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NGHIEN CUU PANH GIA ANH HUONG CUA CAC PHUONG AN
BO TRi PE PHA SONG XA BO PEN HIEU QUA GIAM SONG
BANG MO HINH VAT LY

Lé Thanh Chwong, Trin Ba Hoang
Vién Khoa hoc Thuy loi Mién Nam

Tém tat: Gidi phdp cong trinh dé phd séng xa bo la gidi phdp mang tinh chii dong trong viéc
gidm séng. Pdy la mét trong nhitng gidi phdp hitu hiéu nham giam thiéu tinh trang xéi 16 bo,
nhdt la trong trieong hop cdc gidi phdp mém hodc cdc giai phdp mang tinh bi déng khong kha thi
hodc hiéu qua thap.

Trong bai bdo nay trinh bay tom tdt két qua nghién ciru véi 78 kich bdn thi nghiém vé cdc
phirong dn bé tri cong trinh dé phd séng xa bo, cdc diéu kién myc nwée, tham sé song (song
ngau nhién) khdac nhau. Két qua thi nghiém sé phuc vu cho viéc nghién ciru phwong dn bé tri
cong trinh phu hop voi diéu kién tw nhién cia khu vie.

Tir khéa: bé song, dé phd song, mdng séng, mé hinh vit ly, phé séng, rieng ngdp man.

Summary: Breakwater solution is an active solution to reduce the waves. This is one of the
effective measures to minimize shoreline erosion, especially in the case of soft solutions or
passive solutions that are not feasible or low efficiency.

This paper presents a summary of the study results with 78 experimental scenarios for different
offshore breakwater configuration with different water level and wave parameters (random
waves). The experiment results will serve to define the layout of the offshore breakwaters in
accordance with the natural conditions of the each area.

1. PAT VAN PE — Viing Tau),..., hay mot sé dang mé han chi
T nhu ¢ Hai Hau, Nghia Hung (Nam Dinh),
hodc gan diy mot sé dang dé song song v6i bo
nhu dang cong trinh & Go Cong (Tién Giang),
Nha Mat (Bac Liéu), U Minh (Ca Mau)... .
Céc thong sd bb tri dang cong trinh ndy trong
khong gian chu yéu dugc xac dinh bang cac
cong thirc thyc nghiém cua nudc ngoai, hoac
dugc bd tri theo kinh nghiém, hoic tha dan
(dang cong trinh thtr nghiém). Dé cung cip co
s& khoa hoc cho viéc tinh toan xac dinh
phuong 4n bb tri cong trinh dé pha séng xa b
phu hop véi diéu kién ¢ ving ven bién

Giai phdp dé pha song xa bo da va dang duogc
ap dung nhiéu noi trén thé gid1 nhu: Anh, My,
Nhat Ban, Singapore, Italia, ..., nhdm vira
giam thiéu cac tac dong tiéu cuc cua sdng,
chdng x6i 16 bao vé bd bién dong thoi tao ra
cac cac bai bdi phia sau dé phuc vu cho cac
muc dich khac nhau nhu: 14n bién tao quy dat,
phat trién du lich, trong ring ngap min,.... O
nuéc ta cling di c6 mot sb cong trinh dugc
thuc hién, véi chi yéu 1a dang dé chan song
n6i v&i bo nhu: cang Tién Sa (Pa Nang), cang
Dung Quit (Quang Ngii), cang Phan Thiét,

cing Lagi (Binh Thuan), cira Bén Loi (Ba Rja  PBSCL, nhom nghién ciu da si dung
phuong phdp mé hinh vat 1y dé phan tich

danh gida hi€u qua cua cac phuong an bo tri
cong trinh dé phd song xa bo trong bé song
ung voi cac di€u kién muc nudc, song dén
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khac nhau ap dung cho khu vuc bo bién Vinh
Chau, tinh Soc Trang.

2. KET QUA NGHIEN CUU PANH GIA
HIEU QUA GIAM SONG CUA CONG
TRINH PE PHA SONG TREN MO HINH
VAT LY

2.1. Thiét 1ap mé hinh thi nghiém:

Bé song sir dung cho thi nghiém c6 kich thudc
nhu trong hinh 1. D6 siu nudc 16n nhét trong
bé c6 thé dat dugc trong thi nghiém 1a 0.7m
(chiéu cao thanh bé tinh tir diém day thip nhat
la 1m).

Soéng déu hodc song ngau nhién duoc tao ra tir
may tao song co chiéu cao toi da la 15cm.
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Hinh 1. Mt bang bé song thi nghiém
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Hinh 2. MGt cdt dia hinh bé séng

Dia hinh bii trudc cong trinh ¢6 do ddc 1:500
la dac trung bai thoai ctia khu vuc nghién ctru.
Mai ddc 1:20 duoc thiét ké véi muc dich tao
song v& khi song truyén tir nude siu vao trong
khu vuc nudc nong trude cong trinh.

Cao trinh dinh dé duoc do chinh xac bang may
thiy binh chuyén dung trong phong thi nghi¢m
cho d6 chinh xac cao dén mm.

[ KHOA HOC

CONG NGHE

Hinh 3. Cdu kién ldp dat trong bé

Dé pha séng xa bo duoc thiét ké bang gd, dé
dé ché tao va phu hop véi cac thong sb thi
nghiém trong bé song, hon nira tic dung lam
giam ning luwong song cua dé ngam do qua
trinh séng v& 1a chi yéu, qua trinh tiéu tan
nang luong do ma sat day gay ra chi la thu
yéu, nhu vay d6 nham anh hudng khong 16n
dén qua trinh tiéu hao ning luong song, do do
str dung vat liéu gd khong anh hudng dén két
qua thi nghi€ém. D& pha séng dugc xdy dung
trén d6 dbc bai 1/500, voi cac kich thude:
chiéu cao 7.1cm, bé rong dinh 1.7cm, bé rong
chén 8.6cm, chiéu dai 22.9cm.
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Hinh 4. Mt dimg cdu kién dé giam song

MAT CAT A-A MAT CAT B-B

Hinh 5. Mt cdt cdu kién dé giam séng
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Céc kich thuéc hinh hoc ctia mit cit ngang dé
da duoc lya chon twong tng véi ty 1€ mé hinh
hoa vé chiéu dai Np = 35 va thoi gian 1a N, =
5.92 ( theo tiéu chuan tuong tu Froude).

So dd b tri md hinh thi nghiém hiéu qua giam
song trong bé 3D duogc thé hién trong hinh 7.

Hinh 6. Bé song thi nghiém SIWRR

2.2. Kich ban thi nghiém

Qua danh gia cac tai liu: thuy hai van (song
va myuc nudc), khao sat dja hinh trong nhiéu
nim gan day, cho thay bii trudc dé c6 nén dat
yéu, khu vuc bd tri cong trinh phd séng co do
sau khoang 2.5m. Chiéu cao song nudc nong &
khu vuc bdi dé v6i d6 sdu nay tdi da chi vao
khoang 1.5m.

Séng ngiu nhién c6 phd JONSWAP dang
chudn (tao ra bai may tao song) dung cho thi
nghiém c6 chiéu cao bién d6i tir Hy = 0.06m
dén 0.11m va chu ky dinh ph6 T, = 6s dén 9s.
Cu thé duoc thé hién trong bang 1. Thoi gian
ciia mot thi nghiém it nhét 13 500 con song dé
dam bao dai tan sd (chu ky) co ban cua phd
song yéu cau duoc tao ra mot cach hoan chinh.

Tam dau do séng duoc st dung dé xac dinh
ché do song tai cac vi tri trude va sau dé (cach
vi tri chdn dé mot khoang t6i thiéu mot nira
chiéu dai con song). Tin hiéu tir cac dau do
song duoc truyén truc tiép dén va luu trix trong
may tinh chuyén dung.

My tgo séng
2 WGt =1:20
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Hinh 7. Mt bang bo tri kim do song

Bang 1. Gia tri chiéu cao séong

Hs,o (m) Tp (S)

P M P M
2.1 0.06 6.86 1.16
3.15 0.09 7.69 1.3
3.85 0.11 8.34 1.41

Tong hop chuong trinh thi nghiém bao gom 78
kich ban (két hop tir 7 kich ban dé x 2 cao
trinh dinh dé x 2 gia tri muc nudc x 3 gia tri
tham s6 séng nudc siu va cong thém 6 kich
ban khong cong trinh). C6 thé ndi rang pham
vi bién ddi cta cac kich ban thi nghiém da bao
quat phan 16n cac diéu kién bién vé song va
myc nudc trong khu vuc bién Poéng cua
DbBSCL.

Bing 2. Phuwong an b6 tri mé hinh dé pha séng ti 18 1/35

Ls (m) Gg (m) Xg(m)
Phuong 4n P | M P Y P Y
MHO Khong cong trinh
MH?2 210 6.00 50 1.43 110 3.14
MH3 250 7.14 50 1.43 110 3.14
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Ls (m) Gg (m) Xg(m)

Phuong an P M P M P M
MH4 210 6.00 70 2.00 110 3.14
MHS5 210 6.00 90 2.57 110 3.14
MH6 170 4.86 50 1.43 110 3.14
MH?7 210 6.00 30 0.86 110 3.14
MHS 210 6.00 50 1.43 130 3.71

Gia tri cao trinh myc nudc gdm 2 gia tri
MNTKI = +1.0 m (+42 cm), MNTK2= +1.7m
(+44cm), két hop véi 2 gia tri cao trinh dinh dé

Z, =t+1.5m, Z,=+2m. Tur nhitng giéa tri trén, khi

d6 mo hinh thi nghiém s& c¢6 4 gié trj chiéu cao
luu khong (Rc>0 tuong tmg véi1 dé nho, Re<0
tuong ung véi dé ngap) tuong g nhu bang 3:

Bing 3. Cao d muc nwéc thiét két két hop véi cao trinh dinh dé

MNTTKI1 Cao trinh dé Z1 Cao trinh dé Z2
5 ; TTK1
cao trinh dé
P M P M P M P M
Gia tri +1 +0.42 | +1.7 | +0.44 | +1.5 +43.4 +2 +0.449
Két hop MNTK va cao trinh dinh dé
" . Rci(m) Rea(m) Rcs(m) Req(m)
Chi€u cao luu khong
P M P M P M P M
Gia tri Re 0.5 0.014 1 0.029 | -0.2 -0.006 0.3 0.009
Bang 4. Ma tran cac kich ban thi nghiém
Phuong dn . R . £, oA
bé tri DPS Cao trinh dé Muc nude Tham so song nudc sau
MH?2
MH3 . Hs,0=6¢cm; Tp=1.16
Cao trinh dé Z1=+1.5 m Muc nuée thip D=42cm SO S b8
MHA X a0 trinh d6 22=42 m Muc nuée cao D=ddem | * | 0=%ems Tp=1.30s
MH6 a0 i €e He T cao BEARe Hs,0=11cm; Tp=1.41s
MH7
. Hs,0=6c¢m; Tp=1.1
. Muc nudce thap D=42cm s0=6em; Tp=1.165
MHO0 X Khong cong trinh Muc nud D=4dem X Hs,0=9cm; Tp=1.30s
He Lot cao ¢ Hs,0=11cm; Tp=1.41s
. Hs,0=6¢m; Tp=1.16s
M yc thap D=42
MH5 | x | CaotrinhdéZ1=+1.5m yenuoc thap D=82em | e 0=9¢m: Tp=130s
Muc nudc cao D=44cm
Hs,0=11cm; Tp=1.41s
. Hs,0=6¢m; Tp=1.16s
M yc thap D=42
MHS | x | Cao trinh dé Z2=+2.0 m M"IC muoc t apD_44 ‘x| Hs,0=9cm; Tp=130s
He oL cao Lmamem Hs,0=11cm; Tp=1.41s
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2.3. Hiéu qua gidm séng cua dé pha song

Céc tham sb séng (chiéu cao, cac chu ky dic
trung) tai cac vi tri nudc sau, trudc dé va sau
dé dugc tinh toan tir cac phd song do dac sir
dung chuong trinh chuyén dung. Viéc tinh
toan phan tich song phan xa tir két qua do dac
tr 4 dau do song duogc thuc hién theo phén
mém do song HR Wallingford. Cac tham s6 do
dac tu thi nghiém va tinh toan gém:

Chiéu cao song momen H,

Chiéu cao song Hyyo co gid tri xap xi chi€u cao
song v nghia Hg va dugc xé&c dinh tir md men bac
0 ctia ph6 mat do nang luong song nhu sau:

H. = Hyp = 4004y, = 4.004

Trong d6 S(f) 1a gia tri mat do nang lugng cua
pho song tuong tmg véi tan sd f, my 13 gia tri
md-men bac 0 cia phd song.

Trong thi nghiém cac gia tri Hyo dugc xac
dinh tai cac vi tri trudc va sau dé.

Khai niém hiéu qua giam song cua dé pha song
Mitic do giam chi€u cao song hay noi cach
khéc 1a hi¢u qua gidm song cua dé pha song xa
bo dugc danh giad thong qua ty sé gitra chi€u
cao song phia sau dé€ s6 voi chiéu cao séng dén
trude dé. Hiéu qua giam song: €= 1 — K; ;

H
m0,t
K, =
H ..
m0,i

Kim sb 1 (nudc sau)

«o° Variance density spectium x10*

Kim sb 5 (trudc cong trinh)

Variance density spectrum 10°

Hinh 8. M6 phéng mdt cdt ngang dé chdn song

2.4. Phan tich két qua thi nghiém

Khi séng truyén tir ving nudc siu vao ving
nude nong thi s€ trdi qua cac qua trinh vat 1y
lam ti€u hao nang lugng song nhu khuc xa, ma
sat day, song vo. Ngoai ra con c6 tan xa lam
phd séng bién ddi (chuyén dich ning lugng
song giita cac dai tan sd), dic biét khi gap vat
can (dé ngam). Qua trinh bién d6i phd song co
anh huong gian tiép dén mirc do tiéu hao ning
lugng song & vung nudc ndéng boi vi voi dai
song dai (tan sd thap) thi mirc d6 tiéu hao ning
luong it hon so v&i dai song ngan (tan sd cao).

Hinh 9. Sy bién doi song trudc va sau cong trinh

Kim sb 7 (sau cong trinh)

Variance density spectrum

28 H,“0=10.6cm 1

Holm) = 0.031

T,6) =518

Hino=3.10cm !
T,=5.18s b

Hy0=1.60cm
T,=19.05s

Hglm) = 0.016

Tyl =18.05

mefHz

Hinh 10. Sw bién doi hinh dang phé séng
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Trong qua trinh tiéu hao ning lugng song thi
song vo 1a qua trinh ti€u tdn nang luong song 1on
nhéat. Hién tuong song v& xay ra khi séng bién
hinh trong nuéc nong lam gia ting chiéu cao
song va do d6 do ddc song vuot qua ngudng gioi
han 6n dinh hinh dang dan dén song v& (dic biét
luu ¥ tranh nham 1an giita song v& véi tiéu tan
nang lugng do ma sat ddy, ti€u tdn nang lugng
do mat day chi chiém mot ty trong rit nho, co
thé n6i khong dang ké trong toan b qué trinh
tiéu hao nang lugng song).

Tuwong quan giira chiéu cao songtéi (HmoO.i) va songphan xa (HmoO.r)

0.90

® Rc=+1.0m Rc=+0.5m 4 Rc=+0.3m Rc=-0.2m
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Hmo i (m)

Hinh 11. Twong quan gitka chiéu cao séng t&i
(Hm0,i) va song phan xa (Hm0,r)

Chiéu cao song phan xa thay ddi tiy thudc vao
song t6i va chidu cao luu khéng Re. Xu hudng
cho thay chiéu cao song phan xa dao dong trong
khoang 0.4 dén 0.7 1an chiu cao song tdi.

Trong tong s6 78 kich ban thi nghiém bao gom
su thay ddi vé 4 chiéu cao luu khong, 4
khoang cach khe ho G(m), 3 chiu dai dé
L(m), 2 khoang cach bo X(m).

i a RC=0.9cm
e} RC=2.Scm
% R=14cm

R =-0.6cm

o
.

O
0o o

e}

Hinh 12. Quan hé Kt~Rc/Hm0,i cua dé pha
song ung voi cdc gia tri Rc khdc nhau

Trong truong hop dé ngam (Rc<0) thi viéc
thay d6i phuong an bd tri dé anh huong chua

[_KHOAHOC
thuc sy 10 rang dén hiéu qua giam song. Xu
huéng két qua cho thiy khi twong quan do
ngap twong ddi (Re/HmO,i > 2) thi hiéu qua
gidm song cua dé khong c6 xu hudong tang nira
(dao dong tir 70% dén 80%), nguyén nhan 1a
do cao trinh dinh dé lac nay du 16n dé song
khong thé leo 1én qua dinh dé gitip cho hiédu
qua giam song 16n va séong duoc truyén qua
cac 16 rdng cua ciu kién va khe ho G nén khi
c6 ting chiéu cao dinh dé 1én bao nhiéu di nita
thi chiéu cao song phia sau van khong giam.
Khi Re/Hm0,i < -0.5 thi hi¢u qua gidm song dé
rat thap va dé gan nhu luc nay khong con tac
dung giam séng. Do ngap sau twong ddi cang
16n thi hi¢u qua gidm séng cua dé cang lon,
qua trinh thi nghiém quan sat thay khi
Re=+2.9cm (1.01m thuc té) thi gin nhu song
khong leo dugc qua dinh dé va song duoc
truyén vao khu vyc sat bo thong qua khoang
hd G cong thém hién tugng nhiéu xa, lic nay
hiéu qua giam séng 1én dén 0.7-0.8.

Tuong quan Kt~GxHmo,i tai v tri kim s6 8

® Rc=+0.3m

® Rc=+1.0m
Rc=+0.5m

Rc=-0.2m

HE& sO truyén s

0.00
0 20 40 60 80 100
GxHmO,i

Hinh 13. Quan hé Kt ~ GxHmo,i g véi cdc
do ngap dé khac nhau cho cac vi tri kim do 8

Twong Quan Kt ~ GxHmO, i tai vi tri kim s6 7

® Re=+1.0m
®
@ Re=+0.5m

® Re=+0.3m
Rc=-0.2m

0 20 40 60 80 100
GxHmO,i

Hinh 14. Quan hé Kt ~ GxHmo,i vmg véi cdc
do ngdp dé khac nhau cho cac vi tri kim do 7
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Két qua quan hé € ~ G/Hmo,i cho thiy do
rong khoang hd G ty 1€ nghich véi hiéu qua
giam song cia dé tai vi tri kim do s6 7. Trong
truong hop dé bi ngdp (dé¢ ngim) néu
(G>HmO,i x 100) thi d6 rong khoang ho G gan
nhu khong con anh huong dén hiéu qua giam
song clia dé ngam.

O R =0.8cm
o R.=2.9cm
o g A R=1.4cm
° @ ° o * R.=-06cm
o [}
e a © A g % A
< a o o N A A ©
i A
© 0s o go o a N
o 4 oo ¥
* B Fx B
*y @ **
* % ox
*

3 Eg
L/HmO,i (x100)

Hinh 15. Quan h¢ £ ~ L/Hmo,i
ung voi cac do ngap dé khdac nhau

Quan hé £ ~ L/Hmo.i c6 xu hudng tuyén tinh va
dong bién khi L/Hmo,i cang 16n thi hi€u qua gidam
song cua dé cang lon. Pac biét khi L/Hmo,1 < 150
thi hi€u qua gidam song cua dé tuwong doi bé.

2.5. Lwa chon phwong an bd tri dé cho viing
nghién ciru

Viéc xay dung dé giam song xa bod ngoai chirc
ning giam séng gay bdi, chdng x6i 16 thi d6i
véi dang cong trinh c6 két cau rong dic biét
nay thi chic nang tai sinh rirng ngdp man la
hoan toan kha thi.

Trong vi€c tai sinh rimg ngdp man thi d€ giam song
xa bo phai hoan thanh t61 thiéu dugc hai nhiém vu:

- Giam song phia sau cong trinh trong didu kién
nh6 hon 0.4m thi cay con méi c6 thé phat trién;

- Tao ra su trao do1 bun cat min gitra trong va
ngoai cong trinh.

Trong thi nghi€ém nay s€ phan tich va tinh toan
phuong 4n bé tri cong trinh phut hop cho diéu
kién giam séng tai sinh rung ngdp man cho
vung nghién ctru.

Pham vi &p dung:

R
-0.5 < —=

< 2;
Hml:l:

15 <G xHpp; < 100;
L

15 ¢ —m——— «
Hypo; X 100

4.4;

S6 liéu song sau cong trinh ding cho tinh toan
truyén song xac dinh tai vi tri cach diém cach diém
gitra khoang h¢ 110m vé phia vudng goc véi bo.

Pic diém vé tham s song trudc cong trinh
dugc iy dya theo két qua thi nghiém tng véi
truong hop song gié mua (v6i chidu cao song
nude sau 3m thi chiéu cao séng téi trudc cong
trinh 16n nhét 1a 1m va chiéu cao séng phan xa
khoang 0.5m). Pé dat dugc chidu cao song
mong mudn sau cong trinh (nhd hon 0.6m)
trong trudng hop song 10n nhat thi:
0.6

jq_'__ -
<135

K, < 0.4

e>06 (*)

Tra diéu kién (*) ing véi cac biéu d6 twong quan

hinh13, 14 val6 két qua thu dugc nhu sau:

0.7 €« —— <
H.'r:I:I.; max

30 < G xHpgi max < 35

L

30 < 3.3

-
Hmﬂ..‘ max X 100

Hino,i max (M) 1 gid tri chiéu cao song téi 16n nhat
trude cong trinh (Iuu y phan biét Hyoi voi Hg; 1a
chiéu cao song tong hop trude cong trinh).

Ap dung cho théng sb song tai khu vuc Vinh
Chau- Soc Trang v61 Hyi = 1.0m Ung v6i1 cao
trinh myuc nuwdc bién +1.7m:

Chiéu cao lru khong Re(m):

0.7m < R.(m) < 0.8m:

Khoang hé G(m): 30m < Gim) < 35m;

Chiéu dai tuyén dé L(m):
300m < L{im) < 330m:

3. KET LUAN

Mot chuong trinh thi nghiém md hinh vat 1y
3D bao gom 78 thi nghiém vé hiéu qua giam
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song cua dé pha song da duogc thyc hién voi
pham vi bao quat rong cua cac diéu kién bién
vé tham sb séng, muc nudc va kich thude hinh
hoc tuyén dé. Két qua thi nghiém da cho thiy
1d sy anh hudng cua cac tham sd va qua trinh
vat 1y chi phdi dén hiéu qua giam song cua dé
ng?lm, tr d6 dua ra dugc cac danh gia va so
sanh hi¢u qua giam song gitra cdc phuong an
b6 tri dé. C6 thé néi bén canh céc tham s6 do
ngdp sdu tuong d6i Rc/HmO,i , chidu dai,
khoang cach bo va khoang ho dé anh hudng
tryc tiép dén hiéu qua giam song cua dé pha
song thi tich chat bién ddi ciia phd do anh
huong cua bai trude dé (dac thu bai thoai cua
khu vuc BBSCL) va tuong tac véi dé cling
dong mot vai tro quan trong.

Két qua thi nghi¢m duogc su dung cho vi¢c lya
chon cac phuong an bd tri dé céu kién 16 rdng
ung voi cac hiéu qua gidm song xac dinh trudc.
Va nguoc lai danh gia dugc hi€u qua giam song
{mg voi cac phuong an b tri dé cho trude.

Mot s6 két luan duogc rat ra tir cac két qua thi
nghiém trén:

- Trong diéu kién dé nho va cung diéu kién
muc nude, thong ) song, cao trinh dinh thi
anh huéng cua chiéu dai dé L dén hiéu qua
gidm song cua dé pha soéng rd rang hon anh
hudng ciia khe hd G thé hién trong biéu do
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quan hé £ ~ G/Hmo,i vd € ~ L/Hmo.i. Diéu
nguoc lai xay ra khi trong diéu kién dé ngﬁm,
dé cang nho cao thi anh hudng cua viéc lua
chon phuong 4n bd tri dé dén hiu qua giam
song cua dé cang 16n.

- Soéng tai vi tri kim do s6 6 va 8 bi anh
hudng 16m boi su thay doi khoang hé G. Trong
khi séng tai vi tri kim do s6 7 anh huong boi
ca3yéutd G, L, X.

- Céc diéu kién bién giup dé pha séng hoat
dong hiéu qua: Rc > -0.5 HmO,1 ; L > 150
Hmo,i; trong trudng hop dé ngim G <
100/HmoO, 1.

- Dé dam bdo muc dich tai sinh rung ngap
man phia trong thi cac nguyén tic bd tri dé can
thiét dam bao nhirng diéu kién:

R
07 <—=— < 0.8
mO.i max
30 =G x Huyo.imax < 35
L
3.0 < 3.3

=
Hpmoi max X 100
Pham vi &p dung:

Re
Hmog
15 <G xHpyp; < 100;

L
—_—— =
Hpo: X 100

=05 < < 2:

1.5 < 4.4,
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