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TOM TAT: Ap sudt bé mat séng xung kich va thoi gian pha nén ton tai 1a cac tham sé dic
trung ding dé tinh todn né duwdi nudc. Theo cdc cong trinh @4 cong bé, ching thuong dirgc tinh
trong méi trwong nudc théng thwong va it khi dwoc thic trong méi triueong nudée bién do cic diéu
Kién thiee hién khé khan. Nghién cieu ndy trinh bay két qud thir nghiém né duwéi mede néng ¢ Truong
Sa va xdc dinh dwoc cdac cong thirc thuc nghiém déi véi cac tham s6 dob.

Tir khéa: Ap sudt, thoi gian, NG dudi nuée, thuc nghiém, pha nén, céng thirc, SONg xung Kich ...

PAT VAN PE

N6 noi chung 1a mét nganh khoa hoc phirc
tap. Thong thuong, thuc nghiém la phu’ong phap
thu:orng dung trong tinh toan tac dung cua no. O
cac mdi truong khac nhau, cac tham s6 moi
trrong va cach sap dat thi nghlem nd ciing khac
nhu:ng muc dich can tim doi véi phuong phap
nay la quy luat thoi gian pha nén tic dung va
quy luat ap luc 16n nhat tac dung theo thoi gian.

Dbi voi no duéi nuée, khi nd san phdm nd
gidn no va day nude ra h|nh thanh bong khi.
Bong khi gian no day nuGe chuyen dong ra
ng0a1 cho dén khi ap suat trong no6 can bang véi
ap suat thuy tinh tai diém nd va do quan tinh n6
van tlep tuc chuyén dong Do vay, ap sudt bong
khi giam va nho hon ap sudt thuy tinh lai khién
nuée chuyén dong ngugc veé tdm bong khi.
Bong khi bi nén lai dén mot thé tich nho nhat
nao do6 rdi lai glan ra. Khéi lugng rleng cua khi
nhé hon ctia nude nén nd ludn bi ap luc thuy
tinh nang 1én phia bé mat ty do. Véi luzorng no
dit sau co thé quan sat duoc dén hon mudi lan
dao dong cua bong khi. Vi luong nd dit nong
thi s6 bong khi dao dong rit it, thAm chi chi
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mot bong khi khuyét duoc hinh thanh. So dd vé
sur co gidn cta bong khi dudi nwde nhu hinh 1,
[1, 2].
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Hinh 1. Hién twong co gidn cua bong khi nd
dudi nude

. Cac ly thuyét va thuc nghi¢ém cho thiy
rang, nang luzorng nd tap trung phan 16n & pha
nén th nhat cac pha sau co nang lugng nho
hon nhiéu dic biét 1a véi nd trong ving
nudc nong.



Tu nhitng yéu cau vé tinh toan, thiét ké cac
Van dé lién quan dén tai trong no thi vigc c6 bo
s6 lidu thuc nghiém nd thuc té rit c6 ¥ nghla
trong viéc lya chon, tinh todn tac dung nd cu
thé. Dit liéu né thuc té dudi nuée & Tru’orng Sa
s¢ gilip cac nha khoa hoc sau nay c6 can ctr dix
li¢u tin c@y trong viéc thiét ké cong trinh phong
thi bién dao chiu tac dung cua nd. Ngoai ra, tir
vige xtr 1y dir liu thoi gian da thu duoc cong
thire thuc nghlem xéac dinh tham sé song nd tai
viing bién dao nay.

CAC THAM SO SONG NO DUOI NUOC

Khi s6ng xung kich gap moi tmc‘mg cd méat
do 16n hon mat d6 moi truong nd dang lan
truyén thi phan xa xay ra dudi dang song xung
kich va nguoc lai, n€u séng xung kich gap moi
truong c6 mat do nho hon thi sy phan Xa Xay ra
dudi dang song dan. Tiép xtc véi mat thoang la
khéng khi va n6 c6 mat d6 nhé hon nudce, do
Vay song phan xa s& co6 dang séng dan. Séng
nay sé lan truyen tr mat nudc vao chiéu siu
Ciia nudc voi toc do bang téc dd 4m ciia moi
truong. So do xem x¢€t sy anh hudng cua mat
thoang duoc thé hién theo hinh 2 [2].
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Hinh 2. So d6 x4c dinh sy anh hudéng
Cua mat thoang

Tai dlem xét A, dudi tdc dung cua soéng
dan, ap suat sau mdt song xung kich nhanh
chong giam xubng thip hon ap suit thuy tinh
tai diém do, hinh 3. Khi song dan truyen den A
thi thoi g1an tac dung cta pha nén g1am xudng,
trén mit song c6 budc nhay vot méi, cac tham
s6 trén mat song giam dot ngot, diéu nay cho
thiy mit thodng lam giam tac dung cua tai
trong nd.

Nghién ciuru xdy dung cdng thic thue nghiém ...
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Hinh 3. Biéu db 4 ap suat tai mot diém trong
nude & gan bé mit thoang

Ap suit trén mat séng xung kich trong
nudc, re/r > 10 [2]:

1,13
PP g4700] o 1)
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Trong do: Po la ap SUAt trén mat séng xung
kich; p; 1a &p suit cua méi tru’orng nudc xung
quanh; re la ban kinh tr tim no den diém khao
sat; roban kinh hugng nd.

Ap suit tai mot diém cé dinh trong moi
truong nudc, bién d01 theo thoi gian c6 thé mo
ta bang cong thirc gin dung sau [2]:

P—p,_Py =P .e% (2)
P: P,

Trong am hoc, gin dung thi thoi gian tac
dong cua pha nén tai dlem A trong truong hop
nay dugc xdc dinh bang hiéu sO thoi gian
truyén dén diém xét ciia sdng dan va séng xung
kich [2]:

r+=aL( 1+4Hr—-2h-1) ©)

Trong do: r la khodng cach tir tim lugng nb dén
diém nghién ctu (m); H, h lan luot 1a khoang
cach tir mit nude dén tam nd va tam diém xét
(m); a, la téc d6 4m trong nude (n/s).

Tai mot diém cb dinh trong moi truong
nude thi thoi gian tic dung pha nén duoc tinh
theo cong thire:

t, =56 (4)

Trong d6: @ 13 hing sb thoi gian dugc xac dinh
theo cong thire:
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Vi Dbinh Loi, T6 Purce Tho, ...

ba6i voi lugng nd cau:

6 0,24
a0 _ 1,4,@ 5)
I’0 I’0
DPéi véi lugng nd tru:
0,43
alﬂzl,&[rj 6)
I’0 I’0

V6i 112 ban kinh lwong nd.
Theo Kedrinskiy, V. K., [3], c4c tham s6 bé
mat song xung kich dang tru va chi so ham ma
cé thé dugc tinh nhu moét ham cua dai luong
khéng thtr nguyén r:rL

0

p, =13660T*2MPa  khi 1<T7<25
0/r,=0,617%640%s/m khi 16<r<85
p, =10200T*°MPa khi 25<T<6

O0/Reh=5510610*s/m  khi 85<r<50  (7)

p, =4000T*®BMPa khi 6<T<15
0/r,=10,47-0%104s/m  khi 50<T <3200
p, =1540T°2MPa khi 15<T <3200

Cole, R. H., [2] dya vao nguyén Iy ddng
dang, neu cac leh thudc tuyén tinh cua mot
luzorng nb va cac kich thudc khac dugc thay
ddi voi cling ti 18 khi 4p dung cho hai vu nd thi
cac song xung kich dugc tao ra s& c6 cung ap

luc ti 1€ v&i khoang cach twong rng véi cung
ti 1€ nay.

Do vdy, khi tinh toan cac tham sb song
xung kich Cole, R. H., dua ra cic cong thirc

dua trén m01 quan hé gitra luong nd va khoang
cach dén diém xét nhu sau:

pn=k(3E| (®)
.(t/%):%(%)” 9)
e (1/4C) =mic[(4E | (10)
0(y4C)=ntc(3E | (12)

0 day: cac hang s6 k, 1, m, n va cac s6 mii la
cac hang s6 a, B, v, | twong tng véi timg loai
thude no khac nhau.

Cach viét téng quat cho cac tham sb song
xung kich duéi dang nay la:

Para = K (%)V (12)

Nhu vay theo Iy thuyét cia Cole, R. H., va
nguyén ly dong dang cac chi sb K va v la cac
dai luzorng can tim trong m01 tham sb khac nhau.
Ung v6i mdi loai thude no thi chung lai c6 gia
tri khac nhau. Bang 1 thé hién tham sb ciia mot
s6 loai thudc né theo tinh toan cua Cole, R. H.

Bang 1. C4c hang s6 va $6 mii ctia cac tham s0 song xung kich cia mét s6 thudc nod

0/3/c

1/3c E/3C

£z Pm (MPa) Pham vi
Thuoc no (MPa)
K a K A K a K a
TNT 52,4 1,13 0,084 -0,23 6,75 0,89 84,4 2,04 3,4-138
PENTOLITE 56,5 1,14 0,084 -0,23 5,73 0,91 92,0 2,04 3,4-138
H-6 89,2 1,10 0,038 -028 6,68 0,91 115,3 2,08 10,3-138
HBX-1 56,7 1,18 0,083 -0,29 6,42 0,85 106,2 2,00 3,4 -60

Nhdn xét: Chlng ta c6 thé thdy rang, du theo cac Iy thuyér gidi quyét vin dé khdac nhau nhung
trong cac cong thize tinh tham so song né déu cho thay c6 moi lién hé ti I¢ giita kich thuéce cua
liegng né (bdn kinh rohodc dai lwong ¥ C) va khodng cdch t6i diém xét R. Do vy né 1a mét hing s6.
T day, chung ta cé thé xdy dung mot cong thirc phu hop véi cdc diéu kién trong nude. T) huc
nghiém né dudi nudc trén dio Son Ca [4], thudc quan ddo Truong Sa nam trong dé rai KC-
09.06/11-15 do GS. TS. Vii Pinh Loi cha tri duwoc tién hanh vao dau thang 6/2013 da thu duoc cac
diz liéu quan trong nho' céc thiét bj thi nghiém hién dai va cac yéu té khdc lam co s dé tac gia xay
ding cac cong thie xde dinh cac tham so séng xung kich si dung tin cdy trong khu viec bién dao

Cua nuwoc ta.
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THU NGHIEM NO THUC TE XAC DINH
CAC THAM SO SONG
Thiét bi thi nghiém

Mady do dong da kénh NI SCXI-1000DC
v6i dau do ap luc kiéu tinh thé ap dién PCB
138A01 c6 d6 nhay va d¢ chinh xac cao duge
gin chit vao tAim bé tong de do ap luc phan xa
hodc dugc dit ¢ cac vi tri can xac dinh ap luc
khac. Dau do 1am viéc theo nguyén ly sir dung
tinh thé gdm 4p dién cho phép do nhanh, chinh
Xac va tin Cay May do duoc dleu khlen hoan
toan bang may tinh thong qua ket nbi USB va
cd cac loai cac do dwogc gia tic, blen dang,
chuyén vi, di¢n 4p ... Hinh dang ciu tao cua
ching dugc thé hién theo hinh 4 va 5.

Hinh 5. Dau do tinh thé 4p dién

PCB138A01

So dd va két qua thi nghiém

Thi nghlem nb dudi nude dugc thuc hign
v6i 10 lugng nd khac nhau bao gdm:

Thi nghi¢m 1, 2: Luong nb 200 g TNT
cachdaudolanluoﬂal5m 2,5mva35m.
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Hinh 6. So' dd thi nghiém 1 va 2

Nghién ciuru xdy dung cdng thic thue nghiém ...

Thi nghiém 3: Luong nd 400 g cach cac
dau do 3 m, 4 m va 5 m nhu hinh 7.
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Hinh 7. So db thi nghiém 3

Thi nghiém 4: Luong nd 400 g cach cac
dau do 5 m, 6 m va 7 m nhu hinh 8.
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Hinh 8. So d6 thi nghiém 4

Thi nghiém 5: Luong nd 600 g cach cac
dau do 7 m, 8 m va 9 m nhu hinh 9.
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Hinh 9. So d6 thi nghiém 5

Thi nghlem 6, 7: Luong nd 200 g cach cac
d4u do 2,5 m va 3,5 m nhu hinh 10.

ol 1o 8 4 ol 00 o e i o .
2y
£
"] [

€ oo/

L e L 0w i =)
Hinh 10. So d6 thi nghiém 6 va 7

Thi nghiém 8: Luong nd 400 g cach cac
d4u do 5 m, 6 m va 7 m nhu hinh 11.
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Hinh 11. So d6 thi nghiém 8
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Vi Dbinh Loi, T6 Purce Tho, ...

Thi nghiém 9, 10: Luong n6 600 g cach KET QUA THI NGHIEM VA XAY DUNG
cac ddu do 7 m, 8 m va 9 m nhu hinh 12.

i 90 47 (e

04

| L]

ol 10 28 Wik

ol 00 4P L Lt b

| 1]

iy

P

it |

£l

Hinh 12. So d6 thi nghiém 9 va 10

CONG THUC THUC NGHIEM XAC
PINH CAC THAM SO SONG NO TAI
TRUONG SA

Két qua thi nghiém

Tu cac két qua thi nghlem qua xu ly s liéu
tur cac dau do thu dugc cac bang so liéu cac
tham sé khac nhau. Tép hop cac két qua thu
nghiém cho trong cac bang:

Béng 2. Tdng hop két qua ap luc 16n nhat & cac 1an thi nghiém va thoi gian do tuong tng

Diu do 01 DPiu do 02 DPiu do 03 Diu do 04
T P(kPa) t(s) P(kPa) t(s) P(kPa) t(s) P(kPa) t(s)
Lan 1 26.884 0,05 7.350,2 0,0502 6.511,3 0,0508 1.095,7 0,0516
Lan 2 19.451 0,0249 11.302 0,025 7.275,7 0,0256 5.588,8 0,0263
Lan 3 3.062,2 0,0268 4.138,4 0,025 5.093,2 0,0243 9.165,2 0,0237
Lan 4 3.012 0,0119 3.119.4 0,01 4.757,3 0,0094 5.879,8 0,0087
Lan 5 4.063 0,0094 3.725 0,01 4.259,1 0,0107
Lan 6 19.832 0,01 8.401 0,0106 5.692,6 0,0113
Lan7 17.596 0,01 7.607,4 0,0104 4.742,8 0,011
Lan 8 5.159,6 0,0093 3.840,5 0,01 3.618,4 0,0106
Lan 9 3.893,8 0,0093 3.065,7 0,01 3.071,9 0,0106
Lan 10 5.274,2 0,0094 4.174.8 0,01 3.471 0,0107
Béng 3. Tinh toan téc do truyén song trong nudc
02 03 04 V1 (m/s) V2 (m/s) V3 (m/s)
TT Vts (m/s)
t(s) t(s) t(s) 02-03 (L=l m)  03-04 (L=1m) 01-04 (L=2 m)
Lan 1 0,0502 0,0508 0,0516 1.666,67 1.250,00 1.428,57
Lan 2 0,0250 0,0256 0,0263 1.666,67 1.538,46 1.600,00
Lan 3 0,0250 0,0243 0,0237 1.428,57 1.538,46 1.481,48
Lan 4 0,0100 0,0094 0,0087 1.612,90 1.515,15 1.562,50
Lan5 0,0094 0,0100 0,0107 1.562,50 1.515,15 1.538,46
Lan 6 0,0106 00113 1.612,90 1.535,74
Lan7 0,0104 0,0110 1.562,50
Lan 8 0,0093 0,0100 0,0106 1.515,15 1.562,50 1.538,46
Lan 9 0,0093 0,0100 0,0106 1.515,15 1.562,50 1.538,46
Lan 10 0,0094 0,0100 0,0107 1.562,50 1.515,15 1.538,46
Béng 4. S6 lidu thoi gian duy tri pha nén thir nhét
Lwong né TNT dwéi nwéc Pau do 2 Pau do 3 Paudo 4
Thi nghiem  Khéi lwong (g) T(S) Khoang cach (m) T(S) Khoang cach (m) T(S) Khoang cach (m)
1 200 0,0004 15 0,0002 2,5 0,0002 3,5
2 200 0,0005 15 0,00035 25 0,0003 3,5
3 400 0,0002 5 0,0004 4 0,00035 3
4 400 0,00022 7 0,00012 6 0,00016 5
5 600 0,00014 7 0,00016 8 0,00012 9
6 200 Khéng ¢c6 dau do 0,0003 25 0,0003 3,5
7 200 Khéng ¢c6 dau do 0,00036 25 0,0003 3,5
8 400 0,00024 5 0,00016 6 0,00022 7
9 600 0,00018 7 0,00018 8 0,00014 9
10 600 0,00016 7 0,00018 8 0,00018 9
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Nghién ciuru xdy dung cdng thic thue nghiém ...

Béng 5. S6 lidu 4p huc 16n nhét va thoi gian duy tri trong pha nén thi hai

Khéi lwong Pau do 2 Paudo 3 Paudo 4 Thi tw

thuéc né (g) T(s) P(kPa) T(s) P(kPa) 1(s) P(kPa) TN
200 0,0001 246,058 0,001 764,7844 0,0007 97,71749 1
200 0,00005 118,743 0,00165 926,0275 0,00115 480,9022 2
400 0,0001 2914,23 0,0003 1089,783 0,00115 677,3105 3
400 0,00004 195,383 0,00012 4757,331 0,00004 81,38503 4
600 0,0001 260,716 0,00024 69,13559 0,00024 524,4554 5
200 Khéng ¢c6 dau do 0,00004 33,53646 0,00046 961,2441 6
200 Khéng ¢c6 dau do Ko pn Ko pn 0,00012 130,3824 7
400 0,00004 343,848 0,0001 466,798 0,00014 102,1147 8
600 0,00002 41,6837 0,00008 189,335 0,0001 93,52968 9
600 0,0004 25,7693 0,00004 33,53646 Ko pn Ko pn 10

Xay dung cong thire thwe nghiém xac dinh
cac tham s6 séng nd tai Truwong Sa

Cong thire thwe nghiém xdc dinh AP

Vige xay dung cong thirc xac dinh AP dua
trén cac ly thuyét cua Kedr1nsk1y V. K., Cole,
R. H., nhu da trinh bay ¢ trén va vige xur ly so
liéu theo phuong phap binh phuong tdi thleu
Qua cac thi nghi¢m tai hi¢n truong, cac két qua
thu dugc cho thiy voi cac luzorng nb co khbi
lugng nho hon 1 kg thi ap luc séng xung kich
sinh ra phu thudc vao lugng né theo ham m.
Tu bang 2, cong thirc xay dung tir thi nghi¢ém
no dudi nudce tai Son Ca:

Aeﬁzcgﬁ(%f” (13)

R
O day: P la ap suat moi truong tai diém xét;
C.la ty sb cua khéi luong lwong nd va luong no
1 kg; R la khoang cach tr luong nd dén diém
X€t; ro la ban kinh lugng nd.

D4 thi biéu dién mbi quan hé giita AP/R Va
% theo hinh sau:

Cong thuc thuc nghiem xac dinh tai trong song

5 xung kich duoi nuoc

=
gg |1 |
80 P
[
by /’/’///,
60
y=CI513 147005113

50 R7=0,9697
2
EY)
2
10 To

0 R

1] 0.002 0004 0006 0008 001 0012 0.014

Hinh 13. M&i quan h¢ giita ap/R Vva %

Cong thirc thwe nghiém xdc dinh thoi gian
duy tri tdi trong

Tuong ty nhu viéc xac dinh AP, tir bang 4
va 5 nhan thay, pha nén thir hai xuét hi¢n véi
thoi gian rat nho va &p luc khong dang ke nén
trong thi nghi¢m tai Truong Sa chi xét dén pha
nén tha nhat.

Tuong tu nhu trén, cong thirc xac dinh thoi
gian duy tri tai trong thu duogc:

,=0,0035.3C ( R (14)

c
D) thi biéu dién mbi quan hé thoi gian duy
tri tai trong va % theo hinh 14.

)—L 262
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Hinh 14. Biéu d6 mbi quan hé thoi gian pha

i
nén va —

KET LUAN

Cac tham s6 xac dinh tir thuc nghlem o trén
cd thé 1am co s& so sanh voi cac cong thirc san
dé c6 dugc danh gia hop ly trong vigc str dung
phuong phap tinh toan d6i véi cbng tac thiét
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ké. Cong thirc thuc nghiém xac dinh tai trong 2. Xalamakhin, T. M., 1967. Gi4o trinh huéng
cuc dai va thoi gian duy tri pha nén thu dugc dan giai ly thuyét va dap nd. Nxb.
trén dao Son Ca la sb liéu quy gia va quan Matxcova (tiéng Nga).

trong trong céc nghién Ciu nd dudi nude sau 3 yaqrinskiy, V. K., 2006. Hydrodynamics of

nay Hon nira, sy ddc biét cua céc cong thirc Explosion: experiments and  models.
con thé hién trong diéu kién thu nghlem nd trén Springer Science & Business Media.

quan dao Truong Sa hién nay gan nhu khong N i ) p
thé thuc hién duoc do cac yéu to kho khan vé 4. Vi binh Loi, T6 Buc Tho, Lé Anh Tuan,
thiét bi, ky thuat va vin dé dia chinh tri cua khu Nguyen Cong Nghi, 6/2014. Mot so két qua
vuc nay. nghién ctu thyc nghiém nd trong vung
nudc nong tai khu vgc Truong Sa. Tuyén

TAILIEU THAM KHAO tap cong trinh Hoi nghi Co hoc ky thudt
1. Cole, R. H., 1948. Underwater explosions. toan quoc, Tap 2. Co hoc vat rin bién dang,
Princeton UP. Ha Noi.

ESTABLISHMENT OF EMPIRICAL FORMULAS FOR EVALUATING
UNDERWATER SHOCK WAVES PARAMETERS IN SHALLOW SEA
IN TRUONG SA ARCHIPELAGO

Vu Dinh Loi, To Duc Tho, Le Anh Tuan, Nguyen Cong Nghi
Military Technical Academy (V2)

ABSTRACT: Surface pressure of shockwave and duration of compression phase are
characteristic parameters for solving underwater explosion problems. According to reported
researches, they are often calculated in a general water environment and rarely practiced in the
seawater due to difficult conditions. This paper presents the experimental results of the underwater
explosions in shallow sea in Truong Sa Archipelago and establishes empirical formulas for these
parameters.

Keywords: Pressure, time, underwater explosion, experiment, compression phase, formula,
shock wave ...
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