
 

 

 

    

Savi  zRvis saerTaSoriso universitetiSavi  zRvis saerTaSoriso universitetiSavi  zRvis saerTaSoriso universitetiSavi  zRvis saerTaSoriso universiteti    

    

kompiuteruli teqnologiebis da sainJinro saqmis kompiuteruli teqnologiebis da sainJinro saqmis kompiuteruli teqnologiebis da sainJinro saqmis kompiuteruli teqnologiebis da sainJinro saqmis 

fakultetifakultetifakultetifakulteti    

    

Cveulebrivi diferencialuri gantolebebis simboluri Cveulebrivi diferencialuri gantolebebis simboluri Cveulebrivi diferencialuri gantolebebis simboluri Cveulebrivi diferencialuri gantolebebis simboluri 

gamoTvlis teqnikebi gamoTvlis teqnikebi gamoTvlis teqnikebi gamoTvlis teqnikebi Maple––––is gamoyenebiTis gamoyenebiTis gamoyenebiTis gamoyenebiT 

    

    

isa musluisa musluisa musluisa muslu    

    

sadoqtorosadoqtorosadoqtorosadoqtoro    disertaciis avtoreferati kompiuteruli disertaciis avtoreferati kompiuteruli disertaciis avtoreferati kompiuteruli disertaciis avtoreferati kompiuteruli 

teqnologiebis da sainJinro saqmeSiteqnologiebis da sainJinro saqmeSiteqnologiebis da sainJinro saqmeSiteqnologiebis da sainJinro saqmeSi    

                                                                                                

    

    

    

    

Tbilisi / 2012Tbilisi / 2012Tbilisi / 2012Tbilisi / 2012    



 

1 

 

    

xelmZRvaneli xelmZRvaneli xelmZRvaneli xelmZRvaneli ::::    prof. doqt. niazi ariprof. doqt. niazi ariprof. doqt. niazi ariprof. doqt. niazi ari    

    

                        eqspertebi :eqspertebi :eqspertebi :eqspertebi :    

                                            prof. doqt. irakli rodonaia    . . . . . . . . . . . . . . . . . . . . . . . . .  

           doqt. viqtoria baramiZe   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      

                                                                                                                             

    

    

ოპონენტებიოპონენტებიოპონენტებიოპონენტები:  :  :  :      

                    asoc. prof. doqt. laSa efremiZeE  . . . . . . . . . . . . . . . . . . . . . . .     

           prof. doqt. roman samxaraZe   . . . . . . . . . . . . . . . . . . . . . . . . . .   

            

    

    

    

    

    

    

    



 

2 

 

naSromis zogadi maxasiaTeblebinaSromis zogadi maxasiaTeblebinaSromis zogadi maxasiaTeblebinaSromis zogadi maxasiaTeblebi    

Temis aqtualoba:Temis aqtualoba:Temis aqtualoba:Temis aqtualoba:    

kompiuteruli algebris sistemebi (SemoklebiT CAS) warmoadgenen mzardi 

mniSvnelobis profesionalur instrumentebs mecnieruli da teqnikuri 

saqmianobisfarTo speqtrisTvis. man aRiareba moipova sul raRac 1,2  

weliwadSi, imdenad, rom pasuxismgebeli gaxda mTeli saganmanaTleblo 

procesis Sedgenasa da miwodebaze, rogorc profesiuli formirebis, aseve 

ganviTarebis TvalsazrisiT, amasTanave, igi iRebs valdebulebas am sferos 

profesionalebs Seuqmnas garkveuli garantiebi amgvari sistemebis 

SesaZleblobebisa da SezRudvebis  Sesabamisi codnis SeZenasa da maTi 

gamoyenebis swavlebis inkorporirebisaTvis farTod profesiuli 

aqtivobebis nimuSebSi.igi imdenad mniSvnelovania, rom saWiro xdeba 

sabunebismetyvelo mecnierebisa da inJineriis studentebis momzadeba 

momaval profesiul karieraSi CAS-ebis gamoyenebis aTvisebis mimarTulebiT, 

isini agreTve, rwmundebian mraval sferoSi konkurentuli kvlevebis 

warmoebisas kompiuteruli algebris sistemebis uSualo sargebelSi. 

wamyvaniCAS-ebi warmoadgenen mZlavr instruments, Tumca maTi gamoyeneba ar 

aris moklebuli Tanxmlebi xarvezebis arsebobas. mocemul naSromSi am 

naklovanebebis damuSaveba warmodgenilia gafarToebuli saxiT sxvadasxva 

ilustraciebis safuZvelze erT-erTi yvelaze popularuli CAS-is, Maple-s 

gamoyenebiT. 

naSromisnaSromisnaSromisnaSromismiznebi da amocanebimiznebi da amocanebimiznebi da amocanebimiznebi da amocanebi::::    

ODE aris farTo maTematikuri disciplina, romelic mWidrod 

ukavSirdeba orive wminda maTematikur gamokvlevas da realuri samyaros 

praqtikebs.fizikuri kanonebis maTematikuri formulirebebis umravlesoba 

aRiwereba ODE-s terminebSi, rac warsulSi gaxda kidec mZlavri motivacia 

maTi SeswavlisTvis. meoce saukuneSi mecnierebis uaRresad swrafma 

ganviTarebam ganapiroba misi gamoyeneba agreTve, qimiis, biologiis, 
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medicinis, popularuli dinamikis, genetikuri inJineriis, ekonomikis, 

socialur mecnierebebsa da sxva dargebSi. saxezea yvela dasaxelebuli 

discipliniswinsvla, transformacia Tvisebrivad maRal donezeda axali 

aRmoCenebis inicireba aRniSnuli saxis maTematikuri modelirebis 

daxmarebiT. 

amave dros realuri samyaros problemebi gvevlinebodnen warsulSi 

da dResac ganagrZoben wminda maTematikuri mecnierebis sakuTriv, ODE-s 

intensiur STagonebas: maT mivyavarT axali maTematikuri modelebis 

konstruirebisken da maTematikosebis winaSe ayeneben gamowvevebs maTi 

gadaWris axali meTodebis moZiebis gzaze.aseve unda aRiniSnos, rom 

kompiuteruli mecnierebebis uaRresad swraf ganviTarebas adgili hqonda 

bolo sami aTwleulis ganmavlobaSi: maTematikosebi aRWurvilni gaxdnen 

mZlavri instrumentariiT, romelic adre xelmisawvdomi ar iyo.es faqti 

mecnierebs ubiZgebda ufro kompleqsuri maTematikuri modelebis 

SemuSavebisken, romelTa gadaWrac adre  Znelad SesaZlebeli, an sulac 

rTulad warmosaadgeni Tu gasaazrebeli rCeboda. ramdenadac kompiuterebma 

gansazRvres mocemuli problemis zedmiwevniT mkacri damuSaveba, isini 

Zalze sasargeblo iaraRad iqcnen konkretuli ricxviTi Sedegebis 

gansazRvrisa da  saintereso raodenobrivi eqsperimentebis ganxorcielebis 

gzaze. Cveulebrivi diaferencialuri gantolebebis sferoSi es fenomeni 

sul ufro meti maTematikosis dainteresebas iwvevs arawrfivi 

diferencialuri gantolebebis (Des) kvlevebiT.es faqti Zalze kargad 

dasturdeba  am kvlevaSi Setanili TanamSromlobis wvliliT. 

kompiuteruli algebris sistemebi warmoadgenen samecniero sagnebis 

Seswavlisa da swavlebis revoluciur saSualebas, romelic ganawirobebs 

maTematikis intensiuri gamoyenebis waxalisebas. CAS ariZleva mxolod 

standartuli programirebis enebis  raodenobrivi gamoTvlebis warmoebisa 

da miRebuli Sedegebis plotirebis SesaZleblobas xerxebis farTo 

mravalferovnebis safuZvelze, aramed grZeli da rTuli simpoluri 
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maTematikuri manipulaciebis Sesrulebasac uzrunvelyofs. mocemuli 

teqstis mizans warmoadgens imis Cveneba, Tu kompiuteruli algebris 

sistema (CAS) rogor gamoiyeneba problemis gadaWrisa da maTematikur 

fizikaSi konceftebisa da meTodebis gamokvlevis ganxorcielebaSi, CAS 

SeuZlia farTo speqtris maTematikuri operaciebis Sesruleba, maT Soris: 

• analitikuri diferenciacia da analitiukuri/raodenobrivi integreba 

• ODE-PDE-ebis analitikuri/ raodenobrivi gadawyveta 

• funqciebis teilor/laurentis seriis gafarToebebi 

• algebruli gamosaxulebebis manipulaciebi da martivi gardaqmnebi 

• algebruli gantolebebis analitikuri/raodenobrivi amoxsna 

• organzomilebiani da samganzomilebiani veqtoruli velebis 

producireba da plotebis gamosaxva 

• analitikuri da raodenobrivi amoxsnebis animacia 

Tezisebi efuZneba mZlavr Marple 13 informaciul teqnologiur 

saSualebas e.w softs (software).TezisebSi warmodgenilia IAAUuniversitetis 

DE kursebis kurikulumi.es kvleva gankuTvnilia specialurad inJineriis 

studentebisTvis. Tezisebis Tema warmoadgens e.w. case-study-s gamoyenebas 

kompiuteruli algebris (CA) urTierTgadamkveT (krosseqciur) sferoebSi, 

romelic operirebadia maTematikur mecnierebebSi, kompiuterul 

mecnierebebSi, ODE-s kvleviT procesebSi; pedagogiur procesebsa da 

kompiuterizebul garemoSi ODE-ebis swavlebisa da swavlis procesebSi. 

gamokvlevis gamokvlevis gamokvlevis gamokvlevis samizne amocanebisamizne amocanebisamizne amocanebisamizne amocanebi:  

naSromis mizans warmoadgens ODE-sTvis gamiznuli simboluri 

gamoTvliTi teqnikebis ilustrireba da kompiuteruli algebrisTvis Case-

study-sa da misi aplikaciebis ganviTareba; agreTve,mecnierebis, 

konstruqtorebisa da studentebisTvis kompiuteruli algebruli sistemis 

(CAS), Maple-s gamoyenebis Cveneba. winamdebare kvleviT Cven SevecadeT 

gagvexsna gza axali gamokvlevebisa da ODE-s axleburi swavlebisa 
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daswavlisTvis, romelic saswavlo process bevrad ufro martivs, swrafsa 

da kreatiuls gaxdida.  

mocemuli naSromiT Cven ganiznuli gvaqvs aRniSnuli problemebis 

Semdgomi gadawyvetis monaxva iseT sakiTxebSi, rogoricaa: 

1. CAS-is mniSvnelobis axsna samecniero da saganmanaTleblo 

procesebSi; 

2. Maple-s gacnoba aRniSnul domeinSi (sferoSi) mis moxmarebasTan 

dakavSirebuli momxmareblebisTvis; 

3. case-study-s prezentacia kompiuteruli algebris arealSi da misi 

aplikaciebi ODE-Si Maple-s saSualebiT; 

4. ODE-Si warmoebuli kalkulaciebis gaerTianeba simbolur 

gamoTvliT teqnikebTan; 

5. teqnikuriiaraRis momzadeba, romelic dainteresebul pirebs 

uzrunvelyofs xelsayreli SesaZleblobebiT axali kvleva-

Ziebisa da akademiuri kvlevebis Casatareblad. 

6. Maplet aplikaciis Seqmna ODE-s swavlebisa da swavlis 

procesebis intensifikaciisTvis. 

gamokvlevis sagans warmoadgens ODE-ebis simboluri gamoTvliTi 

teqnikebis gamokvleva, amoxsnis meTodebis  Maple-s aplikaciebisa da Maplet 

aplikaciebis Seqmna. 

gamokvlevis meTodebigamokvlevis meTodebigamokvlevis meTodebigamokvlevis meTodebi: 

naSromis meTodologia efuZneba ODE-s Teoriebsa da maTematikur 

praqtikebs, maTematikis simboluri gamoTvlebis teqnikebs, romelebic  ODE-

Si operireben, maTematikur meTodebs, kompiuteruli algebruli sistemebis 

samecniero da  saganmanaTleblo mizniT gamoyenebas.naSromis Sinaarsobrivi 

Tanmimdevroba warmodgenili kuyrukulumis paraleluria; pedagogiuri 

Sinaarsis dizaini ar aris damTrgunveli da damabneveli efeqtis mqone 
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SemswavlelebisTvis, romlebic SeCveulni arian  sakurso wignebTan 

urTierTobas.  

praqtikuli mniSvneloba:praqtikuli mniSvneloba:praqtikuli mniSvneloba:praqtikuli mniSvneloba:    

naSromis praqtikuli mniSvneloba mdgomareobs ODE-s gadaWris meTodebis 

Maple da Maplet aplikaciebis swavlebisa da swavlis procesebSi warmatebiT 

gamoyenebis SesaZleblobaSi universitetebSi sainJinro, eleqtroobisa da 

eleqtronikis departamentebSi. kerZod ki, Maplet aplikaciebis, rogorc 

logistikuri iaraRis gamoyenebis Sansi,ODE-s swavlebis saqmeSi. es 

aplikaciebi ukve 3 wlis ganmavlkobaSi moqmedebs gamoyenebiTi maTematikuri 

softis (software)Maple kursSi IAAU universitetSi inJineriis falultetze.  

naSromis mecnieruli siaxle, novacia:naSromis mecnieruli siaxle, novacia:naSromis mecnieruli siaxle, novacia:naSromis mecnieruli siaxle, novacia:    

1. ODE kvlevebSi gamoyenebuli maTematikuri meTodebis gaerTianeba; 

2. ODE gamoTvlebSi Maple-s gonivruli, mosaxerxebeli  moxmarebis 

modelis SemuSaveba;  

3. umaRlesi donis maTematikas gamoyenebis gzamkvlevi instrumentis 

ganviTareba inJineriis sxva dargebisTvis; 

4. saswavlo auditoriebSi saganmanaTleblo procesebos mxardamWeri 

instrumentis SemuSaveba  SemswavlelTa xeliT da avtomaturi 

gamoTvliTi unarebis gaZlierebis mizniT; 

5. ODEsferoSi Maple-s gziT pirveli nabijis SemuSaveba axali 

samecniero da akademiuri kvlevebis ganviTarebisTvis. 

 

definiciis problemadefiniciis problemadefiniciis problemadefiniciis problema    

kompiuteruli algebruli sistemebis gamoyeneba swavlebisa da 

swavlis procesebSi sakuTriv ki, maTematikuri ganaTlebis TvalsazrisiT. 

dRes maTematikuri ganaTlebis procesSi uamravi kompiuteruli algebris 

sistemamoqmedebs. maT Soris yvelaze cnobilia Maple,Matlab, Mathematica da a.S. 
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dRes Maple kompiuteruli algebris sistemas umaRles skolebSi, kolejebsa 

da universitetebSi farTo gamoyeneba  gaaCnia. Maple upiratesobis mqonea 

Tavisi mZlavri maTematikuri aparatis gamo.problemas qmnis misi gamoyenebis 

specifika saswavlo auditoriebSi maTematikis swavlebisas. arsebobs 

uamravi naSromiMaple da Maplet-is gamoyenebis Sesaxeb. Maplet-is sakmaod bevri 

aplikacia dawerilia ariTmetikis, trigonometriis, pre-aRricxvebsa da 

aRricxvebze, magram Zalze cota Seexeba diferencialur gantolebebs.  

aRniSnul naSromSi Cven warmovadgenT, Tu rogor SegviZlia 

davixmaroT Cveulebrivi diferencialuri gantolebebis swavlebaSiMaple da 

Maplet saSualebebi. 

gamokvlevis safexurebi:gamokvlevis safexurebi:gamokvlevis safexurebi:gamokvlevis safexurebi:    

mTeli gamokvleva moicavs muSaobas Semdeg safexurebze: 

• problemis definicia 

• kompiuteruli algebris sistemis definicia da misi gamnoyenebis 

gansazRvra swavlebisa da swavlis procesebSi, sakuTriv 

maTematikis swavlebisa da swavlis kuTxiT 

• ODE-s Sesaxeb zogierTi Maple sintaqsisi 

• ODE klasifikaciebi 

• ODE simboluri da raodenobrivi amoxsnis meTodebi  

• Maple-s meSveobiT ODE amoxsnis meTodebis aplikaciebi  

• mokle mimoxilviTi informacia Maple-s Sesaxeb 

• Maplet da Maplet-is Seqmnis gzebi 

• ODE-s Maplet aplikaciebi 

    

    

    



 

8 

 

naSromis Sinaarsi:naSromis Sinaarsi:naSromis Sinaarsi:naSromis Sinaarsi:    

naSromi Sedgeba 4 Tavisgan. 

pirveli Tavi moicavs informacias kompiuteruli algebris,  

kompiuteruli algebruli sistemebis, MapleCAS, Maple kodebis ramdenime 

magakliTs,DE-s Sesavals Maple-Si, Maple-s klasifikacias rigebis mixedviT, 1 

rigis gantolebebs, pirveli rigis tolobis sistemebs,. pirvelirigis 

diferencialuri gantoleba klasificirdeba rogorc gantolobebi 

cvladTa gancalebiT, wrfivi gantolebebi, zusti tolobebi, homogenuri 

(erTgvarovani) gantolebebi, bernulisa da rikatis gantolebebi. 

pirvelirigis tolobiTi sistemebi iyofa or qveTavad eqvilibriumuli 

(gamaTanabrebeli) analizi,  grafikuli analizi, analitikuri gadawyvetebi 

da raodenobrivi amoxsnebi. eqvilibrimul (gamaTanabrebel) analizSi 

nulovani da ekvilibriumuli (gamaTanabrebeli)gantolebebi 

ganixileba.ricxviTgantolobebSi Seiswavleba ekvilibriumis (gaTanabrebis) 

wertilebi da gadaxris velebi. dawvrilebiT ganixileba ekvilibriumul 

wertilebSi fazurigamosaxulebebi 2D wrfivi avtonomiuri sistemebisTvis 

da fazurigamosaxulebebi 2D arawrfivi avtonomiuri sistemebisTvis.  

meore Tavi Seexeba iseT sakiTxebs, rogoricaaODE-s simboluri 

gadawyvetis meTodebi,wrfivi da arawrfivigantolobebi, superpozicia, 

mwkrivis Sekveca, qauCi-eileris gantolebebis kerZo gadawyvetebi, kerZo 

gadawyvetebSi ganusazRvreli koeficientebis meTodi, parametrebis variacia, 

transferuli (gadamyvani) funqciebi da sixSiruli asaxvis mrudebi, fisvais-

gansazRvruli da impulsuri funqciebi, hevisaidis funqciebis laplasuri 

gardaqmnebi, dieaqis funqciebis laplasuri gardaqmnebi, paueris seriis 

amonaxsnebi, rigiTi da singularuli wertilebi, frobeniusis meTodi, 

leJengres gantolebebi, beselis gantolebebi.  

mesame TavSi moqceulia ODE-s ricxviTi amoxsnebis meTodi da 

aplikaciebi, fotografirebis meTodi, sruli diferenciaciis meTodi, 
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eileris meTodi, ranJ-kiutas meTodi. meore rigis SemosazRvruli (Tu 

zRvruli) mniSvnelobebis problemebi ganixileba fotografirebis meTodSi. 

ranJ-kiutas meTodSi garCeulia ranJ-kiutas cxadi implimentacia da Ddsolve 

brZanebis gamoyeneba ranJ-kiutas saSualebiT. da bolos, mocemulia 

eleqtruli wredebis ramdenime SemTxveva da inJinrebisTvis gankuTvnili 

praqtikuli gadawyveta.  

meoTxe TavSi gamoiyofa ODE-sMaple da Maplet aplikaciebi, Maplet 

definicia da Maplet Seqmnis xerxebi, Maplet-is Seqmna kodebis gziT, Maplet-

ebis ageba Maplet amgebi asistentis (Maplet Builder Assistent) daxmarebiT, ODE-s 

gancalebis gantolebebis Maple aplikaciebi, pirveli rigis wrfiviDE-ebi, 

bernulis diferencialuri gantolebebi, meore rigis erTgvarovani da 

araerTgvarovani mudmivi korficientis diferencialuri gantolebebi, ODE-s 

ricxviTi amoxsnebi. 

Tezisebis Tezisebis Tezisebis Tezisebis Tematuri bmulebi (kavSirebi)Tematuri bmulebi (kavSirebi)Tematuri bmulebi (kavSirebi)Tematuri bmulebi (kavSirebi)    

Tezisebis Tema warmoadgens e.w. case-study-s kompiuteruli algebris 

erTierTgadamkveT (interseqciur) sferoebSi, romelic gamoiyeneba 

maTematikur da kompiuterul mecnierebebSi, ODE-s kvleviT procesebSi, 

pedagogiur rocesebSi, kompiuterizebul garemoSi ODE-s swavlebisa da 

swavlis procesebSi. 

naSromis aprobacia da kvleviTi Sedegebis implimentacianaSromis aprobacia da kvleviTi Sedegebis implimentacianaSromis aprobacia da kvleviTi Sedegebis implimentacianaSromis aprobacia da kvleviTi Sedegebis implimentacia    

kvlevis Sedegebi warmodgenili iqna Semdeg konferenciebze: 

yvela publikacia, romelic kvlevis Sedegebis gamocemas axdens 

mocemulia miTiTebul literaturaSi.  

naSromis moculoba da struqtura:naSromis moculoba da struqtura:naSromis moculoba da struqtura:naSromis moculoba da struqtura:    

Tezisebi moicavs 178 gverds da Sedgeba Sesavlis, ori nawilisa da 

daskvnisgan. 
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magaliTebi TezisebidanLmagaliTebi TezisebidanLmagaliTebi TezisebidanLmagaliTebi TezisebidanL    

1.1.2. zogierTi komerciuli da Ria wyaros kompiuteruli algebris sisyemebi: 

MAPLE, Macsyma, MuMath, Derive, Scilab, SAGE, Maxima, Magma, Mathematica, Matlab  

1.1.3. kompiuteruli algebris sistemebis (CAS) gamoyeneba: 

sistemis gamoyeneba SeiZleba Sejamdes Semdegi saxiT: 

1. maTematikosebi da masTan daaxloebuli mkvlevarebi CAS-ebs 

iyeneben axali ideebisa da axali maTematikuri struqturebis 

gamosavlenad 

2. CAS-ebi mkvlevarebs ara mxolod gaangariSebebSi exmarebian, 

romlebic sxva SemTxvevaSi, bevrad ufro damRleli, energiisa da 

drois damkargavi iqneboda, aramed isini axdenen mecnierTa 

waxalisebas iseTi gaangariSebebis ganWvretasa da gaazrebisken, 

romelTa Sesrulebac sxva xerxiT praqtikulad SeuZleblad 

miiCneoda 

3. maTematikurad naklebad kargad kvalificirebul momxmareblebs 

SeuZliaT mimarTon kompiuterul algebrul sistemebs araerTi 

manipulaciebis Sesasruleblad, romelTa Sesrulebac xeliT 

arasaimedo iqneboda manipulaciuri unar-Cvevebis naklebobis gamo. 

aqedan gamomdinare, amgvari momxmareblebisTvis CAS-ebi moqmedeben 

rogorc maTematikuri mrCevelebi da eqspertebi. 

1.1.4. CAS-is gamoyenebis upiratesobebi: 

1. CAS abaTilebs safasurs wminda maTematikurad asaTvisebeli unarebis 

gamo 

2. CAS aZlevs studentebs konceftebze aradetalurad koncentrirebis 

saSualebas 
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3. CAS moqmedebs rogorc kompiuteruli TanaSemwe rutinuli 

procrdurebis sawarmoeblad 

4. CAS uzrunvelyofs standartuli instrumentebis miwodebas 

5. CAS moqmedebs rogorc eqsperti sistema 

8. CAS bevrad martivad awarmoebs grafikebis agebasa da vizualizacias 

7. CAS axdens kvlevisa da eqsperimentis waxalisebas  

8. CAS-ebi iZlevian ufro realisturi magaliTebis gamoyenebis 

saSualebas 

9. CAS-ebi SeiZleba gamoyenebuli iyvnen programirebis swavlebisTvis 

10. CAS-ebi SeiZleba gamodges leqtorebisTvis kompleqsuri/animaciuri 

vizualizaciis konstruirebisa da instruqciaTa gaumjobesebisTvis. 

1.1.5. 1.1.5. 1.1.5. 1.1.5. CAS----is maTematikuri Taviseburebebiis maTematikuri Taviseburebebiis maTematikuri Taviseburebebiis maTematikuri Taviseburebebi    

zogadad, CAS gaaCnia 4 ZiriTadi nawili iris, kernel, library,Privat Llibraries. 

magaliTad.,Maple-s struqtura mocemulia qvemoT moyvanil cxrilSi.  

1.1.7. kompiuterulialgebris sistemebi da ganaTleba1.1.7. kompiuterulialgebris sistemebi da ganaTleba1.1.7. kompiuterulialgebris sistemebi da ganaTleba1.1.7. kompiuterulialgebris sistemebi da ganaTleba    

m. ketlin heidi(1984, 1988) iyo pirveli, vinc CAS gamoiyena gamoTvliTi 

kursis reorganizaciisTvis. pirveli konferencia, sadac aRiniSna 

gamoTvliTi miznebisTvis CAS-isa da kalkulatorebis  gamoyeneba, iyo 

“konferencia/praqtikumi (Workshop) kurikulumisa da swavlebis meTodebis 

SemuSaveba gamoTvlebisTvis kolejis doneze” (romelic Catarda tulanis 

universitetSi 1966 wlis ianvarSi). am konferenciazedonald smoli da jon 

hosaki (1986), romlebmackompiuteruli algebris saSualebiT eqsperimentebi 

Caatares, acxadebdnen, rom CAS-isgamoyeneba Semdegi miznebisTvis iyo 

SesaZlebeli: 
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a) konceftualuri gagebis gaumjobeseba 

b) miaxloebiTi amoxsnisa da SecdomebiTSemosazRvruli analizis swavleba 

g) savarjiSoebisa da testirebis sakiTxebis gaumjobeseba 

d) mwiri algebruli unar-Cvevebis gavleniTgamowveuli SezRudvebis 

daZleva  

e) CAS-is saSualebiT studentebisTvis  kalkulirebis Rirebuli 

ideebisgamovlenisa da am ideebis gamoyenebis SesaZleblobis micema 

SedarebiT realisturi problemebis gadasaWrelad 

1.1.8. CAS----is gamoyeneba maTematikis swavlebisTvisis gamoyeneba maTematikis swavlebisTvisis gamoyeneba maTematikis swavlebisTvisis gamoyeneba maTematikis swavlebisTvis: 

a) studentebs eqmnebaT ufro rTuli problemebis Seswavlis unari, 

radgan aRar arsebobs yvela saWiro manipulaciis xeliT 

Sesrulebis aucilebloba 

b) studentebs eZlevaTCAS-is grafikuli SesaZleblobebis gamoyeneba 

gaangariSebaTa konceftebis geometriuli perspeqtivis 

warmodgenisTvis.   

c) studentebi weren TavianTi naSromebis Sesaxeb 

d) studentebi TviTonve axdenen mniSvnelobebis Seswavlasa da Seqmnas  

e) kooperatiuli swavlebisa da jgufuri muSaobis zogierTi forma 

Tuki aRniSnuli teqnologia saTanadod gamoiyeneba, maSin igi ganapirobebs: 

a) ufro efeqturi swavlebisa da swavlis sistemas 

b) studentis ufro damoukidebel produqtiul aqtivobas 

c) studentis met kreatiulobas 

d) maswavleblis mzard mniSvnelobas 

1.1.9. 1.1.9. 1.1.9. 1.1.9. kompiuteruli algebris sistema maTematikur ganaTlebaSikompiuteruli algebris sistema maTematikur ganaTlebaSikompiuteruli algebris sistema maTematikur ganaTlebaSikompiuteruli algebris sistema maTematikur ganaTlebaSi    

ruTenma, ruSamma da Caplinma (Ruthen, Rousham da Chaplin (1097) TavianTi 

kvlevis bolos miakvlies Semdeg mignebebs: 
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• CAS-s SeuZlia pozitiuri rolis Sesruleba saazrovno  sistemis 

rogorc kognituri instrumentis reorganizaciis saqmeSi 

• CAS-sSeuZlia mogvces ararutinul problemebTan brZolis Sansi 

• CAS-sSeuZlia uzrunvelyos interaqtiuri saswavlo garemo 

• CAS-s gaaCnia azrovnebis sazRvrebis gafarToebis SesaZleblobebi 

aspestbergerma (1998) SemogvTavaza CAS-isgamoyeneba im problemebis 

gadasawyvetad, romlebic daadgina Tavis gamokvlevaSi: 

• roca maswavleblebssTxoven frazis arCevas integrebis 

konceftisTvis, bevri maTgani irCevs frazas “”derivaciulis 

inversias” nacvlad “raiemanis jamisa”  

• maswavleblebi kargaven uamrav dros warmoebuli funqciis inversiuli 

funqciis povnis wesebis gansazRvraze 

• furclisa da fanqris (paper and pencil operation) operaciebis siZneleebi 

moiTxovs martivi proiblemebis arCevas 

ganuzomeliakompiuteruli algebris sistemebis  gavlena maTematikis 

kurikulumze. maTematikis instruqtorebi TandaTanobiT cvlian TavianTi 

swavlebis teqnikebs am teqnologiebis gamo. CAS-ebi ratom gvevlinebian 

maTematikuri moqmedebebis aseT mZlavr iaraRad?xuTi arsebiTi elementi 

aqcevs CAS-s maTematikuri ganaTlebis unikalur instrumentad. eselementebi 

qvemoTaa mocemuli: 
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გამოთვლები 

(CAS: varaudi, vizualizacia, nimuSi, eqsperimenti, gamoangariSeba) 

    

    

    

    

    

    

    

    

    

    

    

    

diagrama 1.1.  diagrama 1.1.  diagrama 1.1.  diagrama 1.1.  CAS----is xuTi unikaluri elementiis xuTi unikaluri elementiis xuTi unikaluri elementiis xuTi unikaluri elementi    

literaturaSi araerTi mecnieruli gamokvlevis Sedegad, SeiZleba 

iTqvas, rom aravis SeuZlia imisi garantireba, rom kompiuteri momgebiania 

rogorc wasakiTxi instruqciis tvirTisgan bolomde gaTavisuflebis  

saSualeba, igi zrdis warmateb\is albaTobas. aucileblobas warmoadgens 

agreTve, maRali xarisxi da kreatiuli instruqciuli dizaini Sejerebuli 

frTxil Sefasebasa da gadamowmebasTan. (Allessi&Trollip, 2001.).CAS warmoadgens 

katalizartors studentTaTvis rTuli abstraqtuli maTematikuri 

konceftebis gagebis gaumjobesebaSi. 

    

კონექტურა 

წარმოდგენა გაზი 

ნიმუში 

ექსპერიმენტი 
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1.1.10. 1.1.10. 1.1.10. 1.1.10. Maple----s kompiuteruli algebris sistema: s kompiuteruli algebris sistema: s kompiuteruli algebris sistema: s kompiuteruli algebris sistema:     

Maple aris CAS, romelic pirvelad SemuSavebul iqna vaterloos 

universitetSi gvian 1970-ian wlebSi.adreuli versiebi Sedgenili iyo 

ZiriTadi CarComultimoxmarebisa da minikompiuterebSi muSaobisTvis, 

umTavresad UNIXoperatiuli sistemebisTvis.sulufro mZlavri 

mikrokompiuterebis gaumjobesebisa da ganviTarebis Sesabamisad aseve 

viTardebaMaple-s versiebic, romlebic MS-Windows-isa da MacOS operatiul 

sistemebze muSaobdnen.amnaSromSi zogi gaangariSebebis warmoeba moxda MS 

Windows-is versiebis gamoyenebiT, Tumca igivegaangariSebebinawarmoebi iqna 

sxva sistemebis saSualebiT.  Maple warmoadgens zogadi miznis mravalmxriv 

kompiuteruli algebris sistemas.igi gamoiyeneba upiratesad ganaTlebis 

sistemasa da sabunebismetyvelo mecnierul kvlevebSi, maTematikasa da 

inJineriaSi.Maple-s SeuZlia orive, rogorc simboluri, aseve raodenobrivi 

gamoTvlebis Sesrykleba da gaaCnia 2D da 3D grafikuligamosaxvis 

SesaZl,eblobebi. Maple-s uaxlesi versia Maple 15 gaaCnia 

gasarToebiganaxlebuli samomxmareblo interfeisi, sadac moqceulia am 

samive SesaZleblobis integrirebuli unarebi teqxtis dokumentSi, romelic 

iwodeba worksheet (samuSao cxrilad).Worksheet-ebi arian SesaniSnavi mediaciis 

saSualebebi Sedegebisa da saswavlo masalebis prezentaciisa da 

komunikaciisTvis. Tavisebureba, risi wyalobiTac samuSao cxrilebi 

(worksheet) gansakuTrebiT mimzidveli xdeba imaSi mdgomareobs, rom Maple-s 

saSualebiT gamoTvlebis Sedegebi Sesrulebulia maRali xarisxis fontiT 

da sruli maTematikuri simboloebis  mxardaWeris aparatiT, berZnuli 

TvisebebiT, qveindeqsebiT da a.S. Maple agreTve, warmoadgens programirebis 

enas. masSi aris Cawerili TiTqmis yvela maTematikuri da grafikuli 

SesaZlebloba.  

sivrciTefeqturobaze mimarTuli yuradReba sistemas exmareba farTo 

problemebis CarTvaSi da monawileobs mTeli droiTi efeqturobis 

gansazRvraSi.agreTve, samomxmareblo interfeisis sruli gancalkevebis 
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gamo kernelisa da biblioTekisgan,Maple-s kerneli da biblioTeka simbolur 

komponentad gamoiyeneba sxva komerciul da  kvleviT sistemebSi. 

magaliTad.,Mathcad, romelic inJinrebs Soris erT-erTi popularuli 

ricxviTi sistemaa,Maple-s zogierT simbolur funqcionalur maxasiaTebels 

xelmisawvdomsaxdis Mathcad-is momxmareblebisaTvisac. arsebobs agreTve, 

mTeli rigi mzardi funqciebi da paketebi Maple-s saziaro biblioTekaSi, 

romelTanac momxmareblebi mTeli msoflios masStabiT TanamSromloben. 

saziaro biblioTeka aseve Seicavs damatebiT dokumentacias, sxva 

informaciul teqnologiur saSualebebs (software) da sxv. gedesis 

saxelmZRvanelo, romelic Seicavs dawvrilebiT informacias da miTiTebebs 

Maple-Si gamoyenebuli bevri algoriTmisTvis. Cven qvemoT SevajameT Maple-s 

SesaZleblobebi raodenobrivi, simboluri da grafikuli saTaurebis qveS 

da mivaxdineT ramdenime axali Taviseburebis ilustrireba zogierTi 

magaliTis gamoyenebiT: 

raodenobrivi Seraodenobrivi Seraodenobrivi Seraodenobrivi SesaZleblobebi: saZleblobebi: saZleblobebi: saZleblobebi:     

1. garkveuliTviTneburiintegrebis, nakadis wertilisa da 

kompleqsuri ricxviTi ariTmetikis warmoebis sizuste 

2. elementaruli funqciebis ricxviTi Sefaseba 

3. specialuri funqciebisa da mudmivaTa biblioTeka, romelic 

moicavs agreTve,  Secdomebis funqcias, gama da masTan 

dakavSirebul funqciebs,  eqsponenturi (maCveneblliani) 

integralis, raiemanis zeta funqcias, beselisa da masTan 

dakavSirebul funqciebs, hipergeometriul da statistikuri 

ganawilebis funqciebs  

4. ricxviTi wrfivi algebra: wrfivi sistemebi, eigenvalues and eigenvectors, 

SVD  

5. rocxviTi gamoTanabreba: interpolaruli spline-ebi, B-splins, umciresi 

farTobebi, Pade, uwyveti fraqciebi, algebruli da specialuri 

funqciebi, CebiSevis sesiebi, remezis algoriTmi 
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6. ricxviTi gamoTvlebi: raodenobrivi integreba, usasrulo jamebisa 

da Sedegebis ricxviTi Sefaseba, ODE-s gadawyveta, amofesva, FFT 

simboluri SesaZleblobebisimboluri SesaZleblobebisimboluri SesaZleblobebisimboluri SesaZleblobebi: 

1. racionaluri funqciebis ganusazRvreli da gansazRvruli 

integreba, elementaruli funqciebi, algebruli funqciebi da 

specialuri funqciebi 

2. laplasis, furies, melinis da Z gardaqmnebi da inversiuli 

gardaqmnebi 

3. ganusazRvreli da gansazRvruli dajameba, ganusazRvreli 

produqtebi, ganmeorebiTi gamoTvlebis gadawyveta, teiloris 

seriebi, asimptotikuri gafarToeba, simboluri limitebi  

4. polinomialuri ariTmetika sasrul da algebrul ricxviT velebSi 

GCD-s CaTvliT,resultant, dekompozicia, faqtorizacia, amofesva, 

galoiris jgufebi 

5. simboluri wrfivi algebra: matriqsuli determinantebi, da 

inversia, eigenvalues and eigenvectors, mwkrivis eSeloni, smitis, 

hermitisa da jordanis kanonikuri formebi  

6. gamoTvlebis amoxsnebi: wrfivi sistemebi, polinomialuri sistemebi, 

grobneris bazebi, ODE-ebi 

7. specializebuli paketebi: sasruli jgufebi, ricxvebis Teoria, 

tensorebi, warmoebis (Tu generirebis)  funqciebi, geometria, 

orTogonaluri polinomialebi, diferencialuri formebi, 

simetriuli funqciebi, grafikuli Teoria, statistika da a.S. 

grafikuli SesaZleblobebi:grafikuli SesaZleblobebi:grafikuli SesaZleblobebi:grafikuli SesaZleblobebi:    

bazisuri SesaZleblobebi mxars uWeren  TviTneburiraodenobis 

mrudebis, zedapirebis,, poligonebis da teqstis ekranze 

gamotanas.SesaZlebelia sxvadasxva stilis zedapirebis gamotana, esenia 
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damaluli wirebis gadaadgileba, nacnisferi skalaruli Crdilebi,  feriTi 

gama da sxv.  

Crdilebis zedapirebi SeiZleba moicavdes konturebs, Strixirebas 

(meseri), ganaTebas da a.S. aseve mxardaWeras 2D da 3D CarCoebis 

TanmimdevrobiT animaciisTvis. Sedegebis kopirebis mZime 

samuSaoSesrulebadia afreTve, sxvadasxva printerebisTvis da amasTan 

SeiZleba CarTuli iyos Maple-s samuSao cxrilebic (worksheet). specifikuri 

plotebi (mTlianad daprogramebuliMaple-Si) moicavs kartezianul mrydebsa 

da polarul koordinatebs, zedapirebs (an sibrtyeebs) kartezianuli, 

sferuli da cilindrul koordinatebSi, parametrikulad an impliciturad 

gansazRvrul mrudebsa da zedapirebs (sibrtyeebs), rogorc polinomialuri 

gamoTvlebis, konturuli plotebis, morisebri plotebis, mkvriviplotebis, 

konformaluri plotebis,  veqtouruli plotebis, fazuri gamosaxulebebisa 

da mimarTulebis velis plotebis gadawyvetas, pirveli rigis ODE-s 

plotirebis sistemebs. 

ZiriTadi funqcionaloba:ZiriTadi funqcionaloba:ZiriTadi funqcionaloba:ZiriTadi funqcionaloba:    

momxmareblebs SeuZliaT maTematikis Setana tradiciuliaRniSvnis 

sistemaSi. SesaZlebelia agreTve, Cveulebrivi samomxmareblo interfeisis 

Seqmna.aq arsebobs mxardaWera ricxviTi moqmedebebisTvis, TviTneburi 

sizustisTvis, iseve rogorc simboluri gamoTvlebisa da 

vizualizaciisTvis. Maple axdens dinamikurad tipizebul imperatiuli 

stilis programirebis enis inkorporirebas, romelic paskalis 

msgavsia.aRniSnuli ena uSvebs leqsikuri Tvalsawieris cvladebs. aq arian 

agreTve, sxva enebis interfeisebi (C. C#, Fortain, Java, MATLAB, da Visual 

Basic).aqaa agreTve, Excel interfeisic. Maple mxardamWeria MathML 2.0, W3C 

formatisa maTematikur gamosaxulebaTa prezentaciisa da 

interpretaciisTvis, amasTan gulisxmobs ekranze maT gamotanas Web 

gverdebis saxiT. arqiteqturaarqiteqturaarqiteqturaarqiteqtura    
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Maple damyarebuliamcire kernel-ze.Cawerilia C-Si, romelic 

uzrunvelyofs Maple-s enas. funqcionaluri umravlesoba uzrunvelyofilia 

biblioTekebis (Libraries) saSualebiT, romelic sxvadasxva wyaroebisgan 

warmosdgeba. bevri ricxviTi operacia sruldeba NAG ricxviTi 

biblioTekebis, ATLAS Tu GMP biblioTekebis,  saSualebiT. biblioTekaTa 

umravlesoba Cawerilia Maple enaSi; maT gaaCniaT daTvalierebadi wyaros 

kodi. Maple-Si sxvadasxva funqcionaluri parametri moiTxovssxvadasxva 

raodenobriv monacems sxvadasxva formatSi.simboluri 

gamosaxulebebiinaxeba mexsierebaSi marTvadi acikluri grafikebis saxiT. 

standartuli interfeisi da kalkulatoris interfeisi Cawerilia Java-Si. 

klasikuri interfeisi Cawerilia C-Si.  

daskvna 

1. dawvrilebiT damuSavebulia kompiuteruli algebris sistemebis 

(CAS) zogadi definicia da mokle istoria.  naCvenebia, rom 

kompiuteruli algebris sistemebi warmoadgenen Zalze 

mniSvnelovan raodenobriv meqanizmebs ganaTlebis sistemebisTvis, 

kerZod maTematikuri ganaTlebisTvis.  

2. ganxiluliaCAS-ebis gamoyenebis upiratesobebi da naklovanebebi da 

naCvenebia, rom sistemis upiratesobebi bevrad aRemateba xarvezebs.  

3. warmodgenilia ODE-ebis klasifikacia da SesrulebuliaMaple-s 

aplikaciebi.  

4. ganxorcielebulia gadawyvetis samive meTodi analitikuri, 

raodenobrivi da grafikuli,xolo aplikaciebi Sesrulebulia 

Maple-s saSualebiT 

5. TiTqmis yvela aplikacias mosdevs Tanmxlebi  2D da 3D grafikebis 

mxardaWera da naCvenebi grafikebi warmoadgenen Zalze mniSvnelovan 

instruments maTematikuri ganaTlebis saqmeSi.  

6. ganxiluliazogierTi rTuli funqcia, romelic inJineriaSi 

gamoiyeneba da naCvenebia, rom CAS-s, kerZod, Maple-s saSualebiT 
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Zalze martivi xdeba nebismieri saxis sirTulisa Tu garTulebuli 

funqciebis Sesruleba.   

7. aseve detalurad ganixilulia ricxviTi gadawyvetis meTodebi da 

iZlevamiRebuli Sedegebis zust amoxsnebTan Sedarebis xelsayrel 

SesaZleblobas. 

8. gaanalizebulia eleqtruli wredebis broblemebi da naCvenebia 

nebismieri saxis eleqtruli wredebis problemis Zalze martivi 

gadawyveta Maple-s saSualebiT. 

9. mocemulia mravali gamoyenebiTi problemis umravlesobis 

gadawyveta 2D da 3D grafikebis mxardamWeri saSualebiT sagnisa Tu 

amoxsnis ufro meti sicxadisa da realizaciis mizniT.  

10. dawvrilebiT damuSavebulia informaciis mimoxilva Maplet-is 

raobisa da Seqmnis Sesaxeb da naCvenebia, Tu ra martivia misi 

Seqmna nebismieri momxmareblisTvis.  

11. Mocemulia Maple-s arsebiTi kodi Maplet aplikaciis Seqmnis mizniT.  

12. Maplwt aplikaciebi Seqmnilia da ganviTarebulia garkveuli saxis 

Cveulebrivi diferencialuri gantolebisTvis, rogoricaa 

bernulis gantolebebi, meore rigis Cveulebrivi diferencialuri 

gantolebebi da naCvenebia Maplet aplikaciebis gamoyenebis arsebiTi 

roli da mniSvneloba maTematikis swavlebaSi.  

13. ganviTarebuliaMaplet aplikaciebi amoxsnis zogierTi raodenobrivi 

meTodisTvis, rogoricaa eileris meTodi, teiloris wesi, ranJ-

kutas meTodi da momxmareblebisTvis  mocemulia zust amoxsnebTan  

maTi Sedarebis SesaZlebloba. 

14. moyvaniliaMaplet aplikaciebis gamoyenebis Sesaxeb mimoxilviTi 

informacia momxmareblebisTvis aplikaciebis moxm,arebis 

gamartivebis mizniT.  

15. naCvenebiaMaple da Maplet aplikaciebis aucilebloba da maTi 

sasargeblo wvlili Cveulebrivi diferenv\cialuri gantolebebis 

swavlebaSi 



 

 

 

 

 

 

 

 

 

    

    

diagrama 1.24 fazuri gamosaxuleba mimarTulebis velisa da ekvilibriumis 

(gamaTanabrebeli) amoxsnebis saSualebiT

 

 

 

 

 

 

 

   diagrama 2.8 leJendres pirveli polinomialebis

>N:=5: 
 
>for n from 1 to N do 
 

diagrama 1.24 fazuri gamosaxuleba mimarTulebis velisa da ekvilibriumis 

(gamaTanabrebeli) amoxsnebis saSualebiT 

2.8 leJendres pirveli polinomialebis. grafiki
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diagrama 1.24 fazuri gamosaxuleba mimarTulebis velisa da ekvilibriumis 

grafiki 
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>k1[n] := x1[n]/a; 
 
>end do: 
 
>for n from 1 to N do 

 
>A1[n] := evalf(2*csch(k1[n]*L)/(a^2*BesselJ(2, k1[n]*a)^2)*int(rho*f*BesselJ(1, k1[n]*rho), rho=0..a)); 
 
>end do: 
 
>V := add(A1[n]*sinh(k1[n]*z)*BesselJ(1,k1[n]*rho)*sin(phi), n=1..N); 
 
−0.00006724668829 sinh( 7.663411940  z ) BesselJ( 1, 7.663411940  ρ) sin( φ) 

 + 0.9105213406 10 -7 sinh( 14.03117334 z ) BesselJ( 1, 14.03117334 ρ) sin( φ) 

 + 0.1075533634 10 -9 sinh( 20.34693628 z ) BesselJ( 1, 20.34693628 ρ) sin( φ) 

 − 0.4924494331 10 
-13  

sinh( 26.64738388z) BesselJ( 1, 26.64738388ρ) sin(φ)  
 + 0.7131792524  10

-16
 sinh( 32.94126010  z ) BesselJ( 1, 32.94126010  ρ) sin( φ) 

 
>plot3d([rho*cos(phi), rho*sin(phi), eval(V, z=L)], rho=0..a, phi=0..2*Pi); 
>plot([f, eval(V, {z=L, phi=Pi/2})], rho=0..a, color=[black,red]); 

 

 

 

 

 

 

 

 

diagrama 3.8 amoxsnis3D grafiki 

 

 



 

 

 

 

 

 

 

 

 

 

diagrama 4.1 Maplet

 

 

 

 

 

 

 

 

diagrama 4.9 Maplet 

 

 

 

Maplet amgebis TanaSemwis fanjara 

Maplet aplikaciis mTavari interfeisi bern
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interfeisi bernulis De-sTvis 
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diagrama 4.12 aplikaciis mTavari interfeisi meore rigis CCDE-ebisTvis  

 

diagrama 4.19 ODE-ebis ricxviTi amoxsnebis fanjara,erToblivi Cveneba 

sxvadasxva meTodiT 
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diagrama 1: bazisuri algebruli da ricxviTi kalkulirebis 

manipulaciebi 

 

diagrama 3 furies seriis koeficientTa gamoTvla 
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diagrama 4: mimarTulebis velis generireba (Tu warmoeba) 

diferencialuri gantolebisTvis 

 

diagrama 6: 3D zedapiris vizualizacia  
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diagrama 7 : elementaluri rekursiuli (recidiuli, ukuqveviTi) 

programa Cawerili Maple-s enaSi 

 

diagrama 10 zogierTi natifi maxasiaTebliT gamowveuli gaugebroba 

gamoucdeli momxmareblisTvis 
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eileris meTodis eqsplicituri (cxadi) implimentaciaeileris meTodis eqsplicituri (cxadi) implimentaciaeileris meTodis eqsplicituri (cxadi) implimentaciaeileris meTodis eqsplicituri (cxadi) implimentacia    

eileris meTodi pirveli rigisi VP amoxsnisTvis 

��	

��
= F(t, f (t)),    f,(��)=	�� 

SeiZleba dajamdes formuliT 

��	
 = �� + ℎ 

��	
 = ��+ℎ	�(�� , 	��) 

sadac h aris bijis zoma. 

eileris meTodis martivi implimentacia, pirobiT, rom F funqcia, X0 

sawyisi dro, y0 sawyisi mdebareoba, h bijis zoma da N bijebis ricxvi, 

Sedegi Semdegnairad gamoiyureba  

      >Euler0:= proc (F, t0, f0, h, N ) 
      >local i, L, G;  
      >G :=evalf( < t0 | f0 > );  
      >L: = G;  
      >for i from 1 to N do  
      >G: = G + < h | h*F(G[1],G[2]) >;  
      >L: = L, F;  
      >end do;  
      >return< L >;  

      > end proc; 

Euler0:= proc (f, t0, f0, h, N) 

       local i, L, G; 

       G=evalf (< | > (t0.f0)); 

        L: =G; 

        for i to N do 

              G : =G +  < | > (h,h * F( G[1],G[2] )  ); L : =L.F 
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        end do; 

        return  <,>(L) 

end proc 

magaliTi: amoxseniT eileris meTodiT  

��	

��
= -2 f,   f,(0) = 1 

[0,1] intervalSi h=0,1.  

>restart: Euler0 ( (t,f)->-2*t, 0, 1, 0.1, 10 ); 

Euler0((t,f)       -2t, 0, 1, 0.1, 10) 

eileris meTodis ufro sifistikurma gadawyvetam unda miiRos rogorc 

ODE Senatani, sawyisi piroba,intervali, romelSic gamoiTvleba da 

bijebis ricxvi. am SemTxvevaSi, implimentacia gamoiyureba, rogorc  

       > Euler :=proc( ode, ic, domain, N )  
       >local h, i, t, f, F, L, G;  
       >t := lhs(domain);  
       >f := op(0,lhs(ic));  
       > h := ( op(2,rhs(domain))-op(1,rhs(domain)) )/N;  
       > F := unapply( subs( f(t)=_f, solve( ode, diff(f(t),t) ) ), (t,_f) );  
       >G :=evalf( < op(lhs(ic)) | rhs(ic) > );  
       >L := G;  
       >for i from 1 to N do  
       >G := G + < h | h*F(G[1],G[2]) >;  
       >L := L, G;  
       >end do;  
       > return <<t|f>, L >  

         > end proc; 

      Euler :=proc ( ode, ic, domain, N) 

           local  h, I, t, f ,F, L, G; 

           t: =lhs(domain); 

           f : =op(0,lhs,( ic )); 
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          h : =( op(2,rhs(domain))  -  op(1,rhs(domain) ) )/N; 

          F : =  unapply (subs(f(t))=_f, solve(ode, diff( f(t),t))),t, _f); 

           G : =evalf ( < |  >(op(lhs(ic)),rhs(ic))); 

           L  : =G; 

           for  i to N  do 

            G : =G +  < | > (h,h * F( G[1],G[2] )  ); L : =L,G 

      end do; 

      return  <,>(<|>(t,f),L) 

   end proc 
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