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proeqti gulisxmobs deformad myar da Txevad garemoTagan Sedgenili sxeulebisaTvis erTiani maTematikuri ierarqiuli modelebis agebas, maT farglebSi sawyis-sasazRvro amocanebis koreqtulad dasmas da gamokvlevas, amocanebis amoxsnis ricxviTi meTodebis damuSavebas da konkretuli ricxviTi Sedegebis miRebas. kvlevis ZiriTad obieqts warmoadgenen sxeulebi, romlebsac, rogorc Txevad aseve myar nawilSi ukaviaT, garkveuli azriT Txeli areebi an Sedgebian Txeli areebisagan (fenebisagan) sazogadod sxvadasxva fizikuri maxasiaTeblebiT. ganxilulia, rogorc mudmivi sisqis (Sesabamisad, siRrmis), aseve cvalebadi sisqis (siRrmis) fenebi, maT Soris wamaxvilebuli. ierarqiuli modelebis ageba drekadi, sazogadod cvalebadi dadebiTi sisqis firfitebis, prizmuli garsebis da zogadi garsebis SemTxvevaSi saTaves iRebs i.vekuas SromebSi, sadac gamoyenebulia ganzomilebis reduqciis meTodi leJandris polinomebis saSualebiT. i. vekuas reduqciis meTodiT ar yofila agebuli da gamokvleuli rogorc marCxi siTxeebis, aseve Txeli drekadi garemosa da marCxi siTxisagan Sedgenili sxeulebis ierarqiuli modelebi. swored am xarvezis Sevseba  warmoadgens winamdebare proeqtis ZiriTad mizans.
proeqti Sedgeba sami ZiriTadi amocanisagan:

1. drekadi da Txevadi nawilebisagan Semdgari garemos wrfivi ierarqiuli modelebi
Semsruleblebi: 
gia avaliSvili, mariam avaliSvili, daviT gordeziani,
natalia CinCalaZe, giorgi jaiani

2. drekadi da Txevadi nawilebisagan Semdgari garemos arawrfivi ierarqiuli modelebi sawyisi miaxloebebisaTvis 

Semsrulebeli: 
Tamaz vaSaymaZe

3. deformadi myari da Txevadi nawilebisagan Semdgari garemos ierarqiuli modelebis gantolebebis ricxviTi amoxsnis algoriTmebis ageba da gamokvleva 

 Semsruleblebi: 
ramaz boWoriSvili, jemal rogava, mixeil wiklauri

amocanebis mixedviT Sesrulebulia Semdegi samuSaoebi
amocana #1

drekadi da Txevadi nawilebisagan Semdgari garemos wrfivi ierarqiuli modelebi

cxadi saxiT iqna agebuli ierarqiuli diferencialuri modelebis ori varianti, roca siTxes ukavia mcire sisqis prizmuli are, piriT zedapirebze mocemulia an mxolod Zabvebi, an mxolod gadaadgilebebi, xolo gverdiT cilindrul zedapirebze nebismieri sasazRvro pirobebi. dasmulia sakontaqto pirobebi ierarqiuli modelebisTvis, roca garemo Sedgeba myari drekadi da Txevadi nawilebisgan, romelTac ukaviaT cvladi sisqis prizmuli areebi (e. i., myari drekadi nawili prizmul garss warmoadgens).

vertikaluri interfeisiT gayofili drekadi da Txevadi nawilebis​gan Sedgenili prizmuli garsis mqone sxeulis ierarqiuli modele​bis​Tvis dadgenilia sasazRvro da sakontaqto pirobebis wamaxvilebuli na​pi​ris gaswvriv dasmis Taviseburebebi, roca prizmuli formis sxeu​lis piriT zedapirebze mocemulia gadaadgilebebi. aseTi modelebiT sargebloba SesaZ​lebelia miwisqveSa qanebiT SemosazRvruli drekadi da Txevadi da nawilebisgan Semdgari sxeulis daZabuli mdgomareobis (rxevebis) Seswavlis dros.
agebuli ierarqiuli modelebis nulovan miaxloebaSi gamokvleulia marCxi wylisa da Txeli wamaxvilebuli prizmuli garsis urTierTqmedebis amocana cilindruli deformaciis dros.


[image: image1.wmf]1

,

0

=

N

 miaxloebaSi gamokvleulia blanti siTxis, romelsac ukavia, sa​zogadod, aralipSicuri Txeli prizmuli are, cilindruli defor​ma​ciis (moZraobis) sawyis-sasazRvro amocanebi. 
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 miaxloebaSi Ses​wav​lilia sawyis-sasazRvro amocanebi sxeulis cilindruli defor​ma​ciis SemTxvevaSi, roca sxeuli Sedgeba zemoT miTiTebuli Txevadi nawi​li​sa da wamaxvilebuli drekadi prizmuli garsisagan.

ganzomilebis reduqciis i. vekuas meTodis gamoyenebiT agebulia ierarqiuli modelebi prizmuli garsis formis mqone orfenovani uwyveti garemosaTvis, romelic Sedgeba Txevadi blanti da myari drekadi fenebisagan. 
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 miaxloebaSi gamokvleulia konkretuli amocanebi.

ganxilulia samfenovani narevi prizmuli gar​sis, romlis zeda Sre marCxi blanti (ide​alu​ri) siTxis prizmuli garsis formis mqone fe​naa, qveda Sre drekadi priz​mu​li Txeli garsia, xo​lo Sua prizmuli fena blanti siTxisa da drekadi masalis na​revs warmoadgens.

agebulia drekadi wamaxvilebuli prizmuli garsisa da siTxis, romelsac wamax​vi​le​​buli prizmuli are ukavia, urTierTqmedebis amocanebis maTematikuri ierarqiuli mo​delebi, roca wamaxvilebuli nawilebis zeddebiT miiReba orfenovani garemo dam​re​ci inter​fe​isiT myar da Txevad nawilebs Soris. drekadi nawili Tavis mxriv dre​kad fuZeze devs, xolo erTfenovani Txevadi nawilis fskeri uZravia.

ozeenis modelze dayrdnobiT cxadi saxiTaa age​bu​lia ierarqiuli diferencialuri modelebis ori varianti, roca blant (kerZod, idealur) siT​xes ukavia mcire sisqis prizmuli are, piriT ze​dapirebze mocemulia an mxolod Zabvebi, an mxo​lod gadaadgilebebi, xolo gverdiT cilin​drul zedapirebze nebismieri sasazRvro piro​be​bi. dasmulia sakontaqto pirobebi ierarqiuli mo​​delebisTvis, roca garemo Sedgeba myari dre​ka​di da Txevadi nawilebisgan, romelTac ukaviaT cvla​di sisqis prizmuli areebi (e. i., myari dre​ka​di nawili prizmul garss warmoadgens). 
agebul da gamokvleuli iqna myari drekadi da Txevadi nawile​bi​sagan Sem​dgari prizmuli garsis ierarqiuli organzomilebiani mo​de​le​bi variaciuli midgomis gamoyenebiT. gan​xi​lu​lia drekadi da Txevadi nawilebisagan Semdgari sxeulis samganzomilebiani dinamikuri maTematikuri modeli, roca myari nawili warmoadgens sazogadod araerTgvarovan, anizotropul drekad garemos, xolo Txevadi nawili ki erTgvarovani blanti barotropuli siTxisagan Sedgeba, romelTac ukaviaT prizmuli areebi. gansazRvrulia is fun​qcionaluri sivrceebi, romlebSic koreqtulia samganzomilebiani amo​cana variaciuli formulirebiT, damtkicebulia misi amonaxsnis arse​boba da erTaderToba saTanado veqtoruli mniSvnelobebis mqone gana​wilebaTa sivrceebSi. Semotani​lia ZiriTadi funqcionaluri sivrcee​bis qvesivrceebi, romelTa veqtor-funqciebis komponentebi warmoadgenen polinomebs prizmuli areebis sisqiTi cvladis mimarT. ganxilul qvesivrceebze gadasvliT agebulia myari drekadi da Txevadi na​wi​le​bi​sa​gan Semdgari prizmuli sxeulis dinamikur organzomilebian mo​del​Ta ierarqia, roca prizmuli garsis piriT zedapirebze mocemulia Zab​ve​bi; piriTi zedapirebi Camagrebulia an erT-erT piriTi zedapiri Ca​mag​rebulia, xolo meoreze ki mocemulia Zabvebi. amave dros, ierar​qiu​li modelebi agebuli da Seswavlilia prizmuli sxeulebisaTvis, rom​leb​sac ukavia lipSicis are, magram SeiZleba gaaCndeT sisqis gadag​va​re​ba (prizmuli sxeulis sisqe xdeba nulis toli) sazRvris garkveul na​wilze. damtkicebulia reducirebuli organzomilebiani amocanebis amo​naxsnebis arseboba da erTaderToba saTanado veqtorul gana​wi​le​ba​Ta sivrceebSi. gamokvleulia agebul organzomilebian modelTa ierar​qia​sa da sawyis samganzomilebian amocanebs Soris kavSiri da dam​tki​ce​bu​lia, rom reducirebuli amocanebis amonaxsnebidan aRdgenil sami si​v​​rciTi cvladis veqtor-funqciaTa mimdevroba Sesabamis sivrceebSi miis​wrafis samgan​zo​mi​le​bia​ni amocanis amonaxsnisaken, xolo misi dama​te​biTi regularobis pirobebSi dadgenilia krebadobis rigis Sefaseba. 


agebuli da gamokvleulia araerTgvarovani anizotropul dre​ka​di da blanti barotropuli Txevadi nawilebisagan Semdgari mra​val​fe​nia​ni prizmuli sxeulebis ierarqiuli organzomilebiani mo​de​lebi. gan​xilulia samganzomilebiani sxeulebi, romlebic Sedgeba cvalebadi sisqis prizmuli formis mqone fenebisagan. samgan​zo​mi​le​bia​ni amocanis va​riaciul formulirebaze dayrdnobiT agebulia mraval​fe​niani priz​mu​li sxeulebis dinamikur organzomilebian modelTa iera​r​qiebi, roca priz​muli sxeulis piriT zedapirebze mocemulia Zab​ve​bi, piriTi ze​da​pi​re​bi Camagrebulia an erT-erT piriT zedapirze mocemulia Zabvebi, xolo meore piriTi zedapiri ki Camagrebulia. Sesabamis ganawi​lebaTa sivrceebSi Seswavlilia miRebuli organzomile​biani modelebi. gamokvleulia myari drekadi da Txevadi nawilebisagan Semdgari mravalfeniani prizmuli sxeulisaTvis agebuli organzomilebiani ierarqiuli modelebiT samganzomilebiani amocanis aproqsimaciis sakiTxebi. amave dros, ierarqiuli modelebi Seswavlilia mraval​fe​nia​ni prizmuli sxeulebisaTvis, romlebsac ukaviaT lipSicis are, magram SeiZ​leba gaaCndeT sisqis gadagvareba sazRvris garkveul nawilze. age​bu​li da gamokvleulia myari drekadi da Txevadi nawi​lebisagan Sem​dga​ri prizmuli sxeulisaTvis ierarqiuli modelebi, roca sxvadasxva fi​zikuri Tvisebebis mqone nawilebis gamyofi ze​da​piri ar aris ver​ti​ka​luri. damtkicebulia miRebuli organzomilebiani sawyis-sasazRvro amo​canebis amonaxsnebis arseboba da erTaderToba saTanado veqtoruli mniS​vnelobebis mqone ganawilebaTa sivrceebSi da Seswavlilia ur​Tier​T​kavSiri damreci interfeisiT gayofili drekadi da Txevadi na​wilebisagan Semdga​ri prizmuli sxeulis samganzomilebian models da reducirebis Sedegad agebul organzomilebian ierarqiul mo​de​lebs Soris. damtkicebulia reducirebuli amocanebis amonaxsnebidan aRdge​ni​li sami sivrciTi cvladis veqtor-funqciaTa mimdevrobis krebadoba Tav​dapirveli amocanis amonaxsnisaken, xolo samganzo​milebiani amo​ca​nis amonaxsnis damatebiTi regularobis SemTxvevaSi miRebulia miax​loe​biTi amonaxsnebis zusti amonaxsnisaken krebadobis rigis Sefaseba. va​riaciuli midgomis gamoyenebiT agebulia araerTgvarovani ani​zot​ro​pu​li drekadi garemos da Txevadi nawilebisagan Semdgari prizmuli sxeu​lis ierarqiuli organzomilebiani modelebi, roca Txevadi nawi​li erTgvarovani blanti arakumSvad siTxises warmoadgens, romlis moZ​raoba aRiwereba navie-stoqsis gantole​baTa sistemis ozeenis gaw​rfi​vebuli modeliT. variaciul formulirebaze dayrdnobiT zeda da qve​da zedapirebze sami sxvadasxva sasaz​Rvro pirobis SemTxvevaSi Se​mo​ta​nilia Ziri​Tadi sivr​ceebis qvesivrceebi, romelTa veqtor-fun​qciebis kom​​ponentebi warmoad​genen poli​nomebs prizmuli sxeulis sisqiTi cvla​dis mimarT da am qvesiv​rceebze gadasvliT agebulia di​na​mi​kur or​ganzomilebian modelTa ierarqiebi.
amocana # 2

drekadi da Txevadi nawilebisagan Semdgari garemos arawrfivi ierarqiuli modelebi sawyisi miaxloebebisaTvis

myari deformadi da Txevadi nawilebisagan Semdgari anizot​ro​pu​li garemosaTvis agebul da gamokvleul  iqna arawrfivi modelebi sa​w​yisi miaxloebebisaTvis (N=0,1,2), rodesac orive nawili cvladi sis​qis (siRrmis) cilindruli (prizmuli) formis areebia.        

gamosavali sawyis-sasazRvro amocana (wonasworobis gantole​be​bi, gadaadgilebis veqtorebsa da Zabvis tenzorebs Soris damokidebulebebi, siT​xi​saTvis niutonisa da myari drekadi nawilisaTvis hukis gan​zo​ga​de​buli kanonebi anizotropuli garemosaTvis, aseve uwyvetobis anu masis Se​nax​vi​sa da sen-venan-beltramis tipis Tavsebadobisa da sawyisi da sasaz​Rvro pirobebi) Caweril iqna parametruli saxiT, sadac paramet​ris SerCeviT miiReba saTanado warmodgenebi, rogorc myari, ise Txe​va​di nawilebisaTvis. 

ganxilul iqna maTematikuri modelebis agebis vekua-kantoroviCis tipis meTodebi, rodesac garemos pireulebze cnobilia Zabvis ten​zo​ris, an gadadgilebis veqtoris komponentebi, an mocemulia Sereuli ti​pis sasazRvro pirobebi erT nawilze Zabvebi, xolo meoreze gadad​gi​lebebi. myari da Txevadi nawilebis arasaerTo gverdiT zedapirebze igu​lisxmeboda, rom sasazRvro pirobebi mocemuli iyo klasikuri sa​xiT. garemos gamyof zedapirze  gaxilul iyo, rogorc uwyveti ga​dab​mis, ise araerTgvarovani sakontaqto pirobebic. gamosavali amocanis erTian​ma parametrulma warmodgenam mniSvnelovnad gaamartiva modelis age​basTan dakavSirebuli gamoTvlebi. 

   agebuli modelebisaTvis gamokvleul iqna sawyis NN=0,1,2 miax​loe​ba​Ta Sesabamis da fizikur da geometriul hipoTezebze dayrdnobiT agebul modelebs Soris  mimarTebis sakiTxi. Seswavlil  iqna fon karma​nis  gantolebaTa sistemis dafuZnebisa da fizikuri interpreta​ci​is sakiTxebi. naCvenebi iqna, rom fon karmanis tipis sistemis meore gantoleba N=0-is Sesabamisi failonis tipis arawrfivi mo​delis  eqvivalenturia. damtkicebul iqna, rom klasikuri SemTxvevisagan gan​sxva​ve​biT, aseTi tipis sistemebSi relei-lembis tipis talRebis aRmweri wev​re​bis analogiur gamosaxulebas Seicavs meore gantolebac, romelic aR​wers talRebis gavrcelebas firfitaSi.

sawyisi miaxloebebisaTvis damuSavebul iqna miaxloebiTi amoxsnis proeq​ciuli meTodebi. rigi xerxebisa avtoris mier adre Seswavlili saT​vle​li sqemebis modifikacia da ganviTarebaa. maT Soris, parametriT gawarmoebisa da  SeSfoTebis Teoriis alternatuli meTodebi. A

agebul iqna samganzomilebiani anizotropuli modelebi geometriu​li arawrfivobiT, rodesac myari nawili foro-drekadia. proeqciuli meTodiT agebul da gamokvleul  iqna ierarqiuli modelebi sawyisi miaxloebebisaTvis. kerZod, damtkicebul iqna rom, rogorc samganzo​mi​le​biani, ise 
[image: image4.wmf]1

,

0

=

N

-is Sesabamisi kerZo warmoebulian diferencialur gantolebaTa sistemebis sivrculi operatoris Sesabamisi operatoris mTavari nawili, klasikurisagan gansxvavebiT, Zlierad elifsuria.

agebuli operatoruli gantolebisaTvis gamoiyenebul iqna diskre​ti​za​cia jer drois mimarT, xolo Semdgom sasazRvro amocanaTa sisteme​bi​saTvis.MricxviTi realizacia Catarebul iqna Cveulebrivi dife​ren​cia​luri gantolebebisaTvis sxvaobiani da variaciuli meTodebiT (magistrant r.CikaSuasTan erTad) standartuli programebisa da orTo​go​naluri polinomebisaTvis maTi Tvlis maRali rigis sizustis sqe​me​bis gamoyenebiT. K    

amocana #3

deformadi myari da Txevadi nawilebisagan Semdgari garemos ierarqiuli modelebis gantolebebis ricxviTi amoxsnis algoriTmebis ageba da gamokvleva 

deformadi myari da Txevadi nawilebisagan Semdgari garemos ierar​qiu​li modelis sawyisi miaxloebisaTvis dinamikur SemTxvevaSi das​mu​lia sawyis sasazRvro amocana sivrciTi cvladiT erTganzomilebian Sem​TxvevaSi. dasmuli amocanisaTvis agebulia sivrciTi da droiTi cvla​debis mimarT meore rigis sizustis sxvaobiani sqema. sam​wer​ti​lo​va​ni gantolebaTa sistemis amonaxsnisaTvis zusti warmodgenebis safuZ​ve​lze napovnia amonaxsnis mniSvnelobebi sakontaqto areze da am mniS​vne​lobebis saSualebiT cxadad aris agebuli amonaxsnebi yovel droiT Sre​ze. diskretuli amocanis ricxviTi gaTvlisaTvis SemoTavazebulia ite​raciuli meTodi. iteraciis yovel bijze ixsneba dirixles amo​ca​nis sxvaobiani analogi. sazRvris mimdebare wertilebSi mniS​vne​lo​be​bis saSualebiT zustdeba sasazRvro mniSvnelobebi sakontaqto areze. dam​tkicebulia SemoTavazebuli iteraciuli meTodis krebadoba. Semo​Ta​​vazebuli algoriTmis safuZvelze zemoT dasmuli amocanis ric​xvi​Ti amoxsnisaTvis Seqmnilia programuli uzrunvelyofa da mis safuZ​vel​ze gaTvlili iqna sxvadsaxva modeluri amocana. miRebuli ric​xvi​Ti Sedegebi srul SesabamisobaSia Teoriul daskvnebTan.

kosinus operator funqciis racionaluri gaxleCvis safuZvelze dinamikuri amocanis ricxviTi amoxsnisaTvis agebulia maRali rigis sizustis dekompoziciis sqema, romelic iZleva saSualebas mraval​gan​zo​milebiani amocanis amoxsna dayvanil iqnas erTganzomilebaiani amo​ca​nebis amoxsnaze. naCvenebia agebuli sqemis mdgradoba da Sefasebulia miax​loebiTi amonaxsnis cdomileba. 

ganxilulia agreTve mudmivi sisqis drekadi prizmuli garsisa da marCxi wylis urTierTqmedebis amocana dinamikur SemTxvevaSi. agebulia am amocanis ricxviTi amoxsnis algoriTmi.

ganxilulia deformadi myari da Txevadi nawilebisagan Semdgari garemos sivrciTi cvladiT organzomilebiani ierarqiuli modeli dinamikuri SemTxvevisaTvis. dasmuli sawyis-sasazRvro amocanisaTvis agebulia sivrciTi da droiTi cvladebis mimarT meore rigis sizustis sxvaobiani sqema. diskretuli amocanis ricxviTi gaTvlisaTvis SemoTavazebulia iteraciuli meTodi.
pirveli rigis hiperboluri gantolebebisaTvis SemuSavebulia maRali rigis sqemaTa agebis axali meTodi, romelsac kompaqturi gaxleCvis meTods vuwodebT. meTodi saSualebas iZleva davawyviloT kompaqturi sqemebis agebis koncefcia wilad bijTa koncefciasTan da Sedegad miviRoT maRali rigis mdgradi sqemebi. konkretul SemTxvevaSi agebulia Tanabrad meore rigis sqemaTa klasi sivrciT erT–ganzomilebiani hiperboluri Senaxvis kanonebisaTvis. sainteresoa, rom TiToeul wilad bijze sqema pirveli rigis sasrul moculobaTa sqemas emTxveva Sesabamisi gaxleCili gantolebisaTvis, xolo jamuri aproqsimqciis principze dayrdnobiT am kompaqturi gaxleCvis meTods aqvs meore rigis aproqsimacia sawyisi gantolebis sakmarisad gluv amoxsnebze. damuSavebuli sqemis mdgradobis analizi Catarebulia arawrfivi skalaruli Senaxvis kanonebisaTvis arsebiTad SemosazRvruli da SemosazRvruli variaciis mqone sawyisi monacemis SemTxvevaSi.
damtkicebulia miRebuli kompaturi gaxleCvis sqemebis krebadoba sivrciT erTganzomilebiani hiperboluri gantolebebisaTvis. kerZod, ganxilulia gadatanis wrfivi gantoleba da arawrfivi skalaruli Senaxvis kanonebi. wrfiv SemTxvevaSi meTodis krebadoba damtkicebulia gluv funqciaTa klasSi. arawrfiv SemTxvevaSi sqemis krebadoba damtkicebulia arsebiTad SemosazRvruli da SemosazRvruli variaciis mqone amonaxsnTa klasSi.
gamokvleulia kompaqturi gamxleCi sqemebi Senaxvis kanonebisaTvis.

myari deformadi sxeulis ierarqiul modelebi gadawerilia pirveli rigis eqvivalenturi sistemis saxiT.
arawrfivi skalaruli Senaxvis kanonebisaTvis SemoRebulia mravasqemiani badis gaxSirebis meTodi. am midgomis ZiriTadi arsi is aris, rom sxvadasxva areSi sxvadsxva badis gamoyenebasTan erTad gulisxmobs sxvadasxva sqemis gamoyenebasac.  gansxvavebuli sqemebis SeTavsebis problema gadawyvetilia ujredTa intefeisebze specia​lu​rad gansazRvruli ricxviTi nakadebis SemoRebis xarjze. kerZod, ujred​Ta interfeisebze ricxviTi nakadi gansazRvrulia iseTnairad, rom daculia sasrul moculobaTa sqemis konservatiuloba sivrcul-droiT interfeisze. sivrciT erT ganzomilebian SemTxvevaSi damtkicebulia mravalsqemiani badis gaxSirebis meTodis krebadoba Sesabamisi koSis amocanis entropiuli amonaxsnisaken arsebiTad SemosazRvruli da SemosazRvruli variaciis mqone sawyisi funqciis SemTxvevaSi.
proeqtis monawileebis mier miRebuli Sedegebi Sevida maT Semdeg moxsenebebSi, romlebic wakiTxuli iyo qvemoT miTiTebul saerTaSoriso kongresebze, simpoziumebsa da konferenciebze
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