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naSromis zogadi maxasiaTeblebi 

“SCORM-is Sesabamisi kompiuteruli algebris sistema-maqsimis 

ganviTareba  eleqtrostatikisTvisdamxmare aplikaciebiT”. warmoadgens 

martiv kvlevas e.w. case-study-s kompiuteruli algebris systema-maqsimis 

efeqturi gamoyenebis meTodebis reprezentaciisTvis eleqtrostatikis 

zogadi savarjiSoebis gamoTvlebsa da veqtoruli analizis sxvadasxva 

gamoTvliTi meTodis safuZvelze; agreTve, igi iTvaliswinebs 

aplikaciebis gamocemas SCORM-is Sesabamis formatSi Web 

xelmisawvdomobisa da  gavrcelebisTvis.esaris sanimuSokvleva, 

gankuTvnili mecnierebis,  inJinrebis, mecnier-muSakebis, instruqtorebisa 

da studentebisTvis, romlebic moRvaweoben Tu swavloben 

eleqtromagnetizmis sferoSi. 

naSromis Tematuri aqtualoba 

informaciisa da kompiuteruli teqnologiebis (ICT) gamoyenebamCveni 

yoveldRiuri cxovreba sul raRac TiTis ramdenime daWeriT bevrad 

ufro martivi, swrafi da fantastikuri gaxada. yovel adamianur 

gamovlenaSi Cven vxedavTteqnologiuri miRwevebis Sesabamisi gadawyobisa 

da gamosaxvismniSvnelovan mcdelobas.codnis miReba da 

damuSavebacifruli sul ufro myisierad xdeba.tradiciuli ganaTlebis 

maxasiaTeblebis xelaxali gadawyoba da damkvidreba kommiuterulbazaze 

dafuZnebuli teqnologiebis paralelurad mimdinareobs. 

winamdebareTezisebi warmoadgenen models - safexurs codnis warmoebasa 

da sainJinro saqmeSi kompiuteruli teqnologiebisa da xelovnuri 

inteleqtis gamoyenebis integraciis mimarTulebiT.sanam kompiuterebs 

gamoigonebdnen, inJinrebi Zal-Rones ar iSurebdnen gamoTvliTi teqnikis 

SesaZleblobebis gaumjobesebaze muSaobiT. kompiuteruli inJinrebis 

garda, ganaTlebis muSaknic cdilobdnen am “gonieri iaraRis” 

saganmanaTleblo procesebTan adaptacias.Cven viyenebT iseT zogad 



 

3 
 

terminebs, rogoricaa kompiuteruli TanaSemwe instruqcia (CAI), 

ganaTleba kompiuterul bazaze(CBE), kompiuterulad marTvadi 

instruqcia (CMI), instruqcia kompiuterul bazaze(CBI)daganaTleba 

WEBbazaze (WBE)swavlis donis asamaRleblad kompiuteruli 

teqnologiebis gamoyenebis aRsawerad. bevr SemTxvevaSi, isini am 

terminebs raime azrobrivi gansxvavebis 

ganfenilobisTvisurTierTCanacvlebadi mniSvnelobiT  iyeneben, rac 

erTgvar bundovanebas iwvevs.kompiuteruli algebris sistema (CAS) 

warmoadgens kompiuteruli teqnologiis gamoyenebis kidev erT Sedegs 

sakuTriv, xelovnuri inteleqtis (AI) kvlevebSi. CAS warmoadgens 

informaciul teqnologiur instruments e.w. softs (software), romelic 

algebruli operaciebis simboluri da ricxviTi manipulaciebis 

sawarmoeblad gamoiyeneba.igi 1960-ian wlebSi SemuSavda inJinrebisa da 

mecnierebis mier TavianTi specifikuri miznebisTvis. CAS-is gamoyenebam 

Teoretikos da praqtikos mecnierebs TavianT kvlevebSi mravali 

problemisgadwyvetis saSyaleba Seuqmna, rogoricaa rTul gaangariSebaTa 

zusti da swrafi gamovlebi, “realuri samyaros” Zviri eqsperimentebis 

Catareba virtualur laboratoriebSi SedarebiT iafi xerxebiT dasxv., 

1980-iani wlebidan daiwyo ganaTlebis sistemasTan maTi integrireba.  

bevrma universitetma Secvala CAS-is kursebi. msoflioSi mravali 

konferencia Catarda CAS-is aplikaciebis garSemo.am sakiTxis Sesaxeb 

gamoica uamravi Jurnali. CAS-is gamoyenebis qomagi ganaTlebis muSakTa 

ricxvi sul ufro izrdeba. CAS-is gamouenebiT Catardamravali kvleva 

maTematikis swavlebisa da inJineriis kursebze. CAS-ma miipyro 

ganaTlebis mkvlevarTa da srudentTa yuradReba mecnierebaSi.dasawyisSi 

ganaTlebis warmomadgenlebi cdilobdnen CAS-issaswavloauditoriebSi 

gamoyenebis Seswavlas, magram Semdgom moxda am programebis Sedgena da 

restruqturireba saganmanaTleblo miznebisTvis. klasSi kompiuterebis 

ga,moyeneba ganaTlebis sistemisTvis“damxmare iaraRi” aRmoCnda.zogierTma 



 

4 
 

maTganma aRmoaCina kompiuteruli algebris sistemebis “kargi iaraRi”, 

romelic swavlisa da swavlebis mravali xelsayreli SesaZleblkobis 

miwodebas uzrunvelyofda konstruqtivisturi midgomis 

Sesabamisad.arsebobs mravali moqmedi CAS. Matlab,Maple,Mathematics, 

romlebicwarmoadgenen yvelaze cnobil savaWro niSnebs da kompaniebis 

mier imarTebian. bevri maTgani Ria wyaros programebia, 

iseTebi,rogoricaa Maxima,Scilab, Reduce, SAGE, Octave da sxv.Ria wyaros CAS-

ebi moxaliseTa mier imarTebian.  

bolo aT weliwadSi Cven gavxdiT garkveuli publikaciebis momswre, 

rogoricaa fizika Maple-iT,  mecnieruli gamoTvlebi Matlab-iT,MMatlab-is 

praqtikuli safuZvlebi inJinrebisTvis, Matlab inJinrebisa da 

mecnierebisTvis, Maple-s gamoyeneba inJinrebisa da mecnierebisTvis. 

savaraudoa, amgvar publikaciaTa ricxvi momavalSi sul ufro 

gaizardos, ramdenadac komerciuli produqcia maT gaumjobesebaze 

muSaobs.miuxedavad amisa, Cven publikaciebis kompaqturobisa da 

formalizaciis momswre vxdebiT, agreTve,Ria wyaros CAS-ebis  detaluri 

kvlevebis SemWidrovebisa. 

kompiuteruli algebris sistemis gamoyenebis mTavari problema  

mommxmarebelTa informaciul teqnologiur saSualebasTan e.w. softTan 

(software) aranacnobobasa da komerciuli produqciis xarjebis  

gaucnobiereblobaSi mdgomareobs.Tu momxmareblebi (mecnierebi, mecnier-

muSakebi, maswavleblebi, studentebi) ar icnoben, Tu rogor gamoiyenon 

maT mier SerCeuli CAS sakuTriv TavianTi interesebis sferoSi, igi 

ubralod xdebaSavi yuTi.mas Semdeg, rac isini instrumentis gamoyenebas 

ecnobian, Savi yuTi “TeTr yuTad” iqceva.Teri-dana pikardi 2006 wels am 

problemis gadawyvetas kursdamTavrebuli studentebisTvis or 

safexurad amjobinebda: 1 - CAS-is gacnoba instruqtirebisa da 

studentebisTvis mcire sesiebis farglebSi, 2 – fundamenturi codnis 

gafarToeba momavali kvlevebisTvis. 
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Rirebulebis problema SeiZleba moixsnasRia wyaros CAS-is gamoyenebis 

SedegadCAS, romliTac Cven .vsargeblobT, aris Maxima. Maxima 

warmoadgens zogadi daniSnulebis integrirebul CAS-s.Maxima-s SeuZlia 

TiTqmis yvela maRali donis gamoTvlebis Sesruleba, rogoricaa didi 

ricxvebis faqtorizacia, ukiduresad didi polinomialebis 

manipulaciebi da sxv. 

Maxima warmoadgens erT-erT Ria wyaros CAS-s, romelic efuZneba pirvel 

integrirebul CAS., MACSYMA-s. igi ganviTarda MIT-Tan. MACSYMA-s 

sistema aRmocenda maTematikuri softis (software) kvlevidan MIT-TanAI 

jgufSi gvian 1960-ian wlebSi.amerikis SeerTebuli Statebis energetikis 

departamentisa da sxva samTavrobo saagentoebis mxardaWeriT. MACSYMA-

s (DOe MACSYMA) versia SenarCunebul iqna bili Selteris mier 1982 

wlidan 2001 wlamde, mis sikvdilamde. Selterma energetikis 

departamentidan (DOE) miiRo Tavisi versiis gamoSvebis  

nebarTvageneraluri sazogadoebrivi licenziis 

(GPL)safuZvelze.aRniSnuli versia dRes wodebuli Maxima-d,SenarCunebul 

iqna momxmarebelTa da developerTa damoukidebeli jgufis mier da 

Tanamedrove sistemebs SorisiTvleba rogorc saukeTeso da uswrafesi 

moxmarebis TvalsazrisiT. Maxima-s gaaCnia daaxloebiT 100 aTasi 

momx,marebeli mTels msoflioSi. igi sakmaod megobruli moxmarebis da 

Zalze martivi saurTierTobo enis mqone teqnologiaa. 

Cvens naSromSi gamiznuli gvaqvs imis Cveneba, Tu“sul mcire, risi 

gakeTeba aris SesaZlebeli Maxima-s daxmarebiT” eleqtrostatikis 

gamoTvlebis sferoSi.Cvemi mizania “TeTri yuTis” momzadeba mecnierebis, 

mecnier-muSakebisa, instruqtorebisa da studentebisTvis.aqwarmodgenilia 

gadawyvetis meTodebi rTuli da xangrZlivi gaangariSebis 

gamoTvlebisTvis. aqwarmodgenilia programirebis meTodebi da 

momzadebulia ramdenime programa, romelsac . Maximaar moicavs.aseTi 

naSromi, ramdenadac CemTvis cnobilia, aris unikaluri gamokvleva, 
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Catarebuli Maximis saSualebiT eleqtristatikis sferoSi. es PhD 

sadisertacio naSromi warmoadgens tipiur models Maxima-s gamoyenebiT 

eleqtromagnetikis sferoSi axali kvlevebis ganxorcielebis gzaze, 

rogoricaa eleqtrodinamika, eleqtromagnetikuri velebi, antenebi, 

talRuri gaidebi, gzamkvlevebi, da xazebis transmisia da a.S. es Sroma 

SeiZleba gamodges momavali samecniero da akademiuri kvlevebisTvis 

eleqtromagnetizmis dargSi. .igi SeiZleba gamoiyenebodes teqnikur 

universitetebSi inJineriis saswavlo kursebis sazRvrebSi, romlebSic 

eleqtromagnetizmis Teoria da praqtika iswavleba, agreTve, industriul 

proeqtebSi laboratoriuli sawarmoo eleqtromagnetikuri problemebis 

gadasaWrelad. 

meore mxriv, Cveni naSromi SesaZloa, gaxdes maTemaTikur case-study-d 

imaTTvis, vinc swavlobs eleqtrostatikas da movalea Seiswavlos 

maTematika “specialurad eleqtrostatikisTvis”. MმocemuliTemebi 

moqceulia Cveni naSomis farglebSi, ase rom dainteresebul pirebs ar 

mouwevT TavianTi Temis Zebna zogadi da sqeltaniani wignebis 

furclebze, rogoricaa maTematika inJinrebisa da mecnierTaTvis. 

me gamoviyene Web teqnologia „Maximas-s aplikaciebis gavrcelebisaTvis‟. 

marTvis sistemebis kursi (CMS) gamoiyeneba mravali universitetebis 

mier,rogorc kursis kontent gavrcelebis sistema.Web kontentis 

momzadeba saerTo problemas warmoadgens „kompiuterTa araeqsperti 

momxmareblebisTvis‟ (gansakuTrebiT instruqtorTaTvis).swored 

amitomWeb kontentebis mosamzadeblad me gTavazobT kidev erT Ria 

wyarosa da martivi  moxmarebis saSualebas „eXe’ (e.w. softs). „eXe‟-s 

Sinaarsobrivigaremo momcveli iqneba imdenad, rom igi Web 

klientebisTvis misawvdomi gaxdes yvelgan, sadac kiisini imyofebian.  

Webaris Sinaarsobrivi okeane, romelic adamianebma SeiZleba erTmaneTs 

gauziaron.ganaTlebaWeb bazaze (Web-Based Educarion(WBE) TandaTan 
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yalibdeba tradiciuli ganaTlebis sistemebis alternatiul sistemad. 

WBE-s studentTa ricxvi mTels msoflioSi daaxloebiT 100 milions 

Seadgens.WBE xorcieldeba specialuri informaciul-teqnologiuri 

saSualebis (softis) e.w. CMS-ebis meSveobiT.cifruli kontenti unda iyos 

SCORM-is (Sharable Content Reference Model) standartebis Sesabamisi, 

romelsac sxvadasxva CMS-ebs Soris gacvlis unari eqneba. es 

srandartebi viTardebaamaRlebuli distribuciuli swavlis (Advanced 

Distributed Learning (ADL) safuZvelze. sxva sityvebiT, Sinaarsi SCORM-is 

Sesabamisia, anu es Sinaarsi SesaZlebelia icvlebodes sxvadasxva CMS-is 

mier.  

kompiuteruli algebrisa da Web bazaze arsebuli ganaTlebis Sesaxeb 

msoflioSi Catarebulia Teoriuli, da saganmanaTleblo 

xasiaTismravali konferencia.zogierTi maTgania: rainis praqtikumi 

(Workshop)  kompiuterul algebraSi (RWCA), gamoTvliTi maTematikis 

safuZvlebi (FoCM), kompiuteruli algebris apllikaciebi (ACA), 

kompiuteruli algebris praqtikumi (Workshop) mecnierul gamoTvlebSi 

(CASC).erT-erTi maTgania kompiuteruli algebra da misi gamoyeneba 

fizikaSi dubnaSi, sanqt-peterburgi, ruseTi. aseTi konferenciebis 

kalendari SegiZliaT moiZioT saitze www.sigsam,org/calendar.phtml.mraval 

universitets gaaCnia kompiuteruli algebris jgufebi Tu proeqtebi. 

bevri Jurnali gamoicema gamoTvliTi mecnierebebisa da simboluri 

gamoTvliTi teqnikebis Sesaxeb. Elsevier, mecnierebisa da maTematikis 

ganaTlebis saerTaSoriso Jurnali (Elsevier, International Journal of Science and 

Mathematics Education), maTematikis kompiuteruli algebris saerTaSpriso 

Jurnali maTematikur ganaTlebaSi (International Journal of Computer Algebra in 

Mathematics Education), saerTaSoriso Jurnali, kompiuterebi maTematikuri 

swavlebisTvis (The International Journal of Compiuters For Mathematics Learning). 

mravali universiteti da kompania sTavazobs Web bazaze 

dafuZnebul/gaSualebultreinigebs TavianT studentebsa da muSakebs. WBE 

http://www.sigsam,org/calendar.phtml
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iZleva uzarmazar ekonomias msoflios masStabiT masze gazrdili 

“moTxovna-miwodebis”gamo.MA 

Tezisebis sagnobrivi bmulebi (kavSirebi) 

Tezisebis Tema warmoadgens e.w. case-study-s aplikacias (ganacxads) 

xelovnuri inteleqtis, kompiuteruli algebris, gamoyenebiT maTematikur 

m,ecnierebaTa, inJineriisa da gamoTvliTi mecnierebebis  

urTierTgadamkveT (transseqciur) sferoebSi, eleqtromagnetizmis kvleva-

Ziebisadapedagogiur procesebSi; “eleqtromagnetizmis eleqtrostatikis 

nawilis” swavlebisa da swavlis procesebSi kompiuterizebul garemosa 

da Web bazaze dafuZnebul/gaSualebul ganaTlebaSi. 

naSromis mizani da amocanebi 

winamdebare naSromis mizaniaCAS-Maxima-s gonivruli gamoyeneba 

eleqtrostatikaSi, programirebis meTodebis reprezentaciaMMaxima-s 

garemoSi mecnierebis, instruqtorebisa da studentebisTvis da am 

aplikaciaTa momzadeba nebismieri Web klientis moxmarebisTvis. 

mocemuli naSromiT Cven gamiznuli gvaqvs, gavxsnaT gza axali kvlevebisa 

da eleqtrostatikis swavlisa Tu swavlebis warmarTvisTvis, romlebic 

aRniSnul process gacilebiT martivs, swrafsa da kreatiuls gaxdis. 

am naSromiT Cven SevecadeT mogveZebna miTiTebuli problemebis 

gadawyveta Semdeg sakiTxebSi: 

1 – nacnobobis, siaxlovis Seqmna Maxima-s gamoyenebasTan dakavSirebuli 

momxmareblebisTvis mocemul domeinSi; 

2 – CAS RirebulebiTi problemis SedarebiT iafi gadawyveta; 

3 – Case-study-s prezentacia kompiuteruli algebris sferoSi da Maxima-is 

saSualebiT misi aplikaciebis warmodgenaeleqtrostatikis dargSi; 
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4 – SCORM-is Sesabamisi cifruli kontent meTodebis momzadeba da 

Cveneba;  

5 – teqnikuri instrumentis momzadeba, romelic masTan dakavSirebul 

pirebs xelsayreli SesaZleblobebiT uzrunvelyofs  

axalikvleva=Ziebisa da akademiuri kvlevebis Casatareblad.  

naSromis meTodologia 

literaturis mimoxilvis Sesabamisad CamoTvlilia sxvadasxva mecnierTa 

mier deklarirebuli saganmanaTleblo procesSi CAS-is gamoyenebis 

upiratesobebi da naklovanebebi. maTi gaTvaliswinebiT da fizikis 15 

wliani pedagogiuri gamocdilebis safuZvbelze Cven SevimuSaveT 

meTodologia, romlis principebic moyvanilia qvemoT: 

 pirvelad xdeba Teoriuli bazisis gadmocema da Semdgom Maxima-s 

aplikaciebis warmodgena. 

 Maxima-s daxmarebiTsavarjiSoebis gadawyvetaar ugulebelyofs 

qvesafexurebisTanmimdevrobas; 

 dialeqtikuri gansxvavebebi miTiTebul wignebsa da Maxima-s 

Soris koreqtulia da xazgasmulia, sadac amis saWiroeba 

arsebobs; 

 warmodgenilia saTanado grafikuli ilustracia, sadac amis 

saWiroeba warmoiSveba; 

 me ar damitvirTiaMaximasakuTari SinaarsiT, aramed gavaZliere 

igi imis warmosaCenad, rac msurda; 

 Sevecade ar momexdina nebismieri bazisuri magaliTis 

ugulebelyofa, romlis swavlebac aucilebeli iyo 

auditoriebSi; 

 Sevecade Maxima-sgamoyenebis swavlebas aplikaciebis 

prezentaciis procesSi; 

 programirebis meTodebi mocemulia aplikaciebis magaliTebiT; 
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 demonstrirebulia kursis  Web-gverdis momzadeba, an SCORM-is 

Sesabamisi Sinaarsis (kontenti)gaformeba. 

 Sinaarsis (kontentis) dizaini SesabamisobaSia SCORM-is 

standartebTan, ramac momxmareblebSi misi farTo popularoba 

ganapiroba.  

naSromis amocanebia: 

a) CAS-is gamoyenebis RirebulebiTi problemis ufaso gadawyvetis 

uzrunvelyofa 

b) “problemis gadawyvetis momzadebaeleqtrostatikisTvis 

gankuTvnili saswavlo saSualebis bazaze” 

c) Maxima-s daxmarebiT TiTqmis yoveli gaangariSebis ilustrireba 

veqtoruli analizisa da eleqtrostatikis  gamoTvlebSi 

gamoyenebiTiynarebisa da gamoangariSebaTa programirebis 

meTodebis  safuZvelze 

d) samuSao cxrilebis(Worksheet) amuSavebis mzadyofna 

TviTSeswavlisa da eleqtrostatikis kvlevebisTvis 

kompiuteruli laboratoriuli sesiebis momzadeba 

e) sanimuSo, samagaliTo naSromis prezentacia “kompiuteruli 

laboratoriuli sesiebisTvisinJineriis leqciebze nebismieri 

momxmareblisTvis, visTvisac ucnobia kompiuteruli algebris 

sistemebi 

f) kompiuteruli algebris (Maxima) efeqturi gamoyenebis meTodebis 

prezentacia eleqtrostatikis kvlevebSi 

g) programirebis meTodebis Cveneba araprogramistebisTvis Maxima-s 

saSualebiT 

h) momxmarebelTa waxaliseba Maxima-s gamosayeneblad maTi 

Seswavlis, kvlevis miznebisTvis  

i) Maxima-s unarebisa da SesaZleblobebis gamovlena da 

ganviTareba eleqtrostatikaSi gamoTvlebis sawarmoeblad 
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j) saswavlo damxmare saSualebebis prezentacia, romlebic 

xelmisawvdomia msoflio informaciul qselSi (Web) (farTo Tu 

lokaluri), agreTve, kvlav moxmarebadi da  sxvadasxva 

pompiuterul sistemebSi interoperirebadia SCORM-is 

standartebis gamoyenebiT, 

k) Maxima-s garemocvaSi moxmarebadi, moqnili, adgilisa da drois 

TvalsazrisiT Tavisufali da mosaxerxebeli Web bazaze 

dafuZnebuli priblemis gadawyvetis saswavlo 

damxmaresaSualebaeleqtrostatikasTvis” 

naSromis meSveobiT momxmarebeli SeiZens Maxima-s saSualebiT 

dawvrilebiT codnasa da gamocdilebas Semdegi sagnebis Seswavlasa 

da kvlevaSi: 

 veqtoruli algebra 

 veqtoruli operaciebi marTkuTxa, cilindrul da sferul 

koordinatebSi 

 Maxwell-is gantolebebi 

 diferencialuri gantolobebis gadaWra 

 wilobiTi diferencialuri gantolebebis gadaWra 

 kompleqsuri analizis meTodebis gamoyeneba eleqytostatikaSi 

 sasruli diferenciis meTodis aplikaciebi 

 2D da 3D plotirebis grafikebi 

 

 

naSromis mecnieruli siaxle, inovacia 

- eleqtrostatikis kvlevebSi gamoyenebadi maTematikuri meTodebis 

erToblioba 
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- modelis SemuSaveba eleqtrostatikis gamoTvlebSi MMMaxima-s 

gonivruli, mosaxerxebeli gamoyenebisTvis  

- gzamkvlevi instrumentis SemuSaveba inJineriis sxva dargebSi 

umaRlesi maTematikis gamoyenebisTvis 

- saswavlo auditoriebSi saganmanaTleblo procesisTvis 

mxardamWeri instrumentis SemuSaveba SemswavlelTa xeliT da 

avtomatizebuli  gamoTvliTi unar-Cvevebis gaZlierebis mizniT 

- pirveli nabijis ganviTareba eleqtromagnetizmis sferoSi Maxima-s 

saSualebiTaxali samecniero da akademiuri kvlevebis Casatareblad  

naSromis praqtikuli mniSvneloba, Sedegebi: 

mecnierebs eqmnebaT gonivruli, mosaxerxebeli gamoTvliTi instrumenti 

TavianTi kvlevebis sawarmoeblad. maT eZlevaT TiTis ramdenime daWeriT 

gamoTvlebis ganxorcielebisa da miRebuli Sedegebis naxvis saSualeba 

algebruli gamosaxulebebis, grafikebisa Tu animaciebis moSveliebiT. 

kompiuteruli algebris sistemas gaaCnia “”damxmare” failebi. es aris e,w, 

softSi (software) Semavali funqciebis sia.momxmareblebi kargavdnen uamrav 

dros saTanado kodis moZiebis gamo. axla ki SesaZlebelia 

eleqtrostatikaSi gamoyenebadi kodebis gamotana da maTi 

momxmareblebisTvis miwodeba momzadebuli saxiT. Eეsmocemul Sromas 

“praqtikul iaraRad” aqcevs. SesaZlebelia am gamokvlevis kompaqturi 

eleqtronuli matareblis (CD) formiT Casma da misi konvertireba 

“misaxerxebel saswavlo damxmare saSualebis sistemad Maxima-s 

bazaze”.misi kontenti, Sinaarsi mzad aris nebismieri universitetis CMS 

sargeblobisTvis. 

instruqtorebs, mecnierebs eqnebaT gonivruli, mosaxerxebeli saswavlo 

damxmare saSualebis sistema, romelic maTTvis dawvrilebiT axsnilia. 

maT eZlevaT meti magaliTebis moSveliebisa da saTanado grafikebis, 

pasuxebis CamonaTvalisa Tu animaciebis ilustrirebis unari. 

maTSeeZlebaT meti sargeblis miReba kompiuterulad gaSualebuli 
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swavlebisgan, anu swavlebis procesis ageba konstruqtuvusturi Teoriis 

Sesabamisad, romelic dRes aseTi popularulia.maR SeeZlebaT swavlebis 

iseTi meTodebis daufleba, rogoricaa problemaze dafuZnebuli da 

jgufuri swavlebis, kvlevis meTodebi.   

studentebs eZlevaT gonieri damxmare TavianTi kvlevebis sawarmoeblad. 

Mმaთ SeeZlebaT gaaumjobeson TavianTi kalkulaciuri unar-Cvevebi.  

ar arsebobs mocemuli naSromiT sargeblobis finansuri problema. 

naSromis saimedooba 

me gamoviyene savarjiSoebi da eleqtrostatikaSi moyvanili kargad 

cnobili problemebi da umaRlesi donis maTematikuri wignebi. Cven maTi 

daxmarebiT miviReT igive Sedegebi.magaliTad., rodesac me vmuSaobdi 

Maxima-s kodis Sedgenaze poizonis gantolebebis ricxviTi 

gaangariSebebis mizniT, me momixda maTi Semowmeba ufro maRali donis 

CAS,Matlab da Maple-s instrumentebiT.studentebma, romlebsac vaswavlidi 

maTematikur formulebs fizikisTvis, es naSromi gamosadeg da martivi 

moxmarebis saSualebad miiCnies,  

avtoris personaluri wvlili: 

yvela kompiuteruli naSromi (Maxima da eXe) Seqmnilia Cems 

mier.memocemuli naSromi Sevadgine fizikaSi Cemi 18wliani pedagogiuri 

gamocdilebis safuZvelze. CAS-is gamoyenebaSi arsebulixarvezebi 

gasworebuli iqna avtoris mier. magaliTad., gamartivebul iqnaMaxima-s 

gamoTvlebiT miRebuli uzarmazari Sedegebi. 

წarmoebsSedegebis grafikebis plotireba. me davwere axali Maxima “.mac” 

failebi, romlebic ar arian Maxima-Si. magaliTad.,vecttrans.mac failebs 

gadahyavs koordinatebi da veqtoris gamosaxulebebi sxvadasxva 

koordinatul sistemaSi, poizonisa da laplasis formulebis ricxviTi 
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amoxsnebi, gaangariSebebi Cawerilia FORTRANN da Matlab kodebidan 

STagonebis Sedegad. 

warmodgenilia dasacavad Semdegi Sedegebi: 

- winamdebare naSromis gamoTvlebis SesaZleblobebi 

eleqtrostatikaSi 

- naSromis maTematikuri SesaZleblobebi 

- saswavlo auditoriebSi naSromis gamoyenebis SesaZlebloba  

- sტudentTa personaluri kvlevebis donis amaRlebis SesaZlebloba 

nebismier dros da nebismier adgilas. 

naSromis struqtura da moculoba: 

disertacia Sedgeba sami Tavisagan, daskvnisa da danarTisagan. naSromi 

moicavs 217 gverds, Sedgeba 200 diagramis, 200 cxrilisa da 4 

danarTisagan. 

pirvel TavSi Cven gavaanalizeT kompiuterul algebrasTan 

dakavSirebuyli terminebi, rogorebicaa: 

 kompiuteruli algebris sistemebizogadad 

 kompiuteruli algebra; kompiuteruli algebris sistemebSi 

operirebadi maTematikuri aparatis algebruli bazisi ramdenime 

magaliTis safuZvelze 

 CAS-ebi kompiuteruli programirebis enebisa da xelovnuri 

inteleqtis muSaobis perspeqtividan 

 ganaTleba da kompiuteruli alhebra 

 Maxima rogorc kompiuteruli algebris sistema 

pirveli Tavi warmoadgens kompiuteruli algebris sistemebis rogorc 

maTematikur instrumentisa da informaciul teqnologiur saSualebis 

e.w. softis (software) mimoxilvasa da analizs. 

ganxiluliamaTematikurmowyobilobaTa zogadi SesaZleblobebi, 
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romlebic muSaoben CAS-is safuZvelSi da programirebis maTematikuri 

funqciebis zogierTi algoriTmi.kombinatoruli logika da lambda 

gamoTvlebi ganixileba rogorc mecnieruli programirebis logikis 

fundamenti.mimoxilulia ramdenime CAS.CAS-ebis moqmedeba da maTi 

gavlena saganmanaTleblo procesze detalizirebulia saganmanaTleblo 

da kvleviTi aspeqtiT.aRniSnulia ganaTlebaSi CAS-ebis egeqturi 

gamoyenebis wesebi.moyvaniliaMaxima-s Sedareba ramdenime sxva cnobil 

CAS-Tan,agreTve, Maxima-s kritika misi pozitiur da 

negatiurTaviseburebaTa kuTxiT. 

meore TavSi warmodgenilia internet swavlebisa da SCORM-is 

standartebis analizi sam nawilad.  

 internet swavleba 

 SCORM-is standartebi 

 „eXe‟ softi 

meore Tavi Seexeba e-swavlebas an swavlebas Web bazaze. aRniSnuliae-

swavlebis upiratesobebi da naklovanebebi. GგaanalizebuliaSCORM-is 

standartebi. Cven movaxdineT yuradRebis fokusireba mxolod GAM 

kontent agregaciis wignze.es gaxlavT pirveli wigni SCORM-is 

standartebze, romelic ganmartavs kontentis, Sinaarsis momzadebis 

standartebsa da Sesaswavli obieqtebis gaerTianebas. Cven vaCvenebT 

saswavlo kontentis, Sinaarsis momzadebis meTodebs SCORM-is 

standartebTan SesabamisobaSi Ria wyaros HTML redaqtoris; eXe-s 

meSveobiT.  

mesame Tavi aris Cveni naSromis sanimuSo, samagaliTo Tavi. naSromis 

danarCeni nawili ki moqceulia A danarTSi. “veqtoruli analizi aris 

inJineriiis yvela dargis saerTo Tavi. igi gulisxmobs veqtorul 

algebrasa da veqtorul operatorebs, rogoricaa “gadaxris, 

divergenciis, laplasis operatori, spiralis da sxv. am TavSi Cven 
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warmovadgenT maRali donis maTematikur operaciebSi Maxima-s efeqtur 

gamoyenebas “problemis amoxsnis meTodis” safuZvelze.mocemulia 

laplasis gantolebebis analitikuri gadawyveta cilindrul da sferul 

koordinatebSi. xdeba sakiTxebTan dakavSirebuli grafikebis 

ilustrireba. gansakuTrebiT, detalurad gamosaxuliaprogramirebis 

meTodebi2D da 3D veqtoruli gamosaxulebebisa da plotirebis 

rezultaturiveqtorebis kordinatuli transformaciisTvis.  

danarTi A moicavs Semdeg Tavebs: 

 Aაnalitikurigadawyveta: Cven SeviswavleT bazisuri 

eleqytostatikis subieqtebi, rogoricaa “kolumbis kanoni”, 

eleqtruli velebi, eleqtronuli potenciali” Maxima-s daxmarebiT. 

 organzomilebiani eleqtrostatika: Cven movaxdineT 

eleqtrostatikaSi gamoyenebuli amoxsnis meTodebis Cveneba Maxima-

s meSveobiT“kompleqsuri analizis meTodis” saSualebiT. 

 ricxviTi amoxsnebi: Cven CavwereT algoriTmebi Maxima-Si sasruli 

diferenciaciis meTodiTpoizonisa  da laplasis formulebis 

gamoTvlebisTvis. movaxdineT grafikebis ilustrireba. 

 

 

 

 

 

 

naSromis mokle mimoxilva: 

qvemoT warmodgenilia naSromis mokle Sinaarsi. 



 

17 
 

1 – erTeuli veqtori: 

erTeuli veqtori aris mTavari veqtoris paraleluri veqtori, 

romelsac 1 erTeuli magnituda gaaCnia. 

veqtori gamoisaxeba misi erTeuli veqtoris saSualebiT. zogadad 

veqtori Tavisi erTeuli veqtoris meSveobiT gamoisaxeba Semdegnarad: 

 

erTeuli veqtoris povna SeiZleba:  

 

1 magaliTi: mocemulia -is paraleluri, erTeuli veqtoria 

 

es moqmedeba sruldeba Maxima-Si, rogorc qvemoTaa naCvenebi: 

 

diagrama 1.erTeuli veqtori Maxima-s meSveobiT 

 

2 – veqtorebis transformacia 

zogjer, Cven vejaxebiT Maxima-s arasakmaris moqmedebas; Cven vavsebT 

mas ”Cveni kodebiT”. magaliTad., qvemoT moyvanilia, Tu rogor 

gamoisaxeba cilindruli veqtori kartezianul koordinatebSi: 
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diagrama 2 transformacia Maxima-s saSualebiT 

3 – veqtoris plotireba 

mesameTavi iwyeba “veqtoruli analiziT”, romelic warmoadgens saerTo 

Tavs fizikis swavlebiTvisinJineriis mecnierebaSi.am TavSi nakvlevia 

Semdegi sakiTxebi: 

- veqtoruli algebris,veqtorebis definicia, mimateba, gamokleba, 

wertilovani warmoeba, veqtoruli warmoeba, veqtorebis plotireba, 

veqtoruli operatorebi; veqtoris divergencia, gadaxra, spirali, 

laplasis operatori. 

- movaxdine maqsvelis, laplasisa da poizonis gantolebebis 

detaluri Seswavla. 

- yovelive es gamokvleulia kartezianul, sferul da cilindrul 

koordinatebSi. ilustrirebulia erTi sakoordinato sistemidan 

sxva sistemaSi transformacis (gadayvanis) teqnikebi. 

- mocemuliaMaxima-Si Semavali sxva koordinatTa sistemebis 

CamonaTvali da naCvenebia maTi gamoyenebis axsna, rogoricaa: 

konfokalelifsoiduli, konikaluri, oblatesferoiduli, 
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eliftikcilindruli da a.S. plotirebis magaliTebi qvemoTaa 

warmodgenili: 

 

diagrama 3 rezultaturi veqtoris ploteri 

4- maqsvelis gantolebebi kartezianul da sferul koordinatebSi: 
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diagrama 4 maqsvelis gantolebebi 

eleqtrostatika analitikuri meTodebiT: 

am TavSi warmovadgenT eleqtrostatikis analitikur meTodebs da 

magaliTebis amoxsnas Maxima-s meSveobiT.ase magaliTad:  

savarjiSo: ipoveT laplasis gantolebis amoxsnaerTi cvvladiT 

. Semdeg ipoveT  gamosaxuleba.aiReT sazRvriTi 

pirobebi . 

amoxsna: tolobisSesabamisad amoxsna Semdegnairad gamoiyureba: 

 

K1 da K2 napovniasasruli mniSvnelobebidan 

 Semdeg viRebT gamosaxulebas 

. eleqtruli veli miiReba -dan, rogorc 
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AაmoxsnaMaxima-Ti 

 

diagrama 5 laplasisgantolebis amoxsnebi 1D-Si 

6- am seqciaSi, sakuTriv, raodenobrivi meTodi sruli diferenciaciis 

meTodi Seiswavleba. raodenobrivi meTodebi laplasisa da poizonis 

tolobebisTvis Cawerilia Maxiina-s kodebSi rogorc “originaluri 

naSromi”. 
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magaliTi:  

 

Aაmoxsnisdros miiReba grafiki: 

 

diagrama 6 laplasis gantolebis raodenobrivi gadawyveta 3D-Si 
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7- organzomilebiani eleqtrostatika; kompleqsuri analizi: 

am TavSi Cven warmovadgenT gamoTvlebs, romlebic gamoiyeneba 

orgabzomilebian eleqtrostatikaSi komleqsuri analizis meTodiT. 

magaliTebi amoxsnilia Maqsima-s saSualebiT. 

magaliTi:ipoveT eleqtruli potenciali  ori sawyisi 

koaqsalur cilindrs r=a da r=b Soris regionSi (Tu areSi)., romelsac 

Sesabamisad gaaCnia U1 da U2 potencialebi da naCvenebia mrudebi.  

 

diagrama 7 

amoxsna: transformacia  xazavs 

anulirebul regions (Tu ares) wreebs Soris r=a da r=bsawyis 

monakveTze w sibrtyeSi, rogorc naCvenebia diagramaSi 4.2. 

potenciali  sawyis monakveTSi iZensSemosazRvrul mniSvnelobebs 

 

eleqtruli potenciali SeiZleba Caiweros  Semdegnairad 
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Tanabarpotencialuri mrudebi mudmivasarian koncentrirebuli 

wreebi regionis centrSi. fluqsiis (warmoebulis) xazebi arian 

saTavidan gamomavali sxivebis wilebi. Tu , maSin amoxsna 

ilustrirebulia diagramaSi 7. 

Tanabarpotencialuri mrudebis plotireba SeiZleba Maqsima-s 

meSveobiT, rogorc qvemoTaa naCvenebi: 

 

 

Ddiagrama. 8 Tanabarpotencialuri xazebi 
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8- kontentis Sesruleba eXe garemoSi 

mesame TavSi veqtoruli analizi Maxima-Ti eXe garemoSi sruldeba, 

rogorc qvemoTaa naCvenebi:  

 

diagrama 9.eXe aplikacia 

 

9- SCORM-is Sesabamisi kontentis momzadeba eXe-s saSualebiT 
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diagrama 10. eXe aplikacia – 2 
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diagrama11. eXe-s aplikaciis Sinaarsis eqsportireba rogorc SCORM-is 

Sesabamisi Web gverdisa 

 

diagrama 12 veqtorebis Web gverdis eXe aplikacia Maxima-s meSveobiT 
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diagrama 13 eXe aplikacia: veqtorebis Web gverdis SinaarsiMaxima-s 

meSveobiT 

daskvna 

Cveni naSromi warmoadgens prototipul gamokvlevas Ria wyaro CAS-is 

saSualebiT;Maxima, eleqtrostatikaSi. es naSromia “Maxima-

sdaxmarebiT problemebis gadawyvetis iaraRi”. nebismier momxmarebels 

SeuZlia am iaraRis gamoyeneba Tavisi kvlevis Catarebisas sxvadasxva 

saWiro wignisagan damoukideblad. Teoriebisprezentacia dawvrilebiT 

ar aris warmodgeni;li. TiToeuli maswavlebeli iyenebs sxvadasxva 

Sesabamisliteraturas. Tumca isini aswavlian erTsa da imave 

konceftebs da TiTqmis msgavs magaliTebs iSvelieben.Cven vaCveneT 

mxolod “savarjiSoebis amoxsnebi” sxvadasxva meTodis saSualebiT, 

rogoricaa analitikuri, raodenobrivi meTodebi Maxsima-s 

gamoyenebiT.am gziT, Cven gamiznuli gvaqvs bevri momxmareblis 

interesis mipyroba. am aspeqtisgaTvaliswinebiT, eleqtrostatikis 

maTematikuri nawilebi erTad  moqceyulia. savarjiSoebi, romlebsac 

Cven viyenebT mTeli kvlevis ganmavlobaSi, amoRebulia sxvadasxva 

kursis wignebidan. Cven SevecadeT maTi meSveobiT igive Sedegebis 
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miRwevas.Maxima-s saSualebiT miRebuli zogierTi simboluri Sedegi 

uzarmazari saxisaa.Cven SecvecadeT aseTi usiamovno Sedegebi 

sasiamovnod gveqcia damatebiTi brZanebebis daxmarebiT, rogoricaa 

martivi gardaqmnebi.kvlevaSi SezRudulia Maxima-s damoyeneba 

veqtorul analizsa da eleqtrostatikis TavSi eleqtromagnezmis 

Sesaxeb.veqtoruli analizi, romelic inJineriis mecnierebisTvis 

saerTo nawils warmoadgens, CarTulia kvlevaSi calke Tavad sxva 

dargis inJinerTa interesis mozidvisada gaRvivebis mizniT.  

naSromi SemoTavazebulia rogorc ufaso CAS; Maxima gankuTvnilia 

yvelasTvis, visacar surs raime safasuris gadaxda. Maxima aris 

“kargi” alternativa ganviTarebadi qveynebisTvis TavianTi 

saganmanaTleblo procesis restruqturizaciisTvis aspiranturis, 

magistraturisa da bakalavriatis safexurebze.Cven movamzadeT, 

aRniSnuli naSromi umaRles skolebsa da universitetebSi fizikis 18 

wliani swavlebis gamocdilebis safuZvelze.mocemuli naSromi 

warmoadgens sanimuSo kvlevas, rac instruqtirebisa da 

maswavleblebisTvis waxaliseba iqneba TavianT leqciebzeMaxima-s (an 

sxva CAS)gamoyenebismimarTulebiT, naSromi gamoyenebadia inJineriis 

fakultetebis eleqtrimanetizmis kursebSi. SesaZlebelia naSromis 

ufro gafarToeba da gavrcoba Maxima-s saSualebiT 

eleqtromagnetizmis sxva Tavebis kvlevis Sedegad.kontentis, Sinaarsis 

dizaini agebulia CSORM-is standartebTan SesabamisobaSi, romlis 

gacvla da gamoyeneba xelmisawvdomia internetiTa da universitetebis 

lokalur qselebSi Web klientebisaTvis. 
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