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MQT VAI PAC PIEM LAN TRUYEN CUA DONG CHAY
MAT PO VAO THUY VUC BORNHOLM (BIEN BALTIC)
TRONG THOI KY “DONG HAI LUU CHINH”

Pinh Ngoc Huy'

Tém tat: Dong chay mdt dé tir bién Bdc déng vai tro quan trong trong viéc hinh thanh cac dic
diém hé thong hoan lwu chung 6 bién Baltic, trong dé ¢é qud trinh trao déi thang dimg gitta cac tang
nude sdu & trung tam bién Baltic, cung cdp oxy va phuc héi tinh trang nwoc tai day. Kha nang lan
truyén vao trung tam bién Baltic ciia dong chay mdt do nay phu thuéc vao mire dé bién doi ciia
chiing & cdc thiy viee niede sau. Mt khde, kha nang lan truyén nay dat dweoe cao nhat trong thoi ky
xay ra “dong hai lwu chinh Baltic” (Major Baltic Inflow) (thwong xdy ra trung binh 10 nam/lan).
Thity viee Bornholm la thity viee thir hai trong chudi mdt xich thity viee mede sau & bién Baltic, la noi
xdy ra qud trinh bién doi dong chay mat do tir bién Bdc rat manh [3,4,6]. Trong thoi ky dién ra
“dong hai luu chinh Baltic”, dong chay mdt dg cao tir bién Bdc vdo thity viee Bornholm, theo thoi
gian né lan truyén xuong cdc tang day cia thiy vue duéi dang cdc nhém dong chay nhanh va tao
nén qud trinh trao doi thang ditng manh mé tai day. Bai bao trinh bay va thao ludn mét sé két qua
nghién cueu ddc diém lan truyén va bién déi nwoc bién Bdc trong thiyy vue niroc sau nay sau thoi gian

xay ra “dong hai luvu chinh Baltic” vao thang [ nam 2003.

Tw khoéa: Dong chay day, Dong hai luu chinh Baltic, Thuy viec Bornholm.

Ban Bién tip nhan bai: 12/09/2018 Ngay phan bién xong: 22/11/2018 Ngay dang bai: 25/01/2019.

1. Pit van dé

Hé théng hoan luu chung cua bién Baltic
dugc hinh thanh nén chu yéu 1a do dong chay tir
bién Bic (Pai Tay Duong) d6 vao. Trong d6
dong vai tro quan trong nhét 1a “Dong hai luu
chinh Baltic” (Major Baltic Inflows - MBI). N6
chinh la dong chay mat do c6 cuong d6 manh tu
bién Bic, hinh thanh nén duéi tic dong ciia mot
s6 diéu kién khi twong thuan loi nhat dinh, dién
ra lién tuc trong thoi gian tir 10 té1 50 ngay voi
thé tich khdi nudc mang vao 1én t6i 300 km?-

Trong thoi ky dién ra “dong hai luu chinh”
(MBI), hé théng hoan luwu cta bién Baltic, nhin
chung, bi thay d6i do viéc hinh thanh nhiing
dong chay mat do 16n véi cuong do manh, lan
truyén t4i trung tdm ctia bién Baltic. Pac diém
dia hinh bién Baltic dugc dic trung boi hé thdng
céc thuy vuc sau thong voi nhau qua cac eo bién
nude nong. Su lan truyén ciia dong chay mat do
cao ndy toi trung tim ciia bién Baltic duoc dién
ra bang chuyén dong ludn chuyén ndi tiép tur
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thity vuc nay toi thuy vuc khac. Co nghia 1a dé
truyén dén cac thiy vuc trung tim va sau trong
bién Baltic (c6 d6 sau trung binh 13 249m & thuy
vuc Gotland), dong chdy mat do nay can phéi di
chuyén qua duoc hét chudi cac thiy vic nude
sau trudc do. Trong qua trinh lan truyén qua cac
thily vuc nay, s€ xdy ra su tuong tac gitra dong
chay mat do va nudc trong thuy vuc. Két qua cia
su twong tac nay chinh 1a sy thay d6i vé do mubi
va ham lugng oxy hoa tan trong 16p nude sau cua
céc thuy vuc. Muc do bién ddi cua dong chay
mat dg trong ting thuy vuc s€ anh huong manh
mé t6i tinh chét lan truyén cia nd vao khu vuc
trung tAm va kha nang phuc héi tinh trang nuéc
cua cac thuy vuc sau.

Do Bornholm 1a thay vuc sdu dau tién trong
chudi cac thuy vuc trong bién Baltic, noi ma
dong hai lvu mat do cao s& lan truyén t6i sau khi
da vuogt qua khoi thuy vuc Arkona (d¢ sau
khoang 50m). Vi vdy, su lan truyén va bién doi
& thuy viuc Bornholm 1a mot mét xich rat quan
trong trong qua trinh lan truyén cta nudc bién
Bic vao bién Baltic (hinh 1 va hinh 2) [6]. Diéu
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d6 1am nay sinh tinh cap bach va quan trong cta
viéc nghién ciru qua trinh lan truyén va bién d6i
ctia dong chay mat do cao tir bién Bac vao thuy
vuc Bornholm.
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Hinh 1. So do hoan lwu déy trong bién Baltic
(tir eo Fehrman t6i dau thity vue Gotland) [6]

Hinh 2. So' dé hoan heu tong hop trong bién
Baltic. (miii tén mau xanh: hoan lvu mat, mau
do: hoan luu day) [6]

2. Co s6 Iy thuyét

a. Phuwong phap nghién ciru

Trong nhitng ndm tir thap ky 80-90 ctia thé ky
trude, tim quan trong cua “dong hai luu chinh
Baltic” (MBI) da dugc cac nha khoa hoc cha y
va thuc hién kha nhiéu nhiing chuyén khao sat
do dac truc tiép phuc vu nghién ciru chuyén sau.
Tuy nhién, do ddc thu co ban cua MBI, no chi
xay ra khi hoi du cac diéu kién khi tuong - hai
van phuc tap va phu hop, nén chu ky gitra hai
dong hai luu chinh lién tiép thuong rat dai, c6
khi 1én téi 10 - 15 nam, tir do gay ra sy kho khan
trong viéc kip thoi du bao va thuc hién khao sat
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s liéu truc tiép trong thoi gian xay ra qua trinh
nay [4,7]. Nhing 1an gan nhat cac nha khoa hoc
quan tric duoc su xuat hién ctia MBI 1a trong cac
nam 1993, 2003 va 2014. Trong do, cuong do
manh nhat 1a dong chay xuat hién vao thang
1/2003. Tuy nhién, nghién ciru qua trinh bién
dong thuy dong luc khi xdy ra dong hai luu chinh
nay bang cach sir dung cac sd liéu khao sat truc
tiép vap phai nhiéu kho khan. Hién nay viéc
nghién ciru cac qua trinh thily dong luc hoc bang
phuong phap mé hinh s6 tri théa man cic yéu
cau vé tinh cip bach, kip thoi va chi phi thap véi
cac két qua dat do chinh xéc cao khi so sanh véi
két qua khao sat sb liéu truc tiép hodc sb liéu tur
vé tinh.

Mo hinh dugce st dung trong nghién ctru nay
tinh toan su lan truyén, bién doi va tuong tac qua
lai ciia khdi nudc bién Bic mat do cao trong cac
thity vure & bién Baltic trong qua trinh xdy ra
MBI lam thay d6i hé théng hoan luu chung, dic
biét 1a hé théng dong chay sat day duoc goi
chung 1a mo6 hinh dong chay day. Trong pham vi
ctia nghién ctru nay, sé& trinh bay mot s6 két qua
vé dic diém lan truyén va bién do6i cuia nude bién
Bic, dic trung bang su thay doi phan bd d6 mudi
trong thuy vuc sdu Bornholm, hinh thanh trong
thoi ky dién ra “dong hai luu chinh Baltic” vao
thang 1 nam 2003.

b. Co s6 Iy thuyét ciia mé hinh

Mo hinh dong chay day

Vung tinh dugc chia thanh 2 phan viung theo
do sau: phan vung day (phan vung 2) va phan
ving tinh tir bién day dén bé mat bién (phan
vung 1). Phan vung day duogc tinh tu day cua
vung nghién ctru va day 20m, phan vung 1 duoc
tinh tir bién phan ving day 1én téi bé mat bién.
Do dia hinh day cta vung nghién ctru trong mé
hinh rat phirc tap va phan ving day chi day 20m,
vi vy dé chinh x4c va dé mé ta hon, mo hinh sir
dung toa d cong (o) trén co sd chuyén tir toa do
thang dimng (2).
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boi voi phan vung 1: N

1

Hé phuong trinh chuyén dong, phwong trinh lién tuc va phuong trinh trang thai:

ou & g% o0H 1 0 (k,ou 1
o Vet pog)[ax H, ox o, ' H o | H,do, )
LGP -7l T L .7 2)
a =" "5, (j)(éyHay&S] 1" H, &, | B0,
u_coHou ov o dH v low_, 3)
X Hoxds, 0y Hoyes, THa
p=p,taS+a T 4)
Phuong trinh van chuyén khuéch tan mudi va oxy hoa tan:
s s X s XN o, cHeS, o, cHAS, 1 0|K,c8 S &S
B ol o o G e e 3w el Gy v - Hﬁﬁ%{b}“{{ )
aC aC OHAC cHoC 1oC 10 aC 62C 82C
T R e R (T (A C
Dbi v6i phan ving 2 - phan ving day:
z—H,
c,=
H-H,
Hé phuong trinh chuyén dong, phuong trinh lién tuc va phuong trinh trang thai:
g & g"(@p 1 oHd 1 ( k (7)
o 5XP<)05X (H-H) & do, (HHI)aU (H-H)do, |,
e
at 8YPOO@Y(HH)ayaj (H-H)ds, (HH)&;
ou 1 OH du ov 1 OH ov 1
+— —+ 9)
ox (H-H)ox &, oy (H-H,) dy éo, (H—Hl)&sz
(10)

p=p,+aS+o,T

Phuong trinh van chuyén khuéch tan mudi va oxy hoa tan:

ud) oHas, (v+v,) aHaS). w

s_ 1

B 1B 1 e 1B g (0
5"’(““‘%)&"‘(“*’%)&*("“@)%"’(V+Vd)§ (HH) o

+(V+Vd)a£

ajz (H_H)ayajz (H H)

(u+u) BHOC (v+v,) BHOC |

e e

w 8C 1

(12)

—+(u+ud)(%c

Trong d6 um Vm 1a thanh phan trung binh van
téc dong chay (m/s) u,v 13 thanh phan van tdc
dong chay (m/s); w 1a van tdc thang ding cua
dong chay; & 1a bién dong muc nude (m); g la
gia toc trong truong (m/s?); /' 1a thong s6 Cor-
riolis; p 1a mat d¢ nudc bién; H 1a do sau; H la
d6 sau phan vung 1; &, k. 12 hé s nhét rdi theo
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oy (H-H)oxéo, (H-H)oyds, (H-H)do, (H-H) &fk

s }K(“+6C

phuong ngang va doc; K, K- 1a hé s6 khuéch tan
roi theo phuong ngang va doc; $%o 1a d6 mudi;
S’(%o) 14 phan bd di thuong do mudi; Se%o. 1a o
mudi nén; C 12 ndng do oxy hoa tan (ml/l).
3.Thiét 1ap m6 hinh
Mo hinh dugc st dung tinh toan cho mién
tinh ving bién Bornholm (hinh 3). Hé thong lu6i
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tinh vudng gom 80x110 nit theo chiéu ngang va
hé thong ludi cong gdm 40 nit tinh theo chiéu
doc. Budc luéi theo chiéu ngang 13 1,8 km, con
theo chiéu doc trong phan viing d4y la 1m. Ngoai
ra trén hinh 3 con chi ra vi tri cia 2 mit cit ma
két qua cho tirng mat cét nay s& duoc tinh toan
trong pham vi nghién ctru.

(2)

(b)

Hinh 3. Vung tinh thuy vuc Bornholm (a) va
vi tri cia viing tinh trong bién Baltic (b)

Théng sb dua vao tinh toan vé dong chay va
phan b d6 mudi, khao sat do dac trong thoi ky
dién ra MBI vao thang 1/2003, boi Leibniz In-
stitute for. Baltic Sea Research, Warnemiinde
(IOW) va duoc str dung 1am diéu kién ban dau
clia mo hinh. Mién tinh c6 3 bién long, trong d6
¢ 2 bién chinh, bién trai tai eo bién thong vao
thity viee Bornholm va bién phai 14 eo bién thong
td1 kénh Stolpe. Tai bién trai cua vung tinh, do
mudi ban dau trong 16p nudce co d6 day 50m la
25%o, twong trng voi do mudi thyc té cta hai luu
chay tir thuy vuc Arkona vao. D6 mubi nén ban
dau trong 16p 50m nudc 1a 7%o, 16p dudi 50m la
10%o va tang dan téi 17%o tai 100m. Tai bién
16ng phai cua ving tinh ta c6 diéu kién %5 ¢
Diéu kién nay ciing duoc st dung cho cénc bién
cung cua vung tinh.

Dé két qua tinh toan cia mo hinh ¢ d6 tin
cdy, tac gia da danh gia anh huong cua dong
chay chinh ap ¢ bién Baltic, xay ra trong thoi ky
dién ra “dong hai luu chinh”. Két qua tinh toan
cua dong chay chinh ap cling dugc st dung nhu
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diéu kién ban dau cho mé hinh dong chay day.
Ngodi ra, tac gia ciing da kiém dinh két qua mo
hinh véi sd liéu quan tric thu dugc tr IOW
[1,2,5].

4. Két qua va thio luin

Theo két qua ciia mé hinh tinh, dong chay
mat d0 cao lan truyén tur thuy vuc Arkona doc
theo vién phia nam ciia eo bién thily vuc Born-
holm dudi dang dong hep.

(d) sau 25 ngay
Hinh 4. Két qua tinh todn phdn bé dé muoi

(c) sau 15 ngay

tang dday trong thity viee Bornholm (%o)

Sau do, no tién vao thiy vuc Bornholm va lan
truyén Xuéng phia nam 6m doc theo bo phia
dong cua dao Bornholm (hinh 4a). Hudng
chuyén dong cia dong chay nay nhin chung
trung voi hudng cua cac duong ding sau. Theo
thoi gian lan truyén, ching ta nhan thiy chiéu
rong dong chay tang Ién va phan chia thanh 3
nhom dong chay nhanh (hinh 4b-d, 5, 6):

- Nhom dong chay nhanh thit nhét hinh thanh
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0 khu vuc nat tinh doc 50, lan truyén 0 do sau
khoang 80m doc theo duong ding siu theo
huéng dong béc, sau d6 di chuyén theo hudng
bic.

- Nhom dong chay nhanh thir hai hinh thanh
theo hudng lan truyén cua dong chay & do sau
khoang 60-70m, va ban dau chuyén dong theo
hudéng dong nam thuy vuc Bornholm. Nhom
dong chay nhanh nay chuyén dong doc theo
duong dang sau, sau d6 doi hudng sang dong va
d6ng bac. Theo thoi gian, nhom dong thir hai nay

nhap vao nhom dong thir nhit nhung lan truyén
0 do sau it hon. Hai nhom dong chay nhanh nay
s& lan truyén mot phan sang phia kénh Stolpe.

- Nhém dong chay nhanh thir ba chuyén dong
doc theo dudng dang sau & ving nude néng phia
nam thuy vuc Bornholm. Do sy phéan ky cua
duong dang sau, do rong ctia nhom dong nay
tang 1én. N6 chuyén dong ¢ do sau tir 30-50m va
theo thoi gian dan theo hudng nguoc chidu kim
dong ho.

(a) Sau 5 ngay (b) Sau 10 ngay (c) Sau 15 ngay (d) Sau 25 ngay
Hinh 5. Két qua tinh todn phin bé dé mudi tang ddy trén mdt cdt CD (%)

(a) Sau 5 ngay (b) Sau 10 ngay (c) Sau 15 ngay (d) Sau 25 ngay
Hinh 6. Két qua tinh todn phdn bé dé mudi tang ddy trén mat cat AB (%)

Trén két qua phan b d6 mudi o hai mit cat
AB va CD ngoai thé hién sy lan truyén va bién
ddi cua cac nhém dong chay nhanh cua dong
chay mat d¢ sinh ra trong thoi ky xay ra MBI,
chung ta dong thoi ciing nhan thiy su tac dong
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ctia dong tr6i Ekman trong tang ddy ctia khu vuc
nghién ctru t6i sy gia ting bé day cua 16p nudc
day 1én dén khoang 10m (hinh 5, 6). Sy lan
truyén cua dong chay day nay lam cho duong
déng mudi va muc nude bién duoc déy 1én. Hé
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qua cua qua trinh nay la hinh thanh nén hién
twong chinh ap va nghiéng ap thi cap, lién quan
dén hoan luu ngang cia bién.

Dé dénh gia két qua ctia mo hinh, nghién ctru
d3 tinh toan lan truyén, bién ddi cia dong chay
mat do v6i viée bo qua tac dong cia yéu td dong
chay chinh ap trong thoi ky dién ra MBI, dong
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thoi so sanh véi dir liéu quan tric c6 duoc vao
nam 2003 tir IOW [1,2,5]. Két qua cho thay dong
chay chinh 4p dong mot vai tro rit quan trong
trong qua trinh lan truyén va bién ddi cua nudc
bién Bic vao trong bién Baltic. Dong thoi dit liéu
quan tric thyc té ciing thé hién dugc tinh chinh
xac cua két qua mo hinh sb tri.
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SOME FEATURES OF DENSE WATER SPREADING IN THE
BORNHOLM BASIN (BALTIC SEA) AT THE PERIOD
OF MAJOR BALTIC INFLOW

Dinh Ngoc Huy'
"Ho Chi Minh City University of Natural Resources and Environment

Abtract: The North Sea dense waters inflow plays an important role in formation of the Baltic
Sea various oceanological characteristics, including the renewal and saturation with oxygen of deep
waters in the deep-sea basins located in the central part of the sea. The spreading ability of this
dense North Sea waters inflow depends on its transformation, which occurs to the passage of the
basins. This inflow reachs the highest spreading ability during the period of “Major Baltic Inflow”,
which takes place quite infrequently (with an interval of about 10 years). The Bornholm Basin, the
second basin in the serie deep-basins of the Baltic Sea, is place where accurs the strong process
transformation of the North Sea dense waters. This article presents and discusses the results of bot-
tom water spreading in the Bornholm Basin after “Major Baltic Inflow” through the Bornholm
Strait.

Keyword: Bottom current, Major Baltic Inflow, Bornholm Basin.

TAP CHi KHI TUQNG THUY VAN
S6 thang 01- 2019

57



