Tavi 6. 
mewyeruli movlenebis dros wyalsacavSi arastacionaruli talRuri procesebis axali maTematikuri modelebi
Аннотация

Разработана новая математическая модель процесса волнообразования в схематизированном водохранилище при обвале оползневых явлений. В рамках плоской задачи рассматривается процесс постепенного погружения в воду по откосному береговому склону (в соответствии со схематизацией - вдоль вертикальной стенки) глубокого водохранилища (каньонного типа) большого по объему обвального массива, состоящего из твердых (скальных) пород. В отличие от ранее использованных расчетных схем, предполагается, что под опускающимся в воду массивом имеет место локальная область "возмущения", (а именно, по высоте этой области возникает горизонтальная скорость частиц жидкости, направленная от берегового склона вглубь водохранилища). Указанная область возмущения перемещается вдоль берегового склона по мере опускания оползня и исчезает при его остановке. Результаты численной реализации данной модели дают хорошее согласие с экспериментальными данными, в том числе вблизи от места генерации волн.

В соответствии со второй математической моделью, в отличие от вышеуказанной, предполагается, что оползневая масса, состоящая из рыхлых пород "втекает" в водохранилище с горизонтальной скоростью, причем высота слоя этого втекания меньше по сравнению с глубиной воды в водохранилище. На основании численных расчетов анализируется влияние высоты втекания оползневой массы на интенсивность волнообразования.

На основе решения трехмерной задачи, полученные ранее автором и компьютерного графо-построения иллюстрируется процесс трансформации первого пика оползневой волны в водохранилище, в том числе накат и отражение этой волны от плотины.

6.1. wyalsacavis cicabo sanapiro ferdobze kldovani qanis CamongreviT gamowveuli talRebis gaangariSeba ganzogadebuli saangariSo sqemis safuZvelze
hidroteqnikuri mSeneblobis praqtikaSi kargad aris cnobili Tu ra didi ziani moaqvs sxvadasxva daniSnulebis hidrokvanZebis funqcionirebisas mewyerul movlenebs, romlebic wyalsacavebis sanapiro ferdobebze warmoiqmnebian. es ganpirobebulia, rogorc mewyeris uSualo dinamikuri moqmedebiT hidroteqnikur nagebobebze, aseve im maRali talRebis zemoqmedebiT, romlebsac isini iwveven wyalsacavebSi [1-3, 7].

rogorc cnobilia, mewyeruli movlenebis gamovlena xdeba sxvadasxva saxiT, rac gamowveulia umTavresad, mewyerwarmomqmneli faqtorebis moqmedebiT, mewyeruli qanis fiziko-meqanikuri TvisebebiTa da mewyeruli keris adgilmdebareobis reliefiT [8, 9, 12, 13].

qvemoT moyvanilia cxr. 6.1, zogierTi mewyeruli movlenis amsaxveli monacemebi, romlebic axasiaTeben am movlenebis masStabebs, agreTve, mewyerebis moculobebisa da maT mier generirebuli talrebis amplitudebis mniSvnelobebi. am movlenebs, zog SemTxvevaSi, Tan sdevs ara mxolod miwis teritoriis datborva da Senoba-nagebobebis (maT Soris sainJinro nagebobebis) ngreva, aramed adamianTa msxverplic. ase, magaliTad, lituas ubeSi (aliaskas samx.aRmos. nawilSi) momxdari mewyeris dros (9 ivnisi 1958 w.) daiRupa 5 adamiani turisti, imitom, rom am dros am ukacriel ubeSi mxolod isini imyofebodnen [4, 18]. xebgenis wyalsacavTan (St.montana, aSS) mewyerma (17 agvisto 1959 w.) 28 adamiani imsxverpla [20, 22]; vaiotis wyalsacavSi (italia 9 oqtomberi, 1963 w.), rogorc zemoT iyo aRniSnuli, grandiozuli mewyeris Sedegad warmoqmnilma talRam, mas Semdeg rac man betonis kaSxlis qims gadauara, oTxi soflis da patara qalaqis walekvis, agreTve, ramodenime wuTis ganmavlobaSi TiTqmis 3000 adamianis daRupvis mizezi gaxda [4, 7].
pirveli Teoriuli da eqsperimentuli Sromebi, romlebic wyalsacavSi (arxSi) uSualod mewyeriT warmoqmnili talRebis procesis Seswavlas eZRvneboda gamoqveynebuli iyo [19, 21] SromebSi, vigelis, nodas da sxv. avtorobiT. aRniSnuli Teoriuli kvlevebi Catarebuli iyo h-siRrmis naxevrad SezRuduli arisaTvis (grZeli wyalsacavi, arxi) brtyeli sasazRvro amocanis CarCoebSi ori saangariSo sqemis safuZvelze (nax.6.1). pirveli sqemis Tanaxmad mewyeris Camozvavebis Sedegad x=0 kveTSi (nax.6.1, b) horizontaluri mimarTulebiT gadanacvlebas ganicdis garkveul drois monakveTSi vertikaluri kedeli mTels simaRleze. am gadanacvlebas adgili aqvs D manZilze, ase rom Dh warmoadgens wyalsacavSi Camongreuli mewyeruli masis W moculobas.

meore sqemis Tanaxmad, (nax.6.1, a) mewyeruli sxeuli iZireba wyalSi vertikaluri kedlis (ferdobis) gaswvriv (x=0 kveTSi) ise, rom mis fuZesa da wyalsatevis fskers Soris ferdos mTel simaRleze (t=0 momentSi anu mewyeris CaZirvis dawyebis momentSi) warmoiqmneba maSinve wylis gamodevnis Sedegad, V(t) siCqare, romelic mimarTulia wyalsacavis SigniT (nax.6.1, a). es siCqare izrdeba mewyeruli sxeulis wyalSi CaZirvasTan erTad.

orive zemoaRniSnuli saangariSo sqemis safuZvelze avtoris mier ganxiluli da amoxsnili iyo Sesabamisi sasazRvro amocanebi wylis SezRuduli areebisaTvis (wyalsacavisaTvis), rogorc organzomilebiani, aseve samganzomilebiani arastacionaruli talRuri procesebis Seswavlis mizniT [2, 4, 15].
cxrili 6.1

	adgilmdebareoba
	talRis simaRle (m)
	ferdobze talRis maqsima-luri agorvis simaRle (m)
	mewyeris tipi, moculoba (106, m3)

	aliaskas ube, aliaska. aSS
	
	
	

	9.06.1958 w.
	33,5
	524,6
	kldis qanebi. 30,6

	1936 w.
	30-76
	150,0
	wyalqveSa

	1899 w.
	-
	61,0
	

	1974 w.
	-
	25,0
	kldis qanebi

	1954 w.
	-
	120,0
	

	kenais wyalsacavi, aliaska
	
	
	gaTxevadebuli 

	27.03.1964 w.
	9,15
	22,0
	qanebi. 0,15

	kiuSis kunZuli, iaponia
	
	
	kldis qanebi.

	21.05.1972 w.
	-
	10,0
	grunti

	langfiordi. norvegia
	
	
	kldis qanebi.

	22.02.1756 w.
	-
	40,0
	grunti. 12,0

	leonis tba, norvegia
	
	
	

	15.01.1905 w.
	3,5
	40,0
	kldis qanebi. 0,35

	13.09.1936 w.
	1-2
	70,1
	kldis qanebi. 0,95

	tafiordi. norvegia
	
	
	

	7.04.1934 w.
	-
	63,0
	kldis qanebi. 1,5

	disepointis ube. aliaska. aSS
	
	
	

	4.07.1905 w.
	4,6-6,1
	351,0
	myinvaris masa

	franklin ruzveltis tba. aSS
	
	
	

	04.1944 w.
	-
	20,0
	fxvieri qanebi

	08.1953 w.
	-
	20,0
	

	houn kriki. aSS
	
	
	

	27.07.1949 w.
	-
	20,0
	fxvieri qanebi

	furnasis wyalsacavi. brazilia
	
	
	

	12.01.1969 w. 
	-
	20,0
	kldis qanebi. 0,75

	krasnoiarskis wyalsacavi. ruseTi
	3-4
	
	kldis qanebi

	remerfeli. norvegia
	
	
	

	1.1731 w.
	
	75,0
	klde, yinuli

	Sveicariis tbebi:

lauerceris tba
	
	
	

	1806 w.
	
	20 m-ze meti
	kldis qanebi 30-40

	davosis tba
	
	
	

	1923 w.
	3
	-
	kldis qanebi 0,3

	alpnahis tba
	
	
	

	1931 w.
	3,2
	-
	kirqvis qanebi 0,03

	kvantenis tba
	
	
	

	1946 w.
	-
	6,0
	0,3

	obermatis tba
	
	
	

	1964 w.
	6-7
	25,0
	kldis qanebi 0,07

	pontessis tba. italia
	
	
	

	1954 w.
	20,0
	-
	kldis qanebi. 3,0


Cvens mier aRniSnuli amocanebis amonaxsnebis safuZvelze miRebuli kompiuteruli gaangariSebis Sedegebis analizma saSualeba mogvca dagvedgina aRniSnuli procesis damaxasiatebeli Ziritadi kanonzomierebebi. amis safuZvelze damuSavebul iqna sainJinro praqtikisaTvis advilad gamosayenebeli sainJinro formulebi, romlebic Setanili iyo yofil sakavSiro samSeneblo normebsa da wesebSi, sxva normatiuli xasiaTis rekomendacia-miTiTebebSi [1], agreTve saswavlo meTodur miTiTebebSi da saxelmZRvaneloebSi [10, 14].

qvemoT moyvanilia aRniSnuli formulebidan erT-erTi, romelic gansazRvravs talRis maqsimalur awevas (amplitudas) kaSxalTan ((max), samganzomiliani amocanis CarCoebSi, rodesac (nax.6.2) mis erT-erT ferdobis mxridan adgili aqvs mewyeruli masis "Semodinebis" 0 ( t ( t0 drois intervalSi [1, 2]
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sadac D – aris gasaSualebuli sisqe mewyeruli masisa, romelic CaiZira wyalsacavSi sanapiro ferdobTan;

B – mewyeris masis sigane (x-RerZis gaswvriv);

x0 – mewyeris centraluri wertilis daSoreba kaSxlis kveTidan;

l1 – wyalsacavis sigane;
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maSin rodesac 
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Tu am formulas CavwerT aseTi saxiT
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da gaviTvaliswinebT imas, rom BDH=W aris mewyeruli masis mocu-loba, maSin (6.2) gamosaxulebis warmodgena SeiZleba Semdegnairad
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formula (6.4), romelic warmoadgens avtoris (6.1) formulis kerZo saxes, gviCvenebs, rom erTi da igive moculobis dros (W=const), mewyeriT generirebuli talRis maqsimaluri amplituda kaSxalTan ukuproporciul damokidebulebaSia wyalsacavis siganisa da siRrmis namravlTan; es sidide wyalsacavis ganivkveTis farTobs axasiaTebs da misi saSualebiT SeiZleba Sefasdes daaxloebiT mudmivi siganis wyalsacavis moculobac.

amgvarad, SeiZleba davaskvnaT, rom erTi da igive moculobis mewyeris dros, wyalsacavSi generirebuli talRuri procesi miT ufro intensiuria, rac ufro naklebia wyalsacavis moculoba. amitom samelioracio daniSnulebis hidrokvanZebis wyalsacavebSi, romlebic Cveulebriv, mcire zomebiT xasiaTdebian, mewyeruli procesebi gamoiwveven ufro damangrevel talRebs vidre didi moculobis (magaliTad, hidroenergetikuli daniSnulebis) Rrma wyalsacavebis SemTxvevaSi. Tumca am dros unda Sesruldes mewyeruli masis wyalSi mTlianad CaZirvis piroba, Tumca mcire siRrmis wyalsacavebisaTvis es piroba yovelTvis ar sruldeba.
wyalsacavSi sxvadasxva tipis mewyerul movlenebTan dakavSirebuli hidrodinamikuri (talRuri) amocanebis amoxsnisas miiReba sxvadasxva, mewyeruli tipis Sesabamisi sasazRvro pirobebi [2, 4]. mxedvelobaSi misaRebia agreTve isic, rom esa Tu is sasazRvro piroba gavlenas axdens talrebis gaangariSebis Sedegebze, rac gansakuTrebiT mJRavndeba mewyeris wyalSi Camongrevis adgilis siaxloves. amgvarad, Tu potenciuri mewyeri axlos mdebareobs kaSxalTan, maSin masze talRis zemoqmedebis prognozis mizniT gamoyenebul maTematikur modelSi Sesabamisi sasazRvro pirobebi, rac SeiZleba kargad unda Seesabamebodes mosalodnel bunebriv mewyerul process.

qvemoT ganvixilavT amocanas, romelic kanionis tipis wyalsacavSi kldovani masivis CamongreviT gamowveuli talRebis warmoqmnas Seexeba. am amocanis analizuri amoxsnis mizniT visargebloT mcire amplitudis talrebis (mat) TeoriiT da ufro zusti (fizikur movlenasTan Sesabamisobis TvalsazrisiT) saangariSo sqemiT, vidre es adre Sesrulebul naSromebSi iyo gamoyenebuli [4, 19].

zemoT aRniSnuli (nodas mier SemoTavazebuli) saangariSo sqemis (nax.6.1, a) gamoyeneba, rogorc Cans, misaRebia SedarebiT mcire siRrmis wyalsacavebisaTvis, rodesac mewyeruli tanis sigane D wyalsacavis h siRrmeze metia. amas a.v.miSuevis, v.v.baroninis, s.v.iazikovis da sxv eqsperimentuli monacemebic [4] adastureben im SemTxvevisaTvis, rodesac D/h>1,5...2,0. marTlac, am dros SeSfotebis are mewyeruli tanis qveS bortis mTel simaRles moicavs. magram, rodesac mewyeruli tanis fardobiTi sigane SedarebiT mcirea (D/h<1,5), maSin wylis intensiuri moZraoba wyalSi sxeulis CaZirvisas warmoiqmneba mis qveS, mxolod garkveul lokalur areSi, romlis sidide wyalsatevis siRrmis nawils Seadgens da Seizleba aRebul iqnas (0,1-0,2)h farglebSi.

zemoT aRniSnuli faqtoris gaTvaliswinebiT, aq ganixileba avtoris mier SemoTavazebuli axali saangariSo sqema [11], rodesac kldovani qanis masivi iZireba sqematizebuli (h-siRrmisa da l-sigrZis) wyalsacavis erT-erTi vertikaluri bortis gaswvriv – Uv siCqariT (nax.6.3); sxeulis qveS garkveul b simaRlis monakveTze (lokalur areSi) aRiZvreba wylis nakadi (SeSfotebis are) UH siCqariT. igulisxmeba, rom am aris zoma ar icvleba tanis wyalSi CaZirvis mTeli xnis (t0) ganmavlobaSi. igulisxmeba agreTve isic, rom TviT mewyeruli tanis gaswvriv wylis moZraobis siCqare mcirea da misi ugulebelyofa dasaSvebia. am SemTxvevaSi mewyeruli tanis Ziris ordinata (nax.6.3) gamoisaxeba Semdegi funqciis saxiT
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sadac HL – tanis Ziris sawyisi (Camongrevamde) niSnuli, romelic SeiZleba iyos ganlagebuli wylis statikur doneze (HL=0), an zogad SemTxvevaSi, mis qvemoT. Tu miviRebT, rom UV(t)=UV=const, gveqneba -h1(t)=-HL-UVt, rodesac 0 < t < t0 da -h1(t) = - HL - UVt0, rodesac  t ( t0.

bortisadmi marTobulad mimarTuli wylis nawilakis siCqare mewyeruli tanis wyalSi CaZirvis dros, rodesac 0 ( t ( t0, gamoisaxeba ase
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       (6.6)

rodesac t < 0 da t > t0, maSin U1(y,t) = 0.

Tu siTxes ganvixilavT, rogorc idealurs, xolo mis moZraobas, rogorc potenciurs (ix. Tavi 2), maSin gansaxilveli amocanis formulireba SeiZleba Semdegnairad:

amosaxsnelia (( = 0 gantoleba (aq ( – siCqaris potencialia, 
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) Semdegi sawyisi da sasazRvro pirobebis dros (nax.4.3)
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aRniSnuli arastacionaruli amocanis amoxsna warmoebs jer t-cvladis mimarT laplasis integraluri gardaqmnis meTodis saSualebiT, e.i. (=(x,y,t) funqcia-originali warmodgenili iqneba funqcia-asaxvis saxiT (ix.Tavi 3)
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am SemTxvevaSi sawyisi pirobebis gaTvalisiwnebiT zemoT formulirebuli amocana daiyvaneba
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gantolebis amoxsnamde Semdegi sasazRvro pirobebis dacviT:
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(6.8)-(6.10) amocanis amoxsnis mizniT, exla Seizleba sasruli furies kosinus-gardaqmnis meTodis gamoyeneba (ix.Tavi 3), ris Sedegad (6.8) meore rigis kerZo warmoebuliani diferencialuri gantolebis magivrad, miiReba meore rigis Cveulebrivi diferencialuri gantoleba Cawerili (n=(y,p) funqciis mimarT, romelic warmoadgens aRniSnul kosinus-gardaqmnis funqcia-asaxvas. amave funqciis mimarT Caiwereba sasazRvro pirobebic (6.10). es saSualebas iZleva miRebul iqnas aRniSnul Cveulebrivi diferencialuri gantolebis zogadi amonaxsni, anu (n=(y,p) funqcia. am funqciis mixedviT iZebneba misi Sesabamisi funqcia-originali (ix. Tavi 3). qvemoT moyvanilia mxolod aRniSnuli amonaxsnis safuzvelze miRebuli saboloo funqcionaluri damokidebuleba talRebis amplitudebis (an talRuri profilebis) gansazRvris mizniT im kerZo SemTxvevisaTvis, rodesac t > t0
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sadac W – aris wyalSi CaZiruli mewyeruli tanis moculoba (erTeul siganeze);

W = bt0uH = Qlt0; Ql = bUH – mewyeruli masis "Semodinebis" xarjia;
Kn(t) = An[s1n((nuvsh(ndcos(n(t - (nch(ndsin(n(t+(nsin(nt) -

            - C1n((nuvch(ndcos(n(t - (nsh(ndsin(n(t-(nuvcos(nt)];

             (t = t - t0;   d = h - HL - b;
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               S1n = sh(nd1 - sh(nd;       C1n = ch(nd1 - ch(nd ;    d1 = h - HL.   

saWiroa aRiniSnos, rom vinaidan aq gamoyenebuli saangariSo sqema ufro zogadi xasiaTisaa, amitom (6.11) gamosaxulebis safuZvelze SeiZleba ganvixiloT sxvadasxva kerZo SemTxveva. ase magaliTad, Tu miiReba, rom HL = 0 da b1 = h (6.11) gamosaxuleba toli xdeba [2] naSromSi adre miRebuli kerZo amocanis amoxsenisa, romlis Sesabamisi saangariSo sqema moyvanilia nax. 6.1,b-ze.

sxvadasxva maTematikuri modelis ricxviTma realizaciam gviCvena, rom mewyeruli tanis siaxloves, rodesac parametri x/h=2...4, (6.11) formuliT Sesrulebuli gaangariSebis Sedegebi ukeTesad aRweren eqsperimentalurad miRebul [4] talRuri profilis cvlilebas droSi, vidre es sxva saangariSo formulebis [4] saSualebiT xerxdeboda (nax.6.4). amgvarad, axali ganzogadebuli saangariSo sqemis safuZvelze miRebulia brtyeli talRuri amocanis amonaxsni im SemtxvevisaTvis, rodesac kanionis tipis Rrma wyalsacavSi xdeba kldovani qanis masivis CaZirva mis qveS lokaluri SeSfoTebis aris gaTvaliswinebiT. es ganapirobebs ufro koreqtul (adeqvatur) asaxvas (adre gamoyenebul saangariSo sqemebTan SedarebiT) bunebaSi mimdinare procesebisa da SesaZleblobas iZleva ufro zustad gaangariSebul iqnas talRuri profili, gansakuTrebiT ki mewyeris siaxloves.

aRvniSnoT agreTve, erTi mniSvnelovani detalic. saqme imaSia, rom mewyeruli tanis TandaTanobiT CaZirvis SemtxvevaSi (aq ganxiluli maTematikuri modelis Tanaxmad) dasawyisSi moZraobaSi modis Tavisufal zedapirTan mdebare siTxis moculoba. am zedapiruli fenebis "SeSfoTebis" Sedegad wylis zedapirze warmoiqmneba ufro maRali (arawrfivi talRebis magvari) tallRebi, im SemTxvevasTan SedarebiT, rodesac "SeSfoTebas" ganicdis zedapiruli fenis qveS ganlagebuli wylis moculoba. am faqtoris gatvaliswinebiT advili asaxsneli xdeba zemoaRniSnuli Teoriuli da eqsperimentuli monacemebis Tanxvedara mewyeris siaxloves, sadac Cveulebriv, warmoiqmneba, xSirad, maRali, arawrfivi talRebis msgavsi talRebi.

6.2. sanapiro ferdobis mxridan mewyeruli masis "Semodinebis" Sedegad talrebis generaciis procesi

ganvixiloT saangariSo sqema, rodesac adgili aqvs mewyeruli masis "Semodinebas". amasTan, am Semodinebis are (zona) moicavs ara mTlianad sanapiro ferdobs, aramed mxolod mis h0 nawils (nax.6.5), rac bunebaSi ufro xSiri movlenaa. am SemTxvevaSi, zemoT formulirebuli amocanis msgavsad, amosaxsnelia laplasis gantoleba ((x,y,t) – siCqaris potencialis mimarT Sesabamisi sawyisi da sasazRvro pirobebis dros. kerZod, gansxvavebiT (6.7) sasazRvro pirobisa, am SemTxvevaSi miiReba
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mocemuli sasazRvro amocanis amosaxsnelad vsargeblobT zemoT aRniSnuli proceduriT (ix. Tavi 3), ris Sedegad mewyeriT generirebuli talRebis gaangariSebis mizniT miiReba Semdegi saxis funqcionaluri damokidebuleba
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gamartivebis mizniT miviRoT, rom mewyeruli masis "Semodineba" wyalsacavSi 0 ( t ( t0 drois SualedSi xasiaTdeba mudmivi siCqariT, anu U1(y,t)=U1=const. am SemTxvevaSi (6.14) formula, avtoris mier miRebul iqna Semdegi saxiT
rodesac t < t0
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rodesac t > t0,
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es gamosaxulebebi uganzomilebo formiT warmovadginoT Semdegnairad

          
[image: image43.wmf]*

x

a

cos

*)

t

(

I

cha

2

*

t

*)

t

*,

x

(

*

*

n

)

I

(

n

*

n

*

n

1

n

*

0

a

-

a

-

=

h

å

¥

=

,    0 < t* < 
[image: image44.wmf]*

0

t

  (6.23)

          
[image: image45.wmf]*

x

a

cos

*)

t

(

I

cha

2

t

*)

t

*,

x

(

*

n

)

2

(

n

*

n

*

n

1

n

*

0

*

0

a

-

a

-

=

h

å

¥

=

,   
[image: image46.wmf]*

t

 > 
[image: image47.wmf]*

0

t

       (6.24)

sadac

           
[image: image48.wmf]*

n

a

*

n

l

p

=

;   
[image: image49.wmf]h

*

l

l

=

;    
[image: image50.wmf]h

x

*

x

=

;   
[image: image51.wmf]h

g

t

t

0

*

0

=

;   
[image: image52.wmf]h

g

t

t

*

=

;  
[image: image53.wmf]*

t

U

2

a

*

0

*

1

*

0

l

-

=

;
            
[image: image54.wmf]gh

U

U

1

*

1

=

;   
[image: image55.wmf](

)

[

]

*

n

*

0

*

n

*

n

*

1

*

n

sha

1

h

sha

a

*

U

2

+

-

-

=

l

a

.

saWiroa aRiniSnos, rom (6.23) da (6.24) formulebSi Tu CavsvamT, kerZo SemTxvevisaTvis, rom 
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, maSin miviRebT formulebs, romlebic Seesabameba nax.6.1, b warmodgenil saangariSo sqemas [2].

(6.24) formulis safuZvelze Catarebuli gaangariSebaTa Sedegebi aCvenebs, rom h0-parametris sidide sagrZnob gavlenas axdens generirebuli talRis simaRleze. amasTan, gaangariSebis dros sxvadasxva h0 mniSvnelobis aRebisas, sruldeboda piroba, rom wyalsacavSi Semosuli mewyeruli masis moculoba erTi da igivea. es moculoba nax.6..5 saangariSo sqemis Tanaxmad tolia

                                              W = Dh0 = U1t0h0 ,
sadac   D = U1t0.
uganzomilebo formiT Sesabamisad, gveqneba
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sadac W* = W / h2.
nax.6.6 moyvanilia talrebis profilebis, anu (* = f(x*) funqciis amsaxveli grafikebi, rodesac l* = 20.0; 
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nax.6.6-ze gamosaxuli talRuri profilebi Seesabameba drois moments t*=13. am SemTxvevaSi mewyeriT gamowveuli talRis Txemi imyofeba daaxloebiT wyalsacavis SuaSi.

nax.6.7.-ze gamosaxulia igive talRis profilebi, rac nax.6.6-ze im gansxvavebiT, rom drois momenti am SemTxvevaSi aRebulia t*=24,2 toli da Seesabameba talRis kaSxalTan arekvlis Sedegad wylis donis awevas. nax.6.8-ze gamosaxulia ( = f(t*) damokidebulebis grafikebi.

nax.6.9-6.12 naCvenebia analogiuri sqemis (nax.6.5) gamoyenebiT da [2] naSromSi avtoris mier miRebuli samganzomilebiani amocanis amonaxsenis safuZvelze Sesrulebuli kompiuteruli gaTvlis Sedegebi, romlebic asaxaven mewyeriT gamowveul talRur process, saxeldobr, wyalsacavSi pirveli (maqsimaluri) talRis transformacias, kerZod ki, kaSxalTan misi agorvisa da arekvlis suraTs (nax.6.11 da 6.12).
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