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“kompiuteruli grafikisa da vizualizaciis“ meore nawilSi detalurad

ganixileba rastruli grafikis mniSvnelovani sakiTxebi _ rastruli

sivrcis ganzogadebuli modeli, ferTa arxebi da fenebi, rastrul

gamosaxulebaTa gardaqmnebi da sxv. ganxilulia aseve veqtoruli grafikis

redaqtorebTan muSaobis ZiriTadi principebi, grafikuli failebis

popularuli formatebi da kompiuteruli grafikis teqnikuri saSualebebi

rogoricaa cifruli kamera, skaneri, monitori, printeri da sxv.

saxelmZRvanelos erTi Tavi daTmobili aqvs samganzomilebian kompiuterul

grafikas, sadac ganxilulia 3D sayaros ekranze asaxvis xerxebi da 3D

grafikul redaqtorebTan muSaobis ZiriTadi unarebi. ganxilulia aseve

iseTi aqtualuri sakiTxebi, rogoricaa adamiani –kompiuteris

urTierTqmedeba (HCI) da virtualuri realoba. aRniSnulia, rom

kompiuteruli grafika ganixileba, rogorc instrumenti da ZiriTadi

sakomunikacio saSualeba, romelic uzrunvelyofs Zlier urTierTkavSirs

adamiansa da kompiuters Soris. saxelmZRvanelos bolo TavSi saubaria

virtualur realobaze, romelic modelur samganzomilebian 3D garemos

warmoadgens, da ganxilulia aseve virtualuri realobis Tanamedrove

teqnologiebi.

saxelmZRvanelo gankuTvnilia kompiuteruli inJineriis departamentis

studentebisa da am dargSi momuSave specialistebisaTvis aseve SeiZleba

gamoiyenos analogiuri specialobis sxva umaRlesi saswavleblebis

studentebmac.

recenzentebi:  prof. m. andRulaZe,

prof. T. kaiSauri
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Sesavali

saxelmZRvanelo „kompiuteruli grafika da vizualizacia“ pirvel nawilSi,

ganxilulia kompiuteruli grafikisa da vizualizaciis ZiriTadi sakiTxebi,

misi ganviTarebis istoria da gamoyenebis sfero, kompiuteruli grafikis

amocanebi da struqtura. aRwerilia kompiuteruli grafikis mimarTulebebi

_ veqtoruli, rastruli da fraqtaluri grafika, maTi muSaobis principebi,

informaciis warmodgenis xerxebi, fraqtalebis agebis recepti da am

mimarTulebaTa dadebiTi da uaryofiTi mxareebi. ganxilulia aseve

kompiuteruli grafikis erT-erTi mniSvnelovani Tema feri da sinaTle,

ferTa Teoriis elementebi, grasmanis kanonebi, ferTa modelebi (RGB, CMYK,

Lab,HSB, Grayscale), reJimebi da sxv. ganxilulia aseve, saswavlo kursis erT-

erTi ZiriTadi sakiTxi _ vizualizacia, sadac aRwerilia kompiuteruli

vizualizaciis saxeebi, moyvanilia semiotikis zogierTi ganmartebebi,

vizualuri ena, metafora da kompiuteruli vizualizaciis ZiriTadi

debulebebi. gansakuTrebuli yuradReba daeTmo kompiuteruli grafikis

maTematikur aparats, rac gulisxmobs analizuri geometriis elementebs,

koordinatTa sistemebs, brtyeli mrudebis warmodgenas, bezies mrudebs,

splainebs, afinur gardaqmnebs da sxv.

saxelmZRvanelos meore nawilSi, SevecdebiT ufro detalurad ganvixiloT

kompiuteruli grafikis ZiriTadi mimarTulebebi, kerZod rastruli sivrcis

ganzogadebuli modeli, rastrul gamosaxulebaTa gardaqmnebi, veqtoruli

grafikis redaqtorebTan muSaobis ZiriTadi principebi, grafikuli

failebis popularuli formatebi da kompiuteruli grafikis teqnikuri

saSualebebi (cifruli kamera, skaneri, monitori, printeri da sxv.), rac

dagvexmareba grafikis am saxeobebTan muSaobaSi.

ganxiluli iqneba aseve samganzomilebiani kompiuteruli grafika _ 3D

sayaros ekranze asaxvis xerxebi da 3D grafikul redaqtorebSi muSaobis

ZiriTadi unarebi. dReisaTvis aqtualuri sakiTxia aseve adamiani –

kompiuteris urTierTqmedeba (HCI) da virtualuri realoba, radgan

kompiuteruli grafika ganixileba, rogorc instrumenti da ZiriTadi

sakomunikacio saSualeba, romelic uzrunvelyofs Zlier urTierTkavSirs

adamiansa da kompiuters Soris, sadac erT-erT mTavar komponents

virtualuri realobis sistema warmoadgens, romelic Tavismxriv, modelur

samganzomilebian 3D garemos ukavSirdeba da iqmneba Zlieri kompiuteruli

teqnikis da maRalxarisxiani 3D vizualizaciisa da animaciis programuli

uzrunvelyofis bazaze.
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1. rastruli grafika.
1.1. rastruli modeli da piqselTa mniSvnelobebi

Tavdapirvelad gavixsenoT rastruli grafikis ZiriTadi cnebebi. rogorc

ukve aRvniSneT, gamosaxulebis rastruli warmodgena ukavSirdeba

diskretul sibrtyes an sivrces, romelic kvadratuli (piqselebi) an

kuburi (voqselebi) ujrebisgan Sedgeba. yoveli aseTi ujra Seicavs fers,

xolo maTi erToblioba ki warmoadgens cifrul gamosaxulebas, romelic

kompiuterSi inaxeba cifruli kodebis erTobliobis saxiT. obieqtis

kodireba gulisxmobs erTianebiT da nulebiT Sevsebuli bituri matricis

(bitmap) Seqmnas, romelic srulad aRwers rastrul gamosaxulebas.

Cveni ganxilvis Temas warmoadgens rastruli sivrcis struqtura, misi

ganzogadoebuli modeli da is ZiriTadi operaciebi, romelic masze

SeiZleba Catardes. es Tema Zalian mniSvnelovania, radgan es saSualebas

mogvcems advilad gaverkveT rastruli grafikis Tanamedrove programebis

funqciebSi da maTi instrumentebis muSaobis principebSi. rastruli

sivrcis gardaqmnaTa ZiriTadi klasebis raodenoba arc ise bevria, magram am

gardaqmnaTa sinTezi da amavdroulad Sesabamisi parametrebiT varireba,

badebs mxatruli efeqtebis kolosalur ricxvs. es procesi arc Tu ise

martivia da garkveul yuradRebas iTxovs, radgan rastruli gardaqmnebis

ZiriTadi principebis codna saSualebas gvaZlevs ara marto gaverkveT

grafikul programaTa SesaZleblobebSi, aramed saSualebas mogvcems

SevqmnaT axali efeqtebi, miTumetes, rom Tanamedrove grafikuli programebi

(Photoshop) amis saSualebas iZleva.

erTi SexedviT, rastri TiTqos martivi modelia, magram rogorc aRmoCnda

mas uzarmazari informaciuli tevadoba gaaCnia. magaliTad, Tu SevafasebT

im gamosaxulebaTa raodenobas, romelic arc Tu ise didi 256x256 rastruli

matriciT SeiZleba aRiweros, sadac yovel rastrs SeuZlia miiRos mxolod

nacrisferi feris 32 mniSvneloba, aRmoCndeba, rom am variantebis ricxvi

asobiT aTasi nuliT aris warmodgenili (32 256х256 =  32 65536 = 10 98645). imisaTvis

rom aRviqvaT am patara rastruli matricis tevadoba, warmovidginoT es

ricxvi “asi aTasi nuliT” da gaviazroT, rom es aris, am matriciT

warmodgenili SesaZlo suraTebis raodenoba.

gavixsenoT, aseve rom rastruli  gamosaxulebis umciresi elementi,

organzomilebian rastrul matricaSi, aris piqseli, romelic feriT da

ferTa rezoluciiT an feris siRrmiT xasiaTdeba. erTi mxriv, rac meti

feria miT ukeTesia suraTi. meore mxriv – rac meti feria miT meti

mexsierebaa saWiro gamosaxulebis Sesanaxad. ase rom unda veZeboT

kompromisi.
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aqve unda aRvniSnoT, rom Tu piqseli “bevria”, xolo suraTis zoma ki _

sakmaod “patara”, maSin gamosaxuleba uwyvetad Cans. es maxasiaTebeli

saSualebas iZleva martivad SevafasoT suraTis damaxsovrebisTvis saWiro

mexsierebis raodenoba, magram gamosaxulebis vizualuri aRqmis xarisxis

SefasebisTvis es ar gamodgeba. amitom saWiro xdeba iseTi maxasiaTeblis

Semotana, romelic Seafasebs piqselebis raodenobas erTeulovan farTobze,

anu cifruli gamosaxulebis sivrculi rezolucia.

bituri matrica

umartives SemTxvevaSi piqsels SeiZleba mieniWos mxolod ori mniSvneloba

1 an 0. magaliTad, rastruli monitoris SemTxvevaSi 1-ani ganaTebul rastrs

Seesabameba, xolo 0 – Cabnelebuls. rastruli informaciis gamotanis

mowyobilobebSi, magaliTad, lazerul an Wavlur printerSi, ki piriqiT 1

niSnavs dasmul wertils, xolo 0 – cariel adgils. programa Photoshop-Si
am reJims uwodeben “bitmap”-s. aseTi informaciis Sesanaxad sakmarisia erTi

biti, ris gamoc Semovida “bituri matricis” cneba.

imisaTvis, rom warmovidginoT mexsierebis ra moculobaa saWiro ama Tu im

gamosaxulebis dasamaxsovreblad, CavataroT martivi gamoTvlebi. vTqvaT

gvaqvs bituri matrica romlis zomaa 1024 X 768. aseTi matricis

damaxsovrebas sWirdeba 1024*768 = 786 432 biti. yovel baitSi 8 bitia e.i.

786 432 /8 =98 304 baiti, an 98 304/1024 = 96 kilobaitimexsiereba.

1.2. gamosaxuleba nacrisferis tonebSi

ganvixiloT iseTi SemTxveva, rodesac piqselTa mniSvnelobebi mTeli

ricxvebia da garkveul diapazonSi, 0-dan N-mdeicvleba. rastruli

mowyobilobebis muSaobis reJimebis Sesabamisad, am mniSvnelobebs

sxvadasxva interpretacia aqvT. Tu displei monoqromatul reJimSi muSaobs,

maSin 0 Sav fers (Camqral piqsels) Seesabameba, xolo N – TeTrs (piqselis

maqsimalur sikaSkaSes), Sualeduri mniSvnelobebi ki nacrisferis

Sualedur gradaciebs (Savsa da TeTrs Soris) gulisxmobs. programa

Photoshop –Si am reJims “GrayScale”-s uwodeben da sakmaod farTod iyeneben

nacrisferis tonebSi warmodgenili Sav-TeTri gamosaxulebis damuSavebisas.

yvelaze xSirad iyeneben reJims, sadac N = 255. am SemTxvevaSi yoveli

piqselisTvis saWiroa mexsierebis erTi baiti. Tumca, ufro kompaqturi

failebis misaRebad, rig SemTxvevebSi SeiZleba sakmarisi aRmoCndes

nacrisferis gradaciis ufro naklebi ricxvic.

bunebrivia ismis kiTxva, nacrisferi feris ramdeni gradacia unda

gamoviyenoT, rom monoqromatuli gamosaxulebis xarisxi misaRebi
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aRmoCndes? magaliTad, bunebrivi gamosaxulebisTvis xSirad sakmarisia

nacrisferis 64 toni. nacrisferis 32 gradaciis SemTxvevaSi gamosaxulebaze

odnav SesamCnevi konturebi Cndeba gradaciaTa Soris gadasvlis adgilebSi.

rac Seexeba nacrisferis 16 da 8 gradacias, aq ukve Cndeba mkafio

konturebi da gamosaxulebis xarisxic aradamakmayofilebelia. amgvarad

nacrisferis 64 toni, umetes SemTxvevaSi, sakmarisia bunebrivi

gamosaxulebisTvis, Tumca mdovre gadasvlebis mqone sinTezuri

gamosaxulebisTvis zogjer ara Tu 64, 128 gradaciac ar aris sakmarisi da

saWiro xdeba nacrisferis 256 tonis gamoyeneba.

SevafasoT mexsierebis zoma, romelic aucilebelia nacrisferi feris 256

tonis mqone gamosaxulebis dasamaxsovreblad. yoveli piqseli 8 bits anu 1

baits saWiroebs. Sesabamisad vRebulobT 1024*768 = 786 432 baits an 786

432/1024 =768 kilobaits. rogorc xedavT es gacilebiT met (8-jer met)

mexsierebas saWiroebs, vidre bituri matrica.

ferad grafikul reJimSi muSaobisas, videoadapteri piqselis mTelricxva

mniSvnelobebs gansazRvravs, ara rogorc nacrisferis gradacias, aramed

rogorc feris nomers mocemuli palitridan. gavixsenoT indeqsur ferTa

reJimi, roca vmuSaobT ara realur ferebTan aramed mocemuli palitris

ferTa nomrebTan (indeqsTan). profesionalur grafikaSi am reJims naklebad

iyeneben, Tumca arsebobs iseTi situaciebic rodesac mas warmatebiT

iyeneben. mizezi is aris, rom xSirad, 256 feris gamoyenebiT SeiZleba

miviRoT normaluri xarisxis ekranuli gamosaxuleba da am dros

mexsierebaSi mxolod gamoyenebul ferTa indeqsebis damaxsovreba xdeba,

rac sakmaod mosaxerexebelia. amave dros, aseTi feradi gamosaxulebis erT

piqsels, mexsierebis mxolod erT baiti saWirdeba. aseTi warmodgena

mniSvnelovnad amcirebs grafikuli failebis zomas, rac Zalian

mniSvnelovania maTi gadacemisas, magaliTad internetiT.

Sefaseba: Tu gamoviyenebT 256 ferian palitras, maSin 1024X768

gamosaxulebis Sesanaxad, saWiro iqneba mexsierebis igive zoma rac

monoqromatuli gamosaxulebis SemTxvevaSi _768 kilobaiti, Tu ar CavTvliT

mexsierebis im mcire nawils, rac palitris Sesanaxad aris saWiro.

1.3. srulferiani gamosaxuleba

ganvixiloT “WeSmaritad feradi” anu “srulferiani” rastrebi. aseTi

gamosaxulebis yovel piqselSi cxadi saxiT inaxeba yvela feradi

komponenti. ufro xSirad es aris RGB sistemis ZiriTadi ferebis

mniSvnelobebi – wiTeli, mwvane da lurji. poligrafiaSi aseve xSirad
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iyeneben subtraqtul sistemas, roca yovel piqselSi inaxeba CMYK sistemis

oTxi komponenti – cisferi, alisferi, yviTeli da Savi. gavixsenoT feradi

komponentebis warmodgenis ori reJimi Hi Color da True Color.

HiColor reJimSi, RGB sistemis samive komponentisTvis gamoyofilia 16 biti: 5

biti wiTeli ferisTvis, 6 biti mwvane ferisTvis da 5 biti _ lurjisTvis.

amrigad, wiTeli feris komponents SeuZlia miiRos 25 = 32 mniSvneloba,

mwvanes – 26 = 64 da lurjs _25 =32. aqedan gamomdinare, Hi Color reJimSi

SeiZleba miviRoT sul 32*64*32 = 65 536 feri. Cveulebriv, bunebriv

gamosaxulebaTa umravlesobisaTvis (cifruli foto), es sakmarisia, magram

xelovnuri gamosaxulebisTvis es sakmarisi ar aris, am SemTxvevaSi iyeneben

True Color reJims.

True Color reJimSi yoveli feradi komponentis warmodgenisTvis gamoyofilia

TiTo baiti, e.i. 8 biti. es niSnavs, rom yoveli feris komponents SeuZlia

miiRos 256 mniSvneloba. sul vRebulobT 256*256*256 = 16 777 216 fers. es aris

16 milionze meti feris toni da es praqtikulad yvela realuri

situaciisTvis sakmarisia.

cxadia feradi suraTis cifruli informaciis Senaxva Hi Color da True Color

reJimSi ufro met mexsierebas iTxovs. kerZod, piqselTa 1024x768 rastruli

matricisTvis Hi Color reJimSi ukve saWiro xdeba TiTqmis 1,5 megabaiti (1

mg.baiti_ 1024 kilobaiti, xolo 1 kilobaiti _ 1024 baiti) mexsiereba, xolo

True ColorreJimSi ki _ 2,25 megabaiti.

dRes es cifrebi arc ise dramatulia, radgan bolo wlebSi cifrul

gamosaxulebaTa kumSvis Zlieri algoriTmebi Seiqmna (magaliTad, meTodi

JPEG), romelic failTa zomis aTjer da zogjer asjer kumSvis

saSualebasac iZleva, rac gamosaxulebis damaxsovrebisas mniSvnelovan

SeRavaTs gvaZlevs. rac Seexeba aseT gamosaxulebasTan muSaobas, unda

aRvniSnoT, rom operatiuli mexsierebis mimarT moTxovnebi isev mkacri

rCeba, radgan grafikuli redaqtorebi Cveulebriv dauarqivebel

monacemebTan muSaoben.

rogorc ara erTxel aRvniSneT, ferTa rezoluciiT xasiaTdeba im ferTa

tonebis raodenoba, romelTa warmodgenac aris SesaZlebeli cifrul

gamosaxulebaSi. rac Seexeba termins feris siRrme (Color depth), rasac

zogjer ferTa gadacemis xarisxsac uwodeben, is im mexsierebis zomas

gansazRvravs bitebSi, rac rastruli gamosaxulebis an videogamosaxulebis

erTi piqselis feris warmodgenas da kodirebas sWirdeba. es sidide xSirad

aRiwereba bitebis an Tanrigebis raodenobiT erT piqselze (bits per pixel, bpp).
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cxrili 1-Si moyvanilia gamosaxulebis warmodgenis reJimebi, romelsac

Cveulebriv Tanamedrove kompiuterul grafikaSi iyeneben. cxrilSi

miTiTebulia agreTve 1024X768 piqseli gamosaxulebis damaxsovrebisTvis

saWiro Sesabamisi mexsierebis zoma.

cxrili 1.

reJimis dasaxeleba
biti /

piqselze

mexsierebiszoma, 1024 X768 piqs.

gamosaxulebisdamaxsovrebisTvis

bituri matrica 1 96 kb

gamosaxuleba nacrisferis

tonebSi
8 768 kb

indeqsuri ferebi 8 768 kb

Hi Color reJimi 16 1.5 mb

True Color reJimi 24 2.25 mb

1.4. rastruli sivrcis ganzogadebuli modeli

sainteresoa, rogor aris mowyobili cifruli gamosaxuleba. nacrisferis

tonebiT warmodgenili gamosaxulebis modeli, anu misi Sinagani

warmodgena, sakmaod martivia. mexsierebaSi is SegviZlia warmovidginoT

rogorc baitebis organzomilebiani masivi, sadac yoveli baiti Seesabameba

piqsels, romelic 0-dan 255-mde mniSvnelobebsRebulobs.

sur.1 –ze warmodgenilia aseTi gamosaxulebis ekranuli saxe da misi

matriculi warmodgena mexsierebaSi.
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aseTi suraTis redaqtireba gulisxmobs masivis erTi elementis (an jgufis,

e.i. gamoyofili ubnis) mniSvnelobis Secvlas. cxadia am cvlilebebs

programul-aparatuli saSualebebi avtomaturad asaxaven ekranze.

Sesabamisad, nacrisferis tonebiT warmodgenili gamosaxuleba SegviZlia

aRviqvaT, rogorc ricxviTi masivi, sadac es elementebi 0-dan (Savi) 255-mde

(TeTri) mniSvnelobebs Rebuloben.

1.4.1. ferTa arxebi

srulferiani gamosaxulebis ganxilva da masTan muSaoba

garkveulsirTuleebs iwvevs. programa Photoshop-Si aseTi gamosaxulebis

yoveli piqseli warmodgenilia RGB modelis sami ricxviT, an

samganzomilebiani veqtoriT ferTa sivrceSi. yoveli feradi komponenti

icvleba 0-dan (mocemuli komponenta ar arsebobs) 255-mde (mocemuli

komponentis sikaSkaSe maqsimaluria). unda aRvniSnoT, rom veqtorebTan

muSaoba arc ise mosaxerxebelia,

miTumetes, rodesac gaqvs ara erTi

veqtori, aramed faqtobrivad

organzomilebiani veqtorTa veli.

amasTan dakavSirebiT, programa

Photoshop-Si sakmaod saintereso

koncefcia SeimuSaves, rac e.w.

feradi arxebis Semotanas

gulisxmobs. aseTi midgoma feradi

cifruli gamosaxulebis TvalsaCino

warmodgenis saSualebas iZleva. am

koncefciis Tanaxmad cifruli

gamosaxuleba SeiZleba

warmovidginoT, rogorc samfeniani

“namcxvari”, romlis yoveli fena

baituri matricaa. es matricebi

Zalian waagavs nacrisferis tonebSi

warmodgenili gamosaxulebis

aRweras, mxolod erTi gansxvavebiT

_ es fenebi Seesabameba ara

nacrisferis gradaciebs, aramed

erTi, wiTeli feris sikaSkaSes,

meore – mwvanis, xolo mesame –

lurji feris sikaSkaSes (sur.2.).
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sabolood, sami aseTi ferTa arxi, romelic Tavisi struqturiT emTxveva

nacrisferis tonebSi warmodgenil gamosaxulebas, sruliad eqvivalenturia

srulferiani gamosaxulebisa (sur.3).

SesaZloa gaCndes kiTxva: "da ras gvaZlevs es?".

rogorc aRmoCnda, es midgoma Zalian

mosaxerexebelia ferad

gamosaxulebasTan praqtikuli muSaobis

dros, gansakuTrebiT ferTa koreqciis

dros. warmoidgineT, rom Tqven

SegiZliaT yoveli ferTa arxis

damoukideblad redaqtireba. Tu

SevcvliT piqselis sikaSkaSes erT

romelime arxze, Seicvleba

rezultaturi gamosaxulebis piqselTa

feric e.i. SesaZlebelia gamosaxulebis

nebismier wertilSi yoveli feradi

komponentis Secvla damoukideblad.

amgvarad, rogorc vxedavT, nacrisferis tonebSi warmodgenili baituri

rastruli matriciT SeiZleba avRweroT, rogorc nacrisferi gamosaxuleba,

ise feradi, mTavaria, rom aseTi matrica iyos sami, romlebic Sesabamis

ferTa komponentebis sikaSkaSes gamoxataven.

1.4.2. alfa-arxebi

sainteresoa, kidev risi warmodgena SeiZleba baituri matriciT?

rastruli grafikis redaqtorebSi farTod iyeneben kidev erT cnebas e.w.

alfa-arxebs (sur.4)., rac Zalian waagavs nacrisferis tonebSi warmodgenil

gamosaxulebas. am matricis

yoveli elementi aseve 0-dan 255-

mde icvleba, magram am

mniSvnelobebs sxvagvari

interpretacia aqvT, isini

aRniSnaven Seesabamisi piqselebis

gamWvirvalobis xarisxs.

grafikul redaqtor Photoshop-Si

alfa-arxi ganixileba rogorc

fena-maska. am baitur matricaSi

mniSvneloba 0 Seesabameba sruliad gamWvirvale piqselebs, xolo 255 _
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aragamWvirvales, xolo Sualeduri mniSvnelobebi ki gamWvirvalobis

Sualedur mniSvnelobebs Seesabameba.

mniSvnelovania is faqtic, rom fena-maskebi (an alfa-arxi) iseve

redaqtirdeba, rogorc Cveulebrivi nacrisferi gamosaxuleba. magaliTad,

SegviZlia vxatoT, amovWraT, movniSoT da sxv. rac saSualebas mogvcems

SevqmnaT saintereso mxatvruli efeqtebi, rogoricaa erTi gamosaxulebis

meoreSi mdovred gadasvla an erTi gamosaxulebis raime fragmentis

"gadatana" meoris fonze da sxv.

1.4.3. mravalfeniani gamosaxuleba

rodesac raime suraTs vuyurebT, Cveni tvini mas aanalizebs da azrobrivad

yofs fragmentebad, geometriul figurebad da sxva grafikul obieqtebad.

magaliTad, Tu suraTze gamosaxulia adamianis figura raime fonze, maSin

adamiani momentalurad gamoyofs am figuras fonidan e.i. adamians SeuZlia

gonebrivad "imuSaos" suraTze aRbeWdili gamosaxulebis calkeul

obieqtebTan.

rac Seexeba kompiuters, misTvis rastruli gamosaxuleba erTi mTliani

obieqtia, imis da miuxedavad, ra aris masze gamosaxuli. kompiuteri ver

ansxvavebs adamians fonisagan. misTvis arsebobs mxolod sxvadasxva frad

SeRebili piqselTa masivebi, amitom rastrul grafikasTan muSaobisas

kompiuters unda miuTiTod konkretulad romel piqselebTan gvinda

muSaoba. rastruli grafikis es Tavisebureba xSirad seriozul

problemebs qmnis. magaliTad, Tu gvinda odnav gavzardoT an

gadavaadgiloT adamianis figura suraTze, saWiro iqneba am figuris

“moniSvna”, e.i. piqselTa Sesabamisi aris gamoyofa, da mxolod amis Semdeg

SevasruloT gadaadgileba.

ra daemarTeba fons im adgilas, sadac figura iyo? an ra moxdeba Tu

“moniSnul” figuras sxva suraTze gadavitanT?

pirvel SemTxvevaSi figuris adgili carieli darCeba da foni daziandeba.

meore SemTxvevaSi ki gadatanili fragmenti “Cawebdeba” axal suraTze da

mis qveS moqceuli nawilis aRdgena SeuZlebeli gaxdeba. cxadia kargi

iqneba, Tu rastrul grafikaSi iarsebebs raime Sualeduri obieqti, romlis

damoukideblad redaqtireba iqneba SesaZlebeli. rastruli grafikis

Tanamedrove programebSi am problemis gadaWra e.w. fenebis damatebiT xdeba.

suraTis redaqtirebisas, gamosaxulebaze operaciebis Catareba sxvadsaxva

fenebze xdeba, ris gamoc suraTis orginali ar ziandeba. amgvarad,
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mravalfeniani cifruli gamosaxuleba suraTis sxvadasxva fragmentTa

dastas warmoadgens, romelic gamWvirvale fuZezea ganlagebuli (sur.5).

programa Photoshop-Si mravalfeniani gamosaxulebis Sesaqmnelad da misi

redaqtirebisTvis uamravi brZaneba arsebobs (Layer). yoveli aseTi fena

sruliad damoukidebeli gamosaxulebaa da programis yvela instrumentiT

redaqtirdebas eqvemdebareba. garda amisa, yovel fenas SeiZleba mivaniWoT

gamWvirvalobis garkveuli xarisxi, an “mivabaT” alfa-arxi (fena-maska).

fenebis urTierTqmedebis aseTi moqnili sqema, marTlac Zalian efeqturia

da sakmaod rTuli gamosaxulebebis sinTezis saSualebas iZleva (sur.6).
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1.4.4. koreqtirebadi fenebi

rastruli grafikis redaqtorebSi realizebulia kidev erTi mniSvnelovani

elementi e.w. koreqtirebadi fena, romelic isev baitur matricas

ukavSirdeba. am matricis yoveli elementi analogiurad icvleba _ 0-dan

255-mde, magram am mniSvnelobebs sruliad gansxvavebuli interpretacia aqvT.

davuSvaT, gvinda gavzardoT gamosaxulebis kontrasti an sikaSkaSe. cxadia,

rastruli grafikis redaqtorebSi arsebobs Sesabamis brZanebebi, magram

xSirad gvxvdeba situacia, rodesac kontrastis Secvla mxolod

gamosaxulebis nawilSia sWiroa da Tanac sxvadasxva xarisxiT. aRmoCnda

rom koreqtirebadi fenebis saSualebiT, SesaZlebelia amis ganxorcieleba

koreqtirebadi fenebi funqcionirebs grafikuli redaqtorebis operaciaTa

umravlesobisaTvis. Tu koreqtirebadi fenis baitur matricaSi piqseli 0-is

tolia, maSin am wertilSi brZaneba ar moqmedebs, xolo Tu 255-is tolia,

maSin brZaneba maqsimaluri xarisxiT sruldeba. piqselTa Sualeduri

mniSvnelobebi koreqtirebad fenebSi, aRniSnavs brZanebis erTgvari

Sualeduri xarisxiT Sesrulebas. koreqtirebadi fenebi iseve redaqtirdeba,

rogorc gamosaxulebis sxva Cveulebrivi fenebi da moqmedebs yvela im

fenaze romelic am fenis qvemoTaa moTavsebuli.

ganvixiloT magaliTi. SevqmnaT koreqtirebadi fena (sur.7), romlis

moqmedebac dakavSirebuli iqneba

sikaSkaSis orjer gazrdis brZanebasTan.

vTqvaT, gamosaxulebis garkveul ubnebSi

ar gvinda sikaSkaSis gazrda. Sesabamisad,

koreqtirebadi fenis am ubnebSi,

piqselebi Sav ferad unda SevReboT

(mniSvneloba=0). xolo iq sadac saWiroa

sikaSkaSis zustad orjer gazrda _

koreqtirebadi fenis piqselebi TeTrad

unda SevReboT (mniSvneloba = 255). Tu

romelime wertilSi saWiroa sikaSkaSis

naxevrad gazrda – nacrisferi feriT

SevRebavT (mniSvneloba=128) da ase

Semdeg.

rastruli grafikis Tanamedrove

programebSi realizebulia cifruli

gamosaxulebis sakmaod rTul modeli. am

modelis safuZvels baituri matrica

warmoadgens, romlis yoveli elementi 0-
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dan 255-mde mniSvnelobebs Rebulobs. cifruli gamosaxuleba ki

warmodgenilia aseTi matricebis “dastis”- saxiT, sadac TiToeuli maTgani

aRiqmeba, rogorc gamosaxulebis calkeuli fena. es fenebia: feradi arxebi,

alfa-arxebi da koreqtirebadi fenebi (sur.8).

1.5. rastrul gamosaxulebaTa gardaqmna

Cven ganvixileT rastruli sivrcis struqtura, rac cifruli

gamosaxulebis safuZvels warmoadgens. Semdgomi ganxilvis Temaa _ cifrul

gamosaxulebaTa gardaqmnebi. gardaqmnebi rastruli gamosaxulebis

redaqtirebis procesis arss gamoxatavs da safuZvlad udevs rastruli

grafikis yvela programis muSaobas. yovelgvari gadaWarbebis gareSe

SeiZleba iTqvas, rom TiTqmis yvelaferi, rac am programebSi sruldeba,

cifrul gamosaxulebaTa gardaqmnebs warmoadgens.

Tu am gardaqmnebs geometriuli TvalsazrisiT SevxedavT is pirobiTad sam

klasad SeiZleba davyoT: wertilovani, lokaluri da globaluri. am

gardaqmnaTa muSaobis principebis codna, dagvexmareba imis garkvevaSi, Tu

rogor xdeba gamosaxulebis redaqtireba da rogor muSaoben is

mravalferovani filtrebi, romelic rastruli grafikis redaqtorebSia

realizebuli.

gamosaxulebaTa redaqtirebisas aseve didi yuradReba eTmoba cifruli

gamosaxulebis zogierT ricxviT maxasiaTebels, kerZod erT-erTi aseTi

mniSvnelovani cnebaa histograma.
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histograma, gamosaxulebis integraluri maxasiaTebelia da saSualebas

iZleva gamosaxulebaTa damuSavebis dros, SevafasoT Cveni pirveli nabijebi

da moqmedebebebaTa Semdgomi Tanmimdevroba.

1.5.1. gamosaxulebis cifruli maxasiaTebeli _ histograma.

rogorc ukve aRvniSneT, rTuli feradi gamosaxuleba gamWvirvalobis

efeqtiT da koreqtirebadi fenebiT, yovelTvis SeiZleba warmovidginoT

baituri matricebis “dastis” saxiT. aqedan gamomdinare nebismieri

gamosaxuleba SeiZleba “gavSaloT” da warmovidginoT, rogorc rastruli

marTkuTxa matricebis erToblioba, romlis yoveli piqseli 0-dan 255-mde

mniSvnelobebs Rebulobs. amitom, SemdgomSi yvela Teoriuli sakiTxi

ganixileba erTaderT modelze – marTkuTxa baitur matricaze.

pirvel rigSi ganvixiloT gamosaxulebis ricxviTi maxasiaTebli histograma

da gavarkvioT risTvis aris es saWiro?

pasuxi martivia – gamosaxulebis obieqturi daxasiaTebisTvis, magaliTad,

rogoricaa misi xarisxi, yvelaze xSirad iyeneben e.w. statistikur

maxasiaTeblebs. am SemTxvevaSi gamosaxuleba ganixileba rogorc raime

SemTxveviTi sidide, romelic 0-dan 255-mde mniSvnelobebs Rebulobs da

romlisTvisac SeiZleba gamovTvaloT, rogorc saSualo ise saSualo

kvadratuli gadaxra da ufro maRali rigis momentebic (sur.9).

erTi SexedviT es SeiZleba ucnaurad mogveCvenos, magram es mxolod erTi

SexedviT, vinaidan Cven vixilavT sruliad damoukidebel  gamosaxulebas,

sadc yovel piqsels araferi ar uSlis xels, miiRos nebismieri
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mniSvneloba 0-dan 255-mde diapazonSi, amitom gamosaxulebaTa statistikuri

Sefasebebi sruliad gamarTlebulia.

rogorc ukve aRvniSneT, cifruli gamosaxulebis erT-erTi mniSvnelovani

maxasiaTebelia histograma. histograma SeiZleba gamoiTvalos, rogorc

mTeli gamosaxulebisTvis, ise misi raRac nawilisTvis. histograma aris,

gamosaxulebaSi nacrisferis garkveuli gradaciis piqselebis gamoCenis b
sixSiresa (an sikaSkaSis) da TviT sikaSkaSes Soris damokidebulebis

grafiki. e.i. histogramis yoveli wertili h = h(b) warmoadgens

gamosaxulebaSi an mis fragmentSi, piqselebis raodenobas, romelTa

sikaSkaSea b. ganvixiloT sur.10-ze warmodgenili cifruli gamosaxulebis

(matricis) magaliTi da avagoT misi Sesabamisi histograma.

vTqvaT, gamosaxulebis yoveli piqseli Rebulobs oTx mniSvnelobas (0-dan

3-mde). me-10 suraTze, marcxniv, naCvenebia aseTi gamosaxulebis matrica.

histogramis horizontalur RerZze gadadebulia piqselis mniSvelobebi (am

SemTxvevaSi 0-dan 3-mde). aviRoT mniSvneloba 0 da daviTvaloT

gamosaxulebaSi aseTi mniSvnelobis mqone piqselebis raodenoba.

gamosaxulebaSi is 4 calia. X RerZze, 0 wertilis gaswvriv, davxazoT oTxi

erTeulis simaRlis mqone sveti (sur.10 marjvniv). analogiurad daviTvaloT

da gamovsaxoT piqselebis raodenoba danarCeni mniSvnelobebisaTvis - 1, 2

da 3, ris Sedegadac miviRebT diagramas, rac am cifruli gamosaxulebis

histogramas warmoadgens. Tu piqselebis raodenobas gamovTvliT ara mTeli

gamosaxulebisTvis, aramed mxolod nawilisTvis, miviRebT am ubnis

histogramas.

ra aris histogramis arsi?

rogorc ukve aRvniSneT, histograma axasiaTebs mocemuli sikaSkaSis mqone

piqselebis gamoCenis sixSires gamosaxulebaSi. Tu movaxdenT histogramis

normirebas gamosaxulebis piqselTa srul raodenobaze, maSin miviRebT b
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sikaSkaSis mqone piqselTa gamoCenis albaTobis ganawilebis Sefasebas p(b),

e.i. p(b) = h(b)/sum, sadac, sum aris piqselTa sruli raodenoba gamosaxulebaSi.

ras gvaZlevs gamosaxulebis histograma?

pirveli _ normirebuli histograma, romelic warmoadgens mocemuli

sikaSkaSis mqone piqselebis gamoCenis albaTobis ganawilebas, saSualebas

gvaZlevs gamovTvaloT gamosaxulebis yvela statistikur maxasiaTebelTa

Sefasebebi, rogoricaa saSualo kvadratuli gadaxra, asimetriulobis

koeficienti, entropia da sxva. es informacia aucileblobas warmoadgens

gamosaxulebis optimaluri filtraciis, misi kodirebis da SekumSvis dros.

meore _ histogramis mixedviT bevri

ramis Tqma SeiZleba TviT

gamosaxulebis Sesaxeb. rastruli

grafikis amocanebTan muSaobisas

es yvelaze saintereso midgomaa. me-

11 suraTze naCvenebia ramodenime

fotosuraTi da maTi Sesabamisi

histogramebi.

me-11 suraTze warmodgenili zeda

foto normaluria. misi histograma

avsebs mTel ares 0-dan 255-mde.

Sua foto bundovania. mis

histogramas mTeli diapazonis

sakmaod viwro ubaniukavia. Tu am

histogramas “gavwelavT” es

gamosaxuleba mkafio da xarisxiani

gaxdeba _ TiTqmis iseTi rogoric

pirvel fotozea.

Tu gamosaxulebis histograma

ZiriTadad muq ubnebzea Tavmoyrili

(piqselebis umravlesoba dabali

sikaSkaSiT xasiaTdeba), xolo

naTeli ubnebi nulis tolia, maSin suraTi cudadaa gamJRavnebuli (sur. 11

qvemoT). Tu am histogramis naTel mxares “gavwelavT” SeiZleba

mniSvnelovnad gavaumjobesoT gamosaxulebis xarisxi da a.S.

sxva sityvebiT rom vTqvaT, histograma Zalian informatiulia da misi

forma xSirad gvkarnaxobs Tu ra mimarTulebiT unda gadavdgaT pirveli

nabijebi gamosaxulebis kompiuteruli damuSavebisas. rastruli grafikis
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Tanamedrove programebSi yovelTvis aris gaTvaliswinebuli histogramebis

gamoTvla da gamoyeneba. programa Photoshop-Si histogramebTan muSaoba

realizebulia brZanebiT Image/Adjustments/LevelsdaFilter/Other/Custom. am

brZanebaTa Sesabamis dialogur fanjrebSi parametrebis cvlilebiT vaRwevT

sasurvel Sedegs rasac TvalnaTliv vxedavT kidec.

rodesac laparakia histogramis “gawelvaze”, igulisxmeba, rom Ria feris

piqselebi ufro Ria xdeba, saSualo _ ucvleli, xolo muqi _ ufro

muqdeba. am SemTxvevaSi Cven vcvliT konkretul piqselTa mniSvnelobebs

sxva piqselebisgan damoukidemlad, magram es xdeba amave piqselebis

mniSvnelobaTa mixedviT. es aris cifruli gamosaxulebis e.w. lokaluri

gardaqmnis umartivesi magaliTi.

dabolos . . .

histograma gamosaxulebis mniSvnelovani ricxviTi maxasiaTebelia. is

gviCvenebs Sesabamisi sikaSkaSis piqselebis gamoCenis sixSires da

emsaxureba cifruli gamosaxulebis damuSavebis dros moqmedebaTa

mimarTulebis gansazRvras da winaswar Sefasebas.

gamoyofili _ moniSnuli aris cneba

rogorc ukve aRvniSneT, rastrul grafikaSi ar arsebobs obieqtis cneba

(adamiani, xe, da a.S), arsebobs mxolod piqselebis marTkuTxa matrica,

romelic garkveul nmiSvnelobebs Rebulobs. amitom, rastrul grafikaSi

obieqtis redaqtirebisas, zustad unda mivuTiToT Tu romel piqselebze

unda Sesruldes esa Tu is moqmedeba. amasTan dakavSirebiT Semotanilia

“moniSnuli aris” cneba, rac gamosaxulebis moniSnuli piqselebis

simravles warmoadgens. SesaZlebelia aseve piqselebis “nawilobrivi

moniSvnac”, am dros gardaqmnebi, mxolod garkveul ubnebze moqmedebs.

magaliTad, moniSnul piqselTa simravlSi retuSirebis an operacia

gaRiavebis Sesruleba, mxolod ganapira piqselebze, anu rodesac ganapira

piqselebi centralur piqselebTan SedarebiT ufro metad Riavdeba.

cifrul gamosaxulebaTa gardaqmnebis ganxilvisas, cxadia saubaria mTeli

gamosaxulebis gardaqmnaze, magram am dros unda vigulisxmoT, rom yvela

es gardaqmna identurad muSaobs moniSnul piqselTa jgufebzec.
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1.5.2. wertilovani gardaqmnebi

wertilovani gardaqmnebi gardaqmnaTa umartives tips miekuTvneba. aseTi

gardaqmnebisas, yoveli piqselis mniSvneloba mezobel piqselTa

mniSvnelobebisgan damoukideblad icvleba, is damokidebulia mxolod TviT

gardasaqmnel piqselTa mniSvnelobebze. wertilovani gardaqmnebi gardaqmnis

mrudiT ganisazRvreba, romelic Cveulebriv grafiks warmoadgens (sur.12).

horizontalur RerZze gadazomilia sawyis piqselTa mniSvnelobebi,

vertikalurze kipiqselTa mniSvnelobebi gardaqmnis Semdeg. magaliTad,

sawyisi gamosaxulebis yvela piqseli, mniSvnelobiT 128 (nacrisferi feri),

gardaqmnis Semdeg Rebulobs mniSvnelobas 180, e.i. SesamCnevad Riavdeba.

wertilovan gardaqmnebs farTod iyeneben rastruli gamosaxulebis ferTa

koreqciisas (histogramebis Sesworeba, sikaSkaSis, kontrastis da ferTa

balansis Secvla). programa Photoshop-Si wertilovani gardaqmnebis mrudi

cxadi saxiT moicema brZanebaSi Image/Adjustments/Curves. aseTi gardaqmnebis

magaliTebi warmodgenilia me-13 suraTze. es brZaneba saSualebas iZleva

miviRoT saintereso mxatvruli efeqti, gansakuTrebiT rodesac saqme gvaqvs

ferad gamosaxulebasTan.
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dabolos . . .

wertilovani gardaqmnis dros yoveli piqseli icvleba gamosaxulebis sxva

piqselisagan damoukideblad. wertilovani gardaqmnebi xasiaTdeba e.w.

gardaqmnis mrudiT. wertilovan gardaqmnaTa magaliTebia – sikaSkaSis,

kontrastis, ferTa balansisa da sxvaTa cvlileba.

1.5.3. lokaluri gardaqmnebi, filtrebi.

zogadi saxis lokaluri gardaqmnebis dros, piqselTa mniSvnelobebi

damokidebulia, rogor cTviT am piqselTa sawyis mniSvnelobaze, romelic

mas gardaqmnamde hqonda, ise mis maxloblad mdebare sxva piqselTa

mniSvnelobebze. aseTi gardaqmna zogadi saxiT ase Caiwereba:

bgard
i = f(bi-n, bi-n+1, … , bi, bi+1, … , bi+m),

sadac i gardasaqmneli piqselis nomeria, xolo danarCeni piqselebi

(bi-n, …, bi-1, bi+1, … , bi+m)

amoirCeva i–uri piqselis raRac midamodan (sur.14).
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rastruli garfikis redaqtorebSi realizebulia filtrebisa da efeqtebis

mTeli simravle, romelic am tipis gardaqmnebzea agebuli. maTi saSualebiT

SeiZleba fantastikur mxatvrul efeqtebs mivaRwioT. arsebobs agreTve

aTasobiT mza filtri (Plug-Ins), romelTa mierTeba uproblemod xdeba

programa Photoshop-ze.

ganvixiloT aseTi filtrebis erTi klasi – wrfivi filtrebi. aseTi tipis

filtrebSi piqselis axali mniSvneloba mis garSemo arsebul piqselTa

mniSvnelobebis wrfivi kombinaciaa, e.i. zemoT moyvanili ganmartebis

Tanaxmad f funqcia wrfivia. im ares, romelic piqselis garemos

gansazRvravs, apertura (gaxsnili) ewodeba. ufro xSirad iyeneben

piqselebis kvadratul aperturas 3X3 an 5X5. me-15 suraTze gamosaxulia

wrfivi lokaluri gardaqmnis sqema 3x3 aperturiT.

wrfivi lokaluri gardaqmna zogadi saxiT ase Caiwereba:

cbab ljki
k l

klij  
 
 11

3

0

3

0

gard

,
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sadac, bijsawyisi gamosaxulebis (i,j) koordinatebis mqone piqselis

mniSvnelobaa, xolo bgardij– piqselebis mniSvneloba gardaqmnis Semdeg, akl 3x3

matricaa, c ki – konstanta. amrigad, lokaluri wrfivi gardaqmna

ganisazRvreba ara rogorc funqcia (rogorc wertilovanis dros), aramed aij

woniTi koeficientebis matriciT da c konstantiT. programa Photoshop-Si

standartuli filtrebis umravlesoba realizebulia aseTi gardaqmnebis

saSualebiT. ufro metic, arsebobs sakuTari wrfivi filtrebis Seqmnis

SesaZleblobac, magaliTad Tu SevqmniT matricas romlis maqsimaluri

zomaa 5X5  da gamoviyenebT brZanebas Filter/Other/Custom. Photoshop-Si am

matricis koeficientebi mTeli ricxvebia, amitom Semodis kidev erTi

parametri – d gamyofi (esec mTeli ricxvia!), da gardaqmnis formula aseT

saxes Rebulobs:

cba
d

b ljki
k l

kl
gard
ij  

 
 11

3

0

3

0

1

sadac b, d da c mTeli ricxvebia,

xolo aijki mTelricxva matrica.

arsebobs aij matricebis didi

simravle, romelTa saSualebiTac

“saswaulebis” moxdena SeiZleba (3x3

matricis SemTxvevaSic ki). am

parametrebis cvlilebiT sruldeba

iseTi gardaqmnebi, rogoricaa

gamosaxulebis gadRabna, simkveTris

momateba, kantis Semovleba,

moculobiTi efeqtebi da sxva.

16-e suraTze mocemulia cifruli

gamosaxulebis lokaluri wrfivi

gardaqmnis ramdenime martivi

magaliTi. gardaqmnis matricis

koeficientTa mniSvnelobebi

uSualod suraTzea miTiTebuli.

pirvel SemTxvevaSi gamyofi aris 5,

xolo danarCenSi -1. wanacvleba ki

yvelgan 0-is tolia.

rogorc me-16 suraTidan Cans, matricis koeficientebis mciredi Secvlac ki

zogjer sruliad gansxvavebul Sedegebs gvaZlevs. magaliTad, meore da
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mesame suraTi, sadac matricebi mxolod erTi elementiT gansxvavdeba, da es

gansxvavebac mxolod erTi erTeulia. Tavdapirvelad es ucnaurad

gveCveneba, magram Tu gavaanalizebT am wrfivi filtrebis muSaobis

princips, yvelaferi Tavis adgilze dgeba.

dabolos . . .

lokaluri gardaqmnebis dros piqselTa axali mniSvnelobebi

damokidebulia mxolod mis mezobel piqselTa mniSvnelobebze.

arsebobs lokaluri gardaqmnebis mniSvnelovani klasi _ wrfivi lokaluri

gardaqmnebi, romlebic gardaqmnis matriciT da wanacvlebiT xasiaTdebian.

wrfivi lokaluri gardaqmnebis magaliTebia _ gamosaxulebis gadRabna,

simkveTris gazrda, konturebis gamoyofa da sxva.

1.5.4. globaluri gardaqmnebi

globalur gardaqmnebs vixilavT Zalian mokled. SevCerdebiT mxolod

globaluri gardaqmnebis erT klasze – geometriul gardaqmnebze.

geometriuli gardaqmnebi gulisxmobs gamosaxulebis gadaadgilebas,

mobrunebas da masStabirebas. globaluri gardaqmnebis Catarebisas

gamosaxulebis piqselTa yoveli axali mniSvneloba SeiZleba

damokidebuli iyos, zogadad yvela danarCen piqselze, da ar aris

aucilebeli rom es iyos mezobeli piqselebi.

programa Photoshop-Si globaluri geometriuli gardaqmnebi warmodgenilia

meniuSi Edit/Transform. am instrumentebTan muSaoba sakmaod martivia.

programa Photoshop-Si realizebulia aseve arawrfivi globaluri filtrebis

didi raodenoba. maTi aRwera ar xdeba Cveulebrivi mudmiv koeficientebiani

matricebiT. arawrfivi filtrebis SeqmnisTvis, xSirad, saWiro xdeba

daxvewili da Wkvianuri algoriTmebis damuSaveba, romelTa mixedviTac

piqselTa axali mniSvnelobebis gamoTvla xdeba. gamosaxulebaTa aseTi

rTuli gardaqmnisaTvis, zogjer kompiuteruli drois aTeulobiT wuTia

saWiro. programa Photoshop-Si aseTi arawrfivi filtrebi warmodgenilia

meniuSi Filter/Artistic, Distort, Render, Sketch da sxva.
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2. grafikuli informaciis failuri warmodgena

Cven ganvixileT cifruli gamosaxulebis Sinagani struqtura, aseve am

gamosaxulebaTa mTeli rigi mniSvnelovani maxasiaTeblebi da is operaciebi,

romlebic rastrul matricebze xorcieldeba grafikul redaqtorebSi.

saxelmZRvanelos pirvel nawilSi ganxiluli iyo aseve veqtoruli grafikis

maTematikuri aparati, informaciis veqtoruli warmodgena da geometriuli

gardaqmnebi. aRsaniSnavia, rom yvela es procesebi kompiuteris SigniT

sruldeba, cifruli gamosaxulebebi ki kompiuterSi TavisTavad ar Cndeba,

cxadia, saWiroa maTi Setana sxvadasxva mowyobilobis saSualebiT da ufro

metic, saWiroa aseve maTi damaxsovreba da gardaqmnebis Semdgom maTi

kompiuteridan gamotanac. informaciis Setana/gamotana da damaxsovreba

ukavSirdeba kompiuteris urTierTqmedebas gare samyarosTan. dReisaTvis

grafikuli periferiuli mowyobilobebis uamravi saxeoba arsebobs, garda

amisa informaciis gacvlis procesebic mravalferovania, romelic

arsebiTad gansxvavdeba erTmaneTisgan da klasificirdeba grafikuli

informaciis warmodgenis mixedviT.

grafikuli informacia erT SemTxvevaSi, SeiZleba warmodgenili iyos

failebis saxiT, romelic kompiuteris failur sistemaSi inaxeba an

gadaicema qselis meSveobiT sxva komputerze. aseT dros, cifruli

gamosaxuleba eleqtronul formaSi rCeba da adamianis vizualuri

aRqmisTvis ar aris gankuTvnili, amitom sulac ar aris saintereso am

monacemTa vizualizaciis xarisxi, sainteresoa mxolod am informaciisTvis

saWiro mexsierebis danaxarjebi da maTi minimizacia, da aseve maTi qselSi

gadacemis siswrafe.

meore SemTxvevaSi, cifruli gamosaxuleba gardaiqmneba adamianis mier

aRqmad vizualur formaSi an piriqiT, rac warmoadgens vizualuri

monacemebis gacifrovnebis Sedegs. martivad rom vTqvaT, grafikuli

informacia eleqtronuli formidan gardaiqmneba vizualurad, da piriqiT.

aseT dros, ukve mniSvnelovania vizualizaciis xarisxi da cifruli

gamosaxulebis vizualurobis adekvaturoba, feris tonebis gadacemis

sizuste da sxva.

gamosaxulebis kompiuteruli redaqtirebisas, cifruli gamosaxuleba (an

misi nawili) uSualod operatiul mexsierebaSi imyofeba da warmodgenilia

e.w. Sinagani formatiT. misi damaxsovreba, umravles SemTxvevaSi erTi an

ramdenime organzomiliebiani masiviT xdeba. am masivis yoveli elementi an

uSualod piqselia, an misi komponenti, an romelime damxmare elementi

magaliTad, gamWvirvalobis xarisxi alfa arxisTvis da sxva. garkveul

situaciebSi saWiro xdeba am gamosaxulebaTa damaxsovreba raime gare
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matarebelze (magaliTad, magnitur diskze), an gadacema qselSi misi

Semdgomi gamoyenebisTvis.

grafikuli informaciis gare matareblebze damaxsovreba an misi gadacema,

Cveulebriv, gansxvavdeba misi Sinagani warmodgenisgan, radgan grafikuli

informaciis kodireba failSi, ramdenadme gasxvavdeba kompiuteris

mexsierebaSi informaciis kodirebisgan. ufro metic, arsebobs formatad

wodebuli kodirebis xerxTa mTeli simravle, rac informaciis failSi

organizebis sxvadasxva wess Seesabameba. grafikuli informaciis

warmodgenis aseTi saxesxvaobebi da grafikul formatTa mravalferovneba

garkveuli mizezebiTaa gamowveuli.

pirveli – grafikul programebTan muSaobisas, programebsa da kompiuterebs

Soris, informaciis gacvlas da Senaxvas, gansxvavebuli formatis

grafikuli failebi emsaxureba, radgan sxvadasxva grafikul programaSi,

grafikis warmodgenis formebi erTmaneTisgan mkveTrad gansxvavdeba da erTi

formatis meoreSi gardaqmnas SeiZleba garkveuli problemebi mohyves.

meore – informaciis diskze damaxsovrebis, an qselSi gadacemis dros,

monacemebi winaswar ikumSeba, failTa zomis Semcirebis mizniT. es sakiTxi

gansakuTrebiT aqtualuria Tanamedrove rastrul gamosaxulebebTan

muSaobisas, radgan maTi zoma SeiZleba aTobiT megabaits aRwevdes. amgvarad,

grafikuli informaciis eleqtronuli formiT Setana/gamotanis dros

aucilebelia SevasruloT damatebiTi gardaqmnebi, rac gamosaxulebas

gaxdis universalurs da ufro kompaqturs. aseTi tipis gardaqmnebs

miekuTvneba grafikul failTa kumSvis sxvadasaxva algoriTmebi.

2.1. cifrul gamosaxulebaTa warmodgenis formebi da meTodebi.

grafikuli informaciis warmodgenis, ori principulad gansxvavebuli xerxi

arsebobs: rastruli da veqtoruli.

rastruli forma, ZiriTadad gamoyenebulia skanerebis programul

uzrunvelyofaSi da aseve fotorealistur gamosaxulebaTa redaqtirebis

programebSi. rogorc ukve araerTxel aRvniSneT, rastruli faili Sesdgeba

wertilebisgan, romelTa ricxvic ganisazRvreba rezoluciiT. aseve

mniSvnelovani faqtoria feris siRrme, romelic gamosaxulebis xarisxs

ukavSirdeba da misi maRali maCvenebeli rastruli failis zomis gazrdas

gulisxmobs. rac Seexeba failis zomas, is mniSvnelovnad aris

damokidebuli arCeul grafikul formatze. magaliTad, Tanabar pirobebSi

myofi (rezolucia da feris siRrme) gamosaxulebis TIFF formatis zoma,
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EPS formatTan SedarebiT SeiZleba orjer naklebi aRmoCndes, an PCX

formatze orjer meti.

gamosaxulebaTa veqtoruli formatiT warmodgena, ZiriTadad

avtomatizebuli proeqtirebis sistemebSi da grafikuli gamosaxulebebis

agebis programebSi gvxvdeba, sadac gamosaxuleba e.w. grafikuli

primitivebisgan Sesdgeba.

arsebobs aseve transliaciis uamravi programa, romelic veqtoruli

informaciis rastrulSi gardaqmnas emsaxureba. Sebrunebuli procesi,

rastridan veqtorSi gardaqmna, sakmaod rTulia, Tumca aseTi programebic

arsebobs magaliTad, programa CorelDraw–s erT-erTi moduli CorelTrace.

me-17 suraTze gamosaxulia cifruli gamosaxulebisSetana/gamotanis

procesi romelic damokidebulia, rogorc cifruli informaciis

damuSavebis principebze, ise mis struqturaze da warmodgenis formebze.

grafikuli sistemis nebismieri momxmarebeli, gamosaxulebis damuSavebis

procesSi, saboloo grafikuli produqtis miRebamde, ramodenime tipis

grafikul programas iyenebs, rac cxadia gamosaxulebis Sualeduri

mdgomareobis damaxsovrebis problemas aCnens. magaliTad, sawyis etapze

sruldeba fotosuraTis skanireba, Semdeg xdeba misi simkveTris

gaumjobeseba da ferebis koreqcia programa Adobe PhotoShop-Si. amis Semdeg

SesZlebelia misi eqsportireba veqtorul programa CorelDRAW-Si an Adobe

Illustrator-Si. Tu gamosaxuleba Seqmnilia JurnalisTvis an wignisTvis, maSin
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is importirebuli unda iyos sagamomcemlo sistema QuarkXPress-Si an Adobe

PageMaker-Si. Tu gamosaxuleba multimediur-prezentaciaSi unda gamoCndes,

maSin saWiroa Microsoft PowerPoint an Macromedia Director programebis gamoyeneba

an misi Web-gverdze ganTavseba.

cifruli gamosaxulebis warmodgenis formebSi aisaxeba grafikuli

gamosaxulebis funqcionaluri daniSnuleba da aseve maTi kumSvis

sxvadasxva algoriTmi. amitom grafikuli formatis arCevisas,

gansakuTrebuli yuradReba unda mivaqcioT am formatis SeTavsebas

sxvadasxva programebTan, Caweris kompaqturobas da vizualizaciis xarisxs.

2.2. cifrul gamosaxulebaTa damatebiTi gardaqmnebi: kumSva da gaSla.

motivacia. ratom unda vicodeT, gamosaxulebaTa kumSvis ZiriTadi

algoriTmebi da maTi muSaobis principebi?

kumSvis xarisxi, rogorc wesi, damokidebulia suraTis tipze, amitom

gansxvavebuli tipis gamosaxulebaTa kumSvis algoriTmebi sxvadasxvagvarad

muSaobs. erTi tipis gamosaxuleba kargad ikumSeba erTi algoriTmiT, xolo

meore tipis – sxva algoriTmiT. magliTad, kumSvis algoriTmis cudi

arCevanis SemTxvevaSi failis zoma SeiZleba piriqiT, gaizardos orginal

failTan SedarebiT.

zemoaRniSnulidan gamomdinare, upirvelesi amocanaa SevZloT

gamosaxulebaTa klasificireba maTi kumSvadobis mixedviT. cxadia es

klasifikacia sakmaod pirobiTia da xSirad ubralod eqsperimentireba

gviwevs, rom arCevani optimaluri aRmoCndes, magram miuxedavad amisa, mainc

aris SesaZlebeli erTgvari zogadi kriteriumebis Camoyalibeba.

2.2.1. gamosaxulebaTa klasifikacia maTi kumSvadobis mixedviT.

gamosaxulebaTa garkveuli klasi, romelTa kumSvac erTi romelime

konkretuli algoriTmiT daaxloebiT erTnair Sedegs iZleva, SeiZleba

gamosaxulebaTa qvesimravled CavTvaloT. magaliTad, gamosaxulebaTa erTi

aseTi klasisTvis kumSvis konkretuli algoriTmi SeiZleba Zalian kargi

aRmoCndes, meore klasisTvis – susti, xolo mesamis SemTxvevaSi _ kumSvam

SeiZleba failis zomasaerTod gazardos. SekumSvis algoriTmebis

SefasebisTvis ganvixiloT gamosaxulebaTa Semdegi klasebi (sur.18):

1. gamosaxulebebi, sadac ferTa raodenoba Zalian cotaa (4-16), xolo am

ferebiT Sevsebuli ubnebi sakmaod didi. magaliTad, saqmiani grafika,

diagrama, naxati, stilizebuli multfilmebis kadrebi da sxva.
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2. xelovnuri gamosaxulebebi mdovre gadasvlebiT. magaliTad,

saprezentacio grafika, samganzomilebiani scenebi renderingis Semdeg

da sxva.

3. fotorealisturi gamosaxulebebi, romelic skaneris an cifruli

kameris saSualebiT aris miRebuli.

SeiZleba gamovyoT gamosaxulebaTa sxva klasebic. magaliTad, rendgenis

suraTi, romelic xasiaTdeba mdovre gadasvlebiT da ar gaaCnia mkveTri

sazRvrebi. gansakuTrebuli TvisebebiT xasiaTdeba agreTve topologiuri

rukebi, kosmosuri da aerofotoebi, TiTis anabeWdebi da sxva.

gamosaxulebaTa am klasisTvis arsebobs optimaluri algoriTmi, romelic

maRali xarisxis kumSviT xasiaTdeba. gamosaxulebaTa aseTi mravalferovani

klasefikaciis miuxedavad SevCerdeT mxolod zemoT moyvanil sam ZiriTad

klasze da ganvixiloT, Tu rogor muSaobs zogierTi xSirad gamoyenebadi

algoriTmi am tipis gamosaxulebebze.

2.2.2. kumSvis algoriTmebis Sefasebis kriteriumebi kumSvadobis

xarisxis mixedviT

rogorc ukve aRvniSneT, kumSvis algoriTmebis arCeva raime kriteriumiT

unda xdebodes, romlis mixedviTac am algoriTmebis Sedarebas SevZlebT:

1. kumSvis Sedegad miRebuli failis zoma kriteriumad ar gamogvadgeba,

radgan igi suraTis sawyis zomazea damokidebuli. saWiroa raime

fardobiTi sidide. aseTi sididea - kumSvis koeficienti, romelic

sawyisi, SeukumSavi failis zomis kumSvis Sedegad miRebuli failis

zomasTan Sefardebas warmoadgens.

kumSvadobis koeficienti zogadad gamosaxulebis Sinaarszea

damokidebuli, amitom konkretuli klasis gamosaxulebaTa kumSva
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kumSvadobis sami koeficientiT xasiaTeba: saukeTeso, saSualo da

dabali.

 kumSvis saukeTeso koeficienti axasiaTebs gamosaxulebis raRac

garkveuli modelis (mag. didi zomis absoluturad Savi gamosaxuleba)

kumSvas. is gviCvenebs im Teoriul zRvars, rasac SeiZleba rom

mivaRwioT mocemuli algoriTmis gamoyenebiT.

 kumSvis saSualo koeficienti axasiaTebs mocemuli klasis

gamosaxulebis kumSvis saSualo xarisxs.

 kumSvis dabali koeficienti gamoiTvleba an izomeba yvelaze cudi

gamosaxulebisTvis. am gamosaxulebebs xSirad sxva klasebidan iReben.

2. meore mniSvnelovani kriteriumi, romelsac kumSvis algoriTmis

arCevisas unda viTvaliswinebdeT, ukavSirdeba kiTxvas - ikargeba Tu ara

gamosaxulebis xarisxi?

gamosaxuleba xSirad Warb informacias Seicavs, rasac adamianis Tvali

ver amCnevs. aseTi informaciis waSlis xarjze zogjer suraTi,

mniSvnelovnad ikumSeba, vizualuri xarisxis SeumCneveli gauaresebiT.

kumSvis koeficientisgan (pirveli kriteriumi) gansxvavebiT,

gamosaxulebis xarisxis gansazRvra da formalizeba sakmaod rTulia.

Cveulebriv am dros iyeneben aseTi tipis eqspertul Sefasebas:

 daarqiveba iTvleba warmatebulad, Tu sawyis da gardaqmnis Semdeg

miRebul gamosaxulebaTa Soris gansxvaveba adamianis TvalisTvis

SeumCnevelia.

 daarqiveba iTvleba rom kargia, Tu sawyis da gardaqmnis Semdeg

miRebul gamosaxulebaTa Soris gansxvavebas mxolod maSin vamCnevT,

roca maT erTad vuyurebT, xolo Tu cal-calke SevxedavT Tvali am

gansxvavebas ver SeamCnevs.

 kumSvis xarisxis Semdgomi gazrdiT, rogorc wesi Tavs iCens iseTi

procesebi, romelic yvela algoriTmisTvis damaxasiaTebelia da

TvaliTac kagad Cans. am SemTxvevaSi daarqivebis xarisxi an

damakmayofilebelia an _ cudi.

kumSvis algoriTmebis xarisxis SefasebisTvis sxva kriteriumebic arsebobs,

rogoricaa algoriTmis simetriuloba, artefaqtebi (araswori aRqma,

xarvezebi) da sxva.
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2.2.3. kumSvis algoriTmi danakargis gareSe (RLE daLZW)

kumSvis algoriTmi danakargis gareSe, saSualebas iZleva absoluturad

adekvaturad davaarqivoT da gavSaloT gamosaxuleba, Warbi (vizualuri

aRqmis TvalsazrisiT) informaciis waSlis gareSe. miuxedavad imisa, rom

gamosaxulebebi warmodgenilia organzomilebiani masivebis saxiT, sakmaod

efeqturi aRmoCnda erTganzomilebiani masivis arqivaciis zogierTi

klasikuri meTodis gamoyeneba, maSinac ki rodesac daarqiveba striqon-

striqon xdeba. es meTodebi SeiZleba sakmaod universalurad CaiTvalos _

isini ar iTvaliswineben organzomilebiani gamosaxulebis specifikas, anu

gamosaxulebis piqselTa sivrciT korelacias, magram miuxedavad amisa,

gamosaxulebis striqon-striqon damuSavebis dros piqselTa korelacia

mainc xdeba x RerZis mimarT, rac imaze migviTiTebs, rom gamosaxulebis

failis zoma, erTganzomilebiani meTodiT kumSvis drosac mcirdeba.

amrigad, gamosaxulebis daarqiveba danakargis gareSe striqon-striqon

sruldeba.

jgufuri kodireba(Run Length Encoding – RLE).

monacemTa kumSva jgufuri kodirebiT, erT-erTi yvelaze Zveli da martivi

meTodia. am meTodis Tanaxmad, gameorebadi monacemebis (erTnairi ferebi)

mimdevrobis magivrad, iwereba TviT monacemi da am gameorebaTa ricxvi.

Cveulebriv, pirvel baitSi gameorebis ricxvi iwereba, xolo meoreSi _

TviT piqselis mniSvneloba. vTqvaT gvaqvs gamosaxuleba “Savi kvadrati”

misi aRweris striqoni ase gamoiyureba:

255  255  255  255  0  0  0  0  0  0  0  255  255  255  255  255

SeukumSavi gamosaxulebis striqoni 16 baits ikavebs. SekumSul

mdgomareobaSi ki aRweris striqoni ase gamoiyureba (gameorebaTa ricxvi

Cveulebriv erTiT mcirdeba, algoriTmis realizaciidan gamomdinare):

3  255  6  0  4  255

rogorc vxedavT, striqoni gacilebiT mokle gaxda – 6 baiti. Tu

gamoviTvliT kumSvis koeficients K = 16/6 = 2.67, davinaxavT, rom

gamosaxuleba TiTqmis samjer Semcirda.

cxadia, jgufuri kodirebis meTodiT kargad ikumSeba iseTi gamosaxuleba,

romlis aRweris striqonic erTnairi piqselebis grZel jaWvs Seicavs, e.i.

pirveli da nawilobriv meore klasis gamosaxulebebi.

advili misaxvedria, Tu rogori gamosaxulebebi ikumSeba RLE meTodiT

yvelaze cudad. es iseTi suraTebia, romelTa aRweris striqonebSic

piqselebi arasdros ar meordeba. es ZiriTadad mesame (magaliTad, feradi



33

fotoebi) da nawilobriv meore (romlebic, magaliTad, Seicaven

horizontalur gradientul Sevsebas) klasis gamosaxulebebia. ganvixiloT

SemTxveva, roca piqseli striqonSi saerTod ar meordeba, maSin am meTodiT

“kumSvisas” yovel piqselze ori baiti ixarjeba – erTi mTvlelisTvis

(sadac mudmivad 0 iqneba), xolo meore – TviT piqselisTvis. e.i.

gamosaxulebis zoma gaormagdeba (K = 0.5). unda aRvniSnoT, rom aseTi

situaciebi sakmaod xSirad gvxvdeba.

RLE SekumSvis algoriTms xSirad iyeneben gamosaxulebis PCX, TIFF da BMP

grafikul formatebSi damaxsovrebisas.

me-19 suraTze gamosaxulia xuTi gamosaxuleba (testuri), romlebic BMP

formatSia damaxsovrebuli. maTi LRE meTodiT SekumSvis Sedegebi ki

mocemulia cxril 2-Si.

cxrili 2

gamosaxulebis

N

sawyisi failis

zoma (baiti)

RLE meTodiT SekumSuli

failis zoma (baiti)

kumSvis

koeficienti

1 66 616 1 080 61.68

2 66 616 10 932 6.09

3 66 616 68 152 0.98

4 66 616 66 068 1.01

5 44 088 45 080 0.98

cxrilidan Cans, rom algoriTmi kargad muSaobs pirveli da meore tipis

gamosaxulebebisTvis (arsebobs erTnairad SeRebili striqonebi) da

praqtikulad ar muSaobs danarCen testur gamosaxulebebze, rogoricaa



34

horizontaluri gradientuli Sevseba da realuri foto. am ukanasknelis

SemTxvevaSi failis zomis gazrdac ki SeimCneva.

gamosaxulebis PCX, TIFF da BMP formatebSi damaxsovrebisas aucileblad

unda dafiqrdeT, ra Sedegi mohyveba jgufuri kodirebis meTodis (RLE)

gamoyenebas. iqneb sjobdes davimaxsovroT faili ise, rogoric aris –

SekumSvis gareSe, an sxva algoriTmebi movsinjoT.

LZW (Lempel, Ziv and Welch)

am algoriTmis dasaxeleba, misi avtorebis gvarebis pirveli asoebidan

warmoiqmna: Lempel, Ziv da Welch. am algoriTmSi kumSva xdeba ara

mniSvnelobaTa gameorebis, aramed baitebis jaWvis gameorebis xarjze.

am algoriTmis muSaobis principi gulisxmobs gamosaxulebis striqon-

striqon analizs. gamosaxulebis piqselTa Tanamimdevroba specialur

leqsikonSi SeaqvT. Tu SemdegSi dafiqsirdeba msgavsi Tanamimdevrobebi,

maSin aRniSnuli mimdevrobis magivrad failSi Caiwereba leqsikonSi

Setanili, misi Sesabamisi indeqsi. LZW algoriTmebi erTmaneTisgan

gansxvavdeba zomiT da leqsikonis mowyobis wesiT, gameorebadi jaWvebis

Ziebis meTodebiT da sxva.

LZW kumSvis algoriTmebs iyeneben iseT cnobil formatSi, rogoricaa GIF.

me-3 cxrilSi warmodgenilia me-19 suraTze gamosaxul igive testur

gamosaxulebebze Catarebuli eqsperimentis Sedegebi, amjerad GIF

formatisTvis.

cxrili 3

gamosaxulebis

N

sawyisi failis

zoma (baiti)

LZW meTodiT SekumSuli

failis zoma (baiti)

kumSvis

koeficienti

1 66 616 1 219 54.65

2 66 616 12 440 5.35

3 66 616 32 972 2.02

4 66 616 22 990 2.90

5 44 088 39 983 1.10

rogorc cxrilidan Cans, “kargi” gamosaxulebisaTvis (sur.19.1 da sur.19.2)

LZW algoriTmi, jgufuri kodirebis meTodTan SedarebiT odnav cudad

muSaobs, samagierod danarCeni suraTebis SemTxvevaSi is gacilebiT
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ukeTesia. es imaze metyvelebs, rom LZW algoriTmi sakmaod universaluria,

radgan praqtikulad ar gvxvdeba iseTi situacia, sadac kumSva failis

zomis gazrdas iwvevdes. swored amitom GIF formats farTod iyeneben

praqtikaSi, gansakuTrebiT internet qselSi.

LZW meTodis, da Sesabamisad, GIF formatis, ZiriTadi nakli isaa, rom am

meTodiT ikumSeba mxolod iseTi gamosaxuleba, romlis piqselTa

mniSvnelobebi 256-s ar aRemateba. es aris gamosaxuleba nacrisferis

tonebSi an indeqsirebuli palitriT aRwerili. amitom, sanam srulferian

gamosaxulebas GIF formatSi davimaxsovrebdeT, aucilebelia misi gardaqmna

indeqsirebul gamosaxulebad, magram am dros xSirad (ganskuTrebiT

maRalxarisxiani feradi fotoebis SemTxvevaSi) xdeba xarisxis mniSvnelovni

gauareseba.

2.2.4. kumSvis algoriTmi danakargiT. JPEG algoriTmi.

Cven ganvixileT kumSvis klasikuri meTodebi, romlebic realur

gamosaxulebaTa kumSvis SedarebiT dabal koeficientebs (2-3 jer)

Seesabameba. Tanamedrove grafikuli failebisTvis ki, romlebic mexsierebis

aTobiT da asobiT megabait mexsierebas ikaveben, es namdvilad cotaa.

kumSvis klasikuri (erTganzomilebiani) algoriTmebis aseTi dabali

kumSvadobis koeficienti ZiriTadad ori mizeziT aris gamowveuli.

pirveli – isini piqselis feris korelacias mxolod erT ganzomilebaSi –

striqonSi iTvaliswineben, Tumca gamosaxulebisTvis am korelacias adgili

aqvs vertikaluri mimarTulebiTac, maSin organzomilebiani korelaciis

kumSvadobis koeficienti 5-10-mde gaizrdeba, magram arc es aris sakmarisi.

meore – rogorc eqsperimentebma gviCvena, cifrul gamosaxulebaSi bevria

Warbi informacia. igulisxmeba, rom adamianis Tvali xSirad ver aRiqvams

mTel informacias, romelic cifrul gamosaxulebaSi inaxeba. es

gansakuTrebiT realistur gamosaxulebebs exeba, magaliTad, ferad

fotoebs. aRmoCnda, rom adamianis TvalisTvis SeumCneveli (an TiTqmis

SeumCneveli) es Warbi informacia imdenad bevria, rom misi ignorireba

failis zomas aTjer da zogjer asjerac Seamcirebs.

kumSvis aseTi proceduris dros cxadia, informaciis nawili ikargeba da

SemdgomSi misi aRdgena SeuZlebeli iqneba, amitom aseT algoriTmebs

ewodaT kumSvis algoriTmebi danakargiT.

danakargiT kumSvis yvelaze cnobili algoriTmia "JPEG". es saxelwodeba am

meTodis Semqmnel eqspertTa jgufis dasaxelebidan warmoiSva (Joint
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Photographic Exerts Group – JPEG). JPEG algoriTmi gankuTvnilia srulferian

gamosaxulebaTa arqivaciisTvis. misi kumSvis koeficienti icvleba 2-dan 200-

mde. radgan gamosaxulebis xarisxi damokidebulia kumSvis xarisxze, cxadia

momxmarebels saSualeba eZleva areguliros kumSvadoba garkveul

sazRvrebSi.

am algoriTmis muSaoba Semdeg faqts eyrdnoba: adamianis feradi

mxedvelobis, sivrculi da feradi rezolucia, monoqromatulTan

SedarebiT cudia. amitom, Tu sworad gardavqmniT ferTa models (RGB-dan

televiziur analogad), rac ferTa arxebis sivrculi rezoluciis

Semcirebas gulisxmobs da Semdeg feradovnebis komponentTa uxeS

kvantirebas gamoviyenebT, gamosaxuleba SeiZleba Zalian SevkumSoT. da rac

mTavaria, suraTis vizualuri xarisxi praqtikulad ar Seicvleba.

me-20 suraTze naCvenebia erTi da igive gamosaxulebis JPEG formatSi

damaxsovrebis Sedegebi kumSvadobis sxvadasxva xarisxis dros. me-4

cxrilSi ki warmodgenilia am gamosaxulebaTa Sesabamisi failis zomebi da

kumSvis koeficientebi. rogorc suraTidan Cans, SesaZlebelia

gamosaxulebis Zlieri SekumSva vizualuri xarisxis gauaresebis gareSe.

kerZod, gamosaxulebis 4-jer SekumSva vizualur xarisxze praqtikulad ar

aisaxeba (sur. 20.2). mciredi defeqtebis gamoCena iwyeba 8-jer kumSvis dros

(sur.20.3). ufro Zlieri kumSvisas (konkretuli magaliTisaTvis 12-ze meti) ki

gamosaxulebaze seriozuli defeqtebi Cndeba (sur.20.5).
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cxrili 4

gamosaxulebis

N

sawyisi failis

zoma (baiti)

Photoshop-Si kumSvis

failis done

JPEG meTodiT SekumSuli

failis zoma (baiti)

1 66 616 1 219 54.65

2 66 616 12 440 5.35

3 66 616 32 972 2.02

4 66 616 22 990 2.90

5 44 088 39 983 1.10

JPEG kumSvis algoriTmisTvis damaxasiaTebeli Taviseburebebi, rac Zlieri

kumSvisas vlindeba, kargad Cans 20.5 suraTze. es aris gifsis efeqti

("moZagZage" Saravandi) mkafio sazRvrebTan da blokuri struqtura (8x8

piqseli), romelic kargad ikveTeba cis fonze. es defeqtebi

damaxasiaTebelia am algoriTmisTvis da maTi Sesusteba SesaZlebelia

mxolod kumSvis koeficientis eqsperimetulad SerCevis xarjze.

2.3. grafikuli informaciis warmodgena grafikuli failebis saxiT

rogorc ukve aRvniSneT, grafikul programebTan muSaobisas, informaciis

damaxsovrebas da gacvlas programebsa da sxvadasxva periferiul

mowyobilobebs Soris, grafikuli failebi emsaxureba.

grafikul programaTa umravlesobas failTa sakuTari formati gaaCnia. es

formatebi konkretuli programis gansakuTrebul SesaZleblobebs icavs.

aRsaniSnavia, rom failTa sakuTari formatebi SeiZleba SeuTavsebeli

aRmoCndes sxva programebisTvis, zogjer maTi importirebac SeuZlebelia,

radgan maTi aRqma sxvadasxva grafikuli sistemebis mier yovelTvis

koreqtuli ar aris. amitom gamosaxulebis damaxsovreba naklebad

popularul formatebSi da maTi sxva kompiuterze gadatana, garkveul

problemebs qmnis.

dReisaTvis kompiuterul grafikaSi ramodenime aTeuli grafikuli formati

arsebobs, romelic grafikis kodirebis mixedviT SeiZleba ase davyoT:

1. rastruli grafikis formatebi (BMP, WBMP, RLE, GIF, TIF/TIFF, JPG, JPEG,

PSD, DjVu, PCX, TGA,  PhotoCD da sxva)

2. veqtoruli grafikis formatebi (WMF, CDR, AI, XAR da sxva)
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3. sxva formatebi, romelic grafikis orive saxeobas iTavsebs (PS - Adobe

PostScript, EPS, PDF da sxva).

grafikuli formatebis umravlesoba orientirebulia gamoyenebis

konkretul sferoze. Tu formatis arCevisas dauSvebT Secdomas,

gamosaxuleba SeiZleba uvargisi aRmoCndes Semdgomi gamoyenebisTvis.

magaliTad, gamosaxulebis JPEG formatSi (kumSvis didi koeficientiT)

damaxsovreba, xarisxis gauaresebis gamo uvargiss xdis mas beWdisTvis.

mniSvnelovania is faqtic, rom orginalis aRdgena, anu misi ganmeorebiTi

gaxsna da sxva formatSi damaxsovreba daSvebul Secdomas ver asworebs.

2.3.1. rastruli grafikis formatebi.

BMP (Windows Device Independent Bitmap). ВМР formati Windows-is sakuTari

formatia, mas aRiqvams yvela grafikuli redaqtori, romelic Windows-is

garemoSi muSaobs. ВМР formati srulferiani rastruli gamosaxulebis

damaxsovrebis saSualebas iZleva, rogorc RGB modelSi ise indeqsirebul

ferTa reJimSi. gamosaxuilebas ВМР formatSi sakmarisi xarisxi da feris

siRrme aqvs, magram misi gamoyeneba ar xdeba ferTa koreqciisas da garda

amisa ver imaxsovrebs gamosaxulebis fenebs da rastruli grafikis sxva

elementebs.

gamosaxuleba ВМР formatSi SeiZleba SevkumSoT RLE algoriTmiT (aseT

failebs aqvT .RLE formati). Tumca unda gvaxsovdes, rom aseT failebs

bevri grafikuli programa ver aRiqvams.

ВМР formatis gamoyeneba ar aris rekomendebuli sagamomcemlo saqmianobaSi

da arc WEB-Si, magram mas farTod iyeneben gamoyenebiTi programebis

gaformebisas.

GIF (Graphics Interchange Format). GIF formati rastruli grafikis formatia,

romelic specialurad damuSavda CompuServe firmis mier qselSi samuSaod.

es formati emsaxureba grafikuli informaciis gacvlas da aRiqmeba

TiTqmis yvela rastruli da veqtoruli redaqtorebis mier.

GIF formati gamosaxulebaTa kumSvisTvis iyenebs LZW algoriTms.

grafikuli informaciis kumSvadobis xarisxi GIF-Si dakavSirebulia

informaciis ganmeorebis doneze da zogjer suraTis orientaciazec, radgan

GIF-Si informaciis skanireba striqonebis mixedviT sruldeba.

GIF formati emsaxureba aseve multimediis monacemTa gacvlas, SeuZlia

daimaxsovros erTmaneTis miyolebiT ganlagebuli ramodenime gamosaxuleba
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(rogorc slaidebi, GIF-animacia) da es SesaZlebloba ZiriTadad

gamoyenebulia WEB-gverdebze da WEB-saZiebo sistemebSi. aseTi failebis

SeqmnisTvis iyeneben GIF Constraction Set utilitas da programebs Xara da Adobe

Image Ready. am formatis farglebSi SesaZlebelia aseve Seiqmnas suraTi

gamWvirvale foniT.

GIF-formati SezRudulia ferebis raodenobiT. is muSaobs mxolod 256

ferian reJimSi, rac ganapirobebs mis gamoyenebas eleqtronul

publikaciebSi da miuRebels xdis polografiisTvis.

TIFF (Tagged Image File Format). TIFF formati, firma Aldus-isa daMicrosoft-is mier

damuSavebuli aparatulad damoukidebeli formatia. misi moduluri

arqiteqtura gulisxmobs monacemebis moniSnul velebSi (tagged)

damaxsovrebas. yoveli aseTi veli Seicavs suraTis garkveul detalebs, rac

saSualebas aZlevs, failis wakiTxvisas, gamotovos ucnobi an arasaWiro

velebi da aucileblobis SemTxvevaSi Semoitanos axali tipis velebi (tag),

rac uzrunvelyofs mis universalobas, magram amavdroulad badebs

SeuTavseblobas.

TIFF formati erTerTi yvelaze gavrcelebuli da xelsayreli formatia. is

gamoirCeva didi saimedoobiT da farTo SesaZleblobebiT, magram

amavdroulad failebis didi zomiT xasiaTdeba. magaliTad, CMYK modelSi

(sakuTari ferTa palitra) warmodgenili 300 dpi rezoluciis mqone A4

formatis grafikuli faili daaxlovebiT 40 megabait mexsierebas ikavebs,

roca moyvanili parametrebi Zalian bunebrivia maRalxarisxiani

polografiisTvis.

TIFF formati muSaobs praqtikulad yvela programasTan, romelic ase Tu

ise dakavSirebulia grafikasTan. TIFF formati, saukeTeso arCevans

warmoadgens, roca saqme exeba rastruli grafikis importirebas veqtorul

programebSi da sagamomcemlo sistemebSi. misTvis xelmisawvdomia ferTa

modelebis mTeli diapazoni: monoqromatuli, RGB, CMYK da Pantone-is

damatebiTi ferebi. TIFF praqtikulad erTaderTi formatia, romelic

imaxsovrebs oTxze met arxs, alfa-arxebs, fenebs (Layers) da sxva damatebiT

informacias.

TIFF formats saSualebaa aqvs gamoiyenos kumSvis sxvadasxva meTodebi JPEG,

ZIP, magram rogorc wesi iyenebs mxolod kumSvis LZW algoriTms.

JPEG, JPG (Joint Photographic Exerts Group). JPEG formati fotografiuli

(rastruli) gamosaxulebis saukeTeso kumSvis saSualebas iZleva. is

aRiqmeba mTeli rigi grafikuli redaqtorebis mier da warmoadgens ara
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imdenad formats, ramdenadac kumSvis meTods rac zemoT sakmaod vrclad

ganvixileT, amitom moviyvanT mis mokle daxasiaTebas.

 monacemTa maRali xarisxis kumSviT da informaciis nawilobrivi

danakargiT xasiaTdeba;

 kumSvis donis arCevis saSualebas iZleva;

 SeuZlebelia animaciisa da gamWvirvalobis gamoyeneba;

 ZiriTadad iyeneben maRalxarisxiani, realisturi fotoebis

damaxsovrebisTvis;

 16 milionamde feris gamoyenebis saSualebas iZleva.

PSD (Adobe Photoshop Document . PSD formati, popularuli rastruli programa

Photoshop-is sakuTari formatia. is saSualebas iZleva davimaxsovroT

mravalfeniani gamosaxuleba Tavisi maskebiT, damatebiTi alfa-arxebiT,

martiv (spot) ferTa arxebiT, koreqtirebadi, veqtoruli da teqsturi

fenebiT, konturebiT da sxva informaciiT, anu CavweroT yvelaferi rac

Photoshop-Si keTdeba. PSD formats yvelaze kargad aRiqvams Corel PHOTO-PAINT

da Corel Painter programebi. am programebSi faili 100%-iani koreqtulobiT

ixsneba da dokumentis mravalfenianobac aRiqmeba. es formati Zalian

mosaxerxebelia aseve Adobe-s sxva programul produqtebTan

urTierTobisTvis.

DjVu formati. grafikuli formati DjVu, Seiqmna firma AT&T-s mier, pirvel

rigSi daskanirebuli grafikuli informaciis Internet-Si ganTavsebisTvis.

misi unikaluri Taviseburebaa gansakuTrebuli kompaqturoba maRali (300 dpi

da meti) rezoluciis mqone gamosaxulebaTa damaxsovrebis dros. amgvarad

formati DjVu, unikalur instruments warmoadgens internetisTvis.

internet biblioTekebTan muSaobisas SegviZlia gamoviyenoT Plug in-bi

brouzerebisTvis an iseTi grafikuli programebi, romelic aRiqvams DjVu

formats.

informaciis kumSvisas teqstis da kontrastuli suraTebis damaxsovreba 300

dpi rezoluciiT xdeba, sxva danarCeni informacia aRiqmeba fonad da

damaxsovreba xdeba dabali rezoluciiT. es midgoma eleqtronuli

dokumentis kargad kumSvis saSualebas iZleva. DjVu formati muSaobs

hiperbmulebTan da mravalfurclian dokumentebTan.
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2.3.2. veqtoruli grafikis formatebi.

veqtoruli formatis failebSi suraTis aRwera sruldeba brZanebebaTa

nakrebis saxiT, romelTa mixedviTac igeba grafikuli obieqtebi. garda

amisa am failebSi inaxeba erTgvari damatebiTi informacia. veqtoruli

formatebi erTmaneTisgan gansxvavdebian brZanebaTa nakrebiT da maTi

kodirebis wesebiT.

CDR (CorelDRAW Document).  CDR formati programa CorelDRAW-s sakuTari

formatia. CorelDRAW veqtoruli grafikis profesiul programad iTvleba.

CDR failebSi veqtorisa da rastris daarqiveba cal-calke xdeba,

SesaZlebelia aseve Sriftebis danergva. CDR failebs aqvT didi samuSao

veli (45x45 metri), rac Zalian mniSvnelovania plakatebis da gare reklamis

Seqmnisas, xasiaTdebebian mravalfurclianobiT da misi failebis

importireba bevr programas (Free Hand, Illustrator, PageMaker ) SeuZlia.

AI (Adobe Illustrator Document). AI formati veqtoruli redaqtoris Adobe

Illustrator-is sakuTari formatia da saSualebas iZleva davimaxsovroT mTeli

grafikuli informacia rac am programis farglebSi iqmneba.

Adobe Illustrator-s erT failSi mxolod erTi furclis Senaxva SeuZlia, misi

samuSao veli sakmaod pataraa – sul 3x3 metri, aseve misi ilustratiuli

saSualebebic ufro sustia, programa CorelDRAW da Free Hand-Tan SedarebiT,

magram miuxedavad amisa, misi AI formati gamoirCeva udidesi stabilurobiT

da PostScript-Tan SeTavsebadobiT.

AI formati muSaobs praqtikulad yvela programasTan, romelic ase Tu ise

dakavSirebulia veqtorul grafikasTan, amitom is yvelaze kargi

Suamavalia, veqtorul programebs Soris informaciis gacvlisas. am

formatis importireba xdeba aseve rastrul programa Photoshop-Si, maT aqvT

erTnaerad organizebuli interfeisi da Photoshop-i pirdapir aRiqvams

Illustrator -is formatebs AI da EPS.

XAR  (Xara X, Corel Xara, Xara Xtreme). XAR formati, veqtoruli redaqtoris Xara

X,Corel Xara, Xara Xtreme-is formatia da am programaSi Seqmnili da

modificirebuli gamosaxulebis damaxsovrebis saSualebas iZleva. mas

mxolod Sualeduri gamoyenebis funqciaa aqvs da misi formatis sxva

formatSi (JPG, GIF,  TIF, AI) gadayvana mxolod operacia «Export»-iT SeiZleba.

WMF (Windows Metafile). WMF veqtoruli formati Windows-is grafikul enas

iyenebs da mis sakuTar formats warmoadgens. is veqtorTa buferiT

(Clipboard) gadacemas emsaxureba da Windows-is TiTqmis yvela im veqtoruli

programiT aRiqmeba, rac grafikasTan aris dakavSirebuli. amasTanave, unda
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aRiniSnos, rom miuxedavad misi moCvenebiTi simartivisa da

universalurobisa, mas ukidures SemTxvevebSi, mxolod “SiSveli”

veqtorebis gadacemisas iyeneben, radgan WMF amaxinjebs fers da ver

imaxsovrebs mTel rig parametrebs, romlebic sxvadasxva veqtorul

redaqtorSi eniWeba obieqts. arsebuli grafikuli programebidan, mxolod

CorelDRAW-s SeuZlia koreqtuli WMF failebis Seqmna.

2.3.3. sxva formatebi, romelic grafikis orive saxeobas iTavsebs.

bazuri grafika PostScript.

PostScript-i Tavisi arsiT programirebis enas warmoadgens. PostScript-i aRwers

furclebs, rac beWdviT furcelze ganTavsebuli teqstis, suraTis,

gamosaxulebis da maT Soris Sriftebis, aRweras gulisxmobs.

gamosaxulebis tipi SeiZleba iyos rogorc veqtoruli ise rastruli.

aRweris procesi Zalian detalizebulia da amitom misi interpretatori

mexsierebis did moculobas ikavebs. Zalian mniSvnelovania, aseve rom

furclis aRwera PostScript-Si ar aris damokidebuli periferiul

mowyobilobebze, rac mniSvnelovnad amartivebs informaciis gamotanis

prosess.

PostScript-i faqtiurad standartia sagamomcemlo sistemebisTvis. misi Seqmna

ramodenime faqtoriT aris ganpirobebuli:

 furclis PostScript –aRwera, gacilebiT momgebiania vidre misi rastruli

warmodgena da gadacema, radgan is bevrad ufro kompaqturia, vidre

kargad daarqivebuli gamosaxuleba.

 beWduri furclis momzadeba sakmao dros iTxovs, PostScript–aRwera da

beWdvisTvis mzadeba ki printers an displeis procesors ekisreba,

Sesabamisad kompiuteris procesori Tavisufldeba da SeuZlia muSaoba

gagrZelos sxva sakiTxebze, rac cxadia misi mwarmoeblobas zrdis.

 da bolos yvelaze mniSvnelovani upiratesoba PostScript–aRwera ar aris

damokidebuli gare mowyobilobis tipze.

bazuri grafika PostScript-s aqvs 4 varianti: Level 1, Level 2, Encapsulated PostScript,

Display PostScript.

Level 1 _ enis sawyisi qvesimravlea da iyeneben ZiriTadad Sav-TeTri

grafikisTvis, magram SeuZlia imuSaos RGB da CMYK –Si.

Level 2 _ Seicavs Level 1- s da mTel rig gaumjobesebebs. iyenebs kumSvis

sxvadasxva meTodebs.
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Encapsulated PostScript (EPS) aRwers erT furcels, romelic modifikaciis

gareSe erTveba did PostScript-dokumentebSi. mas ZiriTadad gacvlisTvis

iyeneben, radgan is aRiqmeba sagamomcemlo sistemebis mier.

Display PostScript interpretatori ki warmoadgens apartulad-damoukidebel

interfeiss monitorebisaTvis realuri drois reJimSi.

PostScript enaze dafuZnebulia ramodenime formati rogoricaa: PS (Adobe

PostScript), EPS (Encapsulated PostScript) da PDF (Portable Document Format).

PS (Adobe PostScript) furclebis aRweris enas warmoadgens, romelic firma

Adobe-s mier Seiqmna. PS formatis failebi, warmoadgenen programas

brZanebebiT, romelic gamotanis mowyobilobebis mier sruldeba. aseTi

failebi failSive inaxaven TviT dokuments (mxolod imas rac furcelzea

ganTavsebuli), yvela dakavSirebul fails (rogorc rastruls ise

veqtoruls), gamoyenebul Sriftebs, da aseve sxva danarCen damatebiT

informacias, rogoricaa magaliTad ferTa dayofa da sxva monacemebi rac

gamotanis mowyobilobisTvisaa saWiro. Tu faili sworad aris Seqmnili,

maSin mniSvneloba ara aqvs ra programaSi xdeboda misi damuSaveba an ra

tipis Sriftebi iqna gamoyenebuli True Type Tu Adobe Type1. Tumca zogjer

mainc Cndeba problemebi, roca gamoyenebuli grafikuli programidan

PostScript enaze arakoreqtuli gdasvla xdeba. SedarebiT koreqtul PS

failebs iqmnian Adobe-s programebi.

EPS (Encapsulated PostScript) EPS formati monacemTa damaxsovrebis yvelaze

saimedo da universaluri meTodia. is iyenebs PostScript gamartivebul

versias: erT failSi erT furcelze meti ver Tavsdeba da ver imaxsovrebs

printeris rig dayenebebs. EPS-Si, iseve rogorc PostScript beWdvis failebSi,

iwereba samuSaos saboloo varianti, Tumca zogierTi programa (Adobe

Illustrator, Photoshop и Macromedia FreeHand) mas samuSaodac iyenebs. EPS failebi

iqmneba TiTqmis yvela grafikul programaSi da mas ZiriTadad veqtorebisa

da rastrebis sagamomcemlo sistemaSi gadasacemad iyeneben. mis gamoyenebas

azri aqvs mxolod maSin, rodesac monacemTa gamotana xorcieldeba PostScript

– mowyobilobaze. EPS failebi imaxsovrebs beWdvisTvis aucilebel yvela

ferTa models, maT Soris Duotone-s da aseve Clipping Path-s veqtorul

konturs, gamoyenebul Sriftebs da sxva. failTan erTad SeiZleba

davimaxsovroT aseve eskizic (Image header, preview). es aris dabali

rezoluciis mqone PICT, TIFF an WMF formatebi, romelTa damaxsovrebac EPS

failTan erTad xdeba. es failSi Caxedvis saSualebas gvaZlevs, radgan

failis gaxsna redaqtirebisTvis mxolod Photoshop-s da Illustrator-s SeuZlia.
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yvelaze saimedo EPS failebi iqmneba Adobe Systems programebSi: Photoshop,

Illustrator, InDesign.

Tavdapirvelad EPS damuSavda rogorc veqtoruli formati, mogvianebiT

gamoCnda misi saxesxvaoba _ Photoshop  EPS, romelic imaxsovrebs eskizs da,

garda amisa aqvs Zalian sasargeblo funqcia Encoding (kodireba) – monacemTa

kodireba ASCII formatSi (РС), am dros marTalia izrdeba failis zoma,

magram samagierod igi yvelgan ixsneba da mis gamotanazec problemebi ar

iqmneba.

PDF (Portable Document Format). PDF formati, firma Adobe Systems-s mier

SemoTavazebuli eleqtronuli dokumentebis formatia, romelic PostScript-

is mTel rig SesaZleblobebs iyenebs da mis nairsaxeobas warmoadgens. PDF

formati platformisgan damoukidebelia da imaxsovrebs ilustraciebs

rogorc veqtoruls ise rastruls, Sriftebs da hiperteqsturi mimarTvis

Semcvel teqstebs. dokumentebis gacvlisTvis Seqmnili formati (Portable

Document Format) mcire zomis unda iyos, risTvisac cxadia iyeneben arqivaciis

sxvadasxva xerxebs.

firma Adobe-m am formatTan samuSaod Seqmna programuli paketi Acrobat-i.

SeiZleba iTqvas, rom PDF failis Seqmnis saSualeba praqtikulad yvela

programas gauCnda. rac imas niSnavs, rom nebismier programaSi Seqmnili

ilustrirebuli, SriftebiT da hiperteqstebiT datvirTuli dokumenti PDF

failSi eqsportirdeba da SesaZlebelia misi eleqtronuli formiT

gadacema, rogorc qselSi, ise nebismier periferiul mowyobilobaze.

aRsaniSnavia aseve rom am dros ar vzrunavT ferTa daSlaze, bmulebze da

sxva beWdur problemebze.

PDF failebis daTvalierebisTvis SeiZleba gamoviyenoT programa Acrobat

Reader-i, rac Seexeba PDF dokumentebis Seqmnas, saWiroa shareware-programebi

Adobe Systems: Acrobat Standardan Acrobat Professional-i romlebic am dokumentebze

uamravi operaciis Catarebis saSualebasac iZleva.
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21-e suraTze gamosaxulia grafikuli failebis formatTa klasifikaciis

bloqsqema.

sur.21. grafikuli failebis formatTa klasifikaciis bloqsqema.

veqtoruli

mravalfeniani

PSD

erTfeniani srulferiani
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21-e suraTze gamosaxulia grafikuli failebis formatTa klasifikaciis

bloqsqema.

sur.21. grafikuli failebis formatTa klasifikaciis bloqsqema.

grafikuli failebis
formatebi
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21-e suraTze gamosaxulia grafikuli failebis formatTa klasifikaciis

bloqsqema.

sur.21. grafikuli failebis formatTa klasifikaciis bloqsqema.

indeqsuri
palitriT

GIF
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3. veqtoruli grafika

saxelmZRvanelos pirvel nawilSi ganxiluli iyo veqtoruli grafikis

ZiriTadi cnebebi (veqtoruli gamosaxulebis warmodgena, geometriuli

primitivebi, obieqtze orientirebuli midgoma da sxva) da aseve

kompiuteruli grafikis erT-erTi mniSvnelovani Tema - kompiuteruli

grafikis maTematikuri aparati, romelic ZiriTadad veqtorul grafikas

ukavSirdeba (bezies mrudi, geometriuli gamosaxulebebis damuSaveba,

geometriuli gardaqmnebi da sxva.).

saxelmZRvanelos am nawilSi, SevecdebiT ganvixiloT veqtoruli grafikis

redaqtorebTan muSaobis ZiriTadi cnebebi da pricipebi da veqtoruli

grafikis popularuli redaqtorebi, raTa SevZloT grafikis am saxeobebTan

muSaoba da maTi praqtikaSi gamoyeneba.

3.1. veqtoruli grafikis redaqtorebTan muSaobis ZiriTadi cnebebi da

pricipebi

Tavdapirvelad gavixsenoT, rom gamosaxulebis Seqmna veqtorul

programebSi maTematikur formulebzea dafuZnebuli, amitom veqtoruli

failebi Seicaven mxolod am geometriuli obieqtebis agebisTvis saWiro

instruqciebs. aqedan gamomdinare veqtoruli gamosaxulebis baziss

warmoadgens sxvadasxvagvari primitiuli obieqtebi - xazebi da mrudebi,

romelTac xSirad konturebs uwodeben. yoveli konturi damoukideblad

redaqtirebad obieqts warmoadgens, ris gamoc veqtorul grafikas xSirad

obieqtze orientirebuls uwodeben.

grafikuli primitevebi warmoadgenen minimalur grafikul obieqtebs,

romlebic veqtorul suraTs qmnian – agurebis msgavsad, riTic aSeneben

Senobas. grafikuli primitivebis kombinirebiT da maTze geometriuli

gardaqmnebis CatarebiT ufro rTul obieqtebs viRebT.

tipiuri primitiuli obieqtebia: xazebi da texilebi, mravalkuTxedebi,

wrexazebi, elifsebi, rkali, segmenti da seqtori aseve bezies mrudebi,

samganzomilebiani obieqtebi (kubi, sfero, cilindri da sxva) da teqstebi

(kompiuterul SriftebSi, rogoricaa TrueType _ yoveli aso iqmneba bezies

mrudebis meSveobiT).

Tanamedrove veqtoruli grafika asocirdeba mZlavr grafikul

redaqtorebTan, romelic saSualebas gvaZlevs SevqmnaT fotorealisturi

gamosaxulebebi da gadavwyvitoT veqtoruli grafikis urTulesi amocanebi.

veqtoruli grafikis redaqtorebis saSualebiT SesaZlebelia, rogorc
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veqtoruli gamosaxulebebis Seqmna, ise redaqtirba: mobruneba,

gadaadgileba, arekvla, wanacvleba da primitivebis kombinirebiT rTuli

obieqtebis Seqmna.

veqtoruli grafika idealuri saSualebaa martivi an Sedgenili suraTebis

Sesaqmnelad. aseve efeqturia misi gamoyeneba iseT SemTxvevebSi, roca

ZiriTad moTxovnas gamosaxulebis formis maRali sizuste warmoadgens.

aseT amocanebs miekuTvneba logotipebis Seqmna, teqstebis mxatvruli

gaformeba, sqemebis, naxazebis, diagramebis da sxva ufro rTuli

geometriuli obieqtebis ageba.

kompiuteruli grafikis programaTa yovel tips Tavisi terminologia,

maTematikuri aparati da misTvis damaxasiaTebeli instrumentuli

saSualebebi aqvs. amavdroulad unda aRiniSnos, rom veqtorul programaTa

mravalferovnebis miuxedavaT, yoveli maTgani ama Tu im doziT Seicavs

instrumentuli saSualebebis saerTo bazur nakrebs, romelic bazur

terminebsa da veqtoruli grafikis cnebebs gulisxmobs, es ki Tavismxriv

nebismieri Tanamedrove veqtoruli programebis birTvs warmoadgens.

veqtorul grafikasTan samuSaod arsebobs ramodenime popularuli

grafikuli redaqtori: Adobe Illustrator, Macromedia Freehand, CorelXara da CorelDraw.

yvela es redaqtori veqtoruli grafikis tipiur obieqtebTan muSaobs,

gaaCniaT muSaobis msgavsi principebi da msgavsi instrumentebi, amitom

veqtoruli gamosaxulebebis Seqmnis kompiuteruli meTodebic msgavsia.

ganvixiloT veqtoruli grafikis is ZiriTadi cnebebi, rasTanac gviwevs

Sexeba grafikul redaqtoreTan  praqtikuli muSaobis dros, miuxedavaT

redaqtoris arCevanisa.

1. veqtoruli grafikis ZiriTad obieqts warmoadgens – xazi (line).

zogierT redaqtorSi mas mruds uwodeben (curve), zogan ki konturs

(path). rogorc Cans konturi ufro adekvaturad gamoxatavs mis arss,

radgan konturi SeiZleba iyos xazic, mrudic, figurac da texilic.

2. yovel konturs SeiZleba qondes ori an meti sayrdeni wertili.

zogierT redaqtorSi mas kvanZebs (nodes) uwodeben.

3. konturis elements, romelic or sayrden wertils Soris aris

moqceuli, konturis segmets uwodeben. Tu konturs orze meti

sayrdeni wertili aqvs, maSin is ramodenime segmentisgan Sesdgeba.

konturis forma icvleba sayrdeni wertilebis gadaadgilebiT, maTi

Tvisebebis SecvliT, axali sayrdeni wertilebis damatebiT an

piriqiT, nawilis gamoklebiT.
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4. konturi SeiZleba iyos Caketili an Ria. Tu konturis bolo sayrdeni

wertili erTdroulad mis pirvel wertilsac warmoadgens, maSin

konturi Caketilad iTvleba. swinaaRmdego SemTxvevaSi is Riaa.

Caketili da Ria konturebis Tvisebebi gansxvavdeba.

5. konturi, elementaruli grafikuli obieqtia. konturebisgan SeiZleba

Seiqmnas axali obieqtebi an maTi jgufebi. ramodenime konturze

SeiZleba Sesruldes dajgufebis operacia, kombinireba da

gaerTianeba. es operaciebi qmnian obieqtTa jgufs, Sedgenil konturs

an axal konturs. dajgufebis operaciisas (sur. 22-1), jgufis yoveli

konturi inarCunebs Tavis sayrden wertilebs da Tvisebebs. operacia

kombinirebis dros (sur. 22-2), konturebi inarCuneben Tavis sayrden

wertilebs, magram Sedgenili konturi axal Tvisebebs iZens.

gaerTianebis operaciaSi (sur. 22-3) Cndeba axali sayrdeni wertilebi

da sawyisi obieqtebis Tvisebebic icvleba. 22-e suraTze gamosaxulia

obieqtebis dajgufebis, kombinirebis da gaerTianebis magaliTebi.

dajgufebis uaryofis SemTxvevaSi obieqtebis damoukidebloba

aRdgeba, kombinirebis uaryofis SemTxvevaSi ki ar xdeba obieqtis

sawyisi Tvisebebis aRdgena, xolo gaerTianebis uaryofis SemTxvevaSi

ar aRdgeba arc sawyisi Tvisebebi da arc sayrdeni wertilebi.
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3.2. veqtoruli grafikis obieqtebis ZiriTadi Tvisebebi

zogadad, yvela obieqts misTvis damaxasiaTebeli Tvisebebi gaaCniaT, ufro

metic, es obieqtebi am TvisebebiT gansxvavdebian erTmaneTisgan, xolo maTi

cvlileba obieqtis cvlilebas iwvevs.

1. konturis parametrebi. geometriaSi xazis sisqeze arafers amboben.

iTvleba rom xazs sisqe ara aqvs. es samarTliani iqneba konturis

SemTxvevaSic veqtorul grafikaSi. konturebTan muSaobisas, isini

SegviZlia xazebaT warmovidginoT, romelTac arc sisqe aqvT da arc

feri. Tumca rodesac saqme mza suraTis miRebamde midis, Cven

SegviZlia gavixsenoT (iq sadac es gvWirdeba), rom aseTi parametrebi

mas SeiZleba hqondes, da mivaniWoT isini xazs. amavdroulad SeiZleba

gavixsenoT kidev sxva parametrebic - xazis tipi (uwyveti, wyvetili,

wertili da wyvetili da sxva) da xazis daboloebebis forma (sur.23.).

konturis Tvisebebs miekuTvneba aseve isris saxeoba (an misi ar

arseboba) riTac xazi SeiZleba dabolovdes. yvela es parametrebi

konturis parametrebs warmoadgens da maTi cvileba anu marTva

gvaZlevs konkretul konturs.

2. feris Casxmis Tvisebebi. rogorc ukve aRvniSneT konturi SeiZleba

iyos Caketili an Ria. veqtoruli grafikis redaqtorebSi Caketili

konturebi xasiaTdebian feris Casxmis TvisebiT. Caketili konuris

SeqmniTanave misi Siga are avtomaturad ivseba feriT, rac Sevsebis

Sesabamisi parametrebis dayenebebiT ganisazRvreba (sur.23.).

3. Sevsebis parametrebi. konturis Sevsebis ZiriTad parametrs

warmoadgens informacia imis Sesaxeb Tu ra aris Casxmuli Caketil

konturSi. es informacia mniSvnelovania, radgan arsebobs  Caketili

konturis Sevsebis sxvadsaxva tipebi (sur.23.):

 Sevseba ZiriTadi feriT (konturis Siga are ivseba erTi arCeuli

feriT)

 gradientuli Sevseba (Sevsebis parametrebad iniSneba ori feri,

da irCeva erTi feridan meoreze mdovred gadasvlis meTodi)

 Sevseba teqsturiT (konturis Siga are ivseba regularuli

struqturis erTi uzoriT)

 Sevseba gamosaxulebiT (parametrad warmodgenilia rastruli

gamosaxulebis failis misamarTi, romelic Semavseblad aris

gamoyenebuli). aseT rastrul gamosaxulebas ruqas uwodeben.

Sevsebis aseTi meTodi yvela redaqtorSi arsebobs.
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3.3. veqtoruli ilustraciis struqtura

nebismieri veqtoruli ilustraciis struqtura SeiZleba ierarqiuli xis

saxiT warmovidginoT. aseT ierarqiul sqemaSi TviT ilustracia ikavebs

zeda dones, xolo misi Semadgeneli nawilebi ierarqiis dabal doneebs.

veqtoruli gamosaxulebis struqturis elementebis gansazRvrisTvis

ganvxiloT gamosaxuleba  romelime konkretul grafikul redaqtorSi

magaliTad, CorelDRAW-Si (sur.24.) da gamovyoT misi Semadgeneli elementebi

anu Tanmimdevrulad CamovideT ierarqiul xis saTavidan mis qveda doneebze.

1. ierarqiis yvelaze zeda dones TviT ilustracia ikavebs, romelic

Tavis SemadgenlobaSi aerTianebs obieqtebs + kvanZebs +xazebs +

Sevsebas (sur.24.1.).

2. ierarqiis Semdegi done obieqtebia, romelic sxvadasxvagvar veqtorul

formebs warmoadgenen. maTi ekranze asaxvisTvis redaqtorebSi unda

avirCioT daTvalierebis reJimi “karkasuli saxe” (sur.24.2.).

3. ilustraciis obieqtebi Sedgebian Caketili da Ria erTi an ramodenime

konturisgan. sur.24-ze gamosaxulia ilustracia, romelic Sedgeba

Svidi ZiriTadi obieqtisgan. ori maTgani – yvavilia, romelic

Tavismxriv obieqts warmoadgens da ramodenime konturisgan Sesdgeba:

yvavilis garsi (Caketili konturi) da yvavilis guli (oTxi monakveTi

_ Ria konturebi). Cveulebriv ilustraciis yvela obieqti

dajgufebulia, amitom ilustraciis calkeuli obieqtebis

redaqtirebisTvis saWiroa Tavdapirvelad am jgufebis daSla. rogorc

ukve aRvniSneT, konturi aris nebismieri geometriuli figura,

romelic Seqmnilia veqtoruli programis saxatavi instrumentis
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saSualebiT da warmoadgens ama Tu im grafikuli obieqtis

moxazulobas.

4. ierarqiis Semdeg dones warmoadgenen segmentebi, romlebic konturis

agebisas “agurebis” funqcias asruleben. yoveli konturi SeiZleba

Sedgebodes erTi an ramodenime segmentisgan. yoveli segmentis Tavi da

bolo kvanZebia an sayrdeni wertilebi, radgan isini afiqsireben

segmentis mdgomareobas. rogorc suraTidan Cans, sakvanZo wertilebis

gadaadgilebam konturis segmentebis modifikacia da misi formis

Secvla gamoiwvia. redaqtirebis Semdgom miRebuli Caketili konturi

ivseba feriT, romelic SemosazRrulia mrudiT.

5. ierarqiis yvelaze dabal doneze ganlagebulia kvanZebi da

monakveTebi, romlebic mezobel kvanZebs aerTebs. isini veqtoruli

gamosaxulebis ZiriTadi elementebis funqcias asruleben.
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3.4. veqtoruli ilustraciis elementebi da maTi nairsaxeoba

ufro dawvrilebiT ganvixiloT veqtoruli ilustraciis struqturis

ZiriTadi elementebi da maTi saxesxvaobebi.

veqtoruli grafikis redaqtorebSi xatvis procesi gulisxmobs saWiro

formis obieqtebis Seqmnas, misTvis konturis parametrebis miniWebas da

feris Casxmas. es principi safuZvlad udevs yvela grafikul redaqtors,

ansxvaveben mxolod muSaobis xerexebs da specialur efeqtebs.

xazebis (Ria konturi) ageba, garda misi maTematikuri aRwerisa, gulisxmobs

misi Tvisebebis anu mTeli rigi damatebiTi atributebis miniWebasac: forma,

sisqe, feri da stili, romelTa amorCevac umetes SemTxvevaSi specialuri

biblioTekebidan xdeba.  magaliTad, sur. 25-ze mocemulia programa

CorelDRAW-s konturis atributebis amorCevis dialoguri fanjara, sadac

xazs miniWebuli aqvs wiTeli feri, sisqe _1mm. stili – wyvetili,

daboloebebi – isris forma da sxva.

Caketili konturis feris Casxma aseve gulisxmobs feris Sesabamisi

atributebis miniWebas, romelic aseve specialuri biblioTekebidan xdeba.

magaliTad sur.26-ze mocemulia programa CorelDRAW –s gradientuli

Sevsebis dialoguri fanjara, sadac obieqts miniWebuli aqvs ori feris

(yviTeli da wiTeli) gradienti, stili –konusebri, kuTxe 45 gradusi da
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sxva. sur.27-ze gamosaxulia aRniSnul dialogur fanjrebSi dayenebuli

konkretuli parametrebis Sesabamisad miRebuli gamosaxulebebi.

bezies mrudebi gansakuTrebuli saxis mrudebia, romelic Tanamedrove

grafikis yvela programaSi figurirebs. gavixsenoT aseve rom yvela

kompiuteruli Sriftebi bezies mrudebisgan Sedgeba. garda amisa isini

rastrul grafikaSic gvxvdeba magaliTad Photoshop-Si termini konturi da

Sesabamisi instrumenti (path) bezies mrudebs emsaxureba. am mrudis

monakveTebiT SegviZlia SevqmnaT uamravi rTuli konturi, rogorc

sibrtyeze ise sivrceSi.

veqtoruli grafikis redaqtorebSi instruments _ Bezier Curves, uamravi

funqcia aqvs mrudebTan samuSaod. misi ZiriTadi elementebia: sayrdeni

wertilebi (kvanZebi), am wertilebze gavlebuli mxebi da mmarTveli

wertilebi. yovel konturs ramodenime kvanZi aqvs da maTi manipulirebiT

icvleba konturis formebi:

 kvanZebis gadaadgileba

 kvanZebis Tvisebebis Secvla (mxebisa da mmarTveli wertilebis

atributebis Secvla)

 kvanZebis damateba da gamokleba

amgvarad, nebismieri tipis konturis redaqtirebis procesi ukavSirdeba

kvanZebTan muSaobas. sur.28-ze gamosaxulia programa CorelDRAW-Si Seqmnili

mrudi mravlobiTi segmentebiT, razec moniSnulia kvanZuri wertili (nodes)

da misi Sesabamisi mxebi.
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mrudwiruli segmentis kvanZuri wertilebis moniSvnisas, Cndeba erTi an ori

mmarTveli wertili, romlebic kvanZur wertilTan mxebiT arian

dakavSirebuli. mxebisa da mmarTveli wertilebis ganlageba gansazRvravs

mrudwiruli segmentis formas (simrudes) da sigrZes, xolo maTi

gadaadgileba iwvevs konturis formis Secvlas (sur.29).
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kvanZebis sami tipi arsebobs (sur.30):

 simetriuli kvanZebi (symmetrical node);

 gluvi kvanZebi (smooth node);

 wvetiani kvanZebi (cusp node).

simetriul kvanZebs orive mxebis sigrZe toli aqvT da erT wrfeze arian

ganlagebulni, romelic mocemul kvanZur wertilSi mxebis mimarTulebas

gviCvenebs konturis mimarT. rogorc sur.31. 1. –dan Cans pirvel SemTxvevaSi

simrude segmentis orive mxares

erTnairia. Tu mmarTveli

wertilebis mdebareobas SevcvliT

Seicvleba mxebis daxris kuTxe

mrudis mimarT (sur.31. 2). mxebis

sigrZis Secvla kvanZis wertilis

erT mxares gamoiwvevs meore mxebis

Sesabamis Secvlas, rac kvanZur

wertilSi xazis simrudis

radiusis cvlilebas mogvcems

(sur.31. 3).

gluv kvanZur wertilSi gavlebuli mxebis orive monakveTi erT wrfezea

ganlagebuli, romelic gviCvenebs mxebis mimarTulebas konturis mimarT,

magram am mmarTveli xazebis sigrZeebi gansxvavebulia. es imaze metyvelebs,

rom mrudwiruli ubnebis simrude

kvanZuri wertilis sxvadasxva

mxares gansxvavebulia (sur.32.1).

kvanZuri wertilis erT mxares

mxebis sigrZis gazrda iwvevs am

mrudwiruli segmentis simrudis

radiusis Sesabamis Secvlas,

magram am dros mxebis meore

monakveTis sigrZe ar icvleba da

simrudec ucvleli rCeba (sur.32.

(2.3)).
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wvetian kvanZur wertilSi gavlebuli mxebis monakveTebi erT wrfeze ar

arian ganlagebulni, amitom or mrudwirul segments, romlebic am kvanZs

emijnebian sxvadsxva mxridan, sxvadasxva simrude gaaCniaT da am wertilSi

mkveTr texils qmnian (sur.33). am

SemTxvevaSi simrudis radiusi da

mxebis daxris kuTxe yoveli

mrudwiruli segmentisTvis

damoukideblad regulirdeba

(sur.33.2). zog SemTxvevaSi mxebis

erTi monakveTi SeiZleba nulis

toli iyos, maSin mrudis es

segmenti regulirdeba mxebis

mxolod erTi monakveTiT (sur.33.3).

grafikuli primitivebi

rTuli grafikuli obieqtebis agebisas, garda zemoT ganxiluli mrudebisa,

farTod iyeneben specialur

instrumentul saSualebebs -

grafikul primitivebs (formebs), rac

mniSvnelovnad amartivebs am process

(sur.34).

grafikul primitivebs iyeneben

rogorc martiv gamzadebul formebs,

magram ufro xSirad xdeba maTi

redaqtireba, gardaqmna, dajgufeba,

kombinireba da gaerTianeba, rac

saSualebas iZleva maT bazaze

SevqmnaT ufro rTuli obieqtebi

(sur.35). aseT SemTxvevaSi saWiro

xdeba bezies instrumentebis

gamoyeneba, rac iTvaliswinebs

kvanZebTan muSaobas. am procedurebis

ganxorcielebisTvis ki veqtoruli

redaqtorebis umetes programaSi specialuri gardaqmnebis Catarebaa saWiro

kerZod, primitivebis konvertacia bezies mrudebSi (Arrange – Convert To Curves),

radgan maTi maTematikuri aRwera gansxvavdeba im formulebigan rac

safuZvlad udevs bezies mrudebis agebas.
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4. kompiuteruli grafikis programuli interfeisi

kompiuteruli grafika SeiZleba ganvixiloT aseve, rogorc mecniereba

aparatuli da programuli uzrunvelyofis Sesaxeb. misi gamoiyeneba xdeba

TiTqmis yvela samecniero da sainJinro disciplinaSi, iqneba es medicina,

arqiteqtura, sareklamo biznesi, sagamomcemlo sistema Tu animacia.

saboloo produqti yvela SemTxvevaSi gamosaxulebaa, romelic SeiZleba

iyos, rogorc ubralo teqnikuri naxazi ise ilustracia, Senobis proeqti

an konstruqcia, multfilmis kadri an animacia, xolo am moZrav da uZrav

gamosaxulebaTa Seqmna, specialuri programuli saSualebebiT xdeba.

kompiuteruli grafikis programuli interfeisi sxvadasxva tipisa da

daniSnulebis uamrav programas – grafikul redaqtors moicavs, romelic

momxmareblisaTvis martiv, magram kompiuteruli grafikis TvalsazrisiT,

ganviTarebul da mZlavr instrumentul saSualebas warmoadgens rac

nebismieri masalis, rogorc beWduri ise ekranuli saxiT, momzadebis

saSulebas iZleva.

Tanamedrove grafikuli programebi didi SesaZleblobebiT xasiaTdeba da

maTi CamonaTvali mudmivad izrdeba. grafikuli redaqtorebi, iseve rogorc

zogadad grafika, rastruli, veqtorulida fraqtaluria. gansakuTrebuli

adgili uWiravs 3D-grafikas _ grafikul redaqtorebs, romelTa

saSualebiTac iqmneba samganzomilebiani gamosaxuleba.

veqtoruli grafikis redaqtorebia: Corel Draw, Adobe Illustrator, Macromedia

FreeHand, Micrografx Designer, Corel Xara da sxv.

rastruli grafikis redaqtorebia: Adobe PhotoShop, Corel Photo Paint, Microsoft

Paint, Microsoft Photo Editor, Microsoft Photo DRAW da sxv.

3D-grafikis redaqtorebi: Autodesk 3ds Max, 3D Studio Max, AutoCAD, Graphisoft

ArchiCAD, Autodesk Maya da sxv.

kompiuteruli animaciis da Web-gverdis Sesaqmneli programebia: Macromedia

Flash da DreamWeaver.

4.1. veqtoruli grafikis redaqtorebi

veqtoruli grafikis programebs Soris yvelaze popularulia _ CorelDRAW,

Adobe Illustrator da Macromedia FreeHand.

Corel Draw

programa Corel Draw Seiqmna 90-iani wlebis dasawyisSi firma Corel-is mier,

romelic yovel wels anaxlebs ZiriTad programul produqts. magaliTad,

dReisaTvis Seqmnilia CorelDRAW Х6 versia, romelic martivi da gasagebia
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nebismieri profesiisa da asakis momxmareblisTvis da amavdroulad Zalian

mZlavri, universaluri da intuiciuria. Corel Draw ilustratiuli grafikuli

programaa, romelic veqtoruli damuSavebis paralelurad rastrul

damuSavebasac uzrunvelyofs. is grafikuli redaqtirebisTvis saWiro

praqtikulad yvela komponents Seicavs, rogoricaa gamosaxulebis

trasireba, Sriftebis redaqtori, teqsturebis da Strixkodebis Seqmna,

gamosaxulebaTa galerea da sxv.

CorelDraw-s ZiriTadi SesaZleblobebi:

grafikuli gamosaxulebis Seqmna da misi redaqtireba: grafikuli

primitivebi da maTi marTva parametrebis saSualebiT, Freehand-is jgufis

instrumentebi, mrudebis redaqtireba da sxv.;

geometriuli obieqtebis redaqtireba: geometriuli formebis Seqmna,

obieqtis mrudebSi gardaqmna, obieqtis dayofa da gaerTianeba, rTuli

geometriuli obieqtebis Seqmna da sxv.;

maRali sizustis uzrunvelyofa: saxazavi, bade, mimmarTvelebi, obieqtTa

zusti gardaqmnebi da sxv.;

geometriul obieqtebTan muSaoba, transformacia: kopireba, dublireba,

kloni, masStabireba, mobruneba, arekvla, dajgufeba, da sxv.;

feris Casxma, konturi da specefeqtebi: Crdilebi, perspeqtiva, deformacia,

linzis efeqti, gamWvirvaloba da sxv.;

teqstTan muSaoba: martivi da figuruli teqstis Seqmna, formatireba,

teqstis mrudze ganlageba, teqstis geometriuli formis redaqtireba,

teqstur blokebTan muSaoba da sxv.;

ilustraciasTan muSaoba: rastrul da veqtorul gamosaxulebaTa importi,

eqsporti, redaqtireba, veqtoris rastrSi gardaqmna, rastris trasireba,

Image Adjustment Lab _ rastuligamosaxulebis koreqcia;

beWdva da Webpublikacia: didi zomis suraTebis beWdva, ferTadayofa, PS da

EPS-failebis generacia, grafikuli informaciis momzadeba poligrafiis,

eleqtronuli publikaciisa da Web-isTvis;

Corel PowerTRACE, romelic integrirebulia CorelDRAW-Si da emsaxureba

rastruli gamosaxulebis swraf da martiv gardaqmnas veqtorSi.

Adobe Illustrator

programa Adobe Illustrator, romelic Seqmnilia firma Adobe Systems inc.-is mier,
emsaxureba grafikuli dokumentis maketis Seqmnas. sxva programebisgan
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gansxvavebiT mas dokumentis mxatvruli gaformebis farTo funqcionaluri

SesaZleblobebi aqvs. es programa Adobe Creative Suite grafikuli paketis

SemadgenlobaSi Sedis.

sur.36-ze gamosaxulia programa Adobe Illustrator-is samuSao fanjara.

Adobe Illustrator-is ZiriTadi SesaZleblobebi:

 veqtoruli obieqtebis Seqmna, teqsturi informaciis redaqtireba,

diagramebis ageba, feri da konturi (gradientuli, Sablonuri da

sxvadasxva tipis figuruli konturi), palitris marTva (Control);

 grafikuli da teqsturi stilebi, gamWvirvaloba, ferTa Serevis

regulireba, Live Paint – interaqtiuli gaferadeba, mxatvruli efeqtebi:

damaxinjeba, Crdili, mozaika, bliki da sxv., obieqtis rastrireba,

rastrul gamosaxulebaze sxvadasxva filtrebis gamoyeneba;

 fenefTan muSaoba, rac rTuli gamosaxulebis Seqmnis saSualebas

iZleva;

 momxmareblis samuSao ubani, romelic zrdis muSaobis efeqturobas

da ekranuli gamosaxulebis optimizacias axdens. amavdroulad

SesaZlebelia am samuSao ubanis damaxsovreba, rogorc Sablonis, da

misi nebismier dros gamoyeneba;



60

 trasireba (Live Trace) _ fotoebis, daskanirebuli gamosaxulebis da

sxva rastruli gamosaxulebis veqtorul formatSi swrafi da

koreqtuli konvertacia;

 Photoshop-is fenaTa kompoziciis mxardaWera _ Illustrator-i dan Photoshop-Si
eqsportirebuli an dakavSirebuli failebis fenaTa kompoziciebis

marTva;

 Web-gverdis formireba sawyisi dokumentidan, animaciuri efeqtebis

Seqmna _ dokumentis fenaTa ekranze Tanmimdevruli asaxviT.

Macromedia FreeHand

kompania Macromedia specializirebulia multimediis maRalmwarmoebluri

instrumentebis damuSavebaze. am firmis programuli produti moicavs

praqtikulad yvela Tanamedrove mimarTulebas da rac mTavaria, isini

kargad arian integrirebuli erTmaneTTan. yvelaze cnobili programebia _
Macromedia Director, Macromedia Flash, Macromedia Freehand da Macromedia ColdFusion.

Macromedia FreeHand _ unikaluri mravalfurcliani garemoa, rac saSualebas

iZleva veqtoruli grafikis gamoyenebiT SevqmnaT rTuli ilustracia,

maketi da publikacia, rogorc beWdvisTvis ise eleqtronuli

warmodgenisTvis. es programa exmareba dizainers ganaxorcielos misi

SemoqmedebiTi Canafiqri, ilustrirebis mravalferovani funqciebi _

maketireba da publikacia ki uzrunvelyofs samuSao procesis moqnilobas.

Macromedia FreeHand-is ZiriTadi SesaZleblobebi:

 specifiuri samuSao procesebi da instrumentebi _ rTuli dizainuri

proeqtebis Seqmna damravalfurcliani ilustraciebis momzadeba;

 optimizirebuli samuSao procesi, rac saSualebas iZleva swrafad

SevqmnaT gamosaxuleba beWdvisTvis, internetisa da Macromedia Flash MX

proeqtebisTvis;

 ilustraciis Seqmnisa da redaqtirebis daCqareba, furclis Sablonisa

da fonis, monacemTa simboluri biblioTekis da aseve redaqtirebis

instrumentebis gamoyenebis xarjze;

 rTuli ilustraciis da animaciis damuSaveba Macromedia Flash MX-sTvis

da ActionScript brZanebebis gamoyeneba;

 funqcia Multiple Attributes, romelic naxatis Seqmnisas uzrunvelyofs

SeuzRudavi raodenobis sxvadasxva saxis daStrixvis, Sevsebis da

specefeqtebis gamoyenebas erT veqtorul obieqtze an teqstze;
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 mravalferiani gradienti, linzis efeqti, gamWvirvaloba,

samganzomilebiani efeqtebi da gare modulebis (plug-ins) damatebis

SeaZlebloba;

 mravalfurcliani Web-gverdebis da rTuli proeqtebis muSaobis

organizeba da interaqtiuli prezentaciebis momzadeba;

4.2. rastruli grafikis redaqtorebi

rastruli grafikis uamravi redaqtori arsebobs(Microsoft Paint,Microsoft Photo

Editor, Microsoft Photo DRAW),romelic rastruli gamosaxulebis damuSavebis

saSualebas iZleva, magram profesionalur moTxovnebs mxolod ramodenime

maTgani akmayofilebs, rogoricaa Adobe PhotoshopdaCorel Photo Paint.

Adobe Photoshop

Adobe Photoshop-i rastruli grafikis profesionaluri damuSavebis yvelaze

mZlavri da popularuli programaa. is nebismieri sirTulis grafikasTan

muSaobis saSualebas iZleva. misi instrumentuli nakrebi, gamosaxulebis

modifikaciis SesaZleblobas iZleva filtrebis, efeqtebis didi arCevanis

da axali instrumentebis mierTebis xarjze. am programis efeqturoba

ganpirobebulia aseve xatavis, retuSirebis da kompoziciis  instrumentebis

mravalferovnebiT, gamzomi instrumentebis moqnilobiT, teqstis damuSavebis

farTo SesaZleblobebiT, rogoricaa deformacia, mxatvruli efeqtebi,

Convert-to-outline funqcia da sxva.

am programis bolo versiebSi damatebulia programa ImageReady-i, romelic

WEB-grafikis damuSavebas uwyobs xels (gamosaxulebis optimizacia,

animirebuli gif-is Seqmna, suraTebis danawevreba da sxva), rac kidev ufro

mosaxerxebels xdis mas. programa PhotoShop–i, Adobe Illustrator -is msgavsad

Adobe Creative Suite-is SemadgenlobaSi Sedis da uzrunvelyofs, rogorc

beWdviTi gamocemis, ise eleqtronuli wignis da WEB-publikaciis maRal

xarisxs.

Adobe Creative Suite

gansakuTrebul yuradRebas imsaxurebs programuli paketi Adobe Creative Suite,
romelic kompania Adobe–s sxvadasxva bunebis ramodenime grafikul

redaqtors aerTianebs da qmnis srulyofil, erTian dizainerul

instruments. am paketis Standard versia Seicavs Semdeg programebs: Photoshop

CS,  ImageReady CS, Illustrator CSdaInDesign CS. versia Premium-s ki damatebuli aqvs

programebi GoLive CS daAcrobat 7.0 Professional. es orive versia damatebiT
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Seicavs _ Adobe Version Cue-s failebis marTvisTvis da _Adobe Bridge-s, romelic

yvela am programis damakavSirebelia.

Adobe Creative Suite-is programaTa erToblioba dizainis mZlavr da

universalur instruments qmnis. ori maTgani ukve ganvixileT (Adobe

PhotoshopdaAdobe Illustrator), rac Seexeba – Adobe InDesign-s, mas warmatebiT

iyeneben dokumentis dasakabadoneblad, Adobe GoLive-s ki Web-gverdis
Sesaqmnelad. rogorc cnobilia, eleqtronul dokumentaciasTan muSaobis

yvelaze mosaxerxebeli formatia PDF-i, romelic swored programa Adobe

Acrobat-is saSualebiT iqmneba.

dReisaTvis, am programebs Soris urTierTqmedeba Zlierdeba. damatebulia

saSualebebi, romelic ufro meti saerTo brZanebebis, instrumentebis da

palitrebis gamoyenebis saSualebas iZleva, rac aadvilebs programebs

Soris gadarTvas da gacilebiT produqtiuls xdis samuSao process.

Adobe InDesign CS

programa Adobe InDesign CS-i ZiriTadad gankuTvnilia broSuris, wignis,

mxatvruli Jurnalis da didi zomis teqstis Semcveli sxvadasxva

dokumentebis Sesaqmnelad. aseTi dokumentisTvis saWiro elementebi (teqsti,

cxrili, veqtoruli gamosaxuleba, naxati, foto da sxva) xSirad sxvadasxva

programebSi iqmneba. InDesign-is saSualebiT SesaZlebelia swrafad

davakabadonoT da movamzadoT publikaciisaTvis nebismieri sirTulis aseTi

dokumenti, radgan programa InDesign-i integrirebulia ara marto Adobe

Creative Suite paketis programebTan, aramed misi saSualebiT martivad

SeiZleba Word-is formatirebuli teqstebis, Excel-is cxrilebis, PageMaker-is

an Quark-is calkeuli nawilebis importirebac.

InDesign-is ZiriTadi SesaZleblobebi:

 dokumentis Seqmna _ furclis awyoba da redaqtireba, teqsturi

CarCoebis Seqmna da redaqtireba. teqstTan muSaoba _ teqstis Seqmna,

importi, redaqtireba, efeqtebi, kavSirebis (Links) Seqmna, Sriftebis

marTva.

 cxrilTan muSaoba _ cxrilis Seqmna, formatireba da redaqtireba,

mza cxrilebis Semotana, formulebTan muSaoba, diagramebis Casma da

grafikuli biblioTekebi;

 feri _ ferTa palitra, konturi, gradientuli Sevseba, spot-ferebi,

feradi teqsti,master-SablonebTan muSaoba,Paragraph Style.
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 veqtoruli gamosaxulebis Seqmna _ mrudis xatva, feri, konturi,

kopireba, formis Secvla, arekvla, efeqtebi: gamWvirvaloba, Crdilis

Seqmna da sxv.;

 interaqtiuli dokumentis Seqmna _ mza dokumentis eqsporti PDF-Si,
sarCevis Seqmna, publikaciis momzadeba beWdvisTvis, Sriftebi,

PostScript_failis da EPS formatis Seqmna.

5. samganzomilebiani kompiuteruli grafika

rogorc ukve aRvniSneT 3D grafikas gansakuTrebuli adgili uWiravs

kompiuterli grafikis samyaroSi. 3D grafika, rogorc instrumenti,

cdilobs asaxos samyaro ise, rogorc is

realurad gamoiyureba. samganzomilebiani 3D

modeli saSualebas iZleva SevqmnaT

samganzomilebiani personaJi, eleqtronuli

katalogi, interaqtiuli elementi an

ubralod samganzomilebiani kopia. es

obieqtebi SegviZlia sxvadasxva rakursiT

davinaxoT. magaliTad, Senobis kompiuteruli

vizualizacia, interieris da eqsterieris 3D

modelireba (sur.37) da sxv.

3D animacia multfilmebis mTeli seriaa

(sur.38), ramac multiplikaciaSi axal

epoqa Seqmna. fantastikuri specefeqtebi

da sanaxaobrivi scenebi Zalian

popularulia dRes msoflio kinoSic

(sur.39). am yvelafris ukan ki 3D

grafika dgas.

3D teqnologiebi, uamrav axal SesaZleblobas

gvTavazobs internet qselSi. interneti da

interaqtiuloba ganuyofeli cnebebia. WEB–

proeqtebisas, 3D teqnologiebis gamoyenebiT

iqmneba samganzomilebiani moZravi modelebi da

virtualuri samyaro. magaliTad, virtualuri

qaqlqis quCebSi gaseirneba, virtualur muzeumSi

eqsponatebis daTvaliereba, on-lain maRaziaSi

saqonlis arCeva da sxv.
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5.1. ra aris 3D grafika da animacia?

samganzomilebiani grafika sam sivrciT ganzomilebas gulisxmobs: siganes,

simaRles da siRrmes. Tumca es termini TavisTavad sinamdvilis

damaxinjebaa, radgan realurad saqme gvaqvs obieqtis mxolod

organzomilebian proeqciebTan. magaliTad, videoTi gadaRebuli scena,

ganaTebis xarjze, ekranze sruliad bunebrivad gamoiyureba, radgan swori

ganaTeba obieqts unarCunebs bunebriv ferebs, aCens Crdilebs, rac obieqts

aZlevs siRrmes da xdis bunebrivs, Tumca is mainc organzomilebian

obieqtad rCeba.

obieqti, kompiuterul grafikaSi, mxolod kompiuteris mexsierebaSi

arsebobs. mas ara aqvs fizikuri forma, is mxolod maTematikur

gantolebaTa erTobliobas warmoadgens.

aRniSnuli obieqtis vizualizacia

saWiroebs mis ganaTebas da gadamRebi

kameris dayenebas. es ki gulisxmobs am

procesebis aRweras damatebiTi

maTematikuri gantolebebiT, ris

Sedegadac miviRebT obieqtis models,

romelsac srulyofisaTvis kidev unda

SevurCioT masala, es SeiZleba iyos

feradi teqstura, xis faqtura, plastiki,

qvis faqtura da sxv. (sur.40.).

ra aris komputeruli 3D grafika da riTi gansxvavdeba is Cveulebrivi

organzomilebiani grafikisgan?

organzomilebiani kompiuteruli grafika kompiuterze gamosaxulebis

SeqmnisTvis saWiro saSualebebisa da xerxebis erTobliobaa, rac Seexeba 3D

grafikas is obieqtis fotografirebisa da videogadaRebis imitaciis

saSualebas iZleva. samganzomilebiani obieqtis Seqmna da Semdeg misi

sinTezi sruldeba algoriTmiT, romelic zogadad Semdeg etapebs

gulisxmobs:

 obieqtis winaswari momzadeba;

 scenis geometriuli modelis Seqmna;

 ganaTebisa da gadamRebi kamerebis dayeneba;

 teqsturebis momzadeba da obieqtze misi miniWeba;

 scenis vizualizacia.

5.2. samganzomilebiani grafikis dadebiTi da uaryofiTi mxareebi



65

3D grafika saintereso xdeba

warmosaxviTi scenis realur samyaroSi

gadatanisas. aseTi situaciebi xSirad

gvxvdeba arqiteqturuli

proeqtirebisas (sur.41.). am SemTxvevaSi

3D grafika gvanTavisuflebs maketis

Seqmnisagan da uzrunvelyofs scenis

gamosaxulebaTa sinTezirebas da maT

danaxvas nebismieri kuTxiT (sur.42.).

aris iseTi situaciebic, roca piriqiT,

realuri obieqti unda Caisvas

samganzomilebian scenaSi, rogorc misi

Semadgeneli nawili. magaliTad, 3D grafikis gamoyeneba saWiro xdeba

virtualuri gamofenebis an galereebis Seqmnisas, romlis kedlebzec

realuri suraTebia gamofenili.

3D grafikis erT-erTi yvelaze farTo gamoyenebis sferoa kompiuteruli

TamaSebi. modelireba, programul saSualebaTa daxvewa, kompiuteruli

teqnologiebis ganviTareba da mexsierebis mniSvnelovani zrda,

samganzomilebian virtualur samyaros sul ufro rTuls da realur

sinamdvilesTan miaxloebuls xdis.

samganzomilebiani grafika gvexmareba maSinac, roca fotogadaReba Znelia,

an did danaxarjebTan aris dakavSirebuli. programuli saSualebebis

gamoyenebiT SesaZlebelia aseve imitaciuri suraTis Seqmnac, roca

samganzomilebian obieqtebze moqmedebs

fizikuri Zala, simZime, xaxuni, an

inercia.

mTavari argumentebi 3D grafikis

sasrgeblod ZiriTadad maSin Cndeba,

roca saubaria kompiuterul

multiplikaciaze. multiplikaciur

videofragmentebze muSaoba

mniSvnelovnad martivdeba, roca

samganzomilebian scenebze animaciur

meTodebs viyenebT.

cxadia arsebobs naklovanebebic, rac Tavs iCens programuli da aparatuli

saSualebebis arCevisas da aseve konkretuli grafikuli proeqtebis

damuSavebis dros. pirobiTad maT SeiZleba mivakuTvnoT:
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 kompiuteris aparatuli uzrunvelyofisadmi

maRali moTxovnebi, kerZod operatiuli

mexsierebis didi moculoba, procesoris

swrafqmedeba da aseve myar diskze

Tavisufali adgili;

 mosamzadebeli samuSaoebis didi moculoba

da drois didi danaxarjebi. magaliTad,

scenis obieqtebis modelis Seqmna

(magaliTad, es SeiZleba iyos avtomobili _ sur.43.) da obieqtisTvis

masalis miniWeba, magram aqve unda aRvniSnoT, rom miRebuli Sedegi am

naklovanebebs amarTlebs;

 organzomilebian grafikasTan SedarebiT, 3D gamosaxulebis

proeqtirebisas, naklebi Tavisufleba da meti Zalisxmevaa saWiro.

igulisxmeba, mxatvruli Canafiqris ganxorcieleba, obieqtis

proporciebis darRveva, damaxinjeba, perspeqtivis wesebis darRveva da

sxv.

 samganzomilebiani grafikis obieqts ar gaaCnia “sxeuli”, amitom scenis

SemadgenlobaSi Semavali obieqtebis urTierTganlagebisas,

gansakuTrebiT animaciis dros, kontroli garTulebulia da advilad

SeiZleba dauSvaT Secdoma magaliTad, obieqtebis mcdari urTierTkveTa.

5.3. ras warmoadgens samganzomilebiani obieqti?

samganzomilebiani obieqti, kompiuteruli xedviT,

aris carielsxeuliani garsi, romelsac fizikuri

sisqe ar gaaCnia. es garsi xilvadi xdeba mxolod

maTi ganaTebisas (sur.44.). grafikuli programa

iTvlis, Tu rogor airekleba obieqtis yoveli

wertilidan damkvirveblis Tvalis mimarTulebiT

warmosaxviTi sinaTlis sxivi, romelic scenis

SemadgenlobaSi Semavali sinaTlis wyarodan

gamodis.

garsi da waxnagi

yoveli samganzomilebiani obieqtis garsi, formisgan

damoukideblad, samkuTxa waxnagebisgan (faces) Sedgeba,

romelic samkuTxa ujredebiT qmnis bades (mesh)

(sur.44.).



67

yovel waxnags aqvs sami wvero (vertices) da sami wibo (edges), romelic am

wveroebs aerTebs (sur.45.). erT sibrtyeSi mdebare ori mosazRvre waxnagi,

qmnis oTxkuTxeds anu poligons (polygon), amis gamo am waxnagebisgan Seqmnil

bades xSirad poligonurs

uwodeben. waxnagebs Soris

mdebare wiboebs, romlebic erT

sibrtyeSi ar mdebareoben,

badeze mTliani xazebiT

gamosaxaven, xolo erT

sibrtyeSi mdebare wiboebs ki

wyvetili xazebiT (sur.46.).

waxnagis kidev erTi mniSvnelovani elementia – misi normali (normal).
normali saSualebas gvaZlevs ganvsazRvroT, mocemuli waxnagi xilvadia Tu

uxilavi. 47-e suraTze gamosaxulia kompiuteruli 3D sfero, sadac pirvel

variantze mxolod wveroebia aRniSnuli, meoreze _ poligonebi, romelic

poligonur bades qmnis da msameze _ ganaTebuli da  masaliT dafaruli

sferoa warmodgenili.

3D obieqtisyoveli waxnagi misi wveroebis koordinatebiTaamocemuli.

rogorc cnobilia, nebismieri wertilis mdebareoba samganzomilebian

sivrceSi sami koordinatiT (X, Y, Z)aRiwereba. amgvarad, iseTi martivi

samganzomilebiani obieqtisTvisac ki, rogoricaa sworkuTxa

paralelepipedi, programa imaxsovrebs 8 wveros Sesabamis koordinats, anu

ricxvTa 8 sameuls, da damatebiT uTiTebs romeli sameulebi qmnian

paralelepipedis 12 samkuTxa waxnagidan TviToeuls.

gabarituli konteinerebi

yoveli obieqti, rogori rTuli formac ar unda qondes mas, gabaritul

konteinerSi (bounding box) Tavsdeba. gabarituli konteineri warmoadgens

obieqtis garSemoweril sworkuTxa paralelepipeds (sur.48.). obieqtis

Seqmnis momentSi, gabarituli konteineris

gverdebi orientirebulia globalur

koordinatTa sistemis koordinatul

sibrtyeTa paralelurad. obieqtis Semdgomi

mobrunebebis dros ki, gabarituli

konteineri masTan erTad moZraobs.

samganzomilebian grafikul programebSi

gabarituli konteineri mniSvnelovan rols

asrulebs. SegviZlia moviyvanoT amis
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amsaxveli ramodenime magaliTi:

 gabarituli konteineri xels uwyobs programas gansazRvros _ avseben

Tu ara obieqtebi erTmaneTs, scenaze garkveuli mimarTulebiT

dakvirvebisas;

 scenebze muSaobisas, ekranis ganaxlebaze drois ekonomiis mizniT,

nawili obieqtebi SeiZleba avsaxoT mxolod gabarituli konteinerebis

saxiT;

 Tu programisgan moiTxoveba obieqtis

fanjris zomaze zustad morgeba,

morgebis operacias gabaritul

konteinerze asruleben _ is mTlianad

unda moTavsdes fanjaraSi (sur.49.);

 rTuli formis 3D obieqtis geometriuli

centri, misi gabarituli konteineris

centrs Seesabameba.

5.4. samganzomilebiani samyaros ekranze asaxvis xerxebi

samganzomilebiani samyaros ekranze asaxvisTvis uamravi grafikuli

readaqtoria Seqmnili (Autodesk 3ds Max,  3D Studio Max,  AutoCAD, Graphisoft

ArchiCAD, Autodesk Maya da sxv.). aRsaniSnavia aseve rom aparatuli da

programuli saSualebebi dRiTi-dRe umjobesdeba da samganzomilebiani

grafikis gamoyenebis sferoc ufro mravalferovani xdeba, magram

miuxedavad amisa samganzomilebiani modelirebis teqnika, realisturi

scenebis Seqmnis gzebi da am programul redaqtorebSi gamoyenebuli bazuri

cnebebi, romelTa ganxilvasac vapirebT, praqtikulad ar icvleba.

3D gamosaxulebis ekranuli saxis

misaRebad aucilebelia SevqmnaT misi

geometriuli modeli. magaliTad,

sur.50-ze gamosaxulia grafikul

redaqtor 3D Studio MAX -Si Seqmnili

qolgis modeli. rogorc suraTidan

Cans obieqti, proeqtirebis oTx

fanjaraSia asaxuli, rac obieqtis

geometriis Sesaxeb SedarebiT srul

warmodgenas iZleva. garda amisa aseTi

asaxva saSualebas gvaZlevs vcvaloT



69

modelis xedebi da vabrunoT obieqti nebismieri mimarTulebiT, rac misi

virtualuri aris daTvalierebas da ineraqtiul redaqtirebas gulisxmobs.

virtualur ares, romelSic momxmarebeli muSaobs, samganzomilebiani scena

ewodeba, am scenis asaxva ki proeqtirebis fanjrebSi (viewports) xdeba.

proeqciis fanjrebis formirebis safuZvels dakvirvebis wertili (viewports)

warmoadgens da gansazRvravs damkvirveblis pozicias samganzomilebian

sivrceSi. proeqtirebis yoveli fanjara obieqtis samganzomilebiani scenis

sibrtyeze proeqciis demonstrirebas axdens. warmosaxviT sibrtyes,

romelic dakvirebis wertilze gadis xedvis xazis marTobulad, asaxvis

sibrtyes uwodeben, romelic damkvirveblis mier xilvadi ubnis sazRvrebs

gansazRvravs.

samganzomilebian grafikaSi muSaobisas gviwevs aRniSnuli scenis mowyoba,

rac gulisxmobs ganaTebis dayenebas, videokamerebis sworad mimarTvas,

samganzomilebiani sxeulebis anu geometriuli modelebis marTvas da sxv.

samganzomilebian programul

redaqtorebSi 3D obieqtebi mravlobiTi

mravakuTxedebisgan Sedgeba, romelTa

specifiuri ganlageba realistur

gamosaxulebas qmnis. erTi aseTi 3D

obieqtis Sesaqmnelad asi an aTasi

mravalkuTxedi anu poligonia saWiro,

rac monacemTa uzarmazari masivebis

Seqmnas da Semdgom maT marTvas

gulisxmobs. cxadia rac ufro rTulia

obieqtis geometriuli forma miT ufro

meti poligonia saWiro, romlebic e.w.

poligonur bades qmnian (sur.51).

poligonebis simravle geometriuli obieqtis sigluves, anu mis xarisxs

gansazRvravs.

3D obieqtis ekranze asaxva, anu vizualizacia, kompiuterisgan seriozul

maTematikur gamoTvlebs iTxovs, radgan garda elementebis simravlisa

vizualizacia dakavSirebulia _ ganaTebasTan, romelic uzrunvelyofs

obieqtis xilvadobas da qmnis garkveul efeqtebs; _ perspeqtivasTan,

romelic obieqts aniWebs moculobas da aseve _ obieqtis fizikur

TvisebebTan, romelic Tavismxriv ukavSirdeba masalas (teqsturebs) da

ganaTebas.
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vizualizacia aris geometriuli obieqtis yoveli piqselis koordinatebisa

da feris gamoTvlis procesi, ris Sedegadac viRebT samganzomilebiani

gamosaxulebis imitacias monitoris ekranze. vizualizacia gulisxmobs

aseve obieqtis zedapirebis (nurbs) agebas, romelic wveroebis (vertices)

simravliT aris mocemuli da aseve gamosaxulebis 3D efeqtis gaZlierebas

sxvadasxva xerxebis gamoyenebiT, rogoricaa ganaTeba, SuqCrdilebi, burusi

da sxv.

amgvarad, vizualizaciis procesi SeiZleba daiyos ramodenime funqciur

etapad: poligonebis vizualizacia; teqsturis datana; atmosferuli

efeqtebi; uxilavi ubnebis moSoreba.

poligonebis vizualizaciis etapze geometriuli procesoridan miRebuli

monacemebi poligonebis ganlagebasa da ganaTebaze, warmodgenas qmnis

scenis Sesaxeb. poligonebi mravali meTodiT aRiwereba, risTvisac ufro

xSirad samkuTxedebs iyeneben, Tumca es SeiZleba iyos mravalkuTxedebi,

bezies mrudebi da sxv.

3D obieqtebze teqsturis datana samganzomilebian scenas met

realisturobas da detalurobas aniWebs. vizualizaciis es etapi

Tavismxriv, SeiZleba calkeul funqciur ubnebad davyoT: perspeqtivis

koreqcia; teqsturireba; ganaTebis dayeneba.

samganzomilebiani scenis vizualizacia, romelic proeqciis erT-erT

fanjaraSia asaxuli, xdeba an pirdapir am fanjridan, an virtualuri

kameris daxmarebiT. virtualuri kamera Zalian saWiro damxmare obieqtia,

romelic vizualizaciis procesSi gadaRebis rakurss aregulirebs da

scenaze garkveuli specifikuri efeqtebis gamoyenebis saSualebas iZleva.

gamosaxulebis xarisxi bevrad aris damokidebuli aseve samganzomilebiani

scenis virtualur ganaTebaze, amitom 3D programul redaqtorebSi

seriozuli adgili uWiravs sinaTlis wyaroebs. sinaTlis wyaro iseve

rogorc virtualuri kamera, damxmare obieqtia. misi saSualebiT SeiZleba

vmarTod sinaTlis feri, simZlavre, gabneva da amiT meti realoba mivaniWoT

3D obieqts.

mas Semdeg, rac yvela obieqtis modeli Seiqmneba da ganTavsdeba scenaze,

SegviZlia vifiqroT maT teqsturirebazec _ masaliT dafarvaze, radgan

realurad yvela sagans gaaCnia misTvis damaxasiaTebeli faqtura, iqneba es

xaoiani, gamWvirvale sarkiseburi Tu sxv. unda aRvniSnoT rom proeqciis

fanjrebSi mxolod obieqtis garsi Cans, anu carieli sxeuli Tvisebebis

gareSe, rac realur suraTs ar asaxavs, amitom programul redaqtorebSi

mravlad aris biblioTekebi da instrumentebi (Material Editor) romelTa
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saSualebiTac SegviZlia vmarToT feri, gamWvirvaloba, SevqmnaT sakuTari

teqstura da sxv.

samganzomilebiani grafikis redaqtorebSi (Lightwave 3D, Maya, Softimage, 3ds max)

gamosaxulebis an scenis vizualizaciis xarisxi _ realisturoba,

damokidebulia Semdeg faqtorebze: 3D modelisa da teqsturirebis xarisxi,

scenis swori ganaTeba da virtualuri kameris sworad mimarTva anu misi

parametrebis SerCeva, rac namdvili foto an video kameris Tvisebebis

analogiuria.

5.5. grafikuli redaqtori 3D Studio MAX -is interfeisis ZiriTadi

obieqtebi

3D Studio MAX samganzomilebiani grafikis erT-erT saukeTeso redaqtorad

iTvleba. 3D max–Si obieqtebis ramodenime kategoria arsebobs: geometriuli

(Geometry), mza figurebi (Shapes), ganaTeba (Lights), kamerebi (Cameras), damxmare

obieqtebi (Helpers), moculobiTi deformaciebi (Space Warps) da damatebiTi

instrumentebi (Systems).

programis samuSao fanjara

oTxad aris gayofili sadac

geometriuli modelebis

proeqtireba xdeba (sur.52.).

proeqtirebis fanjrebis Tavze

ganTavsebulia mTavari meniu

da instrumentebis paneli Main

Toolbar. fanjris marcxniv

moTavsebulia vertikaluri

instrumentebis paneli, xolo

marjvniv ki brZanebaTa paneli

(Command Panel) (sur.53.),

romelic Seicavs CanarTebs

(Create, Modify, Hierarchy, Motion,

Display, Utilities). es CanarTebi programis

operaciaTa konfiguraciebs warmoadgenen,

rac saSualebas gvaZlevs SevqmnaT da

vmarToT obieqtebi. magaliTad, CanarTi Create

(Seqmna), emsaxureba obieqtebis da scenis

Seqmnas, CanarTi Modify (redaqtireba) _
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nebismieri obieqtis parametrebis Secvlas da sxv.

samganzomilebiani obieqtebisa da scenis

redaqtireba gulisxmobs: grafikuli obieqtebis

Seqmnas standartuli da rTuli primitivebis

(kubi, sfero, cilindri, konusi, hedra, Caidani

(sur. 54.) da sxv.) bazaze; obieqtebis gardaqnas

(masStabirebas, gadaadgileba, brunva _ sur. 55.);

deformacias; gaTanasworebas; dajgufebas;

klonirebas da sxv.

programis samuSao fanjris qveda mxares

ganTavsebulia gardaqmnis koordinatebi,

obieqtis ganlagebis da anaimaciis marTvis instrumentebi.

3D max-Si Seqmnili proeqtis xarisxi, scenis obieqtebis vizualze da maT

bunebrivobazea damokidebuli, rac obieqtebis teqsturirebas da sworad

ganaTebas gulisxmobs. amitom samganzomilebiani

obieqtebis modelirebis dasrulebis Semdeg

saWiro xdeba maTi masaliT dafarva. programa

3D max-Si teqsturebTan samuSaod calke

modulia Seqmnili _ masalebis redaqtori,

romelic realizebulia fanjaraSi Materrial Editor

(sur.56.). masalaTa redaqtori saSualebas iZleva

CaSenebuli teqsturuli rukebidan avirCioT

masala da gansazRvruli meTodiT vcvaloT

maTi Tvisebebi. teqsturuli rukebi

organzomilebian suraTebs warmoadgenen,

romelTac sakuTari parametrebi gaaCniaT.

masaliT dafaruli obieqtis vizualizaciisas

aseve mniSvnelovania ganaTebis parametrebis

(sikaSkaSis, sinaTlis dacemis kuTxis, sinaTlis

wyaros feris da sxv.), vizualizaciis

algoriTmebis da teqsturis zomis sworad

SerCeva da dayeneba. aseve didi mniSvneloba aqvs

obieqtze teqsturis sworad ganTavsebas, radgan

winaaRmdeg SemTxvevaSi SeiZleba warmoiSvas

naoWi an arasworad ganawildes an ganmeordes

naxati.
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magaliTad, 57-e suraTze gamosaxulia ori obieqtis reliefuri

teqsturireba.

rogorc ukve aRvniSneT scenis bunebrivad, realisturad ganaTeba erT-erTi

mniSvnelovani da sakmaod rTuli problemaa. magaliTad, sxvadasxvanairad

ganaTebuli erTi da igive scena SesaZloa gansxvavebulad gamoiyurebodes,

sinaTlis wyaros adgilis SecvliT ki, SeiZleba Seicvalos obieqtis feri,

Crdilebis forma, gamoCndes manamde uxilavi scenis obieqtebida sxv.

ganaTebis arCeva damokidebulia obieqtebis raodenobaze, maT ganlagebaze,

gamoyenebuli teqsturis Tvisebebze da geometriul scenaze. 3D Studio MAX-Si

scenis ganaTebisTvis oTxi tipis sinaTlis wyaros iyeneben: Omni lights _

zogadi anu saerTo ganaTeba, rac naTuriT ganaTebas waagavs, roca sagnebi

yvela mimarTulebidan naTdebian; Spot lights _ wertilovani sinaTlis

wyaroebi, romelic mimarTulia garkveuli wesiT da aseTi ganaTebiT

obieqtis mxolod romelime nawils gamoyofen. magaliTad, avtomobilis

farebis, fanris sxivis, proJeqtoris da sxvaTa imitacia; Ambient light _

ganaTebis calkeuli wyaroebi. maTi gamoyenebiT Soreuli sinaTlis

wyaroebis imitacia xdeba, magaliTad rogoricaa mTvare; sinaTlis laqebi

(Specular Highlight) _ priala zedapiridan areklili mkveTri sinaTlis

imitacia.

samganzomilebiani grafikis modelireba fotografirebis an videogadaRebis

procesis imitacias waagavs. scenis geometriis dasrulebisa da ganaTebebis

ganTavsebis Semdeg, saWiro xdeba momgebiani rakursis povna da scenaze

gadamRebi kamerebis dayeneba. samganzomilebiani scenebis gadasaRebad, iseve

rogorc realur cxovrebaSi, iSviaTad aris sakmarisi erTi kamera. saqme

imaSia, rom Tu gadaRebis momgebian wertils “davafiqsirebT”, maSin ar Rirs

am kameris xelis xleba, radgan programa ar gviSlis scenis sxva

wertilebSi damatebiT ramodenime kameris dayenebas.

Tu gadaRebis procesSi kameris scenaze gadaadgilebiT animacias SevqmniT,

maSin Sedegi daemsgavseba videoeqskursias virtualur samganzomilebian

samyaroSi.

kamerebTan muSaobisas vuTiTebT scenis dakvirvebis wertils, mimarTulebas,

kameris mimarTvis kuTxes da sxv. interieris Seqmnisas, rogorc wesi
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ramodenime kameradgeba da yoveli maTgani mxolod garkveul rakursszea

pasuxismgebeli.

3D max-is proeqciis erT-erTi fanjara _ perspeqtiva, swored scenaSi

monawile kameras warmoadgens, amitom am proeqciis fanjriT operireba

faqtiurad kameriT sivrceSi operirebis analogiuria. damatebiTi kamerebis

SemotaniT ki am perspektivis Canacvleba xdeba.

programa 3D max-Si kamerebis dayeneba da

parametrebis SerCeva brZanebaTa panelis erT-erT

CanarTSi (Cameras) xdeba (sur.58.). rogorc

suraTidan Cans programaSi ori tipis gadamRebi

kamera muSaobs: mimarTuli (Target) da Tavisufali

(Free). mimarTuli kamera Zalian waagavs Target Spot

sinaTlis wyaros, mis msgavsad isic ori

obieqtisgan Sesdgeba: kamera da mimarTvis

wertili. Tavisufali (Free) kamera ki Free Spot

ganaTebas, roca ganaTebas ara aqvs mizani.

59-e suraTze gamosaxulia 3D max-is obieqtze mimarTuli kamera.

samganzomilebiani proeqtis

Seqmnis bolo da yvelaze

sapasuxismgeblo etapia

vizualizacia. vizualizacia es

aris scenis maqsimalurad

xarisxiani organzomilebiani

gamosaxulebis miRebis procesi

misi samganzomilebiani modelis

safuZvelze. 3D max-Si misi

realizacia sruldeba dialogur

fanjaraSi Render Scene (scenis

vizualizacia). misi saSualebiT SegviZlia davayenoT vizualizaciis yvela

saWiro parametri, rogorc calkeuli uZravi kadrisTvis ise nebismieri

animaciuri mimdevrobisTvis, aseve davafiqsiroT misaRebi gamosaxulebis

zoma da xarisxi da gamoviyenoT rogorc programaSi integrirebuli ise

sxva alternatiuli vizualizatori, rac saSualebas gvaZlevs miviRoT

scenis xarisxiani da srulyofili suraTebi. rac ufro xarisxiania 3D scena

miT meti dro sWirdeba mis damuSavebas. 3D max-Si erTi kadris damuSavebas

SeiZleba ramodenime saaTi an mTeli dRe dasWirdes, es scenis sirTulezea

damokidebuli. samganzomilebiani scenis gaTvlis xangrZlivobaze mravali
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faqtori moqmedebs, rogoricaa gamoyenebuli ganaTebebis raodenoba,

Crdilebis vizualizaciis meTodi, obieqtebis poligonuri struqturis

sirTule, gamoyenebuli teqsturebi da sxv.

programa 3D max-s iyeneben interierebis, prezentaciebis, sareklamo

rgolebis, kompiuteruli TamaSebis, animaciis da filmebis Sesaqmnelad.

6. adamiani-kompiuteris urTierTqmedeba (HCI)

saxelmZRvanelos pirvel nawilSi ganxiluli iyo kompiuteruli grafikis

ZiriTadi amocanebi da struqtura da aseve misi gamoyenebis sferoebi. rac

gvaZlevs safuZvels aRviniSnoT, rom dRevandel dRes kompiuteruli

grafika ganixileba, rogorc instrumenti, romelic uzrunvelyofs Zlier

urTierTkavSirs adamiansa da kompiuters Soris (adamiani –kompiuteris

urTierTqmedebaHCI), da rom kompiuteruli grafika ZiriTad sakomunikacio

saSualebad iqca adamiansa da kompiuters Soris, rac kidev ufro zrdis

misi gamoyenebis sferos (saqmiani grafika, kompiuteruli vizualizacia,

proeqtirebadi da dizainuri grafika, virtualuri realoba, Web-dizaini,
multimedia, interaqtiuli sistemebi da sxv.).

6.1. adamiani-kompiuteris urTierTqmedebis miznebi da amocanebi

adamiani-kompiuteris urTierTqmedeba (HCI-Human-Computer Interaction)

warmoadgens disciplinas, romelic swavlobs interaqtiul gamoTvliT

sistemaTa dagegmarebas da momxmareblis mier maT gamoyenebas, afasebs maT

efeqturobas da ganixilavs maT Tanmdev procesebs. adamiani-kompiuteris

urTierTqmedebis procesSi mTavar faqtors momxmareblis samuSao garemo

warmoadgens, xolo mTavar amocanas, misi modelireba da proeqtireba, raTa

es urTierTqmedeba gaxdes efeqturi da komfortuli. es urTierTqmedeba

xorcieldeba momxmareblis interfeisis doneze, romelic programul da

aparatul uzrunvelyofaswarmoadgens. magaliTad, gamosaxulebebisa da

obieqtebis vizualizacia, vizualuri informaciis redaqtireba programul

interfeisebSi, informaciis gamotanis mowyobilobebTan urTierTqmedeba,

momxmarebelTa urTierToba sxva msxvil interaqtiul sistemebTan da sxv.

adamiani-kompiuteris urTierTqmedebas ganixilaven rogorc adamianis ise

kompiuteris mxridan, amitom am sakiTxis Seswavlis dros iTvaliswineben

rogorc adamianis faqtors ise kompiuteruls, rac gulisxmobs

kompiuteruli grafikis teqnologiebs, operaciul sistemebs, programirebis

enebs da im garemos sadac xdeba amocanaTa damuSaveba. rac Seexeba
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adamianis mxares _ es aris komunikaciis Teoria, grafikuli da sawarmoo

proeqtireba, lingvistika, sociologia, fsiqologia da aseve adamianuri

faqtorebi.

amgvaradadamiani-kompiuteris urTierTqmedebis problema ramodenime Temas

ukavSirdeba:

1. adamiani: informaciuli arxebi, mexsiereba, azrovneba da gadawyvetilebis

miReba, fsiqologia

2. kompiuteruli garemo: Setana-gamotanis mowyobilobebi, teqsturi da

grafikuli reJimebi, hiperteqsi, beWdva da skanireba, mexsierebis marTva,

or- da samganzomilebiani grafika, vizualuri garemos modelireba,

multimedia da metyvelebisa da vizualuri gamosaxulebis amocnoba-

aRqma.

3. urTierTqmedeba: urTierTqmedebis modelebi, freimebi da fanjrebi,

abstraqciis done da urTierqmedebis stili, konteqsti da

urTierqmedebis protokolebi, ergonomika.

aseve SeiZleba gamovyoT adamiani-kompiuteris urTierTqmedebis ganviTarebis

problematika da tendenciebi:

1. monacemTa vizualizacia: vizualuri interfeisi, OLAP ( online analytical

processing) – teqnologiebi (monacemTa analitikuri damuSaveba drois

realur reJimSi)

2. jgufSi muSaobis mxardaWeris sistema: jgufuri muSaoba lokalur da

globalur qselebSi, seminaruli sistema, freimebTan muSaoba da

mravalmomxmarebelTa daSveba, jgufuri urTierTqmedebis sinqronizacia.

3. multimedia garemo da multisensoruli sistemebi: metyvelebis

interfeisi, xmovani signalebi, teqstebis amocnoba, animacia da

videofragmentebi, Jestebis amocnoba, kompiuteruli xedva.

4. virtualuri realobis sistemebi: virtualuri realobis ena (VRML),

brouzerebis funqciebi da qceva virtualur garemoSi, virtualuri

mravalmomxmarebliani garemo.

adamiani-kompiuteris urTierTqmedebis problemiT dakavebulebi arian

specialistebi (inJinrebi da fsiqologebi), romlebic swavloben HCI-sTan

dakavSirebul sakiTxebs, rac iseT mecnierul disciplinebs ukavSirdeba

rogoricaa sainJinro fsiqologia, ergonomika, xelovnuri inteleqti,

informatika, kompiuteruli grafikada aseve SedarebiT axali

„interfeisebis Teoria“.

6.2. ra aris interfeisi?
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rogorc ukve aRvniSneT adamiani-kompiuteris urTierTqmedebis ZiriTadi

amocanaa am urTierTobebis gaumjobeseba da daxvewa, rac dakavSirebulia

Semdeg sakiTxebTan:

 interfeisebis proeqtirebis ganviTareba

 interfeisebis realizaciis meTodebi (magaliTad, programuli,

instrumentuli, biblioTekebi da racionaluri algoriTmebi)

 aRniSnuli interfeisebis Sefasebis da Sedarebis meTodebi

 axli interfeisebis da urTierTqmedebis meTodebis damuSaveba

 aRweriTi da prognozirebadi modelebis ganviTareba

 urTierTqmedebis Teoria

sainJinro fsiqologia swavlobs adamianisa da teqnikis informaciuli

urTierTqmedebis procesebis obieqtiur kanonzomierebebs, maTi

proeqtirebis praqtikaSi gamoyenebis mizniT.

ergonomika aris sistemur-orientirebuli disciplina, romelic swavlobs

“adamiani-teqnika-garemo“ sistemaSi wamoWril problemebs da aRniSnuli

sistemis funqcionirebis optimizaciis misaRwevad iyenebs Teorias, kanonebs,

monacemebs da konstruirebis meTodebs.

xarisxini adamiani-kompiuteris interfeisis Seqmna, romelsac pirobiTad

SeiZleba davarqvaT adamianisa da kompiuteris damakavSirebeli rgoli, HCI-

is kvlevis saboloo mizania. magaliTad, momxmarebeli, roca raime samuSaos

asrulebs ar fiqrobs imaze Tu rogor aris mowyobili kompiuteri,

rogoria kompiuteris procesori an programirebis romel enazea dawerili

programa, romelSic is muSaobs, misTvis mTavaria komfortuli garemo da

efeqturi Sedegi. xolo yvelaferi, rasac is xedavs da iyenebs _

interfeisia. amitom momxmareblis TvalsazrisiT, swored interfeisia is

saboloo produqti rasTanac mas aqvs Sexeba.

interfeisi (Interface) es aris saSualebebisa da wesebis erToblioba,

romelic uzrunvelyofs urTierqmedebas kompiuterul mowyobilobebs,

programebs da momxmarebels Soris. interfeisebi Tanamedrove

informaciuli sistemebis urTierTqmedebis safuZvels warmoadgens. aseve

aRsaniSnavia, rom es urTierTqmedebebi sruldeba samomxmareblo,

programul da aparatul doneze da Sesabamisad interfeisebic

klasificirdebian rogorc:

 fizikur mowyobilobaTa urTierTqmedebis saSualebebi

 virtualur mowyobilobaTa urTierTqmedebis saSualebebi
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 adamiansa da kompiuteris urTierTqmedebis saSualebebi anu

momxmareblis interfeisi (user interface)

momxmareblis interfeisi es aris grafikuli da virtualuri informaciis

Setanisa da gamotanis mowyobilobebi _ momxmareblis grafikuli

interfeisi (GUI); samuSao magidis fanjrebi da paradigmebi; saqmiani grafika

da vizualuri grafikuli interfeisi (VUI).

7. kompiuteruli grafikis teqnikuri saSualebebi _ aparatuli

uzrunvelyofa

kompiuterul sistemebTan urTierTqmedeba, informaciis vizualizacia da

grafikuli informaciis Setana-gamotana ZiriTadad gare dialoguri

grafikuli mowyobilobebis saSualebiT xorcieldeba. kompiuteruli

grafikis Seswavla aparatuli uzrunvelyofis ganxilvis gareSe ar iqneba

srulyofili, radgan gamosaxulebebTan muSaobis sxvadasxva etapze saWiro

xdeba am mowyobilobebis gamoyeneba, maTi Taviseburebebis gaTvaliswineba,

garkveuli parametrebis dayenebada maTTan urTierTqmedeba.

yvela es teqnikuri saSualebebi SeiZleba davyoT ramodenime jgufad:

 grafikuli gamosaxulebis Setanis mowyobilobebi _ skaneri,

digitaizerebi da grafikuli planSetebi, Tagvi, joistiki, trebloki,

TouchPad, TrackPoint, cifruli- da videokamerebi

 grafikuli gamosaxulebis gamotanis mowyobilobebi _ monitorebi,

videoadapteri, multimedia mowyobilobebi (informaciis gamotana

grafikuli, video-, audio- da multiplikaciuri saxiT), printerebi,

ploteri (grafoamgebi)

 virualuri realobis sistemebTan dialogis saSualebebi

 grafikuli informaciis damuSavebis mowyobilobebi _ grafikuli

damaCqareblebi, koderebi MPEG (Moving Picture Experts Group) da sxv.

cifruli informaciis Setana/gamotanis procesi, dakavSirebulia

informaciis vizualizaciasTan, rasac mowyobilobaTa garkveuli klasi

emsaxureba, maTi saSualebiT xdeba vizualur informaciis gardaqmna

eleqtronul (cifrul) formaSi da piriqiT.

erT SemTxvevaSi, vizualuri informaciis

wyaro SeiZleba iyos uSualod buneba, an TviT

adamiani. aseTi informaciis

vizualizaciisTvis iyeneben cifrul foto- an

videokameras (sur.60.), proeqciul skanerebs,

da mTel rig specializebul mowyobilobebs
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rogoricaa rentgenis an ultrabgeris aparatebi.

informacia, ufro xSirad qaRaldis matareblebze,

fotoze an slaidebzea warmodgenili, risTvisac

Seqmnilia mravali tipis mowyobiloba zogadi

dasaxelebiT “skaneri”. aqve unda aRiniSnos, rom

yvela zemoT aRniSnul SemTxvevaSi informaciis

Setana xdeba yovelgvari Sinaarsobrivi damuSavebis

gareSe, amitom misi xarisxi, damokidebulia mxolod konkretul

mowyobilobaTa parametrebze.

meore SemTxvevaSi _ adamiani TviTon qmnis gamosaxulebas an raime obieqts,

risTvisac iseT mowyobilobebs iyenebs, rogoricaa Tagvi, trebloki

(sur.61.), TouchPad, TrackPoint, joistiki da klaviatura. treblokis muSaobis

principi da informaciis gadacemis meTodebi

Tagvis msgavsia da mas ZiriTadad Laptop-sada

Notebook-Si iyeneben, iseve rogorc TouchPad da

TrackPoint-s, romelic Laptop-is klaviaturaze

klaviSebs Soris aris moTavsebuli da

minijoistikis rols asrulebs (sur.62.). rac

Seexeba joistiks (sur.63.), romelic

informaciis Setanis koordinatul

mowyobilobas warmoadgens, ZiriTadad

kompiuterul TamaSebsa da kompiuterul

trenaJorebSi iyeneben.

yvela zemoT CamoTvlili mowyobiloba

xatvisTvis arc ise mosaxerxebelia, amitom

profesionaluri grafikuli samuSaoebisTvis

Seqmnilia e.w. digitaizerebi da grafikuli

planSetebi, romelic specialuri kalmiT xatvis

saSualebas iZleva. arsebobs or- da

samkoordinatiani grafikuli planSetebi (sur.64.),

romelic specialuri programuli

uzrunvelyofis saSualebiT, adamianis xelis

moZraobas, anu mis mier Seqmnil

gamosaxulebas gardaqmnis veqtoruli

grafikis formatSi. mausis tipis

mowyobilobebisgan gansxvavebiT, mas zustad

SeuZlia gansazRvros absoluturi

koordinatebi. garda amisa arseboben
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planSetebi, romlTac kalmis daWeraze mgrZnobeloba gaaCniaT, rac xazis

sisqis regulirebis saSualebasac iZleva, amitom aseTi gziT miRebuli

gamosaxulebis xarisxi mxolod adamianis ostatobazea damokidebuli.

7.1. grafikuli informaciis Setanis mowyobilobebi

ganvixiloT grafikuli informaciis Setanis zogierTi mowyobiloba da

maTi muSaobis principi, magaliTad, rogoricaa cifruli kamera da

skanerebi.

cifruli kamera personaluri kompiuteris standartul periferiul

mowyobilobaTa siaSi Sevida. mizezi martivia, mniSvnelovnad gaizarda

moTxovnileba saSualo (ekranuli) xarisxis fotoebze, rac ZiriTadad

internetisa da kompiuteruli teqnikis swrafma ganviTarebiTam gamoiwvia.

amitom, cifruli kamerebis warmoebiT, garda tradiciuli firmebisa (Kodak,

Konica, Nikon, Fuji, Agfa, Olympus da sxv.) dakavebulia kompiuteruli teqnikis

cnobili mwarmoeblebic, rogoricaa Hewlett-Packard, Seiko Epson, Sony, LG

Electronics da sxv.

cifruli kamera iRebs gamosaxulebas, amuSavebs da inaxavs cifrul

formatSi. suraTis Sesanaxad, firis magivrad, iyenebs CaSenebul an cvlad

naxevargamtarul mexsierebas. cifrul kameras iseTive ZiriTadi Tvisebebi

gaaCnia, rac Cveulebriv fotokameras, garda amisa mas SeuZlia miuerTdes

kompiuters, televizors an printers. kadrebis damuSaveba uSualod

kameraSi xdeba, amitom momxmarebels momentalurad SeuZlia miRebuli

gamosaxulebis xarisxisa da sisworis Sefaseba, dabeWdva an eleqtonuli

publikacia.

cifruli kameris muSaobis principi TiTqmis ar gansxvavdeba Cveulebrivi

fotokameris muSaobisagan. sinaTle, obieqtivis linzebis gavliT

fokusirdeba sinaTlisadmi mgrZnobiare (sur.65). specialur matricaze CCD

(Charged Coupled Device). am matricis elementebi mgrZnobiarea ZiriTadi

ferebis (wiTeli, mwvane da lurji) mimarT. sinaTlis sxivi, mgrZnobiare

elementze moxvedrisas gardaiqmneba analogur eleqtrul signalad.

analoguri signali ki gardaiqmneba cifrul formaSi, muSavdeba da

Caiwereba mexsierebaSi. analoguri signalebi striqon-striqon ikiTxeba da

analogur-cifruli gardamsaxis saSualebiT cifrul kodad gardaiqmneba.

es kodi am matricis Sesabamis elementze moxvedrili sinaTlis (feradi

komponentis) sikaSkaSis proporciulia.
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cifruli kodis miRebis Semdeg, informacia sasignalo procesors

miewodeba, romelic kameris konkretuli tipis (klasis) da parametrebis

Sesabamisad, sxvadasxva operaciebs asrulebs. es operaciebi dakavSirebulia

tonisa da feris koreqciasTan da miRebuli cifruli gamosaxulebis

kumSvadobasTan. gamosaxulebaTa kumSva, rac JPEG konvertoris saSualebiT

xorcieldeba, zrdis damaxsovrebuli kadrebis raodenobas.

procesoris mier miRebuli informaciis damuSavebis Semdeg, gamosaxuleba

cifruli kameris mexsierebaSi Caiwereba. Cveulebriv, yvela Tanamedrove

cifrul kameras patara Txevadkristaluri displei aqvs, is kameris ukana

mxares aris ganTavsebuli, rac gamosaxulebis xarisxisa da kompoziciis

regulirebisaTvis Zalian mosaxerxebelia.

cifruli informaciis Semdgom damuSavebas, rac informaciis kompiuterze

an uSualod printerze gadasacemas gulisxmobs, cifruli kamerebis

Setana/gamotanis porti uzrunvelyofs.

dReisaTvis cifruli kamerebis mravali saxeoba arsebobs: ekonomiuri,

masobrivi moxmarebis (samoyvarulo), naxevradprofesiuli, profesiuli da

studiuri. cxadia momxmareblisTvis mTavar faqtors miRebuli

gamosaxulebis xarisxi warmoadgens, rac cifruli kamerebis ZiriTad

parametrs, matricis zomas ukavSirdeba. Tanamedrove bitur kamerebs ukve

“megapiqseluri matrica” aqvT, rac 1280x960, 1600x1200 piqsels da met
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rezolucias niSnavs. aseTi kamerebi, A4 formatis suraTis maRali

poligrafiuli xarisxiT beWdvis saSualebas iZleva.

cifruli gamosaxulebis xarisxze aparatuli kumSvac moqmedebs, rac

rogorc aRvniSneT, gamosaxulebis damaxsovrebisas xdeba. Tanamedrove

kamerebSi SesaZlebelia kumSvis donis SekveTac, rac gamosaxulebis

xarisxis regulirebas gulisxmobs.

gamosaxulebis xarisxze cifruli kamerebSi gamoyenebuli optikac

moqmedebs. faqtiurad yvela cifruli kamera muSaobs avtofokusirebadi

linzebiT, romelTa fokusirebis manZili 8 mm-ia, rac firebiani obieqtivis

35 mm-s Seesabameba. Tanamedrove kameraSi, moZrav linzas (zoom) iyeneben,

romelic obieqtivis fokusirebis zomis cvlis saSualebas iZleva.

Zalian mniSvnelovani sakiTxia aseve, matricis mgrZnobeloba, standartiT es

Seesabameba ISO mgrZnobelobas _ 100-dan 200 erTeulamde. Tumca, zogierTi

kameris matrica 400-erTeuliani mgrZnobelobiT muSaobs.

cifrul kameraSi gamosaxulebis damaxsovrebisTvis ori tipis mexsiereba

arsebobs – cvladi Flash-diski da miniaturuli myari diski (vinCesteri).

Tanamedrove Flash-diskis moculoba 4-dan 64-mde megabaitia. Tumca es

parametrebi mudmivad izrdeba. Flash-disks informaciis SenaxvisTvis kveba ar

sWirdeba, amitom martivad xdeba foto arqivebis Seqmna, rac Zalian

mosaxerxebelia.

miniaturul vinCesters iyeneben rogorc profesiul, ise masobrivi

moxmarebis kameraSi. misi tevadoba, Flash-diskTan SedarebiT, gacilebiT

metia, rac aTobiT aTasi suraTis damaxsovrebis saSualebas iZleva.

amavdroulad unda aRiniSnos, rom kompiuteruli teqnika Zalian swrafad

viTardeba, amitom misi parametrebis ricxobrivi daxasiaTeba praqtikulad

azrs moklebulia, radgan xval is mniSvnelovnad Seicvleba.

skaneri. Tanamedrove skanerebs yvelaze xSirad qaRaldze arsebuli

informaciisa da fotoebis Sesatanad iyeneben. bolo wlebSi farTod

iyeneben agreTve slaid-skanersac, romelic gamosaxulebis slaidebidan an

negativebidan Setanis saSualebas iZleva, rac Tavidan gvacilebs beWdvisa

da Semdgomi daskanerebis process. arsebobs iseTi tipis skanerebic,

romelTa saSualebiTac ara marto brtyeli qaRaldis, aramed garkveuli

sagnebis (magaliTad, kalmistari, instrumentebi, qsovilebi, Zvirfasi qvebi

da sxva) daskanerebac SeiZleba (sur.66).
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skanerebis mravali saxeoba arsebobs: xelis, planSeturi, doluri da

slaid-skanerebi. arsebobs saproeqcio skaneric, magram dRes mas, xelis

skaneris msgavsad, iSviaTad iyeneben.

grafikuli informaciis Sesatanad yvelaze xSirad planSetur skaners

iyeneben. doluri skanerebi, romelic gankuTvnilia maRali xarisxiTa da

rezoluciiT skanirebisTvis, misi fasisa da moxmarebis sirTulis gamo,

ZiriTadad mxolod sagamomcemlo sistemebSi gvxvdeba.

ganvixiloT planSeturi skaneris muSaobis principi. 67-e suraTze

gamosaxulia TviT mowyobilobis sqema, xolo 68-e suraTze – misi muSaobis

principi.
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rogorc 68-e suraTidan Cans, sinaTlis wyarodan gamosuli sinaTle

airekleba gamosaxulebis originalidan, arekvlili sinaTle sarkeebis

sistemis gavliT cilindrul linzaze xvdeba, romelic sinaTlisadmi

mgrZnobiare elementebis zolze originalis gamosaxulebas viwro

striqonis saxiT qmnis. amis Semdeg TiTqmis iseTive procesi mimdinareobs,

rogoric cifruli kameris SemTxvevaSi. signali analogur-cifruli

gardamsaxis saSualebiT gardaiqmneba cifrul formad, muSavdeba da

gadaecema kompiuters. ase xdeba originalis erTi striqonis erTianad

amokiTxva da kompiuterSi gadacema.

urika, romelzec sinaTlis wyaro da pirveli sarkea damagrebuli, maRali

sizustiT gadaadgildeba originalis gaswvriv. yovel bijze kompiuterSi

momdevno striqoni gadaecema. sabolood mTeli gamosaxuleba ase striqon-

striqon gadaecema kompiuters.

planSeturi skaneris mravali modeli arsebobs, romelic erTmaneTisgan

teqnikuri detalebiT gansxvavdeba, rac ZiriTadad mis fass gansazRvravs.

saSualo xarisxis skaneri uzrunvelyofs 300-dan 600-mde rezolucias 24-

bitiani feris siRrmiT, rac Cveulebrivi muSaobisTvis (saSualo xarisxis

fotosuraTis damuSaveba, grafikuli informaciis momzadeba internetisTvis

da a.S.) savsebiT sakmarisia.

skaneris programuli uzrunvelyofa orginali gamosaxulebis redaqtirebis

saSualebas iZleva, kerZod, movniSnoT da davaskaneroT mxolod

gamosaxulebis fragmenti, gavzardoT simkveTre da SevqmnaT gamosaxulebis

arqivebi. ufro daxvewili modelebi ki tonuri da feradi balansis

daregulirebasac axerxebs uSualod skanerebis procesSi.
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7.2. grafikuli informaciis gamotanis mowyobilobebi

grafikuli informaciis vizualizaciis anu gamotanis mowyobilobebi

konkretulad adamianisTvisaa gankuTvnili, radgan grafikuli informaciis

kompiuteruli damuSaveba, mxolod maSin CaiTvleba dasrulebulad,

rodesac miRebuli vizuali adamianis TvalisTvis misaRebi aRmoCndeba.

swored amis Semdegaa saWiro gamotanis mowyobilobobebi. sxva

kompiuteruli mowyobilobebis msgavsad, gamotanis mowyobilobobebic

Zalian swrafad viTardeba, rac axali teqnologiebisa da kompiuteruli

xedvis ganviTarebas ukavSirdeba.

monitori. Tanamedrove kompiuteris videoqvesistema, monitorisa da

videoadapterisgan Sesdgeba, rac saSualebas gvaZlevs vizualurad aRviqvaT

yvelafri, rac kompiuteris SigniT xdeba. dReisaTvis monitorebis mravali

saxeoba arsebobs, romelTa klasifikacia sxvadasxva niSnebiT da

maxasiaTeblebiT xdeba:

gamosaxulebis asaxvis reJimis mixedviT ansxvaveben: rastrul da veqtorul

displeis.

veqtorul displeiSi, sadac gamosaxulebis regeneracia eleqtronul-

sxivuri milakis (CRT)safuZvelze xorcieldeba, iyeneben luminafors,

mermenaTebis Zalian mcire periodebiT, amitom maT xSirad Tavisufali

skanirebis displeebsac uwodeben. luminaforis mermenaTebis drois simcire,

gamosaxulebis erT wamSi mravaljeradad gadaxatvis aucileblobiT aris

gamowveuli. regeneraciis minimaluri siCqare 30 (1/wm.) an ukeTesia Tu 40-50

(1/wm.) iqneba. garda eleqtronul-sxivuri milakisa veqtorul displeis

sWirdeba buferi _ mexsierebis uwyveti ubani, gamosaxulebis

vizualizaciisTvis saWiro informaciis Sesanaxad, da _   kontroleri,

romelic am informacias ciklurad daamuSavebs regeneraciis mocemuli

siCqariT. gamosaxulebis sirTule ori faqtoriT izRudeba _ buferis

zomiT da kontroleris siCqariT.

rastruli mowyobiloba SeiZleba ganvixiloT, rogorc diskretuli

ujrebis matrica, sadac yoveli ujra ganaTebulia, amitom is zusti asaxvis

mowyobilobas warmoadgens. eleqtronul-sxivuri milakis bazaze Seqmnil

rastrul mowyobilobebSi iyeneben kadrebis bufers _ mexsierebis ubans,

sadac yoveli wertilisTvis an piqselisTvis, gamoyofilia mexsierebis

minimum erTi biti. am mexsierebas ki bitur sibrtyes uwodeben.

ekranis saxeobis mixedviT ansxvaveben monitoris Semdeg tipebs:

 eleqtronul-sxivuri milakis (CRT) bazaze Seqmnili monitorebi
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Txevadkristaluri monitorebi (LCD — liquid crystal display)

 plazmuri monitorebi

ganvixiloT pirveli tipis monitorebi. eleqtronul-sxivuri milakis

muSaobis principi albaT yvelasaTvis cnobilia (sur.69).

eleqtronuli sxivi (ferad kineskopSi – sami sxivia) formirdeba

eleqtronuli safrqvevebiT. es sxivi, gadamxreli sistemis saSualebiT

striqon-striqon skanirdeba kineskopis ekranis gaswvriv. ekrani dafarulia

luminoforiT, romelic naTdeba eleqtronuli konis zemoqmedebiT, naTebis

sikaSkaSe, konis intensivobis proporciulia. skanirebis procesSi, konis

intensivobis cvlilebiT, ekranze SeiZleba gamovsaxoT nebismieri suraTi.

ra Tqma unda, es Zalian gamartivebuli sqemaa, magram Cven gvainteresebs

mxolod muSaobis ZiriTadi principi.

ferad monitorSi sam eleqtronul konas (wiTels, mwvanes da lurjs)

iyeneben da Sesabamisad sami tipis luminofors,

romlebic wiTlad, mwvaned da lurjad naTdeba

eleqtronuli konis zemoqmedebiT. Tu CarTuli

monitoris ekrans lupiT SevxedavT, davinaxavT

sami ZiriTadi feris Sesabamis luminoforul

laqebs (sur.70). mezobel laqebs Soris

manZilebi Tvalis sivrcul gadawyvetaze

naklebia, amitom wiTeli, mwvane da lurji

laqebis damTxvevaxdeba. rac Seexeba

rezultatur (Semajamebeli) fers, is

damokidebulia am laqebis ganaTebis

intensivobaTa Tanafardobaze.
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Tanamedrove monitori, romelsac feradi kineskopi aqvs, gamosaxulebis

saukeTeso xarisxiT xasiaTdeba, kaSkaSa da gajerebuli ferebiT da maRali

simkveTriT. aseT monitorebis naklia _ didi moculoba da masa. farTo

gamoyeneba aqvs 14- 15- da 17-duimian monitorebs, xolo 21- da metduimian

monitorebs ZiriTadad profesiuli TvalsazrisiT iyeneben _ mxatvrul

dizainsa da arqiteqturaSi.

Txevadkristaluri monitorebi minis ori firfitisgan Sesdgeba, romelTa

Soris Txevadi kristalebis masaa moTavsebuli. maTi optikuri Tvisebebis

cvlileba eleqtruli muxtis miwodebazea damokidebuli. Txevadi

kristalebi ara mnaTi sxeulebia, amitom maT gare ganaTeba esaWiroebaT.

maTi mTavari upiratesoba mcire gabaritebia (brtyeli ekrani), xolo nakli

_ arasakmarisi swrafqmedeba ekranuli gamosaxulebis cvlilebisas da

gamosaxulebis sikaSkaSisa da intensivobis xedvis kuTxeze damokidebuleba.

plazmuri monitorebic ori firfitisgan Sesdgeba, romelTa Soris gazis

masaa moTavsebuli, is eleqtruli impulsebis zemoqmedebiT naTdeba. aseT

monitorebs aRar aqvT is naklovanebebi rac Txevadkristaluri

monitorebisTvis iyo damaxasiaTebeli.

feradobis mixedviT ki ansxvaveben ferad da monoqromul monitorebs.

monitorebis erT-erTi kritikuli maxasiaTebelia kadrebis gamoCenis

sixSire, romelic 50-dan 100 hc-mde icleba. swored es parametri

gansazRvravs, adamianis mxedvelobis daRlilobis maxasiaTebels,

monitorTan muSaobisas. am parametris mixedviT, Tanamedrove analoguri

monitorebi, SeiZleba pirobiTad ase davyoT:

− skanirebis fiqsirebuli sixSiriT

− ramodenime fiqsirebuli sixSiriT

− mravalsixSiriani (Multisync)

multisixSirian monitorebs saSualeba aqvT gadaewyon sinqronizaciis

sixSiris garkveul mniSvnelobebze mocemul diapazonSi.

kompiuteris videoqvesistema, monitorisa da videoadapterisgan Sesdgeba.

videoadapteri specialur platas warmoadgens, romelic kompiuteris deda

platazea moTavsebuli da monitoris muSaobas xelmZRvanelobs.

printeri. Tanamedrove printerebi beWdvis maRali xarisxiTa da

swrafqmedebiT xasiaTdeba. arsebobs beWdvis ramodenime principi:

matriculi, Wavluri da lazeruli.

lazeruli printerebi, matricul da Wavlur printerebTan SedarebiT

beWdvis ufro maRal xarisxs uzrunvelyofen. maTi muSaobis principi
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Zalian waagavs qseroqsis muSaobas.

printeris ZiriTad nawils liTonis

mbrunavi doli warmoadgens, romelic

fotomgrZnobiare naxevargamtaruli

firiT aris dafaruli (sur.71). dolis

zedapirze Tanabrad nawildeba

statikuri muxti, rasac wvrili

mavTuli an bade emsaxureba. am

mavTulze miwodebuli maRali Zabva,

mis garSemo ionizirebul mnaT

garemos qmnis. mbrunav mravalwaxnaga

sarkidan areklili lazeruli sxivi

gairbens brunavi dolis zedapirze da

cvlis mis eleqtrul muxts dacemis wertilSi. es procesi uzrunvelyofs

dolze gamosaxulebis dafaruli kopiis Seqmnas. lazeri

mikrokontroleriT imarTeba, romelic axdens sxivis generacias dasabeWdi

gamosaxulebis mixedviT. dolis zedapiris wertilebi, romlebzec sinaTle

ecema, kargavs eleqtrul muxts, radgan naxevargamtaruli safari sinaTlis

zemoqmedebisas iwyebs denis gatarebas. amrigad, dolis zedapirze Cndeba

dasabeWdi suraTi, romelic eleqtruli muxtebis arsebobas an ararsebobas

asaxavs.

amis Semdeg dolis zedapir ifareba toneriT _ Zalian wminda mRebavi

fxvniliT. toneris nawilakebs iseTive eleqtruli muxti aqvs, rogoric

dolis zedapirs hqonda Tavdapirvelad. e.i. fxvnilis nawilakebi dolis

mxolod im wertilebs ekvris, romelzec sinaTlem imoqmeda, xolo dolis

is nawilebi, romlebsac SenarCunebuli aqvs muxti, toners ganizidavs.

Sesabamisad dolis zedapirze ukve vRebulobT toneris nawilakebisagan

Seqmnil realur, xilvad suraTs.

amis Semdeg qaRaldis furceli mWidrod ekvris dols, toneri cxeldeba da

gadadis qaRaldze. axali furclis dabeWdvamde, doli toneris

narCenebisgan iwmindeba specialuri daniT, da is kvlav mzad aris Semdgomi

muSaobisTvis.

Cven ganvixileT lazeruli printerebis muSaobis mxolod zogadi sqema.

lazeruli beWdvis uamravi variacia arsebobs, maT Soris feradi beWdva,

rac gacilebiT rTuli sqemiT mimdinareobs, radgan gamosaxulebis

formireba oTxi ZiriTadi feris gaTvaliswinebiT xdeba.

lazeruli printerebi beWdvis kargi xarisxiT gamoirCevian, maT aqvT

maRali rezolucia da siCqare, Tumca sakmaod Zviria, es gansakuTrebiT
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ferad printerebs exeba, amitom feradi beWdvisas ufro xSirad Wavlur

printers iyeneben.

Wavluri printeris muSaobis principi lazerulisgan sruliad

gansxvavebulia. aq gamosaxuleba melnis wveTebiT iqmneba, romlebic sabeWdi

Tavakis uwvrilesi saqSenebidan ifrqveva. Tavaki gadaadgildeba da avsebs

gamosaxulebis erT striqons. Tavakis ukan dabrunebis Semdeg qaRaldi erTi

striqoniT iZvris, da es procesi meordeba iqamde, sanam mTel

gamosaxulebas ar miviRebT. Tavakebs asxvaveben melnis wveTebis formirebis

wesis mixedviT. arsebobs ori meTodi – Termuli da piezoeleqtruli.

Tanamedrove Wavluri printeri beWdvis kargi xarisxiT gamoirCeva. Tumca

mas ramodenime naklic aqvs – beWdavs SedarebiT dabali siCqariT,

xarisxiani beWdvis uzrunvelsayofad iTxovs specialur qaRalds da

saWiroebs sabeWdi Tavakebis periodul Secvlas, melnis Caxmobis gamo.

ploterebi (plotter) _ es aris diagramebis, sqemebis da sxva rTuli feradi

gamosaxulebis avtomaturi agebisa

da gamotanis mowyobiloba, romelic

aRniSnul informacias daitans

rogorc qaRaldze, ise plastikze,

fotomgrZnobiare an sxva raime

masalaze xazvis, gravirebis (sur.72.),

kveTilobis (amoWris),

fotoregistraciis (sur.73.) an sxva

saSualebiT.

cxadia ploterebis (grafoamgebi)

uamravi saxeoba arsebobs, romlebic

gansxvavdebian, rogorc muSaobis

principiT ise daniSnulebiT.

− planSeturi tipis

grafoamgebi (flatbed plotter) А3-

А2 formatisTvis, furclis

eleqtrofiqsaciiT da saweri

mowyobilobiT, romelic

sibtyeze ori mimarTulebiT

(x da y RerZebis mimarT)

gadaadgildeba.

− doluri tipis grafoamgebi

(roll-feed plotter) mbrunavi
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doliT, romelzec ganTavsebulia informaciis matarebeli.

− rulonuri tipis grafoamgebi (drum plotter) saxazavi TavakiT, romelic

informaciis matarebelTan (ruloni, romelic SeiZleba ramodenime

aTeuli metri iyos) erTad  gadaadgildeba (sur.74.). formatis zomaa

А1an А0.

gamosaxulebaTa agebis principiT ploterebi iyofian: veqtorul da

rastrul grafoamgebad.

rastruli grafoamgebebi,

gansxvavdebian beWdvis

meTodiTac, kerZod arseboben

_ eleqtrostatikuri,

Wavluri, lazeruli, Termuli

da fotoploterebi.

arsebobs aseve ploteris

gansakuTrebuli saxeoba,

sadac saxazavi kalmebi

saWreli instrumentiT

(sur.75.) aris Secvlili. aseT

instruments polimeruli firebis an specialuri qaRaldis dasWrelad

iyeneben sareklamo produqciis Seqmnisas.

ploterebis ZiriTadi paramtrebia: informaciis matarebeli da

gamosaxuleba, sizuste da xarisxi, mexsierebis parametrtebi, monacemTa

formatebi, xazvis funqciebi.
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8. virtualuri realoba

virtualuri realoba (Virtual Reality), moculobiTi kompiteruli samyaroa,

romelic Tqvenive scenariT aris Seqmnili. es samyaro misive kanonebis

safuZvelze arsebobs da Tqven SegiZliaT marTod isini realur droSi.

aseTi rTuli virtualuri samyaroebi, individualuri scenariT igeba da

misi marTva ramodenime donezea SesaZlebeli. am sistemaTa muSaoba or

ZiriTad princips efuZneba _ urTierTqmedeba realur droSi da

momxmareblis moqmedebaze sistemis ukureaqcia.

virtualuri realoba kompiuteris mexsierebaSi, samganzomilebiani garemos

Seqmnas niSnavs. aseTi sistemebis ZiriTadi funqciaa, kompiuteris mier

modelirebul garemoSi, momxmareblisaTvis distanciuri monawileobis da

realurobis imitaciis Seqmna. imitaciuri garemo SeiZleba iyos oTaxi,

gamoqvabuli, sagamofeno darbazi, savaWro centri da sxv. aseT garemoSi

moxvedrisas admiani ise iqceva da ise aRiqvams am garemos, rogorc es

sinamdvileSi xdeba.

virtualuri realobis sistemebs warmatebiT iyeneben  kompiuterul

TamaSebSi, samedicino gamokvlevebSi, arqiteqturaSi da bevr sxva sferoSi.

magaliTad, aseTi sistemebis daxmarebiT dizainerebi qmnian momavali

Senobis an sxvadasxva teqnikur mowyobilobaTa warmosaxviT modelebs, rac

maT am obieqtebis agebasa da gamocdaSi exmareba.

kompiuteruli TamaSebis samyaroSi,

virtualuri realobis srulyofili

aRqmisTvis, specialur aRWurvilobas

(muzaradi, saTvale, xelTaTmanebi da

sxv.) iyeneben. magaliTad, 76-e suraTze

gamosaxulia specialuri muzaradi,

saTvale da xelTaTmani, mowyobilobaTa

es nakrebi, gamosaxulebas sivrcul

efeqts aniWebs. rodesac adamiani Tavs

abrunebs, gamosaxulebac masTan erTad

moZraobs, radgan muzaradSi

Camagrebuli magnituri sensorebi,

kompiuters Cveni moZraobis Sesaxeb

amcnobs, kompiuteri ki gamosaxulebas

am informaciis Sesabamisad cvlis, rac

iseT STabeWdilebas qmnis, TiTqos Cven

marTlac am garemoSi vimyofebiT. muzaradSi aseve CamontaJebulia

dinamikebi da misi saSualebiT xma yvela mxridan gvesmis, rac realobis



92

SegrZnebas kidev ufro amZafrebs. specialuri xelTaTmanebi damatebiTi

realobaa, masSi CamontaJebuli pawawina haeris buStebi, romelic Sexebisas

ibereba, zemoqmedebis iluzias iwvevs, rac virtualur realobas kidev

ufro damajerebels xdis.

virtualuri realobis sistema, mowyobilobaTa nakrebs warmoadgens,

romelic Cveulebrivi kompiuteruli sistemebisgan gansxvavebiT, ufro

srulyofilad asrulebs virtualur garemosTan urTierTqmedebis

imitacias, adamianis ZiriTad grZnobebze (mxedveloba, smena, ynosva, Sexeba

da sxv.) zemoqmedebis gziT.

virtualur realobaSi SesaZlebelia rogorc zemoqmedebis, ise

zemoqmedebaze reaqciis imitireba. virtualuri realobis reaqciebisa da

Tvisebebis kompiuteruli sinTezi realur droSi xorcieldeba, raTa

imitirebuli realobis SegrZnebaTa kompleqsi ufro damajerebeli iyos.

virtualuri realobis obieqtebis qceva Zalian axlos aris materialuri

realobis analoguri obieqtebis qcevasTan.

8.1. virtualuri realobis sistemis klasikuri ganmarteba

virtualuri realoba modeluri samganzomilebiani 3D garemoa, romelic

kompiuteruli saSualebebis bazazea Seqmnili da realisturad reagirebs

momxmarebelTan urTierTqmedebaze.

virtualuri realobis sistemebis teqnikur bazas warmoadgens

kompiuteruli modelirebisa da imitaciis teqnologiebi, romelic

Tanamedrove Zlieri personaluri kompiuterebis, maRalxarisxiani

samganzomilebiani vizualizaciisa da animaciis programuli

uzrunvelyofis gamoyenebiT, realisturad asaxavs moZraobas ekranze. am

sistemebSi informaciis Setana-gamotanis mowyobilobebs warmoadgens

specialuri mowyobilobebi: virtualuri muzaradi displeebiT (HMD),

stereoskopiuli saTvale, 3D Setanis mowyobilobebi, magaliTad, Tagvi

sivrculi marTvis kursoriT an “cifruli xelTaTmanebi”, romelic

uzrunvelyofs SegrZnebebze dafuZnebul ukukavSirs momxmarebelTan.

virtualuri garemo – adamiani-kompiuteris urTierTqmedebis Tanamedrove

teqnologiebia, romelic uzrunvelyofs momxmareblis samganzomilebian

interaqtiul garemosTan kontaqts. am teqnologiebis gamoyenebiT

informaciis warmodgena da obieqtebis, procesebis da eqsperimentebis

modelireba da proeqtireba xarisxobrivad ufro maRal doneze adis.
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virtualuri realobis sistemaTa Seqmna informaciis asaxvis kompiuteruli

sistemebisa da marTvis interfeisebis gaumjobesebis procesis kanonzomieri

Sedegia.

virtualuri samganzomilebiani scenebis aRwerisaTvis, iyeneben specialurad

SemuSavebul enebs, magaliTad, virtualuri realobis modelirebis enas

(VRML), romelSic realizebulia obieqtze-orientirebuli midgoma, am

scenebis warmodgenisTvis. VRML SeiZleba ganvixiloT rogorc e.w. ena-

Suamavali, radgan sxva enaze warmodgenili virtualuri scenis aRwera,

advilad gardaiqmneba VRML-Si da piriqiT.

virtualuri realobis teqnologiebs, farTo gamoyeneba aqvs adamianis

saqmianobis sxvadasxva sferoSi: proeqtireba da dizaini, samxedro

teqnologiebi, arqiteqtura da mSenebloba, medicina, trenaJorebi da

simulatorebi (sur.77.), marketingi da reklama, ganaTleba, TamaSebis da

garTobis samyaro (sur.78.) da sxv.

8.2. virtualuri realobis Tanamedrove teqnologiebi

virtualuri realobis teqnologiebi mudmiv progress ganicdis. 3D

teqnologiebs warmatebiT iyeneben, rogorc specialur mimarTulebebSi,

rogoricaa animacia, ise specialur amocanebSi, rogoricaa medicina, amitom

gamoyenebis sferosgan damoukideblad, viTarTeba yvela segmenti da

Sesabamisad Cndeba 3D mowyobilobaTa ganviTarebis axali tendenciebi _

iqmneba VR teqnikuri saSualebebi, rogoricaa 3D informaciis aRqmis da

gamotanis sistemebi _ 3D displeebi, 3D muzaradi da saTvaleebi, cifruli

xelTaTmanebi, 3D printerebi, 3D skanerebi, da sxv.
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rogorc ukve aRvniSneT, realobis imitaca, xelovnurad Seqmnil

kompiuterul garemos gulisxmobs, romlic aRWurvilia virtualur

samyarosTan urTierTqmedebis uaxlesi teqnikiT.

eleqtronuli teqnikis mwarmoeblebi amtkiceben, rom uaxlesi

teqnologiebiT Seqmnili 3D monitorebi da video- audio- sistemebi,

romlebic uzrunvelyofen moculobiTi gamosaxulebis Seqmnas da

virtualur samyarosTan kontaqts, gamosaxulebaTa formirebis sferoSi

axal etaps warmoadgens.

Tanamedrove 3D mowyobilobebSi

stereoskopiuli efeqtis Seqmnis

ZiriTadi arsi, dakavSirebulia

gamosaxulebis ori kadris (adamianis

marcxena da marjvena TvalisTvis,

calcalke) morigeobiT generirebasTan.

adamians, es suraTebi Zalian maRali

siCqariT miewodeba. momxmarebeli

ikeTebs specialur 3D saTvales, rac

uzrunvelyofs am ori gamosaxulebis

gaerTianebas mis gonebaSi, ris

Sedegadac iqmneba STabeWdileba,

TiTqos gamosaxulebis obieqtebi

ekranis sazRvrebidan gamodian da

iZenen moculobiT xasiaTs (sur.79.).

aRniSnuli 3D mowyobiloba kompleqsuri teqnologiaa, romelic aerTianebs

programul uzrunvelyofas, specialur saTvales, videokartas da cxadia

monitors 3D mxardaWeriT. mTeli es kompleqsi saSualebas iZleva drois

realur masStabSi SevqmnaT “am sivrceSi yofnis efeqti”. aseTi 3D sistemis

ramodenime varianti arsebobs, magaliTad, roca marjvena da marcxena

TvalisTvis moculobiTi gamosaxulebis formireba, polarizaciuli

filtrebiT aRWurvili gansakuTrebuli saTvaleebiT xdeba.

yuradRebas imsaxurebs aseve virtualuri realobis iseTi sistemebi,

romelic akontrolebs gadaadgilebas da adamianis Tavis moZraobas

sivrceSi. aseT mowyobilobebs miekuTvneba virtualuri realobis

muzaradebi da aseve Tvalebis moZraobisa da adamianis sxeulis moZraobis

makontrolirebeli sistemebi.
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virtualuri realobis muzaradebi (sur.80.) garkveuli upiratesobiT

sargebloben. es aris kompaqturi mowyobiloba, CaSenebuli 3D saTvaliT da

stereo- an kvadrofonuri (oTxi

gansxvavebuli audio arxi)

akustikuri sistemiT, romelic

mTlianad eufleba momxmareblis

mxedvelobas da smenas, axdens mis

izolirebas realuri samyarodan da

Seyavs virtualur realobaSi.

virtualur muzaradebSi

gamoyenebulia ori displei, marjvena

da marcxena TvalisTvis calcalke,

es aucilebloba isev stereoskopiuli

mxedvelobas ukavSirdeba, iseve

rogorc es specialur saTvaleebSi xdeboda. garda amisa zogierTi

muzaradi Seicavs aseve Tavis mdebareobis ganmsazRvrel infrawiTel

sensorebs.

arsebobs aseve sxeuli moZraobis makontrolirebeli sistemebi, romelic

Tvalyurs adevnebs da afiqsirebs adamianis sxeulis moZraobas da aiZulebs

virtualuri samyaros personaJs gaimeoros igive moZraobebi. amisaTvis

adamianze magrdeba sensorebis didi raodenoba, risi saSualebiTac

kompiuteri aRiqvams da imaxsovrebs mis moZraobebs sivrceSi. aseT

teqnologiebs iyeneben 3D filmebis gadaRebisas an kompiuterul TamaSebSi,

rodesac msaxiobi ansaxierebs specialur kompiuterul personaJs.

adamianis gare samyarosTan urTierTobis erT-erTi mTavari saSualebaa

xelebi, amitom mniSvnelovania virtualuri xelebis _ cifruli

xelTaTmanebis Seqmnis idea, romelic xelis mtevnisa da TiTebis moZraobis

navigaciis rols asrulebs.

81-e suraTze gamosaxulia (A) cifruli xelTaTmanis da (B) muzaradis

sqema, sadac (A) cifruli xelTaTmanis sensori agrovebs informacias xelis

moZraobis Sesaxeb da momxmarebels, virtualur samyaroSi obieqtebiT

manipulirebis saSualebas aZlevs. optikur-boWkovani kabeli (1), Tvalyurs

adevnebs xelis mixvra-moxvras, rac Seexeba sinaTles is kabelSi orive

mimarTulebiT vrceldeba (2). kabelis moxris SemTxvevaSi (3), is aRar

gadascems areklil sinaTles ukan, interfeisis platas (4). poziciis

sensori (5) Tvalyurs adevnebs xelTaTmanis moZraobas sam ganzomilebaSi,

xolo kontaqturi baliSebi, romelic TiTis daboloebebzea moTavsebuli

(6), arwmuneben momxmarebels, rom is realur obieqts exeba.
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virtualuri realobis muzaradis kompleqti (B), iyenebs optikur da audio

informacias da moZraobis sensorebs, imisaTvis rom momxmarebels Seuqmnas

interaqtiuli virtualuri samyaro. satelevizio ekranebi (1) yoveli Tvalis

win, qmnian stereo gamosaxulebas, xolo yursasmenebi (2) _ xmovan garemos.

moZraobis sensorebi (3) _ akontroleben momxmareblis moZraobas da

Sesabamisad cvlian suraTs da xmas.

Zalian mniSvnelovania is faqti, rom samganzomilebiani kompiuteruli

grafikisgan gansxvavebiT, virtualuri realoba, uaxlesi teqnologiebis

gamoyenebiT, uzrunvelyofs momxmareblis Tandaswrebas da piradi

monawileobis efeqts, mimdinare virtualur movlenebSi.

realobis transformacia virtualur realobaSi ori xerxiT xorcieldeba:

obieqtebis modelireba specialuri programuli redaqtorebiT da

obieqtebis 3D sakanirebiT.
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3D sakaneri aris mowyobiloba, romelic

fizikuri obieqtis gaanalizebis

safuZvelze miRebuli monacemebis mixedviT,

kompiuterSi qmnis am obieqtis 3D models

(sur.82). aseTi 3D modelebi eqvemdebareba

Semdgom damuSavebas, avtomatizebuli

proeqtirebis an sxva sistemebiT, rac

amartivebs sainJinro gaTvlebs da xels

uwyobs axali teqnologiuri prosesebis

ganviTarebas (sur.83).

dReisaTvis samganzomilebiani obieqtebis

skanirebis ori meTodi arsebobs: kontaqturi da ukontaqto.

kontaqturi 3D skanerebi

specialuri zondis saSualebiT,

romelic obieqtis zedapirs

mihyveba, aRwers samganzomilebiani

sxeulis moxazulobas da

kompiuteris ekranze qmnis mis

Sesabamis 3D asls. kontaqturi

skanerebi xasiaTdebian sizustiT da

moxmarebis simartiviT. aseTi

skanerebi Zalian mosaxerxebelia martivi geometriuli obieqtebis

skanirebisTvis magaliTad, samrewvelo detalebisTvis.

kontaqtur 3D skanerebs, sirTuleebi eqmnebaT rTuli formis obieqtebis

skanirebisas, radgan am process SeiZleba gaumarTleblad didi dro

dasWirdes. garda amisa kontaqturi skanerebi gamousadegaria im

SemTxvevebSic, rodesac obieqtTan kontaqti principulad SeuZlebelia.

magaliTad, cocxali obieqtebis an Sinagani organoebis skanireba

samedicino daniSnulebiT. miuxedavad amisa kontaqtur skanerebs warmatebiT

iyeneben warmoebaSi.

ukontaqto skanerebis (sur.84) muSaobis

principi Zalian waagavs “Cveulebrivi”

skanerebis muSaobas, radgan isinic,

obieqtis zedapiridan sinaTlis

talRebis arekvlis efeqts iyeneben.

areklili talRebi specialuri

sensorebiT imarTeba. am gziT miRebuli

infomacia, sxvadasxva algoriTmuli
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analizis Semdeg, gardaiqmneba virtualur formaSi. Cveulebrivi

skanerebisgan gansxvavebiT, 3D skanerebs brtyeli obieqtebis magivrad

moculobiT sxeulebTan uwevT muSaoba, amitom saWiro xdeba ufro rTuli

meqanizmebis gamoyeneba.

ukontaqto 3D skanerebs, skanirebis tipis mixedviT, pasiur da aqtiur

skanerebad yofen. pasiuri 3D skanerebi _ arsebul gare ganaTebas iyeneben

da misi anareklis analizs akeTeben. is

faqtiurad, foto- an video kameras warmoadgens

(sur.85), romelic aRWurvilia gadaRebuli

masalis erTian moculobiT formaSi moyvanis

algoriTmebiT. am algoriTmebis muSaoba

dakavSirebulia garkveuli rakursiT

gadaRebuli kadrebis raodenobasTan da wriul

videogadaRebebTan, kameris moZraobis

gansazRvruli siCqariT.

aqtiuri 3D skanerebi, garda arsebul gare ganaTebisa, sakuTar sinaTlis an

lazerul talRebs gamoimuSaveben, romelsac SeiZleba winaswar mocemuli

konfiguracia da forma

hqondes. magaliTad, zogierTi

3D skaneri obieqtis

zedapirze, TeTri sinaTlis

xazebiT, agegmilebs bades an

raime regularul struqturas

(sur.86), rac skanirebis

algoriTmebisTvis damatebiT

informacias warmoadgens.

3D skanerebis gamoyenebis sfero yovel wels izrdeba, radgan is erT-erT

mniSvnelovan rgols warmoadgens sxvadasxva dargebis ganviTarebis

ciklSi. pirvel rigSi es aris Tanamedrove samrewvelo warmoeba _ axli,

efeqturi da iafi teqnologiebis ganviTarebisTvis; aseve interneti da

qseluri marketingi _ saqonelis 3D modelebis Sesaqmnelad; moda _

realuri obieqtebis, maqsimalurad realisturi virtualuri aslebis

Sesaqmnelad; medicina, arqiteqtura, samrewvelo dizaini, kino da sxv.

aRsaniSnavia is faqtic, rom 3D skanirebas Tansdevs 3D beWdva, rac

mniSvnelovnad uwyobs xels printerebis ganviTarebas, maTi saSualebiT ki

mzaddeba uamravi 3D obieqti: saTamaSoebi, protezi, mcire zomis detalebi,

sxvadasxva sxeulTa 3D aslebi da sxv.
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3D printeri aris mowyobiloba,

romelic uSualod Tqveni

kompiuteridan miRebuli informaciis

Sesabamisad, samganzomilebiani obieqtis

daamzadebis saSualebas iZleva. es aRar

aris moculobiT gamosaxulebis 2D

beWdva qaRaldze, es aris moculobiTi

sagnis realuri “beWdva”, romelsac

SegviZlia SevexoT, xelSi aviRoT da

davaTvalieroT (sur.87). 3D beWdvis

ramodenime popularuli teqnologia

arsebobs:

 beWdva mdnari plastikiT

 beWdva fxvniliT

 lazeruli beWdva

 beWdva fotopolimeriT

88-e suraTze gamosaxulia beWdvis sxvadasxva teqnologiiT Seqmnili

obieqtebis magaliTebi.
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