
--- --- --------------- ----- ----- --: __ ::-o_l 

i~p ehi C:O' HQC 1980 so ·~ (trang 9- 15) 

--------------------------~--------~----------------------· 
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CAC LO'P BIEN TA AP CUA BIEN VA KHI QUYEN 

( . Lf: NGQC LY 

Ngay nay tuang tac bi~n - khi quy~n la m¢t trong nhu·ng v!in de trung tam cua 
v~t ly ilia cau. Cau true r6i cua cac l&p bien bi~n va khi quyen anh huang to l6n den 
d~ng ll,):C ciia toan b¢ khi quy~n va bi~n. M¢t phD.n l6n nang luqng r6i cua cac chuyhl 
d(>ng cua khi quyen va bi~n duqc lieu tan chinh trong cac l&p bib. Qua m~t phan each 
gifra hai mOi tru:ang nuac - khi lu6n luOn dy ra slJ: trao dCH d¢ng luqng, nhi~t. lim 
va mu6i. 

Vi~c nghien cuu tuang tac l6p bien bi~n - khi quy~n khong nhfrng quan tt9ng 
trong vi~c hih, giai thich cac hi~n tu:qng phirc tl}p anh huang den thai tiet, khi h~u 
tren hanh tinh, trong vi~c xay dl,):ng cac mo hinh s6 tri hoan luu khi quy~n va bi~n. 
trong dl,l: bao s6 trt thai tiet, ly thnyet khi h~u. rna cen quan tn;mg trong hang lol}t cac 
bai toan fmg dtJng kbac nhau. 

Hi~n nay tat ca cac cong trinh nghien cuu tuang tac bi~n - khi quy~n deu nghien 
CUll cac qua trinh trong cac l6p bien chinh ap (barotropic) [3, 4, 7, 8]. Song, trong thl,):C 
te luOn luOn ton t~i Sl,): kh6ng dong nMt nam ngang cua nhi~t i't(> khong khi trong lap 
bien khi quyiln va sv khong dong nMt nfim ngang ciia m~t Cl9 nu&c bien trong l6p bien 
bien. Chinh sv khong d5ng nhatnfim ngang cua nhi~t il(1 kh6ng khi ·va m~t d¢ mr6c 
bi~n anh huang den cau true cac l&p bien khi quy~n va bien. 

Nhw v~y, trong thvc te dieu ki~n chinh ap kh6ng duqc tuan thii va trong nhii'u 
truang hqp ket qua cih cac rn6 hinh chinh ap khOng th~ coi la thoa man dL'1 chi la 
gan dung. 

Lap bien ta ap (baroclinicl khi quyen mai bat dau duqc nghien ciru trong m¢t s6 
cbng trinh gan day [1, 2, 5]. Trong c6ng trinb [1, 2] de c~p sv clanh gia hi~u ung tit ap 
deii cau trl1c lap bien hanh tinh cua khi quy~n. Song, rat tiec thvc te si'r dvng cac ket 
qua cua cac c6ng trinh nay g~p nhieu kh6 khan. Trong khao sat ly thuyet anh huang 
cua hi~u ung ta ap den cau tnic lop bien hanh tinh khi quy~n [ tJ phuang ph:ip duqc 
nghien c(ru c1oi hOi phai biet cac tham s6 ben ngoai (troug d6 c6 div toe d¢ gi6). Div 
t6c d(> gi6 l~i phtJ thu¢c rat nhieu vao cac d~c trung Clla 16·p bien hanh tinh. Con trong 
cong trinh l&p bien ta ap khi quy~n [2] I~i cMp nM.n gia thuyet khong co ca sa la M 
so r6i it bien dtli veri d¢ cao a tren 16p sat dat khi quy~n. 

o· day dua ra roo hinh ly thuyet cua cac lop bien ta ap bi~n va khi quy~n' trong 
sv tuong tac. Hi~u ung ta :ip cua l!ai lap bien duqc m6 ta bang cac gradien nam ngang 
cua nhi~t d(> kh6ng khi va cua m~t d(> nuac bi~n trong cac phuong trinh chuy~n d(>ng. 

Si'r d\mg chi s6 i = 1 d6i v6i cac d~c trung khi quy~n. i = 2 d6i v&i cac d~c trung 
bi~n. H~ cac phuang trinh 16p bien bien va khi quyen duqc viet b cling rn(>t d~ng [ 4]. 

D~ lam kin M c~c phuang trinh lap bien a day si'r dvng phuang trinh can Ung 
nang lu·qng r6i b dl}ng vi ph:ln va cac bi~u thuc ella ly thuyet r6i ban kinh nghi~m. 
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B~ plmang trinh va dtc dU~u ki$n bien c1Lrge viet nlw sau: 

d du; , 1 oP; 
-- K; -- + Av; =-
dZ; dZ; p; ox 

~ K; dv; __ Au;= J.._ oP; 
dZ; · dZ; p; ny 

[( 
du; )
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( dv; )
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g c16; ] K· - + - ----

1 dZ; dZ; 8; dZ; 

d dbi b
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+ ab -.- K; -- == C ~ 
dZ; dZ; K; 

K; =I; -v-~ 

(~)2 + (~)2 -~ ~ 
dZ; dZ; B; dZ; 

~[(du; \2 + (~)2 _ _!_ ~] 
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Gradien nhi~t d<) khong khi l111Q"C mo ta bang cong thcrc ti~m c~n cua Laikhlman [5]. 

d81 _ _ Po + (Y a_ y p) (6) 
dz1 PlcpXv+1zl 

Gradien m~t d(> nu·&c bi~n duqc xip xi nh6' ham delta Dirac [8] 

a day 

dP2 -- r ~= Ap2 6 (z2 -zc>+<Pl-f2)C1(z2 - zcJ+ 2 
2 

~ 
o l:).i z2 =/= Zc 

6 (z2 - zc) = 
oo t:).i z2 = Zc 

~ 
o ti). i o < z 2 < Zc 

C1 (z2 - Zc) == 
1 l:).i z2 > Zc 

Cac lhilnh phan gradien ap suat bien d()i theo d¢ cao va d¢ sau a day 

Z; 

---=-=---+g ~.-clZ; 
1·. oP; 1 oP 0 ; f 1 i'lT; . 
Pi ih Pi ox 1; ox 

Z 0 i 

Z; 

_1_ oP; = ~ _ oP 0 ; + g s _1_ 
p; oy p; oy Ti 

Zoi 

oT; 
-- clZ; 
ily 

i = 1 o9 n = 81 i - 2 ~ T2 = P2 

(fl:)-1 
(ilPo;/on)- Cac gradien ap suat cua nu6·c vi khong khi gan m~t philo each. 

(7) 

(8) 

(9) 

X, y, Z; - Cac tqw l<,>a d<); ox theo hu&ng sue cang tiep tuyen tren m~t. Tn,w Z; 

Ui, Vi 

Ugi, Vgi 

Ki 

v+i 
Zoi 

PI 
T1 = 81 

T2 = P2 

I i 
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hu&ng len tren doi v&i khi quyl;n va huang xu6ng clu6i d6i vui [)ien . 

.:-_Cac than h phan cua t6c d<) gi6 va Mi luu gi6. 

- Cac thanh phil~-cu;t6c d¢ gi6 dja- chuyen va hili luu O:ja chuyen. 

- Cac M s6 dong r6i cua cac l6;p bien bi~n va khi quy~o. 

- Nang lugng dong r6i cua hai lap bien. 

- Toe d(> d¢ng ll!C cua khOng khi va nuac. 
- Tham s6 go ghe cl\a m~t phan c:'lch hai rn6i truang nu&c- khi. 

- M~t d¢ khong khi 

- Nhi$t d(> kh6ng khi. 

- M~t d<) nu&c. 

- Cac ca m~ch d(>ng r6i. 
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g - Gia toe t r9ng ll.f•> 
A =20><;incp- Tham so Koriolis 

6 - Ham delta Dirac 

-Ham dan vi 
-:- Gradien thiing d (rng do~n nhi~t kh6 vl.t gradien thilng dung t!H;r<~ te cua 

nhi~t d¢ b phan tren lap bien khi quyen. 

,-- Dong nhi~t r~i tren.l:Jl,n:J.l\11 ph:in each. 

- fl9 sau tang nh1iy vQl m~t de? nu6c bi~n 

A - Tham so d~c trung d10 ctrang d¢ lap nh:iy v9t m~t d9 nu&c. 

_c:tb = 0, 73; c = 0,046: x = 0,4 - Cac Mng so v~n nang. 

r t, f 2- Cac gradien tMng dtrng m~t d9 ntr&c bi~;n cua cac Hl.ng ntr&c nllm dtr6i va 
tren tang nhay v9t m~t d¢ nu6c bi~n. Cac ky hi~u con l~i Ia quen bi~t. 

(y day coi anh huang cua lap song ton t~i tren mi/.t phiin each cua hai moi trtrang 
nu&c- khi duqc th~ hi~n b Sl;! go ghe cua m~t bi~n nC>i song, rna d~i di~n Ia tham so 
go gbe tren m~it phan each Zoi. Coi cac d~c trung thuy d<)ng tren m~t phan each ntr6c
khi lam bam cua m~t d9 khOng khi Pl' m~t d9 ntr6c P2' t6c d9 dOng h;rc V+i va gia 
t6c tr9ng ll;!c g. Tir phan tich thir nguyen nh~n dugc c6ng thtrc Charnock sir dvng dau 
tien [6]. · 

Cac dieu ki~n bien 

a) Zi ~ Zoi 

UJ(Zl) I = u2(Z2) I 
Zot Zo2 

dut I KtPt dZ 
1 Zot 

b) Z; ~ Zioo 

du2l - K2p2--
dZ2 Zo2 

dvt I dv2 I KtPt -- = - K2P2 -.-
dZt Zot dZ2 !Zo2 

.. 
' 

Ui(Z;) I ~ug; v;(Z;) I _.,. Yg·i 
Zi,., Z;., 

Ki du; I ~ 0 . K· dVi I ~ 0 . 
dZ; Zt· ' I dZ; Zi , 

"" ' "" 

(10) 

(11) 

(12) 

(13) 

(14) 

(15} 

Uy d~o bam (1), (2) theo Zi. Chu y den (8), (9) c6 h~ cac _phu:ang 
ci.\a cac lap bien bit!n - khi quytln viet cho cac sire ding r6i: 

trinh chuyen d911g 

6 day: 

d21l; J... --+- Ci"i:::: fxi 
dZ~ K; 

1 

d? Uj A 
---- 'lli = fyi 
dZ~ Ki 

1 

g op2 
rx2 =- ---. 

P2 ox ' 
g 11p2 

fy2 -= --- -
P2 oy 

(Hi) 

(17) 

(18) 

(19) 
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Cac dieu ki~n bien d6i v&i TJi va cri c6 dang: 

T~i Z;-;. Zoi 

(20) 

(21) 

Vi~c vi~t cac phuang trinh chuy~n dl)ng du6i d~ng cac phuang trinh ciia sire 
cling tiep tuyen va cac dieu ki~n bien vHH du6i d:;mg (20), (20. Cho phep djch chuyi!n 
g6c tQa dl)- chQn gia tri Zoi ban dau tuy y rna_ khOng l:lm bi~n d(\i d:;ti luqng 'lli<Zi.J va 
<ij(Zi). Day 1:\ U'U diem ciia vi~c gi:ii b:li toan d(lng lgc du6i d~ng cac Sli'C cang (each 
lam nay Hin dliu tien duqc Vi~n si A.S. Monhin sti: d1Jng trong cac cong trlnh ciia minh). 

H~ cac phuang trinh cac 16p bien cung cac dH~u ki~n bien duqc khep kin. Bat 
toan gi:ii thu~n ti~n han la b d:;~.ng khong thir nguyen. 

9ua vao cac d~i luqng khOng thir nguyen sau [4] : 

<ij 
<in =-2-. 

v+i 

(22) 

xv . 
6· day Li = ~-+:_r - Co d() day" cac 16p bien khi quyen va bien. H~ phuang trinh 

c:ic l&p bien duqc viet b d~ng khong thir nguyen nhu sau. (Chi s6 n bieu thj d~i luqng 
khong thfr nguyen). · 
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2 
d 'Tlni + <inj - r .. 
-- -- xnt, 
dZ2. Kni 

lll 

2 
d <ini - 'TJni - r . 

- YDI 
dZ2. Kni 

Dl 

2 2 2 
'llni +ani K a d dbni bni 

- - niRi + 1-' -- Kni -- = -
Kni dZni dZni Kni 

Kni = lni 1/ bni 

d 

dZrii 

(J. 
Rt =- .L v 

Znt 

- Ri] 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 
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x4 g [~P2 m r t - r o r r ] 
R2 = -

2 
- -

2 2 
+ - arctgm<Zn2-Znc)+( 1- 2)/2 

A. P2 1[ 1 + m (Zn2 -Znc) :TC 
(30) 

x 2 g a61 x2 g a9t 
fxnl =- ~ -; fynl = -

2 
-.-

A. 2 61 ax f.. 61 ay 
(31) . 

> 2 2 
X g op2 X g op2 r 2------· r 2-----.. xn - ~ 2 P" ax . yn - 2 
II. .. f.. P2 ay 

(32) 

/j.p2 - Chenh l~ch m~t d¢ nu&c bi~n a bien gi6i tre~ va du&i cua ti\ng nhiiy VQt 
m~t d¢ nu6c bi~n. 

rn - Tham so dieu chinh d:;mg phan b6 m~t d¢ nu&c bi~n. 

Cac dieu ki~n bien a d~ng khOng thir nguyen dirge viet nhu sau: 

a) Zni --"' Zoni 

Unt(Znt)l Z 
onl -l/ :~ Un2 (Zn2) l Zan2 ; Vnt(Znt) I Zonl = 

PtV~l~ Zont = p2v+2 1 Zon2 

bni(Zni) I z . = 1 
ODI 

t33) 

(34) 

(35) 

'Tlnt<Znt) I Zant = 'Tln2<Zn2> I z002 = 1; O"nt(Znt) I Zanl = O'n2<Zn2) I z002 = 0 (36) 

b) Zni ~ Zioo 

'Tlni(Zni) I z100 = 0' ni(Zni) I z100 = 0 

bni<Zni) I z100 = 0 

(37) 

(38) 

Tir cac phuahg trinh (1}, (2) sau khi dua ve d~ng kMng thir ngu~en c6 dugc cac 

eOng thirc tinh profin Vl_ln nang eua gi6 va hiii ltru gi6 trong eac lop bien kbi quy~n va bi~n. 

Doi v&i khi quyl!n: 

X dO'nt 
Unt = v G!cosott + -dZ - r ynl Znt 

+1 nl 
(39) 

X d'llnt 
Vnl = v Gt sinott - -dZ + r xnl Znt 

+1 nt 
(40) 

Boi voi bi~n : 

X . dt:Jn2 f 
Un2 = - -- G2 cosct2 + -- - yn2 Zn2 

V +2 dZn2 
(41) 

X • d'lln2 f 
Vn2 = - -- G2 smot2 - -- + xn2 Zn2 

V+2 dZn2 
(42) 

1 oPai 1 oPai 
Gi coset! = - -- -- ; Gi sineti = -- --

Api ay Api ax 

Cac tbanh phi\n cua gi6 dja chuy~n va hai luu dja chuy~n tuang irng v&i cac 
d!ng ap tren m~t phan each. Va Cti - g6c l~ch gi fra cMng v6i sire cling tiep tuyen tren 
rn~t phan each. 
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": ., dunl i I VPt [ X dun2 ]I -.--·llt cosett + -- I --- r yntZnt = - - - -- G2 cosCtz + -- -r yn2Zn2 
:v +1 dZnt Zot ]Zol P2 v +2 dZn2 Zo 2 

~~. ' • d1ln1 I r -I , I Pl [ X d1ln2 r "]I ---__ - Gt SlTICtj - --:-:::---- ' + xnlZnt = - v- - -- Gz sinCXz - ---- + xn2 Z2 
v +1 · dZnl 1Zo1 Zo1 - • P2 V +2 dZnz ,Zo2 

(43) 

Ttr (43) de dang tim dtrqc c6ng thuc tinh h$ sei ma sat dta chuyen X va g6c l$ch CXj 

( 
v+1 )

2 
_ (1 + n 2

- 2n cos~) (
44

) 

XG1 - 2 2 ~ 2 - .2 2XGt [ _ . . . . ] l 
M1 + M2 - 1a + b + ·v+

1
· a(ncoscx~- coscxt) + b(~mO:t- nsmct.z) ) 

'X.(Nb- a) 
1 - n(Nsin~ + cos~) + ---'----'-

cosCXt 
tgCXt = - ------~----::-:---

(N - nNcos~ + n sin~) 

a = f yntZnt lz + 1
/ Pt f yn2Znzlz 

ol V P2 _ . o2 

b = f xnl Znt l + lf Pi f xn2Znzlz -
Zot V P2 o2 

(3 - 360 = ctz - ctt 

~ - Goc gifra gi6 dia chuyen va hid luu dja chuyen 

(45) 

(46) 

(47) 

(48) 

Mt = ( d'TJnl + _1 d'TJn2 )i . Mz = ( dunl. + __!_ dO"nz )f . -- (-ig) 
dZnt 28 dZn2 ~nl == Zot ' · dZnl 28 dZn2 lZnt: Zot 

Zn2 = Zo2 Zn2- Zoz 

Mz 
N =- (50) 

Mt 

l /"Pt 1 v p; ~ ~8 
Nlm v~y. gHi h$ (23)+(50) cho phep nh~n dtrqc to1tn b~ cac profin cac bam v~n 

nrtng cua hai lap bien ta ap cua bien, khi quyen cung toan b9 cac d~c trung tuong tac 
p'h\1- thui)c vao cac tham so ben ngoai: tham sei tang ket Monhin - Obukhop - tJ.; tham 
s6" ta.tig. ket Laikhtman- V. Cac tham so ta ap f xni. f yni va gi6 dia chuy~n, hili hru dia 
chuy(~n, - G;" 

Tha.nh phan ta ap fxi , f yi etta cac l6:p bien bi~n va khi quy~n tham gia vao 
tal ea. cLlC bien th(rc xac ainb dtU true cac lap bien bien va khJ. quy/;n. 

Cac thanh phan nay cang l6n b vung vi d9 thap khi tham so A cimg nho dan 
trong cae bi1;u thll:c _(ll_l) ~a -(32) y_L~gay _ cii khi cac gt:adien -_ nam ngang cua nhi~t d9 
khong khi va CUa m~t d¢ n ll"UC la nho thi b~c Uf).i fuqng ella rxi ' r yi tuang duong v&i 
b~c .d.f).i luqng cac thanh phan khac trong phuang trinh chuyen d9!1g. 

Khi cac thanh phan ta ap f xi _: f yi :;:::: 0 s~ c6 tn:rong hqp cac l&p bien chinh ap 
quen thu(ic va tuang Htc cac lap bien chinh ap etta khi quy~n va bi~n la tru6-ng hqp 
rieng cua mo hinh tu:ang tac cac 16p bien ta ap. 

l4 

Dja chi · 
Bai klli trrr;ng ~-Thug van 

TIP Ho Chi M.inh 
Nhi].n ngdy 26-10-1979 
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SUMMARY 

THE THEORETICAL MODEL OF INTERACTION BETWEEN THE BAROCLINIC 

BOUNDARY LAYERS OF ATMOSPHERE AND OCEAN 

Presenting the theoretical model of t.he atmospheric and oceanic baroclinic boun
lary layers by interaction. 

Baroclinic effects of two boundary layers are described by the horizontal gradients 
>f air temperature and water density in the equations of motion. 

ThP. formulas computing the characteristics of the oceanic atmospheric baroclinic 
)Oundary layers were obtained. 

The above 1heoretical model is the general case of the mo<lel interaction of baro
tropic boundary layers, 
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