Tavi 2. 
wyalsacavebSi eqstremaluri pirobebiT gamowveuli talRebis kvlevis meTodebi
Анннотация

Рассматриваются две основные теории волновых движений жидкости. Это - теория волн малой амплитуды (ВМА) и теория мелкой воды (МВ). Первая - линейная теория в предположении, что рассматриваемяя жидкость является идеальной и в ней отсутствует вихревое движение; все составляющие гидродинамических параметров определяются на основе функции, называемой потенциалом скорости. В соответствии с нелинейной теорией МВ вертикальная составляющая скорости движения жидкости считается равной нулю. Форма водоема (в случае ее изменения плавным образом вдоль направления движения жидкости) и фактор сопротивления движению учитываются.

Отмечается ряд работ, посвященных исследованию вопроса волнообразования в водоемах (водохранилищах) при экстремальных условиях.
В начале, задачи сформулированные в рамках теории ВМА решались в предположении, что волна (т.н. прогрессивная волна) распростроняется в данном канале без изменения своей формы (в виде синусоиды), что является весьма приближенной аппроксимацией волн, встречающихся в природе (17(.

Первые работы, в которых были получены по теории ВМА точные аналитические решения плоских задач о волнах сложной формы при действии нестационарной (импульсной) "возмущающей" силы, по-видимому, принадлежaт автору (6( и Noda (46(. Такая, т.н. импульсная волна испытывает при своем движении изменение, как формы, так и скорости, в виду известного свойства дисперсии и является на сегодняшний день, наиболее идентичной и общей моделью для большинства волновых колебаний. При этом в водоеме моделируются волны любой длины при широком диапазоне изменения характеристик различных внешних воздействий (землетрясения, оползни и др.). Менее общая теория МВ применяется для рассмотрения лишь длинных волн в мелких по глубине водоемах, причем полученные результате расчетов (на основе применения численных методов), требуют обоснования их точности.   
2.1. ZiriTadi Teoriebi, debulebebi da daSvebebi
wyliT mocul areebSi (sxvadasxva wyalsatevSi da wyalsadinarSi) wylis talRuri moZraobis maTematikuri modelirebis safuZvels warmoadgens diferencialuri gantolebebis sistema, romelic fundamentalur hidromeqanikur kanonebs asaxavs [17, 20, 21]. es aris moZraobis uwyvetobis (masis Senaxvis) da energiis Senaxvis an moZraobis raodenobis Senaxvis gantolebebi, romlebic Tanafardobas amyareben erTis mxriv, siTxis moZraobis kinematikur da dinamikur parametrebs Soris da meores mxriv, maT fizikur Tvisebebs Soris [21]. amasTan, bevr SemTxvevaSi, zogadi saxiT maTematikurad formulirebuli amocanis amoxsnis gamartivebis mizniT, saWiro xdeba Semotanil iqnas damatebiTi, SemzRudveli saxis daSvebebi. yvelaze ufro xSirad gamoiyeneba Semdegi daSvebebi: siTxe idealuria, e.i. masSi siblantis Zalebi ar warmoiqmnebian da siTxis Tvisebebi ar aris damokidebuli temperaturisagan, amsTan erTad, siTxe erTgvarovania da ukumSvadi [17, 21].

pirveli daSveba niSnavs imas, rom siTxeSi moqmedebs mxolod wnevis Zala (normaluri daZabuloba), xolo mxebiT daZabulobas adgili ar aqvs. amitom, Tu ganvixilavT siTxis elementarul paralelepipeds (romlis simkvrivea – (, xolo gverdebis sigrZeebia dx, dy, dz), moZraobis Senaxvis kanonis gamoyenebis Sedegad, miviRebT Semdeg gantolebas
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sadac x,y,z – aris dekartis koordinatebi,
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 – Sesabamisad, siTxis siCqaris veqtori da sitxis erTeul masaze moqmedi gareSe Zalebis tolqmedi;

( – gamiltonis operatori 
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 Zala warmoadgens simZimis Zalas, maSin moZraobis gantoleba (2.1), anu eileris gantolebaTa sistema gaSlili saxiT 
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 siCqaris komponentebis (u, v da w) mimarT Cawerili, iqneba warmodgenili ase
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sadac g – Tavisufali vardnis aCqarebaa.

Tu ganixileba organzomilebiani moZraoba, magaliTad vertikalur XOZ sibrtyeSi (nax.2.1), maSin siCqaris y – mdgeneli da Sesabamisad v – komponenti tolia nulis, maSin zemoT moyvanil gantolebaTa sistemaSi satanado wevrebi gaqreba. es gantoleba kidev ufro martivdeba, Tu ganixileba erTganzomilebiani moZraoba (magaliTad x – RerZis gaswvriv), rodesac v = w = 0.

uwyvetobis gantolebas, romelic masis Senaxvis kanons asaxavs, erTgvarovani kumSvadi siTxis SemTxvevaSi Semdegi saxe aqvs [20,21].
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xolo arakumSvadi siTxisTvis is ase gamoisaxeba
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idealuri siTxis SemTxvevaSi hidrodinamikuri parametrebis (magaliTad wnevebis, siCqaris velis) gansazRvra SeiZleba (2.2) moZraobis gantolebebis sistemisa da uwyvetobis gantolebis erToblivi amoxsnis safuZvelze. Tumca, unda aRiniSnos, rom miuxedavad dreisaTvis arsebuli mZlavri gamoTvliTi teqnikisa da efeqturi ricxviTi meTodebisa, aRniSnuli amocanis amoxsna mTel rig maTematikur siZneleebTan aris dakavSirebuli.

amis gamo praqtikaSi, sainJinro amocanebis amoxsnisas mimarTaven miaxloebiT Teoriebs, romlebic garkveul daSvebasa da gamartivebas efuZneba. rogorc sainJinro praqtika gviCvenebs, siTxis talRur moZraobastan dakavSirebuli amocanebis farTo klasis ganxilvisas, bevr SemTxvevaSi savsebiT misaRebia [21, 31, 32] Semdegi saxis daSveba, 
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anu am dros siTxeSi ar arsebobs grigaluri moZraoba. es niSnavs, imas, rom siTxis moZraobis daxasiaTeba SeiZleba garkveuli ((x,y,z,t) funqciis safuZvelze, romelsac siCqaris potenciali ewodeba [17]. am funqciis saSualebiT SeiZleba ganisazRvros rogorc siTxeSi arsebuli siCqareebis mdgenelebi
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anu 
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aseve wyalsatevSi Tavisufal zedapirze (X0Y-sibrtyeSi) (nax.2.1) talRebis amplitudebi ((x,y,t), agreTve, hidrodinamikuri wnevebi p(x,y,z,t) da maTi ganawileba, rogorc wyalsatevis nebismier vertikalur ganivkveTSi, aseve sitxis garemomcvel wyalSeuRwev zedapirebze (maT Soris hidroteqnikur nagebobebze [36]).

am SemTxvevaSi uwyvetobis gantoleba (2.3) SeiZleba warmodgenil iqnas (2.5) gaTvaliswinebiT, laplasis gantolebis saxiT
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xolo funqcia (-s mimarT Caweril moZraobis gantolebas eqneba e.w. koSi-langraJis gantolebis Semdegi saxe [21]
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exla ganvixiloT pirobebi, romlebsac adgili aqvs siTxis momcveli aris sazRvrebze. sxvanairad, maT sasazRvro pirobebi ewodeba. talRebis warmoqmnis sxvadasxva amocanis ganxilvisas ganasxvaveben ori saxis sazRvrebs. esaa myari zedapiri (magaliTad, wyalsacavis fskeri, ferdobebi, bortebi) da wylis Tavisufali zedapiri (anu wylis haerTan Semxebi zedapiri). myar sazRvrebze siCqaris potencialisaTvis unda Sesruldes e.w. neimanis (anu meore rigis) [20, 21] piroba
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sadac vn – siTxis siCqarea, romelic mimarTulia zedapirisadmi n normalis mimarTulebiT.

Tavisufal zedapirze unda iyos uzrunvelyofili piroba, rom  p = pat (aq pat – haeris atmosferuli wnevaa).

Tavisufali zedapiri SeiZleba aRweril iqnas Semdegi gantolebis saxiT [17, 21]
                                                 z = ((x,y,t) + z0(x,y)                        (2.9) 
sadac ( – talRuri zedapiris amaRlebaa Tavisufali donis mimarT,
z0(x,y) – statikuri (Tavisufali) donis koordinata (rodesac XOY sibrtye emTxveva tavisufal zedapirs, maSin z0 = 0) (nax.2.1).

(2.9) gantolebis wevrebis t–cvladiT gawarmoebis Sedegad miireba e.w. kinematikuri gantoleba
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aRvniSnoT, rom am SemTxvevaSi gaTvaliswinebuli iyo (2.5) gantolebebi da is pirobebi, rom
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koSi-langraJis gantolebaSi Semaval siCqaris komponentebs Tu CavwerT (-funqciis mimarT, maSin (2.7) piroba Tavisufal zedapirze, miiRebs e.w. dinamikuri gantolebis saxes
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amrigad, siCqaris potencialis arsebobis pirobebSi, wyalsatevebSi hidrodinamikuri (talRuri) amocanebis amoxsna zogad SemTxvevaSi, daiyvaneba ((x,y,z,t) siCqaris potencialis gansazRramde, ris safuZvelze SeiZleba gamoTvlil iqnas nakadis yvela hidrodinamikuri parametri. amasTan (-funqcia unda akmayofilebdes laplasis gantolebas (2.6), agreTve, sasazRvro pirobebs: myar zedapirze (2.8) da tavisufal zedapirze (2.10) da (2.11), aseve sawyis pirobebs [17, 21].
aRvniSnoT, rom ukanaskneli ori arawrfivi gantoleba (2.10) da (2.11), specifiuria talRaTa TeoriisaTvis. swored am gantolebebiT aris ganpirobebuli ZiriTadi siZneleebi aRniSnuli Teoriis safuZvelze konkretuli amocanebis amoxsnis SemTxvevaSi [20, 21, 36]. marTlac, saZiebeli sicqaris potenciali unda akmayofilebdes pirobas Tavisufal zedapirze, roca z = ((x,y,t), magram (-funqcia    a priori (winaswar) ucnobia da TviTon Sedis, rogorc ucnobi funqcia (2.10) da (2.11) gantolebebSi. am mizniT, konkretuli amocanebis amoxsnisas, rig SemTxvevaSi, gamoiyeneba zemoT aRniSnuli arawrfivi Teoriis magivrad, misi gamartivebuli modifikacia. es ukanaskneli efuZneba specialur hipoTezebs, romlebic rogorc praqtika gviCvenebs, umetes SemTxvevaSi mniSvnelovnad ar amaxinjebs ama Tu im wyalsatevSi warmoqmnili talRuri procesis realur suraTs [31, 32].

xSir SemTxvevaSi, talRuri amocanis ganxilvisas, rogorc zemoT iyo aRniSnuli, miiReba hipoTeza siTxis moZraobis aragrigaluri xasiaTis (anu siCqaris potencialis arsebobis) Sesaxeb. am SemtxvevaSi yvelaze ufro mizanSewonilia gamoyenebul iqnas miaxloebiTi e.w. mcire amplitudis talRebis (mat) Teoria, romelic efuZneba im daSvebas, rom talRis amplituda mcirea, romelime sxva xazobriv parametrTan (kerZod, talRis sigrZesTan) sedarebiT [17, 21, 36].

am Teoriis Tanaxmad miiReba, rom ( sidide da misi warmoebulebi, agreTve siCqaris mdgenelebi mcire sidideebia, amitom maTi namravlebi warmoadgenen meore rigis mcire sidideebs, romelTa ugulebelyofa SesaZlebelia.

aRniSnuli daSvebebis Tanaxmad, (2.10) da (2.11) gantolebebi martivdeba, amasTan Tu miviRebT, rom z = ( pirobis magivrad, miaxloebiT gvaqvs z = 0 piroba, maSin modificirebuli saxiT, aRniSnuli gantolebebis Cawera Tavisufali zedapirisaTvis Seizleba ase [21]
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maSasadame, mat Teoriis Tanaxmad mocemuli sawyisi pirobebis gaTvalisiwnebiT, ( funqciis gansazRvra SesaZlebeli xdeba (2.6) gantolebidan, rodesac siTxis Tavisufali zedapirisaTvis samarTliania wrfivi (2.12) da (2.13) gantolebebi, xolo myar zedapirze Sesrulebulia (2.8) piroba.

(2.12) da (2.13) gantolebebidan SeiZleba ( funqciis gamoricxva. am SemTxvevaSi siTxis Tavisufali zedapirisaTvis miiReba ( – funqciis mimarT gamosaxuli mxolod erTi gantoleba e.w. koSi-puasonis piroba [21]
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zemoT aRniSnuli mat Teoriis Tanaxmad miRebuli Teoriuli winamZRvrebi saSualebas iZleva koSi-langraJis gantolebidan martivad ganisazRvros hidrodinamikuri wnevebi wyalsatevis nebismier kveTSi (nax.2.1) Semdegi formuliT
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amas garda, (2.13) formulis saSualebiT SeiZleba ganisazRvros talRuri ryevebis amplitudebi (statikuri donis mimarT) wylis zedapiris nebismier x,y wertilSi (nax.2.1)
                   
[image: image31.wmf]0

z

t

)

t

,

z

,

y

,

x

(

g

1

)

t

,

y

,

x

(

=

¶

¶

-

=

j

h

.                   (2.16)

mTeli rigi mecnieris azriT, mcire amplitudis talRebis Teoriis gamoyeneba, miuxedavad zemoT aRniSnuli daSvebebisa, SesaZleblobas iZleva gadawyvetili iqnas sainJinro praqtikisaTvis saWiro amocanebis farTo wre. kerZod, cnobili frangi mkvlevari bernar le-meote Tavis monografiaSi [21] aRniSnavs, rom mcire amplitudis talRebis Teoriis "gansakuTrebuli nayofiereba iyo dadasturebuli im SemTxvevebSic ki, rodesac talrebi mniSvnelovani simaRliT xasiaTdebodnen". analogiur Tvalsazriss gamoTqvams sxva naSromis avtorebic. ase magaliTad, l.i.sretenski Tavis [31] monografiaSi aRniSnavda, rom "mcire fardobiTi amplitudis Teoria, miuxedavad Tavisi ZiriTadi debulebaTa TiTqos da uzustobisa, TamaSobs mTavar rols im sakiTxebis analizisatvis da gadawyvetaSi, romlebic dakavSirebulia talRur moZraobebTan. am azris samarTlianobis erT-erT ZiriTad safuZvels warmoadgens is, rom mcire amplitudis Teoria mniSvnelovan dadasturebas poulobs mravalricxovan cdebis SedegebSi".

exla, ganvixiloT SemTxveva, rodesac ama Tu im mizeziT generirebuli talRis simaRle ar aris mcire (magaliTad, wylis siRrmis mimarT); amasTan, wylis siRrme mcire sididea romelime sxva maxasiaTebeli parametris mniSvnelobasTan SedarebiT (es SeiZleba iyos, magaliTad, talRis sigrZe an Tavisufali zedapiris simrudis radiusi). aseT SemTxvevaSi, talrebis gaangariSebisas gamoiyeneben e.w. marCxi wylis (mw) Teorias [19, 32, 36]. ganvixiloT siTxis are, romelic SemosazRvrulia myari zedapiriT (wyalsacavis fskeriT). es zedapiri aRiwereba z0 = -h(x,y) funqciiT (sadac h aris wylis siRrme, romelic aiTvleba siTxis statikur zedapiridan) (nax. 2.1). Tavisufali zedapiris moZraoba SeiZleba daxasiaTebul iqnas z = ((x,y,t) gantolebiT.

Tavisufal zedapirze wneva atmosferuli wnevis tolia, anu 
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Tavisufal zedapirze (2.10) piroba, (2.5) gamosaxulebebis gaTvalisiwnebiT, caiwereba ase
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rac Seexeba pirobas myar zedapirze (anu wyalsatevis fskerze), is aseT saxes iRebs
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marCxi wylis (mw) TeoriaSi Ziritadi daSveba Semdegia: wylis nawilakebis aCqarebis mdgeneli vertikaluri rerZis mimarTulebiT imdenad mcirea, rom misi moqmedeba hidrodinamikur wnevebze umniSvneloa. amis gamo wnevebis ganawileba siTxeSi emorCileba wrfiv hidrostatikur kanons anu
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amasTan p wnevis x da y warmoebulebi ar aris damokidebuli    z-cvladze. amitom,
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vinaidan, zemoT aRniSnuli daSvebis tanaxmad siCqaris vertikaluri mdgeneli w – mcirea, amitom (2.2) eileris gantolebebSi e.w. konveqciuri aCqarebis arawrfivi wevrebi 
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 SeiZleba CavTvaloT nulis toli. amasTan, aRniSnuli gantolebebi, (2.20) gamosaxulebebis gaTvaliswinebiT, "organzomilebiani gantolebebis" saxes iRebs
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rac Seexeba uwyvetobis gantolebas (Ria kalapotebisaTvis), organzomilebian (gegmaSi) SemtxvevisaTvis (anu x da y – RerZebis mimarT), is SeiZleba caiweros ase [19, 21]
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vinaidan H = ( + h (nax.2.1), amitom (2.22) gamosaxuleba SeiZleba warmodgenil iqnas Semdegi saxiTac
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miRebuli marCxi wylis gantolebaTa sistema (2.21) da (2.23) Sekrulia da SeiZleba gamoyenebul iqnas sakmaod farTo wris gamoyenebiTi amocanebis amoxsnis mizniT (zemot aRniSnuli daSvebebis gaTvaliswinebiT). amasTan, Seizleba ganxilul iqnas gegmaSi organzomilebiani siTxis moZraoba SedarebiT ganier da mcire siRrmis wyalsatevebSi an wyalsadinarebSi (wyalsacavebSi, tbebSi, arxebSi), gverdiTi, Semodinebis an gadinebis SemTxvevaSi. amasTan dakavSirebiT, (2.21) tipis gantolebebs xSirad, organzomilebian an "gegmur" gantolebebs uwodeben.

siTxis moZraobisas, energiis disipaciis gavlena, romelic gamowveulia xaxuniTa da turbulentobis efeqtebiT, SeiZleba miRebul iqnas mxedvelobaSi, Tu marCxi wylis gantolebata sistemaSi gaTvaliswinebuli iqneba winaRobis Zala, romelic damokidebulia nakadis siCqaris kvadratisagan [21, 36].

erTganzomilebiani Tanabrad moZravi nakadisaTvis, rodesac     v = w = 0 da 
[image: image47.wmf]0

t

u

x

u

=

¶

¶

=

¶

¶

, mxebi daZabuloba kalapotis farTis erTeulze SeiZleba ganisazRvros semdegi gantolebidan [21, 36].
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Tu miviRebT, rom ((x) = ( = const, xolo 
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turbulenturi nakadebisaTvis miiReba, rom [21]
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sadac Vx – aris x-RerZis gaswvriv nakadis ganivkveTSi gasaSualebuli siCqare [19]
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sadac 
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 – aris Sezis koeficienti, romelic damokidebulia kalapotis fardobiT xorklianobaze [21]

zemoaRniSnulis Tanaxmad, (2.25) gamosaxuleba SeiZleba Caiweros agreTve, Semdegi saxiTac 
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erTganzomilebiani moZraobis SemTxvevisaTvis v = 0, u = Vx da disipaciuri wevris (2.27) gaTvaliswinebiT, dinamikis gantoleba (2.21) aseT saxes iRebs
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Tu gaviTvaliswinebT imas, rom (ix.nax.2.1)
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Tanaxmad zemoaRniSnulisa, organzomilebiani (gegmaSi) moZraobis gantolebebi (disipaciuri wevrebis gaTvalisiwnebiT), uwyvetobis gantolebasTan erTad SeiZleba ase iyos warmodgenili
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sadac 
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         (y – cocxali kveTis farTobia, (amasTan es kveTi y-RerZis marTobulia).

(2.29) da (2.30) tipis gantolebebi samarTliania e.w. mdovred cvladi dimebisaTvis, anu iseTi nakadisaTvis, romlis geometriuli forma mcired icvleba manZilis mixedviT. am SemtxvevaSi sakmarisi sizustiT sruldeba piroba, imis Sesaxeb, rom nakadis ganivkveTSi siCqareta veqtorebi erTmaneTis paraleluria, xolo ganivkveTis mimarT isini marTobulia [36].

aRvniSnoT agreTve isic, rom am gantolebebis Cawera SesaZlebelia sxvadasxva formiT, rac damokidebulia gansaxilveli amocanis specifiurobaze. kerZod, xSirad es gantolebebi Caiwereba e.w. divergentuli formiT [19] im SemTxvevaSi, rodesac Seswavlis sagans wyvetadi dinebebi warmoadgens. aRvniSnoT, rom Cvens mier warmodgenil naSromSi aseTi tipis dinebebi ar ganixileba da amitom, marCxi wylis gantolebebi divergentuli formiT aq ar aris warmodgenili.
gegmaSi organzomilebiani (gegmiuri) gantolebebis gamoyenebis are, rogorc es [22] naSromSia miTiTebuli SeiZleba Sefasdes Semdegi kriteriumiT

                                                      Lmin > 5hmax
sadac Lmin aris nakadis minimaluri maxasiaTebeli zoma gegmaSi;

         hmax – nakadis maqsimaluri siRrme.

aRniSnuli tipis gantolebebis zusti analizuri amoxsna im SemTxvevisaTvis, romelsac praqtikisaTvis ramdenadme mniSvneloba aqvs, SeuZlebelia, amitom gansakuTrebuli roli eniWeba maTi amoxsnis mizniT ricxviTi meTodebis gamoyenebas [18, 19, 21, 22].

2.2. eqstremaluri talRebis kvlevebis 
mokle mimoxilva da analizi

qvemoT warmodgenilia mokle istoriuli mimoxilva Sromebisa (maT Sorisaa 1991 w. Semdeg gamoqveynebuli), romlebic eZRvneboda eqstremaluri talRuri procesebis Seswavlas zemoT aRniSnuli Teoriuli midgomebisa da eqsperimentuli kvlevebis safuZvelze. aRvniSnot, rom am saxis mimoxilva moyvanili iyo 1991 w. gamoqveynebul [23] wignSi.

pirveli naSromebi, romlebic Seexeboda marCxi wylis gantole-bata integrirebis amocanas mewyeriT generirebuli talrebis SemTxvevaSi ricxviTi meTodebis, kerZod, sasrul elementebis da sasrul-sxvaobiTi meTodebis saSualebiT, gamoqveynebuli iyo jer kidev gasuli saukunis 70-ian wlebSi kutitasis, roni da batleris, agreTve, v.m.liatxerisa da a.n.militeevis da sxv. naSromebSi [44,47,22].

sasrul sxvaobiTi meTodi SeiZleba iqnas realizebuli sxvadasxva (xSirad standartuli) sxvaobiTi sqemis meSveobiT, romelTa raodenoba dReisaTvis sakmaod didia, rac mowmobs imaze, rom maTi srulyofis procesi jer kidev ar aris dasrulebuli [19].

talRuri amocanebis ganxilvisas sawyisi monacemebis saxiT unda iyos mocemuli konkretuli "SeSfotebis" (mewyeri, Rvarcofi, miwisZvra, wyalmovardna) parametrebi wyalsatevis sazRvris rome-lime ubanze. amasTan, Casatarebelia ricxviTi gaangariSeba im hid-rodinamikuri procesis maxasiaTeblebisa (talRa, siCqareebi da sxv.), romlebic aRniSnuli SeSfoTebiT aris ganpirobebuli. saWi-roa aRiniSnos, rom ricxviTi meTodebis saSualebiT aRniSnuli gaangariSebebis Catareba aucilebeli xdeba maSin, rodesac gansa-xilveli wyalsatevi (magaliTad wyalsacavi) xasiaTdeba rTuli konfiguraciiT da misi sqematizireba martivi geometriuli aris meSveobiT (magaliTad, sworkuTxa paralelepipedis saxiT) umarTe-buloa, agreTve im SemTxvevaSi, roca saWiroa mkveTrad gamoxatuli maRali arawrfivi talrebis zomebis Sefaseba SedarebiT mcire siRrmeebis SemTxvevaSi [19].

amasTan, unda aRiniSnos, rom marCxi wylis Teoriis gamoyeneba mewyeriT an miwisZvriT gamowveuli talRebis Seswavlis mizniT sa-Sualo da didi siRrmis wyalsacavebSi ar aris efeqturi da mizan-Sewonili, vinaidan am dros, rogorc zemoT iyo aRniSnuli, siTxis moZraobis vertikaluri mdgeneli ar miireba mxedvelobaSi, rac gaangariSebis SedegebSi mniSvnelovan cdomilebas gvaZlevs mat Teoriis gamoyenebis SemTxvevasTan SedarebiT [23]. amasTan, swored Rrma wyalsacavebSi SeiZleba warmoiqmnas maqsimalurad maRali talRebi, vinaidan, mewyeris Camongrevisas, Cveulebriv, misi mTeli masis CaZirva xdeba wyalSi (gansxvavebiT, mcire siRrmis wyalsaca-vebisagan) da siTxes gadaecema maqsimaluri energia. aRniSnul SemTxvevebSi mxolod mat Teoriaze dayrdnobiT agebuli algoriT-mebis saSualebiT SeiZleba sando Sedegebis miReba [23].

pirveli naSromebi, romlebic gamoqveynebuli iyo 1968-69 wlebSi da Seexeboda wyalsacavSi miwisZvris Sedegad warmoqmnil "cunamis" tipis talRebis Seswavlas mat Teoriis safuZvelze brtyeli sasazRvro amocanis CarCoebSi, rogorc Cans ekuTvnis avtors [5, 6]. odnav mogvianebiT, mewyeriT gamowveuli brtyeli talrebis Teoriuli da eqsperimentuli kvlevis Sedegebi aisaxa vigelis da nodas SromebSi [46, 48].

Semdgomi, seismogenuri da mewyeriT generirebuli talrebis far-To da sxvadasxva aspeqtiT kvleva Teoriuli da eqsperimentuli meTodebis safuZvelze warmoebda, Ziritadad, saqarTvelos energe-tikis institutSi g.mamraZis, i.muzaevis, g.jinjixaSvilis, l.rozen-turisa da avtoris mier [5-8, 14, 23, 36, 38-42] mogvianebiT ki, i.javaxi-Svilis saxelobis Tbilisis saxelmwifo universitetSi (gamoyenebi-Ti maTematikis kaTedraze) r.melaZis, n.jRamaZisa da a.Wanturias mier [34]. aRniSnuli sakiTxebis Seswavla warmoebda agreTve, msoflios, maT Soris aSS, avstriis, norvegiis, ruseTis, ukrainis da sxv. samecniero centrebSi (kerZod, moskovis hidromelioraciul institutSi, leningradis umaRles samxedro sainJ. teqn. saswavle-belSi, ukrainis mecn. akademiis hidromeqanikis institutSi da sxv.) [2, 3, 22, 27, 35, 37, 43, 45, 49].

unda aRiniSnos, rom saqarTvelos energetikisa da energetikul nagebobaTa samecniero kvleviT institutSi damuSavebuli wyalsacavebSi seismogenuri da "mewyeruli talrebis" gaangariSebis meTodika da kvlevis Sedegebi (samecniero Tematikis xelmZRvaneli – T.l.gvelesiani) farTod iyo gamoyenebuli mTeli rigi maRal-dawneviani hidrokvanZis saiano-SuSenskoes (cimbirSi), miatlis, irganais (daRestani), getikis (somxeTi), zaramagis (azerbaijani), Jinvalis, algeTis, axalcixis, birkianis (saqarTvelo) kaSxlebis daproeqtebis, mSeneblobisa da eqspluataciis dros [8, 15, 16, 28], agreTve sakavSiro samseneblo normebsa da wesebSi (sniip) da sxva [9-12, 33]. 
yofili sakavSiro ministrTa sabWos dakveTiT (1980 w.) zemoaRniSnuli meTodis safuZvelze Catarebuli iyo agreTve, Rrma sarezis tbaSi (tajikeTi) SesaZlo eqstremaluri talRuri proce-sis Seswavla. es tba warmoiqmna 1911 w. miwisZvris Semdeg, mewyeris mier mdinaris kalapotis Caxergvis Sedegad da swored am mewyeris aramdgradi nawilis tbaSi Camozvavebis SemTxvevaSi SesaZlebelia maRali talRis warmoqmna. gaangariSebebis Sedegebma aCvenes, rom es talRa ekologiuri katastrofis seriozul safrTxes warmoadgens sarezis tbis mimdebare dasaxlebuli raionisaTvis da am safrtxis prevenciis mizniT saWiroa specialuri RonisZiebebis Catareba [29].

aRvniSnoT, rom gansxvavebiT zemoT aRniSnuli talRuri Teorie-bisa, zogierT naSromSi moZraobis raodenobis Senaxvis kanonis safuZvelze ganisazRvreboda wyalsacavSi generirebuli talRis maqsimaluri amplituda mewyeris (an Rvarcofis) wyalsacavSi uSua-lod Semosvlis lokalur ubanze [4]. amasTan, talRebis wyal-sacavSi gavrcelebisa da kaSxlidan arekvlis sakiTxebi ar gani-xileboda. faqtiurad igive xerxiT warmoebda "mewyeruli talRis" mxolod maqsimaluri amplitudis (simaRlis) Sefaseba a.miSuevisa da sxv. naSromebSi [24, 25].

rogorc cnobilia, zog SemTxvevaSi mdinaris kalapotebSi, arxebsa da wyalsacavebSi Cndeba specifikuri saxis talRa e.w. bori, romelic xasiaTdeba imiT, rom misi talRis fronti sakmaod cicaboa, xolo Txemi brtyelia da gaSlili. zogierT naSromSi "mewyeruli talRa" generirebis sawyis fazaSi miaxloebiT swored boris saxiT iyo aproqsimirebuli [24, 37].
zemoaRniSnuli, naTlad aCvenebs, Tu ra didi yuradReba eqceoda Tavidanve msoflios sxvadasxva mecnieris mxriv eqstremaluri talRebis wyalsacavebSi warmoqmnis procesebis Seswavlas, rac ganpirobebuli iyo, am problemis rogorc seriozuli socialuri da ekologiuri mniSvnelobiT, aseve misi kvlevis sirTuliT.

saWiroa agreTve, mokled SevexoT im kvlevebs, romlebic grZeli talrebis sanapiro ferdobze (an miwis kaSxlis sadawneo ferdobze) migorvis (an agorvis) process Seexeba.

saangariSo sqemebi, romlebic grZeli talrebis migorvis procesebs aRweren dreisaTvis damuSavebulia, Ziritadad, zRvis sanapiro zolze cunamis tipis talrebis zemoqmedebis Seswavlis mizniT [5]. amasTan, kvlevebi warmoebda an hidrodinamikuri gaangariSebis safuZvelze marCxi wylis Teoriisa da ricxviTi meTodebis gamoyenebiT, an gansazRvruli formis talrebis daxril zedapirze agorvis laboratoriuli modelirebis bazaze.

sainteresoa aRiniSnos, rom eqsperimentebma, romlebic dakavSire-buli iyo calmagi talRis ferdobze agorvis procesis Seswavlas-tan, aCvens, rom talRis agorvis fardobiT simaRles gaaCnia sxvadasxva maqsimumi, ferdobis horizontTan daxris kuTxis (s cvlilebis sxvadasxva sazRvrebSi, rac ZiriTadad ganpirobebulia talRebis msxvrevis reJimze gadasvliT. SedarebiT cicabo ferdo-bebis SemTxvevaSi, anu rodesac agorvisas mis msxvrevas adgili ar aqvs, talRis agorvis simaRle izrdeba (s kuTxis zrdasTan erTad, xolo damreci ferdobebis SemtxvevaSi – mcirdeba. pirvel SemTxve-vaSi aRniSnuli efeqti ganpirobebulia talRis arekvliT, meore SemTxvevaSi – talRis msxvreviT. grZeli calmagi talRis trans-formaciis xasiaTi damokidebulia zogad SemTxvevaSi, talRis ara-wrfivobis parametris 
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amasTan dakavSirebiT saWiroa aRiniSnos, rom hidrokvanZebis adgilobrivi masalisagan agebuli kaSxlis sadawneo (zeda) ferdo-bis qanobebi Cveulebriv xasiaTdebian ms = ctg(s ( 5 mniSvnelobebiT da maSasadame, grZeli talRebis migorvis process eqneba adgili talRebis daumsxvrevlad. Tu miviRebT mxedvelobaSi, rom seismo-genuri da mewyeruli talRebi xasiaTdeba Cveulebriv, SedarebiT didi sigrZeebiT [23] unda vivaraudoT, rom maTi kaSxlis ferdoze migorva moxdeba msxvrevis gareSe, amitom es faqtori am wignSi ar ganixileba.

literaturuli masalis analizi saSualebas gvaZlevs davaskv-naT Semdegi. ama Tu im wyalsatevSi (wyalsacavi, tba da sxv.) tal-Rebis warmoqmna, rogorc zemoT iyo aRniSnuli, SeiZleba gamo-wveul iqnas, rogorc bunebrivi (stiqiuri) movlenebis Sedegad (mi-wisZvra, mewyeri, Rvarcofi, wyalmovardna da sxv.), aseve xelovnuri (magaliTad, afeTqeba) mizezebiT. talRebis warmoqmnis, gavrcelebis, ferdobebidan (an kaSxlidan) arekvlisa da interferenciis rTuli procesebi mkveTrad gamoxatuli arastacionarulobiT xasiaTdebian. am talRebis Seswavlisadmi midgomebi ama Tu im (mat an mw) Teoriis gamoyenebis safuZvelze, damokidebulia pirvel rigSi, ro-gorc wyalsacavis formaze da mis siRrmeze, aseve gare zemo-qmedebis intensivobaze. amastan, aRniSnuli talRuri procesebi SeiZleba aRwerili iqnas:

a) erTganzomilebiani siTxis moZraobis modeliT, mw arawrfivi Teoriis gamoyenebiT;

b) organzomilebiani (vertikalur sibrtyeSi) moZraobis mode-liT, wrfivi mat Teoriis gamoyenebiT an organzomilebiani (geg-maSi) moZraobis modeliT, mw Teoriis saSualebiT;
g) samganzomilebiani (sivrciTi) moZraobis modeliT, mat Teoriis safuZvelze.
mat Teoriis safuZvelze formirebuli talRuri wrfivi sasa-zRvro amocanis amoxsnisas, wyalsatevis formis warmodgena Cve-ulebriv xdeba gamartivebuli (sqematizirebuli) saxiT (magaliTad, sworkuTxediT an sworkuTxa paralelepipediT - Sesabamisad brtye-li an sivrciTi amocanis ganxilvis dros). am SemTxvevaSi, aRniSnu-li talRuri amocanis amoxsna bevr SemTxvevaSi SesaZlebelia analizuri metodebis gamoyenebiT, ris sedegad miiReba amonaxseni garkveuli analizuri gamosaxulebis (formulis) saxiT. Tumca, es amonaxseni sakmaod rTulia Tavisi formiT da ricxviTi monacemebis miReba xorcieldeba mxolod, egm gamoyenebis Sedegad [23].

mw Teoriis safuZvelze formulirebuli sasazRvro amocana aris arawrfivi da misi analizuri amoxsna umetes SemtxvevaSi SeuZ-lebelia. amitom, misi amoxsnis mizniT gamoiyeneba esa Tu is ricx-viTi (sasrul-sxvaobiTi an sasrul elementebis) meTodi, romlis sasualebiT, mocemuli arawrfivi kerZo-warmoebulebiani diferen-cialuri gantolebis amoxsna daiyvaneba algebruli gantolebebis sistemis amoxsnamde [19]. aRniSnuli midgoma saSualebas iZleva bevr SemTxvevaSi, gatvaliswinebuli iyos (garkveuli SezRudvebiT) wyal-satevis realuri forma (ganivkveTSic da gegmaSic).
rogorc analizuri, aseve ricxviTi meTodebis safuZvelze miRe-bul amonaxsnebs gaaCnia Tavisi dadebiTi da uaryofiTi mxareebi. saxeldobr, analizuri amonaxseni advilad gamosayenebelia (samgan-zomilebiani amocanis ganxilvis SemTxvevasic ki) gatvlebis farTo ciklis Catarebis mizniT, ris Sedegad SesaZlebelia dadgenil iqnas gansaxilveli procesis ZiriTadi kanonzomierebani; is agret-ve aucilebelia testuri analizebis dros; iTvaliswinebs siCqaris vertikaluri mdgenelis gavlenas talRis parametrebze, talRis warecxvis procesebze, da sxv., magram zust Sedegebs iZleva mxo-lod sqematizerebuli areebisaTvis. rac Seexeba ricxviT amo-naxsens, misi miReba dakavSirebulia rig maTematikur problemastan (mdgradobis, krebadobis uzrunvelyofa, dagrovil cdomilebaTa Sefaseba da sxv.); misi gamoyenebis are Semofarglulia SedarebiT mcire siRrmis wyalsatevebiT, amastan erTad, is iTvaliswinebs gan-saxilveli movlenis mTel rig faqtors, rogoricaa wyalsatevis forma, talRis arawrfivoba, winaRobis Zalebi.
wyalsatevis zedapirze gare Zalebis, kerZod ki mewyeris zemo-qmedebis Sedegad generirebuli talRebis arawrfivobis xarisxi ganpirobebulia metwilad, mewyeris geometriuli da kinematikuri parametrebis sididiT (mewyeris moculobiT da misi siCqariT). sa-xeldobr, rac ufro didia Tavisi mniSvnelobiT es parametrebi, miT ufro mkveTrad gamoixateba talRis arawrfivobis xasiaTi. talRis arawrfivi efeqtis Sesaxeb miaxloebiTi Sefasebebi SeiZleba gakeTdes urselis parametris Ru sididis safuZvelze, momavalSi es sakiTxi moiTxovs specialur Seswavlas [21]. 
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