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THIET KE AM HQC SAN KHAU VA XAC NHAN LAI BANG
MO HINH MO PHONG CUA KHAN PHONG LON KIEU RUQNG BAC THANG

STAGE ACOUSTIC DESIGN AND VERIFICATION BY SIMULATION MODELS OF
A LARGE TERRACE HALL
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T6m tat - Trong khan phong kiéu rudng bac thang, san khdu dwoc
bao boc béi ghé ngdi khan gia & moi phia. Sy thay ddi nay lam
téng phan thé tich san khu va anh hwéng dén hé tro sém wa thich
khi cac nhac cong d()ng dién. Nghién clru nay véi muyc dich cai
thién &m hoc san khau cta mét khan phong Iéon kiéu ruong bac
thang va gidm anh hwéng tiéu cwe dén khu vuc khan gia. Nhiéu
phwong an dwoc dé& xuat va xac nhan lai bang mé hinh mé phéng
ODEON 11. Géc nghiéng cua twong bén sén khAu, tAm phan xa
phang treo trén san khau va dé treo cao dwoc nghién clru. Phuong
an twong bén san khau thdng dwng va tAm phan xa treo & cao do
+8,2 m trén nguén am cho két qua tét hon ca. H6 trg sém ST1
tang 4,5 dB va strc manh am Gk trong khu vyc khan gia tang 0,2
dB so v&i phwong an ban dau. TAt ca cac phwong an dé xuat da
¢6 nhirng cai thién chat lwong am hoc tich cwe déi véi ca khu vic
san khau va khu v khan gia.

T khoa - khan phong kiéu ruéng bac thang; thiét ké am hoc san
khau; @m hoc phong khan gid; ODEON 11; m6 phéng may tinh

1. it van dé

S6 luong khan phong kiéu ruong bac thang dang ngay
cang phat trién boi vi sy két ndi gitra nguoi biéu dién va
khéan gia trong kiéu khan phong nay. Khéan phong
Philharmonic Berlin, nha tién phong vé loai khan phong
nhac giao huong ndy, két hop mot san khiu dugc bao
quanh boi khan gid va chia thanh "cdc khdi ruong bac
thang Tuy nhién, do s6 luong dang ké chd ngdi duoc thiét
ké xung quanh san khiu va chiéu rong khan phong md rong
dan dén van con mot s6 diém khong chdc chin vé chét
luong 4m thanh cua cac phong kiéu rudng bac thang nay.

Mot khan phong kiéu rudng bac thang s¢ hiru nhitng
dic diém sau. Ghé ngdi khan gia bao quanh san khau va
phan 16n ghé ngdi khan gia 1a ¢ phia trudc san khau. Khan
gia duoc chia 1am nhiéu khéi nho dé mdi khdi khan gia s&
nhan duoc phan xa bén sém tir phin tuong phia truée cua
cac khdi khan gia bén canh (tuong nay). Voi cac hang ghé
hai bén sin khau, khan phong kiéu ruéng bac thang thong
thuong rong hon khan phong kiéu hinh hop. Do dbc san
clia loai khan phong nay cung cao hon so véi kiéu khan
phong hinh hop do su phén chia cac khéi khan gia. Hinh
khdi thi kha 1a phirc tap boi cac khdi chd ngdi va hinh dang
mit bang “hitu co”.

Uu diém cta khan phong kiéu ruong bac thang la
khoang cach giita ngudi biéu dién va khan gia ngan lai, va
strc chira 16n hon. Tuy nhién, trong loai khan phong nay, vi
khan gia ngdi xung quanh san khau nén din dén thé tich
khu vye sin khiu ting 1én gay anh huong dén hd trg sém
(ST1) cta cac nhac cong khi déng dién.

Thiét ké san khéu 1a dé hd tro cho nhac cong, ngudi san
xuét ra 4m nhac. Ddi véi nguoi nhac cong, dat duge su can
bang giita nghe am thanh do ban than tao ra va nghe am

Abstract - In a terrace hall, the stage is surrounded by audiences’
seats from all sides. This change increases the volume behind the
stage line and consequently influences the acoustical support
desired for ensemble among musicians. This study is intended to
improve the stage acoustics of a large terrace hall while reducing
harm to the audience area. Various schemes are proposed and
verified using ODEON 11 model simulation. Side stage wall tilting,
overhead flat reflector and overhead reflector height are studied.
Scheme with vertical side stage walls and overhead reflector at
+8,2 m above the source gives the best result. Early support ST1
increases by 4,5 dB and strength Gy on the auditorium increases
by only 0,2 dB in comparison with original scheme. All the proposed
schemes can improve the acoustical quality both on the stage and
the auditorium.
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thanh do nguoi khac tao ra la cuc ky quan trong. Trén san
kh4u ma c6 nhiéu bé mat hép thu 4m, thi strc manh 4m sé&
nho va nguoi nhac cong khé nghe duge am thanh ma ho
tao ra, va ho dudng nhu s& c¢b ging choi to hon. Trén san
khiu va c6 thé tich 16n, 4m phan xa thua th6t va yéu 6t dan
dén kho nghe am thanh cta nhitng nguoi khac. Trong biéu
dién, cac 4m phan xa sém trong 35 mili gidy la rat quan
trong trong nhip diéu biéu dién [1]. Thiét ké am hoc san
khiu khong chi anh huong dén dan nhac giao huong ma
con anh huong dén ca khu vuc khan gia. Viduy, cac bé mat
trén san khdu huéng cac am phan xa dén ca dan nhac va
khu vuc khan gia.

Bé mit san khiu bao gdm tudng xung quanh, tran va san
san khau (c6 hodc khong co buc san khau). Buc san khau
(kiéu bang dai hodc kiéu vong cung) ngay cang pho bién hién
nay va thuong dugc sir dung dé cung cap duong di 16 rang
tir ngudn am dén nguoi nghe, va dic biét 1a cho cac ngudn
4m c6 cuong d6 am thanh yéu nhu bo day. TAm phan xa treo
thuong dugc trang bi trong cac khan phong vdi tran cao hodc
c6 thién kiéu déi véi khan phong da chirc nang.

Péu nam 1931, Knudsen di mé ta khai niém “hd tro”.
Tuy nhién, mai cho dén khi Marshall nghién ciru vé thiét
dit san khau cho bo ba biéu dién dan day vao niam 1978,
mdt it thong tin vé& am hoc san khau bat diu xuat hién trén
Iy thuyét [2].

Nhitng am phan xa quay tré lai dan nhac trong khoang
17-35 mili gidy c6 mét vai tro quan trong trong viéc giao
tiép giita cac nhac cong [2]. Vi vdy, cac bé mit nho vira
phai xung quanh san khau 1a c6 ich. Tuy nhién, trong nhiing
san khiu co dién tich bé mat xung quanh lon, cac thm phan
xa treo cling htu dyng trong viéc huéng cac &m phan xa
sém quay tré lai san khiu.



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 11(120).2017, QUYEN 3 45

Nam 1989 Gade thuc hién mot loat cac nghien clru tién
phong trong phong thi nghiém va trong nhiéu khan phong
nbi tiéng & chau Au [3]. Su tuong quan gitra két qua khao
sat ciia dan nhac va céac két qua do dat da khang dinh hd trg
som (ST1). ST1 1a ti s6 gitra ndng lugng 4m phan xa sém
va nang luong am tdi:

i100ms
Lroms IP2(®)|dt

10ms| Z(C)ldt

meS (1)

Trong d6 p(t) 1a dap img xung (impulse response) do dat
céch nguén am 1 m tai 3 vi tri trén sén khéu, vi du tai vi tri
clia nguoi doc thu, ¢ giita bd day bén phai, va hang thir 2 xa
nhét cua bd khi. Gia trj tdi vu cua ST1 1a tir -13 dén -12 dB
tinh trung binh cho tan s6 250 Hz dén 2000 Hz, dugc dé xut
cho biéu dién giao huong. Mot khoang wa thich khac 1a tir
-15 dén -12 dB dugc d& xuét boi Beranek [4].

C6 mot sy twong quan manh mé giita ST1 va thé tich
san khau va da dugc biéu dién bang cong thirc hoi quy thu
dugc trong khao sat cac khan phong hoa nhac & chau Au
boi Gade:

ST1 = 10log

ST1=12-7.65 x l0g Vstage )

Trong d6 Vsuge 12 thé tich san khau tinh tir mép san
khau. T cong thirc tinh ra ST1 giam 2.3 dB khi ma ting
gap d6i thé tich san khau Viage [3].

DPbi v6i cac san khidu 16n, cac tim phan xa treo tu
6 — 8 m trén san san khau dwoc dé xuét [5] trong khi treo &
d6 cao 12 m van duoc cén nhic 1a hitu dung [6]. Khén
phong Berlin Philhamonic véi thé tich 1a 21,000 m® véi strc
chira 2,218 chd ngdi v6i 530 chd ngdi bao quanh san khau.
Tap hop 10 tam phan xa &m hinh thang bang nhua treo trén
san khau véi do cao tir 10 — 12 m duge dua vao véi téng
dién tich 1a 75 m2 HJ tro sdm ST1 tai khu vuc san khau 1a
-16.8 dB. Phan trén ctia trdong bén dugc lam nghiéng xubng
dé cung cip cac 4m phan xa s6m dén dan nhac.

Thoi gian giam 4m sém (EDT) do thoi gian ma &m thanh
suy yéu di 10 dB sau khi ngudn am bj tit va nhan vai hé s6
6, dung dé chi ¢ am vang ciia Am thanh. Gia tri thoi gian
giam am sém chép nhén dugc cho khan phong hoa nhac vao
khoang 1,8 dén 2,2 gidy [7]. “Trong nhitng khan phong t6t
nhét, sir dung ghé ngdi boc ném, thoi gian giam am sém
(EDT) nam trong khoang 2,25 dén 2,75 gidy, va trong nhitng
khan phong dugc dénh gi4 thip nhét, thoi gian giam am som
(EDT) nam trong khoang 1,4 dén 2,0 giay” [4].

Mo phong may tinh trong thiét ké mdi truong 4m hoc
d3 c6 nhimg budc tién dang ké trong sudt 5 thap ky qua,
ngay cang tré nén phd bién 'va ng dung rong réi trong 4m
hoc phong kin, kiém soat tiéng on... Khan phong hoa nhac
Walt Disney (2003) tai Los Angeles, New Danish Radio
(2009) tai Copenhagen di sir dung phin mém mé phong
am hoc may tinh trong qua trinh thiét ké hinh khéi ciia cong
trinh va dén gia doan gan nhu hoan thanh thiét ké, mé hinh
ti 1¢ 1/10 dwoc sir dung dé kiém tra tiéng doi bat loi [8], [9].

Nghién ctru nay du dinh diéu tra vé thiét k& 4m hoc san
khéu cua mot khan phong kiéu rudng bac thang biang mo
hinh may tinh sir dung phan mém 4m hoc ODEON 11 véi
muc tiéu cai thién 4m hoc khu vyc san khau nhung khong
gdy anh huong tiéu cuc dén khu vyc khan gia.

2. Phuong phip, thiét ké Am hoc sin khiu, v mé phéng
may tinh
2.1. Phuwong phap

Mot khan phong kiéu rudng bac thang 16n duge thiét ké
boi gido su Chiang Wei Hwa ndam 2012 [10] dugce st dung.
Tham ) dgmh gia chat lugng 4m hoc cho khu vuc sén khau
gom ¢0: ho trg s6m ST1, stc manh am Gs, thoi gian giam
am som EDT;s cho déi’i tan soO tir 250 Hz — 2000 Hz. Tai khu
vuc khan gia, tham s6 4&m hoc g&c n}@nh am Gy va thoi gian
giam am sém EDTy cho dai tan so tr 500 Hz — 1000 Hz
duoc sur dung.

Dau tién, cic 4m phan xa som dér} sau am tryc tiép
trong vong 35 mili gidy dugc thiet ké. Sau d6, mét vai
phuong an thiét ké duoc dé xuat va sau cung 1a mé phong
bang phan mém ODEON 11 dé x&c nhan lai.

2.2. Thiét ké am hoc sin khiu
2.2.1. Khdn phong kiéu ruéng bdc thang

49,00

15.40

20.6

13.0

‘ 15.0 ‘

Hinh 2. Cdc kich thudc cua san khdu
Mat bang (trén) va mat dirng (dudi)

0.7

Khéan phong nghién ciru ¢6 mit bang hinh da giac dugc
phét trién tir khan phong hinh hop Concertgebouw thong
qua viéc phén chia cac khdi ghé ngdi khan gia. Khan phong
¢6 thé tich 22,500 m® va dién tich khu vyuc khan gia 1a
1.440 m2. Chiéu dai va chiéu rong cua khan phong lan luot
12 49 m va 37 m. San khéu hinh thang c6 dién tich 230 m?,
Khoang céch tir sdn khau dén tran phang 1a 17,4 m, cao hon
khan phong Concertgebouw 2,1 m.

Chiéu rong san khéu lan luot 14 20,6 m & phia trudce va
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15 m & phia sau. Chiéu sau ctia san khau 1a 13 m. Kich thuéc
ciia cac bire bén 1a 2,3 m cao va 9,25 m dai. Thé tich san
khdu 1a 9.000 m3. Tong dién tich twong bén san khiu la
42,5 m?. Tudng sau sin khéu phia sau 1a 32 m2. Céc buc
tuong bén duoc nghiéng xudng boi mot goc 1/20 hudng céc
am phan xa sé6m den nguoi biéu dién. Buc nang san khau
hinh vong cung véi tong chiéu cao cua 4 bac 1a 700 mm.

2.2.2. Phan tich hinh hoc

Phan tich hinh hoc dugc tién hanh dé xac dinh vi tri va
huong cua cac bé mit c6 the cung cp 4m phan xa sém dén
tré hon so véi am truc tlep trong vong 35 mili gidy véi
khoang cach ngudn 4m va tai nghe 1a 8 m hodc 16 m
(Hinh 3). Nguon am S, tai nghe R1, R2 ndm cing cao d
so voi san san khau. Ellipse r1, r2 la cac ellipse lan luot
duogc ve tir cap tiéu cu S, R1 va cap tiéu cu S, R2. Cac bé
mit nam ngang dudi 9,1 m trén ngudn 4m co thé cung cap
céc phan xa dén tré trong vong 35 mili gidy hodc ngan hon
cho khoang cach 8 m, trong khi chiéu cao c6 thé nang 1én
11,5 m ddi véi khoémg cach 16 m.

Tam phan xa am

i \ \
i San san khau

Hinh 3. Ellipse chi ra Vi triva hLm’ng ciia bé mdt cung cdp cdc
phan xa den tré trong vong 35 mili gidy

11.50
9.10

Hinh 4. Ellipse chi ra cdc birc twong sdn khdu cung cap cdc
phan xa den tré trong vong 35 mili gidy

Nguén am S tai vi tri doc tdu, tai nghe tai vi tri R1 (tai
khu vyc b day) va R2 (tai khu vuce b khi) dugc khao sat
(Hinh 4). Ellipse r1, r2 1a cac ellipse 1an luot dugc v& tir
cap tiéucu S, R1 vacaptiéucu S, R2. béi voi khoang cach
ngudn 4m va tai nghe 8 m, cac buc tuong bén ¢ thé cung
cap phan xa dén tr& trong vong 35 mili gidy cho céc tai
nghe tai R1 va R2 tir ngudn S. Tai nghe R2 con c6 4m phan
xa dén tré trong vong 35 mili gidy tir birc twong phia sau.
Khoang cach 8,0 m 14 khoang cach ma nguoi nhac cong bt
dau cam nhan duogc do tré gitta Am thanh va hinh anh.

Tudng nghiéng hai bén san khiu 1a nhitng bé mat phan
xa hitu ich trong khu virc san khau. Khi tudng bén san khau
thang dung, tai nghe R1, R2 chi nhén duoc 1 am phan xa thir
nhét tur tudng gan nd h(m v6i d6 trén 23 mili gidly so v6i dm
tryc tiép. Khi nghiéng ca hai tuong bén san khau 1 goc 1/20,
tai nghe R1, R2 cing nhan thém 1 4m phan xa thtr nhét véi
d6 tré 1a 52 mili gidy tir tim tudng bén san khau con lai.

2.2.3. Thiét ké am hoc sdn khau

Nhiing phan tich trén chiing t6 anh hudng cua tudng bén
san khiu va tm phan xa treo dén am hoc san khau ctia khan
phong rudng bac thang dang nghién ctru. Vi vay chiing dugc
str dung nhu 14 cac bién sb trong nghién ciru nay. Bén canh
nhitng anh hudng ctia khu vire san khiu, nhitng tic dung phu
1én khu vyc khan gia ciing dugc nghién ciru.

Tudng bén san khiu thang dimg va tuong bén san khau
dugc nghiéng xudng goéc 1/20 dugc nghién ciru. TAm phan
xa ¢ hinh dang dong dang véi san khau dugc treo & 2 cao
do1a+11,6 mva +8,2 m so voi nguén am cao 1 m (cao do
clia tran so voi ngudn am 1a +16,4 m chia cho v/2 hodc 2).
Khi thém tAm phan xa phing ¢ +11,6 m cuong d6 4m phan
Xa tir trdn c6 thé ting x4p xi 3 dB khi quing duong di giam
di V2 lan va xép xi 6 dB khi tim phan xa treo & +8,4 m khi
quing dudng di giam di xap xi 2 14n (theo quy luat nghich
dao Iy/12= (d2/d1)?, khi ti s6 cuong d6 4m cho quéng duong
di giam 2 1an 1a 4 va do tang dB twong tmg 1a 10log4, hay
6 dB). Strc manh 4m cua bo diy, bo khi, bo dong va bo gb
khong dong nhét trong dan nhac giao huong. Strc manh am
clia bo ddng thong thuong 16m b day 10 dB, va 16n hon bd
khi 1 5 dB. Vi viy ma tim phan xa treo thuong khong che
phii bo ddng va bd gb dé ho khong bi phoi nhiém trong am
thanh qua I6n. Vi vdy trong nghién ctru, tim phan xa treo
dugc dich chuyén vé phia truéc 6 m dé khong che phu bo
206 va bo dong.

= — o

Hinh 5. Vi tri v cao dé ciia tam phdn xa treo

Két qua 14 v6i 3 bién s6, tuong bén san khau (thang
dung hodc nghiéng), tam phéan xa (c6 hodc khong) & do cao
d6 (11,6m va 8,2 m), ta cd 6 mé hinh dugc nghién ctu.
2.3. M6 phong may tinh
2.3.1. Cai dat

M6 phdéng may tinh dqu thyc hién bﬁmg phén mém
thuong mai ODEON 11. SO lugng tia én} duoc dat la
20.000. B9 dai cua dap ung xung duoc thiet dat la 4.000
mili gidy. Chiéu cao cua ngudn 4m la 1,0 m va tai nghe la
1,2 m so voi san.

Ngudn 4m téa hinh cidu Omni tai vi tri S1, S2, S3 va tai
nghe tai vi tri 1, 2, 3 dugc st dung dé mé phong tham so
hd trg sém STl (Hinh 6a). Khoang cach gitta cac nguon
am va tai nghe (S1-1; S2-2; va S3-3) 12 1,0 m. Ngudn am
Omni tai S1 va tai nghe tai vi tri 4, 5 (Hinh 6b) dugc sur
dung d€ md phong strc manh am Gs va thoi gian giam 4m
som EDTs; tai khu vue san khau. Khoang cach gitta nguon
am va tai nghe (S1-4; va S1-5) 1a 8,0 m.
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Hinh 6. So' d6 vi tri nguén am va tai nghe mé phéng hé tro som
ST1 (a), sicc manh am Gsva thoi gian gidm dm sém EDTs (b)

Hinh 7. So' dé vi tri nguén am va tai nghe mé phéng sirc manh
am Gk va thoi gian giam dm sém EDTx trong khu vuee khan gia

Ngudn 4&m Omni tai S4, S5 trén truc dbi xtng san khiu
va tai nghe tai vi tri dugc danh sb tir 1 dén 14 trong khu
vue khan gia duoc sir dung & mé phong sirc manh 4m Gy
va thoi gian gidm am sém EDTy trong khu vuc khan gia
(Hinh 7).

Heé s6 hap thu 4m va hé sb tan xa bé mat dugc cai dat
theo Bang 1. Tudng gd 1 duoc ghép boi cac thanh gb nho
dé tao bé mat 16i 16m, ting hé sd tan xa, dugc ap dung cho
tuong xung quanh khan phong. Ngoai trir ghé khan gia, ghé
nhac cong va trin thach cao, phin con lai cua khan phong
duoc dat 1a vat liéu tuong go 2.

Bdng 1. H¢ 56 hép thu va hé s6 tén xa am bé mdt dwoc cai dat

Hé sb hép thu am Hé sb

tan xa
125 | 250 | 500 | 1000 | 2000 | 4000 am
Tudng gb 1 | 0,09 0,17 | 0,19 | 0,20 | 0,20 | 0,20 0,8
Tudng gb2 | 0,06 | 0,08 0,09 | 0,11 | 0,10 | 0,10 0,3
Khan gia | 0,38 {0,55| 0,58 | 0,63 | 0,66 | 0,66 0,7
Thach cao | 0,15|0,10| 0,06 | 0,04 | 0,04 | 0,05 | 0,05
GhéA 0,03 0,04 (0,07 | 0,10 | 0,24 | 0,14 0,3

nhac cong

2.3.2. Két qua va phan tich

Dir liéu 4m hoc md phong cho khu vuc san khau va
khén gid dugc tap hop tai Bang 2. M6 hinh md phong duoc
dat tén gém phan chir va phan s6. Tuong bén san khau
thang dimg dugc ky hi¢u 1a T va twong bén san khiu dugc
nghiéng xudng 1 goc 1/20 dwoc ky hidu 1a N. M6 hinh
khong c6 tim phan xa dugc két hop voi phan sb 00. Mo
hinh c6 tAm phan xa dugc treo tai cao d6 11,6 m hoac 8,2
m dugc két hop véi phan sb 1an luot 1a 11 hodc 08. C6 tong
cong 6 mo6 hinh m6 phong dugc nghién ctru.

Mb hinh vé6i tudng bén san khiu thing ding khong co
treo tAm phan xa (T00) 1a m hinh co s¢ dé so sanh véi cac
mo hinh khéc.

Bing 2. Dit liéu dm hoc mé phong tai khu viee sdn khau va khu
vue khan gia

ng:g Thing | Nghiéng Théng Nghiéng
TAm A .
phan xa Khéng Co
Caodd | _ : 116 | 82 | 116 | 8.2
(m)
Ma TOO NOO T11 | TO8 | N11 | NO8
ST1
(dB) -18,8 -18,5 -17,2 | -14,3 | -17,0 | -15,6
G.(@B) | 74 75 78 | 86 | 78 | 86
EDTs(s) | 2,06 2,02 1,92 | 168 | 1,85 | 1,68
G(dB) | 34 3,4 35 | 36 | 35 | 36
E(l?s;rk 2,00 1,99 195 | 1,93 | 1,95 | 1,93

Phuong 4n NOO va N11 cho két qua hd trg som ST1 cao
hon mot chat (0,3 dB) so v&i phuong an TOO va T11 cho
thdy sy hiéu qua cta tudng cuia tuong nghiéng hai bén san
khéu khi khong c6 hoac co tam phan xa ¢ cao d¢ +11,6 m.
Tuy nhién, khi tdm phan xa ¢ do cao + 8,2 m thi phuong
an TO8 voi tuong thang ding lai cho két qua ST1 cao hon
phuong an NO8 véi twong nghiéng 1a 1,3 dB va dat
-14,3 dB. Nguyén nhan 1a do tuong bén sin khiu thing
dung da huéng ra cic am phan xa 1én tim phan xa treo hodc
tuong xung quanh khan phong vai hé sb tan xa cao va duge
thiét ké nghiéng goc 1/6 da hudng cac tia Am phan xa quay
tro lai san khau véi do tré trong vong 100 mili gidy va lam
tang gi4 tri hd tro som ST1. H) trg som ST1 ting tong cong
4,5 dB so v6i phuong an co so (T00).

Bing cach nghiéng tuong bén san khéu, sir dung tAm
phén xa am, va ha thap xudng cao d6 +8,2 m, thé tich khu
khong gian san khau giam, sitc manh 4am Gs ¢6 cai thién
khoang 1 dB va thoi gian gidm am sém EDT;s giam con
1,68 giay.

Strc manh am Gy trong khu vye khan gia khong khac
nhau gilta cac m6 hinh véi tuong dimg va tuong nghiéng
tuong Umng. Bing cach dua vao tim phan xa, va ha thip
xuong cao do +8,2 m, Gk ting nhe va EDTk giam nhe khong
dang ké.

3. Ban luin
Céac giai phap thiét ké cai thién chit lwong am hoc san

khau di cai thién dang ké hd tro sém ST1. Sirc manh am
Gsciing dugc cai thién va dong thoi thoi gian giam dm som
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EDT; ciing rut ngén lai tai khu vue san khiu. Tai khu vuc
khan gia, sitc manh am Gy tang nhe va thoi gian giam am
som EDTy giam nhe khong dang ké.

Tong hop cac két qua dir liéu, gii phap tuong nghiéng
thang dimg ket hop v6i tim phan xa 4m treo ¢ cao dg +8,2
m so v6i ngudn Am tai vi tri doC tAu 1a mot giai phap an
toan va hi¢u qua thuc ddy phan bd nang luong 4m thanh ca
& khu vuc san khau, dat dén khoang yéu thich tir -15 dB
dén -12 dB ma khong c6 tac dong ti€u cuc dén khu vuc
khan gia.

4. Két luan

Thiét ké 4m hoc san khiu phu hop dn dén sy dong dién
hoa hop gilta cac nhac cong va két qua lam cho chat luong
4m nhac t6t hon. Nghién ctru nay diéu ra vé kha nang cai
thién am hoc san khau ctia khan phong hoa nhac kiéu rudng
béc thang 16n va giam nhirng tac dong tidu cyc dén khu vire
khan gia. Nghién ctru str dung mo6 hinh may tinh mé phong
bang phan mém ODEON 11.

Cac két luan la:

1. Can nhéc ca tudng bén san khau va tim phan xa treo,
hd trg sém ST1 c6 thé cai thién déi da 4,5 dB va dat
-14,5 dB vé6i phuong an TO8 st dung tudng bén sén khau
thang dung va tam phén xa treo & cao d +8,2 m so voi
nguon am ¢ vi tri doc tau.

2. Hiéu qua cia viée st dung tm phan xa treo dé cai
thién ho trg sém ST1 1a dang ké hon nhicu so vai viée thay
do6i d6 nghiéng cta tvong bén san khau.

3. Cac giai phép thiét ké cai thién am hoc san khiu cai

thién sttc manh 4m Gs va dong thoi rat ngan thoi gian giam
am som EDTstai khu vuc san khiu.

4. Céc giai phap thiét ké cai thién 4m hoc san khiu c6
cai thién khong dang ké ddi véi khu vuc khan gia & sirc
manh am Gy Va rat ngén khong dang ké thoi gian giam am
som EDTy.
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