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LGOI NOI PAU

Am thanh la mét hién tugng tw nhién, quen thudc va gan gii khong
chi d6i vdi con ngudi ma con phdn lon cdc loai dong vat. Gan ddy nhdt
cdc nha sinh hoc con phdt hién rang cd thuc vdt cing biét "'nghe” aGm
thanh. Song chi ¢6 con ngudi mdi biét cam thu, thudng thitc m thanh dé
lam phong phi va t6 dep thém cudc séng ctia minh, nhung cé lé cing
chinh vi vd@y ma con ngudi lai bi &m thanh qudy nhiéu, hanh ha, thdm
chi géy bénh.

Cuén sdch chiing téi xoay quanh vén dé "tao ra cde diéu kién tién
nghi &m thanh cho con ngudi bang cdc gidi phdp kién tric va xdy dung".

C6 hai logi tién nghi ém thanh va tuong itng vdi ching la hai linh
vuc nghién cttu trong ém hoc kién tric.

Trong cdc phong thinh - khdn gid nhu cdc nha hdt, phong hoa nhac,
rap chiéu phim v.v... thi diéu kién tién nghi am thanh la diéu kién tét
nhét dé thu nhdn tiéng néi, cam thu va thudng thite tiéng hdt, dm nhac.
Linh vuc nghién citu nay duogc goi la dm hoc phong, hay con goi la Gm
hoc kién tricc va duge gidi thiéu & chuong 2 (co sd 1y thuyét), chuong 4 (dp
dung thiét k& cdc phong thinh gid) va chuong 5 (nguyén tic st dung hé
théng dién thanh trong cde phong).

Trong cdc thanh phé hién dai, trong nha 6, nha lam viéc, nha mdy...
thi tién nghi ém thanh la diéu kién yén tinh cdn thiét dé lam viéc hodc
nghi ngoi, gidi tri cho con nguvi. Linh vuc nghién citu nay la chéng tiéng
on hay con goi la ém hoc xdy dung, duogc trinh bay trong cdc chuong 6
(chéng tiéng 6n trong thanh phé) chuong 7 (cdch ém cho cdc két cdu nha
ctia) va chuong 8 (chéng tiéng on cia cdc thiét bi va trong cong nghiép).

Chuong 1 gidi thiéu ban chdt vdt ly va sinh Iy cia Gm thanh va ddc
diém cdm nhdn am thanh ciia tai ngudi, cdc phuong phdp ddnh gid va
tinh todn né. Chuong 3 gidi thiéu cdc vdt liéu hiit dm ding trong cd hai
linh vuc nghién citu néi trén.




Phén phu luc cung cdp cho djc gid cdc s6 ligu can thiét khi thuc hién
‘cde bai todn dm hoc cing nhu cdc vi du vé cdc gidi phdp trong thuc €
xGy dung & trong nudc ciing nhu trén thé gidi.

Nhu vdy, cudn sdch mudn duge gitp ich cho nhiing nguoi thiét ké kién
tric, thiét k& néi thét, cde ky su xdy dung truc tiép thi cong cdc cong
trinh, va trude hét phuc vu cho viée hoc tdp cua sinh vién cdc nganh noi
trén trong cdc truong dai hoc va cao dang. Mdt khdc chiing toi ciing hy

vong cudn sdch con gitp ich cho cde nha quan li cong trinh va qudn Ii d6
thi, cdc ky su kinh t€ x4y dung va ky su kiém sodt moi truong, cing nhu
cdc nha chuyén moén mudn nghién citu séu hon trong linh vic dm hoc
kién tric va x4y dung.

Trén thé gidi, am hoc kién triic da c6 qud trinh phdt trién gén mot thé

ky nay, nhung & nudc ta chi mdi dugc quan tam thuc s ti vai chuc ndm

gdn ddy, va cdc nghién citu trong cde linh vuc nay chua cé nhiéu. Trong

" cubn sdch ching toi da c6 ging dua vio cdc két qud nghién citu dp dung
trong diéu kién Viét Nam.

Tdc gi¢ mong nhéan duoe ¥ kién déng gép cta cdc déng nghiép va ban
doc dé nang cao chét luong cudn sdch, ddc biét cdc ¥ kién chi ré cdc thiéu
s6t va bo sung cdc kinh nghiém thuc té.

Tdc gid xin chdn thanh cdm on Khoa Kién triic Trudng dai hoc Xdy
dung Ha Noi ciing nhu cdc déng nghiép da ung hé va giup do dé cuon
sdch sdm duoc hoan thanh.

Tacgia



LOI GIOI THIEU NHAN LAN XUAT BAN NAM 2008

Trong thoi gian tdm ndm, sau khi cuén "Am hoc kién tric - Co s ly
thuyét va cde gidi phdp tng dung" duoe xudt ban tai NXB Khoa hoc &
Ky thudt, tdc gid da nhdan duoc nhiéu y kién dong vién, khich 1é ciia ban
bé dong nghiép va clia cdc doc gid. Pdc biét cubn sdch did vinh du duoc
nhén "Giai thuong Kién tric” do Bé Vian hod Théng tin, Bé Xdy dung va
Hgi Kién trie su Viét Nam trao ting ndm 2000.

Tdc gia xin chén thanh cdm on!

Gdn 10 ndm qua, vdi su phdt trién khéng ngiing cia nén kinh t& va ky
thudt toan cdu, sy ting téc clia qud trinh dé thi hod di kém véi cdc hoat
déng manh mé vé xdy dung va gico théng van tdi da ddt ra nhitng thdch
thite mdi vé méi trudng Gm thanh - tiéng én déi vdi tién nghi cudc séng, gidi
tri, stic khoé, bénh tdt ve tubi tho cia ngudi dén do thi. Linh vuc nghién citu
vé "Am hoc d6 thi" (Urban Acoustics) da duge ddc biét quan tam.

o trong nudc ta, thém nhiéu cong trinh kién tric phong thinh giag,
phong gidi tri, vin hod da dugc xdy dung, nhiéu tiéu chudn mdi vé am
hoc trong x4y dung duge ban hanh, theo xu thé héi nhdp vdi khu vuc va
thé gidi.

Vi ly do dé, lan xuét ban nay, cudn sdch ldy tén la “Am hoc kién tric,
Am hoc dé thi'' (Architectural Acoustics, Urban Acoustics), trong dé
da sita chita, hiéu dinh mdt vai sai sét, bo sung moét s6 két qud nghién ciiu
mdi 6 nude ta, chil yéu trong linh vuc cdch dm va tiéng én do thi.

Tdc gid chén thanh cdm on NXB Xdy dung da giup do cho lan xudt
ban - tai ban nay, kip thoi phuc vu cho cong tdc dao tao trong cdc truong
dai hoc chuyén nganh kién tric va xdy dung.

Tdc gid mong tiép tuc nhdn dwde nhiéu ¥ kién phé binh ciia ban doc.

Ha N§i thang tie, ndm 2008
Tac gia: Nha gido wu ti, Giang vién cao cap,
PGS. TS. PHAM PUC NGUYEN
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Ky hiéu

CAC KY HIEU SUDUNG TRONG SACH

Y nghia, don vi

T4n s6 am, Hz

Buéc séng am, m

Chu ky dao dong am, s

Van t6c am trong khong khi, m/s
Khéi luong riéng khong khi, kg/m*
Nhiét d6 khong khi, °C

Cong suat am, W

Cudng do am, W/m?

Mat do nang luong 4m, J/m’

Ap suit am, N/m?

Ap sust am cuc dai, N/m®

Ap suat am hiéu qua, N/m?

Miic cuong do am, dB

Mic &p suit am, dB

Miuic cong suit am, dB

Miic mat d6 nang lugng am, dB
Mic am theo hiéu chinh A, dB, A
Miic am tuong duong, dB, A
Miic am, dB

Do chénh léch, d6 giam mitc &m, miic am gia tang, dB
Miic to, phén

D6 to, sén




r Khoang cich, m

Q He s6 dinh huéng clia nguén am

Q  Géckhdi, Sr

o Heé s6 hiit am

B Heé s& phan xa &m

A Luong hit 4m, m? , L
S Dién tich, m?

B Hing s6 clia phong, m’

R, Do 16 am tiét, %

\Y Thé tich phong, m’

T Thoi gian am vang cua phong, s

T" Thoi gian am vang t6t nhat, s
T, Thoi gian am vang hiéu qua, s

T, Thoi gian Am vang trong phong st dung hé thong dién thanh, s
U Ty s6 a4m thanh 7

m Khéi lugng tdm két ciu, kg/m’

T He s6 truyén am qua két cau

R Kha nang cdch am khong khi cia két cau, dB

D Do chénh miic am cua hai phong, dB

D, Do chénh léch mic am quy chuén cua hai phong, dB
L. Miic 4m va cham chudn dudi san, dB
CK Chi s6 cach am khong khi, dB
cv Chi s& cach am va cham, dB

£, Tén s6 gi6i han cia hién tugng trung séng, Hz

f, T4n s6 cong hudng chung cua két cau, Hz

NR, NC Ho dudng tiéu chuan miic 6n



Chuong 1
CAC KHAI NIEM CO BAN VE AM THANH

1.1. BAN CHAT VAT LY CUA AM THANH

1.1. S6ng am

V& mat vat 1y, am thanh 13 nhiing séng dao dong xuat hién trong cdc moi
trudng vat chat, chat khi, chat 1oéng, chét rén... goi chung la mai trudng dan
héi) khi chiu cdc luc kich thich. Nhiing luc kich thich 1a nguén dm (nhu day
dan va mang trong khi rung hay ti€ng ndi - su rung cia cic day thanh
v.v...), séng dao dong duoc goi 1a séng dm, va moi trudng trong dé ¢ séng
am lan truyén goi 1a truong dm.
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Hinh 1.1. Séng dm lan truyén trong méi tricong dan hoi

Su xu4t hién va lan truyén ctia séng am trong moi trudng dan héi duoc
gi4i thich nhu sau (hinh 1.1): Dao dong clia nguén am (vi du mang trong)
gay ra dp luc lam nén hodc dan luan phién cdc phin tir méi trudng (khong
khi) & hai phia clia né. Khi bi kich thich nhu vay, cdc phdn tir cia moi trudng
s& dao dong quanh mot vi tri can bang va truyén cdc dao dong dé cho phan
t&r bén canh nhd cé lién két dan héi gilta ching. Dén lugt cac phan tir nay lai
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truyén dao dong mdi nhan dugc cho cdc phan tir tiép theo, va cit nhu vay dao
dong dugc lan truyén di xa dan ngudn am. Nhu vay séng am thuc chat 1a
séng dp sudt cha moi trudng. Khi cdc dao dong am truyén dén tai ngudi, &
mot pham vi thich hop (xem muc 1.5) ching s€ tic dong 1én co quan thinh
gidc va cho ta cam gidc 4m thanh.

Séng am cling mang theo nang luong, dugc goi 1a ndng luong dm, va
nang lugng nay s& giam dan trong trudng am, boi vi cang xa ngudn cia né

cang bi chia sé cho mot s6 luong cic phan tir nhiéu hon, cho dén khi tat han.

Theo phuong dao dong ctia cdc phén tir moéi trudng ngudi ta chia ra:

- Séng doc: khi céc phan tir dao dong doc theo phuong truyén séng.

- S6éng ngang: khi céc phan tlr dao dong vudng géc véi phuong truyén séng.

Trong cic chat khi va chat 1ong chi ¢é séng doc lan truyén, trong cdc chat
rdn c6 thé lan truyén dugc ca séng doc va séng ngang, con trong chan khong
séng am khong thé lan truyén dugc.

Dac biét trong cdc tim méng nhu san va tudng nha cé thé lan truyén ca
séng udn. Séng udn rat ¢é ¥ nghia khi nghién citu cach am cia cdc két ciu
nha ctra (xem chuong 7).

Trén hinh 1.2 12 minh hoa ctia ba loai séng néi trén trong chat ran.

Do kich thudc hinh hoc clia nguén am ma séng 4m lan truyén trong moi

trudng cé dang mat séng khong giéng nhau. Chiing ta phan biét ba dang séng.

a) b)

I
T
I
Iy
1T

RE=a

Hinh 1.2. Cdc logi séng dm trong chdt rdn:
a) Séng doc; b) Séng ngang; c) Séng udn

- S6ng cdu: khi mat séng 13 nhiing mit cdu. Cic nguén diém phat ning
luong déng déu trong mot mdi trudng tinh dong nhat s& tao ra séng ciu
(hinh 1.3a).

* - Séng phdng: néu mat séng 1a nhitng mat phang (hinh 1.3b). Trong thuc
t€ khong c6 cdc ngudn phét ra séng phing, nhung & céc diém khd xa nguén
am ta c6 thé coi séng ciu nhu séng phéng.
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- Séng tru: Khi mat séng 12 nhitng mat truc (hinh 1.3c). Séng tru do céc
nguén am dudng phat ra. Hay tudng tugng c6 mot dong xe 6t6 giong nhau
chay néi dudi nhau trén dudng, khi dé ta cé thé coi ching nhu mét nguén
am dudng phét séng tru. Vi vay séng tru rat ¢6 § nghia khi nghién ctu ti€ng
6n giao thong trong thanh phd (xem chuong 6). '

b) c) A

Yo
A
r[

Y
Hinh 1.3. Cdc dang séng: a) Séng cdu; b) Séng phéng; ) Séng tru
Dic diém lan truyén 4m thanh cla séng cdu, séng phang hay séng tru

khong giong nhau, dic biét 1a su suy gidm nang lugng xa ddn nguén 4m, ma
chiing ta s& nghién ctiu trong muc 1.5 clia chuong nay. '

Céc dac trung co ban cha séng am 12 tdn s6, budc séng, chu ky, bién do
dao déng va vdn téc truyén dm.

- Tdn s6 ém 1a s6 dao dong toan phdn ma céc phan tir moi truong thyc
hién dugc trong mot gidy, thudng ky hiéu béng chit f, don vi do ta Héc (Hz).
Pham vi dao dong 4m ma tai ngudi cdm thu dugc ¢6 tan s6 tir khoang 20 dén
20000 Hz déi véi ngudi tré tudi.

- Bude séng dm: Ky hiéu bing chit A (do bing mét) la khoang cich gan

nhat giiia hai phan-tir c6 cting pha dao déng (hinh 1.1). Chi ¥ ring budc
séng ty 1é nghich véi tin s6 4m. Tdn s6 cang l6n, budc séng cang nho.

S Chu ky dao dong ém: Ky hiéu T,, 12 thoi gian (tinh bang giay) dé cic
phan t thuc hién dugc mot dao dong toan phan (hinh 1.4).
I Chu ky }

78 Fa
VARVARV

Hinh 1.4. Biéu dién dao dong ciia cdc phdn tir theo thoi gian

p suat
Bién do

A
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- Bién d¢ dao dgng dm: La d¢ doi 16n nhat cla cdc phan ti so vdi vi tri
can bing. Bién do dao dong (hinh 1.1 va hinh 1.4) thé hién do rhanh, yéu
ctia am thanh. Bién do cang 16n, am thanh cang manh (hinh 1.5).

- Vdn t6c dm: La van t6c lan tiuyén clia séng 4m trong cdc moi trudng, nd
hoan toan khic véi van téc dao dong clia cdc phén ti. Van téc am phu thudc
vio dac diém, nhiét do chia moéi trudng va dang séng am lan truyeén.

SN

st
Théi gian

Bién do

Manh Yéu

Hinh 1.5. Bién dé thé hién dé manh, yéu ciia dm t/zdnh
Trong khong khi, van t6c am c6 thé xdc dinh theo cong thic sau:
¢y =331,5+0,61t, m/s (1.1)

trong d6: ¢, - van téc am, m/s;
t - nhiét do khong khi, °C;
331,5 - van t6c am & nhiét do 0°C.

Nhu vay trong khong khi, van t6c am ting thém 0,61 m/s mbi khi nhiét
do tang lén 1°C. Nguoi ta thudng néi van tdc am trbng khong khi 12 344m/s
14 van t6c am Gng v&i nhiét d6 khong khi 20°C. Trong céc tinh todn thuong
18y van t6c am 1a 340 m/s (twong ting & nhiét do 14°C).

Van t6c 4m trong mot s6 moi trudng duge gidi thiéu trong bang 1.1. Trén
hinh 1.6 thé hién van t6c am duéi dang so sanh.

Khéng khi [ 344
Nudc lanh ] 1.480
Nugdc dm [——_1 1.520
- BangE——— "1 3:200
Kinhl ] 5.700
Nhom | ] 6.400
Ximang [ ] 3.400
Gs———_ 13350
Thépl ] 6.100
Sat nonl ] 5.050
chiC——1 1.220 :
Thy tinh plexiC—— 1 1.800
Co thé nguai C——1 1.558

Hinh 1.6.Van téc am trong mot sé6 moi truong ¢ 21 C, mls
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Bang 1.1. Van t6c Am trong cdc moi truong

Méi truong Van téc am, m/s
- Chét khi: ,
Khong khi (0°C) 331
Khang khi (20°C) 344
Hydrogen 1284
Oxygen 316
Cacbon dioxide 340
- Chét Idng:
Nudc (25°C) 1498
" Nudc bién (17°C) 1510-1550
D4u hda (34°C) 1295
- Chét ran (séng doc ):
Thép 6100 ;
Nhom 6400 )
G6 thong 5260
Kinh 5660
Gach v 3650
Bétong cot thép 4500
Ba granit 6000

Quan hé giita tin s6, budc séng, chu ky va van t6c am dugc thé hién theo

biéu thiic sau:

trong do:
A - bude séng, m;
f - tan s6, Hz;
T, - chuky, s;

cg - van t6c am trong khong khi (340m/s).

(1.2)

Theo bjéu thitc trén, trong pham vi tin s6 20 - 20000 Hz budc séng am

thay déi tir 17m dén 1,7cm.
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1.1.2. Cong sudt, cuong do, 4p suit va mat do nang lugng am

1. Cong sudt éam

Cong suat am, ky hiéu P, 12 nang luong am do bing O4t (W) do ngudn
bic xa trong mét giay. Cong sudt am trung binh clia mot s6 ngudn nhu sau
(tinh bang Oat):

- Mdy bay phan luc: 10.000 (10%

- M4y tan difili Ki nén: I

- Quat truc 50 kW: 0,1 (IQ")

_ Dan nhac giao huéng 16n: 0,01 (10?)

- Tiéng néi binh thudng: 0,00001 (107%).

2. Cuong do am

Cudng do am, ky hiéu I, la s6 nang lugng trung binh di qua mét don vi
dién tich vuéng géc véi phuong truyén am trong mot giay. Pon vi 13 W/m?
Nhu vay cuong do &m la mot dai lugng c6 xét dén huéng truyén am.

3. Mdt dé ndng luong dm

Mat d¢ nang lugng am, ky hiéu E, 14 nang lugng am chita trong mét don
vi thé tich méi trudng trong mot giay, don vi 1a J/m®. Mat do nang lugng am
thudng dugc dé cap dén trong céc phong kin, khi 4m thanh t6i mot diém tir
nhiéu phia, ldc d6 khong xét dén huéng truyén am.

4. Ap sudt ém

Ap suat am, ky hiéu p, don vi N/m’® (hay Pa), la dp suét du (4p-suft cé
thém so véi dp suét khi quyén tinh) cé trong truong am. Tai méi diém coa
trudng am 4p sudt thay doi theo chu k¥ tlr duong (nén) sang am (din). Tuy
nhién 4p sudt tdc dong lén co quan thinh gidc cling nhu cic thiét bi do-ludng
am thanh 12 4p suat hiéu qua p, tinh theo cong thic:

p = Lmax (1.3)

NG

trong do: p,,.« - p sudt cuc dai tuong ting vdi bién do dao dong cuc dai.

Ap sudt am trong pham vi tai ngudi nghe duoc c6 tri s6 rat nhd, chi bang
10" (nhé nhat) dén 10 (16n nhat) atm.
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Trong séng am phing, quan hé gifta cudng do, 4p sudt v mat do ning
lugng am dugc thé hién theo céc biéu thifc sau:

—2
1= ppc (1.4)
-2
E=Ci_ L (1.5)
(4] pnco

trong dé: p, - khoi lugng riéng khéong khi, kg/m’.

Tri s6 p.c, goi 1a trd dm cua khéng khi. Trong diéu kién 4p sudt khi
quyén binh thudng, & nhiét do 20°C, ta cé:

PoCo = 415kgm?s™!
1.1.3. Mitc am - Don vi Déxiben (dB)

Am thanh ma tai ngudi nghe cam thu dugc cé cudng do va dp suit thay
déi trong mot pham vi rat rong. Vi du, dp sudt am c6 thé thay déi tit mic nhd
nhat 12 2.10°N/m* dén mifc 16n nhat 12 2.10'N/m?, nghia 1A thay d6i mot
triéu lan. Ciing tuong ty nhu vay, cudng dé am thanh thay déi t6i 10'? 1an. Su
thay ddi qud 16n nay gay bt tién va trd ngai cho cong viéc do ludng va danh
gia am thanh.

Mat khéc, ngudi ta dé ¥ dén dac diém nghe am thanh theo kiéu so sanh
clia tai ngudi: tai ta phan biét
ap-suat am gifta 1 va 2 Pa
ciling giong nhu gifta5'va 10
Pa. Weber Fechner phat hién
ring cdm gidc am thanh cla
tai khong ty 1& bac nhat véi
ning lugng kich thich, ma R, <
ding hon véi logarit clia né
(hinh 1.7). R,

AS, AR

Cam giac am thanh
' P

D6 chinh 1a co s& clia mot
don vi ddnh gid am thanh Si S Sy

S
.. o Nang Iong kich thich
mdi theo thang logarit goi 1a

mitc dm (sound level). Hinh 1.7. Quan hé giita cam gidc
va ndng lugng kich thich
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Nhu vy miic dm 13 don vi ddnh gid am thanh theo thang logarit (co s6
10) ciia ty s6 gitta 4p sudt hodc cudng do am cén do véi dp sudt va cuong do
4m 14y 1am chudn so s4nh (tham chi€u).

Theo quy uéc quéc t&, céc tri s6 clia chudn so sanh dugc 14y tuong tng
v6i cdc tri s6 trung binh nho nhét ma tai ngudi cam thu duoc, goi la ngudng
quy udc. Nhu vay cdc tri-sd cuong do va ap sudt &m 6 ngudng quy uéc tuong
ung la: '

I,= 10" W/m® va
P, = 2.10° N/m*

Chd ¥ ring, giita 4p sudt va cudng do am thanh c6é quan hé bic 2 (cong
thitc 1.4) va céc tri s6 I, va p, dd duoc xac dinh tuong tGng véi nhau. Khi dé:

- Mitc cuong dé dm (sound intensity level) 1a:

|
L, =10lg— (1.6)
IO

- Miic ap sudt dm (sound pressure level) la:

Po

2
- P\ _ P
L, = IOIg(—j =201g— (1.7)
[¢]
trong dé: I va p - cudng d6 va dp sudt am cin dénh gia.
Don vi clia ching 14 Dé xiben (dB)".

Mic cudng do va mic dp sudt am cla ciing mét am la nhu nhaw va duge
goi chung 14 mutc dm. Quan hé giita cudng do, ap suét va miic am thé hién
trén biéu dé hinh 1.8.

Theo biéu dé hinh 1.8 cé-thé nhan thdy: miic 4m trung binh 16n nhat tai
ngudi nghe dugc 1a 120dB (tuong dng véi cudng d6 1W/m?) va nhd nhat 1a
0dB (tuong \ng véi cudng do 10"°W/m?). Téng cong trong pham vi tai nghe
duoc ¢é 120 muc (120dB).

Tuong tu ta cling c6:

* Boi s6 cia déxiben 13 Ben. 1Ben = 10dB. Trong thuc t€ don vi Ben it dugc sit dung. S&
10 trong céc cong thic (1.6) - (1.9) 12 s6 ddi don vi tir Ben sang dB.

16



- Miic ¢6ng sudt am (sound power level), k§ hiéu Lp:

LP=101g£,dB (1.8)
P(.)
- Mite mdt a6 ndng liwong dm (sound energy density level), ky hiéu Lg:
L, = 10lg§—,dB | (1.9)

trong dé: P va E - cong suét v mat do nang lugng &m can do;

P, va E, - cong sudt v mat d¢ nang lugng &m & ngudng quy uéc;
P, = 10""W; E, =3.10°T/m’.

120 [T 1
4 4
110 i 10
. V% 2
100 7 10
90 10°
80 v — 10"
us)] e
k=] ) 5 =
£ 70 ! 10" =
«8 ,/ 8
5 -6
2 60 10° 2
. 3
50 10
W
40 . 10°
30 , 10°
20 10"
l 11
10 ’ 10
0 1™
0,00002 00001 0,001 001 0.1 110
. 2
Ap sudt Nim

Hinh 1.8. Quan hé giita cudng dé, dp sudt va mitc dm

Thuc t€ cho thdy, su thay di mitc am rihd nhat ma tai ngudi ¢ thé phét
hién duoc 13 1dB, nhung thay déi 3dB méi dugc coi 1a thay d6i nho nhat cd y
nghia. Cdc phép do am hoc thong thudng cho phép sai s6 1 - 2dB.

Trong bang 1.2 gi6i thiéu mitc 4m clia mot s6 n %ﬁdeﬁlﬁﬂﬂﬁﬁOﬁm CONG NGHE H‘A N‘m
1%%%“]‘,%?7




Bang 1.2. Miic Am ctia mot s6 nguon thudong gap

Murc do 6n Muc am, dB Vidu
120 Ngudng dau tai. Bong co may bay (gan). Sét danh gan.
Trong ga tau dién ngdm
Khong thé 110 | Tiéng coi tau. Trong ga tau dién ngdm. Tau hda ch
6l chuyeén ieng coi tau. Trong ga tau dién ngam. Tau hda chay qua ga
400~ —  Dudi céu dudng sat khi tau chay. Trong toa tau dién ngam. |
Ga tau hda
Kho néi 90 Xudng ca khi, Phong may quat gi6 trong khach san lon
chuyén 80 Xudng in. Nit giao thong dong dUic. Phong ddi xe. Siéu thj
Phai to gion .
giong 70 Nha hat. Clra hang., Hanh lang ngan hang. Tru s& 6n

khi n6i chuyén

Cira hang. Nha &n. Tiéng ndi binh thudng. Hanh tang khach san,

60
ca quan
50 Phong khan gid rap chiéu bong
N6i chuyén 40 Radio md& nhd. Ving nha & yén tinh
dé dang 30 Viing ndng thon. Studio phét thanh
20 Tiéng la rai khi gi6 nhe
10 Gi6 rét nhe
0 Nguting nghe cla tai ngudi

1.2. TAI NGUOI VA PAC PIEM CAM THU AM THANH

1.2.1. Tai nguoi

Tai ngudi 1a mot bd may thu nhan am thanh rét phiic tap, tinh vi va hoan
thién ma dén nay khoa sinh 1y - y hoc con chua hi€u biét hét vé co ché hoat
dong cua né.

Co quan thu nhan am thanh gém c6 tai va ndo bo. C6 1€ vi thé ma hiéu
qua cam nhan Am thanh vira ¢ dac di€ém chung cta nhiéu ngudi, lai vira thay
déi d6i véi mbi ngudi. Cc dic diém cdm thu am thanh trinh bay duéi day la

nhitng dic két chung trén mot s& dong ngudi.

Theo co ché€ thu nhan 4m thanh, tai c¢é thé chia 1am ba bo phan: tai ngoai,
tai gilia va tai trong (l_ﬁnh 1.9).
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Day than kinh
thinh giac

R (30 tai
Xuongbandap  vai Eustachii

Hinh 1.9. Cdu tao ciia tai nguoi

Tai ngoai gébm vanh tai va 6ng tai ¢ nhiém vu thu nhan va hudng séng
am dén mang nhi.

Tai gifta 12 mot hoc khong khi théng véi khoang miii - hau qua voi
Eustachii, bat ddu tir mang nhi va két thic & mang che tai trong. O day c6 ba
xuong thinh gidc nhd (xuong bia, xuong de va xuong ban dap) tao thanh
mot chi€c don bay dé chuyén déi séng am tit mang nhi dén chat dich léng
chia & tai trong qua mot clia ¢ mang che hinh 6van. Cdc xuong thinh gidc
bién déi cdc dao dong am c6 bién do 16n va 4p suit nhd thanh cdc dao dong
c6 bién d6 nhé nhung 4p suét 16n, rét cdn thiét dé truyén cho chat dich 1dng.

Voi Eustachii binh thudng déng, chi m& khi ta nudt dé tao su can bang 4p
suat khong khi & hai bén mang nhi.

1 2 3

8

Hinh 1.10. So d6 minh hoa cdu tao ciia tai nguoi:
1 - tai trong; 2- tai giita; 3 - tai ngoai; 4- clta 6 van; 5 - cdc xuong thinh gidc;
6 - mang nhi; 7 - clra tron; 8 - vdch ngén; 9 - 16 hd.

Tai trong cé cdu tao rat phiic tap vi né c¢é nhiém vu hét stic quan trong la
bién déi cdc dao dong co hoc chia 4m thanh thanh cdc tin hiéu dién dé ghi vé
ndo bo [25]. Bo phén chinh cia tai trong 1a 6¢ tai (c6 hinh xodn 6¢ 2,5 vong)
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cé tiét dién rdng va nhd dan, bén
trong chita ddy mot chat dich
long (hinh 1.10). Mot vach ngan
(8) chay doc 6c tai chia chat dich
16ng thanh hai kénh trén va dudi,
thong véi nhau qua mot 16 hd (9)
& tan ctng cla vdch (8) nham

giit cho 4p sudt hai kenh dugc
can bing. Vich ngidn gbém hai
nlta: nta gin véi thanh trong la
mot ban xuong mong, con nia

ngoai 1a mot mang ddy, bén trén

Hinh 1.11. Mcit cdt ngang dc tai:

1 - mang Reixner; 2 - mang che; 3 - cd quan
Coocti v6i cac t&€ bao thinh gidc; 4 - mang
dai cla né tdng cong chi cb d4y; 5 - vach ngan; 6 - than kinh thinh gidc.

32mm ¢hinh 1.11).

c6 mot bo phan hét sic quan
trong 1a co quan Coocti tuy chiéu

Chinh trong co quan Coocti ndy c¢6 khoang-25.000 t€ bao cam gidc x€p
thanh nhiéu hang chay doc su6t &c tai, nhd ching cé thé phin biét dugc
khoang 3500 téng 4m cé cao do khdc nhau. C4c day than kinh thinh gidc tir
céc t€ bao cam gidc xuyén qua vich ngan va thanh 6c tai r6i n6i véi ving
than kinh thinh gidc & ndo bo.

Ap suit am thanh dugc truyén vao kénh dich 1dng trén qua clia 0 van va
lan truyén doc theo né. Péng thdi séng 4m ciing truyén qua mang Reixner
viio chat dich 16ng nim gita né va mang ddy co quan Coocti. réi nhd tinh
dan héi cha mang ddy, séng am lan truyén xudng kénh dich long dudi. Nhu
vay dudng di clia séng am bat ddu tir clra 6 van (4) (hinh 1.10) va két thuc &
ctra tron (7) phia duéi (hinh 1.10).

Do dau ta ¢ cam gidc vé do to, do cao va 4m sic clia am thanh? Cau hoi
nay cho dén nay con chua nhan dugc ciu tra 16i that rd rang. Nguoi ta chi
gia thiét riing: khi séng 4m lan truyén doc &ng tai, phu thudc tdn s6 4m, s&
c6 mot vi tri bién do dao dong cyc dai. Céc t€ bao cam gidc cha co quan
Coocti & d6 s& thong bao vé ndo. Bién do cho biét cudng dé con vi tri cho
biét tdn s6 va am sic am thanh.

Tai trong cdn dugc néi véi ba vong ban khuyén, 6 d6 ¢6 co quari tién dinh
giit thang bing cho co thé.
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Véi céu tao nhu vay, cdc tdn thuong thinh gidc c¢6 thé anh hudng khong
chi dén do nhay cam cia tai, ma cd dén su cam nhan tdn s6 a4m thanh.
Thudng c6 hai dang tén thuong thinh gidc.

- Tén thuong tai giita do lién két gilia cdc xuong thinh gidc bi cting lai, do
viém hodc thiing mang nhi.

- Tén thuong thin kinh & co quan Coocti hodc léch lac vé than kinh ghi
nhén tin hiéu thinh gidc & nio bo.

1.2.2. C4c dac diém cAm thu am thanh ciia co quan thinh gidc ngudi

Trong phin nay chi gi6i thiéu cdc dic diém chi yéu cha su cdm thu m
thanh cta co quan thinh gidc nguoi.

1. Pham vi nghe dm thanh

Tai ngudi binh thudng c6 thé nghe dugc am thanh trong pham vi tin s6 tir
20 dén 15000Hz. Riéng lia tudi 18 ¢6 thé nghe dén 20000Hz. Am c6 tin s6
duéi 20Hz 12 ha dm. va trén 20000Hz, 12 siéu dm tai ngudi déu khong thu
~nhén dugc.
Su gidm thinh-gidc do tudi tic c6 thé thdy rd trén bicu dé hinh 1.12 [30].
Tuébi cang cao, dd nhay cdm am thanh & cédc tdn s6 cao cang gidm 10 rét.

e OdB Tudi
(g _.__—-.\‘\ 35
5 -10 — AN
£ 220 e N N 45
tg T N 55
S 65
040

5 N

= 9 Vs

f
10 2 345 100 2 345 1000 2 345 10000 Hz

Hinh 1.12. S gicm thinh giac do i tdc

Trong pham vi tin s6 cAm thu 4m thanh ndi trén, do nhay cadm theo tin s
ciing khac nhau. Do nhay cAm cao nhéat clia tai nAm & pham vi tan s6 tir 1000
dén 5000Hz va giam dan & cdc tin s6 thap.

Céc tri s6 muic am nho nhit theo tin s& ma tai ngudi bit ddu nghe duoc goi
12 ngudng nghe (threshold of audibility). Cic tri s6 16n nhit ma tai ngudi thu
nhan duoc 13 ngudng dau tai (threshold of pain). Trén muc ndy cé thé gay tén
thuong nghiém trong cho co quan thinh gidc. Trén hinh 1.13 biéu dién pham
vi am thanh tai ngudi nghe dugc.
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dB

E130
8120
=110
90
80
70
60
50
30
20
10

Ngung dau tai
Viing cam giac am thanh

Am nhac

Tiéng noi

20Hz 50 100 200 500MzikHz 2 5 10 20kHz
Tan s0 Hz

Hinh 1.13. Pham vi am thanh tai nguoi nghe dugc

2. Do cao cila dm thanh

Cam gidc am thanh cao hay thap, thanh hay trdm do tdn s6 clia né quyét
dinh. Tén s6 cang cao, 4m cang thanh. Tén s6 cang nhd, am nghe cang thap,
cang trdm. D& ching ta dé dang hinh dung vé thang do cao clia co quan
thinh gidc ngudi, hinh 1.14, cho céc tri s6 tdn s6 tuong {ing v6i cdc nét nhac
va phim dan [19].
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Hinh 1.14. So sdnh dg cao dm thanh
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Tl cdc khao sdt thuc t€ trong ddi séng ¢ thé it ra mot vai con s6:

- Am 16 - 20Hz chi c6 dai phong cim (d3n Organ) phét dugc. 28Hz 13 nét
dau tién cta dan Piano. 40 - 44Hz 13 ky luc clia giong nam tram va 2300Hz
12 ky luc ctia giong nii cao. N6t cao nhat ctia dan Piano 13 8372HZ.
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- Am thanh ching ta gap trong cudc séng ¢ thé ndm & céc viing khéc
nhau clia pham vi tin s6 (xem hinh 1.15), [20].

Theo cam gidc do cao clia tai ngudi, cé thé chia 1am ba pham vi tan s&:

- Tén s6 thap tir 16 dén 355 Hz (16 - 250Hz)

- Tén s6 trung tir 355 dén 1400Hz (250Hz - 2kHz)

- T4n s& cao tir 1400 dén 20000Hz (2 - 20kHz).

(s6 liéu trong ngodc 13 theo tiéu chuén am hoc clia My [20]).

CAMGIACPOCAD > | THAP [ TRUNG | CAO
TAN SO, Hz 16 315 3 125 250 500 1000 2000 4000__8000 16000 31500
Thap nhat dan Organ '
Cao nhat dan Organ

Pham vi tiéng ngudi
Viing ¢ d rd cao nhat
Chén luu dén tuyp

Ban may vi tinh

Vén phong (danh may,
in, dién thoai)

Xe tai, xe buyt
Viing thinh giac ngudi

Hinh 1.15. Pham vi tdn s6 ciia ém thanh trong doi séng

3. Am sdc am thanh (timbre)

Am thanh chi ¢6 mot tdn s6 goi 1a am don. C6 1€ chi c¢6 4m thoa 1a dung
cu duy nhat phét ra &m don. Am thanh chiing ta gip trong ddi séng 12 nhiing
am phtc hop (con goi 1a da am) 12 am thanh té hop tir nhiéu tan s6 khic
nhau. Trong mét am phitc hop bao gidy cling ¢6 mot dm co bdn - &m ¢6
cudng do manh nhat - c6 tan s6 f,, cdc hoa dm (c6 tan s6 2f;, 2f,, 4f;) v.v...
VA cdc am t4n s6 khdc. Am co ban cho ta cam gidc vé do cao chung clia &m
va né quyét dinh chinh cam gidc to nhd clia 4m nay.

a) b)
d_B 30 dEi 30
Hinh 1.16. Phdn tich z 25 ; 25
phd ém thanh ciia ca st th = 0 | - 20
chuyén nghiép (1.16a) = =
va nghiép duw (1.16b) =15 =15
; =10 L= 10
L LE s e
0 0




- Céc hoa am cho chiing ta cAm gidc vé sic théi clia am thanh, hay néi khdc
di né quyét dinh dm sdc dm thanh. Nhd cé am sic ching ta c6 thé nhan ra
duoc giong néi clia nhitng ngudi than, am thanh cla cdc loai dan khéc nhau,
ngay ca khi ching ciing phdt chung mot nét nhac. T4t nhién, ti€ng dan va
ti€ng hat dugc tap luyén ngodi cam co ban cdn ¢ nhiéu hoa am, con tiéng
6n clia mdy méc, dudng phd lai con ¢4 nhiéu am tdn s6 khiac ma cd it hoa
am. Trén hinh 1.16 phén tich giong clia mot ca si ndi tiéng (hinh 1.16a) va
cta mot ca st nghiép-du (1.16b) khi ciing hit mét nét nhac-[45]: Giong cha
ca s chuyén nghiép cé nhiéu hoa am hon.

Dao déng am (dao dong clia cdc phdn ti méi trudng) khi dé 1a tdng hop
clia dao dong &m co ban véi cdc hoa &m va cdc 4m tdn s6 khac c¢6 mat trong
am phtc hop. Trén hinh 1.17 12 téng hop dao dong clia 4m co ban véi mot va
hai hoa am. Khi cé nhiéu hoa am va c4c am khéc, dudng biéu dién s& 1a mot
dudng cong rat phiic tap.

Am cd ban :
Am co ban v \/ \/ \-/
Hoa ém 1

ANVANYANYA WY
vV VvV V V

Hoa &m 1

NNNANNNN
VVVVVV

Hoa am 2 Am co ban + Hoaam 1, 2

Hinh 1.17. Téng hop dao déng ciia dm co bdn véi cdc hoa dm

4. Cdm gidc to nhd - miic to (loudness level)

Cam gidc to nho khi nghe am thanh clia co quan thinh gidc ngudi vira phu
thudc vao mic am (theo dB), vita phu thudc vao'tdn s6 am. Hai am tuy cé
cling muc, nhung ta nghe to nhd khic nhau vi chiing cé tan s& khac nhau.
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Cam gidc to nhd ndy cia tai dugc ddnh gid bang mot don vi chli quan goi la
mifc to va do bang phon (phan biét véi dB 1a don vi hoan toan vat 1y). Thang
phon duoc thanh lap bing cich chon am tdn s6 1000Hz 1am chudn, va trj s6
muc to (phon) & tdn s6 nay ding béang tri s6 muc am (dB). Vi du:

- Am t4n s6 1000Hz c6 mtc 4m 60dB thi cé miic to 12 60 phon.

- Miic to chia cdc am don khic xdc dinh bing cdch so sdnh ching v6i am
chudn va tri s6 (phon) clia né ldy bing cla 4m chudn néu ching nghe to
bang nhau.
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Hinh 1.18. Biéu dé cdc duwong dong mifc to ciia Robinson va Dadson.:
MAF - dudng cong cam gidc nho nhét cla tai ngudi.

Béng thuc nghiém véi nhiéu ngudi tré tudi, cic 6ng Robinson va Dadson
di lap dugc biéu d6 cdc duong dong miic to (Equal loudness contours) va
duogc té chic tiéu chudn quéc t€, viét tat 1a ISO (International Organisation
for Stadardization) cong nhan va gidi thiéu (hinh 1.18).

MBbi dudng cong trén biéu dé 1a tap hop tét ca cdc am don cé tan s6 va
mitc 4m khé4c nhau, nhung déu nghe to nhu nhau, va do dé cé cing mot tri
s6 miic to theo phon.
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Quan sit cdc dudng déng miic to cé thé nhan thay:

- Tai ngudi ¢é do nhay cam rat kém & céc tan s6 thap, tir 20 d€n 200Hz.

- D6 nhay cam cao nhat cla tai ngudi ndm & tin s6 4000Hz.

Chu ¥ ring thang mic to (phon) tuy khong dugc biéu dién bing cong
thifc toan hoc, nhung su cam thu sinh 1y 4m thanh ciing mang dic diém cla

mot ham s& logarit (hinh 1.7).

5. Do to (loudness) - thang son
Ciing gi6ng nhu miic to (phon), do to 1a mot dai lugng chlt quan dénh gid
cam gidc to nhé clia 4m thanh, nhung né thay déi theo ty 1é bac nhat véi cam
gidc. Pon vi clia d0 to 1a son. Quan hé giita do to (ky hiéu D) va mic to (ky
hiéu M) theo cong thiic:
M40
D=2 10 (1.10)

hoic theo biéu d6 hinh 1.19.

o
o
w

200 v
100 /

50

20 7
10 ya

0 50 60 70 80 90 100 110 120Phon

Hinh 1.19. Quan hé giita d¢ to va nuic to
Nhu vay d6 to 1 son tuong tng véi miic to 40 phon. Khi ting do to, vi du
tir 1 son 1én 2 son, cam gi4c nghe to s& ting 1én hai 1an. Theo hinh 1.19 mbi
khi mdc to tang 1én 10 phon, do ting to tuong dng hai lan.
St dung thang do to ching ta c6 thé ddnh gid cdm gidc to nho khi nghe
céc am don va so sdnh tryc ti€p cam gidc nghe to gilia ching.
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Vidu 1.1. So sdnh d6 to cha hai am:

- Am 60Hz c6 mtic am 90dB va am 1000Hz c6 miic 4m 85dB.
Bai gidi:

Xdc dinh mic to cha hai 4m theo biéu dé hinh 1.18:

-Am60Hz, M, = 80phon;

- Am 1000Hz, M, = 85 phon.

X4c dinh do to theo biéu d6 hinh 1.19.

- Am 60Hz, D, =16 son;

- Am 1000Hz, D, =22,6 son.

Vay am 1000Hz nghe to gip % = %2’6—6 ~1,51an am 60Hz.
1
Phuong phdp néi trén chi diing dé ddnh gid céc 4m don. D€ dénh gid céc
am phtic hop, chiing ta c6 thé diing phuong phdp Stevens (theo ISO - R532)
theo trinh ty sau day:

1. Phan tich am cdn ddnh gid theo dai 1; 1/2 hodc 1/3 octa (xem muc
1.3.2 ctia chuong nay).

2. Xdc dinh d¢ to D; & méi dai tdn s6 tai tdn s6 trung binh clia dai theo
biéu dé Stevens (hinh 1.20) phu thudc vao mic 4m cua chiing.
3. Do to téng cong clia am phiic hop xédc dinh theo cong thiic:
b=b,+FEDb;-b,) (1.11)
trong dé:
b, = dé to 16n nhit trong cdc dai tan s6, xdc dinh & diém (2);
ID; - tong do to cla tat ca céc dai tdn s6;
F - hé s6 phu thudc cha bé rong dai tan s, 18y nhu sau:
F =0,3 d6i véi dai I octa
F = 0,2 d6i véi dai 1/2 octa.
F = 1,15 d6i véi dai 1/3 octa.
4. X4c dinh miic to (phon) clia &m tit dé to téng cong D, theo thudc ty 1€ &
bén phai biéu dé hinh 1.20 hoic biéu dé hinh 1.19.
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Hinh 1.20. Cdc dirong dong do to Stevens

Vi du 1.2. X4c dinh mic to tdng cong clia mot &m phic hop cé miic &m
theo dai 1 6cta nhu trong bang 1.3.

Bang 1.3. Miic 4m va do to cia mét am phiic hop

Tén s6 trung binh clia dai 1 octa Mt &m, dB o to B, son
63 80 6.5
125 75 7.0
250 70 6,0
500 60 4,0
1000 40 1,5
2000 40 17
4000 50 3,8
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Bai gidi:
Do to D; & méi tin s6 trung binh ciia dai 1 6cta xdc dinh theo bi€u d6
1.20 dugc ghi trong bang 1.3. Ta cé:
b, =7,0 son; ZD; = 30,5 son.
Po to tdng cong xac dinh theo cong thic (1.11).
b,=7,0+0,3(30,5-7) = 14,05 son.

Theo quan hé phon-son ta xdc dinh dugc miic to clha &m phic hop
M, = 78phon.

6. Khd ndng dinh huéng ngudn adm va cdm thu khodng cdch
Kha ning dinh huéng nguén am khi nghe 4m thanh la nhd hiéu qua nghe
hai tai. Khi chi nghe mét tai, kha nang dinh huéng hau nhu khong con nita.

Kha nang dinh huéng clia tai dugc gidi thich 1a do su chénh léch vé thdi
gian va cudng do vi ¢6 su chénh léch vé quing dudng tir ngudn am dén méi
tai. Trén hinh 1.21 gidi thiéu hiéu Gng Haas.

Am nghe tir chinh gitta Amnghe tirioa A
[ — — ]

Of ol O o
A

Hinh 1.21. Hiéu itng Haas

Khi ngudi nghe & chinh giita hai loa, ta cé cdm gidc ngudn 4m nam & gifta
ching. Néu ngudi nghe & gin mot loa hon loa kia, am thanh nhw dén tir loa
gan hon.

Cudng do clia am thanh ciing &nh huéng dén tinh dinh huéng cla tai. Néu
muc am dén tir mot loa rat 16n, né s& che 1dp am phat ra tit loa kia, khi d6
cam gidc phuong huéng clia am thanh khong con 18 rang nhu trudng hop thi
nhat. Nghién ctru k§ hon vé trudng hop nay sé trinh bay & chuong 5.
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7. Hién tuong che ldp

Hién tugng che 18p xay ra khi ching ta nghe 4m thanh (ti€ng néi hoac am
nhac) trong méi trudng on. Khi dé su cam thu am thanh s& khé khan hon, do
ti€ng 6n che 18p mot phan céc am thanh cdn nghe.

Hién tuong che 1dp dugc giai thich 12 su ting ngudng nghe trong moi
trudng On. Trén hinh 1.22 gidi thiéu cdc dudng cong ngudng nghe khi ti€ng
6n 12 am don (hinh 1.22a) va ti€ng 6n 13 am tring (hinh 1.22b) ¢6 miic khdc
nhau. Nghién cifu hién tugng nay cho thay tiéng on cd tan s6 cang thap va
muc cang I6n thi hiéu qua che 18p cang manh, déng thdi 4am thanh & tan s6
cao, c6 1oi dé nghe rd ti€ng ndi lai bi che 14p nhiéu hon.

90 N
IARN
? /IIT(\ N\ Ll=10ddB - L=40d —
e 60 ' 1NN \ 40 )"
e 1A g 8% 0
o TN NSO T1 Eg T l’
=P _ ////I \ \eD [l 8 Y
Sl /N =20 110 VA
N Y —
0 ~S 0
20 50 100 200 500 1000 2000 5000100002000 20 50 100 200 500 1000 2000 5000100002000
Tén 6, Hz Tén s8, Hz
a) b)
Hinh 1.22. Hién tugng che ldp:
a) Khi tiéng 6n la am don; b) Khi tiéng én tring
1.3. DO AM THANH

Cdc méy do va phan tich am thanh hién dai nhat ngay nay cé thé thuc
hién nhiéu phép do va dédnh gid am thanh, nhung chua c6 mot mdy do nao c6
thé bit chudc dugc cdch cdm nhén 4m thanh clia thinh gidc con ngudi. Vi
vy cdc mdy do chi c6 thé x4c dinh miic am (theo dB), nghia 12 mot s6 tri s6
vat 1y c6 tinh khach quan.

Cé4c phép do am thanh chinh la:

- Do phan tich mic am thanh theo tin sé.

- Do miic 4&m téng cong vé nang lugng theo cdc thang hiéu chinh gén
diing vé cam gidc am thanh clia co quan thinh gidc ngudi.

- Do tich lily theo ting khodng thdi gian dé x4c dinh tri s trung binh
nang lugng am thanh, hay con goi 1a mic &m tuong duong.
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- Ghi lai miic dp suat am (trén bang gidy) hoac ghi lai am thanh trén
bing, dia tir va hién thi am thanh.

- Do thdi gian 4m vang clia phong va chat lugng cch am cuia cic két cau.

- Do céc tinh nang 4m hoc cla vat liéu v.v...

Cdc phép do am thanh déu sl dung mot mdy do mitc dm (Sound level
meter - ti€ng Anh, hodc Sonometre - tiéng Phdp) cé so do gidi thiéu trén
hinh 1.23.

Mach higu chinh
A B,C
7
o——n, |- Sefrp b7
Microphon o gihas | JL| | Knéhdai  Kimdo
Bo loc

Hinh 1.23. So dé mdy do mitc dm

Cic mdy do miic Am dugc chia thanh ba loai theo huéng dan 179 cta IEC
(International Electrotechnical Commission):

- Loai rat chinh xdc, ding khi 1ap cdc bdo cédo chinh thiic, khi x4y dung
céc van ban va luit moi trudng.

- Loai twong déi chinh xéc (theo dinh nghia ctia IEC 123) diing cho céc
phép do khong phai 1a bdo cdo chinh thiic.

- Loai it chinh x4c (sai s6 trén 1 dB) dung dé ddnh gid gan diing.

Cén chi ¥ ring moi médy do miic am déu cé thé thuc hién phép do theo
hai déc tinh dong khéc nhau: ’

- Loai nhanh (Fast) - tuong tng véi mot thoi gian ddp tng tuong tu tai
ngudi (0,1s) dp dung khi do &m thanh c6 mitic thay ddi 16n (khong 6n dinh).

- Loai cham (Slow) cho phép xdc dinh mic am tich phan trong moét thoi
gian dai hon (khoang 1s), sit dung khi do am thanh it thay déi (6n dinh).

Duéi day trinh by m6t s& van dé ky thuat chung lién quan dén phuong
phap do va danh gi4 4m thanh.

1.3.1. Mitc am hiéu chinh A, B, C, D (weighted sound levels)

Céc mdy do am thanh hién nay déu lam viéc theo nguyén tic tic dong
clia 4p sudt am thanh, tuong tu nhu tai ngudi. Tuy nhién su khdc nhau co ban
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gifta mdy do va tai ngudi 12 & chd: mot microphon 1y tudng c6 do nhay dong
déu v6i moi tdn s6 am thanh. Ngugc lai tai ngudi thu nhén 4dp sudt 4m va
chuyén ddi thanh téc dong than kinh manh hay yé&u con phu thudc tan s6 clia
né. Tai ngudi 12 mot bd mdy chll quan, cam gidc 4m thanh ma tai ngudi thu
nhan dugc danh gia theo mot don vi sinh 1y 1a phon.
~ Dé chuyén ddi mét cach gin ding cdc két qua do khach quan clia may vé

cam gidc chl quan cla tai ngudi, cin thi€t phai dua vao may céc mach hi¢u
chinh twong ting v6i dudng dong mdc to (hinh 1.18) gan mitc khio 4t nhat.

Tuy nhién lam nhu viy s& qué phifc tap. Vi vy, dé don gian hon ngudi ta
chia cdc dudng déng muc to thanh ba ving va xdc dinh mot dudng trung
binh cho mébi viing do.

- Ving A: Céc dudng dong miic to tir 0 d€n 40 dB (& tan s6 1000Hz).

- Viing B: tir 40 dén 70 dB (& 1000Hz).

- Viing C: trén 70 dB (& 1000Hz).

Nhu vy ta cé cdc mach hiéu chinh A, B va C (hinh 1.24), tuong tng két
qua do muc &m dugc biéu dién theo dB, A, dB, Bva dB, C.

|

+20

+10 A Y
0

N
\
N

Ay

Mirc am, dB
=

NN

&o
S

A
o

én
S

10 50 200 1000 5000 20000=
20 100-- - 500 -2000- 10000-- - o oo
Tan s8, Hz

Hinh 1.24. Cdc duong cong hiéu chinh A, B, C, D
Sau nay lai dugc bd sung thém mach hiéu chinh D d€ xét dén tdc dong

gay nhiéu cia ti€éng On tdn s6 cao, nhu clia mdy bay. Khi dé ta c6 mic am
theo dB, D. SRS : Cee

Muén két qua do gan diing nhdt v6i cam gidc cia tai ngudi, thi tuc do-
phai nhu sau: '
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- M& mach hiéu chinh A, néu mutic am do dugc khong vuot qud 40dB thi
két qua diing va duoc biéu dién theo dB, A.

- Néu mtc am 16n hon 40dB 12 két qua sai, khi d6 phdi m& mach hiéu chinh
B. Két qua diing ndm trong pham yi tir 40 dén 70 dB va biéu dién theo dB, B.

- Néu miic 4m vuot qud 70 dB, phai do theo mach hiéu chinh C (dB, C)
mdi cé két qua ding.

Tuy nhién, cich do nhu vay qué phién phic vA nhiéu khi khong thé thuc
hién dugc. Vi vay hién nay cdc phép do, ddnh gid va tiéu chudn 4m thanh
trén th€ gidi cling nhu trong nude, ngudi ta quy dinh chi sit dung mach hiéu
chinh A (dB, A) dé d4nh gi4 tat cA am thanh, ké ca trong doi séng, trong
cong nghiép, giao thong hay tiéng 6n mdy bay.

1.3.2. Dai tan s6 am (sound frequency bands)

Trong nhiéu bai todn thuc t€ néu chi danh gid am thanh theo mot miic &m
téng cong 14 chua dl, ma can phan tich chiing theo cic tan s6. Tuy nhién
viéc phan tich am thanh trén méi tdn sd trong pham vi 20 - 2000Hz 1a khong
thé thuc hién dugc va cling khong cén thiét.

Chinh vi 1y do d6, va dé thdng nhit trén pham vi the gii, ISO kién nghi
stt dung cdc ddi tdn sé @m tiéu chudn khi nghién ciiu am thanh ciing nhu khi
ché tao thiét bi do.

MB&i dai tdn s6 duoc x4c dinh bdi tdn s gidi han dudi (f|) va tin s6 gidi
han trén (f,). Khi d6 bé rong clia dai tdn s6 la:

Khi chon moét-dai tin s6 dé nghién cifu, thi bo loc tdn s6 chi cho nang
lugng am thanh clia cdc tdn s6 ndm giita pham vi clia hai tn s6 gidi han xédc
dinh ctia dai nay di qua ma thoi.

C6 ba dai tan s6 am chinh sau day:

- Déi 1 octa (one octave) khi f,/f; = 2;

- Dai 1/2 octa (half octave) khi £,/f; =2 =1,41;

- Dai 1/3 6cta (third octave) khi f,/f, = 2'" = 1,26;

Tén clia méi dai thudng duoc goi theo tdn s6 trung binh cila ddi (geometric
center frequencies of the band) xac dinh theo cong thic:

flb = (fl .f2)l/2
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Vidu
Néu £, = 125Hz véi ddi 1 octa f, = 2f), ta c6:
f, =f,/2'2 = 88Hz; f, = f,,.2'" = 175Hz;

Trong bang 1.4 giéi thiéu céc tdn sd chudn trung binh clia cdc dai tdn s6
theo hudng din R266 cua ISO.

Bang 1.4. Bang tin so chudn theo ISO - R266 (Preferred frequencies)

Bt e e B
binh binh binh

x x x 160 x [ 1600 x
18 180 x 1800

20 1o | 200 x [R0O0| x | x | x
224 x 224 2240

25 x (5| x | x | x [2500 x
28 280 2800 X

315 | x | x | x | 315 x| 3150 x
355 355 x 3550

40 x | 400 1 x x | x x
45 x 450 4500

50 « | Bodg | x | x | x 5000 %
56 560 5600 x

X x x | 630 x | 6300 x
71 710 x 7100

80 | x| 800 T T BT e
90 x 900 . 9000

100 x (food| x | x | x [10000 x
112 1120 11200 x
425 | o< box fx 11250 | AU TR T I 2SIV A R N
140 1400 x 14000-

160 x| 1600 x 16000 x | x | x
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Trong am hoc kién tric dai tin s6 1 octa thuong dugc su dung trong
nghién ctiu ti€ng 6n céc khu dan cu, trong thanh phd va trong cdc phong.
Ddi tan $6 1/3 octa thudng dugce sir dung trong nghién ciiu cdch am cla cdc
két cdu nha clra. DAi tan s6 1/2 octa it duge sit dung.

1.3.3. Phé am thanh, phé tiéng 6n

Dé danh gid, phan tich am thanh ngudi ta thudng lap phé am tharh, nghia
[a biéu dién biéu dé mic am theo cic tin s6 clia chting. Phé am thanh nhu
ti€ng néi, ti€ng hat (hinh 1.16), am nhac (hinh 1.25) gédm 4m co ban va céc
hoa am goi 1a phd vach. Khi cic thanh phdn tin s6 day dic, vi du phé cha
ti€ng 6n (hinh 1.26), ta cd phd lién tuc.

A

100
80
80
70
60
50
40
30
20
10 }

0 . |

10 00 1000 10000 Hz
Tan s6

Mirc am, dB

Hinh 1.25. Phé ciia mét loai nhac cu la phd vach

100
90
80
70 =

40
30
20
10

Mure am, dB

10 100 . 1000 10000 Hz
Tan s6

Hinh 1.26. Phé lién tuc ciia mét tiéng én

Céc phép do trong am hoc kién tric thudng st dung hai loai nguén am
mau, 12 1iéng on trédng va tiéng on hdng, cé phé khdc nhau,
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- - Tiéng 6n tring c6 dac diém ning lugng 4m phan b6 déu nhau trén moi
tdn s6, vi vy miic am ting dan theo dai 1 octa hodc 1/3 octa.

- Tiéng 6n héng cé mat do nang lugng phd ty 1& nghich véi tan sd, hodc
nang luong c6 dinh cho méi khoang tn s6 theo ty 1¢ 16garit. Vi vay phd clia
tiéng 6n héng cé mific &m khdng ddi theo dai tdn s6 1 dcta hodc 1/3 octa.

Trén hinh 1.27 gidi thiéu phé ti€ng on tring va ti€éng on hong.

. ._A :

106 i R e
90
80
70 — ]
60 L—T""]
50 — 1
40
30
20
10

Murc am, dB

0 -
10 100 . 1000 10000 Hz
Tan s

Hinh 1.27. Phé tiéng on trdng (1) va tiéng on hong (2)

1.3.4. Phuong phap biéu dién va tinh todn két qua do

Khi nghién citu 4m hoc kién tric, ching ta thudng phai tién hanh céc
phép do am thanh trong cdc phong thi nghiém hodc ngoai hién trudng dé lap
céc phd am (con goi 1a dic tinh tdn s6 mitc am) theo dai tan s6 1 hoac 1/3
octa. Khi ddnh gid va so sdnh, thudng phai thuc hién céc phép tinh chuyén
déi tr dai hep sang dai rong hon, hodc tinh miic tdng cong theo cdc hieu
chinh A, B hoac C. ’

1. Xdc dinh va biéu dién phé dm theo ddi 1 icta tix cdc két qud do'theo
ddi 1/3 octa

Mitc am theo d4i 1 octa chinh 12 téng mic néng lugng am cua ba dai 1/3
octa tuong tng. Goi cdc mic am theo déi 1/3 octa tuong tUng la L, L, Ls,
theo cong thiic (1.6) va (1.7) ta co:

2
L, =10lgil = 101g(p—‘] ;
I, P,

2
L,=10lg2 = IOIg(Bz—J ;
I, Po
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' 2
L, =101g-1-1=101g(£’1] .
) IO pO

Két qua ta c6 mtic Am theo dai 1 6cta tuong ting clia ba dai 1/3 dcta la:

2 2 2
Lo =10lg 2 0 IOIg[w;ﬁ]

Q

2
hay: L =10lgTi= 101g2[&) (1.14)
_ b,

(o]

Vi du 1.3. Hay xdc dinh va biéu dién phé ém theo ddi 1 écta tir cdc két
qud do dm thanh theo ddi 1/3 écta, cho trong bang 1.5.

Bang 1.5. Mitc am do theo dai 1/3 octa

Tan
s
clia
dai
113
octa

100(125(160{200|250(320{400|500|640| 800 |1000|1250{1600{2000{2500{3200{4000(5000

Murc
am |60 | 62|58 (61|65|67|70|72|68|61|58 |56 |56 |50 (48|48 | 47 | 45
dB

Tan
s
clia
dai
1
octa

125 250 500 1000 2000 4000

Bai gidi:
Céc tan s6 trung binh ctia.dai 1 octa tuong dng v6i cdc dai 1/3 octa ghi &
hang cudi bang 1.5.

Miic am & tdn s6 125Hz theo dai 1 6cta bing tdng ba mifc &m ciia déi 1/3
octa tuong tng. Tinh nhu sau:
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L,y =60=10lg I“)‘) Il()o - 106

Q [S

L,,s _62_101gIlzs Iizs =1,58.10%

0 0

Ly =38= 101g% —>I'ﬂ =0,63.10°%

Q Q

I‘.ocliZ‘S =101Ig ZII—‘ =10Tg(3,21.10%);

L()CIIZS = 65, 06 =~ 65dB.
Tinh todn tuong tu d6i véi cdc tdn sO khédc cla dai 1 octa, dugc két qua
nhu san
Locl.125 = 65dB; Locl.IOOO = 63,6dB;
LOC[ 250 — = 69,8dB; Locl.ZOOO =57,5dB;
Leoer.s500 = 75dB; Locraooo = 51,6dB;

Dé biéu dién phé am theo cdc két qua do va tinh todn & trén ta lap hé truc
toa do theo ty 1& nlra 1dgarit, nghia 1a trén truc tung dat midc am (dB) theo ty
I&¢ dudng thang, cdn truc hoanh dit tin s6 am theo thang ldgarit (mdi dai tin
s6 1/3 octa 1dy mot khoang bang nhau).

Trén hinh 1.28 13 phé am thanh biéu dién theo dai 1/3 6cta va dai 1 octa.

80 |
//O\\ 10CTA
70 / /O,/’J’ /\
380 Y
= R
E 1/30CTA I mmaN i e N
S N ©
= NO—TO—~0. |
40
30 ! 1 | 1 ! 1 1 1 1 1 § { 1 1 1 | 1 {
125 250 500 1000 2000 4000 Hz
Tan s

Hinh 1.28. Phid am theo ddi 113 écta va ddi 1 écta
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Nhdn xét:

1. Mtic am theo dai 1 octa luén ludn 16n hon tri s6 16n nhat trong dai 1/3
octa tuong dng. Vi vay dudng biéu dién phé am theo dai 1 octa ludn ludn
nim phia trén phé am theo dai 1/3 écta.

2. Khi mic am cla ba dai 1/3 écta (tuong Gng véi dai 1 octa) déu bing
nhau, thi muic chénh léch gitia hai dai s&€ 16n nhat va bing 5dB.

3. Khong thé xé4c dinh mtic 4m theo dai 1/3 écta khi biét miic am cta dai
1 6cta tuong tng.

2. Xdc dinh mic dm theo thang A (dB, A) khi biét phd dm thanh

2

O trén chiing ta di biét mic 4m xdc dinh theo thang A 1A miic am téng
cong dugc hiéu chinh v€ cam gidc nghe clia tai ngudi & cdc miic thap. Céc tri
s6 hiéu chinh vé thang A thco ddi 1 6cta c6 thé xdc dinh theo biéu dé hinh
1.24 hoac theo bang 1.6.

Bang 1.6. Cac tri s6 hiéu chinh vé thang A

) Tri s6 hiéu chinh, dB ) Tri s6 hiéu chinh, dB
Tan s6, Hz Tan s6, Hz
Dai 1/3 octa Dai 1 octa Dai 1/3 octa Dai 1 octa

100 -19 800 -1
125 -16 -16 1000 0 0
160 -13.5 1250 +0.5
200 -1 1600 +1
250 -8.5 -8.5 2000 +1 +1
320 6.5 2500 +1.5
400 -5 3200 +1
500 -3 -3 4000 +1 +1
640 -2 5000 +0.5

Tinh todn muc &m theo thang A dugc tién hanh theo hai budc.

Budc 1. Hiéu chinh céc tri s6 do vé thang A.

Budc 2. Cong miuic am & tit ci cdc dai tdn s6 theo phuong phdp tong ning

luong gidi thiéu & muc I clia phan nay.
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Vidul.4:

Theo phé am thanh ctia dai 16cta dd tinh todn duge & vi du 1.3, xdc dinh
mic &m téng cong theo thang A.

Bai gidi
Tinh todn hiéu chinh mic 4m theo dai 1 6cta vé thang A gidi thieu &
bang 1.7.
Miic 4m téng cong theo thang A x4c dinh nhu cong thic (_1.14).
I.
L,= lOngI—',dBA
Céc tri s6 I, /I, twong tng véi mébi dai tan s tinh todn tuong tu vi du 1.3

va dua vao bang 1.7.

Bang 1.7. Vi du tinh todn mic am L,

Tén s6, Hz 125 250 500 1000 2000 4000
Murc &m, dB 65 69,8 75 635 | 675 51,6
Tri s6 hiéu chinh A, dB 49 61,3 72 63,6 58,5 52,6
1 7,94.10° | 1,35.10° | 15,85.10° | 2,29.10° | 0,71.10° | 0,18.10°
Ii

ZI—=20, 46.10°

Vay: L, = 101g(20,46.10% = 73,1 dBA

Ghi chii: Mic am téng cong theo thang A (dB, A) tinh toan nhu trén €6
thé khéc it nhiéu so véi mitc 4m téng cong theo thang A doc trén mdy do.
Nguyén nhan clia sai khic nay-1a-mue-tinh todn chi bao gom nang lueng am
ctia sdu dai tan s, con mic 4&m do gdm toan bd nang luong do ngudn biic xa
trong toan pham vi tan s6 (c6 thé tir 20 dén 20.000Hz).

1.4. TRUYEN AM G NGOAI TROI

Su truyén am & ngoai trdi c6 nhiing dic diém sau day:

1. Khong gian ngoai trdi 12 tréng trai, vi vy séng am chi lan truyén di ma
khong cé séng trd lai. Séng 4m nhu thé goi 12 séng chay.
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2. Su truyén am chiu anh hudng cha thoi tiét nhu gié, phan b6 nhiét do
theo chiéu cao tir mat dat.

3. Su truyén am chiu dnh hudng hit 4m clia bé mat dat (dat x4i, dat trong
cd, trong cdy, mat nudc, mat bétong v.v...).

4. Trén dudng truyén am c6 thé gap chudng ngai nhu nha cilra, tuong
chén, hang cay...

Ching ta s& 14n lugt xem xét cdc trudng hop cu thé sau day:
1.4.1. Su tit dan 4m thanh trong khong khi

Khi 4m thanh lan truyén trong khong khi, ning lugng am s& giam dén
theo khoang cdch xa ddn nguén am. D6 12 hién tugng tit ddn ciia am thanh,
xay ra do hai nguyén nhén sau day:

- Do cang xa nguén 4m, nang lugng am phai chia sé cho mot khoi lugng
cdc phdn tr moi truong cang 16n. DS la su gidm nang lugng am theo
khoang cich.

- Do ma sét clia cdc phédn tlr moi trudng khi thuc hién dao dong. Sy gidm
nang luong nay goi 1a su hit 4m ctia khong khi hay con goi la su hit am
nguyén tir.

1. Su gidm ndang luong am theo khodng cdch

a) Trieong hop ngudn dm diém

Néu mot ngudén am diém cé cong sudt P(W), bic xa séng cdu, thi &
khoéng céch nguén r(m) cudng dé am c6 thé tinh theo cong thiic:

P
[ =—s (1.15)
4nr

Cong thiic (1.15) cho thay, mdi khi khoang cdch r tang 1én gap doi, cudng
d6 am lai gidm di b6n 14n (xem hinh 1.29 minh hoa hién tugng nay). Su
giam nang lugng clia séng ciu theo khoadng cdch nay goi 1a ludt gidm ty 1¢
nghich vdi binh plutong khodng cdch.

Logarit héa hai vé& cong thiic (1.15), ta xdc dinh dugec mic am (dB) tai r
theo cong thiic:

(1.16)

L =L,+101
‘ P g4'rtr2

hay: L,=Lp-20lgr-11,dB, (1.17)
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trong d6: L, - miic cong sudt am clia ngudn, dB.

Hinh 1.29. Ndng lupng dm giam theo ludt binh pluong khodng cdch

Bai todn thudng gip la xdc dinh do chénh léch mic am tai cdc khoang
cdch r) (c6 miic am L) va r, (mtc am L,), v6ir, > 1.

Ta cé:

| AL =L, - L, =20Igr,/r|, dB (1.18)

Theo cong thiic nay, moi khi khoang cdch ting 1én hai lan, mic am gidm
di 6 dB.

Xét truong hop tong qudt, mot ngudn am diém cé tinh dinh huéng Q (Q
xdc dinh bang ty sd gilta cudng do am theo hudng khio sit vi cudng do
trung binh déi véi moi hudng & cling khoéng cdch) biic xa ning lugng P(W)
vao mot géc khéi Q. khi d6 cudng do am & khoang cdch 1(m) xdc dinh theo
cong thic sau:

P.Q
A N Ce e e L (19)
Qr’
Logarit héa ca hai v&€ cong thiic (1.19) ta duge:
L,=L,+ 10gQ - 20lgr — 101gQ (1.20)

- Trudng hop ngudén am bidc xa déu vao khong gian (Q = 1 va Q = 4m)
mic am L, tré vé cong thic (1.17).-

- Khi truyén am trén mit phang (nlta khong gian, Q = 27) miic am tai r c6
dang (véi Q = 1):
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L,=L,-20lgr-8,dB (1.21)
- Khi truyén &m tir géc nhi dién (Q = =), iu’cmg tu ta cd:
L,=L,—-20lgr-5,dB (1.22)

b) Truong hop neudn dm diuon st o
8 hop ng 8 — Métsong—,

V6i nguén am dudng (bic xa
séng tru), do giam cudng do am tlr

khoang cich r;(I;) dén khodng V
cich ry(1,) theo quan hé: guen / «<_

I, 1

. / K’\
dugc minh hoa trén hinh 1.30.
D¢ chénh léch mtc am giita céc Hinh 1.30. Sit gidin cuong do
khodng cdch r; va r, ldc ndy s& Ia: cila nguon dm duong
.
AL =101g-,dB (1.23)
L
i

Cong thiic (1.23) cho thdy, doi véi ngudn dm duong, méi khi khodng cach
tang lén gdp doi mitc Gm sé gidm di 3dB.

Chii thich: V& mit 1y thuyét cdc séng phang khong suy gidm nang luong
theo khoang cdch, ma chi suy gidm do su hit am nguyén tl, s& xem xét
lrong muc sat.

2.8y hitdm cua khong khi

Su hit am cla khong khi phu thudc rdt 16n vao tin s6 4m, dong thoi phu
thudc vao nhiét do va do dm ctia khong khi, thudng x4dc dinh theo do giam
mtic am trén moi mét chiéu dai truyén am (dB/m). Trén hinh 1.31 1a biéu dé
xdc dinh su hit am clia khong khi & 20°C theo tin s& Am va do 4m tuong déi
¢ (theo %).

Vidul.5:

Xdc dinh do giam miic &m clia mot ngudn diém phdt séng cau tir khoéng
cdch ngudn Im dén khodng cdch 50m & ngodi trdi cé do Am 80% tai cdc tén
s6 1000Hz va 2000Hz.
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Bai gidi:
Do giam mitc am do khoang céch 1a (theo cong thic 1.18):
AL, =201g50 =34 dB

Do giam mitc am do sy hiit &m cha khong khi (& nhigt do 20°C va do
4m 80%):

- Véi tan s6 2000Hz ta ¢6 AL, = 0.0055 % 50 = 0.275 dB.

Po gidm miic am dng cong ¢ khoang cach 50m so véi khoang cdch im la:
- Véi tdn s6 [000Hz ta c6 AL = AL, + AL, ~ 34 dB.

- Véi tin s6 2000Hz ta c6 AL = AL, + AL, =~ 34,3 dB.

dBim 1,0
0,5 —
' NS
02 \\\\\
! N
o NN, || @ nnied 9 peg
| SR
0,05 A TN
NAN
0,02 NANER
N\ 2,
0,01 NN
0,005 ANRTENEAY
\NAULTAY
0,002 \@?Q\\\
2
0,001 R \t\\
0,0005 NN
N \ N AV
0,0002 | 2138 I \g\
' NN
0,0001

100K 50K 20K 10K 5K 2K 1K 500 200 100
Tan s8, Hz

Hinh 1.31. Su hiit dm cia khéng khi

1.4.2. X4c dinh mifc Am tong cong ciia nhiéu nguon

Mtic am tai mot diém trong khong gian c6 thé do nhiéu nguén am truyén
t6i. Khi dé, mitc am tai diém khdo sit 1A mic am t6ng cong clia cdc miic
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thanh phan (khong xét dén sy léch pha clia cdc miic truyén t6i). Ta hay xét
mot s6 trudng hop cu thé sau day:
- Trudng hop cé hai mitc thanh phdn: Am truyén t6i di€m khéo sit gom
hai mijc thanh phén L, va L, tir hai huéng khdc nhau:
L

L, = IOIgI—i; L,= lOlg—I—.

Miic am tdng cong (Ly) tai diém khéo sét x4c dinh theo cong thitc (1.14):
L, = 101g1_1ﬁ
h I()
Ly = 101g2—;'— =L, +101g2;

Ly =L, +3dB.
Nhu vay, néu hai mic am truyén dén bing nhau, thi mic am tng cong
bang tri s6 clia mot midc cong thém 3dB.
+NéuL,=L,vaL;>L,, nghialal, >I,:
Khidé I, =al, véia< 1, taco:
L, =101g%— va L, =101gEII—‘.

Mitc am téng cong la:

I, +al,

L, =10lg =L, +10lg(l+a)

o

Goi AL = 10lg (1+a) 1a mic am gia tang, ta co:
Ly=L,+AL (1.24)
Tri s6 AL phu thuoc chénh léch cdc mifc &m thanh phan (L; — L,):

L,-L, =101g;—1—101g311—‘=—101ga

Tinh todn muc am gia tang (AL) theo chénh léch giita hai mic thanh phén
(L, — L,) dugc thé hién trong bang 1.8.
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Bang 1.8. Mic am gia tang phu thuc hiéu (L; — L)

a L4 — Ly =—10lga, dB AL = 10lg(1+a), dB

1 0 3

038 1,0 2,6

07 o 16 23

0.6 2.2 2,0
T N e ¥ R X

0.4 40 15

0.3 5,2 1,1

0.2 70 0.8

0.1 10,0 0.4

CAc két qua tinh todn trong bang 1.8 dugc biéu dién trén biéu dé 1.32.

3.0
2.8

24

2.0 N

1.6

12 iy

Mtc am gia tng,AL, dB

0.8

7

N

[T

=
0 (1]
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(L,-L,0dB

Hinh 1.32. Biéu dé dé cong mite am
- Truong hop ¢6 n nuic dm bang nhau ciing truyén dén diém khdo sdt:

L]=L2=L3:.=LH=L




Mufc am téng cong xdc dinh theo cong thic:
Ly =L+ 10Ign (1.25)
- Truong hop ¢é nhiéu miic dm
khdc nhau truyén dén diém tinh todn. |

Midc am téng cong cé thé | |

xdc dinh bing cdch cong dén khi dp l l

dung cong thic (1.24) theo so d6 &
hinh bén.
(Truong hop bon nutc thanh phdn)

Vidul.6:

Xdc dinh muc am tdng cong tai diém A do bén nguén am cling truyén t&i
c6 mic am la: L, = 85dB; L, = 80dB; L = 82dB; L, = 78dB.

Bai giai

D€ thuan tién, tién hanh cong dén muc am tir cao dén thap.

L -L;=85-82=3dB—>AL;;=18dB—>L,;=85+1,8=86,8dB.

L,5;-L,=86,8-80=6,8dB — AL,3=0,8dB — L,,; = 86,8+0,8 = 87,6 dB.

1.4.3. Anh huéng ctia gi6 va phan bé nhiét do dén su truyén am

Gié ¢6 thé anh hudng dén gradien van téc clia séng am, do dé 1am thay
déi mat séng am thanh. O gén mat dat van téc gié nhd, khi do cao tang lén
van toc cling ting lén, diéu dé lam cho cdc tia Am cé xu hudng udén xudng
mat-dat-theo-chiéu gi6, va udn 1én cao theo chiéu nguoc hudng gié (hinh
1.33), tao thanh béng dm & phia ndy.

Van lac gio

\

1
\
A

Hinh 1.33. Anl luidng ciia gié dén su truyén dm
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Gi6 con 1am thay ddi miic 4m theo cdc huéng khdc nhau. Tiry theo van t6c
gi6, mitc 4m thusn theo chiéu gié c6 thé 16n gap 2 - 3 14n theo chiéu ngugc gid.

Su phan bé nhiét do trong khong gian khong déu theo chiéu cao va khong
giong nhau gifta ban ngdy va ban dém gitta doi nii cao va thung liing sau. 0]
ving déng bing, ban ngay nhiét do & gdn mat d4t 16n va gidm dan theo
chiéu cao. Ban dém, ngugc lai, nhiét do & gdn mat dat thip (do sy bic xa
nhiét ctia mat dat vao khong gian) va tang ddn theo chiéu cao. Két qua
hudng clia c4c tia am bi thay ddi va dang mat séng ciing thay doi. Trén hinh
1.34 thé hién su xu4t hién béng am & gdn mat d4t lic ban ngay.

15°C

NGAY
30°C
20°C

DEM
10°C

Hinh 1.34. Anh hudng ciia phdn b nhiét dé dén s truyén ém

1.4.4. Anh huéng clia vat can dén su truyén am

Séng am trén dudng lan truyén c thé gap cdc vat can nhu ngoi nha, bic
tudng, hang cay... Khi d6 mot phan ning lugng am s& phan xa trd lai sau khi
dap v cdc vat can, lam ting mic 4m & phia trudc, dong thoi & phia sau vat
can c6 thé tao thanh béng am ma d¢ 16n clia né phu thudc kich thudc cla vat
can va budc séng am. T4n s6 4m cang cao, béng &m cang rd rét (hinh 1.35a),
con & cdc tan s6 thap, dic biét khi budc séng 4m x&p xi hodc 16n hon vat
can, am thanh c6 thé xam nhap vao béng &m do hién tugng nhiu xa (hinh
1.35). Tuy nhién trong ca hai trudng hop nang lugng am trong ving béng am
déu gidm dang ké so véi khi am thanh lan truyén ty do. Tinh todn cu thé
trudng hop nay sé dé cap & chuong 6.

48



-

Nguén Nguén
am am

Hinh 1.35. Sy hinh thanh béng ém doi véi tdn sé cao (a)
va xudt hién nhiéu xa & tdn so'thap (b)

1.5. TRUYEN AM TRONG PHONG KiN

1.5.1. Hé s6 hut Am va luong hit Am-

Khi &m thanh lan truyén
trong phong kin t6i gip mét
bé mit két cau thi s& xay ra
cdc hién tugng (hinh 1.36):

Am phan xa

SOMANARLARRRNRARRARNNNY

- Mot phin nang lugng am

s€ phan xa trd lai vao phong. Am
A
a / "
- Mot phan ning lugng am Am i6i é xuyen qua
sé truyén qua két ciu sang %
phong bén canh;

~ Hinh 1.36. Sy phdn xa va hiit dm

- Mot phan bi tiéu tin clia cdc két cdu trong phong

trong vat liéu két ciu.
Khi nghién ciiv-4m hoc cdc phong ching ta chi,quan tdm phan nang
luong Am ‘phan xa'tr& lai v nang lugng 4m bi mat di. Do d6é phidn nang
lugng 4m tiéu tdn vA phén truyén qua dugc goi chung 12 ning lugng am' bi
hit. Ta cé:
L[=1+L,
trong d6: 1, - cudng do am ti mat két cdu; I - cudng do Am phén xa;
I;, - cudng do am bi hit.
Dé dic trung cho tinh chat hit &m clia vat liéu, ngudi ta dung hé s6 huit dm,
ky hiéu a, véi:
I

—h 1.26
L (1.26)

o=
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Tinh chat phan xa am thanh ciia cdc vat liéu dugc dédc trung bang hé 56
phdn xa dm, ky hiéu B, véi:

I _
B=—L (1.27)

I.‘ .
Dodé: =~ Co#p=lc - (1.28)

Tat ca céc vat liéu déu hdt am, chi c6 it hoac nhiéu. Hit am 12 sy chuyén
ddi nang liong am thanh c4c nang lugng khac nhu nhigt nang, co nang...
N6i chung céc vat liéu cang rdn, dac, nhin cang it hiit 4m, hé s6 hit am x4dp
xi khong. Nguoc lai ching ta 6 thé tao duge cédc vat liéu hiit am x4ap xi don
vi. Van dé hiit am s& dugc nghién cttu k¥ hon trong chuong 3.

Mat khdc, kha nang hit am cha vat liéu thay doi rat nhiéu theo tdn s6 &m
thanh va thudng dugc biéu dién dudi dang mot dudng ddc tinh tdn s6 it dm
« (hinh 1.37), né cho biét kha nang hit &m cta vat liéu manh & ving nao,
gidp chiing ta sir dung chiing mot cich hop ly.

Kha nang hiit am clia mot bé mét c6 dién tich S (hé s6 hiit am la o) duge
dénh gia bang ligng hiit dm niong duong cha né, ky hiéu 1a A, xdc dinh theo
cong thc: 7 |

A = Sa,, don vi 1a m’.

Vi dy: mot bé mat dién tich A
o 1
S = 100m?* c6 hé s& hit am o =
0,35 (6 mot tan s6 nao do) s€ co
lugng hiit am tuong duong la: - £
A =100.0,35 = 35m’ 205 / \\
3 //
N6i khéc di, bé mat khao sat £ p
100m* c6 kh& nang hit am — [ |
tuong duong mot dién tich hoan 0 r :
toan hit am 13 35m>. 125 25 500 1000 2000 4000 Hz
Tan s&
Pé don gidn ngudi ta goi tat Hinh 1.37. Ddc tinh tan s6 hiit am
noé 1a lirgng it dm. cila mot vt liéu

Mot phong s& c6 nhiéu bé mat dién tich khéc nhau (S;) v6i hé s6 hut

am khac nhau (). Luong hiit 4m ctia mot phong 13 lugng hit am tong
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cong cua tdt ca cdc bé mit va cdc vat c¢6 trong phong dé, xdc dinh theo
cong thuc:

trong dé:
N, - s6 vat hiit am c6 trong phong;

a,, - luong hit am chia mot vat.

1.5.2. Truong am truc ti€p va trudng am phan xa

Gia thiét ring trong mot
phong kin ¢ mot nguén phat
am S (hinh 1.38). Nang luong
am ngudi nghe tai N nhin
dugc gém hai phdn

- Nang lugng am truc ti€p
t6i tit ngudn, goi 1a I; Hinh 1.38. Truong dm trong phong kin:

. S - nguén am; N - ngudi nghe.
- Nang luogng am cua céc

phén xa tir cdc bé mat trong phong goi 1a I,
Nang lugng am truc tiép cé thé xdc dinh nhu khi truyén &m & ngoai troi,
nghia la:

I, = P 5
4mr
trong do:
P - cong suét clia ngudn am;
r - khodng cach tir nguén 4m dén diém N.
Am thanh khi dap vao céc bé mat, mot phan nang lugng s& bi hiit, vi vay

ning luong 4m sau mot lan phan xa t6i N cé thé x4c dinh theo cong thiic (bd
qua cic nang luong phan xa bic cao):

I, = .i(_l__i) (1.30)
Sa
Véi q=2% A (1.31)
xS S

1
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Tri 56 So/(1 — ) duoe dat tén [a hdng 56 cila phong. Ky hiéu 1a B, dac
trung cho tinh chét hit am ctia mot phong:
| B - Sa _ A
(I-a) (Q-o)

(1.32)

Khi phong it hit am, o nhd, tfi 86" B cling 1hd, Tri s6 B-16n ching 6
phong hit am manh. Thay B vao cong thifc (1.30) ta cé:

4
I, :‘E.P

Do d6 nang luong am téng cl{)ng tai N 1a:

Ir=Il+Iz=P(-4—T:;2—+%J ‘ (1.33)
Khi logarit ca hai v€ cong thiic (1.33) ta xédc dinh dugc mic 4m tai N:
Lr=LP+101g( 12+'-‘3) | (1.34)
4 B

trong d6: L, - mitc cong sudt clia ngudn am.
Phan tich cong thic (1.34) chiing ta nhén théy:

- O mot khoang cdch r dfi 16n, tri s& 1/4ms* s& rat nho so véi 4/B, nghia la
khi d6 mic am trong phong khong con phu thudc khodng cdch nifa va bat
diu tir khodng cdch dé miic 4m trong phong dugc coi 1a c¢o dinh. Ta c6:

4
Ly ~Lp+10lg—

Trudng am trong viing ndy goi 1a frudng dm phdn xa.

- Khi ngudi nghe & gdn ngudn 4m (r rat nhd) tri s6 1/4nr’ trd nén khé 1én
so v6i 4/B, khi d6 chiing ta tr& vé bai todn truyén am ngoai troi. Nghia la:

L,~L,+10lg
! : g47tr2

Trudng am trong ving ndy goi 1a truong dm trec tiép.
Nhu vay trudng am trong phong c6 thé biéu dién theo bi€u do, trong dé

truc tung dat hiéu mic am (L, — L) va tryc hoanh dat khoang cédch r tir
ngudn am dén diém khao sdt (hinh 1.39).
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Khoang céch chuyén tiép AL - L, (dB)
ti truong am truc ti€p sang ]
trudng 4m phan xa, dugc goi

1a khodng cdch giéi han, ky y Buting thyc té

3dB

hiéu r

gh
Trong thuc t€ cdc ngudn
am thudng biic xa khong déu

theo cac huéng khic nhau,
nghia 13 nguén am cé tinh ] i -
dinh hudng rd rét. Trén hinh Treong tryc tiép!  Trudng phén xa

1.40 gidi thiéu sy phin bo
miic 4m cua tiéng ndi ching
ta trén mit phing ngang.

Hinh 1.39. Truong ém tryc tiép
va truong dm phdn xa

a) b)

Hinh 1.40. Phén b6 mitc am trung binh cila tiéng néi theo cdc hidng (a)
va phain b6 mitc ém theo tdn sé cila tiéng hét (b).

Khi xét dén tinh dinh huéng clia ngudn am, cong thiic (1.34) s€ c6 dang:

Q 4]
L, =L,+10l +— (1.35)
P g(4nr2 B

trong d6: Q - hé s6 dinh huéng (xem céng thitc 1.19).

Biéu dé trén hinh 1.41 cho thay anh hudng cla tinh dinh huéng cta
ngudén am dén su thay ddi ban kinh gi6i han gifia trudng am truc ti€p va
trudng Am phan xa.
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L,-L,(dB)

1
{se]

Trudng truc tiép Q= 1 r(ni
Trudng truc tiép Q > 1

Hinh 1.41. Anh hudng ciia Q dén bdn kinh giéi han

Biéu dé hinh 1.42 c6 thé dung trong tinh todn thuc t€ dé x4c dinh mic am
trong phong khi hiing s6 phong thay déi (B = 5 + 2000m®) va tinh dinh
huéng khic nhau (Q = 0,25 + 8) [15].

L, - L,(dB)
+10
+5
q
N
0 ‘:\\N
NI ey
Eh- N \§\ B=5
5 N k- - N~ B.=10'_-F
N <] -
SN - B=20
-10 Mt 5 N -_-\\ \\\ \_‘\_
~: J N \ ,\]’:\\\ B=50
5 AR W A B=100
Ry N R ——
N3l i NN 1 B=200"1
20 N ‘5_\\5\5 I~ 8=20
‘\x:liig - 18500
25 T TS B=1000:
I’ gx B=2000]
-30 R, Q\ ¥ <
3% L 0%:\ N\ NN
04 02 030405 1 2 3 4 5678910 20 30 405060 100  rm

Hinh 1.42. Su thay d6i miic dm trong phong phu thuéc Bva Q
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Vidul.7:

Hay x4c dinh bén kinh giéi han mic am cla trudng tryc tiép va trudng
phén xa trong mot gidng dudng kich thudc 15m x 25m (rong x dai) c6 téng
dién tich cdc bé mat1a S = 1500m? va hé sé hit am trung binh o = 0,25.

Nguén am dat & phia truéc ¢ mic cong sudt Lp = 80dB va dang huéng

(Q=D.

Bai gidi:

Xac dinh hang s6 cla phong:

Theo B =500 va Q = 1, tra bi€u d6 hinh 1.42 ta x4c dinh dugc:

Sa _1500.0,25

l-a  1-0,25

- Khoang cich gidi han ry, = 6m.

- Mifc am cla trudng phan xa (r > 6) chénh léch véi mifc cong suét cia :

ngudn am la:

L, -L,=-21dB

Do d6 miic am trong trudng phan xa la:

Trong viing trudng am tryc ti€p mic am thay déi theo khoang cdch nhu sau:

=Khir=2m:
- Khir=3m:
- Khir=4m:
- Khir=5m:

L =Lp—21=80—21=59dB

PX

Ly=E,=-16dB — L,=64dB
L,~L,=-18dB — L,=62dB
L,~L,=-19dB — L,=61dB
L,~L,=-20dB — L,=60dB

Tai bén kinh giéi han: L, = L, = 59dB.

= =500m>
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, Chu‘omg"zy
- PACPIEM TRUGNGAM ~ — —
TRONG CAC PHONG THINH GIA

2.1. CAC PHUGNG PHAP NGHIEN CUU AM HOC PHONG

Trong chuong nay ching ta s& nghién ctu cdc hién tugng xay ra khi am
thanh lan truyén trong mot phong - mot khong gian kin bi gidi han bai cdc
bé mat két cdu (tudng va tran). :

Nhu di biét, séng am 12 nhiing séng dp sudt, lan truyén tlir ngudn 4m dén
moi diém trong phong - d6 1a séng truc tiép.

Khi am thanh truyén t6i cdc bé mat trong phong, s€ xay ra cdc hién tugng
phén xa va hit am: mot phdn ning lugng am t6i bi vat liéu clia bé mat hut di,
phan con lai s& phén xa trd lai vio phong (hinh 2.1) d6 1a cdc song phdn xa.

Hinh 2.1. Séng am lan truyén trong phong sau 1/60s (a) va sau 1/30s (b)

Céc séng phan xa c6 thé 12 bac mot (chi mot lan gap bé mat), bac 2 (hai
idn gip bé mat), bac ba (ba l4n gap bé mat), hoac bac cao hon. Cic séng truc
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ti€p va séng phan xa lan truyén khép phdng, chéng chéo 1én nhau, hoa hop
v6i nhau, tao thanh trudng am trong phong.

Mit khdc, khéi khong khi bi bao boc bdi cdc bé mit trong phdng vé mat
vat 1y 12 mot hé théng dao dong, cé thé dao dong khi bi kich thich clia séng
am. Déng thoi ban than né ciing cé nhiing tin sé riéng, c6 thé cong hudng
dao dong ngay ca khi ngudn am da tat.

. Chinh vi vay, ngudi ta da vi phong v6i mét hop dan vi cdm, nhung cé
kich thuéc 16n hon va mitc d6 phic tap nhiéu hon do tinh da dang cta cdc bé
mét phong.

Cic hién tuong vira néu lam cho trudng am trong phong trd nén rat phic
tap va c6 thé khong ddng déu tai cdc diém khdc nhau trong khong gian clia
phong va ching s€ c¢6 anh hudng dén chat lugng cam thu 4m thanh trong
phong dé.

Noi dung nghién cttu ctia 4m hoc kién tric 1a tim hiéu cdc quad trinh dm
hoc xdy ra khi truyén dm trong cdc phong, dnh hwdng ciia né dén sy cdm thy
am thanh, nhé dé dua ra dugc cdc tiéu chudn va phuong phdp thiét ké phong
c6 chdt higng dm thanh cao.

Am hoc kién tric bt ddu dugc chi ¥ tir the ky XIX, nhung mdi dén ddu
th€ ky XX, nho cdc nghién cdu ciia W.C. Sabine - mot gido su vat 1y nguoi
M§ - méi dat dugc cdc két qua dinh lugng ddu tién, ddnh ddu md dau mot
giai doan phét trién manh mé clia 4m hoc kién tric cho t6i ngdy nay va trd
thanh mat moén khoa hoc riéng biét.

DE nghién ctu trudng am trong phdng, ngudi ta thudng st dung ba
phuong phap sau day:

- Phuong phédp st dung [y thuyét séng, nghién ctiu trudng 4m theo ding
ban chat séng clia &m thanh, nghia 1a coi phong nhu mot hé dao dong ba
chiéu, cdon am thanh 12 mét tin hiéu tdc dong trong mot dai rong tan s6. Ly
thuyét séng cho phép phan tich mot cdch nghiém ngat cdc qud trinh 4m
thanh xdy ra trong phong. Tuy nhién do phai van dung cdc cong cu todn hoc
phiic tap va mdi chi dua ra dugc céc két luan dinh tinh nén it dugc ap dung
trong thuc t&€. Ching t6i s& gidi thiéu mot cach vén tit phuong phdp nay véi
céc hudng dan dp dung trong thuc té€ thi€t k&€ cdc phong.
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- Phuong phdp sir dung todn hoc thong ké nghién ctiu trudng am trong cac
phong, nén con dugc goi 12 phuong phdp Iy thiyét thong ké, ma ngudi khoi
xudng 1a gido st W.C. Sabine. Mifc d6 chinh x4c clia cic k€t qua nghién ciu
phu thuoc sir phit hop giffa cdc diéu kién am hoc thuc t& so véi cdc gia thiét.
Cho dén nay, sudt gan mot the ky, 1y thuyét thong ké vén 1a chd dua chi yéu
dé thiét k& am thanh céc phong.

- Phuong phdp st dung [y thuyét dm hinh hoc theo do truo‘ng am trong

phong dugc hinh dung dudi dang s mot t8ng hop céc tia phan xa qua lai giiia
cdc bé mat phong. Tuy 1y thuyét am hinh hoc d@ don gidn héa qua trinh
truyén am, nhung lai cho phép ta dé dang nghién ctiu va hinh dung biic tranh
trudng 4m, vA dac biét dd gidi thich dugc nhiu hién tugng am hoc xay ra
trong céc phong, xac dinh duge dnh hudng clia hinh dang va kich thude cac
bé mit dén su hinh thanh trudng 4m... Phuong phdp 4m hinh hoc c6 nhiéu dp
dung trong thuc t€ thiét k& va cé do chinh xic khd cao & pham vi cé4c tdn s6
cao clia am thanh.

Trong céc muc ti€p theo clia chuong nay chiing t6i s& lan lugt trinh bay
cic két qua nghién cttu am hoc cdc phong theo ba 1y thuyét néi trén.

2.2. PHAN LOAI VA PANH GIA CAC PHONG THINH GIA

Cic phong thinh gid dugc phan loai theo dic di€ém clia cic nguén am va
duoc phan thanh ba nhém:

- Nhém I: céc phong nghe am thanh tryc ti€p tit ngudn am.

Trong cdc phong thudc nhém ndy, am thanh sau khi-phdt ra.tlr nguén am
(tiéng néi, 4m nhac) s& lan truyén trong phong va t6i ngudi nghe dudi dang
céc séng tryc ti€p va séng phan xa. Am thanh trong trudng hop nay dugc coi
12 am thanh tu nhlen Cac glang dudng, hoi truofng, nha hat, phong hoa nhac
thudc nhém nay. -

- Nhém 2: gébm céc phong chi nghe &m thanh qua hé théng dién thanh.
Khi d6 cin phan biét hai loai phong (hinh 2.2).

Phong thit nhét 13 phong cé ngudn am. Am thanh phét ra dugc thu nhan
bang cdc mircrophon va dugc gh1 vao céc thiét bi thu, gux am thanh (nhu
bang tt, dia CD, VCD hoic dudng tiéng trong phim nhya). Cdc phong nay
duoc goi 14 cdc studio am thanh, hay gap trong cic hang san xuat phim éanh,
céc cong ty phdt thanh, truyén hinh, san xuat bang dia v.v...
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Hinh 2.2. Cdc phong cé lién hé dién thanh:
1 - phong ¢6 ngudn 4m; 2 - phong phdt lai 4m thanh;
M - microphon; L - loa; KD - khuyét dai

Trong cic phong thit hai - phong phét lai &m - chiing ta chi nghe lai &m
thanh di ghi trong phong thit nhat qua céc loa ciia hé thong dién thanh, bé
ur{ trong phong. D6 14 céc phong chi€u phim, phong kiém tra 4m thanh
(kiém thinh).

Hai phong néi trén duge coi 1a ¢6 lién hé dién thanh véi nhau.

- Nhém 3: gém céc phong trong dé ching ta vira nghe am thanh tryc ti€p
(am thanh tu nhién) lai vira nghe 4m thanh qua céc loa clia hé thong dién
thanh. Nhém nay thudng 1a cdc phdng cé khéi tich 16n, cdc phong da nang
v6i nhiéu chic ning sir dung lién quan dén cdc yéu cau am hoc khdc nhau.
Tuy nhién, ngdy nay céc phong kich thuéc nhoé hon ciing ¢6 thé str dung hé
théng dién thanh.

Cic phong thuoc nhém thd nhat va thit ba, phu thudéc vao dic diém chat
lugng thu nhan am thanh lai chia thanh:

- C4c phong chi nghe tiéng néi nhu cdc gidng dudng, phong hop.

- Cac phong chuyén dung nghe am nhac nhu nhac thinh phong, nhac giao
huong, nhac nha tho: '

- Cic phong vira nghe tiéng néi, ti€ng hat, vira nghe 4m nhac nhu nha hat
(kich, tudng, cheo, cai luong), cdc phong da nang.

Trong céc-phong ké trén chiing
ta c6 thé gap hai khong gian lién ké
va thong v6i nhau qua mét cira c6 ~N
dién tich s (hinh 2.3), nhu trudng § S

A
A,

hop san khéu théng véi phong thinh S
gia, hoac phong thinh gia thong véi
cdc "l6 gh&". Hai khong gian nhu
vay goi 12 c4c khong gian cé lién hé

dm thanbh. Hinh 2.3. Cdc phong cé lién hé am thanh

A,
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Dic diém am thanh clia ching s& chiu anh hudng qua lai cta nhau phu
thudc d6 16n s ctia ctra lién hé. v

Mot van dé hét sic quan trong, chi ph6i moi nghién ciiu &m hoc cic
phong 12 van dé€ ddnh gid chat lugng am thanh cdc phong. Danh gid xdc déng
nhat 12 su cong nhan clia thinh gia, hay goi 13 dénh gid chi quan.

- D6i véi cac phong ding cho ti€ng néi chat lugng am thanh chit y&u
dugc danh gid qua d¢ r6. Khi ti€ng néi hiéu dugc rd rang, khong giam déan
theo thdi gian, ngudi nghe khong cam thdy cing thang thi phong dugc coi Ia
c6 do 15 tot (khong xét t6i dac di€m cla giong ndi c6 bi thay déi hay
khong). Dé danh gid do6 rd mot cdch chinh xéc, loai trir cdc nhan t6 anh
hudng nhu dic diém clia giong néi, su chii ¥ cha ngudi nghe do tinh hap dan
clia ngudi néi v.v... ngudi ta ding mot phuong phép thuc nghiém goila doré
dm tiét. Noi dung phuong phdp 12 doc mot bai gom céc am ti€t (d6i véi ngon
ngit da am d6 12 nhitng don am chua tao thanh mot tir, doi véi tiéng Viét d6
14 mot tir vo nghia) dé cho ngudi nghe (cdc thi nghiém vién) ngoi tai cdc
vi trf khic nhau trong phong ghi lai. Ty s§ phén tram gilia cdc am tiét
ghi ding va toan b &m ti€t di doc chinh la do r6 am ti€t (DRAT) va dugc
V.O. Knudsen [34] dénh gid nhu sau:

+ D0 13 rat tot khi: DRAT > 85%

+Dororattotkhi: = DRAT=75-85%

+ Do 16 dat yéu cau khi: DRAT =65 - 75%
(lic nay ngudi nghe phai tap trung chi ¥).

+ D0 16 khong dat khi: - DRAT < 65%.

Do d6 DRAT = 75% dugc 14y lam tiéu chudn khi thiét k& &m hoc trong phong.

Do 15 clia ciu ndi (d6 16 cau) s& cao hon DRAT do ngudi nghe suy luan
dugc ¥ nghia cla cédc tir. Quan hé gitta chiing nhu sau:

+ DRAT = 85% tuong dng d6 10 caw97%; - -~ -~
+ DRAT = 75% tuong ting do rd cau 94%.
+ DRAT = 65% tuong ting do rd cau 90%.

- D6i véi céc phong dé nghe ca nhac, chdt lugng 4m thanh khong thé
danh gid bing DRAT dugc. Lic d6 ngudi ta dung khéi niém "nghe hay" -
mot tiéu chuédn rat khé dinh luong, vi ngoai céc di€u kién am thanh cua
phong, né con phu thudc tam trang, khé nang am hiu va thudng thic cta
ngudi nghe, ndi dung bai hat, ban nhac, trinh do biéu dién cha nghé si, v.v...
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Dé loai trir phdn ndo cic yéu t6 dnh hudng ndy, ngudi ta thudng ding chi
mot dan nhac, biéu dién cling mot tdc phdm, va ngudi nghe duge lua chon va
chudn bi truéc dé danh gid chat lugng Am thanh.

Cdc phuong phép ddnh gid chli quan vira néu tuy khd chinh xdc, nhung
chi c6 thé dé xé&p loai cic phong thinh gid di xay dung ma khong thé dp
dung cho c4c cong trinh cdn trén du 4n. Noi dung clia am hoc kién triic gidi
thiéu trong chuong ndy 13 tim ki€m céc tiéu chuén vat 1§, khich quan, cé
lien hé véi cdc thong s6 clia phong (nhu hinh dang, kich thuéc, thé tich, dic
diém hiit 4m va phan xa am cla cdc bé mit...) dé dénh gid trudc chat lugng
am thanh c4c phong, nhd dé cé thé dé ra céc gidi phdp am hoc hop 1y khi
thiét k& phong. Pay 12 mot van dé kha phic tap vi n6 vita lién quan dén céc
kién thic vat 1y - 4m hoc clia am thanh va clia phong, vira lién quan dén cic
diéu kién cdm thu 4m thanh ctia chiing ta.

2.3. NGHIEN CUU AM HOC PHONG THEO LY THUYET THONG KE

2.3.1. Co s& ap dung 1y thuyét thong ké dé nghién ciu Am hoc cdc phong

Nhu ta di biét, trudng 4m hinh thanh trong phong thinh gia 12 tdng hop
clia am truc ti€p va mot s6 lugng rat 16n cdc &m phan xa tir cdc bé mat trong
phong dén ngudi nghe tai mdi chd ngéi. Am phan xa dén tir nhiéu hudng, c6
bac phan xa ngay mot cao hon. Méi l4n phén xa tir m¢t bé mat, nang lugng
am lai gidam mot phan do bi hiit tai cdc bé mat d6. Cdc am phan xa c6 béc
cang cao, dudng di cang dai, nang lugng cang giam va dén ngudi nghe cang
chiam hon.

N&u ta tit ngubn am thi am thanh khéng tit ngay lap tic, ma gidm dan,
sau mot thoi gianngin mdi tat hin.

Ul

0 50 100 150

—{ms

Nang lugng

il

Hinh 2.4. Am truc tiép va cdc dm phdn xa t6i nguoi nghe trong phong
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Trén hinh 2.4 biéu dién biéu d6 céc 4m thanh tryc ti€p va &m phan xa t0i
ngudi nghe tai mot vi tri trong phong theo thdi gian, 18y thoi diém t6i clia &m
truc ti€p lam gdc (t = 0).

Qua biéu d6 2.4 ta thdy, cdc phan xa dén trudc 1a phén xa bac thap, mat
do thua thét, cang vé sau cang day déac céc phan xa bac cao.
~ "Mu6h 4p dung duoc 1y thuyét thong ke cdn phai dua vao mot s6 gia thiét
dé 1y tudng héa trudng am trong phong.

Gid thiet 1 coi céc pham xa-am t6i moi diémr trong phong fa-ti moi-hudng
v6i x4c sudt nhu nhau, déng thdi mat do clia cdc phan xa la khd day dac.
Mot trudng 4m nhu vay dugc goi 1a trudng 4m hoan toan khuéch tdn (hay
khuéch tan 1y tudng). Mitc do phi hgp cha am thuc t€ véi gia thiét 1 phu
thuéc rat nhidu vao hinh dang kich thudc ctia phdng va clia cic bé mat trong
phong, ciing nhu tinh chat hiit &m cha c4c bé mat dy.

Gid thiét 2 cho ring nang lugng am tai mé&i diém 12 nang lugng tong cong
trung binh cha tat ca cdc am tryc tiép va phén xa téi diém do, bd qua sy léch
pha giita chiing. Thuc nghiém cho thdy cdc am phic hop (tiéng ndi, ti€ng
hat, am nhac) c6 thé phi hop véi gia thi€t ndy. Cdc hién tugng nhiéu xa, giao
thoa clia &m thanh chi xdy ra d6i véi cdc &m don ma thoi.

Gid thiét 3 cho ring cic phong cdn c6 kich thude di 16n so véi budc séng
am thanh va cdc bé mat c6 hé s6 hit am twong ddi nhd va déu nhau. Gia
thiét ndy ciing twong d6i phit hop véi cdc phong thinh gia néi chung.

Khi chap nhan céc gia thi€t di néu, ching c6 thé x4c dinh hé s6 hit &m
trung binh ctia phong theo cong thitc (1.31):

ISy - A

©Tss S

o

trong dé: S Ia tdng dién tich cdc bé mat trong phong, m?.

Trudng hop trong phong cé thinh gia, hodc cac vat hit 4m khac (ban, ghe,
nhac cong véi cac nhac cu v.v...) thi lugng hiit &m A xdc dinh nhu cong thiic
(1.29) va hé s6 hit 4m trung binh khi dé s€ la:

Oy, =—é—(ZociSi +3a_N, ) 2.1)

Ap dung 1y thuyét thng ké ta ciing xac dinh duge ‘c‘]ﬁng dudng di trung
binh giita hai 14n phan xa la:
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A

by =T =g (2:2)
trong dé: ¢, - van tc am trong khong khi;
1 - thoi gian trung binh gifia hai 14n phan xa;
4V
T=—070 2.3)
c,S (
O day: V - thé tich clia phong.
S6 14an phan xa n trong mot giay la:
1 ¢S
= =" 24
T 4V 4

2.3.2. Qua trinh thu nhian am thanh trong phong

Theo cdch phén tich ndi trén, qué trinh thu nhin am thanh trong phong c6
thé chia 1am ba giai doan:

- Giai doan 1: Giai doan tdng, nang luong 4m tang din nhd duge bd sung
thém céc phan xa cho am tryc ti€p.

- Giai doan 2: Giai doan én dinh, x4y ra do sy can béng giiia nang lugng
am do ngudn biic xa va nang lugng am bi hit trong phong. Khi dé néu gii
¢6 dinh cong suat nguén 4m thi nang lugng am trong phong 1a mot trj s6 6n
dinh, khéng thay dai.

- Giai doan 3: Giai doan gidm, Xy ra sau khi tit nguén am. Nang lugng
s& giam ddn, Am dén trudc tat trude, dén sau tit sau cho dén khi tit han.

a) b) ¢)
E E
[} 2 ' L ’
Budng thang
1 3
g T ' T

Hinh 2.5. Qud trinh thu nhdn dm thanh trong phong:
a) Ly thuyét; b) Thuc nghiém; c) Biéu dién theo mitc dm (dB)

Trén hinh 2.5 minh hoa ba giai doan ndi trén ctia qua trinh thu nhan am
thanh trong phong, cho thay su phit hgp giita 1y thuyét va thuc nghiém.
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Trén co s& phuong trinh vi phan can bing nang lugng 4m trong phong:
dE

V.—=P -P, 2.5
a ¢° 23)

trong d6: V - thé tich ctia phong;
E - mat d6 nang luong am;
P, - cong suét &m clia nguon;
P, - nang luong am bi hit trong mot giay. .
Chiing ta viét dugc phuong trinh mat do nang luong 4m cho ba giai doan
nay nhu sau [37]:

Giai doan tang:

B, =25 (1-¢) 2.6)
C,A
Giai doan én dinh:
E, ==t @.7)
C.A
Giai doan giam:
| E,=E¢™ 2.8)
v6i t 1 thoi gian, 1dy t=0khi E=E_.
va o= CoA
4V

Chii thich: Khi 1ap c4c phuong trinh trén dd gid thiét sy hit 4m trong phong
(trén cdc bé mit vA trong khong khi) xdy ra mot cdch lién tuc, do dé nang luogng
cling giam mat céch lién tuc.

Khi biéu dién ba giai doan ndi trén theo ham logarit (mifc mét d6 nang
luong am) dudng cong tt dan s€ cé dang gan moét dudng thang (hinh 2.5¢).

2.3.3. Thoi gian am vang

Giai doan ting va én dinh x4y ra khd nhanh chi tinh bdng phin mudi
gidy, con giai doan gidm xay ra cham hon, (c6 thé tinh bing gay) va c6 anh
hudng 16n dén chat lugng thu nhan am thanh trong cdc phong. Chinh giai
doan nay tao ra ti€ng vang (reverberation) trong phong, cho nén con dugc
goi 12 qua trinh 4m vang, va thoi gian 4m thanh tat ddn trong qud trinh d6 12
thoi gian 4m vang.
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Dé dénh gid dinh lugng quéd trinh 4m vang, ngudi ta dua vao mot dai
luong méi, dat tén 12 "thoi gian dm vang chudn" va dinh nghia nhu sau:

Thoi gian dm vang chudn 1a thoi gian cdn thiét dé ndng liugng dm trong
qud trinh tdt ddn tir do trong phong gidm duwge mot triéu (10°) ldn so voi

s6"ban ddu. Tuong Gng vé6i d6 giam ndy cla nang lugng, miic am s& gidm
dugc 60dB.

L;= 101g5 =101g10° = 60dB
E E
2

" Micam, L, dB

0dB
60dB

i

N

0 1,0 2.0 3.0 Thai gian, L.

Hinh 2.6. Qud trinh tdt ddn am thanh trong phong
Vi vay ciing c6 thé dinh nghia thoi gian dm vang chudn la thoi gian tdt dén
ctia ém thanh trong phong dé cho mitc dm gidim dugc 60 dB (xem hinh 2.6).

Tir day vé sau chiing ta goi tit thdi gian 4m vang chudn 12 thoi gian dm
vang (reverberation time) ky hiéu bing chit T, do bang gidy (s).

Dung thoi gian Am vang chiing ta ¢6 thé ddnh gid dinh lugng qud trinh am
vang ciia mot phong 1a nhanh (T nhé) hay cham (T 16n).

2.3.4. Xac dinh thoi gian Am vang
1. Cong thirc Sabine (1902)

E,
Theo dinh nghia thoi gian am vang thi t = T khi: —% = 1078,

8}
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Tur cong thic (2.8) ta c6:

_64 V__ 64V
c,lge A 340.0,43 A
Vay [ T=0, 16% (2.9)

trong dé: T - tinh bang gidy (s):

V - tinh bang m*;
A - tinh theo m*.

Cong thiic (2.9) chinh 1a céng thic Sabine néi tiéng. Tuy nhién Wallace
Clement Sabine tim ra cong thiic ndy hoan toan bang thuc nghiém trong
nhiing dém miét mai trong phong thuc nghiém tir mia xuin dén mia ha nim
1896, khi thanh ph6 hoan toin yén tinh (tir nita dém téi sdng). Mii 30 nam
sau ngudi ta méi chiing minh dugc bang ly thuyét cong thiic Sabine.

Chi bing mot quan hé don gidn gifta thé tich va lugng hit am cla phong,
Sabine da tim dugc mot dai lugng ma cho dén nay vin coi 12 mot tiéu chudn
quan trong nhat cla 4m hoc phong, vi vay sudt mot the ky qua né da dugc dp
dung vao thiét k€ am thanh cdc phong thinh gia, va W. Sabine duoc coi la
nguoi thiy sing 1ap mon am hoc kién tric. D€ nhd cong lao clia 6ng ngudi
ta d4 1dy tén 6ng dé dat cho lugng hiit am clia phong (don vi clia A 12 Sabine
hoic m?).

2. Céng thitc Eyring

Khi lugng hit am cla phong 16n (o, > 0,2) tinh todn T theo cong thiic
Sabine thudng cho két qua khic nhi€u so véi thuc t€ Vi vay, C.IF. Eyring
(ngudi M§) nam 1930 da dua ra gia thi€t vé€ su hit am khong lién tuc cia
phong (su hit 4m x4y ra gidn doan méi khi a&m thanh dap vao bé mat phong)
dé tim cong thic méi tinh thoi gian 4m vang.

Néu nang luong am & giai doan 6n dinh 12 E thi theo Eyring nang luong
am con lai sau 14n phan xa thi nhat la:

E,=E, (1 - o)
Sau l4n phan xa thit hai: E, =E, (1 — o)’

Sau lan phan xa thitn: E =E_ (1 -a)"
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V1 1 14 thoi gian giita hai 14n phan xa, nén thdi gian t sau n lan phan xa la:

4V
t=nTt=n—-
c,S
Do d6: n=S
4V
Vay: E,=E,1-a)*Y
Theo dinh nghia thoi gian 4m vang ta c6:
Khi By 109 tacst=T.
[
Vay: By L1076 =(l-a)4V
E, -
Do dé: T= 64V
—c,lgeSIn(1—-oa)
_ 0,164V (2.10)
~SIn(1—a,) '
Hoac déi sang logq, ta c6:
_ 0,071V @.11)
=Slg(l-o)

Cong thiic (2.10) va (2.11) chinh 14 cong thic Eyring.

Chd y rang cong thiic Sabine va céng thiic Eyring chi khdc nhau & tri s6 o

va [=In(1 =a)].

xdc hon coéng thic Sabine khi

2,0
Khi o nho: -In(1 —a) ~ o lic d6 cong 516
thic Eyring lai trd vé cong thic Sabine. =12 7
Tuy nhién khi o 16n, hai ti s6 nay khde 98—
nhau 13 rét (hinh 2.7). 04 1

0
- . . . 2 . 2 04 06 08 1
Cong thiic Eyring cho két qua chinh 0 02 «

Hinh 2.7. Quan hé giiia o
o, > 0,2 trong mot phong trudng am dat va —In(l-a)
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dugc do khuéch tdn 1y tudng, vi vay né duge dung rong rai khi thi€t k&€ am
hoc cdc phong thinh gia.

3. Cong thitc Millington

Khi vat lieu hit am trong phong bd tri khong déu, trudng am trong
phong s& khong dat dugc do khuéch tén cao, thoi gian &m vang tinh todn
theo ca hai cong thic Sabine va Eyring déu cho két qua véi sai s6 khd 16n.
Lic nay ta cé thé tinh todn theo cong thic Millington (1932), trong d6
lugng hut am ciia phong duge x4c dirh nhu 13 tong liong hiit 4m clia tat ca
cdc bé mat (khong cho phép tinh hé s6 hit &m trung binh). Cong thiic
Millinglon cé dang:

0,16V

=m (2.12)

Nkdn xét: Cong thiic Millington ¢é mot thi€u s6t nghiém trong 1a: chi can
trong phong c6 mot bé mat hoan toan hiit &m (o = 1), thi T = 0. Di€u nay la
khong hop 1y.

Chii y: Khi st dung céc cong thic (2.9), (2.10), (2.11), (2.12) d6i véi cdc
tdn s6 cao (f > 1000Hz) cén phéi bd sung vao miu s& lugng hit 4m clia
khong khi trong phong. Cu thé la:

Cong thiic Sabine c6 dang:

T=0,16 v (2.9a)
A+nV
Cong thiic Eyring c6 dang: |
0,164V (2:1052)

" SIn(l-ag)+nV

trong d6: n - lugng hiit 4m cta 1m® khong khi, x4c dinh theo bang 2.1/[29].

Két ludn vé cdc cong thic tinh thoi gian dm vang:

1. Thdi gian am vang clia mot phong phu thudc thé tich phong, téng
lugng hit 4m trong phdng, t4n s6 am va ca vao vi tri clia ngudn &m va clia
vat liéu hit &m trong phong.

2. Khi phong hit am it (o, < 0,2) ¢6 thé xdc dinh thoi gian am va_ng theo
cong thic Sabine (2.9, 2.9a).
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Khi phong hit am manh (a, > 0,2) sir dung cong thic Eyring (2.10, 2.11,
2.10a) dé€ tinh thdi gian am vang s& cho két qua tin cay hon.

3. C4c két qua tinh todn thoi gian am vang theo hai phuong phép néi trén
dat dugc do chinh xdc cang cao néu nhu trudng am tlong phong cé do
khuéch tdn cang gan véi diéu kién 1y tudng.

4. Khi trudng am trong phong kém khuéch tdn nén sir dung cong thiic
Millington dé x4c dinh thdi gian &m vang (cong thic 2.12).

~ Bing 2.1. Lugng hiit am ciia kh6ng khi n ¢ 20°C

e ) Lugng hut am, n/m® theo tan s6
D3 am khong khi, % -

2000Hz 4000Hz
30 0,0119 0,0379
40 0,0104 0,0287
50 0,0096 0,0244
60 0,009 0,0224
70 0,0085 . 0,0213
80 0,0081 0,0204
90 0,008 0,02

2.3.5. Mot s6 trudong hop dic biét
1. Cdc phong cé lién hé dm thanh (hinh 2.3)

Anh hudng 4m vang giiia hai khong gian thé hién qua luong hit am clia
ching (S,ct; va S,a,) va phu thudc vao dién tich clra thong gilta ching. Co
thé xay ra cdc udng hop sau day:

1. Néu dién tich clra thong ciia hai khong gian rdt nhd, ta c¢é thé khao st
ching nhu hai phong riéng biét (vi du gifta phong thinh gia va phong may
chi€u phim).

2. Néu dién tich clra thong rat 16n, ta khao sit chiing nhu mét khéng gian
déng nhat. San khau chia cdc phong hda nhac, rap chiéu béng, chd ngéi dudi
ban cong v.v... v&i phong thinh gia thudc trudng hop nay.

3. Khi dién tich clia thong trung binh, khao sit thuc nghiém cho thay qua
trinh tit din am thanh chung cht yéu do phong it hit &m hon quyét dinh
(phong cé S. o nhod hon) ngay ca khi né cé thé tich nhd hon phong kia.
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Dsi véi 4m hoc phong, duong nhién chdng ta quan tdm chinh dén phong
thinh gia, ldc d6 anh hudng cha khéng gian kia dugc ké vdo khong gian
chinh bing mot lugng hit Am phuy, thudng tinh gdn ding bang dién tich clra
thong nhan véi hé s6 hit &m clia né (14y theo kinh nghiém).

Vi du: San khau ctia mot nha hat kich théng v6i phong thinh gid bang mot
miéng san khdu kich thudc 8 x 12m. Khong gian san khau kich hiit &m manh
do cé nhiéu phong, man, bd canh, ¢6 hé s6 hiit am thuc nghiém o = 0,4 & tan
s& sd 500Hz). Vay anh hudng cha sin khiu doi véi phong thinh gia duge
thay bing luong hiit 4m: A = 8x 12x 0,4 = 38,4m? (& tdn s6 500Hz).

2. Cdc phong cd lién hé dién thanh: dm vang hiéu qud

Céc phong c6 lién hé dién thanh d& gidi thiéu trén hinh 2.2. Thudng gip
nhat loai nay 1a céc rap chi€u phim.

Trong phong thinh gi4 loai ndy, ngudi nghe chiu tic dong dong thoi clia
hai thoi gian am vang:

T, - thoi gian am vang cla phong ghi am;
T, - thdi gian 4m vang clia phong thinh gia.

Thoi gian Aam vang ngudi nghe cdm nhén 13 thoi gian 4m vang hiéu qua,
ky hiéu 1a Ty,

Céc két qué nghién ctu Iy thuyét va thue nghiém [37] cho phép riit ra mot
s0 két luan sau day:

1. Khi- mét trong hai phong hit 4m rat manh (T hode T, gan61 0), Ty s€
gan véi thdi gian Am vang cla phong kia (phong it hiit am hon).

2. Khi thoi gian am vang cla hai phong khac nhau va khéc O, thi thoi gian
am vang hiéu qua_xdc dinh theo cong thiic sau day:

Ty, =T +T; (2.13)

3. Truong hop T, =T, =T, tlr (2.13), ta cé:

Thq = 1,26T (2.14)
- Theo tinh todn 1y thuyét cho trudng hop nay [37]
Ty, = 1,208T (2.14,2)
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Nhu vay khi 4m vang clia hai phong ngang nhau, thoi gian &m vang thinh
gi4 cAm nhan dugc trong rap chi€u phim tang lén khodng 20 - 26% so véi
thdi gian 4m vang thuc clia nd.

3. Truong hop truong dm khong déu: dm vang tuong duong

Khi sir dung céc cong thifc (2.9), (2.10) phai thira nhan gia thiét trudng
am khuéch tin 1y tudng. Trong thuc t& khong thé dat dugc diéu nay, va nhu
da nghién cttu trong muc 1.5.2 luon ludn ton tai trudng am tryc ti€p va
trudng Am phan xa. Dac biét khi phong st dung hé thdng dién thanh véi cic
loa cong sut 16n, c6 tinh dinh huéng manh, ning lugng 4m tryc tiép s€ tang
lén dédng ké so véi ning lugng phan xa. Déng thdi ty 1¢ giffa chiing thay doi
phu thudc vi tri diém khéo sét trong phong. Su thay déi nay gay ra sy thay
déi cAm gidc am vang va ngudi nghe lic d6 s& cam nhan dugc dm vang
tiwong duong.

Thoi gian 4m vang tuong duong, ky hiéu Ty, c6 quan hé véi thdi gian am
vang T clia phong theo biéu thic sau [5]:

L,2T

Ty = (2.15)
1,2+Tlg I—B—U
Khi xét téi tinh dinh huéng Q clia ngudn (Q > 1) cong thiic s€ c6 dang:
1,2T
T, = 070 (2.16)
1,2+T1g—U— '

trong d6 U dugc goi 1 ty s6 am thanh, 1a ty s6 gifta nang lugng 4&m phén
xa (E,,) va nang lugng am tryc tiép (E) tai diém khao sét, nghia la:

U=—% 2.17)
Ell

Cic két qua nghién cu thuc nghiém trong cdc phong thinh gia thong
thudng cho phép rit ra cic két luan:

1. Tai cdc ché ngdi xa nguén am, ning luong am phan xa vugt ning
luong am truc ti€p nhiéu 14n (U > 3), khi dé tri s6:

~lvaTlg——=
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Thoi gian am vang tuong duong theo cong thic (2:15) s& xap xi thdi gian
am vang thuc clia phong, nghia 12 4m vang tuong duwong khong con § nghia.

2. Tai c4c chd ngdi phia trude, nang luong am tryc tiép s€ tuong duong
hoic 16n hon nang lugng am phan xa (U <1) hodc khi sit dung céc loa dinh
huéng manh (Q > 1), thinh gi4 s& cdm nhan dugc &m vang twong duong, nho
hon so v6i am vang thuc cia phong. '

Loi dung hiéu qua nay ngudi ta ¢ thé nang cao do 15 tiéng ndi trong
phong c6 am vang dai nhd sif dung 1i¢ thong diéii thafl (Xeir phan thiet ke
cdc phong da nang, chuong 4).

2.3.6. Thoi gian am vang t6t nhat (Optimum reverberation time), T
W.C.Sabine cling I nguoi dau tién xdc diﬁh quan“ he ‘gifra'thbfi gian am
vang va chat lugng thu nhan am thanh trong cdc phong thinh gia. Ong két
luan ring, mdi phong thinh gia, tlly theo chiic ning sir dung va thé tich clia
noé, tén tai mot toéc do tit dan t6t nhat cha am thanh, nghia 12 tén tai mot tri
s6 thoi gian &m vang t6t nhét. N&u thoi gian &m vang clia phong dat dugc tri
s6 nay, chat lugng thu nhan 4m thanh trong phong s€ dat my man.

Tuy ring hién nay ngudi ta di xdc dinh thém mot s6 y&u t6 khdc ciing c6
anh huéng quan trong dén chat lugng am thanh cic phong, nhung thoi gian
am vang vin dugc xem 12 tiéu chuén quyét dinh nhat dén chat luong trudng
am, cd tiéng néi va am nhac. Ciing chinh vi vy d4 cé nhiéu nghién citu vé
nd, ma ching toi gidi thiéu tém tit mot s6 ndi dung chinh dudéi day.

1. Anh hudng cia thé tich E
phong dén T" 51 —

Do cong sudlt clia nguén &m i
c6 han, nén khi thé tich phong E,
ting lén, mat do nédng lugng am
trong phong s& giam di. Muén bé
sung nang lugng am phdi loi Es
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hién tugng "chéng &am", lam
gidm do rd (hinh 2.8). Nhu vay, thoi gian am vang t6t nhat cé thé xac dinh
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Hinh 2.8. Hién tugng chong am khiT = 25
(duong lién) so véi khi T = 1s( dwong diir)
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nhu 13 tri s6 thoi gian Aam vang 16n nhét ma chua lam gidm d6 rd do hién
tugng chong am.

Déi véi cdc phong nghe am nhac, quan niém do rd khong giong nhu trong
cdc phong nghe tiéng néi, vi vay viéc x4c dinh thoi gian 4m vang t6t nhat s&
phtic tap hon.

Tir két qua clia nhiéu nghién cttu trén the gidi [15, 19, 37] c6 thé rit ra
két luan: Khi thé tich phong tdng tiv 10 dén 30 ldn, thoi gian dm vang 16t
nhdt tdng tuong itng 30 - 50%.

2. T" phu thudc chitc ndng cua phong

Anh hudng clia chiic ning sit dung phong dén T™ rat rd rét. Cdc phong
nghe tiéng ndi thudng doi hdi c6 thoi gian 4m vang ngén dé tranh hién tugng
chéng 4m, nham nang cao d6 rd. Ngugc lai, d6i v6i cdc phong nghe am
nhac, néu thdi gian am vang qud ngin s& tao ra cam gidc 4m thanh "kho
khan". C4c phong nhu vay dugc coi 1a "phong chét".

Am vang d0 dai trong cdc phong hoa nhac s& tao cho ngudi nghe cdm
gidc phong phu, séng dong, ¢ tinh khong gian. Tuy nhién do c6 nhiéu thé
loai am nhac khéc nhau, thém vio d6 su phong phi clia cdc thé loai 4m nhac
dan toc (kh4c nhau vé am luong, 4m sic, tiét tau, nhip diéu, loai nhac cu...)
lam cho yéu cdu &m vang khong giéng nhau.

Téng hop két qua nghién ctitu ¢ thé riit ra cdc két luan sau day:

1. Cong sudt &m cang 16n, thoi gian &m vang phéi cang dai hon. Nhu vay
thoi gian 4m vang t6t nhat cho mot doc tdu va mot dan nhac khong gidng
nhau. Tuong tu nhur vAy cdc nhac khi bo hoi (nhu dai phong cdm, kén...) cdn
am vang dai hon cac nhac khi b day (nhu viélong, xenl6...).

2. Am nhac khoan thai, long trong cdn 4m vang dai hon loai nhac c6 tiét
t&u nhanh, cdc loai nhac nhay. Nhu vy, 4m nhac nha tho véi dan dai phong
cam (Organ) c6 thoi gian am vang t6t nhat, 16n nhét. Céc loai nhac thinh
phong, nhac Jazz cé 4m vang t6t nhat ngén hon (xem hinh 2.10, 2.11, 2.12).

3. T" phu thuéc tdn s6 dm thanh

Thoi gian 4m vang t6t nhét phai tao dugc sy can bing am vang theo céc
tdn s6 dé chiing khong 1an 4t 14n nhau ma bé sung cho nhau, trong khi cong
suat clia nguén am thudng khac nhau theo tan s6 va vat liéu hit 4m ciing c6
dic diém nhu vay. Trén hinh 2.9 gi6i thieu phé am thanh cha giong néi
ngudi, cho thdy céc tan s6 thdp c6 mifc cong sudt am tuong d6i nhd so véi
tan s6 trung va cao.

73




&
(=)
o

-~
[=]

Mirc am, dB

60

50

40

30

20

(o]
(=]

b)

-~
(=]

Mrc am, dB

60

50

40

TN
v
/ N
/| bl LN
AN TN
N \ \Q \\
”/“‘\ NS ENOE N -
q X N A N
' N L N NLL
‘ N
/ 2N
Tan s6, Hz

125 200 315 500 800 1250 2000 3150 5000 8000 12500 20000
160 250 400 630 1000 1600 2500 4000 6300 10000 16000

L1

Tan so, Hz

125 200 315 500 800 1250 2000 3150 5000 8000 12500 20000
160 250 400 630 1000 1600 2500 4000 6300 10000 16000

Hinh 2.9. Phé dm thanh cila giong nit (a) va giong nam (b):
I - n6i tham; 2 - néi nhd; 3 - néi binh thudng; 4 - ndi to; 5 - hét 16n.

Mat khéc, am thanh tan s6 thdp c6 dnh hudng nhiéu dén do thdm m§ clia
am thanh, trong khi tin s6 cao lai d4nh hudng nhiéu dén do rd, vi vay cin
phai diéu chinh dic tinh tdn s6 4m vang t6t nhat theo chiic ning phong.
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Tém lai, cdn nang cao thdi gian am vang t6t nhat & cic tdn so thap tir 20
dén 40% so véi céc tan s6 trung binh vA cao (s6 trude cho phong nghe tiéng
ndi, s6 sau cho am nhac). Biéu dé thay ddi &m vang tSt nhét theo tin s6 gidi
thiéu trén hinh 2.14.

4. Xdc dinh thoi gian dm vang tot nhdt T"

C6 rat nhiéu kién nghi thdi gian &m vang t6t nhét cha cdc tdc gia rat khac
nhau, dua trén nghién ctu cdc phdng dugc cong nhan 1a cé chat luong 4m
thanh t6t nhat trén thé giéi. Do & nuéc ta m&i ¢4 nhiing nghién citu budc dau
vé& vdn dé ndy, cho nén ching toi gi6i thiéu trudc hét mot vai huéng dén
chon thdi gian 4m vang t6t nhat & tdn s6 500 - 1L000Hz theo thé tich va chiic
ning clia phdng dugc st dung & nhiéu & cdc nudc khdc.

Hinh 2.10 12 T" theo Knudsen vi Harris [46] rat ndi tiéng va dugc sit
dung & nhiéu nudc.

Hinh 2.11 12 T° theo M. Lamoral [11] dugc &p dung nhiéu & Phép.

Hinh 2.12 12 kién nghi ctia hing TOA & Nhat Ban [23].

Trén hinh 2.13 12 kién nghi cla ching t6i vé thoi gian &m vang tot nhat
cho cdc nha hit Viét Nam & tdn s6 500 - 1000Hz [51]. Trén biéu d6 nay
cling dénh d&u thoi gian am vang clia mot s6 nha hét & nudc ta va th€ gidi
(s6 trén hinh vé tuong ting véi bang 4.7, chuong 4).
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Hinh 2.10. Thoi gian dm vang 16t nhdt & tdn s6'500 - 1000Hz
theo V.O. Knudsen va Harris (phdn gach chéo la pham vi dm nhac)
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Hinh 2.11. Thoi gian dm vang 161 nhdt Tio00 (sec) theo M.Lamoral:
1- &m nhac dai phong cim; 2 - giao hudng nghe tryc ti€p; 3 - khi ghi m dai phong
cdm; 4 - dpéra, nghe tryc ti€p; 5 - m nhac phong, nhac nhe (Jazz), nghe truc tiép; ‘
6 - ti€ng ndi nghe tryc ti€p ; 7 - tiéng néi khi ghi 4m; 8 - ghi &m chuong trinh thay déi.
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Hinh 2.12. Thoi gian am vang t6t nhdt ¢ 500 - 1000Hz kién nghi ciia TOA, Nhdt Bdin
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Hinh 2.13. Thoi gian am vang t6t nhdt 6 500 - 1000Hz dé nghi cho cdc nha hdt
Viét Nam: A - Nha hat 16n thanh ph6 Ha Noi; B - Cung van hod hitu nghi, Ha Noi;
S6 tir 5 dén 12 twong ting véi bang 4.7.
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Hinh 2.14. Yéu cdu thay déi thoi gian dm vang t6t nhdt theo tan sé.
DPuong trén cho éam nhac, duong dudi cho tiéng ndi.

Mot s6 tac gia con tién hanh nghién ciu dé dua ra céc cong thiic xdc dinh
thoi gian 4m vang 6t nhat, nhu céng thic Stphens & Bate [22] dudi day:
™ =%[0,0118V'/? +0,107 ] (2.18)
trong dé:- V.- thé tich phong, m*;
k - hé s& phu thuéc chiic nang clia phong: k = 4 cho tiéng ndi;
k = 5 cho am nhac; va k = 6 cho hgp xudng, nhac nha tho.
Khi xdc dinh T" cdn chii y:
1. Phan 16n cac kién nghi thdi gian am vang t5t nhat déu do céc tdc gia
Au, My dua ra, & d6 ngon ngit va mot s6 thé loai am nhac khong giong véi
cac dan toc phuong Dong, nhat 12 ngdn ngit don 4m cha Viét Nam. Vi vay

khi st dung can phai can nhéc cin than.
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2. Céc tri s6 T™ clia cling mot loai phong (cling chic ning va thé tich)
theo cdc tdc gia khic nhau ciing c6 thé khong gi6ng nhau. Vi du trong bang
2.2 cho thdy diéu dé.

Bang 2.2. Vi du x4c dinh T* & 500Hz

Nhacgiaohudng | Phong da nang, héi truong
Theo tac gia (hinh)
V =2000m? V = 5000m? V = 2000m® V = 5000m®
Knudsen & Harri
ficsen & rars 1,55 1,70 1,21 1,30
(hinh 2.10) :
Lamoral (hinh 2.11) 1,50 1,67 1,20 1,34
TOA (hinh 2.12) 1,42 1,72 1,20 1,38
Stephens & Bate 1,24 1,64 1,02 1,28

Nhu vay viéc chon tri s6 T cling can dua theo kinh nghiém ctia ngudi
thiét k&€ va cin dugc tiép tuc nghién ctu & nudc ta.

2.4. NGHIEN CUU AM HOC THEO LY THUYET AM HINH HOC
2.4.1. Ly thuyét Am hinh hoc 4p dung cho Am hoc phong

Nhu da trinh bay & trén, trudng am trong phong thinh gia 1a sy két hop
clia am tryc tiép biic xa tir ngudén v am phén xa tir cdc bé mat trong phong.
Biic tranh phan xa clia am thanh s& d& hinh dung hon nhiéu néu ching ta 4p
dung 1y thuyét am hinh hoc dé nghién ciiu n.

Ly thuyét am hinh hoc ciing giéng nhu 1y thuyét quang hinh hoc, cho
phép nghién cttu su truyén 4m duéi dang céc vécto tia &m. Cac vécid nay chi
huéng truyén am va vudng géc v6i mit séng tai méi diém ctia nd. Khi céc
tia am dap vao cdc bé mat phong cé kich thude 16n hon bude séng cia noé
nhiéu 14n, 4m thanh s& phan xa dinh huéng tit cac bé mat nay theo cac quy
luat clia quang hinh hoc, nghia la:

- G&c 161 bang gbe phan xa;

- Tia t6i va céc tia phan xa nim trong mot mit phing vuong géc véi mat
phéng phan xa (hinh 2.15a, b, ¢).

Ap dung céc quy luat nay chiing ta c¢6 thé dung cc ban v tia am dé hinh
dung trudng 4m phan xa trong cdc phong thinh gia (xem hinh 2.15d).
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Phan xa
dinh hudng - hoi tu

0
z( dinh hudng

9 Phan xa
ji( dinh huéng - phan tan

d)

Hinh 2.15. Cdch ding cdc tia phdn xa dinh hwéng tiv mdt phdng (a)
mdt cong lom (b), cong 161 (¢) va dung bdn vé tia dm (d)
Can chd ¥, trong khi kich thudc clia céc bé mat 1 x4c dinh thi buéc séng
am lai thay d6i trong mot pham vi rat rong (hinh 2.16).
Diéu kién x4y ra phan xa dinh huéng cia 4m thanh c6 ngudn géc tir ban
chat séng clia nd, phai dugc tuan theo khi thiét k& hinh dang noi that cic
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phong: cdc bé mat chi cho phan xa dinh huéng céc séng 4m c6 budc séng
nho hon kich thuéc cha né nhiéu lan (theo nhiéu tic gia 2 - 3 14n, theo tdc
gia [17] - 4 14n).
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Hinh 2.16. Quan hé giita tdn sé (Hz) va budc séng dm (m)

Nhu vay, mot bé mit cé kich thuéc xé4c dinh ¢4 thé 12 16n hon so vdi budc
séng am ndy, nhung 12 nho so véi séng am khdc. Vi du: b€ mat kich thudc
Im c6 thé coi 12 16n déi véi séng am 1000Hz (A = 0,34m), nhung 12 nho so
v6i séng am 100Hz (A = 3,4m). Do vay ngudi ta cdn goi Iy thuyét dm hinh
hoc la 1y thuyét ciia dm thanh tdn s6 cao.

Hiy chi § céc tia &m phan xa tit cdc mat cong 16m va cong 16i (hinh
2.15b, ¢), chiing s€ dugc phan tich k§ hon trong chuong 4.

Trudng hop cdc bé mat cé kich thudc xdp xi véi séng am, 4m thanh s&
phan xa tit bé mat ndy duéi dang khuéch t4n, khi d6 khong thé xédc dinh
dugc mot hudng clia am phén xa, ma chi ¢6 thé xdc dinh dugc mat séng
phan xa sau nhitng khoang thoi gian xé4c dinh (hinh 2.17).

Hinh 2.17. Phdn xg khuéch tdn khi X ~ A

Chii y: Cac mat séng trén hinh 2.17 dugc v& cling mot thoi di€ém, nghia 1a
chiéu dai c4c tia am déu bing nhau.
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Chiing ta cling c6 thé gap trong phdng céc
bé mat khong lién tuc cé kich thudc nhoé hon
budc séng am, khi d6 s€ xay ra hién tuong
nhiéu xa, am thanh s& di vong qua bé mat
nay vao khong gian phia sau (hinh 2.18).

2.4.2. Am phan xa cé ich va cac hién
tuong Am thanh xdu

Céc 4m phan xa dén thinh gia sau am truc
ti€p mot khoang thoi gian goi 12 thoi gian tré,
tinh bing miligidy (ms), vd ching c6 anh

Hinh 2.18. Hién tuong nhiéu xa

ki X< A

hudng dén chat lugng thu nhan 4m thanh, dac biét 1a dén do 6.

Nhiéu nghién ctu da xdc dinh dugc mot thoi gian gi6i han (ki hiéu Aty,)

v61 y nghia nhu sau:

- Céc phan xa dén ngudi nghe trudc Aty cd tdc dung tang cudng miic am,

lam tang do 15 nén dugc goi 1a cdc am phan xa c6 ich.

- Céc phan xa dén sau Aty, khong cé téc dung tang cudng mic am nhung
tao ra qud trinh am vang ctia phong va khong c6 1oi cho d6 rd (hinh 2.19a).

a @ Phan xa

= co fch Qué trinh &m vang

E —m

° 2.4
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g i e
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Hinh 2.19. Nghién citu qud trinh dm vang:
a) Minh hoa cdc phdn xa ém tdi thinh gid;
b) Puomg tdt ddn khi cé tiéng déi khé chiu, ¢) Khi ¢é tiéng déi ldp lai
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Trong céc phan xa c6 ich thi phan xa-ddu tién (c6 thoi gian tré At;) c6 anh
hudng 16n nhat dén chit lugng am thanh. Thoi gian tré ctia cdc phan xa nay
cén phai khong ché nhu sau:

- Khi nghe tiéng néi: At; =~ 10 - 15ms.

- Khi nghe am nhae: At; ~ 20 - 30ms. -

Mot hién tugng dm hoc ¢ anh hudng rat 16n dén chat lugng thu nhan am
thanh trong phong & tiéng doi (echo), xay ra khi am phén xa dau- tién, c¢&
cudng do cao va dén sau thoi gian tré gidi han. Tiéng doi dé dang quan sét
khi phat mot xung 4m (ti€ng phéo hay tiéng sting) truéc mot bic tudng 16n.
Am truc ti€p v am phén xa khi d6 s& nghe thanh hai am, giita ching c6 mot
quang nghi - d6 1a tiéng doi nhai. Nhu vay thdi gian tré€ gi6i han quyét dinh
su xudt hién tiéng doi, va né phu thudc vao mot s6 yéu t6 sau day:

- Téc do phdt am ciia tiéng ndi va dm nhac: t6¢ d6 phat 4m cang nhanh
tri s6 Aty, cang nho. Tiéng néi va am nbac cang cham, cang khoan thai, tri
s6 At,, cang 16n. Nhu vay dic diém clia ngdn ngit va Am nhac dén toc ¢ anh
hudng dén su hinh thanh ti€ng doi va céc phan xa cé ich.

- Cuong do tuong doi giita dm trige tiép va dm phdn xa: vi du s& c6 10%
thinh gia cam thdy khé chiu khi thdi gian tré At = 40ms va hai mic &m bang
nhau, hoac khi At = 60ms va mitc 4&m phan xa nho hon mic am truc ti€p 3dB
(xem thém hiéu Gng Haas, chuong 5, muc 5.2).

- Pho cita dm thanh: vi du khi phé am gidm dan vé phia tdn s cao, kha

nang xuit hién ti€ng doi giam 16 rét.

Phan tich nghién ctiu clia nuéc ngodi vé thoi gian tré dé 4p dung cho tiéng
Viét c6 thé rit ra két luan: thoi gian tré gii han cha ti€ng Viét cé thé 1dy
bing 50ms tuong ting véi t6c d6 phdt am 4,5 - 5 tit/gidy. D61 véi &m nhac va
18i ca dan toc (t6c do phéat am trung binh 1,5 - 2ti/gidy) thoi gian tré gidi
han c6 thé 1dy 8 - 10ms.

Tuong ting v6i thoi gian 50ms, am thanh lan truyén mot quing dudng dai
17m. Ap dung nguyén Iy am hinh hoc chiing ta c6 thé lap biéu thitc kiém tra
su xudt hién ti€ng doi trong cdc phong.

Diéu kién cé tiéng doi (hinh 2.20) la:

R;+R,-D=17(m) (2.19)
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Tiéng doi khé chiu (xem hinh 2.19a va b) c6 thé xuat hién truéc khi sy
nhai 4m rd rét xay ra, khi c6 moét vai am phén xa ¢6 mic 16n "trdi 1én" khoi
nén 4m gidm chung, gay cdm gidc khé chiu cho ngudi nghe.

Mot dang khdc clia tiéng doi, goi

1a rieng doi Idp lai (Flutter echo), izt phén X8

xudt hién khi 4m thanh phan xa qua
lai nhiéu l4n gifta c4c bé mat réi
quay trd lai diém xuat phat. Khi dé
cir sau mét khoang thoi gian nhat
dinh tuong tng véi quiang dudng di
lién ti€p cha cdc phan xa, ta lai nghe ¢
lap lai ti€ng doi (moé ta trén hinh

2.19c). Trén hinh 2.21 gi6i thiéu l‘\ Jddddd
ti€éng doi 1ap lai xuat hién trong mot '

vil trudng ¢ CHLB Diic va trong mot Hinh 2.20. Kiém tra su xudt hién
phong véi cdc tudng bén khong song tiéng dgi nhai tiéhg

song, c6 ngudn 4m & giita ching.

a) b)

N —

Hinh 2.21. Tiéng dgi ldp lai xudt hién:
a) Trong mét vii truong & CHLB Ditc (mdt cdt);
b) Trong mot phong cé tiong khong song song (mdt bing)

- Hién tuwgng héi ty ém do céc phan xa tlr cdc mit cong 16m cé thé gay ra
su phin b6 khong déu cla trudng am: tai noi hoi tu, ning lugng am tang
cudng qué 16n, trong khi & cdc viing khdc lai thi€u nang lugng am phan xa.
Céc mit cong 16m trong phong cdn ¢ thé gay thém hién tugng am di ven

phong: nang luong 4m phan xa khong téi dugc viing gitia phdng ma chi phan
bd theo chu vi phong (hinh 2.22).
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- Hién tugng méo dm sdc 1a hién Viing phan xa ven phong
tuong am thanh t6i ngudi nghe bi
bién ddi am sic so v6i am sic do
ngudn phdt ra, gy ra sy cam nhén sai
lac sic thdi am thanh.

Nguyén nhan cta hién fuong nay la:

Su hiit 4m khong déu giita cic tan
s6, vi du: mét s6 tan s6 nao d6 bi hut
qud manh gay ra su thi€u hut ning
luong am.

Hinh 2.22. Hji ty dm va dm di ven
phong trong mgt phong thinh gid
Su phan xa khong nhu nhau cla ¢4 mar béng hinh méng ngia:
am thanh tin s6 khéac nhau trén cling ‘
mot bé miat do quan hé gifta budc
séng am va kich thugc b€ mat. Vi du
mat cong 16m kich thudc 16n gay hoi tu am & céc tdn s6 thap, trong khi cac
mat 161 nhod trén mat 16m d6 lai gay phén xa khuéch tdn 4m tan s6 cao. Do

d6 tai nhiéu ché trong trudng am s& bi tdn that am t4n s& thdp.

S, - ngudn am trén san khau;

S, - ngudn 4m trong hé nhac

Cic hién tugng am thanh xdu ké trén c6 thé phét hién va xit 1y theo
nguyén 1y 4am hinh hoc.

2.4.3. Cac bé mat c6 cung bac phan xa

Céc bé mat noi that clia phong, tiy theo vi trf cia nd, ¢6 vai trd khong

giéng nhau trong hit 4m, phén xa 4m va tao thanh trudng &m trong phong.
~ A. N. Kacherovich [32] khi 4p dung nguyén 1y am hinh hoc dé nghién
ctu cdc b4 mit clia mot phong hinh hop chit nhat da phat hién rang, mot s6
vi trf clia trn vA tudng chi cho mot 14n phan xa (hinh 2.23), mét sé virtri
khéc cho hai 1dn phan xa (hinh 2.24), va tuong tu ¢ cdc bé mat phan xa bac
cao hon (hinh 2.25). B
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Hinh 2.23. Cdch xdc dinh cdc mdt Hinh 2.24. Cdch xdc dinh cdc bé mdt
phdn xa bdc 1 (S - nguén am) phdn xa béc 2 (S - nguon dm)
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Hinh 2.25. Céc mdt phdn xa béc 1, 2, 3, 4 trén mdt khai trién cia phong

Céc nghién ctu cla tdc gia [32] dan t6i mot s6 két qua sau day:

1. Vai trd cha céc vat liu hit &m trén cdc bé mat cé bac phan xa khac
nhau khéng giéng nhau. Vit liéu hit Am manh & cdc bé mat phan xa béc cao
s& ¢4 hiéu qua hiit &m cao hon trén céc bé mat phan xa bac thap. Cu thé 1a:

- S6 14n am thanh gip céc tudng cao (ndm trén mit phang ngang di qua
ngudn am) gap 2,2 lan so véi gap tudng thap.

- S6 l4n am thanh gap tudng gap 3.3 lan gap san va 1,5 14n gap tran.

Theo téc gia [32] thi cong thitc tinh lugng hidt 4m téng cong cha mot
phong cin duogc diéu chinh theo hiéu qua hiit &m cla cdc bé mat khic nhau.

2. Bing cdch bé tri vat liéu hiit am manh, y&u khdc nhau trén cdc bé mat
clia phong, ta c6 thé diéu chinh dugc qué trinh am vang (qud trinh tat dan)
clia am thanh trong phong thinh gid. C6 thé xdy ra ba dang tit dan clia &m
thanh trong phong sau day (hinh 2.26).

- Dang I x4y ra khi vat liéu hiit &m manh bd tri trén cc mat phan xa bac 1;
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- Dang II xay ra khi vét liéu hut LA dB
a4m manh b tri trén cdc mat phan
xa bac cao;

- Dang III - khi vat liéu hdt 4m I
manh phan tdn déu trong phong. . }

Chi ¥ ring giai doan ddu caqua | | ~~ \ :
trinh am vang c6 anh hudng quyét A S A A A

dinh dén do6 o tiéng ndi, cOn giai D )
doan phan xa dén sau quyét dinh
thoi gian 4m vang.

Hinh 2.26. Qud trinh dm vang
phu thuéc cdch bd'tri vdt liéu hit am

Sau nay, tily theo chiic nang clia phong va ddc diém ngudn am chiing ta
c¢6 thé bd trf vat lisu hiit 4am mot cdch hop 1y trong phong dé dat duge mot
trudng am ¢4 1gi nhat cho sy cam thu am thanh.

2.5. NGHIEN CUU AM HOC PHONG THEO LY THUYET SONG

Céc nghién ciu trudng am trong céc phong theo ly thuyét séng ciing duoc
bat ddu ti lau, cling ti€én hanh song song véi cdc 1y thuyét thong ké va am
hinh hoc nhung chi diing lai & céc két qua dinh tinh. Chiing t6i gidi thiéu
dudi day hai van dé da c6 nhiing ting dung thuc €.

2.5.1. Dao dong riéng cha thé tich khong khi trong phong

Thé tich khong khi trong phong 12 mot hé théng dao dong phl:l'C tap, c6

lién quan v6i nhiéu thong s6 nhu: kich thuéc ba chiéu clia phong, dic diém
hinh' dang clia 'né, vi tri kich thuéc va tinh chat am hoc ciia cdc bé mat
v.v... Thé tich nay c6 céc tan s& riéng x4c dinh gidng nhu moi hé théng
dao dong khac.
—..Am_thanh xust hién trong phong 1d nhiing luc kich thich. M&i loai am
thanh (tiéng ndi, tiéng hét, tiéng dan, hda tdu cha dan nhac...) c6 phd am -
thanh riéng va khi xudt hién né s& kich dong thé tich khong khi trong phong
dao dong, ké ca cdc tdn s6 riéng. Khi tit nguén am, cdc dao dong riéng s tat
din va tao thanh qud trinh 4m vang nhu da trinh bay trong 1y thuyét thong keé.

Pé don gian van dé, chiing ta hdy bit ddu v6i mot phong hinh hop chir
nhat (c6 kich thudc di x rong x cao = L x B x H) hit am khong dédng ké.

Céc tan s0 riéng cua phong dugc xé4c dinh theo cong thitc vat 1y sau day:
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trong dé: ¢, - van t6c am trong khong khi;
a, b, ¢ - nhitng s nguyén véi moi t hgp c6 thé.
Van dung cong thic (2.20) ta x4c dinh dugc tdn s6 riéng nho nhat tuyét

déi,khia=1vab=c=0, tacé:

c
fn=—- (gid thist L>B>H
100 = 5y (g )

Vidu khi L =5m ta c6 o, = 34Hz.

Khi L, B, H thay déi chiing ‘
ta tim dugc dé dang vo s6 cac

céc t6 hop cla a, b, c¢. Vi du
khi L = ém. B = 4m va
H = 3m thi cic tdn sO riéng 25

!

2 2 2
tan s6 riéng cla phong theo n
50 75

100 Hz
ciia phong s€ nhu trén hinh

227 [37]. Hinh 2.27. Tdn sé'riéng ciia phong kich thuéc

6x4x3m (s6 2 la cdc tin s6 duge Idp lgi)
Vai trd quan trong clia cic

tdn s riéng & ché: néu chiing cing nhiéu, phan bé cang déu theo tan s, thi

trudng am trong phong cang déu dan, chét lugng am thanh cang cao.

Theo cong thitc (2.20) ta ciing nhan thay, khi ¢6 hai hoac ba kich thudc
clia phong bingmhau, hoac 1a bdi s& clia nhau, s& xay ra sy triing 1ap céc tan
sOriéng lam giam s6.lugng cua ching.

Vi du, khi L = B = H ta chi nhan dugc moét tdn s6 riéng khia =b =c,
trong khi néu chdng khac nhau ta s cé ba tan so riéng.

. o p e 1 o e e c
Cong thiic (2.20) c6 thé viét lai theo tdn so riéng nho nhat: f), =2—i—
nhu sau:

!

2 2\7

£ = C—“[az +b? L—2+02 L—zj
2L B H
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L . L .
Dat —=pva —=q tacé:
B B
!
e = ;L (a2 +b7p? +c?q% )2 2.21)
Goi: £,/ 100 = kype 12 "quéng tdn 6", ta cé:
ki, =a’ +b’p’ +ciq’ (2.22)

Vidu, choa+ b+ c=n khi:
n=1tacé: ki, bing I, p’ va .
n=2tacé: ki bing I +p% 1+q%p*+ph4:4p’vadg’ va vy,

Nhu vay khi n tang 1én, a, b, ¢ ciing tang 1én. c4c tan sO riéng s& xich lai
gan nhau, quang tan s cang giam, nguy co xuit hién mot tdn s6 cong hudng
ro rét sé giam dan va mat han. Diéu nay rat cé loi cho chat lugng am thanh
cua phong.

Ta ¢6 thé két luan: quing tan s6 cé vai trd diéu hda su phan bé céc tin s6
rieng va né phu thudc chit yéu vao céc ty I1& cua phong (p va q).

Két ludn:

1. Thé tich khong khi trong phong 12 mot hé théng dao dong c6 vo s6 tin
O riéng.

Mbi dao déng riéng tit dan theo ham s6 mil, véi téc do c6 thé khdc nhau.
Tuy nhién néu 18c do tat dan cta ching cang it khdc nhau thi qué trinh tat
dan clia am thanh trong phdng cang déu dan, cang cé loi.

2. S& luong tan s6 riéng s& c6 nhiéu va phan bé day dic néu nhu ba kich
thudc clia phong khong béng nhau hodc bdi s6 cha nhau, khi dé trudng dm
trong phong cang tit dan déu dan.

3. Ngudi ta cling chiing minh dugc:

- C4c phong nho, c6 tan s6 riéng it, nhit [a & pham vi tin s6 thap. Vi vay
trudng am trong cdc phong nay thudng khong déu.

- Céc phong 16n, s luong tén s riéng c6 nhi€u ngay ca & pham vi tan s6 thap,
cdn & tin $6 cao tin sO riéng cang day dic vi vay trudng am cang dong déu.
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4. Tir cdc cong thitc (2.20), (2.21) va (2.22) ta c6 thé chon dugc céc ty 1&
p va q ctia kich thuéc phong dé quang tan s6 dat duge su diéu hoa nhat [11].
D6 1a khi: )
p?=1,425 va ¢* = 2,06;
p°=1,76 va q* = 3,47,
Tir d6 ta c6 thé dé dang xdc dinh ty 1é kich thugc cha phong nhu trong
bang 2.3.
Bang 2.3. Ty 1é cac kich thude cia phong
dé céc tan s6 riéng phan bé diéu hoa

H B L
1 1,202 1,435
1 1,404 1,863

T4c gia [11] ciing nhan xét ring, cic ty 1é do mot s6 tdc gia dua ra, nhu:

2:3: 5 va 1: 2'7: 4'% s& khong cho su diéu hoda céc tdn s6 riéng.

Ty 1é kich thudc phong rat c6 ¥ nghia doi véi cic phong nhd, dac biét céc
studio 4m thanh. _

5. Ly thuyét séng, mat khac, ciing khang dinh kha nang 4p dung 1y thuyét
théng ké dé nghién citu am thanh cdc phong cé kich thudc 16n, dic biét céc
phong c6 hinh dang khong chinh tic.

2.5.2. Su khuéch tan cua trudong Am

Tru&mg‘ am khuéch tidn da dugc dé cap khi nghién cttu am hoc phong
theo 1y thuyét théng ké. Nhung muén gidi thich né mot cich ddy di phai
sit dung ly thuyét séng v6i sy phan bd va tit ddn diéu hoa clia cdc tan s6
riéng ctia phong.

N6i mot cdch don gian, trudng am khuéch tén ciing tuong tu nhu trudng
4nh sing khuéch tén, dugc coi 1 1y tudng néu nhu tai mdi di€ém trong
phong ¢ mot sé lugng 16n céc séng phan xa truyén téi, tir moi hudng vdi
x4c sudt nhu nhau va phan bé mot cach day dac. Mudn danh gid chinh xdc
do khuéch tdn clia trudng 4m phai sit dung cdc phuong phédp thuc nghiém
phic tap, vi du:
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- Phuong phap ding chi s6 khuéch tdn trén co s& 1ap biéu dé khong gian
céc tia am [37];

- Dung micro dinh huéng do va ddnh gi4 theo phuong phdp ciia G.S.
Furduev [37] hay ciia Thiele [44] v.v..

Dé don gian trong thyc nghiém, ta c6 thé ddnh gid gin ding do khuéch
tdn cla truong Am theo céc phuorng phap sau day:

kéo da1 trong phong do (diing ti€ng 6n tring hodc ti€ng 6n héng). Do chenh
léch clia mitc Am tai nhiéu diém phéan b6 trong phong cang nhoé chiing to
trudng am cang c¢6 do khuéch tan cao.

2. Danh gi4 theo qud trinh tit dén clia am thanh tai nhiéu diém trong
phong. Néu dudng tat dan cang déu dan, it thang gidng, cang gan véi dudng
théng 13 trudng &m cé do khuéch tdn cao.

3. Dénh gi theo thoi gian am vang. Néu thoi gian 4m vang tai cdc diém
khdc nhau trong phong cang déng nhat thi truong 4m trong phong cé do
khuéch tin cang cao.

D6i véi tat ca cdc phong thinh gia, trudng am khuéch tdn cao ludn ludn
¢4 1oi cho su cam thu am thanh. Riéng cdc phong dé nghe am nhac trudng
am khuéch tdn cao con 12 mot doi hdi can phai dédp dng.

Dudi day ching toi gi6i thiéu c4c gidi phap kién trdc - noi that &m hoc dé
nang cao do khué&ch tan cta trudng am trong phong.

Gidi phdp 1. Loi dung cdc phan xa dinh hudng phan tin cia cdc mat
cong 16i (hinh 2.15¢), hodc clia cdc bé mat tuong tu, rdt c6 loi vé am hoc,
béng cdch cai tao lai cdc bé mat k&t ciu chiu luc chinh ctia phong nhur cot,
dim, tudng, san.... (hinh 2.28). Tuy nhién gidi phap nay chua dat dugc hicu
qua khué&ch tan cao va chi nén 4p dung cho cdc phong nho. khong cé yéu
cdu cao vé chat lugng am thanh.

Giai phdp ciu tao cdc ban cong nho vao phong hodc cdc nhém ghé ngéi
(gh€ 16), c4c chi tiét kién tric 16n phd v3 tinh lién tuc cha céc tudng 16n bao
quanh phong thinh gia rat c6 hiéu qua dé tao nén mot trudng am khuéch tin
cao trong phong, va tranh dugc cdc hiéu qua am thanh- xau-cé thé xay ra do
hinh dang bat lgi chia chimg. Gii phdp nay di dp dung cé hiéu qua trong céc
nha hét cd cé mit bing hinh méng ngua va 6van (xem hinh 4.12 va 4.13).
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Hinh 2.29. Phéi cdnh ndi that phong hoa nhac hoang gia Ludn Dén
(Royal Festival Hall). Mdt bdng vé mdt cdt xem hinh 4.45 va hinh 4.53).

Trén hinh 2.29 13 phéi canh bén trong phong hoa nhac hoang gia Luén
Don, ¢ chat luong am thanh néi tiéng véi cdc ban cong nho vao phong.

Gidi phdp 2. Xt lj céc bé mat khong gian chinh phong thinh gid bang
céc cdu tao phan chia chu ky. Cdu tao phan chia c6 thé c6 dang hinh chif
nhat, ban tru, lang tru... nhung quan trong 1a kich thuéc ctia n6 phai xap xi
buéc séng am thanh dé dat hiéu qua khuéch tdn theo nguyén tic dd nghién
ciiu trén hinh 2.17. C4c c4u tao dang ban tru va lang tru cho hiéu qua khuéch
tdn & céc tin s6 cao hon dang chit nhat. Trén hinh 2.30 12 biéu d6 hudéng dan
chon kich thuéc cic ciu tao phan chia chu ky theo nghién ciu [44].
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Hinh 2.30. Biéu dé hudng ddn chon kich thudc cdu kién phdn chia chu ky

Chi ¥ ring méi cdu kién kich thuéc xdc dinh cho hiéu qua phdn xa
khué&ch tin trong mot pham vi tdn s6 nhat dinh.

Vi du c&u kién ban tru (hodc ' 1400'_361'(5)’0HZ '
lang tru) c6 kich thudc: -
Rong b = 50cm; sau a = 30cm; - N*_ﬁ 5N
chu k¥ g = 100cm c6 hiéu qud  +—L2—+ 500_2;9()”,2_ _ .
phan xa khuéch tdn am thanh 175.-425Hz
trong pham vi tdn s6 700 - < 022
(an) %o
1700Hz. N
, +—1,5m—+
Qua biéu d6 ching ta cling '1—15—*‘ am .

thdy rd: cdc cdu kién phan chia
kich thuéc 16n ¢6 hiéu qua doi véi
am thanh tdn s6 thidp. Cic ciu
kién phén chia c6 hiéu qua doi véi

}

am tan s6 cao phai c6 kich thude " Hinh 2.31. Cdu tao p/;d,., chia
khéng nho hon: ¢6 kich thuée thay déi hai chiéu
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Chiéu rong b = 20cm; chiéu sau a = 10cm; chu ky g =50cm.

Theo nguyén tic niy, ngudi ta dé nghi st dung cdc cdu kién phéan chia
thay d8i hai chiéu nhu trén hinh 2.31, cho hiéu qua khuéch tén &m thanh
trong ba vliing tan sG.

Céc céu tao phan chia ba chiéu (hinh 2.32) c6 hiéu qua khuéch tén am
thanh gin nhu toan bo dai t4n s6 am thanh, bdi vi mbi tan s6 am thanh déu
tim dugc cdc kich thudc tuong dng cho hiéu qua khuéch tan.

N5¢ w B o
-A
S
\
-B
I\/ Lt /
{ ~C
ABC A B c

Hinh 2.32. Cdwtao phdn chia c6 kich thudc thay doi ba chiéu

Gidi phdp 3. St dung va bd tri vat liéu hit am

Trong phdn trudc (muc 2.4.3) chiing ta da ching minh duge rang vi tri
clia vat liéu hdt &m c6 anh hudng téi qud trinh am vang, nghia la dnh hudng
dén truong 4m trong phong.

Céc nghién ctu 1y thuyét va thuc nghiém cho thdy, n€u vat liéu hdt am
duogc chia thanh cdc dai nhd va bs tri phan tdn déu trén cdc bé mat cia
phong thi trudng am trong phong s& tat ddn mot cach déu dan, biéu hién cla
mot trudng Am khuéch tdn cao (xem hinh 2.33).
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Murc
cudng dé am

B& mat hit am

Thdi gian

Hinh 2.33. Duong tdt dén ém thanh trong hai phong:
a) Phong c6 tuong phdng, vat liéu hiit am ddt & tuong sau;

Y

b) Tuong phdn chia chu ky, vt liéu hiit dm bé'tri phan tan déu.

Céc giai phdp vira néu s& dugc van dung trong thi€t k&€ &m thanh céc

phong & chuong 4.

94



Chuong 3

VAT LIEU VA KET CAU HUT AM

3.1. TINH CHAT HUT AM CUA VAT LIfU VA KET CAU

3.1.1. Giai thich sy hiit 4m va phan loai vat liéu

Hiit am va phan xa &m Ia hai tinh chat quan trong clia cdc vat liéu va két
cdu xay dung, c6 anh hudng truc ti€p dén su hinh thanh trudng 4m trong céc
phong thinh gia, c6 lién quan dén su phan b6 mic 4m trong phong, dén thdi
gian &m vang, do khuéch tdn cta trudng am, nén 6n trong phong, va do dd
dén chit lugng thu nhan 4m thanh.

Nang lugng 4m bi hiit, theo dinh nghia, 12 phdn ning lugng am khong
phan xa trd lai vao phong sau khi Am thanh lan truyén t6i dap vao bé mat két
cau. Nang lugng am bj hiit bao gébm nang lugng bj mat madt trong vat liéu,
nang lugng lan truyén theo két cdu va nang luong am truyén qua két cdu.
Nhu vay hit am va phan xa am [3 hai khéi niém trdi ngugc nhau

Su mat mat nang lugng Am trong vat liéu va két cau xay ra do bon nguyén
nhéan chinh sawday:

1. Do ma sat: nang lugng Am bién thanh nang luong nhiét.

Trong vat liéu va két cau néi chung, dic biét 1a cdc vat liéu hit am, c6 rat
nhieu 16 réng. Séng am - séng 4p sudt - téi bé mat vat liéu, kich thich khong
khi trong cdc 16 réng dao dong, do d6 tao ra ma sit gitta khong khi va thanh
16, vi vay nang lugng am bi tén thit do bién thanh nang luong nhiét.

2. Do khéng khi bi nén: nang lugng Am bién thanh ning luong nhiét

Khoéng khi trong cédc 16 réng déng thdi bi séng 4m nén lai theo tiing chu
ky, 1am cho né néng 1én. Nhiét lugng méi xudt hién ndy s& truyén ra céic
thanh 16 va gidm ddn clng véi dp suét cho dén chu ky tiép theo. Nhu vay
dang mat mét nang lugng am thi hai cling duéi dang nang luong nhiét.
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3. Cdc thanh 16 bién dang bi néng Ién: nang lugng am bién thanh ning
lugng nhiét

Do su khdc nhau trong cdu triic clia vat liéu, nén khi bi séng am tic dong,
trong chu k¥ nén céc thanh méng hon bi bién dang va nung néng nhiéu hon.
Nang lugng nhiét ndy dugc truyén ra chung quanh va kip can bing mét
phén, 1am gidm 4p suat trudc chu ky dan ti€p theo, do dé gay ra mét mat
nang luong, cing dudi dang nhiét.

4. Do bién dang du: nang lugng Am mat mat dudi dang co nang.

Séng am gay ra bién dang trong vat liéu, nhung su bién dang nay xdy ra
khong thuan nghich, ma khi 4p sudt gidm s€ cé bién dang du. Nang luong
am bi mat c6 thé coi 1 hiéu s@ gifta nang lugng chi phi cho bién dang dan
hdi va nang luong vat liéu nhan duge dé phuc héi khong hoan toan dang ban
ddu. Su mat mét thit tu cé thé quy vé dang nang lugng co hoc.

Theo dac di€ém co 1y clia vat liéu, v theo sy mét mat nang luong am
ngudi ta chia vat liéu va két cau hit am thanh céc loai sau day:

- Vat liéu hiit dm x6p, gbm hai loai:

+ Loai c6 cdc thanh 16 cing, khong dan hoéi, hit am do ma sét chia khong
khi véi thanh ctng va do sy truyén nhiét ctia vat liéu. Thudc loai nay cé
bétong bot, gach xop, v.v...

+ Loai ¢6 cédc thanh 16 dan héi, su hit 4m xay ra theo ca bén nguyén nhan
ké trén. Thudc loai nay cd cic loai bong khodng, bong thiy tinh, cdc tdm soi
ép mém, cdc loai tham dét, dan v.v....

- Két cdu dao déng cong hudng hit &m do sy dao dong clia mat ket cau
duéi tic dung clia séng am. Dac biét sy hit am manh nhat xdy ra & ving tan
s6 cong hudng cha két cdu. V4i két cdu nay, cdc dac tinh co 1y clia vat ligu
va cdc thong s6 hinh hoc ciia cdu tao ¢6 4nh hudng 16n dén dic diém hiit 4m
cla no.

- Két cdu cong hidng khong khi ciing 1am viéc theo nguyén tic cong
hudng, nhung 1a clia khéi khong khi dao dong trong két cau. Su hit 4m xay
ra do ma sat ctia khong khi véi thanh két cdu trong mot pham vi tan s6 khd
hep da dugce tinh todn trudc.
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- Loai két cdu hiit dm phoi hop, dugc ché tao dic biét dé phdi hop céc
tinh nang hit am ciia ba loai ké trén, nhd d6 kha nang hit am dugc m& rong
trong pham vi tan s6 thudng gap trong doi s6ng va san xuat.

Kha nang hit 4m cla vat liéu va két cdu duge dénh gid qua hé s hit am
o (cong thitc 1.26) theo cdc dai tdn s6 am tir 125 dén 4000Hz (thudng theo
dai 1 octa, xem biéu dd hinh 1.37).

Heé s6 hit am cia vat liéu phu thudc géc téi cia séng am. Géc téi vt lidu
ctia séng am (so véi phdp tuyén chia bé mat vat liéu) cang 16n thi hé s& hit am
cang giam, va do gidm cang nhanh khi géc t6i cang gan 90° (t6i ti€p tuyén).
Trong thyc t€ &m hoc phong, séng am t6i két cdu ¢ thé coi 1a khuéch tén, vi
VAy tri 6 ¢ ¥ nghia 1a hé s6 hiit &m khuéch tan, d6 1a hé s6 hit am tinh trung
binh cho moi géc téi clia séng am, xac dinh theo cong thifc:

n/2
a= [ ogsin26d0 (3.1)

0

trong dé: o - hé s6 hiit am dudi géc téi 6 cia séng am.
3.1.2. Po hé so hit am

Hé s6 hidt am cé thé tinh todn hodc do dac trong céc phong thi nghiém
dac biét. Phuong phép tinh todn thudng rat phic tap va khé cho cédc két qua
chinh x4c bdi vi khong thé tinh hét cdc y&u t6 anh hudng dén su hiit am cia
vat liéu va két cau.

Céc dac tinh tan s6 hit am cta vat liéu va két cau gidi thiéu trong cic
huéng dan thudng xdc dinh bing cdc phuong phdp do trong cdc phong thi
nghiém am-hoc.

C6 hai phuong phap do hé s6 hut am.

1. Phuong phdp song ditng

Phuong phép séng diing dé do hé s6 hit am sir dung mot ng dic biét goi
la 6ng giao thoa, mot ddu dat loa, dau kia dat vat liu hit am (hinh 3.1).

527 -l

12 3

2908

=
Hinh 3.1. Thiét bi do hé s6' it dn bdng phuong phdp séng ding

1- loa; 2 - microphon; 3 - miu vat liu; 4 - mat ciing; 5 - thudc ty 1.
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Do hé s6 hiit 4m theo nguyén tic giao thoa chia séng am buc xa tir loa t6i
mAu vat liéu (p,) v séng phén xa tir miu (p,). Khi hai séng giao thoa (léch
pha 180°) s& tao thanh cdc diém bung c6 &p suét cuc dai (p,,,) V2 céc dién

niit, cé 4p sudt cuc tiéu (Prmin) (hinh 3.2).

r
4

Hinh 3.2. Séng ditng trong éng giao thoa:
a) Khi hoan toan phdn xa; b) Khi ¢é vdt liéu hiit dm

Phuong phép vira néu phai tuan theo mot diéu kién 13, séng am lan truyén
trong 6ng 14 séng phing. Diéu kién nay chi d4p tng khi budc séng am & tdn
s6 do hiit am cuc dai 16n gap 1,7 1an dudng kinh trong cta &ng [30]. Dong
thdi chiéu dai clia 6ng phai sao cho khoang céch tir loa dén mau vat liéu gip
it nhat 20 1an dudng kinh trong clia né. Vi vay thudng ¢é mot bo bén Sng dé
do hé s6 hiit 4&m trong mot pham vi tan s& rong tit 40Hz dén 20kHz.

Hé s6 hiit am tinh theo 4p suét:

2
a=1 —Bi—
Py
Do trong 6ng giao thoa xdc dinh dugc ti so:

rl=pl +p2 =pmax

Py —P2 Pmin
Khi d6 hé so hiit am x4c dinh theo cong thic:
e ememmm e e i _,__.,(_x,‘ :.A ._‘._4-..... PR UOR VR S O I S
n+l+2
n

Nhd dich chuyén microphon trén gid con chay, ta do tim va xdc dinh
du"gc Pmax va Pmin-

Chi y rang phuong phédp 6ng giao thoa cho phép xdc dinh hé s6 hiit am
khi séng am téi vuong gdc véi vat licu.
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2. Phuong phdp phong vang

Hé s6 hit am cia vit liéu duge do trong mét phong thi nghiém, dac biét
goi 12 phong vang - mot phong c6 thé tich khodng 180 - 200m’ (it nhat
100m?), c6 trudng am khuéch tan va céc bé mat phan xa manh am thanh dé
c6 thoi gian 4m vang khoéng tix 2 dén 5s.

Mau vat liéu hiit am phai c¢é dién tich khong duéi 10m® va bé trf trén mot
trong cac tudng cla phong [33].

He s6 hiit &m clia mau vat liéu xédc dinh tir cdc két qua do thoi gian am
vang T, va T, clia phong trudc va sau khi bd trf mau vat liéu hidt am. Heé s6 hit
am o; clla mau vat liéu dién tich S, xédc dinh khi dp dung cong thiic Sabine:

oc1=0’é6V(1 1)+0,16V.L (3.3)
1

T, T,
trong d6: V - thé tich phong vang, m®;
S - dién tich cdc bé mit trong phong, m®.

Phuong phép phong vang xdc dinh hé s6 hiit am khuéch tdn va xét dugc
anh hudng clia cdc thong s& hinh hoc ciu tao két cau dén kha nang hit am.
Pay 1a phuong phdp cho két qua tin cay va dugc ding phé bién dé nghién
cttu va ddnh gia vat liéu va két cau hdt am.

3.2. CAC LOAI VAT LIEU VA KET CAU HUT AM

3.2.1. Vat liéu hit am x6p

Vat liéu x0p cdu tao bdi nhitng thanh cing va cdc khe hé ngodn ngoéo
hoac 16 hé nho chita day khong khi. Khic véi vat lieu céch nhiét, cdc khe 16
ho trong vat liéu hdt am khéng bi déng kin ma dugc thong ra mat ngodi clia
vat liéu. Trong bon nguyén nhan hit am cia hai loai vat liéu x6p (loai thanh
16 cting va loai thanh 16 dan héi) thi nguyén nhan tiéu hao lugng a4m thanh
nang lugng nhiét do ma sat 1a 16n nhat.

Cic loai bong khodng, bong thly tinh, cdc ché& pham tir soi (dét, dan) la
loai vat liéu hdt &m manh & tdn s6 cao so véi tin s§ thap (hinh 3.3). Khi
chiéu day vat liéu tang lén, kha nang hit am ciing tang lén nhung chi yéu &
tan s6 thap (hinh 3.4).
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Hinh 3.3. Hit am ciia cdc tdm Hinh 3.4. Anh hudng cila chiéu day tdm
bang bong (khodng, thily tinh) - béng khodng dén khd ndng hiit dm

d- chiéu day.ciia tdm vat liéu

Céc loai bong x0p con dugc ché tao thanh cic tdm ép nita cling (tlr bong
khoéng, bong thiy tinh, sgi gb, vo bao, bd mia, rom ra, xo dira v.v...) kich
thude c6 thé 40 x 40cm hoac dén 60 x 120cm, bé mat cé thé dé trdn chat tho
vat liéu hodc phii thém mot 16p son hoa van trang tri (nhung khong déng kin
cdc 16 ho). Khi sir dung cé thé dat truc ti€p 1én mat két ciu bao che clia
phong hoic tao thinh mot 16p khong khi phia sau né. Kha ning hit &m s€
thay déi theo cach ché tao va l4p dat st dung (hinh 3.5 va hinh 3.6).
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A
0 f,Hz
125 250 500 1K 2K 4K
Hinh 3.5. Pdc tinh luit dm ‘ Hinh 3.6. Ddc tinh luit am
 clia tdm soi g6 ép ' cita tam ép bong khodng
1 - khi duc 16 bé mat; khi déit sdt trdn va khi treo cdch tran 50mmn

2 - khi dé trdn
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Trén hinh 3.7 gidi thiéu mot s6 giai phép cdu tao dé sir dung vat liéu hit
am x0p trong thuc t&. Chi ¥ ring béng khodng va bong thity tinh c4n ¢ mét
16p che mat ngoai thodng hd (nhu vii, lusi kim loai, tdm duc 16 bang gb
hodc kim loai), cdn cdc tm ép nita cling ciing khong thé chiu dugc cic va
dap manh nén khong thich hop sir dung & nhiing cao d6 thép.

> D IR CRERSEINL ..000
OIICIIIIICIIEIEIREICEIEAAIIAICIIH XIS doda00s LRRRRRRG SRS LREERK
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Khong khi Bang khodn 5
< ong . 0ng khoang 50
\—SEpn_gl_oal Bdng khoang 50 Tam nhom duc.lo

Tam phém

duc 16

Thép LS00
/ P

Tam bong khodng

Hinh 3.7. M6t s6 cdu tao hiit dm sit dyng vt liéu xop trong thic t&
3.2.2. Két cdu dao dong cong huong hit am
C#u tao clia né gém mot tim moéng, duge déng hodc ddn trén mot hé sudn
g hoic kim loai, cach mit tudng mot 16p khong khi (hinh 3.8).

ok

b 1

Khe khang khi
Tudng cling
VA e— 05—
l_|?| / . / I‘W)J v ~d \\\(/2

>Q—_ -

0 »f, Hz
63 125 250 500 1000 2000 4000

a)

\

Hinh 3.8. Két cdu dao dong cong lurdng (a) va déc tinh tdn s6 hiit am (b):
1 - khe khong khi thong thudng; 2 - trong khe khong khi c6 vat liéu x6p

Tam mdng dugc ché tao tir gd dén, gb vén, thach cao, ximang, chat déo,
V...
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. Khi séng am t6i mat két cdu, dudi tic dung clia 4p suat am tim mong s&
bi dao dong (bi ddy vé phia sau va kéo vé phia trudc theo chu ky nén va dan
ctia séng 4m), do d6 mot phan nang lugng 4m s€ bién thanh co nang va nhiét
ning dé thing noi ma sat cha. vat liéu. Mit khéc, két cau gidng nhu mot hé
thong dao dong co hoc (t&m mong la khoi luong, khong khi phia sau né 1a 1o
x0),.c6-mot tin s6 dao dong riéng va khi tdn s am t6i két cdu tring véi nd,
s€ xay ra cong hudng. Khi d6 két cdu s€ dao dong rit manh, va kha nang hiit
am s€ dat cuc dai & cdc tan sO nay.

Tan s6 cong hudng f, tuong T 10 3, B
. et LA A1 te A . 6 S
ting véi hé so hit am dat cuc dai 4 N N d
C N2 s o - N2 EES
c6 thé xdc dinh theo cong thiic: £ LR
= . 93\90 & 1IN
600 £ \,\» " 0@ f\\
f ==, (34 5 N
\/md = 05\ % N P
E ¢ D, NDNS
L 5 04 AN
trong do: = >\
PSRN
e A y ) (“4
m - khéi lugng tdim mong, Q",@§
Sy R
kg/m*; X O 2 4610 20 4060
d - chiéu day clia 16p khong Chigu day 16p khong khi d{cm) —s—

khi phia sau né, cm. . o A e e ,
P ’ Hinh 3.9. Biéw do xdc dinh tdn sé cong huong

Biéu d6 hinh 3.9 cho phép 7
xéc dinh tan s6 cong hudng f,, con xét thém anh hudng cia chiéu rong tdm
moéng b (khoang cdch giffa c4c sudn d& tim méng).

Biéu d6 hinh 3.8 cho thdy kha ning hdt am clia két ¢au c6 tinh chon lua
tan s6 rd rét va tdn s6 cong hudng clia két cau thudng ndm & ving tan s6
thap. Khéi lugng tdm moéng cing 16n, 16p khong khi cang rong va day, tan s
cong hudng cang thap. Chinh vi vy ma két cau nay cé tén 1a két cdu hiif dm
tdn sé thdp.

Két cdu cang nang va cing, kha nang hit am cang yéu, két cau nhe va
déo, kha nang hiit am tang lén 5 rét. _

Kha nang hiit am cla két cfu cling m& rong va déu hon khi ta dat thém
mot 1Gp vat liéu x0p & phia sau tim mdng (hinh 3.8, dudng cong 2).

K¢t cau hit am theo kiéu tdm dao dong ¢ uu diém két cdu don gidn, chiu
dugc va dap, dé 1am sach va dic biét c6 thé tao dirgc bé mat dang bat k¥, vira
lam phong phu ndi that, vira ting thém tinh khuéch tan cha trudng 4m trong
phong (hinh 3.10).
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Hinh 3.10. Cdc khd néing tao hinh dang bé mgt khdc nhau
ciia két cdu dao dong hiit dm
1 - gb dén 10mm; 2 - sudn gd; 3 - dém dan hoi; 4 - gb ddn 4mm; 5 - dém gé.

3.2.3. Két ciu cong hudng khong khi
Chiing ta hay 1am quen véi két cau hiit &m nay bat ddu tir 6ng cong hudng

Helmbholtz, cé cdu tao nhu trén hinh 3.11a.

a) b) o |
1

I R VA

— /
W \;m

0 125 250 500 1000 2000 4000

Hinh 3.11. OA'n.g cong hudng Helmholtz (a) va ddc tinh tdn sé huit am (b)

6ng cong hudng nhu mot hé dao dong ma khong khi & miéng 6ng 1a khai
luong con khong khi trong 6ng 12 10 xo. Sy mat mat nang lugng 4m chi yéu
dudi dang nhiét do ma sit clia khong khi véi thanh 16 (& phén cd). Vi vay
néu tai day cé dan thém mot 16p vai thi ma sit s€ ting lén va kha nang hiit
am cfing ting theo.
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Két cdu hiit 4m rat manh va ré rét tai mot pham vi hep tan s6 xung quanh
tan s6 cong hudng f, xdc dinh theo cong thifc:

C, S

=Y |9 3.5
° 2n\(U+1,6R)V (3-5)

trong dé: ¢, - van téc am trong khong khi, cm/s;
I - chiéu dai phan cd, cm;
R- bén kinh -(7:5, cm;
S - dién tich tiét dién cé, cm?;
V - thé tich khong khi phén than 6ng, cm’.

Codn luong hiit &m cuc dai ctia 6ng cong hudng cé thé x4c dinh gan ding

theo cong thiic:
2 2
PR (3.6)
2n 6,28\ {f,

trong dé: A, - budc séng tuong ting véi tan s6 cong hudng ..

Nhu vay, bing céch thay déi cdc kich thudc chia 6ng, chiing ta c6 thé cdu
tao cdc 6ng hit am cho bat ky tan s6 nao.

Céc ong cong hudng nhu vay ngay nay khong con dugc st dung ma chi
tim thdy trong mot s& nha thd cé & chau Au (hinh 3.12).

Ving d&t éng cdng hudng

NN NN
115, 370

Hinh 3.12. Ong cong hudng hiit am trong cdc nha tho ¢6 & Nga

Tuy nhién, diu thd vi 12 khi 4p dung nguyén tic hit am nay ngudi ta da
tao dugc mot loai két cdu hiit &m méi, cé thé sl dung trong cdc cong trinh
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hién dai, d6 1a cdc két cdu duc 16 hit am theo nguyén tic cong hudng khong
khi (hinh 3.13a). Mbi mot 16 va thé tich khong khi phia sau nd, tuy khong ¢
céc thinh phan chia nhung 1am viéc giéng nhu mot 6ng cong hudng, con 16p
vai ddn ngoai (hoic trong) cé vai trd lam ting ma sat.

b) 7 |
1

Vai  Tadmducld

AT
% N

125 250 500 1000 2000 4000>

f, Hz

Hinh 3.13. Két cau cong hudng khong khi hién dai (a)
va ddc tinh hit dm (b)

Khi diéu chinh céc thong s& chia 16 va 16p khong khi, chiing ta c6 thé diéu
chinh pham vi tdn s6 hit am (hinh 3.13b). Céc tdm duc 16 c6 thé 1am béng
gd, kim loai, nhua, thach cao trén bong thuy tinh hoic bong khodng v.v...
Trén bé mat cdc tim c6 thé duc 16 hay xé rdnh. Trén hinh 3.14 1a céc tdm
duc 16 ba 16p sit dung & Cung van hod khoa hoc Vacsava va dic diém hiit am
clia n6 [29]. Con trén hinh 3.15 14 c4u tao céc tdm thach cao duc 16 cho tran
va tuong.

a) 2 1 b)
) _> /A A\ 2
1 5 ) A/ - «
J IR \ 1 ) > o
~3 08 HE TS
I
VS @mexg&— 06 NERNG
p pi 0'4 N '\'\\
1 4 14 ot 4 ave
¢ O O-+O[f=E 02
gl S 0
® O O-+-ojusl 200 800 1600 2400 3200 4000
S ) ) f' Hz

Hinh 3.14. Tdm duc 16 ba I6p ¢ cung vdn hod khoa hoc Vacsava:
a) Cdu tao; b) Pdc diém hiit adm
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Thach cao
VISTIIIIIINS /‘// 277 7727 272
L. AN
M 11 1] I R By S Far | 1 1| 1T 1I
Khéng khi

Thach cao duc 16

Hinh 3.15. Cdu tao cdc tdm thach cao cho trdn (a) va tuong (b)

3.2.4. Két cdu hit Am phdi hop

Ba loai két cau hit am néi trén ¢6 kha nang hit &m manh & ba ving tan

s6 khéc nhau:

- Vat liéu x0p hiit am & viing tin s cao;

- Cé4c tdm dao dong hiit &m & ving tan s6 thép.

- Céc tam duc 16 hit am & viing tdn s6 trung binh.

Neéu phéi hgp chiing lai v6i nhau ta s& duge mot loai két cdu mdi c6 kha

nang hit &m manh tror.g mot viing tdn s6 rong hon.

Kiéu 1. Dit céc t4m bang vat liéu x6p (tdm ép mém) cdch tudng mot 1ép
khong khi (hinh 3.16a) kha nang hidt 4&m & tan s6 thap ting 1én nho hiéu qua

dao dong cta tdm (hinh 3.16b).
h)

T4m hit am x6
/ p

Céch|tudng] 4=
SN
-~ Satltuong

05

-~

0

125 250 500 1000 2000 4000
f, Hz

Hinh 3.16. Tdm vat liéu xop ddt cach tuong (a)
va ddc tinh luit dm ciia né (b)
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Kiéu 2. Mat ngoai 1 tim mong duc 18, phia sau dat vat liéu x8p céch tam
duc 16 mot khe khong khi. Phia sau t4m mong duc 16 c6 thé dédn thém mot
16p vai. Kha ning hit &m cta két cau ting 1én va md rong 16 rét (hinh 3.17).

b)
ok
a) | 1
Tém mdng duc 16 |
2. ) //’ ~,
Vai thua —1 Y
. . 4\ /
Khe khang khi 05 < | /[
Vat ligu x6p ' N YV ‘\\
_____ - ] ) // \<’/ : \\\
- > ”/5,//— st N . \\\\
.a 2

3 510 B0 8.0 0.5 g5
J 09 09 09 09 Og O.g O.g O.g O.g O

0 125 250 500 1000 2000 4000=
: f Hz

Hinh 3.17. Tdm duc 16 - vdt liéu xop va khe khéng khi
a) Cau tao; b) Ddc tinh hiit dm

Khi st dung két cau phéi hop kiéu 2 cin luu §:

- Kha nang phéi hop ba tinh chat hiit am clia ba loai k&t cdu néi trén chi
xay ra khi dién tich cdc 16 hd trén bé mat két cdu twong d6i nho (dién tich 16
dudi 20% so véi dién tich bé mat).

- Khi dién tich cdc 16 hd 16n, tAm duc 16 s& khong tham gia vao co ché hiit
Am ma chi lam nhiém vu clia moét tdim che mat ngoai, bao vé 16p vat liéu hiit
am x6p. Khi d6 két cau chi hiit am nhu mot vat liéu x8p duge sit dung trong
két cau. '

Trén hinh 3.18 gidi thiéu cic giai phap tao bé mat két c&u hiit am phoi
hop kicu 2.

Ap dung cic nguyén tic hdt am clia cdc két cau ké trén, ngudi ta con ché
tao nén cac khéi hit 4m - dé 12 nhiing khdi ¢6 dang hinh hop, hinh cau, hinh
nén hodc kiéu tim méng (xem hinh 3.19), thudng hay st dung trong nha
cong nghiép, treo trén trin hodc truc ti€p trén cdc nguodn 6n. Kha nang hit
am cla céc khoi hit am s& 16n hon cdc bé mit do dién tich tang l1én va nho
hién tuong nhiéu xa ctia am thanh.

Cudi cling ching ta chd ¥ ring cdc ghé ngoi trong phong thinh gia, nhac
coéng véi nhac cuy, cdc ban hoc, ban vé trong phong va chinh thinh gia cling
12 nhiing vat hit 4m don 18, c¢6 thé 1am thay déi ddng ké am vang trong

107




phong. Chinh vi vay cdc gh€ mém hiit 4m phai dugc ché tao sao cho kha
nang hiit 4m clia né giong nhét véi kha nang hit 4m clia mot thinh gid, nho
d6 giam bét dugc su thay d6i am vang clia phong khi ¢ s6 lugng thinh gia
vang mit.

E <
8 o
) :
| Tudng gach '
- Bong khoang 38 (32kg/m3) Béng khoang 75 (48kg/m?)
[ Khéng khi vai day
| Gach GO dd_
. — L5 hé 50 Nan go
Tudng gach . Sudn gb ngang Khe ho 37%
Sudn go ding Bong khoang 50mm

KOO 0
R IRRURRBLELARIRL
o’q.t&?o?o&?o.v?} Zeatetedels

I i
Vai hoa 7‘\'21 ; (7 A\\: 2

Nan go mr m m(

25 0 50 75100mm

Hinh 3.18. Cdc gidi phdp bé mdit két cdu hiit dm phoi hop
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Hinh 3.19. Cdc khoéi it am don 1é

Dic tinh tdn s6 hit am cla cédc vat lieu va két cdu hit am thudng diing
gidi thiéu trong PL.1.
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, Chuong 4
THIET KE AM HOC CAC PHONG THINH GIA

Noi dung thi€t k&€ am hoc cdc phong thinh gidi gém cdc vdn dé sau day:

- Xdc dinh ty 1& kich thudc, thé tich phdng hop 1y vé 4m hoc.

- Thiét k& cdc chi tiét kién triic 16n trong phong (nhu san khau, hé nhac,
san doc, ban cong...) ¢6 loi vé am hoc.

- Thiét k&€ hinh dang noi th4t phong va chon vat liéu (phan xa va hit am)
cho cdc bé mit tran va tudng phong thinh gia theo yéu cdu 4m hoc.

- Kiém tra sy xuét hién clia cdc hién tugng x4u vé am hoc trong phong,
nhu tiéng doi (ti€ng doi nhai, ti€ng doi khé chiu, tiéng doi lap lai), hdi tu 4m
thanh, méo ti€ng va dua ra cic giai phdp xit 1y.

- Dénh gid va diéu chinh thiét k€ da c6 thong qua céc chi tiéu am hoc:

+ Phan bs mitc 4m va do rd trong phong.

+ Mtic va thoi gian tré€ clia céc phan xa cé ich.

+ Thoi gian 4m vang clia phong.

Céc giai phdp am hoc phai phit hop véi gidi phdp Kién tric - ndi that,
dong thoi cling v6i giai phdp chi€u sdng (chi€u sidng phong thinh gid va
chi€u sdng san khiu), diéu hoa khong khi tao dugc mot khong gian hai hoa,
thong nhét, hap din va tién nghi.

4.1. HINH DANG PHONG THINH GIA

Nhiéu thap ky trudc day cdc nha thiét k& chd doi su phat trién clia &m hoc
kién tric s&€ tim dugc mot "ty 1€ vang 4m hoc" cho kich thudc cdc phong
thinh gia, tuong tu nhu ty 1& vang trong kién tric. Nhung chinh sy phdt trién
clia am hoc ki€n (ic sau gdn mot the ky lai khing dinh mot két luan nguge
lai: Khong cé mot hinh dang 1y tudng cho cdc phong thinh gid [44]. Két luan
ndy cin phai dugc nhin nhén tir hai phia:
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Tir phia sdng tao kién trdc - d6 12 di€u ddng mung vi n6 cho phép ngudi
thiét k&€ dugc hoan toan tu do tim tdi sdng tao cdc khong gian noi that phong
thinh gia.

Tur phia a&m hoc kién tric - diéu d6 khong ¢6 nghia 1a khong c6 nhiing ty
1¢, hinh dang x4u, bat lgi v€ am hoc, tham chi c6 thé dua dén nhiing hau qua
nghiém trong khong thé sira chita dugc vé chat Iugng 4m thanh. Mit khac
két luan trén ciing cho thdy, khong phai hinh khéi chinh cla céng trinh (vd
nha) ma hinh dang cdc bé mit tao khong gian ndi thit méi cé vai trd quyét
dinh sy hinh thanh truong 4m, nghia 12 quyét dinh chat luong am thanh cdc
phong. Vi du céc cdnh budm rét quyén rii cha nha hdt 6péra Sydney néi
tiéng hoan toan doc 1ap véi hinh dang ndi that cdc phong thinh gid va hoan
toan khong déng gép gl cho su hinh thanh trudng am trong cic phong niy
(xem hinh 4.1).

a)

b)

==

Hinh 4.1. Nha hdt opéra Sydney (Australia) Kts. Jorn Utzon:
a) Nhin tira phia Dong; b) Mdir cdt doc nha hdt; c) Mdit cét doc phong hoa nhac.
(mdit bang va noi thdt xem PLA.1)
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Tir nhan thifc ndy ching t6i khong di theo hudng phén tich wu khuyét
diém ctia méi dang mit bing, mit cét cdc phong thinh gia dé ngudi thiét k&
bét buoc phai tuan theo, ma theo huéng phdn tich cdc gidi phdp c6 lgi vé dm
hoc dé nguoi thiét ké'van dung va sdng tao trong thiét ké ciia minh, lam cho
cong trinh dat ditge su hoan hdo va thong nhdt cd hai yéu cdu kién triic va
amhoc.- - - o -

4.1.1. C4c nguyén tic co ban chon hinh dang phong

1. Nguyén tdc ddu tién

Xudt phét tir Iy thuyét séng, yéu cdu phong phai ¢6 mot phd tdn s6 riéng
di day dac, cling dao dong va tit ddn véi t6c do nhu nhau [37]. D€ dat dugc
yéu cu ndy ta phai:

- Lua chon céc kich thude cta phong khong duge 12 boi s6 ciia nhau.

- Loai trir hién tugng séng diing, xudt hién khi phong c6 hai bé mat song
song va phan xa manh &m thanh.

Hai bién phdp cu thé vita néu c6 ¥y nghia dac biét quan trong doi véi céc
phong c¢6 kich thuéc nhd, nhu studio &m thanh trong dai phét thanh truyén hinh.

2. Nguyén tdc thit hai

Ty 1é va kich thudc cia phong phai thé hién duoc quan hé gifta ngudi biéu
dién v ngudi nghe, cu thé 1a c4c van dé sau day:

- Quan hé giita nhin va nghe: vira dat dugc t6t nhdt ci nhin va nghe, vira
dat duoc su déng bo giita chiing. Dua vao quan hé nay ma tiéu chuén thiét k&
clia nhiéu nudc quy dinh chiéu dai cdc phong nghe truc ti€p va chi€u phim
khong nén vugt qua 40m.

- Xét t6i su han ché clia cong sudt ngudn am: kich thudc qua rong va qua
dai 12 bat loi cho cdc phong nghe truc ti€p c6 cong sudt ciia nguén am nhd
(nhu tiéng ctia mot dién vién, mot doc tdu)- — -

- Xét t6i tinh c6 huéng clia nguén am: ti€ng cta dién vién cé tinh dinh
huéng rd rét (xem hinh 1.40), cdn d6i véi cdc nhac cu, tinh dinh huéng lai
thay ddi rat nhiéu phu thudc dic diém phét am cta ching (xem [48]). Phan
16n san dién nim & mot phia clia phdng thinh gia (trir cdc san van dong, nha
thi ddu va mot s6 phong hoa nhac), vi vay kich thude chiéu rong clia phong
phai xét t6i dac diém ndy, boi vi sy lan truyén t6t am truc ti€p c6 vai trd
quan trong dé nang cao do rd va bdo dam tinh trung thuc clia &m thanh.

112



3. Nguyén tdc thit ba

Cén chi y khi sit dung cdc mat trdn va tudng vi chiing c6 thé tao ra cdc
hién tugng 4m thanh x4u trong phong nhu hoi tu Am, ti€éng doi nhai tiéng,
tieng doi lap lai. Dac biét phai hét siic thian trong khi st dung cdc mat
cong 16m trong phong, bdi vi cdc mat nay gay bat lgi vé am hoc nhiéu
hon 14 c6 lgi.

4. Nguyén tdc thir tw

Khi tim giai phép ndi that kién trdc am thanh phong thinh gia ngudi ta
thudng chia khong gian phong thanh hai phan:

- Khoéng gian san khiu va cén sin khdu (ca tran va tudng), phin chi yéu
phai dugc sir dung dé€ bd sung ning lugng am phan xa cho céc chd ngdi xa,
dac biét cdc chd ngdi & cudi phong va cubi ban cong (trit cdc phong chi€u
phim), dong thoi mot phin nang lugng phan xa dugc dua t6i cdc dién vién va
nhac cong trén san khau, d€ ho c6 thé nghe dugc ti€ng clia minh va clia ban
dién, nhd d6 c6 thé diéu chinh 4m lugng cho phit hop véi am vang chung clia
dan dién hay dan nhac (hinh 4.2).

a)

, 4 !
012, o

nun

1-1

Hinh 4.2. Gidi phdp khéng gian sdan khdu cho phong hoa nhac (a)
va khong gian cdn sdn khdu cho nha hdt kich (b)

- Khéng gian con lai ciia phong thinh gid tuy theo chiic nang cia phong
ma c6 thé xir 1y theo cdc hudng sau day:
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+ Tao mét trudng 4m phdn xa phén b6 doéng déu t6i moi chd ngbi cha
thinh gia trong phong. Bién phdp nay thudng dp dung cho cdc hoi trudng,

phong hop, nha hét... cdc phong nghe ti€ng ndi 1a chl yéu.
+ Tao mét trudng dm khuéch tdn cao, vi du bang cdc cdu tao phan chia
chu ky (xem chuong 2, muc 2.5.2). Bién phép nay thudng dp dung cho cic

phong hoa nhac.
+ Dat dugc thoi gian &m vang tot nhit theo. chiic nang cia-phong nhd.x

ly vat liéu hiit am. ‘
+ Céc giai phdp ndi that 4m thanh lua chon, déng thoi phéi phdi hop tot
véi giai phdp chi€u sdng, mau sic dé tao nén mot khong gian kién tric

phong phd va hap dén.

4.1.2. Hinh dang mat bang
Tir cdc nguyén tic co ban néu trén. K. Hanus di dé nghi nam yéu cdu cén

phai thda man khi phan tich mat bang céc phong [44] (xem hinh 4.3).
1. Khoang cich giita ngudn 4m va ngudi nghe phai nho nhét.
2. Géc bao giita ngudn am va cdc chd ngoi bén phai nhd dé xét t6i tinh

dinh hudéng clia ngudn am.
3. C4c tudng gin ngudn am phai tao dugec cdc phan xa am c¢6 lgi cho

thinh gia.
4. Tranh céc mat cong 16m tao nén hoi tu &m & chd ngdi thinh gia.
5. Khir cdc ti€éng doi phan xa nhiéu lan (tiéng doi lap lai) chia hai tudng

song song khi cac tudng khac hdit &m manh

AN

1
Hinh 4.3. Ndam yéu cdu doi véi mdt bang cdc phong thinh gid

i
e

i
|

w

Theo K. Hanus su phét trién clia cdc dang mat bang hién dai, tir dang mat
béng clia nha hdt c6 Hy Lap va dang chit nhit don gidn 1a nhdm thda mén

cac yéu cdu ndi trén (hinh 4.4).
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Hinh 4.4. Qua trinh hoan thién y dé sdng tdc mdt bing phong thinh gid
DAu + yéu cfu thoa man; Ddu — yéu cfu khong thda mén

4.1.3. Hinh dang mat cat

Xét vé mat lgi dung nang lugng 4m phan xa thi dang trdn phang cla
phong hinh hop chit nhat chi st dung dugc mot phan dién tich, nho hon
nhiéu so vdi dang trdn nép gdp ha thap dan do cao vé phia cudi phong (xem
mat cit phong thinh gid trén hinh 4.5). Phét trién huéng nghién ciu nay
ching ta cé thé tim thdy nhiing dang trdn c6 lgi nhat cho sy phan bé déu
nang lugng 4m phan xa t6i cdc chd ngdi thinh gia. Cdc dang phong tir 1 dén
5 (hinh 4.6) tao dugc su phan bd nang lugng am phén xa déu dan va dat dén
mot trudng am khuéch tan gin véi 1y tudng.

Phan trén sir dung cho phén xa
[

a)

e
A

. g4
Y ygdgaadd LI

e Phén trén st dung cho phan xa o

b)

Hinh 4.5. So sdnh dién tich sit dung ndng lugng
am phdn xa ciia trdn phdng (a) va nép gdp (b)
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Phong hoa nhac thanh phé Freiburg (CHLB Dic) c6 thé coi 12 mot vi du
dp dung dang phong 5 (hinh 4.6) vao thuc t€ (xem hinh 4.7). Chﬁ ¥ su ting
d4n chiéu sau clia séng trdn vé phia tudng sau nhim tao do nghiéng 16n dén
cho céc am tdn s6 cao phan xa t6i cdc thinh gia ngdi & cudi phong.

Hinh 4.7. Mdt cdt phong hoa nhac thanh phé’ Freiburg (CHLB Diic)

4.1.4. Kiém tra dé phat hién va xir Iy cac hién tugng am thanh xau
trong phong

1. Tiéng doi

Trong cdc phong thinh gia 16n, c6 trdn cao, ti€ng doi nhai va ti€ng doi

khé chiu c6 thé tao thanh khi 4m phan xa ti trdn dén thinh gid ngodi phia
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trudc (xem hinh 4.8a). Bing cich vat nghiéng tran, déi hudng phan xa,

chiing ta c6 thé trdnh dugc hién tugng nay (hinh 4.8b).

a)
. ~=— Ving c0 ti€ng doi  ——=-
7). -
0000000000000 00O0O0O0OO
Trén »
vat nghiéng
b)

Vit ligu
hat am

. ~— Viing cb tigng doi_—» -
ij:o 00000O0CO0

Hinh 4.8. Sw hinh thanh tiéng déi (a) va bién phdp xit Iy (b)

Am thanh phan xa lién tuc tir trn, tudng sau (hoic twong lan can ban
cong) c6 thé trd vé cdc thinh gia phia trudc véi thdi gian tré 16n gay ra ti€ng
doi khé chiu (hinh 4.9). D€ khic phuc hién tugng nay c6 thé sit dung vat liéu

hit &m manh bé trf trén tudng sau va lan can ban cong phong thinh gia.

At

g4 JJJJJJJJJJJJ
l JJJJJ J .I[[(II

Hinh 4.9. Cdc hién tiwong dm thanh xdu xudt hién trong phong:
1 va 2 - ti€ng doi; 3 - bong 4m ; 4- hoi tu &m
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2. Hgitydm . | ) o

Trén hinh 4.9 ciing cho thay cé thé x4y ra hoi tu 4m khi mat trdn c6 dang
cong 16m (vi trf 4). D€ khic phuc hién tugng ndy c6 thé diéu chinh hop 1y
bén kinh cong so véi chiéu cao clia phong (hinh 4.10) hodc s dung c4c céu
kién chu ky dang cong 16i (hinh 4.11).

'} 4
A

=72

-t

a) | b) |
Hinh 4.11. Hién tuong hoi ty dm
va dm di ven phong khi mdt bang
phéng cé dang cong 16m (a)
va cach khdc phuc (b)

C4c nha hét cé thudng cé dang mét bing hinh elip, méng ngua hoac tron.
Nhung tht ra dang cong I6m clia mét bang d& hoan toan bi phd v3 nhd cdu
tao nhiéu tdng ban cong, hodc cdc phong nhém (cdc gh€ 16), nho the khong
nhiing trdnh dugc hau qué x&u vé am thanh dia néu ma con gdp phén tao
dugc mot trudng am khuéch tin cao trong phong (hinh 4.12, 4.13).

4.1.5. Tro lai van dé ty 1é kich thuéce va thé tich trong phong thinh gia
1. Ty lé kich thudc

Du ring khong c6 mét ty 1é vang trong am hoc kién tric, nhu ching ta d
khang dinh & ddu chueng nay,-thi khi-thiét k&, chdng ta van phai chon mot ty
[& kich thuSc cho d6 dn clia minh va n€u x4c dinh né khong thich hop s€ gay
bat lgi cho trudng am trong phong.

Vén dé ty lé phong di duge nghién ctiu tir nhiing nam 1930 va 1940, khi
_ 4p dung 1y thuyét séng clia am thanh cho am hoc phong, va con dugc ti€p
tuc trong nhiing nam sau ndy. Mot s6 két qua nghién ctiu theo 1y thuyét séng
chiing t6i di gidi thiéu & chuong 2 (muc 2.5.1). Trong bang 4.1 la tdm ty 1&
phong hay dugc nhic t6i trong kién tric va trong 4&m hoc kién trdc [11, 22].
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M 1 T
1/ 5m

Hinh 4.12. Mdt bing hinh méng ngwa  Hinh 4.13. Mdt bang nha hdt opéra ciia

nha hat Alla Scala, Milan, Italy National arts centre, Ottawa, Canada
(sttc chita 2689 chd, 1778, (stic chtta 2300 chd, 1969,
Kits. G. Piermarini) Kts. A.D.Dimakopoulos Lebensold)

Bang 4.1. Cic ty 1é phong thudng gap

TyleH:B:L Tén goi hodc tac gia
1:2:3 T¢ Ié hai hoa
1,6:3.4 hay 1:1,88: 2,5 V.0. Knudsen
3:5:8 hay 1: 1, 67: 2,67 T§ & chau Au
1:1,6:2,5 J.E.Volkman
2:3:5 hay 1:1,5:2,5 P.E. Sabine
(J5-1): 2 (f5+1) hay1:1,62:2,62(1,236:2:3,236) T§ 16 vang
1:1,202: 1,435 R. Lamoral
1:1.404: 1, 863 (theo Iy thuyét song)

Khoéng thé néi mot ty 1é nao t6t hon céc ty 1¢ khéc, boi vi nhu da ndi trén,
khong c6 ty 1é t6t nhat cho cic kich thuéc clia phdng ma chi c6 mot s6 ty 1€

c6 thé coi 1a dugc chdp nhan.
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Hinh 4.14. Ving ty 1é phong hinh hop chit nhdt chdp nhdn theo R.H. Bolt

Trén hinh 4.14 ]a viing ty 1¢ chap nhén, dugc biéu dién tén biéu dé nghién
ctiu ctia R.H. Bolt, trén d6 ciing dénh déu cdc ty 1é theo bang 4.1. Chiing ta
nhan thay chi c6 ba ty 1& (clia P.E. Sabine va R. Lamoral) 14 nim trong viing
ty 1& chap nhén cha Bolt.

Khi thiét k& cdc phong cho am nhac loai nho, nén tham khio cic ty lé
néu trén.

Déi véi céc studio 4m thanh, c6 thé 4p dung cic ty 1& dudi day [48]:

+ Cic phong c,é,V_{ 80m'—>H:B:L=1:12:15

+ Céc phdongc6 V=80m’ - H:B:L=1:1,4:1,9.

2. Thé'tich cdc phong

Thé tich phong thinh gia c6 dnh hudng dén su phan bd ning lugng am,
tinh khuéch tdn cla trudng 4m, va dac biét dén thdi gian &m vang (cong
thitc 2.9, 2.10) - mot chi tiéu &m hoc quan trong nhét déi v6i moi phong
thinh gia.
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Néu thé tich phong qué 16n, 4m vang s& qud dai, khi d6 mudn dat dugc
thdi gian Am vang t6t nhat, cdn thiét phai sir dung rit nhiéu vat liéu hit am.
Trong cdc phdong nhu vay, trudng am khong con khuéch tdn, am thanh s€
mat tinh khéi. Cdc nhd am hoc goi cdc phong nay la "phong chét”, chat
lugng am thanh trong d6 khong thé dat t6t dugc.

Nguoc lai, néu thé tich phong qué nho, thdi gian 4&m vang cla phong s&
qué ngin. Am thanh nghe trong cc phong niy s& c6 cam gidc kho khan,
thi€u phong phd, khong dat duoc trinh d6 m§ cam cén thiét.

Nhiing phéan tich & trén cling cho thdy, c4c phong nghe nhac, cé yéu cdu
thdi gian 4m vang dai, phdi c6 thé tich 16n hon cdc phdong nghe tiéng néi, &
dé6 do rd 1a chi tiéu hang dau quyét dinh chit lugng &m thanh.

Dé 1am s6 liéu huéng dén khi thiét k& cdc phong, ngudi ta dua ra chi tiéu
thé tich riéng cho méi thinh gid (m*/ngudi) déi véi céc phong c6 chiic nang
khac nhau. Thé tich phong (V, m®) khi d6 s& xdc dinh theo cong thic:

V=v.N 4.1)
trong doé:
v- chi tiéu thé tich riéng, m*/ngudi;
N - s6 lugng thinh gia.
Vi thé tich phong:
V=N.sy.H 4.2)
(H - chiéu cao trung binh phong thinh gia; _
sy - chi tiéu dién tich riéng, m*/ngudi, c6 thé 1ay sy = 0,8m*/ngudi);
do dé & giai doan thiét k€ so bo, chiing ta c6 thé udc lugng chiéu cao clia
phong thinh gia theo cong thic:
vN v

H=s—=— 4.3
Nsy sy *-3)

Khi thé tich phong 14y ding theo chi tiéu thé tich riéng huéng dan chiing
ta s€ it phai stt dung vat liéu hit 4m khi gia cong am hoc phong.

Trong bang 4.2 12 chi tiéu thé tich riéng téng hop tlt nghién citu clia nhiéu
tdc gid [26, 29, 35, 37].
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Bang 4.2. Chi tiéu thé tich riéng cac phong thinh gia

. V, m¥ngudi
Loai phéng - N

' Hudng dan Toida
Giang dudng 3 34,0 45
Nha héat kich , 4-5,0 ‘ 55"
Ca kich, am nhac phong .4,5-5,5 8,5
Phong hoa nhac 8-8,0 9,0
Phong-hoa nhac-cd dan organ i 6;5-9;% 12,0
Phong da nang 5-7,0 8,0
Phéng chigu béng 3,5-5,0 5,0

4.1.6. Cic chi tiét kién tric trong phong

1. D¢ déc san ngoi

Do déc san ngdi clia phong thinh gia c6 anh hudng rat 16n dén su lan
truyén 4m truc tiép tlr ngudn am dén céc chd ngodi, nghia 1a c6 vai trd quyét
dinh dén do 16 trong phong. Khi am thanh lan truyén doc theo mot bé mat
hiit 4m, mot phan nang lugng am s& bi hit boi bé mat nay. Tia am cang di
gan bé mat, su hit &m x4y ra cang manh. Mat san chita day thinh gia 12 mot
bé mat hiit Am nhu vay, IdAm cho mic 4m & cdc chd ngdi phia sau bi giam di
dang ké. Mat khac su hiit am ctia cdc thinh gia phia trudc con xay ra khong
déu theo tan s6, cé thé gay ra su bién ddi am sic khi am lan truyén dén céc
ché ng6i phia sau.

C6 hai giai phép dé
giam bét anh hudng cha
hién tugng nay:

- Ndng cao vi tri cia

nguon dm. Gial phdp

nay thuodng hay 4dp dung
trong céc nhi thd: do thé
tich qué 16n (nén thoi
gian 4m vang kha dai)
va nén phong thudng
phing, nén viéc dit cao
buc giang, két hgp véi

Hinh 4.15. Néng cao vi tri nguon am
dé gidm sy hiit ém thinh gid
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mot mai phén xa am phia trén gan nhu 12 mot gidi phdp hiéu qué duy nhat dé
nang cao do rd trong phong (hinh 4.15).

- Giai phdp phé bién trong cdc phong thinh gid 12 ndng cao do doc san
ngdi (hinh 4.16). Do déc cang 16n, cang giam bét sy hiit am thinh gid. Diéu
nay-giai thich vi sao trong céc giang dudng c6 do ddc san 16n va tai cdc hang
gh€ dau tién clia ban cong phong thinh gia thudng dat duge do rd rét cao.

O 00 0 0 0O 0 0 0 0 O

Hinh 4.16. Ndng cao dé déc san ngéi bdo ddm truyén am tryc tiép 16t

Do déc san ngdi thudng duge thiét k& theo yéu cdu nhin rd (hinh 4.17) ¢
thé coi mdi dat yéu cdu t6i thiéu cho su truyén dm truc tiép. Néu diéu kién
cho phép, nén nang cao thém do ddc san ngoi.

Sankhiy [
122¢m
x= max 125mm
y=112cm
z="Khoang cach-hang ghé
P - Biém nhin

Hinh 4.17. San ngoi thiét ké theo yéu cdu nhin ré -
yéu cdu ti thiéu déi véi truyén dm tricc tiép
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2. Ban céng

P6 mé& clia ban cong (xdc dinh boi do cao H, hinh 4.18) c6 anh hudng t6i
st thu nh4n am thanh cia thinh gia ngéi dudi ban cong (ddnh gid bing do
sau D). Néu d6 m& H nho va do sau D 16n, thinh gid ngdi dudi ban cong
khong thé nhan dugc céc phan xa am c6 1¢i tit trin (xem hinh 4.9 va hinh
4.18a). Trén hinh 4.18b, v 4.18c 13 yéu cdu d6i v6i ban cong phong hoa
nhac va nha hét 6péra [3]. Theo kinh nghiém d6 m& nén bing 4 - 4,5m.

a) Xau 1|_\_|_|_”

b) T6t D<H c) Tot DsH
(Cho hda nhac) (Cho nha hat)

Hinh 4.18. Yéu cdu thiét ké'ban cong

3. Tuong sau va lan can ban cong

Am thanh phan xa tir tudng sau dé& quay tr& vé thinh gia ngdi phia trudc
v6i thoi gian tré 16m, giy ra tiéng doi (hinh 4.19a). C6 thé khic phuc bang
céch giai phap sau day:

- Dung vat liéu hit &m manh (hinh 4.19b).

- Tao phan xa khuéch tén (hinh 4.19c¢).

- Tao phan xa am c6 lgi (hinh 4.19d).

Dé6i véi tudng lan can ban cong ciing Xt 1y tuong tu nhu d6i véi tudng sau
phong thinh gia (giai phdp 4.19b, 4.19c).
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a) b)

T4m hg —»]

Vat liéu hat am

_,_r—'__ _,_I__I"“‘“““““‘““““”"‘

d)

Y O

c)

Céu tao khuéch tan——»

Tham

Hinh 4.19. Tuong sau phong thinh gid: hién tuong tiéng doi va cdch xit Iy

4. Thiét ké cdc tdm phdn xa dm thanh

Céc tdm phan xa dugc thiét k& theo nguyén 1y &m hinh hoc (xem chuong
2 muc 2.4) va dit & khong gian phia trén, gan ngudén am. Mudn cho céc tdm
phan xa dat dugc hiéu qua cao nhat, cin phai théa méan cic yéu cdu sau day:

T&m phan xa 2x3m
l :

) :

/ N
—
———

0 000000O0G °
| T
Buc giang Dan dong ca

Hinh 4.20. Tém phdn xa dm trong mét nha tho

- G6c bao clia tdm phén xa (géc da dién c6 dinh 13 ngudn 4m va cic mat
bén chay theo chu vi tim phan xa) cang 16n cang chita nhiéu nang lugng am
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va cang hiéu qua. Diéu nay cé nghia 13 tdim phan xa cang l6n, cang gin
ngudn am, hiéu qua cang cao. Trén hinh 4.20 1 tdm phén xa trén buc giang
trong mot nha thd.

- Kich thudc tdm phén xa phai di 16n dé phan xa am thanh trong mot
pham vi rong tin so.

+ Kich thuéc t6i thiéu: 2 - 3m.

+ Kich thudc tot fihat: 6 - 9.

- Vit liéu lam tdm phan xa phai c¢é hé s6 phan xa d4m 16n (hé s6 hit am
nho), va déng déu trong pham vi tdn s& cla tiéng néi va &m nhac (tir 50 Hz
dén 8000Hz). Céc vat licu thudng dugc sit dung 1am tdm phan xa I g ciing,
g6 ép tit min cua, vo bao... (day 20 - 30mm), thach cao nhiéu 16p trén ludi
sdt (thudng tron véi bong thlly tinh dé tang thém do cling), vita ximang trén
ludi sat v.v...

- Két cau tdm phai viing chic, khong bi dao dong va rung dong duéi tac
dung cta séng am.

Céc phan xa dc biét

Hinh 4.21. M6t phong hoa nhac 708 ché ngéi & New York
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Trén hinh 4.21 giéi thiéu mot phong hoa nhac & New York véi cdc tdm
phin xa & khong gian gan san khau, va trén hinh 4.22 1a phong hoda nhac
Cambridge (M¥) véi mot loat tdm phan xa & ca hai phia ddu va cudi phong.

Hinh 4.22. Phong da ndng (Kresge Auditorium Cammbrige, My) 1233 ché.
Kich thiée phong 41 x 38 x 19,2m, sdn khdu 16 x 18m. (mit bang xem hinh 4.59)

Cac tdm phan xa khong chi ¢6 y nghia vé am thanh ma con nhu nhiing
chudi trang sdc 1am dep noi that phong thinh gia.

Cin chi y khi xdc dinh vi tri va huéng céc tam phan xa, sao cho thdi gian
tré clia phan xa am d4u tién (sau am truc ti€p) trong pham vi 10 - 15ms (déi
véi tiéng néi) va 20 - 30 ms (d6i véi am nhac), dong thdi c4c phan xa am thi
2, 3, 4 trong pham vi thoi gian tré 50ms dé tao dugc hiéu qua tang cudng
mifc 4m, ning cao do rd ma khong gay ra tiéng doi khé chiu (xem chuong 2,
muc 2.4.2).
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4.2. THIET KE PHONG THEO AM VANG

4.2.1. Yéu cau thiét ké Am vang

Thiét k€ am vang 1a thiét k&€ am thanh quan trong nhét cho tit ca cic
phong thinh gid v6i moi loai chic nang s& dung. Hai yéu ciu chinh trong
thi€t k€ am vang la:

* Yéu cdu 1. Thoi gian dm vang theo tinh todn ciia phong phdi dat xdp xt
tri s6 16t nhdt (tuong tng vé6i chitc ning st dung va thé tich phong) trong
toan pham vi tdn s& clia tiéng néi va 4m nhac. Tuy nhién do su han ché vé k§
thuat (vi du cic tdn s6 dudi 100Hz thudng dao dong manh, khong thé xéc
dinh dugc hé s6 hiit am), nén yéu cdu nay dugc thuc hién theo sdu dai tdn s&
1 octa, cb cdc tan sO trung binh 13 125; 250; 500; 1000; 2000 va 4000Hz. Sai
s giita tri s6 tinh todn va tri s6 t6t nhét clia thdi gian am vang khong dwoc
vuot qui 10% cha tri s6 tot nhat. Yéu cdu ndy cé thé biéu dién dudi dang
biéu thifc sau:

Tr= T +(10%T") (4.4)

trong d6: T; vd T;" - thoi gian am vang tinh todn va thoi gian am vang tét
nhét & cing mot dai tan s6.

Chii y: N

- S8 luong thinh gia c6 mat trong phong cé anh hudng 16n dén am vang.
Vi vay tuy theo tinh hinh thuc t&, yéu cdu 1 cin duge dép tng khi 75% hoac
100% thinh gia cé mat. A

- Pé&i véi cdc phong thé tich nho, cdc phong nghe ti€ng néi, khi tinh toan
thoi gian 4m vang c6 thé bd céch tan s6, nghia 1a thuc hién tinh todn theo ba
dai tdn s6 125; 500 va 2000Hz.

* Yéu cdu 2. Sy thay doi am vang cila phong theo sé luong thinh gid c6
mdt phdi dugc tinh todn trudc, it nhat & dai tan s6 trung binh 500Hz (khi
50%, 75%, 100% va 0% thinh gid ¢6 mit). Yéu ciu nay cd ¥ nghia trong
qué trinh st dung phong va trong gia dinh thi céng xay dung cong trinh.

Hai yéu cdu néi trén c6 thé biéu dién dudi dang biéu d6 dudng dic tinh
tdn s6 thoi gian am vang (hinh 4.23) va thoi gian am vang theo muc chita
thinh gia ctia phong (hinh 4.24).
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Tan s8, Hz Murc chira khan gia, %
Hinh 4.23. Ddc tinh tan s¢ Hinh 4.24. Thay doi thoi gian ém vang
thoi gian dm vang ‘ theo mitc chita thinh gid

4.2.2. Céac budc thiét ké am vang

Noi dung thiét k& &m vang cé thé ti€n hanh theo céc budc thé hién trén so
d6 hinh 4.25.

Gia cong
am hoc

Hinh 4.25. So doé cdc budc thiét ké'dm hoc phong
Theo so d6 hinh 4.25 ta tién hanh c4c budc nhu sau:
* Budc 1. Xac dinh thoi gian &m thanh t6t nhat & tdn s6 500Hz ( Tg;, ) theo
chiic nang va thé tich cha phong (st dung c4c biéu d6 2.10, 2.11 hoic 2.12).
* Budc 2. X4c dinh dac tinh tan s6 thdi gian 4&m vang t&t nhat, theo
cong thuc:
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tn _ tn
Tf _kf ‘TSOO

Vi k; =—L-. xéc dinh theo biéu d6 hinh 2.14.
500

* Budc 3. X4c dinh luong hit 4m yéu cdu cla phong theo cdc dai tan s6

am: A}°.

Tit cong thitc Eyring (2.10) ta cé:

0,164V
TS

~In(l-a,) =

Do dé: Alf=a.S

* Budc 4. Xac dinh lugng hit am yéu cdu cha cdc bé mat trong phong
theo dai tdn s6 am: AY] ;. Tinh todn nhu sau:

Theo cong thitc (1.29):

A=XS0;+Za N
goi: Ay = ZS,; - lugng hit &m c§ dinh (ctia cdc bé mat phong).
A 4= Za N, - lugng hit &m thay d6i (cta thinh gia).

Ta cé: Al =AY +Aus

Do dé: Allr =A7 Ay

A}® - xéc dinh & budc 3.

A4 - xdc dinh theo s6 lugng thinh gia c6 mat va s6 gh€ trong (miic chita
75% hoac 100%).

* Budc 5. Gia cong 4&m hoc phong.

Day 1a budc quan trong nhat, c4n phai chon va b tri vat liéu hiit &m trong
phong cho dat duoc (bing hodc gin bing) lugng hiit 4m yéu cdu da x4c dinh
& budc 4. Sy phiic tap clia cong viéc 1a & chd, khong chi phai cé di luong hiit
am cho ca sdu dai tdn s6 yéu cdu, ma con phai cé ty 1& va vi tri hop ly giita
phan dién tich phadn xa va dién tich hit 4m, tranh cdc hién tugng 4m thanh
x4u c6 thé xay ra va tao dugc mot trudng 4m khuéch tdn cao trong phong.
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Cdc nguyén tdc chung khi bs /
tri vat liéu hit am: \\\ Tran phan xa
1. Chi b6 tif vat lieu hit am [y ~ ___/ ‘
trén mot trong hai bé mat song [~ |E ﬁ% ‘
PR . | [Py i
song v6i nhau. Nhu vay: = | LHL! ’
~ 2 ’ L3 ~ R - i g——
- San c6 thinh gia 1a bé mat — hﬂtﬁ/’" uong sau it am
hit am, vy khong nén bo trf vat 100 San hitam ==
liéu hit am trén phédn dién tich =
chinh cta tran. Hinh 4.26. B tri vt liéu hiit am

. a2 . o tiwong sau va mgt tuong bén
- Trong cdc 16p hoc, giang

dudng, phong hoi thdo, nén bd trf vat liéu hit am & tudng sau va tudng bén
khéng c6 clra s6 (hinh 4.26).

2. Tudng sau nén bd tri vat lieu hit 4m manh va déu theo dai tdn s§ dé
tranh hién tugng tiéng doi.

3. Vat liéu hit 4m nén chia thanh céc déi nhd va bd tri phan tdn & cic
tudng bén phia trén (& do cao 2 - 3m tr mit san), hodc mot phan theo chu vi
tran (néu cén thi€t) nhim tao dugc trudng am khuéch tdn cao va lgi dung céc
phéan xa &m cé ich & phan dudi tudng bén (hinh 4.27).

21000

o

1200
++

L
1

Hinh 4.27. Huéng ddn bo'tri vt liéu hiit dm trong phong
(phan gach chéo va rang cua)
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Hinh 4.28. Phong da ndng (6péra, nha hdt, hoa nhac) Salzburg, 2158 ché

Trén hinh 4.28 gidi thiéu phdng da ning (6péra, nha hat, hda nhac)
Salzburg (Ao) 2158 ché. :

* Budgc 6. Xé4c dinh lugng hit 4m thuc cha ph(‘)ng'sau gia cong am hoc
theo sdu dai tdn s6 A}':

] A;h?zslal + z:amI\Im

* Budc 7. X4c dinh thdi gian am vang clia phong tai sdu dai tdn s6 theo

cong thitc Eyring (cong thic 2.10), va so sénh véi tri s6 t6t nhat tuong dng.

Néu yéu cdu 1 thda min (sai s6 khong vugt qud 10% T,") 1a budc gia
cong 4m hoc di dat yéu cdu va tinh todn k&t thic. Néu sai s6 vugt qua
(10%T"™) xay ra & mot s6 tdn s6 nao d6 thi can ti€n hanh lai th chon vat
lieu (budc 5) va tién hanh tiép tuc cho dén khi yéu cdu 1 dugc thda man &
tat ca cdc dai tdn s6 tinh todn. |

132



Vi du 4.1. Yéu cdu gia cong 4m hoc cho mot phong da nang cé 456 chd
ngdi dé dat dugc thdi gian &m vang t6t nhat. Phong da dugc thiét k€ hinh
dang noi that theo nguyén 1y 4m hinh hoc va gidi thiéu trén hinh 4.29.

18m

=7

Hinh 4.29. Mdt bdng, mdt cdt va mdt trdn phong da ndng 456 ché ngoi

Bai gidi: |

Trudc hét cdn chia khong gian phong thanh cdc khai hinh hoc don gian
dé x4c dinh chinh x4c thé tich thong thily cia né. Theo cédch d6 ta cé:

- Thé tich thuc chia phong: V = 3098m’.

- Thé tich riéng: v = 6,8m*/ngudi, phil hop véi hudng dén trong bang 4.2.

X4c dinh thoi gian am vang t6t nh4t & tin s6 500Hz theo chiic nang va thé
tich phong:

- Theo biéu dé hinh 2.10 cho phong da ning: Tsno = 1,28s.

- Theo biéu d6 hinh 2.11 cho nha hét 6péra: Tsop = 1,28s.

- Theo biéu dé hinh 2.12, 14y can dudi 4m nhac:  Tsp, = 1,25s.
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Chon: Tg, = 1,25s.

Thoi gian 4m vang t6t nhat ¢ cdc tan s6, lugng hit &m yéu cau, lugng hit
am thay déi (tinh khi muc chia clia phong 100% khdn gid) va lugng hit am
cd dinh yéu cau ctia phong xdc dinh trong bang 4.3 (cac budc 2, 3, 4).

Bang 4.3. Bang tinh T;", A5, A, va AL,

Pailugng Tan 6 trung binh cla dai 1 octa, Hz
(don vi) 125 250 500 1000 2000 4000
ke 1.2 11 1 1 1 1
0 =T K (s) 1,50 1,36 1,25 1,25 1,25 1,25
A¥(m?) 299 318 351 351 351 351
Agm?) 144 137 182,5 205 202 182,5
A%(m?) 155 181 169 146 146 169

Gia cong am hoc phdng, tinh todn lugng hit 4m ciia cdc bé mat, tinh thdoi
gian Am vang thuc hién theo bang 4.4.

22075 ;
§ +105%T .
£
T 45 Hiine [
5 E ’
B %qn i
10 \ :
T
0.5
0 125 250 500 1000 2000 4000 Tansd,f, Hz

Hinh 4.30. Ddc tinh tan so'thot gian dm vang

T s

2,0 _
T ondwety

1,5 l— [
1,0 Tan |
05

0 - Murc chita, %

25 50 75 100

Hinh 4.31. Thoi gian dmn vang theo nuic chita thinh gid

134



Bang 4.4. Bang tinh toan am hoc phong

o Dién (oy) va A, & cac tan s6 trung binh Hz
T Ket cau va vat liéu i
tich, m*| 425 | 250 | 500 | 1000 | 2000 | 4000
1 Tran - thach-cao tron 347 | (0,04) | 0,05 | 0,06 | 0,08 | 004 | 006
bong thily tinh trén ludi sat 14 | 175 | 2 8 14 21
21 Tuong sau: gb van ép day 130 | ©1) | (01 | ©1) | 008 | 008 | 0,11
200mm 13 | 13 | 13 | 15| 15| 16
3 | Tudng bén phia dudi: gdvanép | 144 | (0,1) | (0,1) | (0,1) | 0,08 | 0,08 | 0,11
day 20mm 145 | 145 | 145 | 115 | 115 | 16

4| Liditraithamlennhantao | 101 | (0,08) | (0,08) | (0.2) | 0,26 | 027 | 0,27
8 8 | 20 | 28 | 271 |

5 Miéng san khau 935 | (0.3) | (0,3) | (04) | 04) | 04) | 04
) (sén khau nhiéu phong man) 28 28 37 a7 37 37
6 Miéng hé nhac 16 | (03) | (0.3) | (04) | (04) | (04) | (0.4)

5 5 | 65 | 65 | 65 | 65
7| Loden khehdtuong,trdn | 30 | (02) | (0.2) | (0.3) | (0.3) | (03) | (03)
6 6 9 9 9 9

8 | Tuong bén phiatrén (1): g3 dan | 170 | (0,17) | (0,26) | (0,14) | (0,1) | (0,09) | (0,04)

6mm, bong khoang 50 sét tudng 29 44 24 17 15 7
9 | Tuong bén phiatrén (1): gddan | 100 | (0,55) | (0,39) | (0,15) | (0,12) | (0,11) { (0,10)
6mm, bong khoang 50 sat tudng 55 39 15 12 1 10
Asat 1355 | 172 175 160 157 141 | 1475
Ar= At Mgt 1355 | 316 312 | 3425 | 362 | 346 330
oy = AfS - 0,233 | 0,230 | 0,250 | 0,268 | 0,256 | 0,25
-Sin(1 - o) - | 360 | 3546 | 395 | 4225 | 402,2 | 3915
o S : : - | 24| 63
T - 141 | 143 | 1,29 | 1,20 } 1,19 } 1,12
[T, -1y ] 100% 7 5 3 4 5 10

Két lugn: Thoi gian am vang clia phdng & céc tan s trung binh cha ddi 1
octa déu x4p xi thoi gian 4m vang t6t nhat. Sai s6 tir 3 dén 10% nam trong
pham vi cho phép.
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Tinh su thay déi am vang theo muc chia thinh gia & tn s6 500Hz theo

bang 4.5.
Bang 4.5. Tinh toan thay déi am vang theo miic chita
‘ Thay d8i mitc chra thinh gia
-..Bai lugng . Bonvi- BE— ! [ K AN
_ 0% 50% 75% 100%
| Thinhg B Ng | Ngwsi | 0 | 28 M2 |4
3500 - 040 040 0,40 040
alNy m? 0 91,2 137 1825
Ghé mérﬁ, Ngi : Ghé. 456 228 114 0
agg) . 0,25 0,25 0,25 025
aiNgi m? 114 57 28,5 0
Ay m? 114 148,2 1655 1825
Asgo m? 2,74 308,2 305,5 3425
Tsp0 s 1,66 1,45 1,36 1,29

K&t qua tinh todn thé hién trén hai biéu d6 4.30 va 4.31 cho thdy 4m vang
clia phong t6t va déng déu trong pham vi tdn s6 khao sét.

Cdn Iuu y rdng: Céc tinh todn thoi gian &m vang phong thinh gia khong
thé tranh khoi sai s6 do nhiing nguyén nhan sau day: ‘

1. Nguyén nhén rdt quan trong 13 truong am thuc t€ trong cic phong
khong giéng nhu trudng &m gid thigt. Cédc tinh todn thudng sit.dung cong
thitc Sabine hodc Eyring véi di€u kién gia thiét la trudng am hoan toan
khuéch tin, ma trong thuc t€ do hinh dang phong va cich bé tri vat liéu hit
~am c6 thé khong dat duoc diéu ndy.

2. Chua ké hét cdc bé mit hidt 4&m trong phong do tinh todn chua du
chinh x4c, hodc do khong thé ké hét cdc khe 16 hd trong phong, nhat 1a
cdc khe hé thi cong ghép néi cdc bo phan két cau. DE xét dén lugng hiit
am con thi€u nay, ¢6 tdc giad dé nghi thém mot luong hit 4m phu vao
cong thitc x4dc dinh lugng hiit am téng coéng cla phong (cong thic 1.29).
Theo nghién citu ctia Vién vat 1y xay dung Lién X6 cong thitc xdc dinh
Iuong hit &m s& cé dang:
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A=ZS0;+oa N, +aS 4.5)

trong d6: o,;S - lugng hit am phu thém do xét dén céc khe 16 hé (S - tong
dién tich bé mat cdc phong). o, tiy theo tinh hinh thuc t&€ cé
thé 14y c4c gid tri nhu sau (ting hoac giam 30%).
0 tan s6 125Hz: o, = 0,07 + 0,09;
G tan s6 500 - 2000Hz: @, = 0,04 + 0,05
3. Heé s6 hiit am clia cdc vat liéu chua ding véi thuc t€ do:
- Sai s6 tir phép do trong phong thi nghiém (thudng chi ti€n hanh véi mot
dién tich nhd khodng 10m?).
- Do thiét k& cu tao hoac thuc t& thi cong khong hoan toan diing v6i méu
vat liéu thir nghiém.
Ngoai ra viéc tinh toan thé tich phong, dién tich bé mat hit 4m... cling
khé dat dugce do chinh x4c tuyét doi.
Vi vay trong qud trinh thi cong phdn dm thanh cdn phdi do dac, thir
nghiém va tién hanh cdc hiéu chinh cdn thiét. Viéc tinh thoi gian 4m vang
phong tréng (mic chita 0%) chinh 1a € phuc vu cho viéc nay.

4.3. DANH GIA PO RO TAI CAC CHO NGOI VA LAP CAU TRUC
CAC PHAN XA CO ICH

Do 16 am tiét dé cap & chuong 2 phéi x4c dinh bang thuc nghiém trong
céc phong thinh gid dang hoat dong. Trong giai doan thi€t k€. chiing ta c6
thé xdc dinh trudc do 15 (ky hiéu R,, theo phin trim) theo cong thic gan
ding sau day [34, 37]):

R, =96 kt.ky ky kg, % (4.6)
trong dé: e
1,0 T
kg - hé s6 xét dén anh hudng 08 ‘\l\ j

clia thdi gian &m vang ' ~

, N A, R 0.6
cia phong dén do 1o
(hinh 4.32). 04

k_ - hé s6 xét dén anh hudng 0223 4 5s
clia mudc am tai vi trf tinh

L e Hinh 4.32. Anh hudng cila thoi gian
toan dén do 1S (hinh 4.33).

dam vang dén do ré
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ky - hé s xét dén anh hudng clia mifc 6n nén trong phong dén do 10
(hinh 4.34);
kg - hé s& xét dén anh hudng ctia hinh dang phong dén do 6.
Céc phong l6n:  kg=0,9 + 0,95.
Phong chitnhat: kg=1;
Phong c6 cdc bé mat phan xa manh am thanh: kg = 1,06.
96 - d6 16 cao tihat ¢6 thé dat duogc khi céc diéu kién khéc déu 1 Iy tudng.

k. Ky
10 1,0 -
4 2 .
08 / 08 \
086 0,6 \\
04 0.4
0,2 0,2
20 40 60 80 100 120 dB 0 02 04 06 08 10 NL .
Hinh 4.33. Anh hudng Hinh 4.34. Anh hudng ciia miic 6n
cia mitc dm dén do ré nén dén dé ré khi san khdu on (1)

va khéng on (2)

Khi thiét k&€ am hoc phong yéu cdu do 15 tai chd ngdi: R, 275%.

Phan tich c4c biéu dé trén ta nhan thay:

- - Khi thdi gian &m vang ctia phong T = 0,5 + 0,8s hé s6 k, x4p xi don vi.
Thoi gian am vang ting thém 1s, do o giam khoang 10%. Khi T = 3s,
kr ~ 75% nghia 13 d¢ rd khong dat yéu cdu ngay ca khi cdc hé s¢ khde bang
don vi (R, = 72%).

- D% 15 dat cao nhat khi mic am tai chd ngdi dat 80dB (k, = 1,0). Khi
miic 4m 1én hodc nhd hon tri s6 nay, do rd déu giam. Vi du, khi mitc am
la 50dB va 120dB, k; = 0,9. Khi mic 30dB, k; = 0,65, do rd khong dat
yéu cau.

Khi mtic &m va mic 6n nén bang nhau, ky = 0,65 d¢ 15 khong thda man.
Khi ty s6 miic 6n va miic 4m bang 0,8 (vi du N = 40dB va L. = 50dB),
ky = 0,78 do 13 vira dat yéu cdu. N&i khdc di diéu ki¢n cdn dé dat dugc do ré

138



yéu cdu (R,275%) la mitc dm tgi cdc ché ngdi phdi virot mitc On it nhdt 10dB
nghiala L - N 2 10dB.

Miic én nén trong cic phong thinh gid dugc quy dinh tiéu chudn thiét ké,
c6 tri s6 cho phép khoang 25 - 35dB, A phu thuéc chiic ning cla phong
(xem chuong 6 muc 6.2.2). Bién phdp chinh dé dat dugc tri s6 cho phép nay
1a cdch &m c4c tudng chu vi va céc clra 8, cla di, s€ gidi thiéu & chuong 7.

Miic am tai méi chd ngdi 12 mic am téng cong clia Am tryc ti€p va cic
phén xa c6 ich (cdc phan xa c6 thoi gian tré dudi 50ms).

Miic am truc tiép x4ac dinh theo cong thic (1.21):

L,=L,-20lgr—8,dB
Miic 4m clia mdi phan xa c6 thé x4c dinh theo cong thic:
. 1 :
L.=L,—20lgr' - 101g—1———8 ,dB 4.7)
-
trong dé:
L, - muc cong suat cla ngudn 4m, thudng xéc dinh cdch nguén 1m
(xem bang 4.6).
rvar - dudng di clia 4m truc ti€p va m phan xa dén diém tinh;
o - hé s6 hiit am clia bé mat tit d6 4m phan xa t6i diém khao sat.

Mic am téng cong tai mdi ché ngdi xdc dinh theo phuong phdp da trinh

bay & chuong 1, muc 1.4.2.

Bang 4.6. Miic cong sudt am clia mot s6 nguodn [26]

Ngudn am Mtrc cuyc dai trung binh, dB Pham vi dong, dB
Giong nam trung (Bartion) 80 40
Giong nif cao (Soprano) va nit thap 89 47
(contralto)
Hap xudng nam (38 ngudi) 94 . 20
Dan nhac nha thd, dan nhac 114 50-70
c6 hgp xudng va doc tau
Dan nhac giao hudng 110 40 - 80
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Véi mbi phan xa, bén canh miic &m xdc dinh theo cong thitc (4.7) ta cdn
xdc dinh dugc thdi gian tré (so v6i am truc ti€p) theo cong thiic:
r'-r
340
- Theo mic am va thoi gian tré clia am tryc ti€p va cc am phdn xa, ching
ta c6 thé lap biéu d6 cdu tric cic phan xa c6 ich tai méi ché ngdi trong
phdng va so sanh vdi cfu tric t6t nhit theo nghién citu cia tic gia [32]

At = .1000, ms (4.8)

(hinh 4.35). o

L, dB L, dB

sy YT vy

1,5-2

Am tryc tiép
Phan xa 1
Phan xa 2
Phan xa 3
Am tryc tiép
Phanxa 1
Phén xa 2
Phan xa 3

12030 | 1520 | 15 | atms

10455905, Atms

Hinh 4.35. Cdu triic 16t nhdt ciia cdc phdn xa ¢é ich:
a) Cho tiéng néi; b) Cho édm nhac

4.4. PAC PIEM VA CAC GIAI PHAP AM HOC CHO CAC PHONG
THINH GIA KHAC NHAU

4.4.1. Giang dudng, phong hoi thao

1. Pdc diém dm thanh
- Phong sit dung chit yéu d€ nghe tiéng néi, do d6 do 16 1a tiéu chudn co
‘ban quyét dinh chat lugng 4m thanh. Mu6n vay can phai bao dam: :
+ Dl mic am tai cdc chd ngoi.
+ Thai gian am vang tuong d6i ngén.
+ Tao dugc phén xa ddu tién c6 thdi gian tré khoang 10-15ms.
- Cong suat ngudn am - 12 tiéng cha giang vién, dién gia - tuong d6i nho,

khong phai 12 giong dugc tap luyén cha dién vién.
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Hinh 4.36. Gidng ditong Université Laval Quebec, Canada (1946)
a) Mdt cdt; b) Mdt bang; c) Chi tiét vat liéu hiit am
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2. Gidi phdp N | |

1. Kich thudc va thé tich phong phai han ché, c6 thé tuan theo hudng dan
sau day: '

- Khoéng céch xa nhat dén ngudi nghe: / < 20m.

- Kich thudc phong 16n nhdt: L x B x H = 22 x 15 x 7m® véi siic chita
khoang 450 ché.

2. Néu phong tuong déi réng va cao, cé thé cau tao cdc tém phan xa phia
trén dién dan dé dua am phan xa téi 2/3 chd ngbi cudi phong, sao cho chénh
léch dudng di ctia &m phan xa va am truc ti€p tir 3 d€n 8m. Tudng bén gan
san khdu ciing 4p dung giai phdp ndy. Tdm phan xa cé thé bing thach cao,
g6 hodc vat liéu khéc, nhung khong nén 12 bétong cot thép.

3. San ngbi nén c¢6 do doc 16n dé bao dam truyén am tryc tiép tot tir dién
gia dén ngudi nghe.

4, Tai bé mat xdy ra cdc phan xa bac cao (xem chuong 2 muc 2.4.3) nén
b6 tri vat liéu hiit &m manh dé gidm thoi gian am vang clia phdng va nang
cao do ro.

5. Tudng phia trudc nén bo tri vat liéu phan xa am thanh manh.

Trén hinh 4.36 gidi thiéu giai phdp am hoc - kién tric giang dudng trudng
dai hoc Laval, & Quebec, Canada véi 130 chd ngdi. Vat liéu hiit am bé tri &
tudng sau va phan cudi tudng bén. Trdn va tudng bén dugc st dung dé€ phan
xa am thanh t6i c4c chd ngdi.

4.4.2. Nha hat kich, tudng, cheo, cai luong

1. Ddc diém am thanh

Deic diém thit nhdt. Am thanh trong cdc nha hét chit y&u van 1 tigng néi.
Thuc ra tuéng chéo, cai luong cha chiing ta cé thé x&p vao loai kich hét, khd
gin véi opéra cla chau Au. Tuy nhién yéu cdu am hoc co ban vén la phai
nghe 10 161, do d6 tiéu chudn do 16 la quan trong nhdt. Déng thdi trong kich
hién dai van thudng cé kém theo am nhac va cédc loai 4m thanh ty nhién (gié
rit, mua roi, s&m sét, ti€ng tau hoa, mdy bay, sting dan v.v...). Trong nghién
ctu vé cdc chi tiéu 4m hoc cho cdc nha hdt Viét Nam cla chdng toi 1985
[56], cdc chuyén gia nghé thuat trong linh vuc nay déu khong phan biét su
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khéac nhau vé yéu cdu 4m thanh gifta c4c thé loai ndy va chiing toi da kién
nghi chi c6 mét tiéu chuén chung vé am thanh cho céc nha hét Viét Nam.

Ddc diém thit hai. Ngudn am chd yéu trong nha hat 12 giong dién vién,
tuy 1a giong da dugc lua chon va tap luyén, nhung cong suét vin nhd, nhat la
nhiing doan tam tinh cdn ha thap giong dé dién cam theo noi dung v& dién.
Mat khéc, trong nha hdt c6 su 16i cudn ctia v& dién, 1am tang su chid § cla
ngudi nghe, nhd d6 gidm bét ti€ng 6n do thinh gia gy ra, rat c6 loi cho
truong am trong phong.

Ddc diém thit ba. San khau cla cdc nha hat thudng c6 khong gian 16n va
nhiéu phéng man, bd cinh nén dugc coi 12 mot san khau hiit am manh. Dong
thoi khong gian nay lai khong thé bé trf cdc tim phan xa 4m thanh dé dua
nang lugng am vé phia thinh gia. Day 12 mot bét 1gi 16n cho trudng am.

Tir cac dic diém trén, chiing ta cé thé riit ra cdc yéu cdu &m hoc cho nha
hat la:

- Phai c6 do 13 cao trén toan chd ngdi, mudn vay phai bdo dam truyén am
truc ti€p tot, dong thoi bd sung thém cc phan xa c6 thoi gian tré 10 - 15ms,
v6i 2 - 3 phan xa am trong 50ms dau tién.

- Am vang cha phong khong dugc qué dai dé 1am x4u do 18, nhung ciing
di 16n dé thudng thiic 1i hat va am nhac.

- Mot trudng &m khuéch tdn cao luon 6 tdc dung nang cao chat lugng am
thanh trong bai hat.

2. Gidi phdp

a) Hinh dgng nha hét

Mt bang nhé hét thudng té chifc tty theo kiéu san khau. C6 bon kiéu san
khau di kém véi bon dang mit bang nha hat sau day (hinh 4.37).

- San khau c6 dién (cé miéng san khau).

- San khiu ma.

- San kh&u kiéu khdn dai.

- San khAu linh hoat. ‘

Ty theo kiéu biéu dién ma chon dang mat béng thich hop. Vi du véi kich
hién dai, hit quan ho, két hop thoi trang c6 thé chon dang mat bang kiéu san
kh&u m& hoic kiéu linh hoat. Trén hinh 4.38 va 4.39 gidi thiéu mit bang cla
mot s6 nha hét hién dai kiéu san khau c8 dién va kiéu san khau mé.
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8an khau linh hoat theo ba kiéu A, B, C

Hinh 4.37. Hinh dang mdt bdng nha hdt theo cdc kiéu sén khdu

Cédc nha hat hién dai c6 ngudn g6c tit cdc nha hit ¢é Hy Lap (th€ ky V -
IV truéec CN) va La Ma (th€ ky III - II truéc CN) c6 stic chita dén vai chuc
ngan ngudi (hinh 4.40, 4.41). D€ dat dugc do rd cao (cc khdo sit am hoc
ngay ﬁéy‘chd thﬁy dc“> 15 & céc chd ng01 xa nhat dz_it 78 - 88% khi kﬁéng c6
thinh gid va ti€éng 6n) cdc nha hat ndy thudng bao dam t6t sy lan truyén am
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tryc ti€p nhd ¢ san ngdi ¢é do doc 16n (1oi dung dia hinh tu nhién), dat xa
tiéng 6n thanh phd va tranh thd cdc phan xa 4m tir mdi, san va tudng sau sin
khau dé bé sung nang luong am cho céc chéd ngdi.

7
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Roberts theater, grinnel lowa (1961), 488 choox
Kts.-Skidmore Merrill
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5 0 5 10 15m

Kts. Beck - Erlang

Stadttheater, bonn, CHLB Bc (1965), 900 chd.

Theatre maisonneuve, montreal Canada (1967),
1300 chd. Kts. Barott Boulva

Hinh 4.38. Mdt bang mot s6 nha hdt cé sén khdu cé dién
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THEATER NATIONAL ARTS CENTER,
OTTAWA (1969), 800 ché .Kts. DESBARATS
DIMAKOPQULOS LEBENSOLD SISE

Hinh 4.39. Mt bdng nha hdt cé san khdu mo hodc linh hoat

Cic kién tric su Hy Lap con biét sit dung cdc 6ng kim loai dat trén san,
chiic ddu hd xudng phia dudi dé giit am vang tu nhién cho giong hit & cédc
tdn s6 am cao va trung binh, 12 nhiing t4n s6 bi hit manh trong qud trinh
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truyén am ngoai troi. Tuong tu cdc 6ng kim loai, trong nha hdt c6 La M3 st
dung "hanh lang cong huéng" dat theo chu vi phong dé tang cudng miic am.
Nén ngdi déc ngoai tdc dung thu ngin khodng cdch t6i nguén am va bao
dam truyén am truc tiép t6t, con cb téc dung chin gié va tiéng 6n dé tao
dugc mot trudng am tot trong nha hat.

Hinh 4.40. Nha hdt c6 Hy Lap Hinh 4.41. Nha hat c6 La Ma

Nghién citu va phan tich cdc nha hat cé cho thdy céc kién trdc su ngay
xua di hiéu biét khd sau sic cdc quy luat truyén &m & ngoai trdi va dua ra
céc giai phép kién tric x4y dung rét thich hop va c6 hiéu qua.

b) Sitc chita, kich thudc va khoi tich

Tl céc dac diém am hoc néu trén cho thdy cdc nhd hat khong nén c6 stic
chda qud 16n, vuot qua 1200 - 1500 chd ngdi. Nhiéu nha thiét k&€ nudc ngoai
cho rang stic chifa hop 1y clia nha hét 12 tir 700 dén 1000 chb.

Khoang cich ra nht tir thinh gia dén san kh&u khong nén vuogt qud 25m,
khi c6 ban cong c6 thé tang 1én dén 27 - 28m.

Chiéu rong nha hét khong nén qud 20m va thé tich riéng thich hop, theo
kinh nghiém nudc ngodi 1a 4 - Sm*/ngudi.

Trong bang 4.7 ching t6i gisi thiéu dé tham khao cdc thong s6 clia mot

s6 nha hét ndi tiéng trén thé gibi.

147




Bang 4.7. Céc thong s ciia cdc nha hét trén thé giGi

it Tén nha hét (ndm xay dung géi tao) fl’fKiﬁ Scfg?}g?a’ v,m*Ingusi L”r‘gx' T5S°°'
1 | Nha hat han lam nghé thut Maxcova 4800 1160 42 23
2 {Nha héat-Puskin, Maxcova 4400 950 46 -
3 INha hat cla Cung van hod khoa hoc| 3680 776 47 21
| Vacsava, Balan
4 {Nha hat I6n Ha Ngi (1911, 1998) 4080 630 6,5
King's Theater, London (1793) 4550 - - 4,55
6 |Queen Elizabeth Theater Vencouver, Canada| 16750 | 2800 6,0 - 1,5
(1959) : -
7 | Teatro alla Scala, Milan, Italia (1778, 1946) 11250 | 2289 49 - 112
8 | Royal Opera House London, Anh (1858) 12240 | 2180 56 - 1,35
9 | Theate National de I'Opera Paris, Phép (1875) | 9960 2131 4,7 - 1,1
10 | Metropolitan Opera House, New York (1883) | 19500 | 3639 54 - 112
11 | Deutsche Oper, Berlin, Germany (1961) 10800 { 1900 57 - 1,6
12 | Staatsoper, Vienne, Ao (1864, 1955) 10600 | 1658 6.4 - 1.4
13 | Opernhaus Cologne Germany, (1957) 8650 1346 6,4 - 1,6
14 | Staatsoper, Berlin Germany (1742, 1984) 7000 1488 47 - 1,0
15 | Kresge Auditorium, Cambridge Mass* (1955) | 10000 | 1238 8,1 29 (147

c¢) Khong gian ndi thdt

Do san khau hiit am manh nén can tan dung t6i da cdc mat tran va tudng
sat san kh&u 1am cdc mit phan xa am thanh t6i cidc ché ngdi trong phong,
dac biét 12 nhitng chd ngdi cudi phong, nhd dé ciing tranh dugc ti€ng doi
khé chiu do thoi gian tré qud 16n (hinh 4.42). Cic mat phan xa nay nén co
kich thuéc khong dusi 5 - 6m. '

cdc mit phan xa dé phan b6 déu nang lugng am trong phdng nhu trong nha
hat clia Dai hoc téng hop Bishop Lennoxville, Quebec (hinh 4.43), hoic tao
mot trudng am khuéch tdn nhd céc cdu tao phén chia bé mat dang chu ky
nhu trong nha hat nhac hai kich Crasnodar, Nga (hinh 4.44): tran ding cic
kh6i hinh thap bing gb diy 20mm, tudng bén khdi lang tru léch bing tdm
soi gb 20mm. Tuy nhién, gidi phdp 4m thanh ndy chua tao nén sy hdp din
cho noi that phong.
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Hinh 4.42. Cdc mdit phdn xa gdn sén khdu bé sung néng luong
cho cdc ché ngéi xa (b) va tranh tiéng doi khé chiu (a)

Chi ¥ rang trong nha héat clia Trudng dai hoc Bishop, do chiéu rong
phong 16n va tudng bén vit nghiéng manh nén cdc phan xa tit tudng ndy cé
thé tao tiéng doi cho thinh gid ngdi & giita phong. DE trdnh hién tugng x4du
ndy ngudi ta da bé tri vat liéu hiit &m thay déi (kiéu B, C va D) tai day.

Mot 56 két ludn vé cdc yéu cdu am hoc cho cdc nha hdt Viét Nam (tx
cac két quéa clia dé tai nghién cttu "tiéu chuin 4m hoc cho céc nha hat Viét
Nam" nam 1985 [56]):

1. V& mit 4m hoc, cé thé déng nhat héa céc chi tiéu am hoc cho céc thé
loai kich va ca kich Viét Nam (kich néi, tudng, chéo, cai luong va kich hat),
do dé chi c6 mot tiu chudn 4m hoc chung cho cdc nha hét.

2. Thé tich riéng tot nhat cho céc nha hdt 1 4,0 - 4,5m"/ngudi (gidi han
trén 1a 5,5m*/ngudi).

3. Thdi gian am vang tSt nhat & tin s6 500 - 1000Hz tuong ng véi thé
tich phong 1000 - 6000m* 12 T® = 1,0 + 1,25s, va ¢6 thé xdc dinh theo biéu
d6 hinh 2.13.
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Hinh 4.43.-Gidi phdp dm hoc Nha hdt ciia Pai hoc tong hop
Bishop, Lennoxville, Quebec (1968)
(sitc chita 770 chd; thé tich 4250m*; dién tich 485m? v = 5,4m"/ng; Tsog = 1,055).
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Hinh 4.44. Gidi phdap am hoc ciia nha hdt nhac hai kich Crasnodar, Nga

4.4.3. Phong hoa nhac

1. Pdc diém va yéu cau dm hoc

D6 16n cia phong hoa nhac chll yéu phu thudc vao s6 lugng nhac cong,
nghia 12 phu thuoc vao do 16n ciia nguon am. Khi do 16n phong khéc nhau,
yéu cau am hoc ciing khong giong nhau. Céc phong hoa nhac thuong duoc
chia lam 2 loai:

- Phong diing cho dan nhac thinh phong véi s6 lugng nhac cong khong
qué vai chuc ngudi. Cic phong nay c6 kich thudc nhd, dé biéu dién doc tau
va dan nhac nhe. Pham vi dong clia miic 4&m tuong d6i hep, thudng khong
qua 50dB.

- Phong hoa nhac I6n dé bidu dién cdc doc tau v6i dan nhac giao hudng
hodc céc dan déng ca 1én cé s6 dién vién 100 - 150 ngudi. Pham vi dong clia
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miic am khoang 70 - 80dB, tir mét doc tdu c6 miic rit nhe (pianisimo) dén
miuc r4t' manh cla ca-din nhac (fortissimo).

Céc phong hoa nhac c6 doi hdi rat cao vé chat lugng 4m thanh va thudng
yéu cdu khong sit dung.hé théng dién thanh, ma chi nghe 4m thanh tryc tiép
- 4m tu nhién - clia cdc nguén 4m. Cic yéu cdu 4m thanh clia phong hoa
nhac thudng thé hién qua céc chi tiéu-sau-day:— -~ -

1. Ciu tric céc‘phé‘n xa cg ich 4nh hudng dén muc am va tinh "khéi cha
am thanh cam thy".-€4u tric t6t nhat mong mudn dat dugc tai cac chd ngodi
trong phong nhu gidi thiéu trén hinh 4.35.

2. Thoi gian 4m vang ctia phong phai di 16n dé am vang phong phi, hap
dan va c6 do m§ cam cao. Cdc phong hda nhac ndi ti€ng the gidi gidi thiéu &
barig 4.8 con thdi gian 4m vang tlt 1,4 dén 1,8 gidy. Phong hoa nhac nho cia
nhac vién Traicopxki & Moskva duoc coi 12 cé chit lugng am thanh tuyét
hao cé thoi gian &m vang t6i 2,0 giay.

3. C4c phong hoa nhac phai dat duge do khuéch tén cao cla trudng am.
Am thanh cam thu dugc trong phong nhu viy s& cé tinh khoéi 15 rét, do m§
cam tang lén va chét lugng am thanh déng déu trong toan phong.

4. Trong cdc phong nghe 4m nhac, mic 6n nén yéu cdu khd thap, khoang
25dB, A va dudng NR = 20 + 25, doi hdi phai ¢6 cdc bién phdp cach 4m va
chong tiéng 6n c6 hiéu qua, dac biét khi né ndm & trung tam thanh phd, gan
cac dudng giao thong 1én. '

2. Gidi phdp
a) Kich thuéc va thé tich phong

Néu kich thuéc mot phong hoa nhac qué nhé, thi trudng 4m trong phong
khong thé dat dugc do khuéch tdn cao, nhat 13 & céc tan s6 thdp va khong thé
tao dugc cau tric tot nhat cho cic phan xa c6 ich.

Theo [32] thi kich thudc nho nhat clia mot phong hoa nhac la:

- Chua ké san khau tr 23 x 16 x 9m® d 27>< 18x 9m?® véi thé tich tir
4750m* dén 6000m°. : ‘

- K& ca san khau: tir 33x16x9m* dén 37x18x9m* (san khdu t&i thiéu
16><10m ).

Siic chia cia phong khi d6 khoang tir 400 den 700 ché. .
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Bang 4.8. Cac thong s6 cita cic phong hoa nhac néi tiéng thoi gian

TT|  Ténphong hoa nhac (ndm xay dung) Thi]ta'Ch' S“:g‘l“%‘i’a' mxhg TSéJO' éts Krc’g;':g
1 |Phong hoa nhac nhd nhac vién Moxkva - 400 - |20 - 35
2 |Phong-hoda nhac dn nhag vién Moskva 17000.| 1900 .| 7,8 21,26|. .47 .
3 |Phong hoa nhac Traicopxki, Moxkva 17570 1560 | 11 | - |18,24| -
4 [Royal Festival Hall London (1951) 22000 | 3445 | 6,5 |1,47|34,14| 38
5 |Konserthus Goteborg (1935) 11900 | 1371" | 87 | 1,7 |33,22
6 |Symphony Hall Boston, Mass (1900) 18740 | 2631 |71 ]18}309]| 45
7 |Tanglewood Music Shed, Lenox, Mass (1938)| 42450 6000 | 7,1 |2,05|19,12| 47
8 |Carnegie Hall New York (1891) 24300 | 2760 |88 |1,7(23,16| 45
9 |Neues Festspielhaus Salzburg, Ao (1960) 1500 2158 | 7,2 [1,55(23,14| 35
10 |Orchestra Hall Chicago 36600 | 5081 | 7.2 (173614 55
11 |Academy of music Philadelphia (1857) 15700 | 2984 | 53 14]19,10] 35
12 |Aula Magna Caracas Venezuela (1954) 24900 2660 | 94 [1,35(30,10 -
13 |Redoutensaal, Viene (1752) 10400 1500 |69 |14 - -
14 |Grosser Musik Vereinssaal, Vienna (1870) 14600 1680 |87 |22 - -
15 |Royal Albert Hall London (1871) 86600 | 6080 |[14,2(25]| - -
16 |St-Andrew's Hall Glasgow (1877) 16100 | 2133 | 75|22| - -
17 |Neues Gewandhaus Leipzig (1886) 10100 1560 | 6,8 |1,55] - -
18 |Concertgebouw Amsterdam (1887) 18700 | 2206 |85 (22| - -
19 |Massey Hall Toronto (1894) 16100 | 2774 |58 |19 - -
20 |Palais des Beaux Arts Bruxelles (1929) 12500 | 2150 | 58 |1,42
21 |Philharmonie Hall Liverpool (1939) 13500 | 1955 (69 |15]| - -
22 |Kiehans Music Hafl. Buffalo (1940) 18220 | 2839 |64 132| - -
23 |Frederic R, Mann Auditorium Tel Aviv (1957) | 21250 | 2715 | 7,8 |1,55] - -
24 Kultuuritalo Helsinki (1957), 10000 | 1500 | 6,7 |1,05| - -
25 |Queen Elizabeth Theater Vancouver (1959) | 16750 | 2800 | 6,0 | 15| - -
26" |Beethovenhalle Bonn (1959) 15700 | 1407 (11,2117
27 {{New) Philharmonie Berlin (1963) 24500 | 2218 |11,2]1,95| - -
28 |Grotezaal de Doelen Hall Rotterdam (1966) | 28000 | 2232 |12,5|2,15] - -
29 {Avery Fisher-Hall New York (1976) 18800 2631 [ 71 (18
30 |Barbican Concert Hall, London (1982) 18850 | 2000 |94 119]| - -
31 |Roy Thomson Hall Toronto (1982) 28300 | 2812 | 10, 125; i i
32 |Phong hoa nhac dai PT-TH NHK, Japan 25200 | 3800 |66 |17
33 |Cocert Hall, Chiba, Japan (1965) 14000 | 1800 |78 |16 - -
34 |Grande Salle de Concerts Paris (19630) 12000 937 12820 - -
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Néu chi ding dé ghi am nhac giao hudng, thi kich thudc phong ciing
khong nén nho hon.

Nguoc lai, kich thude t6i da clia phong hoa nhac phai xét dén cong suit
han ch€ clia mot doc tdu, mot don ca ma khong skt dung hé thong dién thanh.
Trong bang 4.8 chi c6 hai phong hoa nhac (Chicago - 5081 chd ngbi va
‘Lenox - 6000 chd ngdi) ¢6 khoang cich ché ngdi xa nhat & phan nén doc
dén san khau t6i 47 - 55m. Theo hudng dén, chd ngdi xa nhét & nén déc nén

Nghién ctiu bing 4.8 ta c6 thé riit ra mot s6 nhan xét sau day:

- Céc phong hda nhac trén thé gidi c6 chét lugng am thanh t6t phan 16n
déu c6 kich thude va thé tich 16n, stic chita tir 1000 dén 3000 ngudi, thdm chi
lén t6i 5000-6000 ngudi. Cic phdng hda nhac nhd khong thé dép tng yéu
ciu cho mot dan hgp xudng 16n.

- Thé tich riéng cdc phong hda nhac dao dong trong pham vi 6 -
8m’/ngudi, c4 biét [én dén 12 - 14 m'/ngudi.

- Thoi gian am vang cdc phong & tdn s6 trung binh thay déi tr 1,3 gidy
dén 1,9 giay, pht hgp véi viing cho &m nhac trong biéu d6 2.10. Tuy nhién
cling ¢6 mot s6 phong cé thdi gian am vang nam ngoai ving t6t nhat nay,
nhu céc phong s6 1, 14, 15, 16, 24, 28 va 34 (thit tu theo bang 4.8).

b) Hinh dang phong

Nhu di phan tich & trén, hinh dang chinh cla phong khong c6 vai tro
quyét dinh sy hinh thanh trudng am, vi vay ¢ thé chon tily ¥ theo yéu cu té
“hop kién tric. Con ty I& clia phdng ¢ thé thay ddi trong mot pham vi khd
rong (xem muc 4.1.4). Vén dé c6 ¥ nghia rat 16n déi v6i trudng am la gidi
phap kién tric - ndi that cha phong. Xu huéng phat trién ca kién triic hién
dai v6i cac bé mat phing va 16n cling véi su xuat hién clia vat liéu nhan tao
“méi c¢6 phin bat 1gi d6i véi am hoc kién tridc, da dé ra cho né nhiing bai todn
ddi hoi nhiing 10i gidi méi. Piéu ndy hoan toan khdc v6i cdc giai phdp phan
chia bé mat, bing cdc ban cong, 16 ghé... clia cdc nha hit va phong hoa nhac
xay dung nhiéu thap nién truéc day, c6 mat bang gi6i thiéu trén hinh 4.45,
4.46 va4.47.

c) Gidi phdp kién triic - ngi thdt dm thanh
Diu biét ring noi thit phong thinh gia phai 12 mot khéi théng nhét, thi

khi tim giai phap cho né chung ta lai tam thi chia né lam hai phan.
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dr-do
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At=

dg- Dué:na di cla tia phan xa
dp- Budng di ca tia tryc tiép
C,- van tdc am '
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I

Hinh 4.48. Thiét ké' cdc tam phdn xa dm trén sdu khdu phong hoa nhac
(Riverbend musical centre)

Hinh 4.49. Gidi phdp mdt bang va mdt cdt tao triong dm
phdn bé' déu trong phong hoa nhac
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Hinh 4.50. Phong hoa nhac (Frederic R. Mann Auditorium Tel Aviv)
V =21250 m* N = 2715 ngudi; Tspy = 1,55s.
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Hinh 4.51. Phong hoa nhac Jerusalem Binyanei Ha'00man, Israel
(V = 24700, N = 3142 nguoi; Tsgp = 1,755, At = 26, 13)
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Hinh 4.52. Phong hou nhac Aula Magna Caracas, Venezuelu
- Mdt bang. mar cdr va mar hdng cdc tdm phdn xa trdn
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Phdn khong gian chinh cha phong thinh gia cdn tim giai phdp dé tao dugc
mot trudng am phén bé déu (hinh 4.49) hoac mot truong am khuéch tdn cao
bing cich st dung cdc cdu kién phan chia chu ky bé mat trin va tuong. Cic
phong hoa nhac & Tel Aviv (hinh 4.50) va Jerusalem (hinh 4.51) 1a theo
huéng nay. |

Giai phdp st dung cic tdm phan xa treo tu do, trong phong hoa nhac Aula
Magna & Caracas, Vénézuéla (hinh 4.52) tao dugc mot hinh thiic hap din
cho kién tric noi that. Khi 4p dung gidi phdp ndy, cdn chd ¥ ring, néu kich
thuéc cdc t4m phéan xa khong di 16n, am phan xa t6i thinh gia c6 thé thi€u
tan s thdp, gdy ra méo tan s& va sy mat can bang 4m vang, lam x&u chat

luong am thanh.

Hinh 4.53. N¢i thdt phong hoa nhac Berlin (Phiharmonie Berlin)
voi nhitng "ddm mdy dm hoc” trén dan nhac

Trén hinh 4.53 gidi thiéu anh chyp noi that phong hoa nhac Berlin
(Philharmonie Berlin) ¢6 mat béng cho trén hinh 4.47. Cic mat phan xa
am nhu nhiing "ddm mAay &m hoc" (cdc tdm hinh thang canh 2,75m treo &
do cao 10,6m).
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Tuy nhién chat lugng am thanh chia phong hda nhac chi méi dugc ddnh
gid tot (chua phai t6t nhat), theo ching t6i c6 mot nguyén nhan 13 do tdm
phén xa c6 kich thudc con qué nho.

) %f/fé{@i@&

b)

Hinh 4.54. Phong hoa nhac Royal Festival Hall V = 22.000m?, N = 3445 ché,
T =147s:a) Téng mdt bing véi cdc ngudn én chung quanh; b) Mdt cdt doc:
1 - dan Organ; 2 = t&m phan xa; 3 - ban cong (Mat bing xem hinh 4.45).

Phong hoa nhac Hoang gia London (Royal Festival Hall) dugc ddnh gid
12 mot trong nhifng cong trinh t6t nhat vé am thanh sau chién tranh (xay
dung nam 1951) c6 hai dac diém déng chi y (hinh 4.45 va 4.54). Mot 1a
tran phong thinh gia thi€t k€ tao dugc sy phan b6 déu nang lugng 4m phan
xa khip phong. Tudng véi cdc ban cong nho vio phong gbp phan tao nén
trudng &m khuéch tin cao. Hai 13, tuy phong hoa nhac xay dung & trung
tam thanh ph6, bén bd séng Thames c¢6 dudng thu thiy, tau dién ngdm
chay qua, nhung da giit dugc miic 6n tiéu chuéin cho phép nhd gidi phap
cdch &m t6t clia céc tudng va clia, cling gidi phdp cdch chan dong, tao cho
phong giong nhu mot "qué triing" dugc treo vao két cdu ctia nha bing cdc
10 xo gidm chdn dong.
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4.4.4. Rap chiéu phim

- 1. Pdc diém va yéu cdu dm hoc
- Ddc diém ddu tién 1a trong rap chi€u phim ching ta luén Iudn nghe am
thanh qua hé théng dién thanh. Vi vay cong sudt clia nguén am cd thé coi 1a
rat 16n, khong bi han ché. Dac diém nay cling phit hop véi tim 1y clia ngudi
xem: c4c hinh anh dugc phéng dai trén man anh doi hoi 4m thanh cling dugc
phéng dai tuong tng. '

- Ddc diém thit hai. Trong phim ching ta gip du loai 4m thanh: ti€ng néi,
tiéng hat, tiéng dan (tir mot doc tdu cho dén mot dan nhac giao hudng), am
thanh clia thién nhién v.v...M®i loai 4m thanh ddi hoi nhitng diéu kién riéng
khéc nhau, tham chf trdi ngugc nhau, dé c6 thé cam thu t6t nhat.

- DPdc diém thit ba. Trong rap chi€u phim ching ta chi nghe lai céc
chuong trinh di dugc ghi sin trong phong ghi am ciia xuéng phim r6i phat
lai trong phong xem. Pac diém nay da dugc nghién ctu trong am vang cla
céc phong c6 lién hé dién thanh (chuong 2, myc 2.3.5 va cong thic (2.13))
da duoc dp dung thiét k€ cdc rap chi€u phim trong mot thdi gian dai theo
cdch "gia céng nhiu vat liéu hit am trong phong chi€u phim dé thoi gian
am vang clia phong gin bing khong, khi d6 thinh gid s&€ cim thu theo am
vang hiéu qua, x4p xi véi thoi gian &m vang phong ghi 4m - phong dugc coi
1a chat lwgng 4m thanh 1y tuéng". Tuy nhién trong cic rap chi€u phim khi
gia cong am hoc nhu vy, am thanh cam thu dugc c6 cam gidc kho khan,
thi€u tinh "khéi" clia 4m vang song,
déng thdi ngudi nghe-nhanh chéng cé L, dB

cam gidc mét moi. Cic khdo sét thyc t€ 4

cho thdy phong thinh gia rap chi€u

AL

phim can phai cé thoi gian am vang

thich hop cho c4 tiéng néi va am nhac.
Nhung giai phdp ndy c6 thé lam x&u di
d6 16 trong phong, ma doi véi cdc rap

chi€u phim thi do rd 12 tiéu chudn chat . . g
luong 4m thanh hang dau. —— : +

1 1

A. Kacherovitr [32] di gidi quyét  Hinh 4.55. Duong tdt ddn ciia o
mau thuin ndy bing céch tao dudng tit dm thanh trong rap chiéu phim
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dan cia 4m thanh trong rap chigu phim c¢6 dang nhu trén hinh 4.55. Qua trinh
tit ddu gom hai giai doan T, va T,. Giai doan T, khoang 150ms, miic &m thanh
gidm manh, dat trj s6 AL > 5 + 6dB dé dat dugc do 15 cao (nhd nghe am thanh
tryc tiép tir loa da c6 mitc da 16n, ma khong can phan xa 4m c6 ich). Giai doan
T, tat dan cham dé c6 thdi gian am thanh d0 16n khi nghe 4m nhac.

Nhu vay, yéu cdu am thanh clia c4c rap chiéu phim dugc thé hién qua cdc
chi tiéu sau day:

1. Do 16 ti€ng ndi cao.

2. Thoi gian am vang phll hop cho ca tiéng néi va Am nhac (giai phdp
trung hoa).

3. Trudng am c6 do khuéch tdn t6t gép thém phdn ning cao chat lugng
cam thu 4m nhac khi thoi gian am vang khong d 16n.

2. Gidi phdp

a) Thé tich va kich thuéc phong

Tur dac diém thit nhat cho thay kich thudc cdc rap chigu phim vé nguyén
tic c6 thé rat 16n. Tuy nhién trong thuc t€, khi phdng qua dai, 4m thanh phai
khuéch dai dé di cudng dé cho nhitng ché ngdi cudi phong thi & nhiing hang
gh€ ddu miic am s& qud Idn, 1am gidm d6 rd va gay khé chiu cho ngudi nghe.
Mit khdc con cé yéu cdu bao ddm sy déng bo giita 4m thanh va hinh anh,
khi d6 khoang cach tir thinh gia xa nhat dén man anh khong duge vugt qua
50m. Tiéu chudn thiét k€& rap chi€u phim ctia nudc ta (TCXD - 48 - 72) quy
dinh chiéu dai phong khong dugc vugt qud 35m.

b) Phicong phdp gia cong dm hoc

Muén giam nhanh mitc 4m trong giai doan T,, can phai b tri vat liéu hit
am manh (o > 0,5), trén cdc mat phan xa bac 1 cla tran va tudng bén nhu
trén hinh 4.56 [32]. Tri s6 N 18y nhu sau:

Khi chiéu dai phong: L<25m > N=35;
Khi: L=25+40m - N=4;
Khi: L>40m - N=3.

Phan trdn va tudng con lai clia khong gian phong khén gia bd tri vat liéu
hit 4m theo yéu ciu 4m vang va dé tao dugc mot trudng am khuéch tén tot
(xem chuong 12, muc .5.2).
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Vat liéu hdt am manh

1 (L |
L

1

Hinh 4.56. So dé huéng dén b6 tri var liéu hiit ém trong rap chiéu béng

c) Hé thong dién thanh

Nghién cttu thuc nghiém tai vién nghién citu khoa hoc dién anh Lién X0
cho thiy c6 thé sit dung mot hé thdng loa bé tri & nhiéu vi tif trong phong
(hinh 4.57) mo phoéng céc phan xa c6 ich ¢ thé nang cao dugc chat lugng
thu nhin am thanh.

n

a) b) —
Dén may chiu —] L L
— [ > —»1—aL ,
. o c [p
o L,
o L,
o L,

\%

-

\%

L
—

A

L

>

Al

B

D, Dy D, Dy
Hinh 4.57. So dé thiét bi ém thanh (a) va vi tri cdc loa (b) trong rap chiéu phim.
Céc loa chinh & sau man anh (ky hiéu L,). Tin hi¢u chinh ciing dugc dua
vao mdy tao tré (T) va 18y ra it cdc ddu D, D,, D; dua vaocdcloaL;, L,, L,
v6éi mic gidm dan (gidm 1 dB sau mdi loa) va thoi gian tré twong ting la
25ms, 20ms, va 15ms.
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V6i cdch t8 chifc loa nhu vay phong thinh gia dat yéu cdu dé thudng thiic
cic phim 4m nhac. Trén hinh 4.58 gi6i thiéu noi that mot rap chi€u phim da
phoi hop dugc hai hoa giita kién tric 4m thanh va chi€u séng.

w;ll};f:{\“;’ﬁéw
}

Hinh 4.58. Gidi phédp phéi hop hai hoa kién triic - dm thanh - dnh sdng
trong mot rap chiéu béng

4.4.5. Phong da nang

1. Pdc diém va yéu céu dém hoc
Phong da nang 13 phong c6 thé st dung cho mot vai hodc nhiéu chic ning
khéc nhau. Mot s6 chiic nang sau day thudng hay dugc st dung phéi hop:
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- Kich, ca kich, hoa nhac.

- Hoi hop, hoa nhac, balg, chi€u phim, va thoi trang, ca nhac tap k...

Céc phong da nang thudng gap trong cdc cung dai hoi, cung qudc gia,
cung van hod, hoi trudng thanh phd, thudng cé siic chia 16n t6i vai ba ngan
ngudi, thdm chi sdu bay ngan. Vi du cung dai Kremli Maxcova cé stic chita
6150 ché (thé tich 52.000m") nha hét da nang & Chicago (Arie Crow Theater)
5081 chd, dai 1& dudng Béc Kinh, Trung Qudc gan 10.000 chd v.v...

Dac di€m thi hai cla cdc phong da ning Ia yéu cdu am hoc khac nhau
theo chiic nang st dung, tham chi trdi ngugc nhau (vi du gitta hoi hop va hoa
nhac, giita chi€u phim va hoa nhac v.v...).

Cic dac diém trén dé ra yéu cdu am hoc cho cdc phong da ning 12 phai cé
chat lugng am thanh phit hgp v6i mbi chiic ning, t6t nhat 1a phong c6é ché
do am thanh thay déi theo chiic nang sir dung. Yéu ciu nay trong thuc t€ khé
ddp ting mot cdch hoan hao, va thudng phai chon mot giai phap thda hiép. Vi
vy mot trudng 4m khuéch tin cao trong phong da nang la rat can thiét, né
c6 thé 1am gidm vai trd quan trong cla cdc chi tiéu chua dugc ddp dng (vi
du, do thoi gian 4m vang phai chon trung gian giita ti€ng ndi va 4m nhac,
nhung nhd ¢6 truong am khuéch tdn cao chat lugng cam thu 4m nhac trong
phong van dat yéu ciu).

2. Gidi phdp
Tren hinh 4.59 gidi thiéu mot s mat bang va trong bang 4.9 1a mot s
phong da nang trén thé gidi.

Bang 4.9: Mot s6 phong da nang trén thé gici

Tén phong Dia diém N3m xay dung Strc-chira
Eastman theater ‘ Rochester, New York 1923 3347 |
Aula Magna Caraéas, Venezuela 1954 ? 2660
Civic Auditorium Bofu, Japan 1960 1604
Civic Auditorium " Nagasaki, Japan 1962 1800 |
Civic Auditorium Fukuoka, Japan 1963 ~ 1800 ’
Memorial Auditorium Chiba, Japan _ 1965 . 960 |
Nationat Cultural Center Manila, Philipin 1968 2000
Grand Théatre Quebec, Canada 1971 1780
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KRESGE AUDITORIUM,CAMBRIDGE
MASSACHUSETTS (1955),1238 chd
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KONGRESSHALLE,BERLIN (1957),1220 chb
Kts. STUBBINS DUETTMANN MOCKEN

bt ot

5 0 40 20 30 MET

OKEEFE CENTER, TORONTO (1960)
3200 chd.Kts. MORGAN, PAGE STEELE

5 0 10 20 30 MET
SALLE W.PELLETIER,MONTREAL (1963)
3000 chd. Kis. AFFLECK DESBARATS
DIMAKOPOULOS LEBENSOLD MICHAUD SISE

Hinh 4.59. Mdt bang cdc phong da ndng

Dé dat dugc yéu cdu thay déi cdc ché do am thanh clia phong ching ta 6

thé 4p dung cdc giai phdp sau day:
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- Gidi phdp 1. Ap dung cho san kh4u, s dung cdc mit phan xa di dong
dé bién san khau hit am cha nha hét thanh san khau phan xa 4m khi hoa
nhac (xem hinh 4.59 va hinh 4.60).

a)

A | — Y
0 : B T

L Inl
c, jﬁ M
.

Hinh 4.60. Phong da ndng Jones Hall, Houston, Texas:
a) Mdt bdng; b) Mdt cdt khi hoa nhac, 3000 ché; c) Mt cdt khi épéra, 1700 ché.

.Iﬂ__J_
o

' i) ,-&x-& —
T

P

()

- Gidi phdp 2. Bang céc cau kién di dong clia trdn vA tudng, thay déi thé
tich va stic chita cidc phong thinh gia phit hgp véi chiic nang st dung. Day la
giadi phdp hiéu qua nhit nhung ddi héi phai 4p dung nhitng bién phép k¥
thuat xay dung phic tap. Mot vi du rat hay vé giai phdp nay la phong da
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niang & Houston bang Texas (Jones Hall) trén hinh 4.60. Khi hoa nhac, biéu
dién ba lé dat stc chiia t6i da 3000 ngudi véi todn bo khong gian thiét ké.
Khi 1am chiic nang nha h4t opéra, s6 ché gidm con 1700 bing cich bd ban
cong ting ba va mot phéan tang hai nhd cdc tudng va trdn di dong. Thi gian
am vang clia phong giam tir 1,8 giay (khi hoa nhac) xuéng con 1,2 giay (khi
nha hat) ban ddm chat lugng am thanh t6t cho ca hai trudng hop. Trudng am
trong phong dat dugc d6 khuéch tdn cao nhd 870 panen phan xa khuéch tén
hinh thdp sdu mat, dugc ghép thanh tiing cap ba cdi mot, cé thé nang ha va
quay & do cao 8m.
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Hinh 4.61. Vdt liéu hit ém thay déi dung trong cdc phong da ndng
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- Gidi phdp 3. St dung c4c vét liéu hit am thay ddi dé diéu chinh lugng
hiit 4am theo yéu cdu 4m vang cla chiic nang sit dung. Trén hinh 4.61 gidi
thiéu mot s& cdu tao clia cdc két cAu hit am nhu vay. Khi nghe 4m nhac
quay mat phan xa vao phong, con khi nghe tiéng néi quay mat hit &m vao
trong phong. '

- Gidi phdp 4. St dung hé thong dién thanh - x{ 1y tin hiéu dé diéu chinh thoi
gian am vang clia phong. Cé thé 4p dung mot trong hai cdch xir 1y sau day:

+ C4ch mot. Thigt k& phong ¢6 thoi gian am vang di dai d€ nghe am nhac.
Khi nghe ti€ng néi ching ta dilng mot hé thong loa cong suat 16n, cé tinh dinh
huéng manh. Liic d6 thinh gia s& cam thu theo &m vang tuong duong, nho hon
thoi gian 4m vang thuc clia phong (xem chuong 2, muc 2.3.5).

+ C4ch hai. X 1y phong dat dugc thdi gian am vang tSt nhét cho ti€ng
néi (phong cé thoi gian 4m vang nho, lugng hiit 4m 16n). Khi nghe 4m nhac
phong dugc bd sung thém 4m vang nhan tao clia hé théng dién thanh, cho
phép diéu chinh kéo dai thoi gian am vang phi hgp véi cdc chuong trinh am
nhac khéc nhau (xem chuong 5).

4.4.6. Cac studio am thanh

1. Ddc diém va yéu cdu dm hoc

Céic studio &m thanh 13 cdc. phong thu thanh chuyén dung trong phét
thanh, truyén hinh, dién anh, sdn xuft bang dia nhac. Nguoi ta thudng phan
loai cdc studio theo cdc chuong trinh thu am, va do dé 6 lién quan dén kich
thudc ca céc studio.

-Studio 16n cho 4m nhac, ca kich, ¢é thé tich V tir 600 dén 15.000m*:-Loai

nay lai chia ra cic studio khong cé thinh gia va cac studio c6 thinh, gia (tir
vai tram téi vai ngan nguoi);

Studio trung binh cho am nhac va ca kich (c6 thé diing cho mot dan nhac

giao hudng trung binh); V =300 + 4500m?
Studio nhé 4m nhac va ca kich: V = 1000 +2500m°.
Studio 16n cho kich néi: V =800 + 1200m”*.
Studio trung binh cho kich néi: V = 500m’.
Studio thu 4m nhac phong, déc tdu: V = 600 + 900m’.
Studio tiéng néi: V =90+ 120m°.
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Ngoai ra con c¢6 cdc phong mdy, dao dién, kiém thinh v.v...

Cic studio am thanh cé yéu cdu &m hoc cao hon va nghiém ngat hon cdc
phong thinh gia da néi & trén, do mot s6 nguyén nhan sau day:

- Pham vi t4n s6 x{r Iy &m thanh rong hon (tir 63 dén 8000Hz) so v6i nha
hdt, hoi trudng, phong hoa nhac (tir 125 dén 4000Hz);

- Céc microphon thu am (khéc véi tai ngudi) c6 do nhay rét cao, doi héi
nhiing diém dat ching phdi cé trudng am &n dinh, khong dugc ¢ sy dao
dong vé€ miic am;

- Céc studio néi chung c6 kich thugc tuong d6i nhd so véi cdc phong
thinh gia vi vay khé tao dugc mot trudng am khuéch tdn déu & cdc tan sd,
nhat 13 c4c tdn s& thdp dudi 250Hz, dong thoi dé phidt sinh cdc hién tugng
x4u vé am thanh nhu tiéng doi, méo am.

Ts
2.2

2,0
1,8
1,6
1,4
1,2
1,0
038
06
04
0.2

Thai gian am vang t6t nhét

Thé tich phong (m°x100)
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Thé tich phong (it’x1000)

Hinh 4.62. Thoi gian am vang tot nhat ¢ 500 - 1000Hz cho studio ém thanh

Yéu cdu 4m hoc clia c4c studio 4m thanh thé hién qua cdc chi tiéu sau day:

1. Trudng am trong phong c6 do khuéch tan cao.

2. Pac tinh tdn s6 thoi gian 4m thanh phi hgp véi dac tinh tin s6 am vang

t6t nhat.

3. Khong xdy ra céc hién tugng xau vé am thanh trong cdc studio.

4. Tiéng 6n nén va chan dong phéi han ché thdp nhét (theo dudng NR tir
15 dén 25, xem chuong 6, muc 6.2).
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Trir céc studio 16n, ¢6 thinh gié, thoi giah am vang t6t nhat cho cac studio am
thanh thudng ngén hon trong cdc phong thinh gia cdc loai (xem hinh 4.62 [13]).

Trong bang 4.10 gi6i thiéu tiéu chudn Viét Nam vé am thanh céc studio

(TCVN - 1510 - 88).
Bang 4.10. Yéu ciu tiéu chudn ddi v6i cac studio (TCVN - 4510 - 88)
Budng gidi
2 1 o (e ta
| Theloai- 1 Chutc néing clia phong Thétich, m* | Thét gian vang :rflnt; da cﬁ%
studio Tsom S ohép (duang,
NR, hinh 6.9)
Studio |Phong doc cho 1 dén 3 ngudi 80 +20 0,35+ 0,05 13
s&n xuét |Phong méy dao din 100 £ 20 0,35+ 0,05 20
oI | pr g chudn bi 70+ 10 Tir 0,4 dén 05 30
trinh I6i
Studio |Phong thu nhd 150 £50 Tur0,4 dén0,5 9
sén xuét Phéng thu trung binh 450+ 50 0,6dén0,7 9
chuong o ang thu lon 900 + 100 08 d&n 09 9
kjg:: . [Phongcam 80+ 20 0.10+0,05 9
Phong may dao dién. - 120 £ 20 0,30+0,05 20
Studio |Phong tap duyét Tir 400 dén 700 |{0,6 dén 0,8) £ 0,1 20
sén xuét Phong thu nhac thinh phéng, ca khic | Ttr 500 d&én 1000 | (1,0 dén 1,2) + 0,1 9
t(r’l':l‘;":r% Phong thut6p ca va dém nhac nhd_| Tir 1500 dén 2500 (1.2 dén 1.4) £ 0.1 13
nhac va Phong thu nhac nhe Tir 2000 dén 35001 (0,8 dén 1,0+ 0,1 13
cakich |[Phong thu dan nhac trung binh Tir 3000 dén 4500 (1,6 dén 1,8) £ 0,1 13
Phong thu giao hudng hop xudng| Tir 600 dén 9000 | (1,7 d&n 2,0) + 0,1 13
16n khong ngudi xem
Phong thu giao hudng hop xudng| Tir12000dén |(2,0d6n2,2)+0,1 13
¢ ngudi xem 15000
Phong méay dao dién 120+ 20 0,3£0,05 20
Phéng kiém thinh tiéu chuan 120 £ 20 02£0,05 13
Phong vang 100£10 2,0dén25 20
Phong pha in 100+ 20 0,3+£0,05 20
Studio  [Phong may phat bang 120+ 20 0,4dén0,5 30
truyén d&n|phong doc tryc tigp 80 20 0,35+ 0,05 13
i bieU \openg phan phoi va khong ché tin| Tir 100dén200- |- 06den07 - | - 30 -
phat thanh higu
{truyén | -
am)
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2. Gidi phdp
a) Hinh dang va ty lé kich thudéc

Hinh dang va kich thudc cdc studio nhd cé ¥ nghia quan trong doi véi trudng

4m va nén tham khéo céc ty 1¢ da gidi thiéu & muc 4.1.4 clia chuong nay.

Can chi ¥ ring, vai trd ty 1& phong s& gidm din ¥ nghia khi:

1. Mat bang studio khong phai hinh chit nhat.

2. Dac tinh tan s thdi gian 4m vang 1a 1y tudng;

3. Phong hdt &m manh, rong va déu, dac biét & c4c tan s6 thap;

4. Trudng am cé do khuéch tan cao;

5. Thé tich studio trén 700m*.

Trén hinh 4.63 gi6i thiéu studio phédt thanh mau cta Dai phdt thanh

Canada Montreal (1672).

Y
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Hinh 4.63. Studio phdt thanh mdu cila dai phdt thanh Montreal, Canada (1972)
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DPé cich am va chdn dong tot, cdc studio thudng dugc thi€t k& theo
nguyén tic "hop trong hop"

op" nhim 1am cho két cdu mat tinh lién tuc, nhd dé
giam thiéu duoc dudng lan truyén am vat liéu (hinh 4.64).
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Hinh 4.64. Két cdu "hop trong hép” véi san ndi, hiong doi, trdn treo
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Hinh 4.65. Studio truyén hinh cia dai phat thanh truyén hinh
Montreal, Canada (1972)
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a) : b)

Hinh 4.66. Cdc studio phdt thanh cé thinh gid:

a) Studio I ciia dai phdat thanh Pan Mach (1945), sitc chita 1093 ché, Kts. V.
Lauritzen; b) Phong hoa nhac lén dai phdt thanh Paris (1963), sitc chita 937 ché,
Kts. Niermans, c) Phong hoa nhac Berwald sitc chita 1306 ché ciia dai phdt thanh
truyén hinh Thuy Dién (1979). Kts. Erik Ahnborg va Sune Lindstrom (mdt bdng va

mdit cdt doc).

Cic studio 16n c6 thinh gia cho 4m nhac va kich hat thiét k€ giéng nhu
cac phong hoa nhac. Trén hinh 4.65 14 studio truyén hinh cé thinh gia clia
Dai phat thanh truyén hinh Canada, Montreal, con trén hinh 4.66a va b 1a
céc studio phét thanh ¢6 thinh gia cta Dai phét thanh truyén hinh Dan Mach
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(1945) va Paris (1963). Trén hinh 4.66c Ia phong hoa nhac Berwald cia Dai
phét thanh - truyén hinh Thuy Dién (1979) cé thé chita 1306 thinh gii véi
san khau dd ch6 cho 100 nhac cong va dan hop xuéng 100 ngudi (275m?).
Céch 8 chiic chd ngdi bao quanh san dién tao dugc su tiép xiic t6t giita dién
vién va thinh gid. Phong cao 16,5m c6 dang hinh luc gidc, c6 loi dé am
thanh tir dan nhac t6i thinh gia. San bing g cting. Tudng 6p gb, c¢6 thém céc
khoi hinh lang tru. Phdn am thanh do Vilhelm Lassen Jordan, ngudi di thiét
k& nha hét opéra Sydney dam nhiém. Trong PLA2 Ia phdng 16n clia Dai phat
thanh truyén hinh NHK Nhat Ban.
b) Gia cong am hoc

N

Trudng am trong céc studio truyén hinh c6 thé coi 13 "chét", nghia 12 c6
lugng hut am khd 16n.N&u cén thiét tang cudng 4m vang thi ding thiét bi tao
vang nhén tao. Vat liéu hiit 4m trong cic studio thudng diing mot 16p bong
khodng, phll ngoai bang gb dén, nan gb hodc cdc tdm trit duc 16. D& hit am
tan s& thdp c6 thé dung gb dén, tdm trét thach cao dat & do cao thap (tir 1,8
dén 2,4m).

Clra quan sat giita studio va phong mdy, dao dién phai bdo ddm céch am
t6t, thudng cé cdu tao cf hai ba 16p (hinh 4.67).

Trong PLA tix 1 dén 10 & ,
cudi sach, ching toi giGi thiéu Tratkin Kinh 10mm
mot s6 phong thinh gia néi -Srgmrhhﬂiig;ét‘\ e Tham

2 77277
tiéng trén thé gidi dugc thiét 3 =
k€ va xay dung trong may
thap nién gan day vdi céc chi
thich dang luu ¥ vé€ cdc giai
phap ndi thit - &m hoc, nhu 1a
nhififig minti lioa them cho cdc .

phin 1y thuyét da trinh bay 7 7/ SNSS A
Tudng m—/ \\:Kinh 6mm

trong céc chuong 2 va 4. Day Tamhitén inn
Tam duc 16 Bit kin

IR RIRLITLTS X
s tetele; 9 %%
SRR et e

¢6 thé 1a nhitng goi y cho céc
tidc gia thi€t k€ khi tim giai

phép céc phong thinh gi4 Hinh 4.67. Ciia kinh quan sdt trong cdc studio

178



Chuong 5

SUDUNG HE THONG PIEN THANH
TRONG CAC PHONG THINH GIA

5.1. PHAN LOAI CAC HE THONG PIEN THANH

M4y thap ky gin day véi su phat trién nhanh va manh clia cong nghé dién
tir, cac thiét bi dién thanh vita cé chat luong cao, vita da dang vé ching loai
va dugc str dung phd bién dé truyén am thanh trong cdc phdng biéu dién, nha
thi ddu, san van dong, nha ga, bén tau, quang trudng va dudng pho.

Ta c6 thé phan loai cdc hé théng dién thanh theo ddc diém vé am hoc, vé
chat lugng am thanh, vé cdch b6 tri loa.

5.1.1. Phan loai theo dac diém vé am hoc
Ta c6 thé phan biét hai hé théng dién thanh:

1. Hé thoéng dién thanh trong c4c phong thinh gia, trong d6 ngudi nghe
vira nghe am thanh tryc ti€p (tir dién gia, dién vién, nhac cuy... - ngudn am
thit nhat), vira nghe am thanh qua céc loa clia hé thong dién thanh (ngudn
thi hai), nhutrong cac phong hoi hop, ca kich, hoa nhac, phong da nang...
Trong cdc hé thong niy ngudi biéu dién va microphon & khd gan céc loa,
do d6 am thanh tir loa s& tdc dong trd lai microphon, gay ra mot hiéu ung
goi 12 hién titong hoi tiép c6 anh hudng 16n dén trudng am trong cic phong
(xem muc 5.3).

2. Trong hé théng dién thanh thi hai, hai loai nguén am & khéd xa nhau,
chi lién hé véi nhau qua mach clia hé thong, do dé khong xdy ra hién tugng
hoi tiép, vi du truyén 4m trén dudng phd, quang trudng, san van dong, trong
céc phong chi€u phim, phong phat lai cdc chuong trinh da ghi.

Trong chuong nay ching ta quan tam chinh dén hé théng thi nhat.
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5.1.2. Phan loai theo chat luqng‘ am thanh

Theo chat lugng am thanh lai chia ra:
- Hé théng dién thanh thudng ding dé khuéch dai ti€ng ndi, hodc &m
nhac, duoc goi 1a hé thong tdng dm.

v—— Khuyéch dai

" Micraphon

c)

E

e) Loa

B tron B can béng Khugchdai |
(Mixer) am sic cong suat ——[ﬂ

N (Equalizer) (Amplifier)

. Loa
Cég thiét bi xur ly tin hiéu
Hinh 5.1. So do cdc hé thong va thiét bi dm thanh chinh:
a) Hé théng truyén dm don ( mono); b) Hé thong truyén am lap thé (stereo) c6
nam kénh; c) Loa tdn sé cao (horn loudspeaker); d) Loa tdn s6'thdp ( WOofer );
e) Hé thong dién thanh - xit Iy tin hiéu.
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He thong tang am don gidn nhat chi gom c6 mot kénh truyén am, goi la
hé thong truyén dam don (mono) (hinh 5.1a). Am thanh clia hé théng nay
khong tao dugc cho ngudi nghe cdm gidc vi trf khong gian cla nguén am.
Am nghe dugc nhu tir mot khong gian nhd (clia chiéc loa) truyén t6i, thicu
tinh khéi, thé hién tinh tu nhién clia &m thanh séng.

- Hé théng truyén dm lép thé: DE khic phuc nhugc diém trén, ngudi ta skt
dung hé théng truyén dm ldp thé (sterio), d6 13 mot hé th6rig truyén am
nhiéu kénh, trén co s& nghe dinh vi hai tai clia con ngudi [48]. Hé thong -
truyén am lap thé cang cé nhiéu kénh cang cho phép xac dinh chinh x4c vi
trf nguén am, dic biét khi nguén 4m lai ¢6 kich thudc 16n nhu mot dan nhac
giao hudng. Tuy nhién viéc ting s& kénh s& 1am phic tap hé théng, vi vay
thy theo yéu cAu chat lugng ma ngudi ta chi sir dung hé théng 1ap thé ¢ mot
s6 kénh nhat dinh (hinh 5.1b), vi du trong phat thanh va dia hét - diing hai
kénh, chi€u phim va hoa nhac - ba dén bon kénh, chi€u phim toan canh - sdu
dén chin kénh [28, 48].

Khi truyén am lap thé, cdc loa c6 thé bs tri thanh mot hang ngang dé tao
cam gidc dinh vi nguén &m theo phuong ngang ma bd qua dinh vi theo chiéu
sau (phuong doc) vi kha nang nay khi nghe tu nhién ciing rat han ché [28, 48].

- Hé thong dién thanh - xit 1y tin hiéu (hinh 5.1¢), trong d6 ngudi ta dua
vao hé thdng mot loat thiét bi xt 1y &m thanh chuyén dung nhu bd tron da
kénh (mixer), bo can bang am sic (equalizer), bd nén (compressor), bo tao
tré (delay time), bo tao vang (reverberator)... cho phép diéu chinh, cat xén,
b6 sung, pha trén tin hiéu nham ning cao chét lugng 4m thanh phét ra loa
theo thaim m¥ clia nha dao dién. Ngay nay hé théng ndy duogc st dung kha
pho bién trong cde phong biéu dién va hda tdu 4m nhac, trong cic nha hat,
cac phong da ndng... véi chat luong Am thanh ngly mot nang cao va c6 thé
14p s&n chuong trinh phit hop véi méi thé loai am nhac.

Trén hinh 5.2 12 so d6 khoi cla hé thong dién thanh - xi 1y tin hiéu véi
céc thiét bi chinh cho mot hoi trudng ¢d trung binh thudng gap hién nay.

Cédc chic nang chinh cha céc thiét bi trong hé théng dién thanh- x{r 1y tin
hiéu giéi thiéu trong bang 5.1 [23, 50].

Dac biét trong hé théng ndy ngudi ta ¢é thé tao ra Am vang, nhd d6 cé thé
diéu chinh thdi gian 4m vang clia phong - mot trong nhiing chi tiéu quan
trong nhat cia 4&m hoc cic phong.
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~Hinh 5.2. S0.d6 khoi hé théng.dién thanh - xit.ly.tin hiéu-

C6 nhiéu phuong phdp tao am vang - goi 12 4m vang nhan tao - nhu
phuong phdp dién, phuong phdp am thanh, dién thanh hoac phéi hop ca &4m
va dién thanh. Duéi day gidi thiéu hai hé théng tao 4am vang thuong sir dung.

Mot trong hai hé théng nay 1a hé thong diing phong vang (phuong phap
am thanh). Tin hiéu sau khi vao micréphon duge truyén theo hai dudng: theo
kénh truc ti€p va kénh dén phong vang (hinh 5.3). Phong vang cé thoi gian
am vang 16n, vi vay micréphon dit tai phong nay s& bé sung 4&m vang cho tin
hiéu chinh. Theo kinh nghiém, phong vang cdn cé thé tich khong duéi
100m?, cé cdc bé mat khong song song va dugc gia cong bang vat liéu phéan

xa Am thanh manh.
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Nhuoc diém chinh clia hé théng nay 1a khong thay doi dugc thdi gian am
vang trong chu k¥ truyén am.

Bang 5.1. Chifc niang cia céc thiét bi
trong hé thong dién thanh - xir Iy tin hiéu

Tén thiét bi Diic diém ~ Chicning
Ngudn &m: Microphdn | C6 loai déng hudng, don huéng, nhi Thu nhan tin higu 4m thanh
hudng
May phat PAau CD (CD - recordplayer) Phat lai &m thanh
Catset (Cassette, tape player)
Quay dia
Bo tron (Mixer) - Mono (mét dau ra) - Pha trén tin higu
- Stereo: (8, 12, 24, 32... dauvao 8,12 |- X{r1y, diéu chinh muc va tan s6.
dau ra) - Phan phdi tin higu.
B6 nén (Compressor) Chéng qué tai ampli va loa
Bocanbangamsac |- Méno Piéu chinh d3c tinh tan s6 tin higu vao
(equalizer) - Stéréd (2 vé)
- 15 hodc 31 viing tan s (kiéu can gat)
Ba tao tré (Delay time) | -Kidu tir Tao do tré thoi gian cac tin hiéu ra
- Kiéu s8
Bo tao vang - Kidu vang tir Tao ra &m vang nhan tao
(Reverberator) - Kiéu vang 6
Khuéch dai cong suat | - Cho truyén thanh, héi hop Khuéch dai tin hiéu 4m thanh
(Power amplifier) - Cho canhac
Loa (Speakers) Loa chinh (main speaker) (tAn s thap, | Phét tin hiéu &m thanh chinh trong
trung, cao va siéu tram) phang
=Loa phu (surrouind) BG sung tin hiéu thém quanh phong
- Loa kiém tra (monitor speaker) Phat cho ngudi biéu dién va diéu khién

Phitong phdp ding mdy vang ny (phuong phdp dién thanh). Méy c6 ciu
tao don gian, nhung lai c6 thé diéu chinh dugc &m vang trong sudt qud trinh
stt dung. C&u tao clia may vé nguyén tic gidi thiéu trén hinh 5.4a, gom mot
bang ghi am dac biét (1) quay vong nhd truc quay (2). Mdy c6 cac dau ghi
(3) va dau x6a (4) ching cdc ddu phat (5). Tin dién tir cic dau phat (5) duge
diéu chinh thdi gian tré theo vi trf twong d6i giffa ching va diéu chinh miic
nhd bo diéu chinh (6) dé c6 dudng tat dén la dudng thang (hinh 5.4b). Dau
phét cudi (7) dugc dua trd lai qua khuéch dai (8) cho phép tin hiéu lap lai
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nhiéu 14n tiy y. Déng thoi bo diéu chinh (6, 9) cling cho phép tang hodc
gidm céc mifc tin hiéu ra dé qu4 trinh tit din nhanh hay cham, nghia 14 cho
phép diéu chinh thdi gian &m vang clia phong.

};1 2 2 4 ;B
/ 4 1
A AW _q:
5

I//I/////I///III[

Hinh 5.3. Hé thong tao vang ding Hinh 5.4. Mdy vang tiv:
phong vang: 1- microphon; 2 - khuéch  a) So' do thiét bi; b) Biéu do tdt ddn ém
dai; 3 - thiét bi diéu chinh mifc am; thanh: 1- bang tlr; 2 - truc quay;
4 - loa; 5 - phong vang. 3 - ddu ghi; 4 - d4u x6a; 5, 7 - dau phat;

6, 9 - bo diéu chinh muc; 8, 10, 11, 12 -
khuéch dai; 13 - thiét bi ghi lai tin hiéu

Hién nay, da xudt hién cdc mdy vang sd vé6i su dp dung tién bo clia ky
thuat x@r 1y s6 tin hiéu va k¥ thuat mdy tinh. C4c dic diém am vang theo céc
chuong trinh biéu dién dugc lap trinh va ghi sn vio bo nhé clia may tinh,
khi st dung ngudi dao dién 4m thanh chi cdn chon 14y mot chuong trinh
thich hop.

5.1.3. Phan loai theo cich bé tri loa

Tuy thudc vi tri loa trong phong ngudi ta chia thanh cdc kiéu truyén am
sau day:

- Kiéu tdp trung: Khi cdc loa
b6 tri & gdn ngudn am (thudng &
trén hoac hai bén miéng san khau) -
(Hinh 5.54). He thong nay d&bdo oo oo oo
dam su phit hop gitta hinh anh va
tieng (ti€ng phit ra theo ding
hudng nguén am), thich hgp cho
cd hé théng truyén am don va hé
théng truyén am lap thé, thudng
4p dung khi cédc phong c6 kich Hinh 5.5. Kiéu bé'tri tdp trung (a)
thudc nho va trung binh. va kiéu vimg (b)
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- Kiéu ving (hinh 5.5b) khi bé mat truyén am dugc chia thanh nhiéu
viing, méi viing do mot loa hoic mot nhém loa phy trdch. Mudn bdo dam
phit hop vé huéng gitta hinh va tiéng, cén dua vao h¢ thong nay bd tao tr€ va
c6 thiét k& do tré thich hop véi vi trf cla loa (xem muc 5.2).

Kiéu bé trf loa ndy khong thich hop cho truyén 4m lap thé va thudng diing
cho céc phong c6 kich thudc 16n.

a) b
- Kiéu phdn tén. Am thanh téi
e PR e i T 117
ngudi nghe tb mdt loa hodc mot s6 [ AlALAA 15—
loa c6 cong sudt gdn nhu nhau. Cic e o 9 g o
R LA e il e A ANRIAR MR

loa c6 thé bo trf thanh mét dudng K < << \<_\ o o %o

< a ) a 2 = ™~ » ® 0 ® o
(hinh 5.6a) trén c& mot bé mat |[—%P23%

(hinh 5.6b), hoac phan tin t6i moi
ghé€ ngdi (ding loai loa bét cong
suat 0,1 - 0,25 W).

Uu diém cia kiéu phén tén 1a tao dugc do déng déu cao cha trudng am,

Hinh 5.6. Kiéu bé'tri tdp trung (a)
va kiéu viing (b)

c6 thé dat dugc do 1 rat cao va rdt khé xay ra hién tugng héi ti€p. Nhugc-

diém co ban clia n6 12 khong dam bdo sy phd hop hudng giffa ti€ng va hinh.
Kiéu b6 trf nay thuong diing cho cdc phong hoi hop ¢6 s6 chd ngdi rat 16n tir
bon dén mudi ngdn ngudi nhu cic cung dai hoi.

5.2. CAC YREU CAU POI VOI HE THONG PIEN THANH

Trir loai nhac pSp va mot s& loai ca nhac nhe hién dai luén luoén gan lién
v6i am thanh dién tl¥, cdc loai kich néi, kich hat dan tdc, ca kich (opéra), &m
nhac phong vi nhac giao hudng, ngudi nghe luén c6 mong muén duge nghe
am thanh truc tiép tir nguén véi sy t6 diém thém trudng am hoan hao clia ban
than phong - mét "hop dan dic biét" cho dit ngudi ta cé du diéu kién dé
trang bi mot hé thong dién thanh cé chat lugng cao nhat.

Tuy nhién, trong cac phong cé kich thuéc 16n, nang luong am ty nhién
thudng khong di 16n dé bio ddm mot trudng am déng déu va cé chat lugng,
nhat 13 khi ngudi dién ha thdp giong dién cidm nhiing cau trl tinh, hodc
nhiing giai diéu xuéng thap (pianissimo) ctia cdc doc tdu. Khi d6 bit budc
phai st dung hé théng dién thanh.

Su c4n thiét trang bi hé théng dién thanh cho mot phong thinh gid xdc
dinh theo d6 16n clia phong, vi dy khi thé tich clia phong trén 2000m’
(khoang 400 - 500 ché ngdi) hodc khi khodng cdch tir thinh gia xa nhét dén
nguén 4m vuot 25m. Tuy nhién trong thuc t& mot phong hoi thdo, mot
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giang dudng vai trim chd ngdi di thudng dugc trang bi hé thong ting am.
Tham chi, doi khi cc phong tuy nhd nhung mic 6n nén cao ciing dugc
trang bi hé thong dién thanh.

Nhu vay yéu cau trang-bi hé théng dién thanh cho mét phong cé thé x4c
dinh theo cong thiz don gian sau day:

AL=L_, -L,<10dB~ — =~ “(5.1)

(v6i L, 1a mic am tai chd ngdi xa nhdt, dB va L 13 mdc 6n nén trung binh

trong phong, dB). Nghia 12 khi miic 4m tai ché ngdi xa nhat vurgt miic 6n nén
trung binh khoéng qué 10 dB thi cén trang bi hé théng dién thanh.
Cdc hé thong dién thanh phdi dat duoc cdc yéu cdu co bdn sau ddy [37]:

1. Miic &m nho nhat truyén qua hé théng dién thanh dén cdc chd ngdi
thinh gia phai vugt mdc 6n nén khong dudi 10dB. Mudn vay miic am thap
nhat trong cdc phong thinh gid va trong nha hat ngoai troi phai dat dugc
khoang 50dB, con midc am nhod nhat clia hé théng truyén thanh dudng phd va
quang trudng phai dat khoang 60 - 65dB.

2. Mifc am cyc dai trong viing truyén am phai dat 85 - 105 dB (tri s6 dudi
la cho ti€ng néi, tri s6 trén cho 4m nhac). Do d6 pham vi dong clia miic am
trong céc phong la 50 - 55dB va ngoai dudng phd, quang trudng 1a 20 - 25dB.

3. Mitc khong déu cha trudng am trén toan dién tich truyén am 12 5 -
10dB (5dB 4p dung khi hé théng dién thanh cé hién tugng hoi ti€p, 10dB cho
h¢ théng khong cé hién tugng nay).

4. Pham vi tin s6 clia c4c tin hiéu phat qua loa phu thuoc yéu cdu am hoc
tuong ting vdi chic nang clia phong, va né 13 mot trong cic thong s6 co ban
diing d€ chon thiét bi cho hé théng. Khi truyén thanh tiéng ndi trong phong
hodc dudng phé c6 thé chon pham vi tdn s6 hep, vi du 100 - 4000Hz. Khi
truyén cdc chuong trinh 4m nhac cdn ¢6 mot pham vi tdn s6 tir 30Hz dén
8000 - 10000Hz. Khi d6, ngoai cic loa thong thuong cé chit lugng cao; phai
ding thém céc loa siéu trdm (sub - bass speaker).

5. Khi b6 tri loa theo kiéu phén tdn hodc kiéu ving thi chénh léch miic
am vA do léch thdi gian gifta cdc tin hiéu dén tir c4c loa khdc nhau (goi tit 1a
do tré tin hiéu) c6 thé gay nhiéu cho thinh gia va 1am mat tinh huéng clia &m
thanh (Am phat ra tir ngudn nhung lai nghe tr huéng loa gin nhat). P tranh
céc sai lac ndy c6 thé sit dung bo tao tré (delay time) dé diéu chinh d6 chénh
léch mic am va do tré tin hiéu theo biéu dé hinh 5.7 va 5.8.
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Biéu dé trén hinh 5.7 [11, 19, 37,
44] cho biét mic am cla loa gin
ngudi nghe nhat cé thé vugt miic
am cla loa xa hon (hay cla nguén
ban ddu) bao nhiéu dB, phu thudc
do tré dé cé cam gidc d6 to cla
chiing ngang nhau. N6i khéac di,
biéu dé cho ta biét am thanh cla loa
gin nhat phai diéu chinh vé mic va
do tré bao nhiéu dé khong cdm nhan
dugc nd, nghia 12 vin gitt duge cam
gidc huéng am tir loa thi nhat (hay
tr nguédn). Vi du khi &m thit hai (loa
gin) dén sau am thd nhit 10ms,
chiing ta c6 thé diéu chinh dé miic
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0 10 20 30 40 50
bo tré, ms
Hinh 5.7. Cdm gidc dong dé to
phu thude chénh léch mitc dm
(ém thit hai viot dm thit nhdt) va do tré

am ctia né vugt mic am thit nhét dudi 10dB, thi ta vin c¢6 cam gidc nhu am

thanh t6i tir huéng loa thit nhit.

Biéu d6 hinh 5.8 [11,19] (con duogc goi 1a hiéu tng Haas) cho quan hé
giita d6 chénh léch muc am, d¢ tré vA cdm gidc nhiéu & ngudi nghe (theo %).

Quan s4t bi€u d6 hinh 5.8 ta thay:

100 ] 78
=1 /
2 80 3/ pd
5 60 S )4
ey K
E 40 / 7 'ﬁ L~
= / L

= AN X4 .

0 Bl e

0 20 40 60 80

100 120 140 160 D tré, ms

Hinh 5.8. Cdm gidc nhiéu (%) phu thudc chénh léch mitc dm va do tré

Khi mitc 4m thay déi tir O dén + 10dB (d4u + chi mic am thi hai ting
1én), cam gidc nhiéu phu thudc do tré thay doi khong ding ké. Vi du khi do
tré 12 60ms, s6 thinh gia bi nhiéu 12 40 - 50%.

Khi muc am thi hai gidm 3dB, cim gidc nhiéu thay d6i rét 16n theo do
tré: khi t = 60ms chi c6 10% thinh gia bi nhiéu, nhung khi t = 100ms, s6 bi

nhiéu tang 1én 40%.
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Khi muc &m gidm nho 6 - 10dB, cam gidc nhiéu giam dird rét.

Khi thiét k& thudng chap nhin miic thinh gia bi nhiéu khoang 10% (xem
vidu 5.1). a - -

6. He thong dién thanh trong phong phai lam viéc 6n dinh, nim xa trang
thdi tu kich.

7. Céc loai méo tin s6, méo khong dudng thang (cdn goi 1A méo phi
tuyén), la hién tugng khi dua vao hé théng mot tin hiéu co béan hinh sin, thi
tin hiéu phat ra ngodi 4m co ban, cdn cé-cdc hoa am. DE trdnh-méo-khong
dudng thang thi ty s6 cudng do cla cdc hoa 4m v am co ban [50] khong
duge vuot qué céc tri s6 dé ra cho hé théng dién thanh. '

Vidy 5.1. Trén hinh 5.9 gi6i thi€u mot phuong 4n b trf loa kiéu phan viing
cho mot hoi trudng c6 chiéu dai 40m: Cic loa L, L,. Ls b6 trf cach dién gid
lan lugt 12 0; 15 va 30m & do cao 3,3m trén ddu thinh gia (xem hinh 5.9).

L,(d6 tré 50ms) L,(do tr& 100ms)

lIIllIIlIlIIlIIlllllBllllllllllllllllllCllllIlllI

0 3 6 9 12 15 18 21 24 27 30 33 36m

Hinh 5.9. Mt cdt doc hoi trucng va vi tri ddt loa

Do tré clia céc loa dugce thiét k&€ nhu sau [19]: loaL, c6t=0; L, cé6t=
50ms; L5 ¢6 T = 100ms.

Mifc 4m ti¥ ngudn va tir cdc loa t6i thinh gia tai ba vi trf A, B va C duge
diéu chinh nhu sau:

- Miic 4m tlir ngudn téi A: 63dB (ky hiéu Ly)

- Mitc am tr L; t6i A: 73dB (ky hiu L, ,)

- Mitic &m tir L, t6i B: 73dB (ky hieu L,5)

- Mittc am tlr L t6i C: 70dB (ky hiéu L,).

Hay 1ap céu trdc am thanh (v€ muc va do tré) va dénh gid chat lugng thu
nhéin 4m thanh tai ba ché ngdi A, B va C.

Bai gidi

Tinh todn d6 gidm mic &m theo khoang cdch va do tr€ clia chiing, ta duoc
céc tri sO sau day:
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Tai A:

Tai B:

Tai C:

am tryc ti€p Ly = 63dB, do tr& 7, = 0 (goc).

am tirloa 1: L, , = 73dB, d¢ tré t; = Sms.

am tir loa 2: L,, = 61dB, do tré 1, = 78ms.

am tirloa 3: L, = 51dB, do tré t; = 173ms.

am tryc ti€p c¢é miic nhd nén bd qua:
am tirloa 1: L3 = 63dB, 1, = 0 (go6c)
am tir loa 2: L,z = 73dB, 1; = 10 ms.
am tir loa 3: Ly = 57dB, 1, = 96 ms.
am trloa 1: L, = 57dB, 1, = 0 (g&c)
am tr loa 2: L, = 60dB, 1, = 2ms.

am tir loa 3: L;, = 70dB, 1, = 15ms.

CAu triic am thanh tai c4c chd ngéi A, B, C duoc biéu dién trén hinh 5.10.

EIIIIIIIIIIIIII
1A

T T

70

L
N Ly TAIA

60

L3A

50

40

0 20 40 , 60 80 100 120 140

160

180

70
L Lzs TAIB

60 L

50

40 PR

70

60 L

50

40 L

| 85ms | 20

Hinh 5.10. Cdu triic dm thanh thu nhdn tai A, Bva C
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Phan tich danh gia:

* Tai A: Am L, vuot am truc ti€p 10dB va tré sau Sms nén ngudi nghe
cG cam gidc a&m dén tir loa L; (xem hinh 5.8). Tuy nhién do tai A hudng cla
loa L; va huéng dién gia gén triing nhau nén c6 thé chdp nhan.

Miic am L,, va L5, thdp hon mic &m L, , 13 12dB va 22dB véi thoi gian
tré 73ms va 168ms khong 1am déi huéng ngudn am va gay nhiéu & thinh gia
déu-duéi 10% (xem hinh 5.8 —— - - — —— - —— - — — —

* Tai B: L,g - Lig = 73 - 63 = 10dB véi d6 tré T = 10ms tao dugc cam
gidc am thanh t6i tir loa 1 (tir ngudn).

Chénh léch mic am L,g - Ly = 73 - 57 = 16dB véi do tré 68ms khong
gy nhiéu cho thinh gia.

* Tai C: Mitc &m L, - Ly = 70 - 60 = 10dB véi thoi giar; tré 13ms tao
cho cdm gidc am thanh t6i tir phia loa 2 - phia nguén.

Lyc-Lic=60-57 = 3dB véi do tré 2ms.

Lsc - Lyo =70 - 60 = 10dB v6i do tré 15ms.

Déu khong gay nhiéu nhiéu & thinh gia.

5.3. PAC PIEM TRUONG AM TRONG PHONG KHI SU DUNG
HE THONG PIEN THANH

5.3.1. Hién tuogng hoi ti€p (acoustic feedback)

Hién tugng héi tiép 12 hién tugng 4m hoc dac biét xay ra khi dp sudt am
tlr loa phdt ra (p) quay trd lai micréphon, tic dong ciing véi dp suat am cla
ngudn (p,), duge khuéch dai rdi phét ra loa (xem hinh 5.11). Hién tuong nay
chi xdy ra khi nguén, microphon, va loa & tuong doi gan nhau, nghia la

trudng hop kha phd bién trong cdc phong thinh gia.

Ng) ~ i
® o '

r

Hinh 5.11. Hién tuong hoi tiép (M- micréophdn; N - nguén dm;
L - loa; KD - khuéch dai; r - qudng duong tr loa dén microphon)
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Hién tuong héi tiép duge ddnh gid qua hé s6 hoi tiép P theo cong thic:

=~ Iip 5.2)

voi B <1

Néu B cang 16n, cang gin t6i 1, hién tugng hoi ti€p cang trd nén trim
trong. Hién tugng héi ti€p mat hoan toan khi p = 0.

Céc tfn hiéu tlr nguén va loa c6 thé t6i microphon véi pha khdc nhau, phu
thudc tdn s6 clia ching va thdi gian (t) cin thi€t dé€ 4m thanh vugt quing
dudng (r) tir loa téi microphon. Hé s6 pha clia ching c6 thé viét [37]:

¢ =2nft =373f.r

Co

Diéu kién hdi ti€p c6 thé viét dudi dang tdng quét:
p

B= (cos@p+ jsin @)
Po +P

tit d6 xac dinh dugc:

P _ p
p, (cosg—PB)+jsing

Néu chi quan tam dén gia tri tuyét doi cta nb, ta co:

B
Po

A P = P (5.3)
\/(COS(p—B)Z +j*sin@? \/1+B2 —2Bsing

Mitc am & mot khodng cach x trude loa cé thé viét:

P

L, =201g2x =201g 2. 2~ AT, | 42018
Pa P P,

o]
Trong dé: AL, - mic tang tin hiéu tai x khong ké t6i tdc dong cha hién tuong
hoi tiép.

Thay gia tri P vio va xét dén su thay déi tan s6 cta tin hiéu @ ta tinh
¢}

dugc muc am tai diém x:
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IL:|= |AL-x|+2o-1gi (54
1-p
= " B '
hoac L)|=|AL |+201lg—— 54
) [Lx]=[AL,]+201g— 5 (5.4)
S6 hang thit hai & v& phai trong céc cong thiic (5.4) va (5.4') ¢6 thé nhan
tri s6 duong va 4m tuong ting véi mot tri s6 f xdc dinh, lam cho mic 4m & x
lic thi nang cao, ldc lai ha thap. Su thay déi dau & s6 hang thit hai cling cho
thay khi hé thong dién thanh 1am viéc, hé s6 hoi ti€p (xay ra ca chiéu duong
va chiéu am) c6 thé chuyén tr duong sang am khi tdn s& tin hiéu thay déi,
twong tng ta cé hoi tiép duong va hoi tiép dm.

Do khong déu chia mitc 4m tai x ¢6 thé viét duéi dang (tlr 5.4 va 5.4"):

L, —-L% =201g_i——201gi
1-B 1+

! n 1 +
L, -L; =20 lg—B (5.5)
1-8

Nhu vay khi xay ra hién tuogng hoéi ti€p dac tinh tin s cla miic am trude
loa s& khong tranh khoi dao dong giy ra méo tan sé.

Trén hinh 5.12 minh hoa dao dong cla dac tinh tin s6 mic am trudc loa
khi hé s6 B = 0,3. Cic dinh tuong Gng véi tdn s6 cb tri s6 duong 16n nhat,
chd 16m twong ding vdi céc tri s6 am 16n nhat.

.Ll dB - le / L"xx dB

*9 15
+6 : 1

B ‘

g y V7 VWi S /
- 5 p

-6 //
f, Hz

100 200 500 10002000 5000 0 01 03 05 07B

=l

Hinh 5.12. Ddc tinh tdn s6 ciia Hinh 5.13. Anh hudng ciia hé sé héi
hé thong dién thanh khi = 0,3 yi¢p B dén dao déng miic am (L, - L")
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Hinh 5.13 dung theo cong thifc (5.5) cho thdy d¢ khong déu clia dac tinh
tn s& mic am s& gidm nhanh khi hé s6 p giam.

Khi tang hé s6 B khong chi ting nhanh céc tdn s6 méo, ma dac biét khi
tién gan t6i 1 s& tao ra tu kich va rit rit do tang dot ngot hoi ti€p duong & mot
t4n s& nao d6.

Hién tugng hdi tiép con din dén mot dang méo dic trung khic cha hé
théng dién thanh goi 1 dm vang tdi sinh, c6 thé mo ta nhu sau:

Do hién tugng hdi tiép, nén sau khi tit ngudn am, cdc xung am cudi cing
tir loa s& tic dong vao microphon sau thoi gian t = r/c, véi cudng do nhéd hon.
Xung am ndy dugc phét ra loa véi thdi gian mudn hon va miic y€u hon. Téc
dong quay vong ndy s& lap di lap lai cho dén khi tin hiéu tit han, tuong tu nhu
qud trinh tit dan clia &m thanh trong phong va dugc goi 12 dm vang tdi sinh.

Su cAm thu 4m vang tai sinh khong giéng nhu su cam thu 4m vang cla
phong do do khong dong déu cha dac tinh tin s6 clia hé thong dién thanh
4nh hudng téi tin hiéu tit dan: do dang ring cua cia dic tinh tan s6 (hinh
5.12) clia tin hiéu do loa phat ra, sau méi 14n 1ap lai s&€ mat din mot s6 tan s6
thanh phén, 1am cho dudng gidm clia nd c6 séc thai dac biéi.

DPé gidm 4nh hudng ciia hién tuong hdi tié€p khi sit dung céc hé thong dién
thanh, c6 thé 4p dung mot sé bién phép sau day:

1. Bién phép thudng 4p dung, ¢ thé loai trir hoan toan tic dong clia ning
lugng 4m tir loa trd lai microphén 13 dung loa va microphon dinh huéng va
bé trf chiing mot cach hop ly. Cac k§ thuat vién dién thanh biét 13 nhiéu giai
phép cu thé theo hudng ndy.

2. Sir dung vat liéu hdt &m va b6 tri & cdc vi tri thich hop trong phong
nhim gidm nho nhat ning lugng &m phan xa tir loa quay trd lai microphon.

3. Diing thiét bi chéng rd rit (anti feedback). Thiét bi ndy mdi xuat hién
nhiing nam gin day, cé thé tu tim ki€m céc tdn s6 xudt hién ri rit tai cdc vi
tri khac nhau trong phong va lap chuong trinh tu dong di€u chinh, xir 1y va
loai trir hién tuong héi ti€p. Mot trong nhiing thi€t bi nhu thé 1a Digital
Feedback Reducer SRP - FR 300 ctia hdang Sony.

Két ludn:

* Khi hé thong dién thanh lam viéc ¢ thé xuét hién hién tugng hoi ti€p
gay ra méo tin s6, tu kich, rd rit v &m vang tii sinh 1am cho trudng am
trong phong bi x&u di nghiém trong.

193




* Sy xuét hién va mic d¢ nghiém trong clia c4c hién tuong ké trén phu
thudc d¢ 16n clia hé s6 hoi tiép B ma tri s6 cuc dai clia né cé thé dat t6i 1.
* D€ bdo vé hé thng dién thanh, chdng cic dang méo, tu kich va am
vang téi sinh phai gidm hé s6 B dén tri so:
B<0,2-03

* Muén dat dugc hé s6 B thdp phdi 4p dung nhiéu bién phdp, nhu sk
- dung cdc loa va microphon dinh huéng va bd tri chiing mot céch thich hop,
st dung vat liéu hit &m hop 1y trong phdng hoic diing thiét bi dic biét
chéng ri rit.

5.3.2. Am vang ciia phong khi c6 hé thong dién thanh

Qué trinh am thanh trong céc phong cé hé thong dién thanh rat phiic tap,
vi tin hiéu tdc dong vao micréphon ngodi am tryc tiép (tir dién vién) va loa
cén cé nhieu am phdn xa t& cdc bé mit trong phong tit din va cham dan
khdc nhau (do ca nguén am va cdc loa tao ra). Nhu d4 khao st & trén, mdi
tin hi¢u t6i microphon lai dac trung bang hé s héi ti€p ma do6 16n cha né do
cudng d¢ cha tin hiéu quyét dinh. Vi vay céc tdn s6 ma heé s6 héi ti€p dat tri
s6 cuc dai hodc cyc ti€u rat khdc nhau do phu thudc qué nhiéu y&u t§ (hinh
dang, kich thudc phong, vi tri, s& lugng cdc loa, s& lugng phan xa).

Ap dung 15' thuyét thong ké clia am hoc phong (xem chuong 2, muc 2.3)
c6 thé viét cdc phuong trinh can béng nang Iuong cho hai nguén am (tu
nhién va céc loa clia hé thong dién thanh) [37]. Giai cdc phuong trinh ndy, ta
viét dugc phuong trinh cla qud trinh gidm (qud trinh tit dan) ciia 4m thanh
trong cdc phong ¢ hié théng dién thanh 1am viéc nhuw sau:

2

k® 2
~(5—g2)t
E,=Ee V

s “0

1(5.6)

trong d6: E - nang lugng 4m & trang thai 6n dinh;

5 C,A :

4v
k - hé s khuéch dai clia hé thong dién thanh;
q=L.

Po
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So sénh phuong trinh (5.6) v6i phuong trinh (2.8) (khi truyén am tu
nhién) ta thdy s6 mii clia e trong trudng hop nay nhd hon vé gia tri tuyét d6i.
Diéu d6 ching td qua trinh tit din clia 4m thanh trong phong khi c6 hé
thong dién thanh x4y ra cham hon so véi phong 4m thanh tu nhién.

-Theo dinh nghia cla thdi gian am vang (tiéu chuén), twong tu nhu & muc
2.3.4 ta x4c dinh dugc thdi gian 4m vang trong phong c6 hé théng dién thanh
(ky hiéu Ty):

T, = __O’Lf_‘l!__ .7
S(e.——k’q’
( vEa )

hoac khi thay gia tri clia q theo cong thiic (5.3) va (5.7), ta c6:
0,164V

T, = o (5.7)
N -
V(1+B-2Bsing)
Trong d6: T
T - thoi gian trung binh clia 8 ] ] -,
mot phan xa am; 5 ] / /
B - hé s6 hoi tiép; 1 /

@- goc léch pha gilta &m tryc 4
ti€p va tin hiéu tir loa tic

.
~
N\

\\\\\\

dong vao microphon. / X L L
AV Aan"4
Trong céc. cong (thiic (5.7) va Z
L a ~ e 2oA ~ 1
(5.7) av'1a hé s6 hiit 4m trung binh 0 03 G 07p

(thyc) cta_phong, con tri s6
tk’q’/V goi la "hé s6 hiit am 20"
khi c6 hé théng dién thanh. Tri s6

Hinh 5.14. Quan hé T /T theo p:
[-khio=0,1;2-Kkhia=0,2

.. 3-khia=0,3;4 - khi o =0,5;
nay thay doi phu thudc T, B va . : ocs ~Kkhio=0 ;a

Do vay c6 thé xay ra trudng hop
khi B khd 16n, & mot gée léch pha ¢ nio d6, hé s6 hit 4m 4o s€ x4p xi hé s
hit am thyc, khi dé thoi gian 4m vang T, s€ ¢ tri s6 rat 16n.

Khi gidm dan B, hé s6 hit am &o ngay cang nho, thoi gian &m vang T, s&
giam din cho dén khi bang thoi gian am vang T clia phong khong cé hé
thong dién thanh.
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Trén hinh 5.14 13 biéu d6 quan hé gifta ty s6 T,/T phu thudc hé s6 hoi ti€p
B va hé s6 hit 4m trung binh clia phdng o. Biéu d6 5.14 cho thdy khi ting hé
s6 hiit am trong phong, ngay ca khi B 16n van giit dugc am vang téi sinh nhd.

Néu 14y ti s6 Ty/T gi6i han dén 1,7 thi khi h¢ s6 hiit am dat 0,7, hé thong
dién thanh ciing khéng gay bau qua nghiém trong ngay ca khi . = 0,4 + 0,5.

Két ludn:

1. Khi tang hé s& héi tiép B, thdi gian 4m vang ltic cé hé thong dién thanh
T, s€ ting ddn do xuét hién am vang tdi sinh. Khi tiép tuc tang B qua trinh
am vang s& c6 sic thai dac biét do xuat hién méo tdn s6. D&n mot tri s6 nao
d6 ctia B, phu thudc lugng hit 4m chia phong, hé théng s€ chuyén sang ché
do tu kich va thdi gian am vang s& ting vo gidi han. Chat lugng am thanh
clia phong khi d6 s€ bi x&u di nghiém trong.

2. Muén giit duoc chét lugng am thanh clia phong cin phai gidm hé s6
hoi tiép bang cdc bién phdp dd néu trong muc 5.3.1.

3. Mot bién phdp hiéu qué chéng am vang tai sinh 12 sir dung vat liéu
hit am manh trong phong, bé tri tap trung vao nhiing viing nhay cam ctia
microphon v ctia loa, nhim gidm cudng do am phén xa tir loa quay trd lai
microphon.

5.4. THIET KE SO BO HEE THONG PIEN THANH

Thiét k& hé thong dién thanh néi chung va dac biét cho mot phong thinh
gia néi riéng, khong thé phan chia tich biét thanh cac giai doan riéng I€.
Ngay nay cong viéc nay do c4c cong ty phan phdi thi€t bi clia cAc hang san
xuét dam nhiém, v né dugc thuc hién mot cdch lién tuc va hoan-hao tir
viéc b6 tri cdc hé thong loa, chon céc thiét bi clia hé thong chinh va thi€t bi
xtt 1y tin hiéu, thiét bikiém tra, diéu khién-cho dén-tinh-todn-cdc-dic-trung
clia trudng am trong phong (nhu phan b6 mic 4m, do déng déu, do 13 cla
tin hiéu...) trén co s& cic théng s6 am hoc cu thé cla céc thiét bi do ho
cung cap.

Trong chwong nay chiing t6i chi gidi thiéu phuong phép don gién xac
dinh mot vai thong s6 chii y&u clia hé thong dién thanh, ¢6 lién quan nhiéu
dén su phan bd clia trudng 4m trong cdc phdng, va goi ching 1a budc thiét k&
so bo hé théng dién thanh.
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5.4.1. Vi tri cia hé thong loa chinh

Chon vi trf cho hé théng loa chinh cfia phong c6 thé tham khao bang 5.2.

Vi tri cu thé cha loa nhu trén hinh 5.15 theo huéng dan ctia hing TOA -
Nhat Ban [23] c6 thé gém céc kiéu:

- Trén san san khau (5.15a).

- Hai bén trén miéng san khau (5.15b).

- Hai bén miéng san khau (5.15c).

- Géc san tuong (5.15d).

Hé loa

Hink 5.15. Vi tri loa chinh trong phong (cho thinh gid)
a) Loa trén san; b) Loa hai bén, trén miéng san khdu,
c) Loa hai bén miéng san khdu, d) Loa géc san tuong

Bang 5.2. Huéng dan chon vi tri ciia hé thong loa chinh

Chtre nang cong trinh Churc ndng clia hé thong loa Vitriloa
Am nhac Hoa nhac, doc tau San khau
Hoi hop hodc nghi 18 , Tiéng noi Khan dai
Thi d&u thé thao Thong béo (ti€ng néi) am nhac nén | Trung tam clia ving thi ddu
hodc theo nhip diéu thé thao {khan dai)
Trién 1am ho#c thuong mai Théng tin Trung tam 1 dai
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Khi b6 trf loa, mét yéu cdu quan trong 1a x4c dinh géc nghiéng clia nhém
loa hodc cot loa (mbéi nhém hodc cot loa gébm c6 mot s6 loa tdn s6 thap,
trung va cao) sao cho géc bic xa chinh clia loa bao trim dugc toan bo viing
thinh gid ma loa phuc vu. Muén vay truc &m hoc clia loa phai hudng vé
khoang 2/3 ntra cudi phong (hinh 5.16).

Hinh 5.16. Vi du bé'tri loa trong phong thinh gid
a) B& tri mot cét loa cho phong cé nén phéang
b) B6'tri hai cét loa cho phong c¢é ban céng

Trén hinh 5.17 12 mo6t phuong 4n b6 tri loa kiéu trung tAm clia nha hat &
Seattle Washington, My (Seattle's 5" Avenue Theatre). Siu loa tdn s6 cao
"JBL 2365 Bi - Radial" (horn loudspeaker - tweeter) toa ra tit tim bao trin
toan bo chd ngdi thinh gid. Am thanh tdn s6 dudi 800Hz do sdu loa JBL
2202H (woofer) dat theo mot cung ding & gifta phu trdch (xem hinh
5.17b). He théng loa bao ddm miic am trén san ngdi chinh dao dong trong
pham vi 3dB trong ving tdn s& tir 80Hz dén S5kHz, sau d6 ha thap theo
dudng déc 3db/octa tir 5kHz dén 12,5kHz. Miic am cuyc dai trén san ngdi
chinh dat 105dB.
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LOA CHINH

Hinh 5.17. B&'tri loa kiéu trung tém trong nhé hdt Seattle, Washington, M5 a) Mdt
cdt phong thinh gid va vi tri loa(giita miéng san khdu);
b) Hé thong loa nhin phia tride (trai), ny trén (giita) va tir bén (phdi)

5.4.2. Cac théng s6 co ban cua loa

Ba thong s6co ban cla loa sau day c6 lién quan dén truong Am va miic
am trong cac phong:

* D¢ nhay cua loa (sensitivity) duoc danh gid bang miic dp sut am trén truc
am hoc & cdch loa 1m khi cong sudt 1W, ky hiéu N(dB). Cach viét (vi du):

- Dd nhay (sensitivity): N = 98dB (1W, 1m)

* Pdp tuyén tdn s (Frequency Response) cho biét sy thay déi clia mic
dp sudt am do loa phét ra theo dai tan s6 4m. Trén hinh 5.18 1a vi du dép
tuyén tan s6 clia mot loa (loai toan dai) va mot bo hai loa (tin s6 thap va tan
s@ cao).
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Hinh 5.18. Pdp tuyén tdn sd ciia loa toan ddi (a) va ciia bg hai loa (b)
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Hinh 5.19. Tinh hudng cia loa trung va cao
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* Tinh hudng ctia loa (Speaker directivity) con goi 1a biip huéng [50] -
cho biét su phan bd clia miic 4p sudt am do loa biic xa trong khong gian.
Méi loa, phu thuodc tdn s6 4m biic xa cha né (thdp, trung va cao) c6 tinh
hudng riéng. Thong thudng cic loa tdn s6 thap cd tinh hudéng rong, tan s6
Tinh huéng clia loa thudng biéu dién theo biéu dé trén mit ngang va mat
diing. Trén hinh 5.19 cho mét vi du biéu d6 tinh huéng clia loa.

5.4.3. X4c dinh mifc Am va cong suit am ciia loa

1. Xdc dinh mitc dm & cdch loa 1Im (trén truc ém hoc)

Mtc am cho theo d6 nhay clia loa & khoang cdch 1m trén tryc 4m hoc
tuong ting véi cong sudt 1W (ky hiéu P; = 1W). Mitc 4m tang thém tai vi tri
nay khi cong suét tang t6i P, (W) x4c dinh theo cong thiic:

AL = 101g%,dB (5.8)

1
Nhdn xét: Mbi khi cong suat am tang l1én gap doi (P, = 2P)) mic &m s&
tang lén:
AL = 101g2 = 3dB.
Miic am tang thém theo cong thitc (5.8) cé thé biéu dién theo biéu d6
hinh 5.20.
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Hinh 5.20. Biéu dé xdc dinh mitc dm tdng thém
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Nhu vay méi khi cong suat dién vao loa tang 1én gép doi (hodc gidm mot
nira) mifc 4m do loa phét ra s& ting 1én (hodc gidm di) 3dB. Tix d6 ta c6 thé
xéac dinh mitc &m & c4ch loa 1m theo do nhay ctia n6 theo cong thiic:

Miic am biic xa | _ | D¢ nhay + Miic &m tang thém (5.9)
(PW, 1Im) _ (IW, lm) | (hinh 5.20) T

Vi du 5.2. Cho biét d6 nhay ctia loa 1a N = 90dB (1W/1m). Hay xéac dinh
mifc &m & cdch loa Im-(trémtryuc-amhoc)khi cong-sudt-dién-vaoloa 1a40W.
Bai gidi:
Theo biéu d6 hinh 5.20 x4c dinh dugc mic 4m téng thém khi P, = 40W 1a
AL = 16dB. Mttc 4m clia loa cdch 1m theo cong thiic (5.9) s& la:
L, =90 + 16 = 106dB.

Vi du 5.3. Tinh miic am & c4ch loa 1m khi cong suat dién vao loa 1W biét
miic 4m tuong Gng véi cong sudt dién 200W 1a 113dB.

Bai gidi:
Theo biéu d6 5.20 x4c dinh mic &m gidm tir cong sudt P, = 200W dén
P, =1W la:
AL =23dB.
Vay muc am céch loa 1m khi P; = 1W la:
L, =113-23 =90dB.
5.4.3.2. Xdc diﬁh 1?1?2’(: dam noi truc dm ﬁgc c;ﬁa loa gdp san ngoi thinh gid
Céc loa c6 thé coi gin diing 14 cdc nguén phét séng cdu. Vi vay mtic am
tai giao di€m clia tryc loa véi san ngdi thinh gia (ky hiéu L) c6 the xdc dinh
theo quy luét suy giam am thanh clia séng cau theo cong thic:
L.=L, ~AL, (5.10)
Trong dé: L, - miic &m & cch loa 1my;

AL, - d9 suy gidm miic &m clia séng ciu, xdc dinh theo cong thiic
(1.16) hodc biéu dé (hinh 5.21) theo quy luat méi khi khodng
cdch ting gdp doi, mitc dm gidm 6dB.
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Vi du 5.4. Xéc dinh miic 4m trén truc 4m hoc cdch loa 20m khi mic am
céch loa 1m la 106dB tuong tng vdi cong sudt dién vao loa P = 40W.

Bai gidi: Miic am & cédch loa 20m trén truc 4m hoc (L,,) xédc dinh theo
cong thiic (5.10):

LZO = 106 - ALI‘
Theo biéu d6 hinh 5.21 xdc dinh dugc AL, = 26dB, vay ta c6:
L,, =106 —26 = 80dB
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Khoang cach tdi loa (m)

Hinh 5.21. D6 gidm miic dm theo khodng cdch tix loa

Vi du 5.5. Midc Am yéu cdu trén truc &m hoc cla loa & khodng cich 30m
12 80dB. Hiy x4c dinh cong suit dién can thiét clia loa khi do nhay clia né la
N =90dB (1w,1m).

Bai gidi:
Mitic 4m yéu cdu cdch loa 1m dé dat dugc mic am 80dB & khoang cich

30m la:
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L,=80+AL,

Theo biéu d6 (5.21) xé4c dinh duge AL, = 29,5dB.

Ta cé: L, =80+29,5=109,5dB.

Chénh léch giifta mitc 4m L, va do nhay cla loa (N = 90dB) la:

AL=L,-N=109,5-90=19,5dB.

Theo biéu dé (hinh 5.20) dé cé mic am ting thém AL = 19,5dB cong suit
dién cin thiét vao loa 1a phai P = 90W.

3. Xdc dinh do khéong déu cia truong dm

Mitc am do loa tao ra tai chd ngdi cta thinh gia phu thudc:

* Khodng céch tir thinh gia t6i loa. P9 giam cla mic am phu thudc
khoang céch tir loa xdc dinh theo cong thifc (1.16).

* Tinh hudng cia loa theo tdn s6 4m thanh.

Do khong déu clia trudng am c6 thé x4c dinh gin ding khi biét cdc thong
s6 hinh hoc clia phong tuong tng v6i vi tri loa va tinh huéng clia n6 theo vi
du sau day:

Vi du 5.6. X4c dinh do thay d6i mutc am tai cdc vi tri ché ngéi A, Bva C
(hinh 5.22) & céc tan s6 250 va 4000Hz.

Hinh 5.22. Vi du xdc dinh dé khéng déu ciia miic dm
Bai gidi:

Do khong déu chia mitc am x4c dinh bdi do xa clia chd ngbi so véi loa va
tinh huéng clia loa tién hanh trong bang 5.3.
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Bang 5.3. Tinh to4n do khong déu mitc am

- Tén s6 250Hz Tén sG 4000Hz
e Theo do xa | Tinh hudng | Téng cong, dB| Do xa Tinh huong | Tdng cong, dB
A +45 -0,5 +4,0 +4mb -6 -1,5
B 0 0 0 0 0 0
C -3 0 -3 -3 -1 -1

Két lugn: Do chénh léch miic am giita cc ché ngdi tai A va C khong

vuot qué 5dB so véi mifc Am tai chd ngdi B.
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Chuong 6

.. AMHOCDPO THI

6.1. NGUON ON TRONG CAC PO THI VA PHUGNG PHAP
PANH GIA CHUNG

6.1.1. Phan loai cdc ngudn 6n

Tiéng 6n a tat ca nhitng Am thanh gdy cho chiing ta cdm gidc khé chiu,
qudy réi diéu kién lam viéc, sinh hoat, nghi ngoi va thu nhan am thanh cia
con ngudi. Tiéng 6n rat da dang va c6 nhiéu ngudn géc khdc nhau.

D€ nghién citu cdc bién phdp gidm nhd va triét tiéu ti€ng 6n, ngudi ta can
phai phén loai ching. C6 mot s6 céch phén loai sau day:

Theo vi tri nguén on ta cé thé chia ra:

- Tiéng 6n trong nha, do chinh con ngudi va cdc thiét bi vé sinh ky thuat
phuc vu doi séng vat chat va tinh than clia con ngudi sinh ra, nhu ti€ng ndi,
ti€ng hat, ti€ng budc chan di lai va chay nhay trén san nha, ti€ng cua radio,
TV va cdc mdy méc thiét bi khic, ti€ng 6n tir ciu thang, thang mdy va do
céc dudng Sng nudc, dng rac, v.v... sinh ra.

- Tiéng 6n bén ngoai nha sinh ra do cdc phuong tién giao thong vén tai
(6to, tau dién, tau hoa, tau thiy, mdy bay...), cic san van dong, san choi
thi€u nhi, cdc diém sinh hoat van hod, thé thao, cdc hoat dong trén dudng
phd, cdc nha mdy va xi nghiép san xuét nhat 13 cdc xi nghiép nam xen k&
trong khu dan cu, va tat ca cdc hoat dong khéc ctia con ngudi.

Theo ngudn géc phdt sinh va ddc diémn lan truyén cé thé chia thanh:

- Tiéng 6n khong khi 12 tiéng 6n phét ra va lan truyén trong khong khi
(nhu tiéng ndi, tiéng hdt, ti€ng tit cc loa phat thanh...).

- Tiéng 6n va cham, 12 ti€ng 6n sinh ra do su va cham ctia cc vat thé, lan
truyén theo két cau nha cira, trong céc vat thé rin, trong dat (vi du ti€ng 6n
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do tiéng chdn ngudi hodc cdc vat roi trén san nha, chan dong cla cdc phuong
tién vén tai v.v...).

- Tiéng 6n két cau (hay vat liéu) 1 tiéng n lan truyén trong cic két ciu
nha clra hay trong céc vat chat & thé rén néi chung, ngudn géc clia nd cé thé
la-tiéng-6n khong-khi hay va-cham.- -

Theo thoi gian tdc dung ciia tiéng dn c6 thé chia ra:

- Ti€ng 6n 6n dinh néu nhu miic én theo thdi gian thay ddi khong qua 5dB.
Vi du tiéng on clia cc tram bién thé, clia phan 16n may méc khi 1am viéc.

- Tiéng 6n dugc goi 1a khong 6n dinh néu mic én thay déi theo thdi gian
trén 5dB. D6 1a ti€ng 6n cla cdc phuong tién giao thong van tai (6t0, tau
héa, mdy bay, tau thly), ti€ng 6n tlr cdc san choi, sin thé thao, clia cic loai
mdy x4y dung, v.v... Ti€ng 6n khong dn dinh lai c6 thé chia ra:

+ Tiéng 6n ngét quiang néu méi tic dong én kéo dai trén 1 gidy xen k&
nhiing quang nghi;

+ Tiéng 6n xung néu méi tdc dong 6n kéo dai khéng qud 1 giay.

6.1.2. Cac phuong phap do va d4nh gia tiéng 6n

Tiéng 6n c6 thé do va danh gid theo:

- Phé tiéng on, trong pham vi tdn s tit 63 dén 8000Hz, theo dai tan s& 1
octa hodc 1/3 octa. )

- Mtc 6n téng cong theo thang A, B hoic C clia mdy do tuong tng véi
miic am thadp trung binh hodc cao cha ngudn (xem chuong 1, muc 1.3.1).
Tuy nhién cde phueng phip ddnh gid vA tieu chudn ti€éng 6n hién nay clia
nudc ta va trén th€ gidi cho phép chi ding miic 6n tdng cong theo thang A
(dB, A) dé ddnh gid tiéng 6n sinh hoat, giao thong va ca tiéng én miic cao
trong cong nghiép.

Do tiéng 6n béng cac thiét bi dd giéi thiéu & chuong 1 (muc 1.3). Tuy nhién,
do dic diém biic xa ti€ng 6n clia cdc ngudn khic nhau, ngudi ta quy dinh cic
phuong phdp do va ddnh gid riéng cho méi loai ngudn 6n da gidi thiéu & trén.
Dudi déy gidi thiéu phuong phép do va dénh gid sdu loai ngudn 6n.

2’ ~ ~ 2 - < ~ .
1. Cdc nguén on on dinh va cé dinh

Pho tiéng 6n hodc mic 6n téng cong theo thang A (dB, A) thudng dugc
xéc dinh & mot khodng cdch ngudn nhat dinh.
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Khi kich thudc nguén 6n kha nhd (nhu mot chi€c mdy dang lam viéc),
céc diém x4c dinh mic 6n thudng dat trén mot ban cdu cich vé may 1m.

Khi kich thuéc mdy 16n, ban cdu do phai cdch vd mdy khong nhd hon hai
1an truc 16n cia may.

D&i véi cdc ngudn 6n cé kich thudc 16n nhu tram bién thé, san thé thao,
san choi..., cdc diém do tiéng 6n dit cich chu vi ngudén mot khodng nhat
dinh, thudng 14y bang 7,5m.

-Céc-phép-do chinh xéc phai-ti€n hanh trong trudng am ty do;-khoéng b
séng phédn xa v6i mic On nén rit thdp. Trong 4m hoc thudng ding cic
"phong cdm" - phong c6 cdc bé mat gdn nhu hoan toan hit &m (o ~ 99%
[42]) dé x4c dinh dic tinh cdc nguén 6n nhd, vi du xé4c dinh dic diém bic xa
cla céc loa. Tuy nhién phédn 16n céc phép do 4m hoc dugc thuc hién tai hién
trudng, khi dé chiing ta dugc cdc két qua do gan ding va phai tuin theo mot
s6 quy dinh chudn (xem quy trinh do ti€ng 6n trong TCVN 5964/1995). Két
qua do ciing cdn phai hiéu chinh theo mic 6n nén, néu mic 6n do vugt mic
6n nén dudi 10dB.

- Khi chénh 1éch ctia chiing tir 6 d€n 9dB, muc do phai giam 1dB.

- Khi chénh léch 4 - 5dB miic do phai giam 2dB.

- Néu chénh léch duéi 4dB hodc mic 6n nén dao dong qud 16n theo thoi
gian thi phép do khong con chinh xéc va nén hlty bo.

2. Ngudn é6n chuyén dong ¢
C4c ngudn 6n chuyén doéng nhu cdc 8 % B
phuong tién giao thong (xe mdy, 0to, tau . o :
hoa, v.v...). Tiéng 6n cia chiing dugc =
danh gid bang miic &m theo thang hiéu 0‘7‘—59@*0
chinh A (dB, A) & cich truc dudng 7,5m =N
trén do cao 1,2m so véi mat dudng (hinh A ] A
6.1). Phép do phai tién hanh theo ding 5
phuong phdp trong TCVN-5948 - 1999 c
(IS0-00362-1998). Hinh 6.1. So do do mic 6n
M4y do mic am khi d6 dat & ch€ do ciia plurong tién giao théng

- AA — BB - pham vi bat ddu
_ ] va két thic 1an do; CC - truc dudng
cuc dai ctia kim do. xe chay; M- vi tri microphon.

nhanh (F) va tri s6 do doc theo do lech
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3. Ngudn on khong én dinh

Cac nguén 6n khong 8n dinh biic xa ti€ng 6n c6 mic thay déi (trén 5dB)
theo thdi gian. P& dic trung cho mifc on thay ddi nay ngudi ta diing mot tri
s6 c¢6 dinh goi 1a miic én (hay mifc ém) twong duong (equivalent sound
level). Theo dinh nghia clia ISO-R1999, mic 6n tuong duong trong mot thoi.
gian T 12 mifc 6n c6 dinh va lién tuc phét ra trong thoi gian do, gy ra cing
mot 4nh hudng t6i con ngudi nhu tiéng 6n khong 6n dinh khao sat.

V& mat vat 1y, mic 6n tuong duong 12 mic 6n trung binh c6 xét dén tan
sudt xudt hién chia cdc mic c6 dinh thanh phdn khdc nhau (thudng chia
thanh cdc khoang, cich nhau 5dB, vi du mic 60dB, A bao gém cédc mifc ti
58 dén 62dB, A miic 65dBA bao gém céc mic tir 63 dén 67dB, A v.v...) va
dugce tinh theo cong thic sau:

L, = lOlg—}an:ti.IO“’lLAi 6.1)
i=1

trong d6: T- thoi gian do tiéng 6n, s;
t, - thoi gian tdc dong cla tiéng 6n (s) c6 mic L,; (chinh 1a thoi
gian 1dy mot s6 lieu miic 6n L,);
i- s& lugng cac sd do ti€ng 6n.

Cic mdy do tiéng 6n hién dai ngay nay da lap sin chuong trinh dé do va
xéc dinh truc tiép mitc am tuong duong trong khoang thoi gian tir 1 phiit dén
24 gid do (goi 1a cac mdy do tich phan mic am).

4. Tiéng on dong xe

a) Pdc diém

Tiéng 6n dong xe 12 ti€ng 6n do tat ca cdc xe cling chay trén dudng tao ra.
N6i tiéng 6n giao thong 1 chi tiéng 6n dong xe va né cd ¥ nghia hét stic
quan trong d6i véi cudc séng cha ngudi dan do thi, bdi vi tiéng on giao
thong chi€m ty trong tit 60 dén 90% trong tiéng 6n do thi, va mic 6n & cdc
thanh ph6 16n trén thé gi6i trong vong 50 nam gin day cit mdi nam lai tang
thém 1dB, nghia 1a cit sau khodng nudi ndm cdm gidc d¢ to cila tiéng on lgi
ting gdp hai lan.

Miic 6n cha dong xe ciing dugc do & diém céch truc clia lan xe gan nhat
7,5m & do cao 1,2m (hinh 6.1), trén mot mat cét ctia dudng (khong phai tai
céc niit giao thong). Mtc 6n ctia dong xe phu thudc:
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- S6 lugng xe chay trén dudng trong mot gid theo ca hai chiéu, goi 1a
cudng do dong xe, ky hiéu N (xe/h). Cudng do dong xe cang 16n miic on s&
cang cao.

- Thanh phén clia ddng xe - 13 ty 1& (%) cac loai xe thanh phén trong dong
xe. Thudng nguoi ta quan tdm ba loai:

 +Xekhdch va xe van tdi ndng. =~
__+ Xe tdi va xe khéch nhe.

+ Xe moto hai va ba banh.

- Vén toc dong xe, (km/h).
- Pic diém clia dudng: loai mat dudng, do doc.

- bic diém clia c4c cong trinh hai bén dudng (cé hay khong c6 nha cla &
hai bén dudng).

Mot s6 ddc diém ciia dong xe & cdc thanh phd lon cila nudc ta hién nay
la [55]: |

- Cudng do dong xe thdp, trung binh khoang 1000 - 1500 xe/h trong gio
cao diém, cuc dai c6 thé t6i 3000 xe/h (so v6i nhiéu thanh phd trén thé gidi
cuong do dat t6i 5000 - 100000 xe/h).

- Trong thanh phdn dong xe, xe mdy hai banh chi€m t6i 60 - 80% (trong
khi trén the gidi thanh phén xe mdy chi c6 ty 1¢ khong déng ké va c6 tdi 30 -
60% céc loai xe néng).

- C4c phuong tién giao thong khong duge kiém soét vé ti€ng on, cho nén
tinh trang cdc xe hai, ba banh va xe nhe c¢6 miic 6n cao hon céc xe van tai
nang thudng xay ra.

- Van t6c dong xe thdp do sy ¢6 mat cha nhiéu loai xe tho so (van t6c
trung binh trong thanh phé & cic nuéc khéc 12 tir 40 dén 80km/h).

Tat ca nhitng dic diém néu trén cin duge xem xét khi nghién cttu quy
luat tiéng 6n giao thong & nudc ta. .

b) Phuong phdp danh gid

Tiéng &n dong xe 12 khong 6n dinh va phai ddnh gid theo mic 6n tuong
duong (L,,). Ngay tit nam 1940 & Chicago ngudi ta da nhan thay phéan bo
clia tiéng 6n dong xe rat gin v6i phan b chudn (phan bé Gauss). Nam 1968,
nghién ctiu clia J.Foxon & F. Pearson cho thdy c6 thé nhan dugc phan bd
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chuin clia midc én ca khi cudng

2 A
do dong xe 16n va nho [39]. Vily 2 100
s . A A N A L
do d_o, mdy thap nién gan d'a'y 5
nguoi ta dd 4p dung phd bién = "
. . 5] N
phuong phép phén tich théng ke @ | . .} \ S .
dé nghién ctu tiéng 6n dong xe X 7O
va lap duoc biéu dé xdc suit 601
phan b8 miic 6n (hinh 6.2). Tu 50}
biéu d6 nay chiing ta c6 thé rit ra 40
mot so tri sO rat ¢6 ¥ nghia cla 2ok
tiéng 6n dong xe 1a:
20+
L,y - mic 6n bang va vugt
N N . A 10
10% thoi gian do, la mic 6n I | | |
trung binh cuc dai clia dong xe, - %0 70 80 80 100
) ) oW A n . v L L Mc am, dB, A
twong duong miic 6n clia mot xe; % 10

Ly, - mic 6n bang va vugt
90% thoi gian do, tuong duong
v6i miic on nén cla dudng.

Hinh 6.2. Biéu dé xdc sudt phdn bo mite 6n

L., - mic 6n bing va vugt 50% thoi gian do, twong duong mtuc on trung
binh clia dong xe. '

Céc tri s6 L, Ly, dac trung cho tiéng 6n dudng phd.

Céc tdc gia [39] ciing chi 18 cdc diéu kién nghién ciu theo phuong phap
thdng ké xac suat dé dat duoc do chinh xdc can thiét.

- Do trong gid cao diém clia ngay.

- Thai gian do 1a 10 phiit khi cudng d dong xe 1000 - 3000xe/h, 20 phut
khi cuong do 500 - 1000xe/h, va 30 phit khi duéi 500xe/h. Moi trutng hop
khi chua r6 cudng d¢ dong xe, cin phai do 20 - 30 phiit.

- Toc d¢ 1dy s6 hiéu: 1s/1 s6 liéu do.

c¢) Tri s6'tinh todn ciia mitc 6n dong xe

Nhiéu nuéc (Nga, Dic, Ao, My, Thuy Dién, Ba Lan, Nhat Bén,...) dung
miuic on tuong duong (L,,) 1am mic 6n tinh todn ctia tiéng 6n giao thong.
Miic 6n tuong duong thudng thdp hon mic L, khoang 1 - 2dB khi cudng do
dong xe 500 - 3000xe/h [39].
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O Phép ding mic 6n twong duong trong thdi gian tir 8 dén 20 gi& 1am
ic

muc on tinh to4n ban ngay [17], ky hiéu L., (8h - 20h).

G Anh ding "chi s tiéng On giao thong" (TNI - Trafic noise index) la
miic 6n trung binh cta L, trong 18 gidy hang ngdy (gilta 6 git va 24 gid cla
ngay thudng), ky hiéu L,g ., v6i thuyét minh ring mic on-nay-gay anh
hudng khé chiu dang ké cho ngudi dan va Chinh phil dya vao mifc nay dé

cach mép dudng 10m.

Nuéc ta chua cé tiéu chudn quy dinh mdc 6n giao théng tinh todn.
Ching t6i ki€n hghi stt dung mutc én tiwong duong trung binh trong thoi
gian 1y 8 gior dén 20 gio, do cdch truc lan xe gdn nhdt 7,5m lam tri s6 mitc
on tinh todn [58].

Miic én tuong duong tinh todn mbi git c6 thé xdc dinh gin ding theo
cuong do dong xe cho & bang 6.1 khi dong xe ¢6 20% xe tai va xe hanh
khich ning dong co carburateur, véi van téc 40km/h [39].

Bang 6.1. Mitc 6n tuong duong ctia dong xe (6 cich mép duong 7,5m) khi
dong xe c6 20% xe tai va xe khich nang, van tdc 40km/h

Cudng do dong xe
N, xe/h

Mirc 6n Lo, dBA | 65 | 655 | 66 {665 | 67 | 68 | 69 | 70| .70,5 | 71

40 | 50 | 60 | 80 | 100 } 150 | 200 | 300 | 400 | 500

Cudng do dong xe
N, xe/h

700 | 900 | 1000
Miconly, dBA | 72 | 725 | T3 74 | 745 | 755 | 76 77 78

1500 | 2000 | 3000 | 4000 | 5000 (10000

Cic tri s6 trong bang 6.1 dugc hiéu chinh theo cic trudng hop cu thé thuc
t€ sau day [39]

1. Theo s6 lugng xe tai va xe khach ning dong co carburateur:
- Tang, giam 13% hief:u chinh £1dBA. -

2. Theo s6 lugng xe tai va xe khach dong co diédel:
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- Giam khong qué 10% hiéu chinh 0 dB, A
- Tang 10% hiéu chinh + 1dB, A.
3. Theo van tdc dong xe:
- Tir 40km, gidm mbi 7km dén 7km/h hodc tang dén 80km/h, hi¢u
chinh + 1dB;
- Tix 80 -120km/h, ting mo6i 20km/h, hiéu chinh +1dB.
4. Theo d6 ddc chiéu doc dudng:
- Do dac 0% hiéu chinh O;
- Tang 2% hiéu chinh + 1dB, A.
5. Theo chiéu rong dudng phd c6 nha hai bén dudng:
- Rong trén 50m hiéu chinh 0;
- Gidm 10m hiéu chinh + 1dbA.
Vi du 6.1. Xac dinh muc 6n giao thong tinh toén_cﬁa duong phd co cic
dac diém sau:
- S6 lugng xe tai va xe khdch dong co carburateur: xem bang 6.2.
- S6 luong xe tai va xe khéch dong co diedel: xem bang 6.2.
-Van toc dong xe: 30km/h.
- Do doc doc dudng: 0%.
- Pudng ph6 rong 40m cé nha hai bén.
Cudng d6 dong xe theo cdc gid khdc nhau va miic 6n tuong duong cho &
bang 6.2.
Bai gidi: ‘
Miic 6n tuong duong theo cudng do dong xe 14y theo bang 6.1 cd cic
hiéu chinh vé thanh phan dong xe, van t6c dong xe cho & bang 6.2.

L8, = 21]“2“‘ =72,5dB,A

Hiéu chinh d6 d6c dudng: 0

Hiéu chinh dudng phd: +1 dB, A.

Vay miic 6n giao thong tinh todn tir 8 dén 20h la:
LAm(x-zoh) =73,5dB, A.
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Bang 6.2. Bang tinh mic on tuong duong cia dong xe -

Gid trong ngay | 8-9 | 9-10 | 10-11|11-12|12-13| 13-14 | 14-15 | 15-16 | 16-17 | 17-18 | 18-19| 19-20

Cudng do N,
xeth 1800(1500f 1000 | 800 | 800 | 600 | 700 | 900 | 1000 | 1200 | 400 | 80
Law 745 74 | 73 | 72 | 72 | 715 72 (725 73 | 735|705 | 665

Xe nang
Cgrbur
Higu chinh, .
dB, A 4] -1 0 | +1 0 {+05 | +1 |+05| -1 -1 0 0

10%1 8% | 20% { 30% | 20% | 15% | 30% | 25% | 10% | 10% | 20% | 20%

Xe ndng diedel | 5% | 8% | 15% | 10% | 20% | 10% | 5% | 10% | 8% | 5% | 10% | 20%

Hiéu chinh,
dB, A 0 0 | +056 | + +1 0 0 0 0 0 0 +1

Vantéckmh | 30 | 40 | 50 | 50 | 50 | 40 | 40 | 50 | 40 | 30 | 30 | 40
Hi&u chinh,
dB, A 5] 0 | H5(#151+15| 0 0 |#151 0 (15151 0

Tri sG tinh toan,
dB, A 72173 | 75 (745|745 72 | 73 {745 72 | 71 | 69 [675|
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31 63 125 250 500 1000 2000 4000

Hinh 6.3. Phé'tiéng én giao thong:
1- Khi N = 5000 xe/h; 2- Khi N = 3000xe/h; 3- Khi N = 2000xe/h;
4- Khi N = 1000xe/h; 5- Khi N = 500xe/h.
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Bén canh viéc ddnh gi4 tiéng &n dong xe theo miic 6n tuong dwong chiing
“ta con lap dugc phd tiéhg on giao théng (hinh 6.3) [31]. Quan sét hinh 6.3 ta
nhén théy: ’
- Tiéng 6n giao thong thuoc loai tiéng on tén s thap (khong xét dén am
thanh do c0i xe tao ra);

- Dang phé tiéng on giao thong khong phu thudc cudng d6 dong xe N.

« Dign ob.

— Tii S canh diiéhn o & mit i
3 dVEm db (dBy)
—Lhigiring hep cia £z diing
Jia0 thilng bigh By mik &y
1 hay nho,

Hinh 6.4 Ban-do tiéng on giao thong thanh phé Ho6 Chi Minh ndm 1985
(tri s6 mitc én tuong duong trong gio cao diém)

Trén hinh 6.4 13 ban d6 tiéng 6n giao thong thanh phé H6 Chi Minh
trén co s do thuc &€ mifc 6n va cudng do dong xe nam 1985 [55] chi § rang
cdc tri s6 trén ban d6 1 mic 4m tuong duong trong gidf cao diém clia médi
dudng pho.

5. Tiéng on giao thong duong sdt

Tiéng 6n giao thong dudng sit phy thudc loai tau, cudng do doan tau (s6
tu chay qua mit cit ngang dudng trong 1 gid) va van tc clia tau, dugc danh
gid theo miic 6n tuong duong & diém céch dudng ray gan nhat 7,5m.
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 Theo két qua khao sdt clia cong trinh [39], mifc 6n tudng duong trung
binh khi van t6c 40km/h cla tau hoa chay dién 1a 87dB, A, ca tau hanh
khéch 12 84dB, A va tau hang 1a 89dB, A.

Miic én tuong duong phu thudc cudng do doan thu cé thé xé4c dinh theo
bang 6.3.

Bang 6.3. Miic 6n tuong duong ctia giao thong dudng sit
theo cudng doé doan tau dB, A (khi van toc 40km/h)

Cudng do tau 1 2 3 4 5 6
(doi tau/gio)

Tau khach 68 71 73 745 75 76

Tau hang 73 76 78 79,5 80,5 81

Higu chinh theo van téc doan tau xdc dinh nhu sau:
v = 40km/h hiéu chinh 0.
v = 45km/h hiéu chinh 2,5 dB, A;
v = 50km/h hiéu chinh 4,0 dB, A;
v = 55km/h hiéu chinh 5,5 dB, A;
v = 60km/h hiéu chinh 6,5 dB, A;
v = 65km/h hiéu chinh 7,5 dB, A;
v = 70km/h hiéu chinh 8,0 dB, A;
v = 80km/h hiéu chinh 9,0 dB, A.
Theo s6 liéu chia Bo Moi trudng va Canh quan d6 thi Phip [17] miic én
tuong duong & mat nha do tau hda gy ra nhu sau:
- Tau hang van téc 60 - 70km/h, cudng do 1 tau/h: 67dB, A & 20m va
50dB, A & 60m.
- Tau khéch véan t6c 120km/h, cudng do 16tau/h: 78dB, A & 20m va
73dB, A & 60m.
- Tau khéch t6c hanh van t6c 260km/h, cudng do 8 tau/h: 78dB, A & 25m
va 74dB, A & 60m.
6. Tiéng on mdy bay

Cén phén biét hai khai niém:
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- Tiéng 6n may bay 12 tiéng 6n & dusi mit dat khi mdy bay bay qua. Néu
tuyén bay thudng xuyén bay qua cdc khu vuc dan cu s& anh hudng tryc ti€p
dén cudc séng ciia ho.

- Tiéng 6n quanh san bay, thudng phaét trién theo hudng cic dudng bang
cdt v ha cénh cha may bay (chiéu song song va chiéu vuong géc véi
chiing). Khi nghién ctfu quy luat lan truyén ti€ng on tlir dudng bang ching ta
¢6 thé xdc dinh khoang dit cich ly dé bdo vé cho cdc khu dén cu chung
quanh sin bay.

Tiéng 6n méy bay c6 nhiing dic diém khdc véi cdc ngudn 6n da trinh bay &
trén (vé tin s6, vé thoi gian tic dung, vé anh hudng déi véi con ngudi... Vi vay
phuong phép dénh gi4, tiéu chudn tiéng 6n ndy ciing khéc céc cach da biét.

Hién nay trén thé gi6i thudng sit dung hai loai don vi dénh gid tiéng 6n
mady bay.

- Pon vi PN, dB (Perceived Noise - ti€éng 6n cam nhén), do céc tdc gia
Bolt, Beranek va Newman dé nghi, dugc sit dung & M§ va mot s6 nuéc khac
(vi du tiéu chudn S - 31 - 008 clia Phép), trén co s& danh gid cam gidc kho
chiu clia tiéng 6n mdy bay (loai tiéng 6n chia nhiu tdn s6 cao) doi véi
ngudi dan. Don vi PN ¢6 thé xdc dinh theo cong thifc [9]:

PN,dB=dB (D) +7 6.2)

Trong d6: dB (D) 1a mittc 6n do theo thang hiéu chinh D clia mdy do miic
(don vi 1a dB, D, xem hinh 1.24, chuong 1).

- Pon vi dB, A - mifc am do theo thang hiéu chinh A cia mdy do muc -
ciing dugc thira nhan va 4p dung & nhiéu nudc, cing nhu theo khuyén nghi
cta ISO.

Quan hé giiia hai don vi cé thé biéu dién gin diing qua cong thiic:

LPN - LA =~ 12dB (6.3)

Phan tich anh hudng clia tiéng én mdy bay déi véi ngudi dan theo hai loai

don vi do, thdy ring mitc 4m theo hiéu chinh A phi hop hon véi sy cam thu
tiéng 6n may bay & ngoai trdi clia ngudi dan [39].

Chiing toi kién nghi & Viét Nam, sit dung don vi miic dm theo hiéu
chinh A dé danh gid tiéng on mdy bay, vi ngoai uu di€m néu trén, con don
gian, thuin tién va théng nhat véi khuyén nghi clia co quan tiéu chuén
qudc t& (ISO).

217




~Phuong phdp dénh gid ti€ng 6n mdy bay: Hai thong s6 sau day ding dé
dénh gi4 tiéng 6n mdy bay duoc coi la thé hién ddy da dic diém cha ti€ng 6n
va dnh hudng quay nhiéu cla né d6i véi dan cu:
- Miic 6n cuc dai clia mot chuyén bay, ky hiéu L, ., (dB, A);
- Miic 6n tuong duong trong suét thoi gian ban ngay (vi du tlr 6 giy dén
22 gld) va ban dém (& 22 giv dén 6 g10r) c6 xét dén s6 lan may bay bay qua

va muc 6n cia né. :
Mue on tucmg duomg clia may bay xdc dinh theo cong thue

Lmd=101g( S, 10°‘Lm) 6.4)

trong doé:
L3 - mic 6n -cuc dai cia mot mdy bay khi bay qua di€ém khao sat,

dB, A;
T, - thoi gian (s) tdc dong cta mitc 6n mot médy bay tir tri s6 (L -

10dB), dén tri s6 L;* (xem hinh 6.5);
T - tdng thdi gian khdo sit ban ngay hodc ban dém tinh bing giay.

=
= 100
=
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S 90 L g——=
= 11 E <
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Hinh 6.5. Miic én ghi duoc trén mdt dat khi mdy bay bay qua (vi du)

D61 v6i cdc san bay, bing phuong phép do dac chiing ta ¢4 thé dung dugc
cdc dudng dong mdc 6n cuc dai cho méi loai mdy bay chung quanh cdc
dudng bang cat va ha cdnh (hink 6.6 va 6.7). Tong hop lai chiing ta c6 thé
dyng dugc dudng phan b6 mic én chung quanh mat san bay.
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Hinh 6.6. Cdc duong déng milc on cuc dai
ciia mdy bay phdn lic khi cdt cdnh (vi dy)
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Hinh 6.7. Cdc duong dong mitc on cuc dai
ciia mdy bay phdn luc khi ha cdnh (vi du)

Can luu ¥ ring phuong phép chon trj s6 ddnh gid dé dung cdc dudng dong
miic 6n chung quanh sén bay & cdc nudc khic nhau khong giong nhau. Vi
du, & Phap sir dung chi s6 tdng mitc on thu nhén N (I'indice psophique), &
Anh - chi s¢’ NNI (Noise and Nuber Index), & My - chi s¢’ CNR (Composite
Noise Rating).

Chi s6 N.theo tién chuin S31 - 008 clia Phdp xdc dinh theo cong thic
(don vi 1a PN, dB):

n O'IL max
N= IOIg{ZIO o }-30, PNdB
i=1

trong do:

L - mic 6n cuc dai & diém khéo sét do mdy bay thi i gay ra;

TPN[X
1
n - s6 1dn may bay cét ha cdnh trong thoi gian T (ngay hodc dém).

Trén hinh 6.8 12 cdc dudng dong mic 6n N quanh san bay Paris-Orly cua
Phap [8], trong d6 dugc phén thanh ba viing 6n khdc nhau:
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- Viing A - mtc 6n rét manh, N > 96 PN dB;
- Vung B - mic 6n manh, N = 89 - 96 PN dB;
- Vung C - mic 6n cao, N = 84 - 89 PN dB.
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Hinh 6.8. Cdc viing tiéng on chung quanh sén bay Paris - Orly

Trong ca ba viing trén déu khong dugc phép xay dung nha & kiéu chia lo.
Sau viing C mic 6n méi dugc coi 1a nhd va bat ddu duge phép xay dung
nha &.

6.2. ANH HUGNG CUA TIENG ON POI VOI CON NGUOI VA TIEU
CHUAN MUC ON CHO PHEP

6.2.1.-Anh huédng ciia tiéng 6n d6i v6i con ngudi

Trudc hét can ndi rang tiéng on khong phai ltic ndo cling c6 hai déi véi
con ngudi. Nguoc lai, ti€ng 6n muc thdp khoang 10 - 20dB lai 14 can thiét
d6i v6i ho, bdi vi né tao nén trang thai moi trudng binh thudng, quen thude
va tao dugc su can bang cho hé théng thin kinh cia ching ta tir lic con la
mdt bao thai trong bung me cho dén suét cudoc doi. Khi miic 6n tang lén,
tham chi ngay ca khi mic a&m cdn khéng ding ké (khoang 50 - 70dB), da c6
anh hudng x4du dén céc hoat dong khic nhau ctia con ngudi.

Am thanh con ngudi cim thu dugc chii yéu théng qua tai (chi cé phén
nhd dao dong dugc am truyén qua xuong so), nhung ti€éng 6n khong chi gay
anh hudng x4u d6i véi tai, ma cdn gy ra mot loat thay déi theo chiéu huéng
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x4u trong nhiéu co quan va bo may khéc cha co thé trude khi cé nhiing biéu
hién bénh 1§ va thodi héa & tai. Anh hudng x4u cla ti€ng 6n d6i véi co thé
phu thudc vio mitc va phd ti€ng 6n, thdi gian tic dung cia nd trong mot
ngay, qua trinh con ngudi tiép xic véi tiéng on, cling nhu vao lija tudi, gidi
tinh va tinh trang stic khde clia mdi ngudi.

Trudc hét néi 4nh hudng clia tiéng 6n déi véi tai. Khi chin tic dong clia
tiéng 6n do nhay cim clia tai gidm xuéng va ngudng nghe tang lén. Hién
twong nay dugc goi 12 su thich nghi ciia tai, 1a mot phan tng tu vé ciia co thé
dé chong lai tiéng on. Khi rdi khdi moi trudng 6n dén noi yén tinh, d6 nhay
cam s& héi phuc lai rit nhanh, chi sau 2 - 3 phiit. Tuy nhién su thich nghi cla
tai chi c6 mic d6 nhét dinh. Tic dung kéo dai ca ti€ng 6n lam giam do
nhay cia tai 16 rét, nhat & cdc tdn s6 cao va thdi gian héi phuc kéo dai hon,
tlr vai gi® dén vai ngay, déng thoi xudt hién cdm gidc mét moi trong tai. Néu
tac dung cha tiéng 6n lap lai nhiéu 14n, tai mét ddn kha nang hoi phuc, sau

"mot thoi gian s& phat trién thanh nhitng bién doi c6 tinh chat bénh ly, gay
thodi héa trong tai, dn t6i bénh nang tai va bénh diéc.

Nhu vdy, su mét mai trong tai 1 ddu hiéu dau tién bdo hiéu su phét trién
clia bénh nang tai va bénh di€c. Theo két qua nghién cttu clia nudc ngoai thi
tdc dung gay mét moi clia tiéng on bit ddu tir 80dB d6i vé6i am tan s6 2000 -
4000 Hz va tir 60dB d6i v6i am tan s6 5000 - 6000Hz.

Theo s6 liéu ctia T6 chic y t&€ thé gisi (WHO):

- Miic 4m tuong duong trong mot ca lam viéc (8 gio) 1a 80dB, A chua gay
ra bénh diéc nghé nghiép khi ti€p xuc lau dai véi né.

- Miic 85dB; A €6 10% cong nhan bi diéc sau 40 nam ti€p xic.

- Miic 90dB, A-¢6-10% bi diéc sau 10 nam ti€p xiic va 16% sau 20 nam
ti€p xdc. :

- Miic 95dB, A c6 17% bi diéc sau 10 nam va 28% sau 20 nam ti€p xuc.

- Miic 100dB, A c6 12% bi diéc sau 5 nam; 29% sau 10 nim va 42% sau
20 nam ti€p xvc...

Nhidu nghién ctu théng ké di dén két luan ring ti€ng 6n clia cdc thanh
phd 16n 12 nguyén nhan lam gidm do6 thinh cla tai va ting bénh nang tai: i}
Phdp néu & viing nong thon cit 10 ngan dan c6 20 - 30 ngudi mac bénh ndng

tai, thi & céc thanh phd 16n 1én dén 100 - 120 ngudi (tang gip 4 - 5 lan). 0]

221




M§ nam 1967 c6 11 triéu ngudi 16n va 3 triéu tré em thanh phd dugc chin
doan mait thinh gidc v.v...

Cac nghién ctiu gin day, cho thdy ti€ng 6n gy ra cic bénh & hé théng
thin kinh va & cdc co quan bén trong sém hon nhiéu so véi nhitng bién déi
thodi héa & co quan nghe.

‘Tiéng 6n trudc hét anh hudng x&u t6i trang théi chdc ning clia hé thin
kinh trung tam, gy tc ch& & cdc trung tAm than kinh, lam gidm sw.chd ¥ va.
gidm kha nang lam viéc cta con ngudi, dic biét d6i vé6i lao dong tri bc¢.

Tiéng 6n manh thudng gy ra bénh dau diu, chéng mit, cam gidc sg hai,
buc titc vo ¢4, trang thdi tdm than khong 6n dinh. Liic d6 bién phdp thu déng
thuong st dung 12 udng thudc an than. Vi du & Orly - thanh phé vé tinh clia
Paris, canh mot san bay c& 16n nhét th€ gidi - s6 lugng thudc an than ban ra
hang ngay gap 7 l4n & cic noi khic.

Dac biét vé€ ban dém, tiéng 6n thanh phd thudng phd r6i gidc ngl va su
nghi ngoi clia con ngudi. C4c nghién ciu vé gidc ngh cho thay [31, 39]:

- Khi miic 6n 30 - 35dB, A, gidc ngl xay ra binh thudng, cdn ¢ 14 - 20
phiit d€ c6 gific ngl say va gidc ngd sau chi€ém 82% thoi gian ngfl. Chi ¥ ring
gidc ngl sau c6 vai trd hét stic quan trong dé héi phuc sitc khde con ngudi.

- Khi mic 6n 40dB, A, gidc nglt di bi ph4 16i 16 rét, va khi mic 6n 50dB,
A thoi gian dé ngh say kéo dai t6i 1 gid, thdi gian clia gidc ngh sau gidm
con 60%.

Tiéng 6n gay anh hudng xdu dén hé théng tim mach. Miic 6n 80dB, A
lam gidm 4p sudt tdm thu, tang dp suét tdm truong, dp sudt dong mach dao
dong t6i 20 - 30mmHg, chu ky tim kéo dai, tdn sG nhip tim ha thép.

Téc dung lién tuc cla tiéng On la nguyén nhan ctia bénh loét, viem da day
do 16i loan chiic nang ché tiét va co bép clia da day.

Tiéng 6n ¢6 anh hudng manh hon d6i véi tré em va dic biét doi véi
nhiing nguoi bi bénh than kinh, bénh tim mach, cdc bénh nhan sau cic ca
m6 nang. N6 lam gidm hiéu qué clia cdc qué trinh diéu tri vA tang thdi gian
luu lai trong bénh vién.

Nhiéu nha nghién ctu khing dinh, tiéng én trong cdc thanh phd 16n it
ngén tudi tho clia con ngudi tir 10 dén 12 nam.
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Tiéng 6n lam gidm su tap trung chi y khi 1am viéc, gay mét moi, gidm
chat lugng cong viéc, ting phé phdm va tai nan lao dong. Ngudi ta cling thdy
ring qud trinh lao dong cang phiic tap, cang cén nhiéu tap trung chi ¥ thi
tiéng 6n cang lam gidm nang suét lao dong. Theo cic nghién ctu & nudc
ngodi, trong-mot s& cong viéc, ning sudt lao-dong cé thé gidm t6i-40%, s6
lugng nhdm 1an tang 1én 50%.

Két ludn vé nhiing mitc On ¢é dnh hiidng t6i con nguoi.

30- 35dB, A: Khong anh hudng dén gidc ngo.

40dB, A: Anh hudng dén gisic ngh. Diéu kién 1am viéc trf éc tot.

50dB, A: Ph4 r6i gidc ngh 15 rét. Diéu kién t6t cho sinh hoat va nghi
ngoi néi chung.

65dB, A: Qudy riy cong viéc, sinh hoat. Bt ddu c6 anh hudng x&u vé
tam sinh 1y con nguoi.

80dB, A: Chua gay anh hudng x&u téi tai khi ti€p xic lau dai.

85dB, A: Bat dau gay bénh nang tai va bénh diéc.

100dB, A: Gay tén thuong khong héi phuc 6 tai.

120dB, A: Gay dau tai.

150dB, A: Ttic khic gay tén thuong thinh gidc.

Céc nghién ctu vé dnh hudng cuia tiéng on mdy bay déi véi ddn cu cho thay:

* Theo mic &m cuc dai L, .:

Khiliy . =75-77dB, A: khong gay anh hudng ddng ké dén dan cu.

L, =80 - 85dB, A: c6 38 - 49% ngudi dan phan nan khé chiu.
L. = 90 - 100dB, A: ¢6 65 - 92% dan cu phan Gng manh.
* Theo mic Am tuong ducng L,

L,q = 62dB, A (ban ngay) va 52 dB, A (ban dém): khong giy anh

huédng t6i dan cu.

6.2.2. Tiéu chudn mic 6n cho phép

1. Phuong phdp tiéu chudn

Phuong phép tiéu chudn trudc hét phai xudt phat tir dic diém cam thu
am thanh (hay tiéng 6n) cla tai ngudi (phu thudc vao mic va tan s6 4m)
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nghia 12 phdi dva vao biéu d6 céc

dudng déng mifc to (hinh 1.18).

Mat khdc can chd y dén cédc dac
diém biic xa cla tiéng én (vé
miic, tan s6, thoi gian...) va anh
hudng khic nhau cla ching doi
véi dan cu.

Hién nay trén th€ gidi dang ap
dung mot sd tieu chudn theo céc
phuong phdp khac nhau, va trong
mot quéc gia c thé sit dung khong
chi mot phuong phdp tiéu chudn.

Duéi day ching t6i so luge gidi
thiéu moét s6 phuong phdp tiéu
chuén thudng gap trén the gidi.

Puong NR (Noise Rating)

Duong NR 1a mot ho dudng
cong ddnh gid anh hudng qudy
nhiéu clia ti€ng 6n trong pham vi
tan s6 tir 31,5 dén 8000Hz theo
dai 1 o6cta (hinh 6.9). Biéu dd nay

NN SSansa
B \\NSS i
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AN
603\\§\\§§t$\\\ o
ENNNNS Y=
FANNNS Sqr
ERANNS S
L DN
RS

31.5 63 125 250 500 1000 2600 4000 8000
Tan s trung binh, Hz

Hinh 6.9. Biéu dé ho dwong cong NR
(Noise Rating)

duoc xay dung dua trén biéu d6 céc dudng dong mitc am (hinh 1.18). Chi s6
NR 1 tri s6 mitc 4m (dB) & tdn s6 chuin 1000Hz dugc 1dy lam tén goi céc
dudng cong. Céc tri s6 ctia ho dudng NR ciing cho trong bang 6.4.

Miic am téng cong theo hiéu chinh A cla mdi duong cong (L,,dB, A)
thudng cao hon cdc chi s6 NR tlr 5 dén 8dB, vi vay c6 thé viét quan heé giita

chiing theo biéu thic:

L, - NR ~ 5dB (6.5)

Khi danh gi4 tiéng on thuc t€ theo NR, cén do va dung phd tiéng 6n theo
dai tdn s6 1 octa réi dat né 1én biéu d6 cic dudng NR (dudng chdm cham
trén hinh 6.9). Chi s& clia dudng khdo st 12 dudng NR ké sit né nhat khi
khong c6 diém nao clia dudng ndy nim dudi dudng khéo sit (trong vi du
trén hinh 6.9, chi s& cia dudng khao sat 1a NR - 59).
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Bang 6.4. Tri s6 mic Am theo ho dudng cong NR

Chi s8, Mirc am theo dai tan s6 1 dcta, dB

L, dB,A

NR 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

20 51 | 39 31 2% 20 | 17 i | 13 25
25 | 55 s | 35 | 29 | 3 | 2 20 18 | 30

30 59 48 40 34 30 27 25 23 35
35 63 52 45 39 35 32 30 28 10

40 67 57 49 44 40 37 35 33 45
45 71 61 54 49 45 42 40 38 50

50 75 66 59 54 50 47 45 43 55
55 79 70 63 58 55 52 50 49 60

60 83 74 68 63 60 57 55 54 65
65 87 79 72 68 65 63 61 59 70

70 92 83 77 73 70 68 66 64 75
75 96 87 82 78 75 73 71 70 80

80 99 92 86 83 80 78 76 74 85

Cac dudng cong NR dugc dé xudt theo khuyén nghi ctia ISO - R1996
va duge chdp nhan st dung & nhi€u nudc trén thé gidi nhu Nga, Phip, Anh,
Bivv...

Duong NC (Noise Criterion)

Dudng NC 1a mot ho dudng cong do L. Beranek dé xuat nam 1957 (hinh
6.10), dugc st dung phé bién & My, Anh... Chi s6 clia mbi dudng cong &
mtic 4m tai tdn s6 x4p xi 2000Hz (chinh x4c 12 1697Hz) clia dudng dé. Trén
hinh 6.11 1a so sdnh hai ho dudng cong NR va NC, cho thdy cdc dudng NC
c6 tri s& thap hon cdc dudng NR & céc tan s6 thap dudi 1000Hz. Céch danh
gid moi trudng on theo chi s NC ciing giong nhu khi danh gid theo chi so
NR vira trinh bay & trén.

225




90

[as]
k=]
£ \
g 80 Q\\ NC
= - E— 70
-
60 \\\\i e e 3 . \
\ ~_ 55 |
\
50& N \ ~— I
40\ \\\\\ I
\
N \§ — 1.3 |
30 SN T
N
\ — 25 T
~
10 B
63 125 250 500 1000 2000 4000 8000
Tén s8, Hz
Hinh 6.10. Ho duong cong NC (Noise criterion)
8
100
% + \\\\ -+ -+ -+ ~+ =+ T -t
] .
S S~ wns T T T 7
g 80 \\\ ~ S~
R NG e RN 4. iR 4.
70 NS @\“‘* e
60 ORI fnceo| [
50 LA i“B\\\ NC 50
TN ey T
40 —+ \‘\\@g =k [NC40
B o - ]
%0 R T Theao
L L L ) 1 Il
20 NC 20
10

63 125 250 500 1k 2k 4k 8k
: ' : Tan sd am, Hz

Hinh 6.11. So sénh hai ho dwong cong NR va NC
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Puong PNC (Preferred Noise Criterion)

O M§ ho dudng cong PNC ciing dugc diing song song véi ho dudng cong
NC. bic diém clia ho dudng PNC 12 ¢6 céc tri s6 nho hon céc dudng NC &
cdc tin s thap v tin s6 cao (hinh 6.12), sit dung dé dénh gid ti€ng 6n cé
chita nhiéu ning luong & cc tdn s6 nady (vi du tiéng 6n mdy bay) phi hop
hon khi xét anh hudng x&u cla ti€ng 6n doi véi con ngudi.
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Hinh 6.12. Ho diugng cong PNC (Preferred Noise Criteria)

Puong A~ N (Noise Rating Curves A)

Ho dudng cong A - N do F. Bruckmayer (thuoc Hoc vién k¥ thuat Graz,
Austria) kién nghi (hinh 6.13) c¢é nhiing dic diém sau day:

- Phé t4n s6 bao gém toan bo pham vi tdn s6 am nghe dugc (tit 16Hz dén
16kHz).

- Dang dudng cong 12 dang lat ngugce ctia dudng hiéu chinh A (hinh 1.24).

- Chi s6 A - N clia mdi dudng cong diing bing mic am téng cong theo
hiéu chinh A (dB, A). Day chinh 13 uu diém co ban clia ho dudng A - N so
v6i céc ho dudng NR, NC va PNC.
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- Quan hé cfia A - N v6i NR va NC c6 thé viét:
A-N=~NC+10;
A-N=09NR + 18.

Tuong tu tic gia cling 1ap cdc ho dudng cong: B - N va C — N (1a ho
dudng cong c6 dang 14t ngugc cia cdc dudng hiéu chinh B va C). Tuy nhién,
phuong phdp nay c6 mot nhugc diém 12 néu xét riéng méi ho A — N, B-N
hodc C — N thi ching ta lai khong-thé hién duge sy thay déi cam gide am
thanh cta tai ngudi theo miic Am.
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Hinh 6.13. Ho duong cong A — N (Noise rating Curves A)

Mitc On téng céng thang A, L, (dB, A)

Uu diém cla c4ch d4nh gid ndy Ia chi dung mét tri 6, d6 1la mic nang
luong am téng cong trong toan bd pham vi tdn s& biic xa clia am thanh
theo hiéu chinh A. Vi vay cdch ddnh gia theo thang A la don gian, phu
hop v6i huéng dén ctia ISO va duge chdp nhan gin nhu & tit cd cdc nudc
trén thé gidi.

Tuy nhién nhugc diém ciia né 1a khong cho biét su phan bé nang luong
ti€ng 6n theo céc dai tén s6, vi vay khong thuin tién khi khoi thao céc bién
phdp chéng tiéng 6n.
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Két ludn va kién nghi

Yéu cdu ciia phuong phdp danh gia:

- Phit hop véi su cdm nhan anh hudng x4u clia tiéng én d6i véi con ngudi.

- Thong nhat duge véi cic phuong phép ddnh gid ctia ISO vA cha nhiéu
nudc trén thé gidi.

Kién nghi (da dugc chap nhan trong TCXDVN 175:2005):

- St dung mtic 8n téng cong theo hiéu chinh A (L,, dB, A) dé dénh va
tiéu chudn ti€ng on & cdc viing khic nhau trong do thi, trong nhi &, nha cong
nghiép.

- Dong thdi két hop st dung ho dudng cong NR (hinh 6.9) khi xi¥ 1y tiéng
on, khi dé ra tiéu chudn cho cdc khong gian cé yéu cdu am thanh cao nhu
cac phong hoa nhac, cdc studio am thanh, v.v...

2. Tiéu chudn miic én cho phép

- Tiéu chuén miic én t6i da cho phép ‘trong céc khu vuc cong cong va dan
cu ciia Viét Nam (TCVN 5949 - 1998) gidi thiéu & bang 6.5.

Chi § rang TCVN 5949 - 1998 chua cho phép dat dugc méi trudng am
thanh tién nghi khi lam viéc, nghi ngoi va cho gidc ngl cha ngudi dan.
Nguyén nhan co ban 1a do dic diém kién triic thodng hd clia mot nudc nhiét
dé6i 4m véi clra s6 clia c4c ngdi nha gan nhu mé quanh nim, 1Am cho mtc 6n
ngoai nha va trong nha chénh 1éch nhau rat it (tir 0 dén 5dB).

- Tiéu chudn miic 6n cho phép trong cic nhd mdy, xi nghiép quy dinh
mitc dm tuong duong. trong sudt ca lao dong (8 gid) khong duge vugt qué
85dB, A. Miic cuc dai khong dugc vugt qua 115dB, A (TCVN 3985; 1999).
Tiéu chuén nidy nhim bao vé co quan thinh gidc clia ngudi lao dong.

Bang 6.5. Gi6i han t6i da cho phép tiéng 6n khu vuc cong cong
va dan cu (theo miic 4&m tuong duong dB, A)

Thoi gian
1T Khu vire
6h-18h|18-22h | 22h-6h
1 |Khu vyc can ddc biét yén tih: Bénh vién, thu vién, nha diéu| 50 45 40
dudng, nha tré, trudng hoc, nha thd, chua chién
2 |Khu dan cu, khach san nha nghi, cg quan hanh chinh 60 55 50
3 | Khu dan cu xen ké trong khu vue thuong mai, dich vy, san xuat | 75 70 50
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Trong bang 6.6. Miic 6n t6i da cho phép trong nha cong cong (trich
TCXDVN 175:2005).

Bang 6.6. Miic 6n toi da cho phép trong nha cong cong
(trich TCXDVN 175: 2005)

T Loai phong BuongNR | LyudBA

1 | Phong hoa nhac, nha hat Opéra (nghe &m
-~ thanh trye tigp) R L e e

2 | Nha héat kich, nha van hoa, hdi trudng da ning

+ Khi nghe am thanh tryc tiép 30 -

+ Khi nghe am thanh qua loa 40 -
3 | Phong chigu phim, Rap xiéc 40 . -
4 | Phong doc sach trong thu vién 45 S
5 | Ldp hoc trong trudng hoc phd théng, dai hoc - 50
6 | Phong hoi thdo, phong x{ &n - 45
7 | Phong lam viéc, nghién ctu, phdng thi nghiém - 50
8 | Phong béac sy, phong khadm bénh - 45
9 | Clahang,nhaga - 60
10 | Phong bénh nhan trong bénh vién

+ Tt 6h dén 22h - 45

+ Tl 22h dén 6h - 35
11 | Phong & trong nha dudng a0

+ Tir 6h dén 22h - 50

+ Tir 22h dén 6h - 40

* Tiéu chudn on chia may bay khi bay qua cdc khu dan cu: xem bang 6.7.

Béng 6.7. Tiéu chuin tiéng 6n méy bay (kién nghi)

. . Thai gian trong ngay
Mc on cho phép - -
Tt8hdén20h Tt 20 h dén 8h
Mc cyc dai, dB, A 85 75
Mtre trong duong, dB, A 65 55

Chii thich: Miic én kién nghi cao hon 3 - 5dB, A so vdi cdc tri s6 anh hudng t6i
ngudi dan di nghién cttu & muc 6.2.1 do xét dén tinh kha thi clia tiéu chudn.
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6.3. TINH TOAN LAN TRUYEN TIENG ON GIAO THONG TRONG
pO THI

Nhu d3 ndi trén, tiéng on trong do thi chli y&u 1a ti€ng 6n giao théng, né
khong nhitng c6 ty trong 16n, cudng do cao, xust hién gan nhu sudt thdi gian
trong ngay (tit 2 - 3 gid sdng dén 12 git dém), ma con x&4m nhép dén tan noi
& clia chiing ta, do viéc kiém so4t ti€ng 6n & d6 thi hién nay chua chat che.

Tiéng 6n giao thong c6 thé lan truyén doc theo cdc dudng phd, dic biét
khi dudng phé cé nha & hai bén va chiéu rong hep, tao thanh mot hanh lang
cé mitc 6n it cao. Pudng Hai Ba Trung & quén 1, thanh phd H6 Chi Minh la
mot vi du 15 rét. Tuy nhién, mitc 6n nay chi 4nh hudng chit yeu dén céc ngot
nha & mat dudng.

Su lan truyén tiéng 6n theo phuong vudng géc vdi dudng phd c6 kha nang
phd v& méi trudng am thanh yén tinh clia cdc cong trinh nim sau trong do
thi, quay roi ddi séng va cong viéc cla ngudi dan la déi tugng nghién ciu
clia muc nay.

6.3.1. Lan truyén tiéng 6n giao thong qua céc dia hinh khac nhau
trong do thi

1. Lan truyén tiéng on trén dia ban bdng phdng

Su giam dan mic am theo kho&ng cdch xa ddn dudng giao thong do hai
nguyén nhan, da nghién cttu khi truyén 4m ngoai troi, do 1a:

- Miic am giam theo khoang céch.

- Do su hiit am-cia khong khi.

Su giam miic am theo khodng céch xa nguén 4m di nghién cdu & chuong
1 (muc 1.4):

- D6i v6i nguén am diém: cong thiic (1.18).

- D6i véi nguén &m dudng: cong thic (1.23).

Khi 4m thanh lan truyén trén mot bé mat, nang luong 4m cdn bi gidm bét
mot phan do sy hit am clia bé mat ndy. Do d6 trong tinh todn ngudi ta dura
thém vio cdc cong thic néi trén mot he s6, goi 1a hé s6"hiit dm cila cdc bé

mdt, k.
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- Véi nguén am diém:

AL, =k,.201g2 (6.6)
I
- Véi ngudn am dudng:
’ "'ALi;Lf‘:'kl;.'I’OIQ'rl' R (%))
|
—-Cacky hiéu xem cong thic (1:18) va (1.23). — - T
He s6 k, 18y nhu sau:
+ Mit dat phéng, dat cay: k, = 1,0;
+ Mat dat trong co: k, = 1,1.
+ Mait duong nhya: k, = 0,9.

Trong thyc t&, dong xe chay trén dudng phé cé thé coi 1A mot ngudn dm
ddy, mot dang trung gian giifa hai nguén am ké trén: méi phuong tién giao
thong 12 mot ngudn 4m, ndm trén mot dudng thing, cidch nhau mot khoang
S(m) xéc dinh theo cong thiic:

S =10002t. (6.8)
N
trong dé: v,, - van toc trung binh cha dong xe, km/h;
N - cufmg do dong xe, xe/h.
Quan hé (6.8) c6 thé thé hién trong bang ©8).
Bang 6.8. Quan hé giiia S va N khi v, = 40km/h.

N,xelh | 2000 | 1000 | 666 | 500 | 400 | 333 | 285 | 250 | 222 | 200
S,m 20 40 60 | 80 100 | 120 | 140 | 160 | 180 | 200 -

D9 gidm mic am theo khoang céch clia dong giao thong (ngudn am diy)
¢6 thé xdc dinh theo biéu d6 hinh 6.14 [38] l4p cho trudng hop mit dat
phang (k, = 1,0), ¥d6 cao 1,2 - 1,5m.

Dudng gidm S = 200m, c6 thé coi 1a dudng gidm cha ngudn diém, con
dudng S = 20m tuong Ung vdi nguén am dudng (cuong do dong xe
2000xe/h).
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Hinh 6.14. D¢ gidm milc on giao thong theo khodng cdch
édé cao 1,2 - 1,5m trén mdt dat bang phdng

2. Lan truyén tiéng on trén dia hinh cé nha ciia

Nha clia, twong rao cé thé 1am gidm ddng ké miic én giao thong do hiéu
qua tao thanh "béng dm" phia sau né (xem muc 1.4.4, chuong 1). Hiéu qué
nay c6 thé nhan thdy khi so sinh k&t qua nghién ctu thuc nghiém trén mo
hinh (ty 1€ 1: 10, tAn s6 4m 500Hz, nguén am dudng) [39], khi tiéng dn lan
truyén trong khong gian tu do (hinh 6.15) va khi ¢6 mot tudng chin cao 10m
(hinh 6.16).

Céc két qua nghién citu 1y thuyét va thuc nghiém cho thdy do giam cla
muc 6n phu thuoc:

- Dic diém clia nguén am (ngudn 4m diém, dudng hay ngudn day);

- Vi trf clia tudng chin va diém khao sit so véi ngudén am;
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- Kich thudc tudng chén (chiéu cao va chiéu dai);
- Tan s6 4m thanh.

16 18

o O o

! PUR SN TN SN DURUL SUUUEE SUUON W U N SN DU JS T | 1 (-
0 50 100 150 200 250m

Hinh 6.15. Sy ha thép tiéng on trong khong gian ty do (thuc nghiém mo hinh)

0 50 100 150 200 250m
Hinh 6.16. Sy ha thdp tiéng on khi c6 tuong chdn cao 10m (thuc nghiém mé hinh)
Duéi day 12 phuong phép tinh todn gin diing mic 6n sau tudng chin d6i
v6i ngudn diém va nguén dudng.
a) Nguén ém diém
Do gidm mifc 6n sau tudng chén tai diém khio sit x4c dinh theo biéu d6
6.17 phu thudc ty so:
2(a+b-c
0= ( )
A

trong do: . . S

6.9)

a, b, ¢ - céc kich thudc (theo m) twong ting véi hinh 6.17;

A - budc séng am, m.
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Hinh 6.17. Biéu dé xdc dinh d¢ gidm miic 6n sau twong chin AL,
Aot véi ngudn dm diém, tuong chdn dai vé han

Vi du 6.2. Hiy xdc dinh d6 gidm mitc 6n sau mot biic tudng dai vo han &
c4c tn s6 250 Hz va 500 Hz d6i v6i ngudn am diém. Cho biét:

a=10,5m; b=15,5m; c=25m.

Bai gidi:
f=250Hz—>7»=§ﬂ=1,36m;
250
f=500Hz—>?»=-3—4—Q=0,68m;
500
10,5+15,5-25
Ny = — . =1,4T7,
250 1.36
10,5+15,5-25
= 4 2 =2,94’;
L) 0.68

Tra biu d6 6.17 xdc dinh dugc mic 6n gidm do tudng chén AL,
f = 250Hz — AL, = 15dB;
f = 500Hz —> AL, = 17,5dB;
Vay tdn s6 cang cao, muc on sau tudng chin cang gidm manh.
b) Nguon ém duong
D6i véi ngudn 4m dudng, chiéu dai tudng chin cé dnh hudng 16n dén do
gidm miic 6n. So d tinh todn cla trudng hop ndy gi6i thiéu trén hinh 6.18.
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Tuong chin

Piém
*khdo
sat

Diém khao sat 7

Hinh 6.18. So do tinh todn do gidm mitc én sau tuong chdn

Phuong phdp clia Scholes W.E, Sargent IL.W xic dinh do gidm mic 6n
theo trinh tu sau day:

1. Xac dinh d¢ gidm mic 6n cuc.dai AL™ phu thudc 8 = (a + b — ¢) theo
bang 6.9.

Bang 6.9. P giam miic 6n cuc dai sau tudng chin AL™, dB, A

d=(atb-c)m | 0,005 | 0,01 | 002 | 004 | 0,06 | 0,1 014 | 02 | 028
AL™ dB, A 6 7 8 9 10 11 12 | 13 14

d=(atb-c)m| 0,36 | 0,48 | 0,63 | 0,83 1 1.4 18 | 24 | 33 6
AL™ dB,A | 15 16 17 18 19 20 21 22 23 24

Bang 6.10. D¢ giam miic 6n sau tudng chin AL, dB, A

AL Pax Géc a, df)

dB,A

45 50 55 60 65 70 75 80 85
6 1,2 17 2,3 3 38 45 5,1 5,7 6
8 1,7 2,3 3 4 438 586 6.5 74 8
10 2,2 29 3.8 438 58 6.8 780009 10
12 24 3.1 4 5.1 6,2 79 8.8 10,2 1.7
14 2,6 3.4 43 54 6,7 8,1 9,7 1.3 13,5
16 | 28 36 45 57 7 8,6 10,4 124 15
18 29 3.7 47 59 73 9,0 08 13 16,8
20 3.1 3.9 49 6,1 17,6 9,4 1.3 13,7 18,7
22 33 4,1 5,1 6,3 79 98 11,9 145 | 207
24 35 4,3 5.3 6,5 8.2 10,2 12,6 154 | 228
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2. Theo céc géc o, o, va AL™*. Xdc dinh cdc do gidm AL, ALg,, theo
bang 6.10. -

3. Theo hiéu s6 (ALy, — ALy,) V6i (ALg; > Alg,) xdc dinh tri sO hiéu
chinh H theo bang 6.11.

Bang 6.11. S6 hiéu chinh H vae mitc AL,,, dB, A

Algy-AL,,dBLA| O | 2 1 4| 6 | 8 |10 |12]14 |16 18|20 | 22
H,dB, A 0 (08 [15] 2 |24|26|28 (29| 3 |3 | 3] 3
4. Miic 6n gidm sau tudng chin xé4c dinh theo cong thiic:
AL,.=ALy, +H,dB, A (6.10)

Vi du 6.3. Hiy x4c dinh do gidm mic én tai diém A sau ng6i nha lam
tudng chén c6 céc kich thudc nhu trén hinh 6.19.

Bai gidi:

1. Xdc dinh AL™
6=10+14,5-22,1=2,4m |
Theo bang 6.9, ta c6: y

AL™ =22dB, A.

b
S
c

2. X4c dinh ALy, va AL, (bang 6.10).
o =450 ALy, =3,3

|

7]
az = 600 —> ALaz = 6’3- --—i~—-—--—.—

v a1
3. Xéc dinh s6 hiéu chinh H theo :
bang 6.11. i
ALg, ~ ALg, = 6,3 ~3,3=3dB, A |
Do dé: }

H=1dB, A. Hinh 6.19. Vi du xdc dinh
4. Miitc 6n giam tai diém A 1a: do gidm miic ton tai A, véi a = 10m;
) b =14,5m; c = 22,1m;
AL, =33+1=43dB, A o, = 45°; @, = 60°;
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3. Lan truyén tiéng on qua ddi cdy xanh

Khi trén dudng lan truyén séng am gip cdc dai ciy xanh (hinh 6.20) thi
ngoai phin nang lugng 4m gidm do khoang céch, 4m thanh con bi tiéu hao
déng ké do:

- Mot phén ning lugng bi phan xa trd lai tir hang cdy giéng nhu d6i véi
twdng chn. -~ — - - - -

- Mot phan nang luong bi hit va khuéch tin trong ddm 14 cay.

" "Cacnghién ¢t thirc nghiém cho thay [39]:
- T4c dung phan xa nhu tudng chin c6 thé 1am gidm muc am 1,5dB méi
khi gap mot dai cdy xanh.
- Kha nang hiit va khuéch tdn &m thanh ctia ciy xanh phu thudc vao loai
cdy véi mitc do rim rap cta 14, cé tri s6 khoang 0,12 - 0,17dB/m.

Ay

Hinh 6.20. So' dé lan truyén tiéng on qua ddi cdy xanh

Nhu vay, do gidm miic &m thém do céc dai cay xanh gy ra (ky hiéu AL,,)
c6 thé xdc dinh theo cong thitc clia Meister F. v Ruhrberg W. (CHLB Diic):
AL, =1,5Z + BZBi’ (6!11)
trong d6: Z - s6 dai cay xanh; ‘
B, - bé rong méi dai cay xanh, m;
B - hé s6 hiit am clia cay xanh.
Trong bang 6.12 14 hé s6 hit 4m cta cay xanh (dB/m) phu thudc tdn s6 4m.

Bang 6.12. Kha ning hiit am ctia cay xanh, dB/m

Tan s6 &m, Hz , Trung binh
200-400 400-800 800-1600 - | 1600-3200 | 3200-6400 | cdctansd
0,05 0,05-0,07 0,08-0,1 0,11-0,15 0,17-0,2 0,12-0,17

238



Vi du 6.4. Mot dudng phé cé cudng do dong xe trung binh 1a N =
1000xe/h c6 miic 8n tinh todn L,ygam =76dB, A. Hiy x4c dinh mifc 6n tai
mat ngoai nha &, cdch dudng giao thong 52m, c6 trong ba dai cay xanh nhu
trén hinh 6.21 va so sdnh vi TCVN 5949 - 1998.

<€
= o Ly = 76dBA
5 Brh
é 70 R~ 0
60 =T
—ThdBA ——
50 2 . 1L, : - 11

10 20 30 40 50 60m

Hinh 6.21. Vi du tinh todn lan truyén tiéng én giao thong qua ddi cdy xanh:
I - Pudng giam do khoang cach; II - Dudng giam nhd trong ba dai cay xanh;
III - Dudng tiéu chudn cho phép

Bai giai:
Theo bang 6.8 v4i N = 1000xe/h, S = 40m.

Do gidm mic on tai diém D (mat nha) 1 téng do gidm do khoang cich
(AL,.) va do cay xanh (AL,,), nghia la:

' AL =AL,, + AL,
Theo biéu dé hinh 6.14 vé6i S = 40m, & khoang cdch 52m, ta c6:
AL, = 16,5dB, A

D6 gidm mitc 6n khi truyén qua ba dai cay xanh x4c dinh theo cong thiic
(6.11):

AL, = 1,53 +0,15.15 =6,8dB, A.
Do gidm téng cong clia mic 6n tai D 1a:

AL =16,5+ 6,8 =23,3dB, A.

Vay miic 6n giao thong truyén dén diém D c6 trf s6:

L,=76-233=527dB, A.
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Theo TCVN 5949 - 1998, mifc 6n cho phép bén ngoai nha & 1a L, = 60
dB, A (tlr 6h dén 18h) va L= 55dB, A (tir 18h dén 22h).

Két Iuan mic 6n giao thong sau khi lan truyén dén mat nha & thap hon tri
s6 cho phép.

Ciing theo biéu d6 trén hinh 6.14 muén gidm dén mtc cho phép 55 dB, A
ma khong tréng ciy xanh, cin phai dat nha & cdch dudng giao thong 100m
(d€ gidm duge 76 - 55 = 21dB, A).

6.3.2. Lap ban d6 lan truyén ti€ng 6n giao thong trong cic khu xay dung

Ban dé6 lan truyén ti€ng 6n giao thong clia mot khu xay dung cho phép
chiing ta hinh dung sy phan bé mtc 6n giao thong t6i cdc khu vuc khdc nhau
trong khu nha, xdc dinh cdc viing dat tién nghi a&m thanh va cdc viing mét
tién nghi, nhd d6 ¢4 thé so sdnh uu khuyét diém clia cdc phuong 4n thiét k&
dé chon phuong dn xay dung hop 1y nhat.

2
14 14
167 16
18

A 20 AN

[ v S ESSS W— T——
0 20 40 60 80 100

Hinh 6.22. Cdc dwong dong miic gidm tiéng on theo cdc phuong dn quy hoach
kién triic khdc nhau (cuong d¢ dong xe N = 2000xe/h, S = 20m).
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Ban d6 lan truyén tiéng 6n trong cdc khu x4y dyng ¢ thé 1ap duge khi 4p
dung quy luat lan truyén tiéng én trén dia ban bing phéng két hop véi sy
gidm mifc 6n sau cdc ngoi nha - tudng chin di nghién ctu. Trén cdc hinh:
6.22 giéi thiéu cdc dudng déng miic gidm ti€ng On tir dudng giao thong cé
cudng do dong xe 2000xe/h (S = 20m) theo cdc phuong 4n quy hoach klen
tric khéc nhau. Khi lap ban dé tLCng 6n c6 thé dung céc duong phah b6 miic _
n tuong tu khi c¢6 phuong 4n quy hoach kién tric gén véi cdc mau di gidi
thiéu & trén.

Trinh ty 14p bén d6 phén b ti€ng 6n
giao théng mot khu xay dung c6 thé tién
hanh nhu sau:

Buéc 1. Dung cic dudng déng mic
gidm tiéng 6n trén dia hinh bing phing,
khong xét dén sy cé mat cha cong trinh
(dling biéu dé hinh 6.14).

Buéce 2. Dung cdc dudng giam miic on 610 18 20 2
20 18 14106

sau cdc ngdi nha - tudng chin. DE gidm bét

. j ’ . e Tl|é||||l||||ll
cong viéc, ching ta cé thé ding phuong 0 20 40 60 &0 100
phdp gdn ding khi sit dung bidu d6 trén  Hinp 6.23. Bidu do cdc duong
hinh 6.23 [40]. Biéu dé nay lap cho trudng gidm muc On sau cong trinh
hgp cudng do dong xe N =300 - 700 xe/h.

Budc 3. Phéi hop hai hé théng dudng gidm muic 6n, sau d6 dua vao tri s6
mifc 6n tinh todn chia dong xe dudng phd ta s& duge ban d6 lan truyén tiéng
6n giao thong.

Vi du 6.5. Hay dung ban d6 lan truyén tiéng 6n giao théng trong khu xay
dung cé téng mat bang trén hinh 6.24. Ddng xe ¢ cudng do 700xe/h (S = 60m).
Miic én tinh todn ciia dong xe sau khi hiéu chinh 1a L,,, = 76dB, A.

Bai gidi:

Xéc dinh do giam muic 6n theo khodng céach tit dudng giao thong tuong
tng v6i S = 60m (hinh 6.14) va dua vao téng mit bang khu xay dung, ta
dugc céc dudng déng mic gidm song song véi dudng phd cé tri so tir 0 dBA
(6 7m) dén 26 dB, A (& 150m) (xem hinh 6.24). Cic dudng gidam dung cich
nhau 2dB,A.
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" V& cdc dudng gidm muic 6n phia sau cdc ngdi nha nhd sir dung biéu do
hinh 6.23 (dat biéu d6 tai cic géc nha va dung cdc dudng giam tir 0 dBA dén
24 dBA - xem hinh 6.24). Chil ¥ réng ty 1& clia biéu d6 va clia ban v& téng
mit bang phai giéng nhau.

Sau khi ph6i hop chiing lai ta ¢6 cdc dudng dong mitc gidm tiéng 6n nhu
trén hinh 6.25. Tri s clia méi dudng déng mic lic nay 12 tri s6-mtc-6n lan
truyén tir dudng phd t6i. Ving chdm chdm trén ban dé 14 viing thda mén tiéu
chudn cho khu dan cu (TCVIN. 5949 - 1998).

b BNeRS _
D :14b /ilr ANAY 4 7
7N o
;v 2 2;1/4//////// % \\%\)\%\é \2 2§\§ \éz Nz 4 1 Y
By 20 22 /

20

r v d o > N e . N 2 . .7 [y 2
Hinh 6.24. Tong mdt bang khu nha vdi cdc duong dong mitc gidm tiéng on

BAT . ... Budng phd ) _ dB.A
76 b ’ T 3 - : 76
64— #Wﬂ:ﬁ W 64
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Hinh 6.25. Ban do lan truyén tiéng on giao thong trong mét khu xéy dung
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6.4. CAC BIEN PHAP CHONG TIENG ON TRONG CAC PO THI

Muén chéng ti€ng n trong cdc do thi mot cach hiéu qua cin phai 4p
dung téng hop céc bién phdp quy hoach kién tric, quy hoach giao thong,
kién tric cong trinh va cdc bién phdp k¥ thuat xay dung khéc.

6.4.1. Bién phap quy hoach, kién triic, giao thong

Mot bién phédp c6 hiéu qua chéng tiéng 6n rat cao la phan ving quy
hoach x&y dung d6 thi theo miic 6n cho phép. Bién phdp nay do cic kién tric
su Ba Lan vad CHLB Diic dé cap ddu tién [41]. Mot d6 thi c6 thé cuia thanh
bon ving xay dung sau day:

Viing I. Ving cong nghiép - viing 6n nhét clia dé thi, miic én c¢é thé dat
trén 75 dBA, thAm chi 1én t6i 90dBA. Trong viing nay chi cho phép bo trf
cdc nha mdy, xi nghiép véi cdc dudng giao thong van tai cé cudng do cao,
dudng tau hoa. Trong viing khong bd tri nha &, trir nhiing ngdi nha phuc vu
cong nhan.

Ving II. Trung tdm cong cong va thuong nghiép clia do thi v6i milc on
cho phép ti 75dBA. O day c6 thé bd tri cic dudng phé c6 cudng do van ti
cao, cic dudng bo di lai tdp nap, cdc cong trinh phuc vu cong cong nhu cira
hang, nha hang, rap chi€u béng v.v...

Vang III. Ving nha &, 12 viing tuong d6i yén tiih clia do thi, muic on cho
phép 60dBA (O Phép cho phép dén 65 dBA miot con s§ dugc coi la bit ddu
"bao déng" vé ti€ng 6n). Trong viing nay chi b tri cdc dudng giao thong van
tai nhe.

Vang IV. Ving yén tinh cla dé thi mitc 6n kHong cho phép vugt qui 50
dBA. O day chi b6 trf cac cong trinh cdn yén finh cao nhu céc studio phét
thanh, truyén hinh, thu vién, vién nghién ciz, trudng hoc, nha tré. ..

Khi quy hoach téng mit bing dé thi can phai phan viing xay dutig hop
1y, ¢6 bién phdp cdch ly céc ving ¢6 miic 6n cao véi vung dan cu va vling
yén finh. Trén hinh 6.26 giéi thiéu téng mat bing clia thanh phé Newsbury
(M§) dugc quy hoach theo nguyén tic nay.

Huéng gi6 cling ¢ anh hudng 16n dén su lan truyén tiéng 6n (xem
~chuong 1, muc 1.4.3). Khi lan truyén theo chiéu gid, tiéng 6n di nhanh hon
va it bi t6n that hon. Vi vay khi quy hoach cdc do thi, cdc khu cong nghiép
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cén bd trf & ria do thi, cudi hudng gi6é chinh mia néng. Diéu nay ciing phi
hop v6i yéu cdu chéng 6 nhi€ém méi trudng do bui, khéi, khi doc hai...

Hinh 6.26. Phdn ving quy hoach thanh phé Newsbury —(M7)
a) Bdn dé quy hoach thanh phd; b) So dé nguyén tdc phdn viing:
I - Dudng giao théng; 2 - Ving cong nghiép; 3 - Khu vyc budn bén; 4- Vung nha &

Viéc quy hoach kién triic do thi luon gén lién v6i quy hoach mang 1ugi
giao thong, ma tiéng 6n giao thong lai 12 ngudn 6n chinh trong cdc d6 thi. Vi
vay can phai phan loai dudng giao thong theo miic 6n cfia ching, cé bién
phép k¥ thuat hiéu qua dé gidm tiéng 6n, va cap phép luu hanh phuong tién
giao thong trong méi loai. Tai thi do6 cla nhiéu nudc trén thé gidi (Moxkva,
Praha, Berlin, Vacsava...) dudng tau hoa cé thé vao dén ga trung tam trong
thanh pho, rdt thuan tién cho viéc di lai cia hanh khich, nhung nho c¢é quy

~hoach giao thong hop 1y va sit dung cdc giai phdp chong ti€ng on hiéu qua
nén khéng anh hudng gi dén dan cu, ngay ca ban dém.

Theo B9 moi trudng va canh quan dé thi Phdp, cdc dudng giao thong trén
bo c6 thé chia 1am bén cép:

- Puong lién vdn: dudng chinh ndi cdc vling 16n trong nudc cé van tdc
dong xe cao, thuong dat 80 d&€n 100km/h.

- Puong hiyét mach: 1a dudng néi cic viing trong mot do thi cé cudng do
ddng xe cao va van toc 60 - 80km/h.
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- Puong mang ludi: Phuc vu giao thong ndi viing, ¢6 van t6c nhoé (40 dén
60km/h).

- Puong nhd: Pugc phép vio céc khu dan cu va cdc khu cong cong khdc,
c6 van téc nho (tr 20 - 40km/h).

Cung véi viéc phanloai & trén, ho chia dudng phé thanh hai nhém theo
mic on: ‘

- Nhém dudng 6n 20 gdm cdc dudng lién van, dudng huy&t mach va mot
sd duong mang lu6i. Nhém nay lai chia lam hai mic:

+ Mic 1 12 nhiing dudng gay tdc hai 16n vé ti€ng 6n gom tat ca cac dudng
lién van, cdc dudng huyét mach cé cudng do dong xe cao, van toc 16n, thanh
phan xe ning nhiéu.

+ Mic II 1a nhitng dudng gay tdc hai it hon vé ti€ng 6n nhu cdc dudng
huyét mach khéc (khong thudc miic I), mot s6 dudng mang ludi (danh riéng
cho xe buyt cé cudng do trén 350 xe/ngay).

- Nhém dudng khong 6n 2o 14 cdc dudng mang ludi khac va dudng phu.

Su phén loai cédc dudng gay 6n dugc thuc hién & tat cd cac khu dan cu,
céc tinh va 12 co s§ dé dé ra cdc quy dinh xay dung, cdp phép xay dung, yéu
cdu cdch 4m cho nha ctra ... & nudc Phép.

Céc giai phdp quy hoach kién triic ¢6 4nh hudng khong chi dén moi
trudng ti€ng 6n trong mdi ngdi nha, ma cdn anh hudng dé€n moi trudng tiéng
6n chung trong toan khu xay dung, cic san trong, céc san nghi v.v... D& lam
vi du, trén céc hinh 6.27, 6.28, phan tich cdc uu khuyét diém ctia mot vai
giai phap quy hoach cu thé.

Céc dudng nét manh trén hinh 6.27 va 6.28 1a cdc dudng dong miic giam
tiéng on tir dudng giao thong (v& cdch nhau 2 dBA). Néu idy dudng gidm
20dB,A la gidi han clia viing dat tién nghi am thanh, thi giai phdp trén hinh
6.27 chi dat duge 5,2% dién tich, con giai phdp trén hinh 6.28 dat t6i 39,8%
dién tich khu dat xay dung.

Trén hinh 6.29 phan tich moét s6 gidi phdp quy hoach kién triic anh hudng
dén tién nghi am thanh. Hinh 6.29a cho thay san trong c6 thé ting mic 6n
trong nhém nha do am phan xa qua lai tir cdc mit nha déi dién nhau. Sir
dung cay xanh & hanh lang hodc dan cay leo trén mit nha cé thé gidm bot
anh huéng nay. Trén mdi hinh 6.29b, c, d, e cho hai gidi phdp quy hoach nha
ctra. Giai phdp B tao dugc tién nghi 4m thanh t6t hon giai phdp A.
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Hinh 6.28. Phicong dn quy hoach kién triic 11
'c6 39,8% dién tich dat dat tién nghi dm thanh

Hinh 6.27. Phutong dn quy hoach kién triic I
¢6 5,3% dién tich dat dat tién nghi dm thanh

Giai phap té hop khong gian bén trong mdi ngdi nha cling c6 anh hudng
dén diéu kién tién nghi am thanh. Vi dy trong nha &, cic phong ngu, phong
lam viéc nén bd trf vao phia trong clia khu nha, con cde phong phu nhu cau
thang, bép, kho, vé sinh v.v... thi huéng ra dudng phd. Cdc ngudn am trong
nha [3 cdu thang, khéi vé sinh, bép, 6ng réc, v.v... nén tap trung v&€ mot phia
va céch xa cdc phong ngi. C6 thé diing cdc phong it 6n hon (nhu bép, phong
khé4ch) dé ngin céch gifta phong ngl va cdc phong on.

Trén hinh 6.30a, b gi6i thiéu giai phdp mat bang hai ngéi nha tai Cologne
va tai Bréme. Céc khéi cau thang, thang mdy c¢6 miic on cao dugc dat tach
roi, xa cdc cin ho 6.
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Hinh 6.29. Gidi phdp quy hoach kién triic dé gidm dnh hudng tiéng on
trong khu nha: a) San trong nang cao nuic on trong khu nha;
b, ¢, d, e) So sanh hai gidi phdp quy hoach (B t6t hon A)

Giai phdp mat biang hop khéi ¢6 san trong clia nha 16p hoc (hinh 6.30c) lai
t6 ra bat loi v& am thanh trong diéu kién kién triic thodng hé clia Viét Nam:
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tiéng on ting cudng do phin xa qua lai nhiéu 14n tir san trong, dé dang xam
nhap vio cdc phong hoc qua clia m& thong thodng gay miic 6n cao, qudy
nhiéu viéc hoc.

a) E

] B
3

b)

et e th

Giéng troi

A

)

Hinh 6.30. Cdc gidi phdp kién triic quy hoach chong tiéng on:
a) Nha & Cologne, Kts. P. F. Schneider; b) Nha & Bréme, Kts. Alvar Aalto;
¢) Mcit bang mot nha hoc hop khéi ¢é sén trong
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Hinh 6.31. Cdc gidi phdp tuong chan:
a) Nha & Norfolk, Virg. Kts. Barton Myers;
b, c) Nha ¢ Zug. Kts. Stucky & Meuli
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Khi thiét k& cong trinh c6 thé 1gi dung céc khdi phu 1am man chén tiéng
on cho cong trinh chinh (hinh 6.31a), hodc nho tdng dudi nhiéu hon vé phia
dudng giao thong dé che chén tiéng n cho céc ting trén (hinh 31b, c¢). Nha
thdp & Tokyo (hinh 6.32a) tip trung ciu thang, thang mdy trong phan 15i
thap, tach roi véi 140 "hop can ho" bam chung quanh, tao dugc su yén tinh
riéng cho méi gia dinh trong su 6n 40 chung cia kiéunha cinhg.—
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Hinh 6.32. Cdc gidi phdp kién triic chéng tiéng én
a) Nha thdp J Tokyo, Kts. Kisho Kurokawa,
b) Khu nha Mdt Troi & Avignon, Kts. Georges Candilis

Khu nha mit tréi & Avignon (hinh 6.32b) quay cdc mat tudng cdch am ra
phia cdc dudng giao thong, tao thanh mdt sin trong 16n, cé cay xanh, yén
tinh ma van thodng gid, c6 thé dp dung cho c& viing khi hau nhiét déi.
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Khi thiét k€ céc cong trinh cong nghiép, chiing ta thudng gip nhiéu loai
ngudn 6n cé miic khic nhau. D& han ché€ dugc nhiéu nhat dnh hudng cla
ching, cin phai 4p dung nguyén tic vira néu khi b trf tong mat bang va mit
bing nhi mdy, nghia 14 cin phdi tap trung cdc xudng én, khu vuc 6n vé mot
phia, cich ly véi cdc khong gian cdn yén tinh bing cdc tudng cdch am hodc
céc phong phu (cdc kho, khéi vé sinh, hanh lang v.v...) hoac cdc dai cay
xanh (hinh 6.33).

Hinh 6.33. Tdng mdit bang mot nha mdy b tri theo nguyén tdc
phén khu mitc 6n va cé xét dén hudng gié chii dao:

1- Kho nguyén liéu; 2- Khu hanh chinh; 3- Phan xudng lap rdp (70 - 80dBA);
4- Kho thanh phdn; 5- Phan xudng co khi (80 - 85dBA); 6- Xudng thit nghiém
(120 dBA); 7- Xudng khi nén (110 dBA); 8- Xudng diic (100dBA);

9 - Xudng rén (100dBA); 10- Nha thi nghiém (100dBA).

Rap
chiéu bong

Hinh 6.34. Quy hoach mét khu nha & CHLB Diic, sit dung cdc ciia hang hai tdng
dé lam man chdn tiéng én: a) Siéu thi nhd; b) Bdi xe; cdc con s6 chi sé'tang nha.
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Khi quy hoach do thi va tiéu khu cén hét sic lgi dung khoang cich dé
chong tiéng 6n, goi 14 cdc "ddi cdch Iy". Mot nguyén tic ¢ dién cin nhé 1a
"hay bé tri nha xa cdc ngudn on nhdt". Mudn gidm nhé cdc dai cdch ly dé
tan dung dat mot cdch hop 1y, c6 thé bd tri nhd thanh nhiéu dai: dai k& can
nguén 6n bé tri cdc cong trinh khong cdn yén tinh nhu gara, nha kho, bén
xe, san chai. .., dai xa hon nén bé tri cdc cong trinh ¢6 mitc 6n cho. phép 1én
va trung binh nhu cdc céng trinh phuc vu, clra hang, vuon tré, k& dén la cdc
nha & va xa hon 1a cdc cong trinh cén yén tinh cao nhu phong doc, thu vién,
bénh vién, vién nghién ctiu, v.v... Hinh 6.34 gidi thiéu quy hoach mot khu
nha theo nguyén tic chong ti€ng on tai CHLB Diic.

6.4.2. Giai phap ky thuat: cay xanh, tudng chin chdng tiéng 6n

Str dung dai cay xanh dé chéng tiéng 6n (hinh 6.35a) 12 bién phdp c6 hiéu
qua va kinh t€. Ngoai ra cay xanh con c6 tic dung cai tao khi hau, chdng bui
va 6 nhiém moi trudng. Cay xanh tréng thanh nhi€u dai cé tic dung chéng
tiéng 6n hon chi tréng mot dai lién tuc nhd tdc dung tudng chin am thanh.
K&t qua nghién citu thuc nghiém cho thdy, sy ha thdp ti€ng 6n nho dai ciy
xanh x4y ra manh nhat trong khoang 10 - 15m d4u tién cia dai cay, vi vay
bé rong mdi dai cay khong nén dudi 5m. Mot dai cdy xanh chdng tiéng 6n
tréng diing k§ thuat cé thé ddnh gid don gidn nhu sau:

- Khi ditng cudi dai cay khong nhin thdy cdc "khodng sdng". V€ mat &m
hoc, céc khoang séng chinh 13 cic hinh lang lan truyén tiéng on.

- P4u va cudi mbi dai cay cé cic hang rao thap va kin dé che phén than
cay (duéi tdn cay).

Nhu vay céc hing cay trong hai bén dudng phé gan nhu khong cé tic
dung giam ti€ng 6n.

Hiéu qua gidm ti€ng én cha cdc dai cay xanh cd thé xdc dinh gin ding
theo bang 6.13 [40].

Bang 6.13. Hiéu qua giam ti€ng on ciia dai cay xanh

T Crgééfcfy”g CAu tric déi cay o t'\::; %% .
1 10-14 Mot dai cay, tréng kiéu 6 cd, c6 hai hang rao cay 4-5

2 14-20 Nhr trén 5-8

3 20-30 Hai dai cay, cach nhau 3 - 5m, cach trong tuong ty 1, 2 8-10

4 25-30  {Haihodc ba dai cay cach nhau 3m, cach trong tuong ty 1, 2 10-12
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Hinh 6.35. So dé nguyén tdc mot s6 bién phdp chong tiéng én thanh phd:
a) Ding ddi cay xanh; b) Bo ddt két hop véi niong chdn;
c) Nha lam tuong chdn; d) Dudng trén cdu can;
e) Bién phdp lam gidm vdn téc dong xe; g,h) Hai kiéu tuong chdn
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Mot bién phap cé hiéu qué cao dé chéng tiéng 6n do thi 1a st dung cdc
cong trinh 1am tudng chén ti€éng on. Céc cong trinh 1am tudng chén tiéng 6n
don gidn nhat 13 cdc bd dat, vach ddt dap doc theo céc dudng giao thong. C§
thé st dung phdi hop cdc by tudng cao 0,5 - 1m ciing véi vich dat (hinh
6.35b). Hai bén cdc dudng cao téc, dudng lién van c6 miic 6n cao cd thé sit
dung céic tudong béténg c6t thép, tudng gach, mat trong (phia dudng giao
thong) c6 thé 6p vat liéu hiit am hodc tréng cdy xanh, cay hoa dé giam bét
miic 6n trong 1ong dudng (hinh 6.35g, h).

Cdc dudng giao théng kiéu ray treo, cdp treo hodc dit trén cdc cdu can
(hinh 6.35d) c6 tdc dung chéng 6n gidng nhu dudng cé tudng chin, nhung
hiéu qua cha ching cao hon nh& mé rong dugc ving "béng am". Véi cic
dudng mang 1uéi c6 thé diing cdc bién phdp 1am giam téc do, nhd d6 gidm
mifc 6n dong xe (hinh 6.35¢).

Bién phdp phé bié€n nhat trong quy hoach dé thi 1a sir dung céc ngoi nha
phuc vu mét hai tdng (nhu clta hang, nha hang an udng, giai khat.. ) hai bén
dudng phd 16n 1am tudng chén tiéng 6n (hinh 6.35¢ va 4p dung & hinh 6.31,
6.34).

Khi thiét k& can chd ¥ ring c4c tudng chén ti€éng 6n cang dat gan ngudn
on cang c6 hiéu qua cao.

Trén céc hinh 6.36, 6.37 gi6i thiéu mot s& kiéu tudng chin két hop tao
canh quan dudng phd va gidm bét cam gidc nang né, déng diéu ma ching cé
thé gay ra.

Céc khao sit thuc t€ & nudc ngodi dua ra mot s6 hiu qua-gin ding vé
hiéu qua clia tudng chéin nhu sau:

- Tudng bang dat cao 0,5 - Im & hai bén dutng cé thé giam dugc 5 - 7
dB, A.

- C4c u dat cao 8m c6 thé giam t6i 15 - 18 dB, A.

- C4c tudng bétong, cdc ngodi nha lam tudng chin tity theo do cao va
chiéu dai c6 thé ha thdp tiéng 6n t6i 20 - 30 dB, A [39].

Trén hinh 6.38 gidi thiéu gidi phdp chéng ti€ng 6n bang ciu can chay qua
mot khu di tich & Baltimor (M¥).- Cdc thanh cdu - tudng chén bing kinh hitu
co (cao 4,6m day 13mm) cho phép hanh khich trén cdc xe du lich c6 thé
quan sit phong canh hai bén dudng va gidm miic 6n t6i 19dB, A.
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Hinh 6.36. Hai kiéu tuong chdn
lam gidm bot sw dong diéu trén duong phd’
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Hinh 6.37. Mot 56 kiéu tuong chdn
két hop tao cdnh quan hai bén dudng giao théng
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Hinh 6.38. Gidi phdp chong tiéng on ¢ Baltimor (M3):
1- Cong trinh di c6; 2- Pudng giao thong; 3- Tram db xe;
4 - T4m chén tiéng 6n bing kinh hitu co; 5- Bii xe; 6- San choi; 7- BE phun nudc

Cu6i cung chiing t6i muén nhan manh ring vén d chéng tiéng 6n trong
cdc do thi cdn phai dugc coi trong, phai dugc nghién citu va dé xuit ngay tir
bude lap du 4n quy hoach do thi, cho dén thi€t k& cu thé méi cong trinh. Chi
khi d6-van dé chéng tiéng 6n méi cé thé gidi quyét triet d€ va gidm dugc chi
phi t6n kém cho céc giai phap k¥ thuat sau nay.
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Chuong 7
CACH AM CHO CAC KET CAU
PHAN CACH NHA CUA

7.1. SU LAN TRUYEN AM TRONG NHA CUA VA PHUONG PHAP
DANH GIA CACH AM

Khi nghién cdu cdch am cho cdc két cdu nha clra, chiing ta chi quan tdm
hai loai nguén ti€ng 6n chinh 13: tiéhg on khong khi va tiéng on va cham.

Tiéng 6n khong khi (nhu ti€ng ndi, tiéng hdt, tiéng tlr cdic mdy phét thanh,
truyén hinh...) dugc nghién ctiu déi véi cdc tudng va vach, clia s6, clia di va
san gifta c4c ting nha.,

Tiéng 6n va cham (nhu ti€ng budc chan trén san, ti€ng céc vat rai, kéo do6
gd trén san...) chi nghién ctiu cho san nha.

Su lan truyén am vat liéu trong két cdu nha clia ¢c6 anh hudng dén chat
lugng cdch &m ctia cdc két ciu duge xem xét dudi dang céc tri sO tinh todn
hiéu chinh va cic bién phdp cau tao kién tric dé lam suy yéu nd.

Su lan truyén tiéng 6n khong khi vi va cham trong két cau nha cira khong
giéng nhau, do dé phuong phdp dénh gid ching ciing khac nhau. Hay lan
lugt xem xét ching.

7.1.1. Tiéng 6n khong khi (airborne sound)

Chiing ta hiy nghién cdu sy lan truyén tiéng 6n khong khi tor phong I
(phong c6 ngudn 6n) sang phong II (phong can cich am).

Tiéng 6n xam nhap vao phong II c6 thé theo nhiing con dudng sau day
(hinh 7.1):

- Séng am 1 truyén truc ti€p qua cdc khe hd, cdc mdi noi khong kin, céc
clra s6 va clra di m& thong gilta hai phdng. Trong diéu kién kién tric thodng
h& Viét Nam, tiéng 6n ciing cé thé tr phong I di vong qua cdc clta md xam
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nhap vao phong II trong cling mot ting hoac khac tdng (hinh 7.2). Nang
lugng ctia cdc dudng truyén Am truc ti€p theo dang séng 1 rt 16n, 1am cho
mifc 6n & phong II nang cao mét cch ding ké (xem [52]).

- Séng am 2 tir nguén am dap vao két cAu phan cach hai phong. Dudi tdc
dung ciia dp suat am, két ciu nay s& bi dao dong udn cudng biic va trd thanh
m6t nguén am mdi biic xa ti€ng 6n vao phdng cdch am. Dudng truyén am 2
ciling 1a dudng truyén am truc tiép.

/ _ Y
I /ﬂ—) 3
A 2

o -

M

As

Hinh 7.1. So dé lan truyén tiéng on khong khi
i phong on (phong I) sang phong cach dm (phong 1)

Hinh 7.2. Tiéng 6n xdm nhdp vao phong cdach dm qua cita di mo

- C4c séng am 3, 4, 5 lan truyén theo dang séng doc va séng ngang theo
céc két cau cla nha clra, mot phédn bic xa vao phong II, mét phan tiép tuc
lan truyén xa hon dén c4c phong khic trong nha. Pudng truyén am nay goi
13 gidn tiép va nang luong ti€ng on cha ching khong 16n bing nang lugng
clia cdc dudng tryc ti€p ké trén khi xAm nhap vao cdc phong. Theo sy phéan
loai tiéng 6n trong nha (xem chuong 6, muc 6.1.1) tiéng 6n lan truyén theo
dang nay con dugc goi 12 ti€ng 6n két cdu (hay vat liéu) va thudng duge xit
1y bang giai phdp cau tao kién tric. '
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- Nhu vay, néu chiing ta khdo sét mot ket cau kin (khong c6 khe hd) phan
cach hai phong déng kin (hinh 7.3) thi séng am truc tiép (cdc séng 2) truyén
qua két cdu nay s& quyét dinh mic 6n trong phong II (bd qua tiéng 6n truyén
theo cdc dudng gidn tiép).

Hinh 7.3. Truyén ém trifc tiép qua két cau phdn cdch hai phong:
i - nang luong am tdi két cdu; r - nang lugng Am phan xa tir két ciu;
a - nang lugng am bi hiit bdi két c4u; t - nang lugng am truyén qua ket cdu.

O chuong 1 chiing ta da goi hé s& hiit am o 12 ty s& giita phan nang lugng
am khong phan xa trd lai (d + t) va nang lugng am t6i. Khi nghién ctu céch
am ta goi hé s6 truyén dm, ky hiéu 7 12 ty s gitra nang lugng am truyén qua
va nang lugng am i, nghia la: ‘

T=- (7.1)
i
Hé s6 truyén am qua két ciu phu thudc géc t6i clia séng am. Tuy nhién,
trong thuc t€ khong chi ¢6 séng am truc tiép tir ngudn téi két cau, ma con ¢
séng am t6i sau khi phan xa nhiéu 1an tlr cic két cdu khac trong phong. Keét
qua 1a séng am vd&i két cdu gan nhu 1a khuéch tan (hinh 7.4).
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Hinh 7.4. Séng am t6i két cdu vuong géc (a),
xién goc (b), va khuéch tan (c).
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Do d6 hé s6 truyén am thuc su ¢ ¥ nghia 1 hé s6 truyén dm khuéch tdn,
dé 1a hé s6 truyén 4m trung binh duéi moi géc tdi clia séng &m (tir O dén 90°).
Nguoc vé6i khéi niém truyén am 12 khéi niém cdch am ciia k€t cau va dugc
danh gia bing khd ndng cdch dm, ky hiéu R, xdc dinh theo cong thiic dinh
nghia sau day:
| ' ' :
R=101g— (7.2)
T S

Don vi clia kha nang cdch am la dB.
Ghi chii: Tuy cong thitc dinh nghia giéng nhau, nhung tén goi cich am & cdc
nudc trén thé gidi lai khong gidng nhau:
O Anh goi 12 Sound Reduction Index (SRI).
O My goi 1a Transmission Loss (TL).
O Phép goi 1a Indice d'affaiblissment acoustique (R).
ISO goi 1a Airborne Sound Reduction Index, R.

7

G0 K & 07Ty

Muén do kha nang cdch &m R cla P IR
két cdu mot cach chinh x4c phai ti€n [3 Igj
hanh trong cdc phong thi nghiém dac
biét, goi 1a cdc phong cdch dm (hinh

PR N SHATRA

L)

7.5), dé loai trir anh hudng cha tat ca

T
PO

cédc song truc ti€p va gidn ti€p khic

(song 1, 3, 4, 5) ngoai trir séng tryc tiep Hinh 7.5. Phong thi nghiém

2. Khi do, kha nang cich am x4c dinh am hoc do cdch am

theo cong thiic:
R=L, -1, -lolgi;- (7.3)

trong d6: L, - mifc 6n trong phong ¢4 ngudén on, dB;
L, - mic 6n trong phong cich am, dB;
A - lugng hiit am trong phong céch am, m?;
S - dién tich két cdu khao sit, m>.

A ’ . 9 . N 2 2 K A ’ a7 ~ ~
IOIgE— s6 hiéu chinh loai trlr anh hudng cta dién tich két cdu va

luong hit am trong phdng dén kha nang cdch am cta ket cau.
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Trong thuc t€ ching ta cé thé do dé chénh léch miic tiéng on giita hai

phong (ma chua phdi la khd nang cdch am cla ket cau) theo cong thifc:
D=L,-L, dB, ‘ (7.4)
trong dé: D - do chénh léch mic 6n giiia hai phong, dB.

Do chénh léch miic 6n D chiu anh hudng cta dién tich két ciu, cdc dudng
truyén am gidn ti€p va dac biét 1a sy ¢ mit cha cdc d6 dac trong phong cich
am, bdi vi d6 dac (d6 gb, giudong chi€u chan man, rém cira, v.v...) cé thé lam
tang lugng lugng hit 4m ciia phong do d6 lam gidm muc 6n L,. Dé xét dén
anh hudng nay khi do cdch am thuc t€, ngudi ta théng nhat tinh chuyén déi
vé mét phong chuin cé lugng hit am A, = 10m®. Liic d6 chiing ta goi 1 do
chénh léch mitc én quy chudn (Normalized Level difference) ky hiéu D, va
xé4c dinh theo coéng thiic:

D,=L,-L, —101g—A—
Ag
A
hay: D.=L,-L, —101g—l—0— (7.5)

trong dé: A 13 lugng hit am thuc clia phdng cdch am khao sat. Dé xdc dinh
A ngudi ta c6 thé do thdi gian am vang (T) va thé tich (V) clia
phong réi xdc dinh theo cong thiic Sabine:
0,16V
A=—"2—"—, m?
T
O mot vai nude (nhu & Phép) ngudi ta coi phong quy chudn cé thoi gian
am vang 1 0,5s. Khi dé d6 chénh léch mic 6n quy chudn D, cé thé xdc dinh
theo cOng thtic:

e T Al A ,
D,=L,-L,+10lg— 7.6
¢ ) g 0.5 (7.6)

Hai cong thiic (7.5) va (7.6) chi hoan toan cho két qua giong nhau khi thé
tich phong khéo sat [a 31m".

Vi du trén hinh 7.6 13 két qua do cédc tri s& chénh léch mic 6n D, do
chénh léch miic 6n quy chudn D, v kha nang cdch 4m R cfla mot tudng
gach hai 16p (méi 16p day 5cm, trdt vita day 1,5cm mébi phia, 16p khong khi
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gitia day 4cm nhét day bong khodng).
Phong c6 thé tich 180m® va thoi gian 4m

vang thay déi tir 2 gidy & tdn s6 thdp dén 0
0,5 gidy & tan s6 cao [15]. K&t qua do thyc B g 7
t€ cho thdy. cé.-su khic nhau gifta ba dai Efg_ |- = 3 /
lugng nay. 250 i don
Két ludn: o
. . . . 40 viad
Kha nang cdch &m R cha két cdu cé the »
xdc dinh gdn ding tai hién trudng (ky 20 :
hiéu R") theo d6 chénh léch mic &m quy
chun D, (cong thic 7.5 va 7.6), nghiala
R'=D,.
Theo huéng dan cta ISO (R.140) cic 10
nghién ctu cdch am khong khi va va cham

100 200 400 800 1600 3200

phai ti€n hanh theo ddi tdin s6 1/3 octa Tén s6, Hz

trong pham vi tir 100 (125) Hz dén 3200
(4000Hz). O nudc ta, di chon pham vi tin . . X s

. . A . . té:1- Do chénh léch miic 6n D;
s6 nghién ctu tir 100 dén 3200Hz, phit 5 5 bann lach mic 6n quy
hop v6i phén 16n cdc nudc trén thé gidi. chudn ch; 3 -Kha ning cdch am R
Cic két qua do va ddnh gid cdch am phai
duogc biéu dién dudi dang dudng ddc tinh tan s6 cach dm.

Hinh 7.6. Po cdch dm trong thic

7.1.2. Tiéng 6n va cham (impact soundy "

Khiéc véi tiéng 6n khong khi, ti€ng 6n va cham 1a su va dap ctia cdc vat
thé va két cau. Tai vi trf Xdy ra va cham c6 mot luong dong nang rat 16n
truyén vao két cau (hinh 7.7a). Nang lugng nay khong phan bé trén toan bd
két cdu ma chi tap trung trén mot dién tich rat nho c6 tri s6 16n hon rat nhiéu
so véi tiéng 6n khong khi, lan truyén manh va khd xa theo két cdu nha clra
néu ching lién két cling véi san. Trén hinh 7.7b mo ta minh hoa ti€ng 6n va
cham trén san bétong c6t thép clia mot cin ho, ¢6 thé lan truyén téi tat cd
cdc cin ho khéc trong mot ngdi nha.

Viéc dénh gid cdch am va cham khéng thé tién hanh nhu déi véi am
khong khi thong qua chénh léch mifc 6n hodc kha nang cich &m ma phai
truc ti€p do miic 6n va cham dudi san khi trén san xdy ra va cham.

263




Hinh 7.7. Sy lan truyén va cham trong nha ciia

Trong thuc t€ c¢6 rat nhiéu loai va
cham khé4c nhau trén san, méi loai ¢6
mifc 6n vd pham vi tin s6 tdc dong
khac nhau. Vi vay ISO di dé€ nghi st
dung mot mdy va cham chudn
(standard tapping machine) m6 phong
budc chan ngudi 1am nguén &m mau Hinh 7.8. Méy va cham chudn
khi do va dinh gid cich am va cham (theo 1SO140)

(theo ISO Recommendation R 140,

1960). Mdy nay (hinh 7.8) ¢6 nam bia, dat thanh mét hang doc cich nhau
 10cm, méi bia cé khéi lugng 500g (£5g), dang hinh tru (dudng kinh 3cm va
ban kinh cong mat ti€p xic 1a 50cm), 1am bang dong thau ma Nikel. Khi
mdy 1am viéc c4c bda 14n luot roi tu do tir d§ cao 4cm xudng mat san sao
cho méi giay cé 10 va cham. Khi do céch am va cham chiing ta cho mdy va
cham chuén 1am viéc trén san (thudng tién hanh 14n luot tai ba vi trf trén
dudng chéo clia phong dé 1ay tri s trung binh) va do miic on trong phong
dudi san. Tri s6 do duge hiéu chinh vé mét phong 6 lugng hit am chuén 12
10m? va dugc goi 12 mitc dm va cham chudn duéi san (normalized-impact
soundlevel). .~

Khi do trong phong thi nghiém am hoc, loai trir dugc dudng truyén am
gidn ti€p, mic am va cham chuén L, dugc xéc dinh theo cong thic:
A
L.,=L,+101lg— (7.7)
10
trong dé: L, - mic &m va cham trung binh do dugc trong phong duéi san khi.
may va cham chudn lam viéc trén san, dB;.

A - luong hit am trong phong do, m’.

264



Khi do thuc t&, khong thé loai trir dugc cdc dudng truyén am gidn ti€p,
mtitc 4m va cham chuén (ky hiéu L',) xdc dinh theo cong thifc:

A
L.=L, +10lg— : 7.8
8 v glo ( )

Ngudi ta ciing-cé-thé-quy dinh-phong chuén c6 thdi gian am vang 14 0,5s,
khi d6 mutc 4m va cham chudn duéi san cé thé x4c dinh theo cong thifc:

T
L' =L,-10lg— 7.9
=Ly 80 | (7.9)

trong d6: T - thoi gian‘ am vang trong. rphrc“mg do, s.
7.2. TIEU CHUAN CHAT LUGNG CACH AM

Tiéu chudn cich am clia cic két cdu dugc dung dé danh gid chat lugng
céch am cia ching theo yéu cdu yén finh ctia cdc phong va la co s dé thiét
k& cach am céc két cdu. Tieu chuén cdch am cho cdc két cdu & Viét Nam lan
ddu tien dugc dé cap nam 1977 [53], dugc hoan thién thém trong [49]).
Phuong phép tiéu chuin nay phit hop véi tiéu chudn cdch 4m cia cic nudc
tham gia Hoi dong tuong trg kinh t€ Vacsava truéc day. Ngay nay, trong
cong cudc ddi.méi cha dat nudc, su nghiép x4y dung dang pht trién manh
mé vé6i yéu cdu chat luong nang cao, ddi hdi phai cé6 mot tiéu chudn cdch am
méi, chinh thic, 1am ché dua dé thiét k& cong trinh, théa man diéu kién tién
nghi cia cudc s6ng hién dai.

Tiéu chudn cdch 4m ctia Viét Nam (TCXDVN 277: 2002) gi6i thiéu duéi
day gém hai noi dung co ban:

- Phuong phép tiéu chudn 13 phuong phép tién tién va phit hgp véi khuyén
nghi ctia ISQ v& nhiéu nudc trén th€ gisi.

= Tri s6 cdch am tiéu chudn thda min cé miic do cic diéu kién tién nghi
am thanh trong cdc khong gian khac nhau, phi hop vdi céc dicu kién xay
dung, vat liéu va kinh t€ clia nuéc ta hién nay. Sau méi giai doan 5 - 10 nam,
céc tri s6 tiéu chudn cé thé dugc nang cao hon, tién téi théa man hoan toan
diéu kién tién nghi am thanh.

Phuong phap tiéu chuan

Phuong phép tiéu chudn theo TCXDVN 277 : 2002 nhu sau:

1. Pudng tiéu chuin cdch am 1a dudng dic tinh tdn s6 cdch am trong
pham vi tdn s& tir 100 dén 3200Hz theo dai 1/36cta.

265




Pudng tiéu chudn cich 4m khoéng khi & dudng tieu chudn kha nang cich
am R (hinh 7.9).

Duong tiéu chudn cdch am va cham 12 dudng tiéu chudn mic am va cham
dudi san (L) (hinh 7.10).
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Hinh 7.9. Pucng chudn cdch dm khéng khi theo ddi 1.3 écta
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Hinh 7.10. Puong chudn cdch ém va cham theo ddi tdn s6' 113 écta

2. Danh gid chat lugng cdch am clia cdc két cdu bang mot tri s6 goi 1a chl
$6 cdch dm (single - number quantity).

Chi s6 cdch 4m khong khi (single - number quantity for airborne sound
insulation rating), ky hiéu CK, dB.
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Chi s6 c4ch am va cham (single - number quantity for impact sound
insulation rating), ky hiéu CV, dB.

3. Xdc dinh céc chi s6 cach am CK va CV bang cach so sdnh cdc dudng
R'va L', thuc clia két cdu khao sét (dudng so sdnh) véi cdc dudng tiéu chuén
R va L, twong tng. Khi d6 cén tinh tié€n cdc dudng tiéu chuin theo phuong
diing vé phia céc dudng so sdnh mot s6 nguyén dB cho dén khi téng céc sai
s6 x4u tai 16 tin s6 clia dudng thuc cla két cdu khao sit so véi dudng chuén
di tinh ti€n 12 16n nhat nhung khong vuot qud 32dB, nghia la:

Ylo|l <32dB (7.10)
Hay sai s6 x4u trung binh ctia cdc tdn s6 khong vuet qué 2dB, nghia la:
Ylol: 16 £ ~2dB (7.11)

Chil thich: Sai s6 x4u 12 sai s clia dudng khao st nim & mién x4u clia dudng
tiéu chudn da tinh tién: véi duong tiéu chudn cdch am khoéng khi,
mién xdu ndm & phia dudi, con véi dudng tiéu chudn cich am va
cham, mién x4u nim & phia trén dudng tiéu chuén.

Khi c4c diéu kién chufn trén di dugc thda min, thi chi s6 cdch am la tri
s6 R (hoic L, dB) & tdn s6 500Hz cla dudng tiéu chudn d3 tinh tién. Chi s6
cach am cla cdc dudng tieu chuén trén hinh 7.9 va 7.10 (chua tinh tién) la
CK =52dB va CV = 60dB.

Nhdn xét:

1. Uu diém ca phuong phdp tiéu chudn cdch 4m hién hanh 1a khi danh
gi chét lugng cdch 4m dd xem xét trén mot pham vi rong tan s6, nhung dé
tiéu chuén chiing lai chi diing mot tri s6 (CK hoac CV), rit thuén tién khi
sir dung.

2. Chi s6 cach am, néi cdch khac 14 kha nang cdch 4m R' (hodc miic am
va cham chufn dudi sin L') cha két cdu tai tdn s§ trung binh 500Hz clia
duong tieu chufn tuong duong véi dudng khéo sat, nghia 12 mot con s6 ¢6 ¥
nghia cdch 4m hon so véi phuong phép tiéu chudn dp dung truéc day [49].

3. Theo phuong phdp tiéu chuén trén, tri s6 CK cang 16n, cdch &m cang t6t,
nguoc lai tri s6 CV cang nhd méi cang t6t. Diéu nay gy ra mot sy xdo trén
trong khdi niém cdch am. Vi vay tiéu chudn céch am ctia My dé sira chita
nhuoc diém nay bing cdch déi chiéu thang xéc dinh CV (hinh 7.11) va goi l1a
IIC (Impact Insulation Class). Quan hé giita CV va I IC theo phuong trinh:

CV +11IC=110dB.
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Tri s6 chudn CK va CV cho két cau nha dan dung Viét Nam

Céc tri s6 tiéu chudn cdch am cho cdc két cdu phan cdch nha dan dung
Viét Nam (TCXCVN 277: 2005) dugc gidi thiéu trong Phu luc 2.

Cuséi ciing chiing t6i mudn nhan manh ring, véi céc tri s6 tiéu chudn céch
am kién nghi, chura thé dat diéu kién tién nghi-am thanh (diéu kién yén tinh
yéu ciu), ma chi méi dat dugc diéu kién moi truong cho phép cho céc cong
viéc, sinh hoat va nghi ngoi cia chiing ta.

Vidu 7.1. Hay xéc dinh chi s6 cdch &m khéng khi CK va va cham CV cia
san giita céc tdng trong nha & can ho theo két qua do trén hinh 7.12 va 7.13.
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Hinh 7.11. Duong tiéu chudn cdch ém va cham
va thang HIC trong tiéu chudn ctia My

. puond TIC {ink tigh - ofofydoderh
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Hinh 7.12. Vi du xdc dinh chi s6 cdch Hinh 7.13. Vi du xdc dinh chi s6 cdch
am khong khi CK. Tinh tién R+ 5dB am va cham CV. Tinh tién L' + 3dB.
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Bai gidi: |

1. Tinh chi s6 CK:

Pudng R' phin 161 nim phia trén dudng R tiéu chuan. Téng sai s6 x&u (&
céc tan s6 320, 400, 500 Hz) 14 6,5dB. Dé xac dinh CK cin tinh ti€n duong
R tiéu chuan Ién trén 5dB (R* + 5dB) lic dé s& théa mén diéu kién:

Ylol=31dB4+6+8+6+2+2+2+1)
Vay CK = 57dB.
2. Tinh chi s6 CV:
Dudng L', do thuc t€ phﬁn 16n ndm & mién x4u so véi dudng L:°. Téng
sai s6 xdu lén t6i 64dB.
Cén tinh ti€n dudng tiéu chudn vé phia trén 3dB (L;° + 3dB) ta cé:
Ylo| = 326B 2+3+5+6+8+8,tlrtan s6 400Hz dén 1250Hz).
Vay CV = 63dB.
Két lugn:

D6i véi sin giifa cdc can ho nha & chung cu, tri s6 tiéu chuén céch 4m
(theo TCVN 277:2002) la:

CK" = 52dB va CV" = 62 dB (phu luc 2).
Vay kha nang céch am khéng khi clia san khdo st vugt yéu cdu tiéu

chuén cdn kha nang cdch 4m va cham chua dat yéu cau.

7.3. CACH AM KHONG KHIi CUA CAC KET CAU

Trong muc nay chiing ta s& nghién ctiu sy 1am viéc vé cach am khong khi
clia cdc két cdu nha clia, cdc phuong phdp tinh toan kha ning cdch am cua
chiing va cdc bién phdp dé nang cao chat luong cdch am.

Céc két cdu clia nha cira rat da dang nhung vé mat am hoc c6 thé chia
ching 1am hai loai co ban:

- K&t cau mot 16p (bao gém cé két cdu nhiéu 16p nhung c6 lién ket cing
v&i nhau trén sudt bé mat clia ching), khi chiu tdc dong ciia séng am két cau
phan ing nhu mot khéi dong nhéat (hinh 7.14a va b).
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- Két cau nhiéu 16p (hinh 7.14c), gifta ching 13 khe khong khi hodc mot
vai 16p vat liéu hiit am, khi chiu tdc dong clia séng am, moi 16p ¢6 phan ting
khéc nhau.

a) v oy I """ "ol [ ]

Hinh 7.14. Phdn loai két cdu theo tinh ndng dm hoc:
a, b) Két cdu mot lop; c) Két cdu nhiéu lop

Nhu da néi trén, séng am la séng ap sudt, khi dap vao két cdu sé ti€p tuc
lan truyén trong ching dudi dang séng doc va séng ngang, nhung d6i véi
cdc "tdm moOng" nhu tudng, san, vich... thi séng uén mdéi 1a dudng truyén
am chi y€u giita hai phong.

Ciéc y€u t6 c6 anh hudng quyét dinh dén chat lugng cdch 4m cla két ciu 1a:

- C4c kich thuc hinh hoc cta ching (chiéu rong, chiéu dai va chiéu day).

- Lién két cta két cdu véi chung quanh.

- Khéi lugng (tinh bang kg/m?) va d6 ciing cha két c4u.

- Noi mét mat cha vat liéu gy ra bdi do nhét va ndi ma sat cac nguyén ti
ctia vat liéu khi bién dang, thudng dugc dic trung bang hé s¢ mat mat 1 va
né chi phu thudc vao ban chat cia vat liéu.

7.3.1. Két cAu mot I6p dong chat

Day 1a trudng hop don gian nhét ma cling 1a phd bién nhat trong két cau
nha cta.

Céc tudng, vdch, san nha c6 thé khdo sit nhu mot tim mong cé kich
thudc hitu han va lién két chu vi, chiu tic dong clia séng &m va bi dao dong
uén cudng bic dé trd thanh mot nguén 4m mdi, biic xa 4m thanh sang phong
bén canh.

Céc nghién cttu ly thuyét va thx_xé nghiém va truyén am qua két cdu [3, 15,
24, 30, 42] cho thay c6 thé chia toan bo tin s& khao sit cdch am thanh ba
pham vi chiu anh hudng khic nhau ctia cic y&u t6 da néu (hinh 7.15).
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Pham vi 1 Pham vi2 Phamvi 3

Kha ning cach am, R, dB

Tring song
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»T4n 56, Hz

Hinh 7.15. Ba pham vi lam viéc cdch dam ciia két cdu

O pham vi tdn s6 thit nhat, kha nang cdch 4m ctia két cdu phu thuoc do
cting cia né va thudng xay ra hién tugng cong hudng. Tuy nhién vdi céc két
cdu c6 dién tich trén 10m?* c4c tdn s6 cong hudng nay thudng nim & ving rat
thap [15] (thuong dudi 50Hz), nén thuc t€ khong c6 anh hudng gi dén pham
vi tan s@ khao sdt cdch am (tlir 100 dén 3200Hz).

O pham vi tan s6 tha hai, kha nang cach am phu thudc khéi lugng ctia né
va két cau c6 thé khdo sit nhu gém rat nhiéu khéi lugng riéng 18 dao dong
doc 1ap véi nhau. G pham vi nay kha néng cich am ciia két c&u tuan theo
mot quy luat, duge goi 12 "dinh ludt khoi hugng" trong cich am.

Trong pham vi thi ba, & c4c tdn s8 cao hon, dinh Iuat khéi lugng mat hiéu
luc va khad nang'cdch a&m chiu anh hudng clia mot hién tugng cong hudng
doc dédo - goi la hién tuong ftrung séng - 1am gidm ddng ké kha nang cdch am
ctia-nd. ‘

Sau pham vi nay kha niang cach am lai tang dan phu thudc vao khdi luong
va ndi mat mdt cla vat liéu.

1. Dinh ludt khéi luong trong cdch dm

Khi séng am t6i két cau khuéch tdn, kha nang cdch am clia né c6 thé xdc
dinh theo cong thiic sau day [42]:

nmf 2
R=101g 1+(-——J -5
PCy
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trong dé: m - kh6i luong két cau (kg/m?);
f- tan s6 am.
Khi ldy pc, = 410kg/m?.s va bd qua s6 1 ta cé:
R= 201gmf 47 5 dB B (7.12)

Xet truong hop thuc t& kEt céu c6 kich thuo'c hu’u han va hen két theo chu

am gidn tlep. Khi do kha néang cdch am duqc xéc d;nh theo cong thuc:
R =20lgmf - 54, dB (7.13)
Day 1a cong thitc cua dinh ludt khoi luong trong cdch dm.
Nhu vay theo dinh luat khéi lugng ta nhan théy:

- Khi khéi lugng két cdu tang lén hai l4n kha nang cich am tiang thém
6dB (hinh 7.16).

- Khi t4n s6 tang lén hai ldn (ting mdi 6cta) kha nang cdch am tang lén
6dB nghia 12 dudng R ¢6 do d6c 6dB/octa (hinh 7.17). D6 1a quy luét tan s6
trong cach am.

R, dB
A
50 S - ; = o v
. \o“},/// : s
///‘— . “ b
40
N B&QLOE/.’.. . 1.
30 - /
20 /

25 50 100 200 400 2 125 250 500 1000 2000 4000
m.kg/m’ f; Hz '

Hinh 7.16. Dinh ludt khoi lugng Hinh 7.17. Quy ludt tdn sé trong cdch ém

Tuy nhién theo nhiéu s6 liéu thuc nghiém, Meisser [15] nhan thdy trong
thuc t€ kha nang cach am chi tang thém 4dB méi khi khéi lugng tang gap
doi va ciing tang thém 4dB moi khi tan s tang lén hai 1an (dudng dit nét
trén hinh 7.16 va 7. 17)

272



2. Hién tuogng trung song

Hién tugng tring séng lam giam
déng ké kha nang céch am ciia két cu
c6 thé gidi thich nhu sau:

Khi séng am (cé budc séng A,) téi
két cdu dudi géc © (hinh 7.18), dudi
tic dung ctia dp sudt am két cdu s& bi

dao dong udn cudng biic v6i budc séng

Hinh 7.18. Hién tuong tring song
A,/sinB).

Néu goi A, 1 budc séng uén riéng cha két cau, thi hién tugng triing séng
s€ xay ra khi:
Ay
sin©

=2 (7.14)

uQ

Nhu vay s& c6 nhiéu tdn s6 xay ra trung séng, vi méi séng am c6 thé tim
thdy mot géc O thich hgp dé diéu kién (7.14) thdéa man. Tuy nhién, hién
tuong trung séng chi xay ra khi:

A <A, visinf<1.

Do d6 ton tai mot tin s6 nhd nhit ma bt dau tir d6 sé x4y ra hién tugng
trang séng. Tan s6 nay dugc goi 1a tdn s6' gidi han, ky hiéu f,,, tuong ting véi
di€u kién 6 = 90° (khi d6 A, = A,).

Tan s6 gidi han co thé xdc dinh theo cong thic:

2
cz c p

[¢) [A]

f' = = —_
® 7 1,8c,d 1,8dVE

trong dé: c,- van téc am trong khong khi, m/s;

(7.15)

¢, - van téc séng doc trong két cdu, m/s;
d- chiéu day két cau, m;

p - khéi lugng riéng clia vat liéu, kg/m®;
E - hé s6 dan héi (modun Young).

Vay tan s6 gi6i han phu thudc vao do cing cla két cdu, hé s6 mat mat va
ty 1& nghich véi chiéu day két cau. Trong bang 7.1 cho tdn s6 gidi han cla
két cau bing cdc vat liéu khdc nhau khi chiéu day bing lcm. Mudn xéc dinh
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tdn s6 gi6i han clia k&t cdu déng chét c6 chiéu day x (cm), cdn phéi chia tri
s0 trong bang cho x.

Bang 7.1. T4n s6 gidi han cha két cau (f,,) khi chiéu day lcm

Vat ligu Khéi lugng riéng, kg/m® o vz
Caosu~~—~ -~ 1000- - - - 85000
Lie (gb béc) 250 18000
Polixtiren.nd- - - - . - 14 ) _.. 14000 . .
Thép 7800 1000
Nhom 2700 1300
Chi 10600 8000
Kinh 2500 1200
Gach dac 2000-2500 2500-5000
Béténg 2300 1800
Thach cao 1000 4000
G 600 6000-18000

Do hién tuong tring song, trong g 45
pham vi tidn s6 gidi han khd ning 4
cdch am cla két ciu s& giam mot
cach dédng ké (hinh 7.19), do gidm
16n nhit x4y ra tai tin s6 gidi han,
ky hiéu AR (dB).

Theo két qua nghién ciu thuc
nghiém ctia Meisser [15] do giam .
kha nang cdch 4m tin s6 gidi han cé fgn fHzZ
thé 14y nhu sau: Hinh 7.19. Su gidm khd ndng
cach dntdo hién tuong tring séng

- Céc vt liéu c6 hé s6 mat mat
16n nhu cao su, lie, chi, do giam cdch am AR ~ 6dB so v6i dudng thue nghiém:

- Cdc vat litu c6 hé s6 mit mdt trung binh nhu polixtiren nd, bétong,
thach cao va g, d6 gidm céch &m AR ~ 8dB.

- Cé4c vat liéu c6 hé 86 mét mat nhé nhu thép, nhém, kinh, gach dac va
bétong du ving luc, do giam cdch &m A R ~10dB.

Sau tdn s6 gidi han kha nang cich dm clia két cdu tré lai tang nhanh va ¢

tdn s6 f > 2f,, c6 thé xdc dinh theo cong thiic cia Cremer L:
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f
R=201g—&"— +301gi+101gn 3 (7.16)
pco fgh

O céc tin s6 nay hé s6 mét mat n ¢ vai trd quan trong trong cich m cla
két cdu. Khi hé s6 mét mat ting gap doi, kha nang cdch am tang thém 3dB.

3. Phuong phdp gan diing dung duong ddc tinh tdn sé cdch dm ciia két
cdu dong chdt

Céc tudng bang gach, d4, bétong thudng cé 16p trat, it nhat & mot mat.
Cic 16p trdt nay néi chung khong anh hudng nhiéu dén tdn s& gidi han néu
nhu két cdu di nang. Mat khdc phan déng gép nang cao thém kha ning céch
4m cla chiing ciling rdt nhd, vi vay ¢ thé bd qua khi tinh todn. Vai trd quan
trong ctia 16p tréat 12 chiing c6 thé bit kin cdc khe h& trong két ciu, nho d6
nang cao dugc kha nang céch am.

Phuong phdp gan diing dung dudng dic tinh tdn s6 cdch am cta két cau
trén co s& 1y thuyét da trinh bay dugc tién hanh theo trinh ty sau day (phéi
hop phuong phdp trong [15] v6i dé nghi clia tdc gia).

1. X4c dinh kha nang cdch am cia két cau & tin s6 500Hz theo dinh luat
khoi lugng (cong thiic 7.13). X4c dinh diém A (hinh 7.20a).

2. Dung qua diém A dudng thing nghiéng 4dB/octa theo quy luat tin s
thuc nghiém trong cdch am (hinh 7.20b).
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g & 2 g [
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d) - e) -
f 500 f fn 500 f

Hinh 7.20. Cdc dung gan diing duong R
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3. Xéc dinh t4n s6 gi6i han theo bang 7.2 va dua vao biéu d6 (hinh 7.20c).

4. X4c dinh do gidm cdch am AR & tan s& gi6i han phu thudc hé s6 mét
mét cia vat liéu. X4c dinh diém B (hinh 7.20d).

3. Dung dudng dac tinh tan s6 cdch 4m R nhu sau:

Trong khoang 1 octa dudi f,, dung dudng gidm cdch &m tlr tri 6 trén
dudng R (theo dinh luat kh6i lugng) ha thap ddn dén di€ém B.

O céc tin s thap hon, khi nang cdch am tuan theo dinh luat khéi lugng
c6 do doc 6dB/octa (hinh 7.2Ce).

Phia trén f, (f > f,), tit B dung dudng ddc 10dB/octa cho dén diém C -
giao di€ém clia dudng nay v6i dudng R thyc nghiém. Tu diém C dung dudng
déc 6dB/octa & cdc tan s6 cao cho dén 3200Hz.

Vi du 7.2. Hiy dung dudng dic tinh tdn s6 cdch am cla tudng bétong cot
thép day 10cm. Cho biét kh6i lugng riéng clia bétong 1a 2300kg/m”.

AR, dB
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Hinh 7.21. Vi du dung duong cdch am ciia tuong bétong 10cm (duong vé ddm)

Bai gidi:

Khéi lugng tudng: m = 2300x0,1 = 230kg/m*. Xdc dinh kha nang cdch
am & tan s6 500Hz theo cong thitc 7.13.

R =201g.230.500 - 54 = 47,2dB.
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Xéc dinh tan s6 gidi han cla tudng.
Tra bang 7.2 dugc tan s6 gidi han khi tudng day lcm 1a 1800Hz. Vay:

£, =189 _1g0m,
ST

Bétong cé hé s6 mit mat trung binh nén AR = 8dB.

Dung dudng dac tinh tan s6 R cla tudong béténg 10cm nhu trén hinh 7.21.

Vi du 7.3. Dung dudng dic tinh tin s& cdch am R cla tudng gach dic
22cm. Gach c6 khéi luong riéng 1a 2000kg/m”.

Bai gidi:

Khéi lugng ciia tudng: m = 2000 x 0,22 = 440kg/m>.

Kha nang cdch am 6 tan s6 500Hz:

R =201g440 x500 — 54 = 52,8dB.
Tén s6 gidi han:

£, =20 1140z
22

gh
Gach dac ¢6 hé s6 mat mat nho, do dé AR = 10dB.
Dung dudng dic tinh tan s6 kha niang cidch 4m R ti€n hanh trén hinh 7.22.

AR, dB
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Hinh 7.22.Vidu dung duong cach am ciia tuong gach 220




Vidu 7.4. Yéu cdu dung dudng dic tinh tdn s6 cach am R clia tudng béng
kinh day 10mm. Khéi lugng riéng clia kinh 12 2500kg/m’.

Bai gidi:
Khéi lugng cha tuwdong kinh:

m = 2500x 0,01 = 25kg/m>.
Kha nang cdch 4m & tan s6 S00Hz:

R =201g/25.500 — 54 = 28dB.
Tan s6 gidi han:

£, =20 1200Hz
1

Kinh cé hé s6 mét mat nho, do d6 AR = 10dB.
Két qua dung dudng dac tinh tin s6 cdch &m R cho trén hinh 7.23.
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Hinh 7.23. Vi du dung dwong cich am R cua tuong kinh
7.3.2. Két cau nhiéu l6p

D€ nang cao kha nang cdch am va ha thap tdn s6 gidi han d6i véi két cau
mot 16p thudng phai tang chiéu day, ting khdi lugng 1a di€u trong x4y dung
néi chung khong mong mudn. D& tranh diéu nay ching ta c6 thé st dung két
cdu nhiéu 16p, gifia cdc 16p cé 16p khong khi gidn céch hodc nhét ddy vat
liéu hiit am. K&t cdu nhiéu 16p thuong diing 13 két cau hai va ba 16p.
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1. Két cdu hai l6p

Két cau hai 16p c6 khe khong khi & gifia (c6 hay khong cé vat Liéu hiit
am) vé€ mat co hoc 1am viéc giong nhu mot hé thong hai khoi lugng m, va m,
lien két v6i nhau bsi mot 10 xo (hinh 7.24). Khe khong khi cang 16n, luc dan
héi ctia 10 X0 cang giam.

Hinh 7.24. Két cdu hai I6p c6 thé khdo sdt
nhw mot hé thong hai khoét higng va 16 xo lién két

Séng am t6i dap vao tdm thi nhat, s&

gay ra dao dong udn cua tdm nay. Dao
dong dugc truyén qua khe khong khi (10
x0) sang tdm thit hai 1am cho né ciing dao % Hai l6p
dong theo va trd thanh nguén am mdi biic Y

xa vao phong cdch 4m. Kha nang cdch am & 6%\'(& Mot 16p
cta két cdu hai 16p phu thudc khéi lugng >

R, dB

—{5dBe—

i /1
hai tdm (m,, m,) va cdc hién tugng cong ///
hudng cha toan hé théng, ca mdi tim va |~

cua khe khong khi.

a) Dinh ludt khoi luvng trong két cdu f
100 200 400 500Hz1600 3200(Hz)

hai lop
Néu nhu theo quy Iujt tin s¢ doi v6i Hinh 7.25. So sanh khd ndng
ket cdu mot 16p, kha nang cich am tang cdch ém ciia két cau mot lop
trung binh 4db/octa, thi d6i véi két cdu  va hai I6p cé ciing trong lugng
hai 16p do déc clia dudng R 1a tir 6 dén
8dB/octa (hinh 7.25).
Kha nang cdch 4m trung binh cla két cau hai I6p trong pham vi tan s6

100 - 3200Hz cao hon kha ning cdch am trung binh cta két cdu mot 16p tix 4
dén 9dB.
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Khao sat ciia Meisser [15] cho thay:

- Khi chiéu day khe khong khi nho (tir 2 dén 4cm) va khong c6 vat liéu
hat am, do ndng cao cdch dm la 4dB.

- Khi chiéu day khe khong khi 16n (tir 5 dén 10cm) va ¢6 vat liéu hdt am
(nhung khong nén chit) d¢ ndng cao la 9dB.

b) Cong hudng ciia méi tdm

Ta cé thé khdo sat rieng & mdi tam trong k&t cau hai I6p nhu véi két cau
mot 16p. Khi d6 méi tdm c6 mot tdn s6 gidi han (ky hiéu f,,, f,,). C6 thé
xay ra hai trudng hop:

- Khi tan s6 giéi han trung nhau f,, = £, (xdy ra khi hai tdm c6 ciing vat
liéu va cling chi€u day), hién tugng cong hudng xay ra trén cling mot tdn s6
nén két cdu s&€ dao dong rat manh, kha nang cach Am s& giam mot cdch déng
ké (hinh 7.26).

R, dB % R, dB

60 60 /

%

50

30 - 30

20 > -
100 200 400 80O 1600 3200 2100 7200 400 800 1600 3200

o =l fiHz oo e Fo Ty LHZ

Hinh 7.26. Hai tam trong két cdu hai I6p  Hinh 7.27. Hai tan trong két cdu hai lép
6 ciing tdn 6 gici han (fy = fua) cé tan s6'gidi han khdc nhau (fy; #fy;)

- Hai tan s6 gi6i han khdc nhau (f,, # f,,). Lic d6é hién tugng céng
hudng s€ xady ra & hai tan sd khdc nhau, do gidm cdch a4m s&€ nhd hon so véi
truong hop trén (hinh 7.27).
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Két Iugn: D& nang cao chit lugng cdch am clia két cdu hai 16p can sit
dung vat liéu, khéi lugng, do ciing clia cdc tdm khdc nhau dé chiing c6 tin s6
gi6i han khac nhau.

c) Cong hudng ciia "hé théng hai tém”

Tan s6 riéng cha hé thong "khoi Litgng - 16 xo - khéi higng" ¢6 thé xéc dinh
cho trudng hop séng am t6i vudng géc vdi két cau theo cong thifc sau day:

({1 1
f, =600, |—-| —+— (7.17)
dlm, m,
trong do:
d - chiéu day 16p khong khi, cm;
m, v& m, - khéi lugng cdc tam, kg/m’.

Khi séng 4m t6i két cdu khuéch tdn, tdn s6 cong hudng tang thém 1,4 lan,
nghia la:

£, =840 = —+-L (7.18)
dilm, m,
Tai tdn s6 cong hudng £, kha nang cdch am ciia két c&u s& gidm thap hon
kha nang cdch am clia két cdu don c6 cung khdi lugng.

V1 vay, cdn tim c4c bién phép cdu tao dé dua tdn s6 cong hudng xudng
dusi tin s6 bat ddu khao sat cach am (£, < 100Hz). Thuc t€ nhan thdy c6 thé
ha thap £y dudi 80Hz bang cich:

- V6i két cdudam bang hai tfm vat liéu nhe, cin phai tang chiéu day 16p
khong khi.

- Véi két cau c6 hai tdm tuong doi nang, cAn c6 mot khe khong khi hep.

Vi du 7.5. két ciu hai 16p bing kinh day 6mm va 8mm. Hay xdc dinh
khodng céch d dé tan s6 cong hudng cla hé théng f, = 80Hz.

Bai gidi:

Khéi luong tdm kinh 6mm: m, = 15kg/m>.

Khoi luong tam kinh 8mm: m, = 20kg/m’.

Theo céng thic (7.18):
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f,, =840 /l(i+i] = 80Hz
d\15 20

Ritra: d~12,8cm ~ 13cm.

Vidu 7.6. Hay xdc dinh t4n s6 cong hudng cla két cdu hai 16p 1am béng
gach dac day 11cm va 6cm véi khe khong khi day 2cm.

Bai gidi:
Khoi lugng tudng 11cm: rﬁ, = 220k“g/-rr;2‘.7
Khéi lugng tudng 6cm: m, = 120kg/m>.

Tén s6 cong hudng cla hé théng la:

£, = 840\/1(-1—+—1—) —67Hz
21220 " 120

Xét anh hudng ctia vi tri tdn s6 cong hudng f,, dén kha ning cdch 4m clia
ket cdu hai 16p:

- O céc tan s6 4m nim dudi f, (f<fy) "16 xo" khong con tdc dung, 16p
khong khi nhu 14 lién két cing gitta hai tdm. Kha nang cdch am cia két cau
hai 16p liic nay gidng nhu cha két cdu mét 16p cé cling khéi lugng.

- O céc tan s6 4m ndm trén tin s6 cong hudng £, (f > £,), tinh dan héi
cua "10 xo" truyén dao dong tir tim ndy qua tam kia va bj tiéu hao mot phén
nang lugng. Khi dé khd nang cdch am cia két cau hai 16p s& cao hon ciia két
cdu mot 16p c6 cing trong luong. Tdn s6 4m cang cao so vd&itAn 56 cong
hudng f,,,, kha nang céch am cla két csu cang t6t hon. Vi Iy do d6 ma chiing
ta néi & trén rang do doc clia dudng R clia két cau hai 16p déc hon (6 dén
8dB) so véi dudng R clia két cau mot 16p.

d) Cong huong ciia khe khong khi
Séng &m truyén qua lai do phén xa gifta hai tdm k&t cdu c6 thé xay ra
cong hudng méi khi tdn s§ cla am t6i bang nc,/2d (v6i n 1 s nguyén

duong, c, 1a van t6c am trong khong khi, d 1a chiéu day khe khong khi tinh
bing mét).

Nghia la:
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nc
f =—2 7.19
=y (7.19)
Nhu vay néu f, 12 tdn s6 cong hudng khi n = 1, thi ta ciing c6 cong hudng
tai f, = 2f,, £, = 3f,...

Vi du, néu cira kinh hai 16p, chiéu day cta khe khong khi 1a d = 13cm,
“tacé:

f, = 340 _ 1300Hz;
2x0,13

f, = 2600Hz;

f, = 3900Hz.

Ta nhan thdy véi chiéu day 16p khong khi thudng gap trong két cdu hai
16p, céc tan s6 cong hudng thudng ndm & ving tin s6 cao va gy ra sy suy
giam céch &m & cdc tdn s6 ndy. Vi viy, mudn ning cao kha ning cdch am
ctia két cau hai 16p, cdn phai dua tdn s6 cong hudng vuot trén 3200Hz. Muén
vay cdn gidm nho chiéu day khe khong khi. Diéu nay mau thun véi yéu cau
ha thdp tdn s6 cong hudng chung clia toan két ciu £, (muc c).

Dé khic phuc mau thufn nay, ta cé thé nhét vat liéu hit am vao khe khong
khi giita hai t&m (hinh 7.28). Khi d6 vat liéu hdt &m c6 thé lam tiéu hao mot
phan ning lugng a&m va do d6 triét tiéu cong hudng trong 16p khong khi.

R o
R
L e e e - 1ENE -] - R
- ,'. IO.'\';li..ti.. ;.0:(
TR ALY BN 3
. . .'- '.. l‘:“.: . ; b“
.',o “\‘.!I:.. '.‘ '
. * 0 o *, ,\:- ‘. ‘:. ¢ .‘. . :::.:
o . . . PR I . . '.
T YRS AR N R
L o.' - '.. :' :...,q s '. . L \/ :QE
.. ~'. ¢;\,_'|' ..- .... Ldp Q‘.
N T RIS o e R
R 1S S giam chan k4-"
N n.' " * ‘. o’ ;‘.:0.0I. v o A -'.
[ I L ICRN P S :.:_
Hinh 7.28. Nhét vdt liéu hiit dm Hinh 7.29. Ddn mét I6p gidm
vao khe khéng khi gifia hai tdm chdn dong sau két cdu nhe
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Chit y:

- Trudng hop két cfu hai 16p 1a nhiing
tdm mong, nhe, dé dao dong, ta cin phai
triét tiéu dao dong bdng cdch ddn mot
16p chat giam chin dong (nhu bing bong
khodng, soi thuc vat) & phia trong (hinh
7.29). D6i v6i tdm bang toén, nén dan
bitig ot 16p chat déo. Chi y rang ky

thuat nay khong c6 hiéu qua gi doi véi
két cau ning. Hinh 7.30. Vét liéu hiit dm

- Trudng hop cita kinh bai 16p, vi ddt theo chu vi ciia cua kinh
khong thé nhét vat liéu hit am vao khe khong khi, ta ¢é dit né theo chu vi
ctra (hinh 7.30).

e) Puong ddc tinh iin s6 cdch dm

Theo cac nghién ctu trinh bay & trén, dudng dic tinh tan s6 cich m cla
két cdu hai 16p s€ c6 dang nhu trén hinh 7.31:

- Dudng nghiéng véi do doc tir 6 dén 8dB/octa.

- Kha nang cdch am cia két cdu gidm & céc tan s6 cong hudng.

R, dB 4
)4
L
/]
N
A o T AT

Hinh 7.31. Buong ddc tinh tdn s6 cach ém ciia két cdu hai 16p
f., - tdn s6 cong hudng clia toan hé thong: f,,, f,, - tAn s6 gidi han riéng
clia méi tam; £, f, - tAn s6 cong hudng cla 16p khong khi.
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Vi du 7.7. Hiy dung dudng dic tinh tdn s6 cdch &m R cia tudng hai 16p
bang gach dac 1lcm va 6cm, khe khong khi day 2cm (gidng vi du 7.6),
khong nhét vat liéu hit am.

Bai gidi:

Khéi lugng chung clia két cau 1a 340kg/m’ (xem vi du 7.6).

Kha nang céch am & tdn s6 500Hz theo dinh luat khéi lugng ddi véi ket
c&u mot 16p cb ciing khoi lugng la:

R = 201g340.500 — 54 = 50,6dB.

Vay kha nang cich am & tdn s6 500Hz ctia két céu hai 16p cao hon 4dB

(khe khong khi 2cm):
Ry, = 50,6 + 4 = 54,6dB.
- X4c dinh c4c tin s6 gi6i han clia mbi tdm tudng:

~ 2500 2500

£ =227Hz, Ty, == —=456Hz

- T4n s6 cong hudng chung clia két cdu (theo vi du 2): £, = 67Hz.
- T4n s6 cong hudng clia khe khong khi la:
340 s . - PSR
n, = 1 — f; =———=8500Hz - ndm ngoai pham vi tinh todn céch am.

9

Pudng dic tinh tin s6 R ¢ thé dung gin diing nhu trén hinh 7.32.

R, dB
L~
L~1~
70
//% o
60 )
A=
50 -ﬁ =Xl L1 ‘(\é\cfé
g’/ﬁ//
/—- -~
40 4/ N
30
20
125 250 500 1000 2000

fan fone fHz
Hinh 7.32. Vi du dung duong R ciia két cdu hai 16p gach ddc (11 + 2 + 6)cm
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Vi du 7.8. Hay dung dudng dic tinh tan s cdch &m R clia cira s8 kinh hai
16p day 6mm va 8mm, khe khéng khi 13cm c6 vat liéu hiit am dat theo chu
vi (giong vi du 7.5).

Bai gidi:

Khéi lugng ca hai tdim: m = 35kg/m>

Néu 1a két cdu mot 16p, theo dinh luat khéi lugng kha nang céch 4m &
500Hz xéc dinh theo céng thitc (7.13): o

R =201g35.500 — 54 = 31dB.

Kha nang cdch am clia

clra hai 16p kinh ting thém {R,dB
khoang 6dB (khe khong >
khi 16n, c6 vat liéu hit am 50 TR
theo chu vi). Vay R & tdn 4 ==
s6 500Hz cta clra s6 kinh L g
30 e
hai 16p Ia:
nd
R=~31+6=37dB.
- T4n s6 gi6i han cia |10
mbi 16p kinh: f, Hz
| e
f, f125 250 500 1000 (200 )\
fy = %)69 =2000Hz; o Tl
12’00 Hinh 7.33. Vi du dung duong R
fth = —O? =1500Hz. - cda cia kinh hai l6p (0,6 + 13 + 0,8) cm

2

- T4n s6 cong hudng clia toan hé théng (cong thitc 7.18).

f, =840 i(isri-) =80Hz
13\15 20
- T4n s6 cong hudng cha khe khong khi:
340
f; = 2013 1300Hz; f, = 2600Hz; f; = 3900Hz

Tuy nhién khong thé xay ra cong hudng nho cé vat liéu hiit am.
Dudng cich am R cia clra s6 hai 16p dung gin diing trén hinh 7.33.
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2. Két cdu ba lop

Neéu trong két cau hai I6p ching ta lai chia do6i mot trong hai 16p chiu luc,
ta s€ dugc két cdu ba 16p (hinh 7.34). Lic d6 kha nang cich am lai duge
nang cao thém.

~Trong thuc t& k&t cau ba 16p déu nang chi st dung trong nhiing trudng
hop déc biét. Ngugc lai két ciu ba 16p nhe méi thuce sy ddng duge quan tam.

V& mat am hoc, két cau ba 16p ciing ¢ céc tdn s6 gidi han clha mdi 16p va
tan s6 cong hudng cia hai khe khong khi. _

Céc nghién citu thuc nghiém cho thay, do6 d6c clia dudng dac tinh tan
s6 cach 4m R cia két cdu ba 16p khoang 10dB/octa va do nang cao kha
nang cdch 4m clia né & tan s6 trung binh khoang 5dB so véi két cdu hai
16p (hinh 7.35).

AR, dB

5  5dB
N\
AL
&
>
=
%

=

R N

—
L aut

500 f, Hz.

Hinh 7.34. Két cdu ba lép Hinh 7.35. So sanh khd ndng cdch dm
ciia két cdu mot 16p va ba lop

O cédc tan s6 thap, kha niang cdch 4m cla cic k&t cdu mot, hai va ba 16p
déu x4p xi nhu nhau.

Chii y: Do d6c chia dudng dac tinh cdch am R cha két cdu nhiéu 16p trén hinh
7.35 nhan dugc khi khéi lugng cla cdc tdm khdc nhau khong qué 16n. Khi cé mot
tdm qué nhe so véi cac tdm khdc thi dudng R trén khong con ding nita.

7.3.3. Anh hudng ciia cic dudng truyén am gian tiép

Am thanh tir phong c6 nguén 6n ciing dap vio cdc ket cau ké véi két cau
phan cich hai phong réi lan truyén theo két cdu nha clra va xam nhap vao
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phong cich am. D6 1 cdc dudng truyén am gidn ti€p. Chung ta hady xét mot
s6 trudng hgp thudng gap trong thyc t€ xay dung.
Truong hop 1. Tdt cd cdc két
cdu déu ndng (hinh 7.36).
Gia thi€t tudng ngan lién két
cling vdi tran va san.

JIHinem

DMl N
NMht \\ N

i

Nang luong bic xa tit bon keét
cdu k& véi tuong rigin vao phong
cdch am ciing tuong duong véi niang
lugng bic xa qua tudng ngan. Miic
am téng cong trong phong cich am
s& cao hon it nhit 3dB so véi trubng
hop khong c6 truyén 4m gidn ti€p.

Hinh 7.36. Truyén ém gidn tiép
cdc két cdu déu ndng

Truong hop 2. Két cdu lién ké nhe hon két cdu phdn cdch hai phong
(hinh 7.37).

Nang lugng am do két cdu nhe bic xa vao phong cdch am rat 16n va c6
thé 16n hon nang lugng truyén truc ti€p qua két cdu phan cdch hai phong.
Lic dé di c6 tang chdt luong cdch am két cdu phéan cdch, mic 6n trong
phong cich am ciing khong dugc cai thién. Chat lugng cich am ciia phong
cdch am dugc quyét dinh bdi cdc két cau lién ké.

Hinh 7.37. Truyén dm gidn tiép Hinh 7.38. Truyén ém gidn tiép; két cdu
khi két cdu lién ké nhe phdn céch nhe hon két cdu lién ké

Truong hop 3. Két cdu lién ké ndng, két cdu phdn cdch nhe (hinh 7.38).
Nang luong truyén am qua cdc két cdu lién ké vao phong cich am nho

hon qua két cdu phan céch hai phong. Tuy nhién lic nay lai xudt hién dudng
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truyén am mdi: trdn bi dao dong dé ding truyén nang luong vao két cdu
phan cdch ¢ quén tinh qud nhd. Su truyén am qua két cdu phan cé4ch ting
1én, kh nang cdch am cia né s& giam di.

Giai phap lic dé, hoac 1a tang thém khéi lugng két cau phan céch, hoic 13
céch ly n6 véi cdc két cau lién ké. : R

Gidi phdp thich hop 12 két cdu phén cdch hai phong va cic két cau lién ké
v6i n6 déu c6 ciing kha ning cdch am. ‘

Truong hop 4. Trdn treo nhe (hinh 7.39) .

Thudng hay gap tudng phan cdch chicao t6i trin treo. Khi d6 dudng
truyén 4m gi4n ti€p ting 1én do 4m thanh phan xa tir trin xudng. Vi vay chat
lugng cdch am clia két cau phan cdch bi gidm ddng ké.

Giai phdp dé cai thién chat lugng cdch 4m 12 ning d¢ cao tudng phan
céch t6i tan trdn (dudng chd&m chdm trén hinh 7.39).

77 %%
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Z

//\\5
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L

Hinh 7.39. Truong hop trdn treo nhe Hinh 7.40. Két cdu hai l6p tach roi

Truong hop 5. Két cdu phén cdch hai 16p tach roi

Khi cau tao hai 16p hoan toan tach rdi
bing mot khe co gidn (hinh 7.40), 4m
thanh truyén vao phong cich 4m chi theo

AN

NN

dudng truc ti€p qua két cau phan cich.

N
NN\

VRN
ANNNNANN

Khi két cau hai 16p gin véi két cdu

N
A

2

ngang chung ca hai phong ¢6 thé chi ra ba

dudng truyén am gidn ti€p vao phong Hinh 7.41. Truyén dm gidn tiép

cach am (hinh 7.41). qua két cdu thong hai phong
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Séng am 1 trong trudng hop nay bi suy yeu it hon so véi trudng hdp két
céu phan cich moét 16p.

Séng am 2 truyén vao phong cich 4m cang 16n, néu ket c4u hai 16p cang nhe.

Séng am 3 do t&m phan cich phia phong 6n dao dong va truyén theo ket
cdu ngang vao phong céch am.

Két qué 1a kha nang cdch am clia két cau hai 16p cling khong hon gi ket
c&u mot 16p c6 cung khéi lugng.

Giai phdp dé giam dudng truyén am gidn ti€p nhu sau:

- Tao két cdu hai I6p gém mot 16p két cdu nang va mot tdm nhe. Khi do
s& han ch€ duogc dudng truyén am 2 (hinh 7.42).

- Tao lién két mém dé cach ly két cdu phan cdch véi két csu ngang. Khi
d6 chi con dudng truyén am 1 sang phong cdch am (hinh 7.43).

7 s
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Hinh 7.42. Két cdu gom mét 16p ndng Hinh 7.43. Céch ly két cau hai lop
va mét Iop nhe vdi két cdu ngang

7.3.4. Cac két cau khong dong nhat vé cach am

D6 1a nhiing két cdu cé kha nang cach am khong nhu nhau trén suot bé
mat clia no, nl}g treng _tuong ¢6 cira s8, clra di, cic 16 va khe ho v.v...

1. Anh hubng cia cdc khe va 16 hé dén cdch dm

Khi trén két cdu c6 cac 16 hoac khe hd, am thanh s& truyén qua ching khd
dé& dang. Tuy nhién khi nang cdch &m clia ching khong phai bang khong,
ma phu thudc vao kich thudc 16 hé.

Su truyén am qua céc 16 hd phu thudc vao quan hé giita budc séng am va
kich thude 16 h& c6 thé hinh dung dudi dang cdc "vién bi dm thanh" (hinh
7.44). Vién bi nhd tuong tng véi Am tan s6 cao, vién bi 16n - 4m tin s6 thép.
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Tuy theo kich thuéc 16 ma né cho qua nhiing vién bi c& nao. Kich thudc 16
cang 16n cang cho nhiéu c& bi qua. Vi vay ma mot 16 kich thioe 16n sé lam
gidm cdch dm hon nhiéu 16 nhd cé 16ng dién tich bang .6 lon.

N6i chinh x4c hon, khi kich thudc 16 hé 16n hon bude séng clhia am t6i,
mit séng am truyén qua s& 1a mat phéng (hinh 7.45a), lic d6 c6 thé coi nhu
toan bo am thanh t6i dugc truyén qua 16. Khi budc séng 4m t6i 16n hon kich

thuéc 16, séng truyén am qua 1a séng ciu (hmh 7.45b), mot phan nang luong
phan xa trd lai.

Trudng horp c6 mot 16 hd va mot khe h& dién tich bing nhau, thi ndng
liwong ém truyén qua khe hd Iuén I6n hon ndng luong truyén qua 16 hd,

nguyén nhan 14 séng 4m truyén qua khe ho 14 séng try, c6 trd song nhd hon
clia séng cdu truyén qua 16 ho.
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Hinh 7.42. Ani thanh nhir nhitng vién bi Hinh 7.43. Su truyén am qua lo

cé kich thudc khdc nhau

Nghién etu thuc nghiém vé sy gidm kha nang cdch 4m do c6 16 h& trong
cdc ket cdu khac nhau cho phép rit ra mot két ludn quan trong sau day: Lé
hé trong cdc két cdu c6 khd ndng cdch dm 1on lam gidm khd ndng cdch dm
ciia né nhiéu hon trong cdc két cdu cé khd ndng cdch dm nhd hon.

Vi du: mot 16 ho dudng kinh 15mm lam gidm 5,6dB kha nang cdch 4m clia
tudng cé R = 40dB, trong khi chi 1am gidm 0,5dB clia tudng ¢é R =25dB.

Két luan ndy c6 ¥ nghia thuc tién quan trong: két cdu cang cé khd ndng
cdch am cao, cang phdi xit Iy tht kin cdc khe, 16 h6.
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- 2. Khd ndng cdch dm cila ciia di va cita'sé

Cira di va cira s6 12 bo phan cdch am yé&u nhét trong két cdu nha clia vi

chiing thudng c6 chiéu day bé, trong lugng nhd va khé bit kin cdc 16 va
khe hé.

a) Cuta di
'C6 thé chia 1am 3 loai:

- Cira nhe, c6 thé ¢6 mot phan chdp hodc dé hd, thong thodng. Khi d6 kha

nang cach am cla cta rat kém hoac hoan toan khong kha nang cich am.

- Clra nang, dung & céc 10i ra vao chinh hoéc cic phong chinh, kha nang
cach am cé thé dat t6i 20 - 30dB & céc tdn s6.

- Clra cdch 4m dac biét thudng dung cho cdc phong cé yéu cdu do yén
tinh cao nhu studio 4&m thanh, cac phong hoa nhac, hoc nhac v.v... Cic clra
nay dugc ciu tao dic biét, thudng cé nhiéu 16p, khoi lugng 16n.

Trén hinh 7.46 giGi thiéu
ciu tao mot clra cdch am hai
canh cho cdc studio truyén
hinh. Khong gian giita hai
canh ctra c6 bo tri vat lidu hit

0 a%

am va tao thanh mot "dOng

khéa cdch dm". Kha nang

cdch am cha né cé thé dat 30 -

35dB & tin s6 thdp, 40 - 45dB

4 tan s6 trung va 45 - 50dB &
_tan s6 cao.

Dé6i vbi cac clra nang va
nhat 1a cira cidch am, viéc chén Hinh 7.46. Ciia cdch am hai cdnh
kin khe hd _gffra “canh cf}avéf o " trong studio trityén hinh -
khuon ctra ciing nhu giffa cdnh
clra va san nha c6 ¥ nghia rat 16n vé cich am. Thuc nghiém cho thdy cdc khe
h& c6 thé lam gidm khd ndng cdch dm cila cita tir 5 dén 10dB.

Trén hinh 7.47 va 7.48 gidi thiéu mot s6 gidi phdp céu tao cheén kin khe
h&. clia clta. Céc cira bang g6 rat dé bién dang (cong, vénh) do thoi tiét, vi
vay cin phai hét stc luu ¥ viéc chén kin cdc khe hé.
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Hinh 7.47. Gidi phdp chén kin khe ho gitia khuén cita va canh cita
b) Cita s6

Chiing ta khong dé cap dén clra chdp vi chiing chi ¢é tdc dung che néng
va thong thodng ma hoan toan khong c6 kha nang cach am.

Cic cita kinh thong thudng véi chiéu day kinh 3 - 5mm, khi déng kin va
chén k¥ céc khe hd chi dat duge kha nang cach am tir 10 dén 20dB.

Cdc tdm kinh ddn hai 16p (3/3mm dén 6/6mm) c6 thé dat chi s6 cich am
khong khi CK tir 32 dén 37dB. Kinh ddn ba 16p (3/6/4mm dén 6/6/6mm) ¢6 thé
dat CK = 35 - 39dB. Dac tinh tan s6 kha nang cdch am cilia céc loai kinh clra
gidi thiéu & PL3. Tuy nhién khi ldp ching vao cira, kha nang cdch am con phu
thudc rat nhi€u vao két cau khuén va cdnh clia cling nhu vao do kin clia ching.

B Phap [17] ngudi ta chia clra s6 thanh ba loai cdch 4m va c6 yéu cdu sit
dung tuy theo vitrf clia nha tuong déi véi cic ngudn on.

- Loai 30dB (A): cua kinh mot 16p (kinh day 8mm) hodc hai 16p (day
4mm) véi khe khong khi 6mm, va phai bit kin cdc khe hé;

- Loai 35dB (A): clra kinh mot 16p vé6i kinh day 19mm hoac nhiéu 16p
kinh ddn. Néu kinh 12 hai 16p thi khe h& gitta ching it nhdt 45mm. Phai
lam that kin céc khe hd trong ctra.

- Loai 42dB(A): clra kinh hai 1p, khoang khong khi giita 14 10cm. Cira
phai 1am that kin cdc khe ho.

Trong diéu kién Viét Nam céc clra sé c4ch am chi c6 y nghia trong cdc
phong déng kin c6 sir dung hé théng diéu hoa khoéng khi. Khi ciia s6 md, tdc
dung cdch am ciia chiing khong con nita.
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Hinh 7.48. Gidi phdp lam kin khe hd giita cdnh cita va san:
a) Kiéu don gidn; b) Kiéu ty déng

Trén hinh 7.49 gidi thiéu ciu tao mot clra kinh cdch am dic biét c6 khudn
bing nhua ciing, khong bi bién dang theo thoi tiét.

Dém kin—"

Kinh day
Khéng khi

Kinh hai 1op

. . ~—— Canh cla
Ham cua—

L

=

T A :
/‘ 11 -[J ’VL’\ ’W\/\. A0,

Hinh 7.49. Cdu tao cita kinh cdch am




3. Xdc dinh khd ndng cdch ém trung binh cia két cu khong dong nhdt

Gi4 thiét c6 mot bic tudng dién tich S gém phén tudng dién tich S, co
kha ning cdch &m R, va mot cira so dién tich S, c6 kha niang cdch am R,
(hinh 7.50).

Theo cong thiic (7.2) ta co:

1 1
R, =101g— va R, =101g—
T Ty
trong d6: T, VA T, - hé s6 truyén am qua tudng va qua clra s8, nghia 1a ty s6
nang luong 4m thanh truyén qua tinh trén Im? tudng va cira.
Vay néu goi 7 1a ty s6 nang lugng am trung binh truyén qua toan bo két
cdu, ta c6:

S, Ry
S, +S) =1,5, + 1,5

(nang lugng truyén qua toan bo ket cau Su R,

bing téng ning lugng truyén qua mdi

phén clia két cau).

Kha nang c4ch am trung binh cla

toan két c&u theo dinh nghia 1a: Hinh 7.50. Két cdu khéong dong nhdt

R= 101gl= 1()1g__s_1fﬁ_
T TS, + 1,5,
PINS
ha R=101g— 7.20
Y gZ'ciSi (720

Vi-du 7.9. Hay xéc dinh kha nang cich am trung binh cta mot két cau
gom: tdng gach dic S; = 20m’; R, = 40dB; va clra s8 S, =2m* R, = 20dB.

Bai gidi:
X4c dinh hé s6 truyén am qua mdi bo phén:
R, =40dB = 101g—1— —1,=10""
T
R, =20dB = 101g 1, =107
T

2
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Ap dung cong thiic (7:20) ta xde dinh dugc kha nang céch am trung binh
ctia két cau: .
g 2042 olg 2
1020+10722 1074.220°
R =101g10* =30dB.

R =101

Vidu 7.16. Ciing vi du trén khi R, = 50dB.
Bai gidi:

Kha nang céch am trung binh ctia két cau:

R=10lg-2=2+10%2=10lg—22—_;R=30,4dB.
~107°.20 ' 2020.107

Nhdn xét:
- T vi du 7.9 ta thdy cira s tuy c6 dién tich chi bing 1/10 dién tich tudng
nhung do khd nang cich 4m clia né chi bing nita clia tudng, di lam
giam kha nang cdch am clia tudng 10dB (gidm 1/4 kha ning cdch 4m
clia tudng).
- Tt hai vidu 7.9 va 7.10 ta thdy, ciing mot clra s& c6 thé 1am gidm manh
hon khd nang cich 4m clia tudng ndo cé kha niang cdch am cao hon.
That vay, clra s6 1am gidm cdch am déi véi tudng R = 40dB chi 10 dB
nhung véi tudng R = 50dB téi gan 20dB.
Thay viéc xédc dinh kha nang cdch am trung binh theo cong thic (7.20),
ching ta c6 thé xdc dinh né theo biéu d6 hinh 7.51 [15].

Khi d6: R, va R, 1a khé ning céch 4m ciia c4c phan ¢6 dién tich S, vi' S;;
V6i R, > R,.

R - kha nang cich 4m trung binh chia két cdu.

Vi dy 7.11. Nhu vi du 7.9 giai bing biéu dé 7.51.

Bai gidi: R, -R, =40—20 = 20dB.
520y,
s, 2
Tra biéu d6 7.51, ta cé:
R, - R = 10dB.
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Vay R =40 - 10 = 30dB.
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Hinh 7.51. Biéu dé xdc dinh khd ndng cdch dm trung binh
cia két cdu cach am khong dong nhat

7.3.5. Midc 6n téng cong truyén viao phong

Muc dich cta céch am céc két cau nha cira 1a dé han ché miic 6n tit bén
ngoai truyén vao phong, nhim dat dugc mot moi trudng 4m thanh cho phép
cho cdc hoat-dong clia con ngudi trong cdc phong d6 (xem chuong 6, muc
6.2). Thuodng thi kha nang cdch am cla cdc két cdu ngan cdch phong khong
déu nhau, sau cdc két cdu ¢6 khd ndng cdch dm 16n 1a nhiing nguén on cé
miic cao, con phia cdc nguon oén thdp hon chi cdn cdc két cdu cé khd ndng
cdch dm nho.

Miic 6n téng cong trong phong 13 téng ning luong tiéng 6n truyén qua tat
ca c4c két cdu vao phong, khong ké ti€ng 6n sinh ra trong ban than phong dé.

T cong thic (7.1) ta tinh dugc nang luong 4m truyén qua mét don vi
dién tich két c&u phan cach la (xem hinh 7.3):

t=1.1
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1 va R, quan hé véi nhau theo cong thic (7.2), do do:
T= 10~0.1.Ri )
Mitc 4m phia sau két cdu L; quan hé véi i (nang luong 4m t6i két ciu)
theo cong thiic (1.6) hodc (1.9). Ta cé:
i. —_ ‘100.1Li
(bd qua gia tri rat nhd 101gi, - v6i i, 1a nang luong 4m & ngudng nghe).

1QUIGi-RD

Vay: P R

Nang Iugng am truyén qua méi két cdu dién tich §; la:
St =S,.10M &R
1 1°

Miic am téng cong trong phong bing tdng nang lugng am truyén qua tat
cé cac keét cau:
n
Ly =101gD.S,.10% "R ~101g A (7.21)
i=1

Chii y: L, 1a mtic 6n sau két cdu thit i ¢6 dién tich S; va kha nang céch am

R;, con A 1a lugng hiit &m trong phong cdch am (m?. n 1a s6
luong két cdu clia phong.

Vi du 7.12. Hiy xé4c dinh téng mic én truyén qua két cdu vao phong cé
luong hit 4m A = 20m® khi phong c6 mot bic tudng cé cira s quay ra
dudng phd c6 mic 6n cao. Dac diém cia cédc két cdu va mitc 6n phia sau né
cho trong bang 7.2.

Bai gidi:

Tinh todn muc én truyén qua mébi két cdu thuc hién trong bang 7.2.

Bang 7.2. Tinh toan mic 6n truyén vao phong

Tenkétchu | S,m2 | R. dB B “|_i' AB S qootR) Si.100’1(Li;Ri) :
Tudng ngodi 15 50 80 10° 15. 10°
Cita s6 5 % 80 10° 5.10°
Tudng trong 45 40 70 10° 45.10°
Clta di 2 30 70 10° 210"
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Tinh: 5,10 MR =58.10%
Téng miic 6n truyén qua céc két cau vao phong:
Ls = 101g.58.10* —101g20 = 57,6 — 13 = 44,6dB » 45dB.

So sanh véi tieu chuén mic 6n cho phép trong nha & (bang 6.6) ching
ta thay khi d6ng clra sé midc n trong phong dat tiéu chudn cho phép.

7.3.6. Két luan vé cach am khong khi ciia két ciu

Tir c4c nghién ciu trong muyc 7.3 chiing ta ¢6 thé it ra nhiing dac diém
]Jam viéc cich am khong khi va céc bién phdp chinh nang cao kha nang cidch
am cla cdc két cau sau day.

1. D6i v6i cic két cau mot 16p, déng nhat cdn quan tdm hai pham vi lam
viéc cdch am cht yéu:

- Pham vi cdc tdn s6 thap va trung binh, kha nang cach 4m tuan theo quy
luat khéi lugng va quy luat tan s6. Khi khéi lugng két cau (kg/m?) hodc tin
s6 am tang gap doi kha nang cdch am tang thuc t€ them 4dB (theo ly thuyét

tang 6dB, cong thic 7.13). N6i khdc di dudng déac tinh tén s6 cach am thuc
t& ¢4 do doc 4dB/6cta.

- O pham vi cdc tdn s6 trung binh va cao ¢ thé xuat hién hién tuong
tring séng 1am gidm kha ning cdch am ciia két céu tir 6 dén 10dB (phu
thuoc vao hé s6 mét mat clia vat liéu ket cdu). Trén tan s6 nay kha nang cich
am lai tang theo quy luat tan s6 tir 10dB/octa r6i gidm dén 6dB/octa.

Nhu vay doi. véi két cau mot 16p, mudn nang cao kha nang cdch 4m cén
phai tang chiéu day va khoi lugng két cau.

2. K&t cau nhiéu 16p (thudng tir hai dén ba 16p) c6 thé nang cao dugc kha
nang céch am & tn s6 trung binh tir 4 dén 9dB, so véi két cau mot 16p cé
cting kh6i lugng. Péng thoi kha nang cdch am ciing tang nhanh hon theo
quy luat tin s6 (t 6 dén 8dB/octa d6i véi ket céu hai 16p, 10dB/octa - ket
c&u ba 16p), Khi cdu tao két cdu hai, ba 16p cin lam gidm anh hudng cla cic
tin s6 cong hudng dén kha nang cdch 4m bang cdc bién phdp sau:

- Céc tAn s6 gidi han cha mbi 16p két cau khong duge trang nhau. Muén
vay céc 16p két csu can c6 khéi lugng va do cting khdc nhau. Trén hinh 7.52
gidi thiéu hai bién phép lam gidm do cing (x& ranh trén bé mat hoic gia
tang khi luong) khi vat liéu két cdu hai 16p nhw nhau.
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-Hinh 7.52. Bién-phdp-lam giam dé cing ciia két cdu

- Ha thap t4n s6 cong hudng chung ciia toan bo két cAu xudng dudi tin s6
thap nhiat clia phiam vi klido sat cdch am (f, < 100Hz) bing c4ch didu chinh
chiéu day 16p khong khi gifta cdc 16p két csu theo cong thiic (7.18).

Tranh cong hudng ctia khe khong khi bing céch cho vat liéu hit am vio
gifta cac tdm.

3. Cén st dung cdc bién phdp cdu tao kién tric dé gidm cdc dudng truyén
4m gidn ti€p vao phong cdch am (xem muc 7.3.3).

Hinh7.53. Xi Iy kin cdc duong 6ng qua tuong (a) va qua san (b); (c)

4. Céc khe va 16 h& 1am giam rat déng ké kha ning cich am-cla két cdu.
Keét cdu c6 khd nang cdch 4m cang cao, 4nh hudng clia khe 16 hd cang 16n.
V1 vay mudn nang cao kha nang cdch am cha két cau, trudc hét phdi xir Iy
that kin cdc khe va 16 hé. Trén hinh 7.53 gidi thiéu cich bit kin khe hd
quanh-cdc-duong 6ng qua-tudng va-qua-san. - - - - oo e -

5. Clta s6 va ciia di thudng 12 bo phan céch 4m yéu nhat trong két cau nha
ctra do khdi lugng nhé va cé nhiéu khe 16 ho.

Bién phép nang cao kha nang céch am cla ca 1a sl dung cira c6 cdc dém
dan héi bit kin c4c khe hé chung quanh cira.

6. Trong méi két cau, kha nang cdch 4m giffa cdc bo phan cin phai dong
déu. Mudn nang cao kha nang cdch am ciia ton két cau, trudc hét cin phai
néng cao cdch am cia bd phan cdch 4m yé&u nhat. '
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7.4. CACH AM VA CHAM CHO SAN NHA

7.4.1. Su lan truyén Am va cham

Xét trudng hop don gian khi va cham xay ra véi mét thanh ddm (hinh
7.54). Nang luong va cham tdc dong vao ddu dam, mot phan lam bia ndy
ngugc trd lai, mot phdn lam thanh dim chuyén dich vé phia trudc va mot
phén lam né dao dong, phét ra am khong khi. Nang Iwong am truyén vao vat
liéu, lan truyén rat nhanh, theo séng doc va séng ngang (van toc lan truyén
am trong cdc vat liéu khac nhau xem bang 1.1, chuong 1). Khi séng 4m
truyén dén cudi ddm, mot phén bic xa vao khong khi, phin 16n s& phin xa
tr& lai va truyén ngugc dén dau ddm, réi lai phan xa va truyén dén cudi
dam... Sy lan truyén 4m c\ ldp di 13p lai v gidm ddn nang lugng timg it mot
do nang lugng biic xa vao khoéng khi va bién thanh nhiét ning (do ma sit
giita cdc nguyén tl) cho dén khi tit hin. Nang lugng 4m biic xa vao khong
khi & cudi dam cé tinh chat chu ky, méi khi séng 4m lan téi.

DRI (=)

Hinh 7.54. Lan truyén dm va cham trong thanh

Trudng hop va cham xay ra trén san, séng dao dong ciing lan truyén rat
nhanh trong vat liéu. Khi t&i mat san moét phan 16n nang lugng phan xa trd
lai mat trén, phian nhé biic xa vio phong dudi san thanh am khong khi
(hinh 7.55).

Hinh 7.55. Lan truyén ém va cham trong san

Tuy nhién, khac véi ddm, khi va cham trén san con tao ra mot bién dang
cuc bo tai san va lan truyén dudi dang séng uén, gidng nhu trudng hop cla
am khong khi. Céc séng udn nay cling biic xa &m thanh vao phong dudi san.
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Miit khéc ciing c6 thé xdy ra cong hudng clia san, va cling giéng nhu trudng
hop clia am khéng khi, cong hudng x4y ra & cdc tdn s6 rat thdp, nim ngoai
pham vi khao sdt cich am. ’
Khéc véi lan truyén am khong khi, niang luong &m va cham cé tri s6 16n,
lai tat dan rat cham nén lan truyén di khd xa dén cdc phong khéc trong nha
7.4.2. Cac bién phap giam su lan truyén Am va cham

Ching ta trd lai 1am thyc nghiém v6i mot thanh dam, céc két qua khao sét
dinh tinh dugc mo ta cho cic trudng hop dudi day:

1. Trudng hogp cét roi thanh ddm (hinh N
7.56): séng dao dong lan truyén qua lai

£

I
B+
i
bt

e
e

P11
1883
EFE
L
SRS

trong ntra thanh dam bi tdc ddng va cham. e
Mot phan nang lugng bic xa vao khong

khi nhung khéng thé truyén sang nifa
thanh phia bén kia (bicu d6 nang luong  giun 7.56. Truyén dm va cham
dugc vé phia du6i mdi hinh). khi cdt doi dam

2. Trudng hop cét roi thanh ddm thanh hai doan r6i ghép vao gilta mot
loai vat liéu cing va nang (hinh 7.57). Khi d6, chi ¢c6 mét phan nhd nang
lugng bi phén xa trd lai tir mat gi6i han, cdn phan 16n nang lugng van truyén
qua nita thi hai.

—
Hinh 7.57. Truong hop cdt roi ddm —~ Hinh 7.58. Triong hgp cdt roi dim
va ghép vdt liéu ciing vao giita va ghép bang vat liéu mém, dan hoi

3. Trudng hgp thay vao phdn ghép bang vat liéu mém va dan héi (hinh
7.58). Nang lugng truyén t6i mat gidi han phan 16n bi phan xa trd lai, mot
phdn nho truyén qua 16p dan hdi, sau d6 lai phan xa nguge lai tir mat gidi
han thit hai va chi c6 mét phdn nhé nang lugng dugc truyén qua nira thif hai
ctia thanh dim. Nang lugng nay khi t6i ddu mut ddm chi c6 thé bic xa mot
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phan nhé nang lugng thanh a&m khong khi. Nang lugng phan xa tai cdc mat
gi6i han s& cang 16n néu do chénh léch tinh nang gifta vat liéu dam va vat
lieu dan héi cang nhiéu.

4. Trudng hop cit thanh ddm nhung giit lai 18i cting (vi du cot thép ching
han) (hinh 7.59). Nang lugng am vén tim dugc dudng qua 16i-cling lan
truyén dén nira bi cit. Puong lan truyén qua 181 dugc goi 1a "cdu dm", can
phai dugc hét sitc quan tam khi thi cong x&y dyng nha cla.

5. Trh'b‘ng hop dém d4u thanh ddm, noi x4y ra va cham, bang mot vat liéu
mém va dan héi (hinh 7.60). Khi d6 va cham lam bi&n dang vat liéu va nang

luong am bi tiéu t6n kha nhiéu, phin con lai truyén vao thanh dim rat nho.

Hinh 7.59. Cét thanh dém Hinh 7.60. Truong hop dém
nhung giita lqi 16 citng vdt liéu dan héi ¢ dau dam

Két lugn:

Tir céc nghién citu thuc nghiém & trén c6 thé it ra hai nguyén tic co ban
dé€ gidm bét su lan truyén am va cham:

- Nguyén tic 1. Muon 1am gidm ddng ké su lan truyén 4m va cham trong
két cau, cdn phdi cdt roi két cdu, hodc dua vao giita chiing cdc 16p vdt liéu
dan hot (hinh 7.61).

Hinh 7.61. Nguyén tdc cdt roi két cdu Hinh 7.62. Nguyén tac ddt vat liéu
va dita vao 16p dém déan hoi dan héi trén mdt chiu va cham
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- Nguyén tic 2. Mudn' gidm nang lugng 4m va cham truyén vao keét céu,
cin phai sit dung cdc vdt liéu mém, dan hoi ddt trén bé mdt va cham (mat
san), (hinh 7.62).

Céc nguyén tic néu trén dugc van dung dé cau tao cdc san nha trong
xdy dung.

7.4.3. PO giam mic Am va cham ctdia I6p mat san cich 4m

San mot 16p. (chi c6 két cau chiu luc, khdng cé cic 16p cach am) khong
dat dugc yéu cau tieu chudn vé cdch 4m va cham. Mic én va cham duéi san
ndy khi mdy va cham chudn 1am viéc trén san 1 rat cao. Trén hinh 7.63 1a
muc 6n va cham dudi hai loai tdm chiu lyc san theo két qua do ludng cia
Gosele K. (Stuttgart, Diic) va cta céc tic gia [36]. Chi s6 cach &m va cham
CV lén t6i 83dB va 88dB. Muén dat duoc chi s6 ciach am tiéu chudn, vi du
cho nha & CV = 62dB, cin phai dua vao san cdc 16p cdch am dé ha thap miic
6n va cham trung binh 10dB (& cdc tdn s6 thap), 15 - 20dB & cic tdn s6 trung
va khoéng 26dB - 28dB & céc tin s6 cao (xem hinh 7.63).
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Hinh 7.63. Mitc dm va cham duéi tdm chiu luc cila san

Nhu vay, néu goi L, 1a midc 4m va cham chudn duéi tdm chiu luc va AL la
dé gidm mitc dm va cham do 16p mat san c¢6 dém céch am, thi miic 4m va
cham chuén duéi san cich 4m (L',) c6 thé x4c dinh theo cong thic:
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L. =L, - AL (7.22)

Chiing ta c6 thé ding tri s6 AL dé
so sdnh, danh gid chat lugng cich am
clia cdc 16p cach am dua vao san. AL
cang 16n, do gidm mic am va cham
cang 16n, chat lugng cdch am cuia san
cang cao.

7.4.4. Cac loai san cach am

Theo c4c nguyén tic cdu tao cd ban
dé giam b6t sy lan truyén Am va cham
da trinh bay & trén, trong thuc t€ xay
dung hién nay thuong st dung cédc
loai san cdch am sau day:

1. San néi

C#u tao chia san ndi thuc hién theo
nguyén tic thd nhat, gdm mot 16p mat
san dat "néi" trén tdm chiu luc nhd
mot 16p dém dan héi (hinh 7.64).

Mait san sach & nudc ta thudng
dung céc loai gach gém, gach ximang,
da hay céc tdm 14t bing vat liéu nhan
tao (nhua). Lép chiu luc mat san c6
thé 12 dan béténg (ddy 4cm) hodc céc
loai twong tu-chin dugc tai trong trén
san ma khong bi bién dang.

Dém dan hdi chinh 1a 16p céch am
va cham, c6 thé dung béng khoéng,
tim sgi gb mém, tham bing xo day
hoidc xo dura, cao xu, gb bac (lie) hoac
loai x&p bang nhya. Chiéu day cta 16p
nay tr 0,5 dén 2cm. Ciing cé thé thay
dém dan héi bang mot 16p dém cdt 3 -
S5cm, nhung chét lugng cdch &m va
cham s& kém hon it nhiéu.

Hinh 7.64. Cdu tao san néi:
1- Mt san sach; 2- Tam chiu lyc
clia mat san (1+ 2 12 16p mat san);

3 - Dém dan hoi; 4- Tdm chiu lyc.
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Hinh 7.65. Anh hudng ciia cdu dm la
nhitng vién soi dén cdch dm va cham

san (n - s6 lugng vién soi)
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Chat lugng cdch am clia sin néi tuong d6i cao phu thudc vio loai vat liéu

clia lorp dan héi. Khi thi cong san nay cin pha1 chd y khong tao thanh "cdu

" ]am gidm chat luong c4ch 4m va cham cha né. Trén hinh 7.65 14 nghién

ciltu '[hl,I'C nghiém [15] cho thdy anh hudng clia nhiing vién soi chen 14n trong

16p dan héi (khi khong c6, ¢6 1 vién va 10 vién) 1am thay déi do gidm miic

am va cham duéi san néi nhu thé ndo. Khi trong 16p dan héi ¢6 10 vién-soéi
thi chét lugng cdch &m va cham clia né hau nhu khong con nifa!

NN
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‘??V///// 7
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I /////////// 74
Hinh 7.66. Cdc bién phdp cdu tao chin tuong dé tranh "cdu am”

Trén hinh 7.66 1a céc bién phép c4u tao chan tudng dé tranh dudng truyén
am gidn ti€p tr san vao tudng.
2. San vdan ghép va san packé

Van ghép va packé cé thé dit truc tiép trén tdm chiu luc san hoic trén
mot hé dam gb. Kha nang cich 4m va cham cla san nay chi ning cao doi
chit nho sy khic nhau vé tinh dan hoi gitta bétong va gb.
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Hinh_ 7.67. Cdu tao san packé: Hinh 7.68. D¢ gidm mitc dm va cham

1- Mat san; 2 - Dam g6; 3- Bong
khodng; 4- Tdm chiu lyc
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Muén nang cao dang ké kha ning cdch am va cham, cdc ddm gb d& mat
san phdi dugc dat trén cdc dém dan héi (hinh 7.67). Cdc dudng gidm miic 4m
va cham cia mat san packeé dat trén 16p dém ciét va 16p bong khodng cho trén
hinh 7.68. Véi 16p bong khodng chat lugng cdch am va cham & tin s6 trung
va cao nang lén ro rét. .

3. San cé tran treo

. . \ \
San c¢6 trdn treo dugc sit dung rong rai ‘\\\ \\\\\\\
trong kién tric nha cong cong nhd cd mot \\ \\

khong gian duéi san chiu luc dé dat cic \\j:_/
dudng 6ng va dudng cép (hinh 7.69). Tuy __ \\\1/4 g
vay, hiéu qua cdch am va cham clia trAn treo N Z

khong cao, vi miic én tao ra trong 16p khong
khf gitta hai 16p trén rat 16n, nén mot 16p twdn ~ Hinh7.69. San cé tran treo
treo nhe khong di hiéu qua cach am.
Nhitng diém cén chi ¥ khi cdu tao trén treo:
1. Tran treo phai kin dé tranh cdc dudng
truyén am truc ti€p qua cic khe hd xudng
phong cach am.

7

pa

v

2. Két cdu treo phai mém d€ tranh tao mot
dudng truyén &m mdi tir san vao tran treo.

/////////
////////

3. Vat liéu lam trdn treo khéng nén qua

\\\ ‘
cing, vi tdn s6 gii han clia né cé thé roi \{%\\\\\\\
vao ving 100 - 3200Hz. Vat lieu cing mém RO \\\\&\

(nhu cao su - xem bang 7.2) tn s0 gi6i han
cang cao.

7 ///
\

o

///%

4. Can nhd ring tran treo giam duge it
nhiéu ti€ng On tir phong tang trén qua san
xudng phong tang dudi, nhung lai khong
lam gidm dugc sy truyén am va cham sang Hinh 7.70. Truyén dm
cdc phong ké véi nd trén cing mot ting va cham sang phong ké
(hinh 7.70). trén cung tang nha

4. San ¢6 lép trdi mdt san

Loai san nay cé céu tao khd don gian: trén tdm chiu luc dugc dan truc
ti€p cdc loai tdm trai khac nhau. Chat lugng cdch 4m va cham cla san phu
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thugc chll y&u vao tinh chat am hoc ciia tdm trai va thudng cé céc loai tim
trai sau day:

1. Tdm wrdi chdt déo, san xuit dudi

dang tdm cudn hoac miéng l4t, ddn truc % o

ti€p bang keo dinh lén tdm chiu luc cha £ g,

san. Chat lugng cdch 4m clia sin kidu nay 2

rét kém, do gidm miic on va cham chi g 40 i

dugc 2 - 3dB (hinh 7.71, duding 1). £ | / |
D€ néng cao chat lugng cdch 4m cé thé g 0

dat dud6i tdm trai nhua mot 16p céc tong 20 /

mém (700g/m’ hinh 7.72). Chét lugng | 2

cdch am khi dé s€ nang cao rd rét (dudng 10 1 ' ]

2, hinh 7.71). ot A4
Ciing c6 thé quét mot 16p nhua vinila i

N L o " - v 12 PR 0 200 400 800 1600 3200
meém dudi tdm trai chat déo dé nang cao Tén 8, Hz

kha nang céch am. : Hinh 7.71. B¢ gidm mitc 6n

2. Tdm trdi cdch dm. Céc t&m trai cia cdc logi san c6 16p trdi mét
cdch am thudng c6 hai 16p chlt yéu: 16p san bang chdt déo
lam mat san sach ch€ tao bang chat déo
(gia van gb, van d4, gia san packé v.v...) phia dué6i né 12 16p cach am lam
bang cdc loai xo thyc vat (xo gai, xo dira) hodc cdc ché phdm tir cao su
(xem hinh 7.73).

Day 1a loai san duoc st dung khé pho bién trong nha & cén ho va nha
cong cong § céc nudc cong nghiép phdt trién do cé wu viét vé gia thanh
ré, thi cong don gian va nhanh, dic biét chat luong cach 4m va cham kha
tot (hinh 7.74).

Hinh 7.72. Cdu tao san cé tdm trdi Hinh 7.73. Cdu tao san ¢é lop trdi
nhua trén 16p cdc téng mém (700g/m?) cdch dm: 1- Lép trai cach am;

2- Nhua ddn; 3- Tam chiu luc
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3. Tdm trdi béng thdm. Thim c6 nhiéu loai, tit tham len, thdm soi thuc
vat, tham céi, thdm s¢i héa hoc v.v... Chat luong cdch 4m va cham clia cic
loai tham néi chung déu t6t va t4t nhién cling phu thudc vao chat luong cla
chiing. Trén hinh 7.75 gidi thiéu do gidm mufc 6n va cham ctia tham len.

Cu6i ciing chiing t6i mudm luu ¥ rang loai san thudng-sir dung trong-xay
dung nha & va nhd cong cong clia chiing ta hién nay, gbm mot 16p 14t bang
gach gém, gach hoa hoac d4... v6i vita ximang tryc tiép lén tdm chiu lyc san
khong dugc coi 12 san cdch am vi do giam muc én va cham ctia n6 rat nhod
(hinh 7.75, dudng 2).

60 60dB
50 3 50 ]
7 Vi
40 /
AW 9 40
yiw . F
£ 30 / e 30 i
5 i 5 /
© 10 © /
E 20 / EN
yAMTS £ /
N <3 7
= / S
E 10 mmys E 10
. v R =N
% svm /Ci > g g’) % - l 2
0 = Q) N
@ 2 o 0 N .
100 200 400 800 1600 3200 100 200 400 800 1600 3200
Tan s8, Hz Tén s6, Hz
Hinh 7.74. D6 gidm mitc 61 va cham cia Hinh 7.75. D¢ gidm miic 6n va
san ¢6 16p trdicdch dm: 1- Lop cach &m cao cham ciia thdm len (1) va ciia I6p
sumém 3mm; 2- Lép cdch am cao su cing lat cimg trén tdm chiu ligc (2)

Amm; 3- Lép cdch am lie Smm

Vi du 7.4. Hiy dénh gid chét lugng cdch am clia mot sin nha & cd tim

chiu lyc bétong cot thép 12cm véi 16p tréi cich am chat déo trén cao su mém

day 3mm.
Bai gidi:
X4c dinh mifc am va cham chudn duéi san theo cong thiic (7.22):

L. =L, -AL
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— L, cla tdm bétong c6t thép 12¢m 14y theo hinh (7.63) dudng 1, con AL
clia 16p trai cdch am c6 dém cao su mém 3mm 18y theo dudng 1, (hinh 7.74).
Sau ki tinh todn, két qua dugc thé hién trén hinh (hinh 7.76) 1a tri s6 mic 6n
va cham chuan dudi san cdch am L, (dudng 2).
Sau khi tinh ti€n dudng tiéu chudn lén cao 4dB, ta duoc:
Zlo,l = 32dB.

__Vay chis6 cdch 4m va cham clia sinla; CV.=64dB.-. - - - -

So vé6i tieu chudn kién nghi cho nha & [CV] = 62dB, san trai cidch am
chua dat yéu cau tiéu chuin (muc 6n va cham cao hon tri s6 cho phép).

. dB
= 80
13
£ 1 ™~
g 710 J
1= ( f\l
T CV64 )
S e 47T
= 60 = === P>
| 37 \2\\\
50 A

N
401~ q

125 250 500 1000 2000 Hz
Tan s6, f
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Hinh 7.76. Vi du tinh todn cdach am va cham san ¢6 I6p trdi cach am:
- Dudng L,; 2 - Dudng L. 3- Puong tiéu chudn;
4- Dudng tiéu chuén tinh tién + 4dB.
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Chuong 8
CHONG TIENG ON CUA CAC THIET BT
VA TRONG NHA CONG NGHIEP

Khi sit dung cdc thiét bi phuc vu doi s6ng va san xust cong nghiep chiing
ta c6 thé gap céc loai tiéng on sau:

1. Tiéng On khi dong, tao thanh do sy chuyén dong cha cdc chat khi hoac
chat 16ng tir cic may quat, may bom, m4y nén vio cdc dudng 6ng dan va do
chuyén dong chia chiing trong cac dudng 6ng dan.

Tiéng 6n cha cdc hé thong diéu hoa khong khi, he thong thong gid thude
loai nay va né ¢ thé lan truyén theo dudng ong din qua cdc miéng théi hoac
miéng hiit vao phong diéu hoa.

2. Tiéng on co khi, sinh ra do sy va dap giita cdc bo phan va chi tiét may
méc khi van hanh. Ti€ng 6n s€ nang cao r5 rét khi céc 6 truc bi "ro", céc
banh rang, khép ndi bi mon.

3. Tiéng on va cham tao thanh do céc qua trinh san xuat cén sir dung céc
luc va cham (sl dung bia tay hoac bda mdy) nhu trong cdc phan xudng tan,
dap, go, ren. ..

4. Tiéng dn nr triong do sy bi€n ddi tir trudng clia cdc thiét bi van hanh
dién hodic san Xudt dién tao ra, nhu cdc méy dién, tram bién th€ v.v...

Trong chuong nay chiing toi chi dé cap hai bai todn Ung dung chinh. Mot
1 céc giai phap chong ti€ng on cho cic hé thong diéu hoa khong khi, rat hay
gap trong céc nha 1am vigc van phong, cic phong thinh gia cling nhu trong
nha cong nghiép. Va hai 1a, cac gidi phdp chong ti€ng én trong cdc nha cong
nghiép néi chung, xét dén tat c4 céc loai tiéng 6n khic nhau.

%1 GIAM TIENG ON CUA HE THONG DIEU HOA KHONG KHi

Chiing ta chi quan tim t6i hé thong diéu hoda khong Khi trung tam vi hé
théng diéu hda khéng khi cuc bo c6 miic 6n khong déng ké, va dé gidm nho
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mic 6n clia hé théng ndy phai dp dung cdc bién phdp k¥ thuat cong nghé ché&
tao, khong thudc linh vuc nghién ctiu cia am hoc kién tric. He théng diéu
hda khoéng khi trung tam & nudc ta thudng hay st dung cho cdc tda nha vin
phong, nha hang, siéu thj, nha thi d4u, cic khich san va nha 1am viéc cao
tang, dac biét thudng phai 4p dung cho céc hoi trudng, phong thinh gia, cdc
studio am thanh trong ph4t thanh, truyén hinh, xuéng phim - nhilng coéng
trinh yéu cdu déng kin dé giit chat lugng 4m thanh va c¢6 mifc én nén cho
phép khd thdp. Chinh vi vay van dé giam ti€ng on cla hé théng didu hoa
khong khi duge dic biét quan tam trong céc cong trinh loai niy.

Nguén gay 6n chinh clia hé théng diéu hda khong khi 12 mdy quat gid.
Ti€ng 6n clia may quat gi6 dugc tao thanh do c4c nguyén nhan sau day:

- Do tinh khong déng nhat cha dong khong khi chuyén dong khi bi hiit
hoéc x4 vao khéng khi theo ting chu k.

- Do su tao thanh xody & mat gidi han ctia dong chay, thudng xay ra tai
gidi han giifa 16p khi chuyén dong va 16p kh{ diing yeén, hoic & mat cling clia
ong dan khi.

- Do su chdy 16i clia cdc dong khi c6 van toc¢ khdc nhau chay l4n véi nhau.

Ngoai ra, ti€ng 6n ciing dugc tao thanh khi khong khi chuyén dong trong
cdc dudng 6ng, nhat [a khi gap cdc van didu chinh, tai nhitng doan 6ng r&
ngodt, 6ng phan nhénh, éng thay déi ti€t dieén dot ngot.

Tiéng 6n tir phdng méy quat, theo dudng 6ng dan khi xam nhap vio cic
phong diéu hoa, lam ting ddng ké mic 6n trong cdc phong ndy, lam xau
chét luong am thanh clia ching. G nuéc ta cé trudng hop khi thu am trong
cdc phim trusng da phai tit hé thong diéu hoa khong khi do mtc én cla né
gay ra qud 16n.

Khi nghién ciiu gidm ti€ng 6n ciia hé théng dicu hda khong khi cin phai
chi y nhiing van dé sau day: _

1. Ti€ng -6n khi dong cé thé lan -truyén dudi dang tigng 6i kKhong khi
trong cdc dudng 6ng va dang tiéng on ket cau, theo vd ong din vao két cau
nha cira. Vi vy viéc cdch chan dong tai cdc diém treo dudng ong vao két
céu nha clra phai dugc quan tam ding miic.

2. Tiéng 6n khong chi lan truyén theo dudng 6ng dan khi vio cic phong
dicu hoa, ma con c6 thé xam nhép vao cic phong khic trén dudng lan truyén
qua thanh 6ng, dac biét khi chat luong cch am cia vd ong dan qua kém. Nhr
vdy tot nhat nén trinh dat dudng 6ng dan di qua cdc phong cin yén finh.
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3. Am thanh (ting néi, ti€ng hat, &m nhac) lai ¢ thé lan truyén theo
dudng 6ng dan khi tir phong nity sang phong khéc, nhat 1a khi ching nam
qué gin nhau. Vi vay néu bugc phdi sit dung chung cic dudng 6ng déan khi
cho nhiéu phong, can phdi nghién ctiu cén than c4c giai phép tiéu &m cho né.
___Dic tinh én chia mdy quat gi6 12 phé miic 6n theo dai tdn s6 63 - 8000Hz.
Miic 6n clia mdy quat phy thugc chi yé&u vio cong sudt cha né (m?/s) ap sudt
toan phan (kg/m?) va s6 lugng vdng quay (vdng/giay) va thudng do céc nha
s4n xudt cung cap. Trong trudng hop khong c6 s6 lidu nay, cén phai xdc dinh
bing thuc nghiém do tai hién trudng hodc bing cic phuong phép tinh todn
(xem [38], [42]...).

Tir phong dat méy quat, tiéng on s& lan truyén va gidm dan theo 6ng dan
khi. Do gidm mic 6n trén dudng 6ng (chua céu tao cdc bo tiu am) gom
nam dang twong Gng véi hinh 8.1.

{ i i { y {

F > £ F, > Fy F, »o E >

A } A L L ) b r /
a) b) ¢) d) e)

Hinh 8.1. Ném dang gidm mutc 6n trén duong 6ng:
a) Ong di thing; b) Ong ddi huéng; c) Ong thay déi tiét dién,
d) Ong phdn nhdnh; e) Miéng thoi

1. Su gidm din ning lugng theo duong ong. Do gidm nay tang theo do
dai chia 6ng vi phu thudc hinh dang, kich thude chia tiét dién 6ng, chiéu day
thinh 6ng va tin s6 am (k¥ higu 1a AL,). Déi véi 6ng dan kim loai ti€t dién
chit nhat, tri s6 AL, c6 thé xdc dinh theo bang 8.1.

Bang 8.1. Po giam mic 6n AL, dB/m
theo dudng ong kim loai tiét dién chir nhat

Tiét dién ong, Tan s6 am, Hz
om?. 63 125 250 > 500
15 x 15 0,4 0,4 0,3 0,2
50x50 0,4 0,4 0,2 0.1
100x100 0,3 0,2 0,1 0,03
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---Khi-dudng 6ng boc vat lieu cich nhiét, céc tri s& trong bang 8.1 ¢ thé
tang gdp doi nhd gidm dugc chén dong clia 6ng. ’

Déi véi 6ng tiét dién tron c6 dudng kinh 10 - 30cm (cé hodc khong boc
16p cdch nhiét), d6 gidm miic én khoédng 0,1dB/m & tdn s6 dusi 1000Hz va
tang dén 0,33dB/m & c4c tdn s6 cao (do gidm 16n nho éng tron khé bi chan
dong hon 6ng chitnhat).

Ong bétong va gach c6 d6 gidm miic 4m rét nhd, c6 thé bd qua.

2. Su gidm mikc On tai nhiing ché duong ong doi chiéu, ky hieu AL,. Do
giam muc 6n tai day phu thuoc dién tich tiét dién Ong va tin s6 am, c6 thé
xdc dinh theo biéu d6 hinh 8.2 d6i véi ong ti€t dién chit nhat va khong 6p vat
liéu hit am.

3. Gidm mic on do tiét dién ong thay d6i dot ngét, k¥ hieu AL, Tri s6
nay c6 thé x4c dinh theo cong thic [38]:

g(m+1)2

AL, =101
) 4m

(8.1)

3 F
trong d6: m=—L:
2

F, va F, - dién tich tiét dién 6ng true va sau khi thay déi, m

Tri s6 AL, c6 thé x4c dinh theo biéu dé hinh 8.3.

@ T T T TTTT
218 o

14 -PIF_':?d ‘ 5“:-‘1 1
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8 4/'\\\ S

~ — =n =
6 / \\ e
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0 //
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Tén s6 x chiéu rong d, Hz.m

Hinh 8.2. D gidm miic on AL, tai chd ré doi véi ong tiét dién chit nhat
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4. Pé gidm mitc on khi duong ong phdn nhdnh, AL,, x4c dinh theo
cong thuc:

(m +1)

AL, =101g 2 ye
m

(8.2)

trong d6: m' =—=—;
SF,
E, - dién tich tiét dién 6ng chinh, m?;
F. - dién tich tiét dién mdi ong nhanh, m?;

SF. - téng dién tich tiét dién cdc ong nhanh, m’.

Khi 6ng nhdnh & 90°, ngoai do gidm mic on theo cong thitc (8.2) con
phai cong thém do giam AL, x4c dinh theo biéu d6 hinh 8.2. Dsi v6i ong
nhénh di thing cling chiéu 6ng chinh thi khong cong thém tri 80 nay.

5. D¢ gidm mitc on tai cdc miéng théi vao phong diéu hoa, AL, phu
thuoc dién tich tiét dién miéng théi va tin s6 am, c6 thé xdc dinh theo biéu
dd hinh 8.4. Qua bidu dé c6 thé nhan thdy, dién tich ti€t dién miéng théi
cang nho, tan s6 am cang thap, do gidm mifc 6n cang lon.

AL, dB
26 T T T T 1
24 777777
22 e T
LdB 20 F, Z Phong diéu hoa __|
AL, 18 I———LE -
10 16 \‘
8 e i 14 \\
[ 2 12 N
PN o N
4 AN AN
< 8
3 D pd 6 N
~N 7 N
4 AN
0 —] X
05 04 020305071 2 3 5710 2 =
.. F 0 2
Ty 6 m=F; 5 710152 3 5 710152 3 5

f/F, Hzm

Hinh 8.3. D6 gidm miic én ALj; khi tiét Hinh 8.4. Do gidm nutc on ALs tai cdc
dién ong thay doi miéng théi gié vao phong

Sau khi tinh todn do gidm mifc 6n trén duong &ng, ching ta c6 thé xéc
dinh mtc &n truyén vao phong theo cong thic:
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trong dé:
Ly - mifc 6n clia h¢ théng diéu hda khong khi truyén vio phong, dB;
L - mitc 6n clia mdy quat gi6, dB;-
ZL; - tong do gidm muc dn trén dudng ong, dB. 7
SALy= ALy + ALy + ALy, + ALy + AL, 8.4)

Céc ky hiéu f trong cong thitc (8.3) va(8.4)-cho biét ede tri s6 tinh todn
thuc hién theo dai tdn s6 1 6cta.

Dé bao dam tién nghi am thanh trong céc phong diéu hoa khong khi, miic
on ciia hé thong diéu hoa khong khi vao phong it nhdt phdi thap hon 5dB so
Voi mutc On cho phép trong phong & tdt cd cdc tin s6 trung binh cia ddi
Iécra. (Quy dinh theo dudng NR tuong tng, xem chuong 6). Khi d6 né vén
c6 thé 1am cho miic én nén trong phong di€u hoa khong khi ting thém
khoang 1dB. Vi vay nél diéu kién ky thudt cho phép c6 gdng gidm mitc on
cia hé thong diéu hoa khong khi vao Pphong thdp hon milc on cho phép.trong
phong 10dB. Chi ldc d6 dnh hudng cha miic 6n didu hoa khong khi méi ¢6
thé bd qua hoan toan.

Trong trudng hop ngugc lai, khi miic én clia he thong dicu hoa khong khi
phd héng diéu kién tién nghi am thanh cia phong diéu hoa, nhat thiét phai
thi€t k& cdc b tiéu dm trén dudng 6ng cha hé thong diéu hoa khong khi.
Mikc on cdn ha thap nho cdc bé tiéu dm (ky hiéu AL,,) c6 thé x4c dinh theo
cong thiic:

AL,=L,-L,+5dB (8.5)
trong d6:
- L, - mic 6n cho phép trong phong diéu hoa, dB;
L; va L, - xem cong thiic (8.3).

Can nhéc lai ring c4c tinh todn néu trén déu phai ti€n hanh theo dai tdn s6
1 octa.

C6 nhiéu kiéu tieu 4m khdc nhau c6 thé sir dung cho dudng éng cla hé
théng diéu hoa khong khi, nhu kiéu 6ng (hinh 8.5a), kiéu t8 ong (hinh 8.5b),
ki€u tdm (hinh 8.5¢) hay kiéu budng (hinh 8.5d).

316



N[N}
INNN
(N][N][)

'

Hinh 8.5. Cdc kiéu bé tiéu am:
a) Kiéu 6ng; b) Kiéu t6 ong; c) Kiéu tdm; d) Kiéu buong
1- Vo ngodi; 2 - Ruot duc 16; 3- Vat lieu hit am; 4- Té ong hiit am;
5- T4m hdt am; 6 - Kénh thong gid; 7- Dau 1&; 8- Véch.

Cic bo tiéu am dugc ché tao dac biét va xdc dinh trude kha ning giam
muc 6n clia né trén 1m chiéu dai (dB/m) trong céc phong thi nghiém &4m hoc
(xem [38, 42, ...]). Khi d6 ta cd thé x4c dinh dugc chiéu dai cin thi€t clia bo
tieu am 4p dung, theo cong thiic:

AL,
llu = __A_’

trong dé: 1, - chiéu dai bo tiéu am, m;

8.7)

A - d6 gidm mtc am trén mbi mét dai clia b tieu am, dB/m.
Cdc yéu cdu khi thiét ké cdc bo tiéu dm
1. Vat liéa hit 4m ding trong céc bg tiéu am cdn c6 kha nang chéng chay

t6t, phit hop Vi y&u cdu phong chdy cla cong trinh. Thudng st dung cac
loai bong thuy tinh, bong khodng ¢6 khéi lugng riéng tir 15 dén 40kg/m’.

2. Khi van toc gi6 trong dudng 6ng 16n (khoang 10 - 15m/s) n6 c6 the
mang theo ca cc sgi bong clia vét liéu hit am vao phong anh hudng dén
diéu kién vé sinh clia khong khi trong phong. Vi vy giifa 16p v6 ton duc 16
(thudng cé dudng kinh Smm va budc 16 khodng 10mm) va bong hiit am can
dat mot 16p vai thity tinh. Céu tao nhu vay s& khong lam giam dac tinh am
hoc ctia bo tiéu am.

Ciing c6 thé thay 16p ton duc 16 bang luéi sit, tuy nhién xét vé do bén
vitng va vé sinh moi trudng thi 16p t6n duc 16 c6 nhiéu wu diém hon.
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3. Céc bo tieu am nén dat gin budng may quat gi6, trén doan ddu ciia hé
théng dudng 6ng. Khi d6 s& han ché dugc t6i da anh huéng ctia ti€ng 6n heé
thong diéu hoa khong khi dén céc phong va khong gian khéc trén dudng ng
di qua.

4. Céc bo phan tiéu 4m ciing c4n cdu tao trén dudng 6ng ndi cdc phong
diéu hoa dé triét tieuam thanh tir phong no sang phong kia. Khi d6 cin dic
biét chii ¥ cdu tao tiéu am tai cdc miéng thdi vd miéng hit. Trén hinh 8.6
gi0i thiéu mot s& cau tao dac biét clia-cde miéng théi ¢hit) nay.

Hinh 8.6. Cdc miéng théi (hiit) c6 cdu tao dic biét:
1- Miéng 6ng dicéu hoa khong khi; 2- Vat lieu hit am

5. Van t6c gié tai cdc miéng théi c6 anh hudng dén miic 6n trong phong.
Theo miic 6n cho phép ciia phong (tri s6 clia duong NR), can phai khéng ché
van toc gid, tai miéng théi theo bang 8.2.

Bang 8.2. Van téc gié huong dan tai cdc miéng th0|

Murc 6n cho phép
25 35 45 50

Vén téc gio cho phep, m/s 4 6 8 10

Theo béang 8.2 van téc gié tai miéng thdi trong céc phong thinh gia khong
nén vuot 6m/s, con trong céc studio 4m thanh nén duéi 4m/s.

8.2. CHONG TIENG ON TRONG NHA CONG NGHIEP

Mu6n chéng ti€ng 6n trong nha cong nghiép mot cach hiéu qud, cén phai
ap dung tong hop nhiéu bién phép, ti céc bién phap kién tric - xay dung,
cong nghe ché tao cho dén céc bién phép k¥ thuat 4m hoc.
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Bién phdp kién triic - xdy dyng bat dau tit viec nghién citu quy hoach, sip
x&p hop 1y c4c viing céng nghiép, cdc nha may trong thanh phd, bo tri cich
ly c4c phan xudng én véi cdc khu vuc cdn yén tinh trong mét nha may, sit
dung cdc khong gian xanh giffa khu cong nghiép va khu dan cu, gifta céc
phan xudng 6n-va phan xudng yén tinh, cho dén viéc sip x€p hop 1y c4c khu
vuc 6n, it 6n va yén finh trong mot phan xudng, trong mot ngdi nha. Nguyén
tAc va yéu cau k¥ thuat cho van dé ndy da duge gidi thiéu trong cdc chuong
6vaT.

Bién phdp céng nghé nghién citu déi mdéi cong nghé va thi€t bi sdn xuét
theo huéng gidm nhd tiéng n do ching sinh ra. |

Bién phdp ky thudt dm hoc c6 thé coi 12 bién phdp thu dong dé gidm nho
tiéng 6n sau khi ching di hinh thanh trong moét nha mdy, mot phan xudng.
D6 ciing 12 bién phdp cudi ciing nhim tao dugc moét moi trudng 4m thanh
tién nghi, hodc it nhit mot moi trudng cho phép theo tiéu chudn qudc gia (vi
du TCVN - 3985 - 1999) cho cdc cong viéc san xudt khiac nhau. Dudi day
trinh bay mot s6 giai phdp k¥ thuat am hoc cy thé thudng hay 4p dung cho
nha cong nghiép.

8.2.1. Gia cong am hoc cdc phong san xuat

Gia cong am hoc 1a 6p vat liéu hiit am trén cdc bé mat trong phong san
xudt. Pay 1a mot giai phip cé hiéu qua va thudong dugc dp dung trong nha
cong nghiép.

C4c bé mat chia phone khi dugc 6p vat lieu hiit am, cé kha nang giam
cudng do cdc am phén xa, 1am cho miic on trong phong tai ving "trudng am
phan xa" (xem chuong 1, muc 1.5) ha thap 8 -10dB & pham vi tdn s& thap va
10 - 12dB & pham vi tin s6 c6 hé s8 hit am cuc dai. Trong viing "truong am
truc ti€p" hiéu qua gidm 1iéng én clia viéc gia cong am hoc gidm di ddng ké,
chi khoang 4 - 5dB va phu thudc méat do bé tri thiét bi trong phong.

Hiéu qua giam tiéng 6n do 6p vat lieu hit am con phu thu¢c hinh dang
phong: phong c6 chiéu dii 16n hon chiéu cao trén nam 1an, hiéu qua cao hon
cdc phong dang hinh hop.

Vit lieu hiit am thudag 6p trén trdn va ¢ thé 6p thém & phan cao cla
tudng bén. Muén dat duoc hiéu qua gidm ti€ng 6n cao, cin phai bo tri vat
lieu hiit am khong dudi 60% dién tich cdc bé mat trong phong. Cic phong ¢
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chiéu cao thdp (dudi 5m) va dai, nén bs trf vat liéu hiit am trén tran (hinh
8.7a). Céc phong hep va cao nén bd tri vat liéu hiit &m trén tudng (chi chira
lai phdn tudng c6 do cao dudi 2m). C4c phong c6 chiu cao trén 6m cén ciu
tao trdn treo d€ dua vat liéu hit am t6i gin cdc ngudn 6n. Néu dién tich trin
va tudng chua dii d€ bs trf vat liéu hdt am, chiing ta c6 thé diing céc tdm hiit
4m kiéu cénh g2 (hinh 8.7b) hode cdc két-ciu hit am khoi treo truc 1i€p trén
cac ngudn am. D€ xdc dinh hiéu qua gidm ti€ng 6n cha giai phdp gia cong
&m hoc, can phai bi€t cdc dic trung am hoc cha phong, dé 13 lugng hit am
A, heé s6 hiit 4m trung binh o (cong thifc 1.31) va hing s6 clia phong B (cong
thitc 1.32). Trong nha cong nghiép viéc xdc dinh lugng hiit am A thudng c6
kho khan va kém chinh x4c vi vdy ngudi ta thudng tinh todn theo hing s
ctia phong. Tir cc cong thic (1.31) va (1.32) c6 thé x4c dinh A vi o theo
héng s6 phong B:

B
oL=—— 8.8
B+S (8:8)
Va: =£=BB 8.9)
B+S L
a)
b) -

Vatligu hut am

\ien tran

Hinh 8.7. B&'tri vét liéu hiit ém trén trdn:
a) Khi chiéu cao phong nhd; b) Khi chiéu cao phong lén
st dung tdm hiit dm canh ga
D9 gidm mifc 6n cyc dai do gia cong 4m hoc phong AL & méi dai t4n s6 déi
v6i cdc diém ndm trong trudng am phén xa c6 thé x4c dinh theo cong thic:
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AL=101g]—3Bl, dB (8.10)
trong d6: B - hing s6 ctia phong trudc khi gia cong am hoc, m’;
B, - hing s6 chia phong sau khi gia cong am hoc, m?;

A+AA= A CET
1-0) (1-o,)

l =

O day:

A =a(S-S,) - lugng hiit am clia céc bé mat khong gia cong am hoc;-
o - hé s6 hiit am trung binh clia phong trudce khi gia cong 4m hoc;

- hé s6 hit am clia phong sau khi gia cong am hoc;
A+AA A

s s
AA - lugng hiit am gia cong, m;

(8.12)

o, =

S, - dién tich gia cong am hoc, m?;
A, - luong hit am clia phong sau khi gia cong 4m hoc.
Hing s6 ctia phong & tdn s6 1000Hz (ky hiéu Bio) €6 thé xéc dinh theo
bang 8.3. & céc tan s6 khic, hiing s6 clia phong (By) x4c dinh theo cong thitc:

B; = Bioo-H (8.13)
trong dé: p - hé s6 dac trung cho sy thay déi B theo tdn s6, xdc dinh theo
bang 8.4. -
Bing 8.3. Hang s6 phong B,
Loai phong Dic diém phong B o00,M
1 Phong ¢o it ngudi (nhu xudng gia cong kim loai, phong may, phong thi y
nghiém, phong may-quat gi6...) _ 20
2 Phong c6 d6 gd cing va nhidu ngudi hoat it ngudi va dd gb mém (nhu v
phong thi nghiém, xudng dét, xudng gia cong g{i. van phong...) 10
3 | Phong c6 nhiéu nguei va d6 g8 mém (nhu phong lam viéc, phong thiét % )
k8, gidng duong, phang an, cita hang, phong dai nha ga hang khong, tau
héa, Iép hoc, phong dac th vién, phong 8...)
4 Phong c6 tran va mot phan tudng 6p vat liéu hat am 1\/—5
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Bang 8.4. Hé s6 . theo tan s6

Thé tich phong, Tan s6 trung binh clia dai 16cta, Hz
v, m? 63 125 250 500 1000 2000 4000 8000
V<200 0,8 0,75 07 0,8 1 1,4 1,8 25
V=200 - 1000 0,65 0,62 0,64 0,75 T 15 24 | 42
V>1000 05 0,5 0,55 0,7 1 1,6 3 6

Phong chi gia cong am hoc c6 1gi néu hé s6 hiit Am trung binh & tin s6
1000Hz khong vugt qué 0,25 (o < 0,25). Déi véi céc phong lam viéc, san
xudt chi c6 mot loai thiét bi va da biét phé tiéng 6n trong phong (nhu phong
hanh chinh, ddnh mdy, vi tinh, xudng dét...), c6 thé gia cong am hoc ma
khong cén tinh todn trude. Vat liéu hit 4m dugc chon dé gia cong 4m hoc
phai c6 phd hit am gidng véi phé tiéng 6n ciia phong.

Vi du 8.1. Mot xudng dét c6 mat bing hinh chit nhat kich thuéc 55x20
x3,5m’ (dai x rong x cao), c6 thé tich V = 3850m®. Dién tich cic bé mit
tuong ting 1a: tudng 525m’, trdn 1100m?, san 1100m> Tdng dién tich cdc bé
mat phong 1a S =2725m”.

Trong xudng c6 20 mdy, chiém 1/3 dién tich san. Phén dién tich con lai
b6 tri cdc bo phan phuc vu it gay 6n. G diém tinh todn cdch mday gin nhat
10m (trong trudng am phan xa) c¢6 phd mitc én nhu trong bang 8.5. Hiy gia
cong am hoc phong va xédc dinh hiéu qua clia gidi phép.

Bai giai:
Phén tich phd miic 6n trong xudng (bang 8.5) va so sanh voi-dudng tien

chudn NR - 80 ta thdy miic én trong xudng vugt miic tiéu chudn cho phép &
c4c tdn s6 tir 250 d&n 8000Hz kha 16n (tix 4 dén 16dB, xem bang 8.5, dong 3).

A Dé gia cong am hoc ta chon vt liéu hit am I3 tAm ép bang bong thity tinh
cuc manh (kh6i luong riéng 15kg/m®) day 50mm boc trong vai thly tinh va
dic sdt tran, c6 hé s6 hit am cao trong pham vi tdn s& 250 - 8000Hz (xem
bang PL.1 muc 94). Vat liéu hit 4am dugc b6 trf trén toin b6 trdn cla xudng
(dién tich S, = 1100m?).

Theo bang 8.3 va 8.4 ta x4c dinh dugc hing s6 clia phong B khi V =
3850m® (xem dong 4, bang 8.5). Cic phep tinh todn ti€p tuc duoc thuc hién
trong bang 8.5.
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Bang 8.5. Vi du tinh todn gia cong Am hoc xuéng dét

Tan s6 trung binh cla dai 16cta, Hz

63 | 126 | 250 500 | 1000 | 2000 | 4000 | 8000

Pai lugng Pon vi

L dB 88-|- 88 90 92 -1 96 |- 91 87 -1 83
NR - 80 dB 99 92 86 83 80 78 76 74
L - (NR.80) dB - - 4 9 16 13 1 9

B mt | 193 | 193 | 212 270 385 616 | 1155 | 2310

B/S - 0,07 | 007 | 008 | 010 | 014 | 023 | 042 | 085

B
A=B/(§+1) m2 | 180 | 180 | 196 | 245 | 338 | 501 | 813 | 1249

o = B/(B+S) - 0,07 007 ;0,072 | 0,09 | 0,124 | 0,184 | 0,290 | 0,459
0, - 01025} 070 | 098 1 1 1 0,95
AA =S, m? 10 | 275 | 770 | 1078 | 1100 | 1100 | 1100 | 1045

A=0(S-8,) m* 14 14 | 17 146 202 299 471 746
A=A+AA m? | 224 | 389 | 887 | 1224 | 1302 | 1399 | 1571 | 1791

oy =A/S 0,08 | 0,143 | 0,326 | 0,449 | 0,478 | 0,513 | 0,577 | 0,657
Bi=A/{1 - o) m® | 243 | 454 | 1361 | 2221 | 2492 | 2873 | 3714 | 5222
AL =10lg(B,/B) dB 1 4 8 9 8 7 5 4

Theo két qua tinh todn trj s6 AL (dB), ta nhan thay hiéu qué gia cong am
hoc chua ha thdp duge miic 6n trong phong téi mitc cho phép du di s
dung vat liéu hiit-dm manh va &p trén toan bo tran phong. Miic 6n trong
phong con vuot miic cho phép 6dB (& tdn s6 4000 va 8000Hz) va 8dB (&
tan s§ 1000Hz).

8.2.2. V6 cach am va budng cach am

Mot giai phdp don gidn va hiéu qua dé chéng ti€ng 6n cho céc xudng san
xudt 1a ding voé cdch am bao kin hoan toan céc thié€t bi sinh ra ti€ng 6n 16n.
Vo cdch am dugc ché tao tir cdc vat liéu cing nhu nhom, sat, chat déo, gb
v.v... Mit trong ctia vo cdch am dugc Sp mot 16p vét liéu hit am, chon
twong Gng v6i phé ti€ng 6n clia mdy va theo yéu cdu phong chdy. O mat
ngoai vo, doi khi boc thém mot 16p vat liéu hiit chan dong (cao su, chat déo,
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soi tdm bitum...). Lép vat liéu nay phai ,
dugc dén chit vao mat ngoai vd. Chan T
vo cin dit trén dém dan héi dé gidm
chan dong clia mdy truyén qua nén vao
vd. V4 phai bao that kin mdy. Néu can 4>

5

‘thong gi6 tu nhién, phai ding dudng = 3 & ' I
ong c6 bo tieu am nhu dd trich bay & ,_| /\CM — 6
.muyc 8.1. Céc cra quan sit, néu can,  |§& ~/

lam bing kinh day (c6 thé ding kinh 1 T
dan nhiéu 16p) kep chat vao khung qua
16p gioang cao su. Trén hinh 8.8 gidi Hinh 8.8. V3 cdch dm:
thiéu v6 c4ch am nhu di mo td. Con  1- Dém dan héi; 2 - Tém duc 16;
trén hinh 8.9 cho biét hiéu qua clia cdc 3 VAt liéu hiit m; 4- V6 kim loai;
loai v6 céch am [13). 5 - Lp hiit chdn dong; 6 - Mdy.

Hinh 8.9. Hiéu qud ciia cdc vé cdch ém
1- Khong e6 vo; 2 - VO bang vat ligu hiit am;
3- VO ciing; 4 - VO ciing Gp vat liéu hidt am.

Khi ¢6 v cdch am, chénh léch mic 8n gifta phia trong va ngoai v c6 thé
xéc dinh tir cong thic (7.3):
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3 day vat lieu hit am dugc 6p sudt mat trong ctia vo, do d6 chénh léch
miic 8n trong va ngoai vd ¢4 the viét:

L,-L,=R+ 10lga (8.14).
trong d6: R - kha ning céch 4m clia vo;
o - hé s6 hiit am clia vat liéu 6p.

Vi du 8.2. Hay x4c dinh chénh léch miic on giifa bén trong va bén ngoai
mot vo céch am bing kim loai day 4mm, bén trong ddn mot 16p vat liéu hut
am day 50mm. Kha nang cich am R chia vo kim loai va hé s6 hit am cla vat
liéu st dung cho trong bang 8.6 theo dai tan s6 1 octa.

Bai gidi:

Chénh léch mtc 6n khi ding vo cdch am tinh todn theo cong thic (8.14)

va gidi thiéu trong bang 8.6, c6 thé dat tir 3 dén 20dB & tan sO thap, 30 -
40dB & tén s6 trung va 40 - 50dB & tin s6 cao.

Bang 8.6. Bang tinh hiéu qua ding vo cach am

Tan so trung binh, Hz _

Dal lugn — e I
o @ | 125 | %0 a0 | 1000 [ 2000 | 400 |

Kha nang cach am R, dB 14 20 26 32 38 44 50

He sshatame: {008 | 011 | 018 | 030 | 060 | 070 | 090
10lgas, 6B M 0| 7| 5 2 2 0
(L= L;)dB 3 10 | a9, ] 27| 3 | 4 | 50

Trong céc xudng san xuat én con hay st dung nhiing buéng cich am,
nhiim tao ra mot khong gian yén finh nho cho céac cong viéc cén tap trung tri
6c nhu nhiing phong diéu khién tix xa trong gian may tuabin clia nha may
thity dién. Kha nang céch am trung binh ctia tudng budng cdch am phai xét
dén céc clra s8, cta ra vao va xdc dinh theo cong thic (7.20). Khi d6 mic on
trong budng céch am xdc dinh tit cong thitc (7.3), nghia la:

Lb=Lx—R+1OIg%,dB (8.15)

325




trong dé: L, - muc 6n trong buéng cich 4m, dB;
L, - mifc On, trong xudng san xuit, dB;
S - dién tich két cau budng cdch am ngan céch véi xudng sin xust, m?
R- kha nang cdch &m trung binh ctia két c&u ngan céch, dB;
A- luong hit 4m trong budng céch 4m, m?.

8.2.3. Man chan tiéngon -

Man chén tiéng 6n sl dung thich hop cho nhiing vi trf khi mic én truc
tiép tir ngudn khéo st viugt mifc 6n T¥ c4c ngudn bén canh va mic 6n phan
xa cling truyén t6i vi trf d6. N6i khdc di man chin ding dé bao vé nhiing ché
[am viéc ndm trong trudng am tryc ti€p. St dung man chén chi c6 loi khi
mifc on tai diém béo vé vugt mic n cho phép tir 10 dén 20dB va né luén
luén st dung phoi hop véi giai phép gia cong 4m hoc (khi hing s6 phong
nho st dung man chin s& kém hiéu qua).

TATA TN

.

BT FAISIA
SEAARIN AN SNANNNN)

Hinh 8.10. Sit dung man chdn tiéng én phéi hop véi gia céng éam lioc
1- Man chin; 2- Clra quan sit; 3- Nguén 6n;
4 - Vat liéu hit &m 6p tudng; 5 - Cic canh ga hit am

Man chén ti€ng 6n-dugc dat gilta ngudn 6n vi vi i can bdo vé (chd [am
vigc trong nha san xudt, nha cong cong, noi cé ngudi thudng qua lai, v.v...)
Man chén dugr cdu tao bdi mot tdm cling c6 6p vat lidu hit 4m (chiéu day
khéng dudi 50 - 60mm) trén bé mat hudng vé ngudn 6n. Hinh 8.10 gidi thiéu
mot vi du st dung man chén ti€ng 6n phéi hop véi gia cong am hoc mot
xudng san xuét. ,

Hiéu qud gidm ti€ng 6n clia man chan nhy sy tao thanh béng 4m phia sau
man chan ¢6 thé xdc dinh bing thuc nghiém hodc tinh toan (xem chuong 6).
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Phuluc1
HE SG HOT AM CUA CAC VAT LIEU VA KET CAU

H& s6 hat am & cac tan s6 trung binh

T:f' ~ Ténvatlieuvakétcau “cliadaifécta Hz - -
) 125 | 250 | 500 | 1000 | 2000 | 4000
A. Cac vat lidu va két cau xay dung thong thudng
1 [Tudng gach khong trét vita 0,02 | 0,02 | 0,03 | 0,04 | 0,07 | 0,07
2 [Tudng gach trét vita 0,01 | 001 | 0,02 002 | 0,03 | 0,03
3 |Tudng gach trat vita va quét son 0,01 | 001 {002} 002 | 002 | 002
4 |Bétong 0,01 | 0,01 | 0,02 | 0,02 | 0,03 | 0,04
5 |Ba hoa cuong 0,01 | 0,01 | 0,01 | 0,01 | 0,02 | 0,02
6 |Vira véi trén ludi sat 0,04 | 0,05 | 0,06 | 0,08 | 0,04 | 0,06
7 |Sanvan gd 0,10 | 0,40 | 0,10 | 0,08 | 0,08 | 0,09
8 |San packe 0,04 | 0,04 | 0,06 | 0,07 | 0,07 | 0,07
9 |Cao su 5mm trai trén nén ciing 0,02 | 0,02 | 0,03 0,03 | 0,04 | 0,04
10 |Tham len trén bétdng 0,08 | 0,08 | 0,20 | 0,26 | 0,27 | 0,37
11 |Rém che clta bang véi bong nang 0,5kg/m? 0,04 [ 007 | 013 | 022 | 0,33 0,35
12 |Vai bong 0,36kg/m* 0,03 | 0,04 | 0,11 | 0,17 | 0,24 | 0,35
13.|V&i nhung 0,65kg/m? 005 | 0,42 | 0,35 | 045 | 0,38 | 0,36
14 |nt, cach tudng 10cm 0,06 | 027 | 0,44 0,50‘ ;.0.40 0,35
15 |nt, cach tuong 20cm 0,08 | 0,29 | 0,44 | 0,50 § 0,40 | 0,35
16 |Clra s6 kich thudc thong thuang ¢ kinh day 3mm | 0,35 | 0,25 | 0,18 | 0,12 | 0,07 0,04
~B. Ngudi, ghé (lugng hat am tuwdng dudng)
17 |Ngudi ngdi ghé 0,25 | 0,30 | 0,40 | 0,45 | 0,45 | 0,40
18 |Nhac cong (véi nhac cu) 028 | 040 | 0,45 | 0,49 | 0,47 | 0,45
19 |Gh& mém (ch ngdi va lung ghé boc vai, trong c6| 0,15 | 0,20 | 0,25 | 0,30 | 0,30 0,30
vat ligu x8p)
20 |Gh& nira mém 0,08 | 010 | 0,15 | 0,15 | 0,20 | 0,20
21 {Ghé cling 0,20 | 0,02 | 0,02 | 0,02 | 0,02 } 0,02
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Hé s hut &m & céc tan s6 trung binh

-T:ra Tén vat lidu va két cdu clia dai 15cta, Hz
) 125 | 250 | 500 | 1000|2000 | 4000
22 |Ghé boc da nhan tao 0,05 009 | 012 0,13 | 0,15 | 0,16
23 |Ghé& c6 ch6 ngdi va lung ghé bang gb dan 0,02 | 0,02 | 0,03 | 0,04 | 0,04 | 0,05
C.Cac 16, khe v.v.
24 |Clra s6 m& hodc 16 thong ra ngoai tréi 1 1 1 1 1 1
25 |Clradimdsangphongbencanh | 05 | 005 | 05 | 005 | 05 | 005 |
26 |Mieng thong gio 025 | 025 | 025|025 | 025|025
27 |Miéng san khau, miéng hd nhac v.v... 0,2-0,3(0,2-0,310,3-0,4/0,3-0,4(0,3-0,4(0,3-0,4
28 {Man anh 0,10 | 0,10 | 0,30 | 0,30 | 0,30 | 0,30
D. VAt ligu hut &m x&p
29 {Tam fibrolit (v6 bao ép vai ximéng) 006 | 0,16 | 0,25 | 0,38 | 0,59 | 0,63
¥ = 300 - 450kg/m, day 35mm dong st tueng
30 [nt, cach tudng 100m 0,08 | 027 | 0,46 | 0,35 | 0,54 | 0,60
31 [nt, cach tudng 150m 0,13 | 042 | 0,53 | 0,35 | 0,53 | 0,63
32 [T4m béing bong khoang (co tAm chat lien k&t)| 0,43 | 6,98 | 0,99 | 0,99 | 0,95 | 0,87
¥ =100kg/m® day 100m dat sat tudng
33 [nt, boc trong bao polietilen 066 | 0,76 | 0,35 { 0,14 | 0,07 | 0,10
34 Bong thly tinh c6 y = 75-85kg/m® boc trong vai thdy | 0,03 | 0,42 | 047 | 0,75 | 0,84 | 0,84
tinh, day 50mm dét sat tudng
.35 | nt céach tﬁdng 50mm | 0,08 | 0,26 | 0,64 089 0,75. 0‘,78
36 Bvéng khoang c6 vy = 100kg/m® boc trong Iudi sat 0171 0,59 [ 099 098 | 0,96 | 0,87
day 50mm dat sat tudng
37 |Tam hut béing bong khoang tim chat ket dinh téng | 0,05 | 0,59 | 0,52 | 0,53 | 0,25 | 0,11
hap 500x500x20mm, y=130kg/m®, mat ngoai son
mot I6p mdng, dat sat tudng.
38 Int, cach trang 50mm 0,18 | 0,60 | 0,52 ; 0,55 | 0,25 | 0,13
39 |nt, cch tudng 100mm 034 | 062 | 052 | 052 | 0,26 | 0,15
40 [nt, b& mat duc 16 d = 4mm, D = 14mm, 0,01 0,47 | 0,68 | 0,98 | 0,86 | 0,45

K = 49%, sau 5mm, dat sat tudng

328




H& s6 hit am & cc tan so trung binh

T::ru Tén vat liéu va két cau chia dai 16cta, Hz
) 125 | 250 | 500 | 1000 | 2000 | 4000

41 |nt, cach tudng 50mm 0,05 | 042 | 0,98 | 0,90 | 080 | 0,45

42 |nt, cach-tudng-100mm. - - ... 020 | 052 | 0,98 | 0,85 | 0,80 | 0,45

43 |Tam bong khoang ép Excel-Tone (hang Daiken, 054 | 042 | 0,43 | 0,54 | 0,70 | 0,90
Nhat Ban) day 16mm

44 |nt, day 19mm 054 | 044 | 045 | 0,57 | 0,75 | 0,91

45 |T4m bong khoang New-Tone (Nhat Ban) day 16mm| 0,40 | 0,35 | 0,40 052 | 0,65 | 0,80

46 |T4m bong khoang Dai-Lotone (Nhat Ban) day 031 028 | 041 | 0,64 | 0,80 | 097
15mm

47 Int, day 19mm 028 | 0,35 | 0,55 | 0,65 | 0,77 | 0,95

48 |T4m sqi amian va vat figu ty do ché tir Calci- 0,05 | 0,05 | 0,21 | 0,24 | 0,08 | 0,09
Silicat/Daiken fux securate day 6mm khi ¢6 1dp
khdng khi 57mm.

49 [nt, 16p khong khi 300mm 021|025 | 013 | 0,46 | 0,16 | 0,14

50 |nt, loai c6 mét vai phia sau, Idp kk 300mm 027 | 0,29 | 0,16 | 0,19 | 0,17 | 0,15

E. Tam duc 16 c6 vat liéu x8p phia sau

51 |G dan 4-6mm duc 13 d=5mm, D=100mm. K=0,2%, | 0,37 | 0,68 | 0,31 | 0,15 0,10 | 0,09
c6 vat liéu x3p 50mm.

52 [Nt, khong co vat liéu x3p, 18p khong khi 50mm 0,06 | 042 | 0,20 | 0,07 | 0,07 | 0,06

53 |N, co vatliéu x6p 100mm 0,77 | 064 | 0,30 | 0,45 | 0,15 | 0,10

54 INt, vat lieu x8p 100mm, khong khi 100mm 0,80 | 052 | 0,27 | 0,44 | 0,42 | 0,10

55 |G8 dan4-6mm duc 16 d=5mm, D=65mm. K=0,47% | 0,26 | 0,88 | 0,38 0,20 | 0,12 | 0,10
vt figu x8p 50mm, sét tudng

56 [Nt, cach tudng 50mm 043 | 069 | 0,33 | 0,17 | 0,10 | 0,10

57 |G& dan4-6mm duc 16 d=5mm, D=65mm, K=0,47%, | 0,51 | 0,60 | 0,33 0,15 | 0,10 | 0,10
vat liéu x8p 50mm, st tuong

58 |Nt, Vat ligu x6p 100mm, cach tudng 50mm 061 | 068 | 0,37 | 0,20 | 0,17 | 0,10

59 {Nt, cach tudng 100mm 0,86 | 068 | 0,38 | 0,17 | 0,13 | 0,10

60 |Nt, khéng co vat fiéu xap, cach tudng 100mm 0,11 | 0,37 | 0,48 | 0,42 | 0,07 | 0,05
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Thit

Hé s8 hut &m & céc tan s trung binh

f Tén vat ligu va két cau clia dai 16cta, Hz
- 125 | 250 | 500 | 1000 | 2000 | 4000
61 {Gd dan 4-6mm duc I5‘d=10mm, D=50mm, K=3,1%, | 0,29 | 0,88 | 0,72 | 0,32 | 0,26 | 0,25
vat liéu xdp 50mm, céch tudng 50mm
62 (N, cach tudng100mm- - - - - - 055 [ 0,82 |- 0,49 1 0,34 | 0,29 | 025 |:
63 |Nt, vat liéu x6p 100mm, sét tugng 076 | 0,97 { 067 | 0,36 | 0,25 | 0,18
64~ cachrtwongt00mm- - - - - - - - - 0,90 | 0,97 | 0,68 | 0,35 | 0,28 | 0,20 |
65 |Gd déan 4-6mm duc 16 d=5mm, D = 35mm, K=1,6% | 0,02 | 0,09 | 0,36 | 0,17 0,19 | 0,13
(khéng c6 vat liéu x&p)
.66 |Nt, d=7mm, D=30mm, K=4,3%, cach tuong 50mm | 0,05 | 0,08 | 0,23 | 029 | 0,12 | 0,09
67 |Nt.d =6mm, D=30mm, K=4,5%, c4ch tuéng 50mm | 0,08 | 0,08 | 0,21 | 0,08 | 0,16 | 0,20
87A[Tam nhya duc 16 ¢5, a = 65 (0,47%) |
Bong thly tinh 50 0,18 | 0,78 | 0,44 | 0,20 | 0,05 -
Bang thly tinh 100 058 | 0,74 | 045 | 0,28 | 0,02 -
Bang thy tinh 50, khéng khi 50 023 | 071 | 039 | 022 | 005 -
678|T4m nhom duc I3 ¢5, a = 35
Bong thlly tinh 50 0,20 | 069 | 0,89 | 049 | 0,19 | 0,04
|Bang thily tinh 100 043 | 095 | 0,87 | 0,58 | 0,20 | 0,04
68 |Nt, cach tuang 100mm 007 {017 | 045 025 | ,22 | 0,18
69 (Nan g rong 35mm, day 10mm, I6p bong khoang
50mm, khi khoang céch cc nan ¢b:
10mm 0,16 | 066 | 0,98 | 0,89 | 0,59 | 0,39
20mm 0,16 | 0,63 | 098 | 0,88 | 0,70 | 0,64
30mm 016.{ 059 | 098 | 095 | 0,74 | 0,64 |
70 |Nan g630x40mm cach 30mm, pha sau c6 bong 068 | 088 | 0,98 | 0,94 | 093 | 0,72
thlly tinh y=15kg/m?®, day 100mm boc trong
vai thily tinh
F. Tam cdng hudng hit dm
-71 |GG dan 4-6mm,; cach tuong 50mm 017 { 0,26 | 0,14 | 0,10 | 0,09 | 0,04
72 1Nt, cach tudng 100mm 011 | 0,15 | 0,12 [ 0,10 ; 0,00 | 0,06

330




Hé s& hat am § céc tan sé trung binh

T:f Tén vat lidu va két cdu clia dai 15cta, Hz
j 125 | 250 | 500 | 1000 | 2000 | 4000
73 |Nt, ¢6 lép bong khoang 50mm, sat tudng 0565 039 | 015 | 0,12 | 0,11 | 0,10
74 |G&-dan 8-10mm, cach tudng 50mm 0,43 | -0,28 [-0,17 | 0,10 | 0,04 | 0,09
75 INt, cach tudng 100mm 0,34 | 0,15 | 0,09 | 0,10 | 0,04 | 0,10
76 |Nt, cach tudng 150mm 0,35 | 0,16 | 0,10 | 0,08 | 0,04 { 0,10
77 |G dan 8-10mm, cé I6p bong khoang 50mm dat sat| 0,44 | 045 | 0,22 | 0,12 | 0,04 | 0,10
tudng
78 |T4m sgi g6 y=600kg/m® day 20mm dat sat tuang 0,01 | 0,09 | 0,09 | 0,08 | 0,09 | 0,14
79 |Nt, cach tudng 50mm 0,32 | 0,43 | 0,05 | 0,06 | 0,06 | 0,13
Nt, cach tudng 100mm 0,27 | 0,08 | 0,04 | 0,02 | 0,08 | 0,10
Nt, cach tudng 150mm 0,10 | 0,03 | 0,02 | 0,03 | 0,09 { 0,10
80 |Nt, bong khoang 50mm, sat tudng 0,32 | 0,14 | 0,07 | 0,04 | 0,08 | 0,11
81 {Tdm ximiing amian y =2000kg/m® day 8mm 0,03 | 0,03 | 0,09 | 0,08 | 0,08 | 0,03
dat sat tudng
82 |Nt, cach tudng 50mm 0,15 | 0,19 | 0,12 | 0,06 | 0,06 | 0,03
100mm 0,32 { 0,21 | 0,16 | 0,00 | 0,07 | 0,03
200mm 0,24 | 0,44 | 0,08 | 0,08 | 0,06 | 0,05
83 |Tam vita thach cao y=1200kg/m® day 10mmcach | 0,23 } 0,31 | 0,13 | 0,09 | 0,06 | 0,13
tudng S0mm
Cach tuang 100mm 0411 028 | 0,15 | 0,06 | 0,05 | 0,02
84 |Nt, I6p bong khoang day
50mm, st tudng 056 | 042 | 0,24 | 0,11 | 0,04 | 0,04
100mm, sat tudng 065 | 034 | 023 | 0,17 | 0,17 | 0,11
85 |G thong 19mm 0,10 | 0,10 |{ 0,10 | 0,08 | 0,08 | 0,11
86 |Vira voi trat phang trén sudn gb 0,02 | 0,03 | 0,03 | 0,04 | 0,02 | 0,03
87 |Vira voi trat xi xi trén sudn gb 0,03 | 0,06 | 0,06 | 0,09 | 0,04 | 0,06
88 {Ldp trat cach tudng 50mm 0,30 | 025 | 0,15 | 0,08 | 0,05 | 0,05
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Hé s& hut am & cac tan s6 trung binh

T::ru Tén vat lidu va két cdu clia déi 16cta, Hz
) 63 | 125 | 250 | 500 | 1000 |2000| 4000 | 8000
G. K&t cau hiit am ding
dé chang 6n cong nghiép
-89 |T&m ép béng bong khodng y=150kg/m?, [0,02| 0,03 | 0,47 | 0,68 0,98 [0,86| 0,45 | 0,20 |
day 20mm, d&t sat tran
_90.|Nt, trén.cach tran 50mm 0,02/-0,05.10,42_10,98/-0,90_10,79.|0,45_| 0,19
91 |T4m ép bang béng khoang y=400kg/m?, 0,021 0,11 | 0,30 | 0,85 0,90 {0,78| 0,72 | 0,59
day 20mm, dét sat tran
92 |Nt, cach tran 50mm 0,10| 0,20 | 0,71 (0,88 0,81 {0,71] 0,79 | 0,65
93 |Nt, cach trin 200mm 0,30 048 0,71 |0,70| 0,79 |10,77| 0,62 { 0,59
94 |Tam ép baing bong thay tinh cyc manh [0,10{ 0,25 | 0,70 [0,98] 1 1 1 0,95
boc vai thly tinh y =15kg/m®, day
50mm, dat sat tudng
95 |T4m béng bong khoang y =120kg/m*  {0,03| 0,18 | 0,39 |0,60| 0,73 [0,80| 0,85 | 0,85
day 50mm boc vai thiy tinh, tdm kim
loai 1,2mm duc 16 33%, dudng kinh
3mm, dét sat tran
96 [Nt, cach tran 100mm 0,08/ 0,27 | 0,53 |0,69| 0,76 {0,92| 0,87 | 0,87
97 |Tam bong khoang y =100kg/m?, day 0,05(032]| 076 | 1 ’0,95 0980) 088 | 096 |
100mm boc vai thay tinh, t&m kim loai
day 1,2mm duc I6 dudng kinh 6mm,
46% d3t sat tran
98 |T4m bong sdi thily tinh cyc manh: 0,11030| 0,63 {086/ 0,72 |0,54 0,46 .|.0,32
y = 15kg/m®, day 100mm boc vai thiy
tinh, tAm xm amian day 4mm duc 16
dudng kinh 6mm, 25%, dat sat tuong
99 |Nt, cach tran 250mm 05098 1 1 1 1 1 0,86 |.
H. Khéi hat am hinh hdp
(lugng hat am tuang duong)
100|Kich thudc 400x400mm, tdm kim loai  |0,14| 0,4 | 0,75 [1,23| 1,14 [1,05| 0,82 | 0,67
2mm duc 16 dudng kinh 10mm, 30%,
béng thly tinh cuc manh 15kg/m® day
60mm boc vai thly tinh b = 2500mm;
h =1250mm. :
101]Nt, b = 1500mm; h = 1250mm 0,08] 0,23 | 055 |1,03| 0,97 [0,86] 0.75 | 0,60
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Hé s& hit am & cac tan s6 trung binh

T::ru Tén vat lidu va két cau clia dai 16cta, Hz
' 63 | 125 | 250 | 500 { 1000 |2000| 4000 | 8000
102 |Kich thudc 500x500mm gd dan 4mm - 107 12 1198179 (159|163 1,4
duc 16 25% duong kinh 10mm, tam bong
khoang 100kg/m?, day 100mm boc vai
(t8m chat chdng chay) b = 2500,
h =1250mm
103|Nt, b = 1250mm; h = 1250mm - togt| 1 |1,70) 1,72 |139] 1,58 1,20
h- khoang cach tir mat nén dén gitta
khai hat am
b - khodng c4ch gita hai khoi hut am
Tht o Hé s6 hut éin' g E:.élcﬂté‘n s6 trung binh
t Tén vat liéu va két cau cha dai 16cta, Hz
) 125 250 500 | 1000 | 2000 | 4000
TT |Tén vat liéu va két cau
104{Tam thach cao (500-1000x5000) day 10 125 | 250 | 500 1k 2k 4k
900 kg/m® duc 16 ¢ 10 budc 24 (12%)
« Dan vai tho phia sau:
- Khe khong khi 50 005 | 0,15 | 0,63 | 064 | 031 0,24
- Khe khang khi 100
- Bong thdy tinh 50 028 | 069 | 094 | 076 | 0,51 0,43
- Bong thly tinh 100 062 {088 088 | 067 | 057 0,43
o Khong dan vai tho:
- Khe khong khi 50 - - 0,04 | 0,47 | 0,08 | 0,03
- Khe khong khi:100 002 | 005! 0,45 | 0,10 | 0,08 0,03
- Bong thay tinh 50 023 | 047 | 098 | 073 | 044 0,41
- Bong thly tinh 100 050 | 093] 095 | 077 | 056 0,38
105{T&m thach cao ¢6 sudn cing day 30
(810x810) duc I6 4,516 (16%)
o Sau 16 ¢6 2 1p gidy
- Sat tudng 0,03 | 013 | 043 | 087 0,65 | 0,38
- Khe khong khi 50 015 | 042 | 099 | 075 | 0,67 0,41
- Khe khong khi 100 022 | 063 | 087 | 068 | 067 0,45
o S&u két cAu co 1a kim loai:
- Boéng thdy tinh 50 033 | 072|099 | 076 | 049 0,32
- Bang thly tinh 100 067 | 080 098 | 0,77 0,57 | 0,33
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Phu luc 2
TIEU CHUAN CHI SO CACH AM

CHO CAC KET CAU PHAN CACH NHA DAN DUNG
(Theo TCXDVN 277:2002) .

- Nha chung cu: tudng gilra cac phong & trong mét can ho;
- Khach san: tuong gitta cac budng & trong mot phong nhidu budng;

- Nha hanh chinh, van phang, clra hang: san va tuong gitra cac phong

giao dich, rdt tién, tiép don;

- Trudng hoc, trudng cao déng, dai hoc: san gitra cac I6p hoc, gidng
dudng; tudng gilta cac 16p hoc, giang dudng va hanh lang.

~ Nhom. | Loai-nha-va loai-két cdu- Chi-s6——Chf-sg
cach am CK*, dB | CV*,dB
I Két cau c6 yéu cau cach am cao: 55 58
- Nha van hoa, truéng am nhac $an va tudng gitta cac phong tap am
nhac, chai nhac,
- Nha lam hanh chinh, van phong, bénh vién: san va tueng clia mot
s6 phong lam viéc c6 yéu cau yén tinh cao;
- Khach san > 4 sao: san va tudng gitra cac phong &;
- Nha &, khach san, hanh chinh vin phong: san va tuong gitta cac
phong ngd, phéng 1am viéc ké vdi cac phong co thiét bi gay 6n cao.
I | Kétcéu cé yéu cdu cich am trung binh: 50 62
- Nha & chung cu: san va tuong clia cac phang ngd, phéng sinh hoat
chung gitra c&c can hg; tuang gilta cac phong ngdi, phong sinh hoat
va bép, khai vé sinh, khu cau thang.
- Nha & tap thé, ky tic x4, khach san thutng: san va tuong gitta cac
phong &; tudng gitta cac phong & va sénh, khu cau thang;
- Nha hanh chinh, van phong: san va tudng giira cac phang lam viéc,
hdi thao;
- Bénh vién, nha nght: san va tudng gitra cac phong d, phong bénh
nhan, phong mé, bac s§, phong xem tivi, doc sach;
- Truong hac, truding cao déng, dai hoc: tudng gidta cac lop hoc glang
dudng, phong thi nghiém, phong doc séch. ! [
] K&t ciu c6 yéu cau cach am thap: 45 66
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Phu luc 4

CHAT LUONG CACH AM CUA MOT SO KET CAU NHA DAN DUNG

Thit So do két cau tudng va san khi Chisc?céchém,dB Nguén
fu (kich thuc theo mm) lugng, | Khong \Vacham, | s,
kofm® | khi,CK| CV
TUGNG GACH 110 Vita trat 15 220 | 46 [49]
1 §I§§ Gach déc 110 | 270 42 [13]
I I ViIa trat 15
TUONG GACH 220 Via trat 15 | 420 | 53 [49]
2 Gach dac 110 | 490 52 [13]
{ Vira trat 15
Gach dac 220 | 620 57 49]
3l Vita trat 110 | 590 54 (13]
%
Vita trat 13 490 54 113]
Gach dac 114
4 Khong khi 50
Gach dac 114
Via trat 15
\ Vira trat 13 115 | 40 [13]
5] & Tam thach cao 100
Vita trat 13
Vita trat 13 390 52 [13]
6 8 Bétong 150
V(a trat 13
TUONG BETONG RONG 150: Son 145+ | a.43 [13]
. a) Khong son; b) Quét sun panen rgng 150 | 195 | b.45 [13]
8 Son




) S s s Knéi |Chis6cicham,dB|
Thir So do két cau tudng va san ioh X : Nguon
ty (Kich thugc theo mm) N9 | Knong 1 Va cham ;i
: kg/m® | khi,CK| CV
TUONG BETONG RONG 220 Son
a) Khdng son; b) Quét son
8 e _ Panen bétong 150 | 195+ | a4d - [13]
l% Son 25 | bas | - |13
. TUONGBETONGRONG200  Léptrathodcthachcao13 | 220+ | 50 | - | [13] ]
CO HAILGP TRAT Panen bétongrong 200 270
9 Ldp trét hodc thach cao 13
R
TUGONG THACH CAO HAI LOP: Tam thach cao 13
a) Knong; b} C6 hat am Swon gb 50x100| a21 | 33 K
10 7
&I / | Bong thiy tinh 50 | b23 | 3% | - |03
Tam thach cao 13
TUONG THACH CAOHAILGP:  Tam thach cao 18
” a) Khong; b) Co |¢p hat am Suon gb 50x100| a.26 34 - [13]
rrrrffrrrrrs Bong thily tinh 50 b. 29 38 - [13]
)
m:[ T
T T Tam thach cao 16
Tém thach cao 16
TUGNG THACH CAOQ BA LOP: 3
Tam thach cao 16 a.42 36 - [13]
a) Khong; b) Coldp hit &am B
12 ___, Suingd 50%100{b.44 39 " [13]
(:":I i;*zi MM Bong thiy tinh 50
‘ Tam thach cao 16
SAN BETONG 100 Tam lat vinyl a260 | 44 85.. | [13]
(khéng c6 mat san): ’
) o Batong 100 | b.265 | 44 82 | [13]
13 a)Khong;  b) Colop vinyl ‘
8 0
£ i
SAN BETONG 120, 140 Bétong a.120 300 49 83 [49]
. (khong ¢ mat san) b.140 /0 | 51 82 | 9]
1
§ |
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. o Khoi |Chisd cacham,dB )
Tha S0 do két cau tudng va san o Ngudn
’ ) n H G e pea
tw {kich thudc theo mm) ) gz Khéng |Va cham, tai ligu
kg/m* | khi,CK| CV
SAN PANEN BETONG RONG 220 300 | 49 83 149]
(khong co mat san)
15
SAN BETONG Van gb 13
6 COLOPMATSANVANGO  7msgimem 13 75 | 44 | 85 | [13]
Nt 50 Batong 100
SAN BETONG TRAI THAM Tham 10
/7 Pémcaosuxép 6 a.265 44 30 [13]
o Van gb 13 | b275 | 44 26 | [13]
R Bétong 100
s o . Linoléum trén mattit 13
SAN BETONG 125 CO LOP MAT SAN
TREN BEM DAN HOI Via 38 440 51 57 | [13]
181 TR Bong cach am 13
9
N Bétang 125
Vita 13
SANVAN GO TRENBETONG ~ Van 90 19
Suon gb 38x50 | a365 | 53 57 [13]
19 Bén 13/bong khoang 25 b405 | 55 53 113]
y 9
& 150
13
19
- Bétong 50 220 46 68 [13]
o«
20| % Khang khi 135
G6 van 16
Vira 16
21 SAN PANEN [1 Vira 19 136 42 78 [13]
KHONG CO DEM DAN HO! Panen bétong 125
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e Khéi [Chisbcacham,dBf
Thur - 80 d6 ket cau tudng va san o Nguén
n 1 0 sxgem
o (Kich thudc theo mm) 719, | Khong Vacham, i iiu
kgim* | khi,CK| CV
SAN VAN O TREN PANEN BETONG CHU'Van go 25 :
Vira 38 315 47 68 | [13] .
|2 Panenbétong 180 o
Vita 19
Matithicin 13 )
” HOP Vita 13 270 45 79 | [13]
Panen bétong 150
Vira 13
Lindléum
Van gb 22
24 Suan gd 50x50 220 44 62 [13]
Panen bétong 180
Vita 93
Tam 1at vinyl
SAN CO TRAN TREO Betong 50
a) ) Thép goc lien két 10 a. 187 | 48 77 | (13
25 At el ) Théptreotrin 68 b.188 | 48 72 | 13
(2]
= // Ranh dem 19
Témthachcao 10
Via 13
SAN CO DEM CAT TREN BETONG  Tam sdi gdctng 4
% . ; Tamsoi gdmém 12,5 270 - 62" | |49
] Cat nhd 40
Tam bétong 90
,  SANCOTAMMUN CUA EP T&mman cua ép 45 3800 | 52 | 67+71 | [49]
: © TREN BETONG .- LR Wt S :
4 Cat nhé 30-50
27 o
S Tam bétong 100
;
i
SAN VAN GODEMSQIGOEP  yangh 37
TREN BETONG .
Suon go 40 270+300| 53 65 | [49]
By Hai I6p sqi gb ép mém 25
N
l Bétong 100




i T
. o Khéi |Chisdcacham,dB| |
Thu’\ So dd két cau tudng va san o Nguon
ng, 5
T (Kich thutéc theo mm) NG| Khong |Va cham ;i
e kg/m?* |khi,CK| CV
" SANVAN.GO PEM XODUATREN  Vangb 37
. BETONG Suan gb 40
29 ‘
5 Tém xa difa 20 270 53 64 | [49]
Bétong 100
: : . Gach lat 20
SAN GACH LAT DEM CAT TREN BETONG _, )
' ' ' - Tém bétang tron trdu 350+-380| 5152 | 66+68 | [49]
30 {y =700) 35
\ny
]
Cat nhd 50
Tam bétong 90
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Phuluc3 .
MOT SO CONG TRINH TREN THE GIGI VA VIET NAM
CcO AP DUNG TOT CAC GIAI PHAP AM HOC KIEN TRUC




PLA.1. NHA HAT LON OPERA SYDNEY (SYDNEY OPERA HOUSE)
Australia, 1973. Kts. Jorn Utzon

I

Xay dung trong 14 nam véi kinh phf 102 trigu USD. Phong Ion dung cho hoa nhac ¢6 sirc chira
2700 ché. Nha hat kich ¢ sic chira 1550 chd. Ngoai ra con cb cac phang nhd 650 chd va 420 chd
duing cho kich va nhac thinh phong. Céch t6 chitc chd ngdi phong hoa nhac tao dugc sy tigp xdc tot
gita thinh gia va di&n vién. Noi that phong héa nhac nhdm tao dugc mét truang am ¢ mic dong déu
va do khuéch tan cao trén khap chd ngoi thinh gia.
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PLA.2. PHONG THINH GIA LGN CUA DAl PHAT THANH
TRUYEN HINH NHAT BAN
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Dién tich 7780m?, thé tich 25.200m’, strc chita 3800 ché, thdi gian &m vang & tan s6 500Hz la
1,85 va thay ddi tr 2,1s (& 100Hz) dén 1,5s & 400Hz, (xem biéu dd kem theo). Hinh dang tran thiét ké
nhim tao dugc su phan bé déu am phan xa téi moi ché ngdi, con cac tudng bén dé tao trong phong
mot trudng am khuéch tan cao.
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PLA.3. NHA HAT - MUA HA LAN ,
(THE NETHERLANDS DANCE THEATRE) Ha Lan, 1984

Kts. Rem Koolhaas
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Phong hinh quat, nén déc thodi, stc chira 1001 chd. Trén tao bai hai canh budm kim loai dang
song, c6 I6p cach am & gitta. Tudng bén mdi phia ¢6 ba canh budm phéan xa 4m thanh béng gé dan
boc 1a-kim loai mau vang. Sy phdi hop mau sic cha gh& ngdi (xanh lam) va man san khau (mau
vang) cling véi chigu sang nhan tao gay duoc &n tudng tham my t6t.
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Ngi thdat nha hat - nuia Ha Lan
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PLA.4. TRUNG TAM GIAQ HUONG MORTON H.MEYERSON

(THE MORTON H MEYERSON SYMPHONY CENTRE)
Dallas. M§. Kts. Ieoh Ming Pei

= by

Phong c6 2066 chd, ding cho nhac giao hudng, doc tau, duoc danh gia 1a co chat lugng &m
thanh tuyét voi nhes & t6 chic khang gian linh hoat, hop ly. D8 thay ddi thei gian am thanh, da sit dung
mot hé thdng phong vang dat trén dinh phong thinhgid, co thé dong md bang.72 cirta batong (mdi
clra day 15cm nang 2,5t). Tran phan xa trén dan nhac c6 thé thay ddi do nghiéng, nang cao, ha thdp
& do cao 11m. Van dé cach am tir cac phong sinh hoat khac ciing dugc giai quyét rat tot.
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Néi that phong hoa nhac ciia trung tam giao hiong Morton H.Meyerson, My.
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PLA.5. PHONG HOA NHAC ROY THOMSON

(ROY THOMSON HALL) Toronto, Canada.
Kts. Arthur Erickson (company).
Thiét ké' am thanh: Bolt Beranek & Newman (My).

Hoan thanh ndm 1982, véi kinh phf 40 trigu USD. Cong trinh dugc coi 4 ¢d chat lugng am thanh
tuyét vai, dap (ng yau cau véi moi thé loai &m nhac. Mt bing hinh dvan dugc bign ddi bing mot loat
cot betong cong I6i nham tao phén xa khuéch tan am thanh vao phong. Tugng lan can.ban cong
cong 13i phan xa &m thanh vao c4c ch ngdi trén san. Thai gian am vang duoc didu chinh bing "tham
hat am" fam bang 2000 6ng len treo thanh ba vong gita phong, trong d6 hai vong ngoai nho va
phong It hon. Céc 6ng co thé nang 1én, ha xuéng béng thiét bi déc biét. Cac dra phan xa 4m thanh
trong sudt trén dan nhac dé hudng am phan xa vé thinh gia.
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Néi thdt phong hoa nhac Roy thomson, Canada.
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PLA 6. PHONG HOA NHAC QUOC GIA

(AUDITORIO NACIONAL DE MUSICA)
Madrid, Téy Ban Nha, 1982. Kts _]ose Maria Garcm de Peredes -
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Phong lon 2274 ché, phong nhé 619 ch. Giai phap khong gian hién dai va phong phu clia noi
thit tao dugc sy phan bd déu am thanh voi mot trudng am khugch tan cao trong phong, rét can thiet
d8 cam thu am nhac. Giai phap thiét k& co thé coi la mot hudng tim toi sang tao thanh cong trong su
két hop gitta kién tric va am hoc cho cac phong hoa nhac hién dai, ¢o st chira 1dn.
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PLA.7. PHONG HOA NHAC ('UA TRUNG TAM NGHE THUAT
TOKYO (TOKYO METROPOLITAN ART SPACE) 1990, Tokyo,

Nhat Ban. Kts. Ashihara. Th iét ké am thanh: Nagata Acoustic
Engineer & Associates

Phong lan 199 chd diing cho hoa nhac (Tsg = 2,1 - 2,38), phong nhd 841 chd cho opéra, kich, ba
16(Tsgo = 1,0 - 1,2s). Tran phong hoa nhac sl dung dé phan xa am thanh t6i thinh gid. Tuong bén,
phia bén sir dung cac eau kién phan chia dang chu ky dé tao trudng am khuéch tan trong phong,
ctng véi anh séng, mau sac da tao duoc mot khong gian hap dan va hai hoa.
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N¢i thdt phong hoa nhac ciia Trung tdm nghé thudt Tokyo, Nhdt Ban

354



PLA.8. PHONG HQP CHINH (MAIN MEETING HALL)

TRUNG TAM HOI NGHI QUOC GIA, HA NOL ‘
Thiét k&: GS. TS KTS Meinhhard Von Gerkan & KTS. Nikolau.g Goetze

N
priere—rY

o

ST BRI e ooseataes i

£
R

back ®syn

Mat bang va mdt cdt phong hop chinh 3770 ché ngoi.
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Anh néi that phong hop chinh nhin tir san khdu

Thé tich ~60.000m?, sttc chita- 3770 chd ngdi, thé tich riéng v = 16 m¥ ngudi, thai gian &m vang
Tosoa000 = 1,4 5. SU dung da nang: hoi nghj (chinh), ca, mda, nhac. Hé thdng dién thanh chinh st
dung 3 chudi loa (Line-array) dat phia trudc, canh miéng san khau va-3 chudi loa treo. gitta phong (bd
sung am thanh cho phdn khan gi& cudi phong), k&t hop cac loa dat trén tran dudi ban cong. Khong
gian dudi ban cong c6 thé dugc ngan bang tudng di dong tao thanh phéng 1000 chd ngéi, thé tich
5500 m®, thoi gian am vang T = 1s. Hoan thanh xay dyng nam 2006.
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