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TOM TAT: Nghien cdu nay phat tnen chuong trinh 
mo phdng trong Netlogo de danh gia do each am 
cua vat li#u sd dung trong xay dung va giso thong 
Noi dung nghien cuu gom hai phan chinh Phan 
thdc nhat lien quan d4n cac thi nghiem thuc te 
danh gia do each am cOa vat li^u. Phan thd hai 
lien quan den su phat tnen chuang trinh mo phong 
trong Netlogo de danh gia do each am cda vat 
lieu tren co sd xem xet cac vien c^nh nghien ciru 
ma thuc nghiem chua tnen khai duoc. Ket qu^ mo 
phdng vai sai so kiem chdng mo hinh la 17% da du 
bao su each am cua vgt lieu, trong do chuong trinh 
mo phdng cho thay su giam am len den 49,75% so 
v6i truyen am true tiep trong khong khi khi sd dung 
ket cau tudng 20cm cd khe giua ket hop vgt lieu 
eao su non va mdt hot ga Nghien cdu la tien de 
cho nhung nghien edu sau ve each am cua vat lieu 
trong cdng trinh xay dyng va giao thong sau nay. 

TL/ KHOA: Mo phdng, tieng dn, gi^m on, giai phap 
each am 

ABSTRACT: The research develops a simulation 
program in Netlogo to evaluate the ei^ieieney of 
soundproof solutions used in the field of construction 
and transportation engineenng. The paper includes 
two pain parts. The first main part relates to 
experiments on soundproofing materials. The second 
main part concerns the development of simulation 
models In Netlogo to evaluate the soundproof level 
of materials based on simulation scenarios. The 
simulation models with a figure of 17% in validation 
error predicts efficiently the soundproof level of the 
materials, showing that the soundproofing can be 
up to by 49,7% compared with direct transmission 
in the air without any soundproofing structure once 
using 20cm width wall with the middle air slot in 
combination with two kinds of foam (yellow foam 
and memory foam) The research is useful for further 
studies on soundproofing materials used in the 
field of construction and transportation engineering 
afterward 

KEYWORDS: Simulation, noise, noise reduction, 
soundproofing 

L D A T V A N D E 
Xa hdi ngay cang phat trien, nhu cau song va sinh 

boat tmh than eua con ngudi cang cao, trong dd nhijfng 
ddi hdi ve each am vat lieu trong xay dung va giao thdng 
ngay cang dat ra de gi^m thieu sU d nhiem tieng dn, anh 
hudng den sde khde va ddi song con ngudi. Xuat phattd 
thuc te dd, nhdm nghien cdu da tien hanh khao sat eac 
loai vat lieu each am thudng dung, tien hanh do dae tfnh 
each am [4] de cd the so sanh hieu qua each am cua cac 
loai vat lieu. Nhdm nghien cdu budc dau da cho ra ket 
quci thuc nghiem cua cac vat lieu va td hgp vat lieu each 
am khi so sanh mde do giam am khi truyen qua ket cau 
so vdi truyen true tiep trong khdng khi ma khdng qua 
ket cau nao, ket quci nhUsau: 
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Hinh 2.1 :Ty lin 

T>lephantrJm{%l 

rr cudng dp am giim [4] 

Dua tren ket qua thuc nghiem [4], nhdm nghien 
cdu sd dung Netlogo [2] nhu la cdng cu mo phdng danh 
gia cac vien e^nh sddyng ket cau vat lieu each am ma 
chua the thuc nghiem do nhdng khd khan ve thdi gian 
va tai chinh. Say la mgt mdi trudng lap trinh md phdng 
lai tu nhien va eae hien tUong xa hdi, dugc de xuat bdi Uri 
Wilensky nam 1999 [2,3]. NetLogo dUOc phat trien phu 
hgp cho viec md hinh hda eac he thdng phdc tap, dugc 
tao thanh td eae tac nhan nhu: turtles, patches, links va 
the observer, giao dien toa dd nhU sau: 

Hinh 2.2: Tpadd "patches" cua phan mem NetLogo 
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2.C0s6LyTHUYET 
Ly thuyet truyen sdng am da dUOc dUa ra bdi nhieu 

hoe giS vdi quan niem sdng am dao dpng theo bieu do 
hinh sin va tat dan theo khdng gian va thdi gian. Trong 
nghien cdu nay, tae gia ap dyng gia thiet dao ddng eua 
cac phan td theo thdi gian duoc the hien nhd sau: 

Chuky 

Hinh 2.1: Bieu dien dao dpng cua cie phan tu theo thdi gian [1] 

Them vao dd, mde am va mde ap suat am eua eung 
mpt am dupe xem la nhu nhau va goi ehung la mdc am 
va moi quan he gida eudng do, ap suat, mdc am duge the 
hien qua hinh sau: 

Hinh 2.2: Quan he gida cudng dp, ip suat va muc am [1] 

Hinh 2.2 la cO sd de tac gia thUc hien ehuyen doi ket 
qua gia tri mdc am trung binh cua eae trUdng hgp do 
true tiep tai ngudn phat, do each ngudn phat 01 m, tudng 
lOem, tudng 20cm, tudng 20cm cd khe gida thanh gia 
tri ap suat thdng qua ddi ehieu vdi do thi trong chuong 
trinh md phdng. 

3. PHUONG PHAP NGHIEN CÔ U 
3.1. Phat trien thuat toan 
Dda tren chuong trinh cd sin trong thu vien eua 

Netlogo, nghien cdu da phat tnen code va thuc hien xay 
dung cae vien canh md phdng mdc am thanh truyen 
qua ket cau vat lieu each am thdng qua viec sd dung md 
hinh sdng de thue hien md phdng. Thuat toan sd dung 
nhusau: 

Khoi dgcg chirong iriah: setup I 

1 
Xay dimg khong giaD quan trie- ket ciu vat lieu 

cacfi am, diem phat nguoa am, aiem do 

Tao ap suat am di chuyen qua 

khong gian, thm gian 

Khm Song nguon thu 

Thu thap va xit ly so lieu 

Hinh 3.1: Sa do thue hien qua trinh mo phong 
Giao dien sau khi phat trien code cho trudng hgp 

truyen true tiep trong khdng khi, bao gdm ngudn phat, 
nguon thu va dUdng truyen sdng dUOc sd dyng md 
phdng eu the nhu hinh sau: 

Hinh 3.2: Giao diin md hinh md phong 
trong chuong trinh NetLogo 

Nguyen ly cda qua trinh md phdng dUOc thUc hien 
nhusau: nghien cdu thUc hien tao nguon phat, thiet bi 
do am thanh, sdng am, dUdng truyen sdng am, ket cau 
vat lieu each am thdng qua sddyng eae phan tdco ban 
eua Netlogo. De kiem chdng viee md phdng dat hieu 
qua, nghien edu da viet eac code de dieu chinh bien do 
dao ddng, tdn that dudng am trong khdng khi va truyen 
qua ket cau vat lieu sao cho ket qua cae gia tri mdc am 
eua qua trinh md phdng gan gidng hoae ehinh xac vdi 
cac ket qua do mde am trong qua trinh thue nghiem. 
Qua trinh nay dugc hieu chinh sau nhieu vdng lap de 
dugc ket qua hdi tu nhat. Sau khi ed ket qua md phdng 
ve mdc am gan gidng vdi ket qua thUe nghiem, nghien 
edu tiep tue md phdng cac trUdng hop ket hpp vat lieu 
va ket eau each am chUa duoc thue hien trong qua trinh 
thyc nghiem. Phuong trinh dao ddng cua sdng dugc gi^ 
thiet trong nghien cdu nay duoc viet nhu sau: 

y = A sin (wt) 
Trong do: A - Bien dd dao ddng; w - Tan sd gdc. 
Cac gia tri bien dp dao ddng dupe quan trac true tiep 

tu thl nghiem thUe te de dUa vao md hinh md phdng. Tan 



KHOA HOC CONG NGHE 
So 05/2020 

1 
SO gdc w^ - 2/T duoc tinh toan true tiep thdng qua gia tri 
tan sd f cua sdng quan trac thuc nghiem, b ing each xac 
dinh cac gia tr| chu ky trung binh ciia mdc am. 

3.2. Cac viin cdnh mo phong 
De ket qua md phdng eac vien canh dat gia trj 

tin cay, tac gia da xay dUng md hinh md phdng tren 
eo sd kiem chUng vdi ket qua thuc nghiem ddi vdi cac 
trudng hpp da cd ket qua thuc nghiem nhu ket qu^ vdi 
thi nghiem ket cau doi vdi lUdng 10cm, tUdng 20cm va 
tudng 20em khe gida. Cac vien eanh md phdng duoe the 
hien qua Hinh 3.3, 

a) - Hmh hnh md phong ket ciu tudng 20cm khe gida 
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Hinh 4.1: Ket qui thuc nghiem khi dat miy do true tiep 
tai nguon phit 

Ket qua thUe nghiem cho thay rang, khi dat may do 
tai vi tri ngudn phat thi do duoc mdc am gia trj Idn nhat 
(max) la 112,70 dB, gia tri nhd nhat la 104,50 dB va gia tn 
trung binh la 109,29 dB. Vdi gia trj trung binh cua mdc 
am la 109,29 dB ddi chieu vdi bieu dd quan he thi gia tri 
cua bien do dao ddng cua ap suat am la 5,83 Pa. Ket qua 
bien dd ngudn phat dUoc the hien trong ehuong trinh 
phan mem nhu sau: 

b) - Hinh inh md phdng kit ciu tudng 10cm 

Hinh 4.2: Kit qui md phdng 
dm vdi trudng hpp gii tri bien do 5,83 

Tuong tu trUdng hgp tinh bien do dao ddng eua 
mdc am tai ngudn phat, bien dp dao ddng cua trudng 
hop dat may do true tiep each ngudn phat 01m la 0,73 
Pa. Md hinh md phdng dugc the hien qua hinh sau: 

c) - Hinh anh md phong kit cau tudng 20cm 

Hinh 3.3: Cac loai kit cau dupe md phdng 
bing phan mem NetLogo 

4. KET QUA NGHIEN CCfU 
4.1. Thuc nghiem do mufc am l(hi dat may do tai 

vj tri ngudn phat 
Nghien cdu sd dung may do dd on NL-42 [5] de do 

mde am trUc tiep tai ngudn phat Ket qua do nhu sau: 

Hinh 4.3: Kit qui md phdng tat diem do cho trudng hpp 
truyen true tiep trong khdng khi cieh 01 m 

De kiem chdng md hinh, nghien edu sddyng gia tri 
sai sd la sai so tUOng ddi trung binh (Mean Relative Error, 
MRE) de so sanh ket qu^ thuc te quan trie dUOc va ket 
qua md phdng td ehuong trinh md phdng. Cdng thdc 
bieu dien nhusau: 

MRE^ X 100% 



Trong do: 

m̂ophong • ̂ ' ^ tn bien do dao ddng md phdng; 
îducghiem" ^'3 tri bien dp dao ddng thuc nghiem. 

Qua tinh toan cac ket qua sai sd, nghien edu thuc 
hien so sanh danh gia gida gia trj thuc nghiem va gia tri 
md phdng ddi vdi trudng hop dat may do true tiep each 
ngudn phat 01 m. Nghien edu eho thay r ing, sai sd trung 
binh gida gia trj bien do dao ddng md phdng va bien dd 
dao ddng thuc nghiem la 0,12%, ket qu i nhu sau: 

SB uak Ut ̂  lk*c •(*!(•<> >J< ^ai • * r**M 

11 II 
Hinh 4.4: So sinh bien dp dao ddng cda gia trj thuc nghi$m 

vi gii tri md phdng 
4.2. Ket quS trUdng hcrp mo phdng doi vdl 

tudng10cm 
Gia trj mdc am trung binh eua ket qua thuc nghiem 

qua ket eau tudng 10cm do duoc la 64,49 dB, gia trj nay 
se dupe dung de do trong bleu do quan he de suy ra 
bien dd dao ddng ap suat la 0,03 Pa. Giao dien md phdng 
duoc the hien qua hinh sau: 

Hinh 4.5: Man hinh md phdng tai diem do 
eho tru&ng hop truyen qua kit eiu tuong 10em 

Td viec md phdng ap suat am truyen qua ket cau 
tudng 10em, ket qu i cho thay ring ed 4 gia trj gan dung 
vdi ket qua thUc nghiem. Nghien cUu thUc hien so sanh 
vdi ket qua bien do dao ddng thuc nghiem vdi gia tr; sai 
sd la 0,3%, duoc the hien bleu do sau: 

nil 
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4.3. So sanh ap suat am giQa Itet quS mo phdng 
v^ ket qua thUc nghiem 

Td eac gia trj cua ket qua md phdng va ket qua thUc 
nghiem, nghien cUu thuc hien ddi ehieu, so sanh cae gia 
tri bien do ap suat am gida md phdng va thue nghiem 
duoe the hien qua Hinh 4.7. 

Si» \unh giihi gill tri mi) phong vi^ 
thtrc ttgbi^m 
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Hinh 4.7: Ket qui so sanh giua kit qui md phdng 
va kit qui thue nghiem 

Md hinh md phdng dUOc xac nhan vdi gia trj md 
phdng va gia trj thue nghiem xap xi nhu nhau, xep tren 
dudng gan 45" vdi sai sd trung binh la 17% (Hinh 4.7). 
Dieu dd cho thay md hinh md phdng gan diing vdi thUe 
te va chap nhan dupe. 

4.4. Ket quS trUdng hdp mo phong ddi vdi tUdng 
20cm CO Ithe gida k^t hop cao su non va mut hot ga 

Viec md phdng trudng hop md phdng doi vdi tUdng 
20cm cd khe gida ket hgp eao su non va mut hot ga duge 
thue hien sau khi eac thdng so lien quan den sdng am 
truyen quan mdi trudng vat lieu dugc xae dinh va gia 
thiet khdng ddi, giao dien md phdng nhU sau: 

Hinh 4.6: Oanh gii bien do dao ddng ciia gii tri thue nghiem va 
gii tri md phdng dii vdi trudng hpp do truyen qua tuang 10cm 

Hmh 4.8: Giao diin md phdng song im truyin qua kit eiu 
tudng 20cm cd khe gida kit hpp eao su non va mut hot gi 

Ket qu i bien dd ap suat am tai diem do thdng qua 
ehuong trinh md phdng la 0,002, -0,006, 0,002, -0,006. 
Td ket qua tren, nghien edu thUc hien lay gia tri trung 
binh cdng cua 4 gia tri md phdng cua bien do ap suat 
la 0,004 Pa. Bien dd dao ddng cda ap suat dugc the hien 
nhu hinh sau: 
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DM dfat ap uul Mi (IN* tM cbi 

Hinh 4.9: Bien dp ip suit im theo kit qui md phang 
Ket qua md phdng eho trudng hop nay vdi bien do 

ap suat la 0,004Pa se dupe ehuyen doi qua mdc am la 
46,02 dB. Ket qu i nghien cdu cho thay, so vdi mdc am 
trung binh cua trUdng hgp do cich ngudn phat 01m la 
91,26 do thi trUdng hgp md phdng tUdng 20cm cd khe 
gida ket hop cao su non va mdt hdt ga cd mde am giam 
trung binh la 45,24 dB tuong dUOng vdi giam 49,57% so 
vdi ty le mde am do true tiep cich ngudn phat 01 m. Ket 
qua mdc am gi lm dUOc the hien qua bieu do hinh sau: 
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Hinh 4.10: Ty le cich am doi vdi tudng 20cm cd khe gida 
kit hgp mut hot gi vi cao su non 

5. K^T LUAN VA KI^N NGHj 
Nghien cdu xay dung chuong trinh md phdng dUa 

tren phan mem NetLogo de md phdng hieu qua each am 
cda cae loai vat lieu tren co sd md hinh hda dudng truyen 
am td ngudn phat den ngudn thu. Ket qu i kiem chdng 
md hinh md phdng cho thay, gia tr; thuc te va gia tn md 
phdng chenh lech nhau 17% nen md hinh md phdng 
dang tin cay de cd the md phdng cho cac vien canh. DUa 
tren md hinh md phdng, nghien cdu d u b l o sUgiam am 
khi sd dung ket cau tudng 20cm cd khe gida ket hop vat 
lieu cao su non va mut hdt ga la 49,57% khi so sanh vdi 
mdc am do trUc tiep trong khdng khi elch ngudn phat 
01 m. Ket qu i md phdng cd the dung du bao md phdng 
am truyen qua ket cau vat lieu eung nhU dU bao eho 
nhdng trUdng hgp ma chua tien hanh thuc nghiem. Tuy 
nhien, md hinh md phdng cdn kha dOn gi ln, tinh chat 
truyen am qua vat lieu van ehUa dupe md hinh chinh xac 
theo each dng xd cua vat lieu. Nhdng han ehe se nghien 
cdu trong tUong lai. 

http://
http://ccl.northwestern.edu/netiogo/models/Rope
https://www.tbve.nl/info/handleidingNL52.pdf

