Tavi 8. 
arxebisa da wyalsacavebis biefebSi arastacionaruli ganivi talRuri ryevebi sanapiro ferdobebis daxrilobis gaTvaliswinebiT
Аннотация

Рассматривается плоская задача гидродинамики о колебаниях жидкости в плоскости поперечного сечения узкого водоема (водохранилища) или водотока (канала, реки), имеющего в соответствии с используемой схематизацией треугольную форму. Задача решается аналитически в цилиндрических координатах на основе теории ВМА с использованием приближенного граничного условия на свободной поверхности.

Приводится подробная процедура решения указанной задачи в результате использования метода интегральных преобразований (Лапласа и Фурье).

Получена функциональная зависимость для приближенного определения волновых колебаний в рассматриваемой области жидкости. Указанная задача решается также, с использованием численного (конечно-разностного) метода как для треугольной, так и трапециодальной формы поперечного сечения. На основе сравнения результатов расчета, полученных в результате использования вышеотмеченных методов, установлено, что аналитическое решение задачи практически с достаточной точностью может  быть использовано при расчетах поперечных волн при наклонах берегового склона, составляющего с горизонтом угол (s > 400.

Примеры расчетов показывают, что в случае поперечного сечения русла или водоема (водохранилища) в виде треугольной формы, волновой процесс, возникающий в результате поступления со стороны бокового притока добавочного расхода (например, при паводках), а также оползневой или селевой массы, является более интенсивным, чем в случае схематизированного русла в форме прямоугольника.

Результаты данного анализа позволяют с научной точки зрения, с большей обоснованностью (чем ранее) прогнозировать характер взаимодействия экстремальных волновых колебаний с береговыми склонами водоемов и водотоков и в частности, процесс размыва их определенных участков.

8.1. daxrili ferdobebis mqone viwro (kanionis tipis) wyalsacavebsa da arxebSi ganivi talRuri ryevebis amocanis formulireba da analizuri amoxsna
hidrokvanZebis wyalgamtari nagebobebis (arxebis) da wyalsacavebis biefebis dagegmarebisa da eqspluataciis ZiriTadi sakiTxebis gadaWrisas (wyalsacavis biefebisa da arxebis ferdobebis mdgradobis gansazRvra, arxebis zomebisa da formebis dadgena da sxv.) mniSvnelovani roli eniWeba wylis nakadSi ama Tu im mizeziT aRZruli hidrodinamikuri procesebis Seswavlas da maTi parametrebis swor dadgenas [1, 11, 12, 13, 22, 26].

hidroteqnikuri mSeneblobis praqtikaSi wylis nakadi sxvadasxva wyalgamtar traqtSi [1, 9, 10, 22] ganixileba, Cveulebriv, erTganzomilebiani stacionaluri hidrodinamikuri modelis safuZvelze, rasac Seaqvs garkveuli (xandaxan mniSvnelovani) cdomileba hidrodinamikuri procesebis aRweris dros, kerZod ki, talRuri moZraobisa da siTxeSi warmoqmnili wylis dinamikuri wnevebis gaangariSebisas. amasTan dakavSirebiT saWiro xdeba nakadSi hidrodinamikuri parametrebis dadgenis ufro srulyofili meTodebis damuSaveba, rogorc or-, aseve samganzomilebiani maTematikuri modelebis safuZvelze, romelTa ricxviTi realizacia SeiZleba ganxorcieldes ricxviTi [10, 11, 14, 17, 18, 20] zog SemTxvevaSi ki, analizuri meTodis saSualebiT [3, 16, 21, 24].
Cvens SromebSi [2, 4 - 6] pirvelad iqna ganxiluli or- da samganzomilebiani sasazRvro amocanebi siTxis daumyarebeli talRuri moZraobis Sesaxeb kanionis tipis wyalsatevebSi da wyalsadinarebSi maTi ferdobebis daxris gaTvaliswinebiT. am amocanebis amonaxseni trapeciuli da samkuTxa formis ganivkveTis mqone Ria kalapotebisaTvis miRebuli iyo analizuri [2, 4, 5, 23] da ricxviTi meTodis gamoyenebiT [6].

qvemoT ganixileba organzomilebiani maTematikuri modeli, romelic aRwers daxrili ferdobis mqone wyalsatevSi (wyalsacavis biefebSi, arxebSi) wylis arastacionarul talRur ryevebs. igulisxmeba, rom es ryevebi warmoiqmneba wyalsatevSi an wyalsadinarSi cvladi xarjebis gverdiTi Semodinebis (an gadinebis) gamo an sanapiro ferdobis mxridan garkveuli moculobis mewyeruli masis Semosvlis Sedegad.

aRniSnuli amocanis ganixileba cilindrul koordinatebis sistemaSi. amasTan wyalsacavis forma ganivkveTSi miaxloebiT, warmodgenilia samkuTxedis saxiT (nax.8.1) aseTi saangariSo sqema pirvelad SemoTavazebuli iyo kacubosa da Sulmanis mier [19] da gamoiyeneboda kaSxlebze hidrodinamikuri wnevebis gaangariSebisas, wylis zedapirze talRebis gaTvaliswinebis gareSe.

gansaxilveli amocanis formulirebisas igulisxmeba, rom wyalsacavSi wylis ryevebis warmoqmnis mizezi arastacionarul xasiaTs atarebs. kerZod, iseve rogorc mewyeruli procesis dros, mewyeruli masis gverdiTi Semodinebisas, mocemuli wyalsacavidan xdeba wylis gamodevna SedarebiT mokle drois (0 < t < t0) intervalSi im raodenobiT, romelic Seesabameba Semodinebuli mewyeruli masis moculobas
                                                        W = VnSt0
sadac Vn aris Semodinebis siCqaris normaluri mdgenelia wyalsatevis sanapiro ferdobis zedapiris mimarT (nax.6.1)

S = r0 – ferdobis im nawilis sigrZe (simaRle) romelzec xdeba Semodineba (nax.8.1-ze naCvenebia kerZo SemTxveva, rodesac S warmoadgens ferdobis mTlian simaRles).

nax.8.1 sqemis Tanaxmad ( kuTxe icvleba 0-dan (marcxena sanapiro ferdobis sibrtyeSi) (-mde (marjvena ferdobis sibrtyeSi). brtyeli amocanis ganxilvisas, Tanafardoba sworkuTxa koordinatTa sistemis (X0Y) da cilindrul koordinatTa sistemis (r,() cvladebs Soris miaxloebiT, ase SeiZleba iyos warmodgenili
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gansaxilveli amocanis maTematikuri formulireba mcire amplitudis Teoriis winamZRvrebis gamoyenebis safuZvelze (ix. Tavi 2) mdgomareobs laplasis gantolebis amoxsnaSi, romelsac cilindrul koordinatebSi [23] aseTi saxe aqvs
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sadac ((r,(,t) – siCqaris potencialia.

(8.1) gantolebis amoxsna unda ganxorcieldes gansaxilveli amocanis Sesabamisi sawyisi da sasazRvro pirobebis dacviT. es pirobebi Semdegia:

sawyis momentSi (t = 0) siTxis moZraobas adgili ar aqvs, amitom amocanis sawyis pirobebs Semdegi saxe aqvs

                               (((,r,t)
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rogorc zemoT aRiniSna, igulisxmeba, rom wyalsatevis ferdebis mxridan adgili aqvs siTxis Semodinebas (an gadinebas), garkveul drois SualedSi (0 ( t ( t0). ganvixiloT zogadi SemTxveva, rodesac am Semodinebis siCqare Vn  aris, rogorc r koordinatas, aseve t drois funqcia. aRniSnulis Tanaxmad amocanis sasazRvro pirobebi wyalsatevis ferdobebis kveTebSi, zogad SemTxvevaSi, miiRebs Semdeg saxes:
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sasazRvro pirobas Tavisufal zedapirze, rogorc zemoT iyo aRniSnuli (ix. Tavi 2), X0Y koordinatTa sistemaSi aseTi saxe aqvs
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(r( cilindrul koordinatTa sistemaSi, es gantoleba zemoT aRniSnulis Tanaxmad, Caiwereba Semdegnairad
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sadac 
[image: image16.wmf])

2

cos(

g

'

cos

g

g

c

a

Q

a

-

=

=

; (' kuTxe icvleba 0...(900-() farglebSi); (s – kuTxea sanapiro ferdobsa da horizonts Soris (nax.8.1).

vinaidan 
[image: image17.wmf])

2

cos(

a

Q

-

 funqciis saSualo mniSvneloba tolia 
[image: image18.wmf])

1

2

(cos

5

,

0

C

+

=

a

, amitom gc funqciis gamoTvla miaxloebiT SeiZleba ase

                                      
[image: image19.wmf]C

g

1

2

cos

2

g

g

c

=

÷

ø

ö

ç

è

æ

+

=

a

,                                                   (8.6)

8.1 cxrilSi moyvanilia 
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rogorc aq moyvanili monacemebidan Cans, 
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qvemoT, swored es piroba iqneba gamoyenebuli mocemuli amocanis analizuri amoxsnis mizniT. rac Seexeba pirobas r = 0 wertilSi (nax.8.1), misi formulireba ase SeiZleba: saZiebeli amonaxsni anu ((r,(,t) funqcia unda iyos sasruli sidide (ss) im SemTxvevaSi, rodesac r cvladi miiswrafis nulisken [15, 16] anu
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mocemuli arastacionaruli amocanis amoxsnis mizniT jer gamoiyeneba laplasis integraluri gardaqmna t – cvladis mimarT (Tavi 3), anu

                                                (((,r,p) ⊷ ((r,(,t).

am SemTxvevaSi amosaxsneli (8.1) gantoleba aseT saxes iRebs
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am gantolebis amoxsna unda warmoebdes wyalsacavis ferdobebze da wylis Tavisufal zedapirze arsebuli sasazRvro pirobebis dacviT. es pirobebi (((,r,p) funqciis mimarT ase Caiwereba:
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sadac V1 da V2 warmoadgens Sesabamisad v1 da v2 funqciebis laplasis gardaqmnas, anu

                                 V1(r,p) ⊷ v1(r,t);    V2(r,p) ⊷ v2(r,t).

zemoT formulirebuli (8.9)-(8.12) amocanis amoxsna gulisxmobs (((,r,p)  funqciis gansazRvras. am ukanasknelis saSualebiT ki ukugardaqmnis operaciis Catarebis Sedegad moiZebneba originali, anu saZiebeli (((,r,p)  funqcia (Tavi 3).

rogorc zemoT iyo aRniSnuli (Tavi 3), am proceduris ganxorcieleba SesaZlebelia specialuri cxrilebis saSualebiT anu ukugardaqmnis formulis safuZvelze.

funqcia (((,r,p)  mosanaxad gamoiyeneba furies sasruli kosinus-gardaqmna ( cvladis mimarT (0,() SualedSi. am gardaqmnas Semdegi saxe aqvs
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sadac 
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imisaTvis, rom (8.9) gantoleba gamoisaxos (n(r,p) funqciis saSualebiT am gantolebis TiToeuli wevri unda gavamravloT 
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analogiurad, (8.9) gantolebis bolo wevrisaTvis (8.10) da (8.11) gaTvaliswinebiT, gveqneba
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Tu miviRebT mxedvelobaSi (8.15) da (8.16) gamosaxulebebs, maSin (8.9) gantoleba (n – funqciis mimarT SeiZleba ase Caiweros
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sadac 
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xolo sasazRvro piroba wylis Tavisufal zedapirze ki ase
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miviRoT, rom "Semodinebis" siCqaris ganawilebas r – koordinatis mimarT aseTi saxe aqvs (nax.8.1)
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am SemTxvevaSi (8.18) gamosaxuleba ase Caiwereba
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xolo (8.17) gantolebaSi Semavali F1m(r) = F1m funqcia toli iqneba
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am SemTxvevaSi (8.27) gantoleba Caiwereba Semdegnairad
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zemoTqmulidan gamomdinare, wyalsatevis Tavisufal zedapirze warmoqmnili talrebis amplituda SeiZleba ganisazRvros Semdegi formuliT
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(8.46) formula saSualebas iZleva ganisazRvros wyalsacavSi sruli talRuri procesi drois im monakveTebisaTvis, rodesac: a) wyalsatevSi xdeba siTxis Semodineba (an gadineba) e.i. 0 < t < t0 da b) wyalsacavSi siTxis Semodineba (an gadineba) wydeba e.i. t ( t0 da (8.4) pirobis Tanaxmad, vi(t) = 0 (i = 1 an 2). aRniSnulTan dakavSirebiT gasagebi xdeba, rom a-SemTxvevaSi, integrireba (8.46) gamosaxulebaSi unda warmoebdes 0-dan t-mde, xolo b-SemTxvevaSi ki, 0-dan t0-mde (vinaidan, roca t > t0 integralebi nulis tolia).
ganvixiloT kerZo SemTxveva, rodesac wyalsatevis (wyalsacavi, arxi) mxolod erTi ferdobis mxridan xdeba wylis Semodineba 0 ( t ( t0 drois SualedSi. am SemTxvevaSi (6.4) da (6.20) pirobebis Tanaxmad miiReba:
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sadac v1 – Semodinebis siCqaris maqsimaluri mniSvnelobaa 0 ( t ( t0 drois SualedSi;

f(t) – funqciaa, romelic axasiaTebs sicqaris cvlilebas aRniSnuli drois SualedSi.

Tu miviRebT, rom Semodinebis sicqare mudmivia, maSin f(t)=1. am SemTxvevaSi talRebis amplitudebis gamosaTvleli formula – (8.46), ufro martiv saxes iRebs, saxeldobr:
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[image: image108.wmf]ú

û

ù

ê

ë

é

+

+

=

å

¥

=

1

m

*

m

*

m

*

m

*

1

b

*

t

b

sin

)

m

2

(

a

cos

2

2

*

t

v

*)

t

,

(

*

p

a

Q

a

Q

h

,          (
[image: image109.wmf]*

0

t

*

t

0

£

£

)

[image: image110.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

p

+

a

Q

+

a

=

Q

h

å

¥

=

1

m

*

0

*

m

*

m

*

0

*

m

*

m

*

0

*

1

2

t

*

t

b

cos

b

2

t

b

sin

)

m

2

(

a

cos

4

2

t

v

*)

t

,

(

*

,  (
[image: image111.wmf]*

0

t

*

t

>

)

sadac


[image: image112.wmf]0

r

g

t

*

t

=

;   
[image: image113.wmf]0

0

*

0

r

g

t

t

=

;   
[image: image114.wmf]0

1

*

1

gr

v

v

=

;    
[image: image115.wmf]0

r

*

h

h

=

;   
[image: image116.wmf]a

p

m

a

*

m

=

;

[image: image117.wmf]*

m

0

m

*

m

a

g

r

b

b

=

=

;     
[image: image118.wmf]0

,

1

r

*

0

=

.
rac Seexeba (8.52) gamosaxulebas, masSi Semavali wevrebi uganzomilebo formiT ase SeiZleba iyos warmodgenili:
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kompiuteruli gaTvlebis Sedegebis Sedareba marTebulia toli moculobebis samkuTxovani da marTkuTxa formis wyalsateve-bisaTvis, rodesac daculia piroba, rom maTSi Semodinebuli wylis moculobebi erTi da igivea. vinaidan aq ganixileba brtyeli amocana, amitom erTeuli siganis marTkuTxovani wyalsatevis mocu-loba, aRvniSnoT, rogorc (REC =HL (L – ganivkveTis sigane), xolo masSi t0 - drois ganmavlobaSi Semodinebuli wylis moculoba Seadgens (REC = v1t0H = DH (sadac D=v1t0); samkuTxedis formis wyalsatevis (nax.8.1) SemTxvevaSi misi ganivkveTis moculoba 
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aRniSnuli wyalsatevebis moculobebis tolobis pirobidan
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gamomdinareobs, rom Lup = 2l.

(8.53) da (8.54) pirobebis dazusteba, rasakvirvelia, SeiZleba Tu gaviTvaliswinebT ara samkuTxedis, aramed Sesabamis wriuli seqtoris moculobas.

8.2. amocanis amoxsna ricxviTi meTodis safuZvelze. miaxloebiTi analizuri amonaxsnebis sizuste da gamoyenebis farglebi*
rogorc $8.1-Si iyo aRniSnuli, ganxiluli sasazRvro amocanis formulirebisas sasazRvro pirobas Tavisufal zedapirze Semdegi saxe aqvs
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rogorc cxr.8.1-Si moyvanili monacemebidan Cans sanapiro ferdobebis didi daxrilobis SemTxvevaSi (rodesac (s > 600), SeiZleba miaxloebiT miRebul iqnas, rom
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(s kuTxeebis SedarebiT ufro mcire mniSvnelobisaTvis ((s=30...600) umjobesia (8.56) magivrad, visargebloT (8.6) tolobiT:
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am koreqtivis gaTvaliswinebiT, sasazRvro piroba (8.55) aseTi saxiT iqneba warmodgenili
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sadac ( = ((x,y,t).

Semdegi sasazRvro da sawyisi pirobebis dacviT
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talRis amplitudebi ganisazRvreba formuliT
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Tu davuSvebT, rom ferdobis simaRlis mixedviT Semodinebis siCqare ar icvleba, maSin
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sasrul-sxvaobiTi meTodiT (8.58)-(8.66) amocanis amoxsnisaTvis SemoRebulia bade Gh, im daSvebiT, rom

                                           hx = hyctg(s  (200 ( (s ( 700)                   (8.67)

SemovitanoT Semdegi aRniSvnebi:

h = max(hx, hy);
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sadac L – trapeciis (nax.8.2) saSualo sigrZea (uganzomilebo);

hx, hy – Sesabamisad badis horizontaluri da vertikaluri bijebia;

ht – drois biji; Nx, Ny – badis horizontaluri da vertikaluri wertilTa raodenobaa;

Nt – drois fenaTa raodenoba; Nm – wyalsacavSi Semodinebis (an gadinebis) drois (an "SeSfotebis" drois) fenaTa raodenoba.

am SemtxvevaSi  siCqaris potenciali warmodgenili iqneba aseTi saxiT

                                             ( = (i,jk = ((xi, yj, tk)                        (8.69)

sadac

             xi = ihx,  yj = jhy,   tk = kht            (i = 1,2,...;   j = 1,2,...;    k = 1,2,...)   
(u' – pirveli rigis warmoebulis Sesabamisad marjvena, marcxena da centraluri analogia, miiReba Semdegnairad
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xolo (u'' – meore rigis warmoebulis marjvena, marcxena da centraluri analogia da warmodgenilia Semdegnairad
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sadac u aRniSnavs (zogadi saxiT) nebismier cvlads (gansaxilvel SemTxvevaSi u SeiZleba iyos x, y an t – cvladi) laplasis gantole-bis (8.58) aproqsimaciis sakiTxi sasrul-sxvaobiTi sqemis saSuale-biT ganxilulia detalurad sxvadasxva naSromSi [14, 15], amitom aq mokled aRvniSnoT, rom sxvaobiTi sqema, romelsac aseTi saxe aqvs
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laplasis gantolebis aproqsimacias ganaxorcielebs 0(h2) sizustiT.
sasrul-sxvaobiTi sqemiT sasazRvro da sawyis pirobebis aproqsimacia xdeba Semdegi gamosaxulebis mixedviT

(xsin( + (ycos( = vn,     (((LUA
-(xsin( + (ycos( = vn,     (((RUD

[image: image163.wmf]0

2

h

x

x

y

y

=

+

j

j

,               (((D

[image: image164.wmf]n

t

t

xx

y

x

v

cos

cos

2

h

sin

=

-

-

a

j

aj

a

j

,               ((B

[image: image165.wmf]0

cos

cos

2

h

sin

t

t

x

x

y

x

=

-

-

-

a

j

aj

a

j

,               ((C

[image: image166.wmf]0

1

k

j

,

i

0

k

j

,

i

=

=

=

=

j

j

;  
[image: image167.wmf]0

t

k

j

h

-

=

,   
[image: image168.wmf]0

x

x

v

j

=

,   
[image: image169.wmf]0

y

y

v

j

=

.                    (8.73)

imisaTvis, rom Sefasdes amonaxsenis cdomileba da gamokvleul iqnas gamoyenebuli sqemis mdgradoba, (8.72) da (8.73) gamosaxulebebis Cawera xdeba kanonikuri saxiT. yoveli fiqsirebuli k-Tvis miRebuli gantolebis mimarT maqsimumis principis dakmayofileba iZleva saSualebas davaskvnaT, rom gamoyenebuli sqema mdgradia da krebadi.

rac Seexeba am amocanis realizacias kompiuterze, igi ixsneba zeidelis iteraciuli meTodiT [8, 15]; yoveli fiqsirebuli k-Tvis drois axal fenaze gadasvla, xorcieldeba Sesabamisi rekurentuli formulebis gamoyenebiT.

rogorc zemoT iyo aRniSnuli, amocanis analizuri amoxsnis dros sasazRvro piroba (8.5) Tavisufal zedapirze r = r0 aiReboda miaxloebiT:

a) SemTxvevaSi (8.5) gantolebaSi miiReboda, rom gc = g (ix. 8.56)) amonaxsens am dros pirobiTad vuwodoT "analizuri";

b) SemTxvevaSi, miiReboda, rom 
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Catarebuli iyo gaangariSebebi, rogorc analizuri amonaxsnis (a) "analizuri", (b) – "koreqtirebuli", aseve sxvaobiT-ricxviTi sqemis safuZvelze. magaliTis saxiT iyo ganxiluli SemTxveva, rodesac 
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 mniSvnelobebi, moyvanilia agreTve fardobiTi cdomilebis mniSvnelobebi (%) analizuri da ricxviTi meTodebiT Catarebul gaangariSebaTa Sedegebis Sedarebis mixedviT.

nax.8.3,a-ze gamosaxulia 
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[image: image176.wmf]H

*

h

h

=

 talRis maqsimaluri fardobiTi amplitudaa samkuT-xedis formis wyalsatevis ferdobze) miRebuli analizuri da ricxviTi meTodebiT. amave naxazze warmodgenilia 
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 amplitude-bis gaangariSebis dros miRebuli fardobiTi cdomilebebi anali-zuri da ricxviTi meTodebiT miRebuli Sedegebis Sedarebisas.

nax.8.3 warmodgenili grafikebi mowmobs, rom analizuri ("koreqtir.") meTodiT talrebis gaangariSebis sizuste praqtikuli TvalsazrisiT savsebiT damakmayofilebelia, rodesac ferdobebis daxris kuTxe (s > 400. miaxloebiT Sefasebis mizniT am meTodiT sargebloba SesaZlebelia agreTve, rodesac 200 < (s ( 400.
gaangariSebaTa Sedegebi gviCvenebs, rom samkuTxa formis wyalsatevSi talRur ryevaTa amplitudebi ufro intensiuria, vidre sworkuTxa formis wyalsatevSi, rasac magaliTad, mowmobs gaangariSebata monacemebi, romlebic grafikebis saxiT aris warmodgenili nax.8.4. kerZod, am naxazze (a sqemaze) moyvanilia     (* = f(t*) damokidebulebis grafikebi wyalsatevis marcxena da marjvena ferdobis kveTebSi. meore b sqemaze gamosaxulia talRis profilis amsaxveli grafiki (anu (* = f(x*) damokidebuleba) samkuTxa da marTkuTxa formis wyalsatevebisaTvis. im SemTxvevaSi, rodesac ferdobis daxris kuTxe Seadgens (s = 600.

zemoT aRniSnuls adasturebs agreTve talRis amsaxveli grafikebi (sxvadasxva (s kuTxeebis SemTxvevaSi), romlebic moyvanilia nax.8.5 (a da b sqemebze) trapeciuli da marTkuTxa formis wyalsatevebisaTvis, rodesac Ria kalapotis ganivkveTis fardobiTi sigane 
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 da 50. unda aRiniSnos, rom gaangariSebisas am wyalsatevebis moculobaTa tolobis pirobis uzrunvelyofa sxvadasxva (s kuTxis SemTxvevaSi, aRniSnuli grafikebis ageba xorcieldeboda ganxiluli amocanis ricxviTi meTodiT miRebuli Sedegebis safuZvelze.

nax.8.6 gamosaxulia talRis profilebi samkuTxa formis (sqema a) da oTxkuTxa formis (sqema b) ganivkveTebis mqone wyalsatevebSi sxvadasxva ferdobis daxris SemTxvevaSi (s kuTxis sididis mixedviT (nax.8.6, b) aiReboda sworkuTxa formis ganivkveTi, romlis farTobi toli iyo samkuTxedis formis ganivkveTis farTobisa. nax.8.5 da 8.6-ze warmodgenili grafikebis Sedareba adasturebs, rom samkuTxedis formis ganivkveTebisaTvis talRis ryevebis amplituda ufro mniSvnelovania, vidre trapeciuli da sworkuTxa formis ganivkveTebis SemTxvevebSi.
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