Tavi 7. 

wyalsacavis fskerze moZravi RvarcofiT warmoqmnili arastacionaruli hidrodinamikuri procesis 
maTematikuri modelireba
Аннотация

Предлагаемая математическая модель для аппроксимации волнового процесса в схематизированном водохранилище, возникающего вследствие поступления в него и распространения по его дну селевого потока. Предполагается, что структурный (связной) селевой поток имеет постоянную высоту и распространяется с определенной (в частном случае, с равномерной) скоростью. Перед фронтом селевого потока на определенном расстоянии от него возникает поток жидкости, скорость которого ориентирована вертикально вверх, причем расход этого потока равен расходу селевой массы, поступающей в водохранилище.

Соответствующая краевая задача гидродинамики решается на основании метода, который использовался в предыдущих главах. Получена функциональная зависимость с целью определения вида волновой поверхности в водохранилище при воздействии селевого потока.

В результате численных расчетов установлено влияние основных параметров рассматриваемого процесса (скорости селя и пройденного им пути по дну) на максимальную высоту волны у плотины. Анализируется фактор отражения волн от граничных створов схематизированного водохранилища (плотины и борта) и характер интерференционных ондуляций.

7.1. sasazRvro amocanis formulireba 
da analizuri amoxsna
mTian regionebSi xSiria Rvarcofebis warmoqmna, rasac Tan sdevs garemoze uaryofiTi ekologiuri gavlena da mniSvnelovani materialuri zarali [2, 4, 5, 9, 11]. aseT regionebSi wyalSemtbori nagebobebis (kaSxlebi, dambebi da sxv.) saimedo funqcionirebis uzrunvelsayofad unda Catardes sainJinro prognozuli gaangariSebebi, romlebic Seexeba seluri nakadis hidroteqnikur nagebobaze zemqomedebis sakiTxs [5, 6, 9]. es gulisxmobs ara mxolod seluri nakadis uSualod nagebobaze dinamikur zemoqmedebis gansazRvras [5, 9, 10, 14], aramed im hidrodinamikuri Zalebis moqmedebis gaTvaliswinebasac, romlebic warmoiqmnebian talRebisa da hidrodinamikuri wnevebis saxiT, seluri nakadis wyalsacavSi Semodinebisa d amasSi gavrcelebis Sedegad [3, 7, 11, 12].

aRniSnuli procesis sirTulis gamo, dreisaTvis wyalsacavSi seluri nakadis wyalTan urTierTqmedebis mxolod zogierTi kerZo sakiTxia ganxiluli [1]. am naSromSi ganisazRvreba maqsimaluri talRis amplituda uSualod seluri nakadis wyalsacavSi Semosvlis adgilas. amasTan, generirebuli talRis kaSxlis mimarTulebiT gavrcelebis, transformaciisa da arekvlis sakiTxebi ar ganixileba. aq Cven SevCerdebiT ufro ganzogadebul maTematikuri modelis ganxilvaze, romlis mixedviT [3, 12] sqematizebul (L sigrZisa da H siRrmis) wyalsacavSi sawyis (t=0) momentSi warmoiqmneba talRuri procesi mis erT-erT bortis mxridan stratificirebuli Dc sisqis Rvarcofuli nakadis Semodinebisa da Semdeg t>0 fskerze misi Uc(x,t) siCqariT (nax.7.1) gavrcelebis Sedegad Rvarcofi fskeris gaswvriv moZraobs t0-drois ganmavlobaSi; igulisxmeba, rom am dros (sanam Rvarcofuli nakadi gaCerdeba), misi frontis win wylis gamodevnis Sedegad, war-moiqmneba Bc sigrzis "SeSfotebis zona", sadac wylis nawilakebis moZraoba upiratesad, vertikalurad aris mimarTuli zeviT.
miiReba, rom am moZraobis siCqare mTel Bc ubanze Tanabaria da Wc tolia. selis moZraobasTan erTad xdeba Bc SeSfotebis zonis gadaadgilebac x-RerZis gaswvriv (0 < t < t0 drois ganmavlobaSi). Rvarcofis moZraoba wydeba, rodesac t > t0, da am momentSi Wc = 0. miviRoT, rom Uc(x,t) = Uc = const. am dros Rvarcofis nakadis gadaadgilebis koordinata Sc(t) (nax.7.1) tolia
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sadac S0 – aris Rvarcofis frontis mier fskerze gavlili mTliani manZili (gaCerebis momentSi).

aRniSnuli hidrodinamikuri amocanis formulireba warmoebs mcire amplitudiani talRebis Teoriis [13] safuZvelze, im daSvebiT, rom wyalsacavSi siTxe idealuria, misi moZraoba ki aris potenciuri (ix. Tavi 2). am SemtxvevaSi brtyeli amocanis amoxsna mdgomareobs ((=0 (sadac ((x,y,t) siCqaris potencialia, 
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sadac 
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(7.3) gamosaxulebis mixedviT, ganisazRvreba wyalsacavis wylis zedapirze talRuri profilis amsaxveli funqcionaluri damokidebuleba, Semdegi saxiT
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agreTve, hidrodinamikuri wnevebi wyalsacavis nebismier kveTSi, kerZod kaSxlis sadawneo zedapirze (x=l kveTSi)
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dasmuli amocanis avtoris mier miRebuli amonaxsenis anu ((x,y,t) funqciis mixedviT, gamosaxuleba (7.4), konkretuli formiT Seizleba warmodgenil iqnas Semdegnairad
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sadac W0(t) da Wn(t) aris funqciebis aRniSvnebi, romlebic ganisazRvreba Semdegi formulebiT
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                     S(t) = Uc(t);  anS(t)=anUct = (nt;
                                      F1(t) = sin(nt(coskn-1) + sinkncos(nt
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formula (7.6), (7.7)-(7.8) gamosaxulebebis gaTvaliswinebiT da Sesabamisi integralebis gansazRvris Sedegad, sabolood, ase Seizleba Caiweros
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sadac
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(7.11)
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 (t = t - t0;   Sn = sinkn;   Cn = coskn -1                                   (7.12)

qvemoT ganixileba wyalsacavSi RvarcofiT warmoqmnili talRuri procesis (7.10) formuliT gaangariSebis magaliTi.

magaliTi. nax.7.2-ze gamosaxulia talRuri profilebi sxvadasxva drois momentisaTvis (t1 = 31,57; 64,4; 97; 128 wm); aRebulia drois is Sualedi, sanam wyalsacavis fskerze adgili aqvs Rvarcofuli nakadis moZraobas. Rvarcofi, romlis simaRlea (sisqea) Dc = 5 m, Semodis wyalsacavSi, S0 = 650 m-s manZilze (gaCerebamde); wyalsacavis sigrZea L = 2500 m, xolo siRrme H = 50 m; Rvarcofis siCqare, misi moZraobisas wyalsacavis fskerze, Seadgens Uc = 6 m/wm. rogorc   nax. 7.2-dan Cans, aRniSnuli Rvarcofis wyalsacavSi Semosvlis Sedegad (misi sigrZis daaxloebiT 1/4 manZilze), kaSxalTan maqsimaluri donis aweva Seadgens (max = 3,6 m. 
aRvniSnoT, rom am magaliTSi ganxilulia saSualo simaRlis kaSxlis SemTxveva, rodesac maragi normalur Setborvis donesa da kaSxlis qimis dones Soris aiReba Cveulebriv 1,5 - 2,5 m toli. amgvarad, ganxiluli Rvarcofuli movlenis SemTxvevaSi (rodesac (max = 3,6 m), adgili eqneba talRis gadadinebas kaSxlis qimze. rac Seexeba gadadinebis procesis xangrzlivobas, misi gaangariSeba, agreTve SesaZlebelia avtoris mier SemoTavazebuli meTodiT (ix. Tavi 9), aq miRebuli (7.10)-(7.12) formulebis saSualebiT.

7.2. wyalsacavSi da kaSxalTan generirebuli talRuri procesis analizi (ondulaciis specifika)
zemoT aRniSnuli saangariSo sqemis Tanaxmad, wyalsacavidan gamodevnili wylis moculoba masSi Rvarcofis Semodinebis dros cvladi sididea da damokidebulia droze. is tolia Rvarcofuli "sxeulis" moculobisa yovel t drois momentisaTvis, anu

                 
[image: image23.wmf]t

d

B

W

)

t

(

S

D

t

0

c

c

c

c

ò

=

,   (rodesac 0 < t < t0)        (7.13)

im momentSi, rodesac t = t0, Rvarcofi Cerdeba da misi Sc(t0) abscisa x RerZis (fskeris) gaswvriv (7.1) Tanaxmad S0 toli xdeba. am SemTxvevaSi (7.13) gamosaxuleba aseT saxes iRebs
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Rvarcofis Sedegad warmoqmnili talrebis amplitudebis gamosaTvleli formula (7.10) SeiZleba warmodgenili iyos zogadi saxiT, Semdegnairad (aq wyalsacavis siRrme L-iT aRiniSneba).
                                          ((x,t) = (0(t) + (K(x,t)                                                 (7.15)

sadac 
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                      DcSc(t) = WcBct;   DcS0 = WcBct0; 
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( – funqciis ganzomileba, rogorc (7.10) Cans aris [m(wm].

(7.14) formulis gaTvaliswinebiT, (7.16) da (7.17) gamosaxulebebi, rodesac t > t0, SeiZleba ase iyos warmodgenili:
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(vinaidan 
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mocemuli kveTisTvis (magaliTad, roca x = L, kaSxalTan) da fiqsirebuli momentisaTvis (magaliTad, roca amplituda aRwevs maqsimums anu ( = (max) formula (7.20) SeiZleba ase Caiweros
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sadac   
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sadac
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(7.20)-(7.22) formulebidan uSualod Cans, rom Rvarcofis mier generirebuli talRis amplituda misi sisqis pirdapirproporciulia. talRis amplitudaze sxva saangariSo parametrebis (
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kaSxalTan (x = L kveTSi) mosuli pirveli talRis maqsimalur amplitudaze 
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magaliTi. vTqvaT wyalsacavis siRrmea H = 30 m, xolo L* = 50 (anu L = 1500 m). wyalsacavis sigrZis 1/5 manZilze Semodis Rvarcofi anu vrceldeba S0 = 300 m manZilze (anu 
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wyalsacavSi warmoqmnili ondulaciuri procesis Sesaxeb warmoadgens gvaZlevs 
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 damokidebulebis grafikebi (7.3,a, nax.7.4,a). maT formas ganapirobebs RvarcofiT generirebuli pirdapiri talrebisa da wyalsacavis bortebidan    (x = 0, x = L) areklili talRebis urTierTzeddebis (superpoziciis) procesi (anu interferenciuli indulaciebis xasiaTi).

amasTan, am grafikebze gamovlenili pikuri awevebi aixsneba, ZiriTadad, wyalsacavis sakuTari rxevebis pirveli da meore harmonikis (formis) rezonirebiT. marTlac, rodesac 
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 (nax.7.3,a, 7.4,a) grafikebze meore maqsimaluri pikis arseboba, rodesac 
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 grafikebze (nax. 7.3,a, 7.4,a). daaxloebiT aseTive suraTi aRiniSneboda avtoris mier wyalsacavebSi miwisZvris Sedegad warmoqmnili (cunamis tipis) talRebis ganxilvisas [13].

nax.7.5,a,b gamosaxulia 
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 damokidebulebis grafikebi im SemTxvevisaTvis, rodesac t ( t0, anu rodesac Rvarcofma Sewyvita moZraoba. amasTan am SemTxvevaSi arekvlis procesebi (x = 0 kveTidan) ar aris mxedvelobaSi miRebuli.
rogorc am grafikebidan Cans, maSin rodesac 
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, pirveli talRa ukve moaswrebs kaSxalTan mosvlas da Semdeg misgan arekvlas, amitom am dros kaSxalTan wylis donis zrdas adgili aRar aqvs.

magaliTi. ganvsazRvroT talRis fardobiTi simaRle ((*) kaSxalTan bortidan (x = 0) talRebis arekvlis gatvaliswinebis gareSe da misi gatvaliswinebis SemTxvevaSi. vTqvaT, Dc = 3 m simaRlis Rvarcofi Semodis L = 1500 m sigrzis da H = 30 m siRrmis wyalsacavSi (L* = 50). Rvarcofis siCqare Seadgens Uc = 4,3 m/wm (anu 
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 = 0,25). nax.7.5,a-ze moyvanili grafikis Tanaxmad kaSxalTan mosuli pirveli maqsimaluri talRis amplituda am dros Seadgens (* = 0,068, anu ( = 0,068(H = 0,068(30 = 2,0 m.

Tu mxedvelobaSi miviRebT wyalsacavSi talrebis interferenciis efeqts, romelic ganpirobebulia wyalsacavis bortidan (x = 0 kveTi) talrebis arekvliT, maSin nax.7.3,a gamosaxuli grafikis mixedviT, kaSxalTan maqsimaluri donis aweva matulobs Rvarcofis wyalsacavSi Semosvlis S0 – manZilTan erTad. ase, magaliTad, 
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amgvarad, SemoTavazebuli saangariSo sqemis (nax.7.1) safuZvelze amoxsnilia brtyeli sasazRvro amocana, romelic exeba wyalsacavSi generirebul talRur process mis fskerze mudmivi sisqis Rvarcofuli nakadis gavrcelebis Sedegad. aRniSnuli amocanis amonaxseni – (7.10) saSualebas iZleva aRweril iqnas wyalsacavSi talrebis, rogorc generaciisa da transformaciis (nax.7.2), aseve arekvlisa da interferenciuli ondulaciis sruli suraTi (nax.7.3-7.5). miRebuli funqcionaluri damokidebulebebis (7.15), (7.18), (7.19) safuZvelze Catarebuli kompiuteruli gaangariSebaTa Sedegebi, romlebic warmodgenilia grafikebis saxiT (7.3)-(7.5) SesaZleblobas iZleva ganisazRvros saangariSo parametrebis gavlena talRebis maqsimalur amplitudebze kaSxlis kveTSi. kerZod, aRniSnuli grafikebi saSualebas iZleva Rvarcofis siCqarisa da mis mier fskerze gavlili manZilis mocemuli (savaraudo) mniSvnelobebis SemTxvevaSi, advilad ganxorcieldes kaSxalTan wylis SesaZlo maqsimaluri donis awevis swrafi prognozi, rogorc kaSxalTan pirveli (pirdapiri) talRis mosvlis SemTxvevaSi, aseve talrebis arekvlis da interferenciis gaTvaliswinebiT.
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