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IIPE/TUCJIOBHE OT OBPABOTYHUKA

B mporecce 00paboTkM TeKcTa s TSI KOHTPOJIS MPAaBHIIBHOCTH JIMCTHHTOB HaOMpaj MporpaMMbl (HE B py4YHYIO, a C
TIOMOIIBIO YTHIIUTHI bas2tap), ¥ KaK BBLSICHIIIOCH TTO3KE, HE BCE ITPOTrPaMMbl KOPPEKTHBI:
Listing 9.9 — Het nByx cTpouek B 6510 DATA u tpéx ctpouek B 6520 DATA;
Listing 12.3 — Her ctpouku B 6520 DATA.
Tak ke HerpaBuIIbHBIE BXOAHBIE mapamerpsl st Listing 12.1 u Listing 12.2 (ITpumep 12.1)
HexoppekrtHast mporpaMma IepeHyMepanui 1 YHH4TOKeHus1 Oeiicuk-cTpok Listing 13.9. S 3amyuanicst HaxoanuTh H
UCIIPaBIIATH OMIMOKK B 3TOH nporpamme. Hanpumep, crpoku:
9948 LET C=C+2: LET C=D+2
9995 LET H=INT (NN;HI): POKE 23626 ,H: POKE 23625,NN-H*HI
ucnpasui Ha
9948 LET C=C+2: LET D=D+2
9995 LET H=INT (NN/HI): POKE 23626,H: POKE 23625,NN-H*HI
boumn emé, HO g yxe He moMmHI0. B urore s Opocnn 310 «rHONOE» Aeno. Ecian KTO CMOXET HaBECTH MOPSIOK, BBIIUIUTE
UCTIPABIEHUS] K 3TOH HporpamMMe — OOS3aTeNbHO HCIPABIIO M OTOLULIO Ha trd.speccy.cz mmst pacmpoctpaHeHus. Hy u
00513aTENBbHO YKaXy CHEINAINCTa, BOCCTAHOBUBIIIETO MIPOTPaMMY.
Cawmbrii 6onpimii 6ecriopsiiok ¢ Listing 14.1 — kpome TOro, YTO HET JBYX MOAMPOrpaMM, Tak emé Kyda ourrbok. S
Jlake He MBITAJICS BOCCTAHOBUTH IIPOrpamMMy.
[To3ToMy He CyauTe CTPOro, €CIIHM ATH MPOTPaMMBbI MOWAYT Y Bac HempaBUIbHO HJIH C OLIHOKOMA.

C yeaoicenuem — Deny
DenyDA@mail.ru
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OMETIA NNKOC NPEOJIATAET:

Hebomvuioe ycmpoticmeo (modem - no OocmynHoll yeHe), nozeonsawowee eradenvyam ZX-Spectrum 3HAUUMENLHO

Ppacuupums 803MOACHOCU CB0€20 KOMNbIOMEPA, m.e. 0OMEHUBANbCS UHpopMayuell no mereghOHHbIM KAHAIAM CE3U C
naweti "basou [annvix" (BBS).

basa Jlannvix coodepoicum wupokui 66100p U2POGLIX U CUCHEMHBIX NPOSPAMM, 00bAGNEHUS, peKIamy,
meKkcmosvle (haiivl U MHO20 Opy20l NoNe3Hou UHdopmMayuu.

OMETA NNKOC PEAJTU3YET:

O Heposvie u cucmemmvie npoepammul Ha kaccemax (6onee 70 HaumeHO8aHUU Kaccem, NOCMOAHHO

OONOJHAIOWUXCSL).

@ Jlumepamypy no nepconanbHbimM KOMRbIOMEPAM.

® Yucmoie ayouoxaccemuvt C-60 (8 HeO2pAHULEHHOM KOIUYECMEE)

@ Hemeyxue menegonnvie annapamei (OUCKOGble U KHONOYHbBLE) C PAZNUYHBIMU (DPYHKYUOHALbHBIMU
BO3MOHCHOCAMU.

TenedoH ansa cnpasok: (095) 490-14-26
MoutoBbIn agpec: 123363, r. MockBa, a/qa 48.



NMPEOUCITIOBUE

BricTpoe pa3BuTHE KOMIBIOTEPHOM TEXHOJIOTUMU MPHUBENO K CYLIECTBEHHOMY NOHM)KEHUIO LIEH Ha KOMIbIOTEpHL. B
OmpKalIme TOXbl OXXKHAACTCS PE3KOoe TIOJICIIeBIeHHe Nepu(epuiHbIX yCTPOWCTB, YTO TIO3BOJMT MOJB30BATEIsIM C
OTpaHWYEHHBIM OIOKETOM, KOTOpBIE paHee MOTJIH MO3BOJIUTH ceOe JIMIIb MpocTeine nepudepriiHbe yCTpOHCTBa, CMEHUTh
UX Ha caMble COBEpIICHHbIE. OJTO TaKKe€ MO3BOJUT WM BBIHTH 3a paMKd TaONMYHON (OPMBI BBIIAYM, NPHOOPECTH
MHKPOIIPOIIECCOPHBIE TPHCTABKH ISl TEJIEMOHUTOPOB U HEJOPOTHE YCTPOMCTBA IBETHOW Tpadky CrielanbHOTO Ha3HAYCHHS
@upma "CuHkiep" Bceraa 3aHnMala IepeJoBbIe MO3HUINH B ATUX 00nacTsaX. OTMETHM, YTO IOJCIICBICHNE KOMITBIOTEPOB HE
COIPOBOXKIAETCS MOACIIEBICHHEM IIPOrPAMMHOTO 00CCIICUEHHSI.

Tak kak B IPOIIJIOM MalIMHHAs rpaduka TpeOoBaga 3HAYNTEIBHBIX PECYPCOB, KaK MPOTPaMMHBIX, TAK M MAIIWHHBIX,
TO B 3TOi oOmacTH paboTaiM B OCHOBHOM OOJBLIME HCCIENOBATENbCKHE TPYNIBI, 4YTO INPHUBENO K MHpaM o e
HCKJIIOUUTEIILHOH CIIOKHOCTH.

B nanHOl KHUrE MBI cOOMpaeMcsi, 3TH MU(QBI pa3BesTh U I0Ka3aTh, YTO PSIIOBOM MOJIH30BATEIb MOKET 00OUTHCH O3
JIOPOTOCTOALINX MAaKeTOB IpOrpaMM, KOTOPBIE CTOJIb LEHHBI A HUCCIEAOBATEeIbCKUX OpraHm3auuil JlaHHas KkHura,
SIBJISIFOIIIASICSL BBEJICHUEM B IIPEAMET KOMITBIOTEPHOU IpaMKH, MOXKET pacCMaTpHBATHCS KaK JEMIEBBIH ITaKeT MPOrpaMM: OHa
3HAYUTENBHO JEUIEB]IE MAKETOB MPOrpaMM, UMEIIIUXCA B Mpojaxe. B cuily npuHATOro B KHMre moaxoja, mepex TeM, Kak
pHUCOBaTh KAPTUHKH KPOME T€X, KOTOPbIE MPHUBEJCHBI B KHUTE, CIEAYET O3HAKOMUTBCS C MPUHLIUNAMY, JIEXKAIIUMH B OCHOBE
paboTsl Tpaduueckoro obecreueHus. OTO HE SBIAETCS HENOCTAaTKOM KHHUTH, TAaK KaK 3TH CBEJICHUS MOXKHO IOIYYHThH
JIOBOJIBHO OBICTPO. B pe3ynbraTe paboTHI C MakeTOM, MOIb30BaTENb NapajuIeIbHO U3YJaeT MPHHIIMIIB, JISKAIIHUE B OCHOBE €T0
MIOCTPOEHHUS, YTO CHI)KAET BEPOSTHOCTh OIIHMOKHU TPH UCTIONB30BAaHUU TPA(UUECKHUX MTOAIPOrPaMM.

IIpennonaraercs, 4To 4MTaTENb MMEET DJIEMEHTApHBIE CBEJIEHMS O JIEKapTOBOM reOMETpHH. B KHMre comep:kutcs
MHOT'O MOJIE3HBIX YIPaXHEHNH, KOTOPBIE IIOMOTYT IOBBICUTh Balll YPOBEHb KyJIbTYPbl IIPOrPAMMHUPOBAHHS Ha S3bIKE OCHCHK.
Belicuk sBIseTCA IMMPOKO PACHPOCTPAHEHHBIM S3BIKOM, JOCTYMHBIM (B Pa3IMYHBIX peaju3alysAx) Ha BCEX THIAX MHKPO-
KOMIIBIOTEPOB, TaK YTO MHOporpaMmbl JIETKO MO}II/I(l)I/IIJ,I/IpOBaTL JId  UCIHOJIB30BaHUA Ha KOMIIBIOTCpax, OTJIMYHBIX OT
SPECTRUMa; Geiicuk siBIseTCS XOPOLIMM CPEICTBOM JUIS 3aIFCH aJITOPUTMOB, UCIIONB3YEMBIX B KOMITBIOTEPHOW rpaduke, 1
MIO3BOJISICT YHUTATEIISIM TIEPEBECTH ITPOTPAMMBI Ha JIF000M APYTOi S3bIK NPOrpaMMUPOBAHUSL.

HeobOxoaumast Uit M3y4eHHs KOMIIBIOTEPHOH TpaduKu Teopusl pa3BUBAaeTCS 10 Mepe H3JIoKeHHs. Marepuan
WTIOCTPUPYETCA NIPUMEPaMH, B TOM YHCIIEe U TEKCTaMU IIPOrpaMM, KOTOPBIE CIIEAYET pacCMaTpUBATh HE TOJIBKO KaK ONMUCAHUS
ITOPUTMOB PEIICHUS TON WIIM MHOM 3aJaull KOMIBIOTEPHOH rpadyku, HO M KaK MpOorpaMMHOE o0ecrieueHne, HalMCcaHHOe Ha
A3bIKE OCHCHK, WM, ITPOILE TOBOPS, KAK MPOTPaMMBI JUIsi COCTABJICHHS OIIPEeICHHBIX PUCYHKOB. Hapsany ¢ mpumepamun KHUTa
COJIEPKUT PsAJ YHIPAKHEHUI, B KOTOPBIX TEOPETUYECKHE IOJNIOKEHUS KHATH NOIYy4aroT AajbHelllee pa3Butue. Bo MHOrmx
ClTy4JasiX OKa3bIBaeTCsl, YTO ydalleMycs HalWcaTh MPOrpaMMy, PEaTHU3yIOLIyI0 TOT WM WHOW METOJ pelleHHs rpaduieckont
3aJa4yl, CIOXKHEE, YeM IOHATh WAEH, JIe)KAIIUe B OCHOBE 3TOro Merozaa. IlosTomy BakHO, YTOOBI YMTATENbh HCIBITANl B
HeﬁCTBHH KaK MOXHO 6OJ'II)I_HC nporpaMMm, JIMCTUHIU KOTOPLIX MNPUBEACHBI B TCKCTC, W IMPOpCHIal 6OJ'H)I_HyIO qacTb
ynpaxkHeHui. Eciii uuraTens cMyIlaeT MCIOJIb3YEMbI B KHUI'€ MaTeMaTMYECKUH anmnapar, TO Iepel YTEHUEM TEOPHUH MBI
PEKOMEHIyeM eMy MO3HAKOMHUTHCS C PabOTOH MPOrpamM.

Jlist obneryeHuss MporpaMMHpPOBAaHUST MaTeMaTHYecKuX (JOpMyJl BCe OHM B IIpolecce OOBSICHEHHH NPUBOAATCS B
TOTOBOM BHJIE /IS OeicuKa.

Bo3MOXXHOCTh TMOJy4aTh PUCYHKM HA I[BETHOM HHTEPAaKTHMBHOM TIpaduvyecKoM [HcCIUIee INPOU3BOIMUT CHIILHOE
BIICUATIICHUE, a METOJl OOydYCHHUs, MPUHSITHI B JaHHON KHHUIE, MO3BOJISIET OBICTPO MOATOTOBUTH YUTATENS! K BBINOJIHEHHIO
JIOBOJIBHO CJIOKHBIX TpahUuecKux padoT, KOTOPBIE B JAHHOM KHUTE HE 00CYKIat0TCs.

Ora KHWTa TperHa3HadeHa Ul JIIOJCH, MMEIONMX ONBIT IPOrPaMMHpPOBaHMS Ha OEHCHKE, HO HE 3HAKOMBIX C
MpeaIMEeTOM MAaIIMHHOM rpaduku. B Helt comepikaTcsi OCHOBHBIE CBEACHHA O ABYMEPHOW rpaduke, KOTOPHIMU CIEIyeT
OBJNaAeTh Iepel TeM, KaKk IPHCTyNaTh K CHMBOJBHOM M TpexMepHOHl rpaduke. 3a 3TUM MaTepHanoM CllelyeT IJiaBa,
NIOCBSIIICHHAs] CHUMBOJIBHOW rpaduke M mpencTaBieHH0 nH(opManuy (B rpagukax W IBeTe) — IOXKaIyd caMoe BaXXHOE
HECTIeIMAIM3UPOBAHHOE KOMMEPYECKOE MPHI0OKEHHE MAITMHHOMN rpaHKH.

[Mocnenyromye rinaBel BBOAAT YUTATENs B TEOMETPHIO MPOCTPAHCTBA TPEX M3MEPEHUI U MHOT0O0Opas3ue NMpOeKLuii
9TOr0 TPOCTPAHCTBA Ha JBYMEPHYIO IUIOCKOCTh rpaduyeckux YCTpoiicTB. B neransix pa3oOpaHbl CBsI3aHHBIE C ITUMH
BOIIPOCAMU TPOOJIEMBI CKPBITHIX JIMHUI M IOBEPXHOCTEH U IIOCTPOCHUS CJIOXKHBIX TPEXMEpHBIX 00beKTOB. B mocneHel rinase
MBI BO3BpaliaeMcs K IporpaMMHPOBaHHIO Ha OeHCHKe U TPUBOIMM IIPUMEp ACHCTBYIOLIEH IPOrpaMMBbl BHJICOUTPEI.

I'paduka - omHa n3 Hambomee OBICTPO pa3BHBAIOIIMXCS oOJacTeld KoMmbioTepHOW Hayku. OHa Bce OoJblie
WCIIONIB3YETCST B TAKMX O0OJAcTIX KaK aBTOMAaTH3MPOBaHHOE mporpammupoBanue, ACY, aBTOMAaTH3MPOBAHHBIE CHCTEMBI
o0ydenus. OHO BpeMs 3Ta TEXHHMKA HCIIOJIB30BATaCh TOJIBKO B aBTOMOOMJIECTPOSGHHH W CaMOJIETOCTPOCHHH, HO celdac
OOJIBIIMHCTBO KOMIAHUI OCO3HAIOT BO3MOXKHOCTH M 3KOHOMUYHOCTb TaKOTO 1ojxoja. boiee Toro, komnprorepHas rpaduka
HE TOJIBKO JOXOJHOE 1eno, Ho 3To eme u paszpiedeHne! Kommeiorep SPECTRUM wmneansHO TOAXOMUT ISl H3YYCHUS OCHOB
MAaIIWHHOHN TpaUKK U MMOATOTOBKH K padoTe ¢ Hanboiee CIOKHBIME (M TIOPOTOCTOSAIINMHI) TpaUIeCKUMHU YCTPOWCTBAMH.

Mai1 HaJIeEMCs, YTO 3Ta KHUI'a MMOMOXKET BaM IHNEPECKUTH TO NPUATHOC BOJIHCHHUEC OT COIPUKOCHOBCHHSA C MAaIllMHHOM
rpauKoif, KOTOpOE HCIBITAIM Mbl W HalmlM KoJulerd. J[ns IeMoHCTpalMu Ba)KHOCTH KOMIBIOTEPHOW TIpauKy WK
WITIOCTpAlU KHUT' BCC PUCYHKU B 9TOM KHUTE HapUCOBaHbl KOMIILIOTECPOM.



BBEOEHWUE

DTy KHUTY MOXKHO YHTaTh MO-pa3HOMYy. Bo-TepBbIX, €€ MOXKHO paccMaTpHBaTh KaK KHHUTY PELENTOB rpaduyecKux
IIpOrpamMM, MO3BOJISIOIIUX PUCOBATh cIOXHbIE KapTHUHKU ¢ nomoiubo SPECTRUMa. Mel Haneemcs, 4To mocie TOro, Kak
YHUTaTeNb HApHCYeT 3TH KapTUHKH, y HEro BO3ZHHMKHET >XEJaHWE y3HaTh MoOOJbIIe O caMHX Iporpammax. Bo-BTopbix, u3
HEKOTOPBIX IPOTrPaMM MOXKHO COCTaBHTh IAkKeT TIpaMuecKuX MpOrpamMM Ul TeHEpaly pa3IMdHOTO BHAA JHarpaMm
(KpyTOBBIX THarpamMM, TUCTOTPaMM M TpauKoB Ui KOMMEpPYECKHX M JabopaTopHbIX meneit). M, HakoHel, TIaBHOW EIbo
JTAHHOW KHUTHW SIBISIETCSI BBEACHHWE B NPEAMET MAIIMHHOW TpadMKH, KOTOPHIA HAYMHACTCS C O3HAKOMIICHHS UHTATeNs C
3JIEMEHTAPHBIMUA TIOHATHSMH, a 3aKaHUYMBAETCS TAKUMH CIOXHBIMH TEMaMH, KaK CHMBOJbHAs Trpaduka, MOCTPOCHHUE
TPEXMEPHBIX 0OBEKTOB M AITOPUTMBI yTAICHUS CKPBITHIX JINHUH (M TOBEPXHOCTEH).

CroXHBIE MIPOTPaMMBbI, KOTOPbIE HAM BCTPETATCSI B 9TOM KHUIE, CIHIIKOM CBA3aHBI MEXIY COOOH, 4TOOBI MOXHO
ObUIO OTPaHMYUTHCS JUIS WX OIMCAHWSl OJHUMHU JIMCTUHraMu. bojiee TOro, MBI yBHIHMM, YTO HEKOTOPBIE JJEMEHTapHBIE
QITOPUTMBI TOBTOPSIFOTCS Ype3BBIYaiiHO YacTo. I1o 3Toi mpuumHEe MBI UCHOJB3YyEeM METOJ «CBEpXY BHHU3)» MM MOJYJIBHBIN
METOJl NPH COCTAaBJICHWH M M3JIOKEHWHM HAIIMX TporpaMM. PeleHme Kakaoil 3ajadu CBOJMTCS K PELICHUIO psiaa Ooiee
IpOCThIX 3a7au. [locnenHue, B CBOKO 04epeib, pa3aaraloTcs Ha HECKOJIBKO €I1[€ MEHBIINX peIlaeMbIX 3aad Moaynen. Kax bt
U3 9THX MoJyneil odopmisieTcss B BUe HOANPOrpaMMbI OeHcHKa, KaXKJ0H N3 KOTOPBIX AaeTcs UMs (COCTOSIIIEe U3 CTPOUHBIX
6yxB). ITocrne gero 3Ti Moaynu 0OBEIUHSAIOTCS ISl PELICHUS TOCTaBICHHOHN rpaduecKoi 3a1adm.

Tak kKaKk JUCTHHTU MPOTPaMM HCHOJIB3YIOTCS IS PEACTABICHUS alrOpUTMa PEIIeHHs TOW WM WHOM MoA3agadu, TO
MBI peUIIN n30eraTh HCIoib30BaHus yTBepxkaeHuil Bpoge GO SUB 6000. Bmecto 3TOro MBI IpeArnounTaeM IPHUCBOUTH
uieHTU(HUKATOPY MOIIpOrpaMMbl 3Ha4deHUe ajapeca B Havane nporpammbl (Hampumep, LET SCENE A/3=6000), uto
MO3BOJISIET HAaM MCTOIb30BaTh yTBepxkaeHms Tuna GO SUB SCENE A/3.

CriekTpyM-Bepcus si3blka OCHCHMK HE IO3BOJSIET IEpeNaBaTh MapaMeTpbl B MOANPOrpaMMbl. 3HAYEHHS BXOAHBIX
napaMeTpoB JOJDKHBI 3aJaBaThCsl ONEpaTOpaMM IPHUCBAaMBaHMS BHE IOINPOTpaMMBL. A, KpOMe TOrOo, €CIM BBIXOJHBIE
napaMeTpbl HCHOJIB3YIOTCS BHE IOJIPOrPaMMBI, TO MX HMEHA JOJDKHBI OBITH HM3BECTHBI. OTO OOCTOSITEIECTBO MOXKET
3aTPYIHUTh HCIOJB30BAHME YYXKHUX IMaKkeToB mommporpamMm. Ilonmp3oBarens AOMKEH 3HATh MMEHAa BXOAHBIX U BBIXOJHBIX
MapamMeTpoB; B HAIIMX MOANPOTrpaMMax MBI HCIHOJIb3yeM oreparopbl-komMeHTaprun REM IN (mi1st naeHTnUKauy BXOIHBIX
napaMeTpoB). Mbl HyMepyeM CTPOKH NPOTPaMMBbI TaK, YTO BCE HOMEpa CTPOK BCEX MPOTrPaMMHBIX OIEPaTOPOB OKAHYHNBAIOTCS
HYJISIMH, @ KOMMEHTapH{ pacloiaraloTcsi Ha CTpouykax ¢ HoMepamu oT 1 1o 9 (kpome Ha3Banuii mporpamm). Cpasy 3a
KOMMEHTapHeM, OOBSBISIOIMM HMMS IIPOTPaMMbI, Ha CTPOYKax C HOMEpaMH, OKaHUYMBAIONIMMHUCA Ha | W 2, ClemyroT
koMMeHTapu REM IN 1 REM OUT, onuchIBaroLue BXOAHbIE U BBIXOIHBIE TAPAMETPHI.

JUis Tex, KTO JKeJaeT TOJBbKO HCIIONB30BaTh NMPOrPaMMBbl, MX MOJHBIA CIIMCOK INPHBOJUTCS B KOHLE Ka)KIOTO
naparpada BMecTe ¢ NOAXOAAIIMMY 3HAUYSHUSIMH BXOJHBIX IAPaMETPOB.

PexomeHnmyem BceM, BKIIOUas CEpPbE3HBIX 4MTATENICH, IMepeA UYTEeHHEM Kaxkaoro mnaparpada, 3ammcarb 3TH
HOJIPOTrPaMMBbl BMECTE C COOTBETCTBYIOIIIMMHU BXOAHBIMU JaHHBIMU Ha JIGHTY WM AuckeTy. Ilocie aToro mporpaMmbel MOXHO
3arpyath 1 BeIONHATE (LOAD, MERGE, RUN) o Mepe ux mosiBI€HUs B TEKCTE.

Hamum nporpammer Hanucansl Juisi SPECTRUMa ¢ o6bemom namst 48K: ecnu y Bamiero kommneiorepa namsrh 16K,
TO BaM CIJIEAyET IPOYNTATh NpHUiIoKeHne "A", rie ykazaHbl HEOOXOANMBIC H3MEHEHHsI, KOTOPBIE Ha/l0 BHECTH B IIPOIPaMMBI

B kauecTBe noka3aresbHOTO MpuMepa Mbl IPUBOANM IIPOTPaMMY, PUCYIOLIYIO TEJIO BpamieHus (cM. puc. 1).

Puc. 1

Ora mporpamma TpeOyer BoimonHeHus omnepamuun MERGE c muctmaramm mporpamm 2.1 ("START"), 2.2 (uBe
¢yaxkmnn FNX u FNY), 2.3 ("SETORIGIN"), 2.4 ("MOVETQ"), 3.3 ("CLIP" u "LINETO"). Ota xomMOnHanus mporpamm
HaspiBaercs "LIB1". Ona nmpeqnasHadeHa A1 pUCOBAaHUS Ha dKpaHe (PUTYDP, COCTOAIINX U3 JTMHUH.

K "LIB1" cnenyer no6asuts nuctunru 3.4 ("ANGLE"), 8.1 ("MULT3", "IDR3"), 8.2 ("TRAN3"), 8.3 ("SCALE3"),
9.1 ("LOOK3"), 9.2 ("MAIN PROGRAM"). KomOunanuto 3tux mnoamporpamm Mbsl HaszeiBaeM "LIB3", onu cmyxatr mns
TpaHcdopMaluKl 1 0OCMOTpPa TEJ B TPEXMEPHOM MIPOCTPAHCTBE.

Ham Tarke mnorpeOyercss moamporpamma, mnpuBeaeHHas Ha smctuare 10.3 ("REVBOD") um moamporpamma
"FLYSAU" na nuctunre A.

LISTING A

6000 REM SCENE3/FLYING SAUSER

6010 DIM X (12): DIM Y(12)

6020 DIM S(6): DIM T(6)

6030 DIM A(4,4): DIM B(4,4): DIM R(4,4)

6040 DpDATA O0,3,3,2,5,1,5,0,4,-1,0,-3

6050 RESTORE SCENE3



6060 LET REVBOD=6500

6069 REM CREATE OBJECT.

6070 LET NUMV=5

6080 INPUT "NUMBER OF " ;"HORIZONTAL LINES=";NUMH

6090 INPUT "ANGLE PHI=";PHI

6100 FOR I=1 TO NUMV+l: READ S(I),T(I):NEXT I

6109 REM POSITION THE OBSERVER.

6110 GO SUB IDR3: GO SUB LOOK3

6119 REM DRAW OBJECT.

6120 GO SUB REVBOD

6130 RETURN

Jst Toro 4ToOBI TOMYYHTh GUTYpY, Ha pHC. 1, 3HAUSHHS BXOJHBIX MTApaMETPOB JOJKHBI OBITh:

HORIZ=12, VERT=8, NUMH=16, PHI=0, EX=1, EY=2, EZ=3, DX=0, DY=0, DZ=0.

Kaxmoe 3HaueHne 3amaeTcsl IMOCIE COOTBETCTBYIOIIETO 3ampoca mporpammbl. Habepurech TepmeHus, Tak Kak
MOJTyYeHHE 3TOW KapTHUHKHU 3aliMeT MHHYT ITh. [IpormycTuTe mporpamMmy C pa3iddHBIM 3HAYCHHEM BXOIHBIX MapaMeTpOB.
Uro npomsoiinet, ecnii HORIZ=6 u VERT=4, a 3Hauenus octaibHbIX mapameTpoB Te xke? [Tomoxxure HORIZ=15, VERT=10,
EX=1, EY=2, EZ=3, DX=1, DY=0, DZ=0. [Tonpo6yiite NUMH=20, PHI=0,1. YToOBI MMOHATH, YTO MPH 3TOM MPOUCXO/IUT,
BaM HpI/I]IeTCﬂ HpO‘ll/ITaT]) HepBbIe JCCATH I'JIaB.

DTOT MpUMeEp WLTIOCTPUPYET METOJ M3JIOKEHUsI, IPUHATHIN B KHUre. Eciu Bl XOpoIIO nedaTaeTe, Wik NpuoOpesu
KacCeTy C MPOrpaMMaMH, TO BBI MTOIYYUTE PUCYHOK OTHOCHUTEIBHO CIIOKHOTO 00BEKTA 32 MUHIMAIbHOE BpeMs. [laxke eciiu BB
IeYaTacTe OJHUM TaiblieM (KaK 3TO JICAlOT aBTOPHI), TO TOTJa Y Bac HE BOSHUKHET 0COOBIX CIIOKHOCTEH, YTOOBI MPOIMYCTHTh
Ty WK UHYIO IPOTPaMMYy IIepe]] TeM, KaK HadaTh U3ydaTh 3Ty KHUTY.

Mg HageeMcsl, 94TO STOT MPUMEP BAOXHOBUT Bac Ha TO, YTOOBI OMpOOOBATH BCE MPOTPAMMEL, IIPUBEICHHEIC B KHUTE,
TIPOBEPUTH OOJBIIYIO YaCTh MIPUMEPOB, a 3aTEM MPHUCTYITUTH K COCTABICHHIO COOCTBEHHBIX PHCYHKOB.

Teneps BBl MOKeTe MPUCTYIHTH K YTEHHWIO OCTaBIICWCS 4YacTH KHUTH. JKermaeM BaM MHOTHX TNPHATHBIX YacOB C
BaIllM KOMITBIOTEPOM.



NMABA 1
Npacdhuyeckmne komanabl ZX SPECTRUM

MpI mojlaraeM, 4TO YUTATENIb XOPOIIO 3HAET SI3bIK OCHCHK-CIeKTpyM. B 3Toif rinaBe, oHaKO, MbI MPUBOINM 0030D
HEKOTOPBIX KOMaHJI OeHcHka - TeX, KOTOpble CBsi3aHbl ¢ Tpadukoil. Cepusi NpUMEpOB M YNPAXKHEHHH JEMOHCTPHPYET
rpadudeckue Bo3moxkHocTH SPECTRUMa. CsezieHusi, NPUBEACHHBIC B 3TOW TIJIaBe, MCIOIB3YIOTCS B IMOCICAYIOIIEM IS
MIOCTPOEHHS TEOPUH U MTPAKTHUECKUX MPUIIOKEHNI MAIIMHHON TpaduKH.

Brauase ™Mbl paccMoTpuM TpaduuecKkre BO3MOXKHOCTH OOOpYZOBaHMS M IpPOTpaMMHOro obecrieueHus. Bce
MHUKPOKOMITBIOTEPHI, KOTOPbIE MOTYT IIPOU3BOIUTH TEJIEBU3NOHHOE M300pakeHUe, UCIob3yIoT TexHonoruto RASTER SCAN.
OTO OTHOCUTCS K OOJNBIIMHCTBY COBPEMEHHBIX KOMMEPUYECKMX MHKPOKOMITBIOTEPOB M OONIBIIMM MamuHaM. B mamstn
OTBOJUTCS CIIEIHANbHast 0071acTh, B KOTOPOH XpaHHUTCS HHpOpMaIys 00 H300pakeHNH Ha SKpaHe, KOTopasi IpOCMaTpHUBAETCs
OuT 32 OUTOM IO MEpE TOro, KaK AIEKTPOHHBIH JIyd CKOJB3UT 10 MOBEPXHOCTH 3KpaHa. M300pakeHne Ha 3KpaHEe COCTOUT U3
TOYEK, KaXIasi U3 KOTOPBIX MPEACTaBIeHa OAHUM OWToM (OMHapHOE ma/HeT) mamsTH. B mpocteiimeM ciaydae Touka dKpaHa
BBICBEUMBACTCS HA KOPOTKOE BPEeMs KaXKIIBIH pa3, Koraa BcTpedaercs "ma'".

Komanovt PAPER u INK ("6ymaca"” u "uepnuna”, ¢hon u mon)

UzobpaxxeHneM Ha dSKpaHe, cocTosmuM u3 pucyrommx [INK-touek (6mHapHOe "ma") m ¢donoBeIx PAPER-TOUEK
(bunapHOe "HeT'"), MOXHO II0 TOYEYHO YIPABIATH C TMOMOIIbI0 MBYyX KoMaHa. Otu komaHasl PAPER u INK Be3bIBatoTcs
yKazaHHEeM UMEHH KOMaH[IBI U cenyromero 3a HuM Homepa N (0<=N<=9).

Komanna PAPER N ycranaBnuBaer N-blif 11BeT (oHa; nzo0paxeHue Oyner umetb GoH 1Bera N, 1oka B mporpaMme
He BcTperutcs npyras komanga PAPER.

AmnanornaebiM o6pa3zom komaHza INK N ycranaBmmBaer mBer ToHa, eciu 0<=N<=7, TOHa COOTBETCTBYIOLIECH
KJIaBHILE KJIABUATypbl nucmuiess HanmucaH 1BeT N. Eciam N=§, To ucmonp3yeTcs 1[BET, KOTOPHIN HMCIOIB30BAJICS paHee AN
obmactu. Eciiu N=9, To uBer PAPER/INK craHoBuTCS OenbiM WM YEPHBIM M OYyAET KOHTPACTHBIM JISl TEKYIIEro LBeTa
INK/PAPER.

Coueranne uepHoro INK nBera u 6enoro PAPER nBera naioT camble 4eTKHE KapTUHKH U SIBISIFOTCSI HOPMAJIEHBIMH
3HaueHUsAMU 3Tux 1BeToB Ans SPECTRUM.

128 32 3 2
64 16 4 1
00000000= = 0
01100010= e @ @ = 98
10010100= & & & =148
10001000= @& & =136
10001000= @& @ =136
10001000= @& @ =136
10010100= @& & @ =148
01100010= e @ @ = 98

Jucnnetinouil ¢atin (omodbpazume Ha S5Kpare cooepaicumoe ¢haiiia)

Takoit Tun n3oOpaxkeHust Mbl Ha3biBaeM "oToOpakeHmeM ydactka namstn" (MEMORY-MAPPED), tak kak oHO
OJTHO3HAYHO ompexaensercs cojepXumbM yuactka namatd. B SPECTRUME stoT y4acTok HasbiBaeTcsl puciuiei-gaiiiom n
HauuHaeTcs ¢ syelkn 16384.I1porpamma Ha snuctuHre 1.1 meMoOHCTpUpyeT, Kak MeHseTcs M300pakeHHe Ha JKpaHe IpH
N3MEHEHHHU CO/IEPKUMOTO TTaMSITH.

LISTING 1.1

10 LET CORNER=16384

20 LET VALUE=137

30 POKE CORNER,VALUE

40 STOP

Ora mporpamma ucnois3yer nporpammy POKE mis 3anecenust 3Hadenus (necaruunoro)nepemenHoii VALUE B
NEepBYI0 TMO3UIHMI0 JTuciuieii-daiina. B 3Toit mo3umuu copepxurcss MHOpMAaLus, YIpaBisionias H300paKEHUEM B JIEBOM
BEpXHEM YTy 9KkpaHa. Tak Kak Kakaas sueiika, wim 0aiiT, CoepKHUT BOCeMb OHT, TO IPOrpaMma 3aTparuBaeT NepBble BOCEMb
ToYek dKkpaHa (nBonmuHoe 3Hayenue - 10001001), Tak uTo M300parkeHHME B HEPBBIX BOCBMH TOYKaxX JKpaHa COOTBETCTBYET
3TOMY YHCIY.

Yunpaxnenue 1.1

1. THompoOyiite paznuunbie 3HaueHns: VALUE n u3meHuTe nporpaMmy Tak 4Tto0bl 1100

a). ucrons3oBath BIT (nBomunoe) nmpencrasnenne VALUE, mi6o
0). ucnoin3oBath s u3MeHeHus: VALUE mukn FOR.NEXT.
2. HWcmonszoBath koMaaasl PAPER u INK 1 mocMoTpeTs, Kakoit 3To pou3BOIUT dPHEKT.

Komanoa BORDER (epanuya, pamxa sxkpana)
Ecnu mamenuts PAPER-1BET, TO MOXKHO YBUIETb, YTO Mbl HE MOXKEM pUCOBaTh Ha BceM 3kpane. Ilo kpasm moss
PAPER wuner none BORDER; 3710 nenaercs st TOro, 4TOOBI N30€KaTh UCKAKEHUHA, XapaKTEPHBIX U BCEX TEIICBU3MOHHBIX
muciuieeB. L[BeT aToro mosst MoxeT ObITh M3MeHeH aHanoruuHo neetam PAPER u INK ¢ momomisio komanasl BORDER N,
rae 0<=N<=7




CumeonbHvle O10KU

[MpucBanBas syelikam namstd pasnuunble 3HaueHHss VALUE, MoxHO momyunTs 1r00yio KapTuHKy. Hampumep,
npucBauBas 3HadeHuss VALUE 0, 98, 148, 136, 136, 136, 148, 98 sueiikaM, COOTBETCTBYIOLIUM MEPBBIM BOCbMU TOUYKaAM
BOCHMH TIOCJICIOBATENBHBIX THHAN 3KpaHa (TUCTUHT 1.2), MBI yBUAUM KapTHHKY U3 INK-Touek (cum puc. 2).

Takxum o6pazom, omnpenerstores (1 nepeonpenensitorcs) cumBoisl B SPECTRUMe, HO ocTaBuM 3Ty TEMy IO TJIABHI 5.
MBI BHOUM, YTO JUIS COCTABJICHHS AK€ TAKOW MPOCTOM MPOTpaMMbl TPeOyeTCsl CPAaBHUTENBHO CIIOXKHAS ITOIPOrpaMMa.

LISTING 1.2

10 LET CORNER=16384

20 LET LINE=256

30 DATA 0,98,148,136,136,136,148,98

40 FOR I=0 TO 7

50 LET MEMORY=CORNER+I*LINE

60 READ VALUE

70 POKE MEMORY ,VALUE

80 NEXT I

90 STOP

Komanowvr PLOT u DRAW ("nanecmu mouky" u "navepmums aunuio")

MsI BuANM, 9TO M300paXeHNE HA IKpaHe MOKHO M3MEHSTh, 3aHOCS Pa3NIMYHBIC 3HAUCHHS B OUCIUIEHHBIN ¢aitn. Ho
OBLTO OBI BEChMa YTOMHUTEIBHO MEHATH COJepKIMOe Kaknon n36000 saeek TUCIeHHOTo (aiina; HaM, OYeBUIHO, HEOOX0IUM
Oonee 3 PeKTUBHBIN CLIOCO0 MEHATH H300pakeHHE.

[pocreiimuMu komManaamu Oeiicuka, ciyxamumu 1ol uenu, sisitorcss PLOT 1 DRAW. Bo Beex rpaduueckux
KOMaH/1a AUCIUICH CUMUTAETCS CETKOM, coCcTOosIIeH 13 256TOprn30HTAIBHBIX CTPOK U 176 BepTHKAIBHBIX cTOIONOB (Bcero 45056
ToueK). TOUKH, U3 KOTOPHIX COCTOUT 3KpaH, Ha3piBaroTcs nukcensMu (PIXELS), n kaxmoif U3 HUX COOTBETCTBYET Iapa MeNTbIX
yucen. ['paguyeckne KOMaH/IpI TO3BOJISIFOT HAM YIIPABJIATh TaK HA3bIBAEMbIM I'pa)MUECKUM IEPOM, KOTOpOE B Havyaje padoTh
pacnonoxkeno Haa Toukoit (0,0).Ilepeiinem k caMmuM KOMaHaMm.

ITo xomanne PLOT X,Y nepo nepememaercs B Touky X,Y u ctaBuT TaM INK-Touky.

ITo xomanne DRAW XY nepo npoBoAUT NpsIMYIO U3 TOYKH, B KOTOPON OHO HAXOJWIOCH, B TOUKY, KOTOpasl yAaJleHa
OT Hee Ha X CTOJIOOB MO TOPU3OHTAIM U Y CTPOK 1o BepTukainy. Ecian X oTpunarensHo, TO Iepo CABUHETCS BIEBO, a €CIH X
TMIOJIOXKUTETBHO, TO TIEPO CABUHETCS BIIPABO, @ €CIIM Y TIOJIOKHUTEIBHO, TO TIEPO CABHHETCS BBEPX.

ITocne BBEIMONHEHWS 3THX KOMaHJ IIEPO OCTAHETCsl B MOCJIEAHEH TOUYKe, B KOTOPYIO OHO mpuuuio. Ilepen tem, kak
MTO3HAKOMUTHCS ¢ O0JIee CIIOKHBIMUA KOMaHJaMH, TIOCMOTPUM, YTO MOXKHO IIPOU3BECTH C IOMOIIBIO 3THX JIBYX KOMaH.

M5! TOTOBBI K CO31aHHIO 00JIee KPYIHBIX PUCYHKOB. HampuMep, Mbl MOXEM 3aKIFOUUTh rpadMuecKoe 10JIe AUCTLIES
B pamMKy (mwctuHr 1.3).

LISTING 1.3

10 PLOT 0,175

20 PLOT 255,175

30 PLOT 255,0

40 PLOT 0,0

50 IF INKEY$ <>"" THEN GO TO 50

60 IF INKEYS$ ="" THEN GO TO 60

70 DRAW 0,175

80 DRAW 255,0

90 DRAW 0,-175

100 DRAW -255,0

110 SsTOP

OTa nporpaMma cHauajla CTaBUT TOUKH B yIJIaxX JKpaHa; 3aTe€M OHA OXKUAACT Ha)kKaTWs JO0OW KIABUIIM AJISL TOTO,
9TO0BI coeqHNTH UX NpsMbIMU. CpaBauBas koMaHabsl PLOT u DRAW, MBI BUAUM OHO IPUHIMITHAIEHOE PA3InINe MEXKIY
numu: PLOT ucnone3yeT abcosroTHbIe KoopauHatel, a DRAW - oTHOCHTENbHBIE KOOPIUHATHI, COOTBETCTBYONIUE B3aHMHOMY
PacIoJIOKEHUIO TOYEK Ha dKpaHe. DTO O3HAyaeT, 4TO Mepel TeM, KaK IPOBECTH JIMHUIO MEXIY IBYMS TOUYKaMH 3KpaHa,
CHauasla cileayeT ucrnonb3oBaTh komMaHny PLOT ans ycraHOBKM mepa B IEpBOM TOUKe, a 3aT€M BBIUHCIUTH PACIHOI0KEHUE
BTOPOI OTHOCHTENBHO NepBoi. OOpaTuTe BHMMaHWE, YTO B MpOrpaMMe Ha JIMCTUHre 1.3 MO3MIMHM BCEX TOYEK SBIISIOTCS
KoHcTaHTaMy. OOBIYHO OHHM SIBIISIIOTCS BXOJHBIMH IIapaMeTpaMH WM BBIYHUCIISIOTCS B IPOLIECCE BHIMTOIHEHHS POTPaMMBL.

Yunpaxnenue 1.2

HammmmTe nporpaMmy, KoTopast Obl BEIYHCIIANA TMO3UIMK JUHUH B ceTke. HauepTure 3TH JMHMH, MCHONB3YS IBa
nukiaa FOR..NEXT (ogus 171t TOpH30HTANBHBIX MPSIMBIX, APYTON ISl BEPTHKAIBHBIX ).

Ynpaxnenue 1.3

Hammmure mporpaMmy, KOTopas COAEPXKHT B KadecTBE BXOAHOW HMHGOpMalMM KOOpAMHATHI N TOUEK 3KpaHa,
BBOJMMBIE C KJIaBUATyphl, a PHCYET HENPABHUIBbHBIH MHOTOYTOJIBHHK C BEPUIIMHAMM B 3TUX TOYKaxX (CIEAyeT BHUMATEIbHO
00ayMaTh 3Ty porpaMmy, Tak Kak IepBasi TOUKa JOJKHA ObITh COSUMHEHA C MOCIEIHEH).

Komanowvt PRINT u LIST

MBbI noka He 00Cy>KAaIn caMOoro MPOCTOTO CIoco0a M3MEHEHUs H300paKeHnsI Ha SKpaHe, a IMEHHO, NCTIOIb30BaHMA
koMmaHx PRINT u LIST. D10 nmpon3onnio NoToMy, 9TO 3TH KOMaHABI ONEPUPYIOT C CHMBOJIBHBIME OJIOKAMH W IPUTOIHEI JTUIIH
Ui Tpaduueckux padoT ¢ HHU3KOHM pa3pelnaronmiel CriocoOHOCTBI0. DTH BOMPOCH! OyayT oOCyKaaThes B INIaBe 5, Tak Kak
SPECTRUM mno3BoJIsIeT co4YeTaTh TEXHHUKY TPaQuKH ¢ BBICOKOW pa3pemiaronieid CocoOHOCThI0. PaccMoTpuM OIMH Takoi
npumep 31ech. [Ipeanonoxum, 4To Ml 100aBUIN CTPOUKY




5 LIST
K Hadalxy IMporpaMMbl yIpakHeHHs 1.2, a 3aTeM HapucyeM C IMOMOIIBI0 MPOTPaMMBI CETKY W3 32 BEPTHKAIBHBIX U 22
TOPU3OHTAIBHBIX JMHUU. MBI IOTy4YNM KapTUHKY, Ha KOTOPOH BHIHBI pa3Mephl U TIO3UINH CHMBOJIOB.

Mzl MoxeMm ucnonb3oBaTh komManxy PLOT mns Toro, 9roGBI HpOIEMOHCTPHUPOBATH TIpaguyuecKiue BO3MOKHOCTH
SPECTRUMa nist mosrydeHus n3o0pakeHus QpaxTaei.

Jis Toro 4ToOBI HapUCOBAaTh MPOCTEHINYI0 (PaKTaIbHYIO JHHHUIO, MBI HCIIOJIB3YyEM CIEAYIOIIYI0 MHpPOLEAYypY.
PaccmoTpuM kBagpat co ctopoHoii 4 B cteneHu N, 310 16 KBagpaToB, KOTOPBIE MBI HyMEpPYEM COIJIACHO PUCYHKY 3.

13 | 14 | 15 | 16

9 10 | 11 | 12

5 6 7 8

1 2 3 4

Puc. 3.
YeTblpe U3 9TUX KBaIpaTOB, C HOMepamu 2, 8, 9, 15 Mbl epecTaBisieM, Kak 3TO TIOKa3aHO Ha puc. 4.
15
| 13 | 14 16

10 [ 11 | 12 | 8 |
| 9 5 6 7
1 3 4 |

2

Puc. 4.

Kaxxaprii u3 3TuX KBaapaToB pa3OuBaeTcs Ha 16 MEHBIINX KBAAPATOB, C KAKIABIM U3 KOTOPHIX MPOU3BOJUTCS Ta Ke
mpouenypa. Mbl pojoikaeM 3TOT IMpoliece, MoKa JIMHA KBaJpara HE CTaHOBHUTCA paBHOHM 1. B pesynpraTe Mbl momydaem
(bpakTaib, COCTOSIIYI0 UCKIIOUUTEIBHO W3 €IMHUYHBIX KBaJpaToB, KOTOPbIE Mbl MOXXEM HHTEPIPETUPOBATH KaK TOUYKH U
HaHecTd Ha dkpaH komannoil PLOT. Ilporpamma, TekCT KOTOpoil mpuBeAeH Ha JUCTHHTe 1.4, HauMHAeT Cc KBajpaTa CO
CcTOpoHO#T 64=4° 1 coepxut Tpu BIoKeHHBIX mukIa FOR...NEXT. B pe3yibTate BHIIOIHEHHS TOH IPOrPaMMbI Mbl OTYYHM
PUCYHOK, IPUBEJICHHBIN Ha pHC. 5.

Puc. 5.

LISTING 1.4

10 DIM X(16) :DIM Y (16)

20 FOR I=1 TO 4

30 FOR J=1 TO 4

40 LET K=4*I+J-4

50 LET X(K)=J-3: LET Y(K)=I-3
60 NEXT J: NEXT I

70 LET X(2)=0: LET Y(2)=-3

80 LET X(8)=2: LET Y(8)=0

90 LET X(9)=-3: LET Y(9)=-1
100 LET X(15)=-1: LET Y(15)=2
110 FOR I=1 TO 16

120 FOR J=1 TO 16

130 FOR K=1 TO 16

140 LET XX=16*X(I)+4*X(J)+X (K)
150 LET YY=16*Y (I)+4*Y (J)+Y (K)
160 PLOT 126+XX,88+YY

170 NEXT K:NEXT J:NEXT I

180 STOP

Komanowvr INVERSE u OVER
Ceituac MBI PACCMOTPHM BO3MOXXHOCTH M3MEHEHHsSI CII0c00a N300pakeHNsI TOUEK M IIPAMBIX Ha 9KpaHe. MmeroTcs nse
TaKHe KOMaH/bl, U IPH UCIIOJIb30BAHUM UX CJIEAYET YKa3bIBaTh UMs 3TOW KOMaH/IbI, 32 KOTOPOH JOJKHO CIeI0BaTh Yucio: 1 -
BKJIrouaeT 3 dexT, a 0- BBIKIIOYALT. .
Ipu Britouennoi komange OVER Touka 3kpaHa, KOTOPYIO 3aTparuBaet Jitodas u3 rpaduueckux orepaiuii, MeHseT
CBOE cocTosiHMe Ha nportuBononokHoe. Kaxnas Touka usera INK cranoBurcs usera PAPER u HaoOopoT. D10 03Hauaer
MEPECKUAbIBAHUEC JIBOUYHOI'O KJIr04Ya U3 O}lHOﬁ MO3MIHUX B TPOTUBOIIOJIOXKHYIO.



Hcnone3ys 3TH KOMaHZbBI, MBI MOXKEM CO3[aBaTh IPOTrPaMMbI, KOTOPBIE CO3JAIOT CIOXHBIE HAa BHJ PHCYHKH C
OpIcTpOoMeHSIOIMMCS n3o0pakeHneM. Ha mmcrunre 1.5 mpuBenena mporpamma, KOTopasi COOEpKHT IBa crocoba co3maHust
CJIO’KHBIX Y30POB C IIOMOII[BIO MPOCTHIX aJITOPUTMOB.

LISTING 1.5

10 OVER 1

20 LET LINES=400

30 LET A=0: LET ANGLE=2*PI /LINES

40 FOR I=1 TO LINES

50 LET X=85*COS A

60 LET Y=85*SIN A

70 PLOT 128,88

80 DRAW X,Y

90 LET A=A+ANGLE

100 NEXT I

110 OVER O

120 STOP

Ha nucninee, cocrosiieM U3 TUCKPETHBIX TOUYEK, JIMHUH, HE SIBIISIOLINECS TOPU30HTAISMH HIIH BEPTUKAIISIMH, COCTOSIT
U3 TOCIEN0BAaTEIbHO KOPOTKUX TOPU30HTAIBHBIX M BEPTHKAIBHBIX yuacTKoB. Korza JBe Takue JTHMHUHM MEPECEKAIOTCS IO
HEOOJBIINM YIJIOM, TO MHOXECTBO 3THX YYacTKOB HAK/IaIbIBAIOTCS OPYr Ha Apyra. PaccMoTpuM puCYHOK 6, Ha KOTOpOM
n3o0pakeHa (urypa, moyiyucHHass C MOMOIIBIO MPOrpaMMbl Ha JHCTHHre 1.5. B neHTpanbHOW YacTH JIMHUK MHOTOKPATHO
nepecekaroTcs, 1 eciu Obl komanga OVER He Obula BKIIIOYEHA, TO IEHTPAJIBHBIA y4acTOK ObUI ObI YEPHBIM OT 3THX
nepeceuenunii. Korna pxmrouena komanga OVER, To BKIIIOYEHBI T€ TOUKH, KOTOPBIC JIexkKaT Ha MEPECEUYCHUH HEUETHOTO YHCIia
JIMHUH, a ocTanbHble BHIKIIOUEHBI. C Ipyroil CTOPOHBI JBIPHI MO KpasiM PUCYHKa 00pa30BaHbI TOYKAMH, HE JISKAIMMU HU Ha
OJIHOM MPSAMOIA.

Ynpaxuenue 1.4
MomudunupyiiTe TEKCT MPOrpaMMBbl Ha JTUCTHHTE 1.5 Tak, 9T00BI MOXKHO OBUIO BBOIUTH 3HadeHne LINES u 3nauenue

HoBoM STRING mepemeHHOl ¢ momoIibio nmporpamMmbl. BeisicHuTe, kakyro poib urpaer komanna OVER u snemeHThI, U3
KOTOPBIX COCTOAT COCEAHUEC JIMHUU.

Hcnonp3oBaHue 1Mociae0BaTelbHO TeHEPUPYEMBIX CIIy4allHbIX YUCEIN JUIS CO3aHKs OBICTPOMEHSIONINXCSL KAPTUH Ha
9KpaHe - M3JIOOJIEHHBIH MpHUeM AJIsl TIPUBJICUCHUS] BHUMAHHUS K KOMIbIOTEpaM. DTOT IpUEM TPUMEHsSETCS B IporpaMMe Ha
muctuHre 1.6, rae ucnons3yrorces koManasl RND u OVER.

LISTING 1.6

10 OVER 1

20 LET X=INT (RND *256)

30 LET Y=INT (RND *176)

40 PLOT X,Y

50 BEEP 0.05, (X-Y)/10

60 GO TO 20

Yupaxsenue 1.5

W3mennTe nmporpammy Ha auctuHre 1.6 ¢ TeM, 4ToOBI OHa pHcOBajia MpsIMbIE, JINOO COEAMHSIONINE CITyYaiHble TOYKH
MeXITy co00ii, THO0 COeNUHSIOMNE CITyJaifHbIe TOYKH ¢ IeHTpoM (128,88).

B omHOM W3 mpenpIaymux yrpaKHeHHH Mbl BUamM, uro komaHza OVER mo3Bonser m3MeHSATh M300pakeHHE Ha
9KpaHe IOCIIe BBIIOJIHEHNS KaXKI0W KOMaHIIBI, TasKe €CJIM 3Ta KOMaH/a IOBTOPSETCS, HAlPpHMEp: TOBTOPHOE BHIYEPUMBAHHE
ymuany i Toukn. Komaaga OVER MokeT ncmonb30BaThCs A7l BEIYEPUUBAHUSA 00BEKTa HA KOPOTKHH MPOMEXKYTOK BPEMEHU
- CHauala pucys ero, a 3arem crupas. IIporpamma Ha muctuHre 1.7 mepenBuraeT TOUKy IO JKpaHy, CHaudajla HaHOCS €€
nporpammoii PLOT B HOBO# MO3UIMH, U TYT K€ CTHPAst €€ CO CTapoil TOH e KOMaH IOM.

LISTING 1.7

10 OVER 1: PAPER 0O: INK 7: BORDER 4: CLS

20 LET SPEED=2

30 LET X=0: LET Y=0

40 LET XADD=SPEED: LET YADD=SPEED

50 PLOT X,Y

60 LET OLDX=X: LET OLDY=Y




70 LET X=X+XADD

80 IF X>255-SPEED OR X<SPEED THEN LET XADD=-XADD

90 LET Y=Y+YADD

100 IF Y>174-SPEED OR Y<SPEED THEN LET YADD=-YADD

110 PLOT X,Y

120 PLOT OLDX,OLDY

130 GO TO 60

OTy HporpaMMy MOXHO IONOJHUTH C TEM, 4TOOBI MOXXHO OBIJIO YHPaBJISATH C KJIABHATYPHI JIBIDKCHHEM TOYKH
(nmuctuar 1.8.). PacmonmosxeHnsie BOKpYT "F" OyKBBI HH)KHETO PErucTpa MO3BOJISIOT HAaM MTOCHUIATh TOYKY B BOCBMH Pa3IMIHBIX
HampaBJieHUsAX. Eciou HaxkaTh knmaBumry "P", To Touka mpu OBMKEHHH OYyZET OCTAaBILITH Ciel; eciau HaxaTh "Q", To ciena He
OCTaeTcCsl.

OT10T crmocob mpuBeNeHHs O00BEKTa B JIBIDKEHHE SABISETCS BAaXKHOM M 4YacTO HCHOJIB3yeMOW TeXHHKOH. Mbl Oymem
4acTo MOJIB30BATHCS ATUM IPHEMOM, KaK B ITPOrpaMMax HUIPOBOTO THIIA, TAK U B IPOrpaMMax Thma "Kypcop" riaBsl 6.

LISTING 1.8

10 OVER 1

20 LET X=0: LET Y=0

30 PLOT X,Y

40 LET OLDX=X: LET OLDY=Y

50 LET XADD=0: LET YADD=0

60 LET AS$=INKEYS$ : IF AS$="" THEN GO TO 60

70 IF AS$="P" THEN OVER 0

80 IF AS$="Q" THEN OVER 1

90 IF (AS$="E" OR AS$="D" OR AS$="C") AND X>0 THEN LET XADD=-1

100 IF (AS$="C" OR AS$="V" OR AS$="B") AND Y>0 THEN LET YADD=-1

110 IF (AS$="T" OR AS$="G" OR AS$="B") AND X<255 THEN LET XADD=1

120 IF (AS$="E" OR AS$="R" OR AS$="T") AND ¥Y<175 THEN LET YADD=1

130 IF XADD=0 AND YADD=0 THEN GO TO 60

140 LET X=X+XADD: LET Y=Y+YADD

150 PLOT X,Y

160 PLOT OLDX,OLDY

170 GO TO 40

Xopomux 3pPEeKTOB MOKHO TOOUTHCS, UCIIONB3YS JIMHUU U yBEIWYICHHUS WM YMEHBIICHHUS 001acTei, NMEFOITHX
(hopmy MHOTOYTOIBHHUKOB. [Iporpamma Ha nuctunre 1.9 mcmonssyer 3ToT MeTon B komOuHanuu ¢ komannoir INVERSE mns
umuTanuu 3ddexra ObICTPOI TpaHCHOKALIHH.

LISTING 1.9

10 LET I=0: INK 9

20 LET UP=175: LET ACROSS=255

30 LET X=0:LET Y=0

40 LET DIF=1

50 INVERSE 0

60 PLOT X,Y

70 DRAW 0,UP: DRAW ACROSS,0

80 PLOT X,Y

90 DRAW ACROSS,0: DRAW 0,UP

100 LET X=X+DIF: LET Y=Y+DIF

110 LET UP=UP-2*DIF

120 LET ACROSS=ACROSS-2*DIF

130 IF UP<O0 OR UP=175 THEN LET DIF=-DIF: LET I=1-I

140 IF UP=175 THEN PAPER RND *7: CLS

150 GO TO 50

Ynpaxaenue 1.6

Hapucyiite kBagpar 40 toyek Ha 40 Toyek. YmpaisidTe ABMKEHHEM 3TOW (UIyphl C MOMOUIBIO KJIaBUATYPHI.
OOpatyTe BHUMaHUE, 4TO JJISL 3TOTO JOCTATOYHO YIPABIISATH JBHKCHUEM BEPIIMH KBaapara.

Komanowt FLASH u BRIGHT (mepyanue u spkocmu)

PaccMoTpeB BO3MOKHOCTH MOHOXPOMHOH Tpaduku, odparumcsi k MHOrousetHoi. Ha sxpane SPECTRUMa moryt
MIPUCYTCTBOBATh OJHOBPEMEHHO BCE KPACKH, OJITHAKO, BHYTPU CHMBOJIBHOTO OJIOKa HCTIONb3yeTcs He Ooiee nByx nBeros INK u
PAPER. Dt1u nBera moryt Haxoautscs B coctossHur BRIGHT u (wmm) FLASH, kpome Toro, MOTyT OBITH BKITIOYEHBI OCOOBIE
a¢¢extel, Takue kak OVER u INVERSE. Tlo komanne FLASH st cumBonbHOTO 0710Ka 1nBera cmensrcs ¢ INK Ha ¢one
PAPER na PAPER Ha ¢one 1Beta INK kaxmayro 1/3cexyHsl.

IMpu BriarouenHoMm coctostun BRIGHT st HekoToporo Onioka yBeiau4mMBaeTcsi sipkocTh, kak 1Bera INK, Tak u
PAPER. B pe3ynbrare 6:10ku ¢ BbIkito4eHHbIM cocTosianeM BRIGHT Breirmsiast TemHee.

Ecnu BBl X0THTE, YTOOBI CylIecTBYIOIIEe cocTosiHME OJoka He m3MeHmIoch 1mo komanae PRINT, to mis FLASH n
BRIGHT crnenyer ycTaHOBUTH 3Ha4€HUE, paBHOE §.

Ampubymul

Texymas komounanus coctosiuuit FLASH, BRIGHT, PAPER u INK 151 Ka)10ro CHMBOJIBHOTO OJIOKa XpaHHUTCS B



MamsTd B TaKk HaszpiBaeMoM "(daiine arpuOyTOB", B KOTOPOM [UIsi K&KAOro OJIOKa OTBOIMTCS OJHA sdelka; 3TOT Qain
pacmonaraercs cpasy 3a JUCIDICWHBIM (ailjioM B HadMHAeTCs ¢ sueliku ¢ HomepoM 22528. Moaudukanus mporpaMmbl Ha
suctuare 1.1 Mo3BOJISIET HEMOCPEACTBEHHO U3MEHSITh COCTOSIHUE OJIOKOB, KaK MbI 3TO JICJaIM paHee sl JUCIUICHHOTro (aiina.

LISTING 1.10

10 LET CORNER=22528

20 INPUT "VALUE-BIN ";LINE V$

30 LET VALUE= VAL ("BIN "+VS$)

40 PRINT AT 0,0;"*"

50 POKE CORNER,VALUE

60 GO TO 20

Ynpaxaenue 1.7

Hcnone3yiite nporpamMmy Ha suctudre 1.10 st Toro, 4roObl M3MEHHTH 3HAa4€HHE OWTOB, XPAHSIIMXCS B IEPBOM
stueiike (paiina aTpuOyTOB.

Iepemennoit VALUE MoxHO pUCBOUTH JIt0O0€ 3HaYCHUE TIEPBOI sueiiky (aiina arpubyToB, onpeaesnsis, OyayT Jiu
BxitoueHs! coctosinnst FLASH n BRIGHT st mepBoro cumBonbHOro Ostoka u kakue nsera INK n PAPER wucnonesyrores B
atoM Osoke. CoctosHUSIM 0Jioka cooTBeTcTBYIOT nBomuHble uncia: FLASH - 0 wim 1; BRIGHT - 0 wiu 1; PAPER -00010
111; INK-000m0 111.

3rauenne VALUE M0xHO BEIYHCINTD, KaK U B IPIMEPE Ha puC. 7.

FLASH BRIGHT PAPER INK
JlecarndHoe 3HaUEHUE = 1 0 5 2
JIBon4HOE 3HAYCHHE = 1 0 101 010
BIN 10101010 = 128+ 32+ 8+ 2 =170
Puc. 7.

B mpensiayimeM npumepe COAEpKUMOE SUEHKU COOTBETCTBYET COCTOSIHUIO ¢ BKIOUeHHbIM FLASH, BBIKIIIOUEHHBIM
BRIGHT, user PAPER - mmanoBbid, nser INK - kpacHblif. ATpuOYTHI KaXIOTO 3JEMEHTAa MOKHO Y3HaTh, HCIIOJIB3YS
¢yakmmto ATTR (ROW,COLUMN). Yucio ROW o3HagaeT HOMEp CTPOKH TOYKH, CUHATasl OT BEPXHEro Kpas dKpaHa. Te ke
napameTpsl ucnonbytorest B komanae PRINT AT, uro nmo3Bossier 6e3 TpyAa H3MEHATH COAEPKUMOE stueek (aiina aTprnOyToB
ciydaitHeIM 00pa3zom (cm. smetuar 1.11). Takoro xe 3 dexra MokHO TOOUTHCS, Hcmonb3ys komaHxy POKE.

LISTING 1.11

10 FLASH INT (RND *2)

20 BRIGHT INT (RND *2)

30 PAPER INT (RND *8)

40 INK INT (RND *8)

50 LET ROW=INT (RND *22): LET COL=INT (RND *32)

60 PRINT AT ROW,COL;"*"

70 BEEP 0.22,RND *40

80 GO TO 10

Yupaxsenue.1.8

W3meHnTe 3Ty nporpamMMmy Tak, 9ToOBI CIIydaiHBIM 00pa3oM MEHSUIOCH COJEP)KUMOE OJJHOTO OJIOKA M BBIYHMCIISIIOCH C
momotkto ¢pyrknuu ATTR 3nauenne FLASH, BRIGHT, PAPER, INK.

B Ttabmume 1 mpuBOAWMTCS 3aBUCHMOCTH MEXIy BEIHYMHON dYHCIa B sueiike ¢aiima aTpuOyTOB M COCTOSHUEM
CHUMBOJIBHOTO OJIOKA, COOTBETCTBYIOIETO 3TOH STUCHKE.

Tabnuua 1
CooTBeTCcTBME MeXAy aTpubyTamMm U BeNIMMMHOM Yucna B s4yenke ¢panna atpubyrtoB
PAPER INK MODE
black blue red magenta green yellow cyan  white
BLACK 0 1 2 3 4 5 6 7 NORMAL
64 65 66 67 68 69 70 71 BRIGHT

128 129 130 131 132 133 134 135 FLASH
192 193 194 195 196 197 198 199 BRIGHT

+FLASH
BLUE 8 9 10 11 12 13 14 15 NORMAL
72 73 74 75 76 77 78 79 BRIGHT

136 137 138 139 140 141 142 143 FLASH
200 201 202 203 204 205 206 207 BRIGHT

+FLASH
RED 16 17 18 19 20 21 22 23 NORMAL
80 81 82 83 84 85 86 87 BRIGHT

144 145 146 147 148 149 150 151 FLASH
208 209 210 211 212 213 214 215 BRIGHT

+FLASH
MAGENTA 24 25 26 27 28 29 30 31 NORMAL
88 89 90 91 92 93 94 95 BRIGHT

152 153 154 155 156 157 158 159 FLASH
216 217 218 219 220 221 222 223 BRIGHT
+FLASH



GREEN 32 33 34 35 36 37 38 39 NORMAL
96 97 98 99 00 01 02 03 BRIGHT
160 161 162 163 164 165 166 167 FLASH
224 225 226 227 228 229 230 231 BRIGHT

+FLASH
YELLOW 40 41 42 43 44 45 46 47 NORMAL
104 05 06 07 08 09 10 11 BRIGHT

168 169 170 171 172 173 174 175 FLASH
232 233 234 235 236 237 238 239 BRIGHT
+FLASH
CYAN 48 49 50 51 52 53 54 55 NORMAL
112 113 114 115 116 117 118 119 BRIGHT
176 177 178 179 180 181 182 183 FLASH
240 241 242 243 244 245 246 247 BRIGHT
+FLASH
WHITE 56 57 58 59 60 61 62 63 NORMAL
120 121 122 123 124 125 126 127 BRIGHT
184 185 186 187 188 189 190 191 FLASH
248 249 250 251 252 253 254 255 BRIGHT
+FLASH
MbI MOXXEM CYHTaTh, YTO KaXKIbIil NMUKCEIb COCTOUT M3 TPEX TOYEK, PACHOJIOKEHHBIX B BEPIIMHAX HEOOJIBIIOTO
TpeyronbHuKa. KaxkIplil 371eMeHT M300pakeHUsI COAEPKUT OJHY KPacHYIO, OJHY CHHIOIO M OHY 3€JECHYIO TOUKY, a SCHKH
¢aiina aTpuOyTOB yNPaBISIIOT SPKOCTHIO CBEYCHHUS 3THUX TO4YEK. [10JI0KHMM, YTO AJIsl HEKOTOPOTO MHUKCENs B JUCILIEHHOM
¢aitne comepxurcs uHPOpMalus, uto oH movkeH uMmeTh nBerT INK. Ilociemnue Tpu IBOMYHBIX paspsja 3HAUYCHHUS
NepEMEHHOI1 B siueiike, COOTBETCTBYIOIIEH CHMBOJIILHOMY OJIOKY, B KOTOPOM COJIEPKUTCS DJIEMEHT N300pakeHHsI, OIIPENIEIISIOT,
Kakue M3 Tpex JIFOMHHO(OPOB CIeyeT BHICBETHTh. B Ti1a3y 4eloBeka COJEPIKUTCS TPH THIA PELENTOPOB (IUIsl 3€JICHOTO,
KpacHOTO M CHHETo I[BETOB). L[BET Tpex Touek riieMeHTa H300payKeHnsI MbI BOCIIPUHUMAEM KaK OJIHY TOYKY CMEIIaHHOTO THIIA.
Ecnu mocnenuue Tpu paspsna 3HaueHMs si9elKku ¢aiina atpuOytoB - 111-7, To cBeTHTCs 3eneHas, KpacHas, CHHSS, 4TO
COOTBETCTBYET OenoMy 1BeTy. [Ipyrue nBera MOXXHO ONPENeNUTh 110 Tabnuie 2.

Tabnuua 2
COLOUR |NUMBER | BINARY | ILLUMINATED DOTS
BLACK 0 000
BLUE 1 001 BLUE
RED 2 010 RED
WA ELINIT 3 011 RED + BLUE
GREEN 4 100 GREEN
CYAN 5 101 GREEN + BLUE
YELLOW 6 110 GREEN + RED
WHITE 7 111 GREEN + RED + BLUE

HNudopmanus o nuete ¢pona (PAPER) 3anmucana B paspsgax 3-5 Takum xe oOpa3zoM. B mectoMm paspsige coaepKuTcs
nHpopmanus o ToMm, BKIroueHo BRIGHT wmm Her, m 3TO ompememnsieT SpKOCTh CBEYEHHS BCEX TPEX TOYEK DIIEMEHTa
n3ob6paxkenms. Korna Bkmoueno cocrossane FLASH, To nBeta INK u PAPER 6yayT mensatecst Ha PAPER u INK ¢ wactoroid,
3aBucsnIeh ot kommneiotepa, it SPECTRUMa takas yactoTa cocrariseT npumepHo 1 /3 c.

[Tpu ucnonb30BaHMM MOHOXPOMHOI TpadMKH BBHICOKOW pa3peliaroniell CIIoCOOHOCTH MBI HE BCTpEYaeM HHMKaKHX
CJIOYKHOCTEH, HO IIPY pabOTe ¢ MHOTOLBETHOW IpaduKoii clieyeT MOMHHUTB, YTO B CHMBOJILHOM OJIOKE OJJHOBPEMEHHO MOTYT
MIPUCYTCTBOBATH TOYKHU TOJIBKO JIBYX I[BETOB.

Yupasxsenue 1.9

IToskciepuMeHTHPYHTE ¢ Pa3IMIHBIMU [IBETAMH, HCIIONbB3Ysl IPOrPaMMBl, IPUBEACHHbBIE B JTaHHOM paszene. Eciu Bel
HCIIONIb3y€eTe TEIEBU3MOHHBIM 3KpaH, a He IOPOroil MOHUTOP, TO HEKOTOPBIE COYETAHMUS [[BETOB ITOKAKYTCS BaM M3JIHIIHUMH,
OJTHAKO Ha MOHHTOpPE HEKOTOpPhIe KOMOHMHAIMN IMCTapMOHHUPYOUINX IBETOB, UCIIOJIb3YEMBIX UISi MPOTpaMMBI HA JINCTHHIE
1.5, co3aaroT Bre4aTICHNE BOJIH, PACHPOCTPAHSAIOMINXCS 110 SKPaHY.

Ilpocmetiwee osudicyweecs uzoopasicenue

Eme omHy nBIKYIIyrOCS KapTHHKY MOXKHO ITOCTPOMTB, MCIOJB3YSl IpaMKy HU3KOW paspelaromieid crocoOHOCTH,
useroBble 3¢ dexTs 1 komanxy FLASH. IepBast yacts nmporpammel Ha nuctiare 1.12 uHTEpecHa TeM, YTO IMOCIIe MOTyYeHHs
n300pakeHUss UM HE HaJI0 YIpaBiATh. Ha TpaHuIe 3KpaHa pacrojioK€Ha MOCJIEAOBATEIFHOCT OJOKOB C BKIIFOUEHHBIM
FLASH, xpacusmm niBetom PAPER u rimanossim 1iBetom INK, gepenyrommuxcst ¢ 6iroxamu ¢ BkitoueHHBIM FLASH, rimanoBsM
uBeroM PAPER u kpacusiM INK. Koraga Mbl cMOTpUM Ha 3Ty KapTUHKY, TO HaM Ka)X€TCsl, YTO KpPAacHbI M LIMAHOBBIA LIBETa
JBHKYTCH.

LISTING 1.12

10 FLASH 1:PAPER 2: INK 5

20 FOR I=0 TO 1

30 FOR J=0 TO 15




40
50
60
70
80
90
100
110
120
130
140
150
160
170
180

PRINT AT 0,2*J+I;" "
PRINT AT 21,2*J+1-I;" "
NEXT J

FOR J=0 TO 10

PRINT AT 2*J+I,0;" "
PRINT AT 2*J+1-I,31;" "
NEXT J

PAPER 5: INK 2

NEXT I

FLASH 0:LET P=0

FOR I=1 TO 20

PRINT AT I,15; PAPER P;" "

LET P=P+1: IF P=7 THEN LET P=0
NEXT I

GO TO 140

Ynpaxuenue 1.10
[lepenmumuTe mporpamMmy '"mpbIraiomeld TOYKH', HCHONB3YS TpaduKy HHU3KOH paspemammeil crnocoOHOCTH.

[epenenaiite u qpyrue mporpaMmsl ¢ IBHKYIIUMHUCS 00BEKTaMHU.

Komanowvr CIRCLE u DRAW (oxpystchocmsb u uepmumy)

B SPECTRUMe umeroTes eime 1Be BCTPOCHHBIE KOMaHABI Tpad)UKu C BEICOKOH pa3periaonieid CiocOOHOCTIO. JTO
koMmaHel CIRCLE u DRAW st BRIYepUHUBaHUS KPUBBIX.

ITo xomange CIRCLE X,Y,P BeraepuuBaercs kpyr pagmyca "P" B mukcensx m3o0paxeHus ¢ eHTpoM B Touke (X,Y).
Crnemyer IOMHHTB, 9TO MOCTIE BBIIOJHEHHS KOMAaH/BI MIEPO HaXOAWTCS B MPABOW YaCTH OKPY>KHOCTH, HEMOCPEICTBEHHO O]

LIEHTPOM.
Ilo

komaae DRAW X)Y,A ueptutca KpuBas U3 JaHHOM TOYKM B TOUKY, CMEIIEHHY0 OT Hee Ha X,Y H

MOBOPAYMBAOIIYIOCS Ha yroi "A"; 3Ta KpuBas OyAeT Ayroi OKpy»KHOCTU. YTOJI IIOBOPOTA 3a7aeTCs B pajlaHaxX U U3MCHICTCS

B JUaI1a3oHe

ot -PI no PI.

Ha mucrunre 1.13 npuBenena nporpaMma, ucroib3ytomas komanay DRAW s nocrpoenus ¢purypsl Ha puc. 8.
LISTING 1.13

10
20
30
40
50
60
70
80
920

CIRCLE 126,88,80: LET N=24

LET A=0: LET ADIF=2+PI/N

FOR I=1 TO N

PLOT 128,88

LET X=40*COS A: LET Y=40*SIN A
DRAW X,Y,-PI: DRAW X,Y,PI

LET A=A+ADIF

NEXT I

STOP

L{sema 6 cumsonvHOM ONIOKe

Hcnons3oBanue Ppa3JIMYHbIX LIBETOB IJId INK B Fpa(bHKe BBICOKOI'O pa3pClIC€HUd MOXKCT NPUBECTU K HEOXKUIAHHBIM
pe3ybTaTaM. HpOHYCTI/ITG nporpamMmy Ha JIMCTHUHIC 114, U Bbl YBUJAUTC, K YCMY MOKCET HNPHUBECTU HEIIPOAYMAHHOC

HCIIOJIB30BaH

NEC HCCKOJIBKHUX IIBCTOB.

LISTING 1.14

10
20
30
40
50
60
70
U3

PAPER 5: INK 7: CLS

FOR I=0 TO 175 STEP 8

PLOT O0,I: DRAW 255,0

NEXT I

INK O

CIRCLE 128,88,80

STOP

9TOro 3¢QeKra MOXHO H3BJIEYH MOJNb3Y, YINOTPEOMB €ro Uil MOIYyYCHHS OBICTPOMEHSIOUIMXCS CIIOKHBIX

H306pa)1(eHHI>i, BBIIIOJTHCHHBIX B Fpa(bHKe C HH3KOH paspemalomeﬁ CIIOCOOHOCTHIO. BHauame Mol pacmnoJjlaracéM B
(bPIKCI/IpOBaHHI)IX MO3ULMAX 6J'[OKI/I, OKpall€HHbIC LIBETOM INK. JIrobas MOpOBCJACHHAsA JIMHUA HU3MCHHUT LBET JJICMCHTOB
I/1306pa)KCHI/I$I, YCpe3 KOTOPLIC OHa MPOXOIHUT. DTa TeXHHKa pa60TaeT C BHyH.IPITeJ'IBHOﬁ CKOpPOCTbIO, B YCM Bbl MOKCTC



yOeauThCs, MPOIyCTUB MporpamMMy Ha juctunre 1.15.
LISTING 1.15
10 INK 7: CLS

20 FOR I=1 TO 704: PRINT " ";: NEXT I
30 LET DIST=80: LET I=0: LET D=2
40 INK I

50 PLOT 127,86+DIST: DRAW -DIST,-DIST: DRAW DIST, DIST
60 PLOT 127,86-DIST: DRAW -DIST, DIST: DRAW DIST, DIST
70 LET DIST=DIST-D: IF DIST=0 OR DIST=80 THEN LET D=-D
80 LET I=I+1: IF I=8 THEN LET I=0

90 GO TO 40

Ilpocmas uepa

Ceifyac MBI TompoOyeM HeOONbIIyl0 mporpamMmy (MucThHT 1.16) Kak TNpuMep HCHOIB30BAHUS TEXHOJIOTHH,
pa3o0paHHOH B 3T0i ri1aBe. UepBh MOKET IepeMeNaThes MO SKPaHy [IaraMu B OHY 3HAKOBYIO ITO3UIHIO, TOPH30HTAIBHO WIIH
BEPTUKAIBHO, BIIEBO WJIM BIIPABO U YNPABIISETCS C KIaBHATYpHI. Llenb Urpel: 4epBb MOXKET CheaTh MOHETKY (MumIeHb). CheB
MOHETKY, 4epBb yHHsAETCS. ECin XOTh pa3 rojoBa 4epBsl YIPETCs B TPaHMIy 3KpaHa WM B COOCTBEHHOE TeNo, YEpPBb
norubaer. UepBb HE MOXKET MEHITh HallpaBJIeHHE ABMKEHHs Ha MPOTHBOMOJOXKHOE. [locie necsTH yCremHbIX NoenaHui
MOHETKH YepBb BO3BpAIIacTCs K CBOEMY IIepBOHAYAILHOMY pa3Mepy, U Urpa MPOJOIKACTCS.

OTa urpa HOCTPOEHA C HCIONB30BAaHHMEM MOMAYJIBHOIO CTPYKTYPHOTO METOJAa IPOrpaMMHUPOBaHHUSA. OTOT METON
IIOMOTaeT CO3/aBaThb HaJEXKHbIE M IOHATHBIE HporpaMMel. [Ipomie roBopsi, Mbl JOJKHBI MPEACTABUTH IMPOrpaMMy Kak
TI0CIIEI0BATEIFHOCTh MAJIBIX 3a/1a4, KOTOPHIE BCTPANBAIOTCS OJIOK 32 OJI0KOM B KOHEUHYIO IMporpammy. J{ist JaHHOH Urpsl 5TH
3a7[a4 MOTYT OBITH OIpE/ICIIEHbI TaK:

A. MHnnmanuzanuys nepeMeHHbIX.
b. YcranoBka urpoBoro moiis.

B. Ynpasnenue urpoii.

T". PectapT u BBIBOJ CU€Ta UTPHI.

Kaxmyro m3 3Tux 3amad MBI MOXKeM pa3OuTh Ha eme Oosee menkue. Hampumep, 3amaga "B" Moxer OBITH
NpeJCTaBICHA TaK:

1. Bocmipou3BeieHne MOHETKH.
2. Ucnonp30BaHue KJIaBUATYPhI U1 N3MEHEHUS HallpaBJICHUs IBH)KEHUS YepBsl.
3. [lepemenenue yepssl.
4. @andaps!.
3agaua "3" B cBOIO ouepelb MOKET ObITh pa3duTa Ha eie Oosee MeNKUe 110J133/1a4H:
A) pucoBaHUe 4epBs;
B) uepBr ynmpaercs B TpaHHUIly WK caM B ce0s U TOTHoaeT;
B) uepBb chemaeT MOHETKY M PACTET.

Teneps monmpoOyHTe CaMOCTOATENFHO HAUTH, TJE B IPOTPaMMe PEaTn30BaHbI 3TH 33/1a4H

LISTING 1.16

1000 DIM R(55) :DIM C(55)

1009 REM MuEMumanmsanmsi ykKasaTejye) NOoAnporpaMM M yCTaHOBKaA cuera urps B 0

1010 LET FANFARE=2000: LET WORM=3000: LET KEY=4000: LET GOBBLE=5000: LET
STATUS=6000: LET TARGET=7000

1020 BORDER 1 :PAPER 7:INK O

1030 LET HSC=0

1040 LET SCORE=0: LET WORMS=3: LET LEVEL=1

1048 REM Hawvano HOBOI'O 4YepBsi, AJMHA 5 cerMeHTOB, HauMHasli CO CTPOkM R nosummm C

1049 REM P-ykxaBaTenk Ha CEeI'MEHT, KOTOPHI [OJIXEeH IepeMellaTkCsi YCTaHOBKa (iaros
(0 - Her, He 0 - ma)

1050 LET DEAD=0: LET WON=0: LET C=16: LET R=10: LET P=1: LET S=5: LET CMOVE=0:
LET RMOVE=1: LET HS$="*"

1059 REM YcTaHOBKa '"IOBMTaTeNBHHX' NNEPEMEHHHX TaK, 4YTO YEepPBbL lIepeMellaeTCcsi BHMUS

1060 FOR I=1 TO 55: LET R(I)=-1: NEXT I

1069 REM YCTaHOBHUTE XeJTHM SKPaH CBEPXy M CHUSBY

1070 CLS: PRINT AT 0,0; PAPER 6: PRINT AT 21,0; PAPER 6

1079 REM BEHBOJ] CUETA WUI'PH

1080 GO SUB STATUS

1090 GO SUB TARGET

1099 REM IVIABHB LMKJI. KOHTPOJEL 3a OBMXSHMEM YEpBs

1100 GO SUB KEY

1110 GO SUB WORM

1120 IF NOT DEAD AND NOT WON THEN GO TO 1100

1129 REM Ecnmu uepBB ceenl MOHeTy, 10 pas mare daHbapm M HauaTe HOBYH MIPY.

1130 IF WON THEN LET LEVEL=LEVEL+1l: GO SUB FANFARE: GO TO 1050

1139 REM BocnpomsBeCTHM WyM pPaBSpyWeHWUS .

1140 IF DEAD THEN FOR I=1 TO 20: BEEP 0.05,15: NEXT I

1149 REM Ecam y Bac oCTajiCs €elle 4YepBb, TO HadvaTk HOBYKW WUIPY



1150 IF DEAD THEN LET WORMS=WORMS-1: IF WORMS<>0 THEN GO TO 1050

1159 REM I[lepeMecTHTE BCE CEI'MEHTH, OBUI'as yKasBaTeJNk OT KOHIa YepBs

1160 FOR I=1 TO S: BEEP 0.01,0: PRINT AT R(P),C(P);PAPER 7;" "

1170 LET P=P+1l: IF P>S THEN LET P=1

1180 NEXT I

1189 REM llepeMeCTHMTE MOHETKY M BaMeHUTB CTPOKYy CO CYeTOM

1190 PRINT AT Y,X;PAPER 7;" ": GO SUB STATUS

1199 REM Mcnoneps0BaThk MepliaHMe M HaxaTbk BBOO Ins1 pecTapTa WMIPH

1200 LET I$=CHR$ 18+CHR$ 1+"PRESS ENTER TO START"+"GAME"+CHRS$ 18+CHRS 0

1210 INPUT (IS$+" ") ;LINE A$

1220 GO TO 1040

2000 REM $AH®APH

2010 DATA 0.06,18,0.06,19,0.06,21,0.15,27,0.06,21,0.20,27

2019 REM UreHme M mucHosiHeHmMe ¢poHbap c KOMOBMHMP. AINTENBHOCTH

2020 RESTORE FANFARE: FOR I=1 TO 6: READ L,T:BEEP L,T: NEXT I

2030 RETURN

3000 REM WORM (YEPBE)

3008 REM Yepsr nojseT, IepeMeliass NOCHEeOHMI CEeI'MEeHT BHepern

3009 REM Ecanm »TO He mpupaleHMe CEerMeHTOB, TO y6paTk CcTapsii CEeI'MEeHT

3010 IF R(P)<>-1 THEN PRINT AT R(P),C(P); PAPER 7;" "

3019 REM BruMCJI€HME HOBOM MNOBMUMM LJIsI T'OJIOBH YEpPBS.

3020 LET R=R+RMOVE: LET C=C+CMOVE

3029 REM I[lpoBepka Ha CTOJKHOBEHME C I'PaHMIIAMU

3030 IF R>20 OR R<1 OR C>31 OR C<0 THEN LET DEAD=1: RETURN

3039 REM IlIlpoBepka Ha CTOJKHOBEHME caM C COBoMu.

3040 IF ATTR (R,C)=16 THEN LET DEAD=1: RETURN

3049 REM YcTaHOBKa CTPOKM M CTOJN6IA B HOBOM IIOSMULIMM

3050 LET R(P)=R: LET C(P)=C

3059 REM IllpoBepka Toro, 6mia JaM CEefeHa MOHeTKa

3060 IF SCREENS$ (R,C)="$" THEN GO SUB GOBBLE

3069 REM Jlo6aBneHMe Ha SKpPaH elle ONHOT'O CEerMeHTa M NPOABMKEHMEe [ajiblle K XBOCTY
yKasaTesysi CeI'MEeHTOB YepBs

3070 PRINT AT R(P),C(P); PAPER 2;H$

3080 LET P=P+1l: IF P>S THEN LET P=1

3090 RETURN

4000 REM KEY (KJIABMIIN)

4009 REM [lpoBepka MCHOJNBLBYEMHIX AJIsI yNpaBJIEHUsT KJaBMil

4010 LET AS$=INKEYS$ : IF AS$="" THEN RETURN

4019 REM YcTaHOBKa BCexX OBYKE, KakK IIOKaBaHO HIMXKe

4020 IF CODE A$>96 THEN LET A$=CHRS$ (CODE A$-32)

4028 REM UepBB MOXET IIOMTM BJIEBO WMJIM BOPABO, HO He oBpaTHO Ha cebs.

4029 REM "BBEPX" HaxaTO - eClyM BH He WM BHU3, TO IOKAeTe BBEpPX.

4030 IF AS$="I" AND CMOVE THEN LET RMOVE=-1: LET CMOVE=0: RETURN

4039 REM MpoTm BHUB (ecnm uYepBER He Wlesl BBEPX)

4040 IF AS$="M" AND CMOVE THEN LET RMOVE=1l: LET CMOVE=0: RETURN

4049 REM VnorTm BJIEBO (ecnm 4YepBR He WeJ BIPaBO)

4050 IF AS$="J" AND RMOVE THEN LET RMOVE=0: LET CMOVE=-1: RETURN

4059 REM VparTu BIPABO (ecnu uepBR He W€l BJEBO)

4060 IF AS$="L" AND RMOVE THEN LET RMOVE=0: LET CMOVE=1l: RETURN

4070 RETURN

5000 REM GOBBLE (IIPOIJIATHBAHUE)

5009 REM IlloemaeTcst MOHETKa, pasfaeTcsi BBYK IJIOTaHWUsS

5010 FOR I=2 TO 4 STEP 0.5

5020 BEEP 0.01,EXP I-10: NEXT I

5029 REM Jlo6aBuTE K BalleMy CYeTYy M SaMeHMTEB CTPOKYy CO CYeTOM

5030 LET SCORE=SCORE+1l: GO SUB STATUS

5038 REM Jlo6aBuTE 5 cCerMeHTOB

5039 REM Ecnmu uepBB cozepxmumT 55 cerMeHTOB, 3TO oBHauaeT, 4TO BH cwenum 10
MOHETOK M BHMI'PaNM

5040 LET S=S+5: IF S=55 THEN LET WON=1: RETURN

5049 REM YCTaHOBMTE HOBYK MOHETKY Ha BKpaH.

5050 GO SUB TARGET

5060 RETURN

6000 REM CTATYC

6009 REM Ecxy Ball CYeT NPEBOCXOAMUT Hambonsumit B sToi mrpe (HISCORE), To
BaMeHUTE HaMGOoNBUMIA CueT



6010
6019
6020
6030
6040
7000
7009
7010
7019
7020
7029
7030
7039
7040
7050

IF SCORE>HSC THEN LET HSC=SCORE

REM 3aMeHMTE CTpPOKYy C ofbemMm cueTamm

PRINT AT O0,0;PAPER 6; " SCORE ";SCORE," HI-SCORE ";HSC
PRINT AT 21,0;PAPER 6;" LEVEL ";LEVEL," WORMS " ;WORMS
RETURN

REM TERCET (MOHETKA)

REM Bni6op BHaAKOBOM INOSBMIMM B MI'POBOM IIOJe

LET X=RND*31: LET Y=RND*19+1

REM IIlpoBepka TOr'O, YTO BTO HE Ta Xe caMasi NoSuumusi

IF X=C AND Y=R THEN GO TO TARGET

REM [IlpoBepka TOI'O, WTO 3Ta MNOBMIMS HEe HaAXOOWUTCSI IIOJ dYepBeM
IF ATTR (Y,X)=16 THEN GO TO TARGET

REM BBOAX HOBOM MOHETKM Ha SKpaH

PRINT AT Y,X; PAPER 4;"$"

RETURN

B cnenyromieit riaBe Mbl pacCMOTPHUM CPEJCTBA, HEOOXOAUMBIE ISl U300paXKEHUs! pealbHbIX KapTHH.
TIPUJIO)KEHUE: ynpasnenue 8 npozpammax.

JIuctunr 1.8. Haxxatue xinaBum Bokpyr "F" - mepemerniaer TOYKy B OJJHOM U3 BOCBMH HaIpaBJICHUI.
Juctunr 1.16. JIng ynpasneHus yepBeM ucnoibs3yire knapumu I, J, L, M.



MABA 2
OT peanbHbIX KOOPAUHAT K MUKCENAM

Jns m3o6pakenns SPECTRUM mpencrapnser rpadudeckuil SKpaH, T.€. MATPUILY aApecyeMBIX TOYEK H IHUKCENICH.
[ukcenn crpymnmupoBadsl B 256 BepTHKambHBIX CTONONOB(NXPIX) m 176 ropmsonTansHBIX cTpok (NYPIX). YcranoBka
NXPIX u NYPIX ocymiectBisieTcss mapoil LeNbIX Yrcel, Ha3piBaeMbIX BekTopoM mmkcenei (LJ), rme O0<=I<=NXPIX-1 u
0<=J<=NYPIX-1. Dror BekTop 3aaaeT no3umuio nukcens B [-om crondue u J-oii crpoke. Bekrop (0,0) naentudunupyer
cambIii HWKHAHN JIeBBIi nukcens dkpaHa. SPECTRUM mumeer criernpanbHble KOMaHIBI O€HCHKa I ONepUPOBAHMS MaTpHUIICH
nukcenedt. OHM MO3BOJIAIOT "BKITIOYATE" MX. DTO JAeTaeT BOZMOKHBIM allIPOKCHMHUPOBATh JIMHUN, WIIN TTOJUTOHBI, WA IpyTHe
rpadudeckre 0ObEKThI MOCICI0BATEILHOCTEIO IBETHBIX TOUCK.

B rnaBe OyayT ommcaHbl BO3MOXKHOCTH CO3J@HUSI JIByMEPHBIX M TPEXMEPHBIX TI'paduuecKux OOBEKTOB Ha
SPECTRUMe nipu oMoy rporpamm Ha Oelicuke. DTH 37eMeHTapHbIe [TOJIIPOrpaMMBbI IIPUBEZICHBI B JAHHOM TJIaBe.

Ipumumussi, obecneuusaiowue Kapmy nPOCMPAHCMEA HA 2PAPULECKOM IKPAHe

B nenom koMnbploTepHas rpaduka COCTOMT U3 TOYEK, JIMHUH, o0JlacTel U KOOpAWHAT BHE NMPEPHIBHOM ABYMEPHOM H
TPEXMEPHOM EBKJIMI0BOM NPOCTpaHCTBE. IInKcenpHas rpaguka JOBOJIBHO OrpaHuucHa. M300paxeHne o0beKTa B AUCKPETHOM
T0JIC OYEHB YCIOXKHACT IPAKTHUECKOE UCIIOIb30BaHUE 3TOT0 CIoco0a.

PaccMoTpuM OTHOIIEHHE MEXAy ABYMEPHBIM pEalbHBIM IPOCTPAHCTBOM M IKPAHHBIMH IMHUKCENAMH. MBI MOXeM
BOOOpa3uTh cede AByMEpPHOE NPOCTPAHCTBO KaK IJIOCKOCTb. [ HCIIOIb30BaHHUS KOOPAUHATHOM reoMeTpuH (IUIaHUMETPHH)
MBI JJOJDKHBI 3a)UKCUPOBATh TOUKY B 3TOM IIPOCTPAHCTBE, KOTOPYIO MBI OyJleM Ha3blBaTh HAYaJIOM KoopauHAT. Yepes Havyaio
KOOpPJMHAT MPOBEEM JIBE€ B3aUMHO NMEPHEHANKYJISPHBIE JIUHUH, X-0Ch U Y-0Cb. Tenepp HaAYEpTUM LIKay BJIOJb KaXKJOH U3

oceil. (cm. puc. 9)
Y
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24
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Msl mojlaraeM, 4YTO 3Ha4eHUS Ha X-OCH MOJIOKHUTEIbHBI CIIpaBa, a CJIeBa OTPHILATENBHBI; 3HAYEHHS Ha Y-OCH
MIOJIOXKHUTEIBHBI BHIIIEC HaYalla KOOPJUHAT M OTPHUIIATENIbHBI HIDKE.

Teneps no3uius J1t000M TOYkK P Ha IUIOCKOCTH OJHO3HAYHO ONpejaessieTcs ee KoopauHaramu. Koopaunarta mo X-
ocu, obo3HaunmM ee X, OmpenesseTcs Kak pacCTOSHHE OT Hadala KOOpAMHAT JI0 TOYKHM IIEPEeCceueHMs NpsIMOii,
NEePNEeHAUKYIApHON ocu X U Impoxonsuied depe3 Touky P ¢ ocbro X, B3STO€ C MOJIOXKUTENBHBIM 3HAKOM, €CIU 3Ta TOUYKa
HaXOJWTCS CIpaBa OT Hayaja KOOPAMHAT, U C MPOTHBOIOJOXHBIM, €CIIH ClieBa. AHAJOTMYHBIM 00pa3oM orpezaensercs Y-
KOOpJAMHATAa. JTH J[Ba 3HAYCHWUS, HAa3bIBAEMbIE ITapOil KOOPAMHAT ABYMEPHOTO BEKTOPA, OOBIYHO 3aNMCHIBAIOTCS B CKOOKaXx:
(X,Y). O6paTtute BHUMaHUE, YTO TICPBO 3aMMUCHIBACTCA X KOOPIUHATA, 32 KOTOPOH ciieayeT Y -koopauHarta. Kak npaswiio, Mbl
OyzeM HaspIBaTh 3Ty Iapy BEKTOPOM, Pa3MEpHOCTh KOTOporo Oyner sicHa u3 KoHTekcTta. Kpome toukm (X,Y), BEKTOp
ompenersieT TakKe W HalpaBlieHHe, KOTOPOe MapaUIebHO MPSAMOM, COSOMHSAIONIEH Hadamo KoopawHaT ¢ Toukoil (X,Y);
JIOTIOJTHUTETbHBIE CBEACHHSI IO 3TUM BOIIPOCAM BBI HaiizieTe B riase 3.

Ceifyac MbI IOJDKHBI PAa3BUTh CPEACTBA (YIIOMSIHYTHIE BBIIIE IPUMUTHBHbIE (DYHKIMH) UL IEPEHOCA T€OMETPHUYECKUX
MOHATHI Ha COCTOSIIYIO U3 TOUEK ABYMEPHYIO MaTpUILY.

3/1ech MBI OTPAHUYHMCS CIIy4aeM JIBYX M3MEPEHUI: TpeXMepHas reOMeTpHsl pacCMaTpUBAeTCsl, HAUMHAas C TaBsl 7. B
o0oux ciydasx HaM IoTpedyercsi oToOpakeHHe MNpsIMOYTOJbHOM O0JacTH JBYMEPHOH JEHCTBUTENBHOW IIJIOCKOCTH Ha
JMCKPETHYIO TrpadHyuecKylo IUIOCKOCTb. [yt IMPOCTOTHI TMPENIOJIOKHM, YTO CTOPOHBI 3TOH 00JIaCTH TapaiieiabHbI
KOOpJMHATHBIM OCSIM. BHavase npennonoxum, 4To JICBBI HIDKHUN YroJl MpSIMOYTOJIbHUKA HAXOJIUTCS B Hadalle KOOPMHAT.
(0.0,0.0), a muHA Tropu3oHTANEHOM cTopoHB paBHa HORIZ, BepTukansHoii - VERT; oToxkaecTBUM Takke Ha9aao KOOPAWHAT C
nukceneM (0,0), a 3arem BbIOepeM Takoil MacmTad HpsSMOYTOJIbHOIM 001acTH, YTOOBI OHA MOMECTHIIACh B TUCIUICHHOM IOJIE.
O0J1acTh MOKET B TOYHOCTH COBIIAJATh C IUCIUIEMHBIM OKHOM, eci Toabko cooTHomenrne HORIZ: VERT u NXPIX: NYPIX
paBHBI. DTa CHUTYyaIlHsl BCTpedaeTcsi KpaifHe peaKo, W MOITOMY MBI HCIONb3yeM MacmTabupyromuii MHOxuTENb XY SCALE,
kotopsiit momemaer Touky (HORIZ,VERT) nmubo Ha mpaBoif CTOpOHE paMKH TUCILDICHHOTO OKHA, THOO Ha BepxHeil. Mol
MOJKEM CUHTATh ATOT NMPSIMOYTOJIBHUK OKHOM B JIEKapPTOBY IJIOCKOCTH; OHO yX€ HE MPUBS3aHO K HaYally KOOPIUHAT, 3 MOKET
MepPEeMEIaThCs 10 TIOCKOCTH, TP ATOM CTOPOHBI OCTAIOTCA MapaJUICIbHBIMUA KOOPAWHATAMH OCSAM; IIPU TaKOM IBIDKEHHH 3TO
OKHO CKaHUpYyeT O0JIaCTH IUIOCKOCTH, o (opMme coBmaaaroiine ¢ rnepBoHavanbHoW. Kak mpaBuiio, mbl OyneM BbIOMpaTh
HORIZ npumepHo B nonropa pasa 6oisbine VERT.

B 110001f MOMEHT BBINOJIHEHUS NPOrPaMMBbl Hayajlo KOOPAHMHAT MOXET OBITh NEPEIBHHYTO W3 NEPBOHAYAIBHOTO



MTOJIO’KEHHS B JIEBOM HIDKHEM YTIIy B JIIOOYIO ApyTyro Touky ¢ kKoopauHatamu XORG u YORG, o6o3Havaronue 3HaueHne X-
KoopauHATHl U Y-koopawHaTel ToukH. Touka (XORG,YORG) oroxapectBisercs ¢ HadanoMm koopauHat (0.0,0.0), a Touka
nekaptoBoit miockoctd ¢ koopauHaTamu (XPT.YPT) oroOpaxkaercs B DIIEMEHTE HM300paKeHUS C TOPH3OHTAIBHON
komroHeHTol INT ((XORG+XPT) * XYSCALE+0.5) u Beprukanbuoii komnonenToit INT ((YORG+YPT) * XYSCALE+
0.5). (INT - pynkius Oeiicrka, BO3BpaIlaroiias eI0e YUCI0, PABHOE ICJION YaCTH BEIICCTBEHHOTO apIyMEHTa).

Ot nBe KoMroHeHTH! xpaHstes QyHkuusamMu FNX u FNY (cm. snmctunr 2.2). Bo BpeMst pucoBaHMsl Ha 9KpaHe MBI
UMEEM JIeJI0 ¢ TOYCYHBIM IEpOM, YIPABISIEMBIM Iapoi IENbIX YMCeNT M MepeMeIlaloMMes 10 dKpaHy; BHadale 3TO Hepo
nHaxogurcs B Touke (0,0), a B obmiem cinydae B Touke (XPEN,YPEN). Koncrantst NXPIX, NYPIX u nepemennsie XYSCALE,
XPEN, YPEX, XORIZ, YORIG momxHBI OBITh JOCTYITHBIMH IS TPHUBEICHHBIX HIDKE MOIIPOTPaMM HAaHECEHHS TOUYEK Ha
9KpaH B JIO00OH MOMEHT BPEMEHH, TaK YTO 3TH MMEHa HEeNb3s MCIONB30BAaTh U APYTUX Ieneld. DTH MOJIpOrpaMMBbI
Hanmcansl criermanbHo st SPECTRUMa, HO MBI 00CyXIaeM NPUHIHIBI COCTABICHUS aHAIIOTHYHBIX MOAIPOTPaMM ISt
Ipyrux ycrpoicts. Ilepen TeM, Kak HCIONIB30BaTh MHOE YCTPOMCTBO, HaM Il Hadasla MPUIIOCH Obl M3MEHHUTH 3HAYCHHS
NXPIX u NYPIX.

Hama nepast mognporpamma START mpucBanBaeT 3HaueHHUS NMEPEMEHHBIM U TIOJITOTAaBIMBAET dKpaH A PaboTHI.
Jluctunr 2.1 comepkut npumep takoi noamnporpammsl ainst SPECTRUM.

LI STING 2.1

9700 REM START

9701 REM IN - HORIZ,VERT

9702 REM OUT - NXPIX,NYPIX,XORIG,YORIG,XYSCALE,XPEN, YPEN

9710 LET XORIG=0: LET YORIG=0

9720 LET XPEN=0: LET YPEN=0

9730 LET NXPIX=256: LET NYPIX=176

9740 LET XYSCALE=NXPIX/HORIZ: LET YSCALE=NYPIX/VERT

9750 IF XYSCALE>YSCALE THEN LET XYSCALE=YSCALE

9760 RETURN

Ecnu MBI XOTHM HMCHOJB30BaTh IIBETOBBIE BO3MOKHOCTH, TO HaM CJIEAYET BBECTH JIBa JIOTIOJHHUTEIBHBIX ITapaMeTpa
COLPAP u COLINK (umembie yucnma B amamazone or 0 mo 7) mms ompenmeneHus IBera (GoHa W [BeTa H300pakKeHUS.
COOTBETCTBYIOLIHH OIIEpaTop:

9725 PAPER COLPAP: INK COLINK

Ecnu MBI XOTHM Hamucarth 3Ty NporpamMMy JJIsl APYTOro KOMIBIOTEPA, TO HEOOXOANMO 3aMEHHUTh KOMaH bl TpadKH
SPECTRUMa Ha 3KBHBaJIEHTHBIE KOMAaHIbI IS HETO.

B moamporpamme START u Bo MHOTHX APYTHX MOANPOTpaMMax, IIPUBEICHHBIX HIKE, HAM IMOTPeOyeTcst IepeBOIUTh
X 1 Y KoOpAWHATHI TOYKU B MIX aHAJIOT JUIS TIUKCEJIeH, C 3TOH 1enbio Mbl BBoguM aBe GyHKImu FNX u FNY nHa muctuare 2.2.

LISTING 2.2

9650 DEF FN X(Z)= INT ((XORIG+Z)*XYSCALE+0.5)

9660 DEF FN Y (Z)= INT ((YORIG+Z)*XYSCALE+0.5)

Crnenyromas nognporpamma SETORIGIN mo3Bossier mepeaBurath Havajgo koopauwHat Ha BenmunHy XMOVE mo
ropmoHTanmn 1 YMOVE mo Beprukamu (B Macmrade KOOPIWHATHOW CHCTEMBI) M COOTBETCTBYIOMIMM 0Opa3oM MEHSET
BemmunHy (XORIG.YORIG). Ilocme 3Toro mepo yCTaHaBIMBAETCS HA IHKCENb, COOTBETCTBYIOUIMA HOBOMY Hadalry
KOODPJIHMHAT.

LISTING 2.3

9600 REM SETORIGIN

9601 REM IN - XORIG,YORIG,XMOVE, YMOVE

9602 REM OUT - XORIG, YORIG, XPEN, YPEN

9610 LET XORIG=XORIG+XMOVE: LET YORIG=YORIG+YMOVE

9620 LET XPEN=FN X (0)

9630 LET YPEN=FN Y (0)

9640 RETURN

MBEI cMOKeM 4epTHUTh IPSMBIE TTOCIIe TOTO, Kak BBeneM emie e ¢pyakuun: "MOVETQO", koTopas momemniaer mepo B
JJIEMEHT N300pakeHHsI, COOTBETCTBYIOIIMNA Hadarry otpeska, n "LINETO", koTopas mpoBOIUT IPSAMYI0 U3 TIEPBOHAYAIEHOTO
moJoXeHus (3amaBaeMmoro oOpamenuem Kk nognporpammam  "SETORIGIN", "MOVETO", "LINETO") Ha mukcens,
COOTBETCTBYIOIIUN JpyroMy KOHIy oTpe3ka. Ha mmctuarax 2.4 m 2.5 mpuBomsarcs TekcTsl nporpamm "LINETO" u
"MOVETO", narmucannsie cruenuansHo mis SPECTRUMa. [oamporpamma "LINETO" ncmonb3yeT MammHHO-3aBUCHMYIO
nporpammy Oeticuka DRAW, s toro, 9yToObl HauepTuTh HpsMyro (oOparute BHUMaHHe Ha TOo, 4ro PLOT wmcmoms3yer
abconroTHele KoopauHathl, a DRAW - otHocurensHble); moxnporpamma "MOVETO" sBnsercs MallMHHO-HE3aBHCHMOI.
Takum o00pa3om, ecii Bbl XOTHTE WCIIOJIB30BaTh OSTH NPOrpaMMbl JIsl JPYroro YCTpoiicTBa, TO BaM HPHUAETCS
Mo uduIpoBath ToNbKO noamnporpamMmy "LINETO".

LISTING 2.4

9500 REM MOVETO

9501 REM IN - XPT,YPT

9502 REM OUT - XPEN, YPEN

9510 LET XPEN=FN X (XPT)

9520 LET YPEN=FN Y (YPT)

9530 RETURN

LISTING 2.5

9400 REM LINETO



9401
9402
9410
9420
9430
9440
9450
9460

REM IN - XPT,YPT, XPEN.YPEN
REM OUT- XPEN, YPEN

LET NXPEN=FN X (XPT)

LET NYPEN=FN Y (YPT)

PLOT XPEN, YPEN

DRAW NXPEN=XPEN, NYPEN=YPEN
LET XPEN=NXPEN: LET YPEN=NYPEN
RETURN

Bo Bcex KkommblOTEpax, KpOME CaMbIX IPUMUTHBHBIX, 3TH NPOrPaMMbl MOXXHO TOMECTHTh B OHMOJIMOTEKY HJIH B
¢onoyro mamare (BACKING STORE), uto u30aBuT Bac OT HEOOXOJMMOCTH BIIEYATHIBATH MX B TEJNO KaXXIOW HOBOU
nporpammbl. B SPECTRUMe Bbl MoOKeTe XpaHHTh 3TH NporpamMMbl B Buje (ailioB Ha Kaccere (3arpykasi MX KOMaH/IOH
MERGE). ¥ nac 3t nporpamMmsl Xpanstes B 6nbnuorexe "LIBIA".

Yupaxnenue 2.1

OTOXIECTBUTE MPSIMOYTOIBHYI0 007acTh Ha JEKapTOBOH MIOocKocTH co cropoHamu 30 ex. x 20 en. ¢ rpaduyecknm
moniem ucmiest SPECTRUMa HapucyiiTe B IEHTpE 3TOTO MPSAMOYTOIBHIKA KBaJpaT co CTOPOHOM 15 ex.
MpsI momeniaeM KBajpaT B IIEHTP, MOMEIas Ha4alio KOOpIWHAT B Touke (+7.5; £7.5). Cm. muctuHr 2.6.

LISTING 2.6

100 REM SQUARE

109 REM SETUR IDENTIFIERS TO GRAPHICS ROUTINES.
110 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400
119 REM DEFINE GRAPHCS AREA.

120 LET HORIZ=30: LET VERT=20

130 GO SUB START

140 LET XMOVE=HORIZ*0.5: LET YMOVE=VERT*0.5
150 GO SUB SETORIGIN

159 REM JOIN CORNERS OF SQUARE IN ORDER.

160 LET XPT=7.5: LET YPT=7.5: GO SUB MOVETO
170 LET XPT=-7.5: LET YET=7.5: GO SUB LINETO
180 LET XPT=-7.5: LET YPT=-7.5: GO SUB LINETO
190 LET XPT=7.5: LET YPT=-7.5: GO SUB LINETO
200 LET XPT=7.5: LET YPT=7.5: GO SUB LINETO
210 STOP

OTMeTHM, YTO TOPSIIOK COeNMHEHNs BEPUIMH B 3TOI 3aaue CyIIeCTBEHEH.
Tenepr MbI coctaBuM mnporpamMMmy "POLIGON", koTopas uYepTUT MHOIOYIOJIbHMKH, HCIOJIb3YsS KOMaH/BI

SPECTRUMa

JUIS BEIYEPYMBAHUS MPAMBIX (CM. JTUCTHUHT 2.7).

LISTING 2.7

100
110

REM MAIN PROGRAM/CALLING POLIGON
LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500:

POLIGON=300

120
130
140
150
159
160
170
180
190
200
210
220
300
301
310
320
330
340
350
360

LET HORIZ=30: LET VERT=20

GO SUB START

LET XMOVE=0: LET YMOVE=0

GO SUB SETORIGIN

REM DECLARE AND INPUT VERTICES OF POLIGON.
DIM X (50): DIM Y (50)

INPUT "NUMBER OF VERTICES-";NPOL

FOR I=1 TO NPOL

INPUT ("X("+STR$ I+")-");X(I); (" Y("+STR$ I+")=");Y(I)
NEXT I

GO SUB POLIGON

STOP

REM POLIGON

REM IN - NPOL,X(POL),Y (POL)

FOR I=1 TO NPOL

LET XPT=X(I): LET YPT=Y(I): GO SUB MOVETO

LET XPT=X(I+1l): LET YPT=Y(I+1l): IF I=NPOL THEN LET XPT=X(1):
GO SUB LINETO

NEXT I

RETURN

Ynpaxknenne 2.2

LET LINETO=9400:

LET

LET YPT=Y (1)

Ecmu B ncnionezyere SPECTRUM, TO BBI MOXeETE PHCOBaTh OPHAMEHTHI C PA3TUYHBIM COUYETAHHUEM I[BETOB, HO LIS
3TOr0 HeoOXoauMO BHadaie yctaHoBUTH pucyronmil nser INK. Hamummre nognporpammy "SETING", BEITONHSIONIYIO 3TY
¢byHKIMIO ¢ 01HMM BXOHBIM napamerpoM COLINK.

Ynpaxnenue 2.3

Bo Bcex omucaHHBIX BhILIE MOJNIpOrpamMMax 3HaueHue MacuradHoro MHoxutTenss XYSCALE c¢uxcupoBano u
OJMHAKOBO 1 obenx oceil. Beeante nBa macmtabHbix ¢akropa XSCALE m YSCALE u Hamummre HOANPOTpaMmy



"FACTOR", xoTopast 661 H3MEHsUIa TOPU3OHTAIBHYIO IIKAIy rmoAanporpamMmoii FX, a BepTuKaipHYIO IIKATy IMOANIPOrPaMMOit
FY. Bam npunercsa uzmenuts nporpamMmsl ("START", "SETORIGIN", "MOVETO", "LINETQ", cMm. rnaBy 6).

Ynpaxuenue 2.4

Her HuKakux 0coOBIX OCHOBaHWI CUMTAaTh X-OCh FOPU3OHTAIIBIO, @ Y-OCh - BEPTHUKAJIbIO; OHU MOTYT JJaKe HE ObITh
NepHIeHANKYIApHbBIMUA. [loskcnepuMeHTUpYHTE ¢ 3THM, IS ATOTO BaM MNpHAETCS M3MEHUTh Bce nporpammsl "START",
"MOVETO", u T.x1.

Ipumep 2.4

OxvH U3 NepBBIX MOMYJIAPHBIX rpaduyeckux makeToB HaspiBaicsi CALCOMP. OH BkiIOYaeT MoAnporpamMMbl s
BBIUEPUMBAHUS OCEH M IIKA, JUII OCTPOCHNUS IPaKOB M MHOTO JPYTHX MOJIE3HBIX MOAIPOrpaMM.

CTpyKTypa 3THX MOAMPOTpaMM BO MHOTOM orpenenseTcs noamnporpammoit "PLOT" (ae mytats ¢ komaumoit PLOT),
mporpamma PLOT comepxut Tpu mapamertpa: nBa neiictBuTenbHBIX XPT m YPT, KoopAWHATHI TOYKH B MPOCTPAHCTBE U
nHdopmanuio o aemwkennt MOVE - nenoe unciio, npuHuMaromiee 3HaueHus =2 u £3. OHa 3Ta NoAnporpaMma 3aMeHseT TpH
Hamux - "SETORIGIN", "MOVETQ", "LINETO". Ecmtu MOVE orpuiatensHo, ToO Ha4aJlo KOOPAWHAT TOMEIIASTCS B TOUKY
(XPT, YPT) crapoif cuctembl KoopauHaT, U B 3ToM ciiydae mporpamma "PLOT" sxBuBamentra "SETORIGIN". Ecmn
abconrotHoe 3HaueHne MOVE paBHo 3, To ABMKEHHE Ilepa NPOUCXOIUT Oe3 BhIYepYMBaHUs MpsiMOi, skBrBaiIeHT MOVETO,
eciu MOVE paBHo 2, To ueptutcs qunus - dkBuBayieHT LINETO. Ecniu Mbl nake He XOTHM HCIIONB30BaTh BECh MaKET
CALCOMP, To MBI Bce paBHO MoxeM 3aMeHuTh noanporpamMmMel "SOTORIGIN", "MOVETO", "LINETO" noanporpammoit
"PLOT" u ncnosib30Bath €€ ¢ MOCIEAyIOIUMU B 3TOU TJIaBe MOAMPOrpaMMaMu - CM. JIMCTUHT 2.8.

LISTING 2.8

9800 REM PLOT/CALCOMP

9801 REM IN - XPT,YPT,XPEN,YPEN,XORIG,YORIG,MOVE

9802 REM OUT - XPEN,YPEN, XORIG,YORIG

9810 LET NXPEN=FN X (XPT)

9820 LET NYPEN=FN Y (YPT)

9830 IF ABS (MOVE)=2 THEN PLOT XPEN,YPEN: DRAW NXPEN-XPEN,NYPEN-YPEN

9840 LET XPEN=NXPEN: LET YPEN=NYPEN

9850 IF MOVE<O THEN LET XORIG=XORIG+XPT: LET YORIG=YORIG+YPT

9860 RETURN

UYroOBl NPOAEMOHCTPHUPOBATh TPAKTUYECKYIO IIOJIB3y OT O3THX (yHKIMH, HApHCyeM HECKONbKO IPOCTEHIINX
OpHaMeHTOB. HEeKOTOpble CUMTAIOT PHCOBAHHE OPHAMEHTOB YJEIOM JIETKOMBICICHHBIX JIIOAEH, HO MBI CUMTAEM, YTO 3TO
BEChbMa IOJIE3HOE YIPAXKHCHNWE HAa MEPBON CTAJUM O3HAKOMIICHUS C MAIIMHHOW rpadukoil. OueHb 4acTo BecbMa CIIOXKHBIE
PHUCYHKH SIBJISIIOTCS PE3YJIBTATOM IIPOCTHIX MPOrpamMM. beIcTpoe momydeHne pe3yabTaToB CTUMYINPYET HHTEPEC HAUMHAIOLINX
U TIOMOTaeT UM O0pECTH YBEPEHHOCTh B CBOMX CHiIax. boiiee TOro, Ha HOBBIM AM3aiiH BCerJa CHPOC: OH UCIONBb3YeTCs ISt
odopmiieHHs O0JNOXKEK KHUT, OyKJIETOB, B pekiame. He NpuHECET HUKAKOro BpeAa IOYNPAKHATHCS B COCTABICHHU
OpHAMEHTOB, YTO MOXXET OKa3aThCsl TOJIE3HBIM TIPH JAIbHEHIIEM H3Y4YeHHH rpauyecKkoro IMpeicTaBieHus UH(OpMaluu.
OpHaMEeHTHI TaKXe SBISIFOTCS WACAIBHBIM CIIOCOOOM BBEICHHSI HEKOTOPBIX (YHIAMEHTAJIBHBIX WAEH MallMHHOW TpaduKH,
Jlenas UX BIIOJHE OcCsi3aeMbIMH. B KkauecTBe mpuMepa IpHUBEAEM MporpamMMmy, WUIIOCTPUPYIOUIYI0 BaXXHYK pOJIb
TPUTOHOMETPUYECKNX (GYHKIMH (CHHyca W KOCHHYyCa) M pOJb W3MEpEeHusl YrioB B paauaHax. Hamomuuwm, 4ro Pi-paanan
skBHUBasIeHTHO 180 rpagycam.

YnpaxHenue 2.5

®urypa Ha puc. 10 moxyvaercs, eciii COeANHUTD MEXy COOOH BCE BEPIIUHBI IMpaBMIIbHOTO N-yronbHuKa, rae N=10.

MbI moMemaeM Hayajao KOOPAWHAT B LEHTP, a BEPIIMHBI PACHONAraeM Ha €AMHHYHON OKPYXHOCTH C IIEHTPOM B
Havaie xoopauHat: 3HadeHns HORIZ u VERT (3,2.1) BeiOupatoTcst Tak, 9T00BI PUCYHOK XOpOIIO TOMECTHIICS Ha KpaHe.
Ecnu ogHa w3 BepIIMH JEXUT Ha ocu X (TOPU30HTAIM), TO BCe BEpIIMHBI sBisAtoTCsS BekTopamu Bujga (COS(ALPHA),
SIN(ALPHA)), rne ALPHA pasuo (2*PI/N), a I=1...N. B aT0#i nporpammMe BriepBble B JaHHOH KHHI€ KOOPAMHATBHI TOYEK
BBIUMCIIAIOTCS B IPOTpaMMe, a He 3aJal0Tcsl IPOrpaMMHUCTOM, Kak 3TO JejaeTcs B mporpamMe 2.6, lanee, Tak Kak 3TH yucia
UCIIOJNIB3YIOTCSI POTrPaMMOM HEOHOKPATHO, TO MMEET CMBICI MX ITOMECTUTh B MacCHB M OOpamiaTrhbcsi K HUM C HOMOIIBIO
nHnekca. OOpaTure BHUMaHUe, YTO B IPOrpaMMe Ha JIMCTUHTE 2.9 ToUKa C MHAEKCOM J He COEMHSIETCS] C TOUYKOW C MHAEKCOM
I, rme 0 <=I <J <= N, TaKk KaK 3TH TOYKHU y>Ke OBUIH COCTMHEHBI PaHEe.

LISTING 2.9

100 REM JOINING VERTICES OF REGULAR N-GON

110 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400

120 LET HORIZ=3: LET VERT =2.1

130 GO SUB START

140 LET XMOVE=HORIZ*0.5: LET YMOVE=VERT*0.5

150 GO SUB SETORIGIN

160 DIM X(30) :DIM Y (30)

169 REM SETUR vertices of regular N-GON in ARRAYS X and Y.

170 INPUT "VALUE OF N= ";N

180 LET ALPHA=0: LET ADIF=2*PI/N

190 FOR I=1 TO N

200 LET X(I)=COS ALPHA: LET Y(I)=SIN ALPHA

210 LET ALPHA=ALPHA-ADIF

220 NEXT I

229 REM JOINT POINT I TO POINT J-1<=I<J<=N.

230 FOR I=1 TO N-1




240 FOR J=I+1] TO N

250 LET XPT=X(I): LET YPT=Y(I): GO SUB MOVETO
260 LET XPT=X(J): LET YPT=Y(J): GO SUB LINETO
270 NEXT J

280 NEXT I

290 STOP

B sToM npocToM npuMepe BBIBISIFOTCS 1Ba 00CTOSITENILCTBA, IIEPBOE OTHOCHUTCS K pasperaromeii cnocooHocTr. Tak
KaK 9KPaH COCTOMT M3 AUCKPETHBIX TOYEK, TO MPAMBIE JTMHUU IIPUXOJUTCS ANMIPOKCUMHUPOBATH MOCIEN0BATENBHOCTBIO TOYEK.
K coxanennto, paspematomiasi cnocoonocte SPECTRUMa, kak u GONBIIMHCTBA MHUKPOKOMIIBIOTEPHBIX CHUCTEM, HHU3Ka(UTO
o3navaer, NXPIX n NYPIX BenuuuHbI mopsiika COTHH) MO3TOMY Ha INpPSMBIX BHUAHBI 3yOUMKH; Ha YCTpOMCTBax c Ooiee
BBICOKOI1 pa3peniaronieil criocCOOHOCTBIO 3TH 3yOUHMKH CTAaHOBSITCSl HEPA3ITMYMMBIMH HEBOOPY)KEHHBIM TJ1a30M.

Bropoe HabmroneHne - 3TO TO, YTO 1O MEpEe YBEJIMYEHMs B IporpaMme Ha JUCTHHTE 2.9 KOHTYpbl N-yrosbHHKa
HAYMHAIOT HAIIOMUHATH OKPY>KHOCTb. MBI MOXEM HCIIOJIb30BaTh 3TO HAOJIOAEHHE C TEM, YTOOBI PUCOBATH OKPY>KHOCTH, YTO U
nenmaer mporpamma "CIRCLE" (mmerunr 2.10A), xoropas pHUCYeT OKpY)XHOCTh paamyca R ¢ IeHTpoM B TO4YKe
(XCENT,YCENT) (cwm. puc. 11).

Puc. 11.

OOparute BHUMaHHE Ha TO, YTO MBI M3MEpPSEM YIIIbl B pajuaHax, yBeanduBas yron Ha BennunHy 3/(R*XYSCALE)
Ha KaXJOM HIare nukKia, 3Ta BEJIMYMHA 3aBUCHUT TOJIBKO OT paauyCa W MO3BOJIACT MOCTPOUTH OKPYKHOCTH 663 JIMIITHUX
nerictBuil. Tak Kak KaXIyr0 TOUKY MBI HCIIOJIB3YEeM TOJBKO pa3, TO Mbl HE HCIOJIb3yeM MaccuBbl. Kak U B ciydae ¢ mpsMoii,
(hopma OKpYKHOCTH UCKa)KEHA M3-32 OTPaHUUCHHOW pa3pelaroleii CloCOOHOCTH AMUCILIES..

LISTING 2.104

10 REM MAIN PROGRAM/CIRCLE1l

20 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400: LET
CIRCLE1=300

30 LET HORIZ=30: LET VERT=20

40 GO SUB START

50 INPUT " XCENT=";XCENT;" YCENT=";YCENT;" R=";R

60 GO SUB CIRCLE1l

70 STOP

300 REM CIRCLEl

301 REM IN - XCENT,YCENT,R.XYSCALE

310 LET XMOVE=XCENT: LET YMOVE=YCENT: GO SUB SETORIGIN

320 LET ADIF=3/ (R*XYSCALE)

330 LET XPT=R: LET YPT=0: GO SUB MOVETO

339 REM CALCULATE and JOIN points (XPT,YPT) around the circle.

340 FOR A=ADIF TO 2*PI STEP ADIF

350 LET XPT=R*COS A: LET YPT=R*SIN A: GO SUB LINETO

360 NEXT A

370 RETURN

LISTING 2.10b

10 REM MAIN PROGRAM/CIRCLE2

20 LET START=9700: LET circle2=400



30 LET HORIZ=30: LET VERT=20

40 GO SUB START

50 INPUT " XCENT= " ;XCENT;" YCENT= ";YCENT;" R= ";R

60 GO SUB circle2

70 STOP

400 REM CIRCLE2

401 REM IN- XCENT,YCENT, R,XYSCALE

410 CIRCLE FN X (XCENT), FN Y(YCENT), R*XYSCALE

420 RETURN

Msr Bugenu, yro SPECTRUM - Geiicuk conepxut ¢ynkiuio CIRCLE, ¢ momolpio KOTOpoW MOKHO YEpPTUThH
OKpYXHOCTH. MBI MOXXEM HCHOJIB30BaTh 3Ty (yHKuuMio s coctapienust nporpammbl CIRCLE2 (mucrunr 2.10B), Goxee
a¢¢extuHoi, yem CIRCLE 1.

YupasxkHenue 2.6

HammmmTe noamnporpammy, BEYEPUMBAIOLIYIO JUIMIIC ¢ O0ibIIoH ochio "A'" enuHHI (TOPU3OHTAIBHOW) M MaJoi
oceto "B" emuHuMI (BepTHMKaNbHOM); TOYka Ha oymice 3amaercs, kak (A*COS ALPHA, B*SIN ALPHA), rze
0<=ALPHA<=2PIL.

Crnemyer moMHUTH, ofHaKko, uro ALPHA - He yrom Mexny mpsamoi, mpoxoJsimeii depe3 TOUKY U MOJIOKHUTEITHHBIM
HalpasJIeHUEM OCH X, 3TO MPOCTO MapameTp AN 3afaHus 3Juurnca. Vcnomnp3yiite 3Ty moAmporpaMmy Juis BBIYCPUYHMBAHMS
¢burypsr.

Ilpumep 2.5

BbInonHKB npeAbIayINe YIPaKHEHHUs], €CTECTBEHHO IEPEUTH K MOCTPOSHHIO CITHpai. JTa KpUBas TaKKe MMEET BUJ
(R*COS ALPHA, R*SIN ALPHA), Ho B manHoM ciy4ae usMmensiercss or B no B+2*N*PI, rne B (mapamerp BETA) -
HavyallbHBIA YTroJI, KOTOPBIH CIMpaib 00pa3yeT ¢ MOJIOKHUTEIBHBIM HarpaBieHueM ocl X, a N - 4YucIIo BUTKOB criupanu. Tenepb
panuyc R - 310 He KOoHCTaHTa, R BRMMCHIETCS IO PopMyIIe

R=RMAX* (ALPHA-BETA) /2*N*PI

OtmMmeTuM, 4TO 3Ta MoAmporpamma, nomMemas neHtp cnupand B Touky (XCENT, YCENT), He BHOCHT MOOOYHBIX
3¢ EKTOoB, T.K. Iepe] BEIXOAOM U3 TIOANPOrpaMMbI Mbl BO3BPALAEM HAYaJI0 KOOPJHHAT B HCXOAHYIO TOUKY.

LISTING 2.114

10 REM MAIN PROGRAM/SPIRAL1

20 LET START=9700: LET SETORIGIN=9600: LET LINETO=9400: LET SPIRAL1=300

30 LET HORIZ=30: LET VERT=20

40 GO SUB START

50 INPUT " XCENT= " ;XCENT; " YCENT= " ;YCENT;" RMAX= " ;RMAX

60 INPUT " N=" ;N; " BETA=";BETA

70 GO SUB SPIRALL

80 STOP

300 REM SPIRALl

301 REM IN - XCENT, YCENT,RMAX,N,BETA

310 LET XMOVE=XCENT: LET YMOVE=YCENT: GO SUB SETORIGIN

320 LET ADIF=PI/50: LET ALPHA=BETA

330 LET RDIF=RMAX/ (N*100)

340 FOR R=RDIF TO RMAX STEP RDIF

350 LET XPT=R*COS ALPHA: LET YPT=R*SIN ALPHA: GO SUB LINETO

360 LET ALPHA=ALPHA+ADIF

370 NEXT R

380 LET XMOVE=XCENT: LET YMOVE=YCENT: GO SUB SETORIGIN

390 RETURN

LISTING 2.115

10 REM MAIN PROGRAM/CELTIC

20 LET START=9700: LET SETORIGIN=9600: LET CELTIC=300

30 LET HORIZ=30: LET VERT=20

40 GO SUB START

50 INPUT " XCENT= " ;XCENT;" YCENT= " ;YCENT;" RMAX= " ;RMAX

60 INPUT " N= ";N;" SIGN= ";SIGN

70 GO SUB CELTIC

80 STOP

300 REM CELTIC/SPIRAL

301 REM IN - XCENT,YCENT,RMAX,N,SIGN

310 LET XMOVE=XCENT: LET YMOVE=YCENT: GO SUB SETORIGIN

320 PLOT XPEN,YPEN

330 LET R=0: LET S=1: LET RDIF=RMAX/ (N*2)

339 REM Construct the spiral using draw to produce a series of semicircles

340 FOR I=1 TO N*2

350 LET R=R+RDIF: LET XPIX=S*R*XYSCALE

360 DRAW XPIX,XPIX,SIGN*PI

370 LET S=-S




380 NEXT I

390 RETURN

YupasxkHenue 2.7

[Iporpamma Ha muctuaTe 2.11A pucyer crupans (puc. 12) ¢ XCENT=15, YCENT=10, N=6, BETA=2, RMAX=S5.
Uro mpousoiiaer, ecnu monoxkuth RMAX=-3? O0paTtuTe BHUIMaHHE Ha TO, YTO €CJIM BpAIlaTh TOJOBY IIEPEl STON CIUPANEIO,
OCTAaBJISISI JIMHUIO TJIa3 MapayIeIbHON TOPU30HTAIN 3KpaHa, TO KAKETCs, YTO CIIHPaTh BpallaeTcs OTHOCHTEIBHO IEHTPA.

Puc. 12.

Ilpumep 2.B

Crompanu Oosnee ThICSYM JIET HMCHONB3YKOTCS B HCKYCCTBE M JAu3aiiHepckux paborax. bompimas yacts nOpeBHHX
crupayielf, OJHAKO, HE SBIAIOTCS CIHMPAJsIMH, a COCTaBJIEHBI M3 MONyoKpyxHOCcTed. Ilporpamma Ha nuctunre 2.11b
(ucnonwzyrontast mapametpsl RMAX, N, SIGN=*1 - mapametp, onpeaensronnii OPUEHTAIIMI0 KPUBOH) TIO3BOJIIET PUCOBATH
TaKHe COCTaBHBIE CITUPAIIH; ITporpamma ucnoib3yeT GpyHkuuro DRAW 1 MHOTO 3 eKTHBHEE TOUHOTO METOA NPOrpaMMbl Ha
muctunre 2.11 A.

YupaxHenue 2.8

[IpocmoTpute mporpammy Ha Jjuctuare 2.115 u m3Menure e€ Tak, 9ToOBI KOHEI KPHBOH Jiekald HE Ha OcH X, a
oOpazoBeiBan ¢ Hellt yron BETA. B kHHAre KeIbTOB cOMEpKATCs PUCYHKH KPUBOW, HA3BIBAIOIICIHCS TPUCKEIIOM, COCTOSIIEH U3
IoCIIeA0BaTeNbHOCTH AyT 1/3 okpyxHocTH. [TonmpobyiiTe cocTaBUTh KPUBYIO, COCTOSIYIO U3 IyT 1/4 OKpY>KHOCTH, H T.1.

Ilpumep 2.I

Hanwmmre nognporpamMmy (Jiuctusr 2.12), kotopast pucyet Gurypy, n3odpaxkeHuyo Ha puc. 13.

LISTING 2.12

100 REM AN ENVELOPE

110 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400

120 LET HORIZ=3: LET VERT=2.1

130 GO SUB START

140 LET XMOVE=HORIZ*0.5: LET YMOVE=VERT*0.5

150 GO SUB SETORIGIN

159 REM DRAW UNIT AXES IN GRAPHICS AREA.

160 INPUT "N=";N

170 LET XPT=1:LET YPT=0: GO SUB MOVETO

180 LET XPT=-1: LET YPT=0: GO SUB LINETO

190 LET XPT=0: LET YPT=1l: GO SUB MOVETO

200 LET XPT=0: LET YPT=-1: GO SUB LINETO

209 REM PRODUCE N SETS EACH OF FOUR POINTS. ONE ON EACH AXIS. JOIN THE POINTS
OF EACH SET IN ORDER.

210 FOR I=1 TO N

220 LET ID1=I/N: LET ID2=(N+1-I)/N

230 LET XPT=ID1l: LET YPT=0: GO SUB MOVETO

240 LET XPT=0: LET YPT=ID2: GO SUB LINETO

250 LET XPT=-ID1l: LET YPT=0: GO SUB LINETO

260 LET XPT=0: LET YPT=-ID2: GO SUB LINETO

270 LET XPT=ID1l: LET YPT=0: GO SUB LINETO

280 NEXT I

290 STOP

3/1ech Mbl BBOAUM IMOHSTHE Pa3BEPTKH, BMECTO TOTO, YTOOBI COCTABIATH KPUBYIO U3 MMOCIEAOBATEILHOCTH HEOOBIINX
OTpPEe3KOB (Kak 3TO JieJaeTcs Ha JUCTHHTE 2.9), MBI pUCYEM KPHBYIO C TIOMOIIBIO KacaTeNbHBIX K KpHUBOI. N ToOuek HAHOCHTCSI C
€/IMHUYHBIM WHTEPBAJIOM HAa KAXK/bIH U3 YETBIPEX JIydel, KOTOpbIC NEJST IUIOCKOCTh Ha YeThipe 4acTu. Takum o0Opaszom,
KOOPIUHATHI 3THX 4YeThipex Touek (£I/N,0.) u (0.0,£I/N), roe 1=1,2...N.

Yupaxuenue 2.9




00600muTe pe3yabTaThl NPEABIIYIIETO YIPAKHEHNS, CUUTAs], 9TO IUIOCKOCTh pa3bomra M-ydyamu, BBRIXOIAIIMMU U3
LIEHTpa, HAa CEKTOPa C PABHBIMH yTIIaMHU.

Ynpaxuenue 2.10

Hammmem mporpammy, pucyroulyio Takyto ¢urypy: BXoJHbIM napaMeTpoM mporpaMmbl CIyKHT Liejioe 4uciio N.
Hanecem 4N Touek no nepuMerpy KBaapaTa ¢ eIMHHYHON CTOpOHOH; Kaxkaas u3 atux Touek P(I): (1-1,2..., 4N) pacnonoxeHs
Ha pacctossHuu 1/N npyr oT npyra. 3areM 3TH TOYKH COEIUHSIOTCS JPYr C APYroM I0 TakoMmy mpaswiy: Touka P(I)
coenunsiercst ¢ Toukoi P(J) mns Bcex monokurensHbIX I, HE Gonpmmmx 4, tak uyto uucia J-I (BelumTanue mo moxayio 4)
mpuHaAIeKaT  nocienoBarensHoctd  LI+2,1+2+3,...  Hampumep, ecimm  N-10, To P(20) coemmmsietcs ¢
P(21),P(23),P(26),P(30),P(35),P(1),P(8),P(16). Crmemyer BHauame HA4YepPTHTh KBagpaT, YTO H30aBUT OT HEOOXOAMMOCTH
COCIMHATH TOUKH, HAXOISIIINECS Ha OJHON CTOPOHE.

Ipumep 2.]]

Cozpaiite nporpaMMmy, UMHTHPYIOLILYIO criporpad, pucyromuit Gurypsl, nonodHsie Gpurype, NpUBEICHHONW Ha PHUC.

14.

Puc. 14.

Crmmporpad - 3TO yCTPOWCTBO, COCTOsIIee M3 3yOUaToOro AMCKa, pacliojOKEHHOTO BHYTPH 3yO4aTON OKpYXKHOCTH,
HaxoJisIIecs Ha JIucTe Oymarm.

[TycTp pasmyc BHeNIHEH OKPYKHOCTH paBeH LEJIOMYy A, a paauyc BHyTpeHHeH — 1enomy uuciy B. B nucke nmeercs
HeOOJIBIIIOE OTBEPCTHE, pacnoioxkeHHoe Ha paccTosiHuu D (D - Toxe menoe uncno) ot neHtpa. B aTo orBepcTre BeTaBiseTcs
KOHUYMK KapaHjgama. [IMCK OBUraroT BHYTPH OKPYXHOCTH TPOTHB YacOBOM CTPEIKH, TaK YTO OH BCE BpEMs KacaeTcs
OKPYXXHOCTH; 3yOLlbl TapaHTUPYIOT OTCYTCTBHE NPOCKaIb3bIBaHHsA. KOHYMK KapaHpaala BBIPHCOBBIBAET OPHAMEHT, KOTOPBIN
CUMTAETCs HAPHCOBAHHBIM, KaK TOJBKO KOHYMK KapaHJalla BO3BPAIIACTCS B UCXOAHYIO TOUKY.

ITpeanonoxum, 4TO BHayane LEHTP AWCKA, OKPYKHOCTH M OTBEPCTHS B AUCKE PACHONIOKEHBI HA ocu X, MPHUYEM
LIEHTP OKPY>KHOCTH COBIAJaeT C Ha4aJoM KOOPIUHAT.

Jist Toro, 4ToObl MIMUTHPOBATH PabOTy cruporpada, Mbel MapaMeTpuYecKuM 00pa3oM 3aJaiuM KPHUBYIO, KOTOPYIO
BblUEpUMBaeT KOHYMK KapaHjama. [Iycte ALPHA - yronm Mexay NONOXHUTENBHBIM HampaBlIeHHEM OCH X U JIy4oM,
COC/IMHSIONIMM TOYKY KacaHWs AMCKAa M OKPYXXHOCTH. Torjna KoopauHaThl Touku kacaHus - (A*COS ALPHA, A*SIN
ALPHA), a xoopauHats! nientpa okpyxHoct ((A-B) GOS ALPHA, (A-B) SIN ALPHA). ITycts BETA o6o3nauaer yrodm,
KOTOpBIH 00pa3yeT IMOJIOKHUTENbHOE HAalpaBieHHEe ocH X M NpsMas, COCAMHSIONAs OTBEPCTHE C LIEHTPOM JAMCKa, TOTJa
KOOPJIMHATHI OTBEPCTHSL:

((A-B) COS ALPHA + D*COS BETA, (A-B) SIN ALPHA + D*SIN BETA)

Korpma Touka CONpUKOCHOBEHUS MEXIY TUCKOM U OKPY)KHOCTBIO MEPEMEIAcTCs MO OKPYXKHOCTH HAa PacCTOSHHE
A*ALPHA, To ono nepememiaercs Ha -B*BETA mo nmucky (3HaK MUHYC TosiBIsieTcs u3-3a toro, uto y ALPHA n BETA
MIPOTHBOIIONOXKHAST OpPHEHTAIMsA). Tak Kak INPOCKaIb3bIBAHWE OTCYTCTBYET, TO 3TH PACCTOSIHUS NOJDKHBI COBIAJaTh M,
cnenoBarensHo, BETA=-(A/B)*ALPHA. Kapannam BepaeTcs B ucxonuyro touky, korna ALPHA u BETA o6a kpatasr 2*PI.
Korna ALPHA=2*N*PI, torra BETA=-N*(A/B)*2*PI; u Mbl BWANM, YTO KOHYMK KapaHjalla BEPHETCS B HCXOIHOE
MOJIOKEHUE B TEpBEIA pa3, korma N*(A/B) B mepBBIif pa3 cTaHET IENBIM; 3TO IPOHM30MHAET, KOT/a CTaHET pPaBHBIM B,
JlelIeHHOMY Ha HamOompmwii oot MEOXuTeNns A u B. Tlogmporpamma "EUCLID" (muctunr 2.13) ucnoip3yeT alnroputM
EBximma uist BRIUKCIICHHs HauboubIiero obmero Mmuoxkutens (nenass HCF) nByx 1ensix mooKUTeaIbHbIX BennduH A u B.

Ora ¢yskuus ucnonedyercss B noxnporpamme "SPIRO" (nmuctunr 2.13), Bbluucnsomei 3HaueHune N, a 3arem
Beruncisionield 3Hauenre BETA s kaxmoro 3mauenuss ALPHA, roe ALPHA usmensiercs B amamasone or 0 jgo 2*PI ¢
marom P1/100, mocine yero BeIYepYMBaETCsl KpUBast.

Pc. 15.
Pucynok 15 6pu1 nmonyden obpamiennem k nogmnporpamme "SPIRO" co 3Hauenmsamu mapamerpoB A=12, B=7, D=5.

3nayenns HORIZ u VERT BrIOMparoTcst TakuMH, YTOOBI PHCYHOK YMECTWIICA Ha 3KpaHe; B gaHHoM ciydae HORIZ=30, a
VERT=20.



LISTING 2.13

10 REM MAIN PROGRAM/SPIRO

20 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400: LET
EUCLID=200: LET SPIRO=300

30 LET HORIZ=30: LET VERT=20

40 GO SUB START

50 LET XMOVE=HORIZ*0.5: LET YMOVE=VERT*0.5: GO SUB SETORIGIN

60 INPUT" A=";A;" B=";B;" D=";D

70 GO SUB SPIRO

80 STOP

200 REM EUCLID

201 REM IN - A,B

202 REM OUT - HCF

210 LET I=A: LET HCF=B

220 IF A<B THEN LET I=B: LET HCF=A

230 LET J=I-INT (I/HCF)*HCF

240 IF J=0 THEN RETURN

250 LET I=HCF: LET HCF=J: GO TO 230

300 REM SPIRO

301 REM IN - A,B,D

310 LET RAB=A-B: LET ALPHA=0: LET ADIF=PI/50: LET ACB=A/B

320 GO SUB EUCLID: LET N=B/HCF: LET NC=100*N

330 LET XPT=RAB+D: LET YPT=0: GO SUB MOVETO

339 REM CALCULATE AND JOIN POINTES (XPT,YPT).

340 FOR I=1 TO NC

350 LET ALPHA=ALPHA+ADIF

360 LET BETA-ALPHA*ACB

370 LET XPT=RAB*COS ALPHA+D*COS BETA

380 LET YPT=RAB*SIN ALPHA+D*SIN BETA

390 GO SUB LINETO

400 NEXT I

410 RETURN

OTa nmporpamMMa IOKa3bIBaeT, YTO IIOCTPOCHNE OPHAMEHTOB HE TaKOE OECXUTPOCTHOE 3aHATHE, KAKUM OHO KaXKETCS Ha
nepBbIi B3rad. Jlaxke Takag mpocras ¢urypa, kak Ha puc. 15, TpeOyeTr mpuBieueHus anroputMma EBxnnma. YrimyOmssice B
IIpeaMeT MalIMHHOM rpaduku, Mbl yOeIuMesl, 4YTO BECbMa MOJIE3HBIM MOXKET OKa3aThCs 3HAHHE I€OMETPUH, allreOpbl, TEOPUH
yuces. bynpTe TOTOBBI K TOMY, YTO BaM NpPHICTCS 3aiiTW B OMOIMOTEKY (MM K 3HAKOMOMY MAaTE€MAaTHKY) IJISl MOJTydeHHs
JIOTIOJTHUTENBHON HH(pOPMAIHH.

Cnucok npoecpamm

Ha strom mrare mer o6bpequanM nuctaaTH 2.1 ("START"), 2.2 (nBe pynkmmm FNX, FNY), 2.3 ("SETORIGIN"), 2.4
("MOVETOQ"), 2.5 ("LINETO") nmoxzaronoskoM "LIBI". ITo3xe Mbl 3ameHnM jauctuHT 2.5 yctuaroM 3.3 ("CLIP" u HOBas
Bepcus nporpammsl "LINETO").

1. "LIBI" u muctunr 2.6 ("SQUARE" - BeruepunBaHue KBaapara): HIKAaKUX BXOIHBIX TaHHBIX;

2. "LIB1" u muctunr 2.7 (MAIN PROGRAM - ocHoBHas mporpamma i "POLIGON" - MHOTOYTOJIBHUK): TpeOyeTcs
3aJ1aTh KOJIMYECTBO BEPIINH MHOroyronbHuka 3<=N<=50 u ux xoopauHatsl X, Y (-15<=X<=15 u -10<=Y<=10).

3. "LIBI" u suctunr 2.9 ("JOINING VERTICES OF REGULAR N-GON" — coenuHHTb BepIIMHBI TPaBUIILHOTO N-
yrojbHUKA): TpeOyeTcs 3a1aTh 1enoe yncio 3<=N<=50.

4. " LIBI" u Bama cooctBennas "MAIN PROGRAM"- ocHoBHas niporpamMMa (B KauecTBE MpUMEpa CM. JINCTUHT2.7),
Bei3piBaromas iuctuare 2.10A "CIRCLE1" u 2.105 "CIRCLE2". [Iyis xaxma0# OAIporpaMMBbl JOJDKHBL OBITh YKa3aHbI IICHTP
(XCENTER, YCENTER) u pagnyc R. Beibupaiite 3T 3Ha4eHHS TaK, 9TOOBI OHU OBLTH coriacoBaHbl co 3HaueHmsiMa HORIZ,
VERT, XMOVE, YMOVE; nampumep, npucsoiite nocieqanMm 3Hadenus 30, 20, 15 u 10 coorBercTBeHHO. B KadectBe
mpumepa BbzoBute "CIRCLEL" ¢ ieatpom (1,-1), pamuycom 8 u "CIRCLE2" ¢ iertpom (1,2) u pagmycom 5.

5. "LIB1" m Bama coOcTBeHHas OCHOBHas mporpamma, Bbi3biBatomias Jmctunr 2.11A ("SPIRAL1") u 2.11b
("CELTIC"). Ans xaxao#t u3 3tux noamnporpamm cieayet 3anath neHTp (XCENT, YCENT), makcumansHbiil paguyc RMAX
1 KonmudectBO BuTKOB crimpanu N. s muctunra 2.11A ("SPIRALIL") Tpebyercs 3amats Takoke yron BETA, B To Bpems, kak
s nporpammbl 2.116 TpeOyercst 3amath SIGN, koTopoe mnpuHmMaeT 3HaueHus +1. BriOupaiite 3HadeHuWss nmapameTpoB
TaKUMH, 9TOOBI OHU cornacoBeiBasiMCh co 3HadeHusiMu HORIZ, VERT, XMOVE, YMOVE (nampumep, 30, 20, 15 u 10).
Hamnpumep, BozoBute "SPIRAL1" ¢ nentpom (1,-1), RMAX=5, N=5, SIGN=-1. [Tonpo0yiite SIGN=£1.

6. "LIB1" n smmctunr 2.12 ("ENVELORE" - pa3zBeptka): 3anaiite uncno N: 2<=N<=30.

7. "LIB1" n nmuctunr 2.13 ("EUCLID" u "SPIRO"): tpeOyercs 3amath Tpu umnciaa A, B u D. BreiGepure 3nauenus
HORIZ, VERT wu Tt TakuMu, 4ToObl H300pakeHHE yMecTWioch Ha »dKkpaHe: mnonoxute XMOVE=HORIZ*0.5,
YMOVE=0.5*VERT (ans noanporpammsl "SETORIGIN", rne HORIZ u VERT 6omnsie 2*(A-B+D).



NMABA 3
feomeTpusa oekapToBOM NSIOCKOCTHU

Bo BTOpO#i T7MaBe MBI BBENH IOHATHE OBYMEPHOH NPSAMOYTONBHONW CHUCTEMBI KOOPAMHAT; MBI OIPENEIHIN TOYKH
MPOCTPAHCTBA KAaK BEKTOpa M HAYYWINCh MPOBOAUTH depe3 HUX mpsMbeie. CTporo roBops, MpsMas TPOCTHpaeTCs B
0ECKOHEYHOCTh B 00OMX HAIPaBIICHHUSX, TaK YTO HaM HEOOXOIMMO YKa3aTh CIIOCOOBI 3aIFCH TOTO, YTO TOYKA MPHHAIICKUAT
TaKOM JIMHUU.

MeI 3HaeM, YTO ypaBHEHUE NPSIMOM €CTh

Y-M*X+C,

rae M - TaHreHe yrila MeXIy MpSIMOM U MOJIOKUTEIBHBIM HampaBieHneM ocu X, C — Todka nepecedeHns IpsMOn C
ochio Y; uro o3Havaet, uto Y-C korga XY). Ota hopmyiia MIMPOKO W3BECTHA, HO OHA HE BCerja npuroaHa. Yto mpousoiiner,
ecyu npsimast BepTukansHa? M obpatutcs B 6eckoHeqHOCTB! bosee obrmelt popmyoii apnsercs:

A*Y-B*X+C

C nomotipto 3T0i (GopMyJibI MOXHO 3aJaBaTh JIIOObIe MpsMbIe; eciid mpsiMasi BeprukanbHa A-0; (B/A) paBnO
TAHTEHCY yTJIa MEXIy MPsIMOHN M TOJIOKUTENBFHBIM HampaBieHHeM ocu X; ecnu A-0, To mpsMas mepecekaer ocb Y B TOUKE
(C/A), a ecniu B-0, T0 och X B Touke (-C/B). [Ipsimast napayiensHa ocu Y, eciu A-0 u napaiensHa ocu X, eciu B-0.

Mpbl OyJeM 4YacTo MOJb30BaThCsl ATOM (opmyliol B najbHEHIEM, OZHAKO BBEJIEM €Ille OJWH, ObITh MOXET Ooiee
MIPaKTHYHBIHA CIIOCO0 OIIpeAeIeHus! MPSIMOH.

OmnpenenuM CHavajla yMHOKEHHE BEKTOpa Ha CKalsip M OINEpPAIMIO CIOKEHHsI BEKTOpOB. [lycTh maHBI aABa BEKTOpa
P(1) - (X(1),Y(1)) u P(2) - (X(2),Y(2)), Torna npoussenenue Bekropa Ha ckamsip K*P(1) - (K*X(1),K*Y(1)) - paBHO BekTOpYy,
COCTaBJICHHOMY M3 KOMIIOHEHTa BEKTOpa, yMHOXEHHBIX Ha ckaysip K.

CyMMa BEKTOPOB OTIPEICISIETCS TaK:

P(1)+P(2) - (X(1)+X(2) ,¥(1)+¥(2))

CknanpiBaeM X-KOMIIOHEHTBI JpYyr C JAPYIOM M Y-KOMIIOHEHTHI JApYr C JpyroM, aOCOJIOTHBIE 3HAYEHHS
P(1)=X(1)+Y(1) -3T0 paccrosiHME OT Hayala KOOPAWHAT A0 TOYKA P (OHO Takke Ha3bIBaeTCS UIMHOW BEKTOpa, HOPMOHU
Bekropa). s Toro, 4roOBl 3amaTh MpsMyro, BeIOepeM cHadanma Ha Heidl ae Touku P(1)=(X(1),Y(1)) m P(2)=(X(2),Y(2)).
[pousBoneHas Touka npssmoit P(MU)=(X,Y), 3amaercs kak KOMOMHAIINS YMHOXCHHUS Ha CKaJSIP M CII0KEHUS BEKTOPOB:

(1-MU) *P (1) +MU*P (2) ,
rae MU-zpelicTBUTENBHOE YHUCIIO, YTO AAET BEKTOP
((1-MU) *X (1) +MU*X (2) , (1-MU) *Y (1) +MU*Y (2))

Msr momectunn MU B ckoOkax mociie P, aro0sr moka3ats, uto P 3aBucut ot MU. [locne Toro, kak Mel pazdoepeMcs B
9TOW 3aBHCHMOCTH TOdydIIe, Mbl Oyaem omyckats cumMBoi (MU). Ecin 0<=MU<=1, torga P(MU) nexur mexny P(1)u P(2).
st mo6oii Toukn P(MU) 3nadenne MU 3aaaetcst ¢ TOMOIIBIO OTHOIIICHUS:

paccrostaue ot P(MU) no P(1)

pacctostaue ot P(2) no P(1)

IJIe PacCTOSHUE CUMTAETCS MOJIOKUTENbHBIM, ecnu P(MU) pacmonokena mo Ty ke ctopoHy oT P(1), urto u P(2), u
OTPUIIATEIIHBIM - B MPOTHBOIIOJOKHOM cCilydae. AOCOIIOTHOC 3HAYCHHE PACCTOSHUS MEXIy TOYKaMH 3aaaetcs (hopmysion
(ITudaropa):

ABS (P (1) -P(2))=SQRT ((X(1) - X(2))%*+(¥(1)-Y(2))?)
Y

P{1) (3,2)
24

P(2) (1,1)

1

[

|

1

-

=
-
Y]
[ B

P(0} (-3,-1)

a2l

-¥
Puc. 16.
CuM. puc. 16, Ha KOTOPOM IOKa3aH OTpPe30K, coexunsonmii Touku (-3,-1)=P(0) n (3,2)=P(1); Touxa (1,1) nexur Ha
mpsiMoit u cooTBeTcTBYET Touke P(2). 3amersTe, uTo (3,2) Haxoautces oT (-3,-1) Ha paccrosamm 3*SQRT(S), Torna xax (1,1) Ha
paccrostann 2*SQRT(5). C atoro mecra Ml orryckaeM obo3nadenue (MU).



Puc. 16A.

ITlpumep 3.4

Bocronb30BaBIIMCh  TakKMM — CIIOCOOOM  ITapaMEeTPUYECKOro MPEACTAaBICHUsl IPSAMOW, HAYepTHM OpHAMEHT,
MOKa3aHHBIH Ha puc. 16A. Ha mepBbI B3IJsl OpHAMEHT KaXXETCsl CIIOXKHBIM, HO, €CIIM IPHCMOTPETHhCS IOBHUMATENbHEE,
BUJIHO, YTO OH COCTOHMT W3 IOCIIEJIOBATEILHOCTH BIIOKEHHBIX JPYT B Jpyra KBajapaToB. CTOpOHBI KBaJpaToB MOHOTOHHO
yOBIBAIOT, ¥ KOKIBIA M3 KBaAPaTOB IMOBEPHYT OTHOCHTEIFHO CBOETO INPEIIECTBEHHIKA Ha (UKCUPOBaHHBIH yrou. /s Toro,
YTOOBI HAPHCOBAaTH ATOT OPHAMEHT, HaM HYKHO HAy4YHWThCS BIIMCHIBATH B KBAaJApaT NPYrod KBajpaT, IOBEPHYTHIA Ha
(uKcupoBaHHEIHA yroi. [IpeArnonokum, 9To 4eThIpe BEPIINHBI KBapaTa - 3TO 0Tpe30K, coeaunstonmit Touky (X(I), Y(D) (1-
1,2,3,4); 1-as ctopoHa kBazaparta - 310 otpe3ok, coegunstonmid Touky (X (I), Y(I) ¢ Touxoit (X(I+1), Y(I+1), roe cnoxenune
npousBoauTcs mo moxayiio 4. Koopauaatsr (X’ (1), Y’ (I) mpon3BONIBbHOM TOYKH, JISKAIIEH Ha 3TOH CTOPOHE, €CTh

((1-MU) *X(I)+MU*X (I+1), (1-MU) *Y (I)+MU*Y (I+1)),

rae 0<=MU<=1

Ora Touka menmut ctopoHy B oTHomeHud MU:(1-MU). Ecmn MU ¢ukcupoBano u gersipe Touku (X °(I), Y’(I)
(I=1,...... 4) BBIYHCIISAIOTCS M0 NPUBECHHON (OPMYJIe, TO CTOPOHBI HOBOTO KBajpaTa oopasytor yron ALFA=ARCTG(MU/(1-
MU)) co cropoHamu craporo kBajapara. Takum oOpaszom, ecmn MU ocTaeTcss OTHIM U TeM K€ ISl BCEX KBAApaTOB, TO MBI
MOJY4YUM He0OXOIUMYIO ToCieI0BaTeIbHOCTh. [Iporpamma, npuBeieHHas Ha JIMCTUHTE 3.1, pUCYeT OpHAMEHT, COCTOSIIIHNA 13
21 -ro kBagpata ¢ MU=0.1.

LISTING 3.1

100 REM SQUARE OUTSIDE SQUARE ETC.

110 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400

120 LET HORIZ=3: LET VERT=2.1

130 GO SUB START

140 LET XMOVE=HORIZ*(0.5: LET YMOVE=VERT*0.5

150 GO SUB SETORIGIN

160 DIM X(4) :DIM Y(4): DIM V(4) :DIM W(4)

i70 oaTA 1,1,1,-1,-1,-1,-1,1

179 REM INITIALISE FIRST SQUARE.

180 FOR I=1 TO 4: READ X(I),Y(I): NEXT I

189 REM SET MU VALUE AND DRAW 20 SQUARES.

190 LET MU=0.1: LET UM=1-MU

200 FOR I=1 TO 21

208 REM JOIN FOIR VERTICES OF SQUARE (X(J),Y(J)).

209 REM CALCULATE NEXT FOIR VERTICES (V(J) ,W(J)).

210 LET XPT=X(4): LET YPT=Y(4): GO SUB MOVETO

220 FOR J=1 TO 4

230 LET XPT=X(J): LET YPT=Y(J): GO SUB LINETO

240 LET NJ=J+1: IF NJ=5THEN LET NJ=1

250 LET V(J)=UM*X (J) +MU*X (NJ)

260 LET W (J)=UM*Y (J)+MU*Y (NJ)

270 NEXT J

279 REM COPY ARRAYS V AND W INTO X AND Y.

280 FOR J=1 TO 4

290 LET X(J)=V(J): LET Y (J)=W(J)

300 NEXT J

310 NEXT I

320 SsTOP

WHorpma oka3pIBacTCs MOJIE3HOHN CIIEAYIOImas ImapaMeTpudeckas opma mpsMoi:

P(1)+MU* (P(2)-P(1))

3nmecs P(1) HaspBaeTcs 6a30BbIM BekTopoM, a (P(2)-P(1)) - HampasmsroniM BekTOpoM. JIro0ast Touka mpsiMOi MOXKeET
BBICTYHaTh B POJMM 0a30BOT0 BEKTOPA; OHA NPOCTO BBIACTHAET M3 CEMEHCTBA MPSAMBIX, MAPAJUICIBHBIX HANpPaBIISIOLIEMY
BEKTOPY, MPAMYIO, IIPOXOIAIILYIO Yepe3 3Ty TouKy. CleLyeT JONOIHUTENBHO 00CYANTh BO3ZMOXKHOCTh HCTIOJIb30BAHUS BEKTOPA
JUIS yKa3aHWs HampasieHus. Mbl 3HaeM, 4T0 BeKTOp (X,Y) MOKET MCIOIb30BaThCS Al 0003HAUEHHUS TOYEK HA TIOCKOCTH.
Tornma npsimas, mpoxozsiiias depe3 Hadalo KOOPAMHAT M 3Ty TOYKY, ONpPENEIsieT HAaNpaBlICHUE - TI0 ONpPEIEIICHUI0, JII00as
IpsiMasi, apajviesibHas TON MPAMOIL, UMeeT TOT XKe HalpaBIAIOIMNA BeKTOp. OTMETHM, YTO MOJIOKUTEIBHBIM HallpaBlIeHHEM
Ha IPsSMOM CUMTAETCs HallpaBlIeHHe OT Havaja KoopauHat K Touke (X,Y). J[BoiicTBeHHOe MpeacTaBIeHHE BEKTOPa KaK TOUKU



1 KaK HaIpaBlICHUS HAXOIUT NIPUMEHEHUE B CIIEAYIOIEM IIPUMEpE.

Ilpumep 3.5

Hapwucyiite nunuto, cocrosiyro u3 13 mrpuxoB u npoxosuryto uepe3 Touku P(1)=(X(1),Y (1)) u P(2)=(X(2),Y(2)).
Ora 3agaua pemaeTcss NMpH IMOMOLIM 26 TOUYEK, PaBHOYAAJICHHBIX APYr OT JApyra, TOYKa 3TOr0 ceMeicTBa 3amaercs
BeipaxxenueMm P(1)+(1/25)*(P(2)-P(1)), rne 1 npunumaer 3uauenus ot O (touka P(1)) mo 25 (touka P(2)). Ucnoman3ys
nognporpamMmy "PLOT" (suctusr 2.8), MBI HIOIEPEMEHHO TO ABHKEMCS 110 IPSMOM, TO BBIYEPUMBAEM YYaCTOK 3TOH IPSMOIA.
XpaHUTh 3HA4YCHUs] KOOpAWHAT HeoOs3aresnbHO; P(1) Ham 3amaHo, W, mpuOaBisis Kaxaslii pa3 mo 1/25%(P(2)-P(1)), b
MoOBIBaEM BO BCEX HEOOXOANMBIX TOUKAX (CM. JIUCTHHT 3.2).

LISTING 3.2

100 REM DASHED LINES

110 LET START=9700: LET PLOT=9800

120 LET HORIZ=30: LET VERT=20

130 GO SUB START

140 LET XPT=HORIZ*0.5: LET YPT=VERT*0.5: LET MOVE=3

150 GO SUB PLOT

160 INPUT " X1=";X1;" Y1=";Y1

170 INPUT " X2=";X2;" ¥Y2=";Y2

179 REM MOVE TO FIRST POINT.

180 LET XPT=X1:LET YPT=Y1l: LET MOVE=3: GO SUB PLOT

190 LET XD=(X2-X1)/25: LET YD=(Y2-Y1)/25

199 REM Alternately draw and move to next 25 points on the line.

200 FOR I=1 TO 25

210 LET XPT=XPT+XD: LET YPT=YPT+YD: LET MOVE=5-MOVE: GO SUB PLOT

220 NEXT I

230 STOP

Yupaxsenue 3.1

[oskcniepuMeHTHPYHTE C Pa3TUYHBIMHA BUIAMH ITYHKTHPHBIX JTMHUMH:

A. JiimHa mTpuxa B 7Ba PAAa HIPEBOCXOINUT JIHHY IPOMEKYTKA MEXKIY KPUBBIMH.

b. JInnna mtpuxa GpUKCHpoBaHa, a KOJIMYECTBO LITPUXOB HEM3BECTHO.

B. Tun mrpuxa MeHseTcsl OT [UIMHHOTO INTPUXa 10 KOPOTKOTO, B 3aBUCHMOCTH OT 3HAYCHUS! BXOJHOTO MapaMeTpa;
eIle OJIMH BXOJHOM MapaMeTp MOXKHO BBECTH JUI TOTO, YTOOBI 33J]aBaTh BEININHY IIPOMEKYTKA.

JanHas mapamerpuueckas (opma mpsmMoi ymoOHa Ui BEIYHCIICHHS TOYKH IIEpecedYeHMs ABYX HPSMBIX - 3a/aui,
4acTo BCTpevarolleiics B IByMepHO# rpaduke. [Ipenmnonoxum, 4To 3aJaHbl ABE NpsIMbIe

P+MU*Q 1 R+LMD*S

rae P=(X(1),Y(1)), Q=(X(2),Y(2)), R=(X(3),Y(3)), S=(X(4),Y(4)),

Munyc beckoneunocts < MU, S <Ilmoc beckoHe4HOCTH
M1 gomkHBI HaWTH Takue 3HaueHuss MU u LMD, uyto

P + MU*Q-R + LMD*S

TO €CTh TOUKY, JISKAIYI0 Ha 00EHUX MPSAMBIX. DTO BEKTOPHOE YPABHEHUE PACIA/IACTCs HA [1BA CKAJSPHBIX:

X (1) +MU*X (2) =X (3) +LMD*X (4) (3.1)

Y (1) +MU*Y (2)=Y (3) +LMD*Y (4) (3.2)
[epenminem 3TH ypaBHEHHS TaK:

MU*X (2) -LMD*X (4) =X (3) -X (1) (3.3)

MU*Y (2) -LMD*Y (4)=Y (3) -Y (1) (3.4)

YmuoxuM (3.3) Ha Y(4), a (3.4) Ha X(4) 1, BBIUNTAS, TOIYIHUM:
MU* (X (2) *Y (4) -Y (2) *X(4) )=(X(3) -X (1)) *¥ (4) - (¥ (3) -¥ (1)) *X(4)
Ecmn (X(2)*Y(4)-Y(2)*X(4))=0, Torna 3T npsmMble NapajuielibHBI, © TOYKH TepecedeHus: He cymiectByeT (MU He
CYLIECTBYET), B IPOTHBHOM CITy4ae
yy = KO- XD))*Y (@) - X)) - Y1) * X(4)

X(2)*Y(4)-Y(2)* X(4)

1 aHaJIOTHYHO
X@)-XMY*YBR)-FB)-Y1) *X(3)

X2)*Y(4)-Y(2)* X (4)

3OTO penIeHne ynpomaeTcs, eCy OIHa U3 MPSAMBIX MapajuielbHa KoopauHaTHOH ocu. [Ipeamonoxmnm, ayro X=D, Torna
R=(D,0) u S=(0,]),

LMD =

MU= (D-X(1)) /X(2)
AHaJ0ru4Ho a1 npamoi Y=D, nomny4yum:
MU= (D-Y (1)) /¥ (2)
Ecnu mpsiMble mapaiienbHbl, TO JETEPMUHAHT ypaBHEHHs OOpamaercst B OECKOHEYHOCTh, TAK KaK MapaJuielbHbIC
MIPSMBIE HE TIEPECEKAIOTCS.
Ilpumep 3.B
Haiinute Touky nepeceyeHust AByX MpsMBIX:
A. Coenunsier (1,-1) u (-1.-3);
B. Coenunser (1,2) u (2,2).



OTH NpsAMBIE 33aI0TCSI BEIPAKCHUSIMU
(1-MU)*(1,-1) + MU*(-1,3) -BeckoHeuHOoCTb<MU<+EeckoHeuHOCTE (3.7)
(1-(LMD) ) *(1,2) + LMD*(2,-2) -BeckoHeuHOCTBLLMD<+BeckoHeuHOCTE (3.8)
WK, TIepexois K popme 6a30Bast TOUKA - HAIIPaBIICHHE:
(1,-1)+MU* (-2,-2) (3.9)
(1,2)+LMD* (2,-4) (3.10)
IToncrapnsas 3Tu 3HaueHUs B ypaBHeHue (3.5), moaydum:
y_o1-D@-@2+2 _ 1
(24)-(-2)2) 2
OTKyJla 3HaYE€HHsI KOOpAMHAT ToUKH nepeceuenus (1,-1) - 1/2* (-2,2) = (2,0).
Ynpaxsenue 3.2
[MoskcrepuMeHTHPYHTE C TaKOH (OpPMOIl TpenCTaBIEHHUs NBYMEPHOH T'€OMETpHH. BB MOXKETE COCTaBHTH CBOH
coOcTBeHHBIE 3a/1auH. JIETKO IPOBEPHUTH MPABWIIBHOCTD PELICHHs 3THX 3anad. PaccMorpum npumep 3.5. MbI 3HaeM, 94To ToUKa
(2,0) nexxur Ha mepBOW HPSAMOM, Tak Kak MbI Ucmoib3oBanin MU=-1/2; Haille pelieHue BEPHO, €CIIM OHA TAaK)Ke JIOKUT U Ha
BTOPOM MPAMOIL; HETPYTHO YOSIUTHCS, UTO 3TO TaK - 3HaueHne LMD=1/2;
Ynpaxnenne 3.3
Hanmuummre nporpammy, KoTopas CUMTHIBaeT MH(OPMAIMIO O OBYX INPSAMBIX; OHM MOTYT OBITh 3aiaHbl B (opme
ypaBHCHHI WK B popMe 0a30Bast TOUKA-HAPABICHUE U BBIYUCIISICT TOUKY UX [IEPECEUCHUs (€CIIM TAKOBAsK HMECTCS).
Kaopuposanue
Hawm usBectHO, uTo 1st Touek (X,Y), pacroio’keHHBIX BHE dKkpana, komauasl PLOT u DRAW HenelicTBUTENBHBI, TaK
YTO MBI OTPAHWYCHBI 3HAUCHMSIMH KoopamHaT 0<=X<=255 u 0<=Y<=175. JIBymMepHBIC U TPEXMEPHBIC TOCTPOCHHUS yI0OHO
MIPOBOJIUTH Ha OOJBIIMX 00NacCTAX, 4YeM 00JacTh 3KpaHa, HO TOTJa HaM HEOOXOIMMO HANTH anropuTM, YIOAISIOMIHMNA BCIO
JIUIIHIO UH(POPMAITUIO 0€3 OTepH OJIe3HOH HH(pOpMAIIHH.

1X=1 1X=0 IX=+1
A
I¥=+1
. IY=0
H
B =1

Puc. 17.

[IpennonoxuM, 9TO HEHTP IKpaHa 3aJaeTcs TOYKOHM (He muKceneM!) ¢ IeHCTBUTENBHBIMU KoOpAuHaTamu (255/2,
175/2) = (127.5, 87.5) u, cienoBarenbHO, YIJIOBbIE TOUKH SKpaHa UMEIOT KoopauHatel (127.5+127.5, 87.5+87.5). Haiua 3aiaua
CBOIUTCA K HaXOXKACHUIO OTpe3Ka MpAMOH, coeannstonero nukcenn (XA,YA) u (XB,YB) u nexamiero B mone 3kxpana. s
HPOCTOTHI HPEAINOIOKUM, YTO Havyajlo KOOPAMHAT COBIAJAET C LIEHTPOM JKpaHa, YTO JOCTHraeTcsl BHIUMTAHHEM BEKTOpa
(127.5,87.5) n3 BEeKTOPOB, COOTBETCTBYIOIIMX TOYKAaM B CTapod cucTeMe KoopauHar. Temepb KOOPAMHATHI YIVIOBBIX TOYEK
9KpaHa paBHbI (£127.5,4£87.5). Mbl npoopKaeM CTOPOHBI MPSMOYTOJbHKKA, pa30UBas TAKUM 00pa30M IMJIOCKOCTh Ha JICBATh
Y4YacTKOB; CM. pHC. 17, Ha KOTOPOM BHIHBI TpaduuecKkoe Imoje M ero rpanuna. s wnmocTpanuu paboThl alroputMa Ha
pHCyHKE M300pa)kKeHBbl HECKOJIBKO CerMeHTOB. Kakiash TO4Ka IPOCTPaHCTBAa MOXKET OBITh TEleph OXapaKTepHU30BaHa ABYMs
napametpamy, IX n 1Y, rae

(1) IX=-1,0,+1 B 3aBUCHMOCTH OT TOTO, OyZeT JI1 3HaUYCHHE X-KOOPIAWHATHI TOYKH JIEKATHb CIpaBa, B, WU JICBEE
rpadudeckoit odxacTy;

(2) IY=-1,0,4+1 B 3aBUCHUMOCTH OT TOTO, OyIeT JIU 3HAYeHHE Y-KOOPAWHATHI TOYKH JIEKATH HIDKE TpapuuecKon
obuiactu, B rpaduueckoi 00JIaCTH UITH BhILIE €.

OTH 3HaYCHHUS IPU HEOOXOANMOCTH BBIYUCIISIIOTCS. BHYTPH IPOTPaMMBL.

[Tycte xoHIIaM cermenTa ¢ koopauHatamu (XA,YA), (XB,YB) coorBercTByroT 3HaueHus napameTrpoB IXA u IYA u
IXB u [YB cooTBeTCTBEHHO, TOrJa UMEIOTCS CIIEIYIOLINE BOBMOKHOCTH:

(I) ecin IXA=IXB ne=0 u IYA=IYB He=0, Torna Becb CErMeHT JIG)KUT BHE dKpaHa M €r0 MOXHO HE PacCMaTpUBATh;
cM. cermeHT AB Ha puc. 17.

(II) ecim IXA=IYA=IXB=IYB=0, Torna Bechb cerMeHT JEXHUT B rpaduyeckoM II0JIe¢ M €ro CIeAyeT H300pa3uTh
LEeNIMKOM; cM. cerMeHT CD.

(IIT) ocraBmmmecs ciydam ciemyer paccMorperb mozapoonee. Ecim IXA we=0 m (mmm) IYA He=0, Torma Touka
(XA,YA) nexur BHE HPSIMOYTOJFHUKA W IIOATOMY CIEIyeT BBIYUCINTH HOBBIC 3HaueHHA XA W YA - 4ToOBl M30eXaTh



HepopasyMeHnit, Mbl 0003HaunM nx XA',)YA' (XA'YA') - 6mmwxasas kK (XA,YA) Touka mepecedeHrss IpsMON C TpaHUIEeH
rpaduyeckoii o6mactu. Popmyna A BEIYUCICHHS KOOPAUHAT TOUKH MEPECEUEHNs] pPacCMaTPHBAIACh BBILIE: 3TO (popMyna 1y
HaXO0X/ICHUs TOYKU IIEPECEUEHUs MIPSIMOM C IPYroil NpsMOoH, apajulebHOM KOOpAUHATHOM ocu. Ecinu npsMas He nepecekaer
HIpSMOYTOJIBHUK, TO IPUHUMaeM 3a Touky (XA',YA') Touky nepeceueHus NpsAMON ¢ OHON U3 TPOIOKEHHBIX BEPTUKAIBHBIX
npsMmbix. Ecmn IXA=IYA=0, 1o (XA,YA")=(XA,YA). Touxka (XB'YB') BblunCIseTCS aHAJIOTHYHO, CM. aITOPHUTM
nognporpamMmsl CLIP nHa muctunre 3.3. TpeOyemblii 0Tpe3ok - 3TO OTpe3okK, coemusstomui Toukn (XA',.YA') ¢ Toukoi
(XB',YB'). Ecniut ipsimast He mepecekaeT npsMoyroibHUK, TO (XA',YA')=(XB',YB'), 1 HOBBIil OTPE30K BHIPOKAACTCS B TOUKY.

Hanpuwmep, EF o6pesaercs no E'F'. GH o6pesaercst no GH' (G=G"), u 1J cBoaurcs k Touke I'=J'.

[Iporpamma "CLIP" mepeBoauT KoopAWHATH KOHIOB oTpe3ka (XA,YA) u (XB,YB) B koopAHHATH IEHTPHUPOBAHHOM
CHCTEMBI KOOpIHMHAT. 3aTeM IIpOBepsieTcs, Kakas M3 TpeX CHUTyalud uMeeT mecto, u B ciaydae (I) mporpamma Tyt sxe
npekparmaeT paboty, B cirydae (II) coenuuseT nBe Toukw, a B cirydae (II1) - Berumcnser "mrpruxoBaHHbIE" KOOPIMHATHL.

Jluctunr 3.3 cogepxxut HOBYIO Bepcuto moxmporpammel "LINETO", BessiBatomei "CLIP" Bmecto PLOT u DRAW,
TaK YTO TEMEepPh MBI MOXEM COEAMHSATH J00bIe Toukn. HaumHas ¢ 3Toro MomeHra, ucrnonbsiyiite 3ty Bepcuio "LINETO". Ona
OKaXXETCsI HEOLIEHUMBIM MOCIOPbEM, OCOOCHHO MPH UCCIIEI0BAHIN TPEXMEPHBIX OOBEKTOB.

Ynpaxuenue 3.4

Hcnonp3yiiTe 3Ty MOIU(GHUIMPOBAHHYIO IPOrpaMMy B Iporpammax riiassl 2. Beioupaiite 3nauenuss HORIZ u VERT
TaKUM 00pa3oM, YTOObI HEKOTOPBIE Y4aCTKH KPUBBIX BBIXOAMIN 32 MPEAEbl IpadMuecKoro mois.

LISTING 3.3

8400 REM CLIP

8401 REM IN - XA,YA,XB,YB

8409 REM CHANGE COORDINATE SYSTEM.

8410 LET XA=XA-127.5: LET YA=YA-87.5: LET XB=XB-127.5: LET YB=YB-87.5

8419 REM Fire the sector values of two points (XA,YA) and (XB,YB).

8420 LET IXA=0: IF ABS XA>127.5 THEN LET IXA=SGN XA

8430 LET IYA=0: IF ABS YA>87.5 THEN LET IYA=SGN YA

8440 LET IXB=0: IF ABS XB>127.5 THEN LET IXB=SGN XB

8450 LET IYB=0: IF ABS YB>87.5 THEN LET IYB=SGN YB

8459 REM POINTS IN SAME OFF-SCREEN SECTOR THEN RETURN.

8460 IF IXA*IXB=1 OR IYA*IYB=1 THEN RETURN

8470 IF IXA=0 THEN GO TO 8500

8479 REM MOVE 1"ST POINT TO NEARER X-EDGE.

8480 LET XX=127.5*IXA: LET YA=YA+ (YB-YA)* (XX-XA)/ (XB-XA): LET XA=XX

8490 LET IYA=0: IF ABS YA> 87.5 THEN LET IYA=SGN YA

8500 IF IYA=0 THEN GO TO 8520

8509 REM MOVE 1"ST POINT TO NEARER Y-EDGE.

8510 LET YY=87.5*IYA: LET XA=XA+ (XB-XA)* (YY-YA)/ (YB-YA): LET YA=YY

8520 IF IXB=0 THEN GO TO 8550

8529 REM MOVE 2"ND POINT TO NEARER X-EDGE.

8530 LET XX=127.5*IXB: LET YB=YB+ (YB-YA)* (XX-XB)/(XB-XA): LET XB=XX

8540 LET IYB=0: IF ABS YB>87.5 THEN LET IYB=SGN YB

8550 IF IYB=0 THEN GO TO 8570

8559 REM MOVE 2"ND POINT TO NEARER Y-EDGE.

8560 LET YY=87.5*IYB: LET XB=XB+ (XB-XA)* (YY-YB)/(YB-YA): LET YB=YY

8570 IF ABS (XA-XB)<0.000001 AND ABS (YA-YB)<0.000001 THEN RETURN

8579 REM PLOT NOT-COINCIDENT POINTS.

8580 LET XA=INT (XA+128): LET YA=INT (YA+88): LET XB=INT (XB+128): LET YB=INT
(YB+88)

8590 PLOT XA,YA: DRAW XB-XA,YB-YA: RETURN

9400 REM LINETO/CLIPPING

9401 REM IN - XPT,YPT,XPEN, YPEN

9402 REM OUT - XPEN, YPEN

9410 LET CLIP=8400

9420 LET XA=XPEN: LET YA=YPEN

9430 LET XPEN=FN X (XPT): LET YPEN=FN Y (YPT)

9440 LET XB=XPEN: LET YB=YPEN

9450 GO SUB CLIP

9460 RETURN
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Puc. 18.

Bo3zBpamasce K MCHOIb30BaHUIO Hampabistomiero Bekropa Q=(X,Y) we= (0,0) mist ompeneneHus HampaBlICHUS,
3ameTtuM, uTo BekTop KQ, rme K>0, ompenensier To ke HampaBieHHe W opueHTauuio, 9to U Q (ecmu K otpumnarensHo, TO
OpHMEHTAaLUsl HallpaBJieHUs TpoTHBoTIoNIoKHAs1). Eciiu Mbl BozbMeMm K=1/ABS(Q), To nmonyunm Bekrop (X/SQRT(X**2+Y**2),
Y/SQRT(X**2+Y **2)) equHUUHOMN ITMHBIL.

Paccrosinue touku mpsmoit P+MU*Q mo 6asoBoro Bektopa P ecth ABS(MU*Q), u ecniu ABS(Q)=1, T0 3710
paccrosinue pasHo ABS(MU).

[penmonoxunm, uto ALFA - yron mexny npsmoi, coenunsiomeii 0 (Hadano xoopaunar) ¢ todkoil Q=(X,Y) u
nonoxutenbHoi moiyocsto X. Torma X=ABS(Q)*COS(ALFA), Y-ABS(Q)*SIN(ALFA), cm. puc. 18; s apyrux
KBaJIpaHTOB KapTHHA aHAJIOTHYHAS.

Ecmm Q - Bekrtop emmamyHoit mmwHBL, TO Q=(COS(ALFA).SIN(ALFA)). 3amerum, uto SIN(ALFA)=COS(PIL/2-
ALFA) nna Beex 3nauenuit ALFA. TToaromy mbe1 moxkem 3amucate Q=(COS(ALFA),COS(P1/2-ALFA)), mo PI/2 - ALFA »st0
YroJl MeXIy BEKTOpaMH U IMOJOXKUTEIBHON MOIYyOChI0 Y, YTO JJa€T OCHOBAHUE HA3bIBaTh KOOPAMHATHI €MHUYHOTO BEKTOpA
HaIpaBISIFONIMU KOCHHYCaMH.

INepen Tem, Kak IPOJOIDKUTE, MBI PACCMOTPUM UMeroLIHecs B Oelicuke TpuroHomerpudeckue pynkuuu: SIN u COS u
obpatHyro Tpuronomerpudeckyto GpyHkuuo ATAN. SIN u COS - onHonapamerpuyeckue (yroji, BHIpaKESHHBIH B pajuaHax) u
OJTHO3HAYHbIC (PYHKIMH C 00JIACTHIO 3HAYCHUH Mexay -1 mo +1.

@ynkuuss ATAN nmeer 007acThiO ONIpENENeHUS] BCIO YHCIOBYIO OCh, M BBIUHMCISAET Yroil B paauaHax (Tak
Ha3bIBaEMyI0 TJIABHYIO BETBb C JMAla30HOM 3HaueHWd oT -PI/2 nmo PI/2), taHreHc KOTOpPOTO COBIIAJAeT CO 3HAYECHUEM
apryMeHTa.

IIporpamma "ANGLE" Beraucisier yromu, KoTopsiid odpa3yeT HamnpasieHue Q=(X,Y) ¢ MON0XUATENFHON MOTYyOChi0 X.
Ota nmoAmporpaMma IpruBeieHa Ha JUCTHHTE 3.4 M OKa)XeT HaM OOJBIIYI0 ITOMOIIb B HOCIEIYIONINX IJIaBax, MOCBSAIIEHHBIX
TPEXMEPHOH TeOMETPHH.

LISTING 3.4

8800 REM ANGLE

8801 REM IN - AX.AY

8802 REM OUT- THETA

8809 REM THETA IS THE ANGLE MADE BY LINE TO (AX,AY) WITH+VE X-AXIS.

8810 IF ABS AX>0.00001 THEN GO TO 8860

8819 REM LINE IS VERTICAL.

8820 LET THETA=PI /2

8830 IF AY<0 THEN LET THETA=THETA+PI

8840 IF ABS AY<0.00001 THEN LET THETA=0

8850 RETURN

8859 REM LINE NOT VERTICAL SO IT HAS FINITE TANGENT.

8860 LET THETA=ATN (AY/AX)

8870 IF AX<0 THEN LET THETA=THETA+PI

8880 RETURN




VY

O X

Puc. 19
[IpennonoxumM, o HaMm 3amaHbl 1Ba BekTtopa (A,B) m (C,D); orpammymMcs A MPOCTOTHI CIlydyaeM BEKTOPOB
eANHUIHON JHHEI (cM. puc. 19). MBI X0TUM BBIUUCIUTE OCTphIi yron ALFA mexay stumu Bektopamu. V3 pucyHka BHIHO,
4TO
OA=SQRT (A**2+B**2) =1,
OB=SQRT (C**2+D**2)=1.
ITo Teopeme KOCUHYCOB UMEEM:
AB**2=0A**2+OB**2-2*OA*OB*COS (ALFA) =2* (1-COS (ALFA) )
Ho o teopeme Iudaropa:
AB**2=(A-C) **24 (B-D) **2=(A**24B**2) 4 (C**24+D**2) -2 (A*C+B*D) =2-2 (A*C+B*D) .
Takxum oOpazom
COS (ALFA) =A*C+B*D.
Ecmn A*C+B*D orpunarensHo, To ARCCOS(A*C+B*D) - Tynoit yrom, u Tpedyemsblii ocTpslii yron paseH PI-ALFA.
Tak kak COS(PI-ALFA)=-COS(ALFA), To MBI IpUXOJMM K BBIBOJIY, YTO OCTPBIN YTroJI BBIYUCISETCS 110 (hopMmyie
ARCCOS (ABS (A*C+B*D) )
Paccmotpum, HaripuMmep, JBe NpsIMbIE C HAPABJISIOIINMH KOCHHYCaMHU
(SQRT(3) /2,1/2) m (-1/2,-SQRT(3/2) ;
MbI BuaAUM, uto A*C+B*D=-3/2 u, cienoBaTenbHO,
ALFA=ARCCOS (SQRT (3) /2)=PI/6.
DTOT MPOCTOW MPHUMEP MPHBOIUTCS Ul TOTO, YTOOBI BBECTH IOHITHE CKAJISIPHOTO NPOU3BENCHUSI JBYX BEKTOPOB
(A,B)*(C,D)=A*C+B*D. I[loHsiTHe CKalspHOrO NPOW3BEACHHUS PACHPOCTPAHAETCS Ha Cly4aid NPOCTPAHCTB OOJIBIIUX
H3MEpPEHHH, TaK YTO U B 3THX CIIy4yasiX OHO [IOMOTaeT BBECTH MOHATHE YIJIa MEK/TY MPSIMBIMH.

3adanue kpugvlx ¢ NOMOWBIO PYHKYUOHATLHOU 3A8UCUMOCTIU

KpuBast B 1ByMEpHOM NPOCTPAHCTBE 3a/la€T 3aBHCUMOCTb MEXIy 3HAUCHMSAMH X KOOPAMHATHL U Y KOOPIUHATHI,
KOTOpasi Has3bIBaeTcs (DYyHKIMOHANBHOH 3aBUCUMOCTBbIO. C ApYrodl CTOPOHBI, 3HAUEHHS KOOPAWHAT TOYEK BJOJIb KPHUBOH
MOJKHO 3aJ1aBaTh C MOMOIIBIO ITapaMeTpa.

Mbl 3HaeM, 4TO HpsIMYIO (KOTOpasi SIBJISIETCS OKPY)KHOCThIO OSCKOHEYHO OOJIBLIOro paauyca) MOXHO 3a[]aBaTh C
nomouipio AY=BX+C. Ecnu nepeHecty paByro 4acTh B JIEBYIO, TO MBI IpUieM K ypaBHeHHIO (A*Y-B*X-C=0), npaBas 4acTb
KOTOpPOro:

F (X,Y) =A*X-B*Y-C
Ha3bIBaeTcsl (YHKIMOHAIBHOW (GopMysoil npsmoi. Todka mpuHaIUIEKUT MpAMOW Toraa M Toiibko Toraa, korga F(X,Y)=0.
Taxum 06pa3om, BCs IIIOCKOCTh OKa3bIBAETCs pa3ieIieHHOM Ha TpU 00IacTH:

e 00macth, B kotopoit F(X,Y)>0 (00macTh MOI0KHUTENBHBIX 3HAYCHH),

e o0uacts, B kotopoit F(X,Y)<O0,

e cobctBenno npsamast F(X,Y)=0.

Ecnu kpuBasi 1eUT IUIOCKOCTh Ha JIBE CBS3aHHBIE KOMITIOHEHTHI (00JacTh HA3bIBACTCS CBA3AHHOM, €CIM JIIOOBIE 1BE
TOYKH, IPUHALISKAIINE 00IaCTH, MOKHO COEANHUTH KPHUBOH, He mepecekarommeil kpuByto F(X,Y)=0), Toraa Kaxxayio U3 3THX
KOMITOHEHT MO’KHO OTOX/IECTBUTb C 00TACTHIO MONIOKUTEIbHBIX 3HAUCHHH.

Crnenyer NMOMHMTB, YTO HEKOTOpBIE, JaK€ BIIOJIHE 3JEMEHTapHBbIC, KPHUBBIE MAENAT 00JacTh HE Ha JBE, a Ha
OeckoneuHoe uymcino KkomroHeHT (Hampumep, F(X,Y)=COS(Y)-SIN(X)), u4TO He HCKIIOYaeT BO3MOXHOCTH 00EHM
HECBSI3aHHBIM KOMIIOHEHTaM MPUHAUIekKATh K TUITY 00JacTell MOI0KUTEIbHBIX 3HAUYCHUH.

OO0parute BHUMaHue, 4To (PYHKIHMOHAIBHOE NPEJICTaBIeHHE HE eIMHCTBEHHO. Ty e NpsMyto 3a1aer GpyHKIus

F(X,Y)=B*X+C-A*Y.
JUISL KOTOPO# 00JIaCTh TOJIOKHUTENILHBIX 3HAYEHU COBITA/IaeT C 00JIaCThIO OTPUIATENBHBIX 3HAYCHUH NpeAbIayIei QyHKInH.

Cryuaif, xorga KpuBas pa30uBaeT INIOCKOCTh HA JIB€ KOMIIOHEHTHI, OKa3bIBA€TCS BeChMa IOJIE3HBIM JJIS MAIIMHHOM
rpaduky, B 0COOCHHOCTH ISl CiTydast TpexX u3Mepenuii. Hanpumep, paccMoTpum npsiMyo

F(X,Y)=A*Y-B*X-C,
rae Touka (X1,Y1) nexuT mo Ty ke CTOpOHY OT mpsiMOH, eciu u Toibko ecnu 3Haku F(X1,Y1) u F(X2,Y2) coBmagaror.



@DyHKINOHAIBHOE MPEJCTaBICHNE TPSIMOM MO3BOJISIET HE TOJIBKO yKa3aTh, C KAKOH CTOPOHBI OT MPSIMOW JIEKUT TOUKA, HO U
BBIYMCIIUTh PACCTOSIHUE OT 3TOM TOUKH JI0 MPSMOM.
Hanpasmstromuit Bextop nmpsmoii paseH (A,B). Hanpasnstommii Bextop (-B,A). Ilouemy? [IponsBeaeHne TaHIeHCOB
B3aMMHO NEPIEHANKYJIIPHBIX IPSMBIX paBHO -1 . Mbl BUaMM, 4TO Oivbkaiimas k Touke P touka Q 3anaercs:
o=(X(1),Y(1))+MU*(-B,A),
YTO 03HAYACT, YTO MpsMasd, mpoxoasmas yepe3 P u Q, meprneHankymapHa HCXoqHOH npsaMoi. Tak kak Q JEKUT Ha MCXOTHOU
IIPSIMOM, TO
F(Q)-F(X(1) ,Y(1)H/IU*(-B,A)-0
U CIIEI0BAaTEIBHO
A* (Y (1) +MU*A) -B* (X(1) -MU*B) -C=F (X (1) ,Y (1)) +MU* (A**2+B**2) =0
OTKyza
MU=F (X (1) ,Y (1)) / (A**24B**2) .

Touka Q nexut Ha pacctosann MU*ABS(-B,A) ot Touku (X(1),Y(1)); aTo o3Hagaer, uro paccrosaue ot (X(1),Y(1))

JI0 TIPSIMOM €CTh
MU*SQRT (A**2+4+B**2)=-F (X (1) ,Y (1)) /SQRT (A**2+B**2)

3HaK yKa3bIBaeT, MO KAaKyl0 CTOPOHY OT NpsAMOU JeXUT Touka. Ecmu A**2+B**2=1, to ABS(F(X1,Y1)) 3amaer
paccrostane ot Touku (X1,Y1) mo mpamoii.

MBI OAOIIIN K MOHSATHIO BBEIMYyKNOi oOxactu. Ilo ompeneneHmo, 00iacTh Ha3bIBAETCS BBIMYKJIOH, €CIH OTPE3OK,
COCIMHSAIONINHA JIOOBIE JBE TOYKM ATOH OOJIACTH, HEIMKOM NPUHAUICKHUT 3TOH oOmacTh. B Hamem wnccienoBaHMHM MBI
OrpaHM4MMCsd CJIydacM BBIIIYKJIOIO MHOI'OYTr'OJIbHHKA, TaK KaK OYCBHJHO, 4YTO mo6a>1 BBIITYKJ1asa O6J'laCT]> MOXECT 6]:ITI)
anMpoKCUMHUPOBaHa TAKUM MHOTOYTOJIBHUKOM C JOCTATOYHO OOJIBIIUM YHCIIOM CTOPOH.

PaCCMOTpI/lM BbIHyKJ'IbIﬁ N-yFOHLHI/lK; MMPEANOJI0XKUM YTO HaM 3aJaHO MHOKECTBO €ro BEPIIUMH B TOM MOPSAJIKE, B
KaKOM OHH BCTpPEYaIoTCs NMPH 00X0Jie MHOTOYTOJbHUKA 110 (TIPOTHB) YacOBOHM CTpesiku. B manbHeliniem Mbl OyzieM Ha3bIBaTbh
TakoW HaOOp BEpIUMH YMOPSIOYCHHBIM. 3aady BBIICHEHHS TOTO, SIBIISETCS JIM HAOOp YHOPSAOYEHHBIM II0 YaCOBOW CTpEINKE
WM TIPOTHB, MBI OTIIOKUM JI0 TJIaBbl 7. N CTOPOH MHOTOYTOJIFHHKA SIBJISIOTCS OTPE3KaMH MPSMBIX

F(I) (X,Y)=(X(I+1)-X(I))*(Y-Y(I))-(¥Y(I+1)-¥(I))*(X-X(I)),
rae I=1,...,N, u cinoxenue mpousBoantcs 1no moxyiaro N (uro ozHawaer N+J=J mnsa I<=J<=N). IlompoOyiite 0OBACHNUTD,
rmoyeMy 3TH ()OPMYJIBI OIMCHIBAIOT OTpe3ku. IlociienoBarenbHOE pacCMOTPEHHE 3THX OTPE3KOB ITO3BOJINT HAaM ONpPENENUTh
BHYTPEHHOCTH 3TOW BBIMYKIIOW oOmacTu. Kakaplid M3 3THX CerMeHTOB, Hampumep, coenuasromuii Touku P(I) u P(I+1) s
HekoToporo I, obnagaer TeM CBOMCTBOM, YTO TOYKM BHYTPH OOJACTH JIOJDKHBI JIEXKaTh C TOW K€ CTOPOHBI OT HPSIMOH, Ha
KOTOPOH JISKUT OTPE30K M OCTAIbHBIC BEPIIMHBI MHOTOYTOJBHMKA, HarpuMmep, BepimHa P(I+2). Takum obpazom, HE TpyaHO
BEIBECTH (POPMYIIBI I TOUKH, JIeKaIIei BHE 001aCTH, Ha TpaHUIle 00IaCTH U BHYTPH 00IacTH.
A Tenepb nepensieM K IpuMepy.

by

(4,4)

(-2,1)

3 2 1 i 2 3 4 5
0

Ipumep 3.I"

[Ipearnonoxum, 4To 3a7aH BBIMYKJIBIA MHOroyroiabHuk ¢ BepmuHamu (1,0), (5,2), (4,4) u (-2,1) (cm. puc. 20).
OueBHIHO, YTO TOYKH OOXOIWJIMCH IPOTHB 4YacoBOW crpenku. Haxomsares ym Ttoukm (3,2), (1,4), (3,1) BHyTpHm
MHOTOYTOJIbHHKA, BHE MHOTOYTOJIFHUKA MITH JiexkaT Ha rpanune? KakoBo paccrosiHue ot Touku (4,4) 1o mepBoii mpsmoit?

F(1) (X,Y) = (5-1) * (Y-0) - (2-0) * (X-1) = A*Y-2%X+2
F(2) (X,Y) = (4-5) * (Y-2) - (4-2) * (X-5) = —Y-2%X+12
F(3) (X,Y) = (-2-4) * (Y-4) - (1-4) * (X-4) = —6*Y+3*X+12
F(4) (X,Y) = (1+2) * (Y-1) - (0-1) * (X+2) = 3xy+x-1

Msr BuauM, uto Touka (3,2) meXuT BHYTpHM MHOroyronbHuka, Tak kak F(1)(3,2)=4 u F(1)(4,4)=10; F(2)(3,2)=4 u
F(2)(2,1)=15; F(3)(3,2)=9 u F(3)(1,0)=15; F(4)(3,2)=8 u F(4)(5,2)=10 - Bce TOYkH UMEIOT OJAMHAKOBBIN IMOJIOKHUTEIHLHBINA 3HAK.

Touxka (1,4) nexur BHe obaactu, Tak kak F(3)(1,4)=-9 u F(3)(1,0)=15 - 3HaKu NpOTHBOIMOJIOKHBI.

Touxka (3,1) nexut Ha rpanuue, Tak kak F(1)(3,1)=0, F(2)(3,1)=5, F(3)(3,D)=15, F(4)(3,4)=5.

Ha camom nene Het HeoOxoaumocTH Beraucssath F(I)(X(142,Y (I+2)) ans kaxmoro 3HaueHus 1, OHM BCe UMEIOT TOT XKe
3HaK, Tak uTo Beraucaus F(1)(X(3),Y(3)), MbI MOKeM UCIIOIB30BATh ATO 3HAUCHHUE B HAIMX BBHIYUCICHUSX.

(4,4) HaxoaMTCSI HA PACCTOSIHUU



F(1) (4,4) /SQRT (4**2+4+2**2)=10/SQRT (20) =SQRT (5)

Yupaxnenue 3.5

IIpencraBpTe, YTO ABa BBITYKJIBIX MHOTOYTOJBHHKA Iepecekarorcs. X oOmmil ydacTOK SIBIAETCS BBITYKIBIM
MHOTOYTOJILHUKOM. VICIIOIIB3ysl METOBI 3TOM IIIaBbl, HAWJUTE BEPLUIMHBI HOBOIO MHOTOYTOJIbHUKA.

Tenepr paccMOTpUM NapaMETPUUECKOE MIPEJICTABIEHHE KpUBOW. Ellle pa3 oTMeTuM, 4TO B CIy4ae MapaMeTpU4eCKOro
3aJjaHusl KPUBOW KOOPAMHATHI TOYKH, MPUHAIJICKAIIME MPSIMOM, ONPEAEISIOTCS C TMOMOILBIO MTapaMeTpa ¢ y4eToM 001acTu
JIOIYCTUMBIX 3HAUEHUI 3TOro napamerpa. Mbl y>ke 3HaeM IapaMETpPUUYECKUN BUJ IPSIMOU: 3TO IPOCTO 3aJaHUE IPSIMOU C
MOMOIIBI0 6a30BOI TOYKH W HAIPABIISIONIETO BEKTOPA!

B+MU*Q= (X (1) , Y (1) +MU* (X (2) ,¥(2) ) =(X (1) +MU*X (2) , ¥ (1) +MU*Y (2)) ,
rae -beckoneunocTb<MU<+beCKOHEUHOCTD.

MU - napamerp, X(1)+MU*X(2) u Y(1)+MU*Y(2) - cooTBeTCTBEHHO X- U Y -KOOPJHMHATHI, KOTOPBIE 3aBUCST TOJIBKO
oT 3HaueHu MU.

MpsI npuBezieM Takxke QYHKIHMOHAIBHBINA M apaMeTPHUECKUi BU/IBI IIPOCTEHIINX KPUBBIX. Hanpumep, kpuBas cuHyca
3a7aeTcsa B QyHKIMOHAIBHOH (hopme

F(X,Y)=Y-SIN(X)
U B MapaMeTpUIecKon
(X,SIN(X))
rzie -0eCKOHEUHOCTb<X <+0EeCKOHEYHOCTb.
OOmmii BUJ KOHUYECKOTO CeYeHus (dIUIUIIC, apaboiia, runepoosna) 3axaercst pyHKuueH
F(X,Y)=A*X**24+BXY** 24 H*X*Y+F*X+G*Y+C.
rae koaddunuenter A, B, H, F, G, C omHo3HayHO ompeneisitoT KpuByro. OKpPYyXHOCTh pamuyca R ¢ IIGHTpOM B Havaiie
KOOpAMHAT uMeeT 3HaueHue napamerpoB A=B=1, F=G=H=0 u C=R**2, F(X,Y)>0. B napamerpuueckoii popme KOOpAHHATHI
OKPYXXHOCTH MMEIOT BHI:
(R*COS (ALFA) ,R*SIN (ALFA)) ,
rae 0<=ALFA<=2*PI (MbI yxe BcTpe4aInch ¢ nmapameTpuieckor (popMoii 3JuTiIca, OKPYKHOCTH U CIIUPAIIU B IJIaBe 2).

OueHb IM0JIE3HO TTOBO3UTHCS C 3TUMHU (M JPYTMMH) MPEACTAaBICHUSIMH JBYMEPHOH reomerpuu. Bo MHOTHMX ciydasx
OKaXXETCsI MOJIe3HBIM O0(OPMIISITH BalllM MJIEH B BHJIE IIPOTPaMM, a YTO KacaeTcsi MOCTPOSHHS AUarpamm U rpadukoB, TO TaM
TpebyeTcs JienaTh 3T0 HOCTOSHHO.

Ipumep 3.7]

[IpennonoxuM, 9TO MBI XOTHM HapucoBaTh map (paauyca R), ncuesaromuii B 37UTHUIICHON ApIpe (Ooibmias ocb-A,
Maiasi ocb-B). HekoTopsle yd9acTkn OKpy>KHOCTH M JUTMIICA CKPBITHI OT HAaOIIO1aTess.

ITycTs meHTp amMIIca COBMAJACT C HA4YaJIOM KOOPAWMHAT, OCH MapauleNbHbl KOOPAMHATHBIM OCSIM, OOJbIIAsl OCh
TOPU30HTAllbHA, @ LEHTP Iapa PacloJIOKEH HaJ IIEHTPOM 3JUIMIICA Ha paccTOsHMH D. DyHKIMOHAIBHOE NPEICTaBICHHE
IUINICA:

F(X,Y)=X**2/A**24Y**2 /B**2-1
U MMapaMeTPUUYECKUM BUJL:
(A*COS (ALFA) ,B*SIN (ALFA)) ,
rae 0<=ALPHA<=2*PI.
Jlns okpyKHOCTHU:
F(X,Y)=X**24 (Y-D) **2-R**2
¥ mapamerpudeckas gopma:
(R*COS (LMDA) *D+R*SIN (LMDA) ) ,
rae 0<=LMDA<=2*PI.

UYroOBl HapUCOBATh TaKyl0 KapTHHKY, HAM HaZ0 HAiTH oOImune TOYKH (ECIM OHM €CTh) IUTUICA U OKPY>KHOCTH. [l
OosbIIel MOYyYUTETBHOCTH MBI HCIIOIBb3YEeM ITapaMeTPHIECcKOe MPEICTaBICHUE SIUIHIICA ¥ (YHKIHOHAIBHOE AT OKPY>KHOCTH.

Taxum 06pa3oM, MBI HIIIEM TOUKH IIIIHIICA

(X,Y)=(A*COS (ALFA) ,B*SIN(ALFA)),
ynosnerBopsitomue F(C)(X,Y)=0, uro o3Hauaer:
A**2 (COS (ALFA) ) **2+ (B*SIN (ALFA) -D) **2-R**2=0
A**2%COS (ALPHA) **24+B**2*SIN (ALPHA) **2-2*B*D*SIN (ALPHA) +D**2-R**2=0;
n tak kak (COS(ALFA))**2=1-(SIN(ALFA))**2, To:
(B**2-A%**2) * (SIN (ALFA) ) **2-2*B*D*SIN (ALFA) +A**24D**2-R**2=0

OTO NpoCTOe KBaJApaTHOE ypaBHEHHE JieTKo paspemmTsh orHocuteslibHO SIN(ALFA) (kBagpaTHOoe ypaBHEeHHE
A*¥X**¥2+B*X+C=0 umeer kopau (-B+-SQRT(B-4*A*C)/2*A)). Ins kaxnoro 3HayeHus: SIN(ALFA) Mbl MOXXeM BBIYHCIUTH
toukn 3HadeHHUST ALFA, 0<=ALFA<=2*Pl (ecnmm TakoBBIC CYIICCTBYIOT) M 3aT€M BBIYHCINUTH TOYKH IIEPECEUCHUS
(A*COS(ALFA),B*SIN(ALFA)).

He cymecTByeT *KeCTKHX IPaBHiI O TOM, KAKUM IIPEICTABICHUEM JIyUIlle M0JIb30BaThCS B TOM WJIM HHOM CIIydae; 3TO
HAaJI0 4YyBCTBOBATbH, U 3TO IOCTUIAETCS TONBKO MPAKTHUKOH.

Cnucok npoepamm

1. LIB1 u nuctusr 3.1.: BXOAHbIE JaHHBIE OTCYTCTBYIOT.

2. Jluctunru 2.1, 2.8 u 3.2: BXoHBIE TaHHBIE - 1Be KoopauHaTHbIe napsl (X(1),Y(1)) n (X(2),Y(2))

3ameuanue: ¢ 3roro momeHTa nuctuHr 3.3 ("CLIP) u HoBas Bepcust "LINETO" 3amenst muctunr 2.5 B "LIBIA".



NMABA 4
MaTtpuyHoe npeacTaBneHne npeobpasoBaHM ABYMEPHOro
NPoOCTpaHCTBa

B rnaBe 2 y Hac BO3HHKIJIA HEOOXOJMMOCTH IE€peMelIaTh OOBEKTHI M0 dKpaHy. [Ipencrasisercs Ooiiee yn0OHBIM
CHaJyaja OIpEeAeIATh OOBEKT B INPOCTEHIIMX TepMHHAX (TAaKMX, KaK BEpPIIMHBI B TEPMHUHAX IHUKCEJEH WIM 3HAUYCHHUH
KOOpJIMHAT, BMecTe ¢ MH(OpMAIMeH O JIMHUAX U 00J1aCTsIX, CBI3aHHBIX C ITUMH BEPIIMHAMH), & 3aTeM IOMENIATh 3TH 00bEKTHI
B HY)XHOE€ MECTO Ha PKpaHe, OCTaBISAA IPH 3TOM CHUCTEMY KOOPAWMHAT 3KpaHAa HEMOABIXHOW. MBI OTpaHHYMMCS CITydaem
JTUHEWHBIX TTepeMelIeHn (TpeoOpa3oBaHuii).

HHorga GbIBacT HEOOXOANMO HEPEMECTUTH OOJIBIIOE KOTUYECTBO BEPIIUH, U B 3TOM CIIy4yae UPE3BBIYAIHO ITOJIE3HBIM
OKa3bIBACTCs MOHSATHE MaTpHUbl. Ilepes TeM, Kak BBECTH MAaTPUYHOE MpEJCTaBICHHE NMPeoOpa3oBaHU, ONpPENENIUM CHaJama,
YTO MBI IIOIPA3yMEBACM O] CIOBOM MAaTPHIIA, U BBEJEM ITOHATHE BEKTOPa-CTOJIOIA.

Ha camoMm pnenie Mbl OrpaHu4mMMmcs ciydaeMm MaTpullbl 3X3 (IPOM3HOCHUTCS: TPH Ha TPHU) UL M3YyUEHHs JBYMEPHOI
TEOMETPUH, a M03XKe, PH U3YYEHHH TeOMETPHH, MBI OyJleM UCIOb30BaTh Marpuibl 4X4. Takas 3X3 maTpuua - 310 He 4TO
HHOE, KaK TabJIMIIa YHCel, COCTOSAIas U3 TPeX CTPOK U TpeX CTOJIOIOB, a BEKTOP-CTONIOEL] - 3TO CTOJIOEL] YHCeT, COCTOAIIUN U3
TpEX Yucel.

A(l,1) A(L,2) A(1,3) D1
A(2,1) A(2,2) A(2,3) " D2
A(3,1) A(3,2) A(3,3) D3

Onement marpuilsl umeeT Bun A(LJ), tme I - 3To HOMEpP CTPOKH, B KOTOPOW PACIIONOKEH 3TOT JIEMEHT, J - HOMEp
cronbua (Hampumep, A(2,3) pacmonoxeH BO BTOPOH CTPOKE M TPEThEM CTOIIOIE). Bee 37eMeHTHI SBISIIOTCS YHCIaMy, M BaKHO
IIOMHUTB, YTO MH(POPMALMA, 3allMCaHHas B CTOJOIE MaTPHILbl, COCTOUT M3 3HAYEHHH YHCeNl, COCTaBIAIOIINX 3TOT CTOJI0EL U
pacrosioxxeHus: crosbia B MaTpuie. CUMBOJIBI B IPOrpaMMe, HAlMCaHHOMW, Ha OeHCHKe, PaCHOIOKEeHbl B CTPOUKY, U MOJIOMY
MaTpUIBl U BEKTOpa 3alMCBIBAIOTCS TAaKke€ B CTPOUYKY C HHAEKCAMH, 3aKIIOYCHHBIMM U CKOOKHM U CIEAYIOIIMMH 3a
UIEHTU(UKATOPOM MATPHIIBIL.

Marpuisl MOXHO CKiIaabiBaTth. MaTtpuna A+B, cymma matpunr A u B, snement xortopoit C(I,J) mo ompenenenuro
paBeH:

C(I,J)=A(I,J)+B(I,J) 1<=I, J<=3

YmHoxeHHas Ha ckanap K marpuna B ects

B(I,J)=K*A(I,J)

MbI MOXXEM ONpeieuTh YMHOKEHHE MaTpUIbl A Ha BEKTOp-CTOJOEl, Pe3yJlbTaTOM KOTOPOTO SIBISIETCS BEKTOP-

cronber E, cnenyromum oopazom:
E(I)=A(I,1)*D1+A(I,2)*D2+A(I,3)*D3=SUM(K)A(I,K)*D(K)

DjeMeHT cToidla, CTOSMMKA B [-0i cTpoKe, paBeH NPOMU3BEACHHIO DJIEMEHTOB [-0i CTPOKHM MaTpHILbl, YMHOKEHHBIX

Ha COOTBETCTBYIOLIHE 3JIEMEHTHI cToJIONA. Jlanee, Mbl MO>KEM BBIYHCIIUTH IPOU3BEJCHUE ABYX MaTpull A u B.
C(1I,J)=A(I,1)*B(1,J)+A(I,2)*B(2,J)+A(I,3)*B(3,J)=SUM(K) A(I,K)*B(K,J),
rae I<=1, J<=3

Jis monydeHus sneMeHTa, crosmero B [-oif crpoke u J-om cronOiie, MBI BBIYMCISIEM CyMMY IPOHM3BEICHUI
9JIEMEHTOB [-0#f CTpOKM MaTpuisl A Ha COOTBETCTBYIOIIME 3JIEMEHTHI Marpuisl B. Cnexyer oTMETHTh, YTO NPOU3BEACHHE
MaTpHIl He0Os3aTeIbHO KOMMYTaTHBHO, 3TO O3HAYaeT, UYTO Mpou3BeneHne A*B He 00s3aTenbHO paBHO Mpou3BeaeHH0 B*A.
Hamnpumep:

010 001 010

001 X 010 = 100

100 100 001
HO

001 010 100

010 X 001 = 001

100 100 010

[MoynpaxHIHTECh ¢ OTIepalusIMI HAJ MAaTPUIIAMH C TEM, YTOOBI BIAJAETh 3TUMH IMOHITUSIMHI B COBEPIICHCTBE.
Cpenu MaTpHIl BBIIEIACTCS TaK Ha3plBaeMasl eqMHNIHAS MaTpuia I:
100
I = 010
001

JIns ka)xmoit MaTpUIBl MOYKHO BBIYHCIIHTE €€ JCTePMUHAHT:

DET (A)=A(1,1)*(A(2,2)*A(3,3)-A(2,3)*A(3,2))+A(1,2)*(A(2,3)*A(3,1)-
-A(2,1)*A(3,3))+A(1,3)*(A(2,1)*A(3,2)-A(2,2)*A(3,1));

Martpuua, y KOTOpPOM [IETEpMHMHAHT HE pPABEH HYJIO, HA3bIBAETCA HEBBIPOKICHHOM, a MaTpula, y KOTOpPOM
JNETePMHUHAHT paBCH HYIIO, HA3bIBACTCS BBHIPOKIEHHOH. HeBbIpoXkaeHHBIE MAaTpUIBI A 00JIagaroT OOpaTHBIMH MaTpPHUIIAMU
A**(-1) Takumu, aro A*(A**(-1))=1. MsI npuBoguM TporpamMMmy (JTHCTHHT 7.5, TaBa 7), KOTOpas BBIYHUCISIET OOpaTHYIO
MaTPUIy METOIOM COTIPSDKEHHBIX MUHOPOB.

Teneps mepelizeM K pacCMOTPEHHUIO TpeoOpazoBaHusa To4YeK B mpocTpaHcTBe. IIycts (X,Y) - KOOpAUHATEI TOYKH 10
npeoOpazoBanus, a (X’,Y’) - ee KOOPAMHATHI MOcie mpeodpasoBaHusi. Mbl ompesessieM npeoOpa3oBaHUe MOJHOCTHIO, SCIU
3ajaeM (OpMyJIbl Ul BBIYMCIICHHS KOOPJMHATHI TOYEK IOCiIe NpeoOpa3oBaHusi 10 KOOpAWHATaM 0 TakoBoro. B ciyuae



JTUHEWHOTO MpeoOpa3oBaHus, MO OMPEACICHUIO, 3Ta 3aBHCHMOCTh JIMHEHHA. DTO O3HAYaeT, YTO IpaBble YacTH ypaBHEHHN
comepkar X W Y, YMHOXCHHBIE Ha HEKOTOPBIE MHOXXHTENH, W IOMOJHHUTEIbHbIC KOHCTAHTHI. Takue ypaBHEHHS MOXKHO
HarnucaTh B BUJIC
X’'=A(1,1)*X+A(1,2)*Y+A(1,3)
Y'=A(2,1)*X+A(2,2) *Y+A (2, 3)
3HayeHuss A Ha3bIBarOTCA K03(duimeHTaMu ypaBHEHHH. MBI BUIUM, 4TO JHHEHHOE MPEOOpa30BaHKE TOTYyYaCTCs B
pe3yabTaTe YMHOXKEHHS Ha Kod(dunueHTs! 3HaueHuit X, Y U eauHUIBl. Mbl MOXeM JT00aBUTh K HAIIUM YPABHCHHUSAM €IIC
OJTHO
I=A(3,1)*X+A(3,2) *Y+A(3,3)
Tak Kak OHO JOJDKHO BBITONHATHCS s Bcex X U Y, To Mbl mwium, 4to A(3,1)=A(3,2)=0 u A(3,3)=1. C nepsoro
B3TJI/Ia, KAKETCS, 9TO 3TO He OoJiee yeM (popMaibHas BBIKIAAKA, HO MBI TIO3)KE YOSIUMCS B TOJB3¢ HAMIMX PACCMOTPCHUH.
Teneps, eciu Ml ipeacTaBuM BeKTOp (X,Y) (KOTOPHIH Ha3bIBACTCSI BEKTOP-CTPOKOIT) B BUJIC

X
Y
I
TO HPUBEJICHHBIC BHIIIE TPU YPABHEHUsSI 3aITUIIYTCS B BHJIE YMHOXEHHS CTOJIONA HA MAaTPUILY:
X’ A(1,1) A(1,2) A(1,3) X
Y’ = A(2,1) A(2,2) A(2,3) = Y
I’ A(3,1) A(3,2) A(3,3) I

Takum o0Opazom, ecny Mbl XpaHuUM HH(OpPMALMIO O JIMHEWHOM IpeoOpa3oBaHUM B BUJAE MATPHUIbI, TO MBI MOXKEM
HalTH 00pa3 KaXJOH TOYKM NpH NMpeoOpa3oBaHUM, €CIM IPEJCTaBUM €€ NepBOHAYalIbHbIe KOOPAMHATHI B BHJE CTONOLA, a
3aTeM YMHO)KUM Ha 3Ty MATPHILLy.

MHorre aBTOpHI KHHT 110 KOMITEIOTEPHOU TpaduKe MPEeIIOYHTAIOT 3TOMY BEKTOPY-CTONOMY BEKTOp-CTpoKy (X,Y,]).
Torxa npeobpazoBaHue 3alUIIETCS B BUIE

A(1,1) A(1,2) A(1,3)
x',Y,1) = (x,Y,1) * A(2,1) A(2,2) A(2,3)
A(3,1) A(3,2) A(3,3)

OOpaTuTe BHUMaHHUE, YTO B 3TOM CIIydae MaTpHUlla MpeoOpa3oBaHus MOJTydaeTcs U3 HAIleld MaTpulbl A C TIOMOLIBIO
TaK HA3BIBAEMOIl Ollepalliil TPAHCIOHUPOBAHMSA. DTOT (akT NMPUBOAUT K MHOXKECTBY HEIOpa3yMEHHH CpelH TeX, KTO He
3HAKOM C MAaTPUYHBIM HCYUCICHHEM. VIMEHHO MOAPTOMY B HAIllCil KHHMIe MBI NpHAEPKUBaeMcsi OOO3HAueHWH C BEKTOD-
CTONIOLIAMH.

Kax TOJIBKO BBl OCBOMTECH C MAaTPHUIAMH IIOJIy4Ile, BBl YOSAUTECh B TOM, YTO HEIUIOXO IePEIHcaTh HEKOTOPhIe (HIn
BCE) U3 NPOrpaMM, COCTABJICHHBIX paHee, B MAaTPHUYHBIX 0003HaueHUsIX. HeBakHO, KaKoi U3 METO/IOB MIPUMEHSTh, BAYKHO, YTO
rocie BbIOOpa Kakoro-aubo MeToza CieAyeT MPHICPKUBATHCS €ro pa3 W HaBcerna (oOpaTruTe BHMMaHWe, 4yTO Martpuna B,
TPaHCIIOHNPOBaHHas MO OTHOIIECHHUIO K A, 3agaercst kak B(I,J)=A(J,]), rne 1<=1,J<=3.

Komnoszuyus npeoopasosanuii

BaxxHBIM CBOWCTBOM MATpHII SBJIAETCSA TO, YTO €CIIM MBI MPOU3BEAEM CHadaja mpeoOpa3oBaHHE ¢ MaTpulled A, a
3aTeM IpeoOpa3oBaHHE, KOTOPOMY COOTBETCTBYET MaTpuia B, To pesynabpTupyromeMy mpeoOpa3oBaHuio Oyner
coorBeTcTBOBaTh Martpuiia C=B*A. OOparute BHMMaHuE Ha MOPsIOK comHoxuteneit! Takod HOPSIOK COMHOXHTEIECH
BO3HMKAET IMOTOMY, YTO MbI BHIOpaIM NMpeICTaBICHUE BEKTOPOB B BUJIE CTOJIOLIOB; €CIIM OBl MPEJCTABIISUIN BEKTOPa CTPOKAMH,
TO MOPSJJOK COMHOXKUTEINEH ObLT ObI OOJiee eCTeCTBEHHBIM - CHavyaa MaTpuia A, a 3ateMm B.

Msb! nopKHBL Hamucats noxnporpammy "MULT2" nnst yMHOXeHUs! IByX Marpull. SI3bIKk OelCHK He IO3BOJISET
repesiaBaTh BEKTOPHBIE IIEPEMEHHBIE B KauecTBE MapaMeTpOB MOANPOTPaMMBI, TaK YTO HaM INpHUIETcs pa3padoraTh
3¢ peKTuBHBIE METO/IBI 00X0Jla 3TOro HemocraTka. lIpelnonokuM, 4TO BCe MaTPUYHBIC YMHOXEHUS MPOM3BOAATCS HaJ
Matpuiamu A 1 R ¢ pesymeratom - marpuneir B, xotopas 3ammceiBaeTcst oopaTtHo B R. Bribop o6o3HaueHmit u omepamus
KONMPOBAHUS CTaHYyT MOHATHBI moke. Ham Taroke morpedyercs mommporpamma ("IDR2"), mpucsamBaromas R 3HaueHme
eAMHNYHOM Marpuipl. Ecim Ham moTpeOyeTcs BBIYMCINTH NPOM3BEACHHE IOCIEIOBATENLHOCTH MATpHIl, TO MBI BHaJaie
nojaoxxuM R=1, a 3aTeM Kaxkayi0 MaTpuily B IOCJIEAOBATEJBbHOCTH CIIPaBa HaJCBO, OyZeM Ha3plBaTb A U BbI3BIBAThH
noxnporpammy "MULT2". ITo okoHUaHHM 3TOH MPOLEAYpPHI PE3yNbTaT HMPOW3BENSHHS MOCIEI0BATEIFHOCTH MAaTpHIl OyaeT
xpaHuTbes B R (eMm. muctuar 4.1)

LISTING 4.1

9100 REM MULT2

9101 REM IN - A(3,3)

9102 REM OUT - R(3,3)

9110 FOR I=1 TO 3

9120 FOR J=1 TO 3

9130 LET AR=0

9140 FOR K=1 TO 3

9150 LET AR=AR+A(I,K)*R(K,J)

9160 NEXT K

9170 LET B(I,J)=AR

9180 NEXT J

9190 NEXT I

9200 FOR I=1 TO 3

9210 FOR J=1 TO 3



9220 LET R(I,J)=B(I,J)

9230 NEXT J

9240 NEXT I

9250 RETURN

9300 REM IDR2

9302 REM OUT - R(3,3)

9310 FOR I=1 TO 3

9320 FOR J=1 TO 3

9330 LET R(I,J)=0

9340 NEXT J

9350 LET R(I,I)=1

9360 NEXT I

9370 RETURN

Bce ecrecTBeHHBIE IIpeoOpa3oBaHWsl IUIOCKOCTH MOTYT OBITh IIPEACTaBICHbI B BHAE NPOM3BEACHHS TpeX
npeoOpa3oBaHMii: IMEpeHoca, pacTsHKEHWs M BpallleHHs OTHOCHTENIFHO Hadana koopauHar. Creayer MOA4epKHYTh, UYTO
MaTpHILBI BCEX ITUX NMPeoOpa30oBaHUN HEBBIPOXKICHBI.

Crnenyromue MTOANPOrpaMMbl  (OPMUPYIOT MaTpuiy A I KaKAOro M3 3THUX IpeoOpa3oBaHUM, YTO Jenaer
BO3MOJKHBIM HcIIONB30Barue noamporpammsl "MULT2" miist Toro, 9T00BI COCTABUTH KOMITO3UITHIO STHX IPeoOpa3oBaHUM.

Ilepenoc
Touka ¢ koopanHaTaMu (X,Y) nepeBoIUTCS B TOUKY ¢ HOBBIMU KoopauHaTtamu (X',Y') ¢ momoisio BekTopa (TX,TY):
X’ =1*X+0*Y+TX
Y’ ' =0*X+1*Y+TY

TaK 4TO MaTpHLA 3TOr0 Npeodpa3oBaHus

1 0 TX
0 1 TY
0 0 1

IIporpamma "TRAN2" reHepupyeT Takyr0 MaTpuily MO 3aJaHHbIM 3HadeHusiM napamerpoB TX u TY (cM. auCTHHT
4.2).
LISTING 4.2
9000 REM TRAN2
9001 REM IN - TX,TY
9002 REM OUT - A (3,3)
9010 FOR I=1 TO 3
9020 FOR J=1 TO 3
9030 LET A(I,J)=0
9040 NEXT J
9050 LET A(I,I)=1
9060 NEXT I
9070 LET A(1,3)=TX: LET A(2,3)=TY
9080 RETURN
Pacmsaoicenue
[Ipu TakoM mpeoOpazoBaHmy koopanHata X ymMHOkaercs Ha SX, a Y-koopanHaTa TOYkd Ha SY;
X’ =8SX*X+0*Y+0
Y’ =0*X+SY*Y+0
¥ COOTBETCTBYIOIIAst MAaTpHUIIa

sX 0 0
0 SY 0
0 0 1

00O SX ® SY MONOXHUTENBHBI, HO €CIH OJHO W3 HUX OTPUIATEIhHO, TO 3TO HPUBOIUT IOMOJIHHUTENBHO K
OTpakeHHI0, B dacTHOCTH eciau SX=-1 u SY=I, To Touka oTpaxaercs oTHOcuUTenbHO och Y. [lommporpamma "SCALE2"
TeHEepHUPYEeT MATPHILy A O 3aJaHHBIM 3HAYCHUSIM X U Y.

LISTING 4.3

8900 REM SCALE2

8901 REM IN - SX,SY

8902 REM OUT - A(3,3)

8910 FOR I=1 TO 3

8920 FOR J=1 TO 3

8930 LET A(I,J)=0

8940 NEXT J

8950 NEXT I

8960 LET A(1l,1)=SX: LET A(2,2)=SY: LET A(3,3)=1

8970 RETURN

Bpau;eHue OMHOCUmMeEJIbHO Havanla Koop()uHam

Ecmn moBopaumBaem miockocte Ha yron TETA mpoTuB dacoBod cTpenkd (Takoil crmoco® oTcuera sBISETCS

OOIIETIPUHATHIM B MaTEeMaTHUYECKOW JIMTepaType) OTHOCHUTEIBHO Hauyajla KOOPAMHAT, TO YPaBHEHHs, OIpEACNSAIONINE 3TO



npeoOpa3oBaHue, UMEIOT BU:
X’ =COS (TETA) *X-SIN (TETA) *Y+0
Y’ =SIN(TETA) *X+COS (TETA) *X+0

U MaTpuLa:
COS (TETA) -SIN(TETA) O
SIN(TETA) COS (FKTA) 0
0 0 1
Hoxmporpamma "ROT2" renepupyet MaTpuiy BpameHus A mo 3aganaomy 3HaueHnio TETA (cMm. muctunr 4.4) .
LISTING 4.4

8600 REM ROT2

8601 REM IN - THETA

8602 REM OUT - A(3,3)

8610 FOR I=1 TO 3

8620 FOR J=1 TO 3

8630 LET A(I,J)=0

8640 NEXT J

8650 NEXT I

8660 LET A(3,3)=1

8670 LET CT=COS THETA: LET ST=SIN THETA

8680 LET A(1,1)=CT: LET A(2,2)=CT

8690 LET A(1,2)=-ST: LET A(2,1)=ST

8700 RETURN

Obpamnoe npeobpazosarue

Jlis kaxzoro mpeoOpa3zoBaHUsS MMEETCsl PeoOpa3oBaHKe, KOTOPOE BOCCTAHOBHUT HCXOJHbIC IMO3UIMHU ToueK. Eciu
MaTpUIlE COOTBETCTBYET MaTpuma A, TO o0oOpaTHOMy IpeoOpa3oBaHHI0 COOTBETCTByeT Marpuma A**(-1). Ecmm
npeoOpa3oBaHKe PasoKeHO B KOMIIO3HMIHUIO 3JEMEHTapHBIX, TO HET HEOOXOAMMOCTH B BBIUYHCICHHUM OOpaTHOM MaTpHUIlbl
HCIOJIB30BaTh MOANPOrpaMMy Ha JIUCTHHIE 7.5, MBI MOKEM HaWTH ee, UCIOJIb3ys MporpaMMbl Ha jqucTHHTax 4.2, 4.3, 4.4 co
3HAQYEHUSAMH T1apaMETPOB, KOTOPbIE BBIYUCISIOTCA MO 3HAYEHHSM COOTBETCTBYIOUIMX MapaMeTpoB  HCXOIHOTO
IpeoOpa3oBaHMsI.

o TIpeobpazoBanue neperoca ¢ (TX,TY) obpamaercs npeodpazoBanuem nepeHoca ¢ (-TX,-TY);

e PacrskeHue co 3HaueHneM Ko3(d¢uuneHtoB pactskenust SX m SY oOpamiaercss pacTsDKEHHEM €O 3HaYSHUEM

koapdumuentoB 1/SX, 1/SY (am omHo m3 umcen SX m SY He obOpamaercs B Hyllb, B IPOTHBHOM CIIydae
JIBYMEPHOE ITPOCTPAHCTBO BBIPOAMIIOCH OBl B TIPSIMYIO).
e TloBopor Ha yron TETA oGpamiaercs moBopotrom Ha yroxn -TETA;
e Ecnm npeobpa3oBaHue e€cTh NPOM3BEICHUE MPE0Opa30BaHUN BpPAINEHMs, NEPEHOCA U PACTSHKEHHSA, HalpuMep,
A*B*C*...*M, To MaTpuma 00paTHOTO peoOpa30BaHUS:
M** (—1) % . *xCk* (=1)*B** (-1) *Ax* (-1)
OO0parute BHUIMaHUE HA MOPSIOK COMHOXKUTEIEH !
Paszmewenue oovexma

Ham wacTo npuxoanTcs pucoBaTh NpeAMET B Pa3jIMUHBIX yYaCTKaxX 3KpaHa M 110 pa3HOMY MOBEPHYTHIM. Upe3BbIuaiiHo
HEyH0OHO ObIIO OBbI KaXKIBIil pa3 BEMHUCIATH BPYUHYIO KOOPAMHATHI TOYEK MPEAMETa, a 3aT€M BBOAUTH UX B IPOTPAMMY .

BmecTo 3TOro BBEOEM CHayana NMPOHM3BOJBHYIO, HO (PMKCHPOBAHHYIO CHCTEMY KOODAMHAT, KOTOPYIO MBI Ha30BEM
abcomotHON cuctemoit koopauaat (ABSOLUTE). 3arem MbI BeIOHpaeMm Hanbosee yAI0OHYIO CHCTEMY KOOPAMHAT, B KOTOPOH
MBI 32J1a6M KOOPAMHATHI BEpIINH (QUTYpBI; Takoe Hosoxenue Gpurypsl Mol HazoBem SETUP.

Hcnone3ys marpuipl, MOXHO IpeoOpa3oBaTh BepuinHbl 00bekTa u3 nojoxeHus SETUP B nonoxxenne ACTUAL
(pakTrueckoe monoxkenue) B cucteme koopauHat ABSOLUTE. IlonokeHne COOTBETCTBYIONIMX JIMHHA W oOjacTeit
yCTaHaBJIMBAETCS MOJI0KEHHEM BeplInH Gurypbl. Matpuiy npeodpazoBanusi, nepesosinyto SETUP B ACTUAL, mbl Bcrony
B TeKkcTe Oynem oOo3Hauarh OykBoi P (MHOTHA y 5TOH OYKBBI OyJeT MOSBISTBHCS HMHAEKC, C TEM YTOOBI MOXHO OBLIO
UACHTH(UIMPOBATh MAaTPUIBI, OTHOCSAIINECS K Pa3IMYHBIM TaKUM NpeoOpa3oBaHusM) . V3-3a orpaHMyeHus] Ha Iepenady
BEKTOPHBIX ITapaMeTpoB HOAIIPOTrpaMM, OOBIYHO MBI HE OyJleM FeHepHUpOBaTh HETOCPEACTBEHHO P, a OyaeM HCIoNb30BaTh 3Ty
Marpuiy s Mogudukammum R.

PaCCMampueaHue obvexma

MpbI BBeJIM METO/| MIEpEMENICHUs TTpeIMeTa 1Mo HemoABMXHON koopauHatHoi cucteme ABSOLUTE. Ilpeanomnoxum,
4TO B3] HaOiojatens HampasieH B Touky X,Y, cuctembl koopauHaT ABSOLUTE, a rosoBa HakJIOHEHa IOJ YIJIOM
ALPHA. YnoOHnee monaraTh, 4TO B3IJISI HAlpaBiieH Ha Havyalo KOOPAWHAT, a rojoBa HE HaKJIOHEHa (Takoe IOJIOKEHHE
HasweiBaercsi OBSERVED - na0mromaemoe mosnoxxenue). TakuM oOpa3oMm, HaM NPHUXOAMTCS BBECTH €lle OAHY Mmarpuiy Q,
nepesosuryto nozuunio ACTUAL 8 OBSERVED.

Orta Marpuma TOoJydYaeTcss KOMOMHALIMEH TpaHCISIMUU TOo4YeK mpocTpaHcTBa Ha Bektop (-DX,-DY), koTopomy
COOTBETCTBYET MaTpHUlla A, W MOCIEAYIOMMM ToBopoToM Ha yron -ALPHA, kotopoMy cootBercTBYeT MaTpuma B (obpatute
BHHMaHHe Ha 3HaK MuHyc!). Tak marpuia Q=B*A renepupyetcs nporpammoii "LOOK?2", npusenennoii va mucturre 4.5. Kak
MIPaBWIIO, MBI HE BBIYMCISEM MaTpuily Q sIBHO, a MCHOJIB3yEM €€ TOJBKO JUId MpeoOpa3oBaHusl MaTpuisl P. Oty marpuity
HMMEET CMBICII BBIYUCIIATD SIBHO M COXPAHUTH B MaMSITH.

LISTING 4.5

8200 REM LOOK2



8202 REM OUT - R(3,3)

8210 INPUT " (DX,DY)=";DX;",";DY

8220 INPUT "ALPHA=";ALPHA

8229 REM LOOK AT (DX,DY)

8230 LET TX=-DX: LET TY=-DY

8240 GO SUB TRAN2: GO SUB MULT2

8249 REM TILT HEAD THROUGH ALPHA RADIANS.
8250 LET THETA=ALPHA

8260 GO SUB ROT2: GO SUB MULT2

8270 RETURN

Buviuepuusanue o6wvexma

KomOunupys matpuiy npeodpaszoBanus P, nepeBomsmryro nonoxenue SETUP B monoxxenne ACTUAL ¢ matpurieid
Q, nmepeogsmieii ACTUAL 8 OBSERVED, nonyunm martpuity R=Q+P, nepeoasiyro SETUP 8 OBSERVED (MBI Bcerna
Oyznem o06o3Ha4aTh 3Ty Marpuiy R; ciemyer mMeTh B BuAy, 4TO R Bceraa moiydaeTcsi MCHOJNb30BAHHUEM MOIIPOTrPaMMBI
"MULT?2"). IlpeoOpa3oBeiBasi BCe BEpIIMHBI (PUTYPHI B TMOJOXCHHH R W MPOM3BOAS COOTBETCTBYIOIIEE IMpeoOpa3oBaHUE
JUHUN 1 obnacTeil, MBI MOJyYHMM KOOPJAMHATHI TOYEK (UTYyphl B CHCTEME KOOPAWHAT HAONIOAATENs, KOTOPBIH CMOTPHT B
Havaio cuctemsl koopauHaT ABSOLUTE u nepXuT roioBy BEpTHKANBHO, TO €CTh TAKOTO HAOMIOAATENs, KOTOPBIH CMOTPUT
Ha 9KpaH.

Takxum o6pa3om, MbI oToXxkAEcTBIsIEM cucteMy kKoopauHat ABSOLUTE c¢ cuctemoii, COOTBETCTBYIOIIECH OO SKpaHa
JUIsl OIIpEZeNIeHHs KOOpIMHAT TOuYeK (Urypbl Ha rpad)MuecKoM IIOoJie dKpaHa C TeM, YTOObl HAHECTHW Ha JKpaH BEPILUHBI,
npsiMble W 00JIacTH, M3 KOTOPBIX COCTOMT OOBEKT. Ha mpakTHke 5TO JOCTHraeTcs C IOMOLIBI0 KOHCTPYHpYIOLIEH
HOANPOTPaMMBI, UCIIOJNB3yIolied MaTpuiy R. DTa moamporpamMma yCTaHOBHUT HEOOXOAMMYIO HH(OpPMALUIO O BEpLIMHAX
(GUrypsl, TMHUAX U 00JaCTsIX, MpeoOpazyeT BEpIIMHBI C MOMONIBI0 MaTpHlbl R, a 3aTeM, BO3MOXKHO, HAPUCYET OOBEKT (CM.
npumep 4.A).

[To3ke MBI yBHAWM, YTO CYLIECTBYIOT CHTYyallid, B KOTOPBHIX YJOOHEe COXpaHHTh B INaMSITH HHPOPMALHUIO O
BEpIIMHAX, JMHUAX U 001acTsIX Gurypsl. Hanpumep, KOOpAUMHATHI BEPUIMH MOTYT XPaHUTHCS B OTHOMEPHBIX MaccuBax X U Y;
nHpOpMaIKsA O MPAMBIX — B JAByMEepHOM MaccuBe I. KoopauHaTsl BepImIMH MOTYT 3allOMHHATBCS B MOJOXKEHHH HCXOJHOE,
(axTHUIecKkoe, WM HAOIIONAEMOE - 3TO 3aBUCHUT OT MPOrpaMMBlL. DTOT METOJ HCIIONB3YeTCs JUIA CO3MAHUS AMHAMHUYECKOH
TIOCIIE0BATENbHOCTH CIEH: O0BEKTHI MOTYT HMEPEMEIAThCsl OTHOCHTENBHO CHUCTEMbl KOOPAMHAT aOCOIIOTHO, OTHOCHTENIBHO
camux cebs W, KpoMe TOro, 00o3peBaTenh MOXKET IepeMemaThcs M0 dKpaHy. PaccMoTpmM BHauasie MpOCTEHIIHN Cirydait
HETIOIBM)KHOTO M300paXEHUSL.

Crooichbie uz06pasxiceHus — Memoo nocmpoenus uzoopasxcenus "no kupnuuuxam”

VY Hac ecTh METOI, TO3BOJIAIONINI TeHEPUPOBATD MTOCIEAOBATEIFHOCTh MIOAOOHBIX N300pakeHnid oObekTa. st 3Toro
JOCTaTOYHO CO3JaTh IPOTPaMMy, PHCYIOUIYI0 OOBEKT, a 3aT€M BBI3BIBATh €€ C Pa3IMYHBIMHM 3HAUYCHWSAMH MaTpuubl P,
COOTBETCTBYIOIIEH MPEOOPa30BaHMIO U3 MCXOAHOTO MOJNOKEHUS B Habmogaemoe. V300paxeHne co3qaeTcsi MoIporpaMMon
"SCENE2", xotopasi BBI3BIBACTCS W3 CTAaHJAPTHOW TJIaBHOIM mmporpamMMmbl (CM. JHCTHHT 4.6). DTa TiIaBHas Nporpamma
UCTIONB3YeTCS Ul yCTaHOBJICHMS METOK pa3IMYHBIX IOANPOTPaMM, OOBSBISET MAaCCHUBBI, YCTAHABJIMBACT 3HAUCHUS
napametpoB VERT u HORIZ, a 3arem Bo13biBaeT noanporpammy "SCENE2".

LISTING 4.6

100 REM MAIN PROGRAM

109 REM Define identifiers for initialisation and 2-D PLOT routines.

110 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400: LET
CLIP=8400

120 LET ROT2=8600: LET ANGLE=8800: LET SCALE2=8900: LET TRAN2=9000: LET
MULT2=9100: LET IDR2=9300

130 LET SCENE2=6000: LET LOOK2=8200

139 REM INITIALISE AND CENTRE GRAPHICS AREA.

140 INPUT "HORIZ=";HORIZ;",b";"VERT=";VERT

150 GO SUB START

160 LET XMOVE=HORIZ*(0.5: LET YMOVE=VERT*0.5

170 GO SUB SETORIGIN

179 REM SET THE SCENE.

180 GO SUB SCENE2

190 STOP

"SCENE2" cuavana BeizoBer "LOOK2" u Bhrumcnut marpuny Q, M ecim ei MpeacTOMT HadepTHTh Oojiee OmHOU
(bUrypsl, TO 3Ta MaTPUIIA 3aHOCUTCS B TaMATbh. J{JIsl KaXKJJ0ro OTIENBHOTO0 eMeHTa ("Kupnuyrka') Mbl BBIYNCIsieM MaTpuiy P
1 3aT€M BBI3bIBAEM HEOOXOJMMYIO MOJIPOrpaMMy MOCTPOEHHs M300pakeHHs, Ucronb3yss R=Q+P. B nrtore u3 KupnmumkoB
BBICTpanBaeTcs HeoOXonmumasi KapTHHKa. /Iy Toro, 4ToObl pa3nuyaTh MaTpUIBI, OTHOCSIIUECS K Pa3HBIM JJIEMEHTaM, MBI
J00aBIIsIeM HHAEKCHI.

MozxeT ObITh, IPeIOKEHHBIH HAMH MOJYJIbHBIN MOJXO0J K PEIICHUIO U HE SIBISIETCS] caMbIM 3((EeKTUBHBIM, HO HaIll
OTIBIT TIOKA3bIBAET, YTO 3TOT METOJ YPE3BBIUAIHO MPOSCHIET pElIeHWE Il HAauYMHAIOIMX M MO3BOJIIET MM 3a/aBaTh
MpaBUJIbHBIE BOIPOCHI O MPOIECCE MOCTPOCHUS TOrO WIM MHOTO O0BEKTa. MBI YBHUIUM, YTO IPH MYJIbTHIUIMIMPOBAHUU
M300pakeHNsl Hall MOAXOZ IO3BOJIAET YMCHBIINTh KOJNMYECTBO MOA3aJad, TaK KaK B 3TOM CIIydae HE TOJBKO 3JIEMEHTHI
MEPEMEIIAI0TCA OTHOCUTENBHO PYT APYTa, HO M JBHKETCS] HAOTIOJaTeNb.

EcTecTBeHHO, YTO €CM CUMTATh, YTO HAOMIOAATEIh JEPXKUT TOJIOBY BEPTHKAIBHO, TO BHIUMCIEHHE MATPHUIBI MOXKHO



ceectn Kk oOpamenuto k moxamporpamme "SETORIGIN" (ycraHoBuTh Hawano), KOTOpas W3MEHSET MOJOXKCHHE Hadaja
KOOPJIMHAT CHCTEMbl KOOPJIMHAT, CBSI3aHHOUN ¢ 3kpaHoM. Eciu HaOmopaTenh CMOTPHUT HA HAa4ajio KOOPAMHAT M €ro rojioBa
BepTUKallbHA, TO Marpuua Q paBHa 1; B 3TOM cilydyae OHa HE NPUHHMMAET y4YyacTHsl B T'€HEpaluu H300paKeHWs M TOraa
nmoanporpammoit "LOOK2" moxHO mpeHeOpeub. OmHako, Mbl OyJeM HMETh JIEJIO C OOHUM ciay4aeM. MBI CTaBUM CBOEH
LEeNbI0 OOBSICHUTh TTOHATHE NMPeoOpa3oBaHMs POCTPAHCTBA B HauboJee 00LIeM Cllydae, UCTIONb3ysl CaMble MPSIMbIe METOBI,
HECMOTPS Ha TO, YTO STO MOXKET MOTPEOOBATh OT YUTATENS OONBIINX YCHIMHA TpH YyTeHUU. K 3TUM moamporpamMMam ciemyer
BO3BpalaThCs MO Mepe M3yYeHHUs KHUTH. [103ke MBI HAMETHM IyTH H3MCHEHHS ITUX TPOTPaMM TaK, 4TOOBI OHU OBLIA
3¢ (EKTUBHBIMU B KOHKPETHBIX MPIIOKCHHSX.

OpHAKO OCHOBHAs MPHUYMHA HWCIOJIb30BAaHHS MOJIYJIHHOTO METOA MOCTPOCHHUSI MPOrpaMM CTaHET MOHSATHOW MpH
M3y4eHUH TpexMepHOW rpaduku. Ilepex TeM Kak u3ydaTh METOJBI TPEXMEPHON rpaduku, CIEAyeT XOpOLIO H3y4YUTh
JIBYXMEPHYIO TpaUKy, TAK KAaK MHOTHE METOJIbI SBJISIFOTCS] OOIIMMHU JAJISI TUX CITy4aes.

ITlpumep 4.4

Paccmorpum mpocreiiiiiee M300pakeHHE KOCMUYECKOrO KOpadiisi, KOTOPbIH B HMCXOJHOM IMOJOXEHHH HalpaBlieH
napasuiensHo ocu X. KoHTyp kopaluist moiy4aercst mociIeqoBaTelbHBIM coequaenneM touek (3,0), (0,0), (-1,1), (2,0), (-1,-1) u
cHoBa (0,0). Cm. puc. 21, Ha KOTOPOM U300pakeH KOPaOJib; pa3Mepsbl rpaduIeckoro mojs 5 0J0koB Ha 3 OJ0Ka, a MaTpHIIA,
NepeBo/IAIIAsl UCXO/HOE MOJIOXKEHHE B (pakTHuecKoe, equHUYHas. Marpuiia, COOTBETCTBYIONIAs TPE0OPa30BaHHUIO UCXOTHOE B
Ha0JI01aeMoe, TakoBa, YTO B3IJIs/1 HaOJIoAaTeNs HanpasiieH B Touky (1,0), a ero ronosa BepTHKaJIbHA.

(2,0} {300

N~
e

Puc.21.

Ha muctunre 4.7 npuseneHa moamporpamma "SCENE2" B ToMm BHIE, B KaKOM OHa HEOOXOIMMa I yCTaHOBKH
00beKTa B IPaBUIILHOE TIOJIOKEHUE; Ha JJUCTHHTE 4.8 TIpUBEJIeHA MTOIIIPOrpaMMa, BEYEPUUBAOLIas KOHTYPbI KOopaOis.

OO6parure BHUMaHue, yTo mnoamnporpamma "SHIP", xoropas mcnomezyer martpumy P s mepemelrneHus BepIUUH
KopabJ1st (a creqoBaTeIbHO, M CaMOT0 KOpalbiis) B MOJIOKEHHE KOOPAMHAT MOCIEIHNX, @ BMECTO 3TOT0 COXPAHSIOTCS 3HAUCHHS
X(6), Y(6) c Tem, 9TOOBI MOXXHO OBIJIO BBI3BIBATH IOAMPOTPAMMY MOBTOPHO U TEHEpAIlMH HM300paKCHUS B JAPYTHX
TTOJIOKEHHSX.

LISTING 4.7

6000 REM SCENE2/LOOK2 - SHIP (NOT STORED)

6010 DIM X (6) :DIM Y (6)

6020 DIM A(3,3): DIM B(3,3): DIM R(3,3)

6030 LET SHIP=6500

6039 REM PLACE THE OBSERVER.

6040 GO SUB IDR2: GO SUB LOOK2

6049 REM DEFINE AND DRAW OBJECT.

6050 GO SUB SHIP

6060 RETURN

LISTING 4.8

6500 REM SHIP/ NOT STORED

6501 REM IN - R(3,3)

6510 DATA 3,0,0,0,-1,1,2,0,-1,-1,0,0

6520 RESTORE SHIP

6530 FOR I=1 TO 6

6539 REM READ COORDINATES OF SETUP OBJECT.

6540 READ XX,YY

6549 REM MOVE OBJECT INTO OBSERVED POSITION.

6550 LET X(I)=XX*R(1,1)+YY*R(1,2)+R(1,3)

6560 LET Y (I)=XX*R(2,1)+YY*R(2,2)+R(2,3)

6570 NEXT I

6579 REM JOIN VERTICES IN ORDER.

6580 LET XPT=X(l): LET YPT=Y(l): GO SUB MOVETO

6590 FOR I=2 TO 6

6600 LET XPT=X(I): LET YPT=Y(I): GO SUB LINETO

6610 NEXT I

6620 RETURN

Ilpumep 4.6



[IpennonoxuM, 9T0 MBI XOTUM HA4YEPTHUTh PHCYHOK, COCTOSIIINI M3 YeThIpeX KOCMHUYecKuX Kopabneir A, B, C, D,
pa3MmemeHHbIX Ha 3kpane 60x40. [l mpocToTsl MBI HonaraeM, uro Q - eAMHUYHAS MaTPHIA, TaK YTO TOJI0BAa HAOIrOmaTeINs
BEPTUKAJIbHA, a B3IJIS HANpaBJIeH B HA4ajI0 KOOPIUHAT.

Kopabip A pacroioxeH Tak ke, Kak U B MOJI0KEHUN UCXOIHOE; 3TO 03HayaeT, uTo R(A)=1, B To Bpems Kak KOpaoJb
B nepeBoanTCS U3 MOJIOKEHHSI UCXOJHOE B (PAKTUUECKOE C TIOMOIIBIO CIESAYIOINX PeoOpa3oBaHmi:

1. ®urypa pactaruBaercs; mapameTpsl pacTspkeHnst X=4, Y=2; COOTBETCTBYET 3TOMY Npe0Opa30BaHMIO MaTpuIla A;

2. ®wurypa noBopauusaercs Ha P1/6 paguan matpuueii B;

3. IlpousBoaurcs mapauienbHbIi nepeHoc ¢ napamerpamu TX=6, TY=4 - matpuna C.

40 0 SORT(3) 1 0
A=0 2 0 2 2
0 0 1
1 06 pB= L1 SORTQ)
2 2
C=0 1 4
0 0 1 0 0 1

PesynbTupyromniee npeodpazoBaHue 3a1aeTcs MaTpuLen
R (B)=Q*P (B) =I*P (B) =P (B) =C*B*A
OOparute BHHUMaHHE Ha TO, KaK HCIOJIb3YETCSl HW)KHUM WHJAEKC sl YKa3aHMsl TOro, YTO MaTpulla OTHOCUTCS K
ajeMeHTy B.
Ecmu MBI ricrmone3yem Aapyroit nopsnok comHoxkureneit A*B*C (uro maet matpuny P), Torna

2*SORT(3) -1 6 2*SORT(3) -2  12*SORT(3)-8
P(B)= 2 SORT(3) 4 P(D)= 1 SORT(3) 4*SORT(3)+6
0 0 1 0 0 1

OTKyZa BHMJHO, YTO MbI NPUIUIA K COBEpIIEHHO Ipyromy npeobOpasoBanuto. Matpuue P(D)=Q*P(D)=I*P(D)
COOTBETCTBYeT Kopabib D. OOpaTure BHHMaHuUe, YTO KOPadib aCCHMETPHUEH; MOJb3YsCh ONepalell pacTsKEeHUs, ClIeayeT
IIOMHHTB, YTO OHa ONpeJeieHa OTHOCHTENbHO Hayajla KoopauHar. Tak uro ¢opma npeamera, KOTOPBIH yJqajieH OT Havaja
KOODPJIMHAT, MOXKET OBITh HCKa)KEeHA.

Kopabnp C nomyuaercst u3 kopadiist B orpaskeHneM oTHocuTesbHO npsiMoit 3*Y=-4*X-9. Orta npsiMas nepecekaer ocbh
Y B Touke (0,3) 1 00pa3yeT ¢ MOJIOKHUTENBHOH Mmoiyochio X yron GAMMA

GAMMA=ARCCOS (-3/5) =ARCSIN (4/5) =ARCTG (-3/4)

Ecmu MBI coBepmnM mapajurenbHe nepeHoc Ha BekTop (0,3), KOTOpoMy COOTBETCTBYeT MaTpuia D, To 3Ta mpsamas
MPOMUJIET Yepe3 Hayajlo KOOPAHUHAT; €CJIM Mbl IOBEpHEM I10CcKOCTh Ha yroia ALPHA matpuueit E, To Hala npsimasi COBIaJET C
ocei0 X. Marpumna F torma orpasur kopabias oTHocHTeNnbHO ocu X, Marpuna E**(-1) moBepHeT mpsMyIo Tak, 4TO OHa CHOBA
OyZeT cocTaBiATh yroil ¢ ocklo X, U Marpuna D**(-1) BepHeT mpsMyio B HCXOIHOE TMONOKeHHe. TakuMm o0pa3oMm, MaTpuIia
G=D**(-1)*E**(-1)*F*E*D otpakaeT BepIIHHBI KOpaOis OTHOCUTENBHO npsiMoit 3*Y=-4*X-9 u R(C)=I*PO=G*P(B) moxer
HCTIONB30BaThCs Ui TeHepauuu u3odpaxeHus C, 4yTo O3Ha4aeT, YyTO MBI CHadaja Marpuueil P ycranaBmmBaer xopabip B
nosioxkenue B, a 3atem marpureit G B nonoxxenue C.

3 4
-2 20
100 s s
D=0 1 3 g-_% 3
00 1 5 5
0 0 1
10 0 [ (F48-14SORT() T 24 SORT(3)-210
F=0 -1 0 R(C)= |~14-48*SORT() 24 7T*SQRT(3)-170
0 0 1 0 0 25

Ha muctunre 4.9 mpuBeneHa HOBast mporpamMma Ui pucoBaHus Hamel purypsl. O6pature BHUMaHue, uyTo "SCENE2"
He BeBBIBaeT "LOOK2", Tak Kak MBI mojiaraeM, 4TO B3[JIAJ HaOJromaTesnss HANpaBiICH HAa HAYaJO KOOPIHMHAT, M TOJIOBY OH
nepxut npsimo. OcHoBHas mporpamma u noxanporpamma "SHIP", a Takxke Bce ocrayibHble TrpadUuecKue IOJIpOrpaMMbl
OCTAKTCA HCU3MCHHBIMHU.

LISTING 4.9

6000 REM SCENE2/NO LOOK2 4 SHIP (NOT STORED) .

6010 DIM X(6): DIM Y(6)

6020 DIM A(3,3): DIM B(3,3): DIM R(3,3)

6030 LET SHIP=6500

6038 REM OBSERVED=ACTUAL. NO NEED TO CALL "LOOK2".

6039 REM SHIP A.

6040 GO SUB IDR2: GO SUB SHIP



6049 REM SHIP B.

6050 LET SX=4: LET SY=2

6060 GO SUB SCALE2: GO SUB MULTZ2

6070 LET THETA=PI/6

6080 GO SUB ROT2: GO SUB MULT2

6090 LET TX=6:LET TY=4

6100 GO SUB TRAN2: GO SUB MULTZ2

6110 GO SUB SHIP

6119 REM SHIP C.

6120 LET AX=-3:LET AY=4

6130 GO SUB ANGLE

6140 LET TX=0:LET TY=3

6150 GO SUB TRAN2: GO SUB MULT2

6160 LET THETA=-THETA

6170 GO SUB ROT2: GO SUB MULT2

6180 LET SX=1: LET SY=-1

6190 GO SUB SCALE2: GO SUB MULTZ2

6200 LET THETA=-THETA

6210 GO SUB ROT2: GO SUB MULT2

6220 LET TX=0: LET TY=3

6230 GO SUB TRAN2: GO SUB MULT2

6240 GO SUB SHIP

6249 REM SHIP D.

6250 GO SUB IDR2

6260 LET TX=6: LET TY=4

6270 GO SUB TRAN2: GO SUB MULT2

6280 LET THETA=PI/6

6290 GO SUB ROT2: GO SUB MULT2

6300 LET SX=4:LET SY=2

6310 GO SUB SCALE2: GO SUB MULT2

6320 GO SUB SHIP

6330 RETURN

Yupaxsenue 4.1

Jliist Toro, 4T00B! YOEIUTHCS, YTO MPOrPaMMy MOXKHO HCIIOJIB30BATh B OOLIEH CHTYaIMH, IIPOILYCTHTE 3Ty HPOrpamMMy
¢ Marpureii Q, OTIIMYHOH OT eAMHUIIBI, YTO AOCTHTaeTCsl HeHyNeBbIM 3HaueHHeM DX, DY mmu ALPHA.

Bama nporpamma "SCENE2" nomxna Be3bBath "LOOK2" mis Berancinenus Q, KOTopas XpaHUTCS B ITAMATH. 3aTeM
IUISL KaXKJJ0Oro 00BEKTa Ha SKpaHe BBIUUCIIETCS] MaTpula P nmepexona U3 HCXOAHOTO MOJOXKEHHUA B (hakTHUECKoe (3Ta MaTpula
xpanurcs noamporpammoii "MULT2" B R), ymHOXaercs Ha Marpumy Q, KoTopas KOMHPYeTCs B MaTpuily A Uit
ncnoap30BanHus B moanporpamme "MULT2", a 3atem BBI3BIBA€TCS MOANIPOrpaMMa MOCTPOCHHUS ¢ MaTpuiieit R=Q+P.

Ucnons3yiite nognporpammy "LINETO", xotopas BeI3eiBaeT noanporpammy "CLIP", Tak kak B NIPOTHBHOM clly4ae
NP BBIUEPUYMBAHNUHU YYACTKOB (pUTYp, BBIXOSIIMX 32 Tpaduueckoe moJie, pou3ouaeT cOoil mporpaMmel.

Ynpaxuenue 4.2

Hcnonp3yliTe npensiayliyue HOANPOTpaMMBl Il BblYepuuBaHus (uryp Kopabied, HO 4YHcia, IOJIOXKEHHE H
HarpaBJieHne Kopabjel BBOIMTCS ¢ KiIaBHaTypbl. Bbl MokeTe HamucaTh CBOW IOANPOTPaMMBI ISl TEHEpHUpOBaHUs Ooiee
CIIOYKHBIX M300pa)KeHMit; MBI BBIOpaNIn OYEHb MPOCTYI0 KapTHHKY, TaK KaK HE XOTEJM YCIOXHATb ITOPUTM CIIOXHOCTBIO
caMuX 0OBEKTOB.

OTHM METOJOM MOKHO MaHMITYyJIMPOBaTh C JIOOBIM YHCIOM TOYEK W JIMHWH, KOTOPBIMH MOJKET CIIPAaBUTHCS
SPECTRUM c y4eroM orpaHu4YeHHH Ha MaMsATh U BpeMsa. OOBEKTHI MOTYT OBITH HE IPOCTO COCTOSIIUMH W3 JUHHUN, HO H
UMEIOIIMMH PA3HOLBETHBIE YIACTKH (MHOTOYTONBHUKH, BEPIIUHBI KOTOPBIX SBIISAIOTCS IPE0OPa30BaHHBIMU TOUKAMH).

Yupaxnenue 4.3

Hcnone3ys IUKIIBI, MOXKHO T'€HEPHUPOBATh MOCIEIOBATEIbHOCTH OOBEKTOB, HAPUMED, OHH MOTYT OBITh OJMHAKOBO
HAIPAaBJICHBI, @ UX IIEHTPHI PACIIONOKeHBI Ha psiMoit PAMU*QQ Ha 0IMHAKOBOM PacCTOSIHUU JPYT OT Jpyra.

Mbl MOXKeM reHepupoBath 3HaueHns MU ¢ OMOIIbIO LIMKJIA U PUCOBATh 10 OJJHOMY KOPaOJII0 Ha KaXJOM Ilare; Mpu
9TOM MBI MOXKEM M3MEHATH MapaMeTpbl IPpeoOdpa3oBaHusl perysipHbIM 00pazom, ucnonsdyst MU, P u Q.

OTH HOBbIE 3HAYEHHs I1APAMETPOB MCIOJIB3YIOTCS JUISl BBIYMCIEHUS MaTpHIbl MpeoOpa3oBaHHs M3 HCXOJHOTO
MOJIOKEHU B (pakTHUECKOe Ha KaXIOM IIare, IepeiBuras TakuM o0pa3oM OOBEKT B HOBOe NosiokeHnme. R=Q*P=I*P
UCTIONB3yeTCs Al HAOMIOJEHUS 32 OOBEKTOM W Ul €ro BhlYepuyMBaHMA. Mcnomb3ys 3T waew, Hapucyiite KapTHHBI 00eB
MEXIY KOpaOIIsIMH.

Dppexmusnoe ucnonvzosanue mampuy

OueBUIHO, YTO KaKyto Obl MBI KOMOMHAILIMIO NTPeo0pa3oBaHUii HU MCIOJIB30BaJIM, TPEThEW CTPOKON MaTpHILbI BCerjaa
oyxer (0,0,1). Ecnu MbI Oy1eM UCIIOIB30BATh TOIBKO JIBE BEPXHHUX CTPOKH, TO 3TO CJEIAaeT HAIlY MOANPOrpaMMy 3HAYHTEILHO
Ooree A3 PeKTHBHOIA.

MBbI IPOJI0JIKAEM XPAaHUTh MATPHUIlBI 3X3, TaK KaK MPOIEyphl, HAITMCAHHBIE HAMHU paHee, UCIOJIb3YIOT MaTpHUIlbl 3X3.
W3MmeHeHne pasMepHOCTH MaCcCHBOB TIPHBENO OBl K HAPYIICHHUIO TPAHHUI] MACCHBOB B TIPEABIAYIIHMX ITOAIPOTPAMMAX - JHIITHHE
TPH CTOJIONA, T0OABIICHHBIE K KaXKIOH MaTpHIle; 5TO MaJias [leHa, KOTOPYIO MBI INTATHIIN, YTOOBI H30€KaTh ONTHOKH.

O6paTnTe BHAUMaHWE, YTO KOTZa MBI OOBSBISEM MaccuB ornepatopoM DIM, To aieMeHTaM MaccHBa MPUCBAUBAETCS



HyneBoe 3HaueHue. llepemumem ¢ ydeToM 3TOrO OOCTOATENBCTBA, MOANpOrpamMmbl Ha juctuHrax 4.1, 4.2, 43, 44 un
o6o03HaunM ux 4.1A, 4.2A, 4.3A, 4.4A cOOTBETCTBEHHO.

LISTING 4.1 A

9100 REM MULT2

9101 REM IN - A(3,3),R(3,3)

9102 REM OUT - R(3,3)

9110 FOR I=1 TO 2

9120 FOR J=1 TO 3

9130 LET B(I,J)=A(I,1)*R(1,J)+A(I,2)*R(2,J)

9140 NEXT J

9150 LET B(I,3)=B(I,3)+A(I,3)

9160 NEXT I

9170 FOR J=1 TO 3

9180 LET R(1,J)=B(1,J): LET R(2,J)=B(2,J)

9190 NEXT J

9200 RETURN

9300 REM IDR2

9302 REM OUT - R(3,3)

9310 DIM R(3,3)

9320 LET R(1,1)=1: LET R(2,2)=1

9330 RETURN

LISTING 4.2 A

9000 REM TRAN2

9001 REM IN - TX,TY

9002 REM OUT - A(3,3)

9010 DIM A(3,3)

9020 LET A(1,1)=1: LET A(2,2)=1: LET A(1,3)=TX: LET A(2,3)=TY

9030 RETURN

LISTING 4.3 A

8900 REM SCALE2

8901 REM IN - SX.SY

8902 REM OUT - A(3,3)

8910 DIM A(3,3)

8920 LET A(1l,1)=SX: LET A(2,2)=SY

8930 RETURN

LISTING 4.44

8600 REM ROT2

8601 REM IN - THETA

8602 REM OUT - A(3,3)

8610 DIM A(3,3)

8620 LET CT=COS THETA: LET ST=SIN THETA

8630 LET A(1,1)=CT: LET A(2,2)=CT

8640 LET A(1,2)=ST: LET A(2,1)=ST

8650 RETURN

Mo:XeT MOKa3aTbCsl, YTO NMPHUMEP C HAIIUMH KOpaOIAMH HECKOJBKO HaIyMaH, TaK KaK KOOPIWHAThl OOBEKTOB
BBIOpaHbl Mpon3BOJIbHO. OIHAKO MpPU NMOCTPOECHHM OOJBIIMHCTBA AUArpaMM IIOJIOKCHHE OOBEKTOB OMpENeNseTcs SBHBIM
00pa3om, UCXO/IS U3 CTPOSHUS TUAarpaMMBbI (CM. TIPUBENIEHHBIC HUKE TPUMEDPHI).

Ilpumep 4. B

Hanumure nporpaMMy, KoTopasi 4epTUT JUIMIIC ¢ IMIaBHBIMU ocsiMu A u B u nearpom B Touke (CX,CY). Bonbmas
ocbk 00pasyeT ¢ ockio X yron TETA.

OOparute BHMMaHHWE HA TO, YTO IOPSAOK ONEpaluii 3[ech CYIIECTBEHEH: CHaudajla I[0BOpavyMBaiTe, a 3aTeM
nepeHocute. Eciii MBI XOTUM T€HEPHPOBATh 3JUTUIICHI C TOPH30HTAIBHON TJIABHOM OCBIO, TO MBI MOXKEM HE HCIIOJIb30BaTh
MaTpHILbI, HCHOIB3YsS MOJNPOrpaMMy YIIPaXKHEHUS 2.5 ¥ METO/IbI IIOANPOTpaMM Ha JIMCTHHTE 2.9.

Ha muctuare 4.10 mpumBoamrcs moamporpamma "SCENE2", xotopas cuutbBaeT HH(pOpMAnuio 00 »3IUIHIICE,
BBIYUCIIACT MATPHUILYy TIpeoOpa30BaHUsa UCXOTHOTO MOJIOKEHHS B (paKTHUECKOE, a 3aTeM BhI3bIBaeT moxnporpammy "ELLIPCE"
JUTSL BBIYEPUHMBAHMS 3IUTHIICA (CM. puC.22).



Puc. 22.

LISTING 4.10

6000 REM SCENE2/ELLIPSE

6010 DIM A(3,3): DIM B(3,3): DIM R(3,3)

6020 LET ELLIPSE=6500

6030 INPUT " (CX,CY)=";CX;",";CY;" A=";A;" B=";B;" THETA=";THETA

6040 LET THETA=-THETA

6049 REM Ellipse centred at (CX,CY) and tilted through angle THETA.

6050 GO SUB IDR2

6060 GO SUB ROT2: GO SUB MULT2

6070 LET TX=CX: LET TY=CY

6080 GO SUB TRAN2: GO SUB MULT2

6090 GO SUB ELLIPSE

6100 RETURN

6500 REM ELLIPSE

6501 REM IN - A,B,R(3,3)

6509 REM ELLIPSE. MAJOR AXIS A. MINOR AXIS B.

6510 LET XPT=A*R(1,1)+R(1,3)

6520 LET YPT=A*R(2,1)+R(2,3)

6530 GO SUB MOVETO

6540 LET ALPHA=0: LET ADIF=PI/100

6549 REM Calculate points (XPT.YPT) on ellipse, in observed position.

6550 FOR I=1 TO 200

6560 LET ALPHA=ALPHA+ADIF

6570 LET AA=A*COS ALPHA: LET BB=B*SIN ALPHA

6580 LET XPT=AA*R(1,1)+BB*R(1,2)+R(1,3)

6590 LET YPT=AA*R(2,1)+BB*R(2,2)+R(2,3)

6600 GO SUB LINETO

6610 NEXT I

6620 RETURN

YnpaxHenue 4.4

Hanmmure noamporpamMmy, pUCYIONIYIO €IMHUYHBIA MEpEeMEIIacMbIii 00BEKT, a 3aTeM HCIOJIB3YHTE MATPHYHYIO
TEXHUKY JJIS COCTaBJICHUS KOMOMHAIWH 3TUX OO0BEKTOB. [ mpuMepa BO3BMHTE CIEAYIONIYIO (QHUTYPY, 3aJaHHYIO B
mapaMeTpuIeckoit popme:

(R(COS (TETA) **3) / (SIN (TETA) **3) ) ,
rae 0<=TETA<=2*PI, a R - pagnyc (MakcuManbHOE PacCTOSHUE TOUYKHA Ha KPUBOW J0 Hadajla KOOPAMHAT)
[TapameTps1, HEOOXOMMBIE AT PAOOTHI 3TOI MOANPOrpaMMBI - 3TO paaryc R u marpuia mpeoopa3oBaHMs.
YnpaxHenue 4.5
[ToskcnepuMeHTUPYHTE C 3TOM MaTpUYHOW TexHUKOW. Hanmumure noanporpammy, KOTopasi IOBOPauMBaEeT MI0CKOCTh
otHocutenbHo Touku (X,Y) Ha yronm TETA. Hammmmre mporpammy, KOTOpasi OCYIIECTBIISIET OTPaKCHHWE IIOCKOCTH
OTHOCHTENIBHO TIpIMoi A*Y=B*X+C.

Xpanenue ungopmayuu 06 uzoopadxcenuu

Panee MBI ymoMuHAIM, YTO WHOTIA MPUXOIMUTCS 3allOMUHATH BCIO MH(MOpPMAIMIO 00 M300pakeHHH Iepes TeM, Kak
BBIWTH 13 MOANPOTPaMMbI IIOCTPOCHNUS H300paxkeHus. B aToM ciryuae nHpopmanus XpaHUTCS B OTHOMEPHBIX MacchBax X U Y
JUUHBL Oosbmeit win paBHO NOV, rome NOV - KOJIMYECTBO BEpPIINH, KOTOPbIE HEOOXOAMMO 3alIOMHHUTE (3TH TOYKH MOTYT
cootBerctBoBath mo3utuu SETUP, ACTUAL mnu OBSERVED, Bce 3aBucur oT KoHTekcTa). Ham Takke motpebyercs
XpaHUTh MH(OPMALMIO O MPSIMBIX, B ABYMEPHOM MAacCHBE KOTOPOTO INEpPBBIM MHAEKC M3MEHseTcs oT 1 Jo 2, a BTOpoH
n3MeHsieTcs: oT 1 1o BenuuuHbl, 6oubineit nwim paBHoit NOL, rine NOL - konu4ecTBo NmpsiMbIX B M300pakeHHu. [-as mpsimast
coenuusier Touku ¢ mHnekcamu L(1,I) m L(2,I); Mbl Buaum, 4to 5Ta MH(OpPMALUs 3aBUCHT OT MPEIbLAYIIEH, OHA MPOCTO
coo0IaeT HaM HOMEpa TOYeK, KOoTopble coeauHsieT l-as mpsimas. 3HauenusM napamerpoB NOV u NOL mnpucamBarotcs
HavanbHble 3HaueHus B mognporpamme "SCENE2" u yBennunBaroTcst moAnporpaMMaMy MOCTPOEHHST H300paskeHusI.

Tenepb MBI MOXEM B IporpaMMax HMOCTPOCHHMSI M300paKeHUSI HE YEPTHUThH NPSIMBIE, a UCIOJIB30BATh UX TOJBKO IS
3amycu B MamsiTh MH(OpManuu O BepLIMHAX, NpsAMBIX W T.1. (mpeoOpasoBaHHbIXx Martpuied R). Ilocine Toro kak Bes
nHpopManus 00 mM300pakeHWH 3amucaHa B mamsth mommporpammoit "SCENE2", BebBaetcs moamporpamma "DRAWIT"
("PUCYH"), koTopas M BbldepumMBaeT H300paeHHe. IIporpamMma Uis CO3AHMS M300PAKCHHS HAIIMX KopabJiei,
UCTIOJNB3YIONIAsl HOBBIN METO, MOJyYaeTCsl M3 MTOAIPOrpaMMBbI Ha JINCTUHTE 4.9 BHECEHHEM TPEX HEOOIBIINX H3MEHEHHUMH:

6010 DIM X(20): DIM Y(20): DIM L(2,20)

6030 LET NOV=0: LET NOL=0: LET SHIP=6500: LET DRAWIT=7000

6330 GO SUB DRAWIT: RETURN

OTa nmoamporpaMMa HCHOIb3yeTcsl BMecTe ¢ JUCTUHroM 4.11, rae uMeeTcst TEKCT MOAMPOTrpaMMBI, 3alHChIBAIONIEH
nHpOpMaNNIo 00 N300pKEHUN U PUCYIOIILYIO HOAPOTPaMMy.

LISTING 4.11

6500 REM SHIP/STORED

6501 REM IN - NOV,NOL,R(3,3) ,X(NOV),b Y (NOV)

6502 REM OUT - NOV,NOL,X(NOV), Y(NOV),bL(2,NOL)

6510 DpATA 3,0,0,0,-1,1,2,0,-1,-1,1,2,2,3,3,4,4,5,5,2




6520 RESTORE SHIP

6530 LET NV=NOV

6539 REM Read vertices and move into position using matrix R.

6540 FOR I=1 TO 5

6550 READ XX,YY

6560 LET NOV=NOV+1l

6570 LET X (NOV)=XX*R(1l,1)+YY*R(1,2)+R(1,3)

6580 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+R(2,3)

6590 NEXT I

6599 REM READ AND STORE LINE INFORMATION.

6600 FOR I=1 TO 5

6610 READ L1,L2

6620 LET NOL=NOL+1

6630 LET L(1,NOL)=L1+4+NV: LET L(2,NOL)=L2+NV

6640 NEXT I

6650 RETURN

7000 REM DRAWIT

7001 REM IN - NOV,X (NOV),Y (NOV) ,NOL,L(2,NOL)

7009 REM DRAW LINE BY JOINING PAIRS OF VERTICES.

7010 FOR I=1 TO NOL

7020 LET L1=L(1,I): LET L2=L(2,I)

7030 LET XPT=X(L1l): LET YPT=Y(Ll): GO SUB MOVETO

7040 LET XPT=X(L2): LET YPT=Y(L2): GO SUB LINETO

7050 NEXT I

7060 RETURN

[IpennonoxuM, 9To MBI XOTHM CO3IaTh HECKOJIBKO BHIOB OJHON M TOH kK€ KapTHHBI (MBI OISTH HCIIOIB3YyEM B
KadecTBE MpUMeEpa Hall KOCMUYECKHUH Kopabib); 3TO O3HAYAeT, 4TO MpH TOW >ke Marpuile npeodpazoBanus P SETUP B
ACTUAL, Ho ¢ pasnuuabiMu MaTpuniamu Q npeoopaszoBanus u3 ACTUAL 8 OBSERVED. OueBuanoe pemieHue 3Toi 3a1aun
— 3anmcarh B NaMsTh HHPOpManuio o BepiuHax B nonoxennn ACTUAL.

Tenepp st xkaxnaoro HoBoro mosiokeHuss OBSERVED wmbl Bbuuciasiem Q ¥ BBOIUM 3TO 3HAYEHHE B JIPYTYIO
nognporpaMmy "DRAWIT" (cm. muctunr 4.12, xoTopslit oTiauyaercss oT jmctuHra 4.11), xoTtopas HepeBOANT KaxIyIo
BepmuHy u3 nonoxenus ACTUAL B OBSERVED c¢ nomomibto mMartpuns! Q, 3amUCBIBACT KOOPAMHATHI ATHX BEPLIUH B
MaccuBbl V U1 W 1 HCHOJNB3YeT 3TH 3HA4YEHHs, KOT/ia OHM TpeOyIoTCs Ul reHepanun u3odpakenus. Korna mMbl ncnonszyem
ATOT METOJ CO3[aHMS H300pakeHus1, Mbl n3MeHseM Toibko moanporpamMsl "SCENE2" u "DRAWIT" u To nwmrb ciierka (cM.
mucTHHT 4.12).

LISTING 4.12

6000 REM SCENE2/VARIABLE LOOK2. 4 SHIPS (STORED).

6009 REM CONSTRUCT 4 SHIPS STORED IN ACTUAL POSITION.

6010 DIM X(20): DIM Y(20): DIM V(20): DIM W(20): DIM L(2,20)

6020 DIM A(3,3): DIM B(3,3): DIM R(3,3)

6030 LET SHIP=6500: LET DRAWIT=7000

6039 REM SHIP A.

6040 LET NOV=0:LET NOL=0: GO SUB IDR2: GO SUB SHIP

6049 REM SHIP B.

6050 LET SX=4: LET SY=2

6060 GO SUB SCALE2: GO SUB MULT2

6070 LET THETA=PI/6

6080 GO SUB ROT2: GO SUB MULT2

6090 LET TX=6:LET TY=4

6100 GO SUB TRAN2: GO SUB MULT2

6110 GO SUB SHIP

6119 REM SHIPC.

6120 LET AX=-3:LET AY=4

6130 GO SUB ANGLE

6140 LET TX=0:LET TY=3

6150 GO SUB TRAN2: GO SUB MULT2

6160 LET THETA=-THETA

6170 GO SUB ROT2: GO SUB MULT2

6180 LET SX=1:LET SY=-1

6190 GO SUB SCALE2: GO SUB MULT2

6200 LET THETA=-THETA

6210 GO SUB ROT2: GO SUB MULT2

6220 LET TX=0:LET TY=-3

6230 GO SUB TRAN2: GO SUB MULT2

6240 GO SUB SHIP

6249 REM SHIP D.



6250 GO SUB IDR2

6260 LET TX=6:LET TY=4

6270 GO SUB TRAN2: GO SUB MULT2

6280 LET THETA=PI/6

6290 GO SUB ROT2: GO SUB MULT2

6300 LET SX=4:LET SY=2

6310 GO SUB SCALE2: GO SUB MULTZ2

6320 GO SUB SHIP

6329 REM LOOP THROUGH OBSERVATION POINTS.

6330 GO SUB IDR2: GO SUB LOOK2

6340 CLS: GO SUB DRAWIT

6350 GO TO 6330

6360 RETURN

7000 REM DRAWIT

7001 REM IN - NOV,NOL,R(3,3),X(NOV),Y(NOV) ,6L(2,6NOL)

7009 REM Transform vertices from actual to observed position.

7010 FOR I=1 TO NOV

7020 LET V(I)=X(I)*R(1,1)+Y(I)*R(1,2)+R(1,3)

7030 LET W(I)=X(I)*R(2,1)+Y(I)*R(2,2)-R(2,3)

7040 NEXT I

7049 REM DRAW LINES BY JOINING PAIRS OF VERTICES.

7050 FOR I=1 TO NOL

7060 LET L1=L(1,I): LET L2=L(2,I)

7070 LET XPT=V(L1l): LET YPT=W(Ll1l): GO SUB MOVETO

7080 LET XPT=V(L2): LET YPT=W(L2): GO SUB LINETO

7090 NEXT I

7100 RETURN

YupasxkHenue 4.6

Cospaiite nBKymuecs uzodpaxeHus. Kaxmas HoBas cueHa M300pa)kaeT IUIBIBYLIME OTHOCHTENBHO ApPYT Apyra
Kopabmu. JIBmkeHwWe KopaOiel MOIDKHO 3aJaBaTbCs KaKUM-HHOYAb YIOOHBIM oOpasoMm. HaOnromatenms Toke MOIDKEH
JBUTATHCS; HAPHMEp, B HAYaJIbHBI MOMEHT BPEMEHM B3IUIsA HaOMIoJaTelssi HAIlPaBIeH B HA4aJIO0 KOOPIMHAT, 3aTeM, depes3
AT KaJIpOB, OH cMOTPHUT B TOUKY (10,10) 1 ¢ KakapIM HOBBIM KaJpoM rosoBa HakigoHseTcs Ha 0.1 paguan.

Teneps y Bac HeT HeoOxoanMocTH BBoAUTH 3HaueHus (DX, DY) u ALPHA B mognporpammy "LOOK2", BMecTo 3TOTO
OHU BBIUUCISIIOTCS B mporpamme. Ilocne Toro, kak BbI IpodnTaeTe riaaBy 13, BBl CMOKETE IIOMECTHTH 3TH IIATH CIICH B MaMSITh,
a 3areM W3BJIEKaTh MX ¢ momompio noamnporpamMmsl "MOVIE" ("mynprumnukanus'"), ecau y Bac 48-MH KHI100aWTOBBIN
BapuanT SPECTRUMa.

Ynpaxuenue 4.7

CrenepupyiiTe anarpamaTu3upoBaHHOE M300pa’keHne KOMHATHI, B KOTOPOH BBI )KHBETE - JBYMEPHOE CXeMaTHYECKOe
n300pakeHHe CTOJIOB, CTYJILEB M T.JI. Paziau4Hble THIBI MPEAMETOB HCIOJIB3YIOT pa3iMYHbIE IMPOTPaMMbl TE€HEPALUH
nzobpaxenus, n "SCENE2" nomkHa cuuThiBaTh HH(OpMamUio o mpeaMmerax B KoMHare. Kak TOJBKO Bamia KOMHaTa
BOCCO3/IaHa B MalIMHHON (opme, creHepupyiiTe mOCIe0BaTeIbHOCTh BHIOB Balled KOMHATBI, KOTOPBIC ITOIYYalOTCS
Ppa3nuYHBIMHE BEIOOpaMH MecTa 0030pa 1 HaIlpaBJICHHS B3TIISIA.

BbI MOoXkeTe TOHTH IpyTHM IyTEM W CHadajla HapHCcOBAaTh CXEMY €€ 0] pa3HbIMHU yIiiaMu. BrIOOp pasnuuHbIX ClLeH
orpomeH!

Tax xak MbI ucrnone3yeM "CLIP" B mognporpamme "LINETO", To MeI MOkeM 3a1aBaTh HeOoIbmue 3HaUeHnss HORIZ
u VERT, uro mpomsBomut 3pdexr "3yma" — BH3yaTbHOTO YBETHMYEHHS ydYacTKa CXEMBI, NPH 3TOM BHEIIHOCTH ydYacTKa
IPSIMBIX OyIIyT 0OpE3aHBl.

Cnucok npoecpamm

Msr crpynmupyem auctuara 3.4 (ANGLE-yron), 4.1A ("MULT2" u "IDR2"), 4.2A ("TRAN2"), 4.3A ("SCALE2"),
4.4A ("ROT2"), 4.5 ("LOOK2") u 4.6 ("MAIN PROGRAM") monzaronoskom "LIB2".

1. "LIB1", "LIB2", muctunr 4.7 ("SCENE2") u 4.8 "SHIP". Heo6xomumas BxomHas unpopmarus: HORIZ, VERT,
DX, DY u ALPHA. Tonpo0yiite 3Hauenus 8, 5, 1, 1, 0.5. 3aduxcupyiite 4erbipe U3 STUX 3HAYCHUI M M3MEHSHTE IISITOC
HEOOJIBIIMMU HIATaMu.

2. "LIB1", "LIB2", nuctunr 4.9A ("SCENE2") u 4.8 ("SHIP"). Bxoausie nannsie: HORIZ, VERT. ITonpoGyiite 30,
20, 60, 40.

3. "LIB1", "LIB2" u muctunr 4.10 ("SCENE2EL"). Bxomusie nanneie: HORIZ, VERT, CX, CY, A, B, THETA.
[ompo6yiite 30, 20, 0, 0, 12, 9, 0. CHoBa 3aduKCUpyHTE 3HAYCHHUS NAPaMETPOB, KPOME OJHOTO, ¥ MEIJICHHO M3MEHSITE
3HAYCHUS OCTABIIIETOCS IMapaMeTpa.

4. "LIBI", "LIB2", muctunru 4.9A (Bapuant "SCENE2N") n 4.11 ("SHIP" u "DRAWIT"). BxonHsle aHHBIE: TE XKeE,
YTO U B IIyHKTE 2.

5. "LIBI", "LIB2", muctunaru 4.11 ("SHIP") u 4.12 ("SCENE2" u "DRAWIT"). Bxonusie gannsie: HORIZ, VERT,
DX, DY, ALPHA. [TonpoGyiite 3nagenus: 60, 40, 0, 0, 0. [TociaemoBaTtenbHO W3MEHSITE 3HAUEHUS TIEPEMEHHBIX.



NMABA 5
CumBonbHas rpadmuka ZX SPECTRUM

B meproii rmaBe (uctwHT 1.2) MBI BHAENH, YTO HEOONBIIONH OJOK WM CHMBOJ 33/JaeTCS BOCEMBIO IBOMYHBIMH
yrcnamu. Takoi 010K BoceMb MHKceJIed Ha BOCeMb Ha3biBaeTcs cuMBONBHBIM O10koM. B SPECTRUMe umerorcs Tpu Buzaa
CHUMBOJIBHBIX OJIOKOB: 96 CHMBOJIOB CTaHAAapTHOTO Habopa, 16 rpaduueckux cHMBOJIOB U 21 OIOK-CHMBOII, ONpEAeIsieMbIX
mons3oBaresneM. [locnennue 1Ba Buma GI0KOB TOCTYIIHBI B TPAQHUUECKOM pekuMe. DTH CHMBOIIBI TOSIBITIOTCS HA KpaHe Ipu
ncnoisib3oBanuu oneparopa PRINT, Tak 4TO Mbl JOKHBI IO3HAKOMUTBHCS € 3TOM KOMaHIO0M.

Komanrnma PRINT mo3BossieT MOMECTHTh CHMBOI B JIF00YI0 U3 22 cTpok ¢ 0-oif (BepxHei) mo 21-yro (HIKHIO), U B
aro0oi u3 32 no3unmi 3Toit ctpoku ¢ 0-oii (yieBoi) o 31-yio (1paBylo0); CHMBOJI HaXOJIUTCSl B CUMBOJILHOM OJIOKE M KasKAbIH
U3 3TUX OJIOKOB COJICPKUT BOCEMb CTPOK IO BOCEMb MUKCeENeH B Kax oM. Kax10#l JIMHHH COOTBETCTBYET COACPIKUMOE OJTHOU
SIYCHKHU TTaMATH;, KaXkJas TOYKAa COOTBETCTBYET pPa3psAldy BOCEMH3HAYHOTO JBOMYHOTO YHCIA. JTO YHCIO COOTBETCTBYET
necssThaHoMy guciy ot 0 no 255. B mamstu Xpanutcs Tabimma cuMBoioB. Jins kaxmoro cumBona komanga PRINT mmGo
HAXOJUT BOCEMb 3HAUCHUHA U3 TaOJUIBI MM BEIUUCISACT WX, M 3alTUCHIBACT UX B COOTBETCTBYIOIIYIO SUCHKY MUCILICH-(Daiiia.
[TocnenHee MPUBONT K MOSBICHAIO HAa SKpaHe N300paKCHUS CHIMBOJIA.

CmanoapmHuulii HAOOP CUMBOIO8

Tabnuna Habopa CTaHAAPTHBIX CUMBOJIOB XpaHUTCs B [13Y, MOCTOSHHOM 3aIOMUHAIOIIEM YCTPOMCTBE KOMIIBIOTEPA.
st kaxmoro u3 96 CHUMBOJIOB OTBOJHUTCS [0 BOCEMb SYEEK MaMsITH, TaKk 4YTO Tabnuia 3aHuMaer 768 (96x8)
MOCIIEI0BATEIbHBIX SYEEK, HAUMHAS ¢ S4elku ¢ HoMepoM 15616. Kaxplii cHMBOI UMEET CBOM YHHUKAJIbHBIN KOJOBBI HOMED.
B Tabnune copepxurcs nHbOpManys, HaunHas ¢ cuMBoiia "mpoben” (kox 32) n konyas cumsosiom "COPYRIGHT" (ko 127).

Korma komanma PRINT 3anpammiBaer ajisi HEKOTOPOTO 4YMCIIa BOCEMb YHCEN, TO CHa4ajda HAXOIUTCS CHCTEMHas
nepemennas CHARS, rne comepxurcst aapec sueiiku 256 (BoceMb pa3 3HaueHHE Koja MpoOera) MEHbIle ajpeca Hadasa
TaOJHIBI CHMBOJIOB.

Jlist HaxoXKAeHUs afpeca, ¢ KOTOPOTO HauMHAeTCsl MH(OPMAIHS U1 TeHEPaIK N300paykeHNsI CHMBOJIA, KOZ CHMBOJIA
yMHOXaeTcsi Ha BoceMb U k Hemy npubasisercs CHARS. TTocne storo PRINT konupyer undopmaiuio B Auciuiend Qain, u
CHMBOJI MOSIBIISIETCS] HA SKPAHE.

[Iponycture cnenyromyo mnporpamMmy (JuCTHHT 5.1), ocHOBaHHyI0 Ha juctuHTe 1.2. OHa TOKa3pIBaeT, KaKue
BBIYMCIICHHS TIPOBOJSATCS B XoJie ATOoro npouecca. [logpodHoe 00ObICHEHUE, KaK ONPENEeUTh SUEHKH, B KOTOPBIX HAXOIUTCS
COJICPXKUMOE TUCIIICHHOTO (haiiia, MBI 1acM B I1aBe 13, a B JAaHHOM IIPUMEPE MBI UCIIOJIb3YeM TOJIbKO 010K (0,0).

Puc.23 nokaspiBaer paboTy mporpamMmsbl Juis BXOAHOro mapamerpa "?". Jlns BbIXoJa M3 IpPOrpaMMbl Ha BOIPOC
"ANOTHER GO ?" orersTe "N".

LISTING 5.1
10 CLS : INPUT "UHTCH CHARACTER";A$
20 LET A$=A$(1l): PRINT AT 2,0;"""";A$;"""SELECTED.CODE (" ;A$;")=";CODE A$

30 PRINT AT 4,0;"CALCULATION OF DATA LOCATION"
40 LET CHARS=PEEK 23606+256*PEEK 23607

50 PRINT AT 6,2;"CHARS POINTS TO " ;CHARS

60 LET TABLE=CODE A$*8

70 PRINT AT 7,2;"CODE A$*8= " ; TABLE

80 LET START=CHARS+TABLE

90 PRINT AT 8,17;"------- ": PRINT AT 9,2;"DATA STARTS AT " ;START

100 LET CORNER=16384: PRINT AT 11,0;"TABLE LOC. VALUE";" SCREEN ILOC."

110 FOR I=0 TO 7
120 LET VALUE=PEEK (START+I): LET MEMORY=CORNER+256*I
130 PRINT AT I+13,2;START+I: PRINT AT I+13,22;MEMORY
140 PRINT AT I+13,13;VALUE
150 POKE MEMORY, VALUE
160 NEXT I
170 INPUT "ANOTHER GO ?";Y$: IF Y$="N" THEN STOP
180 GO TO 10
-
"eUSELECTEDR . CODE (7] =63
CALCULATION OF DATA LOCATION
CHARS POINTS TO 1536@

COLDE R%xS= sS4
DRATA STARARTS AT 15564
TRELE LOC. VALUE SCREEM LOC

15264 5] 15354
1S2E65 =1=] 1554
1S2E6E EE 15596
1S267 4 17152
1S2E6S =] 17485
15269 5] 17564
1SS7a =] 179z2@
15571 a 15176

AMOTHER GO 7"@"
Puc. 23.

PesynbraT paboThl mporpamMMsl s cuMBoia"?" mpuBeaeH Ha puc. 23.



Ynpaxxaenue 5.1
[NepenuimnTe nporpaMmy Ha JUCTHHTE 5.1 ¢ TeM, YTOOBI BBl MOTJIM pelllaTh: MOMEIIATh MM HE MOMEIIaTh 3HAYCHUE

nepemenHoii VALUE komangoii POKE B nmucrineiinbiii daii. Ecim kakoe-nmnbo w3 BockMmu 3HaueHnii VALUE Bamu
0oTOpakoBbIBaeTCs, TO BBeauTe 3aMeHy At 3toro VALUE. TloskcniepuMeHTHpYHTE ¢ 3aMEHOIH OHOTO WM JIBYX 3HAYCHHH B
VALUE cumsoze.
I'paghuyeckuii pescum pabomot

EctectBeHHO OBLTO OBI MPEAIOJIOKHUTH, YTO C TIOMOIIIBIO aapeca, 3HadeHue KoToporo xpanutcs B CHARS, moxHO
y3HATh O CHMBOJIAX, COOTBETCTBYIOMHNX Koy 0, ogHako koxam co 3HageHrneM ot 0 110 31 n11ubo COOTBETCTBYIOT yIIPABISIOINE
CHMBOJIBL, JIHOO BOOOIIC HUKAKHE CHMBOJIBI HE COOTBETCTBYIOT. X0Ts ¢ momorsio CHARS MoxHO ompemenuts agpeca siueex,
COOTBETCTBYIOIIMX 3THUM 3HaYEHHUSM Koja, HO 3Tu 256 (32*8) OuT He conepkaT MHGOPMAIMK O CUMBOJIAX U, CJEJOBATEIbHO,
MX MOXKHO HCIOJIB30BaTh Ui Apyrux uened. Eciam 3amate rpaduyeckuii CHMBOJ B KauecTBE MapameTpa JUisl MMOIpOrpaMMbI
Ha JIUCTUHTE 5.1, TO MBI JIMOO HE MOJYYUM HUKAKOH MH(POPMAIMK O CUMBOJIAX, MO0 OHA OyAET COBEpIIEHHO MPOU3BOJIBHOM.
3TO CBSI3aHO C TeM, YTO B TaOJHIIE CHMBOJIOB XPaHWUTCS MH(QOpMaNMs O CUMBOJIaX ¢ Kojamu oT 32 mo 127, a y cuMBOJIOB
rpaduyeckoro pexxuMa Homep Kozia Oosble 127, 4To MpUBENET K TOMY, YTO MPOrpaMMa paccMaTpHUBaeT MECTO 3a KOHIIOM
TabaMIBI CUMBOJIOB. OTa Tabumna xpanutes B [13Y cpasy nepex HauaoM maMsTH MPSIMOH aJipecaniny, KOTopasi HCIOJIb3yeTCsI
JUIL BPEMEHHOTO XpaHEHWS WH(OpMalWH, TaK YTO TporpamMma OyAeT mpocMaTpuBaTh AWCIUIEHHBIN (aiin, 3aHMMaromui
niepBeie 6K RAM (O3YV).

brounas epagpuxa

Wudopmanus s rpadudeckoro 610ka He xpanures B [13Y, a kaxplil pa3 BeIYMCIIETCS 10 KOy cMMBoJia. Kaxplii
rpaduyeckuii OJIOK COCTOMT M3 YEThIpEX KBA/IPATOB, COCTOSIHUE KaXKIOTO MPEACTAaBICHO IBONYHBIM "BKJI" MM "BBIKI" OJJHOTO
13 TIOCJICIHUX YETHIPEX JBOMYHBIX Pa3psiioB HOMepa KBazapara. YeTslpe CTPOKHU N0 8 MUKCeNel CUNTAIOTCS HICHTHYHBIMH, TO
K€ OTHOCHTCS 1 K TTOCITIETHUM YETHIPEM CTPOKAM.

10001101 = CODE (" --I ")
1000XXXZX = BLOCK GRAPHIS
CHARACTER,
XXXX1101 = FOUR CORNERS OF
CHARACTER,
1111 1111 00O00O 1111
00001111 = UALUE FOR TOP 4 LINE3
11111111 = UALUE BOTTOM 4 LINE3
00001111 mmimiml ][]
00001111 Oo0CEEER
00001111 mmmm | ] ]|
00001111 OdodaaEm
11111111 EEEEEEEN
11111111 EEEEEEEN
11111111 AEEEEEER
11111111 EEEEEEEN

Puc. 24.

Ecnu MBI 3HaeM, 4TO CHMBOJ sIBJIsE€TCS TpadudeckuM OJOKOM, TO MBI MOKEM HCIIOJIb30BATh JIBAa BHJA JIAHHBIX,
YETBIPEXK/IbI UCTIONB3Ysl KOTOPBIE MBI co3aeM Ook. ITpumep Toro, kak 370 nemaercs, naercs Ha puc. 24. ['padudeckue Girokn
MOJKHO HCIIOJIB30BATh VISl TOJMYYEHUs] rpaduIeckoro M300pa’keHusl CpedHeil paspemaroniell crnocoOHOCTH ¢ TpadUuecKuM
moneM 64x44 6mokoB. Mcnomb3yst Takyro TEXHHKY, MOKHO OYEHb OBICTPO CO3[aBaTh CIOXHBIC NBYXIBETHBIC KAPTHHKH.
W3obpaxenne, mpuBeIeHHOE Ha pHUC. 25, CO3MAaHO C TOMOIIBI0 TMporpamMmbl Ha JuctuHre 5.2. [lporpamma pucyer
MIOCIIE0BATEIbHOCTh HEOONBIINX KOHIEHTPUUYECKUX OKPY)KHOCTEH B JICBOM BEpXHEM YITy, a 3aTeM CO3JaeT KpPYyIHOE
n3o0pakeHne "yKpPYITHEHHBIMH' 3JeMEHTaMH W300pa)KeHHs, BBI3BIBAS JJIS 3TOTO CHENHANBHYIO IOATporpammy. s stoi
MOJIPOrpaMMbl  TpeOYyeTCs ONpPEIEIUTh CUMBOJIBHBINA OJIOK, KOTOpPBIA OyJneT JIEBbIM BEpXHHM YIJIOM Halleld HavyaibHOU
no3utu. MHpopmalys ¢ noss stk 6J0KOB BHU3 OT 3TOI0 CHMBOJIA U IEBATH OJIOKOB BIIPABO 3alMCHIBACTCS MOIIPOrPaMMOiA
u3 JUciuieiiHoro gaiina B MaccuB S. [ Kax1oW mapel JMHUE - 3Ta MOANpPOrpaMma coOupaer BOCEMb MH(MOPMAIMOHHBIX
yacTell U mpeoOpasyer ux B OMHApHBIC CTPOYKU (cM. cTpoky 1130 u manee). DTH CTPOKH HCHOIB3YIOTCS JUISL OCTPOCHUS
JIBOMYHOTO TPEJCTaBJICHHs] KoJa IpaduyecKkoro cMMBOJIA: U3 CTPOK BBIOMPAIOTCS ABYXOHWTOBBIE CEIMEHTHI, TI€pe]] KOTOPBIMH
BCTaBIISIETCSI 3HAUEHHE Koza (cM. cTpoky 1230).

Puc. 25.
LISTING 5.2
100 REM MAIN PROGRAM
110 LET BIG PIXELS=1000



120 FOR I=1 TO 18 STEP 3: CIRCLE 32,156,I: NEXT I

130 GO SUB BIG PIXELS

140 STOP

1000 REM BIG PIXELS

1010 DIM P(8) :DIM S(40,8)

1020 FOR I=1 TO 8: READ P(I): NEXT I: DATA 128,64,32,16,8,4,2,1

1030 DEF FN S(R,C)=16384+INT(R/8)*2048+ (R-INT (R/8) *8) *32+C

1040 INPUT "TOP LEFT CORNER " ,"BLOCK IS AT ROW.COL ";ROW;",";COL

1050 FOR I=0 TO 4

1060 FOR J=0 TO 7

1070 LET P=FN S (ROW+I,COL)

1080 FOR K=0 TO 7

1090 LET S(I*8+J+1,K+1)=PEEK (P+256*J+K)

1100 NEXT K: NEXT J: NEXT I

1109 REM SET SCREEN TO 20*32 WHICH IS FOUR TIMES AREA TO BE EXPANDET.

1110 BORDER 1: PAPER 7: INK O: CLS

1120 PRINT AT 21,0; PAPER 1;,,: PRINT AT 0,0; PAPER 1;,,

1129 REM TAKE TWO LINES OF PIXELS AT A TIME FOR TRANSLATION TO QUARTER BLOCKS.

1130 FOR I=1 TO 39 STEP 2

1140 LET A=I: LET B=I+1

1150 FOR J=1 TO 8

1160 LET AS$="00000000": LET B$=A$

1170 LET T=S(A,J): LET U=S(B,J)

1179 REM CALCULATE BINARY FORMS OF PIXELS FOR THE BLOCK ACROSS.

1180 FOR K=1 TO 8

1190 IF T>=P(K) THEN LET T=T-P(K): LET AS (K)="1"

1200 IF U>=P(K) THEN LET U=U-P(K): LET B$ (K)="1"

1210 NEXT K

1219 REM TAKE TWO PIXELS FROM EACH OF THE PAIR OF BYTES TO MAKE FOUR QUARTERS.

1220 FOR K=1 TO 4: LET D=2*K: LET C=D-1

1230 LET C$="BIN 1000"+B$(C TO D)+AS$(C TO D)

1239 REM CONVERT BINARY FORM OF QUATER BLOCKS TO CHARACTER.

1240 LET C=VAL C$: PRINT CHRS$ C;

1250 NEXT K: NEXT J: NEXT I

1260 RETURN

I'paduueckue cuMBOIBI, CreHEPUPOBAaHHbIE MNpPEIBIAYLICH MPOrpaMMOil, BBHICBEUMBAIOTCS HA AKPaHE U CO3JAIOT
TOYHYIO KOIMIO COIEP>KHMOT0 rpadudeckoro nmosust 5*8. D10 n3o0pa)keHHE IOMy4aeTcsl YeTHIPEXKPATHBIM PACTSHKCHUEM II0
KaXIoll ocH, Tak 4TO Temeps oHO 3aHMMaeT 20 610koB Ha 32 GiOKa, M KaKIOMY DIIEMEHTY HM300pa’keHHs COOTBETCTBYET
KBaJIpaT 4eThIpe JIEMEHTa N300paKeHHsI Ha YeThIpe.

Ucnone3ys komanny COPY u nuctuHru npuntepa X, YeTHIPEXKPATHOE YBEINYEHHE MOXET OBITh JOCTHTHYTO 16 -
KpaTHBIM Hcnosb3oBanueM noanporpammsl "BIGPIXELS", a 3aTeM ckiienBaHHEM OTJIENIBHBIX YacTei N300paskeHHMsI.

YunpaxHenue 5.2

Hammmmre nporpamMy, KoTopas nedaraer camy ceOs, KOIMUpys KaX10e U3 Mojeid 5X8 ¢ MOMOIIBIO ITOAIPOrpaMMEI
"BIG PIXELS".

I'pagpuxa, onpedensiemas norvzosamenem

Tperuit HaOOp CHMBOJIOB - 3TO CHMBOJIBI, ONPEICIIIEMbIC MOJIb30BaTeIeM (HoMepa KomoB ot 144 no 164). Emie ogHa
TabJUIA U1 3TOro Habopa XpaHUTCS B MmocienHuX 168 sdeiikax B KoHIE mamsatu. Korma xommbprorep BKIOYaroT, TO 21
cumBoa ot "A" mo "U" xommpyercs B 3Ty Tabnuiyy. B rpaduueckoM pexuMe 3TH CHMBOJIBI I1€4aTAalOTCSl ¢ KIIaBHATYPHI.
Wndopmanns B sueiikax 3Toi TaOIMIBI MOXKET OBITh M3MEHEHa II0JIb30BATENIEM, TaK YTO HEOOXOAWMBI CHMBOJ MOXKHO
BBOJIUTH IIPSIMO ¢ KiaBuatypsl. J{ist Toit nenu uMeercst Berpoennas pyHknus USR, kotopas npu BBegeHun cumpona (ot "A"
o "U") BeImaeT agpec IepBoi SYCHKH B KOTOPOI XpaHUTCS WHPOPMALUs 00 SKBHBAJICHTE 3TOTO CHMBOJIA. AJJpec Havyala 3TOH
Tabnuiel xpaHuTcst B cuctemMHoil mepemeHHod UDG. Koxn cumBonma munyc 144 W yMHOXCHHBIH Ha BOCEMb IacT
OTHOCHTEJIFHOE TOJ0)KEHHE TTEPBOH M3 BOCEMH STUECK, OTHOCSIIMXCS K cHMBOIY B 3ToHi Tabnmie. @ynkunus USR Berumuciser
aTy mosurmio u npubasiasier ee Kk UDG mis monmydeHnss aOCONMIOTHOTO afpeca 3Toro cuMmBoia B mamatd. UDG moxHO
MO (UIIPOBATH TaK, YTO CTAHET AOCTYIHBIM MEHBIIEE KOJINYECTBO CHMBOJIOB, HAIIPUMEP: TOJIBKO CUMBOJBI 0T A 110 H, 9o
OCTaBIIIET MECTa B MaMATH IS MPOTpaMM, XOTS B 3TOM BO3HMKACT HEOOXOAMMOCTH TOJBKO TOTJA, €CIM y Bac ecTb 16
kminobaitt namaru O3Y i TOro, 4ToObl MO3HAKOMUTHCS C MCIIOJIb30BAaHUEM 3TOW (YHKIHMU Uil U3MEHEHUS] W300parKeHUs
CHMBOJIa, BBEIUTE CIICAYIOLIYI0 KOMaHIY:

POKE USR "A", BIN 00100100

Teneps, ecn HaxkaTh KiaBuiry "A" B rpaguueckoM pexxume, Bbl YBHIUTE HaJl HEl JBE TOUKH.

[Iporpamma Ha nucTuHre 5.3 MO3BOJSET BaM MEPEONpPENCIUTh BCE BOCEMb IBOWYHBIX YHCEN, MPEICTaBIISIOIINX
cumBoJl. Ilocnie aToro mporpamma co3faeT rpaguyeckuil pexuM, YTO MO3BOJISET IedYaraThb OINpEAeNIsIeMble I0JIb30BaTeIeM
CUMBOJIBI Ha 9KpaHe. [l BIXoJa U3 MpOrpaMMbl HCHOIb3YyeTCs cuMBoa "Z".

LISTING 5.3

10 INPUT "CHARACTER TO BE","REDEFINED ";U$: IF U$="" THEN GO TO 10

15 IF U$=CHR$ 90 THEN GO TO 210



20 IF US<"A" OR US$>"U" THEN GO TO 10

30 LET MEMORY=USR U$: CLS

40 FOR I=0 TO 7

50 INPUT ("VALUE"+STR$ I+"=BIN ") ;LINE BS$

60 LET VALUE=VAL ("BIN "+BS$)

70 POKE MEMORY+I,VALUE

80 IF LEN B$<8 THEN LET B$="0"+B$: GO TO 80

90 PRINT B$: NEXT I

100 PRINT AT 10,0;"TYPE CHARACTER OR ENTER"

109 REM SIMULATE GRAPHICS MODE FOR LETTERS A TO U.

110 LET R=12:LET C=0

120 PRINT AT R,C; FLASH 1;"G"

130 IF INKEY$ <>"" THEN GO TO 130

140 LET AS$=INKEYS$ : IF AS$="" THEN GO TO 140

149 REM IF "ENTER" IS PRESSED THEN RESTART PROGRAM.

150 IF A$=CHRS$ 13 THEN GO TO 10

160 IF AS<"A" OR AS$>"U" THEN GO TO 130

169 REM CONVERT CHARACTER TO EQUIVALENT USER-DEFINED GRAPHIC AND PRINT.

170 LET A$=CHR$ (CODE AS$+79)

180 PRINT AT R,C;AS$

189 REM MOVE TAKE CURSOR POINTERS.

190 LET C=C+1l: IF C=32 THEN LET C=0: LET R=R+1l: IF R=22 THEN LET R=12

200 GO TO 120

210 STOP

Ynpaxnenne 5.3

Hcnonp3yiiTe nporpamMMmy Ha JUCTHHTE 5.3 /It reHepauny rpaduyeckoro CUMBOJIa, Y KOTOPOTO OJTHOTOHHBIE YYaCTKH
3aMEHSIOTCSl Ha y4acTKM C OpPHAMEHTOM B KJIETOUKY, KaKk Ha IIaxMaTHOW nocke. Mcmonesyiite pasnuunble 1Beta PAPER
(®OH) u INK (PUCYIOIHI [IBET), HarpuMmep, COUeTaHHE KPACHOTO M JKEJITOrO JATYT OPAHIKEBHI.

Omnpepnensiemasl Mojb30BaTeleM rpauka MOXKET HEHNOCPEACTBEHHO HCIIONIB30BAThCS B BAIUX MpOrpamMMmax I
YCKOPCHHUS IMOCTPOSHUSI M300paxkeHus. TOT ke CHMBOII MOXKET OBITh CO37aH mocieaoBareabHOCThI0 KoMana PLOT u DRAW,
HO B OOJIBIIMHCTBE CIIy4aeB 3To TpedyeT Oouibie BpeMeHu. HamprmMep, ¢ MOMOIIbI0 CHMBOJIOB MOKHO CO37[aBaTh OPHAMEHTHI,
YTO 3aHUMAET 3HAUYUTEIBHO MEHBIIIE BpeMEHH, 4eM npu ucnoiab3oBannd PLOT u DRAW st co3panus Takoro e OpHAMEHTAa.
Ha nuctunre 5.4 npuBeneH TEKCT IpOrpaMMBl, CO3AI0IIEH OPHAMEHT, UCTIONB3Ys ONPEACIEHHBIE MTOJIb30BATEIEM CUMBOIIBI OT
"A" mo "D", xoTopple HaOMpaOTCS B CHUMBOJBHBIX KOHCTaHTax (cTpokm 240 m 250) B rpadmueckom pexume. [locme
NepeonpeieNieHNs Ha SKpaHe AUCIIes OyIyT MOSBIATHCS HOBBIC CHMBOJIBL, @ HE COOTBETCTBYIOIINE UM CUMBOJIBI KJIABUATYPHI.

LISTING 5.4

200 REM ORNAMENT

209 REM FILL SCREEN WITH A DIAGONAL PATTERN OF FIRST FOUR GRAPHICS CHARACTER.

210 OVER O

220 INPUT "INK=";I: INK I

230 INPUT "PAPER=';;I: PAPER I

240 LET AS$="ABCD": LET B$="BCDA"

250 LET C$="CDAB": LET D$="DABC"

260 FOR J=0 TO 7

270 FOR I=0 TO 4

280 PRINT AT I*4,J*4;A$

290 PRINT AT 1*4+1,J*4;B$

300 PRINT AT I*4+2,J*4;C$

310 PRINT AT I*4+3,J*4;D$

320 NEXT I

330 PRINT AT I*4,J*4;A$

340 PRINT AT 1*4+1,J*4;BS$

350 NEXT J

360 STOP

AﬂbmepHamu@Hble MHOIHCECMEA CUMBOJI06

Jo cux mop MbI Bcons30BaiH 37 Tpa@UUEcKIX CUMBOJIOB JUIS CO3AaHUS PUCYHKOB, HO, UCIIOJIB3YS AIbTePHATHBHEIC
CTaHJAPTHBIC MHOXKECTBA, UX YUCJIO MOKHO JOBECTU 1O 96. I[Il}l TOTO, LITO6]:-I HCIOJIB30BaTh AJIbTCPHATUBHBIC MHOXKCCTBA, MbI
pocTo U3MeHsieM 3HaueHue, xpansimeecs B CHAR, Tak, 4To 3To 3HaYeHHE yKa3blBaeT HA HOBOE MHOXKECTBO, XpaHsiIleecs B
3aIMOMHHAIOIIEM YCTPOHCTBE PSMOM aJpecaiii, BMECTO OOBIYHOM TaOIHUIIBI.

Jlist 3TOro HaM HyXHa mporpamMma, Kotopas Obl yIpolaia 3Ty 3ajady, a TakKe IMO3BOJIsUIa Obl H3MECHATH CHMBOJIBI
10CJI€ UX TeHEePaLIUU.

LISTING 5.5

1 CLEAR 62294:INK O: PAPER 7: BORDER 7: OVER 1 :LET N=0: REM FOR 16K MACHINES
USE CLEAR 255+THE VALUE OF S(I) WHERE I IS THE INDEX OF THE LOWEST CHARACTER SET
WHICH WILL FIT IN THE AVAILABLE STORE.

2 DIM Z$(8,8):DIM T$(8,8): DIM S(6): DIM P(8): DIM B(8): DIM G(7): REM LINE



NUMBERS TO GO FOR MENU OPTIONS.

3 FOR I=1 TO 7: READ G(I): NEXT I: DATA 61,67,71,100,106,112,119: REM POWERS OF
2 READY FOR USE IN BINARY CONVERSIONS.

4 FOR I=1 TO 8: READ P(I): NEXT I: DATA 128,64,32,16,8,4,2,1: REM VALUES WHICH
MUST BE PLACED IN CHARS TO USE EACH ALTERNATIVE SET. FOR 16K MACHINES THESE NUMBERS
SHOULD BE: 15360,29271,30039,30807,31575,32080, (SEE APPENDIX) .

5 FOR I=1 TO 6: READ S(I): NEXT I: DATA 15360,62039,62807,63575,64343,64848

6 LET S=1: GO SUB 17: REM CHECK SET 1 IS WEING USED AND PRINT MENU.
7 CLS : PRINT AT 2,2;"***CHARACTER GENERATOR***"
8
9

PRINT AT 5,6;PAPER 5;"1";PAPER 7;"...PRINT ALL SETS"
PRINT AT 7,6;PAPER 5;"2";PAPER 7;"...PRINT ONE SET"
10 PRINT AT 9,6 ;PAPER 5;"3";PAPER 7;"...EDIT CHARACTER"
11 PRINT AT 11,6;PAPER 5;"4";PAPER 7;"...COPY SET TO SET"
12 PRINT AT 13,6;PAPER 5;"5";PAPER 7;"...SAVE SET"
13 PRINT AT 15,6;PAPER 5;"6"; PAPER 7;"...LOAD SET"
14 PRINT AT 17,6;PAPER 5;"7";PAPER 7;"...RUN YOUR PROGRAM": REM WAIT FOR VALID
OPTION.

15 INPUT "WHICH OPTION ";OP: IF OP<l OR OP>7 THEN GO TO 15: REM JUMP TO
APPROPRIATE ROUTINE.

16 GO TO G(OP): REM AOST SUBROUTINES ARE LOCATED AT START OF PROGRAM FOR
EFFICIENCY. ROUTINE TO CHANGE TO SET S BY ALTERING CHARS TO POINT TO NEW TABLE OF
DATA.

17 LET HI=INT (S(S)/256): LET LO=S (S)-HI*256

18 POKE 23606,L0: POKE 23607,HI: RETURN: REM GENERAL ROUTINE TO WAIT BEFORE
CLEARING SCREEN AND RETURNING TO MENU.

19 LET S=1: GO SUB 17: INPUT "PRESS ENTER TO","RETURN TO MENU";LINE A$: RETURN

REM CLEAR BINARY CHARACTERS ARRAY.

20 FOR I=1 TO 8: LET 2$(I)="00000000": NEXT I: RETURN: REM INPUT A VALID SET
NUMBER AND GIVE UPPER AND LOWER BOUNDS FOR CHARACTERS

21 INPUT "WHICH SET";S: IF S<1 OR S>6 THEN GO TO 21

22 LET A=32: LET B=127:IF S=6 THEN LET A=65: LET B=85

23 RETURN: REM INPUT A VALID CHARACTER FOR CHOSEN SET.

24 INPUT "WHICH CHARACTER";C$: LET C=CODE C$: IF C<A OR C>B THEN GO TO 24

25 RETURN: REM DRAW EIGHT BY EIGHT BLOCK GRID AT HORIZONTAL POSITION ALTERED BY

26 LET NN=64+N: FOR I=0 TO 8

27 PLOT I*8+NN,64: DRAW 0,64

28 PLOT NN,I*8+64: DRAW 64,0

29 NEXT I: RETURN: REM PRODUCE GRAPHICAL EQUIVALENT OF BINARY STRING ARRAY
INSIDE GRIB.

30 FOR I=1 TO 8: FOR J=1 TO 8

31 LET P=7: IF N=0 AND Z$(I,J)="1" OR N=96 AND T$(I,J)="1" THEN LET P=4

32 GO SUB 48: NEXT J: NEXT I: RETURN

Moamnporpammsr nporpammbl CHARACTER GENERATOR (TEHEPATOP CHMMBOJIOB) He3aBHCHMEI Ipyr OT
JpyTa ¥ MpeJHa3sHAYCHB! IS BBIIOIHEHUS MOATOTOBKH K HCIOJIb30BAHUIO M UCIONB30BAaHUS ONPEAEISEMbIX MOIb30BATEIEM
CHUMBOJIOB: OHHU MO3BOJSIOT BaM pENAKTUPOBATh U YNPaBJIATh CHMBOJAMHM, HCIOIb30BaTh allbTEPHATHBHBIE MHOXKECTBA
CHMBOJIOB U TparuecKie CHMBOJIBI, COXPAHATh M MEpe3arpykaTh OlpeessieMble CHMBOJIBI 1 MTHOBEHHO IPOBEPSTH Balln
coocteHHbIe TiporpamMebl. [Iporpammer Hamucansl st SRECTRUMa ¢ 48K maMsaTi u pacrionararorcsi B HIDKHEH ee 9acTH
(3aamMast ctpoku ¢ 1-oif mo 118-y10), 3areM maeT Bama COOCTBEHHAs MpOTpaMMa, HayMHAOMIascsa co CTpok: 3a 118-oit
CTPOKOIA, 32 KOTOPOH CIEIYIOT MOIMPOTPaMMBI IIEpEeHyMepany U yaaieHus (cMm. raBy 13), kotopele HauuHaroTes ¢ 9900-oit
ctpoku. Ecimm y Bac 16K mamatm, To 3Ta moamporpamMma JOJDKHA OBITH HE3aBUCHMOHM OT JPYTHUX IMOANPOTPAMM - CM.
mpujioxKeHne A.

IMoamporpaMma BHa4aje MpeUIaracT BaM CEMb BO3MOJKHBIX OMNIUH, K PACCMOTPEHHIO KOTOPBIX MBI U IPUCTYIHM.
(Cpa3y oroBopuMmcs, 4To B JIMCTUHre 5.5 He mpuBezeHbl cTpokd 33 - 118 moamporpamm o0pabOTKM OMIMH, MMO3ITOMY
IporpaMma B IPUBEACHHOM BHU/I€ JIMILb BHIBOAUT HA 9KPaH MEHIO OILUi, He 00pabdaThiBas UXx).

1. Iepeas onyus - PRINT ALL SETS (HAIIEYATAUTE BCE HABOPbI). B 3ToM pexuMe CHayala HaredaTaroTcs
HOpMasIbHbIE CUMBOJIBI (1-bIi HaOOP), 32 KOTOPHIMHU CIIEAYET YEThIpe AIBTEPHATHBHBIX Habopa CMMBOJIOB (CO 2-TO 1O 5-BIif),
3aTeM CHMBOJIBI, OIpeJeisieMble MOIb30oBaTesieM (1ecToil Habop). B HeckonbKkMX mocnerHUX cHMMBOJax 5-ro Habopa Oyner
coJiepKaThCsl OeccMBICIIeHHas nHpopmanus, octatok creka GO SUB, BeITeCHEHHBIH B 0€301MacHOE MECTO.

2. Bmopas onyusi - PRINT ONE SET - (HAIIEGATAUTE OJUH HAFOP). D11 HabopsI IPOHYMEPOBAHBI YHCIAMH OT
1 no 6 cnexyrommm obpa3om: 1 HabOp CTaHIAPTHBIX CHMBOJIOB, HE MOKET OBITH M3MEHEH; HAOOPHI CO BTOPOTO IO IATHIA -
aJIbTEPHATHBHBIEC, MOTYT Ha BPEMs 3aMEHHTh CTAaHIApTHHIH Habop; 6 - HAOOp CHMBOJIOB, ONPEIEISIEMBIX IOJIH30BATEIEM,
noctymneH Beeraa. Ilocie BeIOOpa Kakoro-HUOYAb U3 3TUX YHCEN HA 9KPaHEe MOSBSITCS CHMBOJIBI CTAHAAPTHOTO Habopa, rmocie
KaXJIOTO U3 KOTOPBIX OyZeT CTOATH 3HAK -; KAK CUMBOJI, TAK U 3TOT 3HAK IE€YATAIOTCS HA KEITOM (DOHE, 32 KOTOPBIMH CIEIYET
COOTBETCTBYIOIIMI CHMBOJI albTepHaTUBHOrO Habopa. [nst 6-ro Habopa OyayT HamewaTaHbl TOJBKO 3HAYEHUS! CHMBOJIOB OT
"AH )10 HUH'



3. Tpemwvsa onyus - PEJAKTHUPOBAHHWE. D10 caMas CJIOXHas ONIMS C OOJBIIMM YHUCIOM KOMaHJ, KOTOpPbHIE
BBOJSITCA HAOOPOM TEPBOTO CHMBOJIA KOMaH/bl. Bo-miepBhIX, BaM IpHUAETCS OTBETUTH, C KAKOTO HA0Opa M ¢ KaKOro CHMBOJIA
BBl XOTHTE Ha4yaTh. ECITM BBl XOTUTE HauaTh ¢ HE3AIOJIHEHHOM TaOIMIBI 8 MUKCeNel Ha 8, TO BaM clielyeT BBECTH | U CUMBOI
npo6ena (eciau Bbl XOTUTE HCIOIB30BaTh anocTpod, To ero cieayer Habuparth ABAKIBI.

Tenepb BBl HAaXOAWUTECh B PEKMME PENAKTUPOBAHUS, M CHMBOJI, KOTOPBIH BBl yKa3al, OyIeT BOCIIPOM3BEICH B
3eJIeHBIX KBaJpaTax pa3MepoM BOCEMb INHKceled Ha BoceMb. KpecT B JIeBOM BEpXHEM YTy - 3TO Kypcop, KOTOPBIH
YIpaBIsieTCs] CTaHIapTHBIMU KypCOpHBIMH Kiapumamu ("5", "6", "7", "8") ¢ nnm 6e3 knasumu SHIFT.

Ieperie komannel - PLOT (HAHECTU) n OFF (BBIKJI). OHu M3MEHSIOT OJHWH KBajpaT B CeTKE CHMMBOJIOB. Jlis
9TOTO TOABEIUTE Kypcop K KBaapary u BBeaute "P" wmm "O".

"P" memaeT KBampat 3eJ€HBIM, UTO SKBHBaJeHTHO ABonyHoMy "BKIJI", a "O" ctupaet n3obpakeHue B KBaupare, neias
ero OembIM.

Crnenyromuye TP KOMaHABI ONPEACNSAIOT INpeoOpa3oBaHMs, aHaJOrM4yHble omucaHHeiM B TiaBe 4. ROTATE
MoBOpauuBaeT cMMBONI Ha 90 rpamycoB IPOTHB YacOBOW CTPEIKM OTHOCHTENIBHO LEHTpa KBaapara. CHMBON OTpaxaeTcs
OTHOCHTEIIPHO KoopAMHATHBIX oced mo koMaHae X-AXIS (oce X) mmm Y-AXIS (ock Y). OTH KOMaHIBl UCHOIB3YIOTCS IS
CO3JIaHMsI TEKCTOB, PACIOI0KEHHBIX Ha 3KpaHe MPOU3BOJIBEHBIM 00pa3oM.

W, nakonen, komanasl MERGE, SAVE, DOUBLE.

Komanma MERGE (ITOMECTUTD) no3BossieT moOMeCTUTh 000 CHMBOJ B CETKY, HOBEPX TOTO, YTO YK€ OBLIO
OTPEAAKTUPOBAHO. DTO OYEHb yJ0OHAas KOMaHJa sl co3laHus Habopa OyKB MHOCTpaHHOTO andaBuTa: HapuMep, Ui TOTO,
YTOOBI HOMECTHUTH YepTOUKy depe3 O /It CKaHJMHABCKHX S3BIKOB, 100ABISTh aKIEHTHI 11 (ppaHIly3CcKOro U T.JI.

Komanna SAVE (COXPAHUTD) 3anpanBaer, B KakoM HaOOpe MBI JKeJIaeM COXPaHUTh BHOBb CO3JIaHHBIN CHMBOI,
1 KaKOMY CTaHAApTHOMY CHMBOJIy OH COOTBETCTBYeT. Ecim BBoauTCst Habop 1, To cuMBoOI OyIeT yHHUTOXEH, TaK Kak ITEepBbIA
Habop xpanutcs B [13Y; 3Ta onepaiist MOXKET OKa3aThCsl MOJIE3HOM MPU YHUUITOKCHUH HEHYKHBIX CETOK.

DOUBLE - 3T0 MOIIHOE BCHOMOTAaTEIbHOE CPEICTBO, TO3BOJIIONIEE YBEIMYUTH BABOE JIOOYI0 U3 YETBEpTEH
CHMBOJA, KOTOPBII BB peIaKTHPyETe, M COXPAHUTH ITO N300pakeHHe B maMATH KoMaHnoi SAVE, mociie 4ero Kk HeMmy MOXHO
oOpamaTbcss Kak K HOBOMY CHMBOJYy. JTa KOMaHIa HE MEHSET CHMBOJIA, KOTOPBIM PENaKTHPYETCsl, TaK 4YTO BCE UETHIPE
YETBEPTHHKU CUMBOJIA MOTYT OBITh 3aIIMCAHBI B IAMSITh, YTO MOYXHO HCIIOJIb30BATH ISl YBEJIUUCHUSI CUMBOJIOB.

4. COPY SET TO SET (KOIIUPYUTE HAFEOP B HABOP) - 5Ta ONIus HCHONb3YeTcs I KOMMPOBaHUs HaGOpOB
LEJMKOM Ui OOJIErdeHUs BBIMOJIHEHUS JICHCTBUI C 3TUM HabOpOM; 3Ta Omepanus CBOAWUTCA K NEPEMELICHHIO B MaMsITH
OJIHOTO M3 albTepHATHUBHBIX HaO0opoB. Habopbl co 2-ro mo 5-blif XpaHATCS B KOHIE MAMATH B SYeHKaX, TaK 4TO KOHEL| 5-T0
HaOopa HEMOCPEINCTBEHHO NpEANIeCTBYeT Tpaduke, oOnpeaenseMol moib3oBaTeneM. B 48-kmnoOaiitHoM BapuaHTe
SRECTRUMa obnacts mamsTH, OTBEeJCHHas Uil HA0opoB 2 - 5, oxpansercs ot Oelicuka komannod CLEAR 62294. Yucno
62294 Ha eqWHUWITY MEHBIIIE HOMEpa MEePBOU sTUeiku Habopa 2. UTOOBI 3alUTUTH TOIBKO 00JacTh i HabopoB 1, HaM HYXHO
BeruncanTs S(1)+255 m momectuts 310 3HaueHme B komaHmy CLEAR B nHawame mporpammsel. S(l) - 310 3HadeHwue,
nprucBanBaeMoe cucteMHoi nepemenHoii CHARS, ms Toro, uto6s1 komanna PRINT morna nemons3oBats 1-b1i Habop. OtH
3Ha4yeHus1 BBoaaTcs komannoir READ omepatopa DATA Tpetseit cTpoku nmporpammMel. OOpaTute BHUMAaHHE Ha M3MEHEHHS,
KOTOpBIE cIIeyeT BHECTH, ecr y Bac 16K mamsitu (cM. mprnoskeHue A).

5 u 6. Ilaras omuus MO3BOJIAET 3amMcaTh HaOOp HA JICHTY, a IecTas - 3arpy3uTh ero oOpatHo B mamATh. Ecnm Ha
Borpoc "WHICH SET?" (KAKOI7I HABOP?) mbl oTBewaeM uucioMm OoT 1 70 6, TO 3TOT HAOOp 3amHCHIBACTCSA MU
niepesarpysxaercs. Eciau Hareuatats 5 6, To 5 1 6 HaOOpbI OyAyT 3aNKCaHbl WK MEepe3arpykeHbl B 0JTHOM OJIOKe.

Jlist Toro, 4troObl Jpyrue MNpOrpaMMbl MOTJIM HCIIOJb30BaTh aJlbTEepHATUBHbIE HAOOpBHI CHMBOJIOB, CIEIyeT
ckormpoBath crpoku 112-117 mporpammer "CHARACTER GENERATOR" Bmecre ¢ moxmmporpammoii (Ha 17 u 18),
TI03BOJISIIONIEH TEPEKIIF0UaThCsl C OJJHOTO0 Habopa Ha JIPYroi; TakKe ClelyeT BKIIOYUTh MHOXKECTBO M COOTBETCTBYIOIIUHA eMy
onepatop DATA Ha 5-0i1 cTpoke.

7. Hocneonaa onyus - RUN YOUR PROGRAM (BAIYCTUTH BALIY I[IPOI'PAMMY), xotopas mepenact
YIpaBJIEHUE NIEPBOM CTPOUKE, CAEAYIOLIEH 3a IPOrpaMMOM, FTEHEPUPYIOILEH CUMBOJIBI, HJIH, €CJIU 33 3TOM MPOrpaMMON HUYETO
HE CJIEIyET, TO OCTAHABJIMBACT MIPOrPaAMMY.

s Toro uto6s1 ocBouthes ¢ mporpammoii "CHARACTER GENERATOR", cienyiite HHCTPpYKIUSAM, TPHBEACHHBIM
HUKE.

Ucnonezys MERGE, BBeaure nauctunru 5.4 u 5.5 na 48K-6aiithHom SPECTRUMe; na 16K-0aiitnom SPECTRUMe
NpoITycKaiiTe ux 1o otnenbHocTu. Hapucyiite 4ro-HuOYIb BpOJE KIISKCHI U COXPaHUTE 3TO U300paKeHUe 110/ CUMBOJIOM "A"
miectoro Habopa. OTpeakTUPYITEe CUMBOJ: MOBEPHUTE €0 U COXpaHWTEe 10J cuMBosioMm "B'" miecroro Habopa. [Tpumenure
komanay X-AXIS k cumBoiy "A" mecroro Habopa M cOXpaHUTe pe3ynbTar moj cumsosioM "C" mecroro Habopa. Temepb
UCTIONIB3YHTE 7-YI0 OMIIMIO IS TOTO, YTOOBI IIOCMOTPETH, YTO Y Bac MOIYYHIIOCH.

YupaxkHenue 5.4

[MToskciepuMeHTHPYITE € Pa3IMYHBIMU BUIAMH CHMMETPHH CHMBOJIOB I OPHAMEHTOB IS Pa3MEIEHUs] CHMBOJIOB Ha
9KpaHe. V3MeHHTe mporpaMMmy Tak, 9TOOBI OHa Iepebmpana, ¢ MOMOINBIO ABYX BioxeHHBIX IHKIoB FOR...NEXT Bce
BO3MOXKHBIE coueTaHus nBeToB I INK u PAPER.

Ynpaxuenue 5.5
Teneps co3maiiTe CHMBOIIBI KOCTAIIEK IS UTPHI B TOMHHO, uctionb3ys nporpammy "CHARACTER GENERATOR".

Ynpa:xuenue 5.6

HanummTe noanporpaMMy, KONMPYIOILYIO OJIMH HA0Op CUMBOJIOB B JIPYTOM, UCIIONB3Ys MIPU 3TOM KOMAaHbI pexXuma
pelakTHpOBaHus U1 MOAN(DHUKALIME CUMBOJIOB BO BPEMSI STOH Iepe3alucH.

B cnenyromieli riaBe BbI MO3HAKOMUTECh C TeM, KaK MOXXHO HCIIOJIb30BaTh CHMBOJIEHYIO TPaUKy W HAKOIUICHHEIC
HAMHU CBEJICHUS O IBYMEPHOW T€OMETPHH JJIsl HATIIAIHOTO MPEICTaBICHIS HHPOPMALIUH.




Cnucok npoepamm

1. JTuctunr 5.1. Bxoausie nanubie AS$. A$ - m060it cumBoI He rpaduueckoro pexunma, nonpooyiire "X" wmu "*"

2. Jmctuar 5.2. ("MAIN PROGRAM" wu "BIG PIXELS"). Bxomueie nmannsie ROW wu COL, rae
0<=ROW<=COL<=24. ITonpooyiire (0,0) u (1,1).

3. Jluctunr 5.3. Bxoxmubie mganubie: U$ W BoceMb JBOMYHBIX 4HCEN, KOTOPBIE 3aJal0T H300paKeHHe,
cootBetcTBytotiee cumpony US. ITonpo6yiite "A", u 111, 111000, 10101L, I0I, ITITI00I, 1001, IIII, I0I10, u "B", "C", "D", xaxayo
BMECTE C MEPECTAHOBKOM 3THX BOCBMH Ymcelsl. 3aTeM Haxmure KiaBumd oT "A" mo "U" mns Toro, 4ToOBI OCMOTpPETH, YTO
nomyumiiocs, wiu knasumry "ENTER" mis pectapra nporpamMwmel.

4. Jluctunr 5.4: HUKaKuX JaHHBIX. [Iporpamma 5.3 moJpKHA MCMONB30BAThCS IS co3manus cumBoiios "A", "B", "C",
HDH.

5. Jluctunr5.5: CHARACTER GENERATOR ('EHEPATOP CHMBOJIOB). IlpouunTtaiite omucaHue M IpuUMeEp
UCIIOJIb30BAHMSI.



ITIABA 6
Awarpammbl u rpacpumku

KommproTepsl MOTYT 1MOMOYb HaM pa3o0paThesi B MOTOKE MH(MOPMAIMH, KOTOPBIH OOpYIIMBAETCS Ha HAc KaXKIbIA
JICHb; KOMIIBIOTEPHI IO3BOJIIIOT MPUAATh 3TOW HMH(pOpManuu Oojee HarIOHBIA M Oojiee TPOCTON AL BOCHPUATHS BHI,
UCTIONB3YS ISl 3TOW IETM KPYTOBBIE JUAarpaMMBbl, THCTOTPaMMBbl, rpadukd U T.4. C TeX Mop, Kak IOSBHINCH KOMIBIOTEPHI,
KOTOpBIE MOKHO YCTaHABIMBATh HA paboUyeM CTOJIE, CIIPOC HA MPOrpaMMBbl, IPUAAOLINE HH(GOPMAIN HATIISIAHBIN BU, CleNIal
3TO HANpaBJICHUE OJHUM M3 CAMBIX OBICTPOpPA3BUBAIOLIMXCS B 00IAaCTH MalIMHHON rpaduku. B 3Toif rmaBe Mbl yBUANM, Kak
MOXHO C03/1aBaTh TAKUE MIPOTPAMMBI C TIOMOIIBI0 HEOOIBIIOTO YHCIIa BCIIOMOTATEIbHBIX CPEACTB.

Kypcoput

[Ipencraere cebe, 9TO PKpaH Iepel BaMU - 3TO JUCT Oymard, Ha KOTOPHIA MBI OyIeM HAHOCHTH HM300pa’keHHE
00bekToB. Ham HeoOXommMm METOA, MpW TOMOINM KOTOPOTO MBI MOIJIM OBl aKKypaTHO YNPaBISTh MOJOXKEHHSAMH 3THX
npeaMeToB. OOBIMHO JUIS 3TUX LENEH HCIONb3YETCsl Kypcop, ABHKEHHEM KOTOPOT0 MOYKHO YIIPABIIAThH C TIOMOILBIO JUKOMCTHKA
WM aHAJIOTUYHOTO BHEIIHETO yCTPOWCTBA, OJHAKO MBI OyA€M YIpPaBIATh ABMKEHHEM Kypcopa C KJIABHATypbl. DTO HE Tak
yZ00HO, KakK, HalpuMep, JKOHCTUKOM, HO 3aTO He TpeOyeT 3aTpar nepuepuiHbIX YCTPONUCTB 1 B KOHEYHOM HTOTE JAeT TOT
ke 3((HEKT, YTO U UCIIOIH30BAHUE TAKOBBIX.

[Moamporpamma "CURSOR" (kypcop) Ha nuctuHre 6.1 BBIBOOMUT Ha DKpaH [IB€ IEpeceKarolIuecs MpsMble,
HapucoBaHHble mpo3pauHbiMi uyepHuiaamMu (INK mBer 8), mepekpectre KOTOpBIX BBIIEISET CHMMBOJBHBIA OJ0K. Kypcop
TIepeIBUTACTCS 1101 ASHCTBUEM JIF000H 13 BOCKMHM Ki1aBUII BOKPYT KiaBuiy "F". [TomoxeHue 3TuxX KiaaBuil oTHOCUTENBHO "F"
OIIpeJieTIsieT HalpaBJICHWE JIBYDKEHMs. Ecii B BalleM pacmopshKEHHHM MMEETCs JDKOMCTHK, TO TepelesaiiTe MOANpOorpaMmy
"CURSOR" ¢ TeM, 4TOOBI ABMXEHUEM Kypcopa MOKHO OBLIO YIPaBIISTh JHKOHCTHKOM, a HE C KJIaBUATYPHI.

Haxxaruem "F" BBl momemaere Kypcop B IEHTp dKpaHa. Eciu mepkaTh KIABHUITY HAXATOH, TO CKOPOCTH IBIKEHHUS
Kypcopa MOCTENEHHO BO3pPAcTaeT: ¢ KypcOpOM, KOTOPBIM IepeMeInaeTcs Ha OAWH SJIEMEHT H300paKeHUS NPH KaXKIOM
Ha)KaTUH KJIABHIIH, YPE3BBIYAHO YTOMHUTENBHO padoTaTs! s obmerdyenns ycranoBku Kypcopa mmeetcs cetka (LATTICE),
KOTOpas 3aKuraercs Haxatuem OykBwl "L" m racurtcs moBTOpHBIM HaxatneM "L". OHa aBTOMaTHUYECKH HCUe3aeT, KOTJa BB
Haxumaete kiasuy ENTER nis BBoga npyroi TOUKy.

Knasuwwn ynpaBneHus kypcopom ans nporpammsl "CURSOR"

[\N N A
E R T
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Puc. 26.

LISTING 6.1

5700 REM CURSOR

5701 REM IN - PX,PY

5702 REM OUT - PX,PY,ROW,COL

5709 REM THE NEXT LINE IS ONLY EXECUTED ON THE FIRST CALL TO CURSOR.

5710 LET PX=128: LET PY=88: LET CURSOR=5720: LET GRID=5900

5719 REM START OF MAIN CURSOR ROUTINE.

5720 INK 8: LET A=1:LET FLAG=l: OVER 1

5729 REM WAIT FOR KEYBOARD TO BE CLEAR BEFORE LOOKING FOR COMMANDS.

5730 IF INKEYS$<>"" THEN GO TO 5730

5740 PLOT PX,0: DRAW 0,175: PLOT 0,PY: DRAW 255,0

5750 LET AS$S=INKEYS

5760 IF AS$="" THEN LET A=1: GO TO 5750

5770 PLOT PX,0: DRAW 0,175: PLOT O0,PY: DRAW 255,0

5780 IF (AS="E" OR AS$="D" OR AS$="C") AND PX>=A THEN LET PX=PX-A

5790 IF (A$="C" OR AS$="V" OR AS$="B") AND PY>=A THEN LET PY=PY-A

5800 IF (AS$="T" OR AS$="G" OR AS$="B") AND PX<=255-A THEN LET PX=PX+A

5810 IF (AS="E" OR AS$S="R" OR AS$="T") AND PY<=175-A THEN LET PY=PY+A

5820 IF AS="F" THEN LET PX=128: LET PY=88

5830 IF A$="L" THEN GO SUB GRID

5840 IF AS<>CHRS 13 THEN LET A=A+l: GO TO 5740

5850 LET COL=INT (PX/8): LET ROW=INT ((175-PY)/8)

5860 IF FLAG=-1 THEN GO SUB GRID

5870 INK O0: OVER O

5880 RETURN

5900 REM GRID

5909 REM ROUTINE CHANGES FLAG TO REMEMBER WHETHER GRID IS SHOWING ON SCREEN.

5910 FOR J=0 TO 255 STEP 8: PLOT J,0: DRAW 0,175: IF J<176 THEN PLOT 0,J: DRAW
255,0

5920 NEXT J: LET FLAG=-FLAG: PLOT 255,0: DRAW -255,0

5930 RETURN

Ynpaxnenne 6.1




Hanmmmre ocuoBHyro mporpammy "MAIN PROGRAM", xotopas BeiseiBaeT nporpammy "CURSOR", a 3atem
revaTaeT IBETHOW KBaJpaT Ha 3KpaHe B yKa3aHHOM MecTe. [Iporpamma moipKHA TakKe MedaTaTh HOMEp CTOJOLa U CTPOKH, B
KOTOpBIX Haxomurcsi Kypcop. M3menure noanporpammy "CURSOR" Tak, uroObl cTaHAapTHBIMH KiaBuiiamu Kypcopa ("'5",
"6", "7", "8") MOXKHO OBLTO OBI 331aBaTh MEPEMEIIICHAE KypcOpa Ha OJMH CHMBOJIBHBIN OJIOK.

Ampubymul

MO>KHO pa3BUTh HICH MPEABITYIIETO IMyHKTa ¥ HAIMUCATD MTOANIPOTPAMMEI, H3MEHSIOIINE aTpUOYTHI 3aJaHHOTO OJI0Ka
WK TPyHIbl OJOKOB 0e3 u3MeHeHus: MH(pOpMalKM, KOTopas UM COOTBETCTBYeT B JuciuiciiHoM ¢aitne. Ha nuctunre 6.2
MTOKa3aHbI 1BE TOANPOrpaMMBI, KoTopsie renatot 310 i 1Beta PAPER u INK onpenenennoro MHOXecTBa OJ10KOB

LISTING 6.2
4000 REM PAPER
4010 GO SUB CURSOR: INPUT "WHAT COLOUR ";P: INPUT "NO.OF BLOCKS "; " (ROW*COL)

" ’.R’. LK "2l ’.c
4020 FOR I=ROW TO ROW+R-1: FOR J=COL TO COL+C-1
4030 PRINT AT I,J;PAPER P;INK 8;OVER 1;" ": NEXT J: NEXT I

4040 RETURN
4100 REM INK
4110 GO SUB CURSOR: INPUT "WHAT COLOUR ";P: INPUT "NO.OF BLOCKS " ;" (ROW*COL)

" ;R; WtV ;c
4120 FOR I=ROW TO ROW+R-1: FOR J=COL TO COL+C-1
4130 PRINT AT I,J;PAPER 8;INK P;OVER 1;" ": NEXT J: NEXT I

4140 RETURN

YnpaxkHenue 6.2

Hanmmure "MAIN PROGRAM", koTopast BBOAUT YacTb CBOETO TEKCTA, a 3aTE€M IT03BOJISIET BaM BBIACTISATH YUACTKH
pacrieqatky, ucnoib3ys paznmgasle nBeta INK m PAPER. Hannmmre moamporpaMMel, KOTOpBIe OBI pa3MeIIainch B CTPOKaxX
ot 4050 mo 4150 n m3mensmm 661 atpubyTel FLASH m BRIGHT 6noka (modemy 3To cBemeTcsl K JTOOABICHHIO KOMAaH[
BRIGHT 8 u FLASH 8 k nogmporpammam "INK" u "PAPER"?). CocTaBpTe U3 YeTHIpeX MOAIPOTPaMM OJHY MO Ha3BaHHEM
"ATRIBUTE".

Touku u nunuu

JIOCTHTHYB TNPOCTEHINETO0 WHTEPAaKTHBHOTO YNPABICHUS BHIOM HAIICH XWarpaMMbl, HaM IPEACTOUT 3aIllOJIHUTH
JeTany 3ToW auarpamMel. st atoro TpeOyrorcst moamporpammbl aist HaHeceHus Todek (PLOT) m mpoBeneHmst mpsmbIx
(DRAW). Msr Mornm OBl HCHOJB30BAaTH HPOTpaMMy Ha JHCTHHTE 1.8, HO HAHOCHTH BCE TOYKH HA MPSIMOH CIHIIKOM
YTOMUTENBHO. BMecTo 3Toro MeI ncnomnp3yem ase noanporpamMmsl - "POINT", koTopas HaHOCHT oTnenbHbIe Touky, u "LINE",
JUIA KOTOpOﬁ MBI IIPOCTO ONPECACTIAEM JABE TOYKU MPEKIAC, YEM UX COCAUHUTD. O6e noamnporpaMMbl IMMPUBCCHBI Ha JIUCTUHIC
6.3.

LISTING 6.3

4200 REM POINT

4210 INPUT "PRESS ENTER FOR CURSOR";LINE A$

4220 GO SUB CURSOR: INPUT "OVER (1 OR 0) ";O: INPUT "COLOUR ";C

4230 PLOT INK C;OVER O;PX,PY

4240 RETURN

4300 REM LINE

4310 INPUT "PRESS ENTER FOR CURSOR ";LINE AS$

4320 GO SUB CURSOR: LET SX=PX: LET SY=PY

4330 INPUT "PRESS ENTER FOR CURSOR ";LINE A$

4340 GO SUB CURSOR: INPUT "OVER (1 OR 0) ";O: INPUT "COLOUR ";C,

4350 PLOT PAPER 8;INK C; OVER O;SX,SY

4360 DRAW PAPER 8;INK 0; OVER 0;PX-SX,PY-SY

4370 RETURN

Ynpaxsenue 6.3

Hanwmre nporpammy "MAIN PROGRAM", xotopas ¢ momomsio noamporpamm "POINT" u "LINE" momorna Obr
BaM caenaTh Habpocok Bamero SPECTRUMa. CocraBpTe moAmporpaMmy, KOTopasi o mapameTrpaM, BBOIUMBIM C TIOMOIIBIO
Kypcopa, deptmiia Obl KpyT; ncnois3yite moamporpammy "CIRCLE1" mmm "CIRCLE2", npuBenennasie Ha jguctuare 2.10.
[epenenaiite Bamry mporpammy u3 ynpaxkHeHus 1.3, KoTopas YepTHT MHOTOYTOJIBHHUK TaK, YTOOBI BEPIIMHBI MOXXHO OBLIO
3amaBaTh Kypcopom. Jlobasbre omuuio k moamporpamme "LINE" ¢ Tem, uToOBI OHa MOTJIa CTPOUTH KPHBBIC JIMHUK. BaM Oyzaer
ynoOHee HCIOoIb30BaTh BOCEMb TOUEK BOKPYT CTOPOHBI, a HE JIBEHAATb.

Ecnu y Bac ectb rpadmueckas npoknanka (PAD), To Bel Moxere mepeHectd, ucnonbiyst moandukamun "LINE" u
"POINT", rpyOble HaOpOCKH C 3TOH NMPOKJIAAKKA B MalIuHy. [locie 3Toro BBl JOJDKHBI HANMCATh MTPOTPAMMBI, MPHUBOJISIIHIC
n300pakeHHe B MOPSIOK, T.€. BBITPSIMIISIONICE MPSIMBIE U CTIIAXKHUBAIOIINE KPHUBLIE.

3anuce u 3aepys3Ka
[TorpaTvB MHOTrO BpeMEHM Ha CO3/aHHE TOW WM WHOW KapTUHKH, BO3MOXKHO, BaM 3aXOUYETCS €€ COXPaHUTh. JTO
JocTHraeTca ucrnoib3oBanueMm nporpammsl "SAVE". C apyroif CTOpoHBI, MOXET BO3HHKHYTh HEOOXOAMMOCTb B 3arpy3ke
KapTUHKHM B XOJIC BBIMOJIHEHHsS KaKOH-THOO IporpaMMBbl, a 3aTeM B M3MEHEHHUH ee€; JUId 3TOM IeNu cieayeT HUCIOIb30BaTh
noxnporpamMy "LOAD". "LOAD" u "SAVE" npusenens! Ha juctunre 6.4.
LISTING 6.4
4500 REM SAVE




4510 INPUT "NAME OF PICTURE? ";N$: IF N$="" THEN RETURN

4520 SAVE (N$)SCREENS

4530 RETURN

4600 REM LOAD

4610 INPUT "NAME OF PICTURE? ";N$: IF N$="" THEN RETURN

4620 LOAD (N$)SCREENS

4630 RETURN

YupaskHenue 6.4

3amyctute mporpamMmy Ha juctuHre 3.1 (Wim 3arpy3ure ¢ momomrsio momnporpamMmel "LOAD', ecnu BEI ero
coxpaHmim), a 3ateM m3MmeHute nBeT INK na 3enensiii, a PAPER Ha uepnsiii. g sxoHomun mecta coenamante "SAVE" u
"LOAD" B omHOI1 TOIIpOTrpaMMe.

Haonucu

[Mporpammsl Ha nucTrHrax 6.1-6.4 00pa3yroT OCHOBY IaKeTa MPOTpamMM Ul CO3JaHus TpaduKoB, HO MOKa HaM He
XBaTaeT MOANPOrpaMM, MO3BOJISIOIIMX JAeNaTh HaAmucu. Takas MoAnporpaMma INpHuBeAeHa Ha JuctuHre 6.5. OOparute
BHUMaHHE, YTO OHA COAEPKUT OOpalleHus K elle He HalMCaHHBIM NporpaMMaM. OTO THITUYHBIN IpUMEp NPHUHSATOTO B KHUTE
MOJYJIBHOTO METOZA CO3aHUsI POrpaMM. DTO 03HAYAET, YTO KOT/Ia MbI CTAJIKHBAEMCS C 3aJadel, KOTOPYIO HE MOXEM PEIIUTh
C XOMy, TO MBI TIPHCBaWBaeM €if UMs C TeM, YTOOBI BEpPHYTHCA K Hel mo3aaee. B moxmporpamme "LABEL" MbI monaraem, 9to
CHMBOJIBI U3 TIATOTO Habopa OyayT medaraTbes B MOCIIEAOBATENLHOCTH OAWH Haj ApyruM. [lo mpuumHaM, KOTOpBIE CTaHYT,
MIOHATHBI MTO3KE, OTPENCITUM CIeNHaIbHbIA npedukc (7:), KOTOPBIA yKa3bIBaeT, 9TO LETOYKA CHMBOJIOB ISl HAJMUCH JOJKHA
OBITH HaIleYaTaHa B Y3KHX CHMBOJIaX, UCIONB3ys noanporpammy "THIN". MeI npeamonaraemM Taxke HaTM9We TOIIPOTPaMMBI
"SET", koTopast Mo3BOJISET MepeKIrodaTs Habopsl CHMBOJIOB.

LISTING 6.5

5400 REM LABEL

5410 GO SUB CURSOR: INPUT "SET:STRING ";A$: IF A$="" THEN GO TO 5410

5420 INPUT "COLOUR ";C$: INK VAL ("0"+C$)

5430 IF AS$(TO 2)="1:" THEN PRINT AT ROW,COL;A$(3 TO): GO TO 5510

5439 REM CHECK FOR SPECIAL SET NUMBERS, SET 5 IS PRINTED VERTICALLY.

5440 IF A$(TO 2)<>"5:" THEN GO TO 5470

5450 LET S=5: GO SUB SET: LET A$=A$ (3 TO)

5460 FOR I=1 TO LEN A$: PRINT AT ROW-I+1,COL;A$(I): NEXT I: GO TO 5510

5469 REM SET 7 SPECIFIES THAT THE THIN ROUTINE SHOULD BE USED FOR PRINTING.

5470 IF A$(TO 2)<>"7:" THEN GO TO 5490

5480 LET AS$=AS$(3 TO): GO SUB THIN: GO TO 5510

5489 REM CHECK VALID NUMBER IS GIVEN.

5490 LET S=VAL A$(1l): IF S>6 OR S<1 OR A$(2)<>":" THEN GO TO 5510

5499 REM PRINT OUT STRING IN APPROPRIATE SET.

5500 GO SUB SET: PRINT AT ROW,COL;A$ (3 TO)

5510 LET S=1: GO SUB SET

5520 INK O0: RETURN

amnnvle ons epaguxos

Jlns oxoHuaTenbHOHN OTAENKHM Hamled mporpammsl, Mbl BBoguM nporpammy "MAIN PROGRAM" u noxmporpammy
"QUERY" ("3ampoc"), TEeKCT KOTOpPHIX NPHUBEICH Ha JHUCTHHTE 6.6, XOTSA 3TH NPOrpaMMbl W CTaBAT Iepe] HaMH HOBBIE
HEpEUICHHbIE 3a/laul, HO BCE K€ OHM IOJE3HBI TEM, YTO IMO3BOJIIOT HaM MNPOCIEAUTh, KaKU€ MMEHHO 3aJaud OCTaIHUCh
HEpeICHHBIMU. MBI BBOANM HJICHTU(PHUKATOPHI (HWKHUH PETHUCTp) U UMEH MOINPOTrpaMM, KOTOPHIE HAaM €Ie MpPEeICTOUT
Hamucatb, KOTOpBIE, KPOME BCEro MpPOYEro, MO3BOJIIT HAaM CO3/1aBaTh CICIHMAIBHBIE BHUABI JUAarpamMM, HampHMep,
THECTOTPaMMBI, KPyroBBIe AuarpamMmbl U rpaduku. Yacts muctuara 6.6, mo "MAIN PROGRAM", - 310 nogunmieHHast BEpCUs
mporpammbl CHARACTER GENERATOR, koTopas Heo0Xonuma I NCTIOIb30BaHuUs aJbTePHATUBHBIX MHOMKECTB.

Bce nuarpaMmbl B 3TOM KHHTE, 32 UCKIFOUYEHHEM TEX, KOTOPBIE SBJISAIOTCS HETIOCPEICTBEHHBIM PE3YJIbTAaTOM PabOTHI
pOTpaMM-00pasnoB, ObUTH CO3MaHBI MPOTPAMMOIL, coaepKalieil moanporpaMMbl Ha JHCTHHrax 6.1-6.7; kpome TOTO, 3Ta
IporpaMMa HCIoJIb30BaNIach JId J0OaBIeHHUS HAAIIMCeH KO MHOTUM U3 PUCYHKOB, CO3/IaHHBIX IIPOrpaMMaMH.

LISTING 6.6

8 REM FOR 16K MAKE CHANGEN AS GIVEN IN LISTING 5.5.

9 REM SET UP TO USE ALTERNATE CHARACTER SETS.

10 CLEAR 62294

20 INK O: PAPER 7: CLS : DIM S(6)

30 FOR I=1 TO 6: READ S(I): NEXT I: DATA 15360,62039,62807,63575,64343,64848

40 LET SET=50: LET S=1: GO SUB SET: GO TO 200

50 REM SET/CHANGE TO SET S

60 LET HI=INT(S(S)/256): LET LO=S(S)-HI*256

70 POKE 23606,L0: POKE 23607,HI: RETURN

80 REM CHARLOAD

90 INPUT "WHAT FILE NAME? ";N$: IF N$="" THEN RETURN

100 INPUT "LOAD WHICH SET? ";S: IF (S<2 OR S>6) AND S<>11 THEN GO TO 80

110 INPUT "PRESS ENTER ";LINE X$

120 IF S=11 THEN LOAD N$ CODE (S(5)+256),768+168: RETURN



130
140
200
210
220
230
LET LOAD=4
240
250
260
270
CHARLOAD:
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
500
501
502
510
520
530
540
550

s 3

IF S=6 THEN LOAD N$ CODE (S(S)+512),168: RETURN

LOAD N$ CODE (S(S)+256),768: RETURN

REM MAIN PROGRAM

LET RESTART=280: LET QUERY=500

LET HISTO=1000: LET PIE=2000: LET GRAPH=3000

LET PAPER=4000: LET INK=4100: LET POINT=4200: LET LINE=4300: LET SAVE=4500:
600: LET NUMBER=4700

LET CHARLOAD=80: LET CREATE=5000: LET THIN=5200

LET LABEL=5400: LET CURSOR=5700

LET IS$="DEFINE CHARACTERS? ": GO SUB QUERY: IF YES THEN GO SUB CREATE
CLS : LET I$="LOAD CHARACTERS? ": GO SUB QUERY: IF YES THEN GO SUB

GO TO 270

LET I$="LOAD PICTURE? ": GO SUB QUERY: IF YES THEN GO SUB LOAD

LET IS$="DRAW DIAGRAM? ": GO SUB QUERY: IF NOT YES THEN GO TO 360

LET I$="HIST.,PIE-CHART OR GRAPH? ": GO SUB QUERY

LET DIAGRAM=0: IF A$="H" THEN LET DIAGRAM=HISTO

IF A$="P" THEN LET DIAGRAM=PIE
IF A$="G" THEN LET DIAGRAM=GRAPH
IF DIAGRAM=0 THEN GO TO 280
GO SUB DIAGRAM
LET I$="LABEL PICTURE ?": GO SUB QUERY: IF YES THEN GO SUB LABEL: GO TO 360
LET I$="COLOUR PAPER ? ": GO SUB QUERY: IF YES THEN GO SUB PAPER: GO TO 370
LET I$="COLOUR INK ? ": GO SUB QUERY: IF YES THEN GO SUB INK: GO TO 380
LET IS$="DRAW POINT ? ": GO SUB QUERY: IF YES THEN GO SUB POINT: GO TO 390
LET IS$="DRAW LINE ? ": GO SUB QUERY: IF YES THEN GO SUB LINE: GO TO 400
LET I$="END PICTURE ? ": GO SUB QUERY: IF NOT YES THEN GO TO RESTART
LET I$="SAVE PICTURE ? ": GO SUB QUERY: IF YES THEN GO SUB SAVE
STOP
REM QUERY
REM IN - IS
REM OUT - A$,YES
LET YES=0
INPUT (IS$);LINE A$: IF AS$="" THEN RETURN
LET A$=AS (1)
LET YES=(AS$="Y")
RETURN
Cneuuaﬂbele CUMEB0J1bl
aBepIIEHHs] TIOATOTOBUTENbHON padoTsl st mporpammbl "LABEL" Ham HeoOXoanMo co3nath psii CHMBOJIOB,

MIOJTy4aeMbIX TOBOPOTOM M3 CTaHJIAPTHBIX; ATH CHMBOJIBI HCIIOJNB3YIOTCS B BEPTHKAJIBHBIX HAANMUCSIX. Takue CHUMBOJIBI
coznarorcst mporpamMmoii "CREATE" (suctunr 6.7), KOTOpast MCHOIB3YET HEKOTOPhIE TEXHUYECKUE MTPUEMBI ITOIIPOrPaMMBI
"CHARACTER GENERATOR" ju1s 3anucu oBepHYTHIX CUMBOJIOB Habopa 1 B Habop 5.

LISTING 6.7

5000 REM CREATE/CHARACTERS

5009 REM CREATE CHARACTERS FOR HISTOGRAM ROUTINE.

5010 DIM P(8): DIM D(3): LET D(1)=15: LET D(2)=255: LET D(3)=240
5020 FOR I=0 TO 6: FOR J=0 TO 7

5030 LET P(1)=USR "A"+I*8+J: LET P(2)=USR "H"+I*8+J

5040 LET P(3)=USR "O"+I*8+J

5050 FOR K=1 TO 3: POKE P(K),0: NEXT K

5060 IF J<I THEN FOR K=1 TO 3: POKE P(K),D(K): NEXT K

5070 NEXT J: NEXT I

5078 REM COPY SET 1 TO 5 WITH A ROTATION TO THE SIDEWAYS CHARACTERS.
5079 REM FOR 16K MACHINES Q=31831.

5080 DIM B$(8,8): LET T=256: FOR I=1 TO 8: LET T=T/2: LET P(I)=T: NEXT I: LET

P=15616: LET Q=64599

5090
5100
5110
5120
5130
5140
5150
5160
5200
5201
5209

FOR I=32 TO 127: FOR J=1 TO 8: LET B$ (J)="00000000": NEXT J
FOR J=1 TO 8: LET T=PEEK P: FOR K=1 TO 8

IF T>=P(K) THEN LET T=T-P(K): LET B$ (9-K,J)="1"

NEXT K: LET P=P+1: NEXT J

FOR J=1 TO 8: POKE Q,VAL ("BIN"+B$(J)): LET Q=Q+1: NEXT J
PRINT AT 10,10;"ROTATING ";CHR$ I

NEXT I: CLS

RETURN

REM THIN

REM IN - ROW,COL,A$

REM PRINT EVERY OTHER CHARACTER IN LEFT HALF OF BLOCKS.



5210 LET S=4: GO SUB SET: OVER 1l: LET TC=COL

5220 FOR I=1 TO LEN A$ STEP 2: PRINT AT ROW,TC;A$(I): LET TC=TC+l: NEXT I

5229 REM PRINT OTHER CHARACTERS IN BETWEEN IN RIGHT HALF OF BLOCKS.

5230 LET S=3: GO SUB SET: LET TC=COL

5240 FOR I=2 TO LEN A$ STEP 2: PRINT AT ROW,TC;AS$(I): LET TC=TC+l: NEXT I

5250 LET S=1: GO SUB SET: OVER 0

5260 RETURN

Ilepen Tem kak mnpousBectH 5Ty onepaunuto, noamporpamma "CREATE" nepeonpenenser HaOop CHMBOJIOB,
OIIpEIETISIEMBIX MOJIb30BATENIEM, TaK YTO JUIA Ka)XKJOr0 CHMBOJIA OKa3bIBAaeTCs 3aKPEIUICHHOW CHU3Y JHMOO JIeBasl 4acTh, JHO0
mpaBas, MO0 1o Bcel mupuHe O10ka. HagneyateBas 3ti cumBoisl komannoir OVER, M0OXHO MPOBOAWTE TOPH3OHTABHBIC
JVHUH PA3TUMIHON TONIIHMHBI, HO B OCHOBHOM 3TH CHMBOJIBI ITPEAHA3HAYCHBI AJISl CO3JIaHUS THCTOTPaMM.

B ocraBmeiicss yact riaBel Mbl OyZeM 00CyJaTb HEKOTOPHIE PacIPOCTPAHEHHBIE CIIOCOOBI MPEICTABICHUS
nHdopmanuy. M3-3a 60sbIIOro pazHoOOpas3ust BapHaHTOB KaXKAOTO M3 TPEX OCHOBHBIX BHIOB IpaduuecKkoro IpeacTaBICHUS]
nH(pOpMANNH, KaXETCs HEpa3yMHBIM 0OCYXaTh MX Bce. BMECTO 3TOro Mbl A€TaIbHO OOCYIMM HECKOJIBKO MpEACTaBUTEICH
TpeX OCHOBHBIX BHIOB TIpaUyecKoro IMpeicTaBleHus HHPOPMAIMKM THCTOrPaMM, KpPYroBBIX JHarpaMM W TpaduKOB.
[Tonp3ysich 3TUMH NPOCTEHIIMMHU MpPHUMEPaMH, HECJIOXKHO IMOCTPOMTH BapHUAHTHI MOJIPOTrPaMM, OPraHU3YIOIIME BbIIAUY
nHopMalnu B Hy>)KHOM BaM Buje. Ele pa3 HanmoMHHM Bam, YTO M3MEHEHUs, KOTOpble HEOOXOANMO BHECTH JUIS MAIlUH C
o0beMoM mamsTu 16 K, coneprkarcst B mpuiaokeHun A.

OnpepgeneHHble nonb3oBaTenemM CUMBOIbI ANS UCMOMNb30BaHNS B rMCTOrpaMmax
A- W- C- D- E- F- G-
H- I- J- K- L- M- N-
Oo- P- Q- R- S T- U-
Puc. .27
T'ucmoepammeol

Co3zaBaeMble HAOIMMH ITOJIPOrpPaMMaMM THCTOTPaMMBI MOTYT OBITh JIIOOOW BBICOTBI M IBETA, €CIH TOJIBKO
co0JII0/1aeTCs yCIIOBHE, YTO IIMPHHA CTOJIOIOB TUCTOTPAMMBI M IIPOMEXYTOK MEXAYy HUMH HE MEHbIIE ITOJIOBUHBI OJ0Kka. Tak
KaK Uil THCTOTPaMM 3TO YCJIOBHE OOBIYHO MMEET MECTO, TO MBI MOXKEM C(HOPMYJIHpPOBATh METOJ HAXOXKICHHUS TOJIIMHBI
CTOJIOLIOB M TIPOMEXYTKa MEXAy HHMH, €CIIM TOJIBKO HaM H3BECTHO KOJHMYECTBO CTONONOB. [lepBas wacTe mporpaMmsl
"HISTO" mpoBoguT OCH, HAHOCHT HAANKCH U 3alpammBaeT KonmdecTBO cTonOIoB. IlupmHa crondmor (X) W BemmuuHA
npomexxyTka Mexry Humu (GAP) BeramncnsaioTes (B monoBHHAX OJIOKOB) Tak, 4TO TapaHTupyercs, 9to 1/2<=GAP<=X.

ITo mepe momydenust HHGOPMAUK TOAIPOrpaMMa UCIIOIb3YET CUMBOJBI HIIMPUHON B TOJIONOKA U B OJIOK, a TaKkKe
CHUMBOJIBI, onpenensgeMsle nosb3oBaTeneMm (u3 "CREATE"), mist mocTpoeHusl enovek, BBICOTa KOTOPBIX HPOMOPIIHOHAIBHA
BBICOTE THCTOIPaMMbl. DTH LIENOYKH MCIOJB3YIOTCS JUISl 3alOJIHEHHST CUMBOJIFHOTO OJIOKa WIJIM IOJIOBUHBI CHMBOJIBHOTO
0JI0Ka, COOTBETCTBYIOIIIETO 3TOMY CTOJIOIY; I 3TOrO MEpel KakKIOoW Lenouykoi craButcs npedurc "S:" U BBI3BIBACTCA
noxnporpamMMa "BAR".

OOparute BHUMaHKE, YTO OCH BBIHECEHBI 3a I0JI€ THCTOTPAMMBI JUIS TOTO, YTOOBI OHM HE MEHSJIMCh HU IPH KaKHX
M3MEHEHMAX LIBETOB BHYTpH 3Toro nons. Ha puc. 28 mpuBeneHa nuarpamMma, Ha KOTOPOH MOKa3aHO TOJOBOE KOJIUYECTBO
ocankoB B DI’ XAME; sra nuarpamma Obuta HauepueHa ¢ nomotibio noanporpammsl "HISTO" (TYPED nHa nuctunre 6.8, a

3aTeM HajamucaHna ¢ nomoineo "LABEL".
AVERAGE MOMTHLY RAIMFALL IM EGHAM
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YnpaxHenue 6.5

B kadectBe BapmaHTOB craHmapTHoW moanporpammbl "HISTO" MoXHO mucaTh 3aMEHSIONIMECS MOAMPOTPAMMBI,
KOTOpBIE MOXHO 3arpy’artb 1o Mepe HeoOxoammocTd. Hamummre moamporpaMmy, BEIYUCISIONIYIO MO3WIMU Tap CTOJIOIOB,
r7ie mapHble OJOKH OTHENSIOTCS JIPYT OT Apyra MPOCBETOM B MOJOJIOKA, a PAaCCTOSHUE MEXIY COCETHHMH MapaMd HE MEHee
oJtHOro OJIoKa. Mcnonb3yiite 3Ty moanporpaMMy JUisi CO3/IaHMs IMarpaMm, aHAJIOTHYHBIX IMarpaMmme Ha puc. 28.

LISTING 6.8

1000 REM HISTO/TYPEl

1009 REM SET POINTER TO SUBROUTINE WHICH PRINTS BARS.

1010 LET BAR=1320

1019 REM FIND SCALE AND DRAW AXES.

1020 INPUT "RANGE OF VERTICAL ";YB;" TO ";YT

1030 IF YB>=YT THEN GO TO 1020

1040 LET YSCALE=128/ (YT-YB)

1050 PLOT 47,152: DRAW 0,-129: DRAW 201,0

1059 REM LABEL VERTICAL AXIS.




1060
1070
1080
1090

LET YDIF=(YT-YB)/4: LET TICK=YB

FOR I=1 TO 5: LET TK=INT (TICK+0.5)

LET Y=32*I-8: PLOT 47,Y: DRAW -3,0: LET ROW=INT ((176-Y)/8)-1

LET A$=STR$ TK: IF LEN A$>3 THEN LET A$=AS$(TO 3): IF TK>99 OR TK<-99 THEN

LET A$="**x"

1100
1110
1120
1130
1140
1149
1150
1160
1170
1179
1180
1190
W=
1199
1200
1209
1210
1220
1229
1230
1239
1240
1249
1250
1259
1260
1270
1279
1280
1289
1290
1299
1300
1310
1320
1321
1329
1330
1340

LET COL=1: IF TK>=0 THEN LET COL=COL+1

IF ABS TK<10 THEN LET COL=COL+1

IF ABS TK<100 THEN LET COL=COL+1

PRINT AT ROW,COL;A$: LET TICK=TICK+YDIF

NEXT I

REM FIND NUMBER OF BARS REQUIRED AND CALCULATE HOW IHEY CAN FIT IN.
INPUT "NO. OF BARS=";NB

LET X=INT (25/NB+0.5)/2: LET GAP=INT (50/NB-2*X) /2

LET GP=(25-NB*X- (NB-1)*GAP) *2: LET GP=INT ( (GP+1)/2)/2

REM POSITION COLUMN POINTER AT FIRST BAR THEN REPEATE LOOP FOR EACH BAR.
LET COL=6+GP: FOR I=1 TO NB

LET I$="DATA FOR BAR "+STR$ I+"=": INPUT (I$);D;" COLOUR=";C: INK C: LET

REM VALUES BELOW THE HORIZONTAL AXIS ARE TREATED AS SINGLE PIXEL HEIGHT.
IF D<=YB THEN LET D=0: LET H=1: GO TO 1220

REM CALCULATE THE NUMBER OF WHOLE BLOCKS OF HEIGHT FOR BAR.

LET D=D-YB: LET H=INT (D*YSCALE+0.5)

LET IH=INT(H/8): LET L$="": LET M$="": LET R$=""

REM CONSTRUCT STRINGS TO HEIGHT FOR LEFT.MIDDLE AND RIGHT OF BARS.

FOR J=1 TO IH: LET L$=L$+CHR$ 133: LET M$=MS$+CHR$ 143: LET R$=R$+CHR$ 138
REM FIND NUMBER OF PIXELS OF HEIGHT FOR SPECIAL CHARACTER AT TOP.

NEXT J: LET RH=H-IH*8: IF RH=0 THEN GO TO 1260

REM ADD SPECIAL CHARACTERS TO TOPS OF BARS.

LET L$=L$+CHR$ (151-RH): LET M$=MS$+CHRS (158-RH) : LET R$=R$+CHRS (165-RH)
REM IF COLUMN POINTER IS ON A HALF-BLOCK PRINT RIGHT BIASED PART OF BAR.
IF COL=INT (COL) THEN GO TO 1280

LET A$=L$: GO SUB BAR: LET W=W-0.5: LET COL=COL+0.5

REM PRINT AS MANY WHOLE BLOCK BARS AS NEEDED.

IF W>0.1 THEN LET A$=M$: GO SUB BAR: LET W=W-1: LET COL=COL+l: GO TO 1280
REM SEE IF LEFT BIASED HALF-WIDTH BAR IS NEEDED.

IF W>0 THEN LET A$=R$: GO SUB BAR: LET COL=COL+0.5

REM MOVE COLUMN POINTER TO NEXT BAR AND RE-GO LOOP

LET COL=COL+GAP: NEXT I

INK 0: RETURN

REM BAR

REM IN - COL,A$

REM PRINT AS VERTICALLY FROM ROW 19 UPWARDS IN COLUMN.

FOR K=1 TO LEN AS$: PRINT AT 19-K,INT COL;AS$ (K): NEXT K

RETURN

Ha nuctunre 6.9 npuseneH npumep moAanporpaMmsl, 3amessomeil nognporpammy "HISTO". Drta moamporpamma
"HISTO" (TYPE2) cocraBiieHa Tak, YTO OHA rapaHTHPYET - TOJIIMHA CTOJOLIOB M MPOMEXYTOK MEXAy HHUMH COCTOUT M3
LIEJIOT0 4Mclla CUMBOJIBHBIX 070KOB (X u GAP - nemsle umcina). Jlng xaxgoro crondua TpeOyeTcs 3amaBaTh [Ba YUCIA,
OTIPEIEeISIIONINEe MAaKCUMAIBHYI0O M MHUHHUMAJBbHYIO BBICOTY croibna. Mcmone3ys komanmy OVER s mewatu cTosiOouos,
MOXHO CO3J1aBaTh JUarpaMMbl, II0J00HbIE TOH, YTO Ha pHC. 29, Ha KOTOPOH MOKa3aHbl MECSIYHBIE JMana3oHbl TEMIIEpaTyp B
OI'XAME. Onepatopst PRINT B 3T0i1 noanporpamme, a Takke B HOCAETYIOIUX NOAIPOrpaMMax pacCcpeJOTOUEHBI 10 TEKCTY
TaKUM 00pa3oM, YTOOBI YATATEINb MOT JIyUIlIe ITPOCIECIUTH 3a JOTUKOW aJrOpUTMa M0 MEPE €ro BHITIOTHEHHS.

MOMNTHS TEMFERATURE IMW EGHAH
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LISTING 6.9

1000
1009

REM HISTO/TYPE2
REM SET POINTER TO SUBROUTINE WHICH PRINTS BARS.



1010 LET BAR=1320: DIM 0O$(2,3): LET O$(1)="MAX": LET O$ (2)="MIN"

1019 REM FIND SCALE AND DRAW AXES.

1020 INPUT "RANGE OF VERTICAL ";YB;" TO " ;YT

1030 IF YB>=YT THEN GO TO 1020

1040 LET YSCALE=128/ (YT-YB)

1050 PLOT 47,152: DRAW 0,-129: DRAW 201,0

1059 REM LABEL VERTICAL AXIS.

1060 LET YDIF=(YT-YB)/4: LET TICK=YB

1070 FOR I=1 TO 5: LET TK=INT (TICK+0.5)

1080 LET Y=32*I-8: PLOT 47,Y: DRAW -3,0: LET ROW=INT ((176-Y)/8)-1

1090 LET A$=STR$ TK: IF LEN A$>3 THEN LET A$=A$(TO 3): IF TK>99 OR TK<-99 THEN
LET A$="***x"

1100 LET COL=1: IF TK>=0 THEN LET COL=COL+1l

1110 IF ABS TK<10 THEN LET COL=COL+1l

1120 IF ABS TK<100 THEN LET COL=COL+1l

1130 PRINT AT ROW,COL;A$: LET TICK=TICK+YDIF

1140 NEXT I

1149 REM FIND NUMBER OF BARS REQUIRED AND CALCULATE AN INTEGER WIDTH FOR THEN.

1150 INPUT "NO. OF BARS=";NB: OVER 1

1160 LET GAP=INT(13/NB): LET X=INT ((26-GAP*NB) /NB)

1170 LET GP=(25-NB*X- (NB-1) *GAP) : LET GP=INT ((GP+1)/2)

1179 REM POSITION COLUMN POINTER AT FIRST BAR THEN REPEAT LOOP FOR EACH BAR.

1180 LET COL=6+GP: FOR I=1 TO NB: INPUT ("COLOUR FOR BAR "+STR$ I+"=");C: INK C

1189 REM LOOP TO INPUT MAXIMUM AND MINIMUM VALUES FOR BAR.

1190 FOR O=1 TO 2: LET I$=0$(0)+" FOR BAR "+ STR$ I+"=": INPUT (I$);D: LET W=X

1200 IF D<=YB THEN LET D=0: LET H=1: GO TO 1220

1209 REM CALCULATE THE NUMBER OF WHOLE BLOCKS OF HEIGHT FOR BAR.

1210 LET D=D-YB: LET H=INT (D*YSCALE+0.5)

1220 LET IH=INT(H/8): LET M$=""

1229 REM CONSTRUCT STRING TO HEIGHT FOR BAR.

1230 FOR J=1 TO IH: LET M$=M$+CHRS 143

1239 REM ADD SPECIAL CHARACTER FOR REMAINING HEIGHT.

1240 NEXT J: LET RH=H-IH*8: IF RH=0 THEN GO TO 1260

1250 LET M$=M$+CHRS$ (158-RH)

1259 REM START AT SAME COLUMN FOR BOTH BARS IN PAIR.

1260 IF O=1 THEN LET OCOL=COL

1270 IF O=2 THEN LET COL=OCOL

1279 REM OUTPUT REQUIRED NUMBER OF WHOLE BLOCK WIDTH BARS.

1280 IF W>=1 THEN LET AS$=M$: GO SUB BAR: LET W=W-1: LET COL=COL+l: GO TO 1280

1290 LET COL=COL+GAP: NEXT O: NEXT I

1300 INK O: OVER 0O: RETURN

1320 REM BAR

1321 REM IN - COL,A$

1329 REM PRINT AS VERTICALLY FROM ROW 19 UPWARDS IN COLUMN.

1330 FOR K=1 TO LEN A$: PRINT AT 19-K,INT COL;AS$ (K): NEXT K

1340 RETURN

OpnauM n3 OombIIMX ymoOCTB OelcHKa SBIAETCA TO, YTO B MPOTPaMMy MOXKHO BCTaBISATH IOTOJIHUTEIBHBIC
oreparopel STOP B mporpamMMel, BEISICHUTh 3HaUCHHE IIEPEMEHHBIX, a 3aTeM IPONOJDKUTE BhIToIHEeHKE omepaTtopoM CONT,
6e3 M3MEHEHHs cTaTyca IMPOrpaMMBbl. DTO OYEHb MOJIE3HOE CPEACTBO OTIAIKH IIPOrpaMM, KOTOPOE TAKXKE ITOMOTAaeT HOHSITh
TIPUHIUIBI TOCTPOCHUSI TPOTPAMMBI.

YnpaxHenue 6.6

Hcnone3yiite nBa pasnuunbix 1Bera PAPER Bo Bpemsi BbiBozma CTOJOIOB T'MCTOIPaMMbl C IOMOLIBIO OIeparopa
OVER, ans neuyatu OByX IBETHBIX CTOJOIOB. By/nbTe BHUMATENbHBI NPU WCIIOJIB30BAaHUU 3HAYEHHH IapaMeTpoB CTOJOLA,
Pa3HSILIMXCS MEHBIIE YeM Ha BOCEMb JJIEMEHTOB M300paxKeHust!

[Tpu ucronbp30BaHMM ABYX IIBETOB IUISi OAHOTO cTOsIONA (ynpaskHeHue 6.6) BOSHMKHYT clioxHOcTH. Eciu 3HaueHus
MaKCHMMyMa M MHUHHMYyMa IIONaJiaeT B OAWH CHMBOJIBHBIH OJOK, TO AJs 3TOro Oj0Ka moTpedyercst Tpu LBeTa (IBa - IBET
cronbua, oxauH - (oHoBbIM). [IpoBEepUTH, BOSHUKHYT JIM OCJIOKHEHHS IPH PACKPAIIMBAHWU CTOJIOLA, MOKHO, CPaBHUB
KOJINYECTBO CHMBOJIOB B IIETIOYKE, COOTBETCTBYIOIIEH MHHUMAIEHOMY 3HAYEHHIO, C KOJTMIECTBOM OJIOKOB, COOTBETCTBYIOIINX
MaKCHMaJIbHOMBI 3Ha4eHHI0. EClM OHM OJJMHAKOBEI, TO NMPOCTEHIINI BBIXOJ - YKOPOTHTH IIEMNOYKY, COOTBETCTBYIOIIYIO MHUH.
3HAYEHHIO, Ha TTOCIIeTHUN OJIOK, YTO N30aBUT OT MPOOJIEM C pacKpacKoi, HO CAETaeT JuarpaMMy MeHee TOUHOM.

Orta npobieMa OTHagaeT, eClii HIKHAN cTonOer okpammBarh B 1BeT GoHa (PAPER), uro mpuBeneT k Tomy, 4TO B
KaXJIOM OJIOKE HCTIONB3YIOTCSI TOJBKO J[Ba LIBETA.

CymecTByeT elle MHOXKECTBO BapHaHTOB: HallpUMep, CTOJIOMKH MOTYT PacliojlaraTbCsi OTHOCHTENILHO IEHTPAIbHOM
MPSIMOM, YTO SIBJISETCS XOPOIIUM CIIOCOOOM MJUIIOCTPUPOBATh KOJIEOAaHHs BaJIOTHOTO Kypca. DyHIaMeHTaJbHbIE WJIEH, C
KOTOPBIMHU MBI Bac IO3HAKOMUJIH, TIOMOTYT BaM HOCTPOUTB JIFO0YI0 HEOOXOJMMYIO TUCTOTPaMMy .



Kpyzosvie ouazpammol

Kpyrosble quarpaMMbl 0COOCHHO TT0JIE3HBI B OMOJIOTHH M SKOHOMUKE. OOBIMHO K ITPOrpaMMaM IIOCTPOECHUS KPYTOBBIX
JMiarpaMM IPEABSBISIIOTCS CieAylolne TpeOOBaHMs: OHH JIOJDKHBI T€HEPHPOBATh AMarpaMMbl Pa3IMYHBIX Pa3MepOB; JODKHA
OBITH NpEeayCMOTpEHa BO3MOKHOCTh H3BJIEKAaTh CEKTOpa M3 JAWArpaMMbl M HAHOCHTh Ha CEKTOpa IUTPHXOBKH W HAJIHCH
pa3mmuHBIX TUIOB. [IepBrie 1Ba TpeOOBaHMS yIOBICTBOPEHHI B Mporpamme (cM. muctur 6.10 u puc. 30).

Puc. 30.

LISTING 6.10

2000 REM PIE/CHART

2009 REM SET POINTERS TO ROUTINES.

2010 LET HATCH=2300: LET IN=2800

2019 REM ALL SEGMENTS ARE INPUT AND TOTALLED TO CALCULATE ANGULAR SCALE.

2020 INPUT "NO.OF SEGMENTS=";NB: INPUT "COLOUR=";C$: LET C=VAL ("0"+C$): LET
TOT=0

2030 DIM D(NB): FOR I=1 TO NB: INPUT ("DATA "+STR$ I+": ");D(I): LET
TOT=TOT+D (I) : NEXT I

2039 REM USE CURSOR TO SPECIFY CENTRE OF PIE.

2040 INPUT "PRESS ENTER FOR","CENTERING PIE ";LINE Y$

2050 GO SUB CURSOR: LET XC=PX: LET YC=PY

2060 INPUT "RADIUS (IN PIXELS) "; RAD

2070 LET ASCALE=2*PI/TOT: LET Al=PI/2

2079 REM ANY WEDGE MAY BE PULLED OUT BY MOVING THE CURSOR AWAY FROM THE CENTRE.

2080 FOR I=1 TO NB

2090 INPUT "PRESS ENTER FOR", "CENTERING WEDGE";LINE Y$

2100 LET PX=XC: LET PY=YC: GO SUB CURSOR: LET ANG=ASCALE*D(I): LET A2=Al1-ANG

2109 REM IF WEDGE IS TO MOVE OUT CALCULATE DISPLACEMENT ALONG IT'S BISECTOR.

2110 IF PX=XC AND PY=YC THEN GO TO 2140

2120 LET A3=A1-ANG/2: LET DIST=SQR ((PX-XC)* (PX-XC)+ (PY-YC)* (PY-YC))

2130 LET PX= INT (XC+DIST*COS A3+0.5): LET PY= INT (YC+DIST*SIN A3+0.5)

2139 REM ENQUIRE WHETHING IS REQUIRED AND WHAT TYPE.

2140 INPUT "HATCH (X,Y,B,N)";H$

2149 REM IF HATCHING IS WANTED INPUT GAP SIZE BETWEEN LINES AND OFFSET.

2150 IF H$<>"N" THEN INPUT "JUMP="; JUMP, "REM="; REM

2159 REM DRAW SEGMENT OF PIE.

2160 INK C: PLOT PX,PY: LET Xl= INT (RAD*COS Al-0.5): LET Yl= INT (RAD*SIN
Al+0.5): DRAW X1,Y1

2170 LET A2S=A2: LET ASTO=ANG: LET XA=PX+X1l: LET YA=PY+Yl

2180 LET XB= INT (RAD*COS A2-0.5): LET YB= INT (RAD*SIN A2-0.5)

2190 FOR T=Al TO A2 STEP -3/RAD

2200 LET X2=INT (RAD*COS T+0.5): LET Y2= INT (RAD*SIN T+0.5): DRAW X2-X1,Y2-Y1:
LET X1=X2: LET Y1l=Y2

2210 NEXT T: DRAW XB-X2,YB-Y2: LET X2=XB: LET Y2=YB

2220 DRAW -XB,-YB: IF H$="N" THEN GO TO 2250

2228 REM CALL HATCHING ROUTINE IF NEEDED.

2229 REM IF ANGLE IS GREATER THEN HALF CIRCLE THEN DO HATCHING IN TWO PARTS.

2230 IF ASTO>PI THEN LET A2=Al1-PI: LET XB=2*PX-XA: LET YB=2*PY-YA: GO SUB
HATCH: LET XA=XB: LET YA=YB: LET Al=A2: LET A2=A2S

2240 LET XB=PX+X2: LET YB=PY+Y2: GO SUB HATCH

2249 REM LOOP BACK FOR NEXT SEGMENT.

2250 LET Al=A2: NEXT I: RETURN

Ha muctunre 6.10, ucnonssys moamnporpammy "CURSOR", neHTp AmarpamMmbl yCTaHABJIMBAETCS KypCOpOM, TOCTe
4ero BBOAMTCS PaJMyC AUArpaMMbl B MHKceNsiX. [locie 3TOro BBOAATCS JaHHBIE O KaXKIOM AJIEMEHTE, 3aTeM JTH JaHHbIC
CYMMHUPYIOTCSI ¥ YCTaHABIHMBAETCs yrJIOBoW Macimitad. Kaxaplii ceKTop IEHTPYeTCs KypcopoM, IPH 3TOM PACCTOSHHE OT
IEHTpa JguarpaMmbl 10 HNEPEKPECTbd Kypcopa 3adacT BCIWYUHY CABUra BEPUIMHBI CEKTOpa IO JIy4dy, SABJIAIONIEMYCH
OMCCEeKTPUCOH yIIia, OrpaHUYUBAIOLIET0 CEKTOP. [ KaXK0ro HOBOTO CEKTOpa Kypcop YCTaHABIMBACTCS B ICHTP AMarpaMMmel.

LImpuxoexa cekmopoe

JIist INTPUXOBKM CEKTOPOB HaM NPUICTCS CHavdala ONPEAEIUTh TOUKH NEPECEUESHUs MPSIMBIX, IITPUXYIOIIUX CEKTOP C
€ro rpaHULaMM, MO3TOMY JUIA YMNPOIUEHWS BBIYMCICHUM MbI OTPAHHMYUMCS MPOCTEHIINM CIydaeM INTPUXOBKH CEKTOpa



BEPTUKAIbHBIMU NPSIMBIMHU, TOPU30HTAIBHBIMHU MPSMBIMH M TOPU30OHTAIBHBIMU U BEPTUKAIBHBIMU TPSIMBIMU OJHOBPEMEHHO.
Mg OyaeM mTpUXOBaTh TOJIBKO CEKTOPa € BEIMYMHOM IEHTPaIbHOTO yria MeHbmuM 180 rpamycoB. CexTopa ¢ HeHTpalbHBIM
yriaoM Oosemie 180 rpamycoB packpalIMBarOTCs Kak JBa CEKTOpa, MEPBBII M3 KOTOPHIX MMEET IeHTpaibHbIM yroma 180
rpanycoB. [lomnporpamma "PIE" 3ampammBaer, OyaeT jM IITPUXOBKa ropu3oHTanbHOM (oTBeT "X'"), BepTHKaNbHOH (OTBET
"Y"), o6a Buaa mtpuxoBku (orBeT "B"), mim Hukakoi mrpuxoBku (otBeT "N").

Cekropa auarpaMmbl 00pa30BaHbl JBYMS OTPE3KaMH M JyrOd OKpYXHOCTH. MBI JIOJDKHBI ONPENeNINTh, KaKas 4acTbh
MIPSMOH, ITPUXYIOWIEH CEKTOP, HAXOUTCS B CEKTOpE (€CIM TaKasi 4acTh CymiecTBYeT). Tak Kak LEHTpaIbHBIN YToJl CEKTOpa He
6onee 180 rpamycoB, TO UMEIOTCS TOJIBKO YETHIPE BOSMOYKHOCTH:

1. JIuHMA HE IONAJAET B CEKTOD;

2. Ilepecekaer oyry B IByX TOUKAaX;

3. TlepecekaeT IyTy U OTPE3OK;

4. Tlepecekaet 06a oTpeska.

CriermnanbsHBIN Cydaidl epecedeHns NpSAMOi AyTH M OTpe3Ka B OAHOM TOYKE MOXKET pacCMaTPHUBATHCS, KaK OJUH U3
MEPEUNCICHHBIX BBIIE CIIydacB. AJTOPUTM INTPUXOBKM OOBSCHAETCA Ha MPHUMEPE TOPU3OHTAIBHOM INTPUXOBKH;
BEPTUKAJIIbHAsA HITPUXOBKA IMPOU3BOJUTCSA aHAJIOTUYHBIM O6p3,30M. Cuayaja Mbl OINpeaACIAEM MaKCUMAaJIbHOC 1 MUHUMAJIBHOC
3Ha4yeHue Y IS NPAMBIX, MEPECEKAIONNX CEKTOp. 3aTeM MbI pacCMaTPHUBAaEM BCE TOPU3OHTAJIBbHbIE MPSAMbIC, IITPUXYIOIINE
CeKTOp, 3amaBacMblc ypaBHeHHsMHU Buaa Y=K*JUMP+REM u nexaiue B 3tux npezenax (0<=REM<=JUMP-1). s kaxmoi
JIMHUM IITPUXOBKH MBI BBIYHCIISIEM JBE TOUKH MEPECEUEHHs C MPOJODKCHHBIME OTPE3KaMH, a 3aTeM IPOBEpPSIEM, JISKAT JIU y
Hux 3HayeHuss MU mexny O u 1; 4To 03HAa4aeT NMpOBEPKY, JICKUT JIM TOUYKA MEPEeceUeHus] MeXIy LeHTpoM u ayroi. [locie
3TOr0 MBI HaxoJWM JIBE TOYKH IIEPECEUCHMs] INTPUXYIOIIEH NpsAMOH MOJHOW OKPY)XHOCTH, CoJepKaleil mayry,
OTPaHMYMBAIOIIYIO CEKTOp. VI3 3THX TOYEK MOXHO BBIOPATh T€, KOTOPBIE COOTBETCTBYIOT IEPECEUCHUIO C CEKTOPOM, ITOCTe
YEeT0 OHH COCIUHSIOTCS IITPUXOBOH IrHUEH (ucTrHT 6.11).

LISTING 6.11

2300 REM HATCH

2309 REM IF CROSS HATCHING IS REQUIRED THEN RUN HATCH ROUTINE TWICE.

2310 IF H$="B" THEN LET H$="X": GO SUB 2320: LET H$="Y": GO SUB 2320: LET
H$="B": RETURN

2319 REM SET HATCHING VARIABLES TO CONTROL DIRECTION OF LINES.

2320 IF H$="Y" THEN LET PZ=PX: LET PT=PY: LET ZA=XA: LET TA=YA: LET ZB=XB: LET
TB=YB

2330 IF HS$="X" THEN LET PZ=PY: LET PT=PX: LET ZA=YA: LET TA=XA: LET ZB=YB: LET
TB=XB

2340 DIM Z(3)

2349 REM FIND MAX AND MIN COORDINATES FOR LINES WHICH PASS THROUGH SEGMENT.

2350 LET T=PI/2: LET MAX=0: LET MIN=0

2360 LET VAL=SIN Al: IF H$="X" THEN LET VAL=COS Al

2370 IF MAX<VAL THEN LET MAX=VAL

2380 IF MIN>VAL THEN LET MIN=VAL

2390 IF T>Al THEN LET T=T-PI/2: GO TO 2390

2400 IF T<A2 THEN GO TO 2450

2410 LET VAL=SIN T: IF H$="X" THEN LET VAL=COS T

2420 IF MAX<VAL THEN LET MAX=VAL

2430 IF MIN>VAL THEN LET MIN=VAL

2440 LET T=T-PI/2: GO TO 2400

2450 LET VAL=SIN A2: IF H$="X" THEN LET VAL=COS A2

2460 IF MAX<VAL THEN LET MAX=VAL

2470 IF MIN>VAL THEN LET MIN=VAL

2480 LET NEWMIN= INT (INT (RAD*MIN+1)/JUMP) *JUMP+REM

2489 REM FOR LINES WHICH CROSSES SEGMENT FIND INTERSECTIONS WITH SACIF AND ARC.

2490 FOR E=NEWMIN TO MAX*RAD STEP JUMP

2499 REM STORE INTERSECTION COORDINATE INFORMATION IN ARRAW Z(1:4).

2500 LET IC=0

2510 LET DEMON=TA-PT: IF DEMON=0 THEN GO TO 2540

2520 LET MU=E/DEMON: IF MU<0 OR MU>1 THEN GO TO 2540

2530 LET IC=IC+l: LET Z(IC)=PZ+MU* (ZA-PZ)

2540 LET DEMON=TB-PT: IF DEMON=0 THEN GO TO 2580

2550 LET MU=E/DEMON: IF MU<0 OR MU>1 THEN GO TO 2580

2560 LET IC=IC+l: LET Z(IC)=PZ+MU* (ZB-PZ)

2569 REM IF MORE THEN TWO POINTS OF INTERSECTION FOUNDE, DELETE DUPLICATES.

2570 IF IC=2 AND Z(1)=2%(2) THEN LET IC=1

2580 IF IC<>2 THEN GO TO 2610

2589 REM DRAW HATCH LINES.

2590 IF H$="Y" THEN PLOT Z(1),E+PT: DRAW Z(2)-%Z(I),0: GO TO 2710

2600 IF H$="X" THEN PLOT E+PT,Z(l): DRAW 0,Z(2)-Z(l): GO TO 2710

2610 LET DISC=RAD*RAD-E*E: IF DISC<0 THEN GO TO 2710

2620 LET DISC=INT (SQR DISC+0.5)



2630 LET ZZ=PZ+DISC: LET AZ=DISC: GO SUB IN: IF OUT THEN GO TO 2650

2640 LET IC=IC+l: LET Z(IC)=Z2Z

2650 LET ZZ=PZ-DISC: LET AZ=DISC: GO SUB IN: IF OUT THEN GO TO 2670

2660 LET IC=IC+1l: LET Z(IC)=ZZ

2670 IF IC<2 THEN GO TO 2710

2680 IF IC=2 THEN GO TO 2590

2690 IF Z(1)=z(2) THEN LET Z(2)=Z(3)

2700 GO TO 2590

2710 NEXT E

2720 RETURN

2800 REM IN

2808 REM CALCULATE ANGLE TO POINT OF INTERSECTION.

2809 REM IF ANGLE LINES BETWEEN ANGLES OF SEGMENT THEN POINT OF INTERSECTION IS
ON THE ARE OF THE SEGMENT.

2810 LET BZ=AZ: LET EZ=E

2820 IF HS$="X" THEN LET B2=E: LET EZ=AZ

2830 IF BZ=0 THEN LET PHI=-PI/2: IF EZ>0 THEN LET PHI=-PHI

2840 IF B2=0 THEN GO TO 2860

2850 LET PHI=ATN (EZ/BZ): IF BZ<0 THEN LET PHI=PHI-PI

2859 REM SET FLAG TO INDICATE WHETHER OR NOT POINT IS VALID.

2860 LET OUT=(PHI>=Al) OR (PHI<=A2)

2870 RETURN

I'paghuxu

Jis moctpoenus rpaMKOB HEOOXOAMMBI TMOJBIKHBIE KOOPAMHATHBIE OCH, OOJAJaroNINe IIMPOKUM AHAIa30HOM
MacitaboB. MBI HCIOJIB3YEM JIOBOJIBHO PaclpOCTPaHEHHBIN METOJ| PaclojioKeHHs Oceil: eciau o0nacTb rpaduka npoXOoIHT
4yepe3 HOJb, TO ¥ OCh MPOXOIMT Yepe3 HOJb, a €CIIM HET - TO OCh paclojiaraercs 1o Ty CTOPOHY JKpaHa, KOTopas OJIke K
Hymto. [locne 3Toro Ha OCh HAaHOCHUTCS MSATh IITPUXOB, OKOJO KaKJIOrO U3 KOTOPBIX HAHOCHUTCS COOTBETCTBYIOIEE 3TOMY
IITPUXY 3HauYeHHWE Ha Och. TpeGoBaHHME TOYHOCTH HAyYHBIX Tpa(UKOB 3acTaBIIsieT HAC WCKAaTh CHOCOOBI pa3MeEICHHMs
BO3MOJXKHO OOJIBIIEro KoJM4YecTBa Hamuceld B rpaguyeckoM mojie. Tak Kak OOBIYHBIX CHMBOJIOB Ha 9KpaHe Iomemniaercs 32 B
JUIMHY U 22 B BBICOTY, TO HaM IIPUXOIUTCS MOJIb30BAThCs Y3KUMHU CUMBOJAMHU, co3aBaeMbiMu noamnporpammoit "THIN". Msl
ncnonb3oBaan CHARACTER GENERATOR s reHepanyu AByX BUIOB y3KUX CUMBOJIOB: IIEPBBIM TUI PACIIONIOKEH B JIEBOU
MIOJIOBMHE CHMBOJIFHOTO OJIOKa, a BTOpO# - B mpaBoi. Kornma mernouyka medyaraercsi y3KUMH CHMBOJIAMH, TO TOAIIPOTrpaMMa
"THIN" cHauama medataeT KaXXIblii BTOPOH CHMBOJ IEMOYKH B JIEBOW yacTm OJOKa, a 3aTreM komaHmoii OVER momemaer
OCTAaBIIMECS] CHMBOJIBI B MPABbIe MOJOBHHBI OJIOKA, TAK YTO B KaXKIOM OJIOKE OKa3bIBAaeTCA IO JjBa Y3KHUX CHMBOJIA, & BCETO
TaKUX CHMBOJIOB B cTpoke dkpaHa - 64. ITomnporpamma "LABEL" TpeOGyer mpeoOpa3oBaHHS y3KHMX UHCEN, NedaTaeMbIX
"THIN", m mupuBeeHHS WX K OFHOW [nHE (WM YHCIY HECATHYHBIX 3HAKOB IIOCIE 3alsATON). DTO TOCTHUTAETCS
ucnons3oBanueM nognporpamMmel "NUMBER", npuBeaenHoi Ha nuctunre 6.12.

LISTING 6.12

3000 REM GRAPH

3009 REM SYMBOL ROUTINE IS USED TO MARK DATA POINTS ON DISCRETE GRAPHS.

3010 LET SYMBOL=3500: LET NUMBER=4700: LET THIN=5200

3019 REM CALCULATE SCALES AND DRAW AXES.

3020 INPUT "X GOES FROM " ;XB;" TO ";XT: IF XT<=XB THEN GO TO 3020

3030 INPUT "Y GOES FROM ";YB;" TO ";YT: IF YT<=YB THEN GO TO 3030

3040 LET XSCALE=192/ (XT-XB): LET YSCALE=128/ (YT-YB)

3050 LET XO= INT (-XB*XSCALE+32.5): LET YO= INT (-YB*YSCALE+24.5)

3059 REM IF ZERO IS POT IN RANGE OF GRAPH MOVE AXIS TO APPROPRIATE EDGE.

3060 IF YT<0 THEN LET YO=153

3070 IF YB>0 THEN LET YO=23

3080 IF XT<O THEN LET X0=224

3090 IF XB>O THEN LET XO=31

3100 PLOT XO,23: DRAW 0,128: PLOT 31,YO: DRAW 192,0

3109 REM USE THIN ROUTINE TO PRINT LABEL ON AXES WITH FOUR FIGURE ACCURACY.

3110 LET XDIF=(XT-XB)/4: LET YDIF=(YT-YB)/4

3120 LET X=XB: LET Y=YB: FOR J=1 TO 5

3130 LET PX= INT ((X-XB)*XSCALE+32.5): LET PY=YO

3140 PLOT PX,PY-2:DRAW 0,4

3150 LET COL=INT (PX/8)-1: LET ROW=INT ((175-PY)/8)+1

3160 LET A=X: GO SUB NUMBER: GO SUB THIN

3170 LET PY= INT ((Y-YB)*YSCALE+24.5): LET PX=XO

3180 PLOT PX-2,PY: DRAW 4,0

3190 LET COL=INT (PX/8)+l: LET ROW=INT ((175-PY)/8)

3200 LET A-Y: GO SUB NUMBER: GO SUB THIN

3210 LET X=X+XDIF: LET Y=Y+YDIF: NEXT J

3220 INPUT "CONTINIUS OR ","DISCRETE GRAPH? " ,D$: IF D$<>"C" OR DS$<>"D" THEN GO
TO 3220



3230 IF D$="D" THEN GO TO 3320

3239 REM INPUT THE FUNCTION TO BE PLOTTED.

3240 INPUT "F(X) :Y=";LINE F$

3250 LET X=XB: LET Y=VAL(F$): LET OY= INT ((Y-YB)*YSCALE+24.5)
3260 PLOT 32,0Y

3270 FOR I=33 TO 224

3280 LET X=(I-32)*YSCALE+XB

3290 LET Y=VAL (F$): LET IY=INT ((Y-YB)*YSCALE+24.5)

3300 DRAW 1,IY-OY: LET OY=IY: NEXT I

3310 RETURN

3319 REM DISCRETE GRAPH REQUIRED SO INPUT SET OF POINTS.

3320 INPUT "NO. OF POINTS=";NP: DIM X (NP):DIM Y (NP)

3330 FOR I=1 TO NP: INPUT ("X("+STR$ I+") ");X(I);("Y("+STR$ I+") ");Y(I): NEXT

3339 REM SORT POINTS INTO ASCENDING ORDER OF X COORDINATE.

3340 FOR I=1 TO NP-1: FOR J=I+1 TO NP

3350 IF X(J)<X(I) THEN LET T=X(I): LET X(I)=X(J): LET X(J)=T: LET T=Y(I): LET
Y(I)=Y(J): LET Y(J)=T

3360 NEXT J: NEXT I

3370 LET X= INT ((X(1)-XB)*XSCALE+32.5): LET Y=INT ((Y(l)-YB)*YSCALE+24.5)

3380 PLOT X,Y: LET OX=X: LET 0OY=Y: GO SUB SYMBOL: PLOT OX,O0Y

3389 REM JOIN UP POINTS AND PLACE A "SYMBOL" AT EACH POINT.

3390 FOR I=2 TO NP

3400 LET X=INT ((X(I)-XB)*XSCALE+32.5): LET Y=INT ((Y(I)-YB)*YSCALE+24.5)

3410 PLOT X-0X,Y-OY: LET OX=X: LET OY=Y: GO SUB SYMBOL: PLOT OX,0Y

3420 NEXT I: RETURN

3500 REM SYMBOL

3510 DRAW 0,1: DRAW 1,0: DRAW 0,-2: DRAW -2,0: DRAW 0,2

3520 RETURN

4700 REM NUMBER

4710 LET AS$S=STRS A: IF LEN A$<=4 THEN RETURN

4720 LET A$=AS (TO 4)

4730 RETURN

Ynpa:xkHenue 6.7

Hammmmre ycoBepiueHcTBoBaHHBIH BapuaHT nporpamMel "NUMBER", xoropoii MoXHO ObUI0 OBI ONpenesnsiTh
(dopmar Bo3BpamaemMoi nenodku. OQUH U3 CIOCO00B 3amaTh (GOPMAT YHCIA - STO 3aJaTh €ro B BUJAE IIa0JIOHA, HATIPUMED,
mabiioH "#.##" onpenenser Yucio ¢ ABYMs IECATHYHBIME 3HAKAMU JIO 3aIIATOW U TPEMsI ICCITUIHBIMH 3HAKaMU ITOCIIE.

Ynpa:xxnenune 6.8

CoctaBpTe HabOp y3KHMX 4YHCed, KOTOPBIH HEOOXOMUM ISl COCTaBICHWs Haamuced. Vcmonp3ydTe ero s
HAAMUCBIBaHUSA nuarpaMmM. [Ipu coctaBieHnr HaOOpa BBl MOJKETE PYKOBOJICTBOBATHCS PUCYHKOM 3 1:
L]

y=Cosfx}

Puc. 31.

KpuBble MOXKHO CTPOUTH ABYMs criocobaMu: 3aiaBaTh KpHBBIC (yHKIMOHAIBHO U 3a1aBaTh KpUBBIC B BUjae Habopa
JMCKPETHBIX TOYCK, Yepe3 KOTOphIe MPOBOMUTCS JIoMaHas KpuBasi. B mepBoM ciydae 1o 3agaHHOW QyHKIMHU BhIYUCIAETCS Y-
KOOpAWHATA HaJ KaXKIbIM JJIEMEHTOM HM300paXKCHHS, JIOKAIIUM Ha OCH X, M 3aTeM 3TH TOYKM COSIUHSIOTCS JHHHEH. Bo
BTOPOM Clly4ae CHayaja BBOJATCS HMMeromuecss mapbl X M Y KOOpAMHAT, KOTOPbIE 3allMCHIBAIOTCA B NaMATh B HOPSAAKE
BO3pacTaHUs KOOPAMHATHI X. DTH TOYKH COCOUHSAIOTCA TpsMoi. llepBelid BapwaHT WLTIOCTpUpyeT puc. 31 - THUnW4HAs
KOHTHHYyaJIbHasi KpuBast - rpaduk QyHKIUH KOCHHYCA.

Ynpaxuenue 6.9

Mpbl BUIMM, YTO JJIsL MOCTPOEHUs rpaMKOB €AMHCTBEHHAsh HeoOXoanMas MHGOpMAIMs - 3TO MOCJIEJ0BATEIbHOCTD
KOOPJIMHAT, PacIloj0KEHHBIX M0 BO3PACTAHUIO X; COOTBETCTBYIOIINE TOUYKH COEIMHSIOTCS KPUBOH. DTa MOCIEA0BATEIbHOCTD
MOXeET OBITh CO3/1aHa JIIOOBIM CIOCOOOM: TOCIe0BaTeNbHOCTRIO ornepaTopoB READ mimm mocnenoBaTeIbHOCTHIO BBI30BA
TIOJIIPOrPaMMBbl BBIYMCIICHUS 3HAYEHUSI KOOPIMHAT.

BmecTo BbIuHMCIIeHHs] Lernmoykd 3HadeHud FS, MBIl Morim Obl Hanmcath MOIIPOrpaMMY, KOTOpas HCIHOJB3YeTCs
Ka)XIbld pa3, KOrjJa BO3HHKHET HEOOXOOMMOCTH BBIYHCIICHWS TOYKM KpWBOH. Hamummre moamporpammy, NO3BOJISIOLLYIO
HapucoBath rpaduk Gyrkmm SIN(X)/X, arodbr n36exats Beraucienus SIN(O)/O.




Cnucok npoecpamm

Ms! rpynmupyem smctuHr 6.6 ("MAIN PROGRAM", "CHARLOAD", "SET" u "QUERY"), 6.1 ("CURSOR" u
"GRID"), 6.4 ("SAVE" u "LOAD") nox nmenem "LIBDIAG" u ucnons3yem ux cosmectro ¢ 6.2 ("PAPER" u "INK"), 6.3
("POINT" u "LINE"), 6.5 ("LABEL"), 6.7 ("CREATE" u "THIN"). OOparure BHUMaHHE Ha H3MCHEHH:H, KOTOPHIC
HE00XOAUMO BHECTH B TIPOTPAMMBI, €CITH BBI HCIONb3yeTe 16-Tu kmmobaitHe BapuanT SPECTRUMa (cM. npunoskerue A).

1. "LIBDIAG", 6.2, 6.3, 6.5, 6.7.

Heobxooumas ungpopmayus:

"DEFINE CHARACTER? ("Onpeoerums cumeonvt?"). Haneuamaume Y (0a) 0ns eenepayuu nogopoma CUMB0108 U
2eHepayuu O10K08 O0Jisl 2UCMOSPAMM, 8 OCIANbHBIX cAy4asx — M (nem).

"LOAD CHARACTER? ("3acpyscamv cumeonwt?”) - Y, eciu cneyuanvHvle HAOOpbl CUMBONO08 (8KIIOUAS
BbILUENPUBECOCHHBIE) BEOOAMCS C IEHMbL, 8 NPOMUBHOM cyyae - N.

"LOAD PICTURE? ("3aepyzumo kapmunxy?"): Y - 3aepyzumo kapmunxy, co30annyio panee, N - Hem.

"DRAW DIAGRAM?" ("[loonucwieams pucynox?"): - Y, eciu ucnonvsyemcs noonpoepamma "LABEL", N - ecau nem.

"COLOUR PAPER?" ("Oxpawusamv gon?"). Eciu Y (0a), mo 3aoaume "WHICH COLOUR?" ("Kaxou yeem"),
Hanpumep - I; ycmanogume Kypcop 6 HeobXooumoe NONOdCeHUe, UCNONb3Ys npu Heobxooumocmu noonpoepammy "GRID"
(cemka), u Haneyamaiime pamep y4acmka 8 6J10Kax, ONUHA NO OPUSOHMAU, OTUHA NO 8epMUKATU (Hanpumep, 2*4).

"COLOUR INK?" ("Llgem mywu?"). Ecnu Y (0a), mo onpedenume " WHICH COLOUR?" ("Kakxozo ysema?"),
Hanpumep, 5; YCmMaHosume Kypcop 8 HeoOXoOuMoe NON0JCeHue, UCHONb3Ys no Heobxooumocmu npoepammy "GRID", u
eneuamatime pazmep obnacmu 6 6noxax (nanpumep, 3*1).

"DRAW POINT?" ("Hanecmu mouxy?"). Ecau Y (0a), mo ucnonwsyiime Kypcop 01a ykasaumus mouku, "WHICH
COLOUR?" ("Kaxkoeo ysema?")', nanpumep, 6 u napamemp komano OVER (1 uau 0).

"DRAW LINET' ("Hauepmumuo npamyro?"). Ecau oa, mo kypcopom ykaxcume kouyvl ompesxa,;” WHICH COLOUR?"
("Kaxoeo yeema?"), (nanpumep, 5) u napamemp oass OVER (1 unu 0).

"END PICTURE?" ("Koney pucynxa?"). Ecau Y, mo noemopume nocnedosamenbHOCmb CHAYANA;

"SAVE PICTURE?" ("Coxpanumo pucynok?"). Eciu Y, mo 66edume ums pucyuka.

[oskcriepuMeHTHPYHTE C TOCTPOSHHEM TPADHUKOB.

2. "LIBDIAG" u muctusr 6.8 ("HISTO/TYPEL). [Ipumep nanHbIxX:

"RANGE OF VERTICAL" ..... 0 "TO" . e 100
"NO.OFBARS" ............ 6
"DATA FOR BAR1"........ 56 "COLOUR" ... i it it 2
"DATA FOR BAR2"........ 95 "COLOUR" ... v it it 6
"DATA FOR BAR3"........ 20 "COLOUR" ... v it 4
"DATA FOR BAR4"........ 77 "COLOUR" . ... v v iin 5
"DATA FOR BARO"........ 54 "COLOUR" ... v i vin 1
"DATA FOR BARG"........ 33 "COLOUR" ... i i iin 3
3. "LIBDIAG" u muctunr 6.9 ("HISTO/TYPE2). [Ipumep naHHBIX:
"RANGE OF VERTICAL"..... 0 B 50
"NO.OFBARS" .. ..o i i 4
"COLOUR FOR BAR 1"...... 2
"DATA MAX FOR BAR 1"...44
"DATA MIN FOR BAR 1"...22
"COLOUR FOR BAR2"....... 6
"DATA MAX BAR2"........ 36
"DATAMINBAR2" . ... vvvev. 5
"COLOURFORBAR3"......... 4
"DATA MAX BAR3"........ 42
"DATA MIN BARS"........ 29
"COLOUR FOR BAR4"....... 1
"DATA MAX BAR4"........ 31
"DATA MIN BAR4"........ 12
4. "LIBDIAG" u muctunr 6.10 n 6.11 ("PIE", "HATCH" u 1.1.). I[Ipumep nanHbIX
"NO. OF SEGMENT"........ 3
"COLOUR" . v i v 0
"DATA 1M .. i 1
"DATA 2" . e 2
"DATA 3" . e 3
VYkaxure KypcopoM LIEHTP AUarpaMMBbl, 3aTeM:
"RADIUS (IN PIXELS)"...75
Hcnonp3yiiTe Kypcop A yKa3aHUS MOJI0KEHHUs BEPIIUHBI CEKTOPa
"HATCH (X, ¥, B, N)"....B "JUMP" ... e 8
"REM" . . i i 5
VYKakuTe KypcopoM BEPIIHHY CEKTOpa
"HATCH (X, Y, B, N)"....¥Y  "JUMP"......euuuu.u.. I:
"REM" . e 0

VYKaxnuTe KypcopoM BEPLIMHY CEKTOpa
"HATCH" (X, Y, B, N)....P



5. "LIBDIAG" u nuctusr 6.12 ("GRAPH" u T.1.)
Bormpocs! nmporpaMmbl coziepkaT BClo HHOPMAILHIO, HEOOXOIUMYIO [UIsi OTBETA HA HUX.



NMABA 7
TpéxmepHasa gekapToBa reomMeTpus

Ilepen TeM, kKak M3y4aTh METOMBI TPEXMEPHOH rpadyky, HAM HEOOXOAMMO O3HAKOMHUTBHCS C METOAMM AEKapTOBOH
TpexXMepHOH reoMeTprr. Tak ke, Kak U B IByMEPHOM BapHaHTe, Mbl HAUMHAEM C TOTO, YTO BHIOMPAEM B MPOCTPAHCTBE TOUKY,
KOTOPYIO CUHMTAaEM HA4ajioM KOOPAUHAT, M MPOBOJUM uepe3 He€ TPH B3aMMHO MEPIECHAMKYISAPHBIE MPSMBIE, KOTOPBIE MbI
Ha3blBaeM OCbl0 X, OCbI0 Y U 0cbl0 Z. Ha 3Tux ocsx cienyer yka3aTb IOJOKUTEIBHOE U OTPULIATEIIBHOE HANIPABJICHUS, TaK
YTO PACCTOSHUE OT TOYKH, PACIONOKEHHON IO TIOJIOKUTEIBHYI0 CTOPOHY OT Haudana KOODAMHAT, IOJIOKUTEIBHO, a
OTPHUILIATENBHYIO - OTPULATEIBHO.

Jnst ocelt X 1Y TOJIOKUTENIBHOE HAIIPABICHUE MOYKHO YKa3aTh TaK XK€, KAK U B JJBYMEPHOM CIIy4ae - IPEIII0JI0XKUM,
YTO IIOCKOCTh, B KOTOPOH JIEXKAT 3TH OCH, COBMAJAET C IJIOCKOCTHIO CTPAHUIIBI, OCh X TOPU30HTAIBHA, OCh Y - BEPTUKAJIbHA,
TOrJa MOJIOKUTEIBHOE HaNpaBlIeHUEe Ha ocu X - BIPaBO OT Hayaja KOOPAMHAT, a MOJIOKUTENIbHOE HalpaBleHue Mo ocu Y -
BBEpX OT Haudana KoopAuHaT. [l ocu Z 0CTaeTcs TOJIBKO B€ BO3MOXKHOCTH: OHA JIOJDKHA UATH NEPIEHIUKYIISPHO IIIOCKOCTU
JucTa (3TO PaBHOCHIIBHO TEPIEHIUKYIIIPHOCTH 00€UM KOOPAMHATHBIM OCSIM), M MOXKET OBITh HalpaBJIeHa IOJIOXKHUTEIHLHOM
MOJYOCBIO B CTPAHUILY, HIH MOJOXKUTEABHOMN MOTyOChIO M3 CTPAHULIBL.

IlepBBlif city4ail COOTBETCTBYET TaK Ha3blBAEMOM IPABOCTOPOHHEH KOOpIMHATHOM CHCTEME, a BTOPOH -
JeBOCTOpOHHEH. Beromy B 3TO# KHHre MBI OyJeM IOJB30BaThCS TONBKO JEBOCTOPOHHEH CHCTEMOW KoopawHaT. Bcee, 9o
OTHOCHTCSl K JIEBOCTOPOHHHMM KOOpJHMHATaM, OTHOCUTCA M K IPAaBOCTOPOHHUM CHUCTEMaM, TaK YTO HEBAXKHO, KaKW€ M3 HHUX
HCIOJIb30BATh, BAYKHO TOIBKO MPUAEPIKUBATHCA KAKON-TO OJHOM CUCTEMBI.

C mOMOIIbI0 KOOPJUHATHON CHUCTEMBI MBI OTOXAECTBIISIEM TOYKH P MPOCTpaHCTBA C TPOWKAMHU JEHCTBUTEIHHBIX
yucen (X,Y,Z), TAe 3TU YUClIa Ha3bIBAIOTCAd KOOPAMHATHBIMU TOYKAMHU U ABJISIOTCS PACCTOSHUSMH OT NMPOEKLUH TOYKU Ha
KOOpAMHATHYIO OCh 0 Hayaja KoopauHat. [Ipoexnneit Touky Ha KOOPIMHATHYIO OCh Ha3bIBAE€TCS TOYKA, KOTOPast OTHO3HAYHO
OnpeAessieTcsl TeM, UTO MpsAMasi, COeIMHSIOMAs IPOEKIIUIO TOYKU U TOUKY MEpIEHANKYIIpHA ATOH OCH.

Han TpéxmepHBIME BEKTOpaMHU MOXKHO ITPOU3BOIUTH JIBE ONEPALIH:

e  YMHOXUTH Ha yucio - K¥(X,Y,Z) = (K¥*X, K*Y ,K*Z);
e  CkyansiBath - cymma Bektopos P1 = (X1,Y1,Z1) u P2 = (X2,Y2,Z2) ectb BexTop (X1+X2,Y1+Y2,Z1+Z2), T0 ecTb

IIPH CJI0’KEHUH BEKTOPOB COOTBETCTBYIOIINE KOOPJMHATHI CKJIAaJbIBAIOTCSI.

Onpeoenenue npsamoi

Teneps MBI ompenenuM NpsAMYI0, MPOXOAILYI0 yepe3 ABe 3aaaHHble Touku (X1,Y1,Z1), (X2,Y2,22), 4TO MOXHO
CeNaTh, 33/1aB ypaBHEHUE 3TOU MPAMOIL:

(X-X1) * (Y2-Y1)=(Y-Y1) * (X2-X1)
(Y-Y1) *(22-21)=(2-21) * (Y2-Y1)
(2-21) * (X2-X1)=(X-X1) * (22-21)

Xo0Ts 371€Ch MPUBEICHBI TPU YPABHEHUS, UX PEIICHHUE ONPEAENACT MPAMYIO, @ HE €ANHCTBEHHYIO TOUKY, UYTO CBA3aHO C
TEM, YTO 3TH ypPaBHEHHMs JTMHEHHO 3aBHCUMBI TaK, 4TO, 33JaBasi OJHY U3 KOOPIUHAT, MOKHO OJHO3HAYHO MOIYyYUTh 3HAYECHHE
JBYX APYTHX (CM. mpuMmep 7.A).

Taroke, KaK W B cilydae OBYX H3MEPEHHI, 3TO HE €AMHCTBEHHBIH croco0 3anaBaTh npsmyto. CymiecTByer emié
napaMeTpuuecKuil croco0 3aJaHusl NpsiMoi, poxo et uepes Touku P1 u P2:

P (MU) = (1-MU) *P1+MU*P2, nin
P (MU)=(1-MU) *X1+MU*X2, (1-MU) *Y1+MU*Y2, (1-MU) *Z1+MU*Z2,
rae MU - nelcTBUTENbHBIN MapameTp.

[MapameTpuueckuii BUI IPSIMOM B TOYHOCTH COBIAJAET ¢ AByMepHBIM ciaydaeM. CumBos MU B ckoOKax yka3bIBaeT Ha
TO, YTO TOYKAa Ha MpsMoi mapamerpudecku 3aBucutT oT MU. Haumnas ¢ atoro momeHnTta, Oynmem omyckate MU. OOpatute
BHUMaHue, yto MU=1 naer Touky P2, a MU=0 - Touxy P1.

MBbI MOKeM 3ammcaTh HapaMeTpHIecKoe ypaBHEHHE IPSIMOM B TAKOM BHUJIE:

P (MU) =P1+MU* (P2-P1)

Tak »xe, kKak W B JBYMEpPHOM BapuaHTe, BekTop Pl HaspBaercs 06a3oBeIM BekTopoM, a Bektop (P2-P1) -
HaIpaBISIONM BEKTOPOM. MBI, OISITh-TaKH, IMEEM JIBOHCTBEHHOCTh B IIPEACTABICHUN BEKTOPOB: C OJHON CTOPOHBI, BEKTOP
MOXHO OTOXJECTBJIATH C TOYKOH, NMPOCKIMU KOTOPOM Ha KOOPAMHATHBIE OCH PaBHBI KOOPAMHATAM BEKTOpa, a C APYrou
CTOPOHBI - BEKTOP 33/1a€T HAIllPaBJIECHHUE, COBMAAAIOIIEE C HAMPABICHUEM MPIMOH, IPOBEJCHHON U3 Hayajla KOOPJAWHAT B 3Ty
touky. [Ipn 3TOM HampaBieHHe Ha HpPAMON OT Hayala KOOPIMHAT K TOYKE CUMTAETCS IOJOXKHUTEIBHBIM, a OOpaTHOE
HalpaepJjeHue - OoTpHUarenbHbIM. TakuM oOpazom, Bektopa (X,Y,Z) u (-X,-Y,-Z) ompeneisifoT oIHy U Ty K€ NpsAMYIO B
IIPOCTPAHCTBE, HO C PA3HOW OpUEHTALIMEH.

OnpenenuM HOpMY BeKTOpa (KOTOPYIO TaKKe Ha3bIBAIOT MOJYJIEM BEKTOpa, €ro IUIMHON), o0o3Hauaemyo ABS(D),
KaK pacCTOSIHUE OT TOUKH, OIpPeeIsieMON BEKTOPOM, O Hauana KOOpIuHAT

ABS (D) =SQRT (X**24+Y**24+Z%*2)

Touky P+MU*D Ha mpssMoli MOXKHO ONpPE/ENIUTh CIEAYIONMM 00pa3oM: HaiiTH Touky P v cIBUHYTH 1O mpsiIMOil Ha
paccrosisune MU*ABS(D) B monoxwurtenbHOM HanpasiieHHH, eciid MU 1OJIOXKHUTENIBHO, U B OTPULIATEILHOM HAIPaBJICHUH -
ecnm MU oTpunarensHo; Ipy 3TOM MBI onajgaeM B Touky P+MU*D. 3amersTe, uTo M00ast TOUKa MPSIMON MOXKET CITYXKHTh
0a30BBIM BEKTOPOM, M YTO HAINPABJIFOLIMH BEKTOP MOKHO YMHOXKUTD Ha JII000€, OTIIMYHOE OT HYJIS, YUCIIO.

Ecmu BexTop D=(X,Y,Z) cocrasisiet ¢ ocbto X,Y,Z, yrasl TETX, TETY u TETZ, T0

X:Y:Z=COS (TETX) :COS (TETY) :COS (TETZ) ,
9TO O3HAYAET, UTO
D= (LMD*COS (TETX) , LMD*COS (TETY) , LMD*COS (TETZ) )



W3 cBOMCTB TPEXMEPHOIO IIPOCTPAHCTBA CIEAYET:
(COS (TETX) ) **2+4 (COS (TETY) ) **2+ (COS (TETZ) ) **2=1
Orcrona cnenyer, ato LMD=ABS(D), 1 94T0 ecii HanpaBISIOMINI BEKTOP €IMHUYHON UIMHBI, TO €r0 KOMIOHEHTHI:
(COS OX, COS 0Y, COS 0OZ) u LMD=-1. KoopnuHaTbl €JHHAYHOTO BEKTOPa HA3bIBAIOTCS HAPABISIONINMH KOCHHYycaMu. B
o01IeM cirydae, HalpaBIIAIONIIe KOCHHYCHI IPSAMOH ¢ HanpasisomuM Bekropom D=(X,Y,Z) ectpb

X Y Z
ABS(D)’ ABS(D)’ ABS(D)

Ipumep 7.4
Hcnonp3ys Tpy IpuUBEAEHHBIX METOA, OMUCATH MPAMYI0, coequHsronTyto Touku (1,2,3) u (-1,0,2).
[IpousBoneHas Touka (X,Y,Z), nexaias Ha IPSIMOH, yIOBIETBOPSIET YPaBHEHUIO
(X-1)x(0-2)=(Y-2)x(-1-1),
(Y-2)x(2-3)=(Z-3)x(0-2),
(Z-3)%(-1-D=(X-1)x(2-3),

YTO 3KBUBAJICHTHO:

2¥XH2FY =2
Y+2*Z =4
2¥Z4X =5

MBI MOXEM OTpaHHYHUTHCS PACCMOTPEHHEM TOJBKO IOCICIHHUX JBYX YpaBHEHHWH, Tak Kak II€PBOE YpaBHEHHE
MOJTy4aeTcsl U3 CyMMBI BTOPOTO M TPETHET0 ypaBHEHUH, YMHOXKEHHBIX Ha -2
Y= 2*Z-4mu
X= 2*Z-5,
TaK 4TO IpsMasi 3a7aeTCsl OJHUM ITapaMeTpOM, B HaIlleM ciIydae Z, 9TO JaeT TOYKH IPsSMOH B ITapaMeTpudeckoM Buae (2*Z-5,
2*7-4,7). OTOT pe3ynpTaT JIETKO NMPOBEPHTH: 3HaueHHe Z=3 cooTBeTcTBYeT Touke (1,2,3), a 3HaueHne Z=2 COOTBETCTBYET
touke (-1,0,2), a 3TH TOYKH U ONPEACIAIOT MPIMYIO.
B BekTopHO# (hopMe TOUKA MPSMOM 3a1aETCS:
P(MU)=(1-MU) (1,2,3)+MU(-1,0,2)=(1-2*MU,2-2*MU, 3-MU)
KoopanHaTel TOUKH M B 3TOM Cllydae 3aBHCAT OT OJHOro mapamerpa. 3Hadennmto MU=0 orBewaer Touka (1,2,3),
3HaueHuto MU=1 - Touka (-1,0,2).
Ecnu 3agaBaTh npsiMyIo ¢ IOMOIIIBIO 0230BOT0 U HAIIPABIISIOIIETO BEKTOPA, TO
P' (MU)=(_11012)+MU(_21_211)
Mbl MOXXEM 3aMEHHTh KOOPJAMHATBHI HAINPABJISIOUICTO BEKTOpa HANpaBISIOIIMMH KocuHycamu (-2/3,-2/3,-1/2), 4ro
JlaeT Ipyryto GopMy NpeACTaBICHUs MPSIMOU C MOMOIIBIO 0a30BOTO U HAIIPABIISIOIIETO BEKTOPOB:
P''(MU)=(1,2,3)+MU(-2/3,-2/3,-1/3)
EcTtecTBeHHO, YTO OJTHO W TOXKE 3HAYCHHE 3aJaeT Pa3IMuHbIe TOYKH MpsMoit; Hanpumep, P(3)=(-5,4,0), P'(3)=(-7,-6,-
1) u P"(3)=(-1,0,2). Ota mpsimast cocTaBiseT:
131.81°(ARCCOS(-2/3)),
131.81°(ARCCOS(-2/3)),
109.47°(ARCCOS(-1/3))
c ocsamu X, Y ¥ Z COOTBETCTBEHHO.

Yeon meorcoy 0eyms nanpasaaiowumu éekmopamu
J1Jist BBIYMCIICHUS] YTi1a MKy JIBYMsI BEKTOPaMH BBEIEM MOHATHE CKAJSIPHOTO ITPOM3BEICHUS IBYX BEKTOPOB:
P*Q=(X1,Y1,Z1) (X2,Y2,22)=X1*X2+Y1*Y2+Z1*Z2

Ecmu P u Q - 06a BekTOopa €AMHUYHON JIUHBI (4TO 03HAYAET, YTO OHHU 3alMCAHbl KaK HAIPaBIIAIONINE KOCHHYCHI), a
TETA - yron mexay npsimbiMu, T0 COS(TETA)=P*Q (cM. rnaBy 3, rae npuBenéH OBYMEpHbI aHanor 3Tod Gopmysibl). B
o0I1eM citydae yroj Mex/1y NpsAMbIMU C HaIpaBIsOIUMA BekTopaMu P u Q (Mbl mipearnonaraemM, 4to 00e mpsMbie MPOXOISIT
4yepe3 Hayallo KOOPAHHAT):

ARCCOS ( (P/ABS (P) ) * (Q/ABS (Q) ) )
OueBnHO, uTo P 11 Q mepneHauKysapHeL, TOIBKO eciu P*Q=0.

Onpedenenue niockocmu
[lepeitnem k onpeneneHnto mIocKocTU. TOUKH MIIOCKOCTH 3aJal0TCsl YPAaBHEHUEM
N*X=K,
rne K - ckamsp, a N - BeKkTop, IepreHIUKyYISIpHBINA 11ockocTr (cM. mpumep 7.B). Ecim A - npuHaIeXUT MIOCKOCTH, TO
N*A=K, 3amenss1 K B mpegpiaymemM ypaBHEHUH, TIOIYIHM
N*X=N*A
N* (X-A) =0
[locnennee ypaBHEHHME CTAaHET OYEBUAHBIM, €CIM BCIHOMHHUTb, YTO CKalspHOE IPOMU3BEICHHE JIBYX
MIEpHEeHANKYJSIPHBIX BEKTOPOB paBHO Hyiro. Jlns mroOoi Toukn X IUIOCKOCTH, He coBmaparomeil ¢ A, X-A MOXHO
paccMaTpuBaTh, KaK HANpaBISIONUI BEKTOp MPSMOH, JIeXKalled B IUIOCKOCTH, a Tak Kak BEKTOp N MEepHeHAUKYIIpeH
TUIOCKOCTH, TO OH TEPIICHANKYJISIPEH U KXKI0H MPsSMOH, Jexaliell B INI0CKOCTH, a ciaenoBarensHo, N*(X-A)=COS(P1/2)=0.
PacrinceiBast 3T0 ypaBHEHHE 110 KOOPAWHATAM, MBI ITOJIYYUM OOBIMHOE YPaBHEHHE IIIOCKOCTH:
(N1,N2,N3) * (X,Y,2) =N1*X+N2*Y+N3*Z=K
OOparute BHUMaHUE, YTO JBE IJIOCKOCTH MapaljIe]bHbl TOTAA U TOJIBKO TOT/A, KOT/Ia BEKTOPA, HOPMaJbHBIE K 3THM
TUTOCKOCTSIM, ITapaJlIeIbHBI.



Touxa nepeceveHus I’lp}lMOIZ Uu niockocmu
[pemnonoxumM, uto npsmas 3amaHa kak A+MU*D, a mmockocte N*X=K. Torma s HaXOXICHUS TOYKH
IepeceveHus MPSMOH ¥ IUIOCKOCTH HaM HEOOXOJMMO HaWTH Takoe 3HaueHne MU, 4To0bI
N* (A+MU*D) =K, oTKyAa
MU= (K-N*A) / (N*D)
rae (N*D) ne =0.
Ecm N*D=0, To nmpsimast mapajuieibHa MIIOCKOCTH, M TOUEK IMepECeUeHUs HeT.
Paccmosnue om mouxu 0o npsamot
Paccrossamem ot Touku P mo minockoctn N*X-K Ha3piBaeTcs HamMEHBIEE M3 PACCTOSHUH OT TOYKHA P 1Mo TOdek,
JIeXKalllMX Ha 3TOM IJIOCKOCTH, OTKYZa CIENYET, YTO MpsiMasi, coequHstomas Touky P ¢ touxoit P2, nexameit Ha muiockoctu N,
TaKoii, 9T0 paccTostHre OT ToukH P 10 P2 paBHO paccTosHUIO OT TOUKH P 10 MI0CKOCTH, TEPIEHANKYISIPHA STON TIIOCKOCTH.
Ota npsiMasi MOXKeT OBITh 3amucana B Buge PHMU*N;
MU omnpenensiercst TOukoit P2:
MU= (K-N*P) / (N*N)
OTKYZa PAacCTOSHUE OT TOYKH JI0 IMIIOCKOCTH:
MU*ABS (N) =ABS (K-N*P) /ABS (N)

B wactHOCTH, ecnim P - Hagamo KOOpAWHAT, TO pAacCTOSHHE OT INIOCKOCTH [0 Hadala KOOpPIWHAT €cCTh
ABS(K)/ABS(N). Bosnee toro, eciiu N - eniuHU4HBIN BEeKTOp, TO K - paccTosiHue OT IIIOCKOCTH 10 Havajia KOOPAMHAT.
Ilpumep 7.6

Haiinem Touky mepecedeHust mpsmoii, coenunsromeit Touku (1,2,3) ¢ (-1,0,2), u mrockoctu (0,-2,1)*X=5, a Taxxe
paccTosiHHe OT IUIOCKOCTH JI0 Havyajla KOOpJHHAT
B =(1,2,3)
N =(0,-2,1)
D =(-1,0,2)-(1,2,3)=(-2.-2,-1)
N*B  =(0*1,-2*2,1*3)=-1
N*D  =(0*-2,-2*%-2,1*-1)=3
oTkyzaa 3HadeHrne MU, cooTBeTCTBYIOMIEeE TOUKE TepecedeHus, ecThb (5-(-1))/3=2, a Touka mepeceuenus (1,2,3)+2(-2,-2,-1)=(-
3,-2,1); paccTostHHE OT TUTOCKOCTH [I0 Hadaixa KOOpPAWHAT eCTh
5/ (N)=5/SQRT (5) =SQRT (5)
[Iporpamma Ha muctrHTe 7.1 MO3BONISIET BEIYUCIUTH TOUKY IepecedeHus (MaccuB P) mmockoctu u npsimoid. ba3oBerid
BEKTOp MpsAMOil - B, Hampasisromuii BekTop npsimoii - D, Hopmans k mmockoctr - N, KoHcTaHTa mmtockoctu K. OOpatute
BHUMaHHE Ha TOT (aKT, YTO M3-32 HCIOJH30BAHUS JECATUYHON apu(PMETUKHM MbI HE MOKEM IPOBEPHTH, PABHO JH HYIIO
CKaJIIPHOE IPOU3BEACHHE, TaK KaK CICIyeT YUUTHIBATH OMIMOKK OKpPYTIIeHUs. BCE, YTO MBI MOXKEM OIPEAEITUTb - 3TO SIBIACTCA
JIM CKJIPHOE IPOU3BEACHHE NPCHEOPEKUMO MANbIM; BEIMYHHA TOTO, YTO CUUTATh OCCKOHEYHO MAaJbIM, ONpPEIEISIETCS
nporpammuctoM (Ha SPECTRUMe 3T0 npuMepHO MIeCTh 3HAKOB MOCIIE 3aIIATOH).
LISTING 7.1
100 REM INTERSECTION OF LINE AND PLANE
110 DIM B(3): DIM D(3): DIM N(3):DIM P(3): DIM A$(8)
120 INPUT "BASE VECTOR OF LINE"," (";B(1l);",";B(2);",";B(3);")"
130 PRINT AT 1,0;"BASE VECTOR OF LINE "," (";B(1l);",";B(2);",";B(3);")"
140 INPUT "DIRECTION VECTOR OF LINE "," (";D(1);",";D(2);",";D(3);")"
150 PRINT AT 4,0;"DIRECTION VECTOR OF LINE ","(";D(1);",";D(2);",";D(3);™)"
160 INPUT "NORMAL TO PLANE ", ," (";N(1);",";N(2);",";N(3);")"
170 PRINT AT 7,0;"NORMAL TO PLAN ",," (";N(1);",";N(2);",";N(3);")"
180 INPUT "PLAN CONSTANT " ;K
190 PRINT AT 10,0;"PLAN CONSTANT " ;K
199 REM CALCULATE POINT OF INTERSECTION (P(1l), P(2),P(3)) OF LINE AND PLANE,
INPUT ABOVE.
200 LET DOT=N(1)*D(1)+N(2) *D(2)+N(3) *D(3)
209 REM ZERO DOT PRODUCT SO NO INTERSECTION.
210 IF ABS DOT<0.000001 THEN PRINT AT 15,0;"NO POINT OF INTERSECTION": STOP
220 LET MU=(K-N(1)*B(1)-N(2)*B(2)-N(3)*B(3))/DOT
230 FOR I=1 TO 3: LET P(I)=B(I)+MU*D(I): IF ABS P(I)<0.000001 THEN LET P(I)=0
240 NEXT I: PRINT AT 15,0;"POINT OF INTERSECTION"," ("
249 REM TIDY UP OUTPUT.
250 FOR I=1 TO 3: LET A$=STR$ P(I): FOR J=1 TO 8
260 IF AS<>" " THEN PRINT AS$ (J);
270 NEXT J: IF I<>3 THEN PRINT",";
280 NEXT I: PRINT ")"
290 STOP

Touka nepeceuenusi 08X npsAMbIX
[IpennonoxuM, 4TO TOYKA MEPECEUCHUS IBYX MPSAMBIX 3amaBaeMbix, kak BI+MU*D1, u B2+LMD*D2, cymectByer
(ecnu mpsiMble HE KOMIUIAHADHBI WIIM OHU MapajiefibHbI, TO TOYKH MepecedeHHs He CyIIeCTByeT). Touka mnepeceueHus

onpenensercs TakuM 3HaueHnemM MU u LMD, urto
B14+MU*D1=B2+LMD*D2 (7.1)



3T0 ypaBHEHNE BEKTOPHOE W COCTOUT UX TPEX CKAJSIPHBIX YPABHEHHH.

Jlns pa3pemumMocTs 3TOT0 ypaBHEHHST HEOOXOAMMO, YTOOBI TONBKO JIBa M3 HUX OBUTH HE3aBUCHMBIMH, a OCTaBIIEECs
SBISUIOCH ObI WX Cie[cTBHEM. J[Be mpsiMble mapauieibHbl, eciau Bektopa D1 u D2 mpomoprmoHansHbl. Bo3pMéM 1Ba
HE3aBUCHMBIX YpaBHEHUS, pemiuM ux otHocuteabHo MU u LMD (y Hac Ba ypaBHEHHUs U JIBa HEM3BECTHBIX) U TOACTaBUM 3TH
3HAUEHUS B TPEThE ypaBHEHUE JIJIsl MPOBEPKU COBMECTUMOCTH dTHUX YpaBHEHUH.

[Ipumep 7.B wutrocTpupyeT 3TOT METOM, a Ha JIUCTUHTE 7.2 COJAEP>KUTCS Mporpamma, HaxoJsllas 3TUM METOA0M
TOUKY IMepeceueHus: NpsiMbIX. ba3oBbIi W HampaBIAIOIIKMNA BEKTOp MEpBOM MpsiMoil XpaHuTcs B MaccuBax B u D, a Bekropa
BTOpOH NpsiMoit - B MaccuBax C u E; HaliieHHas Touka nepeceueHus 3arnuchiBaeTcs B Maccus P.

OOpaTnuTe BHIMaHUE, 9YTO €CITH JBA HE3aBUCHMBIX YPAaBHEHHUS €CTh:

A(1,1)*MU+A(1.2) *LMD=B1 (7.2)
A(2,1) *MU+A (2,2) *LMD=B2 (7.3)
to ux nerepmuHanr DELTA=A(1,1)*A(2,2)-A(1,2)*A(2,1) orminueH ot HyJs (Tak Kak ypaBHEHHS] HE3aBUCHMBI), ¥ PELICHHS
MOXHO 3aIlicaTh B BUJIE:
MU=(A(2,2)*B1-A(1,2) *B2) /DELTA;
IMD=(A(1,1)*B2-A(2,1)*Bl) /DELTA.

LISTING 7.2

100 REM INTERSECTION OF TWO LINES

110 DIM B(3): DIM D(3): DIM C(3): DIM E(3): DIM P(3): DIM A$(8)

120 INPUT "BASE VECTOR OF FIRST LINE ","("; B(1);",";B(2);",";B(3);"),"

130 PRINT AT 1,0;"BASE VECTOR OF FIRST LINE ","(";B(1);",";B(2);",";B(3);")"

140 INPUT "DIRECTION VECTOR OF FIRST LINE ","(";D(1);",";D(2);",";D(3);")"

150 PRINT AT 4,0;"DIRECTION VECTOR OF FIRST LINE ","(";D(1);",";D(2);",";D(3);
") "

160 INPUT "BASE VECTOR OF SECOND LINE "," (";C(1l);",";C(2);",";C(3);")"

170 PRINT AT 7,0;"BASE VECTOR OF SECOND LINE "," (";C(1);",";C(2);",";C(3);")"

180 INPUT "DIRECTION VECTOR OF SECOND LINE "," (";E(1);",";E(2);",";E(3);™)"

190 PRINT AT 10,0;"DIRECTION VECTOR OF SECOND LINE "," (";E(1);",";E(2);",";

E (3) ; n) "

199 REM CALCULATE POINT OF INTERSECTION (P(1),P(2),P(3)) OF TWO LINES, DATA
INPUT ABOVE. FIND ANY TWO INDEPENDENT LINE EQUATIONS FROM THE THREE (X/Y/Z).

200 FOR I=1 TO 3

210 LET J=I+1: IF J=4 THEN LET J=1

220 LET DELTA=E (I) *D (J) -E (J) *D (I)

230 IF ABS DELTA>0.000001 THEN GO TO 260

240 NEXT I

249 REM CANNOT FIND TWO INDEPENDENT EQUATIONS-LINES DO NOT INTERSECT.

250 PRINT AT 15,0;"LINES DO NOT INTERSECT": STOP

259 REM CALCULATE MU AND LAMBDA VALUES OF POINT OF INTERSECTION.

260 LET MU= (E(I)* (C(J)-B(J))-E(J)*(C(I)-B(I)))/DELTA

270 LET LAMBDA=(D(I)* (C(J)-B(J)-D(J))*(C(I)-B(I)))/DELTA

279 REM NO SOLUTION IF MU AND LAMBDA DO NOT MATISFY THIRD EQUATION.

280 LET K=J+1: IF K=4 THEN LET K=1

290 IF ABS (B(K)+MU*D (K)-C (K) ~-LAMBDA*E (K) ) >0.000001 THEN GO TO 250

299 REM CALCULATE (P(1),P(2),P(3)) USING MU VALUE.

300 FOR I=1 TO 3: LET P(I)=B(I)+MU*D(I): IF ABS P(I)<0.000001 THEN LET P(I)=0

310 NEXT I: PRINT AT 15,0;"POINT OF INTERSECTION "," (";

319 REM TIDY UP OUTPUT.

320 FOR I=1 TO 3: LET A$=STRS$ P(I): FOR J=1 TO 8

330 IF A$(J)<>" " THEN PRINT AS (J);

340 NEXT J: IF I<>3 THEN PRINT",";

350 NEXT I: PRINT ")"

360 STOP

Ilpumep 7.B.

Haiinute Touku nmepecedeHus (€Cii OHU UMEIOTCS)

(A) (1,1,1)+MU(2,1,3) ¢ ypaBrenuem (0,0,1)+LMD(-1,1,1)
(b) (2,3,4)+MU (1,1,1) ¢ ypaBuenuem (-2,-3,-4)+LMD(1,2,3)
B (A) aTu Tpu ypaBHEHUS €CTh!

1+2*MU=0-LMD (7.4)
1+MU=0+LMD (7.5)
1+3*MU=1+LMD (7.6)

U3 ypaBuennit 7.4 u 7.5 met momydaem MU=-2/3 u LMD=1/3, moncrasinss B ypaBHeHHe 7.6, momydaem 1+3%(-2/3)=-1
B JIeBOH yacTh ypaBHeHuUs U 1+1%(1/3)=4/3 - B mpaBoii 9acTH, TaK, 4TO MPSAMEIE HE TIEPECEKAIOTCS.
U3 (b) cnenyrot ypaBHEHUS:
2+MU=-2+LMD 7.7)
3+MU=-3+2LMD (7.8)
4+MU =-4+3LMD (7.9)



W3 7.7 n 7.8 nomygaem MU=-2 u LMD=2, u 5T 3Ha4eHUs yIOBIETBOPSIOT 7.9 (1IpaBas u neBas 4acTu paBHHI 2). Tak

YTO TOYKA MEPECEUCHUS:
(2,3,4)-2(1,1,1)=(-2,3,4)+2(1,2,3)=(0,1,2)
HJZOCKOCmb, npoxodﬂu;aﬂ uepes mpu HeKOUVIUHeapHble NOoYKU

Jlis pemieHus! 3agadd Mbl BBOJUM IOHSTHE BEKTOPHOTO ITPOM3BEINCHHUS IBYX BEKTOPOB, PE3YJIbTaTOM KOTOPOTO
SIBIISIETCS] BEKTOP

P*Q=(P1,P2,P3)*(Q1,Q2,Q03)=(P2*Q3-P3*Q2,P3*Ql1-P1*Q3,P2*Q3-P3*Q2)

Ecmu P u Q He mapasensHeL, To BekTOop P*Q meprnenaukymsaper kak P, tak u Q. Cinemyer oTMETUTD, 9TO BEKTOPHOE
MIPOM3BEJCHHE HE KOMMYTaTUBHO, TO ecThb P*Q#Q*P. Ilpn n3MeHeHNH Mopsiika COMHOXKHUTENEH BEKTOPHOTO IPOU3BEICHHS
BEKTOp pe3yNibTaTa MECHSACT HalpaBJCHHE Ha MPOTUBOMONIOKHOe. Hampumep, (1,0,0)*(0,1,0)=(0,0,1), ro (0,1,0)*(1,0,0)=(0,0,-
1); Bextopa (0,0,1) u (0,0,-1) 06a mapamnensas! ocu Z. Ha nuctunre 7.3 mpuBeneHa IporpaMMa, BRI3BIBAIONIAS TOATIPOrPaAMMY
"VECPROD" (anst BektopoB L u M Berumcisiercss ux BekropHoe mpousseaenue N, u "DOTPROD", (Berauchsromnee 3Ha4eHIE
DOT cxkansipHoro npoussenenus L u M); o0e 9TH nporpaMMbl PUBEIEHBI HA JTUCTHHTE 7.4.

LISTING 7.3

100 REM DOT PRODUCT AND VECTOR PRODUCT

110 LET VECPROD=300: LET DOTPROD=400

120 DIM L(3): DIM M(3): DIM N(3)

130 INPUT "VECTOR L ","(";L(1);",";L(2);",";L(3);")"

140 PRINT AT 1,0;"VECTOR L "," (";L(1);",";L(2);",";L(3);")"

150 INPUT "VECTOR M n , n (" ;M(l) ; n , n ;M(Z) ; n , n ;M(B) ; H) n

160 PRINT AT 4,0;"VECTOR M ", " (";M(1);",";M(2);",";M(3);")"

170 GO SUB VECPROD

180 PRINT AT 8,0;"VECTOR PRODUCT "," (";N(1);",";N(2);",";N(3);")"

190 GO SUB DOTPROD

200 PRINT AT 11,0;"DOT PRODUCT " ;DOT

210 STOP

LISTING 7.4

300 REM VECPROD

301 REM IN - L(3),M(3)

302 REM OUT- N(3)

309 REM N IS THE VECTOR PRODUCT OF L AND M.

310 LET NI=2: LET NNI=3

320 FOR I=1 TO 3

330 LET N(I)=L(NI)*M(NNI)-L(NNI)*M (NI)

340 LET NI=NNI: LET NNI=NI+1l: IF NNI=4 THEN LET NNI=1

350 NEXT I

360 RETURN

400 REM DOTPROD

401 REM IN - L(3),M(3)

402 REM OUT - DOT

409 REM DOT IS THE DOT PRODUCT OF L AND M.

410 LET DOT=0

420 FOR I=1 TO 3: LET DOT=DOT+L (I)*M(I): NEXT I

430 RETURN

[IpennonoxuM, 9To AaHbl TpH HeKoIuHeapHble Touku — P1, P2 u P3, Torna Bexropst P2-P1 u P3-P1 npeacrasnstor
JIBa HaIpaBJICHHs, Tlepecekaromuecs B P1 u nexamue B miockocTu, coaepxaiield 3TH Tpy TOYKH. MBI 3HaeM, YTO HOpMaJlb K
TUTOCKOCTH MEPIEHANKYJIISIPHA KaXKI0HW JTMHUH, JEeXKaIlel B IUIOCKOCTH, B YaCTHOCTH M JIBYM YIOMSHYTHIM BbIIIe. Tak Kak 3TH
TOYKH HeKoyutmHeapHbl, T0 P2-P1=P3-P1 u HopMmans kx miockoctu ects (P2-P1)*(P3-P1), a ypaBrenue mpsmoii ectb ((P2-
P1)*(P3-P1)*(X-P1))=0

Ilpumep 7.I°

HaiinuTe ypaBHeHHE TUIOCKOCTH, Tpoxoasmen yepes Touku (0,1,1), (1,2,3) u (-2,3,-1).

Touka Takoi MJIOCKOCTH yIOBIETBOPSET

(((19233)'(09131)*(('2’39'1)'(07191)))*((X3Y’Z)'(09131)):09
YyTO JAET
((1,1,2)*(-2,2,-2)*(X,Y-1,Z-1)=0 nim
(-6,-2,4)*(X,Y-1,Z-1)=0

3t0 paBHOCHIBHO -6X -2Y +4Z -2 - 0, a 310 paBHOCHIBHO 3X + Y - 27 - -1.

Touka nepeceueruss mpéx njiockocmeu

[IpennonaoxuM, 4To IIIOCKOCTH 3aJjaHbl ypaBHeHUsIMH 7.10-7.12, puBeIeHHBIMU HIDKE:

NI1*X=K1 (7.10)
N2*X=K2 (7.11)
N3*X=K3 (7.12)

rre NI=(N(1,1),N(1,2),N(1,3)), N2=(N(2,1),N(2,2),N(2,3)), N3=(N(3,1),N(3,2),N(3,3)). Mbl MokeM nepenucarb 3TH
ypaBHEHUs B MATPHYHOM BUJIE:
N(1,1) N(1,2) N(1,3) X K1



N2,DNQR2)N23) * Y = K2

N@G,1)N(3,2) N(3.3) z K3
Pemenue 3a1acTCs B BUIC CTOH6Ha

X N(1,1) N(1,2) N(1,3) K1

Y = NQINQ22)N@23) * K2

V4 N(3,1) N(3,2) N(3,3) K3

Mpbl BHIMM, YTO BBIYMCIICHHE TOYKH MNEpEceYeHHs TPEX IUIOCKOCTEH TpeOyeT HaxXOXIEHHs OOpaTHONW MaTpHILBI
pasmepa (3*3). Ha muctunre 7.5 npuBoAnTCS Mporpamma, BEIYHCIISIONIAS OOpaTHYIO MAaTpHIly NMPHCOSAWHEHHBIM METOJIOM.
Ob6pamaemas Matputa - N, oOpaTHas - M.

LISTING 7.5

500 REM INVERSE OF 3*3 MATRIX

501 REM IN - N(3,3)

502 REM OUT- M (3,3), SINGULAR

510 LET SINGULAR=1

520 LET DET=0: LET NI=2:LET NNI=3

530 FOR I=1 TO 3

540 LET DET=DET+N (1,I)* (N(2,NI)*N(3,NNI)-N(2,NNI)*N(3,NI))
550 LET NI=NNI: LET NNI=NI+1: IF NNI=4 THEN LET NNI=1

560 NEXT I

569 REM DETERMINANT OF SINGULAR MATRIX IS ZERO, THERE IS NO INVERSE.
570 IF ABS DET<0.000001 THEN RETURN

579 REM CALCULATE M, THE INVERSE OF N, BY THE ADJOINT METHOD.
580 LET NI=2: LET NNI=3

590 FOR I=1 TO 3

600 LET NJ=2: LET NNJ=3

610 FOR J=1 TO 3

620 LET M(J,I)=(N(NI,NJ)*N (NNI,NNJ)-N(NI,NNJ)*N(NNI,NJ)) /DET
630 LET NJ=NNJ: LET NNJ=NJ+1: IF NNJ=4 THEN LET NNJ=1

640 NEXT J

650 LET NI=NNI: LET NNI=NI+l: IF NNI=4 THEN LET NNI=1

660 NEXT I

670 LET SINGULAR=0

680 RETURN

B mporpamme Ha nucTHHre 7.6 BEKTOPBHI NPEACTAaBISAIOTCS OJHOMEPHBIMH MaccuBaMu; MaccuB B(3) comepxwur
pemenne ypaBHenui, a K(3) - koncrants! miockocteii. Hopmanu N1, N2 u N3 3agatorcst B marpuiie N pasmepHoctu (3*3).
Ecnu nBe U3 3THX MIOCKOCTEH MapajuleNbHbl WIK €CIH 3T INIOCKOCTH NEepeceKaroTcs Mo MPsSMOM, TO TOYKA MepeceueHus He
€MHCTBEHHA; B 3TOM ciydae nepemenHast DET, paBnas nerepmunanty N, paBHa Hymto, 1 nepemensas SINGULAR=1.

LISTING 7.6

100 REM INTERSECTION OF THREE PLANES

110 DIM N(3,3): DIM M(3,3): DIM K(3) :DIM B(3)

120 LET INV=500

129 REM INPUT DATA OF THREE PLANES.

130 PRINT AT 2,4;"COEFFICIENTS CONSTANT"

140 FOR I=1 TO 3

150 PRINT AT 2+42*I,0;"PLANE(";I;")-( |, , )"
160 FOR J=1 TO 3

170 LET I$="INPUT N("+STR$ I+","+STR$ J+") "

180 INPUT (I$);N(I,J): PRINT AT 2+2*I,7+4*J;N(I,J)
190 NEXT J

200 LET I$="INPUT K("+STR$ I+") "

210 INPUT (I$);K(I): PRINT AT 2+2*I,28;K(I)

220 NEXT I

229 REM IF MATRIX OF NORMAL IS SINGULAR THEN NO INTERSECTION.
230 GO SUB INV

240 PRINT AT 12,4;"POINT OF INTERSECTION"

250 IF SINGULAR THEN PRINT AT 12,0;"NO": STOP

259 REM POINT OF INTERSECTION IS (B(1),B(2),B(3)).
260 FOR i=1 TO 3

270
280
290
300
310
320
330
340

LET B(I)=0
FOR J=1 TO 3
LET B(I)=B(I)+M(I,J)*K(J)

NEXT J
IF ABS B(I)<0.000001 THEN LET B(I)=0
PRINT AT 12+2*1,7;"B(";I;") = ";B(I)
NEXT I

STOP



Ilpumep 7./
Haiinure Touky nepeceuenus Tpéx miockocrei (0,1,1)*X=2, (1,2,3)*X=4 u (1,1,1)*X=0
B matpuunoit popme

0 1 1 X 2
I 1 1 VA 0
Marpuma, oopaTHas K
0 1 1
2 3
I 1 1
ecTb
-1 0 1
2 -1 1
-1 1 -1
U CIIEIOBATEIIBHO
X -1 0 1 2 -2
Y = 2 -1 1 * =
Z -1 1 -1 0 2

OTO peleHHe JIETKO IPOBEPUTD:
(0,1,1)*(-2,0,2) =2,
(1,2,3)*(-2,0,2) =4,
(1,1,1)*(-2,0,2) =0,
YTO O3Ha4aeT: Touka (-2,0,2) MpUHALIEKHUT BCEM TPEM IIIOCKOCTSIM H, CJIEI0BATEIBHO, SIBIISETCS UX TOYKOH IepecedeHs.
Jlunus nepeceuenust 08yx niockocmei
ITycTh ABE MIIOCKOCTH 3aJal0TCSl ypaBHEHUAMU
P*X=(P1,P2,P3)*X=K1
Q*X=(Q1,Q2,Q3)*X=K2
MsI monaraeM, 4TO IUIOCKOCTH HE HapaiuieNbHBI U, cienoBarenbHO, P He- LMD*Q mns mo6oro LMD. Ilpsmas,
Jekamasi B 00enx IUIOCKOCTSX JI0JDKHA OBITh HMEPIEHANKYISIpHa 00€MM HOPMAaIsAM K 3THM IUIOCKOCTSIM. JTO O3HAYaeT, 4To
HanpasieHue npsmoid D=P*Q u npsmas moxet ObITh 3ammcana B Buze B+MU*Q, rae B - mo6as Touka mpsimoit. [y 3aganus
NPSAMOM MBI JAOJDKHBI HAUTH 3TOT BEKTOpP B. MBI HaX0quM TOYKY MEpECceUeHus: 3TUX JBYX IIJIOCKOCTEN TpeTheH, KOTOpasl He
napajuiesibHa HH OJHOW M3 HUX M HE IepecekaeT ux mo obmed npsmoid. Ilmockocts ¢ HopMmansio P*Q ymosneTBopsieT aTuM
yCIOBUSAM (TMTOMHHTE, YTO MBI YK€ BBIYUCTHIN 3TO NipousBeaenue). Ham octaercs 3amats K3. Bribepem K3=0, Tak, 9to TpeThs

MIJIOCKOCTh IPOXONT Yepe3 Hayasno koopauHat. Torna Bektop B 3amaercs BbipaxkeHHEM
-1

Pl Pl Pl K1
B= 0l 02 03 x| K2
P2*%02-P3*0Q3 P3*Ql-Pl1*0Q3 P1*Q2-Ql1* P2 0

Ipumep 7.E
Haiinure mpsmyro mepeceuenms tiockocteit (0,1,1)*X=2 u (1,2,3)*X=2. Tax xax P=(0,1,1) m Q=(1,2,3), To
P*A=(1*3-1*2,1*1-0*3,0*2-1*1)=(1,1,-1). OOpaTHas MaTpuna
1

01 1Y) -5 2 1
1 2 3 :%x 4 -1 1
I 1 -1 -1 1 -1

CJICAOBATCIbHO, TOYKA IIEPECCUCHUA TPEX IJIOCKOCTEN €CTh

-5 2 1 2 -6) -2
l>< 4 -1 1 |x|2 :lx 0 |=2
3 3

-1 1 -1) (0 0 0

u npsimas ectsb (-2,2,0)+MU*(1,1,-1).
OTBeT JIETKO MPOBEPHUTH, TaK KaK BCE TOYKH HPSMOH JTOJDKHBI yJIOBIETBOPSTH YPaBHEHNIO 00EUX IJIOCKOCTEH
(0,1,1)*((-2,2,0)+MU(1,1,-1))=(0,1,1)*(-2,2,0)
MU(0,1,1)*(1,1,-1)=2
st Bcex MU u
(1,2,3)*((-2,2,0)+MU(1,1,-1))=(0,1,1)*(-2,2,0)



MU(1,2,3)*(1,1,-1)=2

Jutst mooe1x MU.

[Mporpamma i pelieHus: 3TOH 3aJadll NPUBOAMUTCS Ha JucTuHre 7.7. OOpaTuTe BHUMaHKUE, YTO OHA OYECHb I10X0XKa
Ha IpeasayInyto nporpammy. O6pature BHUMaHue, 9To i P u Q He BBLAEIAIOTCA ClelUalbHbIe MACCUBBI, OHU XPaHATCS B
MEePBBIX JBYX cTpokax maTtpuubsl N. B maccuBe B xpanutcs 3HaueHue 6a30BOro BEKTOpa NpsSMOM, 3HAUCHUE HAIPABIISAIOIIETO
BeKTOpa npsMoit D xpaHuTcs B TpeTbel CTpoke MaTpulls! N.

LISTING 7.7

100 REM LINE OF INTERSECTION OF TWO PLANES

110 DIM N(3,3): DIM M(3,3): DIM K(3): DIM B(3): DIM AS$(2)

120 LET INV=500: LET AS$="PQ"

129 REM INPUT DATA OF TWO PLANES.

130 PRINT AT 2,4;"COEFFICIENTS CONSTANT"

140 FOR I=1 TO 2

150 PRINT AT 2+2*I,0;"PLANE (";I;")=( , , )"

160 FOR J=1 TO 3

170 LET IS$="INPUT "+AS$(I)+" ("+STRS J+") "

180 INPUT (IS$);N(I,J): PRINT AT 2+2*I,7+4*J;N(I,J)

190 NEXT J

200 LET I$="INPUT K("+STR$ I+")"

210 INPUT (IS$);K(I): PRINT AT 2+2*I,28;K(I)

220 NEXT I

229 REM FOR THIRD PLANE.

230 LET N(3,1)=N(1,2)*N(2,3)-N(1,3)*N(2,2)

240 LET N(3,2)=N(1,3)*N(2,1)-N(1,1)*N(2,3)

250 LET N(3,3)=N(1,1)*N(2,2)-N(1,2)*N(2,1)

260 LET K(3)=0

269 REM IF MATRIX OF NORMAL IS SINGULAR THEN NO INTERSECTION.

270 GO SUB INV

280 PRINT AT 10,4;"LINE OF INTERSECTION"

290 IF SINGULAR THEN PRINT AT 10,0;"NO": STOP

300 PRINT AT 12,0;"BASE VECTOR";" DIRECTION"

309 REM LINE OF INTERSECTION - BASE (B(1l),B(2),B(3))) AND DIRECTION
(N(3,1) ,N(3,2) ,N(3,3)).

310 FOR I=1 TO 3

320 LET B(I)=0

330 FOR J=1 TO 3

340 LET B(I)=B(I)+M(I,J)*K(J)

350 NEXT J

360 IF ABS B(I)<0.000001 THEN LET B(I)=0
370 PRINT AT 12+2*I,0;"B(";I;") - ";B(I)
380 PRINT AT 12+2*I,20;"D(";I;") - ";N(3,I)
390 NEXT I

400 STOP

(DyHKI/;LlOHa]leOQ npedcmaeﬂeﬁue noeepxHocmu

M5! BHIIENH, YTO B JBYMEPHOM CIIy4ae KPUBBIE MOXKHO 337aBaTh C IOMOIIBIO (DYHKIIMOHAIBHBIX 3aBUCUMOCTEH. DTOT
METOJl MOYKHO PaCIpOCTPAHUTDh Ha Ciay4ail TpEX U3MEPEHUI ISl UCCIIEN0BaHUs IOBEPXHOCTEN B npocTpaHcTBe. [Ipocreiimeit
(hopMoii TOBEPXHOCTH SBISAETCA TUIOCKOCTH ¢ HopMaibio N=(N1,N2,N3), koTopas, Kak MbI 3HaeM, 3aJIaeTCs yPaBHCHUEM:

N*X-K=N1*X1+N2*Y+N3*Z-K=0,
KOTOPOE MOKHO Iepernucars B (QyHKIHOHAIBHOH (hopme
F(X)=F(X,Y,Z)=N1*X+N1*Y+N*Z-K=N*X-K,
rne X=(X,Y,Z).

DTO NPOCTOE BBIpaKEHUE ITO3BOJISIET HaM Pa3OUTh MPOCTPAHCTBO HA TPU MHOXKECTBA, MHOXKECTBO TOYEK X, TAKHX, YTO
F(X)<0 - otpunarenpHas 00JIaCTh, MHOKECTBO TOYEK X, JICXKAIUX HA IUIOCKOCTH Takux, 4To F(X)=0 n MHOXeCTBO Touek X,
Takux, 4to F(X)>0 - nonoxxurensHast 001acTs.

Ecmu moBepxHOCTh pa30dWBaeT MPOCTPAHCTBO Ha [[BE CBA3HBIE 00NacTH (00JIACTh HA3BIBAETCS CBSA3HOM, €CIH JIOOBIC
JIB€ TOYKH 00JaCTH MOXKHO COCAMHHUTH KPUBOH, LIEITMKOM JISKAIIEH B ATOH 00JIaCTH), TO 3TH 00IACTH MOXKHO OTOK/IECTBIISTH C
00JIaCTBIO TIOJNIOKUTENBHBIX W OTPHLATENbHBIX 3HaueHMH. CiemyeT WMeTh B BHAY, YTO MHOTHE ITOBEPXHOCTH JAEIAT
MIPOCTPAHCTBO Ha OONBIIOE YHCJIO KOMIIOHEHT; IPUMEPOM TaKOH IOBEPXHOCTH SIBIISIETCSl TOBEPXHOCTb, 3aJaBacMas
ypaBueaneM F(X,Y,Z)=COS(Y)-SIN(X**2+Z**2). Onnako, uMeeTcs psii MOBEPXHOCTEH, yIOBIETBOPSIOMHUX TpeOyeMomy
ycnoBuio. [IpumMepomM Takoil TOBEPXHOCTH SBIsiETCA cdepa

F (X)=R**2-ABS (X) **2
WJIN TI0 KOMITIOHEHTaM:
F(X,Y,Z)=R**2-_X*x*x2_Y*x*x2_Z**2

Ecmn P(X)=0, To X nmexut Ha chepe; ecimm F(X)<0, To Touka nexut BHe chepsl; econ F(X)>0, To Touka nexur
BHYTPH chephl.

QOyHKIMOHABHOE IPEACTABICHUE IIOBEPXHOCTEH BEChbMa IMOJE3HO MPU HAXOXKAEGHHMHM TOYEK IepecedeHHs



noBepxHocteil. OHAKO, STO NPEICTABICHUEe OCOOCHHO I[EHHO IMPU BBISCHEHUH TOTO, JeXar Ju aBe Toukd P u Q mo oxHy
CTOpOHY OT moBepxHocTH. [y aToro mocratouno cpaBHUTh 3Haku F(P) m F(Q); ecnm onm omHOoro 3maka, To Touku P u Q
JIeKAT MO OJTHY CTOPOHY OT IIOBEPXHOCTH, @ €CJIM Pa3HOIo - TO MO Pa3HbIe, YTO O3HAYAET, YTO JIt00Aask KpHBas, coeuHstomas P
u Q, mepecekaeTr MOBEPXHOCTh XOTs ObI B 01HOM ToUke. Hike npuBeieH npuMep, WUTFOCTPUPYIOIININ BRIIIECKa3aHHOE.

Jleoxrcum au mouka no my atce CmopoHy om njiaocKocmu, 4mo u Haviauno Koopduﬁam?
[IpennonoxuM, 9TO TIOCKOCTH 3a/1aHa TPeMsI HEKOJUTMHEapHBIMU TOUYKaMH. Toraa ypaBHEHHE TIOCKOCTH:
((P1-P2) *(P3-P1)) * (X-P1)=0
DT0 ypaBHEHHE MOXKHO TIepenHcaTh B (QYHKIIMOHAIEHOM BHUJIE
F(X)=((P2-P1) * (P3-P1)) * (X-P1)
Bce, uto Ham Hano caenars, 310 cpaBHUTH 3HaueHue F(0) ¢ F(E), rne 0 — Hauano xoopauHar, a E - BeiOpanHas Hamu
Touka. MbI npeanosnaraeM, uro HU E, Hu 0 He JexaT B IUIOCKOCTH.
DTOT METOJ SBISAETCS YPE3BBIYANHO MTOJIE3HBIM TIPU MCCIECIOBAHUH allTOPUTMOB CKPBITHIX JIMHUH.
Ipumep 7.7K
Jlexxat mm touka (1,1,3) m Hawamo KOOPAWHAT IO OJHY CTOPOHY OT IUIOCKOCTH, mpoxozsmeii gepe3 Ttouku (0,1,1),
(1,2,3) m (-2,3,-1)?
U3 npumepa 7.I" Mbl BUanUM, 4T0 (HYHKIHS, OIPEAEISIONIAs IIOCKOCTb, €CTh:
F(X)=((-6,-2,4)*(X-(0,1,1))
Orcrona
F(0,0,0)=-(-6,-2,4)*(0,1,1)=-2
F(1,1,3)=(-6,2,4)*(1,1,3)-(0,1,1))=2
MsI BUAMM, YTO Havajo KoopAwHAT W Todka (1,1.3) mexaT mo pasHBIE CTOPOHBI OT IUIOCKOCTH, TaK YTO OTPE3OK,
COCTUHSIIOIINI 3TH IBE TOYKH, IIepecedeT IockocTh B Touke (1-MU)*(0,0,0)+MU(1,1,3), rme 0<MU<I.

Kaxkoso HanpaejieHue 06x00a 06yM€pH020 MHO20Y20IbHUKA, 3A0AHH020 NOCAE008AMENbHOCINbIO CEOUX

6epuiun?

Hauném co ciydas TpeyroipHHKa, 3aanHoro BeprmmHamu P1=(X1,Y1), P2=(X2,Y2), P3=(X3,Y3). XoTs 3TH TOUKH
3aJaHbl Ha JABYMEPHOM IUIOCKOCTH, MBI MOKEM CUMTATh MX JIEKAUIMMHU B MPOCTPAHCTBE, MOjaras, 4TO OHM HPHUHAIJICKAT
rwiockoctd X/Y U moJjaras, 4To KOOpAMHATa Z 3THUX TOYeK paBHa Hyio. HampasneHue cropon tpeyrojibHuka ectb (P2-P1),
(P3-P2), (P1-P3). Tak kak 3Tu mnpsimMbie JexaT B X/Y MIOCKOCTH, TO s Kaxzaoro 1=1,2,3 cymectByer neiicrButensuaoe R(I)
TaKoe, 4To

(P(I+1)-P(I))*(P(I+2)-P(I+1))=(0,0,R(I))

OT0 CHpaBeUIMBO MOTOMY, YTO BEKTOp, HEPIEHIAMKYJIAPHBINA IUIOCKOCTH X/Y, MMEeT OAHY OTIMYHYIO OT HYJIA
KOOpJAUHATY - Z. CnoxeHue B HMHACKCAX CYUTACTCA 110 MOAYJIIO 3. Tak xak CUHUTACTCA, YTO TOUYKH MHOI'OYT'OJIbHUKA 3aJ1al0TCA B
MOCJIE/I0BATENILHOCTH 00X0/1a MHOTOYTOJIbHUKA, TO 3HaKH BcexX R(I) coBmnaznatoT. bosee Toro, eciiv STOT 3HaK MOJIOKHUTENEH, TO
00X0 TPOU3BOIUTCS ITPOTHB YACOBOM CTPEJIKH, a €CIIM OTPULIATENICH - TO 110 YaCOBOM CTpEIKe.

JUii  3amaHHOTO  MHOTOYTOJbHHKA JIOCTaTOYHO IIPOBEPUTH TPU TOYKHM JUIL TOTO, YTOOBI YCTaHOBUTH
I0CIIE0BATEIFHOCTh 00X0Jja MHOTOYrOJbHUKA. JTOT METOJ OKaKETCS HE3aMEHHMBIM MpPU HCCIEIOBAaHHH ajrOPHUTMOB
CKPBITBIX MpsIMBIX. Ha nuctunre 7.8 mpuBeneHa nporpaMMa, ycTaHaBJIMBArONIast MOPSJOK 00X0/a TpeX TOUeK.

Ipumep 7.1

[ToueMy MHOTOYTONBHUK, MpUBeAEHHBIN B mpuMepe 3.I°, 00XoauTcs MPOTHB YacoBOH cTpenku? BepmmHbl 3TOTO0
MHoroyrossHHUKa ecTh (1,0,0), (5,2,0), (4,4,0) u (-2,1,0). Harmpasnenue ctopos - (4,2,0), (-1,2,0), (-6,-3,0), (3.-1.0). Tornga:

(4,2,0)*(-1,2,0) =(0,0,10)
(-1,2,0)*(-6,-3,0)  =(0,0,15)
(-4,-3,0)*(3,-1,0)  =(0,0,15)
(3,-1,0)*(4,2,0) =(0,0,10)

Mg BuauM, uto Bee R(I) MoIoKuTenbHBI M, CIIEI0BATEILHO, MHOTOYTOJIBHUK OOXOMMUTCS MPOTUB YaCOBOM CTPEJIKH.
BynbTe BHUMaTENBbHBI, COOJII0AAs OCIIEN0BATENBFHOCTE 00X0/1a, TaK KaK HapyIICHHUE TOCIeI0BAaTeIbHOCTH MOXKET IPUBECTU K
HEBEPHOMY pe3yJIbTaTy, HalpuMep:

(-6,-3,0)*(4,2,0)=(0,0,0) - mpsMbIe mapaieabHbl! UK
(-1,2,0)*(3,-1,0)=(0,0,-5) - MBI IPOITYyCTHIIN BEPIIHHY.

LISTING 7.8

100 REM ORIENTATION OF 2-D TRIANGLE

110 DIM X(3): DIM Y (3)

120 LET K$="TYPE IN ": LET J$="COORDINATES OF TRIANGLE:"

130 FOR I=1 TO 3

140 LET IS$="VERTEX ("+STRS$ I+") - ("

150 INPUT (KS$+JS$+I$) ;X (I);",";Y(I);")"

160 PRINT AT 2+42*1,0;I$;X(I);",";¥(I);")"

170 NEXT I

180 PRINT AT 12,0;"THE TRIANGLE IS ";

188 REM (DX1,DY1) IS 2-D DIRECTOIN VECTOR JOINING POINT 1 TO POINT 2.

189 REM (DX2,DY2) IS 2-D DIRECTION VECTOR JOINING POINT 2 TO POINT 3.

190 LET DX1=X(2)-X(1): LET DY1=Y(2)-Y(1)

200 LET DX2=X(3)-X(2): LET DY2=Y(3)-Y(2)

209 REM USE 3-D VECTOR PRODUCT TO CHECK ON ORIENTATION OF TRIANGLE.

210 IF DX1*DY2-DX2*DY1>0 THEN PRINT "ANTI-";



220 PRINT "CLOCKWISE"
230 STOP
Cnucok npoepamm

1. JTuctunr 7.1 (mepecedenue mpsamMon u mwiockoctr). Heodxoaumas nupopmanus: 6aszossiii Bexrop (B(1),B(2),B(3))
u Hanpasisitommii Bektop (D(1),D(2),D(3)), 3aparomme mpsmyro; Hopmaib (N(1),N(2),N(3)) n xoncranra K, 3anaromas
IUIOCKOCTh. B KauecTBe BXOIHBIX JaHHbIX nonpodyiite (1,2,3), (1,1,-1), (1,0,1) u 2 cooTBeTcTBEHHO.

2. Jluctunr 7.2 (mepecedyeHue AByX npsiMbix). HeoOxomumasi mHdopmanusi: 0a30Bble BEKTOPbI M HaNpPaBIISIOIINE
BekTops! 3TuX npsameix: (B(1),B(2),B(3)), (D(1),D(2),D(3)) u (C(1),C(2),C(3)), (E(1),E(2),E(3)). ITonpobyiire (1,2,3), (1,1,-1)
u (-1,1,3), (1,0,1).

3. Jluctunr 7.3 u 7.4 (MAIN PROGRAM "VECPROD" - "Bekroproe npoussenenue”, "DOTPROD" - "ckanspHoe
npousBenerHue"). Bxomusre nannsie: nea Bextopa (L(1),L(2),L(3)) u (M(1),M(2),M(3)). ITonpooyiire (1,2,3), (1,1,-1).



NMABA 8
MaTtpuyHoe npeacTaBneHne npeodbpasoBaHus
TpexmMepHOro NpPocTpaHCcTBa

[IpencraBnenne npeoOpa3oBaHMs MEPEHOCA, BPAICHUS, PACTSHKEHUsS (OTpaskeHHs]) TPEXMEPHOTO HPOCTPAHCTBA C
TIOMOIIBI0 MaTPHUI] YETHIPE Ha YEThIpEe
e  (OOparHOoe npeoOpazoBaHHe
e Kowmmo3unus npeoOpazoBaHUA
e  Bpamienue BOKpyr Npou3BOJIbHON OCH
BHUMAHUME! Tem HammM 4uTatensM, KOTOPblE cla00 MPEACTABIAIOT ce0e MATpHUIbl M ONepaluyd Haja HUMH,
COBETYyEeM CHavaja BHHUMATEIBHO MPOYUTATH INaBy 4 MaHHOW KHWTH, TAE TOMYJSPHO OMUCHIBAIOTCS OCHOBBI MaTPHUYHBIX
mpeobpa3oBaHuil 1 HOAPOOHO paccMaTPUBAIOTCS BOIPOCH MATPUYHOTO MIPEACTABICHUS ABYMEPHOTO IPOCTPAHCTRA.
31ech xKe MBI IIpeJlaraeM YuTaTeNio JajbHenIIee pa3BUTHE TEOPUH MAaTPUYHOTO NPECTABICHUS IPOCTPAHCTBA YXKe
g Tpéx u3MepeHuil. Hike MBI MPUBOAMM TOTOBYIO NMPOrpaMMy YMHOXKEHHUS IBYX MATpHIl A TPEXMEPHOTo cirydyas (CM.
nucTtuHr 8.1).
LISTING 8.1
9100 REM MULT3
9101 REM IN - A(4,4),R(4,4)
9102 REM OUT - R(4,4)
9110 FOR I=1 TO 4
9120 FOR J=1 TO 4
9130 LET AR=0
9140 FOR K=1 TO 4
9150 LET AR=AR+A(I,K)*R(K,J)
9160 NEXT K
9170 LET B(I,J)=AR
9180 NEXT J
9190 NEXT I
9200 FOR I=1 TO 4
9210 FOR J=1 TO 4
9220 LET R(I,J)=B(I,J)
9230 NEXT J
9240 NEXT I
9250 RETURN
9300 REM IDR3
9302 REM OUT - R(4,4)
9310 FOR I=1 TO 4
9320 FOR J=1 TO 4
9330 LET R(I,J)=0
9340 NEXT J
9350 LET R(I,I)=1
9360 NEXT I
9370 RETURN
Paccmorpum ypaBHenue: 1=A*X+A*Y+A*Z+A
Ero cnpaBemmBocts mis Beex X,Y oznauaer A(4,1)=A(4,2)=A(4,3)=0 u A(4,4)=1. Otu ypaBHEHHS MOTYT OBITH
3alMcaHbl B MaTPUYHOU (opMe, Iie BEKTOP-CTOJIOEI], COOTBETCTBYIONIMIA TOYKe "Mmocie", eCTh MPOU3BEACHUEC MATPHUIlBI Ha
ctonber "mo".

XY (ALD  AL2) A(13) A4 (X
Y| | AR 422) A23) A4 | |Y
2071 4G 4B2) 4G3) 4G4 | |z
1) 4@)) 442) A4@43) A@44)) (1

Tak 4TO eciu MBI 3amuIIeM npeodpa3oBaHue B BUJIE MATPUIBI M COXPAHUM €€, TO MBI MOJKEM IPeo0pa3oBath JII00bIe
TOYKH YMHOXXCHHEM COOTBETCTBYIOIIMX MM BEKTOP-CTOJNOLOB Ha MaTpuubl. Kak M paHee, nMes MaTpHUUYHYIO 3aluch
IpeoOpa3oBaHNH, JETKO COCTaBHUTh MIPE0Opa30BaHNE, COOTBETCTBYIONIEE KOMITO3UIIMH 3TUX NpeodpazoBanuil. Ecim MaTpuis!
mpeoOpa3oBaHuii ecTh (B TOpsAKe coBepiieHUs mnpeoOpasosanuit) A,B,C...LM,N, To wMarpuma pe3yiIbTHPYIOIIEro
npeobpazoBanus ecth N¥*M*L*C*B*A. 3anomHuTe nocienoBaTensHOCTh. OHA CBSI3aHA C TEM, YTO MBI OTIEPHPYEM C BEKTOP-
CTONIOLAMH, a HE BEKTOP-CTPOKaMH.
llapannenvnuiii nepernoc
ITycts coBepmraercs mapautensHblii nepenoc Ha Bekrtop (TX,TY,TZ). Dtomy mnpeoOpa3oBaHHIO COOTBETCTBYIOT
ypaBHEHHUS:
X = 1I*X+H0*Y+0*Z+TX
Y’ = 0*X-1*Y+0*Z+TY



72 = 0*X-0*Y+1*Z+TZ
KOTOPBIM B CBOIO OUYEPE]lb COOTBETCTBYET MaTpPHIIA

0 7X
0 7Y
1 77
0 0 0 1

S O
S~ O

IHoxmporpamma "TRAN3" renepupyet Takyro Matpuiy 1o 3agasusM napamerpaMm TX, TY, TZ (cm. muctusr 8.2).

LJSTING 8.2

9000 TRAN3

9001 IN - TX,TY,TZ
9002 OUT - A(4,4)
9010 I=1 TO 4

9020 J=1 TO 4

9030 LET A(I,J)=0

9040 NEXT J

9050 LET A(I,I)=1

9060 NEXT I

9070

9080 RETURN

Pacmsocenue

LET A(1,4)=TX: LET A(2,4)=TY: LET A(3,4)=TZ

Ecnu maciuTabHble MHOXHTENH pacTspkeHHs 1mo ocH X, Y U Z ectb X, Y U Z COOTBETCTBEHHO, TO YpaBHEHUS

mpeoOpa3oBaHus:
X°=SX*X+0*Y+0*Z+0
Y’=0*X+SY*Y+0*Z+0
2°=0*X+0*Y+SZ*Z+0
1 COOTBETCTBYIOIIAsA EMY MaTpuLa:

SX 0 0 O
0 §Y 0 O
0 0 S 0
0 0 0 1

OOBIYHO MACIITAOHBIC MHOXHUTEIIH MOJOXKHUTEIBHBI, OJTHAKO, CCITH KAKOW-IN00 M3 3TUX MHOXHUTEJICH OTPHUIIATEIICH, TO
npeoOpa3oBaHKe SBISIETCS KOMIO3WIMEH OTpakeHUss M pacTsokenus. Hanpumep, 3Hadenwsim SX=-1, SY=1, SZ=1
COOTBETCTBYET OTpaKeHHe OTHOCUTEIbHO TutockocTh X/Y. [loxnporpamma "SCALES" renepupyer marpuily npeodpa3oBaHus

A 1o 3agasaeiM SX, SY, SZ (cm. nuctuHr 8.3).
LISTING 8.3
8900 REM SCALE3
8901 IN - SX,SY,SZ
8902 OUT - A(4,4)
8910 I=1 TO 4
8920 FOR J=1 TO 4
8930 LET A(I,J)=0
8940 NEXT J
8950 NEXT I
8960
8970
8980

LET A(4,4)=1
RETURN

LET A(1,1)=SX: LET A(2,2)=SY: LET A(3,3)=SZ

Bpawenue omnocumensno KoopounamHou ocu
[Ipexxne yem n3ydaTh BpameHne oTHocuTenbHo ocu P-MU*(Q Ha 3amaHHBIN YToJa paccCMOTPUM 0oJiee MPOCTOH ciydaid

BpamcHust OTHOCUTEIIBHO KOOpHHHaTHOﬁ ocCH.

£

Z X'

x,y,z) /Y

X Y2
A 0 y

X — oCb B CTpaHuLly

b

X

xvzy L

X F2)
z

Y — och B cTpaHuLly



¥

x rzy X
(X F.2)

B ¢ X

Z — oCb B CTpaHuLly
Puc. 32.

(A) X-0och HarpapieHa B IUIOCKOCTh CTPaHHIIBI;
(Bb) Y-och HanpaBiieHa B IMJIOCKOCTh CTPaHUIIbI;
(B) Z-ocp HanpaBiieHa B IIIOCKOCTb CTPAHULIBL.

(A) BpaweHwue Ha yron TETA oTtHocuTensHo ocn X
Ha puc. 32A ocp BpamieHHs HalpaBiI€HA MEPIEHANKYJSIPHO IIOCKOCTH CTPAHHIBI (TIOJIOKUTEIBFHON MOTYyOCHIO OT
YHTaTelNs); Ha PHCYHKE IMoKa3zaHa Touka (X',Y',Z'"), B koTopyro nepexonut Touka (X,Y,Z) B pe3yipTaTe BpameHus. Mbl BUIUM,
YTO BpalCHHE CBOJMTCA K BPAIICHUIO B JIBYMEPHOH IUIOCKOCTH, YTO O3HA4aeT, YTO X-KOOPAMHATHI TOYKH IPH TaKOM
npeoOpa3oBaHUU HE MEHSIOTCs. VIconb3ys MeTo b r1aBsl 4, MBI IOJIyYUM ypaBHEHHE!

X = X

Y' = COSTETA*Y-SINTETA *Z

7' = SINTETA*Y +COSTETA *Z,

KOTOPOMY COOTBETCTBYET MaTPHIIA:

1 0 0 0
0 COS TETA —-SIN TETA O
0 SIN TETA COS TETA O
0 0 0 1

(B) Bpawenwne Ha yron TETA oTtHocuTensHo ocn Y
Ha pucynke 32b noka3aHo BpalieHHe INIOCKOCTH Ha yrodl (Q OTHOCHTENBHO OCH Y, TIOJIOXKUTENbHAS TT0JIyOCh KOTOPOH
HalpasjIeHa OT YUTATEJIs ¥ NEPIEHANKYJISIPHA IUIOCKOCTH CTPAHUIBI. DTO BpaIllEHHUE 3a/1a€TCsl ypaBHEHHEM:!

X' = SINTETA *Z+ COS TETA *X
Y =Y
Z' = COSTETA *Z-SINTETA * X,
M COOTBETCTBYHOIAs 3TOMY IIPEOOPA3OBAHUI0 MATPHUILIA:
COS TETA O SIN TETA O
0 1 0 0
—SIN TETA 0 COS TETA O
0 0 0 1

(B) BpawieHue Ha yron TETA oTHocuTensHo ocn Z
CornacHO pUCYHKY UMEEM:
X' = COSTETA *X-SINTETA *Y
Y' = SINTETA *X+COSTETA *Y
7z = 7
" MaTpuna:

COS TETA -SIN TETA O
SIN TETA COS TETA O
0 0 1
0 0 1

IMoamporpamma "ROT3" reHepupyeT HE0OXOAMMYIO MaTpHIly MO 3Ha4eHUsIM ABYX mapamerpoB - yriry THETA nu
HOMepy ocu AXIS (1 - coorBercTBYeT ocH X, 2 - ocu Y, 3 - ocu Z). [Iporpamma npuBeieHa Ha JIucTHHTE 8.4.

LISTING 8.4

8600 REM ROT3

8601 REM IN - THETA,6AXIS

8602 REM OUT - A(4,4)

8610 FOR I=1 TO 4

8620 FOR J=1 TO 4

8630 LET A(I,J)=0

oS O O

e



8640 NEXT J

8650 NEXT I

8660 LET A(4,4)=1: LET A(AXIS,AXIS)=1

8670 LET AX1=AXIS+1l: IF AX1=4 THEN LET AX1l=1

8680 LET AX2=AX1+l: IF AX2=4 THEN LET AX2=1

8690 LET CT=COS THETA: LET ST=SIN THETA

8700 LET A(AX1,AX1)=CT: LET A (AX2,AX2)=CT

8710 LET A(AX1,AX2)=-ST: LET A (AX2,AX1)=ST

8720 RETURN

Obpamnoe npeobpazosarnue

ITpexae yem u3y4aTh OOIINHA BHUJ BpaIleHHUs TPEXMEPHOTO MTPOCTPAHCTBA, MBI O3HAKOMHUMCS C IOHATHEM OOPaTHOTO
npeobpazoBanus. OO0paTHOE Mpeodpa3oBaHUE BO3BpAIACT TOUYKH, ICPEBEACHHBIC 3aIJaHHBIM MIPeoOpa3oBaHNEM, B HCXOIHEIC.
Ecmu npeoOpaszoBanue 3amaercs MaTpuiei A, To oopaTHoe peodpa3oBaHue 3aaeTcs Matputieit A**(-1), ooparHoit k A. Ham
He ToTpedyeTcss SBHOE BBIYMCICHHE OOPAaTHOM MaTpHUIBl TaKUMH METOAAMH, KakK, HalpuMep, MPHCOCIUHEHHBIH METO.X
(yuctuHT 7.5). MBI MOKEM HCITONB30BATh MIPOTPAMMEBI Ha JJUCTHHTAX 8.2, 8.3, 8.4 ¢ mapaMeTpaMu, OyYeHHBIMH U3 3HAYCHUN
apaMeTpOB UCXOAHOTO IPeoOpa3oBaHusI.

1) Mapamnensusiit nepenoc Ha Bexktop (TX,TY,TZ), obparHoe npeobpasoBaHue - MapaJuIeIbHbIN IIEPEHOC Ha BEKTOP
(-TX,-TY,-TZ),

2) Pacrsxenune Ha SX, SY, SZ; oOparHoe npeobpaszoBanue - pactsikenue Ha 1/SX, 1/SY, 1/SZ;

3) IloBopor na yron THETA otHOcuTensHO ocu; oOpaTHoe mnpeoOpazoBaHue — mnoBopoT Ha yronm THETA
OTHOCHTEJIFHO TOH K€ OCH;

4) Ecnmun mnpeoOpa3oBaHHe SIBIAETCS KOMITO3HMIMEH HECKOJNBKMX IIpeoOpa3oBaHUil IapaielbHOrO IIepeHoca,
BpAILICHHS, pacTsDkeHus Matpuil A*B*C* .. *L*M*N, torna obparHoe npeobpasosanue ecth N *¥M L1 *CT*B1*A™

Ilosopom na yeon NU omnocumensHo npousgonvrou ocu P+MU*Q

[Monoxum P=(PX,PY,PZ), Q=(QX,QY,QZ). Pa300béM 3a1a4y Ha CICIYIOUIHE ITAIIBI:

A) Ilpeobpa3yem, TOYKHM TNPOCTPAHCTBA TaK, YTOOBI OCh BpaIIEHHs IMPOXOJMJa uYepe3 Hayajlo KOOpAMHAT. JTO
JOCTHTAETCS NapauleNIbHBIM nepeHocoM Ha BekTop (-PX,-PY,-PZ); matpuua storo npeodpazoBanus E renepupyercst BbI30BOM
npouenypsl "TRAN3" co 3nauenunem mapamerpoB (-PX,-PY,-PZ). Obparnas k sToif Marpune, Matpuua E, reHepupyercs
BE130BOM niporieaypsl "TRAN3" co 3rauenunem napamerpos (PX,PY,PY).

1 0 0 —PX 1 0 0 PY
01 0 —PY o1 o0 Py
“lo o1 -pPz “lo 01 Pz
000 1 000 I

b) Temepr moBepHeM Toukm mpocTpanctBa Ha yron ALPHA, rme ALPHA=ARCTG (QY/QX); stomy
peoOpa3oBaHUIO0 COOTBETCTBYeT MaTtpuiia (G, KOTOpas TeHepHupyeTcss BbI3oBoM moamporpammbl "ROT3" co 3HaueHmeM
napamerpoB TETA=-ALPHA, AXIS=3. [locie BbIOJHEHHS TAKOTO MPeoOpa3oBaHus OCh BPALICHHS JISKHUT B INIOCKOCTH X/Z
u ipoxout depe3 Touky (Y,0,QZ).

oX QY 0 0
1 |-y ox 0 0

NU| 0 0 NU 0

0 0 0 NU
rae NU>0: NU*#2=QX**2+QY**2
B) Tenepp IMoBepHEM TOYKH ILIOCKOCTH oTHOcHTenbHO ocd Y Ha yron -BETA, rne BETA=ARCTG(NU/QZ);

COOTBETCTBYIOIIYI0 MaTpuiy obo3Haunmm H. Drta marpuna renepupyercst BbizoBoM "ROT3" co 3HaueHueM mapameTpoB
AXIS=2 u THETA=BETA.

0Z 0 —-NU 0 0Z 0 NU 0

1o w o o L1 0w o0 o
H=— H' =—

WINU 0 0Z 0 W|-NU 0 0Z 0

o 0 0 1 o0 0 0 1

rre W 3amaeTcs COOTHOIICHHUEM:

WH¥2=NU**2+QZ**2=QX**2+QY**2+QZ**2. Touka (NU,0,QZ) mepeBomurcs B TOouky (0,0,W) m,
CJIC/IOBATENILHO, OCh BPAILCHUS TEHEeph COBIIA/IAET C OCHIO Z.

I') Temepsr MBI MOKEM MOBEPHYTH TOUKH MPOCTpaHCTBA HAa yrol GAMMA OTHOCHTEIEHO OCH BpAIICHHUs, UCIIONB3YS
MaTpuiy W, creHeprpoBaHHYI0 Be3oBoM "ROT3" (co 3HaueHMEM



COS(GAMMA) - SIN(GAMMA) 0
SIN(GAMMA)  COS(GAMMA) 0
1
0

0 0
0 0

- o O O

AXIS=3 u THETA=GAMMA).

JI) VCTaHOBHM OCh BpAILICHHS B MCXOIHOE IOJOKEHHE C TOMOIIbI0 mpeodpasoBanmii ¢ marpuuamu H', G n,
HaKOHeElI, F.

B oxoHuarenbHOM BHIle MaTpuua P BpalleHHs TOUYeK NPOCTpaHCTBA OTHOCUTENBbHO ocu P+M*Q Ha yron GAMMA
3ajaeTcs B BUJE

P=F '*G ' *H '*W*H*F.

B HEKOTOpBIX Clly4yasix 3T MaTpPUIIbl paBHbI TOKAECTBEHHOI M He BIUSIOT Ha BHJ peoOpazoBanus. Hanpumep, eciu
0Ch BPAIIEHUS TIPOXOUT Yepe3 HAYaI0 KOOPAMHAT, TO MaTpuisl F i F™' paBHBI TOXIECTBEHHOM, H HMH MOYXHO IpEeHEOpeUs.

IIporpamma "GENROT" (muctunr 8.5) BeIUMCIseT MaTpully BpamieHHs P 1o 3agaHHBIM BXOAHBIM Iapamerpam
GAMMA, (PX,PY,PZ) n (QX.QY.QZ).

LISTING 8.5

5800 REM GENROT

5801 REM IN - PX,PY,PZ, QOX,QY,QZ, GAMMA,R(4,4)

5802 REM OUT - R(4,4)

5809 REM PLACE ORIGIN ON AXIS OF ROTATION.

5810 LET TX=PX: LET TY=PY: LET TZ=-PZ: GO SUB TRAN3: GO SUB MULT3

5819 REM ROTATE AXIS OF ROTATION INTO X/Z PLANE.

5820 LET AX=QX: LET AY=QY: GO SUB ANGLE

5830 LET ALPHA=THETA: LET THETA=-THETA: LET AXIS=3: GO SUB ROT3: GO SUB MULT3

5839 REM ROTATE AXIS OF ROTATION INTO Z-AXIS.

5840 LET AX=QZ: LET AY=SQR (QX*QX+QY*QY): GO SUB ANGLE

5850 LET BETA~=THETA: LET THETA=-THETA: LET AXIS=2: GO SUB ROT3: GO SUB MULT3

5859 REM ROTATE BY GAMMA ABOUT AXIS OF ROTATION.

5860 LET THETA=GAMMA: LET AXIS=3: GO SUB ROTS: GO SUB MULT3

5869 REM REPLACE AXIS BACK TO ORIGINAL POSITION.

5870 LET THETA=BETA: LET AXIS=2: GO SUB ROT3: GO SUB MULT3

5880 LET THETA=ALPHA: LET AXIS=3: GO SUB ROT3: GO SUB MULT3

5890 LET TX=PX: LET TY=PY: LET TZ=PZ: GO SUB TRAN3: GO SUB MULT3

5900 RETURN

Ilpumep 8.4

Kynma nepeitnyr Touku (0,0,0), (1,0,0), (0,1,0) u (0,0,1), (1,1,1) mpu moBopote Ha PI/4 otHOCHTEensHO ocu (1,0,1)
(3.4,5).

Hcnonp3ys N310KEHHYIO BBIIIE TEOPUIO, TOTyUUM:

1 0 0 —1 1 00 1
01 0 0 L0100
F = Fl=
00 1 -1 0010
00 0 1 00 0 1
3 40 0 3 -4 0 0
—4 3 0 0 L 4 0 0
G=— G ==
510 0 50 500 50
0 0 0 5 0 0 5
1 0 =10 01 0
H_lozoo Hfl_lozoo
2110 1 0 S J21-1 0 1 0
00 0 2 0 0 0 2
1 -1 0 0
111 1 0 0
W=—
200 0 2 0
0 0 0 2

rae P=F'"*G'*H'*W*H*G*F - marpuua, COOTBETCTBYIOLIas HCKOMOMY MPeOOPa3OBaHMIO. YMHOXas BEKTOP-CTOIOLIBI,



cootserctByromme (0,0,0), (1,0,0), (0,0,1), (1,1,1), Ha maTpumy P, mepeBoas momydymBIIHECs CTOIOLBI B CTPOUHYIO (HOpMY U
BbiHOCS (paktop 1/50*SQRT(2), monyunm HOBbIe KoopauHaThl (-26+6SQRT2, 32-42SQRT?2, -10+30SQRT2), (15+15SQRT2,
20-5SQRT?2, -25+25SQRT2), (-38-7SQRT2, 66-26SQRT2, -3+65SQRT2), (-41+41SQRT2, 12-37SQRT2, 15+55SQRT2),
(12+37SQRT2, 34+16SQRT2, -20+85SQRT2) cooTBeTCTBEHHO.

EcrecTBeHHO, 4TO BpallleHHE HE MEHSET B3aMMHOI'O PACIOJIOKEHHs TOYEK; B YACTHOCTH, YIJIBI MEXIy HPSMBIMH HE
HU3MEHSIOTCS (Y4TO HEBEPHO IS PacTSDKEHMS, KOTOpOoe B OOIIeM cilydae MEHSeT B3aMMHOE pacIiojioXKEeHHE NpsAMbIX). B
HCXOJHOM TMoJiokeHnn Hampasienus ot (0,0,0) x (1,0,0), (0,1,0), (0,0,1) B3anMHO neprieHIUKYISIPHO (UTO O3HAYACT PABEHCTBO
HYJIIO CKaJIIpHOTO Tpon3BezeHust). CKalsipHOe MTPOMU3BE/ICHUE TPEOOPa30BaHHBIX HAIPABICHUH JOJKHO OBITH PABHBIM HYIIIO;
JICHCTBUTENHFHO, TPH HAIPABILIOMINX BEKTOpa (¢ TOUHOCTHIO 10 MHOXHUTENS 1/50SQRT2) ecth (41+9SQRT2, -12+37SQRT2, -
15-5SQRT2), (-12-13SQRT2, 34+16SQRT2, -20+35SQRT2) n (-15+35SQRT2, -20+5SQRT2, 25+25SQRT2) u ckamspHoe
MIPOM3BECHHE JTI000H Mapsl paBHO HYJIIO.

AHaJOTHYHO, CKaJspHOE TIpoM3BeleHue Hampabistomero Bektopa (1,1,1) ¢ mo0ObiM W3  HampaBlICHWH,
MIEPEUUCIICHHBIX BbIe, paBHO 1. To ke BEpHO M A HANpaBIEHHH IOcie NMpeoOpa3oBaHUs: YETBEPTOEC HAIIPABICHHE -
(14+31SQRT2, 2+58SQRT2, -10+55SQRT2), a ckanspHOE MpOM3BEACHHUE C JIOOBIM U3 Tpex HampasieHui ecte 5000, uro
nociie Aenenust Ha (S9SQRT2) maér 1.

IMporpamma, KoTopasi CUMTHIBaeT Mapamerpbl, 3anatomme och Bpamenus (PX,PY,PZ)+M(QX,QY,QZ) u yron
BpameHns GAMMA u nosopaunBaet Touky (XX,YY,ZZ), npuBeneHa Ha JUCTUHTE 8.6.

LISTING 8.6

100 REM ROTATION OF A POINT ABOUT A GIVEN AXIS

110 DIM A(4,4): DIM B(4,4): DIM R(4,4)

120 DIM P(3): DIM A$(8)

130 INPUT "BASE VECTOR OF AXIS ","(";PX;",";PY;", ";PZ;")"

140 PRINT AT 1,0;"BASE VECTOR OF AXIS","(";PX;",";PY;",";PZ;")"

150 INPUT "DIRECTION VECTOR OF AXIS "," (";QX;",";QY;",";QZ;")"

160 PRINT AT 4,0;"DIRECTION VECTOR OF AXIS"," (";QX;",";QY;",";QZ;")"

170 INPUT "ANGLE OF ROTATION " ;GAMMA

180 PRINT AT 7,0;"ANGLE OF ROTATION " ;GAMMA

190 LET MULT3=9100: LET IDR3=9300: LET ROT3=8600: LET TRAN3=9000: LET
ANGLE=8800: LET GENROT=5800

199 REM CALCULATE R(4,4) FOR ROTATING POINT BY ANGLE GAMMA ABOUT AN AXIS WITH
BASE VECTOR (PX,PY,PZ) AND DIRECTION VECTOR (QX,QY,QZ)

200 GO SUB IDR3: GO SUB GENROT

210 PRINT AT 14,0;"BECOMES"

219 REM INPUT AND TRANSFORM POINT (XX,YY,ZZ).

220 INPUT "POINT VECTOR "," (";XX;",";YY;",6 ";ZZ;")"

230 PRINT AT 12,0;"POINT (",XX;",";YY;",";2Z;")",,

240 LET P(1)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

250 LET P(2)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

260 LET P(3)=XX*R(3,1)+YY*R(3,2)+ZZ*R(3,3)+R(3,4)

269 REM TIDY UP OUTPUT.

270 PRINT AT 16,0;" (";

280 FOR I=1 TO 3: LET AS$=STRS$ P(I): FOR J=1 TO 8

290 IF AS$(J)<>" "THEN PRINT AS$ (J);

300 NEXT J: IF I<>3 THEN PRINT",";

310 NEXT I: PRINT ™)",,

320 GO TO 220

Ynpaxnenue 8.1

IToskciepuMeHTHPYHTE ¢ 3TUMHU HAEsIMU. BBl Bcerja MOKETe MPOBEPHUTH MPABHIBHOCTH CBOETO PEIICHHMS, BHIOpaB
3HA4eHMA, IJIs1 KOTOPBIX JIETKO HAaWTH pemeHue. [[ng ganpHeHmero BaHO, YTOOBI BBl OCBOMIINCH B COBEPIICHCTBE C
MaTpUYHBIM UCYHCIICHUEM, a 3TO JOCTUTAETCS TOJNBKO onbIToM. CHayana Bac OyAyT IpeciieioBaTh apupMETHYECKUE OIMINOKH,
HO 4epe3 HEKOTOpPOe BpeMsl Bbl MPUBBIKHETE JyMaTh O MPEOOpa3oBaHUsIX B TEPMHUHAX MATpPUI], YTO 3HAYHUTEIHHO OOJeryaer
U3y4YEeHHUE CHOCOO0B H300paXKEHHsI TPEXMEPHBIX OOBEKTOB.

Yunpaxnenue 8.2

3aMeTHM, YTO, TaK K€ KaKk M B IBYMEPHOM Ciydae, HWKHSS CTPOKa JIIO0OH MaTpHUIbl, COOTBETCTBYIOLIEH
peoOpa3oBaHuI0 TPEXMEpHOro npocrpaHcTBa, Beerga ectb (0,0,0,1) m He ncmonb3yercs MpH BBIUUCICHUSX. JTa CTPOKA
MIO3BOJISICT HAaM MPEJCTABIATh MPeoOpa3oBaHMs B BHJE KBaJPAaTHBIX MATPHI], a JUId KBAaJPAaTHBIX MAaTpPHIl, B CBOIO OYEpElpb,
OTIPENENNTh ONEPALNI0 YMHOXKEHUS. MBI MOXKEM H3MEHHUTH 3TO OINPEAEICHHE C TEM, YTOOBI NMEPEMHOXXaThb MATPHIBI H
YMHOXAaTh BEKTOP-CTOJIOIBI Ha MaTPHIIBI, HCIIOB3Ys TOIBKO BEPXHUE TPH CTPOKK MAaTpHIl 4x4 (B r1aBe 4 MBI UCIIOIB30BANIN B
IporpamMMax, MPUBEIACHHBIX Ha JucTHHTaX 4.2A, 4.3A, 4.4A, 4.5A, nBe BepxHHUe CTPOoKH MaTpull 3%3). VI3MeHHUTE TUCTUHTH
8.1, 8.2, 8.3 u 8.4 ¢ yuéToM HOBOTO OIIPEACIICHNSI.

Yupaxnenne 8.3

IMomgmporpamma "ROT3" Berumcisier BenuunHy THETA, BebiBas noamporpammy "ANGLE", BXogHBIMU
napamerpamu Kotopoi sBisitorcst BenmuuuHbl AX u AY. Ilognporpamma "ROT3" Beruncnsger kocunyc u curyc yrina THETA,
HO MEI 3HaeM, 4To nocieanne paBHbl AX/SQRT(AX**2+AY**2) u AY/SQRT(AX**2+AY**2) COOTBETCTBEHHO.

Hammmmre npyryio moamporpammy, ocymiectisitomyto Bpamenne "ROTXY", koTopast BelYmcisuia Obl MaTpHILy
BpauieHus HerocpeacTBeHHO AX n AY, He oOpamasich k noanporpamme "ANGLE".




OO6paruTe Takke BHUMaHHE Ha TO, 4TO B Hadaje cBoei pabotel moamporpammbl "ROT", "TRAM", "SCALE", u
"IDR" ounmrarotr maccuB. SPECTRUM npou3BoauT 3Ty omepanunio OsIcTpee, ecau uemois3yercs komanga DIM. Kpowme toro,
3a4acTyl0 HEMOCPEICTBEHHBIC IPUCBOCHMUS DJIEMEHTaM MacCHBa 3HaYECHHH BBINOIHSETCS ObICTpEe, YeM NPUCBOCHHUS B IIMKIIAX
FOR...NEXT.

Yupaxnenne 8.4

Emg pa3 ormeTrum, 4TO HEKOTOpBIE aBTOPbI NPEANIOYUTAIOT MCIIOIb30BaTh BEKTOP-CTPOKH BMECTO BEKTOP-CTOJIOIIOB,
YTO NPUBOJAUT K HHOMY MOPSJIKY COMHOMHTEJNEH NpU KOMIIO3MLMH IpeoOpasoBanmii. Hamm 0003Ha4YeHUS MMEIOT TO
MIPEUMYILECTBO, YTO 3JIEMEHTHI MaTPHUIIBI €CTh B TOYHOCTH KOG PHUIIMEHTH! YPaBHEHUS, ONIPEIEISIIOLIET0 IpeoOpasoBaHusl.

[Tone3Ho Taxxe MOMHHTb M O JAPYrOM Crioco0e NpencTaBieHus NpeoOpa3oBaHMil; UCIIOIB3YHTE €ro W IeperrIInTe
BCE MOATPOrPaMMBI 3TOW TJIABBI, a TAKKE OCTaBIIeiics yacTH KHUTH. [IoMHHUTE, YTO HEe Ba)KHO, KaKOH METOJ MCIIOJIB30BaTh,
BO)XHO TOJIBKO OCTAQHOBHTH CBOIl BBIOOp Ha OJHOM M3 HHX pa3 M HaBcerda. MBI MCHOJB3yeM BEKTOP-CTOJIOLBI IIOTOMY, YTO
CUHUTaeM ero HanboJsee MOAXOAAIINM Ha paHHEH cTagun 00y4eHHsI.

Cnucok npoecpamm
1. Bce muctunru B 3toii rnase, 8.1 ("MULT3" u "IDR3"), 8.2 ("TRAN3"), 8.3 ("SCALES"), 8.4 ("ROT3"), 8.5
("GENROT"), 8.6 (MAIN PROGRAM) u mucrunr 3.4 ("ANGLE"). Bxoxusie nanusle: 6asucHblii Bektop (PX,PY,PZ) n
Hanpasistromuii Bektop (QX,QY,QZ) ocu BpamieHHs, yroi, Ha KOTOPHIA Mpou3BoauTcs Bpamienne - GAMMA, a Taxke
mo00# BeKTOop ¢ Tpems kommoHeHTaMmu - (XX.YY.ZZ). Beenute, mampumep, (0,0,0), (1,1,1) u Pl/4utouxku (1,0,1), (1,1,1),
(1,2,3).




NMABA 9
OpToroHarnbHble NPOEKLUU

Tenepbs MBI MOXXKEM HepeTH K NpodieMe M300pakeHHs TPEXMEPHBIX OOBEKTOB HA HAIleM ABYMEPHOM 3KpaHE.
[pocTeiimmii MEeTOJ], OMMUCAHHBIN 371ECh, ABISETCS €CTECTBEHHBIM 0000IIEHHEM METO/Ia TTIaBhl 4, B KOTOPOU paccMaTpUBaeTCs
n300pakeHNe ABYMEPHBIX 00BbEeKTOB. HaM omsaTh mpuaeTcs MCIoab30BaTh 0 TPEX MOJOXKEHUH oObekTa. s minmrocTpanun
9TUX HUJAEH MBI CHayama AaéM C)KaToe ONMCAHHE METOJa, a 3aTeM IIPUBOJMM MHOMKECTBO TMOSICHSIOIIUX NPUMEPOB. MBI
HAa4YMHAeM C BBEICHHS IPOM3BOJIBHON, HO (DUKCHPOBAHHON TPONKH OCe B MPOCTPAHCTBE, KOTOPYIO MBI Ha3bIBaEM
abcomoTtHoi cuctemoii. Ilocme storo mel paccMmorpumM 3 monokeHus mpenmera: (1) mexomnoe, (2) daxrtmueckoe, (3)
Ha0nogaeMoe.

(1) Ucxoomnoe nonoswcenue

Bonpiast 9acTe pPHCYHKOB COCTOMT M3 TPOCTHIX MPEAMETOB, PACIIOIOKEHHBIX B MPOCTPAHCTBE OIPEAEICHHBIM
00pa3oM. BeauciaTh KOOpAUHATHI KaXI0H BEPIIMHBI M BHOCHTh UX B porpamMMy siBiseTcs HeaddekTuBHbIM. BmecTo 3aToro
MBI BHaJajle 3agaeM HHGpopmanuio 00 o0BekTe B aOCOJMIOTHOH cHCTeMe KOOPIMHAT, pacroiaras ero Hambosee yTo0HBIM
00pa3oM - KaKk IpaBHIIO, BO3JIC Hayaja KoopauHatT. B oty nndopmanuio Bxomut: nHGopmanus o BepmnHax (X-KOOpAUHATA,
Y-koopauHara, Z-KOOpIUHATa), BO3MOXHO, MH(OpManus O JUHHUAX (COSAWHSIONIMX BEPIIMHBI) WM (IIOCIE TOTO KaK MBI
IMO3HAKOMUMCHA C aJilTOpUTMaMU YJAaJICHUA HEBUIUMBIX JIMHUR U HOBerHOCTCﬁ) I/IH(bOpMaI_II/IH O BHUJIMMBIX MOBCPXHOCTIX,
KOTOPBIC ABJIAIOTCA IJNIOCKUMHW MHOT'OYT'OJIbBHUKAMH, OTPAaHUYCHHBIMU 3a/IaHHBIMU JIMHUSAMU. [Tonoxxenne O6’beKTa, B KOTOpOM
OH OIpeseNsIeTcs, Ha3bIBaeTCsl UCXOAHBIM. HaM MoskeT moTpeboBaThCst JONOIMHUTENbHAs HHPopManus 00 00beKTe, HalpuMep,
€ro IIBeT.

(2) @axkmuueckoe nonodicenue

MBI HCHIONB3yeM Pa3BUTYIO B IPEABIAYIINX IJIaBaX MATPUUHYIO TEXHMKY [UIS BBIYMCICHUS MATPHUIbI, TIEPEBOIAIICH
O6"I)€KT N3 TIOJIOKCHUSA HCXOAHOC B IIOJIOKCHHC (baKTqucxoe; BBIYUCJIICHUA HUAYT B CHUCTEMC aGCOJ’IIOTHbIX KOOpAuHAaT.
O06o03Haunm o1y MaTpuity P.

(3) Habarooaemoe nonosxcenue

[onsarne HaOMIONEHUS TpeAroNaraeT Hanuuue HaOmromaTens (Ta3a HaOmomaTels W, 3aMeThTe, He TOJBKO Tiasal),
Haxomsamerocs B Touke (EX, EY, EZ) oTHOCHTENBHO CHCTEMBI KOOPAWHAT a0CONIOTHAS, KOTOPBIA CMOTPUT B HAIIPaBIICHUH,
3aaBacMOM JIFOOOW TOYKOM, HAXOMAAIICHCS Ha IPSMOW, ONpenessIioneil HampaBieHne B3risina. Kpome Toro, romoBa MoXXeT
OBITH HaKJIOHEHa, HO 00 3ToM mo3ke. BocmpumHmMaemoe ria3oM M300pakeHHe OO0BEKTa €CTh HE YTO WHOE, KaK MPOEKIHs
BEPIIUH, JUHUI U NOBEPXHOCTEH Ha JIBYMEPHYIO IUIOCKOCTh (BU3YaJIbHYIO IUIOCKOCTb), MEPIEHAUKYIISIPHYIO JUHUHU B3IJISAAA.
Jist TOoro, 4ToOBI CTPOUTH MOIOOHBIE MTPOESKIINK, HAM HEOOXOMMO pa3paboTaTh COOTBETCTBYIONIME METO/IbL. MBI HCIOJIb3yeM
MaTpUYHBIH METOJ /sl NMpeoOpa3oBaHMs TOYEK IMPOCTPAHCTBA TaKMM OOpa3oM, YTOOBI IJIa3 pacrojlarajicsi B Hadaie
KOOpJHMHAT, a HalpaBlieHWe B3IJIsAa ObUIO MapajuieNibHO och Z. Mbl OyZeM Ha3blBaTh TAaKOE ITOJIOKEHHE HAOII0JaeMbIM, a
MaTpHIly, HEepeBOAIIYyI0 (AaKTHUECKOe IIOJIOKEHHE B HaOIogaeMoe, MBI BCIOAY B 3TOW KHUre oOo3HayaeM Q. Meron
BBIYMCICHUST MaTpuisl Q OyneT MpHBENEH MO3Ke, a IMOKa MBI CUATAaeM, 4TO TJa3 HaONomaTens yke HaxXOJUTCS B Hadaie
KOODPJIMHAT, a B3IJIS HAlPaBJIeH IapajyIeNIbHO OCH Z: B 3TOM IpocTeiimeM cirydae MaTpuna (Q paBHa TOXKIECTBEHHOM.

Korma Bce TOWkM MpOCTpaHCTBA HEpEBEACHBI B HAOIIONAEMOE IOJIOKEHUE, TO BH3YaJbHOH IUIOCKOCTBIO SIBISIETCS
IUIOCKOCTb, MapaiiensHas IutockocTd X/Y. IlomecTuB TIia3 B IapajulelIbHOE IOJOKEHHE, MBI TOTOBBI K IOCTPOCHHIO
MIPOEKINHN 00BEKTA HAa BU3YallbHYIO IIOCKOCTh. Ho oOpaTuTe BHMMaHME, YTO MBI TIOKa YTO HE ONPEICIIIN HH MOJ0KECHHE
IUIOCKOCTH TIPOCKIMHU (HaM 3a/laHa TOJIBKO €€ HOpMaib), HU THI IPOEKIMH TPEXMEPHOTO MPOCTPAHCTBA B ABYXMEPHOE. DTH
JBa TpeOOBaHUS B3aMMOCBs3aHbl. B JaHHON KHHMI€ pacCMaTpUBAIOTCS JBa THUIA HPOEKIMH: B JAIbHEHWIIMX IJIaBax MBI
MO3HAKOMHUMCSI C TIEPCIIEKTHBHON MPOEKIMEH, a II0Ka OrpaHHMYMMCS CITydaeM OPTOTOHALHOM MPOSKIIUH.

0pm020HCl]leaﬂ npoexkyus

DTO MPOCTEHIHIA BU MIPOSKIUH, U B 3TOM CIIydae IMOJI0KEHUE BU3YAIbHON TUIOCKOCTH HE UTPAET POJIH, JIUIIH OBl OHA
Obl1a TEprneHIUKYIIpHa HampasieHHIo B3rAga. Ilocie mepeBosa 00BEKTa B HaOMIOJaeMoOe TIOJIOKEHUE, BU3yalbHOU
TUIOCKOCTBIO MOJXKET CIYXKHTh JII00as IUIOCKOCTh, MHapajuielibHas Iuiockoct X/Y, 3amaBaemoii ypaBHenuem Z=0. [lns
MPOCTOTHI MBI BBIOMPAaEM B Ka4eCTBE BH3YalbHOM INIOCKOCTH IUIOCKOCTh, MPOXOSIIYI0 Yepe3 Hadayo KoopAauHat. s roro,
4TOOBI TIOJIyYUTh MPOEKIMIO BEPIINHBI O0BEKTa Ha BU3YaIbHYIO INIOCKOCTh, CIIE/yET BCEro JIMIIbL OTOPOCUTH KOOPAHMHATY Z
aTOi BepumHbl. Takum oOpa3om, JroOble J1Be TOYKM OObeKTa B HaOJroJacMoM mojiokeHun ¢ koopauHartamu (X,Y,Z),
X\Y',Z"), (Z=Z'"), npoeKTUpyIOTCs B OJHY U Ty K€ TOYKY BHU3YyaJbHOW IUIOCKOCTH ¢ kKoopauHaTamu (X,Y,Z). Ucnone3ys
METO/IBI TJIaBHI 2, MBI CTABHM B COOTBETCTBHE C TOUKaMH X/Y IIOCKOCTH TOYKH CHCTEMBI KOOPAMHAT, CBSI3aHHOW C 3KPaHOM
(xaxk TpaBWIIO, HAYAJIO KOOPJMHAT 3TOH CHCTEMBI HaXOIWTCS B LIEHTPE dKpaHa). Kak TOJBKO BEpIIMHBI CIPOEIMPOBAHBI Ha
BU3YJIBbHYIO TIOCKOCTh, MBI MOXEM ITOCTPOWTH MPOCKIMH JIMHUN W TIOBepXHOCTEH oObekTa. [lociennue HaXomaTCst B TaKOM
K€ OTHOIIEHHUH K CIIPOCUPOBAHHBIM BEpPIINHAM, B KAKOM OHH OBUTH B CAMOM OOBEKTE.

[Tpexnae 4em mepeiTr K 00mIeMy CIIydaro, IPOAEMOHCTPHPYEM CKa3aHHOE Ha IIPOCTOM IMPUMEpE.

Ilpumep 9.4

Hcnonp3yiiTe M3M0KEHHBIM BBIIE METOJ IJIsI HOCTpOeHMs mpoekuuu Kyba. I[logoOHble (uTypsl, IO OYEBHIHBIM
MIPUYMHAM Ha3bIBAIOTCSI KAPKACHBIMU (DUTYPaMHU.

B #cx0qHOM MOJOXKEHUH KyO MOKHO 3a7aBaTh ¢ MOMOIILI0 Bochmu BepmuH (1,1,1), (1,1,-1), (1,-1,-1), (1,-1,1), (-
1,1,1), (-1,1,-1), (-1,-1,-1), (-1,-1,1); 3Tu BepuIMHBI HyMepyrOTCsA unuciamu oT 1 10 8. JIBeHamuath JIMHUI, COCTABJISIONIMX
Kapkac KyOa, coequusitoT Bepimbbl 1 12,2 13,3 u4,4ul,5u6,6u7,7u8,8ul,1us52u6,3u7,4us.

PaccmoTrpum mpocreiimmii ciyvail mpoeknuu Kyoa - jgake MaTpula, rnepeBosmas Ky0 U3 UCXOIHOTO TOJIOKEHHUS B
(akTHYeCKOe, TOXKIAECTBEHHa €AMHMYHON. B pesynmbprare mpoeknuMu MBI MOJIYYWJIM KBaJpaT: MapauielbHble pebpa KybOa
MIPOELUPYIOTCA B OJJHY TOUKY.



Ha pucynke 33 mnpuBenmeHo wu3oOpaxeHne KyOa, IMEpeBEACHHOTO B (DaKTHUECKOE IMOJIOKEHHWE ITIPH ITOMOIIH
CIIEIYIOMNX TPEX MPeoOpa30OBaHMUIA:

1. IloBopota oTHOCHTENBbHO ocu Z Ha ALFA=-0.92729518 pax - matpunia A. Benmuunna ALFA BeiOupanachk ¢ TeMm,
uyro6sl COS(ALFA)=3/5, a SIN(ALFA)=-4/5, u MmaTpu1ia moBopoTa UMeeT MPOCTOI BUJI;

2. Tlepenoca na Bextop (-1,0,0) - maTpuia B;

3. TloBopora Ha yroi -ALFA otHocutensHo ocu Y - matpuua C.

Marpuna, nepeBosmas Kyo U3 HCXOIHOTO MOJI0KeHHs B pakTuueckoe, ectb P=C*B*A, rie

3/5 4/5 0 0 1 0 0 -1 3/5 0 4/5 0
| -4/5 3/5 0 0 s |01 00 1o 1 0 o0
0 0 1 0 0 01 O -4/5 0 3/5 0
0 0 0 1 0 00 O 0 0 0 1
u P paBHa:

9 12 20 15
11-20 15 0 0
T25/-12 16 15 20
0 0 0 25

[lepeuncneHHple BhIMIE TPEXMEPHBIE BEKTOPHI, COOTBETCTBYIOIIME BEepIIMHAM Ky0a B HCXOIHOM ITOJIOXKCHUH,
MIEPEXOIST B BOCEMb BEKTOPOB, COOTBETCTBYIOIINE STUM BEpIIMHAM B (JaKTHUSCKOM IONIoKeHHH: (26/25,-5/25,7/25), (-14/25,-
5/25,-23/25), (-38/25,-35/25,9/25), (2/25,-35/25,39/25), (8/25,35/25,31/25), (-32/25,35/25,1/25), (-56/25,5/25,33/25), (-
16/25,5/25,63/26).

Hanpuwmep, Touka (1,1,1) nepexoaur B Touky (26/25,-5/25,7/25) Tak xak

9 12 20 15) (1 26
(=20 15 0 0 (1| _1|-5
25| -12 =16 15 20| 1| 25| 7

o 0o 0 25) 1 25

Tak xak matpuna Q, mepeBomsimas Kyo 13 (HakTHIECKOTO MONOKEHHS B HAOII0IaeMoe, eNHIIHAS, TO KOOPIHUHATHI
MPOCKIMI TOYEK HA BU3YAJIbHYIO IUIOCKOCTh eCTh (26/25,-5/25), (-14/25,5/25), (-32/25,-35/25), (2/25,-35/25), (8/25,35/25), (-
32/25,35/25), (56/25,5/25), (-16/25,5/25). Mbl MOXEM HaHECTH 3TH TOYKH Ha DKpPaH M COCIUHHTh UX B TOH IKE
MOCJIEI0BATENILHOCTH, B KAKOW OHH ONMPEESUIUCH B HCXOIHOM MOJIOXKEHHH.

Puc. 33.

Buiuucnenue mampuywol Q, nepesoosyeti 06vekm u3 haxmuieckoco nojloAiceHus 8 Habarvoaemoe
[pennonoxum, uro a3 Habmoaarens Haxoautes B Touke (EX,EY,EZ) oTHOcHTEeIEHO aOCOIIOTHOM OCH KOOPIMHAT,
a HampasJieHre B3niAa - B Touky (DX,DY,DZ). Toraa HaGmogaemMoe 1ojokeHHe 10JIyJaeTcst TakK:
1. Marpuna D ocymecTBiser nepeHoc Touek npoctpancTBa Ha BekTop (-DX,-DY,-DZ) tak, 4ro ria3 HaxoIurcs B
touke (FX,FY,FZ), pasnoit (EX-DX,EY-DY,EZ-DZ), a B3ri111 HarrpaBJiicH B CTOPOHY Hadara KOOPIUHAT.

1 0 0 —DX
01 0 —DY
“lo 0 1 -DZ
000 I

2. Marpuia E mepesomur (FX,FY,FZ) B (R,0,FZ) Bpamenmem mpoctpanctBa Ha yron ALPHA, raoe
ALPHA=ARCTG(FY/FX), otHocuTensHO ocu Z. 3aech R**2=X**2+Y**2 g R>(

FX FY 0 O

E_l—FYFXOO
"Rl 0 0 R 0
0 0 0 R

3. Marpuna F mepesogur (R,0,FZ) B (0,0,-S) moBoporom otHOcuTensHO ocu Z Ha yroan PI-TETA, rme
TETA=ARCTG(R/FZ); 3necp S*¥*2=R**2+FZ**2=FX**2+FY**2+FZ**2 npu S>0



0 R 0
il o s o o
S| R 0 —FS 0
O 0 0 S

Martpunamu D, E, F rma3 momemaercs B (0,0,-S), HampaBieHHne B3rjsia - B CTOPOHY Hadaila KoopawHAT. [mas
HAXOJHUTCS Ha TOM JK€ PACCTOSIHUM OT Hayaja KOOpJAWHAT, Ha KOTOPOM HAXOJSATCS OTHOCHUTENbHO JAPYT Jpyra TOYKH
(EX,EY.EZ) u (DX,DY,DZ).

F=

1 0 0 O

01 0 O
G =

0 01 §

0 0 0 1

Tenepb MBI MOXKEM BBIIKCATh MaTPHUILY, TOMEIIAIOIIYIO IJ1a3 B HAYaJ0 KOOPAUHAT.

4. Ecnu Mmbl Teniepp yMHOXKHUM P=A*B*C Ha Hame nepBoe npubimkenne matpuibl Q (=G*F*E*D), nepeBonsiueit
(axTHYecKoe MOI0KEHNE B HAOII0IaeMOoe, TO MBI IoIy4nM MaTpuny R=Q*P=G*F*E*D*C*B*A, koTopas nepeBoIuT 00beKT
W3 HCXOJHOTO IIOJIOKeHUsI B HaOmonaemoe. M300pakeHne Ky0Oa, MOJIy4YEHHOE C IOMOIIbIO MaTpuilbl R, HENb3sl cuuTaTh
yJIOBJIETBOPHUTEINILHBIM, TaK Kak Marpuia Q momeniaer Ky0 Ha IIOCKOCTh TakK, YTO €0 OPHEHTALMS OKa3bIBACTCS CIIy4aiHOM.
CaMBIM pacmpOCTPaHEHHBIM METOJIOM, HO3BOJIIIOIINM H30eKaTh 3TOT dPQEKT, ABIIETCS METOA (DUKCALUU BEPTHKAIU (WA
HaIpaBJICHUs], TTapAIUICIIBHOTO OCH Y), IPH KOTOPOM INpsMasi, BEpTHKaNbHas B (JaKTUUECKOM ITOJIOKSHUH, OCTAeTCS TaKOBOU
mocie mepeBoga O0OBEKTa B HaOmromaeMoe MONOoXKeHHe MaTtpuued Q. PaccMOTpuM mpsMylo, COCTUHSIONIYIO TOYKH
(DX,DY+1,DZ) u (DX,DY,DZ). M5l 3Haem, uTo mociie mpeoOpa3oBaHUs 3Ta MpsiMas MEepPeHeT B MPSMYI0, COSIUHSIONIYIO
toukn (K(1,2),K(2,2),K(3,2))=(P,Q,R), Tak duro ecimu MBI TIOBEpHEM OOBEKT OTHOCHTENFHO OCH Z Ha Yroa
BETA=ARCTG(K(1,2)/K(2,2))=ARCTG(P/Q)=ARCTG(-FY*FZ/(S*PX)), ucmons3ysl Ui 3TOTO NOBOPOTa YMHOXCHHE Ha
Marpunly E (YMHOXeHHE MPOU3BOIMTCS Mepell YMHOXXeHHeM Ha Marpuiy (), TO Mbl YCTaHOBUM BEPTHKAJIb B HY)XHOE
TI0JIOKEHHE!

O P 0 0
P - 0 O
[‘[ZL Q 2_p2%\2
Ti0 0 1 0of ™R
0 0 0 1
1 TaKuM 00pazoM:
P O P 0 0)(P) (0
S|l 1P -0 0 0| o] |T
R T| 0 0 T 0 R R
1 0O 0 o T 1 1

[IpeobpazoBanue (puc. 33) ocymectBisiercs ¢ momompbio marpunbl P=Q*R=G*H*F*E*D*C*B*A. Ilpoekiueii
mpsimoii, coenunstomeil Touku (DX, DY,DZ) ¢ toukoit (DX,DY+1,DZ) Oynet npsimas, coenuHsromas Touky 3kpana (0,0) ¢
toukoii (0,T), To ecTh BepTHKaIbHAsA NMpsiMasd. Matpuna G He MeHsIeT 3HaueHuH koopanHaT X 1 Y. OOpaTuTe BHUMaHKE HA TO,
YTO TIPEAJIOKCHHBIA HAMHM METOJA NPHMEHHM BO BCEX CIIydasx, 3a HMCKIIOYCHHEM cuTyarmu, korga touka (DX,DY,DZ)
Haxoautcs B TouHoctd Haj Toukoit (EX,EY,EZ); B aToM ciydae pukcupoBaHue BepTHKanu He umeeT cMmbicna. [loamporpamma
"LOOK3" (auctunr 9.1) reHepupyeT MaTpuily npeoOpa3oBaHMsi, MepeBOASIIEro (HaKkTHIECKOe MOJIOKEHHEe B HallllogaeMoe
MOJIOXKEHHE; 3Ta TEeHepalus COCTOUT M3 HECKOIBKHX OINepauuii, B COOTBETCTBUM C NPUBEACHHBIM BBIIIE OINHUCAHHUEM
ITOPUTMA; KaXIOW U3 3TUX ONepaluii COOTBETCTBYET BBIUHMCICHNE OUEPEIHOTO COMHOXKHTEIS, YUAaCTBYIOIIETO B BEIPAXKCHUU
JUIA BBIUMCIIEHUS MaTpHLbl R, Tak 4To B KOHIE Iporiecca MaTpuia R kaxercs noMHokeHHON Ha Matpuny Q. Eciu Mb1 xoTuM
3aHECTH B MaMATh HEMOCPEACTBEHHO 3Ha4eHHEe MaTpuubl Q, TO A 3TOTO MBI JOJDKHBI IMPHUCBOMTH MaTpulle R 3HaueHue
€IMHUYHOM MaTpullsl (Mcnomb3ys nognporpammy "IDR3"), 3atem Bo3Bath "LOOK3" 1, HakoHel, 3aHecTH MaccuB R B MaccuB
Q. Moamporpammy "LOOK3" MOXHO CYIIECTBEHHO COKPATHUTbh, €CIHM YCIOBHTBHCS CUNTATh, YTO B3I/ HAOIOAATENs BCETAa
HanpaBjieH Ha Hadajgo KoopaumHar (4ro skBuBaleHTHO DX=0, DY=0, DZ=0). B cmyyae opTOroHaJbHOI MPOEKIMH HET
HEOOXOAMMOCTH ITOMEINATh I7a3 B HAayaJlo KOOPAMHAT B HAOIIOJAaEMOM IIOJIOXKEHHM, YTO TAaKKe IO3BOJSIET COKPATHUTh
nporpamMmy. Mpl mpuBOAMM Haubosee OOmMH TOAXOA K 33hade, YTO OKaKETCS BEChbMa ITOJIE3HBIM IIPH PACCMOTPEHHH
[IEPCHEKTUBHON MPOEKIIUH.

LISTING 9.1

8200 REM LOOK3

8210 INPUT " (EX,EY,EZ) ";EX;",";EY;",";EZ
8220 INPUT " (DX,DY,DZ) ";DX;",";DY;",";DZ

8229 REM MOVE ORIGIN TO (DX,DY,DZ).
8230 LET TX=DX: LET TY=DY: LET TZ=DZ



8240 GO SUB TRAN3: GO SUB MULT3

8249 REM MOVE EYE INTO NEGATIVE Z-AXIS, LOOKING AT THE ORIGIN.

8250 LET FX=EX-DX: LET FY=EY-DY: LET FZ=EZ-DZ

8260 LET AX=FX: LET AY=FY: GO SUB ANGLE

8270 LET AXIS=3: LET THETA=-THETA: GO SUB ROT3: GO SUB MULT3

8280 LET AX=FZ: LET AY=SQR (FX*FX+FY*FY): GO SUB ANGLE

8290 LET AXIS=2: LET THETA=PI-THETA: GO SUB ROT3: GO SUB MULT3

8299 REM MAINTAIN VERTICAL.

8300 LET TX=0: LET TY=0: LET TZ=SQR (FX*FX+FY*FY+FZ*FZ)

8310 LET AX=TZ*FX: LET AY=-FY*FZ: GO SUB ANGLE

8320 LET AXIS=3: GO SUB ROT3: GO SUB MULT3

8329 REM MOVE EYE TO THE ORIGIN. SPACE IS ROW IN THE OBSERVED POSITION.

8330 GO SUB TRAN3: GO SUB MULT3

8340 RETURN

[Tpn HEoOXOAMMOCTH MBI MOXKEM PACHIMPHUThH HAIly NPOrpaMMy € Te€M, YTOOBI BKIIIOYWTH CJIydail, KOTJa royioBa
HakJoHeHa Ha yrol GAMMA OTHOCUTENBHO BepPTUKAIH. J[1s1 7TOro He00X0AUMO AOIOIHUTENBFHOE BpallleHHe MPOCTpaHCTBa
Ha yro1 GAMMA OTHOCHUTENBHO OCH Z, 4TO O3HadaeT, yTo Marpuua H gomkHa moBepHyTh mpocTpaHcTBO Ha yroia BETA-
GAMMA.

OueBU/IHO, YTO MaTpHLA NMPeoOpa30BaHMs, MEPEBOIAIIETO (HAKTHIECKOE IOJIOKEHHE B HAOJIONAaeMOe IOJIOKeHHE,
3aBUCHT TOJBKO OT TOYKHM, B KOTOPOH pacIiojoXeH IJia3 HaOioaTess, HalpaBleHUS B3MIIa W HAKIOHA TOJIOBBHI,
CJIeI0BATENBHO, MaTprLia Q OAMHAKOBA VIS BCEX OOBEKTOB, M €€ UMEET CMBICI 3aHECTH B ITaMSTh.

Kax 3a0aeams o6vexm

Hactano Bpemst 00cyuTh mpo0iieMy MpeacTaBiicHHsI 00BEKTOB B KOMIbIOTepe. He cymiecTByeT 0O0Iero perieHus
9TOi MPOOJIEMBI, BCE 3aBUCHUT OT BUAa 00bEKTa U criocoda ero npoenupoBanus. B jaHHOM pasjene Mbl IPUBOAMM pa3iIMYHbIC
CTPYKTYpPBI JJaHHBIX, HEOOXOUMBbIE JJIsl TeHepalu U300paxkeHust 00beKTa, HO He 00Cy’K1aeM, HACKOJIBKO OHH yJauyHbl. JTO
JIeNIaeTCsl B OCTaBILEHCS YacTH KHUTH, TJI€ MBI IIPUBOIUM IPUMEPHI UCIIOIb30BaHMS Pa3IMUHBIX METOIOB, HIUTIOCTPHPYIOIINE
WX IPUTOHOCTH JUIS IPAKTHYECKOTO MCIIOIb30BaHMSI.

Jns xpanenust 6ompmmx 00bEMOB MH(pOpMANUU 00 OOBEKTE MBI HCIOJIB3yeM MACCHUBBI, U €CTECTBEHHO, YTO YeM
Oopiie HHPOPMAIUHN TPpeOyeTCs A OMHCAHUSI 00BEKTa, TEM OOJIBIIEe MAMSTH CIeIyeT OTBOIUTE ISl MACCHBOB; OOBSBIAL B
IporpaMMe BEIWYMHY MAacCHBa, BBl JOJDKHBI OBITH YBEPEHBI, YTO OH JOCTATOYHO BEIMK JUIL TOTO, YTOOBI XPAaHUTH BCIO
HE00X0ANMYI0 HH(POPMALIMIO, ITyCTh OH JIy4Ile OyaeT OONBIINM, YeM MEHBIIHM.

Ham notpe0yercst XpaHUTh HHPOPMALHIO O KOOPAMHATAX TOYEK B IPOCTPAHCTBE; IJIsl TOM LIENN MBI UCIIOJIB3yEM TPH
MaccuBa X, Y, Z 1yid Kaxkaoi koopauHatel. Korna 4ncino Todek He yKa3aHo sIBHO, TO MBI [TOJIaraeM, YTO OHO PABHO BEJIMYHHE
Q. Takum oOpa3oM, B KaXKIOM TaKOM MacCHBE JOJDKHO cojaepkarbcs He MeHee NOV sneMeHTOB. DTH TOYKHM MOTYT
NpUHAJIIEKATh 00BEKTY B UCXOAHOM, (PaKTUUECKOM HJIM HaOJII0J]aeMOM ITOJIOKEHUSX, YTO 3aBUCUT OT periaeMoii 3anaun. Ham
TaK)Ke BCTPETUTCS CUTYalMs (MIEpCHEKTUBHASI MPOEKIMS, HaIpuMep), B KOTOPo# Oy/eT Heo0X0IMMO XpaHUTh 3HaYeHUsI X U Y
koopauHaT npoeknuid 3Tux NOV BepuH. B ciryyae opToroHanbHOM MPOEKIMK TakoH MpoOJIEeMbl HE BO3HUKAET, TAK KaK ATH
3HAUEHHMs XpaHATCs B MaccuBax X U Y. BoIOOp CTPYKTYpBI TaHHBIX CYIIECTBEHHO 3aBHCHUT OT TUIIA MPOSKIIHH.

[Tycts n300paxkerne 00bekTa cocront 3 NOL oTpeskoB. OTy hopMammio MBI MOKEM XpaHHUTh B MaccuBe L: mepBeIid
OTPE30K OTpEJeNsieTcsl IBYMS WHAEKCAMH, NPUHUMAOMUMK 3HadeHne oT 1 1o NOL u COOTBETCTBYIOIIMMH HOMEpaMu
BEPILNH, SBISIONIIMHUCS KOHIIAMH 3TOTO OTpe3Ka; STH 4rcia Mbl xpaHuM kak L(1,1), L(2,1). KoopauHAThI 3THX TOYEK MOTYT
OBITH OIpeeTICHBI C IOMOIIBI0 MacCUBOB X, Y, Z.

I'panblo 00BEKTAa MBI CUMTAaEM IIJIOCKYIO OOJAacTh B IPOCTPAHCTBE, OIPAaHWYEHHYI0 MHOTOYTOJbHHKOM. Mmeercs
HECKOJIBKO CIIOCOOOB 3afaHMsl Takux oOmacteil. bonpimas wacTe TpaHed, pacCMaTpUBAaeMBIX B 3TOM KHHIE, SIBISETCS
TPEYTrOoJbHBIMH WIIM KBaPATHBIMHU; MBI TIPE/IIIOIAraeM, JJisl yMEeHbILeHUs1 00bEMa XpaHUMOK HH()OPMALIUH, YTO MAKCUMAJIBHOE
KOJINYECTBO I'paHel 001acTH paBHO IIECTH.

Kaxnas u3 NOF rpaneii mMoxxer ObITh OmIpejelneHa C IMOMOLIbI0 HMHJEKCOB BEPLIMH, 00pasyIoInX 3Ty TI'paHb,
xpansmuxcss B Maccuse F: F(LJ) - unnexc I-oif Bepmmubl J-oif rpanu. Ecnu rpanp He mecTHyroiibHas, TO HEKOTOpBIE U3
9JIEMEHTOB MaccuBa F, cOOTBETCTByIOIINE I'paHH, HE HECYT HHMKAaKOW MH(OpMAalUH, B CBSI3H C 3TUM MBI JIOJDKHBI BBECTH
MaccuB H, B KOTOpOM 3amncaHo KOJMYECTBO BEPIINH KaXIOH TPAHH.

MOoKHO TaKke XpaHUTh HH(OPMAIHIO O IBeTe Kax1oil rpanu B MaccuBe C. OgHako OyAbTe BHUMATENBHEL, TaK KaK B
SPECTRUMe B kKaXxIoM CHMBOJBHOM OJIOKE pa3penaeTcsi MCIONb30BaTh He Ooliee IBYX MBETOB. Jpyroi criocod XpaHeHHS
HH(OpPMAIIMHU O FPaHIX — 3TO XPAHUTh WHJIEKCHI TPSAMBIX, 00pa3yrolInX rpatb; B 3toMm ciydae F(I,J) ato unnekc I-ro pedpa J-
oii rpanu. CyIIecTByeT MHOTO CIIOCOOOB XPaHEHHUS 3THX U JPYTHX JJIEMEHTOB TPEXMEPHBIX OOBEKTOB; OMPEICIUTE CaAMH,
KaKOM M3 HUX COOTBETCTBYET BaIlIeH 331aue HAMITyUYIIUM 00pa3oM.

Koncmpyupyrowue noonpoepammel u memoo nocmpoenusi 0.;10K08

Jnst kaxmoro oObeKTa Mbl ONpEelsieM KOHCTPYHPYIOLIYIO IOINPOrpaMMy, KOTOpash HCIOJb3YeT B KauecTBe
napaMeTpoB Matpuily R s yCTaHOBKHM BEpIIMH B HEOOXOJUMOE IMOJOKEHHE U JIPYTryro HHYOPMALUIO O pa3zMepax OObeKTa
(ecrit OOBEKT 3aHOCHTCS B IIaMSTh B HCXOIHOM IOJIOKCHHHU, TO HUKaKOW MaTpuubl He Tpedyercs). Micxoas U3 9THX JaHHBIX,
HOATIpOrpaMMa ONpeessieT BEepIIHHbI, pedpa, IpaHl U BCe OCTAJILHBIC JIEMEHTHI 00BEKTa, a 3aTeM C IIOMOIIBI0 MaTpuIpl R
MOATIPOrpaMMa YCTAHABIMBACT BEPIIMHBEI B HEOOXOIMMOE MOJIOKEHHE. B 3aBUCHMOCTH OT CHTyalluu, HOANPOrpaMMa MOKET
00 BBIUEPTUTH OOBEKT, MO0 3amKcaTh B MaMATh HHPOpManio 06 3ToM 00bekTe. MBI IpuBeaeM MPUMEPHI HCIIOIB30BAHUS
00eHx BO3MOXKHOCTEH.

Mbl MOXEM CreHepupoBaTh H300pakeHHE, COCTOSIEe W3 MHOXECTBAa IOJOOHBIX OOBEKTOB (B ATOM Cilydae
uHpopmanus Oyaer o GpaKTHIECKOM WIIM HAOJI01aeMOM I0JI0KEHHH). B 3TOM cityuae HET HEOOXOAUMOCTH CO3JaBaTh KayKIbIi



13 00BEKTOB 3aHOBO, JOCTATOYHO BBIYUCIATH [UIS KaXJI0r0 00BbEKTa CBOIO MAaTpHIly R, COOTBETCTBYIOIIYIO MPeoOpa30BaHHUIo,
nepeBomAmeMy OOBEKT W3 HMCXOTHOTO MOJOXeHHA B (akTtmueckoe (mist (aktudeckoro mojoxenus) wmm Q*F (s
HaOJII0IaeMOro TOJIOKEHUsI) M BBOAUTH €€ B Ty ke mojnporpammy. Jiis KakJoro HOBOTO THIa OOBEKTOB HaM MOTpedyeTcs
KOHCTPYHUpYIOIIas MOANPOrpamMma.

[{enukoM PHUCYHOK T€HEPHUPYETCS C MOMOIIBI OCHOBHOW mporpammbl (JIUCTHHT 9.2), OOBSIBISAIONICH METKH BCEX
MOJIIPOrpaMM, TPUrOTaBIUBaOUIel rpaduueckuil 3kpaH, ucroib3ys BxoaHsle nmapamerpsl HORIZ m VERT wu, Hakowern,
Be3BIBaronield moanporpamMmy "SCENES", pacronararomniyto 00beKTHl B IIPOCTPAHCTBE M BBIYMCISIONIYIO MX. [IpuBeneHHas
HIDKE IOJIIpOrpaMMa HCIIONIB3yeTCs BO BCEX IMpOrpaMmax TpEXMEpHOH rpadukd, KOTOpbIE NPHBOIATCS HHXKE, TaK YTO HE
cienyer e€ MeHATh 6e3 0co00it Ha TO HEOOXOIMMOCTH.

LISTING 9.2

100 REM MAIN PROGRAM

110 LET START=9700: LET SETORIGIN=9600: LET MOVETO=9500: LET LINETO=9400: LET
CLIP=8400

120 LET ROT3=8600: LET ANGLE=8800: LET SCALES=8900: LET TRAN3=9000: LET
MULT3=9100: LET IDR3=9300

130 LET SCENE3=6000: LET LOOK3=8200

139 REM DIMENSION AND CENTRE THE GRAPHICS AREA.

140 INPUT "HORIZ=";HORIZ;" VERT=",VERT

150 GO SUB START

160 LET XMOVE=HORIZ*0.5: LET YMOVE=VERT*0.5

170 GO SUB SETORIGIN

179 REM SET THE SCENE.

180 GO SUB SCENE3

190 SsTOP

B mnommporpamme "SCENES" 0OBSBIAIOTCS BCE MaCCHBBI, HEOOXOAMMBIC I XpaHEHHS HHPOpManuud 00
n300pakeHun, a Takxke matpuilbl A, B, R u (Bo3moxxHO) marpumna Q, mpemHa3HadeHHbBIE IS TIOMEIICHHS OOBEKTa B
HeoOxoaumoe mojoxeHue. [Ipy HeoOXOJMMOCTH MEPEMEHHBIM, KOTOPbIE H3MEHSIOTCS B AAJIBHEHIIMX KOHCTPYHPYIOIIMX
HOJIpOrpaMMax.

Jnst xaxxnoro oowsekra ("0soka'") moanporpamma "SCENES" nomkHa BRIYHCIUTE MATpHUIly P, moMernaromiyo 070K B
(akTHYEeCKOe IOJIOKEHHE, a 3aTeM, BBIYMCISSI COOTBETCTBYIOIIYIO MaTpHuy P (mepeBomsinyro HCXOAHOE MOJOXKEHHE B
(akTHYeCcKOe WM HMCXOJIHOE IOJIOKEeHHe B HaOiomaemoe). B pesynbraTe M3 3THX OJIOKOB CKIIQJBIBACTCsl M300pakeHHe.
WHorpa 310 M300pakeHHE BBIYEPUMBACTCS KOHCTPYHPYIOIIEH MOANPOTPaMMOM, a HMHOTZA C MOMOIIBIO IOANPOTPaMM,
MIPeAHA3HAYCHHBIX U BBIYEPUMBAHHS OOBEKTOB 0COOOTO BHIA (TaKHMX, KaK OOBEKTHI C yAAICHHBIMUA HEBUIUMbBIMU JTHHUSIMHA
WM TIOBEPXHOCTSIMH ) — BCE 3aBUCHT OT TOTO, N300paKeHNE YEeTO CO3aeTcs ¥ KaKOTo THIIA JOJDKHO OBITH 3TO N300pakeHHe.

Kak u panbiue, Mbl He reHepupyeM Mmatpuisl P 1 Q B ABHOM Buzae, HO BMECTO 3TOr0 M3MEHseM 3HaueHue P, 4ro
CBSI3aHO C 3alPeTOM Ha INepeAady HOANPOrpaMMe MAacCHBOB B KadecTBe mapamerpoB. Ecim TpeOyercs marpuna Q, To s
3TOTO JOCTAaTOYHO BBI3BATh momamporpamMy "IDR3", koTtopas aemaetr MaTpuily R eAMHUYHOI; TONIE3HO UMETh B BHUILY, YTO BCE
MaTpUYHbIE OIEpaluy IPOU3BOIATCA C IMOMOIIbI0 Marpull A M R ¢ wucrnonb3oBanueM Marpuusl B st xpaneHwus
MIPOMEXKYTOUHBIX PE3yIbTATOB.

B cBoux mporpammMax ucnosib3yite BapuaHt nognporpaMmsl "LINETO", ynansronuii yacTu npsMbIX, BEIXOASIINE 3a
pamku rpaduueckoro skpana. Yacto BeTpeudaercsi cuTyauusi, korga Beiopansslie 3HadeHust HORIZ u VERT ciumkom Maisl
JUISL TOTO, YTOOBI BEChb OOBEKT OBLIO BO3MOXHO Pa3MECTHTh HA DKpaHe, U B 3TOM cCilydae HeMOJU(UIMPOBAHHBIA BapHaHT
nognporpamMmsl "LINETO" He cmoxer ObiTh ncrnosb3oBaH. Muornma 3nadenussMm HORIZ m VERT ywmbluuieHHO 3amarot
3aHIDKCHHBIE 3HAYEHHs, YTO IO3BOJIIET C ITOMOIIBIO IOCIEIYIOUNIETO YBEIMUYCHHUS TOJIY4aTh yBEIWUCHHBIE H300paKEHHS
OTJETBHBIX Y9aCTKOB OOBEKTA.

[lepBBIii TpuMep TNpPUMEHEHHS H3JIOKEHHOTO BBINIE METOJA MpHBEAEH Ha JucTuHre 9.3, rne mnpuBeaeHa
nognporpamma "SCENES". Ha mmctunre 9.4 mpuBomurcs KoHcTpympyromas moxmporpamma "CUBE", renepupyromas
JIaHHBIe Ky0a ¢ AmiHOI pedpa, paBHOH 2; KOOPAWHATHI BEPIINH 3aHOCATCS B MaccuBHl X, Y, Z. B maHHOM ciydae MOXHO He
XpaHuTh HHpOpMAIMIO 0 pEOpax Kyba: MblI monydaeM HeoOxomumyto uHpopmaimio u3 oneparopa DATA, a 3arem uepTim
JIMHUH.

Bxonanble nanneie 11st puc. 33 ecTh:

HORIZ=9, VERT=6,
(EX,EY,EZ)=(-2,2,2),  (DX,DY,DZ)=(-1,0,0).
LISTING 9.3

6000 REM SCENES/EXAMPLE 1

6010 DIM X(8): DIM Y(8): DIM Z(8)

6020 DIM A(4,4): DIM B(4,4): DIM R(4,4)

6030 LET CUBE=6500

6039 REM CALCULATE THE SETUP TO ACTUAL MATRIX R.

6040 GO SUB IDR3

6050 LET THETA=-0.92729522: LET AXIS=3: GO SUB ROT3: GO SUB MULT3
6060 LET TX=-1: LET TY=0: LET TZ=0: GO SUB TRAN3: GO SUB MULT3
6070 LET THETA=-THETA: LET AXIS=2: GO SUB ROT3: GO SUB MULT3

6079 REM CHANGE R - PREMULTIPLY IT BY THE ACTUAL TO OBSERVED MATRIX.
6080 GO SUB LOOK3

6089 REM CALL CONSTRUCTION ROUTINE DRAW THE CUBE.



6090 GO SUB CUBE

6100 RETURN

LISTING 9.4

6500 REM CUBE/LINES (NOT STORED)

6501 REM IN - R(3,3)

6510 paTA 1,1,1,1,1,-1,1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,-1,-1,1

6520 DATA 1,2,2,3,3,4,4,1,5,6,6,7,7,8,8,5,1,5,2,6,3,7,4,8

6530 RESTORE CUBE

6539 REM INPUT SETUP VERTICES OF CUBE AND MOVE THEM INTO OBSERVED POSITION.

6540 FOR I=1 TO 8

6550 READ XX,YY,ZZ

6560 LET X (I)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6570 LET Y (I)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6580 LET Z(I)=XX*R(3,1)+YY*R(3,2)+ZZ*R(3,3)+R(3,4)

6590 NEXT I

6599 REM INPUT LINE INFORMATION. DRAW LINES BY JOINING PAIRS OF VERTICES.

6600 FOR I=1 TO 12

6610 READ L1,L2

6620 LET XPT=X(L1l): LET YPT=Y(L1l): GO SUB MOVETO

6630 LET XPT=X(L2): LET YPT=Y(L2): GO SUB LINETO

6640 NEXT I

6650 RETURN

Ha onHOM pHcyHKE MOKHO TOMECTHTh M300pakeHHe Ooiee ueMm onxHoro kyba. Hampumep, eciu MbI mepemnumeM
noxnporpammy "SCENES", kak 3T0 moka3aHo Ha JUCTHHTE 9.5, a Bce OCTalbHBIE IMOANPOrPaMMBI OCTaBUM TEMH XK€, TO B
pe3yJbTaTe Mbl OJIy4uM (QUTypY, H300paKEeHHYIO Ha pUCYHKE 34.

OOparute BHUMaHHME Ha TO, 4YTO 3HaueHHA X, Y, Z, BBIUHCICHHBIE U TEPBOTO Ky0a, NMEpenuCHIBAIOTCS IPH
noBropHoM Bbi3oBe mnporpammbl "CUBE". Kpome Toro, Tak kak Marpuiia, COOTBETCTBYIOLIAs MEpPEBOAY OOBEKTa U3
(baxTHYECKOTO IMOJIOXKEHHU B HabronaeMoe, B 000MX ciydasx olHa M Ta ke (y HUX pa3Hble MaTpuIbl IpeoOpa3oBaHUi U3
HCXOJIHOTO TOJIOKEHUsSI B (PaKTHYECKOE), TO MBI 3aHOCHM B MaMmsiTh MaTpuiy Q ¢ TeMm, 4TOObI MCIOJb30BaTh €€ BTOPUYHO.
[Tomuwute, uro Marpuna Q ymMHOXaeTcs Ha Marpully P, mepeBoasmiyro BTopoit KyO B (akTnieckoe mnosoxkenue. [lapamerps
quis puc. 34 takosel: HORIZ=9, VERT=6, (EX,EY,EZ)=(3,2,1) u (DX,DY,DZ)=(0,0,0).

Puc. 34.

LISTING 9.5

6000 REM SCENE3/EXAMPLE2

6010 DIM X (8) :DIM Y(8): DIM Z(8)

6020 DIM A(4,4): DIM B(4,4): DIM R(4,4): DIM Q(4,4)

6030 LET CUBE=6500

6039 REM DRAW 1'ST CUBE IN OBSERVED POSITION.

6040 GO SUB IDR3: GO SUB LOOK3

6050 GO SUB CUBE

6059 REM DRAW 2'ND CUBE IN OBSERVED POSITION.

6060 FOR I=1 TO 4: FOR J=1 TO 4

6070 LET Q(I,J)=R(I,J)

6080 NEXT J: NEXT I

6090 GO SUB IDR3

6100 LET TX=3: LET TY=1.5: LET TZ=2: GO SUB TRAN3: GO SUB MULT3

6110 FOR I=1 TO 4: FOR J=1 TO 4

6120 LET A(I,J)=Q(I,J)

6130 NEXT J: NEXT I

6140 GO SUB MULT3

6150 GO SUB CUBE

6160 RETURN

Ynpaxunenue 9.1

Momuduuupyiite mnporpammy "CUBE" Tak, d9roOs MOXHO OBIIO BBOAWTH JaHHBIE O MPSIMOYTOJIEHOM
napajuieNieumnee, 4To IMO3BOMUIO Obl cTpouTh mapatenenumesn BoicoTsl HT, mmpuast BH w mmmast LH. [na storo
YMHOXbTE 3HaYEeHUsI X-KOOPJIUHATHI Ky0a B NCXOTHOM mojioxeHun Ha LH/2, Y - na HT/2, u Z - na BH/2.

Ewg pa3 momuepkHEM, 4TO NPUHATHIA HAMH MOJYJBHBIH IOJXOJ, BO3MOXXHO, HE CaMblii 3((EKTUBHBII MeTOx
peILIeHns] OCTaBJIEHHOH 3a/1a4y - TeHEepaLul H300paXKeHUsI TPEXMEPHBIX 00beKTOB. MBI BBIOpaIIM 3TOT MOAXOJ C TEM, YTOObI
pa3ouTh mobanbHYI0 MPOOJIeMy Ha MHOKECTBO OoJiee MPOCTHIX 3a/1ad, JOIYCKAIOIMINX CPaBHUTEIHFHO HECIOKHOE pPEIICHHE.



Kak ToibpKO 4MTaTeNh HOCTHI XOPOLIErO MOHMMAHUS M3JIOKEHHBIX B KHUTE METOJOB, €My CIEIYET B3SIThCS 3a SHEPTUUHYIO
HepesieNiKy NPUBEJCHHBIX 3AECh MOANPOTpaMM C LENbI0 MX ontumu3anuu. OmHAKO Uil JEMOHCTpAlMU IPEUMYILECTB
MO/JIYJIBHOTO I10/IX0/1a MBI MPHUBEAEM IPUMEP TOT0, KaKk C MOMOIIBI0 HE3HAYUTENbHBIX MOJU(UKAIMN CTApBIX MOJIPOrpaMM
yAaeTcs cO37aBaTh HOBbIE PUCYHKH.

Ilpumep 9.5

MBI XOTHM OCMOTPETH HEKOTOpYIO (HUrypy (Harpumep, Ty, 4To Ha puc. 34) ¢ HECKOJIBKHMX Pa3IMdHbIX TOYEK.

B sroM ciydae ynoOHee 3anmOMHHATH KOOPIMHATHI BepIIMH (GUrypbl B (DaKTHYECKOM, a HE B HaOII0JaeMOM
TI0JIOKEHHH, ¥ 3aHeCcTH HH(popMaIuio o JuHusAX B MaccuB. [Iporpamma "SCENES" (siuctunr 9.6) noympkHa cHavyasia MpUCBOUTH
rmepemMeHHBIM NOV u NOL HyneBble 3HaUCHUS, a 3aTeM, UCHONB3Yys MaTpully R=P, moMecTuTh 0OBEKTH B MX (haKTHUECKOE
monokeHne. Koncrpykunonnas nognporpamma "CUBE" (muctunr 9.7) Torma moipkHa OBITH M3MEHEHA Tak, 9TOOBI OHA MOTJIA
MCHATh 3HAUCHMS JaHHBIX (HO oOpaTHTe BHHUMaHHE, YTO Ta K€ IporpamMMa Morja Obl XpaHHTh KOOPJIWHATHI BEpPIIMH B
Ha0II01aeMOM TOJIOKEHHH, YTO TOJIBKO ToTpeboBano Ol apyroir R=Q*P).

Jlist kax o HOBOM TOUKH, U3 KOTOPOH MPEAMET pacCMaTpPUBAETCs, M KaXK/IOTO HANPAaBJICHUS B3TJIAla MOAIporpaMmmMa
"SCENES" momxHa OYHCTHUTH 3KpaH, MPHUCBOWTH P 3HaueHWE eIWHMYHOW MAaTpHIbl, BbI3BaTh moxamporpammy "LOOK3" u
3areM BbI3BaTh noanporpammy "DRAWIT" (suctusr 9.8), ncnomns3yronryto Matpuily R (B 3Toi MaTpuile XpaHUTCA 3HAYCHHUE
MaTpulilsl Q, mepeBoasiicH (HaKTHUICSCKOE MOJIOKCHHUE B HAOIFO1aeMOe) [Tl PACIIONOKCHUS TOYCK B HAOII0JaeMOM IOJIOKCHHUH
Y TOCIIEAYIONIEH OPTOTOHAILHOM MPOEKIIMU WX B MacCUBbl V U W (MBI HE MOKEM HCIIONIL30BATh JIJIsl ATOM 1[I MacCUBBI X U
Y, Tak Kak 3TO MOBJIEKIO ObI HCKakeHne uHpopMan o0 o0bekTe B pakTHueckoM monoxenun). [lonnporpamma "DRAWIT"
MOXET HCIOJIb30BaTh HH(POPMAIIHIO, XPaHSIIIYIOCsI B MaccuBe L, i1t reHepanny n300pakeHs Ha SKpaHe.

LISTING 9.6

6000 REM SCENE3/EXAMPLE2 (VARIETY OF VIEWS)

6010 DIM X(16): DIM Y(16): DIM Z(16)

6020 DIM V(16): DIM W(1l6): DIM L(2,24)

6030 DIM A(4,4): DIM B(4,4): DIM R(4,4)

6040 LET CUBE=6500: LET DRAWIT=7000

6050 LET NOV=0: LET NOL=0

6059 REM STORE 1'ST CUBE IN ACTUAL (=SETUP) POSITION.

6060 GO SUB IDR3

6070 GO SUB CUBE

6079 REM STORE 2'ND CUBE IN ACTUAL POSITION.

6080 LET TX=3: LET TY=1.5: LET TZ=2: GO SUB TRAN3: GO SUB MULT3

6090 GO SUB CUBE

6099 REM LOOP THROUGH DIFFERENT VIEWING POSITIONS.

6100 GO SUB IDR3: GO SUB LOOK3

6109 REM DRAW THE TWO CUBES IN OBSERVED POSITION.

6110 CLS: GO SUB DRAWIT

6120 GO TO 6100

6130 RETURN

LISTING 9.7

6500 REM CUBE/VERTICES AND LINES (STORED)

6501 REM IN - NOV,NOL,R(4,4),X(NOV),Y (NOV),Z(NOV),6L(2,6NOL)

6502 REM OUT- NOV,NOL,X (NOV) ,Y (NOV) , 2 (NOV) ,L(2,NOL)

6510 paATA 1,1,1,1,1,-1,1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,-1,-1,1

6520 pATA 1,2,2,3,3,4,4,1,5,6,6,7,7,8,8,5,1,5,2,6,3,7,4,8

6530 RESTORE CUBE

6540 LET NV=NOV

6549 REM INPUT AND STORE VERTICES IN POSITION (ACTUAL OR OBSERVED) USING R.

6550 FOR I=1 TO 8

6560 READ XX,YY,ZZ: LET NOV=NOV+1

6570 LET X (NOV)=XX*R(1l,1)+YY*R(1,2)+2Z*R(1,3)+R(1,4)

6580 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+2Z*R(2,3)+R(2,4)

6590 LET Z (NOV)=XX*R(3,1)+YY*R(3,2)+ZZ*R(3,3)+R(3,4)

6600 NEXT I

6609 REM INPUT AND STORE LINE INFORMATION.

6610 FOR I=1 TO 12

6620 READ L1,L2: LET NOL=NOL+1

6630 LET L(1,NOL)=L1+NV: LET L (2,NOL)=L2+NV

6640 NEXT I

6650 RETURN

LISTING 9.8

7000 REM DRAWIT

7001 REM IN - NOV,NOL,R(4,4), X(NOV),bY(NOV), Z(NOV),6L(2,NOL)

7009 REM MOVE VERTICES INTO OBSERVED POSITION AND DRAW OBJECT.

7010 FOR I=1 TO NOV

7020 LET V(I)=X(I)*R(1,1)+Y(I)*R(1,2)+Z(I)*R(1,3)+R(1,4)

7030 LET W(I)=X(I)*R(2,1)+Y(I)*R(2,2)+Z(I)*R(2,3)+R(2,4)



7040 NEXT I

7050 FOR I=1 TO NOL

7060 LET L1=L(1,I): LET L2=L(2,I)

7070 LET XPT=V(Ll): LET YPT=W(Ll): GO SUB MOVETO

7080 LET XPT=V(L2): LET YPT=W(L2): GO SUB LINETO

7090 NEXT I

7100 RETURN

Ecnu nabmiomaTtens mepemenaercst IO NPSAMOM JIMHMM W IPU 3TOM CMOTPUT B OJHOM HAIIPaBIEHWH, TO HET
HEOOXOIMMOCTH KaXkKIbIi pa3 3aHOBO BBIYHMCIATH MaTpuIly Q, 1OCTAaTOYHO MPOMU3BECTH TaKOEe MpeoOpa3oBaHKE MPOCTPAHCTBA,
9TOOBI B3I HAOMIOAaTeNs ObUI HANpaBJICH BJOIH OCH Z, a 3aTeM Hcmoib30Bath moanporpamMmy "SETORIGIN" mis Toro,
YTOOBI IEepeMenaTh HabIroaTeNs, BMECTO TOTO, YTOObI mepeMemarb o0beKT. [lociae Toro kak BbI OCBOMTECH C METOAAMH
MIOCTPOEHUS MPOEKINI TPEXMEPHBIX OOBEKTOB, BaM CIEAyeT TIIATEIbHO BBIOMpPATh METOA 0030pa M BelYepuuBaHus. [loutn
BCEr/la CYIIECTBYIOT CIIOCOOBI M30€XaTh HMCIOJIB30BAHUS OOIIET0 METOIa MOCTPOCHHS MPOCKIMKA TPEXMEPHBIX OOBEKTOB U
UCTIONIB30BAaTh O0Nee MPOCThIE METOMBI.

Ynpaxuenue 9.2

CocraBbTe KOHCTPYHPYIOIINE TPOrPaMMBI JUIsl TETPa’qpa, MUPaMUAbL, U T.1I.

Hampuwmep,

(A) Terpasap: Bepmmnst - (1,1,1), (4,-1,-1), (-1,1,-1) u (-1,-1,1) + pebpa - Touka 1 coequnsiercsic 2,1 c¢3,1c4,2c 3,
2c4u3c4.

(b) IMupamupa c kBagparom B ocHoBanuu ¥ Bbicotoi HT: Bepmmusr (0,HT,0), (1,0,1), (1,0,-1), (-1,0,-1) u (-1,0,1);
npsimble coenuHsioT 1 ¢2,1c¢3,1¢c4,1c¢5,2c¢3,3c4,4c5uscl.

Yupaxnenue 9.3

Hanecure Ha muockocts X/Y m3o0pakeHHe THOO0TO IIIOCKOTO OOBEKTa, HAmpuUMep, OyKB anpaBUTa, U IOIYyUUTE
n300pakeHne 3TOro 00BEKTa ¢ Pa3NUIHBIX TOYeK HaOmroneHus. Bl MoxeTe MOMECTHTh UX Ha TpaHu KyOa. Bee, uro Bam Hamo
caenatb - 3To gonoiHuThs nporpammy "CUBE", ¢ TeM, 94TOOBI CTajgo BO3MOXKHBIM XPaHHUTH JONOIHHUTENFHBIC BEPIIMHBI U
JIMHWUH, ONPECTISIOINe 3TH CUMBOJIBL.

[Toka 4TO MBI OrpaHMYMINCH N300paKEeHHEM MpocTeiero Kyba. ITo Jenanoch il TOro, YToObl He 3arpOMOKAAThH
HaIllK IPUMEPBI ONpeelIeHUEM CIIOKHBIX 00beKTOB. Hamm nporpaMmsl NPUTOAHBI IJIsl TIFOOBIX OOBEKTOB, JIMIIL Obl OHU HE
BBI3BIBAIM NEPETIONHEHUST MaMATH. [l CIIOKHBIX OOBEKTOB MBI IIPOCTO YBEJIMYMBAEM pa3sMepbl HallMX MacCHBOB, XOTA
HEKOTOpbIe OOBEKTHI OynyT o0NanaTh CBOWCTBAMH, IO3BOJISIIOIIMMHM HaM yMEHBLIMTh KOJHYECTBO TpeOyeMOi mHaMsTH.
Hanpumep, peakTuBHBIA camolieT, TOKa3aHHBIA Ha puc. 35, oOnamaer 3epkaibpHOW cumMmerpueil. Ilpenmornoxum, drto
TUTOCKOCTh CHMMETPHH COBIIAAALT C TNIOCKOCTBIO Y/Z, TOTAa Kax a0k Touke camonera (X,Y,Z) COOTBETCTBYET TOUKa caMoIéTa
(-X,Y,Z). Ans momydeHust n300pakeHust Ha puc. 35 MBI ucnoab3yeM JUcTuHT 9.1, 9.2 u 9.3 coBMECTHO ¢ KOHCTPYHpPYIOIIEH
noanporpammori "JET", renepupyromeld Bce BEpILIMHBI CaMOJIETA C TMOJOXHUTEIbHBIMU 3HAUYEHUSIMU KOOPAMHATHI X; 3TO
MIO3BOJISIET XPAHUTD B IIaMATH MH(OPMALHIO TOIHKO 00 OHOM MOJIOBHHE CaMOJIETA.

Puc. 35.

Jlnst Toro 94TOOBI HapUCOBaTH caMoNIET, HaM Tpedyetcst moanporpamma "DRAWIT" (muctunr 9.9), koTOpast pucyer
OJTHY TIOJIOBUHY CamoJieTa, a 3aTeM, CMCHUB 3HaK X KOOPAMHATHI Ha IPOTHBOMOIOXKHEIN, APYTYIO.

Crpouth momoOHBIE QUTYpHI HeclHokHO. HapucyiTe mHTEepecylomue Bac (GUTYpHl Ha JIUCTE KJIETYATOW Oymaru.
[Iponymepyiite Hamboee BayKHBIE TOUYKH (PUTYPHI B OTMETHTE, KaKhe M3 TOYCK COCIWHECHBI JTUHUAMU. 3HAUYCHUS KOOPIMHAT
JIETKO TOJICYUTATH C MOMOIIbI0 KiIeTokK. Bxomuple manuble mns puc 35: HORIZ=160, VERT=120, (EX,EY,EZ)=(1,2,3) u
(DX,DY,DZ)=(0,0,0).

Tena spawenus

Jlo cux mop nmpu mocTpoeHn: H300pakeHUus: 00BEKTa MBI UCTIOJIB30BAH HH()OPMAIIHIO, KOTOpasl IIETUKOM BBOJUIIACH
BpyuHyto. Temepp MBI paccMOTpPUM THI OOBEKTOB, IJISI IOCTPOCHHUS KOTOPBIX TpeOyeTcss TOJIBKO HeOOJbLION 00BEM
WHPOPMALIUH TPH CPABHUTEITHHOHN CIIOKHOCTH CaMUX 00BEKTOB. TakuM OOBEKTOM SIBIISICTCS TEJIO BPALICHHUS, IPUBEACHHOE Ha
puc. 36.

Ham meron 3akimrouaercst B ToM, 4ToOBI ompeaennts NUMV nmuHmid B miockoctd X/Y, KOTOphIE MBI Ha3bIBacM
HabopoM 00pa3yroImuX OTPE3KOB. 3aTeM MBI BpaIllaeM 3TH OTPE3KH OTHOCHTENIFHO BepTHKaIbHOH ocu (ocu Y) NUMH-1 pa3s ¢
TEM, YTOOBI MOIYYNTh HOBBIE MHOXXECTBAa BEPTHKAIBHBIX 0Tpe3koB. NUMV oTpe3koB obpamaromero Habopa MOIydaroTcs
nocnenoBarenbHbM coenuHerneM NUMV+1 Bepuma (S(I),T(D) (rme 1<=I<=NUMV+I1). U3 storo Habopa M mnoxywaem
NUMH pa3nu4HbeIX BepTHUKAIBHBIX Ha0OpPOB, J-blil BepTHKaJIbHBI HA0Op MONydaeTcsi BpalleHHeM Habopa o0pa3yrommx
otpe3koB Ha yron PHI+2*PI*(J-1)/NUMH Bokpyr ocu Y, mns Hekotoporo 3uadenusi PHI(0), sBistromrerocst BXOIHBIM
rapameTpoM.



Hapsany ¢ NUMH*NUMYV BepTHKaTbHBIMH OTpE3KaMH MBI BBOJWUM TaK K€ TOPU3OHTAIBHBIE IpsAMBIe. PaccMoTprM
onHy 3 koHIEeBBIX Touek (S(I),T(I),0) oTpeska, mprHAATIEKAIIETO MHOXKECTBY 00Pa3yIOIINX OTPE3KOB: II0 MEpe TOr0, KaK MBI
BpamaeM oO0pasyromue OTPe3KH BOKPYr OocH, OH 3aHuMmaeT omaHo m3 NUMH momoxeHuil (ecim TOMBKO 3Ta TOYKAa HE
pacroJio’keHa Ha OCH BpAIIEHUs).

(S(I)*COS (TETA+0) ,T(I),S(I)*SIN(TETA+0)),
rae TETA=2*PI*(J-1) u 1<=J<=NUMH.

Ot NUMH Touek mocienoBaTenbHO coenuHstorcs, a 3areM NUMH-as Touka coenuHsieTcss ¢ TIEpBOM, YTO JAaeT
HaOop ropusontaneil. Beero momyuaercs (NUMH-N)*NUMV ropu3oHTa bHBIX JIUHHMA, rae N-YHCIO BEpIIMH Ha OCH
Bpaienus. Ha muctunre 9.10 npusenena nporpamma "ROTBOD", pucyromas teno Bpamienus, eciu 3aaansl NUMV, NUMH,
PHI, nepBonavansHblii Habop BepmmH B MaccuBax T u S u marpuua R, onpenensromast nonokenne tena. Ha mucrunre 9.11
npuseseHa nporpamma "SCENES", renepupyromias nzo0paxenue cepsl, IpUBEICHHON Ha pHc. 36; HaYaIbHBIH HA0Op TOYEK
COCTOHMT W3 BOCBMH TOYEK, PACIOJIOKEHHBIX Ha TOJIOBHHE MOJHOM nyru okpyxkHoctn: HORIZ=3.2, VERT=2.2, PHI=PI/25,
NUMH=10, NUMV=S, rna3 HaOmomarens pacmoioxeH B Touke (1,2,3), a B3mmig HampaBieH B Touky (0,0,0). B
noanporpaMMe Ha auctunre 9.11 npennonaraercs, uto NUMV mensine nnu paseH 15.

LISTING 9.9

6000 REM SCENE3/JET

6010 DIM X(37): DIM Y (37): DIM Z(37)

6020 DIM V(37): DIM W(37): DIM L(2,46)

6030 DIM A(4,4): DIM B(4,4): DIM R(4,4)

6040 LET JET=6500: LET DRAWIT=7000

6050 GO SUB IDR3: GO SUB LOOK3

6060 GO SUB JET

6070 GO SUB DRAWIT

6080 RETURN

6500 REM JET

6502 REM OUT — NOV,NOL,X (NOV) ,Y (NOV) ,Z (NOV) ,L(2,NOL)

6510 DpATA 0,0,80,0,0,64,0,8,32,4,8,32,8,4,32,8,0,32,4,-4,32,0,8,-32,4,8,-32,8,
4,-32,8,0,-32,4,-4,-32,0,-4,-32,8,0,24

6520 DATA 1,2,2,3,2,4,2,5,2,6,2,7,3,4,4,9,5,10,6,11,7,12,8,9,9,10,10,11,11,12,
12,13,14,15,15,10,15,16,14,16,17,18,17,19,18,19,20,21,21,22,22,23,23,24,24,25

6529 REM SETUP VERTEX AND LINE INFORMATION FOR HALF THE JET.

6530 LET NOV=37: LET NOL=46

6540 FOR I=1 TO NOV: READ X(I),Y(I),Z(I): NEXT I

6550 FOR I=1 TO NOL: READ L(1,I),L(2,I): NEXT I

6560 RETURN

7000 REM DRAWIT/TWO HALFES OF THE JET

7001 REM IN - NOV,NOL,R(4,4),X(NOV),Y (NOV),Z(NOV),L(2,NOL)

7010 LET IS=1

7019 REM LOOP THROUGH TWO HALFES OF THE JET.

7020 FOR J=1 TO 2

7030 FOR I=1 TO NOV

7040 LET XX=IS*X(I): LET YY=Y(I): LET 22=Z(I)

7049 REM PUT VERTICES IN OBSERVED POSITION.

7050 LET V(I)=XX*R(1,1)+YY*R(1,2)+2Z2*R(1,3)+R(1,4)

7060 LET W(I)=XX*R(2,1)+YY*R(2,2)+22*R(2,3)+R(2,4)

7070 NEXT I

7080 FOR I=1 TO NOL

7090 LET L1=L(1,I): LET L2=L(2,I)

7100 LET XPT=V(L1l): LET YPT=W(Ll1l): GO SUB MOVETO

7110 LET XPT=V(L2): LET YPT=W(L2): GO SUB LINETO

7120 NEXT I

7130 LET ISs=-1

7140 NEXT J

7150 RETURN



LISTING 9.10

6000 REM SCENE3/SPHEROID

6010 DIM X(32): DIM Y(32)

6020 DIM A(4,4): DIM B(4,4): DIM R(4,4)

6030 DIM S(16): DIM T(16)

6040 LET REVBOD=6500

6050 INPUT "NUMBER OF HORIZONTAL LINES=";NUMH

6060 INPUT "NUMBER OF VERTICAL LINES=";NUMV

6070 INPUT "ANGLE PHI=";PHI

6080 LET THETA=PI/2: LET TD=PI/NUMV

6089 REM GENERATE DEFINITION SET

6090 FOR I=1 TO NUMV+1l

6100 LET S(I)=COS THETA: LET T(I)=SIN THETA

6110 LET THETA=THETA+TD

6120 NEXT I

6130 GO SUB IDR3: GO SUB LOOK3

6140 GO SUB REVBOD

6150 RETURN

Ynpaxuenue 9.4

[MoskcrepuMeHTHPYHTE C AITOM TEXHUKOW, I STOW M[eNHd TOAXOIOWT J00as TOCIeIOBATENFHOCTh OTPE3KOB.
[ompoOyiiTe HauePTUTH JIUIMIICOWI BPALICHHSA: OH YEPTHTCS TaK JKe, Kak W cdepa, 3a MUCKIIOYCHHEM TOTO, YTO BMECTO
MTOJIOBHHBI OKPY)KHOCTH Oepércsi moyioBHHA 3Jutnrica. Her HeoOXOAMMOCTH OTpPaHWYHMBATHCS TOJIBKO CIYYaeM BBITYKIIBIX
MHOTOYTOJIbHUKOB: TPSIMBIE MOTYT T€peceKaTh IpYyT Ipyra, mepecekaTh och Y W JOIMyCKaeTcs Takke KoleOaHue 3HaYeHUS
KOOpIMHATHI X.

LISTING 9.11

6500 REM REVBOD/BODY OF REVOLUTION

6501 REM IN - PHI,NUMH,NUMV,S (NUMV+1),T (NUMV+1l) ,R(4,4)

6509 REM CREATE FIRST VERTICAL SET.

6510 LET THETA=PHI: LET TD=PI*2/NUMH

6520 LET N1=NUMV+1l: LET C=COS PHI: LET S=SIN PHI

6530 FOR I=1 TO N1

6540 LET XX=S(I)*C: LET YY=T(I): LET ZZ=S(I)*S

6550 LET X(I)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6560 LET Y (I)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6570 NEXT I

6579 REM LOOP THROUGH SECOND VERTICAL SET.

6580 FOR J=1 TO NUMH

6590 LET THETA=THETA+TD: LET C=COS THETA: LET S=SIN THETA

6600 FOR I=1 TO N1

6610 LET XX=S(I)*C: LET YY=T(I): LET ZZ=S(I)*S

6620 LET X(I+N1l)=XX*R(1l,1)+YY*R(1,2)+Z2Z*R(1,3)+R(1,4)

6630 LET Y (I+N1l)=XX*R(2,1)+YY*R(2,2)+2Z*R(2,3)+R(2,4)

6640 NEXT I

6649 REM DRAW LINES IN FIRST VERTICAL SET.

6650 LET XPT=X(1l): LET YPT=Y(l): GO SUB MOVETO

6660 FOR I=2 TO N1

6670 LET XPT=X(I): LET YPT=Y(I): GO SUB LINETO

6680 NEXT I

6689 REM JOIN CORRESPONDING HORIZONTAL ON THE TWO VERTICAL SETS.

6690 FOR I=1 TO N1

6700 LET XPT=X(I): LET YPT=Y(I): GO SUB MOVETO

6710 LET XPT=X(I+N1l): LET YPT=Y(I+N1l): GO SUB LINETO

6719 REM COPY SECOND VERTICAL SET INTO FIRST REPIAT PROCESS.

6720 LET X(I)=XPT: LET Y (I)=YPT

6730 NEXT I

6740 NEXT J

6750 RETURN

MOKHO TPEIIOKUTH Clenyromee 0000IeHne Hamlero MeToJa: 10 Mepe BpallleHHsl BOKPYT LEHTpPAIbHOW ocH Y-
KOOpAMHATHI TOYEK, HE OCTAIOTCS MOCTOSHHBIMH, @ M3MEHSIOTCS MO OMpEeIeIeHHOMY 3aKOHY; HallpUMep, YMEHBIIAIOTCS Ha
HEKOTOPYIO BENWYMHY NpH KaxaoMm BpauieHun Ha 2PI/NUMH. Tenepp uMeeT cMbICT MO3BOJUTH TOYKE COBEpIIATh Oojiee
0ZIHOTO 000POTa BOKPYT OCH.

Cnucok npoecpamm
C HacTosmero MoMeHTa Mbl OyzeM umeHoBats uctuarH 3.4 ("ANGLE"), 8.1 ("MULT3" u "IDR3"), 8.2 ("TRAN3"),
8.3 ("SCALE3"), 8.4 TKOT3"), 9.1 ("LOOK3") u 9.2 ("MAIN PROGRAM") kak "LIB3".
1. "LIB1", "LIB3" u muctuaru 9.3 ("SCENE3") u 9.4 ("CUBE"). HeoO0xommmbie manneie: HORIZ, VERT,
(EX,EY.EZ) u (DX,DY,DZ). [lonpoGyiite 3amats 3ua4denus 9, 6, (1,2,3), (-1,0,1).



2. "LIB1", "LIB3" wu muctuaru 9.5 ("SCENES") m 9.4 ("CUBE"). Heo6xoammbie mannbie: HORIZ, VERT,
(EX,EY.EZ) u (DX,DY,DZ). ITonpoOyiite 3Hauenus 9, 6, (1,2,3), (-1,0,1). [TocnemoBarensHO U3MEHSHTE OAWH U3 TApaMETPOB

npu GUKCHPOBAHHBIX OCTAJIBHBIX MTApaMeTpax.
3. "LIB1", "LIB3" u juctunr 9.6 ("SCENES"), 9.7 ("CUBE") u 9.8 ("DRAWIT"). Heobxoaumasi uHpopmanus:

HORIZ, VERT, u 3arem noetopusiii BBog Benuuud (EX,EY,EZ), (DX,DY,DZ). ITonpoodyiite BBecTH 9, 6, 3aTem (1,2,3), (-

1,0,1), (3,2,1), (0,0,1). IIpoBemuTe cucTeMaTHYECKOE U3MCHEHUE BEITMYNH ITaPaMETPOB.
4. "LIB1", "LIB3" u nuctunru 9.10 ("SCENES") n 9.11 ("REVBOD"). Heo6xoaumast unpopmanms: HORIZ, VERT,

NUMV (<=15), PHI, (EX,EY,EZ) u (DX,DY,DZ). ITonpoOytite BBecTH 3.2, 2.2, 10, 10, 1, (1,2,3), (0,0,0); (3,2,1), (0,0,0).



NMABA 10
lNMpocTbie anropuTMbl yaaneHnsa HeBUAUMbIX JIMHUA U
NOBEepPXHOCTEWN

IMocne Toro, Kak Mbl HApUCOBaNIN KyO 1 emE HECKOJIBKO KapKacHBIX (Uryp, MBI BHJIUM, YTO OCHOBHBIM HEIOCTAaTKOM
9THX (GUTyp SBISETCS TO, YTO OHM HE BOCIPOM3BOJST pEaJbHBIX BECOMBIX Tesl. Ham OBl XOTENOCh pHCOBaTh peajibHbIC
HENpo3pavyHble 0OBEKTHI, B KOTOPHIX MEPEJHUE I'PaHH AETal0T HEBUINMBIMH PACIOJIOKEHHBIC 32 HUMH I'paHu U pebpa. s
9TOM LIeJIM MBI JOJDKHBI BBECTH AJITOPUTMBI YAAICHHUS HEBHAVMBIX JMHUHA M MOBEPXHOCTEH. TakuX anropuTMOB CyIIECTBYET
Ype3BBIYAfHO MHOTO - HEKOTOpPhIE M3 HHUX 3JEMEHTapHbl M Pa3paOOTaHbl A CHEHHATIbHBIX CIydaeB, APYTHE OYEHb
XUTPOYMHBI W IPEIHA3HAYCHBI JUIi PabOTBI CO CIOXHBIMU OObekTamMu. OrpaHMYEHHs 0 BPEMEHH, HaKJIa/JbIBacMbIc
HCTIONIb30BaHIEM MUKPOKOMIIBIOTEPA, HE MTO3BOJIIET HAM PAacCMaTPHBATh OUEHD CIIOXKHBIE AITOPUTMBI.

B cmygae SPECTRUMa HaknaneiBaeTcsi JOMOJHUTEIBHOE OTPAHWYCHHUE, 3aIllpPElaroliee HCIOIh30BATH B OJHOM
CHMBOJILHOM OJIoKe OoJiee JABYX LBETOB. TeM He MeHee, OrpaHHYHB YUCIIO TUIIOB U KOJIMYECTBO OOBEKTOB B OJJHOM PHCYHKE,
MOJKHO JJOOMTHCS BIIOJIHE YAOBJICTBOPUTEIBHBIX Pe3yIbTaToB. B ritaBe 12 Mbl 00CYK1aeM OTHOCHUTEIBHO CIIOKHBIA aITOPUTM,
HO 34€Ch MbI OI'paHUYNUMCH ABYMSA CIHCUUAJIBHBIMH TUIIAMU CLCH - MBI UCIIOJIb3YEM CBOﬁCTBa, ABHO 3aJIOKCHHBIC B IIPUPOAC
($uryp, cocTaBIsIOIINX CIEHY, YTO O0JIeryaeT 3a/1auy HaX0XKACHHs CKPBITHIX MoBepXHocTell 1 pedep. Hike B 3T0i T1aBe Mbl
MPUBOJIMM IIPOCTOM METOJI BBIYEPUMBAHHS HEKOTOPHIX TOBEPXHOCTEH B TPEXMEPHOM MPOCTPAHCTBE.

[Tpu onpeneneHny anropuT™Ma CKPBITHIX JIMHUH MBI cunTaeM, uto nHpopmanus o NOV BepmmHax 00beKTa XpaHUTCS
B MaccuBax X, Y, Z (B HaOmromaeMoM monoxeHnd ). OHaKO, MBI TeTeph OyIeM UCIIONb30BaTh HH(POPMAITHIO O TpaHsiX, a He O
pebpax. Uadopmanns o NOF-rpansix xpannutcs B maccuse F (Ham Taxke HeoOXonuM mMaccuB H, B KOTOPOM XpaHHUTCS YHCIIO
BEpIINH KaKAO0H MHOTOYTOJIBHOM T'paHM), a U COKpalleHWs o0bEMa MamsITH OrpaHWYMBAEMCSl CIydaeM, KOTAa TI'paHb
obpasyercs He Ooree, 4eM IMIeCThI0 pedpamH.

Ecnu TpebyroTes rpaHu, coaepiKaniie 0osblee YUcIo pedep, TO TaKue TPaHy CleAyeT pa30uBaTh Ha MEHBIINE TPAHH.
Jnst Toro 4ro0Bl YyIPOCTHTH AITOPUTM YAAJICHHWS HEBUAWUMBIX JIMHUM, Mbl HAaKJIa[bIBAEM OTPAHUYCHHE HA MOPAJOK 3alUCH
BepiMH B MaccuBe F. Bepumubl cienytoT B mopsiike 00xo/ia rpaHu Tak, 4TO €CJIM Ha IpaHb CMOTPETh MU3BHE, TO 3TOT 00X0.
COBEpIIAaeTCs MPOTHB YacoBOH cTpenku. EcTecTBEHHO, 4TO €ClM CMOTpPETh M3HYTPH O0BEKTa, TO 3TOT 00X0j Oyier
COBEpUIAThCS IO YaCOBOM cTpenke. Mpl Takke mojiaraeM, 4To Kak[aas npsMas HaxOAMTCS Ha MEpeceYeHHH JABYX TpaHEew.
OtnenbHbIE NMpsSIMBbIE, HE CBSI3aHHBIE C TPaHSAMH, JOOABIAIOTCS B KauecTBE BBIPOXKACHHBIX I'DaHEH, OrpaHUYCHHBIX JIBYMs
pebpamu.

Opuenmayus mpey2onibHUKa 8 mpexmepHoMm nPOCmpancmee

Iocne ompexnenenust oObeKTa B TEPMUHAX BEPIIMH M TpaHeil BO3HMKAET BOINPOC: KaK MPOBEPHUTH, YTO BEPILUHEI
JICWCTBUTENILHO PACIHIONIOKEHBI B MOpsiIKe 00X0/1a rpaHell MpoTUB YacoBoil cTpenku? Creayer MpocTo Hamucath nporpammy!
Tak xak OPUCHTALIMA BBIITYKJIOTO MHOT'OYT'OJIbHUKA MOKET 6bIT]> OrpeJc/iCHa 1o TpéM €ro nocCJjca0BaTCIbHBIM TOYKaM, TO HAM
JIOCTaTOYHO OTPAaHMYMUTHCS CIydaeM TpEyrosibHHKa. B TiaBe 7 Mbl yXe NO3HAaKOMHIIHMCH CO CIIOCOOOM OIpeieseHHs
OPHMEHTALMK TPEYTOJIbHHUKA, PAcIlojoOKEHHOro Ha rutockoctu. [Ipobiema OyzeT pemieHa, eciy HaM yJacTcsl CBECTH 3a1ady K
CIIy4aro JByX U3MEPEHHH.

Jnst ynpomieHusi BEIYHMCICHUH MBI IpelroaraeM, 9To OOBEKThl HAXOIATCS B MCXOIHOM IIOJIOKCHHH M COICpIKAT
Hayajo KOOpIMHAT. MBI mpenroiaraeM, 4To IUIOCKOCTH, B KOTOPBIX JIeXKAT TPaHH, HE MPOXOIAT Yepe3 Hayallo KOOPIUHAT.
CoBepIMM Takoe BpallleHWE INPOCTPAHCTBA, 4YTOOBI OJHA M3 BEPLIMH pPaccMaTpUBaEMOro TPEYTroJbHUKA JieKala Ha
oTpumarensHoi monoBuHe Z (cpaBHHUTe ¢ mporpammoii "LOOK3", mpuBemenno#t Ha mmctuare 9.1). Tak Kak MBI
IperoaraeM, 4To Ha4auo KOOpAWHAT HaXOAUTCS BHYTPH OOBEKTa, TO JOCTATOYHO €r0 CIPOCLHUPOBATh Ha IIOCKOCTh X/Y
(uTo mpocTo O3HayaeT OTOpachBaHME 3HAYEHHS Z-KOOPAMHATHI) M PacCMaTpPUBATh STOT TPEYTOJBHUK JIEXKAIIUM B ATOH
IockocTy (oHa u3 ero BepumuH Oynet B Touke (0,0)). Ha nmuctunre 10.1 npuBeaeHo pelieHne 3ToH 3a1a4H.

LISTING 10.1

100 REM ORIENTATION OF A 3-D TRIANGLE

110 DIM X(3): DIM Y(3): DIM Z(3)

120 DIM A(4,4):DIM B(4,4): DIM R(4,4)

130 LET ROT3=8600: LET ANGLE=8800: LET MULT3=9100: LET IDR3=9300

140 LET J$="TYPE IN COORDINATES ": LET K$="OF TRIANGLE "

150 FOR I=1 TO 3

160 LET IS$="VERTEX("+STRS$ I+")=("

170 INPUT (J$+K$+I$) ;X(I);",";¥(I);",";2(I);")"

180 PRINT AT 2+42*I,0;IS$;X(I);",";Y(I);",";Z(I);")"

190 NEXT I

200 REM FIND MATRIX R THAT WILL PUT (X(1l),Y(l),Z(l)) ON NEGATIVE Z-AXIS.

210 LET AX=X(l): LET AY=Y(l): GO SUB ANGLE

220 LET AXIS=3: LET THETA=-THETA: GO SUB ROT3: GO SUB MULT3

230 LET AX=Z(1): LET AY=SQR(X(1)*X(1)+Y(1)*Y(1)): GO SUB ANGLE

240 LET AXIS=2: LET THETA=PI-THETA: GO SUB ROT3: GO SUB MULT3

249 REM TRANSFORM TRIANGLE SO THAT ALL VERTICES TIE IN AN X/Y PLANE.

250 FOR I=1 TO 3

260 LET XX=X(I): LET YY=Y(I): LET ZZ=Z(I)

270 LET X(I)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

280 LET Y(I)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)



290 NEXT I

299 REM CHECK IF THE NOW 2-D TRIANGLE IS CLOCKWIZE OR ANTI-CLOCKWIZE.

300 PRINT AT 11,0;"IF THE EYE AND THE ORIGIN ARE ON "

310 PRINT AT 13,0;"OPPOSITE SIDES OF THE FACET THEN"

320 PRINT AT 15,0;"THE TRIANGLE IS ";

330 LET DX1=X(2)-X(1): LET DY1=Y(2)-Y(1)

340 LET DX2=X(3)-X(2): LET DY2=Y(3)-Y(2)

350 IF DX1*DY2-DX2*DY1>0 THEN PRINT "ANTI-";

360 PRINT "CLOCKWISE"

370 STOP

Yupaxnenue 10.1

[lepenumuTe mporpamMMbl HOCIEAHEH TIJaBbl, Hpeanonaras, 4yro MHPOpPMAaIMs 3aJacTCsl C TOMOIIBI BEPLIMH U
OPUEHTUPOBAHHBIX IIPOTUB YACOBOM CTPEJIKU I'PAaHEH, a HE ¢ IOMOUIbIO JIMHUN. [IpoBepsaiiTe IpaBUIBLHOCTD UCXOJHBIX JAHHBIX
¢ noMouibto nporpammbl Ha sucture 10.1. Koneuno e, nHdopmanus o rpaHsax BKIOYAET sIBHBIM 00pa3oM HMH(GOPMAIHIO O
pEOpax - Kakaoe U3 HUX COCIOUHSET JBE IOCIe/I0BaTeIbHbIC BEPIIMHBI TpaHu. MH(popMalus o KaxaoM pedpe COIepKUTCS B
MacCHBE JIBOK/BI - IO OJJHOMY pa3y B KaXJIOH U3 NPHUJIETAIONINX K HEMY I'paHel, a Mbl HE XOTHM TPaTUTh BpeMs Ha TO, YTOOBI
YEPTUTh KAKAYIO0 JIMHUIO JBAXIBl. 3aMETHM, YTO, TaK Kak HalpaBJeHHE 00X0/a BCEX IpaHel MPOTHUB YaCOBOW CTPEJIKH, TO
€CIIM B OJIHOM citydae pebpo npoxoautcs ot I o J, To npu o6xoxe apyroii rpanu oHo mpoiiger ot J no I, moatomy yciaoBumest
YEepPTUTH TOIBKO T€ pedpa, y KOTOPHIX HHEKC IIEPBOH BEPIIMHEI MEHbIIIE HHAEKCA BTOPOH BEPIIHHBL.

AﬂzopumM ydaﬂeHuﬂ CKpblmblX nogepxﬂocmeﬁ ons crydas meida,

O0ZPAHUYEHHO20 3aMKHym0L2 u 6bll’lyl<'JZOL7 noeepxHocmbvio

OrpaHHYeHHBIM BBIITYKJIBIM HA3bIBACTCS TEJIO, KOTOPOE BMECTE C JIIOOBIMH BYMsI BHYTPEHHHMH TOYKAMH COJECPIKUT
TaKKe M COCOUHSIOMNI MX OTpe30K. HeTpynHO BUAETH, UTO 3TO HE YTO MHOE, KaK 000OIIEHNE OINpEeAeIeHHs, JAaHHOTO UIs
JBYMEPHOTO CiIydasi. DTO TEJIO OTPaHUYIECHO 3aMKHYTOH IMOBEPXHOCTBIO, M TOITOMY HEBO3MOKHO IIPOHUKHYTH BHYTpb Tela, HE
TepeceKast ero IMOBEPXHOCTH.

OPpTOroHanIbHO CIPOECHUPYEM BCE BEPIIMHBI TENIAa HA BU3YalbHYIO IIIOCKOCTb, 3aMETUB, YTO MPOEKIHSI BBITYKJIOro N-
yrojbHUKA €CTh BBIMYKJIBIA N-yrodbHUK (WM BBIPOXKAAETCS B OTPE30K) Ha BU3yaJdbHOW IIocKocTH. OOXOIs BEpUIMHBI
TOJTYUYCHHBIX N-yFOﬂbHMKOB B TOH e MOCJI€A0BAaTCJIbHOCTU, YTO U B OpHUI'MHAJIC, MbI 06Hapy>1<1/1M, 4YTO Hallk ABYMCPHbLIC
MHOTOYT'OJIbHUKHA J'II/I60 OpPHUECHTHUPOBAHLI IIPOTHUB X044 YacoBOU CTPECJIKH, YTO O3HA4YacT, YTO Mbl CMOTPUM Ha I'paHb C BHCIIIHEH
CTOPOHBI TeJa, IM00 MO X0y YaCOBOHM CTPEJIKH, YTO 03HAYAET, YTO MBI CMOTPUM Ha I'paHb U3HYTPH.

Tak kak 00BEKT OrpaHUYEH 3aMKHYTOH MOBEPXHOCTBIO, TO MBI HE MOXKEM HA0JII0/1aTh TPaHN C BHYTPEHHEH CTOPOHHI -
OHU SIBJIIOTCS. HEBUIUMBIMH, & MBI JIOJDKHBI M300pa3UTh TOJIBKO BUANMBIE TPAHU - TIOJIyYHJICS JIOBOJIHO MIPOCTON aJITOPUTM,
KOTOPBIN MOKET IPUMEHSTHCS KaK B KOHCTPYHPYIOLIUX MOJIPOrpaMMax, Tak M B PHCYIOLIEH TTOAIIPOrpaMMe.

B kagectBe mpumepa Ha puc. 37 npHBEAEHO M300pakeHHEe KyOa, MMOJIYYEHHOE C ITOMOIIBI0 YCOBEPIICHCTBOBAHHOM
mporpammbel "CUBE", nmpuBenenno#t Ha yimctunare 10.2. B 3Tom ciiygae MBI HE XpaHMM HH(GOpPMAaNWIO O TpaHiIX Kyda, a
nojy4aem uHpopmaimio ¢ nomouipto oneparopa READ u3 DATA wu cpa3sy xe pucyeMm BUAMMbIC rpaHd. Mbl HCIIOJIb3yeM BCe
MOJNPOTPaMMBbl MPEABIIYIIEH TIJIaBbl, KOTOPbIE HCIOJB30BATNCH IS BBIYEPUMBAHUS HAa pHC. 33, KpoMe, KOHEYHO XK€,
KOHCTPYKIIMOHHOW MOANPOTpaMMbl, YCTAHABIIMBAIOIIEH JaHHBIE O BEPIIMHAX U TPaHAX, a 3aT€M BBHIYEPUMBAIONICH UX (TO €CTh
MBI 3aMEHseM IOANpOrpamMMmy Ha JucTHHre 9.4 B mporpamme, pucylomeil ¢urypy Ha puc. 33). EcrecTBeHHO, 4TO MBI
UCIIOJIb3YEeM YacTh HH(POPMAIINH, UCTIONH30BABILEHCS IS OTyYeHUs] pUCYHKa 33.

Puc. 37.

Yunpaxnenue 10.2

Wzmennte, muctuHr 10.2 TaK, 94T0O0BI C TOMOIIBIO 3TOW MPOTPaMMBbI CTaJI0 BO3MOXKHBIM BhIYE€pUHBaHIE N300pakeHHs
npsiMmoyrojibHoro napamnenenunena anuael LN, mupunsl BH u Beicotst HT, rne LN, BH u HT - BXoaHble nmapamerpsl
MOJIPOrpaMMBbl. 3aTeM HapHCyHTe TOT e NMPSIMOYTOJIBHUK, HO C yJaJeHHBIMH HEBUIUMbBIMU JTMHUAME. Hapucyiite Tetpasap,
MUpaMuay, W T.JI., YA OPU 3TOM HEBHIAWMBIC JMHWH. J[00aBbTE MOMOSHHUTENBHBIC MAapaMETpPhl, ¢ MOMOIIBI0 KOTOPBIX
MOYKHO HCKaXaTbh (JOPMY 3TOTO NPSIMOYTOJIBEHOTO HapallIeNenuIIeaa, OCTaBIIsAA €ro IIPU 3TOM BBITYKIIBIM.

LISTING 10.2

6500 REM CUBE/FACETS (NOT STORED) HIDDEN ELIMINATION

6501 REM IN - R(4,4)

6510 pATA 1,1,1,1,1,-1,1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,-1,-1,1

6520 pATA 1,2,3,4,5,8,7,6,1,5,6,2,2,6,7,3,7,8,4,1,4,8,5,1

6530 RESTORE CUBE

6539 REM PLACE VERTICES IN OBSERVED POSITION.

6540 FOR I=1 TO 8

6550 READ XX,YY,ZZ

6560 LET X (I)=XX*R(1l,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6570 LET Y(I)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)




6580 NEXT I

6590 FOR I=1 TO 6

6599 REM Read facet information and draw it if oriented anti-clockwise.
6600 READ Fl,F2,F3,F4

6610 LET DX1=X(F2)-X(Fl): LET DY1l=Y(F2)-Y(F1l)
6620 LET DX2=X(F3)-X(F2): LET DY2=Y(F3)-Y(F2)
6630 IF DX1*DY2-DX2*DY1<0 THEN GO TO 6690

6640 LET XPT=X(F1l): LET YPT=Y(Fl): GO SUB MOVETO
6650 LET XPT=X(F2): LET YPT=Y (F2): GO SUB LINETO
6660 LET XPT=X(F3): LET YPT=Y (F3): GO SUB LINETO
6670 LET XPT=X(F4): LET YPT=Y(F4): GO SUB LINETO
6680 LET XPT=X(Fl): LET YPT=Y(Fl): GO SUB LINETO
6690 NEXT I

6700 RETURN

Tena spawenus

ITpennoxeHHbIH HAMH METOJ MOXKHO HPUMEHSTh W JUIA TeNl BpAILCHHS, KOTOpble MBI oOcykmanmu B riase 9. Ha
kaxxaoM 13 NUMH noBopotos mbl oiryaaeM NUMYV rpaneit. Eciu mpocieants 3a TeM, 9T0O0BI IPH HyMEpauy BEPIIHH dTHX
rpaHeill coOMoaaIoch MPaBWiIo 00X0a MPOTUB YaCOBOM CTPEJIKU, TO TOrJa MPUMEHHUM METOJl Mpeasiaymero naparpada. Ha
muctuare 10.3 mpuBeneHa Takas mporpaMMa; pe3yiabTaT paboThl TaKOW MpOorpaMMBl IIOKa3aH Ha puc. 38 - 3To Ta ke ¢urypa,
4YTO M Ha pHC. 36, HO C yJaJEHHBIMH HEBUAWMBIMH IMOBEPXHOCTAMH. ONATh-TakH, B CHIYy MPUHATOIO HAMH MOJIYJIBHOTO
MTOJIX0a BCE MOANPOTPAMMBI, HEOOXOAUMBIC I CO3MaHus puc. 38, Te Ke, UTO W B INIaBe 9, 3a UCKIIIOYCHHUEM MPOICTyPHI
"REVBOD". Teneps, 0HaKO, MBI JOJDKHBI OTPaHUYUTHCS TOJIBKO BBITYKJIBIMH TEIaMU BpPAIICHUS.

[Iporpamma, Mo Mepe BpallleHUs] BOKPYT BEPTHUKAJIbHOI OCH, XpaHUT B MaMsTH BEPIIUHBI ABYX IOCIIEAOBATEIbHBIX
BEPTUKAIILHBIX HA0OPOB OTPE3KOB, KOTOPbIE 00pa3yoT "JI0NbKY", COCTOSIIYIO U3 TpaHeil. BeplnHbl 3TUX TpaHeil HeMeJIeHHO
npeoOpa3yrorcst Marpuneid R, cooTBercTBylomIeld NpeoOpa3oBaHUIO, NEPEBOASIIEMY OOBEKT M3 HCXOIHOTO IIOJIOKCHUS B
HaOrojaeMoe MOJI0KEHHWE, M 3alMChIBaeT MX B MaccuBbl X W Y. IlepBoe MHOKECTBO BEpIIMH BEPTHUKAIBHBIX OTPE3KOB
Hymepyercs ot 1 mo NUMV+(=N1), aBropoB mHoxectBo oT NI1+1 mo 2*NI1. IlepBas rpaHp orpaHuueHa YeTHIPbMS
OTpe3KaMH, JBYMs BEPTUKaJIbHBIMHU, coequustommu BepmmHy | ¢ I+1 u [+N1 ¢ I[+N1+1 u aByms BepTUKaIbHBIMU
oTpe3kamu, coeAuHAomuMy Touku [ u [+N1, [+1 ¢ [+N1+1.

Ecnu rpaHb BBIpOXKIAETCS B TPEYTOJBHYIO, TO B OIMCAHHYIO BBIIIE HPOLEAYPY CJIEAYeT BHECTH CIEYIOIIHE
n3MeHEHHs. BpIOpaHHBI HAMU MOPANOK BEPIIMH TAKOB, YTO OH COOTBETCTBYET OOXOJY BEpIIMH IPOTHB YaCOBOM CTPEIKH,
€CII CMOTPETh C BHEIIHEH CTOPOHBI T€NIa. DTO MO3BOJISIET IPUMEHHUTH IPOCTON allTOPUTM CKPBITHIX JINHUH.

Ynpaxnenue 10.3

[MoskcnepuMeHTUPYHTE C 3TON TexHUKoW. [Ijis 3TOW meiau B KayecTBe 0Opasymoiiero Habopa ToauTcs Jr00as
BBIIIYKJIasl IOMaHas, OCU KOTOPOM JIeKaT Ha OCH Y.

LISTING 10.3

6500 REM REVBOD/CONVEX BODY OF REVOLUTION (HIDDEN LINE ELIMINATION)

6501 REM IN - PHI,NUMH,NUMV,S (NUMV+1l) ,R(4,4),T (NUMV+1)

6510 LET THETA=PHI: LET TD=PI*2/NUMH

6520 LET N1=NUMV+l: LET C=COS PHI: LET S=SIN PHI

6529 REM CREATE FIRST VERTICAL SET.

6530 FOR I=1 TO N1

6540 LET XX=S(I)*C: LET YY=T(I): LET ZZ=S(1l)*S

6550 LET X(I)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6560 LET Y (I)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6570 NEXT I

6579 REM LOOP THROUGH SECOND VERTICAL SET.

6580 FOR J=1 TO NUMH

6590 LET THETA=THETA+TD: LET C=COS THETA: LET S=SIN THETA

6600 FOR I=1 TO N1

6610 LET XX=S(I)*C: LET YY=T(I): LET ZZ=S(I)*S

6620 LET X (I+N1)=XX*R(1l,1)+YY*R(1,2)+22*R(1,3)+R(1,4)

6630 LET Y (I+N1)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6640 NEXT I



6649 REM TAKE ANTICLOCKWIZE TRIANGLE FROM EACH FACET BETWEEN THE TWO SETS.

IT KEEPS ITS ORIENTATION ON PROJECTION THEN IT IS VISIBLE.

6650
6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6779
6780
6790
6800
6810
6820

Bblqepqueaﬂue nosepxHocmu cneyuaibHozco 61/16(1, ]ZeOdelMelZ 68 MPEXMEPHOM npocmpancmee

B aTOM paznenie Mbl IPUBOIUM JITOPUTM, TIO3BOJISIOIINHA HAYEPTUTh QUTYPY, HE SBISIFOLIYIOCS BBITYKIIOW, U 3TOTO
HEKOTOpble O0COOCHHOCTH 3TOi (urypsl. Mbl OrpaHM4MBaeMcsi Cly4aeM IOBEPXHOCTEHl B TPEXMEpHOM
MIPOCTPAHCTBE, 33JJaBaeMbIX C ITOMOIIbI0 0HO3HAauHOH QyHKunu "F", 3aBucsmeit or X u Z xoopaunar; "F" Beraucnsercs B
OTZAEJBHOW IMOJIpOorpaMMme; B IIporpamme, npuBeneHHoW Ha juctuHre 10.4, sta ¢ynkuus paBHa Y=4*SIN(XZ)/XZ, rne
XZ=SQRT(X**2+Z**2); a nzobpaxeHue, 3a7aBaeMoii 3Toil GpyHKIMEH MOBEPXHOCTH, ITpUBeIeHO Ha puc. 39. Heobxommmele
Bxomuele panHble: HORIZ=32, VERT=22, (EX,EY,EZ)=(3,2,1), (DX,DY,DZ)=(0,0,0), NX=NZ=16, XMIN=ZMIN=-10,

HCIOJIB3YIOTCA

FOR I=1 TO NUMV

LET Fl=I: LET F2=I+1: LET F3=F2+N1l

IF I=NUMV THEN LET F3=F3-1

LET DX1=X(F2)-X(F1l): LET DYl=Y(F2)-Y(F1)
LET DX2=X(F3)-X(F2): LET DY2=Y (F3)-Y (F2)

IF DX1*DY2-DX2*DY1<0 THEN GO TO 6770

IF F3=F2+N1 THEN LET F4=F3-1

LET XPT=X(F1l): LET YPT=Y(Fl): GO SUB MOVETO
LET XPT=X(F2): LET YPT=Y(F2): GO SUB LINETO
LET XPT=X(F3): LET YPT=Y(F3): GO SUB LINETO
LET XPT=X(F4): LET YPT=Y(F4): GO SUB LINETO
LET XPT=X(Fl): LET YPT=Y(Fl): GO SUB LINETO
NEXT I

REM COPY SECOND SET INTO FIRST AND REPEAT PROCESS.

FOR I=1 TO N1

LET X(I)=X(I+N1): LET Y (I)=Y (I+N1)
NEXT I

NEXT J

RETURN

XMAX=ZMAX=10.
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Puc. 39
LISTING 10.4
6000 REM SCENE3
6010 DIM A(4,4): DIM B(4,4): DIM R(4,4)
6020 LET SURFACE=6500: LET DRAWLIN=7000: LET F=7200
6030 GO SUB IDR3: GO SUB LOOK3
6040 GO SUB SURFACE
6050 RETURN
6500 REM SURFACE
6501 REM IN - R(4,4)
6510 DIM D (256)
6520 INPUT "NX,XMIN,XMAX ";NX;",";XMIN;",b";XMAX
6530 INPUT "NZ,ZMIN,ZMAX ";NZ;",";ZMIN;",";ZMAX
6540 LET XDIF=(XMAX-XMIN) /NX
6550 LET ZDIF=(ZMAX-ZMIN) /NZ
6559 REM DRAW ZERO'TH SET OF FIXED X-LINES.
6560 LET XX=XMAX: LET ZZ=ZMIN: GO SUB F
6570 LET XA=XX*R(1,1)+YY*R(1,2)+2Z*R(1,3)+R(1,4)
6580 LET YA=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)
6590 FOR J=1 TO NZ
6600 LET ZZ=ZZ+ZDIF: GO SUB F
6610 LET XB=XX*R(1l,1)+YY*R(1,2)+2ZZ*R(1,3)+R(1,4)
6620 LET YB=XX*R(2,1)+YY*R(2,2)+2ZZ*R(2,3)+R(2,4)
6630 GO SUB DRAWLIN
6640 LET XA=XB: LET YA=YB
6650 NEXT J
6659 REM DRAW ZERO'TH SET OF FIZED Z-LINES.
6660 FOR J=1 TO NX
6670 LET XX=XX-XDIF: GO SUB F
6680 LET XB=XX*R(1l,1)+YY*R(1l,2)+ZZ2*R(1,3)+R(1,4)

IF



6690 LET YB=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6700 GO SUB DRAWLIN

6710 LET XA=XB: LET YA=YB

6720 NEXT J

6729 REM MOVE X VALUES BACK IN NX STEPS.

6730 LET XS=XMAX

6740 FOR I=1 TO NX

6749 REM DRAW VISIBLE PARTS OF ONE FROM EACH OF THE FIXED Z-LINES. THE X VALUES
VARY FROM (I-1)'ST X-LINE TO THE I'TH.

6750 LET ZS=ZMAX

6760 FOR J=1 TO NZ

6770 LET ZS=ZS-ZDIF

6780 LET XX=XS: LET ZZ=ZS: GO SUB F

6790 LET XA=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6800 LET YA=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6810 LET XX=XS-XDIF: GO SUB F

6820 LET XB=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6830 LET YB=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6840 GO SUB DRAWLIN

6850 NEXT J

6859 REM DRAW VISIBLE PARTS OF THE FIXED X-LINES.

6860 LET ZZ=ZMIN: GO SUB F

6870 LET XA=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6880 LET YA=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6890 FOR J=1 TO NZ

6900 LET ZZ=ZZ+ZDIF: GO SUB F

6910 LET XB=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6920 LET YB=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6930 GO SUB DRAWLIN

6940 LET XA=XB: LET YA=YB

6950 NEXT J

6960 LET XS=XS-XDIF

6970 NEXT I

6980 RETURN

7000 REM DRAWLIN/DRAW LINE BETWEEN POINTS

7001 REM IN - XA,YA,XB,YB,D(256)

7009 REM VISIBLE PARTS OF LINE BETWEEN (XA,YA) AND (XB,YB). IA AND IB ARE THE
X-PIXEL POSITIONS OF THE TWO POINTS.

7010 LET IA=FN X (XA) :LET IB=FN X (XB)

7020 LET Y=YA: LET YD=0

7030 IF IA<>IB THEN GO TO 7080

7040 PLOT IA,D(IA)

7050 LET IY=FN Y (YB)

7060 IF IY>D(IA) THEN DRAW O,IY-D(IA): LET D (IA)=IY

7070 RETURN

7079 REM MOVE IN PIXEL COLUMNS FROM LEFT TO RIGHT.

7080 LET YD=(YB-YA)/(IB-IA)

7090 FOR K=IA TO IB

7100 LET IY=FN Y(Y)

7109 REM IF Y-PIXEL IS GREATER THAN D, THEN RESET D-VALUE.

7110 IF D(K)<IY THEN LET D (K)=IY

7120 LET Y=Y+YD

7130 NEXT K

7139 REM JOIN ALL THE POINTS (I,D(D) WHERE IA<=K<=IB.

7140 PLOT IA,D (IA)

7150 FOR K=IA+l TO IB

7160 DRAW 1,D (K)-D (K-1)

7170 NEXT K

7180 RETURN

7200 REM F/FUNCTION TO BE DRAWN

7201 REM IN - XX,ZZ

7202 REM OUT - YY

7210 LET YY=4: LET XZ=SQR (XX*XX+ZZ*ZZ)

7220 IF XZ>0.000001 THEN LET YY=4*SIN (XZ)/XZ

7230 RETURN

TaK KaK HCBO3MO>XHO HAHCCTHU BCC TOYKH HOBerHOCTI/I, TO MbI JOJIXKHBI BBIACIUTH ITIOAMHOXXCCTBO 3THUX TOYCK,



KOTOpPbIE MBI BEIOMPaeM B y3JaX CETKU B IUIOCKOCTH X/Y; IAPyTrHMMH CIOBaMH, €CIM CMOTPETh HA IIOBEPXHOCTH CBEPXY, T.C.
cnpoenuposath e€ Ha ock X/Z, 0TOpocuB 3HaueHUs1 Y -KOOPJMHAT, TO 3TH TOUKU 00Pa3yloT MPSIMOYTOJIbHYIO CETKy. JTa ceTKa
COCTOUT U3 NPAMOYroJIbHUKOB pasmepa NX Ha NZ, a X-KOoOpAUHATh! BEPIUUH NIPSIMOYIOJIbHUKOB PACIIOIO0KEHBI B UHTEPBAJIC
mexay XB u XT (XB<XT), u Z-koopauHaThl pacrnojioxeHsl B auanazoHe ot ZB no ZT (ZB<ZT). Takum oOpa3om, ceTka
coctout u3 (NX+1) X (NZ+1) Bepuut (X,Z), KOTOpble MOTYT OBITh OTOX/IECTBIICHBI C Mapoii nensix yucen (I,J) mpu nomorn
(hopmyBI:

X=XT+I* (XB-XT) /NX, rae 0<=[<=NX

Z=ZT+J* (ZB-ZT) /NZ, rae 0<=J<=NZ

Touke Ha IIOCKOCTH cooTBeTcTBYeT Touka (X,Y,Z) Ha moBepxHOoCcTH, rne Y=F(X,Z). Kaxnmas uz (NX+1)x(NZ+1)
TOYCK CETKH COCIMHSETCS C KaKAbIM M3 CBOMX YETBIPEX HEMOCPEICTBEHHBIX COCENEeH MO ceTKe (Y 3THUX TOYEK OJUHAKOBBIC
3HaueHHsA X WIM Z KOOPJIWHAT), 332 MCKIIOUCHHEM TOYCK, JISKAIINX Ha TPAaHHIE CETKH, KOTOPHIE COCAMHSIOTCS C TpeMs
TOYKaMH{, a B CIy4ae YIJIOBBIX TOUEeK - ¢ AByMs. [Ipsmble, 0Opa3yromue CeTKy, MOXKHO CYHTATh COCTOSIIMMH u3 NX+I1
oTpe3ka, mapamienbHoro ocu Y. Hampumep, mnepBbiii HaOop JuHHMH ¢ (QUKCHpOBaHHBIM X COCTOUT 3 NZ-NPSAMBbIX,
COEIMHSIONINX TOUYKH, cOOTBeTCTBYIomHE Toukam oT (LJ) mo (I,J+1), rne 0<=J<=NZ-1.

[ToBepxHOCTH MOXET OOpa3OBBIBATH CKJIAJKH, TaK YTO HE BCE TOYKH IMOBEPXHOCTH OYAyT BUJHBI C 3aJaHHOTO
HOJIOKEHHMs 1I1a3a HaOmoaress. Mpl IPUBOJUM IIPOCTOH allrOPUTM YIAJICHHUs] HEBUIUMBIX JIMHUM, KOTOPBIA IPOCMAaTPUBAET
TOYKH [TOBEPXHOCTH OT (PPOHTAILHOM YaCTH K THUTbHOM.

Jlist ynporieHust anroputMa Mbl CYMTaeM, 4TO TJ1a3 BCET/Ia HAXOJIUTCS B ITOJIOKHTEIFHOM KBajpaHTe (3TO O3HaJaer,
yro EX>0, EY>0) n uto B3ry1s11 HanpasiieH B Havano koopauHat (DX=DY=DZ-0). Ecnu ¢yHKuus He cuMMeTpUYHa, U MBI
XOTUM paccMaTpuBaTh €€ W3 JPYyroro KBaJpaHTa, TO IJIS ATOTO HaM CIEAyeT CMEHUTb 3HaK Y, X WM Z B BBIPAKEHUH,
ompezaemnsromeM ¢yHkouoo. Ilocie 3Toro Mbl MOXKEM IEpeBeCTH IOBEPXHOCTh B HaOIIogacMoe MOJoXKeHHe. B stom
MOJIOKEHUH MBI CHadajaa OPTOTOHAIBHO MPOELUPYEM HA BH3YaJIbHYIO IUIOCKOCTh MEPEIHION T'PAHMILy - IBE JIMHUH CETKU C
X=XZ u Z=7T, cooTBeTCcTBYIOIME OCsIM X U Y, IIOCJIE YEr0 MBI ITpoJBuraeMcs 3a NX I1aroB oT IEpEeIHEro Kpas K 3aIHEMY.
Ha I-om mrare (1<=I<=NX) MBI cHa4gajla prCyeM BHIMMBIC YaCTH OTPE3KOB, COCTaBIAIOMMX NZ Z-nuHAN ceTku. J[pyrumu
CJI0BaMM, HayMHAasl C NEPEeIHEN Z-TUHUM CETKU M IPOJBUIAsCh Ha3ald, Mbl COCIMHSAEM TOYKH, Jexamue Ha [-oif X-nuHuu c
TOYKaMH, JIeXKaluMu Ha J-oit X-nmuHun cetku. [lociie 3Toro Ml 4epTUM BHIUMBIE YacTH Habopa OTPE3KOB, COCTABISIOIIUX -
VIO JINHUIO. DTOT AITOPUTM peann3oBaH B mporpamme "SURFACE".

Jlo cux mop Mbl He OOBSCHSIM, KaK YEPTHTh BHIMMbIC YacTH JIMHWH; 3Ty paboTy BHINOJHAET IMOIIPOrpamMMa
"DRAWLIN". Msl onpezaensiem MaccuB D, comepkammii 256 3JI€MEHTOB, KaXKABIA U3 KOTOPBIX COOTBETCTBYET CTOJOILY
9JIEMEHTOB M300paKeHHs Ha SKpaHe; 3aTeM YepTHM HYJIEBYI0 NPSMYI0 ¢ (DUKCHPOBAaHHBIM X W HYJIEBYIO NPSMYIO C
(UKCHPOBaHHBIM Z JMUHUSAMU. [ KaXKJOH TOYKM 3THX JIMHUH 3aHOCHM B MaccMB D KOOpIMHATHI 3JIeMEHTa M300pakeHHs,
COOTBETCTBYIOIIETO 3THM TOUYKaM. I KaKIOTO 3JIEMEHTa M300pa’keHus, JIeXKAIIEro Ha JaHHOM OTPE3KE, MBI BBIUYHCIISIEM
3HAUEHHE CTPOKH M CTOJIOIA M HAHOCHM 3TOT JIEMEHT, €CIIH TOJIBKO 3HAUCHHE CTONOa Ooblle, YeM 3HaUCHHUE, 3alICaHHOE B
MaccuBe. Kaxnplii pas3, Korma K pPHCYHKY MJ0OaBiseTcs HOBBIH O3JEMEHT HW300paKeHMs, W3MEHIETCSI 3HaueHHe
COOTBETCTBYIOIIETO IEMEHTA MaccuBa D.

B naHHOM anropuTMe CyIIECTBEHHO, B KaKOM IOpSAKE MBI paccMarpuBaeM mpsiMble. Ecnu MBI HauMHAEM C
TIOJIO’KUTEIILHOTO KBAIPAHTA MIIU €CJIM TOBEPXHOCTD BBIXOAMT 34 TPAHUILBI SKPaHa, TO HAIll AJITOPUTM HENPUTOJICH.

Ynpaxuenue 10.4

Wsmennte o¢ynkuuo "F", wucnone3yemyro B mporpamme. Hampumep, wucnonsdyiite F=4*SIN(T), rne
T=SQRT(X**2+Y**2).

Yunpasxnenue 10.5

Hama nmporpamma He 1103BOJIsIeT M300pa3uTh HA SKpaHe Te KYCKH MOBEPXHOCTH, KOTOPHIE JIeXKaT HIKE HyJIEBBIX X U Z
muaAi. M3MennTe nporpammy Ha nuctuare 10.4 ¢ Tem, 9ToOBI HCIPaBUTH 3TOT HeAOCTAaTOK. i 3TOrOo BBenuTe MaccuB E,
KOTOpPBIH TEPBOHAYAIBHO COJCPKUT HMH(POPMAIMI0O O OMmKalIIMX KpasxX, a Korja 3HAa4YeHHE JJIEMEHTa H300pakKeHHs
OKa3bIBA€TCSI MEHBIIE TOrO, YTO CONEPKUTCA B MaccuBe E, TO 3TOT 3JIEMEHT HAHOCHUTCS HAa SKpaH, U INPOU3BOAMTCS
COOTBETCTBYIOIIEE U3MEHEHUE B MaccuBse E.

Cnucok npoecpamm

1. "LIB3" n muctunr 10.1. Heo6xonumele nanusie: koopauaats! X(I), Y(I), Z(I) BepmnH TpeyroiasHukos, rae 1<I<3.
[MompoOyiite BBecTH 3Hauenus 1,0, 1, 1, 1, 0, 0, 1, 0, a Takxke 3TH BepIIuHBI B 1pyroM mopsiake -1, 1,0, 1,0, 1,0, 1, 1.

2. "LIB1", "LIB3" u mucturru 9.5 ("SCENE3") u 10.2 ("CUBE"). Heooxomumas uapopmanus: HORIZ, VERT,
(EX,EY.EZ), (DX,DY,DZ). [TonpoOytite BBecTH 3HaueHus 9, 6, (1,2,3), (0,0,-1).

3. "LIB1", "LIB3" u smmctunr 9.10 ("SCENE3") u 10.3 ("REVBOD"). Bxoxnsie manusie: HORIZ, VERT, NUMH,
NUMYV (<=15), PHI, (EX,EY,EZ), (DX,DY,DZ). ITonpo6yiite BBecTn 3Hauenus 3.2, 2.2, 10, 6, 1, (1,2,3), (0,0,-1).

4. "LIB1", "LIB3" u muctunr 10.4 ("SCENES", "SURFACE", "DRAWLIN" u "F"). Bxonusie nanasie: HORIZ,
VERT, (EX,EY.EZ), (DX,DY,DZ), NX, XMIN, XMAX, NZ, ZMIN, ZMAX. ITonpo0yiite BBecTn 3HaueHus 30, 20, (1,2,3),
(0,0,0), 16, -8, 8, 18, -8, 16.



NMABA 11
lNepcnekTnBHasa npoekuus

Mpl 3HaeM, 9TO NPH OPTOTOHAIBHOM IMPOCLHMPOBAHUU IAPAJUICIBHOCTD MPSAMBIX COXpaHACTCS. XOTS M300paKeHUS,
MOJTy4YEeHHbIE NPU TaKOM IPOCLUPOBAHUH, YPE3BBIYAHHO IIOJIC3HBI, BHITJLIAT OHU HECKOJBKO HEOOBIYHO. MBI NMPUBBIKIN K
NEPCIICKTUBHOMY H300paKCHHIO MPEIMETOB, M KOIJIa Mbl BHIMM OPTOTOHAIBHYIO IPOEKIHIO, TO II0JICO3HATEIHEHO
HHTEepHpeTHpyeM e€, Kak NepCIeKTHBHOE HM300pakeHHe Hekoero mpeamera. Hampumep, xyOsr Ha puc. 33 m 37 kaxyrtes
neGOopMHUPOBaHHBIMH.

Ilo sToif mpuYMHE HEOOXOMUMO IIOCTPOMTH IIPOEKIHIO, YYHUTHIBAIOIIYI0 3(P(EKT NepcHeKTHBEL, (KOTOPBIH
3aKJII0YAeTCsl B TOM, UTO MapajlieSIbHbIE MPSIMbIE NIEPECEKAIOTCS Ha TOPU30HTE); MPEIMETHI JJOJDKHBI CTAHOBUTHCSI MEHBIIIE T10
Mepe UX yJaJeHus OT HaOIrogaTens.

Pa3paboTanHble Xy10’)KHUKaMH METOJIbI TIEPCIEKTHUBBI C TOMOIIBIO CIIELMANbHBIX IUIAHIIETOB ISl HAaC HENPUTOIHbI,
OJTHAKO METOJIbl TPEXMEPHOW IeOMETPUH M Nepexo]] OT (pakTHUECKOTo MOJIOKEHMsI K HaOJlI0JaeMOMy OKa3bIBaeTCsl BeChbMa
TIOJIC3HBIM.

Ymo maxoe nepcneKkmueHoe guoenue?

I[J'lﬂ MOJyuCHUusA TEPCICKTUBHOI'O 1/1306pa>1<eH1/1>1 Mbl JaguM O4YE€Hb IIPOCTOC OIPCACICHUE TOIro, 4YTO MbI
noJapasyMeBacMm Ioa BU3YyaJIbHbIM BOCHPUATUCM. M1 MpCACTaBIAEM, UTO KaXKaasd BUAUMAsA TOYKa HUCITYCKaeT Jyd4, KOTOprﬁ
rnomnajaeT B ria3. ['1a3 BUAUT TOJBKO TE MNpeAMCTbI, KOTOPBIC IOMAaJat0T B TaK Ha3bIBaCMBIH 3pHTeHbeIﬁ KOHYC. Ochb 3TOrO
KOHYCa Ha3bIBACTCA HAIIPABJICHUCM B3IJIA/1a. Mzer CUHUTACM, YTO MMPOCTPAHCTBO TAKOBO, YTO JIMHUSA B3IJIsA[1d COBIIAAACT C OCBIO.

Y51 nomMeuracM BHU3YAJIbHYHO IIJIOCKOCTbH (KOTOpaiI B JTOM CJiy4da€ Ha3bIBACTCsA HepCHeKTHBHOﬁ HJ'IOCKOCTLIO)
NEPINCHAUKYIISIPHO OCHU 3PUTCIBLHOI'O0 KOHYCa Ha pPACCTOSIHUHN D ot rmaza. I[J'ISI TOr'0 YTOOBI NOCTPOUTH TCPCHECKTUBHYIO
TIPOCKIHUIO, MBI OTME€YAEM TOYKH IIEPECCUCHU Hy‘leﬁ C 9TOH IUIOCKOCTHIO. Tak kKak nyqef/i OECKOHEYHO MHOT'O, TO IPAKTUYICCKHU
JTa 3aJladya HCBBIIIOJIHHUMA. 332[3‘13 yapomaeTes, €CJIM HAHOCUTh Ha IJIOCKOCTHb TOJIBKO T€ TOYKH, KOTOPBIC COOTBCTCTBYIOT
HauOojJee BaKHBIM TOYKAM Tella: BCpHIMHAM, KOHIAM OTPE3KOB, YIJIOBBIM TOYKaM rpaHeﬁ, OIrpaHUYCHHBIX
MHOTOYT'OJIbHUKaMH. HepCHeKTI/IBHOC I/I306pa)KeHI/Ie TOJIYYNUTCSA, €CJINU MBI COCOUHHM IIPOCKIUU ITUX TOYEK TAKHUM IXKE
06p330M, KakHM OBLIH COC€MHEHBI CaMHU TOYKH, U OTOXACCTBUM BU3YAJIBHYIO IINIOCKOCTD C IIJIOCKOCTBIO DKpaHa.

HocmpoeHue nepcnekmueﬂoﬁ npoexyuu mouxKu

[TycTp BH3yanbHas IIOCKOCTH pPAcCIOJIOKeHAa Ha paccrosHuM D or mmasza (B JanbHeiieM B HporpamMMax 3TOH
BeIMYUHE OyIeT cooTBeTCTBOBAThH nepeMenHas PPD). Paccmorpum touky P=(X,Y,Z), koTopas mcIryckaeT ayd, MonaIaroni
B a3 HaOmoaarens. Mbl JOJDKHBI BBIYMCIUTE TOYKY MEPECEUEHHs 3TOTO Jiyda ¢ BU3yaJbHOW INIOCKOCTBIO (C IIIOCKOCTBIO
7Z=D); npeanonoxuM, 9to 310 Touka P'=(X',Y'.Z"). Beruncnum cHauyana 3HaueHue Y'. V3 mogo0us TpeyroJbHUKOB MMEEM
Y'/D=Y/Z n, cnepoBarensHo, Y'=Y*D/Z. Ananoruunsim obpazom nonyunM X'=X*D/Z. CnenoBarensuo P'=/X*D/Z, Y*D/Z,
D/. Tak xak BH3yalbHasl IUIOCKOCTh OTOXKAECTBISIETCS C IUIOCKOCTRIO X/Y, TO 3HaUYeHHE KOOPAWHATHI Z, paBHOE D, MOXHO
OTOPOCHTB.

Ipumep 11.1

IMocTpoliTe mnepcrekTUBHYIO Npoekiuio Kyda ¢ BochbMmblo BepmmHamu (0,0,4)+(%1,£1,£1) Ha nepCHEKTHBHYIO
IUIOCKOCTh Z=4, C I71a30M, PacIoJIOKEHHBIM B Haualle KOOPJIMHAT, U HApaBJIeHUEM B3IJIs/Ia BIOJb OcH Z.

Touku B NHpPOCTpaHCTBE OIpEIETCHBl TaK, YTO OOBEKT HAaXOIWTCS B IOJOXeHMHM HabOmromaemoe. [lonb3ysich
W3JI0)KEHHBIM BBIIIE METOJIOM, MBI MOKEM BBIYMCIIUTH MPOEKIMH 3THX TOYEK Ha BH3YaJbHYIO IUIOCKOCTh. Tak, Hampumep,
touka (1,1,3) mpoemmpyetcst B Touky (1*4/3,1*4/3,4), To ecTh B TOUKM BU3yallbHOH IDIOCKOCTH ¢ KoopawHatamu (4/3,4/3).
OcTanbHbIC TOYKH MPOCHUPYIOTCS:

(1,1,3)—(4/3,4/3); (1,-1,3)—(4/3,4/3); (-1,1,3)—(-4/3,4/3);
(-1,1,3)—(-4/3,4/3); (1,-1,5)—(4/5,4/5); (1,-1,5)—(4/5,4/5);
(-1,1,5)—(-4/5,4/5); (-1,-1,5)—(4/5,4/5); (-1,-1,5)—(4/5.,4/5)

Ceoticmea nepcnekmusHou npoeKyuu

1. epcnektuBHast mpoekuust npsMol jauHUM (00o3HaumMm e€ ['3) ecte npsmast ymHusA (00o3HaumM e€ [2). Orto
OYEBUIHO, T.K. T7Ia3 U mpsimas ['3 nexxaT B omHOU TutockocT (00o3HaumM e€ JI) M Bce JIydW, MCXOAAIINE U3 TOYEK STOH
MIPSAMOH U TIOTAAAI0IINE B TI1a3, JIEXKAT B ATOW IUNIOCKOCTH (€C)IM IpsMasi MPOXOAMT Yepe3 TOUKY, B KOTOPOIl pacIioiokKeH Iias,
TO mIocKocTh JI BhIpokmaercs B mpsmyto). [lnockocts JI mepecekaeT BU3YyaJbHYIO IUIOCKOCTB IO HPSIMOIT (KOTOpast MOXKET
BBIPOJIUTHCS B TOUKY) M TETIeph MPOEKINS TOYKH, JIeXKaBIIeH Ha rpsimMoit '3, nexxuT Ha npsamoi [2. BaxkHO TOMHUTB, 9TO TpU
MEPCIIEKTHBHOM IPOEIPOBAHNUH NPSIMbIE HE HCKPHUBIISIFOTCSI.

2. IlepcriekTBHAs TPOEKIMS TpaHu (FPaHbI0 HA3bIBACTCS ILIOCKAs 00JIACTh, OTPAaHUYCHHAS 3aMKHYTOW JIOMAHOM)
€CTh TI'paHb Ha IMEPCIHEKTUBHOM IUIOCKOCTU. Ecnu rpaHp orpaHuyeHa JIOMaHoHM, cocrosumed u3 N CerMeHToB, TO U
MIEPCIIEKTUBHAS TPOEKIIMsS 3TOW IpaHu Oy/eT IpaHblo, OrpaHMYCHHON JIOMaHOM, COCTOSIIeH M3 TAKOTO JKE YHCIIa CErMEHTOB.
OTmMmeTuM, 4TO U B 3TOM CIy4ae HE MOSBIISAETCS HUKAKUX KPUBBIX.

3. IIpoekuus BBINYKION I'paHU €CTh BBITyKJIas rpaHb. [Ipeanonoxkum, uto rpadb P1 npoextupyercs B rpans P2. Tak
KaK MPOEKLHUs 3aMKHYTOM JOMaHOM 3aMKHyTa, TO BHyTpeHHHE To4ukd Pl npoeunupyroTcss BO BHyTpeHHHE Touku P2.
[Ipeanonoxum, yto P2 He Bhimykna: Torjaa cymecTByroT aBe Touku P1 m P2, nexamue BHyTpu P2, Takue, 4TO OTpE3OK,
COEIMHAIOILNN UX, COIEPKUT TOUKY P. He ABISAIOUIYIOCS BHYTPEHHENH TOUKOM rpaHu P2.

Ecmu toukn P1 u P2 sBrstorcs mpoekmusimu Touek Q1 u Q2, To Touka P sBnseTcs mpoekuneil HeKOTopoit Touku Q,
nexameid Ha otpeske, coemumusromieM Toukun Q1 m Q2. Tak kxak Pl Bemykma, To Q nomwkHa nexatrs BHyTpu Pl, a,
cienoBaTeNnpHO, M € mpoekuus P momkna mexate BHyTpu P2. MBI mpunumm K HOpOTHBOPEYMIO, YTO JOKA3bIBACT HAIe
YTBEpK/ICHHE.

4. Ecnu napajuienbHble IPSMBIE IMPOJAOJDKATh A0 OECKOHEYHOCTH, TO OHHU IEPEeCcCeKyTCs B TaK Ha3bIBaeMOM



0OEeCKOHEUHO yAaJeHHOW Touke. PaccmoTpum mpsmyro ¢ 0a3oBoi Toukoi P wm mHampapmstommMm BekropoMm H. Drta mpsmas
NIPUHAAIEKUT CEMENCTBY NIPSIMBIX, NapajiesnbHbIX H.
P+MU*H= (XP,YP, ZP) +MU* (XH, YH, ZH) , rie ZH>0,
TOTJa EPCIEKTUBHAS IPOEKLMS IPOU3BOJILHOM TOUKH, JIEXKAIIEH HA 3TOU MPSIMOU €CTh:
( (XP+MU*XH) *D) / (ZP+MU*ZH) ,
( (YP+MU*YH) *D) / (ZP+MU*ZH)
OTO BBIPAKEHUE MOXKHO MEPEMNUCATh KaK
( (XH+XP/MU) *D) / (ZH+ZP/MU) ,
( (YH+YP/MU) *D) / (ZH+ZP/MU)

ITo Mepe Toro, KaK MBI TIepeMenIaeMcs B HAPaBICHUH OOJIBIITNX 3HAYSHUH KOOPAWHATHI (UTO 3KBUBajIeHTHO MU — K
OeckoHevHOCTH), Tpoekuus crpemurcst k Touke (D*XH/ZH,D*YH/ZH). BeckoHneuHo ynaneHHas TOUKa HE 3aBUCUT OT BEKTOPa
P, GasucHoro Bekropa MpsIMOM, M, CIICAOBATEIbHO, BCE MpsIMbIC, MapajuieiabHbie H, mepecekaroTcs B OJHOW OECKOHEYHO
yAaJeHHOM TouKe. MBI He paccMaTpuBaeM ciy4ai, korma ZH<0, tak kak mpu MU — k OECKOHEYHOCTHU MpsiMasi BEIXOTUT U3
BU3YaJIEHOTO KOHYCAa.

Ha nuctunre 11.1 mpuBeneH nmpuMep KOHCTPYHPYIOLIEH MporpaMmsl, a Ha JucTuHre 11.2 - mpumep pucyromei
IIPOrpaMMBI JUIsl IOCTPOEHHS NEPCHEKTUBHOMN MPOEKLIUU.

LISTING 11.1

6000 REM SCENE3/EXAMPLE2 (VARIETY OF VIEWS)

6010 DIM X(16): DIM Y(16): DIM Z(16)

6020 DIM V(16): DIM W(16): DIM L(2,24)

6030 DIM A(4,4): DIM B(4,4): DIM R(4,4)

6040 LET CUBE=6500: LET DRAWIT=7000

6050 LET PPD=3*VERT: LET NOV=0: LET NOL=0

6059 REM PLACE TWO CUBES IN ACTUAL POSITION.

6060 GO SUB IDR3

6070 GO SUB CUBE

6080 LET TX=3: LET TY=1.5: LET TZ=2: GO SUB TRAN3: GO SUB MULT3

6090 GO SUB CUBE

6099 REM LOOP THROUGH VARIETY OF VIEWS.

6100 GO SUB IDR3: GO SUB LOOK3

6110 CLS: GO SUB DRAWIT

6120 GO TO 6100

6130 RETURN

LISTING 11.2

7000 REM DRAWIT/PERSPECTIVE

7001 REM IN - PPD,NOV,NOL,R(4,4) ,X(NOV),bY(NOV),Z(NOV) ,bL(2,NOL)

7009 REM PUT VERTICES IN OBSERVED POSITION.

7010 FOR I=1 TO NOV

7020 LET XX=X(I)*R(1,1)+Y(I)*R(1,2)+Z(I)*R(1,3)+R(1,4)

7030 LET YY=X(I)*R(2,1)+Y(I)*R(2,2)+Z(I)*R(2,3)+R(2,4)

7040 LET ZzZ=X(I)*R(3,1)+Y(I)*R(3,2)+Z(I)*R(3,3)+R(3,4)

7049 REM PERSPECTIVE PROJECTION.

7050 LET V(I)=XX*PPD/ZZ

7060 LET W(I)=YY*PPD/ZZ

7070 NEXT I

7079 REM DRAW LINES.

7080 FOR I=1 TO NOL

7090 LET L1=L(1,I): LET L2=L(2,I)

7100 LET XPT=V(L1l): LET YPT=W(Ll): GO SUB MOVETO

7110 LET XPT=V(L2): LET YPT=W(L2): GO SUB LINETO

7120 NEXT I

7130 RETURN

Ynpaxnenue 11.1

Hapucyiite nepcriekTuBHOE H300paXkeHHE TETPasApa UIH MUPAMUIBL.

Buvibop susyanvrot niockocmu

EnWHCTBEHHBIM MapaMeTpoM, OMPEACIISAIONINM TOJI0KEeHHE IUTOCKOCTH, KOTOPHI MBI JI0 CHX HOp HE 00CyKIai,
sBisieTcst BenmuunHa PPD, paBHas pacCTOSHHIO OT BH3YAIbHOW IDIOCKOCTH IO TJIa3 HaOmomareis. MBI BHIENH, YTO 3TOT
mapaMeTp OmpeaessieT BeNWYMHYy NpoeKnuu. KakoBo MOMKHO OBITH 3HA4UEHHE 3TOM BenmyuHBI? MMeercs iam Kakoe-inOo
BBIJICIICHHOE 3HAYEHHUE STON BETUINHBI?

Korma naGmromaTens CHOUT HANpOTHB SKpaHa IHCIUIES, TO BH3YAJIBHYIO IUIOCKOCTH MOXHO OTOXKIECTBUTH C
IUIOCKOCTBIO 9KpaHa. Kak mpaBuio, paccrosiHie OT HadroxaTess A0 9KpaHa MPUMEPHO B TPU pa3a OoJibllle BBICOTHI DKpaHa.
BosBpainasce kK HalMM 0003HAYCHHUSIM, 3TO 03HAYACT, YTO PACCTOSHUE OT IJia3a 10 BU3yallbHOU TuiockocT paBHO 3*VERT.
Ecnu mbl BeIOMpaem PPD GosbiiuM 3TOro 3HaYeHus1, TO Mbl I0JIy4aeM yBeinuueHHoe n3odpaxenue PPD, menbme 3*VERT, To
MBI TTOJIyYHM YMEHBIIEHHOE N300pakeHHE.



Kaopuposanue uzobpasicenus

Teoperndyeckn 0OBEKTHI MOTYT OBITH PACIIOJIOKEHBI B JJIOOOM MECTE MPOCTPAaHCTBA, JIaKe 3a IJ1a30M Halmojarens,
OJTHAKO MBI PacCMaTPUBAEM TOJIBKO TOYKH C IOJIOKUTEIEHBIMHA 3HAUYEHHAMH Z - KOOPJAMHATHI B HaOIIOaeMOM II0JIOKEHHH.
Jlaxxe B 3TOM CIIydae HEKOTOpPBIC TOUYKH CTAHOBSTCSI HEBHIMMBIMH, TaK KaK HE MOMAJal0T B 3puTeIbHBINA KoHyC. Ha camom nene
MBI HE MOKEM OTOOpa3UTh BECh 3PUTENbHBIN KOHYC Ha 3KpaHE M OIpaHNYMBAEMCSl H300paKEHHEM YacTH 3TOTO 3PUTEIHHOTO
KOHYyCa - 3pUTeNbHON nmupamuabl. Takum 0Opa3oM, Bce TOUKH, JIeKalle BHE 3pUTEIBHON MUpaMuabl (4TO O3HAYaeT, YTO HX
MEPCTIEKTUBHOE N300paKCHNE JIEKHT 3a NPEAEIaMH SKpaHa), MOKHO HE IPUHUMATh BO BHUMAaHHE.

Ms1 ormeuanu, uto SPECTRUM BbImaet coobmienne 006 ommoKe, Kak TOJIBKO MbI ITBITAEMCSI HAYEPTUTH C TTIOMOIIIBIO
omeparopa DRAW mpsimyto, cofepKamlyto TOUKH, JIeXKallie 3a mpenenamu 3kpaHa. /s Toro, yToObl M30ekaTh MOZ0OHBIX
omuOoK, MbI ToNb3yeMcsi BapuanToM nporpammsel "LINETO", ncnone3yromeii npouenypy kaapuposanus (iuctusr 3.4). B
JalbHEHIIEeM Mbl OrPAaHUYMBACMCS HM300paKEHHUEM TOJILKO TakKUX (QHIYp, Y KOTOPBIX Z-KOOpAWHATHI BCEX BEPIIMH
TIOJIOKUTEJBHBI; 3TO 03HAYAET, YTO BCE OOBEKTHI JJOJDKHBI HAXOJUTCS Mepe]l HabIo1aTesIeM.

Yunpaxnenue 11.2

[MoynpaxHsaliTecb € NEPCHEKTUBHBIM HM300paKEHUEM KapKacHBIX (UIyp pa3iIW4HBIX THIOB; HarpuMep, Teil
BpalICHUs, IPaBUIIbHBIX TEJI.

PaccmoTtpuTe ciydaif, Korma oObeKT co3aeTcsi KOHCTPYUPYIOMIei mporpaMMoi. To 03HadaeT, 9yTo 3Ha4eHus V u W
BEIUMCIIAIOTCS B 3THX IMOATIporpamMMax, a He B mporpamme "DRAWIT". M3menuTe mporpammy, KOTopas pucoBaja CaMOJET,
TakK, YTOOBI MOJIYYIHUTh €€ MEPCIIEKTHBHOE N300pakeHNe; 00paTUTe BHUMAHHUE, YTO YeM OOJIBIIIE yJalieH Ii1a3 OT CaMojIéTa, TeM
MEHBIINM Ka)KeTCsl MOCIeqHUI - 3((EKT, KOTOPBIH OTCYTCTBYET IPH OPTOTOHAIBHOM MPOESKTUPOBAHHH.

Ynpaxnenue 11.3

HanunmuTe anroput™ yaaneHus HEBUAUMBIX JTMHUH, aHAIOTHYHbIA IpUBEIeHHOMY B rinase 10.

OOparute BHMMaHWE, 4YTO, TaK KaK BBINYKJas I'PaHb IMPOELUPYETCS B BHJE BBHIITYKIOrO MHOTOYIOJIbHHKA Ha
BU3yaJIbHOM IJIOCKOCTH, TO BCE, UTO HaM HAJO CAENATh - 3TO BBIYHMCIATH KOOPJIWHATHI NMPOEKLIHUN BEPUIMH IpaHel, a 3aTeM
MIPOBEPHUTH, 00XOIUTCS JIM I'PaHb MPOTHB YaCOBOM CTPEJKH (B 3TOM ciIydae MblI OTOOpaXkaeM e€ Ha 3KpaHe) WM 110 4aCOBOH
CTpeJiKe (B 3TOM cilydae MbI e€ He U300pakacM Ha dKpaHe).

Yunpasxnenue 11.4

Hanmmure mporpamMMy, prCYIOIIYIO IIEPCIIEKTUBHOE N300paykeHHe MOBEPXHOCTH (PYHKIINH, IPUBEICHHO B rinaBe 10.
Ota mporpaMma CoBIaJacT ¢ MPOrpaMMoii, MpruBeAeHHOW Ha qucTuHTe 10.4, 32 TeM MCKIIIOYEHHEM, UTO ClIelyeT paboTaTh Co
3HadeHusIMU V 1 W, a He ¢ MaccuBaMu X U Y.

OTH anropuTMbl JAOT XOPOIIME PE3ylbTaThl B CIIydae OJMHOYHBIX OOBEKTOB, OJHAKO HAM TEMepb MPEACTOUT
paccMoTpeTh Ootee oOIMH ciTydaid, KOria B IPOCTPAHCTBE PacIONOKEHb! HECKOJIBKO IIPEIMETOB.

Cnucok npoecpamm
1. "LIBI", "LIB3", u smmctuaru 9.7 ("CUBE"), 11.1 ("SCENES") u 11.2 ("DRAWIT"). BxoxHble mapameTpsbl:
HORIZ, VERT u muO)ectBO 3HaueHnid (EX,EY,EZ) u (DX,DY,DZ). [Tonpo0Oyiite 3navenus 9, 6, (5,15,10) u (0,0,0); (1,2,20)
u (0,0,1).




NMABA 12
OOwumn anropuTm yganeHus HeBUANUMbIX IMHUN

Kak m B mpenmpimymmx riaBax, Mbl IojlaraeM, 4To OOBEKTHI cozfarorcs mporpammoii "SCENE3", Ho Temeps MBI
Tpebyem, 4utobsr NOV BepmuH, HpHUHAICKAMUX H300pakaeMbIM OOBEKTaM, XpaHIINCh B MaccmBax X, Y, Z. Hx
TIEPCIIEKTUBHAS TIPOEKIM Ha BU3YaJIbHYIO INIOCKOCTh XpaHHUTCs B MaccuBax V 1 W. NOF rpaHeil XpaHsiTcs B BHIIE CITHCKa
MPUHAUISKAIIIX UM BEpIIMH B MaccuBe F (momyckaroTcs rpaHu, cojepxkaiiue He Oosiee miecTH BepuIMH), B Maccuse H
XPaHUTCA YMCIIO BEPIINH KaXIOW TPaHH.

MbI cuntaeM, 4TO Bce OOBEKTHI 3aMKHYThI. He TpeOGyeTcs BBIMYKIOCTh T€Jl, OJHAKO MBI IPEAIONaraeM, 4ro BCe X
TpaHy BBINYKIIbI, 1 OHU OOXOJSTCSI MPOTUB 4acoBOil cTpesiku. [Ipu BBIMOJHEHHH 3TUX YCJIOBHH HAOJIONATENb HU TPH KaKhX
YCIOBHSX HE MOXET YBUAETh BHYTPEHHIOIO CTOPOHY T'PaHM, YTO O3HAYAET, YTO MPHU MPOEKIMH Ha BU3YaIbHYIO INIOCKOCTh MBI
BUJIMM T€ I'PaHH, KOTOPBIE P NTPOSIMPOBAHUH COXPAHSIOT HalpapiieHne 00X0/1a BEPIIHH (ITPOTHUB YacoBoOl cTpenkn). CTporo
TOBOpPsI, 9TO O3HA4YaeT, YTO MBI HE MOXKEM pHCOBaTh IUIOCKHE OO0BEKTH. Ecnu B Kkakol-mib0 KoMmmosunuu Tpelyercs
HapUCcoOBaTh Takoi OOBEKT, TO KXY €ro IpaHb CIEAyeT 3amucaTh JBaKAbl - OJUH pa3 IpaHb OOXOAWTCS MO YacOBOH
CTpeIKe, a JPYrod pa3 - MPOTHB, MOITOMY BHE 3aBHCHMOCTH OT ITOJIOXKCHUS TIa3a HaOMIOAATeNss OH BUAWT OAWH M TOJBKO
OJIMH U3 SK3EMIUTIPOB KaXK0H TPaHH.

Mpbl TakKe IoylaraeM, 4To JII000M M3 OTPE3KOB, M3 KOTOPBIX COCTOMUT PHUCYHOK, IIOJydaeTcsi B pe3yibTaTe
TIepecedeHNsl IByX CMEXHBIX I'paHel: eciu TpeOyercss M300pa3uTh OTICIBbHYIO JIMHUIO, TO €€ CIeAyeT MpPEeACTaBUTh, Kak
BBIPOXK/ICHHYIO I'paHb, OTPAaHUYEHHYIO JByMs OTpPEe3KaMH. OTH OIPaHWYEHHS BBEACHBI AJISI YCKOPEHHs aJrOpUTMa yAaJIeHHs
HEBUAUMBIX JIMHANA. DTO OYEHb Ba)XKHO, TaK KaK MBI Temeph IMpuOimkaeMcs K mpenenbHbeM Bo3MoxkHOcTsIM SPECTRUMa.
Jaxce A Takoro IMpOCTOrO PHCYHKa, Kak JBa KyOa Ha puc. 40, TpeOyercst OKOJIO MATH MHHYT MallMHHOTO BPEMEHH, a JUIsl
Oonee cnoxHbIX H300paxenuit emE 6onpie. SPECTRUM He ObLT paccuMTaH Ha pelIeHHE TaKuX CIOXKHBIX 331ad, M TO, 4TO
HaM YyJIaeTcs OTO C/ENaTh, CIEyeT CUUTATh II0Ka3aTesieM BEICOKOT0 KadecTBa padoThl mpoektuposuimkoB SPECTRUMa.

Tem He MeHee, MBI CUMTAEM, YTO BAXKHO M3YyYHUTh OOIINIT aJrOpUTM yIajJeHUs] HEBUANMBIX JIMHUH, 3TO CIIOCOOCTBYET
MIOBBIIICHUIO KBATM(UKALMH, TaK KaK YUTATENb, XKEIAIOMMH CIEeHaIN3UpoBaThCsl B 00JIaCTH MaIIMHHON Trpaduku, o0si3aH
UMETh IIPEJICTABICHHE O TOM, Kakue INpOoOJEeMbl BO3HUKAIOT IPU H300paKeHUH TPEXMEPHBIX OOBEKTOB C HEBUIMMBIMU
JuHusAsMU. B mporpamme, npuBeneHHOM Ha juctuHre 12.1, peanu3oBaH TakoWl anropuTM yAajleHUS] HEBUAUMBIX JIMHUH,
KOTOpBI Ma€T OTIMYHBIC pe3yibTaThl HAa Ooliee MOIIHBIX KOMIbloTepax. Ecimm BBl mMMeeTe nocTtynm K 0ojiee MOIIHBIM
KOMITBIOTEPaM, TO BaM OyZeT Ype3BBIYANHO MMOJIE3HO PEATM30BaTh 3Ty IPOrpaMMy Ha TAaKOM KOMITBIOTEpE.

Jis Toro 4to0Bl HapuCOBaTh M300paKEHHWE CLICHBI, 3alMCAHHOW B MaMSITH B HAOIIOJAaEMOM MOJOXKEHHH, KaxIaas
JIMHUS, TpUHAIJICKAMas KakoMy-TH00 M3 H300pakaeMbIX OOBEKTOB, JOIKHA CPABHUBATHCS C KaXKAOW TpaHbio. B cuiry
MIPUHATHIX BBIIIE OTPAHUYEHUI MBI MPOU3BOAMM 3TH CPABHEHUS TOJBKO AJS BUIUMBIX I'paHeil, TO €CTh TeX, KOTOphIe MpHU
MIPOEIIMPOBAHUH COXPAHSAIOT OPUEHTALIHIO TPOTUB YaCOBOW CTPEIIKH.

[peanonoxum, 4yro TunuuHas npsmas ['3' B HaOmomaemMoMm mojoxeHHH coenunser nse touku (X1,Y1,Z1") c
(X2',Y2',Z2"), Torna KOOpIMHATHI TOUKH, JIEXKAIIEH Ha 3TOH MPSIMOM, eCTh

(1-®) *(X',Y1',21")+®* (X2',Y2',22")

[IpennomnoxuM, 4To JBE KOHLEBBIE TOUKH NpoenupytoTes B Toukd (X1,Y1) u (X2,Y2) BusyansHoii miockoctu. Toraa

I'3 mpoenpyercst Ha BU3yallbHYIO TIOCKOCTh Kak MpsmMas [2, a KoopIMHATHI TOUEK, JIeKaIIUX Ha 3TOH MPsSMOil ecTh
(1-MU) * (X1,Y1)+MU* (X2,Y2)

OOparute BHUMaHKe, YTO HUOTKYyla He BbITeKaeT, yro Touka (1-D)*(X1,Y1',Z1")+ ©*(X2',Y2',Z2") npoeuupyercs B
Touky (1-®)*(X1,Y1)+d*(X2,Y2), aro o3nauaer, urto @ He pasHo MU.

ITycts rpanp obmero nosoxkennss OMEIAl npoernupyercss Ha obmacte OMEIA2, nexamrylo B BH3yalIbHOM
riockoctu. [Ipennonoxkum, uro H Bepmun npoexkimu rpanu ectb (XI,YI), rme 1<=I<=H. Ilycts l-oe pedbpo OMEI'A2
nepecekaer 12 B Touke (1- JID*(XLYD)+JII*(X(I+1),Y(I+1)). Ecnu JII<O umm JII>1, To 3TO 03Hawaer, yto ['2 mepecekaer
nponoinkeHne [-ro pebpa B Touke, nexameil 3a mpenemamu obmactu OMET'A2: ecm 0<=JII<=1, Torma I'2 mepecekaer
obmacte OMET'A2 B Touke, nexameld Ha [-om peOpe. Tak Kak MPOEKIUS BBIMYKJIOH TpaHU BEITYKJIA, TO YHUCIO TOYCK
nepecedeHust IM00 paBHO HYJIIO, MIIM PABHO ABYM (BO3MOXXHO COBITA/IAIOIINM TOUKAM).

Ham tpebyercst paccMOTPETh TOJIBKO CiTy4yail HECOBMAJAIOMINMX TOUYEK: MPEIOJIOKHM, YTO COOTBETCTBYIOIINE 3TUM
Toukam 3HadeHus napamerpa MU ecte MUMIN) 1 MUMAX), rne MUMIN)<MU(MAX). Torna Touku nepecederus c 12
ecThb

(1-MU (MIN)) * (X1,Y1)+ MU (MIN)*(X2,Y2) u
(1-MU (MAX) ) * (X1,Y1)+ MU (MAX) * (X2,Y2) .
Tenepb HEOOXOMMO YCTAaHOBHTb, SIBJISICTCS JIM OTPE30K, 3AKIIOYEHHBIH MEX/1Ty STUMH TOYKaMH, BUIUMBIM MM HET.
370 TIpoBepseTCs HAXOXKICHNUEM CEPEUHBI 3TOTO OTPE3Ka - TOUKU
(X (MID) ,Y (MID))=(1-MU(MID))*(X1,Y1l)+MU(MID) * (X2,Y2),
rae
MU (MID) = (MU (MIN) +MU (MAX)) /2.

3arem Mbl HaxomuM Touky (X,Y,Z), nexamryro Ha I'3 Takyro, 4TO HEpCIIEKTHMBHOW NpOEKIMel 3Toi Touku Oyner
(X(MIN),Y(MIN)). Otpe3ok THMHUM MEXAy TOUYKaMu, co 3HadeHusMH mapamerpa MU, pasaeiMu MUMIN) 1 MUMAX)
SIBISIETCSl HEBUAMMBIM, €CIM M TONbKO eciad Touka (X,Y,Z) W Tia3 HaOmoAaTelnsl pPaclojiOXKEHBI 0 pasHbIe CTOPOHBI
IUIOCKOCTH, B KoTopoit stiexut OMEI'A3. VpaBHEeHHS 3TOH IIOCKOCTH MOXKHO HAWTH C TIOMOIIBIO METOJOB TJaBHI 1, a 3aTeM
TIPUMEHUTD JJIs IPOBEPKH MTPUBEICHHOTO BBIIIE YCIOBUS (PyHKINOHAIBHOE MPEACTaBICHNE 3TOM IIIOCKOCTH.

Oo6parure BHuMaHue, yto X*PPD/Z=X(MID), Y*PPD/Z=Y(MID) u Ttouka (X,Y,Z) nexur Ha ['3. [Tostomy mis
HEKOTOPOTO 3HaueHus mapamerpa D:

X=(1-%) *X1'+®*X2', Y=(1-9)*Y1'+S*Y2' u Z=(1-&) *Z1'+d*22"';



TaK Kak
X (MID)=((X1'+®* (X2'—X1'))*PPD)/(21'+%*(22'-21')) u
Y (MID)=((Y1'+®*(Y2'—Y1'))*PPD)/ (Z1'+®*(22'-21")),
TO OTCIOJIa CIEIYET, UTO
&= (X (MID) *Z1'—X1'*PPD) / ((X2'—X1') *PPD—X (MID) * (22'-21') )=
(Y (MID) *Z1'=Y1'*PPD) / ((Y2'—Y1') *PPD-Y (MID) * (22'-21"))

3Ot0 mo3BoisieT HaM BeMHCIUTh @, a cienoBaTensHO M TOUKy (X,Y,Z), KOTOpasi B CBOIO OY€peh WCHOIB3YETCs IS
MIPOBEPKH TOTO, BUAMUMA JIM YacTh oTpe3Ka 2 miu Her.

B anroputme, peanuzoBannom B iporpamme "HIDDEN" Ha nuctunre 12.1, kaxxaas TuHUS, OpUHAJIeKAIIAs KAKOMY-
100 00BEKTY, CPABHUBACTCS CO BCEMH BUANMBIMH I'PaHSAMHU (TEMH, IIPOEKIIMN KOTOPHIX OOXOAATCS IIPOTUB YAaCOBOM CTPEINIKH).
OOparure BHUMaHHE, YTO MBI CUMTAEM, YTO BCE OOBEKTHI HENPO3payHbl, TO €CTh HEBO3MOXHO YBHJIETH BHYTPEHHIOIO
MOBEPXHOCTh HU OJTHOM W3 IpaHeH, T.e. yBHJIETh I'PaHb, IIPOCKINS KOTOPOW 00X0ANTCA 110 4acoBo# crpeike. Mupopmarums o
pebpax comepKUTCsl B ”HPOPMAINH O TPAHsIX, MPUIEM Kax10e peOpo BCTpedaeTcs ABaXK/bI, OUH Pa3 OHO MPOXOINT OT TOUKH
IV1 x Touke IV2. lns TOro 4To0BI M30€KaTh MOBTOPEHUI, MBI pacCMaTpUBaeM TOIBKO Takue pedpa, y KoTopsix [VI<IV2. Mut
COIOCTaBIsIEM pedpa TONBKO C BHAMMBIMH TPaHSMH, TaK B CHIIy HAJIOKCHHBIX Ha OOBEKTHI OTpaHHUYCHUH, eciau pedpo
3aCJIOHEHO OT HaOMIoaTeNsl HEBUANMOM IPaHbI0, TO OHO JOJKHO OBITH OTAEIEHO OT HAaOIIoJaTeNs TaK )K€ ¥ BUAUMOI IPaHbIO.

[IpennonoxuM, 9TO Ha HEKOTOPOM 3Tale MpOLIEAyphl CPaBHEHHUS I mpsmon 12, coemmusiomen BepmmHbl K-o0if
rpaan IV1 u IV2, mpr Hanum NRL BHOMMBIX HOJOTPE3KOB AAHHOTO OTpe3Ka; MBI momaraeM, uto NRL<50. 3nadenuns
napameTpa MU, COOTBETCTBYIOIIEr0 KOHIIEBBIM TOYKaM M-TOro BHAMMOTO OTpe3Ka, 3aHocATcs B mMaccuB L kak L(1,M) u
L(2,M).

B nauane mponenyps! Mel mojaraem NRL=1, L(1,1)=0 u L(2,1)=1. 9Tr0o 03Ha4aeT, YTO MBI CUUTAEM IPSIMYIO BUIUMOH.
Ecnu Ha 3T0i cTamumu oOHapyXMBaeTcsi HOBBIH HEBUAMMBIN OTpe3ok, onpeneisiemblii 3HadueHnssmu MU(MIN) 1 MUMAX)
(nepemennsie MAX u MIN), To 3Tn 3HayeHus 3aHocsrcst B MaccuB L, 1 NRL cooTBeTcTByIOmmMM 00pa3oM M3MEHSIET CBOE
3Ha4YEHUE.

Korma mpsiMast cpaBHMBAaeTCsl CO BCEMH BHAWMBIMH TPaHSIMH, TO B pe3ynabrate y Hac NRL BHIMMBIX OTpE3KOB,
KOTOpBIE MOKHO HaHECTH Ha 3kpaH. Ecnmu B kakoi-HuOynp MmomeHT NRL npuamMaeT 3Hadenne 0, TO 3TO 03HAYaeT, YTO BECh
OTPE30K SIBISICTCSI HEBUMMBIM, a CJIEI0BATEIBHO MOXHO ITPEKPATUTH MPOIEYPY CPAaBHEHHUS JUIS ATOTO OTpe3Ka.

Tlpumep 12.1

Teneps MBI MOXKEM YHAJIUTh HEBHIWMMBIC JTUHUH Ha pHC. 37; pe3ynspTar mokazaH Ha puc. 40. 3HaueHHEe BXOTHBIX
napameTpoB: HORIZ=9, VERT=6, rna3 Habnronatens pacrnoynoxeH B Touke (15,10,15), B3rmsaa nanpasies B (0,0,0).

Puc. 40.

LISTING 12.1

7000 REM HIDDEN/GENERAL HIDDEN LINE ALGORITM

7001 REM IN - NOV,NOL,PPD,R(4,4),X(NOV),Y (NOV),Z(NOV),bV (NOV) ,W(NOV) ,H (NOF) ,
F (6,NOF)

7010 DIM L(2,50): DIM G(NOF): LET EPS=0.000001

7019 REM CHECK ON I'TH PROJECTED FACET-ANTICLOCKWISE SET G(I)=1, CLOCKWISE OR
DEGENERATE SET G(I)=0.

7020 FOR I=1 TO NOF

7030 LET I1=F(1,I): LET X1=V(I1l): LET Y1=W(I1)

7040 LET I2=F(2,I): LET X2=V(I2): LET Y2=W(I2)

7050 LET I3=F(3,I): LET X3=V(I3): LET Y3=W(I3)

7060 LET DX1=X2-X1: LET DY1l=Y2-Y1

7070 LET DX2=X3-X2: LET DY2=Y3-Y2

7080 LET G(I)=0

7090 IF DX1*DY2-DX2*DY1>0 AND H(I)>2 THEN LET G(I)=1

7100 NEXT I

7109 REM FIND J'TH LINE ON THE EDGE OF I'TH FACET.

7110 FOR I=1 TO NOF

7120 LET HH=H(I): LET IV1=F (HH,I)

7130 LET X1=V(IV1): LET Y1=W(IV1)

7140 FOR J=1 TO HH

7150 LET IV2=F(J,I)

7160 LET X2=V(IV2): LET Y2=W(IV2)

7170 IF IV1>IV2 THEN GO TO 8160

7179 REM INITIALISE VARIABLES.

7180 LET NRL=1: LET L(1,1)=0: LET L(2,1)=1

7190 LET CA=X2-X1: LET CB=Y1l-Y2



7200 LET CC=-X1*CB-Y1*CA

7209 REM COMPARE THIS LINE WITH THE K'TH FACET.

7210 FOR K=1 TO NOF

7220 IF G(K)=0 THEN GO TO 8040

7230 IF K=1 THEN GO TO 8040

7240 LET in=H (K)

7249 REM LOOP TO FIND TWO POINTS OF INTERSECTION OF PROJECTED LINE WITH
PROJECTED FACET. THESE POINTS SPECIFIED BY MU VALUES MIN AND MAX.

7250 LET MAX=-1: LET MIN=2

7260 LET JV1=F (in,K)

7270 LET VX1=V(JV1): LET WY1=W(JV1)

7280 LET S1=SGN (CA*WY1+CB*VX1+CC)

7290 FOR M=1 TO in

7300 LET JV2=F (M,K)

7310 LET VX2=V(JV2): LET WY2=W(JV2)

7320 LET S2=SGN (CA*WY2+CB*VX2+CC)

7330 IF S1=S2 THEN GO TO 7500

7340 LET XE=VX1-VX2: LET YE=WY1-WY2

7350 LET XF=VX1-X1: LET YF=WY1l-Y1

7360 LET DISC=CA*YE+CB*XE

7369 REM IF LINE IS PARALLEL TO A LINE ON THE FACET THEN EXIT FACET LOOP.

7370 IF ABS DISC>EPS THEN GO TO 7440

7380 IF ABS CA>EPS THEN GO TO 7410

7390 IF ABS XF<EPS THEN GO TO 8040

7400 GO TO 7500

7410 LET LAMBDA=XF/CA

7420 IF ABS (XF+LAMBDA*CB)<EPS THEN GO TO 8040

7430 GO TO 7500

7440 LET LAMBDA=(CA*YF+CB*XF) /DISC

7449 REM IF LINE MISSES K'TH FACET THEN GO TO NEXT FACET.

7450 IF LAMBDA<-EPS THEN GO TO 7500

7460 IF LAMBDA>1+EPS THEN GO TO 7500

7470 LET MU= (YE*XF-XE*YF)/DISC

7479 REM A TRUE INTERSECTION SO UPDATE MAX AND MIN.

7480 IF MAX<MU THEN LET MAX=MU

7490 IF MIN>MU THEN LET MIN=MU

7500 LET S1=S2

7510 LET VX1=VX2: LET WY1l=WY2

7520 NEXT M

7529 REM CHECK IF INTERSECTIONS LIE BETWEEN SPECIFIED END POINTS OF LINE.

7530 IF MIN>1 THEN GO TO 8040

7540 IF MAX<0 THEN GO TO 8040

7550 IF MAX>1 THEN LET MAX=1

7560 IF MIN<O THEN LET MIN=0

7570 IF MAX-MIN<EPS THEN GO TO 8040

7579 REM CALCULATE XMID AND YMID

7580 LET MID=(MAX+MIN)*0.5: LET MUD=1-MID

7590 LET XMID=MUD*X1+MID*X2

7600 LET YMID=MUD*Y1+MID*Y2

7610 LET DENOM=PPD* (X (IV2)-X(IV1))-XMID* (Z (IV2)-2(IV1))

7620 IF ABS DENOM<EPS THEN GO TO 7650

7629 REM CALCULATE PHI AND HENCE XHAT,YHAT, ZHAT.

7630 LET PHI=(XMID*Z (IV1)-PPD*X(IV1))/DENOM

7640 GO TO 7670

7650 LET DENOM=PPD* (Y (IV2)-Y (IV1))-YMID* (Z(IV2)-2(IV1))

7660 LET PHI=(YMID*Z (IV1)-PPD*Y (IV1))/DENOM

7670 LET ZHAT=(1-PHI)*Z (IV1)+PHI*Z (IV2)

7680 LET FACT=ZHAT/PPD

7690 LET XHAT=XMID*FACT: LET YHAT=YMID*FACT

7699 REM CALCULATE COEFFICIENTS OF PLANE CONTAINING FACET - A,B,C,D.

7700 LET JV1=F(1,K): LET JV2=F(2,K): LET JV3=F(3,K)

7710 LET DX1=X(JV1)-X(JV2)

7720 LET DX3=X(JV3)-X(JV2)

7730 LET DY1=Y (JV1)-Y (JV2)

7740 LET DY3=Y (JV3)-Y (JV2)

7750 LET DZ1=Z (JV1)-Z (JV2)



7760
7770
7780
7790
7800
7810
7819
7820
7830
7840
7850
7860
7870
7880
7890
7900
7910
7920
7930
7940
7950
7960
7969
7970
7980
7990
8000
8010
8020
8030
8040
8049
8050
8060
8070
8080
8090
8100
8110
8120
8130
8140
8150
8160
8170
8180
8190

LET DZ3=Z (JV3)-Z (JV2)

LET A=DY1*DZ3-DY3*DZ1

LET B=DZ1*DX3-DZ3*DX1

LET C=DX1*DY3-DX3*DY1

LET D=A*X (JV1)+B*Y (JV1)+C*Z (JV1)

LET S1=A*XHAT+B*YHAT+C*ZHAT-D

REM IF FACET HIDES PART OF LINE THEN CHANGE THE L ARRAY.
IF ABS S1 <EPS THEN GO TO 8040

IF ABS (SGN S1+SGN D)<2 THEN GO TO 8040
LET MORE=NRL

FOR M=1 TO NRL

LET R1=L(1,M): LET R2=L(2,M)

IF (R1>MAX) OR (R2<MIN) THEN GO TO 7960
IF (R1>=MIN) AND (R2<=MAX) THEN GO TO 7950
IF (R1<MIN) AND (R2>MAX) THEN GO TO 7920
IF (R1<MIN) THEN GO TO 7940

LET L(1,M)=MAX: GO TO 7960

LET MORE=MORE+1

LET L(1,MORE)=MAX: LET L (2,MORE)=R2

LET L(2,M)=MIN: GO TO 7960

LET L(1,M)=-1

NEXT M

REM TIDY UP THE L ARRAY.

LET NRL=0

FOR M=1 TO MORE

IF L(1,M)<=EPS THEN GO TO 8020

LET NRL=NRL+1

LET L(1,NRL)=L(1,M): LET L(2,NRL)=L(2,M)
NEXT M

IF NRL=0 THEN GO TO 8160

NEXT K

REM DRAW VISIBLE PARTS OF LINE.

FOR K=1 TO NRL

LET R1=L(1,K): LET R2=1-R1

LET XP1=X1*R2+X2*R1

LET YP1=Y1*R2+Y2*R1

LET R1=L(2,K): LET R2=1-R1

LET XP2=X1*R2+X2*R1

LET YP2=Y1*R2+Y2*R1

IF (ABS (XP1-XP2)<EPS) AND (ABS (YP1-YP2)<EPS) THEN GO TO 8150
LET XPT=XP1l: LET YPT=YPl: GO SUB MOVETO
LET XPT=XP2: LET YPT=YP2: GO SUB LINETO
NEXT K

LET IV1=IV2: LET X1=X2: LET Y1=Y2

NEXT J

NEXT I

RETURN

Msr ucnons3yem nporpammy "HIDDEN", npuBeaennyro Ha sucturre 12.1, "LIB1", "LIB3" u moamporpaMMel
"SCENE3" u "CUBE", npusenennsle Ha nuctunre 12.2. B aroif nocneaneit Bepcun noanporpammsl "CUBE" Mbl npuBnexiau
BCE METOMBI TIOCTPOCHUSI 00BEKTOB, MCIOJB3YIONINE ONEepaluy ¢ MacCHBaMu. MBI yMBIIUICHHO HCHOIb3yeM KyO B HaIINX
MIPOTrpaMMax, TaK KaK 3TO YPE3BBIUAIHO MPOCTOH OOBEKT, HA KOTOPOM YJAeTCs JETKO IPOAEMOHCTPHPOBATh OOILIME HJECH
TpéxMepHON rpaduku. Temepp HacTalo BpeMsl YCIOKHHTb caMH OOBEKTBL: €CIM Bbl IIOHMMAacTe OrPaHUYCHUS,
HaKJIa/[bIBa€Mble AJITOPUTMaMH Ha OOBEKTHI, TO BCE WIEH, U3JI0KEHHBIE paHee, ocTatoTcs B cuite. [lonp3oBarenu ¢ 00bEMOM
namaté 16K oGHapyxaT, 9TO CTONB CIIOXHBIE IPOrpaMMbl HE MTOMEIIAIOTCS B MaMATH. B 3TOM citydae mporpammsl ciemyeT
pa30uTh Ha HE3aBHCHMBIE CETMEHTBHI, 2 UHPOpManus 00 00bEKTax U MACCHUBBI JOJKHBI 3aIIUCHIBATHCS HA TUICHKY.

LISTING 12.2

6000
6010
6020
6030
6040
6050
6059
6060
6070
6079

REM SCENES/EXAMPLES

DIM X (16): DIM Y(16): DIM Z(16)

DIM V(16): DIM W(16): DIM H(12): DIM F(4,12)

DIM A(4,4): DIM B(4,4): DIM R(4,4): DIM Q(4,4)

LET CUBE=6500: LET HIDDEN=7000

LET PPD=3*VERT: LET NOV=0: LET NOF=0

REM PUT FIRST CUBE IN OBSERVED POSITION- (ACTUAL-SETUP) .
GO SUB IDR3: GO SUB LOOK3

GO SUB CUBE

REM COPY ACTUAL TO OBSERVED MATRIX INTO Q.



6080 FOR I=1 TO 4: FOR J=1 TO 4

6090 LET Q(I,J)=R(I,J)

6100 NEXT J: NEXT I: GO SUB IDR3

6109 REM CALCULATE SETUP TO ACTUAL MATRIX.

6110 LET TX=3: LET TY=1.5: LET TZ=2: GO SUB TRAN3: GO SUB MULT3

6119 REM RECOVER ACTUAL TO OBSERVED MATRIX.

6120 FOR I=1 TO 4: FOR J=1 TO 4

6130 LET A(I,J)=Q(I,J)

6140 NEXT J: NEXT I

6149 REM CALCULATE SETUP TO OBSERVED MATRIX.

6150 GO SUB MULT3

6159 REM PLACE SECOND CUBE AND DRAW HIDDEN LINE VIEW OF SCENE.

6160 GO SUB CUBE

6170 GO SUB HIDDEN

6180 RETURN

6500 REM CUBE/VERTICES AND FACETS (STORED)

6501 REM IN - PPD,NOV,VOF,R(4,4), (NOV),bY (NOV) ,Z (NOV) ,V (NOV) ,W (NOV) ,H (NOF) ,
F (4,NOF)

6502 REM OUT - NOV,NOF,X (NOV) ,Y (NOV) ,Z (NOV) ,V (NOV) ,W (NOV) ,H (NOF) ,F (4 ,NOF)

6510 DATA 1,1,1,1,1,-1,1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,-1,-1,1

6520 DATA 1,2,3,4,5,8,7,6,1,5,6,2,2,6,7,3,3,7,8,4,4,8,5,1

6530 RESTORE CUBE

6539 REM EXTEND DATA BASE OF VERTICES IN OBSERVED POSITION.

6540 LET NV=NOV

6550 FOR I=1 TO 8

6560 READ XX,YY,ZZ: LET NOV=NOV+1

6570 LET X (NOV)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6580 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6590 LET 2 (NOV)=XX*R(3,1)+YY*R(3,2)+2Z*R(3,3)+R(3,4)

6599 REM PERSPECTIVE TRANSFORM.

6600 LET V (NOV)=PPD*X (NOV) /Z (NOV)

6610 LET W (NOV)=PPD*Y (NOV) /Z (NOV)

6620 NEXT I

6629 REM READ A*ND EXTEND DATA BASE OF FACETS.

6630 FOR I=1 TO 6

6640 READ F1,F2,F3,F4: LET NOF=NOF+1

6650 LET H(NOF)=4

6660 LET F(1,NOF)=F1+NV: LET F(2,NOF)=F2+NV

6670 LET F(3,NOF)=F3+NV: LET F(4,NOF)=F4+NV

6680 NEXT I

6690 RETURN

LISTING 12.3

6500 REM ICOSA/HEDRON

6501 REM IN AND OUT-SAME AS CUBE ABOVE.

6510 pATA O0,1,T,T,0,1,1,T,0,0,-1,T,T,0,-1,-1,T,0,0,1,-T,-T7,0,1,1,-T,0,0,-1,-T,
-7,0,-1,-1,-T,0

6520 DATA 1,3,2,1,2,4,1,4,8,1,8,6,1,6,3,2,3,5,2,9,4,4,12,8,8,11,6,3,6,7,2,5,9,
4,9,12,8,12,11,6,11,7,3,7,5,5,10,9,

6530 RESTORE ICOSA: LET T=(1+SQR 5)/2

6539 REM EXTEND DATA BASE OF VERTICES IN OBSERVED POSITION.

6540 LET NV=NOV

6550 FOR I=1 TO 12

6560 READ XX,YY,ZZ: LET NOV=NOV+1

6570 LET X (NOV)=XX*R(1,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6580 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6590 LET 2z (NOV)=XX*R(3,1)+YY*R(3,2)+ZZ*R(3,3)+R(3,4)

6599 REM PERSPECTIVE TRANSFORM.

6600 LET V (NOV)=X (NOV) *PPD/Z (NOV)

6610 LET W(NOV)=Y (NOV)*PPD/Z (NOV)

6620 NEXT I

6629 REM READ AND EXTEND DATA BASE OF FACETS.

6630 FOR I=1 TO 20

6640 READ F1,F2,F3: LET NOF=NOF+1

6650 LET H(NOF)=3

6660 LET F(1,NOF)=F1+NV: LET F(2,NOF)=F2+NV: LET F(3,NOF)=F3+NV

6670 NEXT I



6680 RETURN

LISTING 12.4

6700 REM CUBOCT/AHEDRON

6701 REM IN AND OUT - SAME AS CUBE ABOVE.

6710 paTA O0,1,1,1,0,1,1,1,0,0,-1,1,1,0,-1,-1,1,0,0,1,-1,-1,0,1,1,-1,0,0,-1,-1,-
1,0,-1,-1,-1,0

6720 DATA 1,2,4,8,

6730 DATA 1,3,2,1,

6740 RESTORE CUBOS

6750 LET NV=NOV

6760 FOR I=1 TO 12

6770 READ XX,YY,ZZ: LET NOV=NOV+1

6780 LET X (NOV)=XX*R(1l,1)+YY*R(1,2)+ZZ*R(1,3)+R(1,4)

6790 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6800 LET Z (NOV)=XX*R(3,1)+YY*R(3,2)+ZZ*R(3,3)+R(3,4)

6810 LET V (NOV)=X (NOV)*PPD/Z (NOV)

6820 LET W (NOV)=Y (NOV)*PPD/Z (NOV)

6830 NEXT I

6840 FOR I=1 TO 6

6850 READ F1,F2,F3,F4: LET NOF=NOF+1

6860 LET H (NOF)=4

6870 LET F(1,NOF)=F1+NV: LET F(2,NOF)=F2+NV: LET F(3,NOF)=F3+NV: LET
F (4,NOF) =F4+NV

6880 NEXT I

6890 FOR I=1 TO 8

6900 READ F1,F2,F3: LET NOF=NOF+1

6910 LET H(NOF)=3

6920 LET F(1,NOF)=F1+NV: LET F(2,NOF)=F2+NV: LET F(3,NOF)=F3+NV

6930 NEXT I

6940 RETURN

Ynpaxnenne 12.1

[TocTpoiiTe KOMIO3HUIMIO, COCTOSIIYID W3 KyOOB, TETPa’JpoB, NMUPaMHJ, OKTadJPOB, HMKOCA3IPOB, KyOHMUECKHX
oKTa’IpoB. st Toro, 4roOBI OOJIErYuTh Bally 3a1ady, Ha ucTuHrax 12.3 u 12.4 npuBeaeHs! KOHCTPYHUPYIOIIUE IPOrPaMMBbl
JuIsl KyOOOKTasipa U mKocas/ipa. Hanmummre KOHCTpYHPYIOIIYO IIPOrpaMMy JUIsl OKTa’Ipa, u, MOXKaIyH, emeé Ooliee CI0XHYIO
MIpOTpamMMy JUIsi pPOMOMYECKOTO JI0/IeKadpa.

LISTING 12.5

6000 REM SCENES/TWO STARS HIDDEN LINES REMOVED

6010 DIM X(22): DIM Y (22): DIM Z(22)

6020 DIM V(22): DIM W(22): DIM H(36): DIM F(3,36)

6030 DIM A(4,4): DIM B(4,4): DIM R(4,4): DIM Q(4,4)

6040 LET STAR1=6500: LET STAR2=6700: LET HIDDEN=7000

6050 LET PPD=3*VERT: LET NOV=0: LET NOF=0

6059 REM PLACE FIRST STAR.

6060 GO SUB IDR3: GO SUB LOOK3

6070 LET A=6: GO SUB STAR1

6080 FOR I=1 TO 4: FOR J=1 TO 4

6090 LET Q(I,J)=R(I,J)

6100 NEXT J: NEXT I: GO SUB IDR3

6109 REM PLACE SECOND STAR.

6110 LET TX=5: LET TY=5: LET TZ=5: GO SUB TRAN3: GO SUB MULT3

6120 FOR I=1 TO 4: FOR J=1 TO 4

6130 LET A(I,J)=Q(I,J)

6140 NEXT J: NEXT I

6150 GO SUB MULT3

6160 LET A=4: GO SUB STAR2

6170 GO SUB HIDDEN

6180 RETURN

LISTING 12.6

6500 REM STAR1

6501 REM IN AND OUT - SAME AS CUBE ABOVE.

6509 REM STAR BASED ON A CUBE.

6510 paTA 1,1,1,1,1,-1,1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,-1,-1,1,A,0,0,-
A,0,0,0,7A,0,0,-7A,0,0,0,7A,0,0,-2

6520 DATA
1,2,9,2,3,9,3,4,9,4,1,9,6,5,10,5,8,10,8,7,10,7,6,10,2,1,11,1,5,11,5,6,11,6,2,11,4,3,1
2,3,7,12,7,8,12,8,4,12,1,4,13,4,8,13,8,5,13,5,1,13,3,2,14,2,6,14,6,7,14,7,3,14

,4,9,10,12,5,7,11,10,6,8,12,11
4,1

1,6,7 3,5,9
8,6,2,9,4,3,7,5,4,12,8,5,10,9,6,11,7,10,11,12
T




6530 RESTORE STARL

6540 LET NV=NOV

6550 FOR I=1 TO 14

6560 READ XX,YY,ZZ: LET NOV=NOV+1

6570 LET X (NOV)=XX*R(1,1)+YY*R(1,2)+2Z*R(1,3)+R(1,4)

6580 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+2ZZ*R(2,3)+R(2,4)

6590 LET Z (NOV)=XX*R(3,1)+YY*R(3,2)+2ZZ*R(3,3)+R(3,4)

6600 LET V (NOV)=PPD*X (NOV) /Z (NOV)

6610 LET W(NOV)=PPD*Y (NOV) /Z (NOV)

6620 NEXT I

6630 FOR I=1 TO 24

6640 READ F1,F2,F3: LET NOF=NOF+1

6650 LET H(NOF)=3

6660 LET F(1,NOF)=F1+NV: LET F(2,NOF)=F2+NV: LET F(3,NOF)=F3+NV
6670 NEXT I

6680 RETURN

LISTING 12.7

6700 REM STAR2

6701 REM IN AND OUT - SAME AS CUBE ABOVE.

6709 REM STAR BASED ON A TETRAHDRON.

6710 DATA 1,1,1,1,-1,-1,-1,1,-1,-1,-1,1,-A,-A,-A,-A,A,A,A,-A,A,A,A,-A
6720 DATA 2,1,8,3,2,8,1,3,8,1,2,7,4,1,7,2,4,7,2,3,5,4,2,5,3,4,5,3,1,6,4,3,6,1,

6730 RESTORE STAR2

6740 LET NV=NOV

6750 FOR I=1 TO 8

6760 READ XX,YY,ZZ: LET NOV=NOV+1

6770 LET X (NOV)=XX*R(1,1)+YY*R(1,2)+2Z*R(1,3)+R(1,4)

6780 LET Y (NOV)=XX*R(2,1)+YY*R(2,2)+ZZ*R(2,3)+R(2,4)

6790 LET Z (NOV)=XX*R(3,1)+YY*R(3,2)+ZZ*R(3,3)+R(3,4)

6800 LET V (NOV)=PPD*X (NOV) /Z (NOV)

6810 LET W (NOV)=PPD*Y (NOV) /Z (NOV)

6820 NEXT I

6830 FOR I=1 TO 12

6840 READ F1,F2,F3: LET NOF=NOF+1

6850 LET H(NOF)=3

6860 LET F(1,NOF)=F1+NV: LET F(2,NOF)=F2+NV: LET F (3,NOF)=F3+NV

6870 NEXT I

6880 RETURN

Ipumep 12.2

Tenepsp, Koraa Mbl YOSAWINCH, YTO NPOTPAMMBI, YAAISIONINE HEBUIUMBIC JIMHIH, paO0Tar0T Ype3BBIYAHO JJONIT0, HAM
ClIe/TyeT IPOU3BECTH P[] IKCIIEPUMEHTOB C 3TUMHU Iporpammami. [1jis reHepauuu n300pakeHust IByX KyOOB, IIOKa3aHHBIX Ha
puc. 40, TpedyeTcs ISITh MHUHYT. DTO O3HAYAET, YTO MBI BEChbMa OTPaHUYEHBI B BEIOOpPE 00BEKTOB JUIS HAIIMX PUCYH-KOB. Tem
HE MEHee MOJIE3HO MOIBITAThCS CO3/1aTh N300paKEHHE CIIOKHBIX OOBEKTOB C MMOMOIIBIO HAIIeH MPOrpaMMEl, U €CIIN Y Bac €CTh
JOCTYN K Oojiee MOLTHOMY KOMITBIOTEPY, TO BBl MOXETE HPOBEPHUTH, YTO HAI AJTOPUTM NPUTOJEH M Al 0oJiee MOIIHBIX
KOMITBIOTEPOB, ITPUYEM PHCYHKH CO3AAI0TCS 3HAUUTENBHO OBICTpee.

Ha mmcrunre 12.5 mpuBenmena mporpamma "SCENE3", a ma muctmarax 12.6 m 12.7 mpuBemeHsl MPOTpaMMEL,
TCHEPUPYIOIIHNE Ba 3B€31000pa3HbIX TPEXMEPHBIX 00BEKTa (IPH T€HEPALMH KaXKA0TO U3 KOTOPBIX CIEAYET 3a4aTh Mapamerp
A, ompepensromuii mHYy Jydei). Obe 3T mporpamMmbl NPH TMOCTPOCHHH HCIONB3YIOT (OpMBI Ky0a M OKTa»apa.
N3ob6paxxenne nByx 3BE3N (KcTaTté, o4eHb 3((eKkTHOE) MOXKeT OBITh IONYyYeHO, €CIH 3aJaTh CIEAYIOIINE 3HAYCHUS
napameTpoB: HORIZ=48, VERT=32, Touka, B KOTOpO#i pacmoioxeH ria3 - (35,20,25), a B3rsaa HanpasiieH B Touky (0,0,0).

Ynpaxnenue 12.2

IMporpamma Ha nuctunre 10.1 mpoBepsier, 4To MOPSAOK 00X0Ja BEPIIMH TPEYrOJILHOM IpaHH - HPOTHB YacOBOM
CTpenKH. JTa mporpamMma ObUla HalKCaHa JUIs BBIIYKIIBIX Tell, COJepiKalluX Havyajao koopauHart. [lepenenaiite nmporpammy c
yu€ToM o0miero cirydas. JTO 03Ha4yaeT, YTO 33Jal0TCS JIBE TOUKH, JIEKAIIUe 110 PasHbIe CTOPOHBI OT INIOCKOCTH, COAEp Kalen
OJHYy M3 TpaHeil oObekTa. B OMHOM M3 3THX TOYEK HAXOJUTCS TIJa3 HaOrojaTels, a Apyras TodKa, HE 00s3aTeNbHO
SIBIISIIOIIAsICSL HAYaJIOM KOOPJAMHAT, - BHYTPEHHSSI Touka Tena. Mcmonb3yiite 3Ty mporpammy ajisi TPOBEPKH OOBEKTOB
nporpamMmsl 12.6 u 12.7.

HammmmTe nporpammsl, co3paromune oObEKThl Ha OCHOBE (DOPM OKTa3zpa, KyOMIEeCKOro OKTad/pa, MKOcadpa HIIH
Joxekaspa. Beerma mposepsiite mpaBuiIbHOCTH 00XOAa BEpIIMH IpaHEH CO3[aBaeMbIX BaMHM OOBEKTOB. 3Be3A4aThle Tela
MOXHO CTPOHTh Ha OCHOBE TEJl BPAILEHMs, KPOME TOTO, HEOOS3aTEIbHO OIPAaHUYMBATHCS TOJIBKO CUMMETPUYHBIMH TEJIAMH.
Jist HecUMMeETpUYHOTrO citydass Bam TnoTpeOyercs momudukanus nporpammbl 10.1. Ecnm coOmrofeHsl Bce ycloBus,
HaJjlaraeMble Ha H300paxkaeMble 0OBEKTHI, TO porpamma 12.1 HauepTHT 1000 U3 HUX.

Ynpaxnenue 12.3

BBeauTe nonoaHNTENBHYIO HHPOPMAIHIO O co3/1aBaeMbIX oObekTax. Hapsiny ¢ nHdopmaield o BeplinHax U rpaHsix,
BBeaMTE enié oauH MaccuB L, 3HaueHuns snemeHtoB L(1,1) u L(2,1) koToporo ects MHAEKCH BYX I'paHEei, KOTOpBIE COAEpKaT




I-oe pebpo, 1<=I<=NOL. Ilocme TOro H3MEHHWTE aITOPUTM yJaJeHWs HEBUAMMBIX JIMHUI Tak, 9YTOObI B HEM HeE
paccMaTpUBANKCH TPSIMBIC, SBISFOIINECS MEepeceueHreM JBYX HEBHIUMBIX T'paHEd, U HE CpaBHHBAJIACh T'PaHb C MPSIMBIMH,
JIe)KallMMU Ha 3TOH IPaHHU.

Tenepp Bbl MOHMMaere, yTo Mbl NpHONM3MWIKCE K mpeaeny Bo3moxHocteii SPECTRUMa. Ecnmum Bel Xotute
MPOJIOJKUTH U3YyUCHHE MAIIUHHOM rpad)uKy, TO BaM CJIEAyeT MCIIOIb30BATh JJIs 3TOU IeSU 00Jiee MOIIHBIC KOMITBIOTEpPhI. Bam
TaK ke MOTpedyeTcs U3yYuTh CIIOCOOBI OpPraHM3alyu CTPYKTYpP JAHHBIX, OoJiee TMOAXOAIINE I MANTHHHON rpaduku, 4eM
MaccuBbl. Hanpumep, Besl clieHa MOXKET XPaHUTBCS B BUJIE CBSI3HOTO CIMCKA yKaszaTelel, KaX bl U3 KOTOPBIX B CBOIO OUepe/ib
YKa3bIBaeT Ha CBSI3HBIN crMCOK mH(popMmarmu 00 o0bekTe. Kaxknas rpaHb MOXKET OBITh TIPE/ICTABICHA B BHJIC CBSI3HOTO CITHCKA.
Ha mepBbIif B3rism, KaKeTcs, 9YTO 3Ta KOHCTPYKIHUS CIIHIIKOM TPOMO3IKa, HO Ha CaMOM JIeJie OHa Ype3BBIYaiHO obOierdaer
MIPOTPAaMMHPOBAHUE TAKUX AJTOPUTMOB, KaK aJrOPUTM YAAJICHUS HEBUIUMBIX JTUHHUA. [Ipy TakoW CTPYKType NaHHBIX JIETKO
W3BIICYb OTHOIICHHUE MEKAY O0BbEKTAMH U TPAHIMU.

[Tocne Toro, Kak BBl YCBOHWTE 3TH H/IEH, BBl MOXKETE NepeiiTh K N3ydeHHIo 0oJiee CI0KHBIX IpadUIecKuX alrOpUTMOB,
TaKWX, KaK alTOPHTM PAaCKPaCKH, MyJIbTUIUINKAIIIH U 3aTCHEHUS 0OBEKTOB.

B crnenmyromeil rimaBe MBI paccMOTpPHM OoJiee CIO0XKHBIE METOABl CHMBOJBHON Trpadukn u BBEeAEM OAWH METOX
MYJIbTHILTHKAMK TPEXMEPHOM rpaduku.

Cnucok npoecpamm

1. "LIB 1", "LIB3", muctuar 12.1 ("HIDDEN") u 12.2 ("SCENES" u "CUBE"). Bxoansie nanusie: HORIZ, VERT,

(EX,EY.EZ), (XD,DY,DZ). Beenute, Hapumep, CIEIYIONINE 3HAYCHUS:
a) 9,6, (15,10,5), (0,0,0);
6) 9,6, (10,10,-10), (0,1,0).

2. "LIB 1", "LIB3", muctuarun 12.1 ("HIDDEN") u 12.2 ("SCENES"), 3arpy3ure B mamsth mporpamMmel 12.3
("ICOSA") u 12.4 ("CUBOCT") u usmenure nognporpammy "SCENE3" cnenyromum oopa3zom:

6010 DIM X(24): DIM Y (24): DIM 7(24)

6020 DIM V(24): DIM W(24): DIM P(34): DIM H(34)

6040 LET CUBOCT=6700: LET ICOSA=6500: LET HIDDEN=7000

6070 GO SUB ICOSA

6160 GO SUB CUBOCT

Bxonnbie nannsie: HORIZ, VERT, (EX,EY,EZ), (DX,DY,DZ). Beenute, Hanpumep,

a) 9, 6, (15,10,5), (0,0,0);
0)9, 6, (-10,10,10), (0,1,0).

3. "LIBI, "LIB3", auctunr 12.1 ("HIDDEN"), 12.5 ("TWOSTARS"), u 12.6 ("STARI1"), u 12.7 ("STAR2").

Bxonusre nannsie: HORIZ, VERT, (EX,EY,EZ), (DX,DY,DZ). [TonpoOy¥iTe BBECTH, HATIPUMED,
a) 60, 40, (10,20,30), (0,0,0);
0) 90, 60, (-10-,20,-10), (0,1,0).



NMABA 13
Benee crnoxHble afieMeHTbl NPorpaMMMpoBaHus

Ecnu BBl XOTHTE NMHUCATh MPOrpaMMBbl Ha MPO(ECCHOHAIEHOM YPOBHE, TO BaM CIEAYeT M03a00THTHCS O TOM, YTOOBI
OHM O00Najadd CBOHCTBaMHU "NIPYXKECTBEHHOCTH". OTO OAWH W3 HEMHOTHX TEPMHHOB, YIOTPEOISEMBIX B peKiame,
00J1a1al0MyX BIIOJHE KOHKPETHBIM CMBICIIOM: IIPOTPaMMa Ha3bIBACTCS APYKECTBEHHOH, €CIIM €10 y/IOOHO IOJIb30BAaThCS HE
TOJIBKO CO3/IaTENI0 3TOH MPOTrpaMMBbl, HO M JI0OOMY MOJIb30BaTeNt0. Mbl Bce NMENH MEeYaIbHbINA OMBIT, KOTJA, BEPHYBIIHNCH K
IIporpamMMamM, HalHMCaHHBIM J[BAa-TPU MECSIa Mepe] 3THUM, YOeXIaluch, YTO OHH COCTABIECHBI U NPOKOMMEHTHPOBAHBI TaK
IUIOXO, YTO UX HEBO3MOXHO MOHSTb.

XKenarenbHo, YTOOBI BbI IPUYYMIN C€0si KOMMEHTHPOBATH TEKCTHI CBOMX MPOrPaMM M OpraHU30BbIBaTh BBOX B (popme
quanora ¢ nporpammoil. OOnerynTh pabOTy C MPOrpaMMOM MOXKHO TakKe, NMPWIOKHB K HEW BBOIHYIO IPOrpamMmy-
MHCTPYKIHNIO, KaK 3TO OOBIYHO Jenaercs B BHjeourpax. Cieaure 3a TeM, 4TOOBI yKa3aHUs II0JIb30BATEIIO, BblJaBacMbIe
MPOrpaMMOM BO BPEMsI HCIIOJIHEHUS, OBbUTH SICHBIMU M HETIPOTHBOPEUUBBIMH.

B mporpammax, rae moAmporpaMmMbl MOTYT HMHHUIMAIU3UPOBATHCS B JIHOOOH IOCIEAOBATENbHOCTH, 3(PQEKTHBHO
HCIIOTH30BaTh MECHIO (CM. T€HEpaToOp CHMBOJIOB B II. 5). DTO cpeAcTBO 0COOEHHO A(PPEKTHBHO IS JIMI, HMEIOIINX TUIOX0E
MIPEACTaBICHUE O TOM, KaK yCTPOEHa MporpamMmma.

JUis HampcaHWA XOpPOLIMX KOMMEHTAapHEB BIIOJHE JOCTaTOYHO OJHOTO TOJBKO 37paBoro cMbicia. M3Oeraiite
KJIACCHYECKHX HeJIeNocTe! Bpose "HaxxmuTe | 17 momydeHus: ABOHHON nHpopManuu U 2 Uit oguHOouHON". [ ynpaBieHns
JIBIDKEHHUS] KypCOPOM CTapalTech UCIOIb30BaTh KypCOPHBIE KIABHUIIN (CM. 3-0 OMNIIMIO IPOrPaMMBbl T€HEPATOP CUMBOJIOB), UTO
Ka)KeTcs BIIOJHE eCTeCTBEHHBIM i jnl, ucnois3yonmx SPECTRUM pocrarouno gacto. Ha muctuare 13.1 mpuBexeHa
IIporpamMmMa, pucyrolias MHOrOyrojabHUKH (kak B ynpaxsenuu 1.3). IToamporpamma BBoza "INPUT" ucnons3yeTr KypcopHbIe
kiaBuiy 1 "EDIT", uro oGneryaer paboTy iunam, nmerommM HaBblk padotel co SPECTRUMowm.

anaeﬂeHue 6blNOJIHEHUEM npocpamm

Komarma INPUT moxeT MCTIONB30BaThCA B CAyYasx, KOTJa MO XOAY BEIIOIHEHUS MPOrpaMMbl HEOOXOAUMO BBIIATH
3ampoc W MONYyYUTh HeoOxomumyro mH(popMarmio. B OompmMHCTBE CilydaeB MBI momermaeM 3ampoc B omepatope INPUT B
TAKOM BHIE, B KAKOM OH OTOOpa3uTCs Ha dKpaHe AWCIUIes; 3ampoc nmomerraercs B kaBeiukd. B SPECTRUMe MBI MOkeM
3amaBaTh JIOOYI0 CHMBOJIBHYIO HH(OpMAIIo, 3aKiodas HeoOXoauMyro HH(opMamuio B CKOOKH. B TakoM ciydae oHa
OKBUBAJICHTHA 3aIllpoCy, 3aKIIOYCHHOMY B KaBbIYKH. ITOT HpI/IéM HCIIOJIb30BAaH B BLILHerHBEHEHHOﬁ nporpamMme, HO C €ro
MOMOIIBIO MOKHO CO3JaBaTh 3HAYUTEIBHO OOJIEEe CI0KHBIE 3aIIPOCHI.

C TOMOILBIO CTPOK, COJIEpPIKAIIMX KOHTPOJIBbHBIE KOJABI, MOKHO CO3/1aBaTh CJIOXHBbIE rpapuyeckue M300paKkeHHs B
Mo00M MecTe JKpaHa. 3HAUCHHWE IMEPEMEHHOH CTPOYHOTrO THUIA MOXKET OBITh NPHCBOEHO 32 HECKOJBKO IIAaroB, a camy
MEPEMEHHYI0 MOXHO MOMECTUTH B cKkoOKkax B onepatope CHRS, a uncnennbie nepemennbie ¢ momouipo Gpynkuuid STRS. Stu
npuéMel ucnonb3oBamuck B mnporpamme "WORM CAME" (nmuctuar 1.16). CTpoku ¢ KomaMH, YIPaBISFOIIAME IIBETOM
CHUMBOJIOB, W TIO3WIMEH, ¢ KOTOPOW OHM MeEYaTaloTcs, MOTYT HCIIOJIb30BAThCS B MIPOBBIX IPOrpaMMax, KOT/Ia BO3HUKAET
HEOOXOAMMOCTh OBICTPO CO3/1aBaTh M300paKEHHE B PA3NMYHBIX YacTAX JKpaHa. B kadecTBe mpuMmepa NPUMEHEHHUS 3THX
METOZIOB MBI IIPUBOJIUM Ha JINCTHHTE 13.2 MEHIO TUIIepOoInIecKoi mporpaMMel 06paboTku (haitios.

OOparuTe BHUMaHHE Ha €CTECTBEHHOE HCIIOIb30BAaHME I[BETOB U1 MPEAYNPEXKICHHUS O MOTCHIHAIbHO OIMACHBIX
olepanusx.

LISTING 13.1

10 DIM X(10): DIM Y (10)

20 LET INPUT=200: LET LIST=300

30 GO SUB INPUT

40 PLOT X(10),Y(10): LET DX=X(10): LET DY=Y(10)

50 FOR I=1 TO 10: DRAW X (I)-DX,Y(I)-DY: LET DX=X(I): LET DY=Y(I): NEXT I

60 PAUSE 250: GO TO 30

200 REM INPUT COORDS.

210 LET I=1

220 GO SUB LIST

230 LET I$=INKEY$: IF I$="" THEN GO TO 230

240 IF I$=CHR$ 10 AND I<11l THEN LET I=I+1l: GO TO 220

250 IF I$=CHR$ 11 AND I>1 THEN LET I=I-1: GO TO 220

260 IF I$<>CHR$ 7 THEN GO TO 230

270 IF I=11 THEN INPUT "END ? ";LINE I$: IF I$="Y" THEN CLS: RETURN

280 IF I=11 THEN GO TO 220

290 INPUT "XCOORD.=";X(I);" Y COORD.=";Y(I): GO TO 220

300 REM LIST DATA

310 CLS: FOR J=1 TO 10

320 PRINT AT J,1;"X COORD.=";X(J);" Y COORD.=";Y(J)

330 NEXT J: PRINT AT 11,1;"END": PRINT AT I,0;">"

340 RETURN

VYnpasisronye KoJibl MO>)KHO BBOJUTH C KJIaBUATyphl M BCTABISITh UX B CHMBOJIBHBIE LIETIOUKU. DTH KOJIbI, KOTOPBIE BO
BPEMsI BBINOJHEHHsI IPOrpaMMbl HTHOPHUPYIOTCS,, MOXKHO BKJIIOUAaTh B ONEPATOPBI IPOTPaMMBI IS TOTO, YTOOBI BBIIEIHUTh TE€
WJIM MHBIE YYacCTKU TEKCTOB MporpamM. Ecnu Ha knaBuatype Habpatb koa, coorBercTBytomnii PAPER 6 (pacimpentnoe "6"),
n cpazy mnocne 3toro Haxarb kinaBuimy DELETE, Tto kon mns PAPER yauuroxurcs m ocranercs CODE 6, kortopsiii
yCTaHaBIMBaeT Kypcop Ha CIEAYIONLYI0 IpaHuily cTpoku unu nonyctpokd. CODE 6 Mo)xHO MCIonb30BaTh B porpamMme A



MPOMyCKa CTPOKH Tepesl HagaioM HoBoro pasziena. Cuvson REM B Hadane KOMMEHTapHs MOKHO yopartb, moMecTuB ko INK
0 (pacmmpennoe "0") mocie cumBonoB INK 7 (pacumpennoe "7") mepenq REM.

LISTING 13.2

100 DIM G(6) :DIM AS (6,24)

110 FOR I=1 TO 6: READ G(I): NEXT I

120 DATA 1000,1000,1000,1000,1000,1000

130 LET AS$(1)=" EDIT FILE ": LET A$(2)=" PRINT FILE "

140 LET A$(3)=" SAVE FILE ": LET A$(4)=" LOAD FILE "

150 LET A$(5)=CHR$ 17+CHRS$ 2+CHR$ 16+CHR$ 7+" DELETE FILE "+CHR$ 17+CHRS$ 7

160 LET A$(6)=CHRS$ 17+CHR$ 2+CHR$ 16+CHR$ 7+" ERASE ALL FILES "+CHR$ 17+CHRS$ 7

500 REM MENU/SELECT OPTIONS.

510 CLS :PRINT AT 2,8;"N.O.N. FILE HANDLER "

520 FOR I=1 TO 6

530 PRINT AT I*2+4,8;I;AS$(I)

540 NEXT I

550 INPUT "SELECT OPTION ? ";OP

560 IF OP<1l OR OP>6 THEN GO TO 550

570 IF OP<5 THEN GO TO 600

580 INPUT ("DO YOU REALLY WANT TO ";+CHRS$ 6+AS$ (OP)+" ") ;Y$

590 IF Y$<>"Y" THEN GO TO 500

600 GO SUB G(OP): GO TO 500

1000 REM REMAINDER OF ROUTINES

1010 RETURN

Kak npaBuiio, mporpamMmsl cieyeT pa3douBaTh Ha MOIYJIH. Bbinenenne Moyneil obiierdyaeT 4reHue, UCIpaBieHie 1
MoauduKaluio nporpaMM. B kauecTBe nprMepa yKaxkeM 4acThb porpamMmsbl JucTunra 13.4.

10 REM LOADER FOR MACHINE-CODE ROUTINE

20 CLEAR 63999

30 FOR I=0 TO 11: READ A

40 POKE 64000+I,A: NEXT I

100 REM DATA FOR MACHINE-CODE TRANSFER ROUTINE

110 DATA 17,0,64

120 DATA 33,0,80

130 DATA 1,0,8

140 DATA 237,176

150 DATA 201

200 REM - MAIN PROGRAM

210 CLS: FOR I=0 TO 21

220 FOR J=0 TO 31: PRINT AT I,J; CHRS$ (I+64): NEXT J

Cmpyxkmypa oucnietinozo ¢haiina

Mbl 3HaeM, 4To OeCHK MO3BOJISIET KOPPEKTUPOBATH U IIPOCMATPHUBATh HENOCPEACTBEHHO NUCIUICHHBIN (haiin, HO ayis
9TOro cJeqyeT UMETh Npe/ICTaBIeHre 00 yCTpolCcTBe auciuieiiHoro ¢aiina. Kaxaas ropuzoHTaibHasi CTPOKA JAUCILIES COCTOUT
n3 32 GailiT, mo BoceMb ONT Kaxablil. DT 32 GaiiTa pacnoioKeHbl B MOCIIEI0BATENBHBIX sueiikax (aiina, oJHaKko s4elKH, B
KOTOPBIX XpaHHUTCS WHpopManusi 00 M300paKeHHH CTPOUYKON HMKE, HaXOMATCS Ha TOM K€ MECTe Ha Clelylolel cTpaHuie
namaTH. [ BOCBMUPa3psSAHBIX POLECCOPOB TaKMX, Kak ycraHoBiIeHHBI B SPECTRUMe Z-80, cTpaHuIia maMsTH COCTOUT
u3 256 OGaiitoB; ans 0003HAYCHHS TOTO YWCIA MBI Hcmonb3yeM uaeHTtugukatop PAGE. Takas opraHu3amus AUCIUICHHOTO
¢aiina mo3BonsieT Y3PPEKTHBHO cO3/1aBaTh M300pakeHue. Ha kakmod cTpaHWIle XpaHWTCSA BOCEMb JIMHUH mo 32 Oaiita. Ha
MEpBON CTAHMIE XPAHATCS BEPXHHE JHHHM MEPBBIX BOCBMH CHMBOJBHBIX CTPOK, @ Ha CEMH IIOCIEIYIOIIMX CTPaHHIAX —
OCTaBIIMECS] CEMb JMHWH. 3a 3TUMM CTpaHMIAMU HAyT emé aBa Habopa MO BOCEMb CTPAHUIl, HA KOTOPBIX XPaHUTCA
nH(popManys 00 OCTaBIIEHCS YaCTH SKpaHa.

Teneps MBI 3HaeM, KaK BBIYMCIMTH HOMEpa S4eeK, B KOTOPBIX XPAHUTCS BEPXHASA JIMHUS CHMBOJIA, U 3HAEM, 4TO
HOMepa siueeK, B KOTOPBIX XpaHUTCS WHPOpManusi O APYTHX JIMHUSX, MOJy4aloTcsi npudasieHueM 256 (konndecTBo OaiiT B
ctpanune). s onpeneneHus HoMepa sTYeiKH, B KOTOPOH XPaHUTCSl BEPXHSSL CTPOYKA CUMBOJIA, HEOOXOMMO 3HATh, B KAKOM
n3 TpéX HabOPOB (110 BOCEMb CTPAHUII) XPAHUTCS 3TOT CUMBOJI. HaM Takke Ha/to OyAeT BHIYUCINTE, B KAaKOH M3 256 CTpaHHIIbI
HaxoJuTCsl HyXHas MH(opManus. Mbl BBHIUMCISIEM HOMEp SYEHKH, B KOTOPOW XpaHHUTCS MH(GOpPMAaIMs O INMEpBOH CTPOKe
CHMBOJIa, Haxoxsmerocst B R-om psixy B C-0ii CTpoKe ¢ TIOMOIIBIO cieayIomeil (yHKIIH:

DEF FN A(R,C)=16384+INT (R/8)*2048+ (R-INT (R/8) *8) *32+C

B a1y hyHKIMIO BXOAAT YETHIpe WieHa:

16384 - Hayayio AUCIUIeHHOTO (haiiina

+ INT (R/8) *2048 - no3uius CTPOKUA B COOTBETCTBYyIOIIeH Tpetu dkpana (0,1,2), yMHOKEHHOH Ha JUIMHY TPETH
skpana (2048=8*PAGE)

+ (R-INT (R/8)*8)*32 - mo3uius CTPOKH B cooTBeTcTByomied Tpetn (oT 0 mo 7), yMHOXKeHHas Ha 32
(KOTMYECTBO CTOJIOIOB B CTPOKE)

+ C - Homep ctonbua (0-31) B aT0i cTpoKe.

B Z80 Taxke MMEIOTCSI BHYTPEHHHUE PETUCTPBI, B KOTOPBIE MOYKHO IMOMECTUTH YHCIIA M UCIOJIb30BATh UX B MEPBBIX
JMHUSX HEOOXOJMMOW TpeTu »dKpaHa. [locienHue JBa djeMEHTa YCTaHAaBIMBAIOT, Kakue M3 256 OaiTOB CTpaHUILIBI



COOTBETCTBYIOT BEpXHEH JIMHUU CUMBOJILHOTO OJIOKa.

Azpec Haualia IaHHBIX, OTHOCSIINXCS K CUMBOJIBHOMY OJIOKY, MOXHO Y3HATh C TIOMOIIBIO (DYHKIHHU, HCIIOJIb3YIOILEH
9TOT CMMBOJI B KQUECTBE 3HAYCHUS TTapaMeTpa; 3aTeM MBI MPeoOpa3yeM 3TH JaHHBIC B HOMEpa siUeeK NUCIUICHHOTO (aiiia.

DEF FN D (A$)=PEEK 23606+PEEK 23607*256+8*CODE A$

Ota dyHKIMA HCHONB3yeT cucreMuyio mepemennyio CHARS (kotopast xpanutcs B stueiikax 23606 u 23607, cM.
rinaBy S5) JJIsl OnpesielieHus Hadayia TaOJIMIbI CUMBOJIOB, a 3aT€M YMHOXKAeT Ha BOCEMb KOJI COOTBETCTBYIOIIEIO CHMBOJIA U
TaKuM o6pa30M HaxoJuT aJpcC Havalla JaHHBIX. BaMeTbTe, 4YTO ABC 3THU (byHKIJ,l/II/I MOTyT 6bIT]> HCITIOJIB30BAHBI JIs1 3aHECCCHUS
I/IH(I)OpMaIJ,I/II/I B ABC€ HM)KHUEC CTPOKHU 3KpaHa AUCILICA, YTO, KaK IpaBUJIoO, HCJIL34 CACIIaTh O6bl'-lHI>IMI/I Cp€acTBaMu.

LISTING 13.3

100 REM MAIN PROGRAM

110 LET PRINT=500

120 LET P$="9 FAKE STATEMENT, 120:1": LET ROW=23: LET COL=0

130 GO SUB PRINT

140 LET P$="PRINT THIS PNYWH ERE ON THE SCREEN ": LET ROW=7: LET COL=16

150 GO SUB PRINT

160 PAUSE 250: STOP

500 REM PRINT ROUTINE

510 DEF FN A(R,C)=16384+INT (R/8)*2048+ (R-INT (R/8) *8) *32+C

520 DEF FN D (A$)=PEEK 23606+256*PEEK 23607+8*CODE AS$

530 FOR I=1 TO LEN P$

540 LET ADDRESS=FN A (ROW,COL)

550 LET DATA1=FN D (P$(I))

560 FOR J=0 TO 7

570 POKE ADDRESS+J*256 , PEEK (DATA1+J)

580 NEXT J

590 LET COL=COL+1l: IF COL=32 THEN LET COL=0

600 LET ROW=ROW+1l: IF ROW=24 THEN LET ROW=0

610 NEXT I

620 RETURN

bvicmpoe npeobpazosanue cooepacumoco sxkpana

Ecmn MBI XOTHM OBICTPO HM3MEHATH COMCPKHMOE IUCIUICHHOTO (haiina, To CKOpo OOHApyKHUM, YTO OIEPaTOPHI
Oelicka HE TTOIXOAAT IS 3TOU IIeTIH, TaK KaK BBITOJIHIIOTCS CIUIIKOM MEJICHHO.

SPECTRUM ocHamien mpoueccopoM Z-80, MO3BOJSIOIIMM OBICTPO MEHSTH COACPKUMOE IUCIUICHHOTO (haiina,
OJTHAKO JUIsl ATOTO MPUXOJUTCS MCIOJIB30BAaTh MAlIMHHBIE KOJIbI, & HE S3bIKM BBICOKOTO YPOBHS, KakuM siBiisiercsi Oeiicuk. B
MAIIIMHHOM KOJIe¢ UMCIOTCS KOMaH/Ibl, 0700HbIe koMaHmaMm Oeficuka POKE u PEEK, no3Bossroniue U3MeHATh COACPIKUMOE
JUCIUICHHOTO (paiina.

B mpouneccope Z-80 umeroTcs BHYTPEHHUE PETHCTPBI, B KOTOPBIX MOTYT XPAHUTCS YMCHA; 3TH PETUCTPHI
WCIIOJIB3YIOTCSl aHAJIOTHYHO TOMY, Kak B O€HCHKe HCIIONb3YIOTCS IepeMeHHbIe. MOXHO COCTaBHTh IOCIIEIOBATEILHOCTD
KOMaHJI (MHaYe TOBODS, MPOrpaMMy), KOTOpas Obl MOMeIaja B OIWH M3 STHX PETUCTPOB CONEPKMUMOE HEKOTOPOH SUCHKU
MaMATH, a 3aTeM IOMeIIaja COJCPKUMOE PErHcTpa B APYTyIo sueiiky. IIpm 3TOM Bpems BBIIOJTHEHHUS OJHOW KOMAaHIBI
COCTaBIIICT OKOJIO OJHOW MHJUIMOHHOW J0NH CeKyHABI. K coXalleHH0, MAITUHHBIA KO/ CIUIIKOM CIIOXKCH Il HAUMHAOIIIX
MIPOTPAMMHUCTOB, TaK KakK IPOrpaMMBI Ha HEM BBITIIIIAT, KaK MOCIIEIOBATEIBHOCT HECBS3aHHBIX Ha TMEPBBIM B3TJISA YHCEI.
YnobHee TONB30BaTHCS S3BIKOM accemOinepa, B KOTOPOM MAaIIMHHBIE KOABI 3aMEHEHBI MHEMOHHYECKHMHU KOJaMH -
ab0peBHaTypaMu CIIOB, HATIOMHHAIOUIIMH O BBITTOJIHAEMON KOJaMH ()yHKITHH.

B SPECTRUMe komaHAbl MalIMHHOTO Koja 3acbutatoTcsi B omepatopsl DATA, a 3aTeMm 3aHocsTCA B HaMsTh
orneparopamu POKE. Omnepatopsl accembnepa ynoOHO BKIIIOYATh B CTpouku oneparopoB DATA, ucronb3ys MHCTPYKLHUIO
REM.

TpaHciaTOpEI C s3bIKa acceMOiepa - 3TO MPOTPaMMEI, TIEPEBOIAIINE MPOrPaMMbI, HAIIMCAHHBIC Ha acceMoiepe, B
MIPOTpaMMEI, HAIIMCAHHBIC B MAIITMHHOM KOJIC.

OmHOM U3 caMbIX MOITHBIX KOMaHJ nporeccopa Z80 sensercs komanaa 237, 176, wiu, Ha s3bike accembOiiepa LDIR,
MTO3BOJISIONIAS TIEPECEUIAaTh JaHHBIE U3 OJHOTO YYacTKa MamsTd B Apyroi. [lepex TeM, Kak BOCIIONB30BAThCS 3TOW KOMAH/IOM,
CJIEIyeT 3aI0HUTh HEKOTOPIE PETUCTPHI JaHHBIMH, 3 IMEHHO:

DE - agpecom, Ky1a ClieqyeT 3aHECTH JIaHHBIE;

HL - agpecom, rie HaxoAsTCsl JaHHBIE B HACTOSIIIIMM MOMEHT;

BC - xonudecTBO 6alT, MOIISKAIIUX TTEPECHUTKE.

Ha puc. 41 npuBeneHa mporpamma, COCTaBJI€HHas B MAIIMHHBIX KOJAX, a Takxke €€ HKBUBAJIEHT Ha fA3bIKax
accembrepe u Oelicuke.

[TomHHMTE, 4TO 5A3BIK acceMOIIepa - ITO BCEro JIMIIb CrIoco0 clenaTh MalIMHHbIA KOJ 00Jiee TIOHATHBIM.

Ha muctunre 13.4 mpuBeneHa nporpamma, 3aHocsmas oneparopoM POKE MammHHBIA KOJ B MaMsATh, a 3aTeM
BBI3BIBAOIIAS [TOAMIPOTPAMMY. DTa IMporpaMMa KOIMUPYET HIDKHIOK TPETh TUCILICHHOTO (paiiia B BEpXHIOI0.

300 REM BASIC DATA TRANSFER

17,0,64 LD DE, 16384 310 LET DE=16384
33,0,80 LD HL,20480 320 LET HL=20480
1,0,8 LD BC,2048 330 LET BC=2048

237,176 LDIR 340 LET A=PEEK HL: POKE DE, A



350 LET DE=DE+l: LET HL=HL+1l
360 LET BC=BC-1
370 IF BC<>0 THEN GO TO 340
201 RET 380 RETURN
Puc. 41.
LISTING 13.4
10 REM LOADER FOR MACHINE-CODE ROUTINE
19 REM FOR 16K MACHINES USE CLEAR 31999.
20 CLEAR 63999
30 FOR I=0 TO 1l1: READ A
39 REM FOR 16K USE POKE 32000.
40 POKE 64000+I,A: NEXT I
100 REM DATA FOR MACHINE-CODE TRANSFER ROUTINE
110 DATA 17,0,64 : REM LD DE, 16384
120 DATA 33,0,80 : REM LD HL,20480

130 DATA 1,0,8 : REM LD BC,2048
140 DATA 237,176 : REM LDIR
150 DATA 201 : REM RET

200 REM MAIN PROGRAM
210 CLS: FOR I=0 TO 21
220 FOR J=0 TO 31: PRINT AT I,J;CHRS$ (I+64): NEXT J

230 NEXT I
240 PRINT AT 19,1; INVERSE 1;"PRESS ANY KEY";"TO START ROUTINE"
250 IF INKEY$="" THEN GO TO 250

259 REM FOR 16K CHANGE TO USR 32000.

260 LET A=USR 64000: STOP

Iocne 3anecenust onepatopom POKE komana mammHHOTO KOja B MaMATh MBI 3aIlyCKaeM INporpammy (QyHKIHEH
USR, B koTOpOi1 yKa3aH anpec Hadana nporpammsl. @ynknus USR mpocTo-HanmpocTo BeI3BIBAET NOAIPOrpaMMy, HAIMCAHHYIO
B MaIIMHHOM KOJIe, 4eil ajpec coBnanaer co 3HauyeHueM napamerpa USR. B nporpaMme, HanmcanHoit Ha Oeficnke, 3TOT BBI30B
ocymiecTBisieTcs: ¢ momouibio komanasl Bpoge LET A=USR 32000 (32000 - aTo agpec, B KOTOpOM XpaHuTcs 17, nepBbIii OaiT
KOJIa).

Mynemuniauxkayus (moavko 01a mauwiun ¢ oovemom namamu 48K)

Jist Toro 4ToOBI MOMECTUTH BCIO WMH(OpPMAILNIO, HEOOXOAUMYIO Ul CO3AaHHMS W300paKeHHsT M XPAHSIILYIOCS B
IIPOM3BOJILHOM MeECT€ B MaMSTH, B JUCIUICHHBIA (ailyi, Mbl UCIIOJb3YeM MPOCTYIO IOANPOTPaMMY, YTO TO3BOJSIET OBICTPO
MEHSATh U300pakKeHHEe Ha DKPaHE.

B SPECTRUMe c o0bémom mamstn 48K OXHOBPEMEHHO MOTYT XPaHUTHCS IATh Pa3IMUHBIX H300paKeHMH,
Ha3bIBaeMbIX kaapamu. C MOMOIIBIO MPOrpaMMbl Ha JUCTHHTe 13.5 MOXHO cO34aTh MATh MNPOrpaMM Ha MAIIMHHOM KOJE,
pacmonoxxerssie B 30200, 30300, 30400 u 30500, koTophIe OYAYT IepechUIaTh STH NaHHBIE Ha dKpaH. [Ipearmonoxum, 9To Ha
JICHTE 3aIlMCaHBI JaHHBIC O MIATH N300paKeHHAX. MBI 3arpy’aeM HX B MaMsTh B BHJIE ITH AIBTEPHATHBHBIX KaJIpOB, KOTOPBIE
C TOMOIIBIO COOTBETCTBYIOIIMX MPOTPAMM MOTYT OBITh 3aHECEHBI Ha KpaH. JTOT MPUEM MOXKHO HCIOJIB30BATH BO BpEMS
JIEKIIMU WM pasroBopa ¢ mokymareneM. Ilocne mokasa msaTh m300pakeHHWH CIeqyeT 3arpy3uTh CICAYIOIIUE ISTh, HA UTO
YXOJUT OKOJIO IISITH MUHYT, B TO BpeMs KaK C IUCKa OHU 3arpyxarorcs 3a 10 cexyHz.

Ecmu ucnons3oBare nporpammy "SLIDESHOW", To s co3ganusi u3o0paskeHUsT HA 3KpaHE JOCTaTOUYHO HAXKaTh
OJIHYy W3 msATH knapum "1"-"5".

LISTING 13.5

100 REM LOADER FOR MACHINE-CODE ROUTINES

110 CLEAR 29999: DIM F(5)

120 FOR I=1 TO 5: RESTORE

130 LET F(I)=120+427*(I-1)

140 FOR J=0 TO 11

150 READ A: POKE 30000+I*100+J,A

160 NEXT J

170 NEXT I

200 REM DATA TRANSFER FROM I'TH FRAME TO SCREEN
210 DATA 17,0,64 : REM LD DE, 16384

220 DATA 33,0,F(I) : REM LD HL,FRAME (I)

230 DATA 1,0,27 : REM LD BC,27*256

240 DATA 237,176 : REM LDIR

250 DATA 201 : REM RET

300 REM LOAD FRAMES

310 FOR J=1 TO 10: BEEP 0.1,30: PAUSE 5: NEXT J
320 CLS: FOR I=0 TO 4

330 LOAD "" CODE (120+I*27)*256,27*256

340 NEXT I

350 FOR J=1 TO 10: BEEP 0.1,30: PAUSE 5: NEXT J
400 REM SLIDE SHOW



410
420
440

IF INKEYS$<>"" THEN GO TO 410
LET A$=INKEY$: IF AS$="" THEN GO TO 410
IF A$="A" THEN GO TO 500

450 IF A$>="1" AND A$<="5" THEN LET A=USR (30000+VAL A$*100)
460 GO TO 410

500 REM MOVIE SHOW

510 FOR I=30100 TO 30500 STEP 100

520 LET A=USR I

530 IF INKEY$="S" THEN GO TO 400

540 NEXT I: GO TO 510

PazBuBast 3TH HlIEH, MOXKHO HOIYyYUTh HU300pa)KeHHE IBIKYIINXCA 00BEKTOB. PaccMoTpuM, Hampumep, MATh KaapoB,
CO3AaHHBIX C IIOMOINBIO IIPOrpaMM TPEXMEPHOW TpadMKH, NPHUBEIEHHBIX B IiMaBe 12. DTH mporpamMmbl T€HEPHUPYIOT
u3o0paxkenus chepsr; 3HaueHus napamerpos HORIZ=3.2, VERT=2.2, NUMH=10, NUMV=8 u PHI=0.4*PI*I/NUMH, rne
0<=I<=4, rna3 Haxoautcs B Touke (1,2,3), B3rIs/] HalpaBJieH B Hayallo KoopauHat. M3o0pakeHue Bpamatoierocsi ceponaa
MOJKET OBITh MOJIyYEHO, €CIIH MMOKA3bIBATh 3TH KaJPhl, OBICTPO CMEHSIOIIKE APYT ApyTa.

IMocne mporona mporpamm "MOVIE" u "SLIDESHOW" cnenyer naOpars Ha kinaBuatype CLEAR 65367, B
MIPOTUBHOM CJIy4ae, MpH MOIBITKE 3arpy3uTh Kakylo-JIMOO Mporpammy Ha dKpaHe auciuiesi nosisurcs Haamuch "OUT OF
MEMORY" (B mamsTu HET CBOOOHOTO MECTa).

Ynpaxaenue 13.1

CozpaiiTe B IIepBOM KaJpe MepCreKTUBHOE N300pakeHne KapKacHOTO Ky0a, a BO BTOPOM - TO K€ N300pakeHne, HO C
yAaNEHHBIMUA HEBUIMMBIMU JTUHUAMH. Co3faiTe M3 3THX KaJpOB MYJTHIUIMKAIWIO. BeI yBUIUTE Ha 3KpaHe M300paKeHUE
Ky0a, B KOTOpOM HEBHAWUMBIE TUHUM OyayT Muratk. Co3naiite n300pakeHre Bpallaroneiics 3e3/1bl U3 TIaBsl 12.

Ceepmxka (16K u 48K)

Hcnonp3oBaHue MalIMHHOTO KoOJa JUIS pPEHICHHs OoJiee CIOXKHBIX 3aJad TpeOyeT OT MPOTrpaMMHUCTa BBICOKOM
KBaJTU(UKAIMA. 37IeCh MBI IPUBOJIUM CINE OJUH MPUMEP HPOTrpaMMbI B MAIIMHHOM KoJi¢ (Tporpamma Ha nuctuHre 13.6
"mpokpyunBaer”" u300paKeHHE Ha DKpaHE CBEpXy BHH3). Pemmaemas mporpaMMoi 3ajada OCJIOKHEHa TeM, YTO JaHHEIC,
3allMCaHHbIe B JWCIUICHHOM (haitie, pa3OWTHI MO JHHUAM, coaepkamuMm 32 Oaiira. J{ns Toro, 4uroOsl mporpamma ObLIa
3¢ GeKTUBHOH, HAM HEOOXOIUMO 3HATH aJIpec SYCHKH, B KOTOPOH XPAHUTCS HAYall0 NAaHHBIX 00 ATHX JWHUAX. Beramcinenne
3TOTO ajpeca B MAIIMHHBIX KOJaX TPOMO3IKO W HEI(P(HEKTHBHO, MOITOMY MBI HCIONB3YeM TaK HA3bIBAEMYIO aIpPECHYIO
TabIHIy.

Jlnst obneryeHusl MpPOrpaMMUPOBAHHUS B MAalIMHHBIX KOJAX CO3JAeTCA aIpec, KOTOPBIH XPAHUTCSA B IIECTHAAIATH
OuTax, pacupelelIeHHBIX 110 ABYM sYelKaM - HWKHel 1 BepxHel. Korja HaM Hy)XHO y3HaTh a/Ipec KaKoH-HUOYIb CTPOUYKH, MbI
NPOCTO pPa3bICKUBAacM B TaOJIMIC JBEC IIOJOBUHKH, COOTBETCTBYIOIIME JTUM Oaiiram. Iy 3amoyiHeHHsS TaONUIBI MBI
HCTIIOJBb3yeM OciicHK. DTH TaOIUIIBI M caM MAIIMHHBINA KOJ MOTYT OBITh 3aliCcaHbl Ha JieHTy. Ha nuctuare 13.6 npuBencHa Ta
JKe TporpamMma, HamucaHHas Ha Oelicmke. OOpaTWTe BHHMAaHHE Ha TO, YTO NporpaMmMa Ha OeHCHKe Mpe/rnoiaraet
CYIICCTBOBAHHE TOM K€ TAOJUIIBI, HCIIOIB3yEMOM MPOrpaMMOii, HAITMCAHHON B MAIITMHHOM KOJIC.

Yopa:xknenue 13.2

Hanmmmire moanporpaMmy B MalimHHOM KOJZi€, KOTOpast OBl 32 OWH BBI30B IPOKpydYnBana (aiin arpuOyToB Ha OIHY
cTpoky. Hammmure mporpamMmy Ha Oeficuke, KoTopasi OBl MPOKpPYYHBalia B MaMATH (aitn aTpuOyTOB KBl pa3 IMOCIe TOTO,
Kak rpaudeckoe Mmojie MPOKPYINBAETCS Ha BOCEMb JIMHHH.

LISTING 13.6

10 REM LOADER FOR MACHINE-CODE ROUTINE

20 CLEAR 31999

30 FOR I=0 TO 74

40 READ A: POKE 32000+I,A

50 NEXT I

100 REM DOWRWARDS WRAP-AROUND SCROLL FOR GRARHICS AREA
110 DATA 1,175,0 : REM LD BC,175
120 DATA 221,33,75,125 REM LD IX,LOBYTE
130 DATA 221,9 REM ADD IX,BC

140 DATA 221,110,0 REM LD L, (IX+0)
150 DATA 221,33,251,125 : REM LD IX,HIBYTE
160 DATA 221,9 REM ADD IX,BC

170 DATA 221,102,0 REM LD H, (IX+0)
180 DATA 17,171,126 REM LD DE, TEMP
190 DATA 205,67,125 REM CALL MOVE

200 DATA 221,33,75,125 REM LD IX,LOBYTE
210 DATA 221,9 REM ADD IX,BC

220 DATA 221,94,0 REM LD E, (IX+0)
230 DATA 221,110,-1 REM LD L, (IX-1)
240 DATA 221,33,251,125 : REM LD IX,HIBYTE
250 DATA 221,9 REM ADD IX,BC

260 DATA 221,86,0 REM LD D, (IX+0)
270 DATA 221,102,-1 REM LD H, (IX-1)
280 DATA 205,67,125 REM CALL MOVE

290 DATA 13 REM DEC C



300 DATA 32,226 : REM JR NZ ,LINE

310 DATA 17,0,64 : REM LD DE, 16384
320 DATA 33,171,126 : REM LD  HL,TEMP
330 DATA 205,67,125 : REM CALL MOVE

340 DATA 201 : REM RET

350 DATA 197 : REM PUSH BC

360 DATA 1,32,0 : REM LD BC,32
370 DATA 237,176 : REM LDIR

380 DATA 193 : REM POP BC

390 DATA 201 : REM RET

400 REM CONSTRUCT TABLES OF DISPLAY-FILE LINE ADDRESSES
410 FOR I=0 TO 21: FOR J=0 TO 7

420 LET A=16384+INT (I/8)*2048+ (I-INT (I/8)*8)*32

430 LET H=INT (A/256): LET L=A-H*256

440 POKE 32075+I*8+J,L: POKE 32251+I*8+J,H+J

450 NEXT J: NEXT I

500 REM MAIN PROGRAM

510 LIST 380

520 IF INKEY$ <>"" THEN LET A=USR 32000

530 GO TO 520

Cmpykmypa npoepamm Ha belicuke (nepenymepayusi u yHUumoxiceuue)

[Tpn MoIyJabHOM NOAXOAE K CO3MAHMIO TPOrpaMM YacTO BCTpPEYaeTcs CHUTyalus, KOrja He XBaTaeT MecTa I
JIONIOJTHUTENBHBIX CTPOK. B TakMX cUTyalMsx >kesaTe’abHO IMepeHyMepOoBaTh CTPOKH MM YHHUYTOXXUTH HEKOTOPBIE YacTh. DTH
JIBE OTIEPAIN OKA3bIBAIOTCS MOJIE3HBIMH U TIPH CO3[aHUH HOBBIX ITpOrpamm ¢ nmomomnsio komanasl MERGE. [l BeimonHeHus
9THX OTIEpaIMii CIeIyeT JeTAIFHO U3YUNTh CIIOCO0 XPaHEHHMs B MAMSITH ITPOTpaMM, HaITMCAaHHbBIX Ha Oeiicuke.

[Iporpammel, HanMcaHHBIE Ha OEHCHKE, XPAHATCS MOCTPOYHO B sdeiKax, Haxomsmmxcs ¢ Homepa 23755. IlepBbiM
3JIEMEHTOM JAaHHBIX IS KaXIOW CTPOUKH SIBIISIETCSI HOMep CTpoukH (16 6WT), 3aHMMAIOMNI B TIOCIEI0BaTEIbHBIC TICHKH -
HIDKHIOIO M BEPXHIO. BO Bcex ocTanbHBIX MecTax 3HAUEHMsI XPAHATCS B CTAaHJAPTHOM HIDKHE-BEPXHEM INpeAcTaBlIeHuN. [s
WUTIOCTPAIMH ATHX UACH MPEIIION0KNUM, 9TO MBI BBoIUM cTpoKy 10 REM. Ecnn Habepem komaHTy

PRINT PEEK 23755, PEEK 23756,

TO MBI YBUAHM, YTO B 3THX sueiikax Haxoxarcs 3HadeHus 0,10. Eciu mpl 3Haem 10-10 cTpouKy 1 BBeJjeM B Havaje MPOrpaMMbI
CTPOKY C APYTUM HOMEPOM, TO MBI YBHANM, 9TO TEHEPh ATOT HOMEP XpaHHUTCS B suerikax 23755 u 23756. B cnexyromux 1Byx
s4Yelikax XpaHWUTCS JJIMHA CTPOKU (3Ta MH(OPMALMsT MOXET ObITh MCIIOJB30BaHA JUIS MOMCKA Hayaja CIeNyIoUed CTPOKH).
3aremM UAET COOCTBEHHO CTPOKa MpOrpaMMbl Ha Oelicuke, MPUUEM KaXKAbIH CUMBOJ WM KIIOYEBOE CJIOBO 3aHUMAET OJHY
aueiiky. Konen kaxmolt cTpokum orMedeH koioM 13, coorserctByromum kiasumie ENTER. Ilocne xaxporo umcia,
3aIIMCaHHOTO B JECATUYHOM IIPEJCTABICHUN U XPAHALIEMCS] B CUMBOJIFHOM BHUE, UIET KOA 14, mociae KOTOporo HAeT 3TO XKe
YHCIIO B IBOMYHOM ITPECTaBICHNH, 3aHUMAlOIIee ST OalTOB.

Hcnonp3ys 3TH CBElICHNS, MOXXKHO HAIlMCaTh NIPOTPaMMy, HyMEPYIOIIYIO TEKCTBI IIPOrpaMM, BKJIFOUYasi COOCTBEHHBIH.
Takoil cmoco® Hymeparuu mporpaMM OCOOEHHO MOJE3eH Mpu padoTe ¢ TEKCTaMH IPOrpaMM, KaKIblil OrepaTop KOTOPBIX
HAYMHAETCS C HOBOM CTPOKH, MIIM KOT/ja TpeOyeTcst BEIBOJI HA AUCTIIIEH KOHTPOJIBHBIX KOJIOB.

Jis mepeHyMmepanuHu CTPOK IPOrpaMMBI HaM CJIEAyeT M3MEHHTh HOMEpa CTPOK, 3alMCaHHbIE B MaMATH. DTOTO
JOCTaTOYHO B TEX CIyd4asX, KOTAa Ipu paboTe MporpaMMbl CTPOKH BBIIOJIHSIOTCS TOJNBKO IO MOPSIIKY MX PACHONOXKEHHS B
TEKCTE.

LISTING 13.7

10 REM BASIC VERSION SCROLL FOR GRAPHICS AREA

20 CLEAR 31999

30 GO TO 400

100 REM DOWNWARDS WRAP-AROUND SCROLL FOR GRAPHICS AREA

110 LET C=175: LET B=0: LET BC=C+B*256

120 LET IXLO=75: LET IXHI=125: LET IX=IXLO+IXHI*256

130 LET IX=IX+BC

140 LET L=PEEK (IX+0)

150 LET IXLO=251: LET IXHI=125: LET IX=IXLO+IXHI*256

160 LET IX=IX+BC

170 LET H=PEEK(IX+0): LET HL=L+H*256

180 LET E=171: LET D=126: LET DE=IXLO+IXHI*256

190 GO SUB 350

200 LET IXLO=75: LET IXHI=125: LET IX=IXLO+IXHI*256

210 LET IX=IX+BC

220 LET E=PEEK (IX+0)

230 LET L=PEEK(IX-1)

240 LET IXLO=251: LET IXHI=125: LET IX=IXLO+IXHI*256

250 LET IX=IX+BC

260 LET D=PEEK(IX+0): LET DE=E+D*256

270 LET H=PEEK(IX-1): LET HL=L+H*256

280 GO SUB 350



290 LET C=C-1: LET BC=C+B*256

300 IF C<>0 THEN GO TO 200

310 LET E=0: LET D=64: LET DE=E+256*D

320 LET L=171: LET H=256: LET HL=L+H*256

330 GO SUB 350

340 RETURN

350 LET S=BC

360 LET BC=32

370 LET A=PEEK HL: POKE DE,A: LET DE=DE+1: LET HL=HL+l: LET BC=BC-1: IF BC<>0
THEN GO TO 370

380 LET BC=S

390 RETURN

400 REM CONSTRUCT TABLES OF DISPLAY-FILE LINE ADDRESSES

410 FOR I=0 TO 21: FOR J=0 TO 7

420 LET A=16384+INT(I/8)*2048+ (I-INT(I/8)*8)*32

430 LET H=INT (A/256): LET L=A-H*256

440 POKE 32075+I*8+J,L: POKE 32251+I*8+J,H+J

450 NEXT J: NEXT I

500 REM MAIN PROGRAM

510 LIST 380

520 IF INKEY$<>"" THEN GO SUB 100

530 GO TO 520

K coxaneHuro, 3TOro HEIOCTATOYHO B TEX CIyYasx, KOTJa B IMPOrpaMMe MCIONB3YIOTCS Takue orepatopsl, kak GO
TO wm GO SUB, u 1.1. [TosTomMy MBI MoIDKHBEI HaliTH Bee KimodeBsie cnoBa GO SUB, GO TO, RESTORE u RUN wu, ecnu 3a
HUMH CJIEIYeT MeJI0e YUCII0, TPOBEPUTH, OB JIM U3MEHEH ATOT HOMEP CTPOKH.

LISTING 13.8

100 REM SELF-LISTING PROGRAM

110 LET I=23755: CLS

120 LET LINE=256*PEEK I+PEEK(I+1l): IF LINE>9999.5 THEN STOP

130 PRINT " ";LINE;

140 LET I=I+2: PRINT PAPER 5;PEEK I;",";PEEK (I+1l);" ";

150 LET LENGTH=PEEK I+256*PEEK (I+1)

160 LET NUM=0: LET I=I+1

170 FOR J=1 TO LENGTH: LET I=I+1

180 LET P=PEEK I: IF P>32 AND NUM<=0 THEN LET NUM=1

190 IF P=13 THEN PRINT PAPER 4;P: PRINT: GO TO 230

200 IF P=14 THEN LET NUM=6

210 IF NUM>0 THEN PRINT PAPER 6;P: PRINT: GO TO 230

220 PRINT CHRS P;

230 LET NUM=NUM-1

240 NEXT J

250 LET I=I+1l: GO TO 120

Ecmu ma, To MOMKHBEI OBITh M3MEHEHBI KaK CHMBOIIFHOE TIPECTAaBIICHHE STOTO YHCIa, TaK U ABOWYHOE. Bee, 4to Hamo
cHeNaTh Ui TOTO, YTOOBI YHHUTOXKHUTH MOCIEJOBATEIEHOCTE CTPOK, 3TO YBEIUYHUTH JJIHHY CTPOKH, MPENIISCTBYIONIYIO STON
MTOCTICIOBATEIFHOCTA TaK, YTOOBI OHA IIETIMKOM MOKpHIBaja 3Ty MOCIENOBATEIBHOCTh. [IpaBMIIbHAS [UITMHA 3TOW CTPOKH
YCTaHABJIMBACTCS IPU MMOBTOPHOM PEIaKTHPOBAHUK U MIOBTOPHOM BBOJIE ATOH CTpokH. OCTaTOK MPOTrpaMMBbI TIEPEIBUTACTCS B
MIaMSTH B TO MECTO, TJIe TeNeph KOHYAETCS CTPOKA.

Ha nuctunre 13.9 mpuBeneHs! ABe mporpaMMBl: IporpaMMa nepeHyMeparun 3amyckaercs komangod RUN 9900, a
nporpaMMa yHH4TokeHus - koMannoit RUN 9970.

Yunpaxuenue 13.3

Hanmmure momnporpamMmy, KoTopas OBl IpOCMaTpHBaia ydYacTOK MAaMSITH, OTBEACHHBIA IS XPaHEHUsS TEKCTOB
mporpamMM Ha OeiicHke M HaXOIwia JIFoOYI0 3aJaHHYK MOCIEI0BATEIFHOCTh KOJOB. McIonp3yiiTe MeToll, MPUMEHCHHEIH B
MporpaMMe YHHYTOXKCHUS CTPOK, I TPUCBOCHHUS cucTeMHOM mepemeHHoli EPPC (3Ta mepeMeHHas KOHTPOJIHPYET
MTOJIOJKEHHE Kypcopa pellakTopa) 3HaUeHUsI HoMepa CTPOKH, TJIe HalIeHa 3Ta MOCIIeI0BaTEeIbHOCTb.

LISTING 13.9

9900 INPUT "RENUMBER LINES ";LOW;" TO " ;UP,"STARTING AT ";NEW;" IN STEPS OF
";STEP

9901 LET X=9900: IF LOW>X OR UP>X OR LOW>UP THEN GO TO 9900

9902 IF NEW>X OR NEW<1l OR STEP>X OR STEP<1 THEN GO TO 9900

9903 PRINT AT 19,0;"RENUMBER LINES ";LOW;" TO ";UP,"STARTING AT ";NEW;" IN
STEPS OF " ;STEP,"PLEASE WAIT"

9904 LET START=23755: LET SCREEN=16384: LET HI=256

9905 LET A=START: LET B=SCREEN

9906 LET H=PEEK A: LET L=PEEK (A+1)

9907 POKE B,H: POKE B+1,L

9908 LET A=A+2: LET B=B+2




9909 LET LEN=PEEK A+PEEK (A+1)*HI: LET A=A+LEN+2

9910 IF H*HI+L<X THEN GO TO 9906

9911 LET A=START+A: LET B=SCREEN: LET W=NEW

9912 LET H=PEEK A: LET L=PEEK (A+1)

9913 LET N=HI*H+L: IF N<LOW OR N>UP THEN GO TO 9918

9914 IF W>X THEN GO TO 9955

9915 LET H=INT (W/HI): LET L=W-H*HI

9916 POKE A,H: POKE A+l,L

9917 LET W=W+STEP

9918 LET A=A+2

9919 LET LEN=PEEK A+PEEK (A+1)*HI: LET A=A+LEN+2

9920 IF N<X THEN GO TO 9912

9921 LET A=START: LET B=SCREEN

9922 LET H=PEEK A: LET L=PEEK(A+l): LET NN=PEEK B*HI+PEEK (B+1)

9923 LET N=H*HI+L: IF N=X THEN STOP

9924 PRINT AT 21,0;"CHECKING ";NN;" = NEW LINE ";N

9925 LET A=A+2: LET W=A+2

9926 LET LEN=PEEK A+PEEK (A+1)*HI: LET A=A+LEN+2

9927 LET T=PEEK W

9928 IF T=CODE ("GO TO") OR T=CODE ("GO SUB") OR T=CODE ("RUN") OR T=CODE
("RESTORE") THEN GO SUB 9932

9929 IF T=14 THEN LET W=W+5

9930 LET W=W+l: IF W<A THEN GO TO 9927

9931 LET B=B+2: GO TO 9922

9932 LET V=W+1l: LET A$=""

9933 LET S=PEEK V: IF S<>32 AND S<>14 AND NOT (S>=48 AND S<=57) THEN RETURN

9934 IF S<>14 THEN LET V=V+1: LET A$=A$+CHR$ S: GO TO 9933

9935 LET V=V+3: LET AT=PEEK V+PEEK (V+1)*HI

9936 IF NAT<LOW OR NAT>UP THEN RETURN

9937 GO SUB 9943: LET H=INT (NAT/HI): LET L=NAT-H*HI

9938 LET B$=STR$ NAT: IF LEN A$<>LEN B$ THEN GO SUB 9951

9939 POKE V,L: POKE V+1,H

9940 FOR I=1 TO LEN B$

9941 POKE W+I,CODE B$ (I): NEXT I

9942 RETURN

9943 LET C=START: LET D=SCREEN

9944 LET H=PEEK D: LET L=PEEK (D+1)

9945 LET E=PEEK C*HI+PEEK (C+1)

9946 IF E>=X THEN LET NAT=0: RETURN

9947 IF H*HI+L=AT THEN LET NAT=E: RETURN

9948 LET C=C+2: LET D=D+2

9949 LET LEN=PEEK C+PEEK (C+1)*HI: LET C=C+LEN+2

9950 GO TO 9944

9951 LET DIFF=LEN A$-LEN B$

9952 IF DIFF>0 THEN FOR I=1 TO DIFF: LET B$=D$+" ": NEXT I: RETURN

9953 PRINT AT 16,0;"NO ROOM AT ";CHR$ T;AT;" IN LINE ";NN,"TYPE EDIT AND ADD
";-DIFF;" SPACE(S)","TO LABEL THEN RE-RUN PROGRAM."

9954 LET H=INT (NN/HI): POKE 23626,H: POKE 23625,NN-H*HI

9955 LET A=START: LET B=SCREEN

9956 LET H=PEEK A: LET L=PEEK (A+1)

9957 IF H*HI+L=X THEN PRINT AT 0,0;"RENUMBER ABORTED": STOP

9958 POKE A,PEEK B: POKE A+l,PEEK (B+1)

9959 LET A=A+2: LET B=B+2

9960 LET LEN=PEEK A+PEEK (A+1)*HI: LET A=A+LEN+2

9961 GO TO 9956

9970 INPUT "DELETE LINES ";LOW;" TO ";UP: IF LOW<2 OR LOW>=UP THEN GO TO 9970

9971 PRINT AT 20,0;"DELETE LINES ";LOW;" TO ";UP,"PLEASE WAIT"

9972 LET START=23755: LET SCREEN=16384: LET HI=256

9973 LET A=START: LET B=SCREEN

9974 LET H=PEEK A: LET L=PEEK (A+1)

9975 IF H*HI+L>=LOW THEN PRINT AT 0,0;"PLEASE ENTER LINE ";LOW-1;" REM", "AND
RE-RUN PROGRAM": STOP

9976 LET H=PEEK A: LET L=PEEK (A+1)

9977 IF H*HI+L>=LOW THEN GO TO 9981

9978 LET NN=H*HI+L: LET LAST=A: LET A=A+2

9979 LET LEN=PEEK A+PEEK (A+1)*HI: LET A=A+LEN+2



9980 GO TO 9976

9981 LET LAST=LAST+2

9982 LET LONG=PEEK LAST+PEEK (LAST+1) *HI

9983 IF H*HI+L>UP THEN PRINT AT 0,0;"NO LINES IN RANGE": STOP
9984 LET H=PEEK A: LET L=PEEK(A+l): IF H*HI+L=UP THEN GO TO 9990
9985 LET A=A+2: LET LONG=LONG+2

9986 LET LEN=PEEK A+PEEK (A+1)*HI: LET A=A+LEN+2: LET LONG=LONG+LEN+2
9987 IF H*HI+L<>UP THEN GO TO 9984

9990 LET H=INT (LONG/HI): POKE LAST+1,H: POKE LAST,LONG-H*HI

9995 LET H=INT (NN/HI): POKE 23626,H: POKE 23625,NN-H*HI

9999 PRINT AT 0,0;"TYPE EDIT AND ENTER": STOP

Cmpyxmypa npoecpammsl Ha belicuxe

(2¢hhexmuenvie npocpammoi)

Korma mpl mporpamMmupyem Ha OelicMke, TO 3HAHHE TOTO, KaK CTPOKHA XPAaHATCA B TAMSTH, MOMOTAeT ITHCATh
3¢ (¢eKTUBHBIE MTPOTPAMMBI, OBICTPO pabOTaIOMIME M SKOHOMSIINE MaMsATh. Kaxkas gucioBas KOHCTaHTa COIIPOBOXKAACTCS €€
JBOUYHBIM KOJAOM, TaK 4YTO HET HeO6XO,Z[I/IMOCTI/I TIEpeBOaa 4YncCjia U3 CUMBOJIBHOI'O IIPEACTABIICHUS B IBOUYHOC Ka)KI[BIﬁ pas,
KOTJa BBITIOJIHACTCA 3Ta CTPOKA MPOTpaMMBbI. Ecnmu xxe MbI IPUCBOUM 3TO YHCJIO B Ka4Y€CTBE 3HAYCHUA HepeMeHHOﬁ, TO IJIA
3TOTr0 MOTPEOYETCs] KOJIMUECTBO OANUT MaMATH, paBHOE YHCITYy CHMBOJIOB B UMEHH NIepeMeHHO. /|1 mprcBOCHNS 3HAYEHUS MBI

ucnons3yem cumBosbl ":", "LET", "=", a Takxke ums mnepeMeHHOW. EciM uucio wucmonb3yeTcss 4acto, TO 3TO JAaeT
CYIIECTBEHHYI0 OSKOHOMMIO TMaMsATH. B KayecTBe WIUIIOCTpAIMK BBIMIECKa3aHHOTO PAacCMOTPUM TI€PBbIE JBE CTPOKH
MpOrpaMMBbI

10 PRINT AT 1,1

20 LET A=1l: PRINT AT A,A

30 PRINT AT 1,1

40 PRINT AT A,A

Crpoka ¢ HomepoM 10 3armmaer 17 6aiit mamstu: "PRINT", "AT", "1", 14, 0,0, 1, 0,0,"1", 14,0, 0, 1, 0, 0.

Crtpoka ¢ HomepoM 20 3aammaet 16 Oaiitr mamstu: "LET", "A", "=", "1", 14, 0, 0, 1, 0, 0, ":", "PRINT", "AT", "A",
"TAN

Jlns xoaupoBaHMs BTOPOH CTPOKH TpeOyeTcs MEHbIIE CHMBOJIOB, Ye€M Ul IIepBOif; BTOpas CTPOKA HCIOJB3YeT
CHMBOJ A, KOTOPBIH 3aHMMaeT B JIIOOOM MeCTe MporpaMMbl HIecTs 0ailiT. EcaM MBI XOTHM HOBTOPHUTH POU3BEICHHBIE BEIIIE
orepanuy, Kak 3710 caenaHo B 30-oif u 40-0if cTpokax mporpaMmsl, To oOHapyxuM, uto 30-as cTpoka 3aHmMaeT 17 Oaiit, a
crpoka 40 - Bcero msATh. MBI BHAWM, YTO €CJIM YMCIIO BCTPEUAETCsl B MPOrpaMMe JIOCTATOYHO YacTo, TO HCIIOJIb30BAHHE
NEPEMEHHBIX JACT CYHICCTBCHHYIO 9KOHOMMUIO ITaMATH.

DOKOHOMHIO TaMITH TaKkkKe JaeT pa3MelleHHe Ha OJHOM CTpOKe MaKCHMallbHOTrO uucia omneparopoB. Cremyer
OTMETHUTb, OJIHAKO, YTO 3TO CHIDKAET YA00O0YMTAaeMOCTh MporpaMmbl. Kaxxias HOBasi CTpoka 3aHUMaET IATh OalT mamsTH: B
OJIMH 3aIMchIBacTCs KoJ 13, oTMevaromuii KOHell NpeAblIyInel CTPOKH, B JBYX JApPYyrux OaiTax - HOMEp CTPOKH M emé aBa
OaliTa OTBOJATCS 1O JUIMHY CTPOKH. JIJIsl IBOSTOUMS MEXIY OIIepaTOpaMu TpeOyeTcsl TOJIBKO OJNH OaiT.

Paccmotpum, HanpuMmep, HEOOJIBIIYIO TPOrpaMMy, COCTOAIIYI0 U3 90 omepaTopoB: €ciiM NePBOHAYAIBHO OIEePaTOPhI
3alMCaHbl 110 OHOMY B CTPOKE, a 3aTeM HaM yJIaeTcs OMECTUTh Ha KaXI0i CTPOKE 110 TPU OIepaTopa, TO 3THM JOCTHIASTCs
skoHOMUS B 60*(5-1)=240 Gaifr. B 6onpmmx mporpammax 3TOT crocod mo3BoisieT cakoHoMHTH Oojee 1K mamstu. Kpome
TOT0, UCHOIF30BaHUE MEHBIIIETO YHCIa CTPOK COKpAIaeT BpeMs BhIMOMHEeHUs Takux komaH[, kak GO TO u GO SUB, rak xak
TPATHUTCS MEHbIIIE BPEMEHH Ha IIOMCK HYKHOH CTPOKU.

Hawubonee yacto ucnonb3yeMbie TOANPOrpaMMBI CIIEAyeT pacnoniarath Onvke K Havany nporpammbl. Eciu ke Her
HEOOXOMMOCTH B 93KOHOMHHU BPEMEHH, TO MOIIPOrPaMMBI CIIEIyeT pacloiaraTh B HOPSKe JOIHYECKOTO CICJOBAHMSI.

Ynpaxuenue 13.4

[epenmmmnTe 1 nepepacnoioxuTe rpapuyeckue MOAIPOrPaMMBI C TE€M, YTOObI OHM 3aHMMAJIM MEHBIIE MecTa H
TPaTHIIM MEHbIIE BPEMEHH HA BHIITOJIHEHHUE.

CunxpoHnnoe uzobpasicernue

Ucnone3ys xomanny PAUSE, mMoxHO mnonyuuTh 3a0aBHBIH y30p Ha pamke, OKalMIIsitoOlel rpaduyeckoe moue.
N306pakeHne Ha TeJaedKpaHe CMEHSIETCS MAThIECAT pa3 B CeKyHAy, U B komaHne PAUSE yka3biBaeTcs 4HCIO MATHICCITHIX
JIOJIEN CEeKYH/IBI.

Komanna PAUSE 1 He Bcerga jaet 3anepxky B 1/50 qoito cekyH/Ibl, Tak Kak 3Ta KOMaH/ia BBINOJIHSIETCS 10 MOMEHTa
TIOSIBJICHUSI HOBOTO HM300pakeHHs. DTOT (aKT AeraeT BO3MOXXHBIM COOTHOCHUTH MOMEHTHI 3allyCcKa KOMaHJ C MOMEHTaMH
CMEHBI Kajipa Ha auciiee. Eciu Bo BpeMs 3amofiHeHUs dKpaHa Mbl MeHseM koMmanaoii BORDER uBer pamku, To 1uig 3Toro
KaJjpa BEPXHSS 4acTh paMKH Oy/leT OJHOTO LIBETa, a HIWXKHASA - Apyroro. O4eBHHO, YTO MBI MOKEM HCIIOJIb30BaTh KOMaHIy
PAUSE nis Toro, 4ro0bl MO0k /1aTh CMEHBI KaJIpOB 1 TIOBTOPUTH OIEpaluyl ¢ HOBBIM KajpoM. Eciu Mbl OyneM MOCTOSTHHO
MOBTOPSTH 3Ty OINEpaNuio, TO Ha SKpaHe BOSHUKHET HEMOABMKHOE M300paskeHNeE.

Komaumer SAVE 1 LOAD wucrmons3yroT Uisi 5TOW HEeNd MOAIPOTPAMMBI, HANMCAHHBIE B MAITUHHBIX KOAAX, B
pe3yJIbTaTe Yero Ha PaMKe MOSBIISIFOTCS MOJIOCHI.

ITycTs mporpamMMa HadMHAETCS TaK:

1 GO TO 10

2 PAUSE 1: BORDER 7: BORDER 2: BORDER 6: BORDER 4: BORDER 5: BORDER 1: BORDER
3: BORDER 7: BORDER 7: GO TO 2

Ioxnporpamma 3akanunBaercs komanno GO TO 2, B pesynbrare 4ero mnocie MOCTPOCHMS PUCYHKA HA paMKe
MOSIBJIAETCS. MOCIEN0BATENBHOCT LBETHBIX Nojoc. Cleayer OTMETHTh, YTO €CIHM ATU CTPOUYKM IOMECTUTh HE B Hauaie



IIporpammsl, To BbiosiHeHHe KoMaHabl GO TO MOXeT 3aHATh CIUIIKOM MHOTO BPEMEHHU.

Yupaxnenune 13.5

HanummTe nporpammy, kotopast Obl OKpalinBaia paMKy B KpacHBIH U [IMaHOBBIN 1IBETA, HE UCIIONB3YS /IS OTOH LEeH
oneparopa PAUSE. Jlng 3Toro BCTaBbTE MEXIy ONEpaTOpaMy JONOJHHUTENbHBIE IBOETOUMS, TOKAa BPEMs BBIIOIHEHUS
KOMaH/Ibl He COCTaBHUT B TOYHOCTH 1/50 c, 4TO M JacT HEMoO/ABMKHOE M300paxkeHHe (I10JCKa3Ka NPUMUTE BpeMsl BHITIOIHEHHUS
komanael BORDER 3a 10, GO TO 3a 13, nBoetouns - 3a 1, 1 nogbepure Takoe KOJMYECTBO OINEPaTOpPOB, YTOOBI B ATHUX
€/IMHMLIAX BPEMsI BBIITOJIHEHHS BCEH CTPOKH paBHsIOCH 160).

Cnucok npoecpamm
1. Jluctuuru 13.1. BxoaHbple naHHBIC: aecsaTh HAOOpoB koopauHaT X u Y. Ha skpaHe mosiBisercs: Tabmuia 3THX
3Ha4YeHUH, 3a KoTopbIMH uaeT Haxmuch "END". YcraHOBIEHHBIH B HayaJlbHBIE MOMEHT y MEPBOM CTPOKH KypcOp MOXKHO
NepeBUraTh BHU3 HAKaTHEM KJIABUIIM MPOMHUCHOe "6" U BBepX HaXxkaTWeM KiaBHIIM nponucHoe "7". Ilocne Toro xak Kypcop
YCTaHOBJICH Yy HYKHOM cTpoku, cieayeT Haxats "ENTER" (mpomucnoe "I"), kommnbroTep 3ampaiinBaeT KOOPAUHATHI JJIEMEHTa
n300pakeHHs, COOTBETCTBYIOIIETO 3TOH cTpoke. [locie Toro, kak Bl BBEJHM BCE JIaHHBIC, YCTAaHOBHUTE Kypcop y Haamucu E,
Haxkmure EDIT (mpormchoe "I") u "Y". [IporpamMa HapucyeT MHOTOYTOJIBHUK, coeJuHUB 10 Touek.
2. Jluctunr 13.2. BxonHsle nqaHHBIC: YUCIO IS GaiioBoil cucteMbl. BeenuTe moboe gncio ot "1" mo "6". Eciu BB
BBenere "S" wimm "6", TO KOMIBIOTEp MOTPEOyeT MONTBEPANTH, YTO BBl Al BEPHBIN KIIIOY: €CIH BEI MONTBEPXKIACTE, TO
HanedaTaite "Y", ecru HeT, To "". [To komarme BREAK mporpamma npekpamiaer padoTy.
3. Jluctuar 13.3. Bxonusix maHHbIX Het, 1o komanae BREAK mporpamma mpekparmaeT padory.
4. Jluctunr 13.4. Habepure mrobyto mocienoBatenbHOCTs cUMBONIOB. 11o komarne BREAK mporpamma npekpamiaer
pabory.
5. Jlmcrunr 13.5. Ilocnme 3ByKOBOTO CHTHANA CIIEAYyeT 3arpy3uTh C JICHTH IATh KaapoB. Hamewataiite "1", "2", "3",
"4" "S" nist BOCIIPOU3BENEHHSI COOTBETCTBYIOLIETO M300pakeHus1, " " st mosryyeHus apdexra MyJIbTHILIMKALMY, " ", 4TOOBI
MPEKPaTUTh CMEHY KaJIPOB.
6. Jluctunr 13.6. Ilocne 3amonHeHUs! 3KpaHa Jro0as KJIaBHIIA BBHI3OBET "CBEPTKY '
komanga BREAK octanoBuT 3TOT npotecc.
7. Juctunr 13.7. Taxke nporpaMma, 4To U B IIyHKTE 6, HO HalmMcaHHas Ha Oelicuke.
8. JIuctuar 13.8. BXOIHBIX TaHHBIX HET.
9. Juctuar 13.7 u 13.9. Habepure RUN 9900 s mepernymepanuu ctpok 1 RUN 9970 miis yHUUTOXEHHUS CTPOKH.
IIpumep - penaktupoBanue nuctunra 13.7:
RUN 9900
RENUMBER LINES 10 TO 30
STARTING AT 601 STEPS OR 5
Teneps mocMoTpuTe, KaKHe U3MEHEHHS TPOU3O0IIUIHA B IPOTPaMME.
RUN 9970
DELETE LINES 60 TO 99
OcraHoBKa: nepes yaasieMbIM KyCKOM JI0JDKHA OBITh XOTs ObI OJJHA CTPOKa.
RUN 9970
DELETE LINES 65 TO 99
EDIT (mpommcHast "I")
LIST

I/I306pa>K€HI/IH Ha D5KpaHe, a



NMABA 14
dencrteyrownn npumep BUAEOUrpbI

B 31011 rmaBe MblI H3y4aeM BO3MOXKHOCTH OeHicHKa JUIs ITPOrpaMMHUpPOBaHMS BUACOUTP. MBI IPUXOJUM K BBIBOAY, UTO
IIPOTpaMMBbl Ha OEWCHKE OPOTH; €CIH YUeCTbh, YTO, KaK MPaBHIIO, HTPOKH JOBOJIBHO OBICTPO TEPSIOT MHTEpPEC K IpOrpaMMam,
TO E€CTECTBEHHO, YTO JIMIA, UMEIOIINE HAaBBIKM MPOTPaMMHpPOBAaHUS Ha OelcCHKe, MPEOYUTAIOT HE MHCAaTh MPOrPaMMBI
HEOOJBIINX UTP CaMOCTOSITENIFHO, @ IOKYIaTh TOJBKO IPOTPaMMBl CIOXKHBIX WIp, HAaNMCaHHbIE HAa MalIMHHOM Kozae. Ha
muctuHre 14.1 npuBeaeHa mporpaMma, HE HCIIONB3YIOIIAs MOJIPOrpaMM HAIMCAaHHBIX HAa MAIIMHHOM Koze. st co3maHus
TaKhX MPOTpaMM OT MpOrpamMMIEcCTa TpeOyeTcsl MOBONBHO BbIcokas kBanmudukarms. Mrpa HassiBaetcs ISLAND DEFENCE
("obopoHa ocTpoBa") U OTHOCHTCS K pa3psay urp "mepecTpeisii ux", 0JHAKO METOJbI, UCIIOBb30BAHHBIC MPU COCTABICHUU
MPOrpaMMBbl, MPUTOMIHBI IS CO3JaHMsl Urp THMa "Ms4-OuTa" (TakMxX, Kak TEHHHC), WJIM TAKTUYECKUX WUrp (TakuX, Kak

PACMAN).

Onucanue uepul

Ha skpane m3o0pakeH 3enEHBIH OCTPOB ¢ HEOONBIINM XOJIMOM, TEMHO-CHHEE MOpe U roiayboe HeOO C KEITHIM
coyHIeM U Oenoil Tyukoit. Ha octpoBe MMEIOTCst TpU AepeBa M y4acTOK CBETJIO-TOJyOOro GeToHa, Ha KOTOPOM HapHCOBaHA
nanarka. 13 nanatku BHIXOJUT YEIOBEK, OAXOAUT K CTPEIKY, OTHAET eMy 20 CHapsI0B U BO3BpALIAETCs B IMAIATKY.

Bpaxeckue asporiiaHel MOSBISAIOTCS B HeOe, NEpeNeTaroT yepe3 XOJAM M OOMOST Jjlarepb, KOTOPBIM 3allyINaeT
CTPEJIOK, MBITAsICh BBICTPEIaMU COMTH adporiianbl. Bo BpeMs araku asporuiad 1100 cOMBaroT, 1100 OH GOMOUT Jarepb.

IMocne xakporo nonaganust 60MObBI pa3Mep TeHTa ymenbiaercs. [locne 14 nonagaHuil TeHT McYe3aeT, U CaMOJIETHI
OOMOSIT OTHEBYIO TOUYKY, ITOCJIE€ YHHYTOXEHHUS KOTOPOH paMka rpauyeckoro Iojsi CTAaHOBHUTCS JKENTOH, W Ha SKpaHe
TIOSIBIISIETCSL Ta JKE CIleHa. B KOHIle KaXJ0ro peiia caMosi€T IpojieTaeT yepes3 Tydy HaJl OpyJHeM U MOKHAaeT 3KpaH. boesble
3anacel momnouHsroTes nocie 20-tu HanéroB. Eciu opyaue pa3boMOIeHO TPETHii pa3, TO SKpaH CTAHOBUTCS KPACHBIM, U Urpa
HAYMHACTCS CHOBA.

Haxaruem ximaBumr ot "1" 1o "7" opyaue yCcTaHABIHBAETCS B OJHO M3 CEMH IMOJIOKEHHI; TTOCIIE HAKATHS KIaBHIITH X
MPOMCXOOUT BEICTpeN. [3-3a OrpaHWYeHuil, HaKIaIbIBAEMBIX MEUIEHHONH paboTOH TporpaMMbl, Ha SKpPaHEe MOTYT
OJTHOBPEMEHHO HAXOJUTHCS TOJIILKO OJIMH CAMOJIET U CHAPSII.

Jlyist mydinero moHUMaHKs MaTepraja 3TOW rJIaBbl Mbl PEKOMEH/yeM BaM 3arpy3uTh Nporpammy Ha yuctutre 14.1 u
3amyctuth e€. [lporpamMma NONpOCHUT Bac CHayana 3arpy3uTh HA0Op CIIEHUAIBHBIX CHMBOJIOB, 3aTeM IOJIPOrpaMMy
"GAMESET" (3Ta mommporpaMmMa J0JKHAa PUCOBaTh TEHT, 4YesioBeka U T.n.), nmoanporpammy "BACKGROUND" (nomxHa
pHCOBaTh Ieii3ax), MOCie Yero MOKHO HauaTh UIPY.

Tekcrt mporpaMMbl XOpOIIO IMPOKOMMEHTHPOBAH, TaK YTO HET HEOOXOAMMOCTH OOBSCHATH IPUHIMI PabOTHI
IIporpamMMbl. MBI OrpaHIYMMCS M3JI0)KEHHEM OOIIEro IT01X0/1a K CO3/IaHMI0 TaKuX UIp.

BHUMAHMUE! Jluctuaru ¢ nporpammamu "GAMESET" u "BACKGROUND" B HacTosiIIeM U31aHUHN HE IPUBEACHBI
10 HE 3aBUCSIIMM OT U3/IaTeNIbCTBA MPHUYMHAM.

Ilepeonuii nnan

[Nepen HamycaHueM MPOrpaMmbl CIEAyeT TIIATEIBHO NPoayMaTh cxeMy Urpbl. CHauana HaOpocalTe rpyOblii ACKHU3 Ha
KJeT4aToil Oymare, Ha KOTOPOM JIOJDKHBI OBITh 0003HAUEHBI HETIOABH)KHBIE OOBEKTHI M 00JIaCTH, KOTOPBIE OYIyT IepeceKaThCs
MOJIBIXKHBIMU OOBEKTaMU (HaIllpuMep, T CUMBOJIbHBIE OJIOKH, KOTOPbIE B KaKOH-HUOYIb MOMEHT OyIyT BKJIIOYECHBI B YHCIIO
0JI0KOB, N3 KOTOPBIX COCTOMT U300pakeHne caMoiIéra). Bbl TOMKHBI yOEIUTHCS, YTO UTPOBOE TOJIE OJHOCTHIO YMEIIAeTcesl Ha
9KpaHe W YTO HU NPH KaKUX OOCTOSITENIECTBAX B CHMBOJIFHOM OJIOKE HE MCHOJIB3YIOTCS OJHOBPEMEHHO Oojiee IBYX I[BETOB.
ITocne Toro, kak Bl OyZeTe YETKO IMPEACTAaBIATh, KaK BBINNIAAWT WUTPOBOE MOJE, BaM CIEAYeT NPHCTYNHTh K CO3IaHHIO
00BEKTOB Ha NEpeIHEM IUTaHE (B HAIIEM CIIydae - B3PBIBBI, CAMOJIETHI, JIOH), T.C. IBIKYIINXCS 00beKTOB. Camast ObIcTpas u3
KoMaH[[ OeiicrKa, ¢ IIOMOIIBI0 KOTOPO MOKHO Pa3MECTUTh Ha dKpaHe 0oJbIIoi 00bekT - 310 KoManaa PRINT, mostomy Mbl
co3naeM m3obpakenne o0bpekToB ¢ momomrsio mporpammel "CHARACTER GENERATOR" u3 onpenenenHoro Hamu Habopa
CHMBOJIOB, JUISl TOTO, YTOOBI MOMYYUTh B TOYHOCTH TO M300pak€HHE HEOOXOANMON BENWYHMHBI U MIOBTOPHO OTPENaKTHPOBATh
HE yIOBJIETBOPSIOIINE BAC CUMBOJIBL. BO3MOXKHO, YTO BaM MpHIETCs 100aBUTh KYCKH Balllel IPOrpaMMBbl K KOHILY IIPOIpaMMbI
CHARACTER GENERATOR (onmus 7, rmaBa 5), 9TO O3BOJNUT BaM YBHUIETh OOBEKTHI B JEHCTBUH 10 TOTO, KaK HaiIeHa UX
OKOHYAaTeIbHas opma.

Yunpaxnenue 14.1

Jo6asste ommuto k mporpammMe CHARACTER GENERATOR c TeM, 4TOOBI CTaj0 BO3MOXKHEIM PEIAKTHPOBATH OJTUH
CHMBOJI U3 Habopa CHMBOJIOB. DTa ONIMs JIOJDKHA IOMEIIATh BOCEMb IBOMYHBIX 3HAUEHWH pPENaKTUPYyEeMOro CHMBOJIA B
3aJ[aHHbIC STYEHKN ANCIUIEHHOTO (aiina; HarpuMmep, Ba 0JI0Ka, N3 KOTOPBIX COCTOUT CaMOJIET, KOT/Ia OH JIETHT TOPHU30HTAIBHO
1 Hampaso.

LISTING 14.1

9 REM INITIALISE ROUTINES TO ALLOW USE OF ALTERNATE CHARACTER SET.

10 CLEAR 62294: INK O: PAPER 7: BORDER 7: FLASH 0

20 DIM S(6): FOR I=1 TO 6: READ S(I): NEXT I

30 DATA 15360,62039,62807,63575,64343,64848

40 LET SET=50: LET S=1: GO SUB SET: GO TO 200

50 REM SET/CHANGE TO SET S

51 REM IN : S

60 LET HI=INT (S(S)/256): LET LO=S(S)-HI*256

70 POKE 23606,L0: POKE 23607,HI: RETURN

79 REM LOAD IN GAME CHARACTERS FOR SET 2.




80 REM CHARLOAD
90 LET N$="GAMESET"

100
110
120
200
209
210
CHAR=5600
220
230
240
249
250
258
260
269
270
279
280
290
300
309
310
319
320
329
330
339
340
349
350
358
359
360
369
370
379
380
389
390
399
400
409
410
419
420
429
430
440
450
460
469
470
480
500
509
510
518
519
520

LET S=2
INPUT ("LOADING"+N$+CHR$ 6+"START TAPE, THEN PRESS ENTER.")
LOAD N$ CODE (S(S)+256),768: RETURN

REM MAIN PROGRAMM
REM INITIALISE VARIABLES POINTING TO ROUTINES.
LET CHARLOAD=80: LET LOAD=4600: LET CREATE=5000: LET CREDIT=5500: LET

LET KEYBOARD=500: LET CAMP=700: LET STATUS=800: LET PLANE=980

LET RELOAD=1500: LET AMMO=1900: LET MISSILE=2000: LET EXPLODE=2500
LET BOMBSAMP=3500: LET BOMBGUN=3000: LET HISCORE=5700: LET HSC=0

REM IF CHARACTER SET IS NOT IN PLASE LOAD IT.

IF PEEK 62303<>110 THEN GO SUB CHARLOAD

REM PRINT NAMES ON BOTTOW TWO LINES.

GO SUB LOAD: GO SUB CREATE: GO SUB CREDIT

REM MAKE A COPY OF COLOUR ATTRIBUTES FOR SCREEN.

DIM A(704): FOR I=1 TO 704: LET A(I)=PEEK(22527+I): NEXT I

REM PREPARE STRINGS FOR USE BY DISPLAY ROUTINES.

LET S$="SCORE": LET B$="BASE"

FOR I=1 TO 4: LET S$=S$+CHR$ 8: LET B$=B$+CHR$ 8: NEXT I

DIM N$(9): LET N$="ABCDEFGH"

REM START/RESTART FOR GAME.

BRIGHT 1: PAPER 8: INK 8: OVER 0

REM RESET SCORE AND NO. OF BASES, PRINT OUT SCORE LINE

LET SC=0: LET BS=3: GO SUB STATUS

REM REMOVE REMAINING AMMUNITION AND REMOVE FLASH FROM GUNNERS SGUARE.
PRINT AT 17,5;" ": PRINT AT 18,5;" ": PRINT AT 16,3;" "

REM RESTORE COLOUR ATTRIBUTES FROM COPY.

FOR I=1 TO 704: POKE 22527,A(I): NEXT I

REM POINT NEW TENT AND PUNNER UPDATE SCORE LINE, RELOAD, AMMUNITION.
GO SUB CAMP: GO SUB STATUS: GO SUB RELOAD

REM PREPARE FOR MAIN LOOP OF PROGRAM SET "P" TO TOP OF "PLANE" CASCADE.
REM SET "M" TO "MISSILE" READY STATE, SET "K" TO KEYBOARD ROUTINE.
LET P=PLANE: LET M=MISSILE: LET K=KEYBOARD

REM START A NEW WAVE OF 20 AIRPLANES.

LET AR=20

REM START OF MAIN LOOP

GO SUB P: OVER 1: GO SUB M: OVER 0: GO SUB K

REM JUMP OUT OF LOOP.

IF DEAD THEN GO TO 420

REM IF MORE AIRPLANES TO COME KEEP LOOPING.

IF AR>0 THEN GO TO 380

REM IF END OF PLANES THEN RELOAD AND START NEW WAVE, CONTINUE LOOPING.
GO SUB RELOAD: GO TO 370

REM MAKE SURE PLANE IS GONE, IF YOU HAVE ANY BASES LEFT USE THE NEXT ONE.
INK 0: PRINT AT 12,0;" ": IF BS>1 THEN LET BS=BS-1: GO TO 350
REM GAME OVER SO FLASH BORDER AND TURN SCREEN BLOOD RED.

OVER 1: FOR I=1 TO 22: BEEP 0.005,RND*30-15: BORDER RND*7

FOR J=1 TO 2: PLOT 0, (22-I)*8: DRAW BRIGHT 1;PAPER 2;INK 2;255,0

NEXT J: NEXT I: BORDER 7

OVER 0

REM CHECK WHETHER YOU BEAT THE HISCORE THEN RESTART GAME.

IF SC>HSC THEN GO SUB HISCORE

PAUSE 200: GO TO 310

REM KEYBOARD

REM IF NO KEY PRESSED WHEN ROUTINE CHECKS THEN YOU MISSED YOUR CHANCE.
LET A$=INKEY$: IF A$="" THEN RETURN

REM THE FIRE KEY IS PRESSED

REM IF YOU'RE NOT OUT OF MISSILES AND A MISSILE IS READY THEN FIRE.
IF A$="X" OR A$="X" THEN IF M=MISSILE AND NOT OUT THEN LET M=F: LET M$=F$:

GO SUB AMMO: OVER 1l: GO SUB M: OVER 0: GO TO 550

529
530
538
539

REM IF THE KEY IS NOT "I" TO "7" THEN WRONG KEY PRESS, IGNORE IT.

IF A$>"7" OR AS$<"1l" THEN RETURN

REM CALCULATE WHICH ROUTINE IS USED IF MISSILE IS FIRED IN THIS DIRECTION.
REM SET STRING WHICH IS USED FOR MISSILE AND CHANGE GUN DIRECTION.



540
550
560
700
709

LET F=2000+10*VAL A$: LET F$=CHRS (83+VAL AS)

PRINT AT 16,3;F$

RETURN

REM CAMP

REM PRINT NEW GUNNER AND TENT, RESET BORDER TO WRITE.

710 PRINT AT 17,3;"Z": BRIGHT 0: BORDER 7: PRINT AT 16,23;"VW": PRINT AT
17,23;"X,Y": BRIGHT 1

718 REM SET HEIGHT OF TENT TO 14, RESET TRUTH-FLAGS,

719 REM USE KEYBOARD ROTUINE TO INITIALISE GUN POSITION.

720 LET YT=14: LET NIT=0: LET DEAD=0: LET A$="3": GO TO 540

800 REM STATUS

809 REM USE SET 1 TO PRINT OUT SCORE AND NO, OF BASES LEFT THEN BACK TO SET 2.

810 LET S=1: GO SUB SET

820 PRINT AT 21,0;S$;SC,BS$;BS

830 LET S=2: GO SUB SET

840 RETURN

980 REM PLANE

989 REM ENSURE THAT "BOMBGUN" POINTER ALWAYS STARTS AT TOP OF CASCADE.

990
999
1000
1009
1010
1019
1020
1029
1030
1039
1040
R,C;"N": I
1049
1050
1059
USED.
1060
1069
1070
1080
RETURN
1090
1100

PRINT AT 15,5;" ": PRINT AT 15,4;" ": PRINT AT 17,3;"Z2": LET BOMBGUN=3000
REM CHANGE POINTER, IF RESULT IS OVER 1000 THEN PLANE WILL BE LAUNCHEL.
LET P=991+INT (RND*11l) : RETURN

REM LAUNCH AIRCRAFT, START POINTER GOING DOWN CASCADE, LOAD BOMB.

LET AR=AR-1: LET P=1020: LET BOMB=1: RETURN

REM MOVE PLANE ONE PLACE TO RIGHT.

PRINT AT R,C;" IJ": LET C=C+l: IF C<10 THEN RETURN

REM IF PLANE IS OVER 10 COLUMNS ONTO SCREEN MOVE POINTER DOWN.

LET P=1040

REM DIAGONAL DIVE.
PRINT AT R-1,C;" ":
F C<20 THEN RETURN
REM IF OVER 20 COLUMNS ACROSS THEN MOVE POINTER, REMOVE LEFT OVER PLANE.
LET P=1060: PRINT AT R-1,C;"
REM CALL THE "BOMBCAMP" CASCADE EACH OF THE FIVE TIMES THIS SECTION IS

PRINT AT R,C;" N": LET R=R+1l: LET C=C+l: PRINT AT

GO SUB BOMBCAMP: PRINT AT R,C;" IJ": LET C=C+l: IF C<25 THEN RETURN
REM MOVE POINTER DOWN AND START CURVE UP TOWARDS CLOUD.
LET P=1080

PRINT AT R,C;" ": LET R=R-1: LET C=C+1l: IF C<28 THEN

PRINT AT R,C;"KL":

LET P=1100: PRINT AT R,C;" LET C=C+1

THEN RETURN

1110
1120
RETURN
1130
1139
1140
1150
1159
1160
R+1,C;"M":
1170
1180

PRINT AT R+1,C;" ": PRINT AT R,C,"O": LET R=R-1: PRINT AT R,C;"O": IF R>7
LET P=1120: PRINT AT R+1,C;" "
PRINT AT R,C;" ": LET R=R-1: LET C=C-1: PRINT AT R,C;"KL": IF R>3 THEN

LET P=1140
REM FLY INTO CLOUD, PLANE STILL MOVES NORMALLY BUT YOU CAN'T SEE IT.
PRINT AT R,C;"IJ ": LET C=C-1: IF C>11 THEN RETURN

LET P=1160: PRINT AT R,C;" "

REM START DIVE TO WARDS GUNNER.

PRINT AT R,C;" ": LET R=R+1: LET C=C-1:
IF R<6 THEN RETURN

LET P=1180
PRINT AT R,C;"

PRINT AT R,C;"M": PRINT AT

": LET R=R+1l: PRINT AT R,C;"P": PRINT AT R+1,C;"P": IF R<S8

THEN RETURN

1189
1190
1200
R+1,C;"M":
1210
1219
1220
1229
1230
1239
1240

REM THIRD SECTION OF DIVE CHECK AND ERASE POSSIBLE LEFT OVER MISSILE.
LET P=1200: IF X<>9 AND Y<>7 THEN PRINT AT 7,9;"
PRINT AT R,C;" ": LET R=R+1l: LET C=C-1: PRINT AT R,C;"M":
IF R<11 THEN RETURN

LET P=1220: PRINT AT R,C;" LET R=R+1

REM LAST SECTION OF FLIGHT, CALL BOMBGUN CASCADE EACH TIME.

GO SUB BOMBGUN: LET C=C-1: PRINT AT R,C;"IJ ": IF C>0 THEN RETURN
REM LAST TWO PARTS OF CASCADE DEAL WITH PLANE GOING OF SCREEN.

LET P=1240: PRINT AT R,C;"J ": RETURN

REM RESET PLANE'S ROW TO 2 AND SET POINTER BACK TO TOP OF CASCADE.
PRINT AT R,C;" ": LET R=2: LET P=PLANE

PRINT AT



1250 RETURN

1500 REM RELOAD

1509 REM IT THE CAMP IS DESTROYED THEN DONT RELOAD AMMUNITION IF NIT THEN
RETURN

1519 REM EXPLICIT INSTRUCTIONS FOR ANTIMATION OF FIGURE.

1520 BRIGHT 0: LET R=18

1529 REM WALK FROM TENT TO TREES

1530 FOR C=24 TO 19 STEP -1: PRINT AT R,C;"S": PRINT AT R+l, C;"S": BEEP 0.01,-
15: PAUSE 5

1540 PRINT AT R,C;"R":PRINT AT R+1,C;" ": PAUSE 3

1550 PRINT AT R,C;" ":PRINT AT R+1,C;" ": NEXT C

1559 REM USE OVERPRINTING SO THAT TREES AREN'T DAMAGED AS FIGURE GETS CLOSE.

1560 OVER 1: PRINT AT R,18;"S": PRINT AT R+1,18;"S": BEEP 0.01,-15: PAUSE 5:
PRINT AT R,18;"S": PRINT AT R+1,18;"S"

1570 PRINT AT R,18;"R": PRINT AT R+1,18;" ": PAUSE 3: PRINT AT R,18;"R": PRINT
AT R+1,18;"R"

1579 REM MIKE NOISES AS THOGH FIGURE GOES BEHIND TREE.

1580 FOR J=1 TO 2: BEEP 0.01,-15: PAUSE 11: NEXT J

1589 REM SHOW TEET VWERGING FROM BEHIND TREE.

1590 PRINT AT R+1,15;"S": BEEP 0.01,15

1600 PRINT AT R+1,15;"R": PAUSE 3: PRINT AT R+1,15;"R"

1609 REM SHOW WHOLE FIGURE COMING OUT OF TREE.

1610 PRINT AT R,14;"S": PRINT AT R+1,14;"S":BEEP 0.01,-15: PAUSE 5: PRINT AT
R,14;"S": PRINT AT R+1,14;"S"

1620 PRINT AT R,14;"R": PRINT AT R+1,14;"R": PAUSE 3: PRINT AT R,14;"R": PRINT
AT R+1,14;"R"

1629 REM WALK FROM TREE TO END OF STRIP.ONTO GRASS AT SOLUMN 8 WITH BRIGHT ON.

1630 OVER 0: FOR C=13 TO 8 STEP -1: BRIGHT (C=8)

1640 PRINT AT R,C;"S": PRINT AT R+1,C;"S": BEEP 0.01,-15: PAUSE 5

1650 PRINT AT R,C;"R": PRINT AT R+1,C;"R": PAUSE 3

1660 PRINT AT R,C;" ": PRINT AT R+1,C;" ": NEXT C

1669 REM PRINT FIGURE AT COLUMN 7 READY TO REFILL AMMO DUMP.

1670 PRINT AT R,C;"R": PRINT AT R+l ,C;"R"

1679 REM REFILL AMMO DUMP, WITH SOUND EFFECTS.

1680 FOR G=6 TO 5 STEP -1: FOR H=18 TO 17 STEP -1: FOR N=2 TO 9

1690 PRINT AT H,G;INK 3;N$(N): BEEP 0.02,H+G-N

1700 NEXT N: NEXT H: NEXT G

1709 REM REMOVE FIGURE FROM COLUMN 7.

1710 PRINT AT R,C;" ": PRINT AT R+1,C;" "

1719 REM RESET AMMUNITION PRINT AND TRUTH FLAGS.

1720 LET N=8: LET OUT=0: LET H=17: LET G=6

1729 REM WALK FROM EN D OF STRIP TO TREE.BRIGH OFF AFTER COLUMN 8.

1730 FOR C=8 TO 13: BRIGHT (C=8)

1740 PRINT AT R,C;")": PRINT AT R+1,C;"+": BEEP 0.01,-15: PAUSE 5

1750 PRINT AT R,C;"(": PRINT AT R+1,C;"*": PAUSE 3

1760 PRINT AT R,C;" ": PRINT AT R+1,C;" ": NEXT C

1769 REM OVER-PRINT AS FIGURE REACHES TREE.

1770 OVER 1: PRINT AT R,14;")": PRINT AT R+1,14;"+": BEEP 0.01,-15: PAUSE 5:
PRINT AT R,14;")": PRINT AT R+1,14;"+"

1780 PRINT AT R,14;"(": PRINT AT R+1,14;"*": PAUSE 3: PRINT AT R,14;"(": PRINT
AT R+1,14;"*"

1789 REM OVERPRINT LEGS AS THEY GO INTO TREE.

1790 PRINT AT R+1,15;"+": BEEP 0.01,-15

1800 PRINT AT R+1,15;"*": PAUSE 3: PRINT AT R+1,15;"*"

1809 REM MAKE NOISES AS THOUGH IS BEHING TREE.

1810 FOR J=1 TO 2: BEEP 0.01,-15: PAUSE 11: NEXT J

1819 REM OVERPRINT AS FIGURE EMERGES FROM TREE.

1820 PRINT AT R,18;")": PRINT AT R+1,18;"+":BEEP 0.01,-15: PAUSE 5: PRINT AT
R,18;")": PRINT AT R+1,18;"+"

1830 PRINT AT R,18;"(": PRINT AT R+1,18;"*": PAUSE 3: PRINT AT R,18;" (":PRINT
AT R+1,18;"*"

1839 REM WALK FROM TREE TO TENT.

1840 OVER 0: FOR C=19 TO 24: PRINT AT R,C;")": PRINT AT R+1,C;"+": BEEP 0.01,-
15: PAUSE 5

1850 PRINT AT R,C;"(": PRINT AT R+1,C;"*": PAUSE 3

1860 PRINT AT R,C;" ": PRINT AT R+1,C;" ": NEXT C



1869 REM RESET ROM AND COLUMN FOR USE BY PLANE ROUTINE.

1870 LET C=0: LET R=2: BRIGHT 1

1880 RETURN

1900 REM AMMO PRINT MISSILE DUMP

1902 REM OUT: OUT

1909 REM TAKE ONE OF AMUNITION DUMP AND CHEK WHETHER OUT OF AMMO.

1910 PRINT AT H,G;N$(N): LET H=N-1

1920 IF N=0 THEN LET N=8: LET H=H+1l: IF H=19 THEN LET H=17: LET G=G-1: IF G=4
THEN LET OUT=1

1930 RETURN

2000 REM MISSILE DIRECTIONS

2009 REM REMOVE OLD MISSILE BY OVERPRINTING ANDCALCULATE NEW POSITION.

2010 PRINT AT Y,X;M$: LET Y=Y-3: LET X=X-2: GO TO 2100

2020 PRINT AT Y,X;M$: LET Y=Y-3: LET X=X-1: GO TO 2100

2030 PRINT AT Y,X;M$: LET Y=Y-3: GO TO 2100

2040 PRINT AT Y,X;M$: LET Y=Y-3: LET X=X+1: GO TO 2100

2050 PRINT AT Y,X;M$: LET Y=Y-3: LET X=X+2: GO TO 2100

2060 PRINT AT Y,X;M$: LET Y=Y-2: LET X=X+2: GO TO 2100

2070 PRINT AT Y,X;M$: LET Y=Y-2: LET X=X+3: GO TO 2100

2098 REM IF MISSILE IS ON SAME COLUMN AS PLANE CHECK FOR BEING NEAR ROW OF

PLANE.

2099 REM IF MISSILE IS CLOSE ENDUNG EXPLODE AND RESET MISSILE TO READY.

2100 IF X=0 THEN IF ABS(Y-R)<2 THEN GO SUB EXPLODE: LET M=MISSILE: GO TO M

2109 REM IF MISSILE IS OFF SCREEN THEN RESET POINTER "M" TO READY

2110 IF X<0 OR ¥Y<0 THEN LET M=MISSILE: GO TO M

2119 REM PRINT MISSILE AT NEW POSITION.

2120 PRINT AT Y,X;M$: RETURN

2200 REM MISSILE/READY TO FIRE

2210 LET X=3: LET Y=16

2220 RETURN

2500 REM EXPLOCE

2508 REM MISSILE HAS HIT PLANE SO BLOW UP PLANE AND ADD TO SCORE.

2509 REM CHECKWHETHER EXPLOSION HAS TAKEN PLACE IN CLOUD OR IN SKY.

2510 OVER 0: LET SKY=(R<>3 OR C<16): IF NOT SKY THEN PRINT AT R,C-1;" "

2519 REM CENTRAL FLASH AND LOW BUZZ, ADD TO SCORE FOR NITTING PLANE.

2520 INK 2: IF SKY THEN PRINT AT R,C;"T"

2530 FOR I=1 TO 5: BEEP 0.01,I-10: BEEP 0.01,-I-10: NEXT I: LET SC=SC+l

2539 REM IF EXPLOSION IS SEEN THEN PRINT CLOUD OF DEBRIS.

2540 IF SKY THEN PRINT AT R-1,C-1;"> <": PRINT AT R,C-1;"S!$": PRINT AT R+1,C-
1;":%;"

2549 REM NIGH PITCHED WHIZZ.

2550 FOR I=-4 TO 4: BEEP 0.002, (50+ABS TI): NEXT I

2559 REM REMOVE ALL TRACE OF EXPLOSION.

2560 INK O0: IF SKY THEN PRINT AT R-1,C-1;" ": PRINT AT R,C-1;" ": PRINT AT
R+1,C-1;" "

2569 REM PRINT OUT NEW SCORE LINE,RESET PLANE AND MISSILE POINTERS.

2570 INK 8: GO SUB STATUS: LET M=MISSILE: LET P=PLANE

2580 LET R=2: LET C=0

2590 RETURN

3000 REM BOMB GUN

3009 REM IF CAMP ISN'T DESTROYED OR PLANE HASN'T GOT A BOMB LEFT THEN DON'T
DROP.

3010 IF NOT HIT OR NOT BOMB THEN RETURN

3019 REM PLANE BOMB ON SCREEN AND START POINTER DOWN CASCADE.

3020 PRINT AT 13,5;".": LET BOMBGUN=3030: RETURN

3030 PRINT AT 13,5;" ": PRINT AT 15,4;".": LET BOMBGUN=3040: RETURN
3040 PRINT AT 13,4;" ": PRINT AT 17,3;".": LET BOMBGUN=3050: RETURN
3050 PRINT AT 17,3; FLASH 1;" ": LET BOMBGUN=3060: RETURN

3059 REM CLEAR PLANE AWSY, MAKE SURE ANY MISSILES SHOOT OFF THE SCREEN.
3060 PRINT AT 16,0;" ": OVER 1: FOR I=1 TO 7: GO SUB M: NEXT I

3069 REM FLASH BORDER AND MAKE EXPLODING NOISES.

3070 FOR I=1 TO 50: BORDER RND*7: BEEP 0.01,RND*30-15: NEXT T

3078 REM SET FLAG FOR END OF GUNNER.

3079 REM SET INK TO SKY-BLUE SUBSEQUENT MOVEMENT OF PLANE IS INVISIBLE.
3080 LET READ=1: OVER 0O: INK 5

3089 REM RESET CASCADE.



3090 LET BOMBGUN=3000: RETURN

3500 REM BOMB CAMP

3509 REM IF THE CAMP HAS GONE SAVE BOMB FOR THE GUNNER.

3510 IF HIT THEN RETURN

3519 REM MARK BOMB AS DROPPED AND START CASCADE.

3520 LET BOMB=0: PRINT AT 14,21;".": LET BOMBCAMP=3530: RETURN

3530 PRINT AT 14,21;" ": PRINT AT 15,22;BRIGHT 0;".": LET BOMBCAMP=3540: RETURN

3540 BRIGHT 0: PRINT AT 15,22;" "

3549 REM EXPLODE TENT.

3550 PRINT AT 16,23;O0VER 1;INK 2;"#S"

3560 PRINT AT 16,23;0OVER 1;INK 2;"%$"

3570 LET BOMBCAMP=3580: BRIGHT 1: RETURN

3579 REM REMOVE EXPLOSION FROM TENT.

3580 BRIGHT 0: PRINT AT 16,23;OVER 1;INK O;"#S"

3590 PRINT AT 17,23;OVER 1;INK 0;"%$"

3600 LET BOMBCAMP=3610: BRIGHT 1: RETURN

3609 REM REMOVE TOP REMAINING LINE OF TENT.

3610 PLOT INVERSE 1;184,33+YT: DRAW INVERSE 1;16,0

3619 REM CHECK WHETHER TENT IS GONE AND RESET BOMBCAMP CASCADE.

3620 LET BOMBCAMP=3500: LET YT=YT-1: LET HIT=(YT=0)

3630 RETURN

4600 REM LOAD

4609 REM LOAD PICTURE FROM TAPE.

4610 LET N$="BACKGROUND"

4620 INPUT (" LOADING"+N$+CHR$ 6+"START TAPE.THEN PRESS ENTER."); LINE X$

4630 LOAD (N$)SCREEN$

4640 RETURN

5000 REM CREATE/CHARACTERS

5009 REM MAKE CHARACTERS FOR AMMO DUMP IN USER DEFINED GRAPHICS SET.

5010 LET D=255

5020 FOR I=0 TO 6: FOR J=0 TO 7

5030 LET P=USR "G"-I*8+J

5040 IF J>I THEN POKE P,D

5070 NEXT J: NEXT I

5080 RETURN

5500 REM CREDIT

5509 REM POINT ON BOTTOW TWO LINES.

5510 DEF FN S(R,C)=16384+INT (R/8)*2048+ (R-INT (R/8) *8) *32+C

5520 DEF FN C(A$)=15360+CODE AS$*8

5530 LET R=22: LET A$="]/ISLAND DEFENCE/[ BY BJJ $ IOA"

5540 FOR J=1 TO LEN A$: LET C=J-1: GO SUB CHAR: NEXT J

5550 LET R=23: LET A$="HI-SCORE SCORED BY BJJ"

5560 FOR J=1 TO LEN A$: LET C=J-1: GO SUB CHAR: NEXT J

5570 RETURN

5600 REM CHAR

5609 REM PRINT J'TH CHARACTER OF A$ AT D,C, CHANGE ATTRIBUTE TO RED PAPER AND
WHITE INK.BEEP.

5610 LET AT=FN S(R,C): LET FROM=FN C (A$ (J))

5620 FOR I=0 TO 7: POKE AT+I*256, PEEK(FROM+I): NEXT I

5630 POKE 22528+C+R*32,87: BEEP 0.03,CODE A$ (J)-50

5640 RETURN

5700 REM HISCORE

5709 REM CHANGN HI-SCORE AND PRINT IT ON BOTTOM OF SCRN.

5710 LET HSC=SC: LET A$=STR$ HSC

5720 LET R=23: FOR J=1 TO LEN A$: LET C=10+J: GO SUB CHAR: NEXT J

5729 REM CHANGE NAME TO FLASHING LETTERS.

5730 FOR I=23291 TO 23293: POKE I,PEEK I+128: NEXT I

5739 REM GET THREE INITIALS FOR HISCORE FROM KEYBOARD.

5740 LET J=1: FOR C=27 TO 29

5750 IF INKEY$<>"" THEN GO TO 5750

5760 IF INKEY$="" THEN GO TO 5760

5770 LET A$=INKEY$: GO SUB CHAR: NEXT C

5780 RETURN

Don

®on cozmaercs ¢ momomrsio nporpaMmMbl CHARACTER GENERATOR u mporpaMMmel Ui CO3JaHUS AUATPaMM.
CHavana ¢ momombio momnporpamMmel "PAPER" HaHOCATCS TpSMOYTONBHBIE 00JacTH, ammIpoOKCHMHPYIONIHE OOJbIIne



YYacTKH HTPOBOTO Mo (Hampumep, Tpasa, Hebo, comHie, u T.A.). Ha 3To m3o0pakeHne HakKIaabIBalOTCS Oojiee MesKue
Jetanu (HampuMmep, JepeBbs, MEIIKH C TIECKOM, Kpasi TPaBbl, COJIHIIA, 00JIAaKOB U T.J.). OTa paboTa MOXET ObITh BBHIIIOJIHEHA C
noMmolpo nporpamm st mocrpoenus quarpamm ("POINT", "LINE"). Hanpumep, noGaBisisi K pUCyHKaM B3pBIBOB TOYKH U
MIPSIMBIE, MOYKHO MOJY4UTh N300paKEeHHE JIEPEBBEB.

L[BeTOBYIO0 raMMy MOXHO PacIlIMpUTh, Ucnonb3ys komanay BRIGHT. Ocoboe BHUMaHKE ClielyeT yAeNlsiTh OJIoKaMm,
4yepe3 KOTopble OyIyT ITPOXOIHUTH JIBMKYLIHECS 00BEKTHI. DTH OJIOKH JOJDKHBI COAEPKaTh TOJBKO OJUH (POHOBBIN LIBET, TaK
KaKk B NPOTHUBHOM ClIydae INPH TMPOXOKAECHHU 4epe3 3TOT OJOK OOBEKTa MOMKET BO3HHKHYTH HENOIyCTUMAs CUTyauus -
HaJIMYUe B OJJHOM CHMBOJILHOM OJI0Ke OoJiee BYX BeTOB. Ha Hamem UrpoBOM 1oJie eCTh /IBa TaKUX y4acTKa.

1. Bo Bpems monéra caMoNETHI MPOXOIST MOBEPX O0JIaKa U 32 HUM, TaK YTO TPaHUIa MEX Iy HEOOM H OeTpIM 00JIakoM
HE JOJDKHA HPOXOAWTh BHYTPU CHMBOJIBHBIX OJIOKOB, 4epe3 KOTOpBIC IMPOXOIAT caMoiETh. Bo Bpems moiéra camonér
HCcUe3aeT 3a 00JaKOM, TaK 4TO HEKOTOpbIC OJIOKM MOJKHBI MMeTh (oH Oenmoro nsera m Oenbiii INK mBer. Kornma camonér
nepecekaeT 3TotT 0ok, pucyronuii et INK craHoBUTCS TOXKE 0€oro 1BeTa, 4To ¥ (OH, ¥ CaMOJIET HEBO3MOXHO OTJIMYUTh
0T obOraka.

2. Xotrs, Ha MEpBBIA B3IJILL, KAKETCS, YTO CONHLE HMeeT (opMy Kpyra ¢ IJIQJAKUMU KpasMH, IpH Ooiee
BHMMATEJIbHOM PAaCCMOTPEHUH BUJIHO, YTO Kpas 3y0uaThle, MPOXOSIIKe 10 TpaHuaM 0J0KkoB. Te OJI0KH, KOTOPBIE BO BpeMs
UTPBI HE MEHSIIOTCS, MOT'YT COI€PIKATh JIBa LIBETA.

Kackaonas MYTbMUNIUKAYUA

Iocne 3arpy3ku n300pakeHUs WUTPOBOTO IOJSI HA JIGHTY MBI MEpeHaéM K CO3AaHHMIO MPOTpamMM, IOMEIIAIOINX H
MIepEIBUTAIOINX OOBEKTHI Ha IIEPEJHEM IUTaHe. Tak Kak OT 3THX NMPOTPaMM TpeOyeTcst BBICOKAsi CKOPOCTh HCIIOJIHEHNUS, TO MBI
JOJDKHBI 1103a00TUTECST 00 3(p(PEeKTHBHOCTH MX aITOPUTMOB C TE€M, YTOOB MUHHUMH3HPOBATH KOJMYECTBO BBIYMCICHHHA BO
BpEMSI HIPBL.

3£[er MbI IPUBOJUM OIMMCAHUE OAHOI'O TaKOTO METOAA - KACKAAHOTI'O MYJIbTUINIMIUPOBAHWA, WJIN METO/] HOHBH)KHOﬂ
Bxo#HOW Touku. K mnoamporpamMmam, OBICTPOJEHCTBHE KOTOPHIX OCOOEHHO BaXKHO, MOXKHO O0OpamiaTbcs € MOMOIUIBIO
NepEeMEHHOT0  yKazaTelss (MaeHTH(UKaTopa B HIJKHEM perucrpe). OTH HOANpOrpaMmbl  OpOpMIICHBI B  BHAE
MIOCJIEI0BAaTEIFHOCTH (KacKasa) Mo/A3a1ady, U3 KOTOPHIX MPU KaXJIOM BXOJI€ BBIMOJHACTCS TOJBKO OfHA. PemeHne kaxmon
MOJ[3a/1a4M  3alHMChIBACTCS B BHJIE IOCIIEA0OBATEILHOCTH CTPOK, IOCJIE Yero ykasaTenb OOpamieHus K 3TOH mHporpamme
M3MEHSETCS M MBI BO3BPAIIAEMCsl B UCXOAHYIO IporpamMMy. [Ipy MOBTOPHOM BXOJ€ B MOJNPOrpaMMy OOBIYHO BBITIONHSIOTCS
JIEUCTBHA 1O IPYrOMy JITOPUTMY, TaK KaK yKa3aTesb, KaK IPaBUIIO, YKa3bIBAET Ha HAYAJIO CIICAYIONIECH B CITMCKE TOA33Ia4H, 1
TaK Tpolecc MOBTOpSETCS A0 TeX IMOop, MOKa MBI HE JOCTHraeM KOHIIAa CHHCKa (B 3TOM cilydae, Kak MpaBHJIO, yKa3aTelb
YCTaHABIMBACTCS HAa HAYAJIO CIHCKA).

Bces urpa cocrout u3 (pazel MHMIIMAIM3ALMK U TTOCIEAYIOINX O0paIleHuii K MOANPOrpaMMam, Kaxaas U3 KOTOPBIX
MpeACTaBIsieT M3 cedsl KacKajl, BBINONHSIOIIMI Ty WIM MHYIO 3ajady (HampuMep, MEpeiBUTacT caMoNET, HMPOU3BOIUT
OOMOCKKY LIEJH, U T.JI.).

Kackannple moxnmporpaMMbl MOTYT 00pamiathCsi M K APYIMM Kackajgam, 4TO HpPOM3BOAUT S(PQEeKT IelCTBHH,
NPOUCXOJSIIUX OJHOBPEMEHHO. DTO JejaeTcs IJisi TOro, 4TOObl MIPOKY Ka3ajoCh, YTO Ha OJKpaHe IMPOMCXOAUT Pl
HE3aBHCUMBIX COOBITHH. B Hameil urpe Mbl crapaeMcsi co3/1aTh y WUTPAIOIIETO BIICYATICHUE, YTO CaMOJIET, OpyIUe U CHapsj
JBIKYTCS HE3aBUCHMO APYT OT JIpyTa.

B cuty cBoeli CII0’)KHOCTH, Halla IporpaMma He MOXKET CIYXKUTb HarJIsAHBIM IIPIMEPOM ITPUMEHEHHS 3TOH TEXHUKH,
MI03TOMY MBI IPUBEAEM JPYTYIO IPOrpaMMy, 3HAUUTENBHO Oosiee IPOCTyIo (KOTopasi IPUroJHa 11t KOMIBIOTEPOB ¢ 00BEMOM
namsaty 16K).

Crenyromue ABe MPOrpaMMBbI IEHCTBYIOT HE3aBUCHMO ApyT OT npyra. [Iporpamma Ha smctunre 14.2 mocne HaxaTHs
KJIABHIIU CTPEJSeT TOYKOH, a mporpaMma Ha JucTHHTEe 14.3 mepenBuraer Mo 3KpaHy IO 3Ur3aroo0pa3HOi TPaeKTOpUHU 3HAK
"+". O6e mporpaMMBbI UCTIONIB3YIOT TEXHUKY OBICTpOi MyibTUIUIMKauH, npuMeHeHHOH B urpe ISLAND DEFENCE, onnako
OHM HACTOJIBKO Majlbl, YTO ISl 3aMEUICHUS JBMIKCHUSI Ha SKpaHe NPHUXOAMTCS Ioiib3oBaThess komanaoit PAUSE (takue
npo06JieMbl BO3HUKAIOT TOJILKO C OYEHb NMPOCTBIMU U KOPOTKUMH MPOrpaMMamMu). M3 3TUX MOANpOrpaMM MbI COCTaBIISIEM JIBE
KacKaJHble MPOrpaMMbl (JTUCTUHT 14.4), Tak 4yTO KaXKeTCsl, YTO TOUKA U KPECTHK JIBUXKYTCSI OTHOBPEMEHHO.

Kackan, nepeaBuraromuii TOUKy, COCTOUT U3 TPEX YacTeH:

A. Touka momemaercs B 10-yr cTpoKy, HYJICBOH CTOIOEIL;

5. Ecnint urpok Haxkas KJIaBHIIy, TO TOUYKA HAUWHAET CBOE JIBU)KECHHE;

B. Touka nBuraercst Ha OJlHy ITO3UIHIO, IT0KA HE JOCTUTHET IIPaBOTO Kpas HKpaHa.

Kak TonpKo Kakoi-mmOO M3 ATHX IPOIECCOB 3aBepIleH, TO 3HaueHue uueHTH(ukaropa DOT ycranaBmuBaetcs Ha
crenyrommid pa3zen. Ilocime Toro, Kak TOYKa MOCTUTAeT TPAHMIBI KpaHa, ykazarenb DOT ycraHaBimmMBaeTcs Ha TIEPBBIN
paszern.

Kackan, ynpasisironuii ABUKEHHEM KPECTHKA, TAK)KE COCTOUT U3 TPEX YaCTEH:

A. Kpectuk nmomemniaercst B 22-0i CTpoKe, 8-0M CTOJIOIE;

5. B HIDKHEH 1M0JI0BHHE DKpaHa KPEeCTHK NepEeMeEIaeTcsl Ha OJIHY CTPOKY BBEPX M OJIMH CTOJIOEL! BIIPABO;

B. B BepxHeli IOJIOBHHE 9KpaHa KPECTUK NEPEMEIAETCs] Ha OJJHY CTPOKY BBEPX M OJJMH CTOJIOEI] BJICBO, M €CIIU TOUKa
Y KPECTUK HaXOMsTCs B OJIHOM OJIOKe, TO BbInoHsercst komanaa SPLAT.

[Tpy momomy OCHOBHOM MpOTrpaMMBbl M3 3THX INPOTrpamMM cocTaBisercs urpa. OCHOBHasl MOAIIPOTrpaMMa BBI3BIBAET
noriepeMeHHo To mporpammy "DOT", To "CROSS", a 3HaueHUs HACHTU(DUKATOPOB H3MCHSIOTCS TaK, YTO OHH yKa3bIBAIOT Ha
MIPaBUIIBHYIO TOYKY BXOJ1a.

LISTING 14.2

200 REM DOT

210 PRINT AT 11,0;"."

220 IF INKEY$="" THEN GO TO 220



230 LET D=0

240 PRINT AT 11,D;" ": LET D=D+1
250 IF D=32 THEN GO TO 210

260 PRINT AT 11,D;"."

270 PAUSE 1: GO TO 240

LISTING 14.3

300 REM CROSS

310 LET R=21: LET C=8

320 PRINT AT R,C;"+"

330 PRINT AT R,C;" ": LET R=R-1
340 IF R<O0 THEN GO TO 310

350 IF R>11 THEN LET C=C+1l

360 IF R<=11 THEN LET C=C-1
370 PRINT AT R,C;"+"

380 PAUSE 1: GO TO 330

LISTING 14.4

100 REM MAIN LOOP

110 LET DOT=220: LET CROSS=300
120 GO SUB DOT: GO SUB CROSS
130 GO TO 120

200 REM DOT CASCADE

210 PRINT AT 11,0;".": LET DOT=220: RETURN
220 IF INKEY$="" THEN RETURN

230 LET D=0: LET DOT=240: RETURN

240 PRINT AT 11,D;" ": LET D=D+1

250 IF D=32 THEN LET DOT=210: RETURN

260 PRINT AT 11,D;"."

270 RETURN

300 REM CROSS CASCADE

310 LET R=21: LET C=8

320 PRINT AT R,C;"+": LET CROSS=330: RETURN

330 PRINT AT R,C;" ": LET R=R-1

340 LET C=C+1

350 PRINT AT R,C;"+"

360 IF R>11 THEN RETURN

370 LET CROSS=388: RETURN

380 IF R=11 AND C=D THEN PRINT AT R,C;"SPLAT": STOP

390 PRINT AT R,C;" ": LET R=R-1

400 IF R<O THEN LET CROSS=310: RETURN

410 LET C=C-1

420 PRINT AT R,C;"+"

430 RETURN

Ynpaxxuenue 14.2

Jlob6aBbTe K BBI3BIBAIOLIEH MpOrpaMMe OJHY CTPOUYKY, 4TOOBI rocje BbinoiHeHHs komauiusl SPLAT ykazaremnu
yCTaHaBJIMBAIMCh HA HAYaJIO0 KAacKaJla, U Ha 9KPaHe MOSBISUICS CUET (KOJIMYECTBO ITOTAIaHui).

Hamuummre nporpammy "crpensba mo nersnied MHUIIEHH", B KOTOPOH OXOTHHK, ABHXKEHHEM KOTOPOI'O MOXHO
YIOPaBIATh C KIaBUATYypHl, epeMeniaeTcs ciaeBa HanpaBo. OH CTpensieT N0 MUIIEHU, KOTOpas MOXET JIETaTh CIeBa HAIpaso,
CBEpXY BHU3 110 IUArOHAIH.

Jpyeue memoosvt myromuniuxayuu

Ha npumepe Takoi HpocTO Mrpbl MBI HE MOXEM IOKa3aTh HACKOJBKO A(P(EKTUBHBI KacKaJHbIe MPOrpaMMbl. DTO
CTaHOBHUTCS OIIYTHMBIM JUisi Oosbimiux urp, takux, kak ISLAND DEFENCE. 3amerste, 4TO Ui CO3MaHUS H300paXKCHUS
camoJI€Ta MCIoJb3yeTCsl BOCEMb HAOOPOB CHMBOJIOB.

Kackan, pucyronmii n300paxeHue caMoJI€Ta, COCTOUT W3 PA3IMYHBIX CEKIMH, KaXJas U3 KOTOPHIX IIOMENIAeT OJUH
TUI caMOJIETa B OMpENENICHHOE MECTO Ha 3kpaHe. IlepeMerieHue caMonéra NPOUCXOAUT B /IBAa dTala: CHadalla OH PUCYeTCs
HEBHJMMBIMH YEPHWIAMH Ha HOBOM MeECTe, a 3aTeM 3a0uBaeTcs crapoe u3oOpakeHme. CHapsiibl HAHOCSATCS HEBUIMMBIMU
YepHIIAMH TIOBEPX yXKE CYIIECTBYIOIIETO M300paXKSHHS, a 3aTeM CTHPAIOTCA CO CTapOd MO3WIMU MOBTOPHBIM BBIBOJIOM. Y
9THUX METOJOB €CTh CBOM IOCTOMHCTBAa M HemocTaTkW. Korjga ecTh BO3MOXXKHOCTH OJHOBPEMEHHO VAAISTH M300paKCHHE B
CTapOM IIOJIOKCHUH M PHCOBAaTh OOBEKT B HOBOM TIOJIOKEHUHM (CM. pa3fell TpOrpaMMBI, B KOTOPOM CaMOJNET JIETUT
TOPH30HTANIBHO), TO 3a4acTyI0 Ha CO3JaHHE M300pa)XCHUS TPATUTCS MEHBIIEC BPEMEHH; HO IIPH 3TOM HCYE3al0T HEKOTOpHIE
neranu (oHa.

IIpy OZHOBPEMEHHOM HCIOJB30BAHUU JBYX TEXHUK MOTYT BO3HUKATh JOIOJIHUTEIbHBIE CIIOKHOCTH: €CIIU
HEKOTOPBI CUMBOJIBHBIN OJIOK MEpeceKyT ABa JABMKYIIUXCS 00bEKTa: HAIPUMeEp, YTO MIPOHU30MIET, €CiM 3aHATHIN CHApsIOM
6510k mepecedeT camMoi€T? B urpe 3To MoXkeT MPOM30WUTH B CEIBMON CTpOKE, AEBITOM psiy. B pesynbrare mocie noBTOpHON
NeyaTy y4acTOK pakeThl, MOUIeKAINN YHUYTOKEHUIO, OCTACTCsl BUCETh B BO3jyxe. [l UCIpaBiieHus 3TOi OLIMOKH JIydlie
JIONMCATh IPOrpaMMy CaMbIM IPOCTHIM CIIOCOOOM, YE€M YCIIOKHSTH QJITOPUTM, TaK KakK 3TO MOXKET MPUBECTH K MOSBICHHIO
npyrux ommbok. Kackan, ynpaBisromuii mon€ToM camonéra, COACpXHUT TUIIHUE omeparop (Ha 1990 cTpoke), KOTOPBIA



obecrieunBaeT OBICTPYIO JIMKBUIAIUIO OLINOOK.

B nByx Mecrax B mporpamme camoui€T ucdeszaeT 3a npeaMeramu ¢ona. Jns Toro, 4To0bl caMONET MOT UCYE3HYTH 3a
00J1IaKOM, MBI ITPOCTO CAENAIN B TeX OJIOKax, rlie OH JOJDKEH MCUYE3HYTh, PUCYIOIIUH LBeT OenbiM. UTO KacaeTcs denoBeka,
NPOXOAAIIETO 3a AEPEBOM, TO 37eCh Mpobiema ciokHee. Mbl XOTHM BHJETh JIEPEBO JIBYXIIBETHBIM, KOTJ[a 32 HUM MPOXOJIHUT
YeJIOBEK.

Hcnonp3yeMslil HaMy NPUEM COCTOUT B CIEIYIOLIEM: YEIOBEK MOIXOAUT K JEPEBY, U HAANEUaThIBAETCS, €CIIU MPU
9TOM TMIONaAaeT B OJIOKH, COJAEpXKallHWe JIMCTBY, a 3aTéM M BOBCE IIEPECTAaeT IIedaraThCsi, HO 3BYK ILIAroB IPOJIOJDKAET
BOCIIPOU3BOAUTECS, U YEPE3 COOTBETCTBYIOIINI HHTEPBAJl BPEMEHH YEJIOBEK BBIXOAUT M3-3a peBa: CHavaja MOsBISAETCS HOTa
YeJI0BeKa, Ha O/IMH OJIOK paHbIIIE TOJIOBBI, HPUUEM 3TO JODKHO MPOUCXOIUThH KaK IPH JIBIDKCHUH YEIIOBEKA BIPABO, TAK U MPH
JBIDKEHUH BIEBO. Bee nerany ciemyer TmarenbHO pacCYUTaTh Iepe]] TeM, Kak MporpaMMHpPOBaTh allTOPUTM Ha Oeiicuke.

KomOunHamms 3THX TEXHUK Ul TEpPEMENICHUS] OOBEKTOB IO 3KpaHy W TNPHEMBI, MO3BOJIIOIINE 3TUM OOBEKTaM
MIPOXOJUTH OPYT 4Yepe3 Jpyra, MO3BOJIMT BaM CO3[aBaTh BBICOKOKAUECTBEHHBIE NMpOrpaMMmbl. Ecim BBl XOTHTE cO37aBaTh
CIJIOYKHBIE UTPBI C OBICTPOMEHSIOLIEHCS] 00CTaHOBKOM, TO BaM MPHUAETCS] IPOrpaMMHUPOBATh B MAIIMHHBIX Kojax. Jlaxe B 3TOM
Cllyyae HEKOTOpPbIE M3 MOANPOrpaMM MOTYT OBITh HamucaHbl Ha Oeiicuke. IloamporpaMMbl MUIIYTCS! LEIUKOM B MAITMHHOM
KOJie, TOJIBKO KOT/Ia OHM IpeAHAa3HAYEHBI IS POJIaXKH.

ITo mepe Toro, Kak IporpaMMHpyeMble BaMU Urpbl OyayT OoJiee CIOXXHBIMH, BaM HPHUIETCS MPUKIAIBIBATH BCE
OoJibllle YCWJIMI Ul TOTO, YTOOBI OHU MMENU HPOCTYIO CTPYKTYPY, IUIS STOr0 IPOrpaMMHUpPYWTE METOAOM CBEPXY-BHHU3,
UCIIONIB3yHTE OCMBICIICHHBIE IMEHA JIs IEPEMEHHBIX 1 KOMMEHTUPYHTE MPOTpaMMBbl, HAYWHAsI CO CTaANH pa3paboTKH.

Teneps MbI octaBisiem Bac HaenuHe co SPECTRUMowm, KoTopslii oka3ai ce0st HaJle)KHBIM yCTPOMCTBOM, ITPOCTHIM B
o0meHnu. MBI yBepeHbl, 4TO Y Bac BIEPEIH MHOTO NPHUSATHBIX YacOB, NPOBEJCHHBIX C 3TUM KOMIBIOTEpOM. [Ij1s1 TOro 4To0B!I
MOMOYb BaM HayaTh, Mbl IPHBOJMM B CIEIYIONICH TIaBe HECKOJIBKO HIEH MPOEKTOB. Bcero Bam XOpOIIEro M XOpOIIHX
MPOTPaMM.

Cnucok npoepamm

1. Jluctunr 14.1: urpa ISLAND DEFENCE. MbI pekoMeHyeM BaM HPHOOPECTH KacceTy, TaKk Kak JUIsl CO3aHHs
Habopa crenuanbHBIX CHMBOJIOB TpeOyeTcsl JOBOJIEHO MHOTO BpeMeHH. OJJHaKO paHO WM TO3QHO BaM INPHIETCS CO3/1aBaTh
HaOOpBI CUMBOJIOB U (OH.

2. Jluctunr 14.2 (mporpamma "DOT"). Haxxmute mr00yr0 KITaBUIIY.

3. Jluctuar 14.3 (mporpamma "CROSS"): BXOJHBIX JaHHBIX HET.

4. Jluctunr 14.4 (ocroBHas nporpamma, "DOT CASCADE" u "CROSS CASCADE"). Briewaraiite 1r000i1 KiTt0d.



NMABA 15
MpoekTbl

1. C momomsio SPECTRUMa coznaiite mudpossie dackl. s aToii nenn ucnons3yiite BetpoerHsir B SPECTRUM
JaTYNK BPEMEHHU.

2. Hammmmre mporpammy, KoTopas OBl HpoBepsula KBaTH(DUKAIIMIO pagucToB. BxomHoil wmH(poOpMammeit ciyxut
KyCOK TEKCTa, KOTOPBIH IIporpaMma HEpeBOAUT B MOCIIEAOBATEIHLHOCTE TOUYEK M THPE B COOTBETCTBUH ¢ a30ykoil Mopse.
KonupoBka TekcTa MOXKET CONPOBOXKAAThCS 3BYKOBBIMH 3KBHBAJICHTaMH TO4YeK M THpe. JlomkHa OBITH HpeaycMOTpeHa
BO3MOXKHOCTH PETYJIMPOBKH CKOPOCTH MOCTYIUICHHS 3aKOJMPOBAaHHON MH(OPMALIHH.

3. Hapucyiite HabOp IOpPOXHBIX 3HAaKOB. Bamia mnporpamma poimkHa pucoBath (oH (Hampumep, KpacHbIe
TPEYTOJILHUKH), IIOCJE ITOTO HCIOJIb3yiTe CBOM COOCTBEHHBIE MPOTPaMMBbI, WIM MPOTPaMMBI JUIsl BEIUEPUUBAHUS MEPEIHETO
I1aHa raas S u 6.

4. TloctpoiiTe Ha 3KpaHe moJe Ul KpoccBopaa. Kaxblii KBajpaT KpOCCBOpAA UMEET CTOPOHY B JIBE AMHHMIIBI. DTH
4eThIpe 0JI0Ka MOTYT OBITh JIM00 YEPHEIMU (B 3TOM Cllydae OHU He cojepkar nH(opmanum), J1ndo OenbIMu; B JIEBOM HIDKHEM
YIJIy KOTOPBIX COICpP)KUTCA OyKBa pEIICHHs, a BEpXHHE 1Ba OJ0Ka - HOMep Kitoda (eciu TakoBOW mmeercs). IIpu Takom
pasmepe OJ0Ka Ha 3KpaHe yMEIIaeTcs ToJI0BOJIOMKa pa3MepoM 16 GirokoB Ha 11 6110K0B.

Tak Kak Ha 9KpaHe JOJDKHBI OBITh Pa3MEIIEHBI M KIIOUH K PELICHUsIM, TO MECTa Ha SKpaHe OyAeT sIBHO HEOCTaTOYHO.
Pemmtes npoGiieMy MOXKHO C TIOMOIIBIO MeTOa "MoKa3a ciiaiioB", onrcaHHOro B ri1aBe 13. B mepBoM kagpe mMOMecTHM rmosie
KpPOCCBOpZA, & B OCTAIbHBIX KIHOUM. OTBETHI MOTYT BCTAaBIATHCS B KPOCCBOPJ C HMOMOIIBIO Kypcopa MM CHELHAIbHBIX
komaHa. Hampumep, 6yksa "B" (mo Beprukamm), mnu OykBa "™ (mo ropu3oHTanm), mociie KOTOPHIX HAET HOMEp KII04a,
COHpOBO)KI[aeMLIﬁ BalllUM pCHICHUCM. Ecmu OTPAHUYUTBHCA TOJIBKO He6OJ'II)I_HI/IMI/I KpOoCCBOpJAaMHU, TO MOXXHO MCIIOJIb30BATh OTU
KOMaH/IbI 115l BHIHECEHUsI COOTBETCTBYIOLIMX KIIFOUEH B TI0JIE KPOCCBOP/IA.

5. Hamummure cBoM COOCTBEHHBIE NPOIPaMMbl, HCIIOJB3YIOIIME T'€HEpaTop CHMBOJOB M IOIIPOrPAaMMBI LIS
reHepanuu auarpamMM (rjaBel 5 W 6) Juid BelYepuMBaHUA (UIaroB Kakux-mOo crpaH. Vcmomb3yliTe TEXHUKY TiaBbl 13,
JIETIAfOLIYI0 JTOCTYIHBIM COAEPKHMOE sSUeeK MUCIUIedHoro (aitna, ¢ Tem, 4ToObl 100aBUTh HOBYIO ONIHMIO K IPOTrpaMMmam
TeHepalyy JuarpamMM. OTa OMNIUS MO3BOJISIET CKOIMPOBATH IPYIILY CHUMBOJIOB (HAXOAALIYIOCS Ha AKpaHE M OINPEAEICHHYIO C
TIOMOIIIBIO Kypcopa) B JIPYTYIO TPYIITy CHMBOJIOB (TaKKe HAXOIIYIOCS HA SKPAaHE U ONPENENICHHYIO C ITOMOIIBIO Kypcopa).
JomxHa OBITh TPEeAyCMOTPEHA BO3MOXKHOCTD BPAIIATh WM 3€PKAIBHO OTPaXkaTh 3Ty TPYIIITY.

6. Hamummure mporpamMmy, KoTopasi OBl prucoBaja HOTBI, KOTOpBIe Bocmpom3BoisaTcs komannoit BEEP. Jlns storo
BaM HYXXHO HaUepPTHUTh HOTHBII CTaH M CO3/aTh CIELHUAIBHBIC CUMBOJIBI, H300paXKaroe HOTHbIC 3HAKH. [IpuMeHsBIIMIiCS B
CTapBIX OAIBHBIX 3aJ1aX MPUEM "CKadymero MaunKa" s OTOMBaHMS TaKTa MOXKHO ITPUMEHSTH U 37I€Ch.

7. Wcnonw3yiiTe 00uHyt0 rpaduky s co3maHus JaOUpUHTOB. ECTeCTBEeHHO, YTO MporpaMma J0JDKHA CO37aBaTh
JTAaOUPUHTBI, JJIsl KOTOPBIX UMEETCsl NpaBHiIbHOE perieHre. OrpaHMYrBaiTe MOUCK PEIeHHUs JIMMUTOM BpeMeHu. [ eHepupyiite
JTaOUMPUHTBI, MEHSIOUIMECs B XOjxy WUrpbl. J[oOaBisiiTe IONOJIHUTEIBHBIE CIOXXHOCTH, BPOJE PBHICKAIOUIMX MO JIAOUPUHTY
JII0/I0E/I0B, HEOKHJIAHHO OTKPBIBAIOIIMXCS JIIOKOB, IIEPEHOCOB B APYIHE YYacTKH JIAOMPUHTA, €CIM BbI JIBIJKETECh 10 HEMY
CIIMIIKOM MEJUICHHO.

8. Pacmmpbre HaOOp MeTO/MOB, NpPEIVIOKEHHBIX B TiaBe 7. Hapucyiite rucrorpammsl, rpadyku U KpYroBbIE
JuarpaMMbl TIpHAYMaHHOTo Bamu THra. CpemaiiTe WX NOABWXHBIMH (JIMOO METOJIOM, HCIIOJIB30BAaHHBIM B IPOTpamMMe
"MOVIE", mn60 meTomom, ucronb30BaHHEIM B mporpamme "WORM GAME", rnaBsl | wnum ero Moaudukarnwmeii B riaase 14).

I'enepupyiiTe MHOXKECTBAa CHELHAIBHBIX cHMBOJIOB. Co3maBaiite TpEXMEpHbBIE TMCTOIPaMMBI, OKPAIIMBas KaXKIbIH
CTOJIOMK TpeMs [[BETaMH. BbIcoTa mepeiHel 4acTy KaKA0TO CTONOHNKA JOJIKHA BBIPAXKAThCS B LIENBIX YHCIAX U UIMETh MIUPUHY
B nBa Omoka. Illmpura O0KOBOI CTEHKHM CTONOIA - OAWH OJIOK, OOKOBasi CTEHKAa OKAHYMBACTCS TPEYTOJBHOM INAIIOYKOM,
3aIOIHAIOMIECH MPaBYI0 HIDKHIOIO IOJIOBHHY CHMBOJIBHOTO Osoka. TpeTest yacTh cTONOIA JIEKHUT MOBEPX MEPBOM M MMeeT
¢dopmy pomba, 1 KacaeTcs IBYX MepBbIX yacteil. Takoe cTpoeHUe cToI0MKa rapaHTHPYET, YTO B OAHOM OJIOKE UCIIOb3YeTCs
He Ooee BYX I[BETOB, a, KPOME TOTO, 3TO HU300paXKEHHE ITOX0XKE Ha OPTOTOHAIIBHYIO MPOEKIIMIO IPSIMOYTOJILHOTO CTOJIONA.

9. Cosznmanue opHameHnToB. Mcnonb3yiite komanay OVER ais HaHeceHHs OONBIIOrO YKciaa ClydailHbIX JUHHHA Ha
9KpaH, WM HapucylHTe OOJIBIIOE YUCIIO MPSIMBIX, PAcIONOKEHHBIX PETYISpHbIM oOpasom. Hampumep, npoBeanTe npsiMble,
coepuusirontre Touku (0,I) ¢ Toukamm (255,175-1), tne 0<=I<=175 u touxm (0,I) ¢ Toukamu (255-1,175), rne 0<=I<=255.
0O06001muTe METO MPOTrpaMMBbI U3 TJIaBbl 5, KOTOpas T€HEPUPYET y30pbl, Ul CO3JaHUs CIOXHBIX CHMMETPHYHBIX Y30pOB -
0001 y4eOHNK KpHUCTAIIOrpadui MOKET HATOJIKHYTh Bac Ha XOPOIIHE H/ICH.

10. B kHUTaX 1O KpUCTAILIOTpaQuu UMEETCS MHOTO MHTEPECHBIX TPEXMEPHBIX 00bekToB. [lepeiiném B IpoCcTpaHCTBO
YeTBIPEX U3MEPEHHH - BEPIIUHBI TEHEPh - 3TO BEKTOPa C YETHIPhMsI KOOPAMHATAMH, T TPe00pa30BaHusI KOTOPBIX TpeOyeTcs
Matpuuel 5x5. IIpu opTOroHaNIBPHOM NMPOELMPOBAHUHM MBI IPOCTO OTOPAcHIBAEM 3HAYCHUE [BYX KOOPIHHAT, UTO SIBIACTCA
TpaHCISIIUEH, MacIITAOMPOBAaHUEM U TIOBOPOTOM B UETBHIPEXMEPHOM ITPOCTPAHCTBE.

11. Imeetcst mHOecTBO urp, rae SPECTRUM MoXHO HCIIONB30BaTh B KaueCTBE MIPOBOM JOCKH, WM B KauecTBE
CyAbU, UJIK B KAYCCTBC MPOTUBHUKA.

12. Ucnionp3yiiTe crienuaibHble CUMBOJIBI JUIsl TIOCTPOSHUS KOJIOJBI KapT. JTa MporpaMMa MOXKET ObITh BKIIIOYCHA B
nporpammy urpsl B kapTel, Tie SPECTRUM BrinonHsieT poiib 6aHKOMETa WIIH ITPOTHBHHKA.

13.TIpu nomomu SPECTRUMa MoxHO co3gaBaTh TOJOBOJOMKH Ha JKpaHe AMCIUIes. J(OIMycTHM, HalpUMeEp, 4To
HUMEIOTCS JIEBSITH KBAAPaTOB, KAKIBIH N3 KOTOPBIX MOJIEJICH AWAroHAISIMHU Ha 4yeTblpe yacTH. Kakaas 4eTBepTh OKpalleHa B
cBOIf 1BeT (Toiy0oii - "1", kpacHsIi - "2", k&t - "3", 3enéHbii - "4") u umeet cBoii 3HaK ("+" wim "-").

Kaxnprit kBagpaT 3a1aeTcs MOCIENOBATENBHOCTBIO YETBIPEX YHCEl, 0003HAYAIONINX BEPIIMHBI, 00XOIUMBIE TIPOTHB
4acoBOW cTpenku, Harpumep, (-1,-2,1,4), (-1,3,4,2), (1,-4,-2,3), (1,2,-3,-2), (2,-3,-4,3), (1,4,-3,-2) u nBa pa3a (-1,-4,3,2).

[IpoGiema 3akmogaeTcss B TOM, YTOOBI COCTABUTH U3 KBAAPATOB KBaIparT 3X3, TaKk YTO €CIIH JBa MAJICHbKHX KBajapaTa
KacaloTCs APYyT IpyTa, TO OHU TOJDKHBI OBITH OJHOTO IBETa, HO C MPOTHBOMONOKHBIMU 3Hakamu. C momompio SPECTRUMa



BBl MOJXKET€ IOMECTUTH ATH KBaJApaThl B JIEBOH YacTH JKpaHAa, a B MPABOH YacTH JKpPaHA MOMECTHUTH CETKY C sSYeHKaMu
BEIMYMHON ¢ MaJTblii kKBagpaT. KBagpaTuku MOKHO BCTABJIATH B STUCHKH, OO MEPEHOCHTH 0OPATHO HA JIEBYIO ITOJIOBHHY.

Hamumure nporpammy, peliaroilyto 3Ty TOJOBOJIOMKY. Bpems BBINOTHEHHs 3TOW mporpaMmbl okosio 10 MUHYT, U
OHa JIOJIKHA HaXOJIUTh JIBA PA3JIUYHBIX PEIICHUSI.

14. CoctaBpTe HakeT MpOrpaMM rpaduKy CPEJHEro pa3pelicHus, ONCPUPYIONIeH ¢ OJOKaMu JBE YSTBEPTH Ha JBE
YETBEPTH. ITOT MAKET JOJDKEH OBITh AHAJIOTHYCH ITAKETy IIIaBHI 5. DKpaH COCTOUT U3 64 OJOKOB 10 TOpU30HTAIH U 44 OJIOKOB
110 BEPTUKAJIH.

JIist kak0ro CMMBOJIBHOTO OJIOKA BEISICHHUTE, KaKas OKpacka B HEM Ipeo0IajaeT - CBeTIast M TEMHAs, U OKPAachTe
OJIOK COOTBETCTBYIOIIUM 00pa3oM. Ha mepBhIif B3I 3TO KaXETCs TOBOIBHO TPYAOEMKOH omepanueii, OTHAKO €CIIH y4ecTb,
YTO OONBIIMHCTBO OJIOKOB B M300paKEHUH CIIYKAT YaCThIO CBETIOTO ()OHA, TO MCIONB3YIOT YSPHBIN PUCYIOIIIIA BT U OCITBIN
(OH, OKaXeTcs, 9TO ISl OONBIIMHCTBA OJIOKOB HUKAKUX W3MEHEHUH BHOCUTH HE HAJIO.

15. Hamumute Buneourpy tuna PACMAN. [l aToro motpeGyercst co3aaTh Ha 3KpaHe IATh ABIDKYIMXCS OOBEKTOB.
Jis TOorO 94TOGH! IporpaMMa co3aBajach OBICTpEe, OTPaHUYbTE YMCIIO ABIKYIIUXCS 32 OWH IIar IPUBUACHAN ABYMSI.

B pexumMe HamageHus MPUBHICHUS BBIOMPAIOT KPATYANWIIYIO TOPOTY K UTPOKY, a B PeKUME OErcTBa - ONTHMAaIbHBIA
nyTh Juis OercrBa. V3-3a ci10XHOH ()OPMBI UTPOBOTO TIOJISI HAWTH TOT ONTHUMAIBHBIN IyTh HE TaK-TO MPOCTO U B KauecTBE
POCTOTO MPHUOJIMKCHUS MOXHO MPHUHSITH, YTO NMPUBUACHUC IBMXKETCS MO HAMPABICHUIO K (MM OT UTPOKA) MIPOKY, SCIU
MEXIy HUMH HeT cTeHbl. Haiinute 3¢ (eKTHBIN anropuT™ IBHKCHHUS MPUBHICHHUN, TaK KaK 3Ta 4acTh MPOTrPAMMBbI 3aHUMAET
0OJBIITYI0 YaCTh MATHHHOTO BPEMCHHU.

Xopouie nporpaMMbl BUAEOUTP OTIMYAET BBICOKAs CKOPOCTh BBINOJHEHMs. sl mepemeleHus NPUBUACHUNA MO
SKpaHy MO>KHO UCMOJIb30BaTh MAILIMHHBINA KOJI.

16. Hammmmte mporpaMmy, KoTopasi ObI BRICBEUHBANIA B JIEBOW ITOJIOBHHE SKPaHa MEHIO, COCTOSIIEE U3 CIIEIHaTbHBIX
CHMBOJIOB BpOJ€ CTHJIM30BAaHHBIX M300paKCHHU JIEMEHTOB AJIEKTPOHHBIX IleTel (KOHIEHCATOPHI, CONPOTHBICHUS, W T.1I.).
OneMeHTHl ¢ TIOMOIIBI0 Kypcopa MOXKHO IOMeNaTh B JIt00oe MecTo 3kpaHa. Kpome Toro, momkHa OBITH HMpeaycMOTpEHa
BO3MOKHOCTh NPOBOJUTH COCIMHHUTENBHBIC JHHUH, JeaTh HAANUCH (Hampumep, i o0o3Ha4YeHHs "oM'") W CABHTATh WIN
YAAIATh CUMBOJIBL. J{OTIOTHUTEIBHBIE OMIIMHA MOTYT HO3BOJIATH 3aHOCHUTH H300pakeHUE B MTaMATh U HA JICHTY, a TaKXKe yIaIiTh
MEHIO U3 MIOCTPOCHHOU CXEMBI.

17. B Hammx mporpammax MbI MPEAIoJaraiy, 4To Bce 00BEKThI PAaCIOIOKEHbI nepes HabmoaareneM. [lepenenaiire
MPOTPaMMBI ¢ Y4ETOM TOTO, YTO OOBEKTHI MOT'YT PACIIONIaraThCsl 3a HaOJI0AaTeNIeM.



NMPUNOXEHUE A
SPECTRUM c o6beémom namatu 16K

Bonee 7 K mamatu oTBOIUTCS IO TUCTUICHHBIN (Daiin M cCHCTEMHBIE ITepeMeHHEIE, 9YTO OCTaBIsIeT 0KoJo 8.8 K mamsaru
JUISL TIPOTPaMM M AaHHbIX. MHOTHE M3 IporpamMM, NMPHUBEACHHBIX B 3TOH KHUTE, 3aHUMAIOT OOJbIIE MECTa B MAMATH, OXHAKO
Bce ke OonpmuHCTBO mporpamM mpuronusl U ansi SPECTRUMa ¢ o6sémoMm mamsitu 16K, ecmu coOmromaTs clieayromue
TIpaBuUIa.

[lepen 3arpy3Koif mporpaMM U3 HUX CIEAYyeT yOAINTh Bce KOMMeHTapuu. Mcmonp3yiite pekoMeHaauu riiassl 13 s
ONITHMU3AIMU Kofa porpamMMel. Hampumep, mporpamMma, reHepupyomas n300pakeHue caMoséTa, yMeIaeTcs B IaMATH, €Cln
yaaznensl noxnporpamMmsl "SCALE", "PLOT" u Bce koMMeHTapuH.

Bo3moxHO, 4TO udeThipe Habopa CHMBOJIOB W HabOp rpaduvYecKux CHUMBOJIOB, OIPENENISEMbIX I0Jb30BaTENEM,
3aHUMAlOT CJIMIIKOM MHOTO MecTa B maMsaTH. lIpy Hammumy Mecta Tabiuua aapecoB cOAepKHT 3HaueHust 15360, 29271,
30039, 30807, 31575 n 32080. Bo3moxHO, 4TO HAOOPHI C OOJNBIIMMH HOMEPAMH MEUIAIOT Pa3MEIICHHUIO B AMSTH IIPOrpaMM
WM IaHHBIX, a MHOTJA JaXKe MPUBOJAT K omrOkam B pabote kommbiotepa. Oneparop CLEAR 62294, naxosuuiicss B Havaie
MIPOTpaMM, UCTIOIB3YIONINX ATbTEPHATHBHEIC Ha OOPBI CHMBOJIOB, clienyeT 3aMeHUTh Ha CLEAR 255+anpec nagana Hanbozee
yIAJICHHOTO M3 HaOOpOB.

Brr moxere yoemuthes, uro mporpamme CHARACTER GENERATOR He xBaraer mecta IUis BTOPOTO Habopa
CHUMBOJIOB, U B 3ToM cirydae omepatop ecte CLEAR 255+30039. Ecnu Bama mporpamMma HCHOJIB3yeT BTOpOM Habop, To
3aIUIINTE €T0 Ha JICHTY U 3arpyXaiTe Mpu HE0OXOJUMOCTH.

Bbl Moxere pa3OMTh MporpaMMbl Ha HE3aBUCHMBIE KYCKH W 3allUCBIBATH PE3YJIbTaThl PabOTHI 3THX MPOrpaMM Ha
JeHTy. Ot (ailyibl mepe3arpyxaroTcs B MaMsiTh BMECTE C JIPYrUMU NPOrpaMMaMH; pacCMOTPUM, HalpHMep, Nporpammy
IIOCTPOCHMsI AMarpamMMm u3 riasbl 6. Bam cnexyer 3arpy3uts onepatopom LOAD moamporpammy "LIBDIAG" u 3arpy3uts
oneparopom MERGE onHy u3 moxamporpamMMm Al MOCTPOEHUSI THCTOTPAMM, KPYTOBBIX AMAarpaMM WIH PEIaKTHPYIOLIHX
noxnporpaMM. Ilpu 3amycke mporpaMm ciegyeT HOMHUTb, YTO OHM HE JOJDKHBI BBI3BIBATH MOANPOrpaMMBI, KOTOpBIE HE
3arpykeHsl B mamsith. Jis 3amucu n3o0pakeHHs Ha DKpaHe Ha JICHTY Hcroib3yloTcs komanasl SAVE u LOAD c onmueit
SCREENS, a nns 3anucu maccuBoB ucnonbs3dyercs ommus DATA. Ilocne 3Toro Bl MOXKETE 3arpy3UTh peJaKTHPYHOIIUE
IIPOTPaMMBI JUIS 3aBEPIICHUS OPOPMIICHHS AUATrPaMM.

K cosxanennio, HEKOTOpbIE MTPOTPaMMbl HE TOMEIIAIOTCSA B IMAaMATH, HECMOTpPSI HU Ha Kakue yxumpeHus. K takum
IporpaMMaM  OTHOCSATCA  INPOTPaMMBbl  yNAJICHHWS HEBUAWUMBIX JIMHUM  HETPUBHAIBHBIX  OOBEKTOB, IIPOTrpamMma
MyJIbTHIDIHIAPOBaHus 1 mporpamma urpsl ISLAND DEFENCE.

Ecnu Bbl coOupaerech CepbE3HO 3aHMMATHCS MAIIMHHOW TIpaUKoil, TO MbI HACTOSTENHLHO PEKOMEHIyeM Bam
NpUOOpECTH JONOIHUTENBHYIO TaMSTh.
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