


31

I. AuruTaspHas (qHPPOBas) peBOAIOLHS

B cpepe oOpa3za

CKOJIb KOJOCCATBbHBIMH M CYABOOHOCHBIMHY ObI HU OBLITU U3MEHE-
HHA, KOTOPbIE BO3BEIIAET BHEAPEHUE HU(PPOBOro ob6pasa mjis BOC-
npusTysa 06pas3a YeI0BEKOM (@ 3TO, BEPOSATHO, BaXKHEHIIEEe COOBITHE
C T€X TOP, KaK IMOSIBHJIKCH CAaMH KAPTHHBI), 3TH U3MEHEHHS BCE-TaK1
[MOJTOTOBIEHBI B ICTOPHHU KHUBOIIUCH.

Eciu Mbl IPEATIONOXKKM, YTO [NIABHOE Pa3IuyMe MEXIy Tpaau-
HUOHHOM ¥ HU(PPOBOH KAPTHUHOM COCTOMUT B TOM, YTO KJIACCHYECKHE
M306Pa’KEHHUS UMETH aHATIOTOBYIO IPHPOAY, T. €. B HUX ObI/IN 3a€HC-
TBOBAaHBI NPHHUMIB MOAOOHS, COBONAJLEHHA M HENPEPHIBHOCTH, a
3JIEKTPOHHOE OTOOPAKEHKE 06IaJaeT KaK pa3 Hu(ppOBO NPHUPOIOH,
T. €. paboTaeT C MEAbYAHIINMH, JUCKPETHBIMH, HE TOMOJTOTHYHBIMHA
3JIEMEHTAMH, TO SICHO, YTO 32 UCXOAHYIO TOUKY HAIIHNX PACCYXIAECHHUM
Mbl IPUMEM MMEHHO T€ XYJOXKECTBCHHBIC JBHIXKCHH S, KOTOPBIC 3HA-
MEHOBAIX COGOM Pa3phIB C KIACCUYECKHM BOCIIpHATHEM 06pa3a — o1
BO3HUKHOBEHMSA A0CTPAKHMOHM3MA B HAYaJie BEKa O aKIIHMOHU3Ma.

Aururaspnoe (uHPpOBOE) HCKYCCTBO

OIHAKO IPH 3TOM Pa3THYHH, KOTOPOE YXKe caMo 1o cebe 6naroaa-
P MIOHATHIO «IUTHUTAIBHOE UCKYCCTBO» IUAJIEKTHYECKH HABOAUT HA
MBICJIb O TIOHSATHH «aHAJIOTOBOE HCKYCCTBO», IO, KOTOPHIM IO OIpe-
JECIEHHUIO MOXET UMETHCA B BUAY HE UTO MHOE, KAK Cyl[€CTBOBAaBIICE
IO CUX TTOP KIACCHYECKOE UCKYCCTBO, MBI JOJDKHBI OOPATUTh BHUMA-
HUE Ha HEKOTOPBIE PUI0CO(PCKHE HECTHIKOBKH, HATIPMMEP, HA TO, YTO
B IUTUTAJIBHOM HCKYCCTBE, KOHEYHO, €CTb aHAJTOTOBBIE 9JICMEHTHI, A B
AHAJIOTOBOM HMICKYCCTBE — 3JIEMEHTHI IUTUTAbHBIE; BE€b, B KOHEYHOM
HUTOTE, BCAKHUI HEIPEPBHIBHBIIN aHATOTOBBIM MPOLECC ABIAECTCA Pa3JIo-
JKHMBIM HA MEJIBYANIINE JUCKPETHBIE 3JIEMEHTBI, TAK YTO Y€PE3 JHCK-
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peTHBIE TOYKH MOXKHO IIPOBECTH HENIPEPBIBHYIO JIUHHUIO, IPUYEM paC-
CTOAHHE MEXKAY COCEIHHUMHU TOYKAMH HACTOABKO MAJIO, YTO OHO IIOYTH
HEBUJHMMO IS 171233, TAK YTO BO3HHUKAET WJLUTIO3US HENTPEPBIBHOM JIHI-
HUH, OJHAKO C HYMEPHUYECKOU TOYKH 3PEHUSA OHO BCE-TAKH MMEETCH,
H €r0 MOKHO HN3006pa3uTsh. U Kak pa3 3To A€TA€T JUTUTAIBHOE UCKYC-
CTBO: U300PAXKAET AHAJIOTOBBIE IIPUPOAHBIE IPOILECCH B ITIU(POBOM
BUJE, T. €. IPOU3BOJUT AHAJIOTOBBIE 06pa3bl U3 1Hdp. Beap koMnbio-
Tep HA IIPUCOECANHEHHOM K HEMY 3KPAHE MOXXET IIPOU3BECTU JIMHUIO
KaK Pa3 13 TOYEK, COOTBETCTBYIOIINX HEKOEMY YU CTY. [IpH 3TOM 3KpaH
CIIY2KUT CBOETO POJA YHUCIAOBHIM IIOJIEM, TAE€ KAXKAOE YHCIO, KOTOPOE
MOXET COCTOSITh U3 OAHOM MM PHI (= digit, aHI1.), Tapsl ugp 1160
NOCJIEAOBATENBHOCTH U(MP (Kak, HannpuMep, 00101), COOTBETCTBY-
€T HeKoer Touke. IIpeacTaBieHue YUCea IIPU 3TOM IPOUCXOAUT, KaK
IIPaBHJIO, NOCPeacTBOM ABYX UdP (0, 1), Tak HA3bIBAEMBIE OMTHAPHBIE
(ZBOMYHBIE) IH(PPHI, ITOCKOABKY IIPH IIOMOINH JIEKTPUYECTBA YHUC-
JIa MOXKHO IIPEJCTABUTD TOJBKO TaK: UMITYJIBC TOKA —~ I, 2 OTCYyTCTBHE
TOKa — 0. C/IegOBATENBbHO, JUTUTAIBHOE U JBOUYHOE IIPEACTABICHNUE
COIPSIKEHBI MEXKAY COOOI. Beib KOMIIBIOTED BEIYHUCISET JIMIID TE YHC-
JIOBBIE IIOCAENOBATEIBHOCTH, KAKOBBIE SBIAIOTCS TOYEYHBIMHU, T. €.
CIIOCOOCTBYIOT N300PAKEHUIO JIMHUH HA NIPHUCOEIUHEHHOM dKpPaHeE.
Pazymeercs, 3TO BO3MOJKHO JIUIIb TOTAA, KOTIA Pa3pPEIIMOCTD 3KPa-
Ha CTOJIb BEJIMKA, YTO I CAM MOTY BEIOMPATh CTOJIb MAJIBIE PACCTOSIHUS
MEXKIY TOUYKAMH M CAMHM TOUYKH, YTO OHM HCYE3AIOT /1A 171433, HO BCE-
TAKU IPHUCYTCTBYIOT B YMCJIOBOM BBIPAKEHHH.

Pagu nposicHeHus BOIIPOCaA 5 IIOBTO PSIO, WUIN NIPUOETAIO K IETATH-
3anuu. ECiiu 3KkpaH 061agaeT Manon “resolution” (pa3pemmuMoCcTsio),
TO 3TO O3HAYAET, YTO OH IPEACTABIAECT COO0 UHCIOBOE I10JI€ C MATBIM
KOJIMYECTBOM YHcel. OOHAKO YTOOBI HEOOJIBIIOE KOJHNYECTBO TOYEK
(= 4ucesI) MOIJIO 3AIIOJHHUTS IT0JIE, OHU JOJIKHBI OBITH — COOTBETCTBY-
IOIMM OOPa30M ~ BEIHKH, TaK KaK ACHO, YTO 51 MOTY 3aIIOJTHUTb TO XKeE
CaMoe TI0JI€ TOYKAaMH MEHBIIETO Pa3Mepa, COOTBETCTBYIONINMHU YHC-
JIaM, IMIIb TOT/A, KOI/Id 3THX TOYEK OyeT 60/b1e. OgHaKo 8 GOMbIINX
TOYEK, KOTOPbIE PACIIPEEIEHBI M MEXITY COOOH, M TMHEHHO Ha ITIOBEP-
XHOCTH 3KPAHA, HU B KOEM CJIYYA€ HE BBHIIIAAAT IIOJOOHO JUHMH: BEJb
/I TIPEACTABJIEHUA JMHUH MHE HEOOXOJUMO MHOIO MajbIX TOYEK,
TAK MHOTO M TAKUX MAJIBbIX, YTO OHH KAaK Pa3 IIPOU3BOJST BIICYATICHUE
HENPEPHIBHOMH IMHHUHU. DKPaH Pa3MEPOM C HAIIl TEJIEBU3NOHHBIM, IMe-
IOIHET OKOIO 600 CTPOK, a B KaXKA0M — 110 800 TOYEK (IIYHKTOB), TAKUM
06pa3oM, ABIAETCA YUCI0BBIM nosieM u3 480 000 Toyek (IyHKTOB).
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Termepb MBI XOPOILIO MOXXEM IIPEACTABUTD cebe, CKOIb MaJIbl AOJIKHbI
6p1Tb 3TH 480 000 IyHKTOB IIPHU MAJIOCTH HANIETO TEJIEIKPAHA, YTOOBI
JaTh MECTO 3THM TOYKAM, U KAK JIETKO [PX STOM BbI3BATh WUTIO3UIO
sirHUHA. [TOCKOJIBKY 3TU TOYKH MOTYT OBITh TAKKE U Pa3HOLIBETHBIMH,
TO BO3MOYKHO HM306paKaTh HE TOJBKO (pOPMBI, HO U IIBETHBIE IIJIOC-
KOCTH, TAK UTO 3TH IIBETHBIE (POPMBI, U3MEHSISICh WJIN ABUT'ASCH C COOT-
BETCTBYIOIIEN CKOPOCTBIO, 2 *MEHHO 30 pa3 B CEKYHAY, MOTYT AATDb WJI-
JIFO3HIO IBIDKEHUS U PEATIBHOCTHU (BEPHOCTD ITepeAadn). Yem 6ouiblee
KOJTMYECTBO TOYEK (IIYHKTOB) WM YHCEJ UMEETCHA B PACIOPSIKEHUH
IS IPOU3BOACTBA 06pa3a, TeM 60blIeH 6yJeT BEPHOCTD IEPEJAYU U
C TeM GOJIBIIIIM YCIIEXOM 51 CMOTY BbI3BATh WUTIO3HIO PEATBHOCTH, TEM
peanucTudnee 6yaer usobpaxenne. UTak, cTpemiaeHne K OOJbIIEH
paspemrmmocT (Hanp., 1000 cTpOK) COOTBETCTBYET CTPEMJICHHIO K
60JIBIIEMY BU3YaJIbHOMY PEATU3MY.

Eciu Teneps Bbl IPEACTABUTE CE6E, YTO ITO MHOMXKECTBO YHCE/I MJIA
TOYEK HE AKTUBUPYETCA ITPOCTON Pa3BEPTKON (CKAHUPOBAHUEM) 00-
pa3a mpH MOMOIIY JIY4a, KaAK 3TO ObIBAET B TCICBUACHHUH, 2 BBOJUTCS
B KOMIOBIOTEP JJISI BBIYUCICHUS, TO MOXXHO BOOOP23UTh, CKOJIb 3HAYH -
TEJABHOE KOJINYECTBO CYETHBIX ONEPALMI U AITOPUTMOB (KOMaHABI,
IIOIIAT'OBbIM CIIOCOOOM OIIPEAC/SIONINE, YTO HEOOXOIUMO AEJIATh)
TPEOYETC sl WIS TOTO, YTOObI M3 M3OPAaHHBIX JECATKOB THICAY TOUYEK
CO3JaTh JMHUIO YEJIOBEYECKOrO NPOodHIA HA IKpaHE MOHHTOpA. B
MOJOOHOM CIydae HET HU OGPa30B, HU PEAIHM, KOTOPbIE MOIVIN Obl
CJIYKUTh MOJEISIMU, HO MUMEIOTCA JMIIb YHCJI4 ¥ BbIYHCIUTEIbHbBIC
OIepaly, KAKOBbIE BIOCJIEACTBHH MPENCTAIOT HA 3KPAHE MOHHUTO-
pa B Buze (popM. DTO Ha3bIBAETCA UCKYCCTBEHHBIM (DOPMHUPOBAHHEM
HM306PAKEHNSA’, CUHTETHYECKOTO H300pAKEHUA C IIOMOMIbIO KOM-
neiorepa. 1lludposbie 06pa3pl — 3TO UCKYCCTBEHHO (pbopMHupyeMbIe
06pa3bl, OCHOBOM KOTOPBIX CIYKUAT YHCIO. EC/IN ke MBI ITIOZyMaeM O
TOM, YTO YHUCJI2 COOTBETCTBYIOT HE TOJBKO TOYKAM, HO M MX LIBETY U
HMHTEHCUBHOCTH, YTO O3HAYAET, YTO IS OTYYEHHS] OOBIYHOTIO I1BET-
HOT'0 N300Pa’KEHHUA Ha IKPaHE KOMITBIOTEPA IPUXOJUTCSI UMETD €10
C MWUIMOHAMM YHMCEJ, KAIKUE KOMIIBIOTEP IOLKEH 0OpabdaThIBaTh U
IS KOTOPBIX IPOTPAMMMCTBI AO/DKHBI MPUAYMATh JITOPUTM (TTOCIE-
JOBATEIBHOCTD MMOMIATOBBIX KOMaHA), TO MOXKHO NIPEACTABUThL Ccebe,
KAK MHOTI'O BBIYHCIUTEIBHON Pa60Thl HEOOXOAUMO YK€ Ui IIPOU3-
BO/ICTBA OJHOTI'O-E€AMHCTBEHHOTO HEMTOABIDKHOTO M (PPOBOIro 06pa3a.

*

[cm. Caosaps o mporpammuposatmio, M., 1991, C. 141 (3pech 1 AaAee B KBaApaTHbIX CKOOKax
— IpAMeYaHs IepeBOAIHKA) |
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Ecnu >xe 3T 06pa3bl AOKHBI €1I€ ABHIAThCA €CTECTBEHHBIM CIOCO-
O0M, T. €. BECbh 00Pa3 JOKEH U3MEHATBLCA 30 pa3 B CEKYHAY, TO, KOHEY-
HO, KOJTHMYECTBO BBIYHUCIHUTEIBHBIX ONEPALHH CTAHOBUTCA YPE3IBBI-
YaHHO GOIBIIHNM, H 3TO TPEOYET 3HAYHTEIbHON CKOPOCTH H CJIOKHOC-
TH 1 BBIYACIUTEIBHON MOIIHOCTHA KOMIIbIOTEPA. ECiu xe MBI eme
HEMHOTO HAMPAXKEM BOOOPAKEHHE, TO Yy HAC BOSHUKHET HAMEKAA, YTO
NPOBEACHHAA JPKONCTUKOM HA IUTAHIIETE Y€pPTa MOABATCA HA SKpaHe
MOHHTOPA HE NMOCJIE NPOJO/DKHUTEIbHBIX ONIEPALIH BBIYHUCIEHHS (UTO
CPaBHHMO C MTMAHHUCTOM, KOTOPBIH yAapAET NATbLAMH MO KJIaBHIIAM
— HO COOTBETCTBYIOIIHE 3BYKH BOZHUKAIOT JIMIIb 110 NIPOMIECTBUHU Ya-
COB), HO OJHOBPEMEHHO C JBIIKCHHUEM HPKOMCTHUKA MO IVIAHIIETY, T.
€. KaK 6Bl B P€aJIbBHOM BPEMEHH; TAKHM 06Pa30M, (POPTEILAHO MPEA-
CTaBIAET COO0H NPUOOP, pA6OTAIOIIUIA B PEXHME PEATBHOIO BPEME-
HH. KOoccanbHOE KOTUYECTBO BBIYHUCJIEHUH, KOTOPHIE KOMIIBIOTEP
IOJDKEH OBITh CIIOCOOHBIM OCYWIECTBIATD B CEKYHYy, PA3yMeeTC s, MO
CHJTy TOJIBKO CYNEpPKOMIIbIOTepaM. IIoOTOMy-TO ABM>KEHHE H (POopmMa
(pbHUryp Ha IKpaHAX BUACOHTP CTOJb HEYK/IIOKH U YIJIOBATHI, 2 YDOBEHb
HUJIHO3UH ABH)KEHHA U TOYHOCTH PEINPE3ECHTALMH HU30K: BEAb BBIYMC-
JIMTEIbHBIE NPOLIEAYPHI BBICOKOTO YPOBHA HE MOTYT BBIIIOJHATBLCA B
MHKpodHnax. To xe camMoe, KOHEYHO, OTHOCHUTCA H K IEPCOHAIBHBIM
KOMITBIOTEPAM.

B cepe aBrmxymuxca gu@poOBBIX 00Pa30B, AUTHTAIBHOM KOM-
NbIOTEPHOH AaHHMAILIMH CYIIECTBYET IIOTPEGHOCTh HE TOABKO B MOHH-
TOPaxX € HEMPEPHIBHO PACTYIIEH Pa3pEIIMMOCTDBIO, HO U B CYIIEPKOM-
NBIOTEPAX BCE OOMBIIETO PasMepa, pabOTAIOIIUX CO BCe 60I€€E BBICO-
KOH CKOPOCTBIO, TAK KAK TOJIBKO 3TH KOMIBIOTEPHL MOTYT BEIIIOJHATH
KOJIOCCAbHOE KOJHUYECTBO BBIYMCIHUTENbHBIX ONEPALUH, HEOOXOAU-
MBIX 715l TOTO, YTOOBI (POPMBIL, LIBET U JBHIKECHH A, CO3JJAHHBIE KOMIIBIO-
TEPOM LAPPOBBIM (AUTUTAIBHBIM) CIIOCOOOM, BHITJIAAECIHA HA SKPAHE
MOHHTOPA Uiu (6yay4dy NEPEHECEHDI JIA3€POM) Ha IUIEHKE TAK, YTOOBI
3TO MPOH3BOAMJIO BIIEUATIECHHE peanTbHOCTH. EC/iv GBI MBI MOIVIH Ky-
MHUTb CAMBIA OBICTPOAEHCTBYIOIIUN B MUPE KOMIIBIOTEDP, TO MBI MOJ-
XOauIHU ObI BCE OIHKE K LIE/TH: CO3JABATh C IOMOIIBIO KOJOCCAIBHOIO
KOJIMYECTBA BBIYMCIUTEIbHBIX ONEPALHI — META(QOPHUIECKHA FOBOPA
~ LIBETHBIE JABIDKYIIHECH (POPMBI, COOTBETCTBYIOIIHE €CTECTBEHHBIM
NpeaIMETAM B PEATPHOM MHPE, YTO O3HAYAET HE TOJIBKO OOpabOTKY
TATAHTCKOI'O KOJTHYECTBA JAHHBIX, KACAIOUWIUAXCA OJOXKEHUA, UHTCH-
CHBHOCTH, IIBETA U T. J. COTEH THICAY TOYEK, HO ¥ OCYIIECTBJICHHE BbI-
YHCIATENBHBIX ONEPALUH, HECOOXOAUMBIX I KOHTPOJS HAJ 3TUMH
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AaHHBIMH (U1 uX (POPMHUPOBAHUA), YTO TOKE MOXKET OBITH NMPOBE-
AEeHO (BBOJ U TIPE/ICTABIEHHE JAHHBIX) TOIBKO MPH YHCIOBOM KOH-
POBKE. ITogoGHOrO poAa AUTHTAIBHBIM CIIOCOOOM MPOU3BOIUMBIE
06pa3sl MPH COOTBETCTBYIOMIEH ONMTHUMAJbHOM Pa3pEmIMMOCTH H C
[IOMOIIBIO BBIYUCIUTEIBHONH MOIIHOCTH CYINEPKOMIBIOTEPOB MOIYT
HEIPEPHIBHO COBEPHIEHCTBOBATH PEATUCTUYECKYIO CUMYJIALIMIO TPEX-
MEPHBIX OOBEKTOB 1 cOObITHH. Tak, pupma Digital Productions B JIoc-
AHJPKEJIECE UMEET OJUH U3 CAMBIX OBICTPOICHCTBYIOINX KOMIIBIOTE-
poB B MHPE, Cray-1; MX HACYUTHIBACTCI BCETO OKOJIO 25 3K3EMILIAPOB,
1 OHHU PAOOTAIOT KaK pa3 AjisA 3TOH Leau 24 yaca B CyTku. Hudposoe
U300pPAXKEHHE MOCPEACTBOM TUTUTATBHOM CUMYIALUN CHEHBI (digi-
tal scene simulation), kak Ha3sIBaeT (pupMa METOJ CBOEI PabOTHI,
MMEIOIINI 1IE/IBI0 B IPOHU3BEACHHBIX KOMIIBIOTEPOM ABHIKYIIHXCA
06pa3ax PeaTMCTHYECKU CUMYIUPOBATh TPEXMEPHBIE OOBEKTHI U CO-
6pITHA, JOCTUIJIO EPBOH KyapbMuHauH: “a film-design studio creates
reality by computer”™ — TakoBa KOHEUHas 11€1b HU(PPOBOTO U300paXKe-
HuA. Tak 11 3T10?

51 GBI CKa3aJ1 — B IPOTUBOIOJIOXKHOCTb 3TOMY — UTO CYIIHOCTD LU (-
pPOBOTO U306PAXKEHUA 3AKIIOUYACTCA B TOM, YTOOBI CO3/IaBATh HEUTO
OOJIbIIIEE, HEXKEIN PEAIbBHOCTD, HO 3TO OOJIbLIEE BHIVIAAUT 6OJI€EE pe-
aJbHBIM. IIpUHIHI (B CMBIC/IE HEMELIKOM HAEATHCTHYECKOM OHTOJIO-
') HHU(PPOBOIo H306PAKEHUA COCTOUT KAK Pa3 B TOM, UTOOBI PEAJIHIC-
THYECKHU NPEACTABIATH HEPEAIbHOCTb C MIOMOIIBIO KOMMNIBIOTEPA. Ham
HE HY>XHa ABIKymasaca dororpadus, ogHako nudpoBori 06pa3 BLIBO-
JUT Hac 3a npegens poTorpacduu, TpaHchoOpMHUpYyeT OTOOpaKEHNE
(peaspHOCTH) B MPOU3BOACTBO OOpa3a (HOBOI peasbHOCTH). HTaK,
HuppoBOe N306paKeHHEe OOBEIUHAET B CE6€ BO3MOXKHOCTH >KHMBOIU-
CH (CyOBEKTUBHOCTB, CBOOOAY, HEPEATBHOCTDb) U (hoTorpacdum (06s-
€KTHBHOCTb, MEXaHHKY, PE€aJIBHOCTD). Penipoaykuusa u (paHTa3u, aBe
B3aMMOUCKIIOUYAIOIINX CECTPHI, OOBETUHAIOTCA B LU POBOM N300pa-
)XeHuH. B 6yaymemM Mbl MOIVIM 6b1 TOBOPUTD B O HU(POBOM buabme,
WM nu(pOBOM BUIEO, TAK KaK HU(PPOBOE N300PAKEHHUE MOXKET pea-
JIN30BaThCA B IIOO0OM Meauyme. Hudposoe n3o6paxeHne, mo3Boag0-
llee MHE BMENIUBATHCS B TIOO0H y4aCTOK MOBEPXHOCTH KAPTUHBI, KaK
3TO AENAET XYJOXKHUK C XOJICTOM, 0(QOPMIATH JTI060€ MECTO KAPTHUHBI
TaK, YTOOBI ITO COOTBETCTBOBAJIO MOEMY BOOGPAKEHUIO, HE TOJIBKO H3-
6aBsieT MCKYCCTBO, pabOTAIOIIEE C TOMOMIBIO TEXHUYECKUX CPECTB,
OT MPUHOCAIIECH MYYE€HHA H IPHUHYKIAIOMEH MEXaHUKH, HO U BOOO-

[KP[HOCTYAM CO3AQET pEAaAPHOCTD C IIOMOIbIO KOMITBIOTEpA (B.HI‘A.)]
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e OCBOOOK/JA€eT Halle OOPA3HOE MBIIUIEHHE OT MHOTOYMCJICHHBIX
OTPaHHUYEHUI; TEM CaMBIM HH(POBOE H300pAXKEHUE ITPEACTABISET
cOO0H MEPBOE PEAJBHOE NPEAYYBCTBHE «OCBOOOXKAECHHOIO OOpa3a»
(xkak IUPPOBOH 3BYK — «OCBOOOXAECHHOI'O 3BY4YaHMs»>), IIPOrpaMmMa
KOTOpPOT0 6bUIa MTHUIIMHMPOBAaHA Ha pybexe XIX-XX BB.

OcBo60>xAeHHBIN 06pa3

HckycctBo XX BE€Ka NPEATIPUHSIO OCBOOOXKAEHHE 006pa3a, pas-
gensieMoe Ha aBe (pasel. B nepBylo IMOJOBUHY BEKa OCBOOOXKIEHHE
o0pa3a OCyLeCTBIANOCh B (yTypusMme, Kyouame, KyGopyTypusme,
cynpemMaTu3me, Aafan3Me, CIOppeaiu3Me U Ip.; HA BTOPOH (pase — B
“action painting”, (aOKCyce, X3MNIEHUHTIE, MOM-aPTEe, KMHETU3ME,
omn-apre, “ambiente”, “arte povera”, akLIMOHU3ME, ITepPOpMaHCE U T.
. MOMEHTBI 3TOTO OCBOOOXKICHHSA TAKXKE OTHOCATCSA K XapaKTepPHC-
THKaM LU(PPOBOIO N306PAXKEHMsA. YIIOMAHY JIUIIb LIBETOBbIE (DOPMBI
a0CTPAKTHOI'O UCKYCCTBA — BIUIOTb JO MH(POPMAIbHOIO UCKYCCTBA,
MAaUIMHHYIO UKOHOTpaduio gagausma (oT XaycmaHa Ao ITukabua),
CHHTETUYECKHUE HAXOAKU B cpepe 06pa3a v TpaHCHopMaLIuIO OGbEK-
Ta B cloppeanu3me (ot Jaamn 1o Marpurra), THTEPAKIIMIO U y4aCcTHE
3pUTENEH B X3NIMEHUHTE U T. 1. B priibMax wim BUAEO C BU3yaIbHOH
MY3BIKOH a0CTPAKTHBIE LIBETHHIE OTIICYATKH ITOSIBISIOTCS BHOBb, KaK
U CIOPPEATUCTUYECKUE KOJUIAXKY, N60 HU(PPOBOE N300PAKEHME — ITO,
KPOME ITPOYEro, KOJJIaK, PA3BEPHYTHIH BO BPDEMEHM M HA HECKOJIBKO
MIPOCTPAHCTBEHHHBIX CJIOEB, KOTOPBIH, OyJy4d ITOJOOHBIM MY3BIKE,
MMOKHUAAET ABYXMEPHYIO ITIOBEPXHOCTh PAaJH YETBEPTOI'O U3MEPEHUS.
PactpoBas TexHuka (JInxtenmrerd, Yoaxon, Jurep Port, 3urmap
TTonpKe U T. A.) TAKXKE «II0 YMOAYAHUIO» OTHOCUTCA K YCIOBUSIM ITOJTy-
YyeHus HU(PPOBOTro N3006PAKEHUS; K HUM OTHOCHUTCS M Y4aCTHE ITy0-
JIMKH B BUJEOUCKYCCTBE (OT MHCTA/UIILUH O BUAECOUTID).

HUTak, MHOTME M3 3CTETHYECKUX MOMEHTOB IIPEAIIECTBYIOIINX
(¢OpM HUCKyCCTBA OOGPa3yIOT AUPEKTUBHI s LU(PPOBOIO MCKYCCTBA,
KOTOPO€, OAHAKO, BEIXOAWUT 34 PaMKHU 3THX (popm. IIpumMepsl 3TOr0
IIOYTH CTOJIb )K€ MHOT'OUHCIEHHBI. ToueuHas (IMyHKTHPHAA ) IMHU A, X~
PaKTepHas Jy1si HEKOTOPBIX PUCYHKOB OT MaTucca 5o YopxoJia, Tenepb
CTPOUTCA NPU NMOMOIIHU rpaconocrpouTens (YEPTEKHBIH Mpubdop
KOMIIbIOTEPA). OT IMyaHTWIN3Ma — Yepe3 AUBU3UOHU3M — BIUIOTH [0
PacTPOBOM TEXHMUKH CYIECTBYIOT TOUEYHBIE TEXHHUKH, CTABAIIME IO,
COMHEHHE >KMBOITMCh KaK aHAJIOTOBOE UCKYCCTBO. CHHECTETHYECKHE
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[IpEACTABJICHHSA O TOTATbHOM MPOU3BE/ICHUN MCKYCCTBA, HAYNHASA C
pyoexa XIX-XX BB., yK€ CHOPMYJIMPOBAIM IPOTPAMMY MY3bIKaJIbHO-
ro Bua€O: “to make visible what is audible™.

@DAKTUYECKOE PA3BHUTHE IIEKTPHUYECKUX M 3IJIEKTPOHHBIX (POpM
MCKYCCTBA HAYAJIOCh B CEpEINTHE 60-x 1eT XX Beka. C OJHOM CTOPOHHBI,
B 00JIACTH MOMYJIAPHOM MY3bIKU: CBETOBBIE LIOY, MMPOEKIIUU CIAHAOB,
[AMATIO3UTUBBIL, MyJIbCUPYIOIME KHUIKUE SJIEMEHTDI, SKCIIEPHMEHTBI
¢ 3IEKTPOruTapo. C Apyro CTOPOHBI, B aBaHIapie: BUACOUCKYCCT-
BO, KOTOPOE MOIJIO ONIEPEThCA HA BEMKYIO TPAAUIIMIO A6CTPAKTHOTO
KWUHO, HEOHOBBIE MPOU3BEJECHU A, HHCTAIIALMH H T. /i. B cerogHamHem
Meaua-apTe pedb UAET, MPEXIE BCETO, O CMEIIAHHBIX (DOPMAX — B HIC-
KyCCTBE, KaK U B TIOTI-Ky/IbTYpE: KaK B 610Kk6acTepax Jlykaca, Tak U B
My3bIKQ/IbHBIX BHUAEO JIOpH AHIEPCOH B PABHOM MEPE MCMOJIb3YIOTCH
KUHO, BUICOTEXHHUKA M TU(PPOBBIE TEXHOJIOTHUH. MbI NOJOLIH BIVIOT-
HyI0 K KBAHTOBOMY CKA4Ky, KOTZd NMPOU3BEAECHMA, HCIOJIb3YIONIHE
i poBOE H300PAKEHUE, CTAHOBATCA HE3ABUCHMBIMH OT IPYI'HX XY-
JOKECTBEHHBIX (pOpM, MTpHUYEM IIU(PPOBOE HUCKYCCTBO CTAHOBUTCSH aB-
TOHOMHBIM. LlupoBoi 06pa3 — 06pa3 OCBOOGOXKAECHHBIH.

AHruTaAbHasi 3CTeTHKA

Bonee Bcero 3aMeTHOE M3MEHEHHE BU3YaJIbBHOIO O6pa3a B TOM,
YTO KaCaeTcsa (PEHOMEHOJOTHM €T0 3CTETUKH M €ro OTHOIICHHA K
KIaCCHYE€CKOMY aHAJIOTOBOMY (BONPEKH BCAKOM I€HEAJIOTHH), Iydlle
BCET0o HIJIIOCTPHUPYETCA ITEPEXOAOM OT TEIEIKPAHA K SKPAHY MOHHUTO-
pa. Eciim noBepxXHOCTD Te/IE3KpaHA CTa/Ia MPHUBBIYHBIM HCTOYHHKOM
H3006pa’XEHHUA, TO 3KPAH MOHUTOPA OKA3bIBAET OTUYXKAAOIIEE U 03a-
AAYHBAIOLIEE BO3AEHCTBUA. M MPOHCXOJHUT 3TO MOTOMY, YTO TEJIEBU-
JEHHE MPOAOKAET HACAXKAATh MACCUBHOE MOTpeGIeHNE OGLIENnpH -
HATOrO KOAAQ KAPTHHBI, TOTJA KaK KOMIBIOTEP TPEOGYET HHTEPAKIINHU
C HOBBIMH NMUKTOPHANIBHBIMH Kogamu. TpaHcdhopManua Teae3KpaHa
B 3KpaH MOHHTOPA 4€Pe3 NMPHCOEANHEHHDIN K TEJIEBU30PY AUCIUIEH
AT BUAEOUTP, KOTOPAsA MPEBPAIIAET TPAAUIIMOHHbBIHN CTATHYHBIH 06-
Pa3 B KOMMNBIOTEDP, O3HAYAET H €1l€ OJHO H3MEHEHHE: MOHHUTOP BHE-
3AIMTHO MPUHHUMAET HOBYIO 3CTETHKY HH()OPMAIIMH U KOMMYHHKAIIUH,
9CTETHKY HCKYCCTBEHHOTO.

Ecan 0co6EHHOCTh U MPEHMYIIECTBO JUTUTAJbHOTO HCKyCCTBA

COCTOUT B TOM, YTO OHO H/JECAJIBHO NPHCIIOCOGIEHO K TOMY, YTOOBI
;

[caerars BupuMBIM cABIIIMMOE (anrA.)]
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JUTHTAJIbHBIM CIIOCOO0M HM306PaXaTh AaHAJIOTOBBIE MMPOLECCH B MMPH-
poae; €CliH, CIE€N0BATENbHO, MMKTOPHAIbHASA TEXHHKA COOTBETCTBYET
H300paXKEHHOMY NPH €€ MOMOILIM NPEAMETY TaK, KAK 3TO MOAy4aeTCs
MPH JUTHTATBHONM CUMY/ISIHH UCKYCCTBAa (M(PPOBast peaTuCTHYHAS
CHUMY/SIHMS TPEXMEPHBIX OOBEKTOB M COOBITHH BO BPEMEHH), TO Cy-
LIE€CTBYIOT IMIPUYHHBI JJIsI AOTAJKH WM K€ THIIOTE3bI O TOM, YTO BCE
AHAJIOFOBOE MOKHO, B KOHEYHOM HTOT€, TMTUTATU3UPOBATh, T. €. YTO
CaM MHUD SIBJISIETCSI AMTHTAIbHO OPraHHU30BAHHBIM, 4 JUTUTAIBHOE UC-
KYCCTBO CJTY>KHUT BCE OOJIe€ COBEPIIEHHBIM €TO BBIPA’KEHHEM.

II. MaTepakTUBHAsi KOMNbIOTEPHasA rpadmKa

MOXHO CKa3aTh, 4TO IMOMIMHHOE Ha4aja0 HHU(POBOro u3obpa-
JKEHHsI COBIIAJA€T C OMyOGIMKOBAHHOM B 1963 r. pa6oToit AriBeHa
D. CasepneHaal, y4yeHMKa NHOHEPOB, Pa3Pa6OTABIIMX MAIIMHBI
no o6paborke MHPOPMALHUM M H300PAXKEHHI B MaccayyceTckom
Texnonornyeckom wuHcTHUTyTe: Kroga 3. IllenHona, MapsuHa
Munckoro u CruseHa 9. Kynca. Ceroans: CazepiieHz, paGOTa€eT B yHHU-
BepcuteTe mrata FOta, B r. Cont-JIenk-CutH, OAHOM U3 HEHTPOB KOM-
NBIOTEPHON aHMMAHHH U MPOU3BOACTBA HU(PPOBLIX (AUTHTAIBHBIX)
n3oopaxeHu B CIUA. B ero cerogHsi paCHHEHUBAE€MOM KAK yKe KIaC-
CHUYECKas JHUCCEPTAUHUH OH MOKA3BIBAE€T, KAK MOXXHO HCIOJB30BaATh
KOMMBIOTED /I MHTEPAKTUBHOTO IIPEACTABIEHHUS JUHUI C MPHUME-
HEHHEM AUCIUIES HA 6a3€ KaTOOHO-JIYUYEBOM TPYOKHM M HECKOJBKHX
BCIIOMOTaTE/JIbHBIX YCTPOMCTB KOHTPOJIA BBOAA. Eme B Ha4aie IsTH-
JECATBIX TOAOB IIOAOOHBIE AHCIUIEH MOACOEAUHSIM K KOMIBIOTEPY
JJISI IOJTYY€HHS IMIPOCTHIX BBIBOAHBIX AHCIIeeB. Ho mumsb TOraa, Koraa
Cazepnenp, pa3paboTaa CUCTEMY MPEACTABICHUS U300PAKEHHH, KO-
TOPAasl CAENAIA BO3MOXKHBIM YEJIOBEKO-MAIMHHYIO HHTEPAKIHUIO, IITU-
pokasi my6anKa O6paTHyia BHUMAHHUE HA 3HAYHUTENBHBIN MOTEHUHAT
KOMITBIOTEPHOH rpauku.

Peanmusanusi 3TOro MOTEHUHAIA, OJHAKO, MPOXOANIA MEMIECHHO.
Ha ee nmyTH CTOSI/IM TPH GOJIBIINX NPENATCTBHA. BEICTPO OOHAPYXHUIIH,
4TO KOMIBIOTEPHASA rpadHuka — OCOOEHHO MHTEPAKTUBHASA — CTABUT
4pPE3BbIYAMHO BBICOKHE TPEOOBAHHA K KOMIBIOTEPAM, B OTHOIIEHUH
Kak OOpa6OTKH JaHHBIX, TAK U 00bEMa 3aIIOMHHAIOLIETO YCTPOYCTBA.
B 60-e rogpl THU0Is MUHUMAIBHOE KOJTUYECTBO YHUBEPCHUTETOB H HC-
CJIE€JOBATENBCKUX 1A60PATOPUH HECKOIBKHUX KPYMHBIX (DMPM MOITH
OMNPAaBJATh BBICOKHH YPOBEHB PACXOJ0B HA UCCIEJOBAHHUSA.
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BTOpbIM 60IBIINUM MIPENMATCTBUEM OBLIO HEAOCTATOYHOE MTOHUMA-
Hue TPEOYIOMUXCA /15 3(PPEKTUBHOM CHCTEMbI KOMITbIOTEPHOM I'Pa-
(pMKH TOHKOCTEH MPOrPaMMHOrO obecrieyeHus I NPOM3BOICTBA
n3006pKEHHI. BCkope MOHAIN HEO6XOAUMOCTh MPEACTABIATh JaH-
HbIE B TAKOM BH/JIE, YTOOGBI OHH YAOBJIETBOPSIIN 3a4ACTYIO TPYAHO pac-
[103HABAEMBIM, HO, OYEBHAHO, HMEIOMIUMCS OTHOIEHHUAM, JIEKANUM
B OCHOBE IBYXMEPHOTO HU306pakeHHs1. Ha caMmomM aene 3HaYnTeIbHAs
yaCTh TEOPHH CTPYKTYP JAHHBIX BOCXOJHUT K pAHHUM paboTaM B 06-
JIACTH KOMITBIOTEPHOM rpaduku. Beuin pa3zpaGoOTaHbl AATOPHUTMBI
yaaJeHHs. HEBUAHMBIX JIMHHH, O6PaGOTKH MOJTyTOHOB U KOHBCPCHH
Pa3BEPTKH, YTO, B OGUIEM, OKA34JI0Ch TOPA30 CJIOXKHEE, YEM TIPEATIO-
JIarajIoCh MOHa4vany. JJake Takas Ha MEPBbIH B3I/IAA4 MPOCTasa 3a1ay4a,
KaK BBIYEPYHBAHHE OTPE3KA MPAMOMN MM OKPYKHOCTH C IIOMOUIBIO
JUTHTATBHO-OPHEHTHPOBAHHOI'O AUCIIEN, KAK OKA3aJ10Ch, MOTPe6o-
Ba/1a BECbMa CJIOXKHBIX AJITOPHUTMOB.

CkaHHEp — 3TO NMPHOOP, C MOMOMBIO KOTOPOIO THUTHTATU3HUPY-
IOTCS1 H300PAXKEHUS; B IPUHIIMUIIE, OH COOTBETCTBYET BHAECOKaAMEPE.
Jurnraan3anuen B OTHOIIEHHH CKAaHHEPA Ha3bIBAETCA Pa3pelu-
MOCTb B TOUYKAX, IIe U3MepsaeTcss HHPOPMALHs O SPKOCTH HIH LIBET-
HOCTH. DTO H3MEPEHHOE 3HAYEHHE B JAIBHEHIIIEM 06PAa6aTHIBAETCA B
BHJE YUCIIA. DTOT IPOLECC MPEOO6PA3ZOBAHH A HA3bIBAETCSA KOHBEPCHEN
Pa3BEPTKH, MIOCTHXKEHHUEM PE€AIBHOI'O MUPA B JAHHBIX, JOCTYITHBIX JIJIS
KOMIIBIOTEPHOM 0OpaboTKH. [IpH 3TOM TaKHE MOMEXH, KAK IEPEKOC
H300paKeHHNs, 6eccoaepxkaTenbHas HHPOPMALIUA, JIE€TKAS [10NYTEHD,
HE HMEIOIAA 3HAYECHHUA /IS IPOAYKTA H HATTOMHHAIOIIAA OTPAXKEHHE,
MOTYT YCTPAaHATBCA. [IpH HEKOTOPBIX OOCTOATEIbCTBAX YAA€TCSA CHIIb-
HO a6CTParupoBaThCs OT 3TOTO.

B nmpupoze, kak NpaBHiIO, CYIECTBYIOT THIIbL AHATOTOBbIE MIPOIIEC-
Chbl. KBaHTH(pHUKALIUA TAKUX IIPOLIECCOB — BCErAa CBOETO POAA JUTH-
TaM3auusa. BocnpusTHe AHEBHOTO CBETA ABIACTCSA KOHTHHYAJILHBIM,
HETIIPEPBIBHBIM. T€pMOMETP CO PTYTHBIM CTOJI60M — aHAJIOTOBBIN
NpUGop (BBICOTA CTOI6A — HEYTO AHAJIOTOBOE), TOTAA KAK BBICKA3bI-
BaHue «Ceruac 27°C» ABIACTCA JUTHTAIbHBbIM. PUCOBAHHE — TOXE OO
H3BECTHOU CTENIEHH AaHAJIOTOBBIN MPOLECC. JUTUTATH3AIHUA O3HAYAET
NIpeo6pa30BaHHE AHAJOTOBBIX IPOIIECCOB B MEIbYaHIINE JUCKPET-
HbI€ eIUHMIIBI, KAKOBBIE ABISIOTCA KBAHTH(MPUIIMPYEMBIMH, T. €. IPEI-
CTAaBUMBIMH IIOCPEACTBOM YUCeEN (digits = U@ PoI).

B xoMnbIOTEPHOM 06pabOTKE H306PAKEHUH CyIIECTBYET HATIPAB-
JIEHUE, UCXOAAIIEE U3 PEATBHBIX IPEAMETOB U HCIOIb3YIOWEE CKAH-

| .
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Hep (CHeUaATIBHBIN aHAJOrOBO-IIU(POBOI KOHBEpPTOp). Ilpu 3TOM
n3obpaxkeHue aubO INOCAE CBOEH AWUTUTANIM3AUMU (TIPHU IMOMOIIM
CKaHHEpa) MpeoOpa3yeTcs B OlATh-TAKM AHAJIOTOBOE N300pa)KeHUE Ha
3KpaHe MOHUTOPA, TUOO0 NMOCJIE AUTUTATU3AIMHI OHO CTAHOBUTCA UC-
XOJHBIM MMYHKTOM /I8 KOHTPOJIsI, OCYHIECTBISIEMOTO pO60TaMM, KOIJa
PO6OT MAHUITYJIMPYET ONPEAEICHHBIMA HHCTPYMEHTAMU M IPEAMETA -
Mu. [Ipyroe HallpapjI€HHE B KOMIBIOTEPHOM rpaduke — popMupoBa-
HYE Ha JUTUTATIbHON OCHOBE (IIOCPEACTBOM YHCEJI B 3aIIOMUHAIONIEM
YCTPOHCTBE KOMIIBIOTEPA) M300PAKEHMA NPEAMETOB, Y KOTOPBIX HET
COOTBETCTBHH B PEAJIBHOCTH, T. €. B CO3AAHUH KOTOPHIX HE Y4aCTBOBAJI
ckaHHep. TakoBO (popMUpPOBaAHME TN POBBIX U300PAXKEHUH.

K cyacTblo, KaKk U B CJIy4afsX CO MHOTMMH APYTMMH TE€XHOJOTH-
YEeCKHUMU MHHOBAIMAMMY, BpEMA OGIaroNnpUATCTBOBAIO KOMIIBIOTEP-
HOH rpaduke. C TEYEHHEM BPEMEHM CTOMMOCTb KOMIIBIOTE PDHOI'O
OOOpYAOBAHUA CHIIKAIACH, TOTAA KAK CTOMMOCTb TpPyJa BO3PaCTa-
Ja. OnepanvoHHbIE CUCTEMBI HEMPEPBIBHO COBEPLIEHCTBOBAINCH, A
TOJB30BATENIN O0Y4aINCh PAaGOTATh CO BCE 6OJIEE CIIOXKHBIM MTPOTPAM-
MHBIM OoOecreyeHueM. Brieyatasioniue ycnexu 6bUIn JOCTUTHYTHI B
pPa3paboTKe AATOPUTMOB I/ HOPMUPOBAHUSA N300paKEHM, 0COOEH-
HO T€X, YTO OBIIM NMPEJHA3HAYEHBI JJIS NPEACTABIECHUS TPEXMEPHBIX
O0OBEKTOB. DTOTO, XOTA M PACTAHYBLIETOCA HA JOJTHE TOJbI, IPOrpecca
0Ka3a/10Ch JJIOCTATOYHO, YTOOHI CETOAHS, B HA4aJI€ BOCbMUAECATHIX I'O-
JOB, HAKOHEII, BHEAPUTH KOMNBIOTEPHYIO I'PaUKy, KaK 3P HEKTUBHOE
U eIIIeBOE H300Pa3UTENbHOE CPEACTBO, B TEXHUKY, AU3aHH, TPOMBIII -
JIEHHOCTb, PEKJIAMHYIO HHAYCTPHIO ¥ N300PA3UTEIbHOE UCKYCCTBO.

KomnbioTepHas rpaguka BO3HMKIA U3 TEXHOJOTHH alllIapaTHBIX
CPEACTB M TEXHOJIOTMM NMPOrpaMMHOro ot6ecmneueHus. Kak u npu
OOBIYHBIX YMCJIOBBIX PACYETAX, MOXKHO pA0OTaTh B UHTEPAKTUBHOM
PEXHME U B PEXXUME MAKETHOH 06pabOTKH JaHHBIX. IlakeTHas o6pa-
6OTKa JaHHBIX — 3TO (PUKCHPOBAHHBIN, UMEIOIIMH 32PaHEE OTYETIH-
BO YCTaHOBJIEHHBIE MAPAMETPHI, Y>KE€ HE YIPABIAEMBIN M HE KOHTPO-
JIMPYEMBIH, «ITACCUBHBIH» PEXKUM, TP KOTOPOM CKOPOCTb B MOMEHT
¢dopMUpOBaHUA N300PAKEHUH HMMEET BTOPOCTENIEHHOE 3HAYEHHE.
DTOT peXHUM CPABHUM C Pa6OTOH nepdOKapT WM C OTIPABJICHUEM
NMOCHITOK. M306pa)KEHNA MOTYT MOABIATLCA HA IMQPOBBIM CIOCO-
GOM yNpaBIAEMOM II€EPbEBOM I'PA(ONOCTPOUTEIE, HA HIEKTPOCTATH -
YECKOM TOYEYHOM I'paONOCTPOUTENE WM HA NEKTPOHHO-TY4EBOH
TPYOKE. «AKTUBHBIH», CIOCOGCTBYIONIUI U3MEHEHUM, BCETAA CBA3aH-
HBIF C BMEIIATEIbCTBOM, YIIPABISAEMBIH U KOHTPOJUPYEMBIH PEXUM,
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AHTEPAKIINS, BHEAPSETCA TaM, I€ KPUTHYECKYIO, PENIAIOIIYIO POJIb
UrpacT CKOPOCTh (POPMHPOBAHMS n3006paxeHui. Pa6ora B 3TOM pe-
;UME CPABHHMA C HETIOCPEACTBEHHBIM ITOCEMECHHEM CYNIEPMapKETa.
G 300D KEHUAMH, NOABIAIOIMHMHACA Ha 3NE€KTPOHHO-TyY€BOM WIH
[1a3MEHHOM 3KpaHe, MOXHO BCTYIIaThb B HEIMOCPEACTBEHHYIO HH-
TePAKITUIO, BECTH AHAJIOT B PEXKHME PEaTbHOTO BPEMEHH.

B HaYaJIbHBIA NEPHUOJ PA3BUTH KOMIIBIOTEPHOM I'PA(PHKH OCHOB-
HOE€ BHUMaHHE YAEIAIOCh ANIAPATHBIM CPeACTBaM. CeroHsA B 3TOM
yoKe HET OCTPOH HEOGXOAMMOCTH, TAK KaK IIEPBOKIACCHAA H BHICOKOII-
POHM3BOAMTENBHAS AMNAPATYPA BBINYCKAETCA MHOTMMH (HPMaMH.
CeroHsi AKI[CHT CABHUHYJICI Ha Pa3pa0OTKy aIropuTMOB, CIIOCOOC-
TBYIOIIHX (DOPMHUPOBAHHUIO PA3HOOOPA3HBIX THUIIOB H300PAKEHUM
(BbIYEPYHBAHHE JTMHUMI, CO3IaHHE MOJYTOHOBBIX U300PAKEHUH, CO-
OTBETCTBYIOIIUX MaCHITA0Y, NEPCIIEKTHUBHANA IIPOEKIIHA TPEXMEPHBIX
OOBEKTOB H T. 1.), U Ha IPOIPaMMHOE 06ecedeHUE I Gosee yao0-
HOT'O IPOTPAMMHPOBAHUSA (T. €. BBIYEPUYHBAHHA) H300PKEHHU.

I'paduueckne cucTeMbI

MOXHO CKa3aThb, YTO B CBOEH pa6ore? TumoTu [DKOHCOH PacIpo-
CTPaHWUJI PE3YJAbTATHI UCCaeJOBaHUN Ca3epieHAa C AByXMEPHBIX Ha
TpexMepHbIe H306paxxeHus. OH Co3xan JEerKoe U MOHATHOE BBEJE-
HlE€ B TEXHHKY, C IOMOIIBIO KOTOPOY TPEXMEPHbBIE OOBEKTBI MOKHO
HU3006paKaTh HA IUVIOCKOCTH C IIPUMEHEHHEM OPTOrpaHUYEcKOr U
MIEPCIIEKTUBHOM MPOEKI[MH, H3BECTHOM KAKIOMY HHXXEHEDPY U IU3aTi-
Hepy. 31eCh BBOAATCA I'OMOI'€HHBIE KOOPAHHATHI, 06ECIICYHBAIOIIHE
TpeXMEPHBIE CMEIIEHHS, BPAIEHUE U MacHITa6HupoBaHUe. [DKOHCOH
3aHMCTBOBAJ COOTBETCTBYIOLIYIO TEXHUKy K3 pabotsl PoGeprca,
[Je peyb UAET 00 M300pPa)KEHHH TPEXMEPHBIX OOBEKTOB. B pabore
MKOHCOHA pacCMOTPEHBI MHOIHE U3 TOHKHUX BOIIPOCOB, C KAKMMH MbI
CTA7IKMBaeMCs, KOIJIa MBITAEMCA U300pa3uTh TPEXMEPHBIH OOBEKT U
IIPH 3TOM BBIHY>KIEHBI pA60TATh C MPOEKIIUAMHU HA ABYXMEPHOM IL10C-
Koctw. IIpy COOTHECEHHH € IPAKTHKOM — 3Ta pa60Ta IPEJBOCXUINAET
IIPo6eMsbl TPEXMEPHOH rpachuKH MOZOOHO TOMY, KAK II€PBas CTAThA
Caseprenna npeaBoCXHUTHIA KOMIIBIOTEPHYIO rPadUKy BOOGIIE.

Ve B mepBoit pabote CasepieHaa MOAYEPKUBAETCA HEOOXOHU-
MOCTb COOTBETCTBYIOIIEN OPraHU3aIUH IPaPUYECKUX AAHHbIX, 6/1a-
TOnaps yemy CTaHOBATCA BO3MOXHBIMH Da3JTMYHBIC MAHMITYJSAIHH,
KakoBpix TpeGyeT MHTEPAKIUA C KOMIIBIOTEPOM. B mociemyromue
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rofibl OCO3HAHHE 3TOIO CTAHOBHUJIOCH €1ie 60abIIe, KOrga UCCIeI0BA-
TEJIN MPUHSINAHA BbI30B, OPOIIEHHBIH UM KOMIIBIOTEPHOH rpaduKoi.
Beas mpeo6pa3oBaHus AAHHBIX, CYUTABIINECA IIPOCTBIMHU C TOYKH
3peHHsA KOHUENIHNH, CTAHOBHIHCH JOPOTOCTOAIHMH, KOTJA OPraHU-
321U JAHHBIX HE PACCMATPHBAIACH COOTBETCTBYIOIIHMM OOPa30M.
IIpu nccaegoBanuu rpaUIecKor paboTel Ha KOMIBIOTEPE ObLTH
COENaHbl 3HAYHUTENBHBIE OTKPBITHA OTHOCHTEIBHO TOIO, KAK MBI,
JIIOJH, BOCIPHHHUMAEM JBYX- H TPEXMEPHBIE CTPYKTYpPhI B 6€Ccco3Ha-
TENbHO «CXBAThIBA€M» MUD. Pa3paboTka 3 (HeKkTUBHOI OpraHU3anuu
JAaHHBIX CYHMTAETCA OAHOM M3 KIIOYEBBIX 32124 KOMIIBIOTEPHOM Ipa-
(¢HMKH B TIO3TOMY CETOAHSA CTAJ1a HEOTJIOXKHBIM J€IOM B 3TOH 06JIACTH.

I'padpnueckue npubops1

HHTEepaKTUBHAsI KOMIIBIOTEPHAA IPadUKa — CJIOBO «<HHTEPAKTHUB-
HBIM»> MIPHUMEHAETCA MIOYTH BCEra, KOIa Mbl TOBOPHUM O KOMITBIOTEP-
HOH rpaduke — Tpebyer JOCTYITHOCTH AHUCIUICHHOro mpudéopa, Ha
KOTOPOM H300pA’KEHME TTOSBIAETCS B TEYEHHUE JOIHU CEKYHBI IIOCTIE
TOr'0, KAK KOMITBIOTEP IIPOHU3BEAET BCE HEOOXOAUMBIE IS 3TOrO JAH-
HBIE.

B o6mem, MBI HCXOAMM M3 TOI'O, YTO TEPMHHAJI B KOMIIBIOTEPHOM
rpauKe OCHAIEH KaK YCTPOMCTBOM Ipa)MYeCKOro BBOJA, TAK U
YCTPOMCTBOM rpau4yeCcKoro BbIBOAA. BeIBOJ, OCyIEeCTBIsETCS, KaK
MIPABUIO, YEPE3 INEKTPOHHO-IYYEBYIO TPYOKy, BBOJ — IO GOJbIIEH
YACTH, Y€pe3 MPHOOP C PYYHBIM IIPUBOAOM, JETAIOLUIUH BOZMOMXHBIM
BBeACHHE IpaduyecKor HHHOPMALIMHU U HHTEPAKIHIO IIOIb30BATE/SA
¢ n3o6paxeHnem. CylieCTByIOT MHOTOYHCJICHHBIE BCIIOMOI'ATEIbHbIC
IPHOOPHI, KOTOPbIE OOBIYHO MOJCOEAHHSIIOT K OBHOMY U3 TAKHX TEP-
MHHAJIOB; OY€Hb YACTO MBI BCTPEYAEM TEPMHHAJIBI, TOJCOCIUHEHHBIE
K HOPMAJIbHOM KJIaBHATYype, KOTOPasA 3a4acTylO OBIBAET JOIOJHEHA
PAJOM OCOOBIX «(DYHKIIMOHAJIbHBIX KIABUII> HA IYJIBTE YIIPABICHHA
IMOIb30BaTe/A. bolee coBepmIeHHbIE TEPMHUHAJIBI MOTYT OBITh TAKXKE
CHa6KeHbI TPHOOPAMH, KOTOPBIE JOIYCKAIOT OBICTPOE MPOMU3BOACTBO
KOITUH ITOABIAIONIMXCSA Ha 9KPAHE N300PAXKEHUH, ONTHYECKOE CKAHH -
POBaHHE OTIIEYATKOB BBEACHHBIX M300PAMKEHHI U MOJCOECIHHEHHE
Pa3HOOOPA3HENUIINX «TPATULIMOHHBIX» IIEYATAIOIIUX YCTPOMCTB.

XOTA MPHMEHAEMbIE B KOMIIbIOTEPAX JUCIUIEH HA OCHOBE KaTO[-
HO-JIYY€BOH TPYOKH HMCIIONb30BAIUCh B HEKOTOPBIX U3 OYE€Hb PAHHUX
HHU(PPOBBIX KOMIILIOTEPHBIX CUCTEM B LIE/ISAX KOPPEKTYPBI, HHTEPEC K
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aKHM CHCTEMaM DPAaCTIPOCTPAHIIICH JIUIIL OTHOCHUTEIBHO HEAABHO.
510 OOBACHSAETCH TEM, UTO CETOAHSA NPEANPHUHNUMANTNCH 3HAUNTENIb-
HpI€ YCIIHS JUISL COBEPIICHCTBOBAHUS Y€IOBEKO-MATIHHHOHN KOMMY-
uKkauy. CErOAHAMHUN YPOBEHD PA3BUTHA KOMIBIOTEPHBIX rpagu-
qeCKUX TEPMIHAIOB SIBJISIETCS PE3Y/IBTaATOM:

YCHINI BHEAPAEMBIX BOEHHBIMH KOMIIBIOTEPOB, KOTOPBIE TOJIKHBI
B CTPATETMYECKUX CUTYaIMAX 06Pa6AThIBATE HHAOPMALIMIO U pEary-
pOBATb 10 BOZMOXHOCTH OBICTpEE.

JJOCTUTHYTOTO 33 MOCTIEAHHUE TOAbl COBEPIIECHCTBOBAHUSA allma-
paryph! (Hamp., KOHBEPTOPOB U CKAHHEPOB, KOTOPBIE NpeoopasyioT
(pPOBBIE CUTHAJIBI B AHAJIOTOBBIE, 1 HA060POT; U ANNAaPATOB, BBI-
JepYMBAIONIUX BEKTOPHI U 3HAKH).

Pa3paboOTKH KOMIIBIOTEPHBIX CUCTEM, PA60OTAIOMHNX B PEXKUME pe-
A1bHOTO BPEMEHH, KOTOPBIE MOTYT B TEUECHHE KPATYAHINEr0 BpeMEHH!
00pabaThIBATh 3HAYUTENIBHOE KOJIMYECTBO KOPPCKTUPYIOUIUX TaH-
HBIX, BBEJEHHBIX C ITEPU(PEPUITHBIX YCTPOMCTB.

I'pacduueckyie TEpPMUHAIIBI «TPETHETO MOKOJIEHHA> B TAKUX IIPOLIEC-
C4X, KAK MaCIITA6UpPOBaHUE (YBEIUMYECHHE WIN YMEHBIIEHHUE), CMe-
HICHUE WIM BPALEHUE YK€ HE 3aBUCAT OT NIPOrpaMMHOro obecreye-
HusA. Cerofust BHEAPAETCA OCOOBINM THH aNIapaTyphl, paboTaonIeH ¢
BBICOKOM CKOPOCTBIO U OCYHIECTB/ISAIONIEH 3TH NPEOOPA30BaHMs, TAK
CK43aTh, «<HA JIETY>, T. €. 63 npepeiBanuii. [Ipeo6pazopaHus n306pa-
JKEHUSA IPOUCXOAAT OTHOBPEMEHHO C KOHBEPTUPOBAHUEM HATHYHBIX
rpadUUeCcKruX JAHHBIX B AHAJIOTOBBIE SJIEKTPUYECKUE CUTHAJIBI, BHI3BI-
BAIOLIHE KETAEMOE N3TNGAHNE JIyya B DJIEKTPOHHO-TYYEBOM TPyOKe.
Ilo 3T0#1 npuyrHE HE TPOUCXOIUT 3HAYUTE/IBHBIX NOTEPh BPEMEHH.
Pannue rpaduueckiie KOMIBIOTEPHBIE TEPMHUHAIBI O3BOJIAIH «II€-
DPeABUraTh> N30GPAKEHNS IO AUCIVIEIO, KOIA M300PAXKEHMSA HA AUC-
IVICHOM IIPOLIECCOPE CIE€TKa U3MEHSIUCh OT Ka/ipa K Kaapy (depes
MacmTabupoBaHUEe, CMENICHUE, BDAIIECHUE). DTO YAOBIETBOPUTEILHO
Pa6oTAN0 OIS IPOCTHIX U306PAKEHUIH, POPMHUPOBABIINXCS MPH HA-
MY HEGOJBINOTO KOJIUYECTBA IPaPUUECKUX JaHHBIX. YTO Kaca-
€TCs U306PKEHUI GOJIBIIETO PA3MEPA, TO AAXKE HANO0IEE MOIIHEIE
KOMIpIoTEeph!l OKA3IMCh HECHOCOOGHBIMHM BBIYHC/ATD C TPEOYEMOMH
CKOpoCThIO IPE06PA30BAHMs, HEOOXOUMBIE ISl TOTO, YTOOBI KaJp
“3mensuics 30 pa3 B cekyHAy. Hen36eXHO BO3HUKAIH IOMEXH — MEp-
Hanue nzo6paxkeHu.

XareH ¢ coapropamMu? pacrno3HaIN BaXXHOCTb GBICTPBIX IIPEO6pa-

|
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30BAHUH AAKE I TPEXMEPHBIX H300PaXKEHUH U, CI€IOBATENBHO,
PacnpOCTPaHWIM CIIOCOOGHOCTD AIIAPATYPbl OCYHIECTBIATH IPe06-
Pa30BaHHUA JaX€ HA TPEThE U3MEPEHUE. 3HAUYUTENbHBIM JOCTHKECHU -
€M B 3TOH 06/1aCTH CTajia Pa3paboTKa Ipubopa, C IOMOIIBIO KOTOPOI'o
CAENAI0OCh BO3MOXHBIM MOAETNPOBATh TPEXMEPHBIE OOBEKTHI B IBU-
JKEHHH. B nocyiieHNE rojibl 2HAJIOTOBBIE CXE€MBbl CMEHWIHCH PA60TaIO-
IMHUMH C 6OTBIION CKOPOCTHIO HU(PPOBBIMU NPUOOPAMU KOHBEPTHPO-
BAaHUA.

OpHa K13 IJIAaBHBIX IPOOJIEM B CHCTEMAX, PA6OTAIOIIUX C JUCIIIEAMU
H2a OCHOBE 3JIEKTPOHHO-Ty4E€BOU TPYOKH, COCTOUT B TOM, UTO U300pa-
J)KeHHE cneayer OOHOBIATH 30 pa3 B CEKYH/y. B NOMCKaX penIeHus SKC-
IIEPTHI IPUMEHSUTH IUIA3MEHHBIH SKPaH, HA KOTOPOM U300pAKEHUE CO-
XPaHAETCSA HEOTPAHUIEHHOE BPEMS, KOITIA HET HEOGXOJMMOCTH CITYCTS
OIIpeNeIECHHOE BPEMS OOHOBIIATD €ro: NOC/ICTHUI METOJ, COOTBETCTBY-
€T IEKTPOHHO-TyYEeBOH TPYOKE C HaKOIUIEHHEM 3apsagoB. OHAKO, B
MPOTUBOIIOIOKHOCTD JIEKTPOHHO-TY4YEBOH TPYOKE, INTA3MEHHBIN 3K-
PaH JOIYyCKAET JIMIIb CEJIEKTUBHOE CTUPAHUE N300PAKEHNA.

B nociegHuEe roapl BO3HUK PACTYINHME HHTEPEC K PACTPOBBIM JTUC-
IiesaM, NOCTEIEHHO CMEHAIONIUM AUCIVIEN BEKTOPHBIE. PacTpoOBEIE
JUCIUVIEU C ATEKTPOHHO-JIYIEBOM TPYOKOM JAIOT CIEAYIONINIE IIPEUMY-
IIECTBA: 4) MOXKHO MCIIO/Ib30BATh OOJIee ICNIIEBbIE MOHUTOPBI KOMMEP-
YEeCKOTr0 Y€PHO-06€/I0T0 WIH IIBETHOI'O TEJIEBUACHUS; b) H306pakeHus
MPOIIE CMEHAIOTCA U MOT'YT BBIGOPOYHO cTUparhca. Hanporus Toro,
HEJOCTATOK PACTPOBBIX JUCIUVIEEB COCTOUT B TOM, YTO TpeOyeTcA A0-
poroe 3anoOMHHAIONIEE YCTPOHCTBO /UIsi OGHOBJICHUS U300PAKEHUH,
XOTA M3-32 HEMPEPBIBHO [ENIEBCIOMICH B ITOCAECTHUE FOAbl KOMITBIO-
TEPHOM aNNapaTypsl 3TO YK€ HE ABJIACTCS CTOJNb YK BA’KHBIM (DAKTO-
pom.

Eime oaMH U3BSIH 3A€Ch 3AKII0YAETCA B TOM, YTO JAAHHBIC VIS BBI-
4YepUYMBAHUA JIMHUH, KaK [IPABUJIO, IIPEACTABIEHBI B BEKTOPHOM (pop-
Me (Hamp., Kak NOCJEAOBATEIbHOCTb CETMEHTOB JIMHUI, XPAHAITUXCS
B JUCIIJIEHOM (haiijie B BUAE KOOPAUHAT CETMEHTOB JIUHH). YTOOBI
MOKA3aThb JIMHUHA HAa PaCTPOBOM AHUCIUIEE, TPEOyeTcs ocobas onepa-
1M, TAK Ha3bIBA€Masl CKAHUPYION[asa MNEPEKOAUPOBKA JaHHBIX. [Ipu
3TOM U3 KOOPANHAT CETMEHTA HEKOE! IMHUH OIPEJEISIIOTCS BCE TOY-
KH, KOTOPBIE€ B TOYEYHOM H300paXKEHUHU (C ITIOMOIIBIO PaCTPa) COOT-
BETCTBYIOT U3HAYAJIbHON JTMHU .

CkaHMpyIOlasg [IEPEKOAUPOBKA UTPAET BAXKHYIO POJIb HE TOJBKO B
PACTPOBBIX JUCIVIEAX Ha OCHOBE 3JIEKTPOHHO-/Ty4€BOX TPYOKH, HO H,
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KOHEYHO, BO BCEX OCTA/IbHBIX BHIBOJAHBIX YCTPOUCTBAX, HAIID., B 3JICKT-
pPOCTATHYECKUX I'PA(PONOCTPOUTENAX H MOCHMBOJIBHBIX IIPHHTEPAX'.
XOTs MOCHMMBOJIbHbIE IIPHUHTEPBI HUKOTA HE CYUTAINCH YCTPOHCTBA-
MH rpa¢dHY€eCKOro BbIBOJ2, HO H3-32 CBOEU AOCTYITHOCTH OHH IIPHMeE-
HSUIHCh KaK JIs BBIYE€PYHUBAHHSA JTHHHM, TAK ¥ [IUIs IIOJIyTOHOBOM I'Pa-
UK.

AATrOpHTMBI AASL YOPMHPOBAHHS AHHHHA H KPHBBIX

Pa3zpaboTka 3(pPeKTUBHBIX 2ITOPHTMOB /151 (POPMHPOBAHHUSA JIH-
HHUM U KPUBBIX — B2XKHOE J€JI0 KaK U1 HCCIefoBaTesnes, Tak U s
MOJIb30BATEJIEN CUCTEM KOMNBIOTEPHOM IrpaduKH. IIOCKOIBKY H300-
pa)KEHHE Ha JUCIUIEE NOKHO OOHOBJIATHCA KaK MUMHHUMYM 30 pas B
CEKYH/Ty, KOJIMYECTBO rpapuueCKUX JAHHbIX, IOABIAIOIIHUXCSA HA JHUC-
[UIee, PEMAIOINHUM O6Pa30M 32BHCHT OT CKOPOCTH (DOPMHPOB2RHHSA
JaHHbIX. [[peANPUHHUMATHCH 3HAYHTEIbHBIE YCHIHS MO Pa3paboTKe
AJITOPUTMOB, IPUTOHBIX U1 KOHCTPYHPOBAHHA COOTBETCTBYIOINEH
anmapatypsl. OTH WITOPHTMbI IMPHMEHAIOTCH i (POPMHPOBAHUSA
BEKTOPOB, CHMBOJIOB, OKPY?>KHOCTEH M TAK Ha3bIB2EMbBIX KDHBbIX «CBO-
6onHOM (hopmel». IIpodieMa OBICTPOro (POPMHUPOBAHUA JAHHBIX C
OJMH2KOBOM CJIOXKHOCTBIO MPOSBIAETCA KaK IPH BBIBOJE H300paxe-
HHUH B (pOpME OTNIEYATKA HA JUTHTAIbHO YIIPAB/IS€MOM IEPEBOM I'D2A-
dormnocTpounTene, TaK 1 Ha paCTPOBOM IpaONnoOCTPOHTENIE.

Bpesenxem® 6bUI IEPBBIM, KTO METOJUYHO HCCIIENOBAT (POPMHPO-
BaHHE JUTHTAIbHBIX JHHEHUHBIX CETMEHTOB. OH JE€TAIBHO PACCMOTPEI
BOIIPOC O TOM, KAK MOXXHO HaWUTH ONTHMaJIBHOE AUTHTAIbHOE IMPH-
OJIMHKEHUE K JIMHEMHOMY CETMEHTY, ONPEAEIIeMOMY Yepe3 KOOPaH-
HAaThI €0 KOHEYHBIX TOYEK. B €ro CTaTbhe «IPOrpaMMHBIN I'€HEPATOD
BEKTOPOB» OMHCBIBAECTCA KaK B HEKOTOPOM CMbIcie HH(PPOBOM rpa-
donocrpourens. Indposoi rpadonocTpouTeb COCTOUT U3 NEPA, C
IIOMOIBIO KOTOPOTO MOKHO, MOIAaroBbIM 0OO6Pa30OM ABHIasA MEPO HA
Onpeae/IeHHOE PACCTOSIHUE BIIEPE WM Ha3a/J, BBIYEPYHBATh BEPTH-
KaJIbHbIE€ WJIH I'OPHU30HTAJIbHBIE JUHUH. HeCKONABKO rpadonocTpoH-
TeJley MO3BOJISIIOT BHIYEPYHBATh COYETAHHE ITHX JHHHUA B TOM HIH
MHOM HAamnpapIcHUH. PAKTHYECKH MEPO JODKHO ABUTATHCA OT Y3712
OIpee/ICHHOM KBaJPaTHOM PEIIETKH K OGHOMY M3 CMEXKHBIX y3J/IOB.

Takum 06Pa30M, HEBO3MOXXHO BBIYE€PUYHBATH JIIOOO¥ CETMEHT IPA-
MO JIMHUH O, TI0OBIM MPOHU3BOJIbHBIM YITIOM. BMECTO 3TOrO npu-

[cM. CaoBaps no nporpammuposanuio, M., 1991. C. 39]
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OIHIKEHHE KO BCAKOMY CETMEHTY «IPAMOI» TMHUH — 1 AK€ KO BCIKOH
KPHBOMH ~ JO/DKHO OCYIIECTBIATECA C MOMOIIBIO LIEMOYKH MaJIbIX CET-
MEHTOB JIMHHUH C TOYHO ONpeAe/JI€HHOM JIMHOM. B pe3dysibTaTe nmosuy-
yaeTcA TO, 4TO Ha3dbiBaeTcq “digital straight line” [mudposas npamasn].
TOYHO TaKOH K€ 3PP EKT AOCTUTAETCS, KOIa MPSAMas NI KPUBas BbI-
YEPUYHUBAETCA C MOMOMIIBIO 3EKTPOCTATHUECKOTO IpadonocTpouTe-
JI (UK MIPOCTO NMOCHUMBOJIBHOIO IPHHTEPA). OAHAKO B 3TOM CIy4ae
NPHOIIKEHHE K KDUBOK JOCTHUTAETCA Yepe3 IIEMOYKY TOYEK, PacIo-
JIAraloMMXCA B y3/1aX PEMIETKH, 2 HE TOCPEACTBOM HEOONBIINX JTUHUH,
COETHHSAIOLINX MEXIY COOOI y3/1bl PEMICTKH.

HTak, pajg ucciaesoBaTee CTPEMUINCh NPOAHATU3HPOBATD, KAK
MOXXHO OOHAPYXXHTb «ONTHMAJIBHOE» U3 TAKHUX ITUAPOBBIX NMPHG/IH-
JKEHHUH K OINpPEAENECHHOH KpHBOH. HEKOTOphIE CKOHIICHTPHPOBA-
JIM YCHIHS HA TOM, YTOObI HAWTH ANTOPHUTMBI, NO3BOJIAIONINE HANTH
MHHHM/IbHOE OTKJIOHEHHE OT MCTHHHOM KPHBOM; HO CYILLIECTBYIOT
M HCCAEJOBATENM, TOTOBBIE JONMYCTUTh OOABIIEE OTKIOHEHHE Paau
6onbIIeH CKOPOCTH (WIH NPOCTOTHI) BBIYUCIACHUE. B ceMuaecaTosie
roasl ObUIH pa3paboTaHbl 3(PHOEKTHBHBIE AITOPUTMBI TS AOCTIDKE-
HHSA ONTHMAIbHOIO HHU(PPOBOTO NPHOIMKEHHS K 60Ie€ OOGMHUPHOMY
KJIACCYy MAaTEMATHYECKH ONIPEAEIIEMBIX KPDHUBBIX, /1 IPEACTABICHUSA
JUTHTATbHBIX OKPY>KHOCTEH H TaK Ha3bIBAEMBIX KPHBBIX «CBOOOJHOI

(hOpMBI».

I'pa¢rueckne KoMIbIOTepHbIE A3BIKH

ITpON3BOAUTEIBHOCTh KOMIIBIOTEPHON TI'pPaHUYECKOM CHCTEMBI
pemarImyuM 06pa30M 3aBHCHT OT S13bIKA, HCMOJIb3yEMOTO Jj1s1 U300pa-
J)KEHHMSA A0CTPAKTHBIX FTEOMETPHYECKHUX CTPYKTYP M HX AEMOHCTPALINHN
C MOMOIIBIO TEKTPOHHO-TYYEBOM TPYOKH HIM rpadonocTpouTess.
I'pacdnyeckne KOMIBIOTEPHBIC S3BIKH, KaK H «TPAHUIITMOHHBIC» KOM-
NBIOTEPHBIE S3bIKM, NOAPA3AETIIOTCA Ha: 1) MAIIMHHBIC A3bIKH THUIIA
«acceMmbyepr; 2) BBICOKOPa3BHUThIE MPOIIEAYPHBIE A3BIKH; 3) BBICOKO-
pasBUTbIC MPOOIEMHO-OPHEHTHPOBAHHBIE A3BIKH. OJHAKO Cpeau
rpapu4eCKUX KOMIBIOTEPHBIX SI3BIKOB JOMYCKAETCA €IIE OJHO MO-
pasfaesieHHe, 3aBUCAIEE OT TOTO, HCIOAB3YETCH JIM KOMIBIOTEPHBIN
A3BIK /151 POPMHPOBAHUA H300paKEHHMA H/IH XK€ IS IOCTPOCHMSA Ka-
KOH-TH60 r€OMETPHUYECKOU MOJIEITH.

B nayasie 1 B CEpeAMHE MECTHAECCATHIX TOJOB HCCIEAOBATEH Pa3-
paboTanu pag rpa@UYECKHX CHCTEM, UTOOBI PACIPOCTPAHUTH BO3-
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MOKHOCTH IPHMEHEHHS KOMIIBIOTEPHOH rpapUKM HAa OOIIMPHBIN
AMATIa30H NPo6aeMHbIX 06macTeit. PAHHME NPOEKTH IPaprIeCKUX
KOMIIBIOTEPHBIX A3BIKOB HMEJIH I1€JIbIO, IPEXKIE BCETO, BBIBOA H306pa-
SKEHHH JTMHHUH M GbUIH, IO CYINECTBY, IPOCTHIMH A3BIKAMH THIIA «aC-
cemMbiep», pa3pa60oTAHHBIMH Ha OCHOBE IIPOCTHIX (pOpM.

K Havany 70-X rogoB HHTEPEC CMECTHJICA C A3BIKOB, OPHEHTHPO-
BAHHBIX TOJIBKO HA NPOU3BOACTBO I'Pa(pHUYECKOr0 KOMIIbIOTEPHOTO
BBIBOJA, HA A3BIKH, C IOMOII IO KOTOPBIX MOXXHO GBUIO CTPOHTD CJIOXK-
Hbl€ A6CTPAKTHBIE, FTEOMETPHUYECKHE, KAaK JBYXMEPHBIE, TaK U TPEX-
MEPHbIE€ MOJEIH, AJI1 KOTOPBIX BBIBOJHOH AUCIVIEH HE ObLI CyIECT-
BeHHbIM. Bonee HOBblE€ rpauyecKue KOMIbIOTEPHBIE A3BIKH ObUIH,
CKOpee, IPOGAEMHO-OPHEHTUPOBAHHBIMH M MOTJIM B U3BECTHOH Mepe
pacCMaTPHUBATbCA KaK, CKOpee, A3BIKHM Il aBTOMATH3HPOBAHHOTO
NPOEKTHPOBAHHA.

®opMHpOBaHHE NOAYTOHOBBIX H3006pakeHHI

ITouTH BO BCEX PAHHHUX PabOTAX 110 KOMIIBIOTEPHOM rpagpHKe oc-
HOBHOE€ BHHMAaHHE YAEISI0Ch BEKTOPHOM rpadHKe, T. €. rpadHKe, IpH
KOTOPOM BBIBOAHOE H300PA’KEHHE MOABIACTCA HA JUCIUIEE HA OCHOBE
3JIEKTPOHHO-TYYEBOK TPYOKH, YbH JAYIH (POPMHUPYIOT (PAKTHYECKHE
JIMHUHM TAKUM OOpPa30M BBIYEPUYEHHOIO UEPTEXKA. DTO OBIIO COBEP-
IEHHO AOCTATOYHBIM [UISI BCEBO3MOJKHBIX (POpM YepTexeH B cpepe
TEXHHUKH U APXHUTEKTYPHL. VI BCE-TAKM 3TO OKa32/I0Ch HE CIHIIKOM
NPHUIOAHBIM U151 (POPMHUPOBAHHA IOJYTOHOBBIX H300Da’KEHHH, HC-
MOAb30BABIINXCS /11 H300PAKEHHUSA MPEAMETA C IIOMOINBIO TIOAYTO-
HOBBIX M 3aINTPHXOBAHHBIX INIOCKOCTEN. HakoHeIl, K KOHIYy CEMHU/IE-
CATBHIX TOAOB BO3HHUK 6071€€ IIPHUCTATbHBIN HHTEPEC K IIOJYTOHOBBIM
H300paXKEHUSIM.

OOHUM U3 NEPBBIX, KTO 32aHAICSH 3TOH TEMOH, 6bLI Boyﬂaﬂ'r‘ u3
yHuBepcuTeTa mrTata MimmHonc (YVp6aHa). ONHUCHIBAEMBIE UM aJI-
TOPUTMBI MOXXHO CYHTATH PA3BUTHEM 4JATOPUTMOB, BOCXOAAIIMX K
VopHoky’. BOyHalT JO6GHICA 3HAYUTETBHOTO MOBBIIEHHUS CKOPOCTH
NOCPEICTBOM PACTPOBOIO CKAHHUPOBAHHUSA H300pakeHUA. biarogaps
3TOMY HE TOJBKO BO3HHKAJIO INOJYTOHOBOE H300pa’K€EHHE, HO B TO
’)Ke BpeMs ObUIO BO3MOXKHO PACIO3HABATH CKPBITHIE IOBEPXHOCTH.
OnxHako 061aCTh NPUMEHEHHA 3TOTO METOAA ObLJIA OTPAHNYEHA OHO-
MEPHBIMH OOBEKTAMH.

3HAYUTEIBHOIO YCIIEXa B IIepejade MOJTYTOHOBBIX H300PAXKEHHH
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poctur Typo®. I'ypo 1o6wics NpUGIKEHHUs K HCKPUBIEHHBIM TUIOC-
KOCTAM C MOMOIIBIO MJIbIX MHOTOYI'OJIbHHUKOB, MOCPEACTBOM KOTO-
PBIX MOXKHO ObUIO YCTPAaHATH NMPEPHIBAHHUS MOJYTOHOB MO KpasMm. B
JaJIbHEMIIEM €MY YAAJA0Ch MOJy4YaTh U300PAKEHUA C MCKPHUBIECHHBI-
MH IUIOCKOCTSAMH, AEMOHCTPHPOBABIIMMHU IOPA3HUTEIbHO IIagKYIO
TEKCTypy. brarogapsi npMMEHEHUIO aJTOPHUTMOB YOTKHHCA MOKHO
GBUIO JIETKO YCTPAHSTH CKPBITHIE MOBEPXHOCTH. Katmaur® u3 Heo-
HOopKcKOoro TeXHOMOTHYECKOTO HHCTUTYTAa OGHAPYKWI MeTon (hop-
MHPOBAHHUS MOJYTOHOBBIX M300pPaXKEHUH C MCKPHUBIEHHBIMH IIJIOC-
KOCTSMM ITOCPEACTBOM MIPUMEHEHUSI UCKPHUBJICHHbBIX (GMKYyOHY€ECKUX)
(opmM BMECTO MHOTOYIOJIbHUKOB. Pazmep 3TuX (hOpM COOTBETCTBYET
pa3Mepy pacTpoOBOTO 1eMeHTa. TakuM cmoco6oM MorIH (hopMupo-
BaTbCA U306PAKEHUs, MPOU3BOAUBIINE BIEYATIIECHUE HEMPHUBBIYHO
PEaTHMCTHYHBIX — CPEAH HHUX, U H300PAKEHUSI «IIPO3PAYHBIX> OOb-
exkToB. BnociegcrBun binau®, TOrma paboTaBuivii B yHUBEPCUTETE
mwraTta OTa, AeTasbHO HCCAEI0BAT PACYET HHTEHCUBHOCTH K3KIOTO
pacTpoOBOroO 37€MeHTa (MHUKCEIS) MOSBISIOMETroCs Ha JUCIVIEE pac-
TPOBOT'O U300 PAKEHMSL.

KOMl'IblOTepHaﬂ AHHAMalHuA

C camMbIX HCTOKOB KOMIIbIOTEPHOM Ipa(huKy BO3HUK HHTEPEC U K
BO3MOJXXHOCTSIM HCIIO/Ib30BAHHSI KOMITBIOTEPOB 4151 KHHO. YKke B 1964
r. HoynirroH™ ony6/1uKOoBajI CTaThIO, IJ€ OH OMMCHIBAET, KAK KOMIIBIO-
TEP MOKET NPHUMEHATLCS AJIs1 IPOU3BOACTBA MYJIbTUIUTMKAIMOHHBIX
(pUNABMOB. B 3TOT MOMEHT NPOUCXOAUNIO €4BA JIU HE CKAYKOOOPa3HOE
Pa3BUTHE AEATEIBHOCTH B 3TOM 0OIACTH.

B nepBhIX MOMBITKAX HHTEPEC COCPEAOTOUYMBAJICS MPEHUMYIIECT-
BE€HHO Ha CHMYJHPYEMOM JBH)KEHUH OTHOCHTEJIBHO IMPOCTBIX OGb-
€KTOB. M306paxkeHus1 NPEACTABIs/IM COO0M JMHHY, 2 HCIIOIb3yEMbIC
OOBEKTHI OTPAHUYHBAINCh MHOTOYTIOJbHHUKAMHU WIH ABYXMEPHBIMH
MHOTOTPaHHHKaMH. KpOMeé COBCEM HEMHOTOYHMCJICHHBIX CJIy4aes,
€l1€e HE CYyIIECTBOBAJIO CPEACTB PACIO3HABAHUS CKPBITHIX JIMTHUIH,

Bexoit Ha myTH Pa3BUTH KOMIIbIOTEPHOM AaHUMALIMH CTaJ1a OIy0-
JUKOBaHHAsA B 1969 1. pa6oTa Bexkkepa, BOSHUKINASL U3 €ro JOKTOPC-
KO¥ JUCCEPTALMH, IPEACTABICHHON Ha Ka(eape JNEeKTPOTEXHUKH B
MaccauycerckoM TeXHOJIOTHYECKOM HHCTHTYTE. Bekkep moapo6GHO
HCCAERYET B HEH MPEATIOCHUIKH JJIsi MHTEPAKTHUBHOM CUCTEMBbI KOM-
NbIOTEPHON aHUMALIMH, 2 3aTEM PACCMATPHUBAET PA3HOOOGPA3HbBIE OT-
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Je/IbHBIE STATIbI, HECOGXOAUMBIC ISl IPOU3BOACTBA (PIIBMA C TIOMO-
bI0 KOMITBIOTEPA. DTA Pa60Ta AAET NPEBOCXOAHOE BBEACHHUE BO BCE
ACIIEKTBI KOMITBPIOTEPHOM AHMMALIUHU, U TO3TOMY CIYXKHT O6A32TENb-
HBIM YTEHHEM [UTS KAXKIOT'0, KTO HHTEPECYETCA 3TOM 061aCThIO.
HopMmaH MaxiapeH OITHCHIBAET AaHUMALHIO (T. €. MY/JIbTHUILIHKALIY-
OHHOE KHHO) CJIEAYIOIHM CIIOCOGOM:
AHMMALIA €CTh HE HCKYCCTBO ABHKYIIUXCS PUCYHKOSB, HO UCKYCCT-
BO PUCOBAHHBIX 08UMCEHUL;
To, YTO PAa3bITPHIBACTCA MeHW Oy OTACIbHBIMH KaJpaMH, BaKHEE
TOT'O, YTO MOKA3BIBAETCS B KAXKIOM KaJPE;
CrexoBaTeabHO, aHUMALUS €CTh HCKYCCTBO MAHHITYJISLIUM HEBHU-
JUMBIMH IPOMEKYTKAMU MEXAY OTAEIbHBIMH KaJpaMu. OTH IIPO-
MEKYTKH HAIIOMHUHAIOT CKEJIET (PUIbMA; TO, YTO MOKA3bIBAETCA B
KAXKIOM KaJpe, eBa JIU OGIEYEHO IIOTHIO.

AHHUMAIHA — 3TO rPpadPUIYECKOE UCKYCCTBO, HMEIONIEE MECTO B HE-
KOEM BPEMEHHOM KOHTEKCTE. U XOTSA CTATHYECKOE H300PAKEHHE MO-
JKET MPEACTABIATD CJIOKHYI0 MH(POPMAILIHIO B OMHOM-EANHCTBEHHOM
06pa3e, Bce-TaKU TOJbKO MOCPEACTBOM AaHMMALIUH CTOJIb XK€ CI0MXKHYIO
HH(MOPMALHIO MOKHO NIEPEAABATD YEPE3 P N300PAKEHUH, ITOKA3bI-
BA€MBIX BO BPEMEHH. B IPOTHBONOIOKHOCTD CTATHYECKUM H306pa-
SKEHUAM, /I MEJUYMa AaHUMALMH XaPaKTEPHO TO, YTO rpaduyecKas
WH(popMaIMg, IepeSaBaEMas B ONPEAETIEeHHbINM MOMEHT, OTHOCUTEIb-
HO BTOpOCTeNeHHAa. UCTOYHUK MH(pOPMALUU 11 3pUTENS MYJIbTH-
IUTMKAIITHOHHOrO (prabMa 3aKJII0OYAETCS B HEIPEPBIBHOM H3MEHEHUN
H300pa’KEHUI, B UBMEHEHUH OTHOCHTEIbHBIX NMO3ULIUH, (POPMBI U
JUHAMUKHA. KOMIIbIOTEP IPUTOACH IS MPOU3BOACTBA AaHMMALIMH I1O-
TOMY, YTO TPAHCHOPMAUU U300pAKEHUST B HEM MPOUCXOIAT CTpe-
MHTEIbHEE, YEM B TPASULIMOHHON aHUMALUH.

XOoTs BHEAPEHHUE KOMIIBIOTEPA B AHMMALIUIO HAYAJIOCh HE TAK JaB-
HO (1964)'2, uHTEepeC K 3TOM 061aCTH U JeATETLHOCTD B HEM Pa3BHBA-
JIMCh ITOCJIE 3TOTO NIPAMO-TAKH (hpeHOMEHANbHO. Ha 0OCHOBE 10 CHX TOP
IOJIy9EHHOTI'O OIBITA MOXKHO YTBEPKAATD CJIEAYIOIIEE:

AHUMAaIMS — BECbMA IIPUTOJHOE CPEACTBO AJIA 3aIIMCH M aHAJIM3a
KOMITBIOTEPHBIX BBIBOAHBIX JAHHBIX U JJISI CKATHUA AAHHBIX, 4 TAKXKE
IUIs1 MOJETHPOBAHMS, NPE3ECHTAMUN U HAIVIIAHOIO NPEACTABJICHUS
IIpo1IecCOB (PU3UKH, GUOJOTUH U TeXHUKu. 31 [IpecrasieHue, nomiy-
YEHHOE TOCPEACTBOM AHUMALMH, OCOOEHHO IIPUT'OAHO I TOT'O, YTO-
OBl 1eMOHCTPUPOBATH MPOLIECCHI, TPOTEKAIOIIME B OJHOM M TOM XKe
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CHUCTEME MaPaJIIEJbHO APYT APyry. ECiM aHnManusa JO/DKHA CIy>KHUTh
MAKTOPHUAJIbHOM CHMYJIAIMEN CJI0XXHOMN, MOCTPOEHHON B MaTeMa-
THYECKUX MOHATHAX (PU3UIECKOH TEOPHH, TO AaHMMALTMOHHOE KHMHO
MOXKHO CO3/1aBaThb JIMIIb C IIOMOIIbIO KOMIIBIOTEPA.

KoMIIbIoTEp — 3TO UCKYCCMBeHHbLE MEATYM, KOTOPBIX MOXKET IIPH-
MEHATBCA B AaHMMAaIIUH KaK B BeCbMa 3(p(PEKTUBHOM CPpeaCTBE (hopMuU-
pOBaHUSA NPEKPACHBIX M HOBBIX BU3YAJIBHBIX (PEHOMEHOB, a, CJIEA0-
BaTEJIbHO, OH CJIYXKHT HE NPOCTO AJISl TOTO, YTOOBI BBIYEPUYHBATh IPH-
BBIYHBIE © MOHOTOHHBIE H306paXkeH, 16 18

Co3paHue H300paXEHHI C MNOMOILIBIO AJITOPUTMOB U KOMIIbIO-
TEPHBIX JaHHBIX JAOITYCKA€T HENPEPBIBHOE MOAECTUPOBAHUE OJHOTIO-
€IUHCTBEHHOTO AaHUMAIIHOHHOTO 3ITM30/a U CO3[JaHUE PsAAA B3aHMO-
3aBHCHMBIX 3ITN30/J0B.

B xoMnbIoTEPpHOM IrpauKe BO3MOXKHA HENNOCPEACTBEHHAs rpadu-
4eCKass MHTEPAKUs. BaKHYIO pOJIb JId KOMIIBIOTEPHOM aHHMaIluX
HIPAIOT TPH aCHEKTA 3TOM HHTEPAKIIHM:

JOCTyITHOCTb HENOCPEACTBEHHOM BU3YyaJIbHOH CBI3H OTHOCHUTEIb-

HO BCEX PE3YJIBTATOB — OyAb TO OKOHYATEIbHBIE I IIPOMEKYTOY-

HBIE.

B03MOXXHOCTB pa3ieauTb NOCTPOEHHE U300PAXKEHUH HA 3TANBI U

MO3TANHO PACCMATPHUBATH €TI0 PE3YJIbTATHL

B0O3MOXXHOCTb JE€EMOHCTPHUPOBATh U300PAXKEHUA HENNOCPEACTBEH -

HO Ha 3KpaHe KOMIIbIOTEPA.

Cu1a MTHOBEHHOM BU3YAJIBHOM OOPaTHOM CBA3U ABIAETCS BIIEYAT-
aaomen. OCHOBBIBAACH Ha IPEACTABICHHUU JHUHAMHYECKOM NTOC/IEN0-
BaTEJIbHOCTHY OTAEIBHBIX KaIPOB COOTBETCTBYIOWIETO «(DHIBMA», KOM-
NBIOTEP MPOU3BOAUT BBIYUCICHUSA. DTOT (PHIBM MOXKHO 3aT€M IIPO-
KPYTHTB Ha3a/1 C EIbIO HEMOCPEACTBEHHOTO KOHTPOJIA, KAK Ha BUIEO-
MarHuTogoHe. [I03TOMy BO3MOXKHO CAEIaTh HEOOJIbIINE N3MEHEHMS,
BBIYHC/IATD IOCTAEAOBATEIBHOCTh 3aHOBO M €lil€¢ pa3 pPacCMOTPETH
UTOTH. Pa3IM4HbI€ 3TAanbl pa6OThI (KOHCTATAIUA YKa3aHUH, PUCYHOK
XYyAOXXHHKA, BEIYUCIEHHS KOMIBIOTEPA U AaBTOMATHYECKAA NPOKPYT-
Ka Ha3aJ) IOBTOPAIOTCS O TEX MOP, ITOKA HE JOCTUTAIOTCS JKEI1AEMBIEC
pe3yabTaTel. Bpems, Heo6XxoaMMOe LISt OAHOKPATHOIO PACCMOTPEHUSA
IMUKJIOB OOPAaTHOM CBA3H, CBOJUTCA AO HECKOJbKHX CEKYHJ MM MH-
HYT.

B GONBIINMHCTBE PAHHHUX CUCTEM KOMIIBIOTEPHOM aHHUMAIIUH [UIA
3TOTO 3Tana TPEOGOBAIOCh HECKOJIBKO YaCOB, WIH JaXKe QHEH. YCIexu
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30€Ch ABJIAIOTCA PEIAIUUMH IOTOMY, YTO TENEPh MOJb30BATENH
CUCTEMBI MOFYT (DAKTHYECKH BUAECTh HA 9KPAHE MOHHUTOPA PE3Y/IbTaT
TpaHCHOPMALIMI ABHXKEHHUSA U PUTM AUHAMHUYECKOTO IIPEACTABICHUS,
2 y’Ke He ITPOCTO BOOGPAXKATD €ro.

CnepoBaTeNbHO, MOAb30BATENN TENEPh MOIYT COBEPIIEHCTBOBATH
TOT ACIEKT AHUMALUH, KOTOPHIH MIPEACTABISAET €r0 BAXKHEUITYIO TOU-
Ky: YIIPABJI€HHE HENMPEPHIBHO MEHAIOUIUMHCA MPOCTPAHCTBEHHBIMH K
BPEMEHHb/MH CBA3AMH I'Pa(PHUIECKOM HH(POPMALIHH.

IIpyu unmepaxmueroil KaMnsLIOmePHOU anumayuy MyJbTHIUIHKA-
LMOHHBIE N300PA’KEHNSI BO3HUKAIOT HAa SKPaHe, KOrAa COOMoAaeTcs
HCITIOJIb30BAHHE [0 MEHBIIECH MEPE BOCBbMH M3 CIEAYIOMMX KOMIIO-
HEHTOB HAJIMYHOM CHUCTEMBI:

AITITAPATYPA:

VHuBepcaabHbIN HU(MPOBOL KOMITBIOTED.

Hepapxus JOMOTHUTEIbHBIX 3A[IOMHUHAIONINX YCTPOUNCTB Pa3and-

HOM TE€XHOJIOFMH (YHUIIBI 3aIIOMUHAIOMIUX YCTPOHUCTB, MATHUTHASA

IJ1aTa, MAFHUTHBIE JIEHTHI). XOTA 3Ta MEPapPXHsl 3aIIOMHUHAKONINX

YCTPOMCTB ABIAETCA COCTABHOM YaCThIO YHUBEPCAIBHOTO LM PO-

BOTFO KOMIBIOTEPA, OHA YITIOMHUHAETCS OCOOO0 AJIS1 TOTO, YTOOHI IOJ-

YEPKHYTh CYHIECTBEHHO 60JIEE BBICOKYIO — IO CPABHEHHUIO C HOP-

MaJIbHBIMH 33229aMH — IOTPEGHOCTH B 3AIIOMUHAIONINX YCTPOMC-

TBaX /I CTPYKTYP AAHHBIX, U3 KOTOPBIX (POPMHPYIOTCS MTOCAEAO0-

BATEIbHOCTH MYJIBTHIIIMKALMOHHBIX PUCYHKOB Y U300PAKEHUI.

BBogHOE yCTPOMCTBO, KaK, Hallp., CBETOBOE IIEPO, IUIAHIIET KN

JPKOMUCTHK, MMOCPEACTBOM KOTOPBIX MOXHO AENIATh IO MEHBbIIEH

Mepe ABYXMEPHBIC PUCYHKH. Ha MpaKTHKe, 1O XKEJIaHUIO TOTPe6H-

TEJIs1, BOJIXKHBI OBITh KAaK MOXKHO 60JI€€ KOPOTKHE May3kl, B IPOAOI-

JKE€HHME KOTOPBIX MOXXHO PHCOBATh B PEKHME PEATBHOIO BPEMEHH.

3aTeM MMOJIb30BATEIH JOJKHBI OBITh B COCTOSIHUHU AETATh PUCYHOK

6€3 NpephIBAHUIAL.

B panpHeNmeM KOMIBIOTEP AOJDKEH 3alIMCHIBATh «OCHOBHYIO MH-

¢opmanio 0 BpeMEHN» MPOLIECCA PUCOBAHMS. ECTH MONIOXKEHHNE

Iepa Ha IVIaHIIETE NPOBEPAETCA 24 pa3a B CEKYHAY, TO 324aCTyIO

3TO JOCTATOYHO AJIs1 HAIIUX LIE/ICH.

BriBOAHOE YCTPOKCTBO, KaK, HAIIP., CTAHAAPTHBIN 3KPaH MOHHUTOPA

WU COOTBETCTBEHHO MOAM(DUIITNPOBAHHBIN TEIEIKPAH, IAE MY/Ib-

THUIUVTMKALMOHHBIE KAPTUHKH MOXHO TOTYAC K€ CMOTPETh CO CKO-

POCTBIO 24 Kagpa B CEKYHAY.

DTa BO3MOXXHOCTh INPOCMATPHBATh KAPTHUHKHA HIPAET BAXKHYIO
POJIb ¥ IPY UHTEPAKTHBHOM MOHTAXE MU300B MY/IbTUII/IMKALIMOH-
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HBIX (pUIbMOB. OJHAKO OKOHYATEIbHBIN IIEPEHOC «(puIbMa» Ha (POTO-
, KHHO- WY BUJEOIIJIEHKY HE AO/DKEH IPOUCXOAUTD C IPUMEHEHUEM
TEX K€ CAMbBIX MEXAHU3MOB.
ITPOTPAMMHOE OBECITEYEHHE
«I3BIK> A1 IOCTPOEHUS CTATUYHBIX U300PAKEHUM U MAHUIIYJIA-
LIUEH UMU.
SI3BIK> TSI TIPEACTABACHUA U CenM(UKAINI CMEHBI U300paxe-
HUHN U €€ AUHAMUKU.
Psag nporpamMm, npeoopa3yomux Cuenu@uKauu O60uX «<I3bIKOB>
B IIOCJIEAOBATEIBHOCTDb U300 PAKEHHUH.
Psag nmporpamMm, 06€CeYuBAIONMX 3ANIOMUHAHUE 3TOH MOCIENO-
BATEJIbHOCTU HU300PAKEHUM U BBI3BIBAIOMINX €€ U3 BHENIHUX 32-
TIOMHHAIOUIUX YCTPOMCTB, 4 TAKXKE JONMYCKAIONNX KaK OOPATHYIO
TIPOKPYTKY 3TOM IOCAEAOBATEIbHOCTYA U300PA’KEHUH, TAK U UX T1e-
PEHOC H4 3ANUCBHIBAIOIME YCTPOHCTBA.

C pa3BUTHEM PACTPOBOM rpacduku B Haudane 70-X rojiloB BCKO-
pe€ HAYAJIOCh NPOU3BOACTBO MOJBWKHBIX PACTPOBEIX H300pake-
Hui. Pa6oTer Wylie et al. (1967), Gouraud (1971), Warnock (1969) u
Watkins (1970) obecnieuynnyl ONTUMATIBHYIO OCHOBY AJIsi AHUMALIUUA
YEI0BEYECKOTO JIMIA, U 3TA AaHUMAILUA BIOCAECACTBUU PA3BUBANACH
IMapxcom?!® u3 yausepcurera mrara I01a, hakyIbTeT KOMIBIOTEPHOM
TEXHUKU. B €ro CTaThe ONMUCHIBAIOTCA TEXHUKU U300pA’KEHUA, AHUMA-
LMY U COOPA JAHHBIX; 3TU TEXHUKU MOTYT IPUMEHATBLCA AJIS TOTO, 4YTO-
ObI C TOMONIBIO KOMNBIOTEPA NIPOU3BOAUTD «PEATUCTUYHEIE» TIOTYTO-
HOBBIE€ MYJIBTUILUTUKAITUOHHBIE CHUMKH Pa3HOOOPA3HBIX BBIPAKEHUH
Ye10BEe4ECKOTO JIUIA. BEIJIO YCTAHOBJIEHO, UTO AJIA IPEACTABICHUA Ye-
JIOBEYECKOT'O JIUIA JOCTATOYHO 3aII0JHUTh NIOBEPXHOCTD JIMIA IIJIOC-
KOCTBIO, OXBATBHIBAIOUIYIO NPUOGIU3UTEIBHO 250 MHOTOYTOJTBHUKOB.
AHUMAaNUA JOCTUTAETCA C MOMOMIBIO KOCHMHYCHOHM HWHTEPNONALIUY,
TIO3BOJIAIOMIE 3ATIOTHUTD K4IPBI, IPOMEKYTOYHBIE MEXKAY OTAECIbHBI-
MU BBIP2>KEHUAMH JULA. DTUM METOAOM MOXKHO TAKXKE PEATHUCTUYHO
TNIPEACTABUTD ABUDKEHMA JIUILA. TpEXMEpPHBIE JAHHEIE, UCIIOIb3YIOI Y-
€Cs I TPEACTABICHUS BBIPAXKEHUM JIUIA. TIOAYYIUCh (hOoTOrpam-
METPUYECKUM CIIOCOOOM C IPUMEHeHueM nap dpororpaduii.

YenmoBeueckoe JULO, IO KparHHEH Mepe, IO IBYM IIPUYUHAM OpoO-
CaeT BBI3OB KOMITBIOTEPHOM aHUMAIIMU. BO-TIEPBLIX, TUILIO NIPEACTAB-
JAeT COO0H HE 3ACTBIBIIYIO CTPYKTYPY, HO CIOXHYIO IIOJBMIKHYIO
IJIOCKOCTD, Kak cnefyeT ONnUChIBATh JBMXKEHNE OJHOH U3 TAKUX IJIOC-
KOCTeM? BO-BTOPBIX, JIMIIa OYEHDb XOPOIIO HaM 3HAKOMBI, y HAC €CTh
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BBICOKOPA3BHTOE YYBCTBO TOTO, KAKHE BHIPAKECHUSA H ABYIKCHUA ABJIA-
JOTCS ECTECTBEHHbBIMH JIJIA JIMLIA.

JNleaTenbHOCTD B chepe KOMNBIOTEPHOH AaHMMAIIMH CTaJ1a CETOAHA
HACTOJIBKO BCEOXBATHIBAIOIIECH H PACTIPOCTPAHEHHOM, YTO HEBO3MOXK-
HO JaXKe JaTh ee 0630p. CylecTByeT OOIHPHOE COOpaHue (PHIBMOB,
CO3JJAHHBIX C MOMOIIBIO KOMIBIOTEPA, CPEAN HUX — HECKONABKO (PHIIb-
MOB MPEBOCXOJHOTO KayecTBA. Penpe3eHTaTuBHbIE IPUMEDBI 3TOTO
4aCTO MPUBOIATCSI HA PA3JIMYHBIX €XKETOTHO MPOXOAAIHX KOMITBIO-
TepHBIX KOHdepeHHAX. 115 MepBoro nepruoia KOMIbIOTEPHON aHH-
MAaIMM BKHBI paborhl: Knowlton, Whitney (1968), N. Max (1975),
Csuri (1975) u nmpoume, ux npogomkammue. CoBeprnieHCTBOBAHHE
CHUCTEM KOMMBIOTEPHOH aHHUMALMH, MO3BOJAIONIEE CHHUMAThL MYJIb-
THUIUIMKAUHOHHBIE (DUIBMBL AaXKE JIOASM, MUHMMAJ1bHO 3HAKOMBIM
C KOMIBIOTEPOM, OTIMCAHO B CTaThe XaKaTopHa?®, ujeHa rpymnisl uc-
CJIEIOBAHUE KOMMBIOTEPHOH TpaHUKH YHHBEPCHUTETA mTaTa Oraio
(npencenarens — Yapani Yypm).

JT1a cUCTeMa MPOTrPaMMHOTO OOGECNEUYEHHN A1 AHUMALIMH ITO3BO-
JIIeT KAXKIOMY, KTO PACMIOJIAraeT XOTa 6bI MUHHMA/JIbHBIMH MO3HAHM-
SIMH B KOMIIBIOT€ PHOH 0071aCTH MIPOU3BOAUTD MYJIbTHIUIMKALIHOHHbIE
¢dunbMel B GOPME rOTOBOTO LIBETHOTO (PHABMA, KOTOPHIH MOXKHO CMOT-
PETH U 3aTHCHIBATH B PEKHMME PEAIBHOTO BPEMEHH. TaKMM CITOCOOOM
M3TOTOBJICHHBIN MyJAbTHIVIMKAUHUOHHBIA (DUIbM MOXET BK/IIOYATh B
cebs1 CJIOXKHBIE MHOTOTPDAHHHKH, U IIPH 3TOM MOTYT OOPa30BbIBATbCS
CJIOBA, IPEAJIOKEHUA, PACTEHHS, )KHBOTHBIE H MP. DTA AHUMAI[MOHHAA
cucrema, Anima II, COCTOUT U3 CAE€AYIOIIHX OCHOBHBIX 3JIEMEHTOB: 1)
T€HEPATOP AAHHBIX, MOCPEJCTBOM KOTOPBIX MOXHO (POPMHPOBATH
LIBETHBIE TPEXMEPHBIE OOBEKTHI, 2) AaHMMAUHOHHBIN A3BIK C MPOC-
TBIM, HAMIOMHUHAIOIIUM NHUCbMEHHOCTb, CHHTAKCHCOM, C MOMOIIBIO
KOTOPOTO B PA3NTHYHBIX YCIOBHAX MOXKHO ONHMCHIBATD MAapa/UiebHbIE
TpaHchopMaLMu ABHXKEHHA U JUCIVIEA H 3) TAK HA3bIBAEMbINA AJIrO-
puTM Matiepca, No3BOJASIONNN IPOU3BOAUTD PACYETHI 11 BUIUMOM
MOBEPXHOCTH U PACTPOBOTO CKAHMPOBAHHSA.

Pa3paboTkn B 006JACTH KOMMNBIOTEPHOH AHHMMAIIMH, MO3BOJAIO-
LIe¥ MPeACTaBUTh «(DHUKCHPOBAHHBIE» MPEAMETBI, H3MEHHIIH CI1OCO0,
KAKMM MOJNIb30BATEIN OPTAHU3VIOT MpeAcTaBjaeHHue uaeH. Ilpu tpa-
ANIMOHHON AaHWMAUMH OJHOMEPHBIE KaDTHHKH H300PaXKalOTCA HA
Ka)X10M KaApe NOCAET0BATENbHOCTH B Li€10M. DOPMHUPOBAHHE U AHH-
Manusa U306 PAKEHHE OYEHD YACTO ABIAIOTCA YACTAMH OJHOTO U TOTO
e mpouecca. ¥ Bce-TakH KOrja KOMIIBIOTED JOJDKEH H300paXath
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TpEXMEpPHBIE OO'BEKTHI, TO MOJIB30BATENb BHAYA€ KOHCTPYHPYET He-
KM IBETHOH OOBEKT U JHIIB 3ATEM CO3JAET €r0 KAPTHUHKY JIJISI MYJ/Ib-
THIUVIMKALUOHHOTO (puabMa. DTH ABA MPOLIECCA HE3ABUCUMEI APYT OT
Jpyra. Cnoco6 pa6oTsl IpHU TPEXMEPHOM IBETHOHM aHMMALUN HMEET
CXOJHBIEC YEPTHI CO CIIOCO6AMH PaGOTHI B APYIrUX chepax HCKYCCTBA,
KaK, HAIIP., KHHO, TEATP U XOpeorpadus.

B cepemitHe CEMUECSATHIX rOOB C KOMIIBIOTEPHOM AaHUMalUeH Ha-
qaau paboTaTe HAPAAY C KOMIBIOTEPHBIMU UHXXEHEPAMU, U mpodec-
CHOHAJIbHBIE PEKUCCEPHI — 3TO MPU3HAK TOTO, YTO B JAHHOI 06/1ACTH
OBLIH JOCTUTHYTBI 3HAUNTEIIBHBIEC YCIIEXH.

Bo BTOpYIO ONOBHHY 70-X IT. B TEIEBUICHUM U KMHO HAYa/J0Ch
IIHPOKO PACHPOCTPAHEHHOE MIPHMEHEHHNE KOMIBIOTEPHON dHHMa-
LMY I IPOU3BOACTBA KAK YIEOHBIX, TAK M1 PA3BJICKATEABHBIX KHHO-
(pHUIABMOB.

II1. ITn$posbie 06pa3pl H COOOMECTBO

KOMIbIOTEPHbIX Pa3paboTYHKOB H IOAb30BaTEACH

CerogHsi KOMIIBIOTEPHAS TEXHOJIOI'US HAXOINT BCE GOJIBIIEE MPH-
MEHEHHE B KHHO- M BHJEOMCKYCCTBE, IJI€ OHO BHEJAPAETCSA BO BCEX
IIPOM3BOACTBEHHBIX C(pEPaX — OT aBTOMATHU3UPOBAHHOT'O MOHTAXKA A0
CO3JaHMS 3ITU30/J0B B KOMIIBIOTEPHBIX MYJbTHIIMKAIUOHHBIX (PUJIb-
Max. B (popMe MUKPOIIPOECCOPOB KOMIBIOTEPHI CTAJIH OCHOBOIIOJIA-
TaIONIE€H YACThIO MPAKTUYECKU BCEX MPHUOOPOB; B 061ACTH MAIMHHHO-
rO YIpaBA€HUs MPOMU3BOACTBOM KOMIIBIOTEPHI UIPAIOT PEIIAIONTYIO
POJIB B KLKJOM mpouecce. bonpimoe 3Ha4€HNe KOMIIBIOTEPHI UMEIOT
TAKKe IS I3bIKA U (POPMBI BBIPDAKEHMSI B TEX KHHETHUYECKUX (PopMax
MCKYCCTBA, TI€ UCIOJIb3YIOTCA CBET, IBET U ABM)KCHHE BO BDEMEHH U
IIPOCTPAHCTBE.

C Tex mop, Kak KOMIBIOTEPHAs IpaHKa CTaja IMHPOKO MPHUMe-
HATBCS B KOMMEPYECKOH 006/1aCTH KMHO (HAIP., IPH IPON3BOJICTBE
CIIEN U ANBHBIX 3((MEKTOB 1JIs1 (PUIBMOB U PEKJIAMHBIX POJIMKOB), BO3-
HUKIA TAKUE BUIBI ACSATEABHOCTH, II€ XYAOXKHHUKHA COTPYIHUYAIOT B
HCCJIEOBAHMAX, OPHEHTHPOBAHHBIX HA CO3[]2aHHE U CUHTE3 LU(po-
BBIX M300pa’K€HUI. BKIaJ XyIOKHHKOB HAIOXKWI OTIIEYATOK U HA
Pa3BUTHE CUCTEM AMIAPATYPHI ¥ IPOrPAMMHOTIO OGECIICYCHHS.

‘ B TO e BpeMs HauaJI0Ch 0G06IIEeHHOE OCMEICAEHHUE KOJIOCCAIBHO-
IO BJIHUSIHUS MEPCOHATBHBIX KOMIBIOTEPOB M TEXHOJIOTHH BUICOUTD
Ha TBOPYECKHUH MPOLLECC U HA UCKYCCTBO.
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LndpoBoe N306paKEHNE, KOMIIBIOTEDHAS AHMMALIMA U KOMITbIO-
TepHas rpaduka — Haubosee 3HAYUTEIbHBIEC TEXHUYECKHUE TOCTIKE-
HUA B UCTOPUH ABKDKYIIUXCS KAPTUHOK CO BPEMEHHU H30O0pETEHMSA
CAMOT'0O KMHO. YCIIEXH B KOMIIBIOTEPHOM AaHUMALIUH, B U3TOTOBJICHUN
MYJIbTAILTHKALIMOHHBIX (DHIBMOB M BUAEO C IIOMOIIBIO KOMIIBIOTEPOB
goctUrHyTsI B CIITA B cIefylomuX TPEX OOGNACTAX: B YHUBEPCUTETAX,
B IIPOMBIIIJIEHHOCTH, B MCKyccTBe. OCOOGEHHBIM MHTEPEC IPH 3TOM
MPEACTABISIOT UHANBUAYATbHBIE CBA3M MEXTY TPEMS 3TUMM Chepa-
MH, OTPAXAK0IUE OGBEKTUBHOE IIOJIOXKEHUE Aes. Tak, HaydHbIe pa-
OGOTHUKUA UAYT U3 YHUBEPCUTETOB B IIPOMBILLICHHOCTD, XYAOXKHUKHA
— B YHHBEPCHUTETHI U B IPOMBIIUICHHOCTD, MHKEHEPHI — B UCKYCCTBO.
[Ipu 3TOM OHHU YACTO BCTPEYAIOTCH MEXAY COO0M M BpEMEHHO pabo-
TAIOT COBMECTHO.

K BeayluM YHUBEPCHUTETAM, II€ IIPOBOAATCA TEOPETUIECKHE HC-
CJIEAOBAHUSA KOMIBIOTEPHON KyJAbTYPHl M TEXHOJOIMH, KACAIOIHECA
KAKAIINAPATYPHI, TAKU IPOTPAMMHOTIO O6ECTIEYEHUSA, 4 TAKIKE UX ITPAK-
TUYECKOTO NMIPUMEHEHUS, OTHOCATCA — Cpegu npodero — Hplo-mopk-
CKUIM TEXHOJIOTUYECKHUIM HHCTUTYT, I'apBapackas BBIYHCIMTEIbHAA
na6oparopus [apBapACKOTO YHHBEPCHUTETA, YHUBEPCUTET KapHeru-
MennoHa (Po6ept Cripaysur), yausepcuter mrara H0Ta B r. Cont-JIenk-
CuTu, MaccauyCeTCKHMil TEXHOJOTUYECKUM UHCTUTYT, 1a60paTopus
KOMIIBIOTEPHOM Irpaduku B I. bepxin npu (HaKylabTeTe KOMIIBIOTED-
HOM HAYKU (IPUKIAAHON MAaTEMATHUKH), HCCJIEHOBATENbCKUM LEHTD
Kcepoxkc» B I. [Tano-AnsTo, yHUBEpcUTET mrara Mmnaoic (Uukaro),
KanudopHUCKUA TEXHOJTOTUYECKHMM HHCTUTYT U IIP.

K KOMIIBIOTEPHOM MHAYCTPUN MBI JOJLKHBI IIPUIUCIATD HE TOJBKO
TaKue BOEHHBIE yupexaeHusa, Kak HACA, ubu 60JIbIINE YCIIEXH B KOM-
IIBIOTEPHOM TEXHOJOTHH OOBACHAIOTCA KONOCCATbHBIMH ACCUTHOBA-
HUAMHA, HO U TAKUE TIPEANPUATHS KUHO- B PEKIAMHON HHAYCTPHUH,
Kkak George Lucas Film Ltd., Robert Apel Associates, Cranston-Csuri,
Digital Effects, Digital Production. 310 GHUpPMBI, KOTOPBIE TIPOU3BOAAT
KOMITbIOTEPHO-T'Paprueckue cren3@EeKThl 1 MHOTOE APYroe I/s Xy-
OXECTBEHHBIX (PHUIBMOB U BUACO(MUIBMOB. CaMO cOO0OM padymeeTcs,
CIO/1a OTHOCATCSA TAKKE PUPMBI, Kak Atari, Apple (CtuseH Bo3nsk, CTus
Ix063 n3 CaH-PpaHIMCKO) U IIP., KOTOPhIE IPOU3BOAAT EPCOHAb-
HbIE KOMITBIOTEPHI ¥ BUICOUTPHI, a Takke Bell Telephone Laboratories,
IBM u T. 1., Y92 CTBYIOIIVIE B KOMIIBIOTEPHOM PEBOIIOLIKHU B C(hepe KOM-
MYHUKALWH.

B-TpeThuX, CYIIECTBYET IPYINA XYAOXKHHUKOB, OTYACTH 3ABHCH-
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X OT NOAJEPKKH 3THX HMHCTUTYTOB U 3TO¥M HHAycTpuH. IIpexae
YEeM NEPEHTH K HECKOJIbKHM BA)KHBIM IPUMEPAM COTPYAHHYECTBA
MEXAY MICKYCCTBOM M KOMIIBIOTEPOM, 51 XOTEJI OB IPHUBECTH HECKOJIb-
KO NPHUMEPOB IMEPECIVICTCHUA HAYYHBIX HCCIICI[OBQHI/IFI, IIPOMBIIII-
JIEHHOCTH U UCKyCCTBA B JIMYHOM Cyab6e, YTO BECbMA TUIIUYHO IJIs
BO3HMKHOBEHHUS KOMIIBIOTEPHOH KyJbTypsl. IIO 3TOMY mpeamery
IHEHHBIC CBCACHHUA MOXXKHO HaﬂTI/I, MIPOYUTAB l'lpPI]IO)KCHHbIﬁ CITMCOK
JIUTEPATYPHL.

Tomac A. Je®@aHtu — npodeccop (PpakyIpTeTa NEKTPOTEXHUKH U
KOMIIBIOTEPHOH HAyKH (NMPUKIAJHOH MATEMATUKH) B YHUBEPCHUTETE
mrata UnnuHowc, Ynkaro. OH — y4€HBIM-KOMITBIOTEPIUK U KOMIIbIO-
TEPHBIN XyTOKHHUK, 1 CCHYAC ABIAETCA NPE3UAEHTOM I'pynnbI Siggraph.
BMmecre cIanom CanauHom, bBo6om CHarigepom u [xxeriH Buaep (o Hux
CcTaThIO Hanmucaa JkuH AHr61a1, U MO3TOMY HET HEOOXOTMMOCTH IPEI-
CTaBJATh UX NOAPOOHO) OH NPUHALJICKHUT K UMKATCKOMY KPY»KKY KOM-
NBIOTEPHOTr'O UCKYCCTBA. Ero I3bIKk KOMNbIOTEPHOMH rpaduku ZGRASS,
NpesHA3HAYECHHBIN /IS MHTEPAKIIHH B PEXKUME PEAIBHOTO BPEMEHH,
HCNOMB30BAIM Takxke ket Bugep u Jlappu Ky6a. [poneccop mudg-
POBBIX N300paxkeHu# [IaHa CIHAWHA, KAK U APTHKYIATOP IHU(PPOBHIX
H306paxeHuH Byagu Bacynky, OTHOCATCS K HAWJIYYIIMM NPUGOpaM
IS TIOCT-O0PaGOTKH M300paKEHUH. D1 DPpHCTBHLIED, KaK Bugep n
Ky6a, OTHOCHTCS K HauO60JI€€ BBITAOMIUMCS IEATEAM KOMITBIOTE PHO-
ro uckyccrBa. Ero 3sHameHuTyIo pa6oty «COJHEYHBIH KaMeHb» (1979),
KOTOpas IUTCA 3 MUHYTBI M 6b1a cCO34aHa 32 8 MecsineB B Hpio-HopK-
CKOM TEXHOJIOTHYE€CKOM HHCTUTYTE, OCYIIECTBHIH MO PYKOBOJCTBOM
Anekcangpa lllypa nporpaMmmMucTel JIsuc Buiabame u Diasu Paii Cmur,
pa6oTtaromui cerogHsa B cryaun Lucas Film. ®penepuk HU. Iapk (cm.
€ro paboTy O KOMIBIOTEPHON aHUMAaLMHM JuLy, 1972) Hanmucaa Ha 3Ty
TEMY JUCCEPTALHIO B yHUBepcuTere mrara ¥Ora. Ceriuac oH paboraer
B JO/KHOCTH MPO(ECcCcopa KOMIbIOTEPHOM HAVKH (MPHUKIAAHOM Ma-
TEMATHKH) U AUPEKTOPA Ia60OPATOPUH KOMIIBIOTEPHOM rpa(dUKH IPU
HbI0-HHOPKCKOM TEXHOJOTHYECKOM HHCTHTYTE; TaM K€ pabGoTaer u
IToa C. Xex6epT Hag TEMOH «wIy4€BOE CKAHUPOBAHHUE MHOT'OYT'OJIBHBIX
06peKToB». George Lucas Film Ltd. B Can-Padasne, Kanudopuus, Bpo-
Ji€ OBbI BOOOIIE ABISIETCA HEHTPOM NMEPEJOBOH KOMIIBIOTEPHO¥M I'pacdu-
KM ¥ KOMIIBIOTEPHOH aHUMAIIMH IIH(PPOBOTrO CHHTE32 U300PAKEHHU.
Tak, Oa Katmasul, npexae paboTaBIInil B yHUBEpCUTETE mTara ¥Ora n
B HbI0-MOPKCKOM TEXHOJOTHYECKOM UHCTUTYTE, ABTOP BAXKHBIX CTA-
TEH MO KOMNBIOTEPHOH rpaduke, paboraer Taxke B Lucas Film. Tam
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OH pa3pabaTbIBaeT «aHAJUTUYECKUM BUIMMBIHN ITIOBEPXHOCTHBIN aJI-
FOPUTM JJISI HE3aBUCUMOH 06pabOTKH ITUKCENE», CTO/Ib BAXKHBIH )T
npoekTa Pixar. Jlopen Kapnienrep, ueit ¢punbm “Vol Libre” [Ceo0600Hbi
noaem)] (2 MUH.) IPEACTABIAET COOOH CUMYIHPYEMOE IIyTEIIECTBHE B
FOPHYIO MECTHOCTD, IIPHUHAJICIKHUT K KIACCHKAM visual music u pa6o-
Taer cerogHsa B Lucas Film nag anropuTMamMy BUIUMBIX ITOBEPXHOC-
tedl (A-Buffer, An Antialiased Hidden Surface Method — MeToa nmokasa
CKPBITBIX MOBEPXHOCTEH, YCTPAHAIOMUX IapaJljiebHble H306paxe-
aua). Agam JleBuHTaIb paboTaer y JIlykaca HaZ rpapHIecKuM IpoLec-
copoM “Chap”, Po6 Kyk — HaJ, «pacnipeAeneHHbIM JTIy4EBbIM CKAaHHPO-
BaHHEM», HOBEHIIIEH TECXHHUKOM, MO3BOJSIOUICH C MOMOUIBIO OTPaAXKa-
TEJbHBIX YCTPOUCTB B OOPAaBbOTKHM NOJYTOHOB MOJy4aTh BECbMa pea-
JIMCTUYHbIE N306paxkenus. Kepruc 96601t paboraer B Lucas Film nHazn
noJiy4eHueM nudpoBoro 3syka. Cpeau npo4ux Tam padoraroT Poguu
Crok, Tomac IMoprep, Bunbsim Pus3.

CTOK B KaUE€CTBE MEHEIKepa rpapu4eCcKoH TEXHUKH, BMECTE C OC-
TAaJbHBIMU TOJBKO YTO Ha3BAHHBIMH, YYACTBYET B IIPOEKTe “Pixar”,
OCHOBHOM npoekre Jxopmxka Jlykaca, Hapaay € ero (puiabMamH, Ta-
KHMH, KaK «3BE3AHBIC BOMHBI»; Pixar — 0CcOObI¥ MeTOA KOITMPOBAaHUA
(HHUIBMOB M CHHTETHYECKOI'O MOJYy4E€HHUA N300PAXKEHUH A1 KUHO, B
pE3y/NbTATE KOTOPOrO CTAHOBUTCSI BO3MOXHBIM IOJYy4aTb CHHTETH-
YyecKue H306pakeHus 11 (pUabMa, MO3BOJSIONIHUE OCYIIECTBIATD HH-
TEPAKIUIO C MOHUTOPOM, IPOU3BOAANIYIO OOpa3bl, KOTOPbIE A XOTEN
ObI BUAETH — HATIP., 0OPA3bI MTOJIETA, TOTYHHAIONIHECST UCIIO/Ib3yEMbIM
MHOIO MEXAHHU3MaM BBOJA U KOHTPOJIA (HAINp., NOJET BOKPYT CKaJbl B
KaHbOH). CTOK paHbIIIE€ UMEJ ONBIT rpapHUIECKOro Ju3aMHa B KOMIa-
Huu Adage Inc., pa3pab6oTasmei rpadudeckui TepmuHan (CTOK co-
3aan nporpammy hopmupoBaHus Bekropos) aasa Evans & Sutherland
Computer Corporation), a TaxoKe CO3IaBaJjl alllaparypy Ajas CUCTEMbI
BHUA€EO-apra “Ampex”.

Kak BBl BUOuUTE, COOCTBEHHYIO KOMIBIOTEPHYIO (PUPMYy HUMEET U
H. 3. Cazepnenp u3 yuusepcurera mrara ¥Ora (cM. ero pa6ory 1963
I.), rae padotaoT Take Po6epr Kocman u, KoHeuHO, J3Bua OBaHC.
IMogo6no Atari, Real Time Design (Yukaro) u T. 1., 312 (prupma pas-
paGaThIBAE€T MHTEPAKTUBHBIE CHCTEMBI KOMIIBIOTEPHOM TIpadHKH.
Mxetimc T. Kagxusa 3amuTHI JOKTOPCKYIO JUCCEPTALIMIO B YHUBEP-
curtete mrara ¥Ora, 3aTrem pa6oran Ha Evans & Sutherland Computer
Corporation, a cerogHs sBsieTca npodeccopom KaandopHuiickoro
TeXHOMIOrNYECKOr0 HHCTUTYTA.
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Ixetimc ®. BiinHH OnmyGAMKOBAJI B KOHIIE 70-X rOI0B BAXKHYIO CTa-
TBIO IO KOMIIBIOTEPHOM rpadHKe, a CETOAHSA paboTaer B 1a60paTopux
PEaKTHUBHBIX ABUTaTesnerl B KaIn@OpHHUICKOM TeXHOJOTH4E€CKOM
MHCTUTYTE, rae aasi HACA 1 3HaMEHHUTOI'O TE€I€BU3NMOHHOIO CepHaia
«KocMoc» 6pUTH CO34aHBI KOMIBIOTEPHBIE AHMMAIIMOHHbBIE (DUIBMBIL.
Tomac CnieHcep u Puuapa @. PuseHdenbs Takke paboTaOT B yHU-
BepcuteTe mtata I0Ta. PuseHdenn/ OIryGaInKOBAI BAXKHYIO CTATHIO M
PYKOBOAUT (PAKYJIBTETOM KOMIIBIOTEPHOM HAYKH (IIPHKIAJHOMN MaTe-
MAaTHKH) ¥ [pyIIbel aBTOMATHU3MPOBAHHOTO I'€OMETPHYECKOIO TU3an-
Ha. [Ipeacrasasercsa, 4To yHUBepcUTeT mtara FOTa, Helo-HOpKCKHI
TexXHOJOTrM4YECKHI MHCTUTYT M KoMmnaHuA Lucas Film Ltd. asasioTcs
IIABHBIMH IIEHTPAMH Pa3paboTKH LH(POBOTrO M300pAKEHHA M MH-
TEPAKTUBHBIX CHCTEM KOMIIBIOTEPHOM IpaUKH.

KOMIBIOTEPHBIMH PEKIAMHBIMH (DHIBMAMH, HIIK BBICOKOTEXHOJIO-
TUYHBIMH PEKIAMHBIMH (DHUIbMAMH, Ha3BIBAIOTCA (DUIBMBL, JEHUCTBH-
TEIbHO NIPOU3BOAHMBIE C IOMOIBIO KOMIIBIOTEPOB HJIH BBIIVIASALHE
NIOAO6GHO HEOHOBOM KOMITBIOTEPHO periaMe. Takue BBICOKOTEXHOJIO-
TUYHBIE pEKJIaMHbIE (DHIBMBI U CIIELR(AEKTHI A1 XyAOXKECTBEHHBIX
¢$HUIBMOBIPON3BOIATCA TAKMMM (pupMaMu, Kak Robert Axel Associates
(Tonnusyn) mnum Digital Effects Inc. (Hpto-Ylopk), wiu Cranston-Csuri
Productions (Konamb6yc, Oratio), niau xxe Entertainment Effects Group
Jyrmaca Tpambynna u3 Adrian Malone Production, uam ke Digital
Productions (06e dupmsl — 13 JIoc-AHIpKeIeCa).

xagcoH Poy30yml ABASETCS OCHOBATEIEM M NMPE3NUJEHTOM dHp-
Mmel Digital Effects Inc.; OH ”MeeT MHOTO ITyOIHKALIMI IO 3TOH TEME.
B 31011 hrpMe KOMIIBIOTEPHYIO AaHUMAIIMIO TAKKE pa3padaTeiBaioT K.
Pobept XoddmaH, Ixedpdpn Kisiizep u JoHanss Jiny. Jonanen JI.
CrpeaHu ¥ Ya1iH Kap/aCOH 3aHUMAIOTCS KOMITBIOTEPHOM aHMMAILIHEN B
Cranston-Csuri. Yapas3 Yypu He TOTBKO CO3/1a7 B 1967 T. yoKe CTaBIIHIA
3HAMEHHUTBIM KOMIOBIOTEPHBIH (PUIbM, HO M HAITHCaI B 70-€ IT. BaX-
HBIE CTATBY 110 KOMIBIOTEPHOI aHUMaluu. Pob6epT Dii6en 6611 yue-
HHUKOM /I>KOHA YUTHH-CTAPUIETO, THOHEpPa UM POBOTO N300PAXKEHHU A,
KOMITbIOTEPHOI'O KMHO M visual music 1 pa6oraer B KanugopHHHCKOM
yHuBepcurere (JIoc-AHmpkenec). Ero Ta1aHTIMBEMIINM COTPYAHUKOM
asasercs buaa Kosay. ITaT O’Huul, >KUBYyIIMH Ha 3aITaJHOM ITOOEPEKbE
3HAMEHHTHIN aBTOP aBaHTApJHBIX (DHJIbMOB B 60-e rogpl, B 70-€ TOABI
HE TOJBKO IPOJOJ/IKAJI CO3[aBaTh A0GCTPAKTHBIE IICHXOJETUYECKHE
GHIBMBL, HO M pa6oTan Ha PoGepra Dribena, a TakKke — BpeMs OT Bpe-
MmeHnH — Ha Jlappu Ky06y.
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BBICOKOTEXHOJIOTUYHBIE BHAEO B MOMYJSPHBIX 06/aCTAX, HAMp.,
POK-BHIEO, CO3IaBAIH Topn Pynarpen (<Vromus BHUAEO», «ByacTok
g Hp10-FlOpKe), CM. ero npoekT «CHia BOJIH», OCYLIECTBICHHbIN COB-
mecTHO ¢ JImaH Tonacmut B 1983 r. aas Island Rec., a Takxe Manki
Hecmur, bunn 9tpa (Digital Image), CruB Parr (Laser TV) u T. 1.
XyOOXKECTBEHHOE JIA3EPHOE TEJNICBUACHUE, TIPOrPaMMbI IIPOU3BO/AC-
TBA JIA3€PHBIX JUCKOB, MPOEKTbI CIIyTHHUKOBOIO TEJAEBHUAEHHUA OCY-
HIECTBAAIOTCA KOMnaHuer Mobile Image, LA (Kur I'siutoseri/Illeppu
Pa6uHOBHL).

Cpeay Hau60ee HHTEPECHOTO — COYETAHNE NCKYCCTBA U BHICOKO-

TEXHONOTUYHOM KoMMepuuu B Digital Productions, JIoc-Anmxenec, B
KOMIIAHHMHM, OCHOBAHHOMN /DKOHOM VYHTHH-MJIAAIIHUM, CBIHOM [[>KOHa
YUTHHU-cTApiuero u I'spu JIeMocoM. IByMs OCTaTbHBIMH COTPYAHHUKAMH
(monoxxe 60 sier) siBsorcs Kpedr AncoH, paGoTaBIHii BMECTE C ITHO-
HEpPOM KOMIIBIOTEPHOTO Je1a HeslbcOHOM MaKCOM Haj niepeaayer ABH-
JKEHHUSI 00/IAKOB B KOMIIBIOTEPHOM aHUMauuy, u llleppu MakKenHna, pa-
60TaBIasg BMecTe ¢ Pobeprom DridesioM HaZl 3HAMEHUTBIM PEKIAMHBIM
(dunpmom «Ily3bIipb HANIMTKA CEBEH-aID>. [9pu JleMoc, 32 roga, pabortan
B KA4ECTBE ACCUCTEHTA Y YUTHHU-CTAPIIETO, ObIJT y HETO IPOrPAMMHC-
TOM (YUTHH-CTAPIIHNNA CO3[1aJ1 CBOM NEPBBIM KOMIBIOTEPHBIN (HUIbM
Karanor» B 1962 r.). B «Apabeckax» (1975), 6 MUH., CPEAN NPOrpaM-
MHUCTOB 6bu1 JIappu Ky6a. 3ta TexHuka Bo3HuKIA BInformation Interna-
tional Inc. (Triple), 1974, B ¢oupme, KoTOpasi 6bl1a NPEAIIECTBEHHHULIEH
Digital Productions. Digital Productions crienxaau3upyeTcs Ha CHMY-
JIALUY JUTHTANBHBIX CLEH, T. €. (POPMHUPYIOIIHMXCS C HOMOLIBIO KOM-
NbIOTEPA JBIKYIIUXCA KAPTUHOK, KOTOPbIE PEATUCTHYECKH CHMYJIH-
PYIOT TPEXMEPHbIE OOBEKTDI 1 COOBITHS C TOMOIIBIO CYyIIEPKOMIIBIOTE-
pa Cray-1 ¥ HEKOTOPBIX HOBBIX METOZOB. I'apH JIeMOC SIBJIAETCA OTBETC-
TBEHHBIM 32 CO37jaHuEe padHUHUPOBAHHON NTporpaMmel s Digital Pro-
duction. JI>xoH YUTHH-MIANIIHE, 37 JeT, ChiH [HKOHA YUTHH-CTAPILEro,
cosaan B 1971 r. npoekT «TepMUHaNBHOE f», IIe OTBEPI TEOMETPHUIECKH
3aCTBIBIIME KOMIIBIOTEPHBIE (DHIBMBI M (DUIYPATHBHBIMH CPEACTBA-
MM JOOUJICS IPOCTPAHCTBEHHOTO 3ddexra. Kpome TOro, oH BpemMs OT
BpeMeHU COTPYAHHYAA C XYAOXHHUKOM-KOHLENTYAJHCTOM MaNK/IOM
direpoM B (GHIBMAX 3TOTO MOCIEAHEr0. YUTHU-MIAAIIHI HE TOJIBKO
PaboTan BMECTE CO CBOMM OTLIOM C 15 j1€eT, HO ¥ CO3/1a/T MHOTO KOMIIbIO-
TEPHBIX CUCTEM, HATIPUMEP, THOPUAHBIN ONITUYECKUN IPHUHTEP.

[T.e anaaoro-u¢posoit. Cu.: ToaxoBbIi CAOBApb O BRMHCAHTEAbHBIM CHcTeMaM. M., 1991. C.
221]
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B 1973 r. oH 7OOM/ICA HOMHHALMH Ha TpeMHIo «OcKapa»> 32 paboTty
Haj puabMoM «3anagHelii MUP>. B HacToduiee BpeMs rupma YUTHH-
MJIAMIETO pa6oTaeT Haa npuMepHO 20-30-MUHYTHOH JUTHTAIbHOM
CUMY/ISILIMEH CLIEH U1 XyAOKEeCTBEHHOTO (hrbma «[locneanutt «Crap-
dariTep»»". B mpouecce MpON3BOJCTBA TAKXKE — JTUTUTAJIbHBIE CUMYJISI-
LU cleH 111 punbma «2010» kuHOCTyauu «Metpo-ToaaBuH-Meriep»,
SIBJISIIOIIETOCs MpoAo/LKeHueM puibma «2001»>. CeHcanuoHHas Helb
JUTHTAJIbHONM CHMY/IALMH CLUEH COCTOUT B (POPMHPOBAHHHU C NTOMO-
LIbIO KOMITBIOTEPA CLIEH, HEOTIMYMMBIX OT PEATBHBIX, 4 TAKXKE TAKUX
PEAIMCTHYHBIX CLI€H, KOTOPBIX HE CYLIECTBYET B IpUpoze. Paau aTor
meau (upMa pacnojaraer OJHMM H3 Haubosiee ObICTPOAEHCTBYIO-
IIMX CYIIEPKOMIIBIOTEPOB B MHpE, KOMNbIOTEPOM Cray-1 (CTOHMOC-
TbIO 12 MJIH. JO//IAPOB), HECKOJBKHUMH MAJIbIMHU KOMOBIOTEPaMu VAX
u IBM, 4 mamHaMu ISl TPeo6pPa3OBaHMs BUAEO B 35-MM IJIEHKY, 2
CKaHHEpaMH I IVICHKH, 3 CHCTEMaMHU OOpabOTKH H300paKECHUE
¢dupmsl Evans & Sutherland, a Taxxe 3 moABHXKHBIMH CHCTEMAMU JUIS
HACTPOMKH HHTEPAKIHH C OObeKTaMH. TemM CaMbIM 3aKIaJbIBACTCS
($YHAAMEHT OYAYIIETO 3JIEKTPOHHBIX (DUIBMOB: JUIS XY0XKECTBEHHBIX
¢uabmMoB, Ha 100% CO3gaHHBIX Onarogaps CUMYJISILIHHM, U BCE-TAKH
MPEICTABIIONUX TaKOU (oTorpadU4ecKuy peainsM, 4ro Nmyoau-
Ka HE CMOXET OT/IMYHUTDb PEAJbHBIX AEUCTBHMI OT AEHCTBUE CUMYJIH-
pYeMBIX. [IuruTagbHasA CUMYIALHA CIEH — 3TO Oyaymiee tudpoBoro
H300pakeHus, AUTUTAIBHOTO HCKyccTBa. Ha npumepe dupmsr Digital
Productions 1 OTHOUWIEHHUN MEXAY OTLOM H CBIHOM MBI BUIHM TAKXKE
TO, HACKOJIBKO Xy OXECTBEHHAs hopMa, pesx/e ObIBIIAsI MAPTHHAb-
HOM — 2a6CTpaKTHOE rPaUYECKOE KHHO ~ MOJKET OKAa3aThCH B OyAylIeM
LEHTPOM HOBOM MHAYCTPUH U 3270KHUTh OCHOBEI U1 TEXHOJIOTHYEC-
KO¥l PEBOJIIOIIUH B IIPOMBIIUIEHHOCTH — KAaK ITOKA3BIBAIOT MHOTO/IET-
HHH OIBIT U MHOTOJIETHHE YCTPEMJICHHS aBAHTAPAHOTO KHHO, B OCO-
OEHHOCTH A0CTPAKTHOIO, HAUMHas ¢ B. Orresindra u O. dumuHrepa B
20-€ roJipl ¥ NpoaosDKas 6pateamu [xeiMcoM U I;koHoM YHUTHH B 40-
e rogpl. OT aGCTPAKTHOT'O KMHO /10 CUMY/IIIIMOHHOTO KOMIIBIOTEPHOTO
KHHO Pa3BEPTHIBAETCA HOBasi (pOpma KMHeMarorpada, HoBast ¢opma
BUOACHUA U HCOFpﬂHI/I‘ICHHOﬁ MAaHUITYJIALNH BU3YAJIbHBIMHU JAHHBIMH.
ITockoabKy (OPMHPYEMBIE KOMIBIOTEPOM U300PAKEHUS MOT'YT 3aITH-
CBIBATbCA KAaK Ha BHAEO, TAK M HA KMHOIUIEHKY, U IIPH 3TOM CMEIIH-
BaTbCsl C PEAIbHBIMH CLIEHAMH, OyAylIee COCTOUT B KOMIBIOTEPHOM
aHHMAaLUH, HUHPOBOE H300PAXKECHHUE ABIAETCA CHMBOJIOM OYAYIIETO.

*  [«Crapdaitrep> — Ha3BaHHE aMEPHKAHCKOTO 60MbBapAMpOBIIHKa ]
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IInppoBoe BHAECO

TIpeABapUTENbHBIN 3TaN 3A€Ch 3aKII0YAETCA B MHTETPALH BH-
€0 U KOMITBIOTEPHOM TEXHOIOTHH: B HU(POBOM BH/ECO. DTA aMaTh-
raMa — B IPUPOJE CAMOTO BHJ€O. Beab B KMHO Kaap, (POPMHPYIOIIHE
H300PaXKEHHNE, OCTABAJICA HEMPHUKOCHOBEHHBIM; MIO3TOMY 3HAa4Y€HHUE,
JBIDKEHHE, COObITHE MOXHO OBUIO KOHCTPYHPOBATH TOMBKO 4€pe3
CTOJAKHOBEHHE ABYX Ka/IPOB, YEPE3 MHTEPBAJI MEXAY ABYMs KagpPAMH.
HanpOTHUB TOTO, B BUEO — 61arofaps KOMIbIOTEPHOH TEXHOJIOTHH
— SBJAETCS BO3MOXXHBIM MaHUIYJTHPOBATH C MOMOLIbIO KOMIIBIOTEPA
LBETOM U (POPMOF KAXK/JTOH PACTPOBOM TOYKOM (KAXKIbIM MUKCEIEM)
B OTAETBHOCTH. DTOT OCYIIECTBIAEMBIH MO MOEMY JKEJTAHHUIO JOCTYII
[IOCPEACTBOM KOMIBIOTEPA K Kaxkaomy u3 1000 nukcener 1000 crpok
BH/ICO MO3BOJISIET MHE NMPOBOJUTh MHAUBHUAYAIBHYIO CYO'BEKTUBHYIO
MaHUINY/LHIO H300Pa’)KEHHUEM, KaK B )KUBOITHCH, U NepefaBaTh N300-
Pa>XE€HHE C PEATHCTUYECKOH TOYHOCTBIO, KaK B ¢poTorpacduu. IMocne
OrHA M 37IEKTPUYECTBA — BH(PPOBOE HIOOPAKEHME MPEACTABIAET CO-
6011 TpeThe IIpoMeTeeBo Opyare XyJOXKECTBEHHOH PENpe3eHTALNH,
cumyasauuu. Ilepefosas TEXHOMOTHUS BUQPPOBOro H300paXKEHUA, €TO
CUMY/JISIHUOHHBIN IMOTEHIHAJ, OMUPAIOIIUKCA HAa KOMIbIOTEPHYIO
TEXHOJIOTHIO, HAAEAAIOT WHANBHIA HOBBIMH O€3rpaHHYHBIMH BO3-
MOXHOCTSIMH CO3JaHHA HOBOH BU3YaJIbHOM KY/IbTYPhI, HOBOT'O IEMOK-
PAaTHYECKOTro peHeCCaHca.
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