B 3Toif
(dopMyJie YYNTHIBAETCHA, YTO YEJOBEUECKUN IJ1a3 HAMGOIee YyBCTBUTE-
JIeH K 3enéHoMy nsery. HyskHo BHIGMpaTh Tako# MeTox obecrBedmsa-
HH#A, IPU KOTOPOM IIOJIYY€HHOE «cepoe» M300paskeHue BBITJAJHT, HA
Balll B3TJIAL, JYUIe BCEro.
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KomnbioTepHas rpadpmka v aHumauuma

Perywms

Perympio HaspBalOT ycTpaHeHue JedexTos Gororpapuit — nd-
TeH, IapalWH, TPEeIlUuH, Byandu, AedeKToB chéMKHu u obpaborku. Pas-
JUYAT HECKOJBKO BHJIOB DETYIIIH.

Ilnsi mMOPTPETOB JIOZieil NMPUMEHAT KOCMETHYECKYyI0 peTymb —
ycrpanenue nedexkToB (MOPIUH, POAMMBIX HATEH, CKJIANOK KOXKH)
U npujgaHEre 0co00il BBIPA3UTEJHLHOCTH BAaYXHBIM YacTAM JIHILA (rna-
3aM, 6poBaM, rybam). DTOT IPOLECC HATIOMUHAET PaboTy XYAOMKHUKA-
BH3AKUCTA UJIU IpUMéEpa.

IIpu obpabGoTke crapeix (ororpaduii HaO BOCCTAHOBUTH IEPBOHA~
yaNbHBIA BAA M306parkeHHs, BHOCA KaK MOYKHO MeHbIle H3MEeHEeHHI,
II03TOMY I'OBOPAT O peCcTaABpPalluM.

Ins yerpaHeHMs Xy/JAO0KeCTBEHHBIX Je()eKTOB NPUMEHAIOT KOMIIO-
3HINHMOHHYI0 PeTymb — KaJpHpOBaHHue, y/JajieHue JTHIOHUX dJIeMeH-
ToB, nobaBlieHHEe 3JIEMEHTOB, M3MeHeHHe (OHA, PEryJMPOBKY OCBe-
IIeHHud.

PeTyiib, KOTOpO# paHBIIE 3aHUMAIHUCH CHerHaJuCThI-PeTyIIe-
pHI, — CJIOXKHOEe W YTOMUTENbHO 3aHsTHe. KoMIbloTepHas DeTyllb 006-
JazaeT o4eHb GOJBIIUME BO3MOYKHOCTAMU U aGCOTIOTHO OesonacHa AJIA
OpHTMHANBLHOTO m3o0paskenusa. Ha pucynke 8.11, a moxkasaHa HMCXOI-
Has (Qororpadua: OHA MAJOKOHTDACTHAS, Ha JuIe PeGeHKa ecTh MAT-
Ha, B JIEBOM BEPXHEM YIJy BUAHA IpaHUNa (HoToKapToukh. C mOMOIIbIO
OpHUEMOB PETYIIMPOBAHUA MOYKHO MCIPABUTH eé (puc. 8.11, 0).

Puec. 8.11

Cuauana yb6upaior aedexT Bcero musoOpaskeHHMs — HEAOCTATOK
KOHTpacTa, 8T0 MOMKHO CAeJaTh ¢ IOMOIIBIO HacTpPOHKH ypoBHeH (cM.
BBIIIIE).




Koppekuua ¢pororpadpuii

Hna ucnpaBieHNs JOKANBHBIX (MECTHBIX) Ae(eKTOB MCIOJIb3YIOT
cnenuagbHble MHCTPYMEHTHI pepgakTopa GIMP: & II'ram, ‘ OcgeTt-
JeHue/3aTeMHeHMe, W Jlewamas KuCTH, éPaamnanne/Pesxoch.

HUncrpymerntr IIItamm nepeHOCHT
usobpaskeHHue C OZHOrO YYacTKa Ha JApY-
roi. O6JacTh-UCTOUHUK 3a[aéTCa Ierd-
KOM MBIIIIBI0 IIPH HAXATOM KJaBHIIe
Ctrll. Ilocie atoro MBI Kak GbI pHCyeM
KHCTBIO, KONHpys obpasen; B aApyroe
mecto. B obnacTu mapaMeTpoB MHCTDY-
menTa (puc. 8.12) MOMKHO HACTPOUTH
CBOMICTBA WMHCTPYMEHTAa, HANpUMep He-
Npo3pavyHoOCTh, (GOPMY KHCTH M eé pas-
Mep (nBuskok Macmra6) u ap.

Wacrpyment Jlewamas kucTs pato-
TaeT NpPaKTUYEeCKH TAK Ke, Kak H
IItamMn, HO TpM mepeHoce H30Opake-
HUA YYUTHIBAET OKPYKAIOIIUe IIUKCe-
JIA, IOBTOMY «BIIeUATHIBAHWE» I10JIyda-
erTcd MeHee 3aMeTHBIM (HO u300paske- Puec. 8.12
HHEe HEMHOI'0 Pa3MbBIBAETCH).

IIpu ucnonsrsoBanum uaCTpyMenTa OcBeTienue/3aTeMHeHHe KHUCTh
NIPY PUCOBAHUHU OCBETJISIeT MJIM 3aTeMHSAET (B 3aBUCUMOCTH OT PeyxXHuMa,
BBIOPAHHOI'O B OKHE IIapaMEeTPOB) OTAENbHBIE 06JIacTH.

Wncrpyment PasamebiBanue/Pe3kocTs M03BO/IAET PA3MBITh UM I10-
BBICHTHh PE3KOCTh YYaCTKOB M300parkeHHs. PasMbITHEe MOKeT ITOHANO-
6uThbCcA, HAIPUMep, AJA TOrO, 4YTOOBLI IpPeAMeTHl 3aJHEero IJaHa He OT-
BJIEKAJM BHUMAaHUE 3PUATEJEH OT TJIaBHOTO 00BbeKTa.

IloBhinIeHNe PE3KOCTH — 9TO HEKOTOPAs OMepaIus C IBETOM ITHKCe-
Jieil, KOoTopasi I03BOJIAET YéTYe BBIJEJIUTh I'PaHubl. HY)XHO IMOHMMATS,
YTO 3HAYMTENHHO YBEJMYUTH PE3KOCTE (hoTorpadmu He YHACTCS, TOTOMY
4yTO u3o0parkeHHe He COAEPIKUT HYKHOM MHGODMAIWM, W IporpaMma
TOJILKO IIBITAETCA €€ BOCCTAHOBUTH MATEMATHUYECKUMH METOJAMH.

Bonpocsbl n 3apanus

1. ITouemy Ha MHOrHX (oTOrpadusAX BOZHUKAET MCKAXKEHUE MePCIeKTHBHI?
Kak ero yopars?
2. Yro Takoe rucrorpaMMa M YTO OHA ITOKASLIBAET?

B Adobe Photoshop gus aroro caysxur kiaasuma Alt.
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KomneioTepHaa rpadpuka n anmMmauus

3. Kak BeImosIHsIeTCA KOPPeKIUA YPOBHEH?
4. ITouemy mocJjie KOPPEKIIUH YPOBHEH I'MCTOrpamMMa He CILIOIIHASA, & COCTO-
HUT U3 OTAEJBHBIX IOJOCOK?
5. Kax BBI AyMaeTe, 3adyeM MOKeT IIOHAZOOMTHCH pPeJaKTHPOBaHHWE YPOBHe
OTAEeNbHBIX KaHAJIOB?
6. Kakue uHCTPDYMEHTHI MOMHO MCIOJbL30BATE IJIfA KOPPEKIMH HEKOHTPAacT-
HBIX (hororpadumit?
7. Kak BHIIOJIHAETCS KOPPEKIMAA nBeta?
8. [loyeMy NpH CHUJIBHOM YMEHBIIEHHMH SPKOCTH KpacHOro msera ¢ororpa-
¢usa npuobperaer roay6oit oTTeHOK?
9. Kak moay4uTh U3 IBETHOro naobparkeHus 4épHO-Oenoe?
10. Ilouemy MHOTrHe aATOPUTMEI obeclBedMBaHHMA H300pakeHHH yIUTHIBAIOT
B EPBYIO Ouepeib 3eJIEHBIN 1BeTOBOM KaHau?
11. Yro rakoe peryms? Kakue BUABI peTYIIN Bbl 3Haere?
12. Kakue MHCTPYMEHTHI MOKHO MCIIOJIL30BATh AJA perymm? B Kakux ciy-
yafgxX HX IPAMEHAIT?

IloaroroBsTe coobImeHHe

a) «Yro Takoe rucrorpaMma?»

6) «Koppexknusa neera n3obparkeHud»

B) «Mcnmonbp3oBaEMe KPUBBIX [ KOppeKIHuH dororpadmuii»
r) « AnropuTMbl obecuBednBaHNA H300payKeHnH »

3apaum

1. [IpoBepbTe, Kak BJIMAET HA TUCTOrpAMMY H3MEHEHHE SPKOCTH M KOH-
Tpacra.

2. IMonpo6yiiTe obfecuBeTUTh KaKoe-HUOYAb M300pasKeHre HECKOJbKHMH Me-
TOAAMH M BhIOepHTe JYUYINWil U3 HUX (Ha BAIl B3TJAXN).

3. OrcrasupyiiTe Kakyo-HHOYAL crapyio ¢ororpadguio ¢ gedeKTaMH H OT-
pecraBpupyiite e€.

§59
PaboTta c o6bnacramm

Breigenenne obacrei

Yacro HYy:KHO paboTaTh He C IeJbiM H300pakeHMEM, & TOJIBKO
¢ HEKOTOPOil 06JacThiO, TAK YTO BCe IUKCEJIN BHe 3TOH obnacTu He
NOJKHBI uaMeHATheA. 1A BelAesneHus obinacteil B pexakrope GIMP
HCIOJIL3YIOT HECKOJIBKO HHCTPYMEHTOB.




Paborta c obnacramm

IIpocreiimue HWHCTPYMEHTHI BBIJEJEHHA — IlpamoyroasHuK
u 3 Onmmmc. Ecim npu uX MCHONB3OBAHUM YAEPIKHBATH HAMKATON
kaasumy Shift, 6yzer BeIZeIeH COOTBETCTBEHHO KBAApPAT WM OKDPYIK-
HOCTBH, a4 MPH Ha)XaTol KiaBuime Alt MPOMCXOMUT BBHIJleIeHHE OT IIeH-
Tpa, a He ¢ yrJa objgacTu.

C nomompbio wHCTPYMeHTa § Jlacco BBIAEIAIOT 06J1aCTD, OrpaHH-
YeHHYIO JIOMaHOH JHHHeH (IeJYKaMy MBIIILIO B Y3JaX JOMaHOH) HiIu
BOOOIIe MPOU3BOJIBHYIO 00J1aCTh (00BO/A €€ IpPH HaXKATOH JIEBOI KHOII-
Ke MBIIIH).

HucTtpymenTsr & Boame6mas nmajxouka u nl Beigennenune mo use-
Ty IPUMEHAIOT AJIA BhIAeJIeHUuA obsacTell OGHOrO uBeTa (MaM GIM3KHUX
IBETOB, €CJIX B apaMeTpax MHCTPYMEHTA YCTAHOBJIEH HeHYJIeBOii Io-
pPOr 4YyBCTBUTEJbHOCTH). BhleneHme HauWHaeTcs B TOH TOYKe, rae
BBIIIOJIHEH IeJY0K MBILIbI0. Pasnuune MexkAy AByMs HHCTPYMEHTAMH
COCTOUT B TOM, 4TO BonmeGHas manouka BBHIJENAET TOJBKO CBA3AH-
HYI10 06JI1aCTh OKOJIO HAYaJdbHON TOYKH, a Beimenenme mo msery — of-
HOIIBETHBIE IIMKCEJH II0 BCEMY HM300paKeHHuIo.

WuacTpymenT ¥YMHBIe HOKHHIBI HCHOJb3YeTCHA IS BHIACJICHUS
obsacreii ¢ YETKMMHU, HO HEPOBHBIMH I'paHUIAMH. 110Ib30BaTEND méJ-
KaeT MBIIIBIO B ONOPHBIX TOYKAX, MEXKJY KOTOPBIMU IPOrpaMMa Jo-
PHCOBLIBAET JIMHUIO BBIJIEJICHUS, CTAPAACh CJHE0BATH I'DAHUIE MEMKIY
AByMsa mnseramu. Korza BrifiesleHuMe 3aKOHYEHO, HYMKHO INEJKHYTH
MBIIIBIO B cepenHe 06JIacTH.

Ecnn B MOMEHT Hauasa BbIZeleHUA 06JACTH GbLIa HAMKATA KJIABH-
ma Shift, moBas obnmacte foGaBisieTca K yiKe BBIAENEHHOH, a IpH Ha-
maroi Kaasumie Ctrl! — perumraerca u3 BbIgeseHHOM panee. C mo-
MOINBIO TAKOTO MPUEMA MOKHO CTPOMTE CJIOXKHBIE 06JIACTH.

JIro60it muKcess MOKeT OGBITH BHIJENEH YACTUYHO, HaIlpuMep Ha
25% . 9T0 3HAYMT, YTO AJIA TAKOrOo MHUKCEIs addeKT, NPUMEHEHHBIA K
obnactn (Hanpumep, 3anuBKa) Gyser ociabiex B 4 pasa. YacTuumoe
BRIZICTIEHME IIONy9aeTCA IPH HMCIOJb30BAHMU ABYX HNapaMeTpPOB: CrJja-
KUBaHWA (aHIJI. antialiasing) u pacTyméBKu (OHH 3aJalOTCH B OKHE
napaMeTpOB BBIGDAHHOTO MHCTPYMEeHTa). BBIAETUM TPH OAUHAKOBBIX
Kpyra Tpems cnocobamu (puc. 8.13):

1) Ge3 criIa’KMBAHUA U PACTYLIEBKH;

2) co cranakuBaHHeM;

3) ¢ pacTyméBKoii.

Kamnayio ua sTux obsacreit 3anb6M YEPHBIM LBETOM (IYHKT MeHIo
IIpaBka — 3aauTH NBETOM IEepeNHETO ILIAHA).

1
B pepaxrope Adobe PhotoShop aas sroit menu uenonssyercs kaasunra Alt.




KomnsioTepHas rpadpuka v anumauusa

1 2 3
Puc. 8.13

B mepBoM ciy4ae BHAUM Ppe3KyI0 TPAaHHIy B BH/JEe «JECeHKM»:
IuKceau Mad Bhigesensl Ha 100% (oHM cranu YEPHBIMHU), WIX BOOO-
mie He BbIAesdeHBl (ocranuck Gensimu). Bo BTOpoM ciydyae rpaHuIa
CrIQJKUBAETCA 3a CUST YACTAYHO BBHIIEJIEHHBIX (CephIX) MHUKCeJei.
IIpu MCIOAB30BAHUY PACTYINEBKY (cjydail 3) rpaHUIA Pa3MBITa.

B MeHIo Beimenenme coGpaHbl KOMaHAbI AJas paboTEl ¢ 001acTBIO
(yBenuueHue, yMeHbIIIEHHE, pacTyméBKa u T. A.).

BricTpas Macka

Macka — 9TO <«HAKJIAAKa», KOTOpas CKDBIBAeT 4YacTh OObeKTa.
B rpaduueckux pesaKTOpax MacKa INO3BOJIAET 3AIUTHTE OT M3MEeHe-
Uil HeKoTopble uacTu usobpaskeHus. Hanpumep, KOrja Mbl BBIZEJA
eM 00J1aCTh, CO34a6TCA MAacKa, KOTOpad 3alluIlaeT BCE, UTO HEe BhlJe-
JIeHO.

B mpocreiimeM ciaydae KayXAbli NHKCeIb u300pakeHuss MOYKeT
OBLITH ITOJHOCTBIO BEIENEH (OTKPBIT JIJIsA H3MeHeHUWI) WJIH HeBbIJeJIeH
(zamumién). Kpome Toro, nuKceab MOMKET OBITH YACTUYHO BBIJEJIEH —
ecth 256 cTyneHeill BhIAeNeHUHA, KOTOPbIe KOAMPYIOTCA YHCIaMH OT 0
(uépHBIA IBET, 3aIUINeHHbII nukcens) go 255 (benslit mBeT, MOJIHOC-
THIO BBIIEJIEH, OTKPHIT). TakuMm 06pasoM, MacKa MOXKeT OBITh 3aKOAM-~
poBaHa KakK 4épHO-6ejioe moJayTOHOBOE unsobparxeHue.

IIpu BHIIEJIEHUM CJIOXKHBEIX oGJjacTeil, KOTOpbIe HYXKHO He pas pe-
NaKTUPOBATh, YAOOHO MCIIOJIB30BaTh PeskuM BhicTpas Macka. B aTom
peXKuMe MAacKy MOKHO PeJJaKTHPOBATh C IIOMOIIbIO MHCTPYMEHTOB pu-
coBaumudA. [lyIs mepexoja B PesKUM GBICTPOMl MacKy B peflakTope GIMP
ucnoabsyioT kinasumu Shift+Q. Bea sakpeiTas (ueBbI€JIEHHAA) 9aCTh
pUCYHKa 3aJMBAEeTCHA HOJYNPO3PavyHBIM KpPACHBIM IBETOM, a BBIAE-
JIeHHAs IOJHOCTBHIO Npo3padHa. Pucysa (Hampumep, KapauJalloM ’
WU KHCTBIO 1 ) 4EépHBIM IIBETOM, MBI CKPBIBAEM obiacTh (yaansem
M3 BBIJEJICHNA), a NPHA PHCOBAHMHK O€JBIM ILBETOM OTKpPBhIBAEM ee.
Ecniu BhIOpaHa KHCTH C MAIKMMH IDAQHUNAMH, HEKOTOPBIE IHKCEeIH
OyAyT BHIJEJeHbl YACTHIHO. B pe:xume OBICTPOMl MACKH YaCTO MUCIOJb-




Paborta c obnacTamu

syerca mHCTpyMeHT [@ | I'pagMeHT, ¢ IOMOIIBI0 KOTOPOrO MOMKHO IIO-
JYYUTH IJIABHBIA IEpPeXoJ OT IOJIHOTO BBLIJEJeHHMA K HeBBLAeJIeHHOH
4acTH (MacKa IJIaBHO MeHseTcs OT 6esoro Ao 4épHOTro IBeTa).

HcnpaBaenne «3dderTa KpacHbIX riaas»

ITpu doTocLEeMKe CO BCUBIMIKON HEPEAKO BOZHMKAET TAK HA3bIBae-
MbI# «2(Q(eKT KPacHBIX IJIas» — JIy4d BCHBIIIKH OTDPAXKAIOTCH OT
TJIa3HOTO JHA IJia3 yejioBeKa (OHO MMeeT KPAaCHBIN I[BeT) M NomajaioT
B 00beKTHB (oToKamMepsl. OTO 0COGEHHO 3aMETHO IPH CHEMKE B TeM-
HOM IOMEINeHHH, KOrja 3padyku IJas pacmupeHsl. Ha camom gee,
0e3 BCHBIIIKY Mbl BUAUM TEMHEINA 3DAa40K, KOTODBIH M HYKHO BOCCTA-
HOBMUTb.

CyIIecTBYIOT pasJHYHBIE METOIbI ycTpaHeHHA «d3(derTa KpacHBIX
rias». OquH U3 HUX — obeciBeunBaHue (JO CEPOro IBeTa) M 3aTeM TO-
HUPOBaHHe, IIPH KOTOPOM MBI Kak Obl CMOTPHM Ha 4EpHO-Oesblii pucy-
HOK Yepe3 IpO3pavHOe LBeTHOe crekJio. LIBeT aTOro «crexkyas B mpo-
rpammve GIMP sagaérca ¢ nomompio menio Ilser — Toruposanue: B gua-
JIOTOBOM OKHE MOYKHO C ITOMOIIBIO IOJIBYHKOB BhIGpaTh oTTeHoK (Tom),
HACBIILIEHHOCTb U CBETJIOTY (APKOCTH) IBEeTA.

Ha pucyskxe 8.14 nmokasaH oIuH U3 BADUAHTOB YCTAHOBKU IBUMK-
KOB, IIDK KOTOPOM BBIJIEJIEHHBIA 3DAY0K CTAHOBHUTCH TEMHBIM.

Pue. 8.14

Kpome TOro, MOXHO MCIIOJIB30BATL (QHUILTPLI — AJTOPHTMEI ABTO-
MaTH4ecKoi 00paboTku m3obpaskeHmit (cM. ciepyiomuit naparpad).
Hanpuwmep, B pegakrope GIMP B MeHI0 ®PHIABTPHI ecTh DUILTD Yayua-
menue — YaanuTh 3(@eKT KpacHBIX a3, KOTODBIH aBTOMATHYECKH
BBINOJIHAET TOHUPOBAHME KPACHBIX YYACTKOB B BhIJEJEeHHOH 00acTH.




KomnbioTepHan rpaduka n aHuMmauumsa

Q Bonpocsl u 3apaHus

1. BaueM HYKHO BhIJeaATh obsactn? Kakwe MHCTPDYMEHTHI AJA DTOrO HC-
MOJNb3YIOT?

2. Kakue crnoco0nl BRIZEJEHHA W PeJaKTHPOBAHUA CJIOMKHBIX objacTeil BB
aHaere?

3. Uro Takoe UaCTHYHOE BHIAEJIEHUE ITHKCEIA?

4. Yro Takoe craaxxupaaue? B Kakux caydasax 0es criaKMBaHHUA IOJIydaer-
cd rpaHuna 06JIaCTH B BUAE «JECEHKH», a B KAKUX — HeT?

5. Yro Takoe pacryméska? Yem oHa OTIMYAETCS OT CIIIAXKMBAHUAT

6. ITogymaiiTe, AJA KaKHX NeJiel MOKHO HCIOJB30BATH CHJIBHYIO pac-
TYIIEBKY 00J1aCTH BbIAEJIEHUA.

7. Yro Takoe OpIcTpad MacKa W 3a4eM OHA Hy:KHa?

A 8. O6bAcCHEUTE, MOYeMy BO3HHKAET «3(h@(eKT KPacHBIX IJla3» M KaK ero mc-

IIPaBHUTE.

o 3apaua

TlonpobyiiTe HCOpaBUTEH «d(@dEKT KPacHLIX Ijlas» Ha Kaxkoi-aubyab Go-
Torpaduu.

§ 60
dPunbTpbl

Yro takoe GpuIABTPHI?

0 ®unbTp — 3TO aNrOPUTM aBToMaTu4eckon obpaboTku nukcenei
1306paxeHns, KOTOPbIA NPUMEHSIETCS KO BCEMY W30BpaxeHuio unu
K BblaeneHHon obnactu.

@uUIBTPHl MCHOJB3YIOT HEKOTOPhle MaTeMaTudecKue npeodpasosa-
HuA (MHOrZA [JOCTATOYHO CJIOXKHBIE), B pe3yabTaTe KOTOPBIX IBET
(KOZ) KasKA0ro NUKCeJs H3MEHAETCA ¢ YYETOM KOJOB COCeJHUX IMUKCe-
sgeit. BoapmuHCTBO (QUIBTPOB HACTpauBaeTcs C IOMOINBIO AHUAJIOTO-
BBIX OKOH, B KOTODPBIX MOYXHO M3MeHfATH IIapaMeTpbl M cpa3y BHJAETb
MOJIy4aeMblil pe3yJabTar.

Ecnu adderT orxasayca CIHIIKOM cnabeiM B geilicTBue (PUIABTPA
HAJ0 MOBTOPUTH, AOCTATOYHO BhIOpPaTh NEPBHIA CBEPXYy HNYHKT MEHIO
®uasTp (B HEM OyaeT HazBaHHWE MOCJEJHETO IPUMEHEHHOrO duasTpa)
nian Haxkars kinasumu Ctrl+F,




DunbTpbl

HaoGopor, ecnu geiicteue (uasTpa Hafo 0CJa0MTH, MOJKHO BBI-
6pare nyHkr menio Ilpaska — Ocaabute. B sToM ciyuae uTOroBoe
n3obpakeHue CTPOUTCA KAaK PE3yJbTAT HAJOMKEHUA OT(UILTPOBAHHO-
ro pucyHka (C 3aJaHHBIM YPOBHEM HENPO3PAYHOCTH) M MCXOIHOTO.
CremeHb HEIPO3PAaYHOCTH YCTAHABIMBAETCH B JHAJOIOBOM OKHE.

DPUIBTPHI MOKHO (OYeHb YCJIOBHO) Pas3/eIuTh Ha 2 IPYNbl: (UIb-
TPBI A KOPPEKIUH N300pa’keHUil U (QUILTPHI AJf XY/J03KeCTBeHHOMH
obpaboTku.

CoBpemenHBIe rpaduyecKue peZAKTOPEI He TONBKO COZEPIKAT
Gosbmroit HaGop (PUILTPOB, HO U MO3BOJAIOT IMOJb30BATENIO CO3AABATH
U IOAKJIIOYATH CBOM cOOCTBeHHEIE (MUILTPHI. WX Tak:Ke HA3BIBAIOT
maruHamMu (0T awxzi. plug-in — He3aBUCHUMBIH NIPOrpaMMHBIN MO-
AyJib, DOAKJIIOYAEMBI K nporpamme). Ilnarusasr ansa pegakropa GIMP
00BIYHO MUINYTCA Ha a3bIKax Sript-Fu miau Python.

DuIBTPHI 1A KOPPEKIHH U300paskenui

Hepenko maobpakeHue moaydaeTca HEUETKHUM (pasmbITEIM) HM3-3a
TOT'0, 9TO aBTOGOKYC (PoToanmapaTa HEBEPHO OIPeAe U 00BeKT, HHTe-
pecymomuii ororpada, UM B MOMEHT CHEMKH KaMepa HEMHOT'O CIBH-
Hysnack. [[J1si TOro uTobbl MOBBICHUTHL PE3KOCTH, NPUMEHSIOT CIEIHATE-
Hble QUIBTPHI U3 Ipynn Yayuymenune: Hepeskaa macka u Ilosbimenne
pesxocta. Ilpn sToM HyXHO HMOHMMATB, YTO 3TH (UILTPHI He I03BO-
JIAIOT BOCCTAHOBHUTDH NOTEPAHHYIO MH(POPMAIHIO, ITI03TOMY B Pe3yJIbTaTe
UX NpUMeHeHHS MeJIKue JeTaju He noasBATcA. Bo MHOrmx ciyuasx pe-
3yJIbTaT MOYKHO 3HAYMTEJNbHO YIYUIIUTh, OJHAKO NIPHM CUIBLHOM DPA3MBI-
THH Ka4eCTBEHHOEe M300paskeHHe NOJTYyUYUTh He yAAacTCA.

JocTaTouHO YacTO NPUMEHATCA U (MUIBTPHI rpynnsl Pazmeisa-
Bue. OHU BBINONHAIOT 0GpPaTHOE AefiCTBHe — CHUIKAIOT PE3KOCTS. ITpu
o6paboTke (ororpaduii 9TO MOKeT MOHAAOOUTHCH, HANPUMEpD, AT
TOTr0, YTOOBI He OTBJIEKATh BHHMAaHWE 3PUTEIA Ha BTODOCTEIIEHHBIE [e-
TaJIi 3aHer0 IJIaHA, OCTABUB YETKHUM TOJBKO HEHTPAJLHBIH OOBEKT.
W3 sroii rpynner Hanbosee nmonyaspHsl GuasTps I'ayccoso pPa3MsbIBa-
HHMe (paBHOMepHOoe) u Pa3mbiBanMe NBHKeHHeM (IIO3BOJISET CO3AATH
9((deKT ABMIKEHUA B ONPEAeJIEHHOM HATIDABICHUM).

Xynosxecreennnie hbUIBTPEHI

XynoxxecTBeHHbIe (DMUIBTPEI NpEAHASHAYEHBI [JIA WUMHTAIMHM Ka-
Kux-1o a@derToB. Ha pucynke 8.15 noxasana dororpadus nserka u
pPe3yJIbTaT NPUMEHeHHA K HEeMYy HECKOJbKUX (QHIBTPOB peaaKTOpa
GIMP.
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KomnbloTepHasa rpadpmuka n aHumaums

Hcxonnoe PureTp DuasTp DuabTp
naobpakeHue «Kybuam» «Crapoe coro» «Bapensed»

Puc. 8.15

MsyyaTh MHOTOYMCJIEHHBIE XV/J0KeCTBeHHble (PHUIBTPHI JydIle
BCEro Ha NPAKTUKE, SKCIEPUMEHTUPYSA C UX HACTPOMKAMM.

0 Bonpocsl U 3aaaHus

1. Yro raxoe duaprp? Kax MOKHO IPUMEHUTH (PUABTP K YaCTH usobpae-
HuA?

2. Kak ycuauTh HiIn ocaabuts aeiicreue GuabTpa?

3. MokHO JM TOAKJIIYHATE K Trpa@udyecKOMYy PpeJaxTopy GIMP cBoit
buasTp?

§ 61
MHoOrocnoiHbie n3obpaxeHumsa

3ayem HYKHBI CJI0H?

IIyeTe HAM HYMXHO IIOMECTUTh HaPHCO-
BAHHOI'O UEeJOBEeUKAa HA HEKOTODPHINA (POH TakK,
Kak mokasaHo Ha puc. 8.16. Cropee Bcero,
chenaTh PMCYHOK C IIePBOIO pasa He yJacT-
cd, W ero NpHAETCA He pas IlepelesIbiBaTh,
yTO6BI MOJYYUIICHA XOPOIINI pe3yJIbTar.

Kax BBI 3HaeTe, PACTPOBBIN DHCYHOK —
3TO TPOCTO MHOKECTBO IHMKcesel, KaAbIi
U3 KOTODBIX HMMeeT CBOH IIBeT, HEe3aBHUCH-
MbIil or apyrux. IIpeacraBum cebe, 4TO IO~
cje TOro, KaK dejioBedexk ObLI HAPHUCOBAH, MBI 3aXOTeJIH IePeABUHYTH
ero B Apyroe mecto. K coxkaseHuIo, cZiejaTk 9T0 BeCbMa HEeIpocro, 1o-
TOMY UTO IpY PMCOBAHMM MBI MeHfIeM I[BeT HHuKceJed GoHA U TAKUM
06pasoM YHHUTOXKaeM CYIeCTBYIONY0 HHPOPMANHIO, KOTOPYIO IOTOM
HEBO3MOYKHO BOCCTAHOBHUTD.

Puc. 8.16




MHorocnoiiHbie nsobpaxeHuns

Takas ke npobsemMa BOBHUKaeT Npu A00aBJeHUN HaAMUCell Ha pu-
CYHOK — TEKCT HaANIHCH OYeHb CJIOKHO M3MEHHTh, €CJH u300paske-
HHe MI0J Hel UCIOPYEeHO.

Kax sxe usbexxaThs HeoOpaTHUMbIX H3MeHeHuHH? YesoBeK BHIHT
B DUCYHKe He IMKCeJH, a 3HaKOMbIe eMy OOBEKTHI: CKaJkbl, Oeper,
BOJY, TeJO 4YejloBeuKa, (pyTOoary, moprsl, Kenky. IloaTomMy HY:KHO
IONBITATECA KaMAbIH O0BEKT pPHCOBATH OTHENBHO, TaK, YTOOGBI ero
MOXXHO OBLTIO U3MEHATH HE3aBUCUMO OT JPYTHX.

IIpeacraBum cebe, 4TO HajA (POHOBBIM PUCYHKOM DPACIOJIOMKEHO He-
CKOJIBKO CTEKOJI, Ha KayKJOM M3 KOTOPLIX HAHECEHO M300pakeHHe Ka-
Koro-to o6wekTa (puc. 8.17).

IIMopTe!
Dyrdonxa
Temno

Dor

Puc. 8.17

@aKTUYeCKM MBI DPa3bHiM Bech PHCYHOK HA OT/JeJbHBIE CJIOH
(anra. layers), Kaxablii U3 KOTOPHIX MOKHO U3MEHATH M IIepeMemaTh
He3aBUCHMO OT Apyrux. OZHAKO €eciIM MOCMOTPETh HA JTY CTONIKY
CBEPXY, Mbl YBUIUM IIOJHBIH pucyHOK. Yeped mpospaunbie obgacTy
BEPXHHUX CJIOEB BUJAHBI M300parKeHUs HA HUMKHHUX CJIOSAX. OTOT NPHH-
LUl [IMPOKO MCIOJIB3yeTcs B rpadHUYeCKUX pPeAaKTopax, TakHe HM30-
Opa)keHns Has3BIBAIOTCA MHOTOCJIOWHBIMM. IIpUMeHAA MHOTrOCJIOHHBIE
n300parXkeHusi, MOMKHO, HAIPDUMED, COCTABUTEL IOPTPET YeJOBEeKa IO
onucanuio («PoTopodoT») MIM «IPUMEPUTH» €My HOBYIO ONEAY MIH
IIPHYECKY.

He Bce gopmarser rpadmueckux (aitioB nopmepsxuBaior ciou. Ha-
npumMep, nounyiapHsie Gopmater BMP, JPEG, GIF u PNG moryr xpa-
HUTh TOJILKO OJHOCJIOHHEBIE («ILJIOCKHE») pucyHKH. J[Jf 3ammcu MHOTO-
CJIOMHBIX M300paKeHuil yame Bcero HCnoib3yoT dopmarsl PSD (pepak-




KomneiorepHas rpaduka u aHumauus

Top Adobe Photoshop) nimmu XCF (pemaxTop GIMP). HyskHO y4UTHIBATD,
4yTO NPH 3TOM B (haiiie (paKTUUECKH XPAHHUTCA HECKOJBKO OTHENbHBIX
n300parkeHuii, I0TOMY ero 00'bEM 3HAYUTEJIHHO BO3pacTaer.

Pabora co ciaoaMu

Ina pabGoTel CO CIOSAMU B pelakTope
GIMP npepHasHaueHO CIeIlMaJbHOE OKHO
Cnon (puc. 8.18). Eciu aroro okHa HeT
Ha BKpaHe, BBLI3BATH €ro MOXKHO C IIO-
moripio MeHi0 Oxna — Ilpuxpennsromue-
ca guaxorn — Ciaom wnum KoOMOMHAIIUM
kaasum Ctrl+L.

Kaxapiid ciaoii ©uMeeT CBoe UMA, ABOM-
HOIl IeJIJY0K HAa HMMEHH CJIOS II03BOJIAET
u3MeHuTh ero. IIpospaunsble objacTu 3a-
JIUTHI KJIETYATHIM Y30POM S .

O6GBLIYHO caMbIii HUKHHUHN ciaoil — (o-
HOBBI, OH MOJHOCTHIO HempospaueH. IIpu
HeoOXOAMMOCTH MOKHO oboiTuch u 6Ges
¢doHa, HAOpUMED eCJIH HYXKHO IOJYYHUTH
nzobpaskeHue C Ipo3payHeIMu obJjac-
TAMMU.

PucoBaHHe TPOMCXOAUT HA AKTUBHOM (TEKyIIeM) cjoe, KOTODPLIA
BBIZIeJIeH B cnucKe ciaoés. OcrajibHBIE CJIIOM IPH 9TOM HE M3MEHSAIOTCH.
BribpaTh aKTUBHBIA CJIOH MOYKHO IeTIYKOM MBIIIBIO B CIIUCKE CJIOEB.

Kronku 4§ u g, MO3BOJIAIOT €PEMECTUTh AKTUBHBIN CJION BhIIIE
WM HHAXKE 10 CIHUCKY (M3MEHUTH TOPANOK CIIOEB).

Ecau ycraHOBHTH (DJIa)kKoK 3amepers, Bce IIPO3padHbie 00IacTH
AKTHBHOrO CJIOA OYAYT COXpaHEHH! (DHCOBATH MOKHO TOJBKO TaMm, rae
y3Ke 4TO-TO HAPHUCOBAHO).

JIlns Toro urobbl IIEPEeMEeCTHTh BCé M300pakeHue CI0f, NPUMEeHdA-
IOT UHCTPYMEHT 0!0 Ilepememenue. B 3aBUCHMOCTH OT HACTPOEK MO~
HO MepeMeIaTh AKTHBHBLIA CJIOM WX CJIOH, BHIODAHHBIA IIETYKOM
MBINIBIO Ha II0JIe DUCYHKA.

C moMoOIIbI0 KHOIKH D MOYKHO CO3JATh HOBBIM IYyCTOH CJIOH
BbIIIe AKTHBHOTO, a4 KHOIIKa - CO37aéT KONMHIO aKTUBHOIO cIoda (Ha-
npumep, 4ToObI COXPAHWUTH MCXOJHOe H300parkeHHe IIPH OdKCIepH-
MEeHTAaX).

CJ10if MO’KHO BpPEMEHHO OTKJIOYUTH, IIEJKHYB Ha 3HauKe @ B CO-
orBerTcTByIOmEel crpoke. II[Eén1KHYB B 9TOM Ke MecCTe IIOBTOPHO, MBI

Puc. 8.18




MHoOrocnoHbie u3odpaxeHus

BHOBB C/eJIaeM CJIOH BUAUMBIM. (i TOro 4T0o0BI COBCEM YIAJHUTH Te-
KYILIUi CJIoH, HYXHO IEJKHYTH HA KHOIIKe . WM TIepeTaliuTh CJIOH
M3 CIIMCKAa Ha 9Ty KHONKY.

Crioif MOYKHO CHeJIaTh IOJYNPO3PayHbIM: AJA sroro asumkox He-
npo3pavyHOCTh cABUraerca Bieso. CnpaBa OT BTOr0 ABMIKKA MOKA3bI-
BaeTcs HeNpPO3PaAuYHOCTh CJI0A B IIPOIEHTAX.

Cnucox Pexum omnpejenser, Kak CJION BIMAeT Ha M300pakeHwme,
TOJIYUeHHOEe ¢ HMMKHHUX cI0€B. IIycTh, AJisd IPOCTOTHI, PUCYHOK COJEp-
sxuT aBa ciaod. Torga mBeT MUKCeEJs UTOIOBOr0 M300paKeHUS BBIUHC-
JIIeTCH IO HEeKOTOPOMY aJIFOPUTMY Ha OCHOBE I[BETOB COOTBETCTBYIO-
IMUX MUKCeJed 3THX ABYX CJIOEB. OTOT AJrOPUTM U OIpeJensaercsa B
cnucke Pemxum. ITo ymosgasuio yecraHoBieH pexkum Hopmansubiin —
9T0 3HAYUT, UTO M300pa’KeHue BEPXHEro CJO0A IOJHOCTHIO INepPeKphIBa-
er HMKHHH (¢ yuéToMm npospauynocTu). JIpyrue peumMbl O3BOJIAIOT,
HaIpHMep, IIePeKPEIBATH TOJIBKO TEMHBIE MJIM TOJBKO CBETJibie obiac-
TH, 3aTEeMHATh HJIM OCBETJATH PUCYHOK, HAXOAMTH «PasHOCTb» (pas-
JAYHEe ABYX PHCYHKOB).

HBorga HYKHO CBA3ATh HECKOJBKO
cI0€B Tak, 4YTo0bBl OHHM TNepeMellaluch
BMecTe., JlJIA 9TOro HAIPOTHB KaMKJA0Oro
CJI0A HYIKHO IIENKHYTH MBIIILI0O MEXAY
3HAYKOM <@ ¥ yMEHbIIEeHHBIM H300paxe-
HUeM cios. B aToM MecTe NIOABHTCA H30-
6paxcenue yuyacTra uenu (puc. 8.19).

Crnou MOKHO O00BEJUHATH, T. €. JejaTb
U3 JBYX WIA HECKOJBKHUX CJOEB HOBBIA
cnoit. Hy»KHO YYHTHIBATH, 9TO, €CJIHU U300pakeHusA Ha 9TUX CJIOAX Ie-
DEKDBIBAIOTCH, DA3leuTh UX OyAeT NpaKTHYeCKH HeBo3MOxHO. Cy-
IIeCTBYIOT TPX BapHaHTa 00'beJUHEHUA:

Puc. 8.19

® o0beIHHEHWEe TEKYIIEro ¢Josd C IpeAbIAyIIAaM (HMIKeJIeRATIIM);
® o0beilUHEHNE BCeX BHUIMMEIX CJIOEB;
e cBefieHUe M300pakeHus (00beAUHEHUE BCEX CJIOEB B OJUH (POHO-
BBIN CJIO¥).
B penakrope GIMP aTu onepanuy BBITIOJHAIOTCA C IIOMOIIbIO KOH-
TEKCTHOIO MEHIO CJIOS, KOTOpOe IOABJISeTCH IPH INejuKe [pPaBOd
KHOIIKO# MBIIIM HA HYXHOM cjoe B okHe Cion.

TercroBbie ciiou

B mpocThiX rpa@uyecKMX pPeAaKTOPax TeKCT, PasMel[éHHBIA Ha
IoJie PUCYHKA, «BCTDaMBaeTCA» B HM300parkeHue U Cpasdy CTAaHOBUTCH
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HabopoM nukceneii. Takoll TeKCT Henb3s PeJaKTHpPOBaTh, IlepeMe-
maTek U T. 1. B Gosee coBepmeHHBIX NporpaMMax HAAOHCH XPAHATCS
Ha OT/AEJBbHBIX CJI0AX. BOJIBIIMHCTBO MCHOJIB3YeMBbIX ceifuac KOMIIBIO-
TEePHBIX IIPHPTOB — BeKMOPHbLE, B HUX OYKBBHI 3aJalOTCHA Y3JIOBBIMHU
TOYKAMH M COeAUHAINNMHU MUX OTPe3KaAMH HJIH KPUBBIMH. 3TO IIO3BO-
JIFeT MHOIOKPATHO H3MEHATH CojJep:KaHue H O(GOpMIIeHHe TeKCeTa
(B TOM umCIe TAaDHUTYPY U padMep mIpudTa), He TepAA KAYeCTBO H30-
Gparxenusa. Hanpumep, MOKHO JIerKO MCIPaBUTHL OIEYaTKY, 3aMEYeH-
HYIO He cpasy.

B pemakrope GIMP wuncrpyMenT Teker | Iatardns tatiiao xi
o6osnavaercsa krHonkoi f. Iocye ero BrIGopa ! ' ; :
HYXHO IIEIKHYTH MBIIIBLID B TOM MeCTe, T/e
OyzeT JIeBBIH BePXHUH yroJ HAAIHUCH ¥ BBEC-
TH TEKCT B IOsABHUBIIeMcA okHe (puc. 8.20).
CpoiicTBa TeKCTa HacTpaMBalOTCA HA IIAHEIH
CBOMCTB MHCTPYMEHTA B HM)KHel yactu Ilane-
JIA UHCTPYMEHTOB.

B oxne Cxoum nosiBiserca HOBBIN ci0i ¢
TEKCTOM, IPUYEM BMECTO YMEHBIIEHHOTO M30-
Opa’KeHHsI COAEPIKUMOro BbI YBUAWTe 3HA4OK[E]. Dro ozmauaer, 4To
TEKCT B 9TOM CJIO€ XPaHUTCSA B BeKTOpPHOM (opmare. MokHO TipeBpa-
THTH TEKCTOBHIH CJIOM B OOBIYHBINA (pPacTpOBBIA), BEIGpAB B MeHIO
nyHKT Ciou — Ymaauts TexcroByro unagopmanmio. ITocae aToro Texer
OyJeT pelakTHPOBATHLCS TOJBKO KAK TOUEUHBIH PUCYHOK.

Puc. 8.20

Macka caos

IIpu cospaEum CcaOMHBIX H300paKeHWI JKejaeMBIii peayJIbTaT
NpaxKTHYeCKH HUKOI/ZA He IIoJiydaeTcs ¢ IlepBoro pasa. Iloatomy Bask-
HO NPUMEHATH II0 BOBMOXKHOCTH Hepaspyliawliue MeToasl obpaborkm,
IIPA KOTOPBIX MH(MOpMAaIusa He TepAeTCA ¥ BCerja MOYKHO BEDHYTHCH K
UCXOAHBIM JaHHBIM. OZMH M3 TAKMX NPUEMOB — MAacKa CJI0A, KOTO-
pad MO3BOJIAET cAeaTh 4acTh U300pakeHud Ha CJI0e HeBUAMMOM (Mau
TMOJIYIPO3PAYHOil), HUUEero He yIaJssd.

Macka c10s — 3TO IIOJIyTOHOBOE («cepoe») n3obpaskeHue, CBA3AH-
HOe ¢ JaHHBIM cjoeM. YépHble 06acTH B MacKe 3aKpPBIBAIOT PHUCYHOK
Ha cinoe, a Gensle orkpeiBaloT. Cepble TOHA — 9TO YACTUYHO OTKPHI-
Thle (IOynpo3padnbie) obnactu. PAKTUUECKH MACKA CJIOSA MO3BOJIAET
YCTAaHOBHUTE PA3HYI0 MPO3PaYHOCTh JJIA pPasHBIX y4acTKOB cJjos. Ilpm
9TOM PHCYHOK HA CJIO€ IIOJIHOCTBIO COXPAHAETCH, YTO IO3BOJISAET Bep-
HYThCA K MCXOJHOMY BapHaHTY B cJIydae Heyaauu.




Kanansi

Y7066l 0OABUTHL UM YAAIUTH MACKy CJOSA, HCIOJIb3YIOT KOMAHIY
JloGaBuTs MAacCKy CJOA W3 KOHTEKCTHOE MEHIO OKHa Caoun. Ecam
y €708 ecTh MacKa, B CIIMCKe CJIOEB TIOABJIAETCH BTOpPO# 3Ha-
qon:-u. Ecau BbifiesIeH JeBbli 3HAUOK, BbI MeHAeTe u3obpakeHue
CJIOS, 4 ecJW NpaBblii — MackKy cjios. [Ipu pefjakTHUpPOBaHMM MAacCKH
HCIIOJIb3YIOTCH TOJNBKO OTTEHKH ceporo Isera. YTobbl yBHAETH MACKYy,
B KOHTEKCTHOM MEHIO CJIOs HY»HO BeIOpaTh MyHKT IloKasaTe Macky.
IeiicTBe MAaCK! MOYKHO BPEMEHHO OTKJIOYHTH C IOMOIIBIO KOMAaHJbI
CKpBITh MaCKy U3 KOHTEKCTHOTO MEHIO.

Bonpocsbl u 3aaaHna

1. Uto Takoe «HepaspylIaioliue MeTo/sl 06paboTKm» ?

2. Bauem menoasayior ciaou? Yro sro gaér?

3. Kakue dopmMaThl (DaiiioB HCIONB3YIOT A XPAHEHHS MHOTOCIOHHBIX
nsobpaskeHuii?

4. Kaxkue omeparniy MOMHO BBIIOJHATE CO CJOAMHA?

5. Yro Taxoe oHOBHII cyoit?

6. Kax obosHauaioTcsa mMpo3pauHbie obracTu ciaoa?

7. Kakue cBoiicTBa CJIOf ONpeAeadAlOTCA ¢ IIOMOINbI0 BEINAJAIONIEro CIHCKA
Pexum?

8. Kakum 06pa3oM MOYKHO 00bEAUHUTH CIOU?

9. Kaxkue 0cOGEHHOCTH MMEIOT TEeKCTOBbIE CJIOH?

10. Yto Takoe Macka cnoa? 3adem oHA Hy»KHA?

§ 62
Kananbli

IlBeToBBIE KAaHAJBI

IIpu RGB-koaupoBasuu ¢ raybouHoil 24 OurTa Ha IHUKCENIb IBET
KaKJI0Oro MUKCeJs XpaHUTCA Kak HaGop mus Tpéx umcen (ot 0 go 255),
0603HAYAIOIUX APKOCTU KPACHOM, 3eJEHON M CHHEH COCTABJIAIOIIHAX.
Bo3bMéM ONHY M3 TpPeX IIBETOBBIX COCTABIAOIIMX (Hampumep, Kpac-
HYIO) H IOCTPOMM HOBOe m3o0pajkeHUe, B KOTOPOM KaKJIOMY IHKCEJIIO
coorBercTByer kox or 0 mo 255. Byaem cumraTtsk, uTo 0 oGo3Hauaer
u8pHBIM 1BeT, 255 — OeJsblif, a NTPOMEIKYTOYHBIE 3HAYEHNUA — OTTEH-
Ku ceporo nsera. Torga mosydaercs, 4TO MBI IOCTPOMJIM IIOJTyTOHOBOE
(«cepoe») m3obpakeHHe, KOTOpOe COBIIaJlaeT II0 pasMepaM C HCXOZ-
HBIM PHCYHKOM M TIOKa3blBaeT «BKJaJ» BeiOpamHoro msera. Taxoe
BCIioMoratejbHOe n300pakeHre Ha3blBalOT KaHAJIOM.

2




KomnsioTepHas rpagpuka v anumauus

Kanan — a1o yépHo-6enoe nonytoHoBoe n3oBpaxeHue, KOTOpOe rnoka3sbiBaeT
CTeneHb BNUAHUSA Kakoro-To adidhexTa Ha naobpaxeHue.

Ha pucynxe 8.21, a (u uBerHOM puc. Ha (opsame) m306paskéH
CBETO(OP CO BCEMM 3aXKIKEHHBIMH JlaMIaMH, a Ha puc. 8.21, 06—z —
I BeTOBble KaHaJdbl Mojgenun RGB, mokaseiBaromue BIMSHUE KPacHOTrO,
3€JIEHOI'O U CHHEro IIBETOB.

ucl

Red Green Blue
a (7] 8 2
Puc. 8.21

OueBuaHO, 4TO AMA 06JACTH KpacHOTO IBeTa GYAET AKTHUBHBIM
TOJIBKO KPACHBIH KaHaJ, B KOTOPOM 3Ta 00JacTh 3akpalleHa OebIM
neeroM. [l 06JacTH 3€JIEHOTO I(BETA TAKIKe «OTKDPBIT» TOJBKO OAWUH
KaHaJ — 3eneHblii. HEnTeIil uBeT mosyuaercs «CIOKeHueM» KPACHO-
ro U 3eJIEHOTO, OATOMY B 000HX 3THX KaHaJaxX »KeJToiH 06JIacTH COOT-
BeTCTBYeT Oesblil nBer. CHHEro nBeTa Ha PUCYHKe HeT BOOGIIe, IO3TO-
My CHHMI KaHAJ 3aJIUT YEPHBIM IIBETOM.

B pepakTope GIMP 1nBeroBble KaHAa-
abl Mogenu RGB mo:xHO yBHAETH B OKHe
Kamaner — puc. 8.22 (memio Oxma —
Ilpukpenaaiomuecs auanornm — Kana-
ael). JIo00#f KaHal MOKHO OTKJIIOUHUTE,
IEJKHYB Ha 3HAYKe <@ B COOTBETCTBYIO-
meil cTpokKe (IIOBTOPHBIH IETYOK B BTOM
MecTe CHOBa BKJIIOYAaeT KaHAaJ).

Ilo ymomuauuio BhIJeJieHbl (CHHHM
(oHOM) BCe TPH IBETOBBIX KaHAJA, T. €. BCE HHCTPYMEHTHI PHCOBAHUA
M KOPPEKIHH IDUMEHAITCA K HHUM OJHOBPEMEeHHO. IIpH ’KeJaHUH
MOYKHO BBIZICJIUTh KAKON-TO OJIMH KaHAJ M PeJaKTHDPOBATH TOJBKO €ro.

Y nsobpaskeHHUit ¢ NPO3PAYHBIMHU H IIOJYIIPO3PAYHBIMH 00JIaCTAMHI
NOABJIAETCA YETBEPTHIA KaHaAJN — TaK Ha3bIBaeMbIil ajabda-KaHa,
onpezensoUUil npospayHocTs (puc. 8.23). YépHsle nukcennm anbda-

Puc. 8.22




Kanansi

KaHaJa onpeesisioT IIpo3padyHoe MU30-
Opakenue, OeJsible — IIOJIHOCTBLIO HeE-
npospauyHoe. YTobkI MOCTPOUTE TaKOe
nzobpaxkeHue, HYKHO BEIOpaTs KO-
maugy J[dobaBuTs anabtha-kamax us
KOHTeKcTHOro MeHio okHa Caom. Ilpu
sToM (POHOBBIH CJIOH IIpeBpallaeTcs B
ODOBIYHEINA CJIOM, HA HEM Tellepbh MOMK-
HO JeJiaTh IIpO3padHble ydJacTKH (Ha-
npuMep, VAAJIUB BBIJEJNeHHYIO 006-
JIACTh WM HCIOJIB3YA HHCTPYMEHT
@ Nacrux). Puc. 8.23

Pepaxtop GIMP He mno3BojifgeT peJaKTHPOBATL H300pakeHue
B JPYI'MX IBETOBBIX Moaensx (Hampumep, B mogean CMYK, Koropas
ucrnoabsyerca npu mnedaru). OpHako ¢ momomipio MeHio Ilser —
Cocrasasromue — Pa3zo6paTs MOKHO IIOCTPOUTE HOBOE MHOI'OCJIOHHOE
MOJIYTOHOBOE H300paskeHue, B KOTOPOM KaKIblil ciaoi Oyaer mpep-
craBaAaThL coG0i KaHan BuIOpaHHOW uBeToBOM Mozenu. Ilocne aroro
MOYKHO OTAENbHO peJaKTHpPOBATh KaXKIbIH KaHaJ M 3aTeM o0paTHO
«cobpaTh» mosHOEe u3obpaxkenue ¢ nomouibio meHio Iiser — Cocrasasa-
romue — CoOpars. Hanpumep, urToObl u3bexaTh MCKAKEHUSA IBETOB
IIpY MOBBLIIEHUH PE3KOCTH M306pakeHNs, PEKOMEHyeTcs IIPUMEHATH
3Ty OIepaluio TOJbKO K KaHany sproctd (V-xkanauny) B mogenun HSV.

Coxpanenue BBIIeJIEHHOH 00JIacTH

Korza Bbl BRIZIEAsIETE KAKYIO-TO 00JIacTh PUCYHKa, CO3JaéTcA Mac-
Ka — BpeMeHHBIl KaHaj, B KOTOPOM YEpHBIH IBeT 0003HaYaeT HEBHI-
JeleHHble IHUKCENIH, a OeJblid — BBIIeIeHHbIe. JTY 00JaCTh MOYKHO 3a-
TMIOMHMTH KaK HOBbIHM KaHai (Beigenenue — CoxXpaHuTHh B KaHaje).

Kananpl, moJiydyeHHBIE B pe3yJib-
TaTe COXpPaHEeHHUA BhIZleJIeHHBIX objac-
Teii (Ha puc. 8.24 — xanan IIBerok),
pacoJyiaraloTcad B HHIKHEH YacTH
oxkHa Kamansl (HMKe IIBETOBBIX KaHa-
Js0B). YToOBl CHOBA IPEBPATUTH TAKOMH
KaHaJd B BblOeJIeHHe, HYMXHO BblIe-
JIUTH €r0 B CIOHCKe M IEIKHYTH Ha
kaonke M.




KomneloTepHan rpadpuka v aHmmauus

@ Bonpocbl u 3apaHus

1. Yro Takoe xanan?

2. Yro rakoe anbda-kanan?

3. MoxHO 1 cKasaTh, 4TO Macka — 3to Kagaia? Orser obocuyiiTe.

4. CKOJIBKO CTyIeHel BBIAENEHUA MOMHO NPHMEHATH, eCJIH HMCIOIb30BATH
16 6uTor Ha kKanan?

5. Kax Mo3HO clienaTh usobpaskeHne ¢ IPO3pAYHEIMA obracTaMu?

6. Kax pasburs umsobpaskeHue Ha OTAeJbHBIE KAHAJIBI B IBETOBHIX MOJAEAX
CMYK u HSV?

7. Kak cobpaTts uaobpakenue U3 OTHeIbHBIX KAHAIOB?

8. Kax coxpaHATH BhIJeNeHHbIe 00JacTM B KAHAJAX M MCIOJBL30BATH MX
MIOBTOPHO?

A IoaroroBsTe coobmeHHE

a) «PenakTupoBanue usobpaxennit B mogenu CMYK »
6) «PepakTupoBanue usobpaxkenuit B mogenu HSV»
B) «PenakTupoBanue uzobpaxennii B momenu Lab»

Q 3apaua

PasOeiire Kakoe-HHOYb pasMbiTOe HM300paskeHHEe HA COCTABJIAIOIAE MO-
nenu HSV, npumenure omepanuio MOBLIIEHWS Pe3KOCTH K KaHALy V U
cobepure uzobpakenue 3aHoBo. CpaBHUTE PE3YJILTAT C TeM, 4TO MOJYyYa-
eTCH IIPpH IPHMeéHeHHH TOHN e onepanyuy MNOBBIIIEHHMA PEe3KOCTH KO BCeM
KaHajnam.

§ 63
Unmocrpauum ana Beb6-caintos

Wnnocrpanun ana BeG-caifiTOB JOIKHBI GBITH COXPAHEHBI TOIHKO
0 B Tex rpaguuecKkux ¢opmarax, KOTOpPbIe yMEIOT 0ToOpaxkaTh Opay-
3ephl:
o JPEG (aurxa. Joint Photographic Experts Group — o6befnHEH-
HafA rpymnna QororpadoB-sKcOepToB, Gaiiabl ¢ pacmupeHueM
ipg maum jpeg);
e GIF (aurn. Graphics Interchange Format — dopMmar gns obme-
Ha u3o0pakeHHAMH, (paiyasl ¢ pacuuupenuem gif);
e PNG (amrn. Portable Network Graphics — nepeHocuMble cere-
BRIe M300paskeHus, Gaisbl ¢ pacIIupeHHeM png).




UnmocTpauun ans se6-canTos

Bce atu dopMaThl INpejHA3HAYEHBI TOJBKO IJIA «IJIOCKHUX» (OA-
HOCJIOMHEIX) M300paskeHUit, MOITOMY BCE CJIOM MHOIOCJOWHBIX H30-
GpajkeHMil IPU COXPAHEHUHU IPUXOJUTCA CBOAUTHL B oAuH cjoil. IIpn
aToM TepdAercsa wHpopManud (CHOBA pPas/eJIUTh CJIOH MPAKTHYECKH
HEBO3MOYKHO), II03TOMY PeKOMEHAYeTCs BCerja OCTABJIATH HA BCAKUIM
caydail uMcXoAHBIe MHOTrociodHble (aias (B dopmarax PSD wuam
XCF).

B dopmarax JPEG, GIF m PNG ucnonbayercs cikaTue AaHHBIX
UL TOr0, UTOOBI YMEHLIIUTEL 00BEM (haljoB U TaKHM 06pasoM yCKO-
PHUTL 3arpys3ky BeO-cTpaHuMnbl. Eciu yBeJMYUBATH CTeNeHb CXHATHA,
TO KA4eCcTBO PHUCYHKa yxyamaercs, U Haobopor. ITosromy mpu coxpa-
HEHUH HYKHO YCTAHOBHTH MAKCHUMAJBHYIO CTelleHb CIKATHUS, IPH KO-
TOpO# M306parkeHue BBINIAIUT OIPUEMJIeMO.

IIpu BBIOOpEe (opMaTa i KOHKPETHOIO H300paskeHus HYXKHO
YYHUTHIBATH, YTO:

e B popmare JPEG MOXHO XpaHHTH TOJBKO NMOJHOIBETHbIE H30-
Gpamenusn (¢ rnybuHo# nBera 24 OuTa Ha IHKCENb); AJIA
yMeHbIIeHHA 00bEMa (aiina UCIOIb3YyeTCsA CHKATHe C NoTepAMH,
KOTOpOe NPHUBOAUT K Pa3MBITHIO I'DAHUI, 00bEKTOB, IIOABJIEHUIO
[ISTeH BOKPYI HHUX M OJHOIIBETHBIX KBaApaToB pazMepoMm 8 x 8
nukceneil (raxk HasbiBaemsle apmeparxmol J PEG);

e (dopmar JPEG He moamep:kuBaeT IIPO3PAauyHOCTh;

¢ B (popmare GIF MOKHO XpPaHHTH TOJBKO M300pakeHus ¢ MaJIMT-
poii (ot 2 go 256 1BeTOB);

e AHUMAIUA NOJAAepKuBaeTcs ToNbKO B popmare GIF;

e B bopmarax GIF u PNG ucnonssyerca c:xarue 6es moreps (pu-
CYHOK IDH CXKATHX HE HCKa)kaeTcd); AJIA yMeHbIIeHus o0béma
(haityia MOKHO YMeHbINATh KOJMYECTBO [IBETOB B NAJINTDE;

e TIOJYIpO3pauHble M300pasKeHUdA MOKHO COXPaHATHE TOJBKO
B popmare PNG, rae ana xaskIoro IMUKCeJs MOXKeT XPaHUThCH
NOTIONTHUTENBHEINA 6aliT, s3ajalInuii npospadyHocTb (anbha-
KaHai).

B rtabmume Ha puc. 8.25 nmoxasaHbl u3obparkeHWUd, IOJYYEHHBIE
IIPH COXPAHEHWH OJHOI'O W TOTO Ke PHUCYHKa B pasHBIX (hopmarax, a
TaKKe YKasaHbl 00JIaCTH ONPUMEHEHUA KaxJoro (opmara.




KomMmneloTepHan rpadpmka v annmauus

dopmar, IIpumeps: IIpumenenune
dororpadun, HEIpPo3-
padHbIe H300parKeHun
JPEG C PA3MBITHEIMY I'PAHHU-
namMmu o0'beKTOB U
- IJIaBHBIMH [IePeX0gaMu
Kauecrso 100,| Kauecrso 20,| Kauectso 0, | nseros
4743 Gaiira 983 Gaiita | 518 GaiiToB
Purcysku ¢ Hebonsmmm
’ KOJHYECTBOM IIBETOB;
GIF MeJIKHe DUCYHKH C
YETKHMH I'DAaHHIIAMHA;
PHCYHKH € Ipo3pay-
256 neeros, 16 useros, 8 uBeToB, Y | oﬁﬂ:;amamn;
6165 Gaiitos | 1783 Gaiira | 1184 Gaiira | *AMAL
’ BeicoKOKaYeCcTEeHHEIE
n300paKeHn A, pUCYHKH
PNG € NIPO3PAYHEIMH B
HOJIYIPO3PAYHBIMH
Pexxum RGB, | 16 ngeros, 8 nseros, obnacraMu
7283 baiita |10440 6aititos | 1061 HaiiT
Puc. 8.25

YTo6bl IpH COXPAHEHUH PUCYHKA BPYYHYIO 3aJaTh KOJWYECTBO
HCIIOJIB3YEeMBIX IIBETOB, HEOOXOAMMO npeobpasoBaTh ero K HHACKCHPO-
BAHHOMY PeXHMYy, T. €. 3aKOAMPOBaTH ¢ manutTpoit. Iasa sToro mc-
oJIb3yeTcd NYHKT MeHI0O H3o0pamenne — Pesxumel — UHgeKcHpoBaH-
Hoe. Eciu ucxomnoe msobpakeHne uMmeer riiyomHy nBera 24 6ura Ha
nukcesb (pexxum RGB), mpu TakoM npeoGpa3oBaHUU MPOUCXOAUT IO~
Tepsas uHGopManuu o neere. [losromy ayume paGoraTs ¢ Konuei pu-
CYHKAa, COXPaHUB IIOJHOIIBETHBIA OPHUI'MHAJ B OTAeNbHOM (aiie. 3a-
meTuM, 4uTo popmar PNG obecneunBaer ayuinee cxxkarue, gyem GIF.

Kax Bugno ua rabmunel Ha puc. 8.25, KoAMpOBaHWE ¢ MAJIUTPOM
(dbopmarter GIF u PNG) miroxo mogXoAuT AJs XpaHeHHUA M300pakeHHH
C IJIABHBIMM IIepPeXOoJaMy IBeTOB (rpagueHTaMH). JTO CBA3AHO C TeM,
YTO YMEHBIIAeTCH KOJHYECTBO HCIOJIb3yeMBIX I[BETOB H IlepPeXobl
craHOBATCA 6oslee pe3aKHMHU. YTOGHI HECKONBKO YIVUIIATH Pe3yJbTar,
IIpH Iepexojie K MHAEKCUPOBAHHOMY H300pasKeHUI0 MOKHO BKJIIOUHThH
pasMmbiBaHMe nBera (aHriu. dithering — pacrpupoBanue). CyTs 3TOro
IIOJX0/Ja COCTOUT B TOM, 4YTO OOJIACTH, 3AJIMTHIE B MCXOJHOM DPUCYHKE




AHnmauua

«OTOPOILIEHHBIMH » I[BETAMH, CTPOATCS KaK MO3au-
Ka M3 IHKCeJIell TeX IIBeTOB, KOTOpPbIE OCTAJIHMCE B
nanurpe. Ha pucyske 8.26 mnokasaH pesyJjbsTarT
IIpUMEeHEHUsI pPAas3MBIBAHMUS [IPHA HCIIOJb30BAHUH
8-userHoii manutpel (pemaktop GIMP, pasmbiBa-
aue Dioiga—Creitabepra). O6bém daitna yBeu-
ynyca ¢ 1184 mo 1664 Gaiiros m3-3a TOro, 4TO aj-
roputMm cxkarua LZW, ucnonssyemsblii B ¢opmare
GIF, xy:xe c)KHMaeT pPa3sHOIBETHEIE 00JIACTH, UeM
CTPOKH OJHOI'O I[BETAa.

Puc. 8.26

Bonpocskl u 3agaHusa @

1. Kakme ¢QopMaTel HCHONB3YIOTCH A XpaHeHHA WH300pakeHHil Ha
BeG-cTpaHunax?
2. OnumuTte ocoGeHHOCTH B 00J1aCTH NPUMEHeHHA KaKA0ro u3 )opMaToB.
3. Onpeznenure ayumuii GopMaT AJIs COXPAHEHUA:
a) cdororpadpun;
0) usobpaskeHHs ¢ YETKUMH IpaHUIaMu obiaacreit;
B) u300paykeHus ¢ IPO3PavYHBIMU OBJIACTAMHU;
r) m3obparkeHHA ¢ MOJYIPO3pauyHBIMKU O0JIACTAMH;
) aHMMAalyH.
4. Yro TaKoe HHIEKCHPOBaHHOE HU300paxenue?
5. Yro mpoucxoaut npu nepexoge or pexxuma RGB K MHAEKCHPOBAHHOMY
nsobpakernio? Kaxk BEIOpaTh KOJMYECTBO IIBETOB B najuTpe?
6. Yro Takoe pasMEIBAHHE I[BETA W 3a4eM OHO MCIIOJb3yerca?

IIoaroroBsTe coobIeHHE A

«OnruMusanua uaobparkeHu 1A BeG-cTpaHUI]»

§ 64

AHuMmauums
Anumaums (aHrn. animation — ogywesneHne) — 3T0 «OXKUBNEHUE»
nsobpaxeHus. Mpu aHMMaLKUK HECKONBKO PUCYHKOB (KaapOB) CMEHSIIOT 0

APYr Apyra Yyepes 3afaHHble NPOMEXYTKN BPEMEHMU.




KomMmnbioTepHas rpacdpuka v anumauuns

Ina cospanua aHUManuu B rpaduyecKUX peAaKTopax 0OBIYHO HC-
HOJB3YIOTCA MHOTOCJONHBIE W300pakeHUsA, KayKJIBII CJ0H COOTBET-
CTBYET OJHOMY Kajpy. B mpocreiimeM cjyuyae CJIOW ITPOCTO MEHSIOT
ApPYr' Apyra: cHayaJjla BHAEH TOJBKO IE€PBBIA CJIOH, Yepes 3aJaHHOE
BpeMsA OH CKpBIBaeTCA M IIOKasblBaeTcsa BTOPOM cioi u T. x. Taxoi
MeTOJ| HasblBaeTcsa 3amMeHOM (aHri. replace) — puc. 8.27.

Puc. 8.27

MoKHO MCHOJB30BATh W JPYIOM MOAXOM: HOBBIM CJIOM «HAKJIaJbI-
BaeTcA» HA CYIIECTBYIOINee M300paskeHne — 3TO MEeTOJl 00'hbeTHHEeHHHA
(auriu. combine). Ina Toro ke Habopa CJIOEB, YTO W B IIPEABIAYIIEM
IpuMepe, aHUMAaIia TAKOro THIa NoKasaHa Ha puc. 8.28.

alnmialEY

Puc. 8.28

Tun asuManuum AJs8 Ka)KJoro cJjaos yCTaHABJIMBaeTCsl OTIeNbHO,
MO09TOMY B OJHOM aHMMAIMU MOKHO coBMemiaTh oba MeToja.

ABuManusa CTPOUTCA 3a [ABa IIara:

1) roroBaTcA U300pasKeHU AJIS BCEX CJIOEB;
2) yeTaHaBIMBAaeTCA BpeMd 3aeP;KKKU U BUJ aHUMAIUHU (IJIA KaXKI0ro

CJIOA OTHEJIBLHO).

Y1066l FOTOBYI0 QHUMAIIMIO MOJYKHO OBIJIO IpOocMaTpuBaTh 06e3 rpa-
(duueckoro pepaxkropa (HampuMmep, Ha BebG-cTpaHHIle), HYKHO cCOXpa-
HUTHL eé B ¢aiine dopmara GIF (T. e. 3KCmOPpTHpPOBaATE — 3alHCaTh
B Apyrom dopMmare ¢ npeobpasoBaHUEM).

B penakrope GIMP npu coxpaneHuU (aiisa ¢ HeCKOJbKHUMH CJIOA-
mu B (popmare GIF mossageTca AUAJIOroBoe OKHO, B KOTOPOM HYKHO
BeiOpars BapuanT COXpaHUTE KaK AHHMAIHMIO U HAXKATh KHOIKY
Ixcnopr (puc. 8.29).
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Puc. 8.29

Ilocie aTOrO B CIEAYIOIIEM OKHE HYIKHO HACTPOHTH IlapaMeTPhI
coxpanenusa aHumanuu (puc. 8.30).
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Puc. 8.30

Ecau ycranoBieH ¢uiakox BeckoHeUHBIH MK, TO aHUMAUUA Oy-
JeT MOBTOPATbCA OECKOHEYHO, WHA4Ye OHA BBINOJHHUTCA TOJBKO OIUH
pa3. 31ech jKe BBIOMpaeTcd 3afeprKKa MeXAY KaJpaMHM W BHJ aHHMa-
nun (cnucox Pacnonoxenue Kagpa).

Eciu Tenepb OTKpPBITH cOXpaHEHHBIHM TakuMm obpasom GIF-¢aiin c
aHUManueil, B Ha3BaHUAX CJIOEB-KAJAPOB MBI YBHJIMM B CKOOKax BpeMs
samep:kku (Hanpumep, 100ms o6ozmauaer 100 MUIITHCEKYVHI) ¥ METO/I
apumanuu (combine mnu replace — puc. 8.31). MisMeHuB HasBaHUA
CJIOEB, MOXKHO 3aJaTh 33JIePyKKY W METOJ aHHMAIlUH AJIA KaXAOr'o CJIOHA
OTJIeJIbHO.

Yrobsl NpOCMOTPETH AHUMAIIMIO, HE BBIX0AA u3 pemaktopa GIMP,
HyXHO BbIOpaTh (unbrp Asumanus — BocmpousBecTH B MEHIO
DuIbLTPLI.
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KomMmnbloTepHas rpaduka v anumauyums

B rpynnme Amumamusa ects puistp OnTHMHM3amHA, ¢ IOMOIIBIO
KOTOPOT0 MOXKHO CYIIECTBeHHO yMeHbIIUTh 006éM GIF-taitna ¢ anu-
manuei. 9T0 OCODEHHO BAKHO, €CJIM AHUMAIUS pPa3MeIaercs Ha
BeO-cTpanune. OnTuMusanusa OCHOBAHA HA TOM, YTO MHOTHE ITHKCEIHN
PasHBIX KaJpOB COBIAAIOT, II03TOMY MOXKHO YAAJNHUTHL BCE IIOBTOPS-
IOIIUAecH YaCTH U XPAHUTH UX TOJABKO OAUH pas.

Bonpocbl u 3agaHua

1. Yro Takoe anuManus?

2. Kaxue aBa MeToga aHMMAIUKA Bbl 3Haere?

3. Uro Takoe sKcmopTUpoBaHMe NOKyMeHTa? 3aueM OHO IpUMeHsAeTCs?

4. Kak B pepaktope GIMP ycTaHOBHTH BpeMs 3aJepKKH M crmocod aHmMa-
UM JUIA KAaXKJA0ro Kajpa OTAebHO?

5. Ha yem ocHOBaHa onTUMusanug (HaiioB ¢ aHUMaLuei?

IloaroroBsTe coobmeHue

«AHEManusa Ha BeO-cTpAHHUIAX: 32 ¥ IIPDOTHB»

§ 65
KoHTypbI

CoBpemeHHBIe pactpoBele rpaduueckue penaxktTopsr (Adobe
Photoshop, GIMP) wmoryr pabGoraTs ¢ BEeKTODHBIMH H300parKeHU-
MH — KOHTypamu (aHri. path). KorTyp xpaHuTca B maMATH He Kak
Habop nukcesei, a Kak xpueasa Be3ve, xoropas 3amaércsa ONOPHBIMH




KoHTypbl

Toukamu (Ha puc. 8.32 — Toukm A, B, B, I' u /[) u KoopauHaATaAMH
«pBIUATOB» (YOPABJAIOIIUX JHHHUHA), CBABAHHBIX C KaKAOH TOUKOMH
(cv. § 16 us yuebHmKa aua 10 xiaacca).

2 B il

T

Pue. 8.32

Ecin ob6a ynpaBaAoIiux pblUara HaXOAATCA HAa OJHOM NpPAMOH,
rnoJiydaercs CrJIaKeHHbIN y3ex (ysael B u I' Ha pUCYHKe), eciIH HeT,
TO yIJIOBOM y3en (Haupumep, yasea B).

C noMoIIb0 KOHTYPOB YA0OHO BBEIAENATE 00JaCTH PHUCYHKA, KOTO-
pble JOJI’KHBI UMETh CTPOI'O OIpe/esIEHHBbIe «IIpaBUJIbHbIE» I'DAHUIIBI.
Kourypsl coxpaasioTcesa B ¢aine (B ¢popmarax PSD u XCF), nocie co-
BJaHMUA UX MOKHO MHOTOKPATHO M3MEHATD.

s cospanusa HOBOro KoHtypa B penaktTope GIMP mano BriOpars
HHCTPYMEHT im KoHTYpBI ¥ IeJYKaMH MBINIbIO 0003HAUUTH Y3JIbI.
Yro6bl IOCTPOXUTE IVIAAKUN y3esl, HYKHO «BBITAIlUTH» U3 HEro ympas-
JAOIYIO JHHHAI, He OTIYCKAasA JeBYI0 KHONKY MBIIIK. KOHTYD MOMKHO
B3aMKHYTB, IEJKHYB Ha IIePBOM y3Jie IpH Ha)kaToil kiaasume Ctrl.

KoHTYD MOMKET COCTOSTh W3 HECKOJBKUX HECBASAHHBIX UaCTei.
Yro6sl HaYaTh HOBYIO YaCTh KOHTYpa, HYXKHO IpU AobGaBIeHUH y3ja
"Ha)kaTb KaaBumy Shift. Yrob6sl o0 beIUHUTE ABE YacTH, HY?KHO BBIJE-
JUTh KOHEYHBIA y3esJ ONHON M3 HHMX W IIpH Ha)kaToi Kiaasumre Ctrl
IIeJKHYTh Ha y3Je, ¢ KOTOPBIM ero Hy»XHO COeANHHTE.

ITocne co3maHUss KOHTYD MOMKHO HU3MEHATH, MEPETACKUBAaSA Y3JIbI
H YIPaBJAIOININE pbhlYaru. Kciu HOpH 5TOM YIEPKUBATHL KJIIABUIILY
Shift, oba preluara O6yAyT pacnosoKeHbl Ha OXHOM IPAMON M IOJY-
qaeTcdA IIagKUi y3eJl.

Hosggle yaibl 00aBAAIOTCA HA COEJUHSAIONAE JIUHUK DU HAXKATOMU
kaasume Ctrl. [nsa yaaleHus y3/I0B U COSOUHSION[MX JUHUN HYKHO
yaep:xuBaTh ogHoBpemenHo Ctrl m Shift.

YTo0bI BEIAEIUTE OJHOBPEMEHHO HECKOJBKO y3J0B, HYKHO yAep-
skuBarh Kiaasuiny Shift. Ilpu masmkaroit kaasume Alt KOHTYD MOMKHO
nepeMeInaTh KaKk OJHO Iejoe.

Draxox MHOroyrolbHHK Ha IaHEJIW CBOWCTB HHCTPYMEHTA m
KonTypsl nmo3Boaser paboTaTh ¢ MHOIOYTOJIBHUKAMH, T. €. CEIMEHTBI
He OYAYT UCKPUBIATHCAH.
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KomnbioTepHas rpamka u aHuMaumsa

Hosslit xoHTYp nossiasgerca B okHe Konryper — puc. 8.33 (MeHIO
Oxna — Ilpukpenasromuecs nquajgorn — KonTypsl). 9T0 OKHO aHAJO-
ruuHo OoKHY Ciiom, ¢ KOTOPEIM BbI y2Ke 3HAKOMBI. ITOCKONBKY KOHTY-
pel B GIMP npexnsasHadeHbI, I'IaBHBIM 00pasoM, [JIs BBIJEJIEHUS
obnacTeil, OCHOBHBIE OMNepanmuyd — 3TO IpeoOpasoBaHWEe KOHTypa B
BBIZIEJIEHHYI0 00J1acTh (KHOMOKA .) u Haobopor (KHOTKA l). Korpa
ofJylacTe ¢ pacTylIéBaHHOM rpaHUIell npeobpasyeTcss B KOHTYpP, pac-
TYHIEBKA IpPOIIafiaeT, FPAHUIIA CTAHOBUTCA DE3KOM.

il.

=
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Puc. 8.33

Kpome TOro, MOKHO pAacCIOJOKHTH TEKCT BAOJb KOHTypa. B pe-
naxtope GIMP ana aToro Hajfo BBIZEIWTH KOHTYP B OkHe KOHTypHI,
100aBHTHL HOBBIH TEKCT (TEKCTOBBIH CJI0H) € IIOMOIIBLI0O MHCTPYMEHTA
Texcr A M IIEIKHYTH 10 KHONKe TexeT mo KOHTYpY B OKHe IapaMer-
poB uncrpymenta Texcr. IIpu aToM crpouTcs HOBBIH KOHTYD 1o ¢op-
Me OYKEB, pasMeIIeéHHEIX BJA0Jb KOHTYpa. 3aTeM MOXKHO 3aJIUTh 3Ty 00-
JacThs mBeToM (Hampumep, ¢ momombio MeHo IIpaBka — 3aauTh 1Be-
TOM IepeaHero ILJIaHa), a TeKCTOBBIM CJIOH yJajJuTh, OH DOoJbIle He
HyxeH. KoHeuHO, pelakTHPOBATH TAKOIl TEKCT y!Ke HeJIb3fd, HOTOMY
YTO OH XPAHHUTCH KAK PAacTpoBas KapTHHKA.

Koutypsl, cosmanusie B pemakrope GIMP, MoKHO coxpaHHUTE Ha
aucke B Buze daitnos dpopmara SVG (arria. Scalable Vector Graphics —
macmrTabupyemMble BeKTOPHbIe H300paskeHUs). [IJa 2TOro MCHOIB3YIOT
KOMaHAy OKCIOPTHPOBATH KOHTYP M3 KOHTEKCTHOro MeHio KoHTypsrI,
KOTOPO€ MOJKHO BBI3BATH ILIEIYKOM HIpPaBOM KHOIKOH MBIIIN B CIHCKe
KOHTYPOB WJIH C IIOMOII[bI0 KHOIIKU . BmMmecTe ¢ TeM KOHTYDHI, CO3JaH-
HBIEe B APYIrUXx nporpammax (Hanmpumep, B Inkscape) m coxpaHE€HHBIE B
dopmare SVG, moksHOo 3arpy:kats B GIMP ¢ moMompio KOMaHbLI
HMIopTupoBaTh KOHTYP TOT'O K€ MEHIO.




KouTypbi

Bonpocsl u 3apaHvs

1. Yro rakoe KoHTyp? M3 KaKHX 3J€MEHTOB COCTOUT KOHTYD?

2. Kak peryaupyeTcs yroJ HAKJOHA KAcaTeJLHOH B y3JIax KOHTypa?

3. Yro Taxkoe raagkui yseJ, yriaosoi ysen?

4. B kakux ¢dopMarax KOHTYPHI COXPaHAKITCA BMECTe ¢ OCHOBHBEIM u300pa-
eHnem?

5. Kak M0o)XHO pefakTHpOBATH KOHTYP?

6. Kak npeBpaTUTh KOHTYD B BhlJeJieHHe, H HaoGopoT?

7. Kak BBl Aymaere, modeMy IIpu npeo6pasoBaHHM BBIJEJIEHHON o0iIacTH
B KOHTYp mnponanaer pacrtymésxa? HKak coxparuTe o6macte ¢ pac-
TYILIEBKOM AJIA IIOBTOPHOI'O MCHob30BaHUA? IIpUBeANTEe IPHMEDHI.

8. Kak pacnososKuTh TeKCT BAOJb KoHTypa? IloueMy mocie aToro TeKcT
HEeJIb3A PeLaKTHPOBATH?

IloaroTroBsTe coobmIeHHE

«HAcnonb3oBanne KOHTYPOB B NpaKTHYECKHX 3aja4dax»

NpakTuyeckue paboTel k rnase 8

Pabora Ne 67 «Beoxg u kagpupoBanue n3obparkeHUn »
Pabora Ne 68 «Koppexnusa dororpadmii»

PabGora Ne 69 «Pabora ¢ obimacTsamm»

Pa6Gora Ne 70 «PaboTa ¢ obmacTammu»

Pabora Ne 71 «MHorocoliabsle U300paskeHns»
Pabora Ne 72 «MHorocioliabsle n300paskeHnsI»
Pa6ora Ne 73 «Kananwr»

PaGora Ne 74 «Mnnwocrpanun ayis Beb-caiiToB»
Pabora Ne 75 «GIF-aammanus»

Pa6ora Ne 76 «KoHTYpBI»

Q0P k rnaee 8 Ha caiite ®LMUOP (http://fcior.edu.ru)

e PacTpoBble peakTOpPhI
e Pasmemenue rpadMKu Ha HHTEPHET-CTPaAHMIIE

Camoe BaxHoe B rnase 8

e PacrpoBoe usobpaxkenue — 3ro Habop nukceneii. Ilser nukce-
JIA 3aJaéTcAa B BUAE YHCIOBOTO KOJAA.
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KomMmnbioTepHas rpadpmka v anmmaumna

» KauecTBo pacTpoBoro mszobpaskeHHs OIpejesideTcsa paspelleHn-
eM ¥ riayOouHO# uBera. YeM BhIllle paspelleHue W rayOuHA IBe-
Ta, TEM Jydllle KadecTBo.

o« @ailyn, B KOTOPOM XpaHUTCA pacTpoBoe uU3obpaskeHUe, colep-
JKUT HEe TOJBKO KOALI MUKCeJe#, HO W ciayxebryio mHpOpMAa-
IUIO: pasMephbl PUCYHKA, [BETOBYIO MAJTUTPY ¥ AD.

« PemaxTupoBanue pacTpoBOoro usobpaskeHUA — ITO H3MEHEHHe
KO/IOB, 3aJlalolluX IIBeTa IHUKceJell, ¢ [OMOIIbI0 MaTeMaTHhde-
CKHX OIlepaliyid.

¢ Perymps — s710 ucnpasiesne gedeKToB n300pakeHud.

s DuiLTp — ITO AJIIOPATM ABTOMATHUYECKOH o6paboTkm IHKCe-
Jeit n3o0paskeHns, KOTOPHIN IIPUMeHSAeTCHA KO BceMy maobpaske-
HUI0 WJIM K BbIAeJeHHOI obnactu. PasnmuaioT (GUIBTPHI JJA
KOPPeKIUH 1300parkeHNl ¥ XYA0KeCTBeHHbIe (DHUIBTDHEI.

¢ B MHOrocJOMHBIX JOKYMEHTAX Ha KAaXKJOM CJI0e MOXKeT CTpPO-
UThCA OTAEeNbHOe H300pa)keHHe, KOTOPOe pelaKTUpyeTCA Hesa-
BHCHMO OT Apyruax. KasKIbi cjoil MOKeT pasHBIMHU crocobamu
HAKJaALIBATECA Ha u300parkeHHe, NOJYUYEHHOe C NpeAbIAyIIuX
CJIOEB.

» Kaman — 3ro uépHOo-6esi0e MoJayTOHOBOE M300parkeHUe, KOTOpoe
TIOKas3kiBaeT CTeNeHb BIAUAHUA Kaxoro-to sahdexra Ha msobpa-
skenme. Hanmpumep, cTeneHb MPO3padyHOCTH HM300pakeHUsA 3alu-
ChIBaeTCs B TAK Has3blBaeMbIH anbda-KaHaJ.

e AHumManmsa — 3To OGbICTpasd CMeHa OTHEJbHBIX H300parkeHUit,
co3jlalInas y yejloBeKa WIIIO3WIO ABMIKeHHA. AHUMAIUA CTPO-
HUTCS HA OCHOBE MHOTOCJIOWHBIX M300parkeHui.

«» Cospemenuslie rpaduueckue GOpMaThI IIO3BOIAIT XPAHUThL BeK-
TOpPHBIE ¥ PACTPOBLIE 3JIEMEeHThI M300paXkeHUd B ogHOM (aiie.




frmasa 9
TpéxmepHana rpadpuka

§ 66
Beepnexnue

Yro Taxoe TpéxmepHasn rpadmura?

Panbpmre, roBops 0 KOMIOBIOTEPHOH rpadure, MBI UMEJU B BUAY
JAByMepHBIe («IIIOCKHe») wusdobpaskeHusi. HeBOBMOKHO «IIOBEPHYTH»
aBTOMOOUIb, M300paKEHHBIM HA TAKOM PHCYHKE, M HOCMOTPEThL Ha
Hero ¢ Apyroi cTopoHbl. B TO ke BpeMs peasibHBIM aBTOMOOUIEL — 3TO
TPEXMEPHBIA O0BEKT, M0ITOMY IIPH pEIIeHWW MHOTHX 3a7a4 ero
«IJIOCKOM» Mozenu (pUCYHKAa, dororpadun) HeAOCTATOUHO.

TpéxmepHan rpadmka (3D-rpachumka, ot aHrn. 3-Dimensions —
3 uamepeHusi) — 3TO pasaen KOMMNbLIOTEPHON rpathukm,

KOTOpbIV 3aHUMaeTcs co3gaHvem modenen u naobpaxeHuin
TPEXMEPHbIX 0GBLEKTOB.

B nporpammax ansa pa6oTer ¢ 3D-rpaduKoil cTpoATCS TPEXMEpPHBIe
(mpocTpaHCTBEHHBIE) MOJENH OGBEKTOB, B KOTODBLIX KaXJad TOYKA
HMeeT TPU KOODAWHATHI (a He JBe, KAK Ha «ILJIOCKOM» DHUCYHKe). 3a-
TE€M I10JIb30BaTejlb MOKeT BbIOpATh B IIPOCTPAHCTBE TOUYKY HabIIOIe-
HHS W [OJYYHUTH IJIOCKOe H300parkeHue, T. €. IMOCTPOUTH IIPOEKIIHIO
TPEXMEPHON CIEeHBl Ha ILIOCKOCTh. MHOTHE NporpamMMbl IIO3BOJIAIOT
CO3[aBaTh AaHUMAIIWIO, MMOKa3bIBAIONIIYIO ABH)KEHHE TPEXMEpPHBIX 00'b-
€KTOB B IPOCTPaHCTBE.

3D-Monenu NpUMEHAIOTCSA HE TOJBKO AJIA MOCTPOEHUS JBYMEPHBIX
naobpaskeHuit. X MCHIOAB3YIOT MJIA PASAMYHBIX BBIYUCICHUH, HAIpU-
Mep I pacuéTa IPOYHOCTH Aeraseit. B mocnennue rofsl aKTHBHO
paspabaTteiBaioTcA 3D-mpUHTEPHI, KOTOPBIE II03BOJSAIOT METOAOM IIO-
CJIOMHOM IleYaTH IOCTPOUTH OO0BEMHBIA (uauueckuil 00BEeKT (uame
BCEro U3 IJIaCTUKA) [0 ero TpeéxXMepHOIl MOIesn.

ITepeuncnum BaskHelmue 006JacTH NPUMEHEHUs TPEXMEPHOI rpa-
huru:




el

TpéxmepHas rpacdpmka

¢ KOMIOBIOTEPDHOE I[POEKTHPOBAHME MAIIMH ¥ MeXaHHU3MOB
(CAIIP — cucreMbl aBTOMaTH3MPOBAHHOTO IIPOEKTUPOBAHMAL);
¢ KOMIBIOTEPHBIE TPeHAXKEPHI M 00ydyaronue NporpaMMEl;
e MOCTPOEHUE TPEXMEPHBIX MOJejell B HayKe, IPOMBIIIJIeHHOCTH,
MeIUuIHE;

e [U3aiH 3JaHU M MHTEepbepa (BHYTpPeHHEeH 06CTAHOBKH);

e KOMIOBIOTepHBIEe 3((EKThl B KMHO ¥ TeJIeBHIEHUHU; CYIIeCTBYIOT
Jake IOJHOMEeTpaskHble (hMIBMBI, KOTOPBIe IOJHOCTBIO CO37a-
HBI ¢ TOMOINBI0 TPEXMEPHON rpaduKy U aHUMAaIUH;

e TeJIeBUBMOHHAA peKJjama;

e MHTEpPAKTUBHLIE UIDHI.

Cospanue maobpaskeHuit ¢ nomoinesio 3D-rpaduku BKIOUaeT He-
CKOJIBKO DTAIIOB:

1) MogenupoBanue — CO3JaHKE TPEXMEPHBIX 00'BEKTOB, IePCOHAMK eI ;

2) TexkcrypupoBaHHe (PACKPACKa) — HaJOKeHHe Ha MOJeJIM PUCYHKOB
(TeKcTyp), KOTOpBLIE UMUATHUPYIOT PealbHBIN MaTepual (gepeso, Mpa-
MOp, MeTaJLlI, KOJKY ! 1Ip.);

3) ocBemieHHe — YCTAHOBKA M HACTPOMKA HCTOYHHUKOB CBETA;

4) aguManus — ONHCAHUE U3MeHeHUus o0'bEKTOB BO BpeMeHH (H3MeHe-

HUE [I0JIOJKEeHU s, YIJIOB IOBOPOTA, CBOKCTE);

5) epéMKa — ycTAHOBKA Kamep (BBIOOD TOUEK CHEMKH), IepeMellleHre

Kamep IO CIleHe;

6) pernepuHr (BH3yajH3alusi) — IIOCTPOeHHe (POTOpPeaJMCTUIHOIO

H300parkeHua MJIM AHUMAIIUH.

Cpenun mpodeccuoHATIBHBIX mporpaMm 3D-MozenupoBaHus Hamnbo-
Jlee TONyJAAPHLI ONpoAyKTel (upmser Autodesk (www.autodesk.com):
3D Studio MAX,! Maya u AutoCAD, a Takxe IporpaMmma
‘o Cinema4D ¢upmer MAXON (www.maxon.net). Ms1 Gyzaem wuc-
IOJB30BATE JJIA MJLIIOCTPANUil CBOGOAHO PACIPOCTDAHAEMBIR IIAKeT
A Blender (www.blender.org), Bepcum KOTOPOrO CYyIIeCTBYIOT JJIA
onmepanuoHHBIX cucrem Windows, Linux, Mac OS u apyrux.

Ilna paboTel ¢ mporpaMMaMy TPEXMepHOH rpauKH HYMKeH KOM-
NBIOTEP C MONIIHBIM ITPOIECCOPOM W GOJBINMM OGBEMOM ONEpAaTHBHOM
¥ OUCKOBOH mamsaTu. [locTpoeHMEe KadecTBEHHEBIX (DOTOPealMCTHUYHBIX
nzobpakeHnii (KOTopble BBHIMNIAAAT Kak (Qororpaduu) 3aHHMAET
OrpOMHOE BpeMsi, UHOT/A4 HECKOJIbKO YACOB PAacyéTOB Ha OJHH KAaJp.

B anrawmiickom sseike — CAD-cucremsr (CAD — Computer Aided
Design, npoeKTHpOBaHME ¢ MOMOIIbLI0 KOMIILIOTEPA).




BeepeHue

Bo mHOrmx mporpaMmMax ecTh BO3MOYKHOCTH CETEBOI0 PEeHJepPHHra,
Korja AJA pacdyéra M300paKeHUus MCIOJB3YIOTCA MOIHOCTH HECKOJb-
KHX KOMIIBIOTEPOB, 00beJUHEHHEIX B ceTh (aHri. render farm — peH-

aep-thepMsI).

IIpoexuuu

XoTsa mporpaMMbl TPEXMepHOM rpad@uKu npeaHasHAYeHBI JJA CO-
3laHUA TPEXMEPHBIX MoOJejieil 00'bEeKTOB, MMOJb30BATENb BUAUT TOJBKO
njocKoe (JByXMepHoe) u3obpaskeHne Ha MOHUTOPE WK OYMasKHOM OT-
neyaTke, T. e. npoexnuo. Ha pucyake 9.1 nmokasaHbl YeThIpe IIPOEK-
uu Mozenu rojiopel obespauku Crosanub! (06bexT Monkey), koropas
BKJIIOYeHa B Habop craHaapTHHIX 00beKTOB mnporpammbel Blender. Bl
BHIWTE TPH CTAHJAPTHBIE HPOEKIMH 3TOM MoAeau (BUALI CHEpenH,
CBEPXY U CIIpaBa) U OJHY IIPOU3BOJBHYIO IPOEKIHIO (IPOEKIIHIO 0JIhb-
3oBarTesi).

Bupg ceepxy IIpousBosbHAasA MIPOEKIIUA

Bupg cnepegn Bug cripasa
Puc. 9.1

IIporpamma Blender mosBosiseT BHAETH YeThIpe IPOEKIHUHA OFHO-
BPEMEHHO UJIM OCTABHUTH TOJBKO OAHY IIPOEKIHIO IIOJb30BaATEJA, KOTO-
pasi 3aHUMaeT BCI0 pabodyio obmacTh. [l NEepeKIIOUEHUA MEKAY DTH-
MU peXHMaMH HCIOJB3yeTca KoMOuHanusa kiaasum Ctri+Alt+Q.

O6eryHO paGoTaloT C OJHMM BHJOM, KOTODBIN 3aHMMAaeT BCIO pabo-
4yio 4acTh OKHA. [lyisi GbICTPOro mepexoja K CTAHAAPTHBIM IPOEKIMAM
(Bupmam cmepenu, CBepXy, cIOpasa U ApP.) HCHOJL3YyeTCsa MEHIO Bux
(View) mnu momosHMTeNbHass nuppoBas KJjasuatypa (auria. numpad),
DPACIIOJNIOKeHHasA B IpaBOM YacTH CTAHJAPTHOH KiaaBuaTypsl (puc. 9.2).




TpéxmepHas rpadmka

Bup ceepxy
(+Ctrl: Bug causy )

Bupg copasa
(+Ctrl: Bug caesa)

Bug cnepeau
(+Ctrl: Bug caagm )

Puec. 9.2

Hanee nns 0603HaYeHUA 9TUX KJABHII OyJeM HCIOJIL30BATH «IIPH-
craBgky» Num, sanpumep Numl obosHauaeT KJaBuIry «1» Ha JOmoJi-
HHUTEJbHOU IUGPOBON KIaBHATYPE.

CyiiecTByeT ABa THIIA HPOEKINi: MepCHeKTHBHbIE U OPTOTOHAJb-
Hble (MX TakKe HA3bLIBAIOT NMPAMOYrojJibHbBIe WIK opTorpadudeckue).
Ha pucyske 9.3 moxasaHBI HepPCIIEKTHBHAA U OPTOTOHAJIBHAA IPOEK-
nuu Kyba.

JIMHUA FOPU3OHTA

IlepcnexTuBHAA OprorosansHas
MPOeKIHA MPOeKIHA

Puc. 9.3

Ham B3ryiaj NPHUBBLIK K NepCHeKTHBe: yAaléHHBIEe NpeAMeThl Ka-
JKYTCA MEHbIIEe IO pasMepy, HapajiiesIbHble JHHUU «CXOAATCA» B Oec-
KOHEUYHOH TOUKe (BCIIOMHUTE, KaK BHITJISAUT YXOJAIlee BAalb IIOCCe).
OpHaKo IpPH TPEXMEPHOM MOZEJHPOBAHMH TaKHe IPOEKIUH He COBCEM
ya06HBI, IOTOMY YTO MCKayKaioT (DOPMY U pasMepbl 0O'BEKTOB.

Jisi OpTOroHANBHOM MPOEKUUHN BCE TO-JPYroMy: pasMepsl He 3a-
BHCSAT OT PACCTOAHMSA IO IIpPeIMeTa, a IapajjieJibHble TPAHHU OCTAITCH
napajieIbHBIMH M Ha mnpoeknuu. OpToroHalbHBIE NPOEKIIUU OYEHb
IOJe3HbI, TOTOMY 4TO HEJAIT TPEXMEPHYIO CIleHY IIpOoIle U IMO3BOJA-
JOT OIEHUTh UCTUHHBIE Pa3Mephl 06bEKTOB.




Beepnenue

B pepaxTope Blender Tun npoeKnuu mokasslBaeTca B JIEBOM BepX-
HeMm yray pabouero oxnHa. Hampumep, Hagnuce Top Ortho oznauaer
«BUJ cBepxy» (aHri. fop view), OPTOrOHAJBbHASA IIPOEKUMA (aHIJI.
orthograpgic). Hagnuce Front Persp osnauaer «BHj crnepenms (aHI.
front view), nepcuekTHBHas TpoeKNus (aHIJI. perspective).

YT00BI IEepeKJIIYUTHECA ¢ OPTONOHAJBHON NMPOEKIUH HA IepCleK-
TUBHYIO MJIX HA000pOT, HYXKHO HAMATh KHOIKY «5» Ha JOIOJHUTEJb-
HOM Kiaasuatype (Numb).

Bpamasa KOJECHMKO MBINIA, MOJB30BATE]b MOKET YMEHBIIAThL M
yBeJIMUYMBATE MacmTab uzobpaskeHuss B OKHE, HAJ KOTOPBIM HAXOIHT-
CcA KYpCOp MBIIIH (pasMephbl caMoro o60'beKTa IPH 3TOM He MEeHAITCH).
Jas BpameHHsa DPOUSBOJBHOM IIPOEKIUMH HYKHO HepeMeIaTh MBIIIb
Ipu Ha)KaToil cpeaHell KHomKe (Kosécuke). Haykas opHOBpeMeHHO
KOJIECMKO MBIIIA M KJaBumry Shift, mMoxxHO nepememars wu3obpa-
JKeHUe B OKHe, He IIOBOPAYUBAS €ro.

HOnsi BpameHuss ¥ IepeMelleHHsa YAO0OHO HMCIOJIb30BATH KJIIABU-
LUIU-CTPEJIKM Ha JONOJNHHUTEJNbHOW uudposoit kiaasuatrype (Num2,
Num4, Numb6 m Num8): B OOGBIYHOM DeKMMe OHU BpAIaloT CIeHy,
a npu HaxxkaTol knasuime Ctrl mepememnjaor Touky HabIIOAeHHA.

Bonpocsk! u 3anaHus

1. Kak crpouTcs AByMepHOe usobpaskeHne TPEXMepPHOH Momenn?

2. B kaxux safadax HeoOXOAMMO MCIOIL30BAHUE TPEXMEPHEIX Mojeiei?

3. Kax BBI gymaeTe, B KaKOM BHAE XPAHHTCA B NaMATH HHGOpMAIUA O
TPEXMEPHBIX 00beKTax?

4. Ha xaxmx sramax cosjaHus usobpasxkeHuit B mporpammax 3D-mopenmpo-
BAHHA HCHOJIL3YeTCs BEKTOPHAA W pacTpoBas rpaduxa?

5. O6bsacHUTE, YTO TAKOE MOAEIUPOBAHKE, TEKCTYPUPOBAHUE, DEHIEDHHT.

6. BcnomunTe, uTO TaKoe cBOGOAHOE IMporpaMmHOe obecmeuenwe. B uém ero
JAOCTOMHCTBA W HEJOCTATKH?

7. Yro rakoe KpocciiaTrdopMeHHoe nporpaMmHoe obecrevenune? OrHOCHTCSH
au nporpamma Blender k sTromy Tuny nmporpamm?

8. O6wacanre, moyemy Aias paboTel ¢ MpOrpaMMaMH TPEXMEpHOH rpaduxmn
TpebyIoTCsA MOIIHBIE KOMIBLIOTEDHI.

9. Yro Takoe npoexkuuu? 3aueM OHHU HYKHBI?

10. Yem oTamMYalOTCH MEPCHEKTHUBHBIE W OPTOTOHANbHBIe mpoexnmu? Korza

HX yA00HO HCIOJIBE30BATE?

IToaroroBsTe coobmenue

«ITporpammer gusa 3D-MoenupoBaHIA »

2]




TpéxmepHas rpadumka

o 3apaua

3arpysuTe B mporpaMMy Jio6yio TPEXMEpHYIO MOJEJb M HAYYHUTECH OPH-
eHTHPOBATHCA B TPEXMEPHOM IIPOCTPAHCTBE: MEPEXOJAUTH OT OZHOM IIPO-
eKIMH K APYyroi, MeHsATs, TOUKY HabawomneHus, HabIo0ZaTE pa3HLIE CTOPO-
HEI 00BLEKTOB.

§ 67
PaboTta c o6bekTamm

IIpuMuTHBEI

ITocTpoenue TpEéXxMepHBIX MoAesieil OOBIYHO HAYMHAETCA C NMPHMH-
THBOB — IIpocTedmnx 00beKTOB. K HUM OTHOCATCA MJIOCKOCTH (TOY-
Hee, €€ IIPAMOYroJibHas 4acTh), Ky0, cdhepa, DUIUHAD, KOHYC, TOD H
HEKOoTOpkle apyrue (puc. 9.4).

veEiLs

Cdepa Hunuaap Koryc Top
Puc. 9.4

Ilpu cospanum 00BEKTA €My aBTOMATHYECKM IPUCBAMBAETCA HUMA.
Hanpumep, nepssiii kKy6 Oyaer HaseiBaThesa Cube, Bropoir — Cube.001
U T. . OTO UMA MOKHO H3MEHUTHL HA IIaHeJH CBOMCTBE 00BEKTa, KOTO-
pasi pacmojioKeHa B TIpPaBoM dYacTH OKHa mporpamMmsbl Blender
(puc. 9.5).

Puc. 9.5




PabGorta c oobekTamu

Brinenenue 00BeKTOB

HOnsa roro urob6er paborars ¢ 06'b€KTOM, HAIPUMEP U3MEHATH €ro
CBOMCTBa, NpeABAPUTEJBbHO HYKHO BBIJEJIATHL ero. B mporpamme
Blender mmns aToro ucnosib3yercs npasas KHOIKA MBIIIA (2 He JeBas,
KakK B JPYIrUX IporpaMMax).

IIpn naskaron kiaaBuime Shift MOKHO BBIZETUTH NPaBOH KHOIKOM
MBI HECKOJbKO O0BEeKTOB OJZHOBPeMeHHO. Ecii NOBTOPHO MIENK-
HYTb Ha 00'bE€KTe, BhIAEJIEHUE CHUMALTCH.

C nmomomisio kaasuinu A (ot ari. all — Bcé) cHUMaeTCs BhIJeJe-
HUe CO BceX OOBEKTOB, a €CJIM HHM OAHH 00beKT He ObLI BBIZEJEH, BCe
OHH BBIJIEJIAIOTCH.

TTocne namkatus wkiaaBumu B (or auria. border select — BuIETUTH
PaAMKO¥) MOXXHO C IOMOIIBI MEIIIHA O0BECTH NPAMOYIOJbHOM paMKOi
BCe 00'beKTHI, KOTOPEIEe HYKHO BhIZEAUTH. Kciau 00beKkT xorTsa 6bI uac-
THYHO NONaJ B PaMKy, oH Oyzer BwiZeseH. Kpome Toro, MoXHO Ha-
JKaTh JIEBYIO KHOIKY MBIIIH U, yAep:KHUBad Ha)arToil kmaBumy Ctrl,
«00BecTHU» BCe HY:KHbIe 00bEKThI IPONU3BOJIbHBIM KOHTYPOM.

Jns Menkux o6BEKTOB yA0OHO HCHOJB30BATH KPYroBOE BBIJEJe-
HHe. ITOT MHCTPYMEHT BKJIOYaeTcA IIPH HaKaThh KjaaBumu C: IOAB-
JIAeTCA OKPYKHOCTb, pasMep KOTOPOH peryaupyercsi KOJECHKOM
MBIIIK. 3aTeM INeJYKOM (MM <«IIPOTACKHBAHHEM») JIEBOM KHOIKOM
MBIIIM BBIJEJNAITCA BCE 3JIEMEHTBI, IIONAJAlollie BHYTPH OKPYXKHOC-
. Eciiu B 9TOM pesKuMe cIyYaWHO BhIJeNIeH JUINTHUN o6beKT, BBIZE-
JIEeHHEe MOKHO CHSATBH, HAYKAB HA KOJECHKO MBIIIH.

CymecTByIOT U Apyrue, 0oJiee CJIOKHEIE CIIOCOOBI BEIAENIEHUA 005"
€KTOB, KOTOPHIE JOCTYIIHEI uepe3 meHIo Select.

C momompo kiaasumu Num. (Touka Ha HU@POBOM KJaBHATYDE)
MOKHO HNPUOJHM3NUTE BHIZENeHHBIN 00beKT, a Kiaasuma Num/ BpeMeH-
HO CKPBIBAeT OCTaJbHBEIE 00bEKTHI (KPOME BBHIIEJIEHHBIX).

IIpeobpazoBanus 00'bEKTOB

JI1060#1 00BEKT MOMKHO DIepememiarb, Bpa-
ImaTh U MacmITabupoBaTh (M3MEHATH pasMepshl).
ITH onepalyy Ha3bIBAIOTCA NMpeodpas3oBaHMAMM
06BeKTOB UnM TpaHchopmanuaMu (aHri. trans-
formations).

B omopHO# Touke (aHra. origin — HaYamgo
KOOPJAWHAT) BBIJEJEHHOTO OOBEKTa MHOABJIAETCH
TAK HA3bIBAEMBIN MaHHUIYJIATOD C TPEeMA CTpeJ-
KaMM, [apaajielbHBIMH  OCAM  KOODAMHAT
(puc. 9.6). Oce Z (cuHasa crpenka B Blender) na- Puc. 9.6
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IIpaBJieHa BBepX, a ocu X (xpacHas crpenka B Blender) u Y (senénaa
crpenka B Blender) HaxoaAaTcs B rOPU30OHTAJIBHOM IJIOCKOCTH.

3a BTH CTpPeJKH OOBEKT MOIKHO II€PEeTACKMBATHL JEeBOH KHOIKOI
MBIIIY, MEHASA ero IIOJOKEeHHe TOJLKO II0 OJHOH BBEIOPDAHHOH OCH.
IleHTpanbHBIH KpPyr AaeT BOSMOMKHOCTH IIPOM3BOJILHO NIepeMellaThb
00'BEKT B ILIOCKOCTH IIPOEKIIAHA.

O6BeKTHl MOYKHO BpallaTh KAK B IUIOCKOCTH MPOeKNHH (HAa)KaB
knasumy R, or anen. rotate — BPALUATb), Tak U BOKPYT OXHOH BhI-
OpaHHO# ocH (IJIs 3TOro IOCJIe HAKATUsA KJIABUINK R HYMXHO HaKaTh
kaaBumy c¢ HasBaHueM ocu — X, Y mam Z). MokHO HMCIOJIB30BATH
CIelIHAaJIbHBI MaHUIIYJIATODP BpalleHus, IO3BOJAKIINMI BpamaThk (hu-
Iypy 3a BBIIEJIEHHBIE YacTH OKpy KHOcTeii (puc. 9.7)

Z

MaHUTYIATOD BpAIIe U MaHADYJAATOD N3MEeHEeHUA PpasMepoB

Puec. 9.7

Yro6bl UBMEHHUTH pasMephl 00’beKTa, HYKHO HajKaTh KjaBumry S
(or aurj. scale — uaMeHuThs Macmrad) ¥ MepeMeInaTh MbIb. YTo6B
W3MEHATH pasMep TOJBKO IO OAHOM M3 OCei, HYKHO IOCJe HaXKaTHuid
KJaBUIIM S Ha)KaTh KJIABHINY ¢ Ha3BaHMeM ocu. MaHUOyIaToOp H3Me-
HEHHS pa3MepoB COAEpPKUT HeboibInHe KyOHMKH Ha
KOHIIaX ykasateiei oceil (cm. puc. 9.7). Ileperacku-
Bafg OJWH M3 HUX, MOXXHO MEHATh COOTBETCTBYIOIIUN
DasMep. + Y: 0.00000 *

KoopauuaTsl, yribl HOBOPOTA W pasMephl 00beK- ||
TOB MOJKHO 3aJ[aBATh C KJIABUATYPhI B YHCJIO0BOH (hop-
me. B nmporpamme Blender gyist 3TOoro MCmonbs3yioT ma-
Hens IIpeodpasosanue (Transform) — puc. 9.8, ko-
TOpas TIOABJSAETCA TNPH HaKaTuy KiaaBamu N.
YucoBBIe CBOMCTBA MOYKHO TaKiKe H3MEHAThH C I0-
MOIILIO MBI (IIepeTacKUBasi BJIEBO U BIIPABO CTPEJ-
KW PAJOM CO 3HAYEHUAMH).

Komns BbeIZleleHHOTO 0OBEKTa CO3ZaéTcd ¢ II0-
mompio kKJaasum  Shift+D. Barem o00BEKT-KOIHIO Puc. 9.8




Pabora c o6bekramm

HYJKHO IIEPEMECTHTL MBIIIBI0 B HY’KHOE MeCcTO M 3a(HuKCHPOBATh
IIeJYKOM JIeBOM KHOMKOM. Ecam mpegBapUTeNbHO HaaTh KJIABHIILY
X, Y niu Z, o0beKT-KOonIAa OyZeT mepeMelnaTbCcd TOJBKO BIOJb YKa-
3aHHOU OCH.

VaanuThk BeIfeeHHBIH 00BEKT CO CIeHBI MOYXHO C IIOMOIIBIO KJja-
Bumu Delete.

CucTreMBI KOOPHHAT

Ilo yMONYaHHUIO KCIOJb3yeTcs rjaobajdpHaAf («MHPOBas») cHCTeMa
KOOpAMHAT, HAYaJ0 KOTOpPOil HAXOAWUTCA B TOYKE C KOOPAHMHATAMM
(0,0,0) npocTpaHcTBa CIEHBI, OHA HE 3aBHCHT OT MOJOKEHHUA 00BeKTa.
HWuorpaa GerBaeT yao0HO mepedTH K JIOKAJbHOH CHCTeMe KOOPAMHAT, KO-
Topas cBsasaHa ¢ 00beKkTOM. Eé 1eHTD HaXOOUTCSA B OMOPHOM TOUKe 00-
BEKTa, & OCH MEHSIOT HalpaBjeHWe NPHU ero BpallleHuW, MoKas3biBad,
rae y oobeKkTa «Bepx» (JOKaJbHAdA OCh Z, ), «IpaBo» (JOKaJbHas OCh
X, ox) ¥ T. A. Ha pucyake 9.9 nmokasaHbl HampaBlieHHs oceil riobasb-
HO# ¥ JIOKAJbHOM CHCTEM KOOPAWHAT AJIfA MOBEPHYTOr'O KOHYCA.

T'nobansras JokansHaR
CHCTEeMa KOOPAMUHAT cHCTEeMa KOODAUHAT

Puc. 9.9

B nporpamme Blender mosxHO BBIOpATE HYKHYIO B JaHHBIH MO-
MEHT CHCTEMY KOODAWHAT C IIOMOINbI0 BHINAJAIOIIEr0 CIMCKa B HHMK-
Heli yacTH pabodero oxkHa. VIMeHHO 3TH OCH OyAyT HMCIOJIbL30BATHCH
IIpY IIepeMeIleHNH, BpallleHuy ¥ H3MEeHeHHH pasMepoB o0beKTa.

Caon

TpéxmepHas cueHa B Blender moker cocToATh M3 HECKOJbKUX
cioés. B paboueM OKHe BHIHBI TOJIBKO Te€ 00BEKTHI, KOTOPhLIE PACIIOJIO-
JKeHbl Ha aKTHBHOM cjoe. AKTHBHBINA CJI0H MOKHO BBEIOPATH IIETYKOM
MBIIIBIO HA CHEIHANBHOW HaHeNW B HHXKHEH yacTu pabouero oxHa
(puc. 9.10).
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Puc. 9.10

Bcero mo)xkHO mcmoan3oBath 20 cinoés, B gaHHOM ciaydae (cM.
puc. 9.10) kakue-TO 0O'BEKTBHI €CTh Ha ciaosAxX 1, 2 m 4. AKTHUBHBIN
cnoit — cioit 2, ero KJETKa BbIiesieHA TEMHO-cepbiM doroM. Ilénkas
MBIIIBI0O HA KJEeTKaxX NaHeJ W NpH Ha)katod kiaasume Shift, moxxkHO
cIoejaTh aKTUBHBIMH HECKOJIBKO CJIOEB, UTOOBI MOKAa3aTh BCE CBA3aH-
HBbI€ ¢ HUMH O0'BeKTEI.

OOBEKT MOMKEeT NPUHAAJIEKATh HE TOJBKO OJHOMY, HO U HECKOJb-
KUM cjoaM. 1 8TOro X HY’KHO BBIJAEJIHUTH B AHAJOTHYHOM 3dJIeMEH-
Te yIpaBJIeHWS HAa [IaHEeJH CBOMCTB 00BeKTa. 34ech e MOXKHO Iiepe-
BECTH OOBEKT C OAHOTO CJIOA Ha APYroit. s aTHX omepanuil MOMHO
TaKXKe HCIIOJIb30BaTh BCILIBIBAIOIIEe OKHO, KOTOPOEe IOABJIAETCH IIPpH
Ha)xXaTuu Kaasumum M.

CeassiBaEue 00'BEKTOB

IIpexcraBumM cebe, YTO Mbl HOCTPOMUJIHN TPEXMEPHYIO MOJeJb CTOJIA,
Ha KOTOPOM pasMeIleHbl TAPeJNKH, YallKH H CTOJoBhlie npubopsl. Te-
Iepb HYXHO IepPeABHUHYTH CTOJ B APYroe MecTO CIIeHbl U1 HEMHOI'O pas-
BEPHYTH ero. IIpu 3TOM TOYHO TaK Ke JMOJIKHBEI MePEMECTHUTHCH U BCe
00BbeKTHI, cTOANIMe Ha cToyie. YToOBI IIpole pemHuThs ITY 3amady,
HYKHO «IIPUBA3aTh» K CTOJIY BCe CTOSIIWE HAa HEM IIpeJAMeTEHI, T. €. Ha
MaHeJX CBOMCTB YCTAHOBUTH NI HUX TaK HA3BIBAEMBIH POAHTENH-
ckui o0BeKT (aHri. parent — poaurtess). MoOKHO IIOCTYIUTH HHAYe:
BBIIEJINTD, yAep:kuBaa kiaasuiny Shift, Bce HykHBIe 06BEKTHI (TapeJ-
KM, YallK¥ U T. [.), HOCHEAHUM BBIJIEIUTHL POAUTENLCKHHA 00BeKT
(croa) n Hasxars kaasumu Ctri+P.

ITocsne aroro mpu Bcex mnpeobpasoBaHMAX obbexTa-poputens (ime-
peMellleHUH, BpallleHuH, MaciuTabupoBaHUM) Te Ke caMble Ipeodpaso-
BaHUA IPHMEHAIOTCA U K 00BEeKTY-IOTOMKY. B TO ke BpemsA 00b-
€KT-IIOTOMOK HO-TIPE}XHEMY MOYKHO IIepeMelaTh He3aBHUCHMO OT POJH-
TeJIA, T. €. MBI MOKeM CBOOOZHO ABHIaTh YAIIKY IO CTOJNY.

Ob6paTuTe BEHMMaHue Ha oTiauyme rpynnsl B Blender or ananoruny-
HBIX CPeACTB B DOJBIIWHCTBe IporpamMM, paboraromux ¢ rpaduKoii:
00BEKTHl B TAKOH CBA3AHHOHW I'pyIllle HEPABHOIIPABHBI — CPeAH HHUX
€CTh OJUH POAUTENBCKUI 00BeKT U HECKOJBKO MOTOMKOB.




CetouHbie mogenu [SRG1s)

Bero cTpyKTYpY ClieHBI (MepapXuio 06b-
€KTOB) MOJKHO IIOCMOTPETH B CIEIHaIbHOM
okHe Crpykrypa mnpoexra (Outliner) —
puc. 9.11. 3pgecs BUAHO, HAIPUMEDP, YTO
o6bexT Cube — poauTenbCcKuil gasa 00BeK-
Ta Cube.001.

CopaBa OT uMMeHH O0BEKTa B OKHe
CrpykTypa mpoexkTa NOKasaHbl TPpHU 3HAU-
Ka: HIeJYOK MBIIIBI0 Ha H300pajskeHuu riia-
3a @b CKpBIBaeT 00BEKT; eClIu MEIKHYTH HA Puc. 9.11
3HAUKe h , To 00BeKT OyZer HeJb3s BbIJE-

JIATE (MHOTAA 9TO HEe HYXKHO0), a I[eJYKOM Ha 3HAUKe MO}RHO 3ampe-
TUTEH NIOKa3 06'beKTa NPU PEeHJIEPUHTE.

@ Lamp | ¢

Bonpocskl U 3agaHus o

1. Yro Takoe IPUMHATHUBEI? 3aueM OHM HYXKHBI?

2. Kax BBI Aymaere, 3a4eM KaKAO0My OOBEKTY CIEHBI IPUCBAMBAETCH VHU-
KaJIbHOe uM#A?

3. Kak BBIZIENIUTH OZHOBPEMEHHO HECKOJLKO 06BeKTOR?

4. Kaxue npeo6pazoBanus 00'beKTOB BEI 3HaeTe?

5. Kak M0 HO NIpUMeHNTH Npeobpa3soBaHUA TOJBKO II0 OZHOH OCH?

6. Yro Taxoe marunyaaropsi? Kax mx umcmonszosats?

7. Kaxue cucTeMbl KOODAMHAT NPUMEHSIOTCS IPH TPEXMEDPHOM MOJEJHpO-
Baauu? YeM OHHM PA3IHUYAIOTCA M KOTJA MCIOJL3YIOTCHA?

8. Bauem HYKHEBI ciou?

9. B kakux cayuasx ymoOGHO HCIOJL30BATH CBA3L 00HEKTOB «pomuTeNs —
TIOTOMOK » 7

3apaua A

B nporpamme TpéXMEpHOro MOAEJMPOBAHHS HAYYUTECh CO3JABATH DAa3-
JIMYHEBIE THOLI IPUMUTHBOB M NPUMEHATH K HUM Ipeobpas3oBaHud,

§ 68
CeTou4Hble mogenu

Kak crpoarca 00bexTs1?

ITo ymomuanuio o6bexTsl B Blender uszo6pakarorcs xax o0bEMHBIE
TBepAble Tesna (aHra. solid — cmiomuoit). Ilpu aTom He cpasy IOHSAT-
HO, KaK jKe IporpaMma MOKeT OBICTPO IlepecTpauBATL H300paKeHHe




TpéxmepHaa rpacdpuka

OpHA M3MEHEHHM TOYKH HabmwogeHus. [aa Toro 4Tobbl MOHATH BHYT-
PeHHee YCTPOMCTBO 00BEKTOB, HYIKHO C IOMOIILIO CIIMCKA m mepe-
KJIIOUUTBCA B APYrod peskuM, KOTOpsli HaswiBaercsa Kapkac (asri.
wireframe). Ml yBuAUM, UTO Kapkac Kyba Brawouaer (puc. 9.12):
e 8 Bepmuu: A, B,C, D, E, F,GnuH;
e 12 pébep, coeguusmomux Bepumuubl: AB, AD, BC, CD, EF,
EH, FG, GH, AE, BF, CG u DH.

A B
C
D
E
G
H
Puc. 9.12
Bepmuna (aury. vertex) — 9TO TOYKA B TPEXMEPHOM IIPOCTPaH-

cTBe, KOTOpas 3ajlaeTcs Tpems KoopauHataMu. PeGpo (aHru. edge) —
9TO OTPE30K, COeAUHSIONINN ABe BepIuuHEbI. Pé6pa orpaHMYMBAaKOT rpa-
Hu (aHri. face) — ydyacTKu moBepxHOcTeil. ¥ Kyba 6 rpaneii: ABCD,
EFGH, ABFE, CDHG, ADHE un BCGF.

Taxme Mojenu HA3BIBAIOTCH CETOYHBIMH (aHTVI. mesh), IOTOMY
YTO OHM NPeACTABIAIT co00il IOBEPXHOCTH, KOTOPBIE CTPOATCA HAa
ceTke u3 péb6ep. Yamie Bcero MCHONB3YIOTCA TPeyroJIbHbIE W Ye-
TBIDEXYTOJIbHBIE TPAHU, OAHAKO mocjenHue Bepcuu Blender moryt pa-
foTaTh ¢ I'paHAMH, cocToAmMuMU u3 Oosbmmero ymciaa pébep, — Tax
HaseiBaeMbIMU N-yroJpHMUKaMu wiam mojuronamu. Ilosromy uacto
NPUMEHSIOT BBEIDAXKEHHE «NOJUZOHANLbHAA MmoOenb» (OT aHrI. poly-
gon — MHOTOYTOJBHHK, noauron). Cdhepa um apyrue KPHBOJIWHEHHBIE
MIOBEPXHOCTH TOKE€ CTPOATCA M3 IUIOCKHX IpaHell, HO UX 3HAUUTEJLHO
6oJibIiie, yeM y Kyba.

TpéxmepHble MOAEJH XPAHATCA B BEeKTOPHOM ¢dopMare, AJS IO-
CTPOEHUS ITOBEPXHOCTH JOCTATOYHO 3aIOMHUTHL KOOPJMHATHI BEPIIUH
xapkaca. [Io HUM MO’KHO pacCuMTaTh KOODAMHATHI BCeX TOYEK DEGep
u rpaneit. Kaykjgasa rpadb oOpabaTeiBaeTcs OT/JeJbHO, IIO3TOMY YeM
foJible rpaHeii, TeM OoJibliiee BpeMdA TpebyeTca AJ1A pacdéTos.
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§ 68

Penalc-rnponanue CeTKH

Ilnsi M3MeHeHHS TOJOMKEHUA 2JIEeMEHTOB CEeTKH HYXKHO IepeHTH B
pexxuM pepaxktTupoBanus (aury. Edit mode). B nmporpamme Blender
AJIs 3TOr0 Menoabayercs kaasuiia Tab.

B pexmuMe pelakTUpPOBAHMA MOXKHO paborars ¢ BepIIMHAMH,
pébpamu u rpaEaMu. Hy:XKHBIA TUn 00BEKTOB BRIOUpAETCA C IIOMOIIIBIO
nmoKasaHHOro Ha puc. 9.13 aneMeHnTa ynpasieHHs, KOTOPBII pacioJio-
JKeH B HH)KHeH uacTh pabodyero oKHa, WJIH C IIOMOINbIO BCILILIBAIOIIE-
ro MEeHI0, KOTOpoe BhisbiBaerTcsa HaykaTumem kiaBumn Ctrl+Tab. Ha pu-
cyake 9.13 nepsas KHOIKa BbIesieHA TEMHBIM (OHOM, 3TO O3HAUaer,
4TO BKJIIOYEH PesKUM padoThl ¢ BePIIUHAMU.

e [EE

Puc. 9.13

Ilpu makatoii kaasuime Shift MOKHO BKJIIOYUMUTE HECKOJBLKO pe-
JKHMOB BBIJIeJIEHUSA cpa3y, HallpuMep BBIAENATH pEOpa U rpaHH.

Jyis BeIZEJIEHUS 3JIEMEHTOB CEeTKH HMCIOJL3YIOTCA Te K€ MeTOJEI,
4TO W IIPU BBIAEJIEHHH 00beKTOB. 3aTeM HX MOXXHO IlepeMelaTh, Bpa-
maTrs 1 Macmrabuporars. OueHb YIOOHO MCIIOJL30BATH KPY2060€ 6bi-
denenue (cm. § 67).

ITo ymonuanuio npu pabore ¢ pédpaMu U IpaHAMH BBIIEJIAIOTCH
He TOJBKO BUAMMBIE, HO U HEBHJMMEIE 2JIEeMEHTHI, PACIOJIOXeHHEbIe Ha
3aZlHel mMoBepPXHOCTH 00BbeKTa. YToOBI 9TOr0 HEe NMPOMCXOJHJIO, HYKHO
OTDAHUYHTE BBIJIEJIEHHE TOJBKO BUAMMBIMH 2JIEMEHTAMM, IIEJIKHYB Ha
KHOIIKe B HMOKHeH yacTu pabouero oxHa.

B pexxume paboThl ¢ BepIIMHAMH IETYOK JIeBOH KHOMKOW MBIIINA
npu Ha)kaToi KiaaBumie Ctrl cospaér HOBYIO BepIIMHY, KOTOpas CcO-
eINHAETCA C YK€ BbIIEeJICHHOH BepInWHOU. EcjHm BBIAENIHUTH [BE Bep-
muHLl (Mcnosb3ya Kaasuiny Shift) u Hamkars xaaesuiny F, Mexny
HUMH CTPOUTCA HOBOe pebpo.

Yro6b! CO3HATE HOBYIO I'DAHB, HYJKHO BBIJEJIUTE BCe BEPIIMHLI 3aMK-
HYTOTI'O MHOTOYTOJBHUKA U Ha)KaThb Kiaasuury F.

HOas focTyna K APYTHM OIlEpAllMAM C dJIEMEHTAMMU CeTOYHOM Moje-
JI MOXXHO HMCIIOJIBE30BATH BCILJIBIBAKINHE MEHIO, KOTOPBIe HNOABIAIOTCHA
npu Haxkatuu kiaasumn Ctrl+V (menwo giaa BepmuH), Ctrl+E (menio
nns pédep) u Ctrl+F (menro ans rpaneit).

B Blender cymecTByeT 0COOBIN pEeXHM IPOIOPIHOHAJIBHOTO pe-
aakTupoBanuAa (aHri. proportional editing). B aTom pe:xume nepeme-
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HUcxognas Moaesb ITocse capBura IeHTPaJIbHOM BEPIIHHLI

Puc. 9.14

maeMas BeplIMHa, pebpo MM IpaHb VBJIeKaeT 3a coboil cocemHme.
B npumepe, nokasarHOM Ha puc. 9.14, mepemelrnaniack BBepX TOJBKO
IeHTPAaJbHASA BEPIIUHA CETKH.

Henenue pédep u rpaHen

Yacro Tpebyerca pasjgenurs pebpo MM rpaHb Ha HECKOJBKO dac-
Teit. JlnA aTOM IesM IpOIIe BCEero MCIoJL30BaTh uHcTpyMeHT Ilogpas-
peaars (Subdivide), koTopelii AenWT BBIAEJIEHHBIE DEOpaA WJIM TPaHU
Ha HECKOJIbKO PaBHEIX dacTeii. IIpmMepHbl ero MCIoJIb30BaHUA IIOKa3a-
HBI Ha puc. 9.15.

—_— e
Opnno pebpo I Ba pebpa
TpeyronsHaa rpags YeThIPEXYTONbLHAA TDAHB
Puc. 9.15

Cymecreyer Tak:ke uncrpyment Hosx (Knife), koropsrit mosBosisa-
eT «pa3pes3aTh» BhIZeJIeHHBbIe pébpa. [IIa 9TOro Hy)KHO IPU Ha)KaTOM
kaaBume K HakaTh M He OTIYCKaTh JIEBYI0 KHOINKY MBIIIH, IIOCHe
4ero Kypcop CTAaHOBHTCA IOXOKHMM Ha HOK. Temepb ocTaérca IpoBec-
TH MBIIIbL Yepe3 TOUYKH JejeHHA pébGep. Ecam Hakumatre Shift+K
Bmecto K, pébpa, uepe3d KOTOpbIe HPOXOJUT HOMK, AEJATCA POBHO IIO-
noJiam.




CeTou4Hbie MOaenu

T SO
OpuHOYHOE cedeHue MHoOecTBeHHOe cedeHHe
Pue. 9.16

Hucrpyment Paspesars mernéit co casurom (Loop Cut and Slide),
KOTOPBIN BhI3bIBaeTcs Haxkaruem Kiaasuiu Ctrl+R, mossBosser paccedb
rpaHd II0 KOHTYPY BOKPYr O0OBEeKTa U CABHHYTH CeUeHHEe B HYKHOE
mecTo (puc. 9.16). KosécukoM MBIIIK MOYKHO YBEJIMYHUBATEL YHCJIO Ce-
YeHUH.

BeimaBnuBaHue

OauHE ¥U3 caMBIX TOJIE3HBIX MHCTPYMEHTOB IIpu paboTe ¢ CeTOUHEI-
Mu MmozensiMu — BeimaButs yuacror (Extrude). Beigasnusanue co-
CTOMT B TOM, YTO BHIOpaHHAs I'paHb MEpPEeMeN[aeTcs BAOJL HOPMAIH
(mepneHIUKYIAPA K 3TOM I'paHu) U BOKPYI' HeE€ CO3AAIOTCA HOBBIE I'pa-
Hu. Ha pucynke 9.17 mokasaHbl ABa THIA BHIAABIMBAHUA IEHTDAJb-
HOII BepxHe# rpasmu Kyba.

Brigasnusanue Brigasnusaamne
HADPYKY BHYTDb

Puc. 9.17

Juas Toro 4rTo0bl BBEIIOJHUTH BHIAABIHBAHHWE, HYMKHO BBIIEIHUTH
rpaHb, Ha)KaTh KJABHIDY E M MBIIIBIO IIEPEMECTHUTHh IDAHL B HYXXHOE
OoJIOKEeHHE.

BrigaBnuBaHNe MOXXHO NPHMEHSATH TAKKe K BbIJAEJEHHBIM pédpam
u BepumimHaAM. YToOBI OHM IepeMelaluch TOJbKO II0 OJHOH OCH, HYMK-
HO mocJjie KiaaBuiny E Ha)aTh KJAaBUIIY ¢ HasBanwem stou ocu (X, Y
wiu Z).

§ 68
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CrnaskuBanue

Brr yixe 3Haere, 4TO MOZe b JI000H IMOBEPXHOCTH B IporpamMmax
TPEXMEPHOI'0 MOJEJHPOBAHHUA CTPOUTCA W3 OTAENBHBIX IJIOCKHUX Ipa-
Heii. OZHAKO BO MHOIHX CJIydYadX peaJIbHBIH OOBEKT MOJeJIHpOBa-
HUS — TJafgKHil, M HA KapTHHKE HY’KHO IIOJYYHUTE CIIAKEeHHYIO
IoBepXxHOCTEL (puc. 9.18).

Bes craaxxuBanua Co criaXuBaHueM

Puc. 9.18

I criaa’KuBaHUA CTHBIKOB MEXKAY TPAHAMH HCIOJIL3YIOT HHCTPY-
meHT Craaguts (Smooth), KoTOpBIll MOeT IPUMEHATHCHA KaK KO BCe-
My O0BEKTY, TAK M K OTAeJbHBIM IpaHaM. IIpu aToM Ba)KHO, UTO Ieo-
MeTpusi 06beKTa (KOJIMYECTBO rpaHeil, cnocod pasbUBKH Ha I'DaHU) He
usmensiercd., Obparure BHMMaHMEe HA KOHTYDP 00BEKTa — OH OCTAJICA
yraoBaTeiM. IIporpamMma BBINOJHSET CrIakKHBaHUE («CKpyIJIeHUEe»)
rpaHeil TOJBKO IIPHA BEIBOAE M300parKeHWUA HA SKPaH, MCIOJIbL3YA CIie-
nuajJbHbBIe aJITOPUTMEI 3aTeHEeHHU .

EcTe u pyro# crnocob criiaskuBaHUsA — JOIOJHHUTeJIbHas pas3bus-
Ka Ha 0OoJee MeJKHe TIpPaHH, MBI DACCMOTPHUM €ro B CJeAVIOIIeM
naparpade.

Bonpocb! U 3apaHuns

1. Yro Takoe ceTouHas mojenb? M3 KaKUX 57eMEHTOB OHA COCTOMUT?

2. ITogymaiiTe, KAKMMH JOCTOMHCTBAMM H HeZOCTATKAMH 00JaaioT ceTod-
HBIE MOJEJIHU.

3. B kakomM (popmaTte (PACTPOBOM MJIM BEKTOPHOM) XpaHUTCHA MHMOpMAaNUA O
CeTouHO Momenu?

4. Kak cBA3aHO KOJWYECTBO rpaHeil MOZiean W BpeMs pacuéra uaobpaxeHus
cruessr? Kakue pekoMeHZAIUKM Bl MOYKETe JATh B CBASH C 3THM?

5. Paccraskure 0 mpuéMax, KOTOPbIe MOMHO HCIIOJb30BATH AJIA PEJaKTHPO-
BaHHHA CETKH.

6. Yro Takoe BeIZaBIHBaHUE?

7. BaueM HYXKHO Cria)KuBaHue?




MoaudmkaTopbl

3apaun A

1. UccaenyiiTe ceTOYHYIO MOJIeNIb Ky6a M HAYIUTECh UBMEHATH e€.

2. UccreayiiTe ceTOUuHbIe MOZIENM ABYX THIOB cep, Koropsie B Blender Ha-
seiBaorcs UV-cipepa (UV-sphere) m Hrocasanp (Icosphere). Yem onm
pasnuuarTcsa?

§ 69
Moaundukaropsl

Yro aTo Taxkoe?

MomuduxaTop — 3T0 npeobpasoBaHue 00BEKTa, KOTOPOE BBIIOJI-
HfeTcAa aBTOMaTHWYeCKM IIPH BBIBOJE IPOEKIIMM Ha dKPaH WK IIOCTpOe-
HHAH TOTOBOrO wu3obpaskenusi (pendepunze). llpm sroM reoMeTpus
00beKTa He MeHAeTCHd, T. €. 9TO Hepaspyllalwlnasa onepanusa (meicrsue
MoaudUKaTOpa Beerja MosKHO oTMeHHTh). Kak nmpasusio, MoauduKaTop
¥MeeT HACTPONKH, KOTOPBhIE MOXXHO MEHATEH B JIMAJIONOBOM DesKuMe.

Insa mob6oro 06beKTa MOXKHO HMCIIOJIb30BATH HECKOJIBKO MOAU(HU-
kaTtopoB. OHM HEHACTBYIOT IIOCIENOBATEILHO, T. €. IePBblil MoguduKa-
TOp (BepXHUi B cHucKe) «paboraers ¢ MCXOXHONW CETOUHON MOJENBIO,
BTOpOif — ¢ peaysibrarom paborsl mepsoro u T. A. Bce npuMeHEHHEIE
MoaubuKaTopel obOpasynT crex MoamdmkarTopos. B mnporpamme
Blender BepmmHa crexa (IOcAefHMI NpPUMeHSEMbIH MOAUMUKATOD)
HaAXOOUTCA B KOHIe cnucKa. [lopanok IpUMeHEeHUsS MOLHU(PHUKATOPOB
MOJKHO M3MEHATh.

Kaxapiii pas, Korja IoJb30BaTeb U3MeHsAeT BHJ CIeHbl (Hampwu-
Mep, MOBOpAuMBas WM IepeMeliasd 00beKThbl), JJA IOCTPOEHHs IPO-
eKIHMN MOAUMDUKATOPE] IPUMEHAIOTCA 3aHOBO K M3MEHEHHON CeTOYHOM
MOJeJIH, a 3T0 TpebyeT 3HAUUTEIHLHOTO BPEMEHH M PecypCoB KOMIIBIO-
tepa. OZHAKO MCXOXHAS CETOYHAsA MOJeJb OCTAéTCs JOBOJIBHO
TIPOCTOil, ¥ €€ Jerko pefaKTUPOBaTh.

Korza Mojensb IOJHOCTBIO FOTOBa, MOMHO pa3 M HaBCcerga IpHMe-
HUTH MOAM(PUKATODP, T. €. BHECTH COOTBETCTBYIOIME M3MEeHEHHA B ce-
TOYHYIO MOZeab. Hy»XHO yUUTBIBATH, YTO BO MHOTHX CIy4afX (Hampu-
Mep, NpU CIUIa’KWBAHHUM) HOBadA MoJenb OymeT comepyKaTb 3HAYHTENb-
HO OoJbIIee UYMCIO TpaHeil, 3aHEUMAaTh OOJbIIe MeCTa Ha [AUCKe H
rTpefoBaTh 0oJibIle BpeMeHH [usA peHaepuHra. Kpome Toro, pegakTu-
poBaTh eé OyZeT HaMHOTO CJIOXKHee,

257




TpéxmepHas rpadpmka

Hajee Mbl MO3HAKOMHMMCS C HEKOTOPHIMH YACTO HCIIOJIb3YEeMBIMA
Mmogudukaropamu nporpammsl Blender. IIpo ocranpHBIE BRI MOKeTe
Y3HaTh B CHPaBOYHOM cHCTeMe.

CraasxuBanme

B npupozne penko BcrpeuaroTcs 4ETKME M POBHBIE yraibl. IloaTomy
ansi cerouHbIX MOAeNel JKUBOTHEIX, DACTEHHI, JIOZEH, CKa30YHEIX
IepcoHas)kel 06A3aTeIbHO HCIONL3YIOT CTJIaKMBaHMeE.

B npeamiaymem maparpadge y:ke paccMaTpUBAJCA OAMH BapHaHT
CII&YKUBAHUA — € NOMOIIbI0 MHcTpyMeHTa Craamurs (Smooth). ITo-
n00HYIO OIepanuio MOXKHO BBINOJHUTH C IOMOIILI0 MoAMdHUKaTOpa
Iloppaspenenue mosepxuoctu (Subsurf, asrn. subdivision surface —
pasbueHne MoBepxHOCTEH).

¥ momupuraropa Iloapasnenenne moBepXHOCTH €CTh HACTPOMKH,
C IOMOIIBI0O KOTOPBIX MOYKHO pPEryJMpOBAThH CTENeHb CrIaXHBAHUA
(puc. 9.19).

Bea crnaskusanns VYposesns 1 Vposens 4
(6 rpaneii) (24 rpaun) (1536 rpaneii)
Puc. 9.19
Cummerpus

Ilpn MojenmpoBaHUM CHMMETDPHUYHEIX OOBEKTOB, HAIpUMEDP MOp-
JOYKH XHUBOTHOI'O, XOYeTCA aBTOMATHYECKH IIOAAEDP’KUBATH OAHHAKO-
By10 (popMmy JeBoii u mpaBo# uacreit. Ins sroro ygo6HO NpPUMEHATH
monudurarop Orpasxenune (Mirror).

OcHoBHOIT 00BeKT B mpumepe Ha puc. 9.20 — 3T0 mpaBas NMOJOBU-
Ha MoJenaH rojoBel o00e3baHkH Cro3aHHBI, KOTOpas BKJKYEeHa B
Blender kax TecroBerit o6bexT!. Ilpn uMcnonb3oBaHUM MogudHUKaTOpa
OrpaxeHnnme Bce M3MEHEHHS, KOTODPbIe BBINOJHSAIOTCA C MPaBO# wac-
ThIO, ABTOMATUYECKH IIPUMEHAIOTCA U K JIeBOM.

Ecan npumennTs MogudukaTop, mEJIKHYB HA KHONKe [IpuMenuTs
(Apply), 6ymer mocrpoena HOBasi CHMMETPHUYHAA CETOYHAS MOJeNTb,

1
B APYrux mnporpaMMax B KadecTBe TeCTOBOI'O obBeKTa HCIIOJB3YIOT Yau-

HHK.
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o

IlosioBMHA roOJIOBBL C moguduraropom Orparxenue

Puc. 9.20

B KOTOpOH JieBag W IpaBas 4YacTH HE3aBUCHUMBI APYr oT apyra (T. e.
IIpu U3MEHEeHHUH OJHOM IIOJOBHUHLI BTOpad ye He Oy/eT M3MeHATHCH).

Jloruueckue ornepanmuu

C momommsio moguduraropa Jlormueckuit (auris. boolean) mMoxHO
CTPOUTEL O0BEeIUHEHHNE, [IepeceyeHre U «PasHoOCTh» JIBYX 00bexTOB. Ha
pucyHke 9.21 moxasaHBI 4YeThIpe BO3MOJKHBIE «JIOTUYECKHEe» omepa-
UK, KOTOPbIEe MOYXHO IPHMEHHUTH K Ky0y u coepe.

P 9

O6benuHEeHHE Ilepeceuenne <«Ky6 munyc chepa» «Cdepa muryc KyO»
(Union) (Intersection) (Difference) (Difference)

Puc. 9.21

Jlerko 3amMeTHTh, YTO OOBEIUHEHHE U IlepecedeHHe MOMKHO COIIO-
cTaBuTh Jiorndeckum onepanuam «AJIW» u «M», KoTOpbIe BLI U3yua-
au B 10 Kiacce.

MoaudukaTop NpuMeHAETCA K OJHOMY 00BEKTY, a8 BTOPOI yKashI-
BaeTcsa B napamerpax moauduxaropa B nose O6wexr (Object). Ha pu-
cyake 9.22 mokasansl HacTpoliku moxuduraropa Jlormueckuit aia
cliyuasi, KOTJa HYKHO IOCTPOUTHL «PA3HOCThL» chepsl (060beKT ¢ ume-
HeMm Sphere) u xkyba (06bexT Cube). Cnucox Omnepammusa (Operation)
M03BOJIAET BLIOPATh HYIKHYIO onepanuio (3geck — omnepanusa PazHoers
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Pue. 9.22

(Difference)). Ilpu arom Ky6 HUKaK He MeHAETCHA, a BMecTO cdepsl, K
KOTOpPO¥ NpUMeHEH MOXU(DPHUKATOD, MOABIAETCH 00BEKT «cdhepa MUHYC
Ky0», T. e. 9acTh m1apa, KOTopas He BXOJHUT B Ky0.

Ecnu mocne aToro cABMHYTH Ky0, IOJYYEHHBIH 00bEKT-«Pa3HOCTH»
H3MEHHTCHA, IIOTOMY YTO OH Ka’yKJblil pas CTPOHTCS 3aHOBO C YUYETOM Te-
Kyulero noJyioxesusa chepsl u kyba. YTobbl HOBBEIM 00BEKT CTAJI He3a-
BHCHMBIM, HY’KHO IPHMEHUTh MOAU(PUKATOD ¢ HOMOIIBI0 KHONKHA Ilpu-
meHuTh (Apply). Teneps usmenenna Kyba He OYAYT Ha HETO BIUATH.

Cerka o0BexTa, IOJTYYEeHHOrO B pe3yjibTaTe JIOTMYECKON omepa-
UM, 3HAYUTEJBHO YCJIOXKHAETCA B MECTAaX CTHIKOBKM MCXOIHBIX TeJ,
IIO3TOMY IIOTOM €€ JOBOJILHO CJIOYKHO PeJaKTHPOBATE.

Maccus

Mopgundurkatop Maccus (Array) n03BOJs€T CO3[4aTh HECKOJIBKO KO-
nuii (KJIOHOB) OCHOBHOTO O0'BEKTA, KOTODhIE CMEIIeHBI APYT OTHOCH-
TeJBHO Jpyra Ha oJMHaKoBoe pacctosHue 1o ocam X, Y u Z. Hanpu-
Mep, TaK MOXXHO M3 OAHOM MOJEJH COJIZATA MOCTPOHUTH MOAEJE LeIoro
B3BOJIa, CTOAIIEr0 B KOJIOHHY WMJH IrepeHry. Ecium B ToM ke caydae
HOBTOPHO HCIOJIL30BaTh MoAudurarop MaccHB M 3aJaTh CMeIIeHHe
1O APYTO# OCH, MBI CMOXKEM IIOCTPOMUTH COJIAAT B HECKOJBKO KOJOHH.

Konum (KJIOHBI) COXPaHAIOT CBA3b C OCHOBHBIM OOBEKTOM, IIPH
J1000M ero M3MeHEHUM KJIOHBI TaKyKe MeHAITCcsa. Eciu NpuMeHHTH
mopudpurarop Maccns (¢ nomompi0 KHONKYA IIpMMEHHTB), CBA3L KO-
IUH ¢ UCXOAHBIM 06BEKTOM paspblBaeTcs, IIOCJe 3TOr0 MX MOMKHO pe-
JaKTUPOBATH HE3aBUCUMO APYT OT Apyra.
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Hedopmanus

Ina usmeHeHusa GOpMBI 00BEKTOB dacTo yAobeH MOAM(MHUKATOD
Pemérra (Lattice). Mcxonusiit o6bexT (Ha puc. 9.23 — cdepa) nome-
IaeTcss BHYTPh CIIeNUAIbHON «KJIeTKu» — oObexTa Pemérka. O0bexkT
Pemérka — 3TO BCIIOMOTraTeJbHAsd CeTKAa, KOTOpas He NOKa3blBaeTCs
IpY PeHJEePUHTe, T. €. He BIHUAET HA UTOTOBYIO KAPTUHKY.

Ho

Puc. 9.23

3aTeM K HCXOOHOMY OOBEKTy HpHUMeHseTca MOAUMHUKATOD
Pemérka. B pesyibraTe 0O0BEKT U «KJETKa» OKA3BIBAIOTCH CBA3AHHBI-
MM, TAK UTO IPU U3MEHEeHUH (POpMBI KJIETKH (Hanmpumep, NpPH Iepeme-
IeHHUH eé BepInuH U pebep) MeHsercs 1 (GoOpMa OCHOBHOI'O 00'bEKTA.

C nmoMoIbi0 pemeéTKH yao0Ho MeHATE Gopmy ofbeKTa Npy aHuMa-
UK, He MEHsAs ero CeToYHyio momxesnb. Hanmpumep, MAY IPU OTCKOKEe
OT [OJIJa HEMHOro CIUIIOIIUBaeTCd, a I0TOM OIATh NPUHHMAET
HOPMaJIBHYI0 pOopMY.

Bonpocbl u 3apaHuna

1. Yro Takoe mogudurarop?

2. ITouemy MOAMMPHUKATOPEI — 3TO HEPA3PYIIAIIMIA METO/ PeJaKTHPOBAHMA?

3. Uro o3HauaeT <«IpUMeHHTH Moxupukrarop»? Kakxme mocromHCTBA ¥ He-
AOCTATKHA MMEEeT 3TOT IpHuém?

4. Yro raxkoe crek Moguburaropo? Kak Bimser pacnoJsoxeHne Moaudu-
KaTOpPOB B CTeKe HA OKOHUATEJBHBIH pe3yasTar?

5. OmumuTe AeicTBUA MOAM(PUKATOPOB, PACCMOTPEHHBIX B TeKcTe maparpada.

3apaun

1. Hayunrech HCHob30BaTh MOAuGHKATOPHI, PACCMOTPEeHHBIe B TeKCTe Ia-
parpada.
*2. HaliniuTe AOKYMeHTAUHIO IO JPYrUM MoAM(pHMKaTOpaM M HAYYHTECh HX
IPUMEHATD.




TpéxmepHas rpadpmka

§70
KpusBbie

OcHOBHBIE TOHATHH

KpuBrle HMCIONb3yIOTCA B IpOrpaMMax TPEXMEpPHOU rpad@uKu Kak
BCIIOMOraTeJIbHble BEeKTOPHBIE O0BEKTHI, HAIPHUMEpP AJA TOro, 4TOOBI
3ajaTek (opMy Tesa BpallleHHMsA MM MonepedHoe cedernue Tpyosl. C mo-
MOIIIbI0 KPHUBBIX ONpPEAENAI0T TPAEKTODHHU [BUMKEHUS OGBEKTOB HpPU
aHUMAal¥{, UCKPHUBJAIT TEKCTOBBIE CTPOKH, MOJEJHDYIOT IPOBOAA H
HUTKH. 3AMKHYTYIO KPDUBYIO HA3EIBAIOT KOHTYPOM.

B nporpamme Blender MokHO CTpOUTH ABa THIIA KPUBBIX — KpH-
Boie bBesre u kpuseie NURBS (amrn. Non Uniform Rational
B-Splines — HepaBHOMepHBIE paruoHaJbHLIe B-cruiaiiner). B aTom ma-
parpade Mbl PACCMOTDHUM TOJIBKO KPHBBIe Bedbe Kak caMble IIPOCTHIE.
Kax BBl 3HaeTe, OHH COCTOAT M3 y3J0B (OIOPHBIX TOYEK) U CEerMEHTOB
(coeguuaAOmMUX HUX JuHUN). KpHBHU3HY CEerMeHTOB ONpeAeNdAlT Ha-
IIpaBJIAONIAEe JUHUH (KacaTeJbHbie) B KAXKAOM yalie, IOJOXKEeHHe KO-
TOPBIX MOYKHO PeryjiupoBaTh C IIOMOMIbIO «PBIYaroB», MX KOHIBI 000-
3HAYeHBI Ha puc. 9.24 GenbIMHU KPYIKKaAMMU.

Gy B

Puc. 9.24

Jost mocTpoeHUA KaMAOI'0 CerMeHTa MCIOJB3YIOTCH TOJBKO 4 TOY-
KN, NMOKasaHHBIe Ha puc. 9.24: mBa yaja, ONpeAeNAIOIIHEe CEerMeHT
(A u I'), u xoHUE! peruaros (5 u B).

KpuBas Ha 3TOM ydYacTKe BBIXOJAHUT M3 TOYKHM A B HalpaBJIeHUHU
Touku B, 3areM marubaercsa K Touke B M, HakOHeI, BXOAUT II0 Kaca-
TeJNbHON B TOUYKY I'.

B nporpamme Blender paznmmuarorcsi yeTsipe Tuna yaJios (puc. 9.25):

e BEKTOPHBIe y3Jbl (aHIVI. vector — BEKTODHBIH), IIpegHAasHAYEH-

Hble [JIf PUCOBAaHHUA JIOMAHBIX (KacaTesJbHbIe HAIIPpABJIEHBl B CO-
CeIHIOIO TOYKY);

e Taankue yauael (auri. aligned — BBIDOBHEHHBII), B KOTOPBIX

obe HaIpaBJIAIONIME JIeXKAT HAa OJHOM IIPAMO;




Kpuesie [N4AY

I'nagxwuit yaen
BekrTopHBIe Y3JbI Yraosoii yaen

AgpToyses

Puc. 9.25

e YIVIOBBIE, WK CBOOOAHBIE y3abl (aHru. free — CBOOOJNHEINH),
B KOTOPBIX KaXXKAYIO0 HAIIPABJIAOIIYIO MOXKHO HacTpauBaTh Hesa-
BHCHMO OT APYIO;

e aBTOY3JblI (QHIJI. aut0 — aBTOMATUYECKHH) — TJIafKWe V3JHI,
B KOTOPBIX IIOJIO}KEHHME HANPAaBJISIOIINX BhIOWpaeTcsa Iporpam-
MO,

Ilpu cosmanum kpusoi Bease B Blender (menio Jlobasute — Kpu-
Baa Besse (Add — Curve — Bezier)) cTpoutcsa craHzapTHas KpHUBas C
ABYMA TJIQAKHUMH y3JIaMH, HaxopdAlmasics B miaockoctu XY. Kpusyio B
IeJIOM MOKHO PeJaKTHPOBaTh KakK OOBIUHBIN O00BEeKT (IepeMeniars,
BpallaTh, U3MEHATH Pa3dMephl).

Jnsi HACTPOMKHU OTAENBHBIX Y3JIOB HYKHO IepedTH B PeXMHUM pe-
paktupoBanuda (kiaasuma Tab), B KoTopoM MOXKHO IlepeMelaTbh caMu
VY3JBI U UX yIpasiasiommue perdaru. CoszaThk HOBBIN y3es MeXIy ABY-
M$ BBIJEJEHHBIMH y3JIaMH MOJKHO C IIOMOIIBIO BCILIBIBAIOIIEr0 MEHIO
Cneunansasie — Ilogpaamenurs (Specials — Subdivide), koropoe mo-
ABJAETCA NpW Ha)kaTum Kiaasumu W. MeHio ana Beibopa Tumna ysia
BbI3BIBaeTCA KjaaBuuiei V.

Kpupble 4acTo MCHOJB3YIOT KAaK BCIIOMOTraTelIbHbIEe O0BEKTHI AJA
mocTpoeHUA GoJiee CIOMKHBIX (DUryp, IIOSTOMY IIDH peHAEepHHIe UX He
BuaHo. OgHAKO KOrga MBI MOZEJHPYEM C IIOMOINBIO KPHBOH Hampu-
mep, Kabenb, TpyOy, HUTKY ¥ T. ., OHA JOJI’KHA IIPUCYTCTBOBAThH Ha
rorosoM usobpakeHuu. I 3TOro Hy’>KHO M3MEHHUTH €€ CBOMCTBA 0CO-
OpIM OOpasom:

e cJejlaTh KPUBYIO TPEXMEPHO# (BKJIIOYUTH pesxuM 3D);

e B cnucke 3anoxnenue (Fill) Bribparr BapuanT IloaHOCTHIO

(Full); npyrue BapHMaHTHI IO3BOJAIOT IIOCTPOUTH IIOJOBHHY MM
YeTBepTh TPYOHI;

e npumeHuts Ckoc (Bevel).




TpéxmepHan rpaduka

ITocne aroro Gymer mocrpoeHa TpyOKa, eé AuaMeTp OIpejesiaeTcs
rnybuHOM ckoca (mapamerp I'my6uma (Depth)), a raagkocTs moBepx-
HocTH — mnapamerpom Paspemenme (Resolution). Ecau my»xHO yBeau-
YUTh TOJII[HHY CTEHOK, K TAKOH TPyOKe MOXXHO IPHUMEHUTH MOAH(MU-
katop O6sémuocTs (Solidify).

IlmacTHHEI

IIpn nmaskaruu kaasuin Alt+C Kpusas samMbIKaercs (MM pasMbIKa-
eTcs, eciau oHa ObLia 3aMKHYTa). KOHTYD (3aMKHYTYIO KDHBYIO) MOMKHO
IIPEeBPATUTL B IJIACTHHKY, KOTOpas OyaeT IIOKasaHa NpPH DeHAEPHHIe
KapTHHKH. [[1a sTOro B cBOMCTBaX 00BEKTA HYKHO YCTAHOBUTH DEXKUM
2D (amrn. 2-dimensions, nIByMepHas, WX IJIOCKAsA KPUBasA) U HEHY.Je-
Boii mapamerp BreimaButs (Extrude), xoropelii onpepesser TOJNIMIUHY
mracTuHKH. ITapamerp Ckoc sazmaér dacKy, KoTopasd IPUMEHAETCS KO
BceM rpaHsaM (puc. 9.26).

©

Kontyp Brigasnusanue BrigasnuBarue
tdacka

Puc. 9.26

9THu onepanuu (paKTHUYECKH IPeACTABJIAIOT co00M MOAU(PUKATODHI,
IpuMeHAeMble K KOHTYpPY. OTO 3HA4YHUT, YTO KOHTYDP HO-HPEXKHEMY
MOXXHO CBOOOJHO pefakTUpoBaTh. UT0OBI clesaTh M3 TAKOro obtbexkTa
CeTOYHYIO MOJeNb, HY)KHO Ha)kath Kjaasumm Alt+C u BpIOpaTs BO
BemibiBatomem meHio komaHzay Ilommcerka m3 wpusoii (Mesh from
Curve). Eciu Teneph BBHIAETUTh OOBEKT W MEPEHTH B PEIKUM peIaKTH-
POBaHUA Y3JIOB, MBI YBHAUM «OOBIYHYIO» CeTKY H3 Yy3J0B, peébep
U rpaHeii.

IIpoduan

YacTo HYKHO CMOJEJNHUPOBATHL Kabesnb, TpyOy uiu OpPycok, MMelo-
Ui 3agaHHBIA NpoduIab cedeHusaA. B mporpamMmax TpéxMmepHOH rpa-
¢buKH aaA 2TOro OOBIYHO MCHOJIB3YIOTCA ABe KPHBLIE: OJHA 3a1aér
npodunbs cedeHHsi, a BTopas — OyTh. Ha pucyske 9.27 mokasaHBbI
KpHUBBIE, C IIOMOIIBI0 KOTOPEIX IMOCTPOEHA MOJEJNb 0AJIKH C cedeHHeM B

¢dopme Taspa.




Kpuesie [Sl4e)

Ceuenne IIyTe PesynsTar

Puc. 9.27

Huasa Toro urobbl cBsA3aThk ABa KOHTypa B nporpamme Blender,
HYKHO BBIZIEJIATh KOHTYD-IIYTh B NEepeiiTH Ha CTpaHHIY JaHHBIX 00B-
exta (Object Data). 3arem B mone ®opma ckoca (Bevel object) us
CIIMCKA CYLIECTBYIOINMX KOHTYPOB BhIOMpaeTcsa MMs KOHTYpa, 3aJaio-
mero npodunsk. B HeKOTOpEIX mporpamMMax, Hanpumep B 3ds Max, Ta-
KOUM IIpuéM HasbIiBaeTcd «JdodTHHr» (aHri. lofting).

O6BeKT, KOTOPBIH MBI BHUAMUM, CTPOMTCS TOJBKO IIPH BBLIBOJE Ha
9KpaH. B mamMATH OH XpaHUTCHA KAK /(Bé KPUBbIE, 4 HE KAK CETOYHAHA
mozensk. IToaToMy MOMKHO KaK yroJHO M3MEHSTH GOPMY OYyTH M IPO-
¢duna, Ho Henb3a paboTaTh ¢ OTHEJBHBIMH BepPIIMHAMH, PEOpaMu H
TPaHAMH.

K rakomMy 06B€KTY MOMKHO IIPUMEHATH MOAH(PUKATODEI, HAIIPHEMED
Ilogpasmemuts (Subsurf) ana nDonyyeHus TrIaAKOH ITOBEPXHOCTH.
MoxkHO Takike NpeoOpasoBaTh ero B CETOYHYI MOZAENb C IIOMOIILIO
kaasuin Alt+C.

Tena Bpamenus

B #WM=HKW HacC OKpPYXaeT MHOXEeCTEO (Z:I6'I:|EI-i'_—I'IZIIB_r KOTOpble MOryT
BBITh NOCTpOEHbl KakK Tena epalleHW A Tapenkk, CTakKaHbl,
ED}CEJ'II}I, E3zZbl M1 T.M. ,ﬂ..l'lﬂ MxX MOOenHMpoOBaHWMA Takde MOMHO
MCMNoMAbE0EaTEe Npo@KnKM, HO B O3aHHOM CNydas KoHTYP, '
onpedenArUKME Ny Te, — 3TO OKPYHHOCTD.
Ha pcyH- ke 9.28 mokasaHo, KAK NOCTPOHTH TPEXMEPHYIO MOJENh TAPEIKH.
1Ipu cosparEuM TPOMUIA HA OKPYKHOCTH OKA3bBIBAETCS ONODHAA
TOYKA KPHUBOH, ONpemesdlonieil ceuenre (HAYAIO JIOKAJIBHBIX KOOPAM HAT),

L

' R

Ceuenne IIyTe Pesynwsrar

Puc. 9.28
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. MO3TOMY STY TOUKY HY¥HO PaSZMeLlaTe H3 PacCTOAHMM
paanyca OKpY»HOCTWM OT Kpaa KpWeEol (cM. prc. 9.28). AnA
nepemMelleHMA ONoOpPHOM TOYKK MOXHO LWENYKOM MblLA

WCTIHOEWMTE KYpCOp B HYy#HOS MecTo 1 EnDpaTe B MeHH nog

npoekKUMerd KoMandy OO0wvexT — MpecbpazosanHva — OMopHVYHD
TouKy Kk I0D-kypcopy [(Object — Transform — Origin to 3D
Cursor).

OrmernM, wro B nporpamme Blender cymectrsyor # gpyrue cnoco-
OB MOCTPOEHHA TeNl BPAIEHWH, HANPHMeD HHCTPYMeHT Spin (amrm,
spin — BpaeHNe), TPHMEHAEMBIH K CETOUHBIM MOJETAM.

@ Bonpocel v 3anaHna

1. 3aueM HCOONBEIVIOTCH KPHELIE B NPOrPAMMAX TPEXMEDHON0 MONENHpOBA-
HHAT

2. Ha gaxux aneMeETOB cocTOMT KpHpan Besre? Kak mamenaTs dopmy Ta-
HOl KpHBOAT

3. Kagpe THOR VAI0B HCOOABIVIOTCA NPH NOCTpoeHHH KpHBRX Beane? Kak
HMEMEHHTH THI vana?

4. Kax coenaTe BHANMYID HETE HAH TPYGY ¢ NOMOIEK KPHBERIX ?

5. Kax coagaTe NuacTUHHY?

6. Kax HenoAeavioTed KDHBLE AAA MOSeAHPOBRAHHA 00LEKTOR ¢ SANAHHBIM
npodmIem ceueHnaT

7. Uro aymHE0 caenaThk, 4Toln MoxHO OBLI0 HIMEHATE DONOMEHHE OTIENbL-
HBIX BEPUINH TAKOH Mogenn?

8. Kax cMOIeIHpoOBATE TEOO BPAIEHHAT

A 3apaun

1. MocTpoiiTe TpéXMEpPHY MOIens Jororuna nporpaMmys Blender, menoas-
Ay ONMHCAHHEE METO] COAJAHHA ILTACTHH.

2. MoctpoiiTe Tpéxmepay Monens Gankn ¢ cevendeM B dopue
OEYVTABPA (pPHCYHOK CIIPABA).
8. loerpoifiTe TPEXMEPHYID MOAENEL YAIIKY MIH BAILL.

§71
MaTtepuasbl U TEKCTYPbI

B npupoze Her 00'bKTOB, KOTODPbIe ObLIH Gbl a6COJMIOTHO TJIAAKH-
MH ¥ POBHO TIOKpAamIeHbl B oJWH cepsiii user. CueHa He OyaeT cMoT-
peThCAa PeaJMCTHYHO, IIOKA MBI He IPAMEHMM MaTepHaJsl, T. €. He 3a-
JaguM KaxKue-TO CBOICTBa, IO KOTOPHEIM MOMKHO OTJIMYUTH JAEpeBO, Me-
Tajasl, MpaMop, KHPOHUY, IIeCOK. bBe3 HCIOJb30BaHMA MAaTEpPHaJIOB
HEBO3MOXKHO CcHejaTh Tejga OJeCTAIIMMH, NPO3PAYHBIMHU, CBETAINIH-
MUCS ¥ T. II.




MaTepuans! U TEKCTYpPbI

O'rpa HeHHe cBeTa

Onsa toro, 4robnl pasobpaTbCcia CO CBOMCTBAMM MATEpPHAJIOB, HYM-
HO TOHATH, KaK MBI BHINM OKpYsKawimue mpeamersl. Kakoii-to wc-
TOYHHMK cBeTa (COJIHIe, JJAMIIOYKA ¥ T. I1.) M3JIy4aeT CBETOBbLIe BOJIHEI,
KOTOpBIE IIONAJAI0T HA 00BeKTHI. IIpM 3TOM 4YacTh BOJH IOTJIOIIAETCH
MaTepHaJIOM, & OCTAJbHBIE OTPaXXalTCA OT IOBepxHOocTH. ['71a3 Boc-
IIpUHHAMAaET MONAJAaloONIie B HETO OTPAaKEHHBIE CBETOBEIE BOJIHBI, JJIH-
HBl UX BOJIH OIpejesigeT BHAWMEIN IBeT npegmera. Hampumep, ecsu
HMCTOYHUK HU3Jy4yaeT «0esblil» cBeT (BKJIOYAIOIIWH BOJHBI BCEX YACTOT
BHJAMMOTO CBETOBOTO AMANA30HA), & MBI BUAUM 3€JIEHYIO IOBEPXHOCTE,
9TO O0O3HAYaeT, YTO MaTepHaJ IIOIJIOIIaeT BCe BOJIHEI, KPOMEe Tex,
KOTOpBIE COOTBETCTBYIOT 3€JIEHOMY IBETY.

Hs xypca usuku BaM U3BECTEH 3aKOH OTPaKEHHUs CBETA, COIJIACHO
KOTOPOMY YTOJI OTPayKeHHs paBeH yIIy HaJeHusa. Taxkoe oTpakeHHe
Ha3bIBaeTCHA 3ePKaJbHBIM (aHza. specular), mpu sTOM IpeAmoJiaraercs,
4TO IOBEPXHOCTH HUAealbHO poBHas (puc. 9.29). Oguako Ha camoMm jeJie
JI:000#1 MaTepHas UMEEeT IIePOXOBATOCTH, DA3JIUYAIOI[HECS 110 PasMepy.
IToaTomy ay4uu cBeTa OTPAXKAIOTCA OT GOJBIIMHCTBA NPEAMETOB BO BCEX
HallpaBJIeHMAX, TAKOe OTPa’KeHWe Ha3HIBAeTCA PacCeTHHBIM, HJIU TH(-
¢dysaeim (auri. diffuse). Umenso auddysHoe oTparkeHue OIpeIeIdeT
nBeT 00'beKTa, KOTOPHLIH MBI BHAUM (cM. puc. 9.29).

Herounuk ceera HcrouHuK cBeTa

Kamepa
IIpexmer IIpeamer
SepKasbHOE OTPANKEHUE Huddysaoe orpasxenue
Puc. 9.29

Tun oTpakeHUsS 3aBUCHAT OT CTEIeHH IepoxosaTocTH. Eciau pas-
Mepbl HEPOBHOCTE COM3MEPHMBI C JJIMHOM CBETOBOM BOJHBI, IPOHCXO0-
JAUT 3epKajJbHOEe OoTpaskeHme. Eciau HEPOBHOCTH 3HAYMTEIBHO OOJbIIIE
AJNUHBI BOJIHBEI, IIPOMCXOAMUT paccesHue cBera (auddysus) um B rias
(m1u B CHEMOUYHYIO KaMepy) MONajarT JYYH, OTPAXKEHHBIE OT BCEX TO-
YeK ITOBEPXHOCTH.

§71
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IIpocThie MaTepHAJbI

HOnsi 00BeKTOB TPEXMEPHOM CIeHBI MOMKHO IOCTPOHTH CKOJIBKO
YrOJHO pAa3JWYHBIX MATEPHAJIOB, BBIOMpAaA IJIA KAMKIOrO HYMKHBIE
cBoiicTBa. MaTepuasibl MOJKHO MCIOJB30BaTh IOBTOPHO, T. €. MaTepH-
aJI OAHOI0 00BbEeKTa MOYKHO IPUMEHATH K APYIUM O0BbeKTaM.

IIpu HacTpoiike maTepuaja B IIEPBYI0 OYepelb 3alalOTCA [Ba IBe-
Ta — nBeT gud@dysHoro (pacceaAHHOr0) OTParKeHUA U IBeT 3ePKaJBHO-
ro orpaxkenus (mser O6sukoB). B nporpamme Blender nna mameneHua
CBOMCTB MaTepHuaja HCIOJb3yeTcs CTPAHUIA CBOMCTB . MaTepuaJ
(Material). B oxre ITpegnmpocmotp (Preview) nokasaH OJHMH B3 TECTO-
BBIX O0OBEKTOB, K KOTOPDOMY TNIpUMeHEH BeIOpaHHBIH MaTepHaJ
(puc. 9.30).

Puec. 9.30

Ilera gna auddysHOro U paccesHHOTO OTPa*KeHHUsA 3a7al0TcA Ha
nanensx JAuddysnsni (Diffuse) u Bamk (Specular) coorBeTcTBeHHO,
napamerp MaTencusno (Intensity) onpeznensier spkocts nsera. B npa-
BOMl YACTM KaKJOiH NaHeaW MOIKHO BHIOpDATH OAMH H3 NIEHIepOB
(anzn. shader) — rtax Ha3bpIBAIOT AJTOPUTMBI, C IIOMOIbLIO KOTOPBIX
pacCYMTHIBAETCA IBET KasKAoi To4km msobpaxkenud. Ilo ymoruyanuio
B Blender mcnonpayiorca anropurmbl Jlambepr (Lambert) mnsa mudg-
dysuoro orpaxkenus u Kyr-Toppenc (CookTorr) ans sepKaabHOrO.
Braouns Quaxok I'pagumentras kapra (Ramp), MoxHO 3azaTh rpa-
MMEeHT — IIJABHBIN Iepexo] MeKAy ABYMs HUJIA HECKOJbKHMH IIBeTa-
mu. ITapamerp #Kéerkoers (Hardness) ompezenseT pasmMbITOCTh Ojim-
KOB, 4eM OH 6oJsbine, Tem Oojiee peskas rpaHuna y 6/uka.




Martepuansl U TEKCTYPbI

C momompio masenu IIpospaunocts (Transparency) MoKHO cue-
JlaTh MaTepHaJl IIOJYIpO3padHbIM. Takoili MaTepwaa IPOIyCKaeT
YacTh HafalollUX Ha HEro Jydeil cBeTa, HaIpPHAMep KpacHOe CTEeKJIO
IIPONYCKAeT TOJBKO KPacHbIe JIYYH, & OCTAJbHBIE IIOTJIOIIAEeT.

ITanens Orpaskenme (Mirror) mossoJifieT IOJYYHTH Ha IpeaMeTe
OTPa’kKeHHUS OKPYIKAIIAX 00'beKTOB.

MHOroKOMIIOHEHTHEIE MaTepuaabl

PasapiM rpasam (moaurosamM) oJHOTO O0BEKTA MOMKHO IIPHCBOHUTH
pasHble MaTepHasbl. B aTOM ciyduae 00BEKT HOJKeH OBITH CBA3AH C
HECKOJIbKHMMH MaTepHallaMH, CIMCOK KOTOPHIX HAXOAUTCHA HA CTPAHH-
ne cBoiicte Marepuan (Material). Ha pucyske 9.31 mokasan ciayuai,
Korja Ans o0beKTa HMCIONB3YIOTCA TPU MarTepuana ¢ umeHamu Red,
Green u Blue. B nannoMm npumepe BhIOPaAH U PeIaKTHPYETCS MaTepH-
ax Red.

Puc. 9.31

Ecnu nepeiiTu B peuM peJakTUPOBAHUsA (KOrZa MOKHO paboraThb
C OTJeJIbHBIMH I'PDAHAMM), HOABJAIOTCS TPU KHOMKU:

e IlpucBours (Assign) — npucBouTh BHIOpAHHBIN MaTepuas BbI-
JeJIeHHBIM TPDaHAM;

e Brimenenue (Select) — BBIIeNUTH I'paHM, AJA KOTOPBIX yCTa-
HOBJIEH BHIODAHHBIN MaTepHuas;

e Cuare Beigenenue (Deselect) — oTMenuTs BohljesieHHe rpaHeil,
JJIsl KOTOPBIX YCTAHOBJIEH BHIODAHHBIN MaTepuas.

Texcrypsl

Ilpu cos3panum (oTOpEaTMCTHYHBIX HM300parKeHU YacTo MCIOJb-
3yIOTCA He IPOCThIe OAHOIIBETHHIE MaTepHAaJibl, & TaK Ha3bIBaeMbIe
TEKCTYpPbl — TOYedHbIe (pacTpoBble) M300parkeHUs, KOTOpPhLIEe HaKJAa-
ABIBAIOTCA HA NOBEPXHOCTh AJIA W3MEHEeHHMA OKPACKU WJIH MMHUTAIMU
penseda (puc. 9.32).

TexcTypa OOBIYHO OTHOCHTCS K KAKOMY-TO MATEpPHAay, IPUYEM C
KaXXIbIM MaTepHAaJIOM MOXXHO CBA3aTh HECKOJBKO TEKCTYp (Tak e,
KaK C OHMM 00BEKTOM MOJKHO CBA3ATh HECKOJLKO MATEPHAJOB).
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Pucynox Ha cihepe HUmuranusa peaseda

Puc. 9.32

TexeTypsl MOYKHO pasfesuTh HA JBa THUIA: M'OTOBhIE M300pasKeHUs U
TAK HA3LIBAEMEIe NMPOIEAYPHBIE TEKCTYPbhI, KOTOPEIE CTPOATCA IO pas-
JIMYHBIM MaTeMaTH4YeCKHM aJI'OPHTMaM. B OKHe CBOICTB ecTh CTpaHHIA

Texcrypsr (Texture), rne ana marepmana, BEIOpAHHOIO HA CTPaHU-
e - Marepuan (Material), Mo:KHO 3a7aTh OJHY HJIH HECKOJBKO TeK-
CTYP.

IIpu cosmaHuM HOBOM TEKCTYPHI IO YMOJYAHHIO BBIOHMpAETCA THII
O6naxa (Clouds). 9to omHa M3 cTAHJAPTHBIX IPOUEAYPHBIX TEKCTYD.
Yrob6bI 3arpy3uTh TEKCTYPY U3 (haiija Ha AWCKe, HY>XHO BBIOpATh THII
Hzobpaxenne uau ¢uasm (Image or Movie), a sarem, mMEIKHYB Ha
kHonke OrkperTe (Open), BeibpaTs Hy»xHEI (aiin Ha guUCcKe.

B mpocreiinmeM caydae A HAJOXKEeHHUs DPUCYHKaA Ha OOBEKT TeK-
crypa sarpyskaercsa B userosoil xanan [Auddysaemin (Diffuse), xkoro-
PRI ompeneNigeT «HOPMAJbHEIN» IIBeT o0beKTa. Kpome TOro, Texkcry-
PBI MOXXHO HCIIOJIB30BaTh A Kanaysa Bauk (Specular), ansda-ranana
(nmpospauHoCcTh), penbeda. ITH PEXHUMBI 33JaOTCA Ha IaHEJIH
Bausuaue (Influence), rage aysxkHO OTMeTHTH mapaMeTphl, Ha KOTOPBIE
BIMAET TeKcTypa. KpoMe TOro, creneHb BO3AEHCTBHA TEKCTYPHI MOXK-
HO peryJHupoBaTh, HAIIPUMEP CMEINHBATH YCTAHOBJIEHHBIN [AJIA MaTe-
pHuaja IBeT U TEKCTYPY B HEKOTOPOM MPONOPIIHM.

s Toro 4rob6bl HAJNOKUTL PHUCYHOK Ha IIOBEPXHOCTh, KarKIoH
TOYKE 3TOH MOBEPXHOCTH HYJKHO COIIOCTABHUTH OIpeeéHHBIN MHUKCEJb
pHCYHKa. 9T0O (hakTHYeCKH O3HAYaeT Iepexo] K APYro cucreMe KOOp-
puHart. Cnocob Takoro npeofpasoBaHUA KOODAHHAT 3agaéTcsa Ha IaHe-
au Orobpamxenne (Mapping). B cnucke Koopaurarer (Coordinates) mo
yMosuaHuio yceraHossgeH sapuaHT Cremepuposats (Generated), T. e.
v Otobpaxenie mocTpouTh aBToMatrudecku (pume. 9.33).
B cnucke IIpoexuust (anra. Projection)
BeIOMpaerca ¢opma rtena: Ilaockoe
(Flat), Ky6 (Cube), Cdepa (Sphere) uian
Tpyoxa (Tube).

KoopauHaTe:
Mpoexkumsa:




Marepuarsnbi U TEKCTYPbI

UV-npoexuus

ITonb3oBaTes b MOMKET BPYYHYIO ONDPEAEINTH, KAK MMEHHO TOYKH
pucyHKa OyAyT IIPOenMPOBATHCA HA IIOBEPXHOCTH. Iy aTOro mpume-
HAeTcA Tak HasbiBaemasa UV-npoekuus,
winn UV-passéprra (UV unwrap).

YTo6bI BPYy4YHYKO 3aJaTh CIoco0 HAJO0-
JKEeHUA TEeKCTYPhl Ha TIpaHU O0beKTa, HC-
TOJB3YeTCs CIelHalbHasas CHCTeMa KOOpIu-
"Hat UV, KoTOpasa moXoika Ha CTAHAAPTHYIO
IpAMOYToJbHYI0 cuctemy XY Ha IJIOCKOC-
Ta. Ocu U u V ananoruussl ocam X un Y,
HO OTHOCATCA HE K TPEXMEPHOH MOJesH,
a K Texcrype (puc. 9.34). Ilocrpours
UV-IpoeKuuio 03HAYAET CONOCTABUTL KaK-
fo# Touke (X, Y, 2) MOBEPXHOCTH OOBEKTA Puc. 9.34
HEKOTOPYIO TOUKY TeKCTYDPHI (u, v).

Jna kaxmoil rpaHU MOKHO HacTpauBaTh UV-IPOEKIUIO OTAeNb-
HO ¢ NOMOWIIBI0 chnenuajabHOro okHa Pemakrop UV-msobpamenwit
(UV/Image Editor). [ns asToro B OKHe TPEXMEPHOH NPOEKIIUU
(3D View) Hazio mepeiTH B PeXUM pelaKTUPOBAHUSA CeTKH (KJIaBHIIA
Tab) u BBIIEJIUTH HY)KHYI0 I'DaHb. 3aTeM clefyeT BbIOpATh NYHKT
mero ITomucerka — TUV-passéprka — Passepuyrs (Mesh -
UV Unwrap — Unwrap), ¥ B oKkHe pegaxkTopa UV-npoeknmii mosasis-
€TCH IJIOCKas CeTKa, NoBTopAwIinaa opmy rpasu (puc. 9.35).

PucyHok Ha rpaHu kyba UV-npoexknus
Puc. 9.35

ITonoskeHne BepIIMH M pEGEp TAKOH CEeTKH MOXKHO HM3MEHATH TakK
JKe, KaK W ITOJIOXKeHHe BepIIMH M pébep TpPEXMepHOU ceTOYHOII Mome-
JIH B peHMe peJaKTHpoBaHuA. C IIOMOIIBIO 3TOr0 HPHEMA MOKHO,
HamnpuMep, BbIPe3aThk U3 ONHOM M TOM ’Ke TeKCTYPhI Pa3HbIe PUCYHKH
IS Ka) a0 rpaHu.
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Jia Toro 4To0BI IpH IOCTPOEHUH H300pa’keHUs HCIOJb30BAJIHUCH
KOOPAMHATHI, 3aJaHHbIe I0Jbh30BaTeJeM, a He IIOCTPOeHHLIE aBTOMATH-
yecku, B cuucke Koopauuater (Coordinates) na nanenu OroOpaskenue
(Mapping) =yxHO BeIOpaTh Bapmant UV BMecto Cremepuposarts
(Generated).

Ecin rpaseii MHOro, BOZHHKAIOT HEKOTOpLIE CJIOMKHOCTH. B arom
caydae yAoOHO BBIAEJIHUTH B PEKUMe PeJaKTHPOBAHUA CPasy HECKOJIb-
KO rpaHe# o6beKTa, Torja B okHe pexaxktropa UV-mpoeknuit 6yzer mo-
KaszaHa BCA COOTBeTcTByIOmaa um cerka (puc. 9.36). Cerky u eé uwac-
TH MOKHO IlepeMelllaTh 0 TeKcType (kjaasuina (), Bpamarhk (KJIaBU-
ma R) u macmirabuposats (Kaasuma S).

PucyHOoKk HA B0HTHKE UV-npoexnus

Puc. 9.36

IIporpamma Blender mosBosseT MOCTPOUTHL Pas3BEPTKY NOBEPXHOC-
TH CJOXHOTO 00'beKTa, yKasaB, I'le Hy)KHO cjesarb paspesnl. [locie
5TOr0 HAa TAKOH pasBépTKe MOMKHO PHUCOBATH TEKCTYPY AJA T'OTOBOM
momenu. Takoi npuéM LMIMPOKO MCIOJIb3yeTcsd NPH CO3JaHUH IepCoHa-
JKeli B Hrpax: IO TOTOBOHM pasBEépPTKe MOJEJH pPHCYIOT TEKCTYDPY
(KO0KY, BOJIOCHI, IIKYDPY, OJEXAY U T. I.).

Bonpocbl u 3apaHus

1. PacckaxuTe 0 pasauyuax AA(GEOy3HOro M 3ePKAJBHOIO OTPAXEeHHUA CcBe-
ra. Ilouemy ualie BCero Hy»<HO yU4UTHIBATHL 00a BapuaHTa?

2. IIpuBesuTe NPUMEPhl MATEPHAJIOB, ¥ KOTODBIX NPAKTHYECKH HeT Aud-
(y3HOr0 MM 3ePKATBLHOTO OTPaKeHud.

3. Uro Takoe meligep? 3aueM HY)KHBI pasHble THIBI Ieiepos?

4. Kak peryaupyercs pa3MbITOCTh OJIHKOB?

5. YTo TaKoe MHOTOKOMIOHEHTHEIE MaTepuasbl? 3a4eM OHU HCIOJIb3YIOTCH?

6. YUro Taroe Texeryphi? BaueM OHH UCMONABIYIOTCHA?

7. Yto Takoe mporeaypHLIe TeKCTYphi? B 4éM MX JOCTOMHCTBA M HETOCTATKH?

8. Yro o3nauaer eeipaxkenne «UV-nmpoexnus»?

9. Kak HaHOCAT TEKCTYDPY HA CJIOXKHBIE 00BeKTHI?




PenpepuHr

3apaum

1. ITonpoGyiiTe NPUMEHATH PA3JIMYHbIE IIEHAEPHI AJIS OJHOI'O M TOTO e Ma-
TepHaJjia ¥ IIOCMOTPHTE, KaK MeHseTCHa BHEIIHUH BHJ o0beKTa.

2. [IpumeHnTe pasiIUdYHbLIE TEKCTYpPHl K 00BEKTaM pasHOil (opMul (Kyby,
chepe, TUAKHIDPY).

3. CospmaiiTe miockocTs, pasbeiiTe eé Ha 4 KJETKH U IPUCBOATE KAaMKIOMH
KJIETKe CBOM IIBeT.

4. HapucyiiTe 6 pasHbIXx u3ofpaskeHWil Ha OJHOM PHUCYHKEe M HA3HAYBTE HUX
PasHBIM rpaHaM Kyba ¢ momomeso UV-pasBéprru.

5. ITocTpoiiTe MOJeNb BOHTHKA M HAHECHTE HA HETO DHUCYHOK C IIOMOIIBLIO
UV-pasBepTru.

§72
PenpepuHr

PengepuAr — 5TO MOCTPOEHHME I'OTOBOrO M300paskeHUA: MPOEKIIUN
TPEXMEPHO# CIHeHbl Ha IIOCKOCTh ¢ YYETOM MAaTepHasoB, TEKCTYp,
OCBEIIEHHOCTH, CBOMCTB BHEIIHEH CPeAbl U T, II.

Has 3TOro HY’XKHO IIOCJIe MOATOTOBKH TPEXMEpPHOH MOZJesn:

® pacCTaBUTh M HACTPOHMTH UCTOUHHUKH CBETa;

¢ YCTAHOBHTHL KaMmepy, Koropad OyJeT «CHMMAaTh» CIEHY, W Ha-

CTPOHTH €€ CBOMCTBA;

® OmpeJeJuTh CBOMCTBA BHEIIHe cpensbl (BeT Heba, TYMaH U T. 11.);

® BBINOJHUTH PeHAEPHHT (Ha)kaTh Kiasuiny F12);

® COXPaHHThL I'OTOBOE M300parkeHHe ¢ NOMOILI0 Kiaasumu F3.

PesynbraT penziepunra nosisasercs B okae Pexmaxrop UV-uzo6pa-
sxenui (UV/Image Editor). B aTom okxHe ecTh TaKk HA3EIBAEMBIE CJAOTHI
(amriu. slot — mosunus, syeika), B KaXAOM U3 KOTOPHIX MOMKHO Xpa-
HHTE OAHO u3o0pakeHHWe. ITO MO3BOJIAET 3aIOMHUTH HECKOJBKO pe-
3yJIbTATOB PeHJEepPHUHTa, IMOJYYEeHHBIX B PA3HLIX VCJIOBHUAX, 4 3aTeM
CPaBHHUTH UX.

HceTouHHMKH cBeTa

Hcrounukn ceera B Blender nassiBaorca nammamu (auri. lamp).
CyimecTByeTr HECKOJBKO THIIOB JIAMII, Da3jIUYalONIUXCHA II0 CBOHMM
CBOMCTBAM.

273




TpéxmepHas rpadpuka

ITo yMoI9aHMI0 BHOBB CO3JaHHASA CI€HA COAEPKUT UCTOUYHHUK THIIa
Touka (Point) — ToOYeuHBIN HCTOYHUK CBeTa, JYYH OT KOTOPOTO pac-
XOJATCHA BO BCe CTOPOHBI (paguansHo) — puc. 9.37.

st
@)
L] ’
b

Puc. 9.37

OcBemEHHOCTh 3aBUCHT OT PACCTOAHUA MeMAY MCTOUHHMKOM U IIO-
BEpPXHOCTBLIO (COTJIACHO B3aKOHAM (M3MKH, OHa OOpPaTHO MIPONIOPIIHO-
HAJbHA KBaApaTy aroro paccroaHus). Ha pucyHke 9.38 mnoxasaHbl
3JIEMEHTHI, TTO3BOJIAIONHEe HACTPAUBATL OCHOBHBIE CBOMCTBA JIAMIIbL.

Puc. 9.38

B BepxHeit yactu nanenn Jlamma (Lamp) HaxoaATcs KHONKH JJIA
BBIGOpA THIA MCTOYHUKA CBETA, KOTOPBIH MOMKHO B JIIO00NH MOMEHT H3-
MEHHUTD.

Ilapamerp dueprus (Energy) onpeznesser cuily csera. 1yTh BEIIIE
pacmosokeHo mose BeiGopa msera. Ilo ymMoauaHMIO mBeT JaMuel Ge-
B, OJJHAKO B KM3HU KpaiiHe peJKO BCTpedYaloTCAd MCTOYHHUKH, HU3IY-
yaromue Gesbldl cBeT (T. €. BOJHEBI Cpasy BceX JJIMH CBETOBOrO AHarna-
3oHa). [ M3MeHeHHs [BeTa HYKHO LIEJIKHYTH MBIIIBIO B 9TOM II0OJI€
¥ BBIOpATH HY)KHBIN IIBET U3 IMAJUTPHI.

I'pynna anemenTos 3aryxamme (Falloff) onpenenser saryxanue
CBEeT4 B 3aBHCHMOCTHY OT PACCTOSHUSA. Y CTAHOBJIEHHBIN 110 YMOJIYAHHUIO
merton O6parno-kBaapaTHunsit (Inverse Square) Jjiydine BCero cooT-
BeTCTBYET 3aKOHAM (DU3UKH.

Ilapamerp Paccrosmume (Distance) omnpeaensier paccTOAHHE
(B YCJIOBHBIX eAMHMIAX), HA KOTOPOM MHTEHCHBHOCTE CBETAa yMeHbIIa-
ercs B ABa pasa. Ecom ormernts duaxkoxk Coepa (Sphere), sa mpeze-
JIaMM STOTO PACCTOAHUSA 00BEKTHI He OyAyT ocBeInaThes BoobIme.




Penpepwnr

Orkxmoune ¢Quaxxox Bauk (Specular), mosryuaem HCTOYHUK, He Aar0-
IOMi 3epKajabHOro orpaskeHus. Ouaxox Tuddysnsni (Diffuse) orkimo-
JaeT paccessHHOe oOTpaykeHue cBera. Ecam ormeruts duaaykox Toamko
aror cxoi (This layer only), ucrounux He GymeTr ocBemiaTs 0OO0BEKTHI, KO-
TOPBEIe HaXOAATCA Ha Apyrux ciaoax. IIpm Brmouénnom duaskke Husep-
TapoBaTtsk (Negative) namna He ocsemjaer, a 3aTeMHsIeT TOBEPXHOCTH.

Teneps paccmMoTpuM Apyrue THNB! Jamn. VX OCHOBHBIE mapaMeT-
DPBI aHAJIOTUYHEI HacTpoiikaMm jamns!l Tuna Touka (Point).

Comnne (Sun) — MCTOYHUK, MOAENUPYIOUIUNA HANpPaBIEHHBIH COJI-
HeuHbld cBeT (puc. 9.39). INockoasky ConHIle HaXOZWUTCH OT HAC HA
OYeHb OOJBIIOM PacCCTOAHMH, COJHEYHBIE JYYH MOMKHO CUYMTATH Ia-
paJIeIbHEIMH.
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Puc. 9.39

OcCBeIméHHOCTh B BTOM CJIy4Yae He 3aBUCHUT OT PACIOJIOMKEHHUS JIaM-
bl HA CLieHe (B TOM 4YHCJIe OT PACCTOAHMS OT JIaMIbl 10 O6BeKTa),
a4 3aBHCHUT TOJIBKO OT HampasjeHua Jydeit. [lostomy namny Ttuna
CourHIte MOJKHO CTABUTH B JJIOOOM MeCTEe CIEHBHI.

IMoxycdepa (Hemi, or aurua. hemisphere — noaychepa) — wucrou-
HUK, MOJEJHPYIOIIUNA pacCesHHBIA CBeT OT GoibIION mnosycheps
(puc. 9.40). Takoil cBeTOBOH IOTOK COAEPIKMT JIyUM DA3HBIX HANDPAB-
JIeHU#, I0BTOMY OCBEINEHHE IOJY4aeTcs SHAYMUTEABHO MArYe, 4YeMm
npu cosHedyHoMm cpere. Mcerounuku tuna Iloaycedepa MoKHO HMCHONIbL-
30BaTh AJIA IIOJICBETKHM TeHeBBIX 4dacTedl o0wexToB. Ilpm ocsemenunu
00’beKTa TAKHM MCTOYHMKOM NIaJaiolleil TeHH OT 06beKTa He Oynmer.

Tak e xax m ausa jgamnsl Tuna CosHIe, OCBEIIEHHOCTh He 3aBU-
CHUT OT PACHOJIOMKEHMs JIaMIIbl Ha cIleHe (B TOM 4YuCJe OT PacCTOAHUA

Puc. 9.40
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OT JIaMIIBI 710 06'bEeKTa), a 3aBUCHT TOJbKO OT HalpasjeHuda jydei. Ta-
KVIO JIAMIY TOXKe MOYKHO CTaBHUThH B JIOOOM MecTe CIleHBI.

O6aacres (Area) — 2TO MCTOYHMK HAIPAaBJIEHHOTO CBETa OT IIPAMO-
yroapHoM rromanku (puc. 9.41). OcBenéHHOCTS 3aBUCUT OT PACCTOA-
HUA A0 MCTOYHHMKA M yIJia NaJeHns Jiyda Ha IIoBepXHocTh. Ero moxHO
HCIOJBL30BATh, HAIIPUMED, AJIsi CO3JaHHUs IOJACBETKH OT BKpaHa Teje-
BH30pAa.

Puc. 9.41

IIposxkexTop (Spot) — 3TO MCTOYHHMK, KOTODPBIN JaéT HAIPaBJIEH-
HBIHA cBeT B mpefenax KoHyca (puc. 9.42). OcBem€HHOCTE 3aBUCHUT OT
paccTOAHUA M0 HMCTOYHHKA ¥ yrjia HajeHus Jiyda Ha IOBEPXHOCTE.
dopmMa NATHA MOKeT ObITh KPYIrJOH WM NPAMOYrojbHOM. CBeToBOM
KOHYC MOJKHO C/leJIaTh BHUAMMBIM, MUCHOJb3yaA addeKT «ramo» (aHri.
halo — opeou, cuaHBe).

Puc. 9.42
Kameps!

Kamepsr (puc. 9.43) — aro cuenuaibHbie 00beKThI, KOTOPhIE IO~
3BOJIAIOT TIOCMOTPETh HA CIeHY C PA3HBIX TOUEK, KaK dYepes BUJOUCKA-
TeJb (hoTOammapara WA BHIEOKaMepHl.

=

Kamepa

Puc. 9.43




Pexnpepunr

ITo ymonyaEHMIO Ha cIeHe HaXOAWTCH OAHA Kamepa. Eciam xamepa
BBIIeJIeHa, €€ MOYKHO IepemMeriars (kaaBuma () 1 Bpamars (KJIaBUIIa
R), xax u mob6oit 06bekT. Haxas knapuimy 0 Ha nqudpoBoii KiIaBHATY-
pe (Num(), MOXHO MHEpeKJIUYHUTHCH Ha BHJ C KaMephbl, IIPH 3TOM
YacTh CIIEHBI, He IIOIIABIIAsA B «II0JIe 3PeHUA» KaMephbl, 3aTeMHAETCSH.

Ecnu BKIIIOWEH BUJ € KAMepbl, YA00HO HACTPAWBATH €0 B «PEsKH-
Me mojéra», KOTODBIM BKJOYaeTcsi Npu Ha)katuu Kiasum Shift+F.
Konécuko MbIIM npubImxaeT U yaajiseT KamMepy orT obbexTa, a ABU-
JKeHHe MBIIIN II0OBOPAYMBAET €€ B COOTBETCTBYIOIIEM HAIIpaBJIeHWH.
HacTpouB BUJ, HY’»XKHO 3aBepIIUTH NPOIEAYDPY IIeJYKOM JIeBOM KHOII-
KOM MBIIIH.

Emé oguH BapMaHT — MNOJNYYUTH HYKHBIN BUJ B OKHE IIPOEKI[UU
M 3aTeM IIOCTAaBUThH KaMepy B HaWAEHHYIO TaKHM oOpasoM TOUYKY Ha-
omopenus, Haxas Kaasumu Ctrl+Alt+NumO.

IlapameTpsl KaMephl 3aJA0TCA HA CTPAHUIE CBOMCTB . Kamepa
(Camera). B pesxume Ilepcnextusnsni (Perspective) kamepa cHuMaer
n3obpakeHHe C YyYETOM IEepPCHeKTHBEI, a B pexxkume OpToroHajsHbIH
(Orthographic) crpout OpTOI‘OHaJIBHYIO npoeknuio (puc. 9.44).

YOGwextus -:::
’ T —
(Comoos peceomen: 500 7_;
.j(. T .'-T
T CHC T D

Puc. 9.44

ITapamerp PokycHoe paccrosmme (Angle) coorsBercTByer (hokyc-
HOMY paccToAHHIO o0beKTuBa (horoannapara. I[Io yMOIYaHUIO UCIIOJE-
ayerca GoKyc 35 MM, KOTOPBIii IPHMEDPHO COOTBETCTBYET YIJy 3peHUS
YeJI0BeKa.

Dinaxox ITanmopama (Panorama) npegHasHadeH I8 ChEMKYU ITAHO-
PaMHEIX CIIEH.

C nmomompio moseit rpynnei Casur (Shift) mosxsO casuEyTH
«II0JIe 3peHHsA» KaMephl, He MeHsAs €€ IOJOKeHHe Ha CIeHe.

ITapamerpsr rpynner Yceuemme (Clipping) ompepensior obiacTs
BHMMOCTH Kamephbl. Bce 00beKTHI, HaXoAsAmnecsa OJHKe PaCCTOAHHUA
Hauano (Start) m gansme paccrosaus Komen (End), xamepa «He BH-
AUT», ¥ HA UTOI'OBOM KapTUHKe UX He Oyier.

Ha crere MOXHO MCIOJIB30BATh HECKOJIBKO KaMep, IePeKJII0Yasich
MexAy HUMH. YToOBI MOMECTUTh Ha CIEHY HOBYIO KaMepy, HY3KHO BBI-
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opars nyHkT MmeHio [loGasute — Kamepa (Add — Camera). Knasummn
Ctrl+Num0 genaioT BBIAEJEHHYIO KaMepy aKTUBHOU, T. e. DA DeHJe-
puHre OyaeT mocTpoeHO u3obparKeHHe UMEHHO C 3TOM KaMephl.

Kamepy MOMHO «IIPUBA3aTH» K KAKOMY-TO O0OBEKTY CIE€HBI, T. €.
clieJIaTh TakK, 4ToOBI OHA ObLJIA BCE BpeMsA HANpPABJIEeHA Ha 9TOT OOBEKT.
Ilna aTOro Ha CTpPaHUIE CBOMCTB . Orpaauuenus o6wexra (IObject
Constraints) moxxuo mobaButh orpanuuenue Caemenwe (aury. Track
To, or track — cienoBaTh, CONMPOBOMKAATE!), YKaszag B KauecTBe 06b-
eKTa-IeJIu TOT 00'BeKT, HA KOTOPBIA HY’KHO HamnmpaBuTh Kamepy. Iloc-
Jie 9TOro IpM JOOBIX IepeMeleHuAX KaMmepa OyaeTr Bcerja HampasJe-
Ha Ha 3TOT 00beKT. Takas cBA3b COXPAHHUTCA M IIPU aHMMAIUU — Ka-
mepa Oyzer ciefuTs 3a 06'BEKTOM, €CJIH OH JBHMeTCd.

Ecou B TOuKe, KyJa AOJPKHA CMOTpPeTh KaMepa, HeT HHKaKOIo
obbexTa, MOMKHO nobaBUTHL Ha cHeHy nycTod ob6bekT (Mmenio [loba-
Buth — Ilycremmka (Add — Empty). Ilycroit 06BeKT MOMHO IepeJIBH-
raTh, TaK e Kak u Jpyrve o0’beKThl, HO OH He oToOpaskaeTcs Ha CIlie-
He IIPDH peHJepHHTre.

Bremnsas cpena

<S5

: ¥ Mup N
|

Kpome MCTOUHMKOB CBeTa, ycTa-
HOBJIEHHBIX HAa CIleHe, Ha HUTOIOBOE
uszobpakeHHe BJHAIOT I[IapaMeTphl .
BHEIIHE cpefibl, KOTOPhIE 3aIAl0TCA | JSTopows: Ueersenm: W
HA CTpaHHUIEe CBOMCTB Mup _ — : !
(World) — puc. 9.45). Ilo ymouua- Puc. 9.45
HUIO [OJA CIEHBI HMCIOJb3yeTcs ce-
pelii (OH, KOTOPBIH MOMKHO H3Me-

HUTHL ¢ noMombio noas Ilser ropusonra (Horizon Color). Ilser okpy-
swenusa (Ambient Color) sazaér user TeHei (110 yMOJYaHUIO YEPHBIH).

MoskHO chenaTh rpajgMeHTHBIN ()OH — IIepexoj MeXAy JHABYM:A
LIBETAMH, OJMH H3 KOTOPBIX — I[BET ropu3oHTa, a Bropoi — IIBer 3e-
auta (Zenith Color). ns »sToro HeOOXOAHUMO OTMETHUThL QUIAMKOK
Cmecs Heba (Blend Sky). I[Ipu BriarouénHOM (prakke PeamsHoe He(O
(Real Sky) (hoH 3aBHCHT OT TOUKH YCTAHOBKM KaMmephl: HA YPOBHE IO~
PUM30HTA [BET COBIIAZAET C IIBeTOM I'OPHU30HTA, a BhINIE W HUMKE I'OpH-
30HTA NEpexXOAUT B IBeT 3eHuTa. Kciu Brao4uTh Quakok Ilcesmone-
60 (Paper Sky), mser ropusoHTa Bcerga OyaeT pacnoJjaraTbCs IO
LeHTPY KaMephbl, He3aBHUCHMO OT TOI'0, KAK OHa pacnoJiosKeHa.

!.nmnoneﬁo @ Cmecs vesa @ Pean. neo

B Apyrux mporpaMmax 3to orpaHuuenue HaseiBaercs Look At («cmoTpers
Ha»).




PenpepwvnHr

B xaugecTBe (hoHA MOYKHO YCTAHOBHUTH PACTPOBBIM pUCYHOK. [lns
9TOr0 HYXHO OTMEHUTH BhlJleJIeHHe BceX O00BLeKTOB Ha cleHe u goba-
BUTH HOBYIO TEKCTYPY Ha CTPaHHIlE CBOMCTB H Texcrypsl (Texture).

Kpome Toro, Ha crpaHune csoiict8 Mup ecth nadenun Tyman
(Mist) u 3Béaasr (Stars), ¢ mOMOIILI0 KOTOPBEIX MOMKHO CO3JaTh 3(-
(bexTHl TYyMaHa U 3BE31 Ha Hebe.

ITapameTpsl pengepuHra

Ilepex TemM Kak BBIDOJNHATH PeHAEPHHr (Ha)xas Ha Kiaasumy F12),
HYXHO OIpe/leJINTh, KaKOoe HMeHHO m300pakeHue BaM Tpebyerca. s
3TOr0 Ha CTPaHWIE CBOMCTB Pennep (Render) sagatorcs ciepyio-
Iye mapaMeTphl:

e paspemenue (aHTJI. resolution) — pasmepsl mojaydaemod Kap-

TUHKH B NHKceadax (mo ymoadanuio 1920 x 1080 nukceneii);

e macmrad B mpouneHrax!; npu yBenudeHuM Macmraba BpeMms

pacuéra CIeHbl TaK¥Ke YBEeJIMYWBAETCHA; AJISA NPEABAPUTETLHOTO

IpoCcMOTpa OOBIYHO [JOCTATOYHO YCTAHOBUTH MacmiTab 25%
(puc. 9.46);

Macmra6 10% MacmTab 25% Macmra6 100%
Puc. 9.46

° cCrjaskMBaHMe OCTDBLIX rpaHeil (aHri. anti-aliasing) (puc. 9.47);
e THII M300paKeHU:
o BW — uépno-6enoe (ot anriu. black and white);
o RGB — mnBerHoe (uBeroBnle KaHaiel: Red — KpacHBIi,
Green — zenéHbiii u Blue — cunmii);
o RGBA — uBerHOe ¢ ajbdha-KaHaJIoM, ONpeJeJSioNINM CTeIeHb
MIPO3PavYHOCTH; HYXKHO IIOMHHTBH, UTO aib(ha-KaHal MOMHO CO-
XPaHATh TOJBKO B HEKOTOPEIX (popmaTax (Hampumep, B PNG);

1
IIpu ymenpmenuu macirraba IporpaMma yMeHBIIAeT pazMep HOJIYYaeMOro

uzobpaykeHus, T. e. npu macmrabe 10% pasMep KapTHHKH TPH CTaHAap-
THBIX HacTpoiikax 6yxer 192 x 108 nuxceneii.
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Bes craaxuBagna Co criakHBaHAEeM

Puc. 9.47

¢ chopmar (aina ana coxpanenud (mo ymonuanuio — PNG, ugac-
TO BRIOHpAIOT APYroi nonyaapueii Gopmar — JPEG);

¢ JIONOJHHUTENbHYI0 HH(MOpMaNMIO (aHTJ. stamp — IITaMII), KO-
TOpas «BIeYaThIBaeTCI» B KAPTHHKY: AaTy M BpeMs, HasBaHHe
¢aiina, BpeMs peHIEPUHTAa U Ip.

Tenn

B peasnrHOM MHpe BCe mpeaMeThl OTOpachkIBaloT TeHH. B mporpam-
Max TPEXMepHOro MOJEJUPOBAHWA IJIA MOCTPOEHHUS TeHeH HCIIOJb3Y-
IOTCA AJTOPHTMBI TPACCHPOBKH Jydeil. JTO 3HAYMT, YTO IporpaMma
«3amycKaeT» 0OJbIIOE KOJIMYECTBO Jiydyeil cBeTa OT MCTOYHMKA M IIPO-
cunThiBaeT adpexT, KOTOPBLIH AAET KaKIbIi Jy4 ONpU IPOXoJe 4Yepes
cpely ¥ OTpajXeHWH OT rpaHeil, BCTpedaloInuxca Ha ero myTtu. Takue
pacuéThl TPeOYIOT 3HAYHUTENbHBIX BBIYMCIUTENbHBIX DPECYypPCOB, IIO3TO-
MY II0 YMOJIYaHHIO TeHHW HE CTPOATCH.

Yrob6bl BKJIKYUTE IOCTPOEHKE TeHeil, HYKHO HACTPOUTH MCTOYHH-
KU OCBeIlleHMA M mapameTpsl peHzepuHra. IIpexne Bcero, B CBOM-
cTBax UCTOUYHHKA cBera Ha naHenu Tems (auria. Shadow), nokasaHHOH
Ha puc. 9.48, Hano BKIIOYATH pekuM TpaccupoBka TeHei (anri. Ray
Shadow).
(e - s . £33 e YT N

et
_-mmw S

.meteneﬂ S F =

( Camnnoe: 1 ) PasMep Markoro ocsewexusn: 1.000 ]

Puc. 9.48




Penpepunr

IIBeT TeHM MOYKHO HACTPOHTH C IIOMOIILIO IIOJIA B JIEBOM 4acTH Ia-
Heau (II0 YMOJYaHHIO IBeT TeHel uépHbli). [Ipu BRIouéHHOM iaxk-
ke Toasxo aror caoit (This layer only) mamna 6yaer cosgaBaTh TeHH
TOJNBKO ¥ TeX 00bEeKTOB, KOTOPhIe HAXOAATCA HA TOM Ke CJIoe, UTO U
cama samna. Duaskoxk Toasko mas temen (Only Shadow) moassoasier
cleraTe JaMIly, KOTOpas He OcCBellaeT O0’beKThI, a TOJBKO CO3JaéT
TeHH.

B peaspHOCTH pegKo OBIBAIOT YETKHE TEHH C PE3KMMHU KpPasgMu.
IToaTomMy HCHONB3YIOT CMArdYeHHe TeHeil, KOTOpoe 3ajaéTcsA mapaMer-
pom Pasmep markoro ocsemenus (Soft Size). Yseauuenue napamerpa
Comnuros (Samples) nossosigeT crenaTs 6oJee paBHOMEPHYIO M KadecT-
BeHHYIO TeHb, HO OTO Tpebyer MONOJIHHUTENBHOIO BPEMEHH IIpPHU
pacdére.

Kpome Toro, Ha cTpaHuIle mapaMeTPOB PEHIEPUHTA Pelmep Ha
naHenu 3areHenue (Shadow) Hy:kHO oTMeTuTh Guakox Tpaccuposka
ayueit (Ray Tracing).

Bonpocbi u 3aganus

1. Yro Taxoe pergepuHr? Yo BaugeT Ha pe3yJbLTAT peHaepuHra?
2. Kakue Ttune! aMno ects B Blender? Bauem oy ucnonsayiores?
3. Yro Takoe xamepa?
4. TlogymaiiTe, 3aueM MOMKeT NOHAZOOMTHCH HMCIIOJB30BATH HECKOJNBKO Ka-
Mep.
5. ITouemy 1o yMOJIMAHHUIO AJIA KaMephbl YCTAHOBJIEHO (POKYCHOE PACCTOSHUE
35 mm?
6. Korpa, Ha Bam B3IJIAJ, IMeET CMBICJ MCIOJIL30BATH OPTOTOHAJIBLHYIO IPO-
eKnu?
7. Kax cpenarh, uTo6bl KaMepa Beerja Obliia HAIPaBlIeHA B KAKYIO-TO TOUKY
cueHsl? A ecsqu TaM HeT HHKAKOro obmeKTa?
8. Kaxme cBoiicTBa BHEIIHEH CpeAbl MOMKHO HacTpausaTh B Blender?
9. Yro Takoe KauyecTBo peHzgepuHra? Kax oHO cBA3aHO cO BpeMeHeM DeHje-
puHra?
10. ObBsAcHATE, TOYEMY IPH PEHIEePHHTE KauyeCcTBeHHBLIX M300pakeHuit Heob-
XOJHMMO CIJIa)KHUBaHWe rpaHei (anti-aliasing).
11. Yro rakoe TpaccupoBxa uyueii? Ilouemy osra omepamus OUYEHBL TPY-
poémkan?

3apaum

1. Barpysute B nporpaMMy Kakyio-HHGYAb TPEXMEDPHYIO CIEHY U HOmpobyii-
Te MEHATh OCBElleHMEe, YCTAHABJIUBAA JONOJHHUTEIbHBIE JAMIILI 1 HACTPA-
uBadg UX CBOHCTBA.
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2. YeranoBuTte aas jgaMinsl orpaandenue Caemenne (Track To) u nmposeps-
Te, 9T0 OyJeT HPOMCXOAUTH IIPH ABUIKEHUH JIAMIIbI.

3. BRIouuTe TPACCHPOBKY JIy4Yeil W CPDABHMTE Pe3yJIbTAThl DEeHIEPHUHTA C Te-
HAMH H 6e3 HUX.

§73
AHunmMmauunsa

ArnManusa o0'beKTOB

AruManua — 370 OpicTpasd cMeHa M300paKeHWi, KOTOpbIe HAa3hI-
BaioTCsA Kajapamu (aHri. frames). Eciau Kaapel CMeHSIOT ApPYT Apyra
yaige, yeM 24 pasa B CEKVHAY, UYeJIOBEeUeCKHI I'JIa3 BOCIPHHUMAET 3TO

KakK HellpephLIBHOE JABUIKEHHUE.

s paborer ¢ xagpamum B Blender wucnonbayercs oxkHO JImHUSA
Bpemenn (Timeline). ITo ymosuaHuio Ha IIKajge [IOKA3aHBI IEPBLIE
250 xagpoB (puc. 9.49). Kypcop (3enéHasa JIHHHA, IepeMellaeTrcs
MBINIBIO), MOKAa3bIBAET TEKYINWH Kaap, KOTOpPhI u3obpakaerca B
OKHE TPEXMEPHOM IPOEeKIIMH.

Puc. 9.49

IToxg mkasioil pasmelarTcs IIOJA, B KOTOPBHIX 3alMcaHBl HOMepa
HavaabHOro (aHri. start), KOHeUHOro (aHri. end) U TEKYIIero Kajgpos
agumanuu (puc. 9.50).

I" ‘Hauano: 1 v

Kon'eu: 50

Puc. 9.50

9TH TPY 3HAUYEHUSA MOMKHO BBECTH C KJIABHMATYDPHI MJIH M3MEHHUTH C
IIOMOIIBIO CTPEJIOK II0 CTOPOHAM IIoJieii. 371ech sKe paclojioKeHa KHO-
NoYHAsA IaHeJ b YIPaBIeHHWs: KHONKH JiA npocmorpa (|[>|— Bnepén,
— HAa3aj) ¥ Iepexoja MexAy KJIoueBsIMH Kaapamu (puc. 9.51).

Pue. 9.51




AHuMauua

Coszanue aHMMAIUMU B NPOrpaMMax TPEXMepHOU rpaduKu oueHb
IIOXO0Xe HAa PYyYHOe PUCOBaAHME MYJbT(HHUIBMOB: cHAYANA CTPOATCA TaK
Ha3bIBa€Mble KJII0YeBbI€ KaJpbl, B KOTOPHIX IIOJIOJKEHHE KW CBOMCTBa
O0BEKTOB TOYHO 3ajalTcsA. 3aTeM [OporpaMMa AaBTOMATHYECKH
JOCTpaUBaET ocTaBIIMecH (IIPOMEKYTOUYHBIE) KaJpHhl.

Jnsa aHuManuy ABUMKEHUs 00'beKTa HYIKHO:

1) yeTaHOBMTE KYPCOP HA BPEMEHHOH MIKaAJIe HA BEIOPDAHHBIN Kazp;
2) sagaTe noJsiokeHue 00'beKTA AJIS 3TOr0 Kajpa;

3) BCTABUTH KJIIOUYEBOH KaAp, HAXKaB KJiaaBumy I;

4) TOBTOPHUTH 3TH AEUCTBUSA AJIS BCEX KJKUYEBBIX KaJpOB.

IIpn nobaBiieHMHU KJIIOUEBOIO KAApa HNOABISIETCH MEHIO, B KOTOPOM
Tpebyerca BeIGpATh THI HOBOTO Kajpa. OH 3aBHCUT OT TOro, Kaxue M3-
MeHEeHHdA IIPOMCXOAAT ¢ o0beKkToM: M3MeHeHue moJoxxenus (Location),
Bpamenue (Rotation), macmrabuposanue (Scaling) mim mx KomOmHa-
nun. KmoueBble KaApsl 0003HAYAIOTCA HA BPEMEHHGH IIKAaJe JKEJTEIMA
JUHAAMH. UYTOOBI yAAMUTE KIIOUYEBOM KaJp, HY;KHO CHEJIaTh ero TeKy-
muM (YCTAHOBHTE HA HETO KypCOp) M Ha)kaTh Kaasuiaua Alt+71.

B nporpamme Bledner mMo:xXHO aHMMUPOBATE HEe TOJABLKO IIepeMelre-
Hue 00bexTa, HO W HM3MeHeHMe J000ro cBoMcTBa, HanpHMep IiBera.
Jlns BCTaBKM KJIOYEBOTO Kajpa M3MEHEHUs I[BeTa HYKHO HAMKaTh
IpaByl0 KHONKY MBIIIM Ha IOJIe YCTAHOBKH I[BETA W BHIOPATH M3 KOH-
TEKCTHOTO MeHI NYHKT BeraBure kiaroueBsie kaapsr (Insert key-
frames).

A KaXaoro cBOMCTBA, KOTOPOe ydYacTBYeT B aHWMAIMH, yCTa-
HaBJIMBAIOTCA CBOM KJIIOUeBbIe Kaapbl. Haupumep, 1A moBopoTa 06b-
eKTa MOryT OBITH BeIOpaHbI Kiaiouesble Kaaphl 10, 20 u 100, a gna us-
MeHeHHs IBeTa — Kaapsl 1, 20, 50 u 70.

Knonka cnpaBa OT KHOIIOYHON NAaHeJW NpelHa3HAuYeHA IJIA
BKJIIOUEHHA PeRUMa aBTOMATHYECKON 3amMCH: MPH KaMJ0M H3MeHe-
HUAHU CBOHCTB O0BEKTA Ha MECTO TEKYIero Kajpa BCTABJSAETCH KJIO-
YeBOM Kaip.

AHuManuA B OKHE IPOEKIUH 3allyCKAaeTCsa C IMOMOINLIO KJIABHII
Alt+A (euepen) uau Shift+Alt+A (masan). IToBropHOE Ha)xaTHe ocTa-
HABJIWBAeT AaHHMAIIMI0O Ha TeKylueM kKajape. OCTaAHOBUTHL aHUMAIIHIO M
BEPHYTHCA K HAYAJIbHOMY KaJpy MOXKHO C MOMOIIBI0 KJasuimu Esc.

PenakTop KPHBEIX

Korpa ycraHOBJIeHBI KJII0OUeBBIEe Ka/ipbl, BCe U3MeHseMble CBOHCTRA
o0beKTa B NPOMEKYTOYHBIX KaZpax PacCUYUTHIBAIOTCH aBTOMATHYEC-
ku. Ilo ymonuaHuio mporpaMma BBITIOJHAET IJIABHOEe M3MEHEHHe IIa-
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paMeTpoB OT OJHOI0 3HAYEHUs K Apyromy. VIHOrza HY»XHO M3MEHHTH
TaKoe MMoBeJeHHe, HAIPUMEpP CAeJaTh epexoj, KOTOPHI pPe3Ko Haudu-
HaeTcs ¥ IJIABHO 3aKAHUWBAETCH, WJIM CKAYOK 3HaueHHudA. Jlna sToro B
Blender ecTs BO3MOMKHOCTHE PYYHON HACTPOMKHM IIEPeXOJO0B MeXIY
KJIIOUEBBIMU KaJ[paMMu.

Usmenenue Joboro mnapaMerpa (HanpuMep, KOODAWHATBI WMIIH
yrja noBopoTa) B 3aBUCMMOCTHA OT HOMepa Kajpa MOKHO M300pasuTh
Ha rpadurke. Kpusasa Ha puc. 9.52 noxaspiBaeT U3MeHeHHE YIJa IIOBO-
poTta BOKpPYTr ocu X, pacCUMTAHHOE IPOTPaAMMOIi.

e i o B o B 3 / 3 '
(. — }‘é._:.u - ;5 -
Puc. 9.52

D710 okHO HaspiBaerTca Pemakrop kpusbix (Graph Editor). B nesoit
YacTH IIepeuyMCcJieHbl BCE HapaMeTphl, KOTOpble M3MEHAIOTCA B Xo#e
aguManuu. B JaHHOM cJy4yae MB3MEHAITCS TOJbKO YIVIBI IIOBOPOTa
o6bexTa Cube (kmioueBble kaapel Tuna Rotation). Tun mepexopa (mo-
CTOSSHHOe 3HAYeHUe, JUHeHHBIH, IJIABHBIN) MOKHO BEIODATH AJIA KaxK-
JIOTO y3Jia M3 BCILILIBAIOIIEr0 MEHIO, KOTOpOe NOABJIAeTCA IPU HaKa-
Tau kiaasum Shift+7.

C momompbio (hIIakKoB MOYKHO OTKJHYATH J100yI0 M3 KPUBLIX, Ha-
npuMep Ha puc. 9.52 NOKasaHO TOJLKO HM3MeHeHHe yIjla IIOBOpOTa
BOKpPyr ocu X, ocTajbHbIE JIUHAU CKPBITEHL.

KpuByO MOKHO PeJaKTHPOBATh TAK ’Ke, KaK U OOBIYHBIMA KOHTYD.
V3nbl KPMBOH DACIOJIOKEHBbI B KJIOUYEBHIX Kaapax (Ha pucyHke 9.52
aTo Kaiapel 1 m 50), y BeIZeNeHHOIO y3ja IIOKa3aHBl pPBIYATH, C IIO-
MOIIBI0 KOTOPBIX MOXHO MEHATH KPHBU3HY JIMHHUHU. Y3JbI IepeMenia-
JOTCH ¢ TIOMOIIBIO NIPaBOi KHOIKY MBIIIM (IIEIY0K JIeBOM KHONKOM 3a-
KaHYMBaeT nepeMenienue) uiau kinasumu G. Kiaouessie kaapsl (y3io-
Bble TOYKH) KaiKJ0M KPHBOM MOXKHO YCTAHABJIMBATHL HE3aBHCHMO OT
IPYTUX KPUBBIX.

Ilesyox Ha 3HauKe ¢ m3oOpa’keHHEM Ijasa OTKJIIOYaeT U3MeHe-
HHEe COOTBETCTBYIOILEro IapaMeTpa IIDH aHMMAalHM{, a4 ¢ ITOMOIIBIO
3HAYKA «3aMOK» MOXMKHO 3a0JIOKMPOBATHL KPHBYIO (3aIMUTHTE €€ OT
U3MEeHEeHUI). -




Axnumauyuma

l'Ipoc'raﬂ AHHMAIHA CeTOYHBIX MO,‘C[EJIBﬁ

Beliie MBI rOBOPHMJIM TOJIBKO 00 M3MEHEHMH CBOMCTB OOBEKTOB B
nesoM. Ilpu cosgaHuu AHUMANMOHHBIX (DUIBMOB HEOOXOAUMO YMEThH
ImepeMelmaTh Y4acTH CETOYHOH MOJesu, HalpuMep, AJA TOro, YTOOHI
nepcoHa)k MOPTHYJ riiagamMu. I[JIg 3TOro MCHOJB3YIOTCA KIH0YH (op-
MBI, NI KI04YeBblie opmsel (anri. shape keys), — Tak Ha3LIBAIOTCHA
HEeKOTOpBIEe 3apaHee 3aJlaHHBIE IIOJIOMKEHHUS CEeTOYHOM MOJEIH, MEeKIY
KOTOPBIMH BBINOJHAETCA mnepexox. EcTh OJHO BajKHOE OrpDAHUYEHUE:
IIpHU CO3TAHUM TAKHUX KJIOUEBBIX (POPM HEJIb3sd MEHATh MeOMEeTPHIO MO-
AeJiv, T. . YIAJIATh U Jo0aBIATH BePIUMHBI, pE0pa U I'paHu.

CHavayia HY’KHO CO3JAThb CAMH KJIOUeBble (OPMBI H OIPEAeIHUTH
TIOJIOYKEHHE Y3JIOB CeTKH AJA Kaxaoil u3 Hux (B Blender mnsa aroro mc-
noab3yerca navenb Kmoun dopmser (Shape keys) Ha crpaHmie cBOMCTB
CEeTOYHOM MOJeNIH .Il;anmﬂe oobexra (Object Data). Hanpumep, ans
aHUMAaUUK yJIBI0AIOUIerocsa pra HYXXHO IIOCTPOMTH, [0 KpaiiHell Mepe,
ABe KJiioueBble (hopmbl: por Ges yubelOKu (ocHOBHaA ¢opMa, KOoTopas
HaseiBaeTcsa Basis) u pot ¢ yasibKoit (Haszosem eé Smile) (puc. 9.53).

OcuosHas dopma (Basis) PDopma Smile

Puc. 9.53

EpuncrBeHHOe pasnuuue sTux GOPM B TOM, YTO BEPIIMHBI OPMEI
Smile nepeABUHYTELI B APYroe MOJIOMKEHHUE.

B mporpamme Blender yaof6nee Bcero memonn3oBaTh OKHO Pemak-
Topa kmoueii popmel (ShapeKey Editor), B seBoit wactu KoToporo mne-
pedYMCIeHBl BCe KJYeBble (popMbI U HnokasaHbl Koadduuuenats: (or 0
1o 1), onpezsensiomiue CTeNeHb BIUAHUA KA 0l (hOPMBI HA TeKYIHil
razap (puc. 9.54).

: (C_0457 )

' Smil
o

Puc. 9.54
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KarogeBble Kazpsl B IpaBoil 4acTu 0003HAYEHBI MapKepaMH-POM-
6amu. Yrobbl 106aBUTH HOBBIMA KJIIOYEBOM KaAp, AOCTATOYHO YCTAHO-
BHTH Ha HEro Kypcop (CBeTAyI0 JIMHHWIO) ¥ M3MEHHUThL 3HAUEHHEe mapa-
MeTpa B JieBoi yacTu. KiroueBble Kaipbl MOMKHO mepeMeniath (KJIaBh-
ma G) 1 MacmTabupoBaTh (PeryJiMpoBaTh MHTEPBAJ MEXAY KajgpaMmu,
kjaaBuma S). [lnsa yjganeHns KJOYEBOro Kapa HYIKHO BBIZEIHTH
COOTBETCTBYIOIMI eMy MapKep-pom0 m Ha)kaTh Kjaasuiy Delete.

Mo:KHO HMCIIOJIL30BATH HE OJWH, & HECKOJBKO KAHAJIIOB AHUMAIUH,
P4 BTOM KJIIOYEeBEIe KaJphl KajKJOro KaHAaJa 3aJal0Tcs He3aBHCHMO
OT APYrMX KaHanoB. PopMa KPHBOH M3MEeHEHH: IlapaMeTpa HacTpau-
BaeTcA B OKHe PemaKkTopa KpHMBBIX.

Apmarypa

ApuManua ¢ IOMOIIBI0 KJIOUEBBIX (OPM XOpollla TOorja, Korga
HY’XHO HM3MEHWUTh IIOJOXKeHue HeDOJIBIIOro 4Yucja BepIIHH CeTOYHOM
Mozenu. Bo MHOrux ciy4yasx, HallpEMep IIPU IIOBOPOTE IIIeH WJIH CyC-
TaBa PYKH IIePCOHAXKa, HEOOXOAMMO IIepeBHHYTh COTHH BEePIIHH.
B aToM ciy4ae HCHONIB3YIOT APYTOH HOAXOX, CYTh KOTOPOI'O COCTOUT B
TOM, UTO BHYTPh OOBEKTA BCTABJSIOT CIEelMaJbHBIE OO0BEKTHI («KOC-
TH», «apMaTypy»), KOTOpble UrpamoT poib ckeseral. IIpu pernepusnre
Koctu He BuAHEIL. Ha pucyske 9.55 moxasasma (urypa maxmaTHOIO
KOPOJIA C apMATYPOii B ABYX IOJOKEHHUAX.

Puc. 9.55

O6GBIYHO BBIJENAIOT TPH 3TAlla MOAEJIMPOBAHHUA IepCOHAKa C Hc-
[I0JIL3OBAHHEM apMAaTypHhI:
1) cosganue cKeJleTa U3 KOCTeI;
2) IpHUBA3KAa BEPIIUH CETOYHON MOAENH K ONpeJeJIEHHBIM KOCTAM;
3) npHgaHUE MepCOHAXKY HYIKHOM M0o3bI (YCTAHOBKA MOJOMKEHHA KOC-
Teit).

B aHrnmiickoM fA3BIKE 9Ta OpoueAypa HasbiBaeTcd rigging (ot asri.
rig — ocHacTKa).




AHuvmaumn

Ha Bropom aTame apMaTypy, KoTopas, Kak IPaBHJIO, COCTOUT H3
HECKOJIBKMX CBA3AHHBIX KOCTEH, HYKHO CHEJATH POJUTENBCKUM 005~
eKTOM A5 00beKTa-000JI09YKH, YCTAHOBUB MeXKAY HUMHK CBA3b (KJIaBH-
mu Ctrl+P). B ornuyme OT IpOCTOM CBA3H «00BEKT — OOBEKT», KOI-
Aa npeobpasoBaHuA 00beKTa-POAUTENA IPUMEHSIOTCH KO BCEM IIOTOM-
KaMm, 3Jleck yCTaHABIHBaeTcs ocobas cBA3bL «apMaTypa — 000JI0UKa».

IIporpaMmma aBTOMaTHYECKH OIpeJeNdeT, KaKhue MMEHHO BepImu-
HBI CETOYHOHM MOZeJu 060JI0YKH MOTafaioT B «30HY BJIMSHUMA» KA IOH
M3 KocTeil m 6yayT nmepeMermaTthbcA Besen 3a Hed. CymiecTByeT cremu-
anpHBIA pexuMm O6omoura (Envelope), B KOTOpOM MOKHO YBHIETH H
PefaKTHpPOBAThL 3TH 30HBI BAuAHUA. Pexxum O00s0uKka BKJIIOYAETCHA HA
naHeau cBoiicTB apmaryphl ([lammabie o6bexra). Ilpn HeobGxoguMoOCTH
MOXXHO BPYYHYIO HA3HAUUTH BeAYINYIO KOCTh AJA KaMKHO0H BepIIUHBI.
JlnA 9TOro BepIIWHBI O0BEAWHAIOTCA B IPYIILI, HasBaHUA KOTOPHIX
JOJIXKHBI COBIIAATH C HA3BAHUAMU 00'BEKTOB-KOCTEH.

Taxkum obpasom, ais Toro 4yrobbl M3MEeHUTH (opmy OOBEKTa, I[0-
CTATOYHO M3MEHHUTH II0JIOXKeHHe KocTeil. Benen 3a xocTaAMHM mepeMec-
TATCA ¥ BCe CBA3aHHBIE C HUMM BEepPIIHMHBI CETOYHON MOJENH, a HX
MOT'yT OBITH THICAYH!

Ilpsamasa u oOpaTHAd KMHEMATHKA

Ha pucynre 9.56 nokasama apmarty-
pa, KOTOPYIO MOIKHO HMCHOJL30BATEL JIJIS
MOJEJIMPOBAHUA PYKHU dejdoBeka. HKoctu
A, B u B ynpasBasioT COOTBETCTBEHHO
ILJIeYOM, TPEAIIEYBEM M KHUCTHI IIepco-
Hax)a.

OOBIYHO B MOJEJNH 3TH KOCTH CBSI3aHBI
OTHOIIIEHNAMH «POXUTENb — TMOTOMOK»: Puc. 9.56
KOCTbh A — 2TO poauTens ana B, a B —
ponutens niua B. Ilepemernenue poauress
NPUBOJAUT K IEepPeMeNleHHI0 BCceX NMOTOMKOB, T. €. IPH HepeMeljeHun
rKoct A xoctu b u B nepememniarorcs Beaen 3a Hel. Taxkas cBsisb Ha-
3pIBaeTCA MpAMOH KMHeMaTukou (auri. forward kinematics).

B HeKOTOpEBIX ciydasx NpAMAas KHHEeMaTHKa 3aTPYAHSAET IoCTpoe-
HHUe anuManuu. Hanpumep, OycTh MEepPCOHAMKY HYKHO B3fAThH 4YTO-TO B
pyky. IIpu aToM MBI 3HaeM TOYHO HOJIOXMKeHHe KHCTH B, Toraa Kak mo-
JIOMKEHMSA OCTAJBHBIX KocTed (A u B) JO0KHBI U3MEHUTHCH COOTBET-
CTBEHHO, YTOOBI COXPAHMJIACH CBSA3b B IEIIOYKE KOCTelH. OTO 3HAYHT,
uTO IepeMelleHHe KOCTH B NIPHUBOZUT K COIJIACOBAHHOMY IlepeMelie-
Hu0 Koctreit A u B. Takas cBaA3b HasbIBaeTcs 00paTHOM KHHEMATHKOM

Ob6paTHas KHHEMATUKA

-~ Sos B

Ilpaman KUHEMATHKA
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(aura. inverse kinematics), TOTOMY 4YTO ABHIKeHHe mnepegaercss B 00-
PaTHYIO CTOPOHY.

Ina mocTpoeHWsA cBA3H «o0OpaTHas KHHeMaTHKa» Ha KocTs B
HY3KHO HAJIOKUTH orpanudenune OOparnas xkuHematuka (Inverse
kinematics). B _Blender mias aroro mcmosbayercsa clieliuajdbHas cTpa-
HHIIA CBOWCTB Orpamnuennsn xoctu (Bone constraints), xoropas
OTKpBIBaeTCsa B pekume npocmorpa Pesxum mo3ssi (Pose mode). B na-
pameTrpax 3TOr0 OrpaHMYEHHMs HYMKHO yKasaTh AJIUHY IENOYKH KOocC-
Te#l, HA KOTOpyw aeicTByer orpanudenme (mapamerp Chain length,
aauHa unenu). B paccMoTpeHHOM caydae QJHHA HENOYKH paBHaA 2 (Koc-
ta A u B). Ormerum, utro B Blender xocts B He moiy:kHa OBITH CBA3a-
Ha HHU C KAKOM POAHUTEJBECKON KOCThIO.

PDuznyecKHe ABJICHHA

CoBpeMeHHBIe IIPOrpPaMMBI TPEXMEPHOHN rpa@MKM cOogepKaT Cpen-
cTBa AJA MOAENUPOBaHUA (PU3MUECKHX MPOIECCOB. JTO 3HAYHUT, YTO
IpH [OCTPOEHWM AHUMAIIUH Tejia IePeMeIlalTcs ¢ Yy46TOM 3aKOHOB
GHU3UKHU: ABIM NOAHUMAETCH BBEPX HJIM CTeJIeTCs IO BeTPy, BOAA Ka-
ImaeT WM CTeKaeT BHU3, TeJd CTAJKHBAIOTCA MeXIy co0oi U OTCKaKH-
BAIOT, TKaHb MOJIOIIETCA HA BETPY HU T. II. B 9THX MoJAeNAX AJA CO34a-
HUA PeaJIMCTUYHOM AHMMAIMHA HCHOJIBL3YIOTCHA HOCTATOYHO CJIOMKHBIE
MaTeMaTHYecKHe YypaBHeHHdA, MX pemneHue Tpebdyer 6oabmIoro ooséma
BBEIYMCJIEHHMI B MOIIHOT'O KOMIIBIOTEDA.

B nporpamme Blender gis 5TO# Iesu HCHOJB3YIOT [Be IaHEIH
CBOMCTB: - Yacruupr (Particles) u - dusura (Physics). C ux mo-
MOIIBI0 MOYKHO MOJETHPOBATh:

e CHCTeMBI YyacTHIl (JbIM, OTOHB, BOJIOCHI, TPABY);

KUIKOCTH;

CTOJIKHOBEHHA TeJI,

CHJIOBBIE 110Jisi, HAIPHMEpP BeTep U MarHUTHOEe IoJIe;
TKaHb.

MaTteMaTHYeCcKHe MO/eJI, ONMChIBAIOIIME OTH SABJEHHHA, yiKe 3a-
JIOKeHbl B mporpaMmy. MaMeHsAs WX IapaMeTphbl, MOKHO NOJAY4YaTh
caMble padHooOpasHbie a(deKTh.

CucreMa uYacTHl, — 3TO MOJeJb O0BEKTa, KOTODPBLI He HMeeT
YéTKMX I'DAHHI, HAUIPUMep Iapa, OrHA, AbIMAa, HOMKAA, CHera M T. I.
Ins Takux OOBEKTOB HEBO3MOXKHO IOCTPOMTE CETOUHYIO MOJEJb, II0-
ATOMY OHHM MOJEJUPYIOTCA KaK IIOTOK MaJleHbKHUX YacTHUIL, KaXKJas u3
KOTOPBIX MMeeT CKOPOCTh, IBeT, HampaBjeHue aBu:xeHus. Ilpu asum-
sKeHUW YacTHUI[ YYUTHIBAIOTCA CBOMCTBA BHeINHell cpeAbl — CHJA TArO-




AHnmauuns

TeHHA (rpaBUTALMA), BeTep U T. m. I[1a HACTPONKH CUCTEMBI YaCTHUIL
HCHOOJb3yeTCsA MHOMKECTBO NapaMeTpOB, MeHfAd KOTOphIe, MOYHO
CTPOMUTH MOJEJIM PA3IUYHBIX ABJEHWH (ABIM, OTOHb U T. A.).

B Blender ecTs 0cOOBIH THII CHCTEMBI YACTHI[ — «BOJOCHI» (aH2].
hair). OHu MOr'yT MCIOJIB30BATHECHA IPU MOJEJIMPOBAHMM BOJIOC YeIOBe-
Ka, IIePCTH KHUBOTHBIX, a Takxke Tpassl (puc. 9.57).

Puc. 9.57

EKunroers (amra. fluid) momenupyercss Kak MOBEPXHOCTH ¢ 0OJIB-
IMM YHCJIOM rpaHeidl, IPHYEM OHA MOXKET COCTOATh M3 MHOTHX OT-
AenbHBIX dYacTei (xKamens). [as Toro 4robbl MOCTPOMUTE AHUMAIIHIO
KHAAKOCTH, AJIA KajKJOro Kajapa IOJOKeHHe BCeX BEepPIINH PACCUHUThI-
BaeTcs HA OCHOBe NPEABIAYINEro Kaapa U (PU3MYEeCKUX CBONCTB KHA-
KocTH (BA3KocTH). Takoil mepecyéT WHOrJAa HA3BIBAIOT «BBINMEUKOMH»
(aarn. bake). OH 3aHMUMaET AIATE]LHOE BpeMs, KOTOpPOe 3aBHUCHUT OT
YCTAHOBJIEHHOI'O paspemneHus (aHri. resolution) U KoJM4ecTBa KaJpOB
apuManun. IIpm 3TOM ceTOUHBIE MOZENIH A KaKAOr0 Kajapa cosja-
IOTCA HA AMCKEe B KaTajore AJs BpeMeHHbIX (haitnos. IIpu moBTOpHOM
NpoCMOTpE AHMMAIIMHM OHH yiKe He IepecYUTHIBAIOTCA 3aHOBO, a 3a-
Tpy»XaioTcd ¢ JAUCKa (2TOT MOAXOJ HA3BIBAIOT Kawuposaruem). OpgHa-
KO ecJIM BBl M3MEHUTE KaKoi-1ubo napaMerp, BCIO AaHUMAIUIO IIPUAET-
Cs IPOCYHATHIBATH 3aHOBO C CAMOr0 HaJaja.

Trans (anra. cloth) — 310 TOMKE CJIOKHAA MOBEPXHOCThL. B oTiH-
ype OT KHUAKOCTH TKaHb codjgaércda U pasbuBaeTcs Ha IpaHU BPYYHYIO
(HampumMep, UCIOJB3YeTCs MJIOCKOCTh, pa3buTad Ha YACTH ¢ IIOMOIILIO
uncrpymenta Ilogpasaemuts (Subdivide)).

Ilpx moCcTpPOEHHMM aHMMAIMHA IPOTpPaMMa PACCUMTHIBAET AJIA Ka-
IIOT0 Kajpa TOJOMKeHHe BCeX BepIIMH CeTOYHOH MojenH (magaroiei
TKAaHM) C YYETOM CBOMCTB BBIODAHHOIO THIA TKaHH (XJIONOK, IIEJK,
KOXKa u ap.). Yem Mesbuye IpaHH MOJEJNH, TeM TOYHEe MOAeJIHpoBa-
HHe, HO U OoJibllle BpeMs pacuéra IIOJIOKeHHMA TKAaHU B KaMJAOM Kal-
pe. dnsa o6BEKTOB, KOTOphIE OOJMKHBI 3aJlepyKHUBATL TKaHb, HYMKHO
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YCTAHOBHTBL CBOMCTBO «CTOJKHOBeHHMe» (aHTI. collision). Ilpumeps:
HCIIOJIb30BAHUS TKAHU B TPEXMEPHBIX MOJEJAX IIOKAa3aHbl Ha
puc. 9.58. [lna cospaHus MOZeNH MOJOHIyIHerocs ¢Jara MCIOJIL30BA-
JIOCh CHJIOBOE II0JIe TUIla «BeTep» (aHria. wind).

Puc. 9.58

Msarkue Tena (aHri. soft bodies) — 5TO cHenMaJLHBIN anmapar
AN PEeaJIMCTHYHOrO MOMAEJHUPOBAHUSA J[JABUIKEHHSA TeJ, 00JIaarorux
yupyrocteio. Bes Hero (Bpyunyio) 6b110 OB IPAKTHYECKH HEBO3MOMHO
rPaMOTHO IIOCTPOMUTL AHMMAIIHUIO, B KOTOPOM HpeIMeThl CTAJKHBAIOT-
¢, CMUHAIOTCsA, OTCKAKMBAIOT APYT OT ApPyra u T. II.

Korza nnsa ceToyHON MOJe/M YCTAHABJIMBAETCH CBOMCTBO «MATKOE
TeJo», TpaHW NpuOOpPeTAIOT CBOMCTBA IPYKMHOK. HMX KECTKOCTH
MOKHO PEeryJHupOBaATH C IIOMOIILI0 HACTDOEK Ha nmaHenu Msarkoe Teio

(Soft Body).

PengepuHr

KoHeuHBIH pe3yJbTAT AHMMAIMM — 3TO BHUAEOPOJIMK, 3aIlMCAH-
HBII B oOAHOM u3 BHuAeodopmarosB, Hampumep AVI!, MPEG,
QuickTime, Ogg Theora. PenjepuHr npoMCXOAUT MNOKAAPOBO, T. €.
cHauvajla IIporpaMMa CTPOHUT IIOJIHOe uM3o0parkeHue Kazpa 1, satem —
Kazgpa 2 U T. A. Ba)kHas XapakTepMCTHMKA BHAE0 — YacTOTa KaApoB
(aarn. FPS — frames per second, Kagpsl B ceKyHAY). OOBIYHO B KHHO
HCIoJIb3yeTcsA uacTora 24 Kajapa B CeKYHAYZ, IPHU KOTODPOi uesioBeyec-
KHH rjia3 BOCHIPHHHMAET CMEHY KaJpOB KaK HelNpepbIBHOE ABHIKEHHE.
B asrom ciyuyae ans co3maHMs pOJNMKAa, Aasmieroca 10 cexyHI, HYIKHO
nmocTpouTh aHuManuio u3 240 Kagpos.

1
Crporo rosops, dopmar AVI — aro koumeilHep, BHYTPU KOTOPOrO BHAEO H

3BYK MOTYT OBITH yHaKOBAHEI C [IOMOUILI0 PA3JHYHBIX KOAEKOB (aJropHT-
MOB C}KaTHsH).

B renesusmorHOM craHzapre PAL, xoropsiii npuHAT B EBpone, HCOOJAL3Y-
eTcsa dacToTa 25 KaApoB ¢ ceKyHAY, a B craHmapre NTSC (CIIIA, Kana-
na) — okoiao 30 KaIpoOB B CEKYHAY.




AHumMauns

PeHfiepHHT CJIOKHBIX CIEH, BKJIOYAKOIIAX MUJJIAOHBI TpaHel, MO-
JKeT 3aHMMAaTh 3HAYHTEJbHOe BpeMms (AHM m Hezenu!) u TpeboBaTh
fOBIIMX BBIUMCIMUTEIBHBIX MOLIHOCTEH KoMmIbloTepa. lIpe:xze Bcero,
BAYXKHO OBICTpPOZEMCTBHE mpoleccopa W O0BEM OIepaTUBHON IIaMATH.
IloaToMy peHAEPHHI' BHAEOPOJMKOB BEHIMOJHAETCH, KaK IPaBHJIO, HAa
HECKOJIbKMX MOIIHBIX KOMIBIOTEpaX, OOBEAMHEHHBIX B JOKAJBHYIO
ceTb. CyIecTBYIOT OpPraHW3anuu, IpPeJOCTABIAIONIAE TaKHe YCIYTH
(pennmep-epmsr)’.

B mporpamme Blender pekumMbl peHAepHUHIa HACTPaMBAIOTCA Ha
CTPaHHIIE CBOMCTB Pennep. Ha namenu Bsieox (Output) my:xHO
BHIOpaThL KATAJIOr JJIA COXPaHEHUA BHAEODPOJHKA, opMaT 1 uma (daii-
sga. Ha manenn Pasmeps1 (Dimensions) sagaiorcsa pasMepsl n3obpaske-
HNs, HOMepa HadYaJbHOI'0O M KOHEYHOT0 KaJpPOB aHMMAIlMH, a TaKKe
yacrora Kaapos. Ilo yMoIuaHMIO yCTAHOBJIEHA yacToTa 24 Kajpa B ce-
KYHIY.

PengepuHr 3amyckaeTcad ¢ IIOMOIIBI0 KHONKH AHHManusa
(Animation) Ha crpanuiue csoiicTB Penmep miam rKoMOMHanuel Kia-
puint Ctrl+F12,

Bonpocbl U 3agaHus

1. Paccrasxure 06 OCHOBHBIX NPHHIUAIAX AHUMAIIHH 110 KJIIOYEBBIM KaJpaMm.
2. Kak MOXHO U3MEHATH [OBejJeHNe 00'LeKTOB B IIDOMEXKYTOUYHEBIX Kaapax?
3. O6bsAcHNTE, KaK BHINOJHAETCA aHUMAIAA ¢ KJIIYeBEIMH (hopMaMu.
4. Yro TaKoe apMaTypa A 3a4eM OHa HyKHa?
5. CpaBHHTE aHMMAIHMIO 10 KJOYeBbIM (opMaM M aHWUMAIUIO C IOMOIIBIO
apmatrypbl. Korga yao6HO HCIIOIb30BATE KaMKAbINA U3 3THX Crocobos?
6. O0bsicHUTE pasiMYie MEXKAY CBA3AMM «IpAMasd KHHeMaTHKa» M «obpar-
Hasg KHHeMaTHKa».
7. PacckakuTe 0 BOBMOMKHOCTAX MOIEJIHPOBAHMA (PH3MYECKUX IIPOIECCOB B
nporpaMMax TPEXMepHOMH rpadmuxmu.
8. Uro Takoe cuCTeMa YACTHIL M 3a4eM OHA MCIOJb3yeTrcs?
9. Kak cTpourcsa aHuManusa TKaHU?
10. BcnmomauTe, rje emé B KOMIBIOTEPHOU TeXHUKEe HCIOJb3YeTCH KIIIApPO-
BaHHE.
11. Yro Takoe «MATKHE Tejaa»?
12. TTouemy peHJEpUHI BUIAEOPOJIUKOB TpefcTaBiasgeT coboil cephE3HYIO IpOo-
6iemy? Kak oHa MoxKeT GBITE pemreHa?

1
Hanpumep, http://farmerjoe.info u http://renderfarm.fi
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A 3apnaumn

1. ITocTpoiiTe MPOCTYI0 AHEMALMIO OLHOTO M3 00BEKTOB-IPUMHUTHBOB, M3Me-
HASA ero IOJIOXKeHHUe, YIJILI IIOBOPOTA U PA3Mephl.

2. IlocrpoiiTe aEMManuO yabI6aI0NIETOCS PTa.

3. ITocTpoiiTe (Urypy MmIaXMAaTHOrO KOpPOJIf, VIPABJIAEMOTO apMaTypoii.
CospaiiTe HeGOJBIIYIO AHUMAIUIO, B KOTOPOIl KOPOJIbL HAKJIOHAETCH B
pasHble CTOPOHEL.

*4, To6aBkTE BOJIOCHI HA I'OJIOBY 00€3bAHKH € IIOMOIIbI0 CHCTEMBbI YACTHII.
*5. ITocTpoiiTe aHMMAIIHIO IIPHITAIONIETO TEHHHCHOTO MAYA.
*6. IlocTpoiiTe anuManuio ¢Jara, MoJOMIYIErocss HA BETPY.

§74
A3bik VRML

Kax BBl yike 3HaeTe, TPEXMepHBIE CIleHBI XPaHATCA B KOMIbBIOTEPE
KaK BeKTOpHBIe n3obparkenusa. Kasxapiii o6beKT B BeKTOpHOM (hopMmaTe
3aflaéTcsa KOOpAMHATAMM CBOMX BEepIIMH M CBOMCTBAMM (Hanpumep, Xa-
PaKTEePUCTHKAMH MaTepHuana). 9TH JaHHBIE MOTYT XPAHUTHCA BO BHYT-
peHHeM («MaIIMHHOM») OpeACTABIIEHHH, OJHAKO AJIsA PY4YHOI oOpabor-
Ku (n ana nepepaun depes MHTepHET) yaoOHee, ecau 3D-mozens mpen-
craBiifgeT coboi o6bIYHEBIN TeKceT Oe3 odopmiuenus (anra. plain text ).

B arom maparpade MBI KpAaTKO HO3HAKOMHMCH ¢ a3bikom VRML
(Virtual Reality Modeling Language — A3bIK MOJeIHPOBAHUA BUPTY-
alpbHOM peaNbHOCTH), KOTOPBIA IIO3BOJIAET COXPAHHUTH TPEXMEPHYIO
CIIEHY B TEKCTOBOM (aiijle © NOTOM IPOCMATPHUBATE €€ B CIeIUABLHON
nporpamMMe HJH B BeG-Opaysepe (C IOMONIIBIO AONOJHUTEIBHOIO MOAY-
aa — naazuna). A3pik VRML «IDOHUMAIOT» MHOTHE NIPOTPDAMMBI
TPEXMEPHOI'0 MOJEJHUPOBAHHUA, B TOM UYHCJIEe CHACTEMBI aBTOMaTHU3HUPO-
BagHOro npoextuposanua (CAIIP). C momompeo VRML crenanbl BUp-
TyaJbHAs SKCKYPCHSA IO MeMopuany Ha MamaeBom kyprauel, sBupry-
aJIbHBIM BBICTABOYHEIN LEHTP Ha caiiTe www.3dexpo.ru u 3D-mozenn

M HCTOPHYECKHX coObITHI (Hampumep, mosera B Kocmoc IOpusa I'arapu-
Ha) Ha caiite ¢pupmsel Parallel Graphics?.

http://www.volgograd.ru/mamayev-kurgan/
http://www.parallelgraphics.com/products/showroom/event/




A3bik VRML [l

C nmomompio VRML mMoKHO ommcaTh He TOJIBKO ()OpPMY Tpéxmep-
HBIX 00BEKTOB, HO W HUX (HU3MUECKHe CBOMCTBa: IBeT, TEKCTYpY,
GJiecK, mpo3pauHocTh. O0BEKTEI MOTYT OBITB T'MIIEPCCBHLIKAMH Ha JApPY-
rue goxkymeHThI. fIzeik VRML nossosnser cosiaBaTh aHMMAaIHMIO, Me-
HATH OCBEIeHHe, BKIIYATh U BBIKJIIOYATH 3BYKH, a TaKxKe J00aBaATh
K CIleHe IpOrpaMMHBIN KO Ha As3bIKax Java mwiau JavaScript.

TpéxmepHyIo cueny B8 VRML nassiBaroT mupom (auri. world), no-
aromy VRML-(aiinsl nmeoT pacmuperne wrl, 3To oGBIYHBIE TEKCTO-
Bble (haiinpl, KOTOPhIe MOYKHO PegaKTHPOBATH B JIIOOOM TEKCTOBOM pe-
naxktope. Kpome Toro, cyimecrByioT crnenuanbusie VRML-pegakTopsl, w
sanpumep WhiteDunel.

Ona npocmorpa VRML-mozeneit Hy»KHO YCTAHOBHTH COOTBETCTBY-
o niarue K 6paysepy (sanpmmep, Cortona3D Viewer2) mam ca-
MOCTOATEJbHOEe IPHUJIOMKeHHe (HalIpuMep, KpoccIiaTdOpMeHHYIO IIPO-
rpammy view3dscene?).

ITocTponm ¢ nmomompio VRML TpéxMepHYIO MO- v
nesis KoMHaTEI. E€ creHBI (a TaKKe IIOJI ¥ MOTOJIOK)

MOKHO IIPeACTaBHATL B BHUAe miauT (6JIOKOB, mapaJi-

nenenumnenos). Ilyers aauHa KaxxmoN creHsl — 4 M, 0
BeicoTa — 3 M, a Tommuaa — 0,1 m. Torga crena B x
miaockoctu XOY (puc. 9.59) onuceiBaercs Tak: Z
#VRML V2.0 utf8 Puc. 9.59
Shape

{
geometry Box { size 4 3 0.1 }

}

B nepsoii cTpoke ykasaHa Bepcus sizbika VRML (2.0) u kogupos-
ka rexcra (utf-8 — aro ogun us sapuantos UNICODE). ¥V exguncTBeH-
HOro OespIMAHHOro o6beKTa Shape (auri. shape — dopwma, durypa)
3aJaHO TOJBKO OJHO CBOMCTBO — geometry (reomerpmusa). CrosBo Box
o3HayaeT, 4To 3Ta (purypa — napannenenune («kopobka»), ero pas-
mepsl (o ocaiMm X, Y 1 Z coOoTBeTCTBEHHO) YKA3aHBI IIOCJE CJI0BA size
(pasmep).

O0sexTer cuensl: 8 VRML maseiBaloTcs yanxamu. Hassaunusi KJac-
cOB O0BEKTOB HAYMHAIOTCA C 3arjaBHOil OYKBBHI, 4 HA3BAHNA CBOICTB
(moseit) — co crpouyHbIX. B Hamem npumepe o6beKT Kiaacca Shape
uMeeT mojie geometry, ompegensiomiee GopMy Tena. 3HaUYEHHE DTOTO

http://vrml.cip.ica.uni-stuttgart.de/dune/
http://www.cortona3d.com/cortona
http://vrmlengine.sourceforge.net/view3dscene.php
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moasA — O00BeKT KJjacca Box (mapamrenenunexn)!. ¥sen Box, B CBOIO
ouepelb, UMeeT moJie size, onpeendiolnee pasMephl IJUTHI M0 Kak-
IO KOODAMHATHOM OCH.

Kpome napasenenunenoB B sisbike VRML ecTs 00BeKTEI Apyrux
KJIaccoB, HanpuMmep Sphere (map), Cylinder (muameAp), Cone (KO-
Hyc). Bosee ciioxkHEBIe (GUrypEI CTPOATCA U3 OTAEILHBIX I'DAaHEH.

0O6BsexTel VRML mMmeroT moBoJibHO MHOrO moJeii. Ecam sHaueHue
oJIA HE YKa3aHo, MCIO0JIb3yeTcAd HEKOTOPOe CTAaHJAApPTHOe 3HAYeHUe
(3HayeHue no ymoayanuioo). Hanpumep, o yMOJIYaHHUIO TEJIO pacroia-
raerca TakK, 4ToOBl ero IEeHTP COBIaZaJl ¢ HAYAJIOM KOODAWHAT, H
PABHOMEPHO «IIOKpAalleHo» B OeJbId IIBeT.

ITpuBenénnsit Beitme VRML-Kox MosxkHO 3anucats B daiin (HasBas
ero, Hampumep, first.wrl) M 3arpys3dTbh B IIpOrpaMMy-IpPOCMOTP-
mukK. IIpu aTroM MBI He IPOCTO YBUAMM OOBEMHYIO CTEHY, HO M CMO-
JKEeM <«IIOXOAHUTL» BOKPYr Heé. B mporpamme view3dscene ato Oyzer
BBIIVISZIETh TAK, KAaK MOKasaHo Ha puc. 9.60.

Lwrl - view3dscene - FPS : 94,60

Ele Wiew Navigation dnimation Edt  Console Display Help

1 of 1
time + 29 = |/94878498

Puc. 9.60

IlporpamMmma moJKHA BBIDOJHATH PEHAEPHUHT [JIsl 3arpyXeHHOMH
TPEXMEPHON MOJeNU O4eHb GBICTPO, IIO3TOMY KadyecTBO KapTUHKHU Oy-
JeT CYIIeCTBEeHHO Xy:Ke, 4UYeM B IIpodecCHOHAJbHBIX NOporpaMmax
3D-monmenuposanua Tuna Blender mam 3ds Max.

Kaxxnomy 00BEKTY MOMHO IIPHUCBOUTE COGCTBEHHOE MM#A, HO JeJIaTh 3TO He
obA3aTeNbHO.




Asbik VRML S

B mamem daiine Touxka HabMoOgeHUs He 3ajlaHa, W IIporpaMMa ca-
MOCTOATEeJILHO BeiOHpaer eé (mo ymonuanuio). [lomosxkenue aToit TOUKH
MOKHO 3aJ1aTh ABHO, go6aBus B VRML-dain xox:

Viewpoint
{
position 0 0 5
}

3necs CBOMCTBO position (mosoxxeHue) odbekTa Viewpoint (Tou-
Ka HaOJMOHeHHus) olpejelseT HadalbHbIe KOOPAWHATHI HaOJIIOHaTesns.
B pmamsOM ciydyae OH HaXOAMTCA B TOYKe ¢ KoopaumHaramu X = 0,
Y=0uzZ-=>5.
CyiecTByeT HECKOJBKO PEIXHMOB IIPOCMOTPA TPEXMEPHON CIEHBI:
¢ Examine (paccmarpmBaTrhs, uMccleZoBaTh) — HabOmmogaTenb He-
IMOABHYKEH, 00BbEKT MOHO MOBOPAYMBATE M PACCMATPHUBATE IIOK
Pas3HBIMM yIJIAMH;

¢ Walk (xoguth, genatb 06x0a) — CIleHA HEeNOABM KHA, a Habio-
JaTesb IIepeMelllaeTcs BHYTPH HEEé «II0 TIOBEPXHOCTH 3eMJIN»;

e Fly (merars) — ornmuuaeTcs OT NPEeABIAYILErO PEMXMUMA «BBIKJIIO-
YeHHON» CHUJION TAMEeCTH.

Kronka Collisions (cToJKHOBeHMs) ompeensieT, MOMKeT JIA Ha-
6aronaTenb IPOXOAUTH CKBO3b CTEHEI M IIpeJMeThI (ecJIi OHA OTKJIOUe-
Ha, TO MOKeT).

Yro06sl NpuaaTh cTeHe OoJiee peaNbHBIA BHJ, HAA0 3AlOJHUTH YV
o6beKTa Shape eme OJHO IoJie — appearance («BHEIIHOCTB», «HA-
PY#KHOCTE»), OTBedalolllee 3a TO, KaK O0BEKT BHIIIANUT. Bce cBOM-
CTBa, BJIMUAIOIINAE HAa BHEIMHUHA BUJ 00beKTa, cOOpaHBl B eJUHBIA 00B-
eKT ¢ UMeHeM Appearance. 3aJajuM AJs CTEeHbI MaTepuas (CBOiCTBO
material ofbeKkTa Appearance) W YCTAHOBUM JJIS TOTO MaTepuasa
et (cBoiicTBo diffuseColor):

#VRML V2.0 utfs
Shape
{
geometry Box { size 4 3 0.1 }
appearance Appearance
{
material Material { diffuseColor 0.7 0.7 0.7 }
}




TpéxmepHan rpadpmka

Yucna moclie Ha3BaHMA cBoiicTBa diffuseColor 3a7aloT IIBeT
CTeHHI B BUJie TPEX cocTaBiaaomux monenmu RGB — kpacHoil, 3enéHoi
U CHHeH, KayKkJas U3 KOTOPHIX npuHumaer dHauenue ot 0 go 1 (aTo co-
orBeTcTByeT Amanasony or 0 mo 255 npm nenounciaenHom RGB-koxu-
poBaHuM 1Bera). B mamHom cinyyae Bce oHm paBHbI 0,7 — 3TO CBeT-
JIO-CepPHI IIBET.

BmecTo TOro urobbl «KpacUTh» CTEHY, MOXKHO OBLIO «OKJIEHUThL» €€
000aMH, T. €. HAJNOKHUTH PHCYHOK (TekcTypy). Ilia saToro Hy:XKHO 3a-
oaTh CBOMCTBO texture (TexkcTypa):

#VRML V2.0 utf8
Shape
{
geometry Box { size 4 3 0.1 }
appearance Appearance
{
texture ImageTexture { url["texture.png"] }
}
}

B nmaHHOM ciiyyae TeKCTypa OTHOCHTCA K KJjaccy ImageTexture
(TeKcTypa-pUCYHOK) W HaxoguTcsa B (aiise texture.png B TEeKyIIeMm
Karajore. PUCYHOK pacTArHBaeTcd HA BCIO NOBEPXHOCTh, IOITOMY €ro
IPOIOPIAK JOJKHBI COOTBETCTBOBATH COOTHOIIEHHUIO Pa3MepOB CTEHBEI.
OcranbHBIE CTEHBI CTPOATCA AHAJIOTMYHO, HO C OJHHUM CYIIeCTBEeH-
HBIM OTJIMYMEM: MX IPHAETCS CMeIlaTs B OPOCTPAaHCTBe (MHade IIO
VMOJYAHUIO HX IeHTp OyaeT pacmoJioKeH B Hadajle KOODAHHAT).
IIpeanosiokum, uTO COo3faHHAsA cTeHA OyneT «JanbHell or Hac». Torza
«jneBasi» creHa umeer pasamepsl 0,1 x 3 x 4 M (o ocsim X, Y u Z coor-
BeTCTBEHHO), U €€ HY)XHO nepeaBuuyTh Ha 2,05 M BieBo Bronb ocu X
u Ha 1,95 M «B cropony HabOmozaTens» BIOJL ocH Z (BeaWYHHA
0,05 M — 9TO HOJIOBHHA TOJIIUHEI CTEHEI!).
IOns nepememeHuss oO0bEKTOB B BHUPTYAJIBHOM IPOCTPAHCTBE HC-
noap3dyercsa y3ea Transform (upeBpaimars, uamMeHATs). OH cnocobeH
BBLIMIOJIHATL JJIsi IIPUCOEIMHEHHBIX K HEMY Y3JIOB (IlepeuyMCIeHHBIX B
crnucke children — «IOTOMKH», «[IOAYMHEHHBIE 00BEKTHI») CIENVIO-
mue aedcreusa (1 gob0ble MX KoMOuHamm!):
e translation (cMelieHue) — cMelleHHe IeHTpa ob6beKTa BAOJIb
KaKJ0H M3 TPEX ocell KOOPAMHAT;

e rotation (BpamieHue, IIOBOPOT) — HOBOPOT 06BEKTa BOKDYT
TPEX ocell KOOpPAMHAT;

e scale (uameHeHHme MacuITaba) — YMHOMK€HHE DasMepoB O0BEK-
Ta Ha K03 PUIMEeHTsI, OTAEJbHO IO KaM 10l OCH.




A3bik VRML  [Sirg:

B mamem ciyuae TpeOyeTcsa TOJBKO mHepeMelneHHe. B conucox
children (0H 3amHUCbIBaeTCA B KBaJPATHBIX CKOOKaxX) MBI BHKJIIOUHUM
onny ¢urypy (o6bexkT Shape) — mnapajulejenunefi, u3obparkaromui
JIEBYIO CTeHY. ITOT KOJ HYKHO no6aBUThH B KoHenm VRML-daiina:

Transform

{
translation -2.05 0 1.95
children

[
Shape
{
geometry Box { size 0.1 3 4 }

}

}

Tenepr BB MOKeTe CaMOCTOATEJIBHO IOCTPOMUTH «BHPTYAJIBHYIO
KOMHATY» I[EJIUKOM.

Bonpocsl u 3aganusa 0

1. Kax BBl NOHMMaeTe TEPMHUH «BHDTYaJIbHAA PEATIBHOCTb» ?
2. Kakue cBoiicTBa TpPEXMEpPHBIX OOBEKTOB MOMKHO MOJEJIMPOBATH C IIO-
mompo VRML?
3. Yro npeacrasiser coboit VRML-pain? Kaxkoe pacmiupenue oH uMeeT W
mouemy?
4. Kaxoe nmporpamMmmMHoe obecrieuenne Tpedyerca aaa paGorsr ¢ VRML?
5. CpaBHHTe CHCTeMBI KOODJWHAT, KOTOPHIE HCIIOJIB3YIOTCA B MaTeMaTHKe H
B VRML 2.0.
6. O6pACcHNTE, YTO TAKOE CIleHa, y3Jbl U noJs. [IpuBeauTe NIpuMepsI.
7. Yro rakoe sHaueHHe mo ymonuaHuio? Kaxue mpemmymectsa gaéT Taxoii
cnocob sazaEusa sHaYeHUH npu nepepadve VRML-mozenn o ceru?
8. KakoBo m0o yMOJIYaHHIO ITOJIOYKEHHE TeJl OTHOCHTEJIBLHO Hadaja KOODIH-
HaT? YTO HYKHO CHeJaTh, YTOOLI H3MEHHUTE MOJOMXeHHe obbeKTa?
9. IlepeuncanuTe pesXEMBI IPOCMOTPA TPEXMEDHBIX cleH. YeM OHM pasjnya-
wores?
10. Kax naseiBaerca y3en VRML, orBeuaiominii 3a BHEIIHNA BAI 06 beKTOB?
11. Kakum obpasom Kogupyercs nBeT B A3bike VRML?
12. Kak HaHECTH TeKCTYpy Ha IOBEPXHOCThL 00BeKTa?
13. Kakue feifcTBHA MOXKHO BBHINOJHSATH C IOMOINBIO yaaa Transform?
14. O6cynuTte, re MOMKHO HCIIOJAb30BATh A3bIK VRML.
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TpéxmepHasn rpadpmka

A 3apaumn

1. CpenaiiTe KOMHATY 3aMKHYTOH: ONMHUIINTE BCe HUeTHIPE CTEHBI, IIOJ H IIO-
ToJIoK. IIocKONBKY IO YMOJYaHUIO TouKa HabmiogeHusa OyneT BHe KOMHA-
TBI, TOAyMaiiTe, KAK mONAacTh BHYTPh (ucmomasayiite kHonky Collisions).

2. IToaroroBbTe ¥ HAJIOMKUTE HA KAMKAYIO CTEHY OTAENBHYIO TEKCTYPY.

3. HanumuTe nporpammy, Koropas co3gaér VRML-daiin mo BBeIéHHBEIM
pasMepaM CTeH KOMHATHI.

*4, Hanmmmure mporpammy, kKoropas cozpaér VRML-bain ¢ onucanumem
MaxXMAaTHOM JOCKH, cocrosameil ua 64 depeayiomuxcs YEpHBIX U Oenbix
0s0K0B (00BEKTOB Box).

5. IToctpoiiTe mpocreifmnit TaGUPUHT U3 HECKOABKHX Kopuzaopos. Ilpoii-
JIUTE ero OT TOUKM BXOJA A0 TOYKH BeIXoAa. Mcmoab3ys peHuM mojéra
(Fly), nocmorpuTe Ha Ja0UPHHT CBEPXY.

Hcnons3ysa KOMOMHALIMIO MPOCTEMIINX reOMeTPUYECKHUX TeJ, HOmpodyi-

Te co3zaTh Kakue-HHUOYIAL npocTbie o6béMHBIe mpeamerhl. Hampumep,

KOHYC W Iapa IUJIUHAPOB MO3BOJAIOT <IIOCTPOMTH» paKeTy, a M3 cdep

pa3HOro paguyca MOKHO CO3JAaTh MOJEJb IJIAaHETHOM CHUCTEMBbI.

7. Ucnons3ysa 6mokm (mapanierenunefsi), mocTpoiiTe o6bEMHEBIE OyKBEI
«I's, «E» 1 «III».

*8. Haligure mHQOPMALIHIO O MOJAX ya3ja Material M IOCMOTPHTE, KaK HX

3HAYEHHA BIUAIT Ha u3obpajkeHne obbexTa.

#9, Haiiaure wundopmanuio o6 ysme Transform. IIpuMeHHTe peRHMBI

rotation u scale.

%10, Hanumure VRML-Kox, KOTOPBIA CTPOUT CHEOBHKA.

e

] MpakTuueckue paboTsl k rnase 9

Pabora Ne 77 «¥YnpaBieHue CIeHON »
PaGora Ne 78 «Pabora c o6beKkTaMu »
Pabora Ne 79 «CeTouHBIE MOZEJIH»
PabGora N 80 «Moguduraropsl»
Pa6ora Ne 81 «Ilnacruna»

Pabora Ne 82 «Tesa BpameHus»
Pabora Ne 83 «MarepuaJsl»

Pa6ora Ne 84 «TexcTypbI»

PaGora Ne 85 «UV-pasBéprra»

PaGora Ne 86 «PennepuHT»

Pabora N 87 « AgumManusa»

Pabora Ne 88 «Anumanusa. KnoueBsle GOPMEI»
Pa6ora Ne 89 «Anumanusa. Apmartypa»
Pa6ora Ne 90 «fAzeix VRML»




fA3bik VRML  [Sirg:

30P k rnase 9 Ha caiite ®LIUOP (http://fcior.edu.ru) M

o Wzobpaykenusa. Buasl
o O6iue MOHATHA 00 AKCOHOMETPUYECKUX MPOEKIUAX
¢ IIpoeknuu mpoCTEHINNX reOMETPHYECKUX (PUIYp HA ILJIOCKOCTD

Camoe BaxHoe B rnase 9

e TpéxmepHbIe CIEHBI CTPOATCS C IMOMOII[bI0 BEKTOPHOH rpadukm.

¢ TpéxmepHble MOZEeNTN 0GHEKTOB COCTOST M3 OTAEJNbHBIX IpaHeil
(IoJIMroHOB), Yalle BCEro TPEYIOJbHBIX UJIM YeTHIPEXYTOJbHBIX.
Kasxaerii moTuron orpanudes pédpamm.

e Jlnsa KasKA0HW IpaHM MOYKHO HE3aBHCHMO 3aJaBaTh CBOIICTBA Ma-
Tepuajia — IBeT, OJMKU, MIEPOXOBATOCTL M T. II. M0oXHO HaHO-
CUTH Ha TPAHU PUCYHOK — TEKCTYPY.

¢ PenjepuHr — 3T0 IIOCTPOEHHE IJIOCKOTO M300parKeHUs Tpéxmep-
HOM CHeHBl C YYETOM MATEePHAJIOB, TEKCTYpP, OCBeléHHOCTH,
CBOIICTB BHeIIHe# cpefbi. [Ipn 9TOM BRHITOJHAIOTCH CIOMKHBIE Ma-
TeMaTHYeCKHe pacdéTel Xoza OOJBIIOro KoJudyecTBa Jydeld oOT
HUCTOYHUKOB CBeTa, MO3TOMY [JIA PeHAEPHMHTa CJIOXKHEIX CIEH HY-
JKeH ObICTpozeiicTBYIOmMMIA npoueccop U 6oabIoil 06BEM OomepaTHB-
HOM NaMATH.

* AnpuManus TPEXMEPHBIX CIEH CTPOMUTCSA IO KajpaM: 4YeJOBeK
BPYYHYIO OIpeJiesiseT IO0JIOXKeHHe O0BEeKTOB B KIIUEBBIX Kaj-
pax, a Bce IPOMeXXYTOYHbIe KaJpPhl CTPOATCA ABTOMATUYECKH.

e JlnAa xpaHeHUS TPEXMEPHBIX CI[EH MOKHO MCIOJb30BATH KaK
ABOHYHEIE, TAK U TEKCTOBBIE (hailyibl.

299




J s 3aMeTox




Jas 3aMeTox
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DunsTp Bailiepa

IIBeToBBIe KaHaabl Mogean RGB

Red Green Blue








