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BAI GIANG AM HQC KIEN TRUC

Muc dich:

+ Cung cap cho sinh vién nhimg kién thic co ban vé 4m thanh, sy hinh thanh
trudng am trong phong khan gia, tinh chit hit 4m va phan xa 4m cua cac bé mat vat lidu
& két cau, nhimng quy luat lan truyén ctia 4m thanh trong cong trinh & trong duong phd.

+ Trang bi cho sinh vién nhiing kién thtrc co ban dé thiét ké noi that 4m hoc
Phong khan gia dé dam bao chat luong 4m thanh trong phong.

+ Trang bi cho sinh vién nhiing hiéu biét vé tiéng 6n, quan hé giira tiéng on va

suc khde con nguoi dé gidi quyét cac bai toan vé cach am va chong on.



Chuong I: NHUNG KHAI NIEM CO BAN VE AM THANH - MOT SO TiNH
TOAN CO BAN
I. Ban chat vt Iy cia Am Thanh.
1. S6ng am:

V& mit vat Iy am thanh chinh 1& dao dong ciia song 4m trong mdi trudng dan hoi
sinh ra khi c6 cac vat thé dao dong duoc goi 1a ngudn am. Ban chit ciia ngudn 4m 14 kich
thich sy dao dong cua cac phan tir ké can n6 nén am thanh chi lan truyén trong méi truong
dan hoi. Méi trudng dan hoi ¢6 thé coi 1a nhimg méi truong lién tyc gdm nhiing phén tir lién
két chat ch& v6i nhau, luc binh thuong mbi phan tir 6 1 vi tri cin bang bén (moi trudng chat
khi, cht 16ng, chat ran 14 nhimg méi trudng dan hoi).

Trong qua trinh truyén am thi dao dong giam dan & tat han.

a. Phan loai phwong dao dong:
Tuy theo tinh chat ctia méi trudng dan hdi ma co thé xudt hién song doc hay song ngang.

- Séng doc: e—e—e—e—> phuong truyén. Xay ra khi cac phan tir dao dong song
song voi phuong truyén am. Xay ra trong mdi trudng chét long, khi.

- Song ngang : phuong truyén: Xay ra khi cac phéan tir dao
dong vuoéng gboc voi phuong truyén am. Xy ra trong moi trudng ran.

* Dang mit song: Mat song 1a miat chira nhitng diém (phén tir) ¢6 cing trang thai dao

dong tai mot thoi diém nao do6 _
/ \ Mait cau

- Song cau: Khi nguon sang 1a 1 diém

Séng cau
hay gap
Tia song
Phan b6 déu
trong khong

gian v

- Séng phang : Mat séng 14 nhitng mt phang // v6i nhau va vudng goc tia song. Khi

cach xa ngudn séng mot khoang cach ¢b dinh thi cac 16p mit séng xem nhu phing song song.

»
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\/ Tia mat song




- Soéng try khi nguén la mot dudong, mat song 1a mat tru

Mat song 1a
mat try

- S6ng udn: Lan truyén trong cac ban mong nhu két cau tuong

- Séng am duogc bi€u dien dudi dang

A

b. Cac dai lwgng dac trung caa song am la:
+ Tan s0: f (hz)

S6 dao dong ctia cac phan tir thyc hién trong mot 1gidy
Ky hiéu: f (hz) = %
Tai ngudn cam thy dugc nhitng 4m thanh c6 tan s6 tir 16 dén 20.000 hz. Nhitng 4m

thanh c6 f < 16hz goi 1a ha am. Tai nguén khong cam thu dugc. Nhitng 4m thanh c6 f >
20.000 hz goi 1a si€u am. Tai nguoi khong cam thu duge am thanh nay



+ Chu ky: T(s)
La s6 thoi gian tinh bang gidy dé hoan thanh 1dao dong

=

+ Budc song A (cm, m)

La khoang cach ngan nhat giita 2 diém c6 ciing pha
dao dong. |

Tai ngudi cam thy duge nhiing am thanh cé budc séng

A =1,7cm +20m

=

E_cr
f

Van tdc truyén song am: C(m/s). La dic trung
quan trong ctia qué trinh truyén 4m . Khi méi truong khac nhau thi toc do truyén am ciing
khac nhau.

Van tc truyén song am phu thudc vao méi trudng & dang ctia sdng 4m lan truyén
trong do .

Vi dy: ¢ t=0°C => Van téc truyén 4m trong khong khi 1a 330m/s. Trong nuéc C =
1440 m/s. Khi t = 20°C. Cygong kni = 343m/s

- Van tbc truyén am con phu thudc cAu trac cta vat lidu

Vi du: Cay dan

O

_/

chiéu ngang

chiéu dai

Chiéu dai

——————  => dat cong hudng tdt nhat
Chiéungang

2. Cac don vi co ban do 4m thanh theo hé thap phéan.

a. Cong suat cia nguon am P(W):
Cong suat ciia nguon am 1a tong so nang luong do ngudn birc xa vao khong gian
trong 1 don vi thoi gian



b. Ap suit Am: p[w/m’]

Khi séng am téi 1 médt nao do, do cac phan tir ctia moi truong dao dong tac dung 1én
d6 mot luc gay ra ap suat 4m. Ap suit ¢ ddy 1a 4p sudt du do song 4m giy ra ngoai ap suét
khi quyén. Ap sudt am duoc xac dinh theo cong thirc

P = p.C.v (d6i vdi song phing)
Trong do: p [kg/m’]. Mat d6 clia méi truong
C [mv/s]: Van tdc truyén am
v [m/s]: Vén téc dao dong ctia cac phan tir

Ap suit 4m 13 1 dai lugng bién thién theo thoi gian tai 1 diém bat ky nao d6 trong
truong am. Tuy vao thoi diém : (binén => P, bi kéo => Py, ). Trong tinh todn ta tinh
gia tri trung binh:

P
Ptb — ~max

V2

Trong pham vi 4m nghe duoc, 4p sudt 4m trong khoang 2.10* + 2.10% pbar

chénh léch 10° 1an. D6 1a pham vi rét rong
(1 bar = 10°N/m’ = 10° pbar)
c¢. Am tré ciia trweong am: p.C [kg/m’s]
plkg/m’ ]: Mat d6 méi truong
C[m/s]: Van tbc truyén 4m
d. Cudong do am: I[J/m’, W/m?]: La sb nang luong 4m trong binh di qua 1 don vi
dién tich dit vuéng goc v6i phuong truyén trong don vi thoi gian.
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I=pv= —
p.c

Trong khong gian hd (song am chay) con goi la khong gian tu do => cuong d§ am

giam ty 1€ nghich véi binh phuong khoang cach

I
.%Ir

I
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4nr?

Trong d6: I, 1a cuong d6 4m céch ngudn bang 1 khoang cachr .



e. Mat d¢ nang lugng am: E[J/m’].
La s6 nang lugng 4m chira trong 1 don vi thé tich cia méi truong. Trong séng am
chay (chi truyén di khong c6 phan xa trg lai) thi

2
ol
C SC

Mat do nang lugng am la mot dai lugng vo hudng va la 1 déc trung rat quan trong
trong truong 4m khi hudng cta song 4m da khong biét.
3. Cac don vi do am thanh theo thang logarit:

Trong pham vi &m thanh ma tai ngudi nghe dugc thi cac don vi trong hé thap phan
thay dbi trong pham vi rat 16n tir 10°.10" 1an. Vi vy ma tai ngudi va cac dung cu 4m hoc
rat kho phan biét, danh gi4 4m thanh. Mit khac sy thay di mot vai don vi do trong hé thap
phén thi tai nguoi khong cam nhan duoc. Vi vay trong am hoc ung dung nguoi ta thuong
ding thanh 16garit d& do 4m thanh.

a. Mirc cwong do am: L; (dB)

Cam gi4c nghe to cua tai nguoi dbi voi 1 4m khong ty 18 thuan véi cuong do clia 4m
d6. Khi cuong do am tir Iy =>I thi cam gidc nghe to tang ty 1€ véi lgIl . Néu goi I 14 cudong

0
do am dang xét & I, 1a cudng d6 4m cia ngudng nghe ctia 4m tiéu chuén thi:
L, = 10lg- (dB)
IO
Véi 4m tiéu chuén :Ip = 102 W/em?® va I;= 10 W/em?
. P?
b. Mikc ap suat am: Lp (dB). Tu 1= SC

Lp= 201gP3 (dB)

0
Véi Am tiéu chudn Py = 2.10° N/m?, P;_2.10 N/m?
¢. Milrc mat d¢ nang lwong am: Lg (dB)

Lp= 101gE£ (dB)

0
- Véi Am tiéu chuan: Ey=3.10"° J/m’ , Eg=3.10°)/m’
Mic 4m - Ngudng nghe: L;=0dB, Ly =0
- Nguong dau tai L; = 130 dB, L, = 140dB



- Mtrc am cuda 1 s6 ngudn thuong gap:

- Vuon yén tinh : 20 +30dB
- Tiéng ndi thim xi xdo (cach Im) :35dB

- Noi to :(60 ~ 70)dB
- Phong hoa nhac disco : 100dB

4. Pho am:

- Am thanh chi ¢6 1 tan s goi la am don. Trén thuc té chi co dung cu duy nhit 1a

thanh la.

- Phan 16n cac ngudn am trong thuc t€ 1a &m hon hop cua nhi€u &m véi nhiéu tan s

khéc nhau goi 1a phé am. Vi vay khi gidi bai toan vé am thanh can biét duoc dic tinh tan sd

cua am, no cho biét sy phan bo cua mirc 4p suat am theo tan so.

Pé thuén tién trong am hoc nguoi ta chia pham vi tan sb am nghe duoc thanh céac dai

tan sO

Mbi dai tan s6 dugc dic trung bang cac tan sd gidi han (f) 12 gidi han dudi, f; 1a gidi

han trén). Bé rong dai: Af=f; - f; va fy, = /f/f,

Dai loctave (Oc ta): tt:—z =2 (hay la 1 batd6 trong am nhac)

1

125 250 500 1000 2000 hz va 4000 hz

Thudng duge sir dung khi nghién ctru 4m hoc phong khan gia va trong chong on.

Dai 1/3 octave % =3/2, Dai nira dcta 1a % =\J2=14

1 1

125 160 + 200 250 320 + 400 500 1000 2000 hz
/ \
///’—\\

1 octave
1/3 octave
hz

125 250 500 1000

5. Po am thanh

a. Po bang vat ly sau do chuyén vé do cam giac fon cia tai nguoi ta dung mach chuyén doi

A,B,C,D



o
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M K

A: Mirc thap: 0 + 40dB

B: Muc trung binh: 41 = 70dB
C: Mtic cao: 71 =120 dB

D: Miic rat cao: > 120 dB

M: Micro phon

K: B khuyéch dai (ting am)

L : Bd loc tan so

TG: May tu ghi
MH : man hinh
PT
= - e
TG
K % )

May phén tich 4m thanh theo tan s6 c6 thé ghi lai trén bang tir hogc ghi lai trén man
hinh.
- Cac am thanh phat ra c6 am thanh on dinh va khong on dinh. Am thanh 6n dinh
mirc &m bién thién khong quéa 5 dB
Vidu: 125 hz (1 octave) => 63dB
250 hz =61 dB
500 hz =>59 dB
II. Cac dac trung sinh ly ciia am thanh
1. Pham vi Am nghe thiy
- V& tan s6: f= 16hz +20.000 hz
- V& muc ap suat am: L, = 0+ 120 dB
- Ngudng nghe: Gi6i han dau tién ma tai ngudi cam thu dugc 4m thanh.
- Ngudng chbi tai:
- Mtre am t6i thiéu d€ tai cam thu 20 + 30dB



2. Dg cao ciia am thanh: Phu thudc vao f: Xét dao dong cua 1 day dan

fo%\\\\\ /////Ea
260~ = ~b
g C

+ Khi dao trén toan chiéu dai, tan sé dao dong thép nhit, Am trim nhat got la am co
béan. Tan s f, goi la tan sb co ban, quyét dinh do cao cua Am thanh. Tén sd f, goi la tan sb
co ban, quyét dinh d6 cao ciia Am thanh. Tan s6 dao dong 21, 31, ... déu goi 1a boi sO cua tan

sO co ban, am cua chuong lag hoa am. Hoa am cang nhiéu, &m nghe cang du duong. Nhu

vay ta co:

+ f thap : 16 + 355hz

+ f trung binh : (356 + 1400) hz

+ f cao : (1401 =+ 20.000) hz
3. Am sic:

Am sic chi sdc thai cia am du duong hay thd kéch, thanh hay re, trong hay duc. Am
sdc phu thudc vao ciu tao cua song 4m diéu hoa. Cau tao cua song 4m diéu hoa phu thudc
$0 luong cac loai tan so, cuong do & su phan bd chung quanh am co ban

- Cuong d6 & mat do hoa am cho ta khai niém vé am séc khéc nhau.

+ Am diéu chi am cao hay thip, trin hay bong. Am diéu chu yéu phu thudc vao tan
sd clia &m: f cao => am cao, f thdp => 4m cang tram.

4. Mirc to, dg to:

Mt to, d§ to ctia 1 am la sitc manh cadm gidc do am thanh gay nén trong tai nguoi,

n6 phu thudc vao p & tan sb cua am. Tai ngudi nhay cam véi am c6 £=4000 hz & giam dan

déu 20 hz



a. Mirc to: F Don vi do: Fon

Cam giac to nho khi nghe am thanh ctia tai nguoi duge danh gid muc to & xac dinh
theo phuong phap so sanh giita 4m can do v6i am tiéu chuan.

D4i v6i 4m  tiéu chudn, mirc to ¢6 tri s6 bang mirc 4p sudt am (do dB). Mudn biét
mirc to cia 1 Am bét ky phai so sanh v6i 4m tiéu chuan

- V6i 4m tiéu chuan : Mt to & ngudng nghe 13 0 Fon ngudng chdi tai 1a 120 Fon.

- Cung 1 gié tri 4p sudt Am, 4m tan s6 cang cao => mirc to cang 16n.

Béng phuong phap thuc nghiém ngudi ta vé duoc ban d dong mirc to

140 | 4B Ngudng chdi tai 120 dB
—120

—100

—80

—60

Murc ap suat am

20 Ngudng nghe

20 hz
20 100 500 1000 5000 10.000

b. B¢ to: S: Pon vi Son

Khi so sanh am nay to hon am kia bao nhiéu lan ta dung khai ni¢m "dg to"

Do to 14 1 thudc tinh cia thinh giac, cho phép phan doan tinh chit manh yéu ctia 4m
thanh.

Mbi lién hé giita Son & Fon nhu sau:

S — 20,1(F-40)

Nhu vay néu muc to ctia 1 &m = 40F => d0 to cua &m d6 S =1 S6n

Khi mtrc to tang 10F thi db to ting gap 2
II1. Mot s6 tinh toan Am thanh

Bai Toén 1:

Tinh mirc 4m tai 1 diém cach nguon am 1 khoang r (m)
Lp LA
° °
\Ij I %

10



- Br
Lx=Lp+ 10IgF - 10lg Q - 20lgr - —>—
AR & g & 1000

Trong d6:  F: Hé s dinh hudng ctia ngudn 4m

Q: goc khdi birc xa ctia ngudn 1iy nhu sau:
Khi ngudn bic xa ca khong gian thi Q = 4n -Btc xa trén 1 mat phang thi Q =21, Buc xa
nam gan goc nhi dién thi Q =, tam dién Q = n/2

F: Hé sb co huéng. Trong thuc té ngudn 4m bic xa khong déu theo cac

2
h

hudng. Tinh c¢6 hudéng duge dic trung bang hé s6 c6 huéng F =

P h
B: hé s6 hut am cta khong khi tra bang
f ‘ 63| 125 250 500 1000 2000 4000 8000
B 4B
Km‘0|0,7|1,5|3|6|12|24|48

r (m): khoang cach tir nguon dén diém A

Lp: Cong suat nguén am

Bai Toan 2:
L A LB
° * ®
B
N I A
N
N ¥}

- Song cau (ngudn diem): Ly =1L, - 201gr—2(dB)

I

- Song tru (ngudn 4m dudng): Ly =1L, - IOIgI—2 (dB)
L

11



Bai Toan 3:
L=L,+AL

A

Trong do : + Li: Mlic am ctia ngudn dm 16n nhat

+ AL: S4 gia ctia ngudn am ,phu thudc vao hiéu sé L, va L,. tra bang

0 1 2 3 4 5 6 7 8 20

Vidul. NguonlcoL;= 70dB Nguon2coL,=71dB Nguon 3 coL;=69dB
Nguon 4 co L,=. 69dB

L' =71+2,5=73,5dB

Ly =73,5+1,5=75dB

L7 *=75+1=76dB

Ly™"=L,'+101gn dB

Vidu2:

L,=90 dB L, =85dB L;=88dB

Tinh X L

XL3=92+0,8

12



CHUONG 2: VAT LIEU & KHOANG CACH HUT AM
I. Hé s6 hit 4m
Ei=Egx + Ena

A - E s 1N A A 5 A
Neéu dat = E—f"=> goi 1a hé so phan xa am thanh

t

E. . A T A
E‘“‘ => goi 1a h€ so hut am
t

o=

Theo dinh luat bao toan nang lugng thi

a+p=1.Néup=0=>0=1=>vatliéu hut 4m hoan toan. Néu o =0=>p = 1
=> VL phan xa am hoan toan.

Vi Py : Ap suit do & khoang cach nhat dinh theo hudng nhit dinh

P : Ap suét am trung binh theo moi hudng & khoang cach do

> Em

g

Hé sb hat am 2 dic trung cho kha nang cua vat liéu va khoang cach hut 1 phﬁn
am thanh t&i. Dy chinh 13 ddc trung trong nhat cua vat liéu & khoang cach, né quyét
dinh sy hinh thanh truong dm

+Hé sb o phu thude vao goc t61 06 : Khi 0 =0=>a lén nhét, khi 6 = 90° => nho
nhit.

+ Hé s6 hut am phu thudc vao tan s6 cua am toi (f)

+Heé sd a phu thude vao tinh chét co 1y ctia vat liéu (trong luong riéng, do rong,
cAu trac)

+Hé sb o phu thudc vao thong s6 hoa hoc.
I1. Mt s6 vat liéu & khodng cach hiit Am
1. Vit liéu x0p hat Am
a. Céu tao: Gom vat liéu xdp rong, cac 16 rdng thong nhau & thong ra mit ngodi noi
sdng am dap vao. Céc khe réng dan vao nhau trong vt liéu, vach cta cac khe rdng bang

cdt liéu ctg hodc dan hoi
13



b. Nguyén tic lam viée: Khi song 4m véi nang lugng E, dap vao, khong khi trong cac
khe rong dao dong, niang lugng 4m mat di dé chdng lai tac dung ctia ma sat va tinh nhot
ctia khong khi dao dong gitra cac 16 réng. Mot phan ning lwong 4m xuyén qua vét liéu kha
nang hut am cua vat liéu Xép phu thudc vao do xép, chiéu day va strc can cua khong khi

* PO x6p cua vat liéu 1a dai luong khong thir nguyén

V cac 18 khi (khong ké 15 khi)
Vctia mau vt liéu

7
A

Do xop =

* Sirc can thoi khi (strc can khi thoi 1 dong khi qua mau VL)

r= AP N.S/cm*
vo
Trong d6:  AP: Hiéu s 4p suat trén 2 bé mit ctia mau VL (N/cm?)

v: Van toc dong khi thdi qua khe rdng (cm/s)

§: Chiéu day cua vat liéu (cm)

Néu r cang 16n, kha nang hiit am ctia vt 1ié cang nho.
* Chiéu day cua 16p vat liéu xp: &

Pé tranh chi phi thira khi b tri cdu tao 16p vat liéu xdp hat 4m ta phai xac dinh chiéu day &

kinh té, Khi r < 10 Ns/em” thi = 220
r
90
Khir> 10 NS/cm*=>8= "=
Jr

Néu vit liéu xOp dit truc tiép 1én bé mit phan xa ctng thi: 80 < &r < 160 NS/cm® dé hé s6
hat 4m 16n nhat.
Néu phia sau 16p vat liéu x6p c6 16p khong khi thi:
40 < 8r < 80 NS/cm*
Trong thyc té chiéu day & can thiét, ngudi ta da xac dinh cho sin & cac bang.

14



Chu y: Dai da s6 vat liéu xép hat tdt cac &m thanh 6 tan sd cao.
2. Cic tim dao ddng (cong huong) hiit Am:
+ Chu tao: gdbm 1 tim mong c6 thé bang gd dan bia, cattdng dit cd dinh trén hé suon gd.

Phia sau tim mong 1a khe khong khi.

1 2
/
o —4
o | o
3

1. TAm mong

2. Sudn gob

3. Mit cling

4. Khe khong khi
+ Nguyén tic lam viéc:

Khi séng am dap vao bé mit cua két cAu. Dudi tac dung bién thién cua ap suit m,
tam mong bi dao dong cudng biic, do d6 gy ra ton that ma sat trong ndi bo ban, ning lugng
4m bién thanh co ning va nhiét ning dé thing ndi ma sat khi tim mong dao dong.

Khi f séng am tbi = f dao dong ctia tim => xay ra hién tuong cong hudng va luc d6
kha nang hiit Am cua vat lidu 16n nhat.

Uu diém: Chu tao don gian, gon nhe bén lau, hop v¢ sinh. Chéng am va chéng cac
tac dong co hoc tot. Hong hoc dé sita chira.

Nhuogc diém: Chi hut 4m & tin sb thap.

3.Két cau hit Am bang vt liéu xop dit sau tim duc 16.
CAu tao: Phirc tap hon tam dao dong hut am gém 1 tim mong, trén c6 xé ranh hay duc 10.
Sau tim duc 16 ¢6 dan 1 16p vat liéu ma sat dé lam ting su mat méat nang luong 4m (16p ma
st co thé 1a 10p vai mong, vai thuy tinh). Gitra tim mong va 16p vat lidu xdp 1a 16p khong
khi.

15



4 5
T4m mong duc 15
L&p vai méng
Khe khong khi
Lop vat liéu xp

AN

Mat tuong cliing

Két cAu nay c6 kha nang lam viéc nhu tim dao dong hat 4m va d& diéu chinh dic
tinh tan s6 hat am. Kha ndng hat am cia két cAu phu thude vao s6 16 va dic tinh cua 18 duc
& trén tAm.

* Néu dién tich 18 duc 16n va sd 16 duc trén tim nhiéu => két cu lam viéc nhu tim vét
liéu xp hut 4m (T.e: TAm duc 16 khong ¢ anh hudng dén kha ning hut 4m cua két ciu.

* Néu dién tich 16 duc nho va s6 16 dyc it => két ciu lam viéc nhu tim dao dong hit
am . Néu thay d6i dién tich 16 duc, chidu day vat liéu, khe hé khong khi thi kha ning hat 4m
ctia két cAu sé thay ddi. Nhu vay muén két cdu hut 4m & tin s6 cao thi dién tich 16 duc
chiém < 15% thi két cau hut 4m & tan s6 thap.

Uu diém: D& diéu chinh kha ning hut m.

Nhuoc diém: Cau tao phuc tap
4. L6 cong hudng hit Am

Céu tao: N6 1a thé tich khong khi kin

boi cdc mat tuong cing va thong vdoi bén

ngoai qua 1 cai c6 dai. Cau tao c6 2 phan

+ Lo: Dong vai tro nhu dém khong
khi dé cho phan khong khi chd c6 dao dong

d& dang co thé hinh tron, vudng, da giac. /
+ Cb 13: C6 chidu dai nhét dinh, -

khong khi trong bung 16 thong véi khong khi trong phong qua miéng 1.
Khi A cia séng am t&i 16n hon 3 kich thudc cua 16 thi khong khi trong 16 co tac
dung nhu 1 10 xo dan héi. Cot khong khi trong ¢6 nhu 1 pit tong khéi lwong m. Dudi tac

16



dung cua séng am téi, cot khong khi trong cd dao dong lui t6i nhu 1 pit tong, khong khi
trong 16 vi khong thoat ra dugc va thé tich 156 16n hon ¢6 nhiéu nén né c6 tac dung nhu
mot dém dan hoi lam cho ning luong am mét di dé bién thanh co ning va nhiét ning
thing ndi ma sat khi khong khi trong ¢ dao dong. Khi tan sb am t6i = f dao dong riéng
cta 15 thi hirnj twong cong hudng xay ra => kha ning hit 4m cua 16 16n nhat. Cac 15
cong huong thé nay duoc dung tir 1au trong kién trac dé ting cudng am vang trong cic
nha tho cd.

Ap dung nguyén tic hat Am nay nguoi ta ché tao cic nanen cong huong. Mi mot
16 va thé tich khong khi phia sau dugc coi nhu 1 16 cong hudng. Két cau nay hat 4m
manh nhit & nhimg tan s6 nhét dinh.
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1. Tam duc 15

2. Lép vai

3. Khe khong khi

Uu diém: Két ciu nay co6 hé s6 hut 4m cao ré tién dé ché tao.

Nhuoe diém: Pic tinh tan s hut 4m khong déu
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(tAim duc162)  1(vai mong)

NN

7 v

Pé nhan dugc hé sd hut 4m cao va déu trong dai rong tan sd ngudi ta lam két cau
cong hudng bang nhiéu 16p duc 15 dit song song véi nhau (két cau hit 4m kiéu nay duoc thi
cong & cung van hoa va khoa hoc Vacsava (Ba Lan)

5. Két cAu hit Am don:

La nhiing két cAu dugc ché tao dic biét dudi dang tam 1o, co dang hinh cau .... Hiéu
quéa hit 4m cua két cdu nay duoc ting 1én khi kich thude cia ching < hodc gan bang budc
song A clia song 4m t6i nén goi 1a két cau hut 4m nhicu xa. Khi nghién ciru ciu tao cia
chom hut am ta théy: Vo6 lam béng tam kim loai, trong dat vat li¢u xép voi o = 12,5 + 25
mm va thudng duoc treo & nhimng do cao khac nhau trén nhitng ngudn on.

1. Ban duc 15

1. Banduyc 16

2. Lop vat liéu xp
3. Lo xo dé treo
Cha y: Nguoi va cac d6 gd trong phong, cac dung cu trong nha déu 1 nhimng két cau hut am

don.

18



Chuong 3: AM HOC PHONG KHAN GIA
I. Yéu ciu chit lwgng 4m hoc d6i v6i phong khan gia.
1.Dinh nghia:

Phong khén gia 1a mot phong kin, c6 the tich tuong doi 16n, bi giéi han bai cac bé
mit tudng co tinh chat di biét. Co thé dung lam hoi truong, giang dudng, biéu dién ca
nhac, kich n6i va c6 thé hoa nhac ... V4i hai chirc ning nghe va xem. Vé mat vét 1y ¢o
thé coi phong khan gia 1a he thng khong nhitng chiu sy kich thich cua ngudn 4m ma
con thuc hien nhung giao dong rieng ngay ca sau khi nguon am da tat.

2. Phan loai:

a.Theo dic diém ciia 4m thanh:

+ Phong nghe truc tiép

+ Phong nghe qua hé thong dién thanh (HTDT)
+ Phong nghe truc tiép + HTDT

b. Theo dic diém ciia ngudn Am:

+ Nghe tiéng néi: RS hay khong ro

+ Nghe am nhac: Hay hoac khong hay

+ Nghe tiéng néi + 4m nhac: R + hay.

3. Panh gia chit lwong Am hoc cia phong khan gia

a.Danh gia chat luong am hoc theo chu quan:
Rét phirc tap nén chia phong khan gia theo chirc ning ciia phong theo 2 loai:
* Loai nghe tiéng noi: La cha yéu hoi truong, giang duong ¢ day chit lwong am hoc ciia
phong dugc danh gid qua do ro. Phong dugc coi 1a do rd tdt khi tiéng néi hiéu duogc dé
dang: Nguoi néi khong bi gidn sirc, ngudi nghe khong bi cang thang. Do rd phu thudc
vao nhiéu yéu t:

+ Pic diém cta phong.

+ Pic diém cta 4m phat ra

+ Su chu y cua ngudi nghe.

Pé xac dinh d6 1& nguoi ta ding phuong phap thuc nghiém: chon 100 dm tiét vo

nghia, roi rac, doc 1én ¢ san khau, nguoi nghe ngdi o tat ca cac vi tri trong phong, ghi lai

cac am minh nghe dugc (goi 1a do rd am tiét)
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S6 am tiét nghe dudc

Do rd am tiét A = x 100%

Séam tiét doc
A > 85% : Phong c6 do 13 rat tt — Do rd cau 97%
A =(75+84) % : Phong c6 do 15 Tt — DO rd cau 95%
A=65+74%: bat — D0 rd cau 90%
A <65 % — Khong dat.

* Loai phong nghe am nhac: Nghe hay va tao duoc cam xuc. Viéc danh gia rat
kho khan vi né phu thudc vao nhiéu yéu té chi quan cua ngudi nghe vao ndi dung va
trinh d6 biéu dién ctia dan nhac. Vi vy mudn danh gia chat luong am hoc ngudi ta dya
vao 3 chi tiéu:

+ Tinh phong phu cua am thanh trong phong

+ Am thanh phat ra rd rang va am sac khong doi

+ Su can béng am vang cia cac nhom nhac cu tai moi chd ngéi trong
phong.

Viéc danh gia chu quan cho phép 1ét luan duoc chat luong am hoc cta phong
nhung khong tim ra phuong phap thiét ké 1 phong c6 chat luong am hoc t6t.
a.Panh gia chat lwong 4m hoc ciia phong khan gia theo khach quan:

C6 nhiéu yéu tot anh huong dén chat luong am hoc ctia phong khan gia nhu kich
thude, hinh dang ctia phong, cac giai phap két cau, cach gia cong cac bé mat trong phong
v.v... Mot phong c6 chat luong am hoc tot néu thod man céc yéu cau sau:

+ C6 du nang lugng 4m trén moi chd ngdi cuia khan gia (moi chd ngdi c6 do 15 tot)

+ Am vang ctia phong phai phu hop v6i moi kich thude ctia phong va chirc ning
cua phong .

+ Tao dugc truong am thanh hoan toan khuyét tan, tranh dugc cac hoat dong sdu
(tiéng doi, hoi ty 4m...)

+ C6 mdt cau tric thich hop vé thoi gian ciing nhu mutc 4m giira 4m truc tiép va
am phan xa.

Tom lai: Chat lwong 4m hoc ctia phong khan gia duoc danh gia:
a.bo ro
b.Do6 khoach tan ciia trudng am: phu thudce vao kha ning phan xa khuyét tan 4m

thanh cac bé mit trong phong.
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Mot phong duogc coi 1a co do khuéceh tan 1y tuong khi tai cac diém trong phong do

am thanh dén tir moi hudng vai tan suat va cuong do nhu nhau.

Thoi gian am vang thich hop.

- Thé tich phong
T(s) - Chirc nang phong

C6 3 co s6 1y thuyét dé nghién ciru trudong 4m
- Ly thuyét song: Cho phép giai thich chinh
xac ban chat vat 1y ciia cac qua trinh am
thanh x4y ra trong phong. Tuy nhién qua
trinh nay phic tap va kong kénh.
- Ly thuyét thong ké: Cho phép 1y tudng

80

20

Lp(dB)

AN

\

hoa cac qua trinh vat 1y xay ra trong phong va coi nang luong am & 1 diém trong

phong bang tong ning luong ciia cac 4m phan xa tdi cac diém d6 va bo qua tinh chat

song cua am thanh.

- Ly thuyét 4m hinh hoc: Theo 1y thuyét nay truong 4m dwoc xét dudi dang tong

cong cua cac tia 4m (song 4m thay bang cic tia 4m). Cac tia 4m dung theo quy luat

quang hinh hoc cho phép xac dinh diém téi ciia 4m trén cac bé mit ciia phong.

II. Thiét ké Am hoc theo nguyén 1y 4m hinh hoc.

1. Nguyén ly am hinh hgc:

Khi 4m thanh téi mot bé mit co kich thude la a — xdy ra cac hién tugng sau day:

+Khia>> A (1,5 +2) lan thi xdy ra hién tugng phan xa dinh huéng.Pay 1a hién

tuong tot trong truong 4m Nguoi ta loi dung hién tuong nay dé thiét ké cac phan xa am

bd sung cho cac diém xa ngudn am.

21



+ Khi a = A — Xay ra hién tugng phan xa
khuéch tan. Pay ciling 13 hién tugng tét trong truong am.

+ Khi a << A — Xdy ra hién tuong nhiéu Q
xa am thanh. D4y 1a hién twong xau trong truong 4m — loai bo. Q

Nguyén ly am hinh hoc chi dugc ap dung khi a >>A.

a. Thiét ké bé mit phan xa am.

Lg"< 70 dB
L,">70dB

mef

N

* Piéu kién dé thiét ké 4m hinh hoc khi kich thudc cac bé mit a >> A

Amax = 17m

(0]
Phél} xa dinh hudéng ‘
=20+ 20.000hz khuéch tan tir mat cong 16i
/I = £ . s
S
Vidu: C6 2 am téi mat ph'fmg Bé mat

¢o kich thudce 3m; f; =100 hz;

B
o

f, = 1000 hz.Tinh xem 4m nao c6 thé phan xa dugc 3m

\ J
D6i v6i am £, = 100 hz;

Tinh budc song A=3,4m

340
=——=34m.
A 100 a a

— Khong c6 phan xa vi budc song ciia am tdi > beé mat (3m)
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2 =2 0 34m
1000

Am f, = 1000 hz méi c¢6 phan xa
* Tai nhitng vi tri xa ngudn am, do rd thudng bi giam do cac nguyén nhan sau:

+ Sy hiit Am cua bé mit.

+ SO phan tir mdi truong ngay cang ting 1én nang lugng Am chia nho trong qué
trinh lan truyén. Pé khic phuc hién tugng nay can thiét ké nhting bé mat phan xa am &
tuong bén, & tran. dac biét 1a phﬁn tran, tuong bén gﬁn bé mit phan xa san khau, kich

thudce 5 + 6m.

Xa san khau c6 thé nho hon 2 + 3m. Bé mat phan xa nén léy du ra 0,5m vé mdi phia.
b. Ap dung nguyén Iy Am hinh hoc dé thiét ké hinh dang phong.
+ Hinh dang phong:

+ Hinh dang phong t5t néu phong tao dugc sy phan bd déu dan nang luong am co

da ning luong phan xa dé nghe rd.
+ D6i mit bang hinh chit nhat: Am thanh
phan bé twong dbi déu din .Ty 1é mat bang
Rong / Dai = 3+5 N<
* Khu vyc tring khong phan xa & phia trudc /

nho nhit.

. ) Mt bang hinh chit nhat
* Khi chiéu rong phong 16n cau truc am tryuc hinh -1

tiép va 4m phan xa & chd ngdi phia trudc
khong t6t,dé tao thanh tiéng doi.
+ Mit bang hinh thang:

(H.2)

* Khu vye ngdi nam ngoai goc nhin

0 phia san khau tuong doi nhiéu, ¢ day tan

s6 am cao yéu, phong khan gia 16n khu vuc Hinh 2

nay cang rong.
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* Két cau va thi cong hinh chir

nhat don gian. Nén mat béng hinh chir nhat
ap dung cho quy mo phong vira va nho.
Pé khic phuc goc nhin ngoai goc 45°

trude san khau, rat ngan cu ly phan xa ,thu ong cai

tién mat bﬁng hinh chir nhat thanh mat béng
hinh qua chuéng

+ Mt bing hinh quat:

Hi¢u qua am thanh cta loai mat bﬁng
nay phu thudc vao goc ¢ tao thanh
gifta tuong bén voi truc doc cuia phong.

Goc ¢ cang 16n ving tring khong

cO phan xa phia trudc cang 16n

goc ¢ <22° tt nhat ¢ = 10°, —

* Loai mit bang nay tuong sau twong ddi /
rong. Dé tranh don diéu, kién tric thudng —> -
xur 1y cong, khi d6 chu y dat tim cong nam \\

xa sau san khau dé tranh tiéu diém am
hoic tiéng doi roi trén san khiu , ¢ thé xur Hinh 5
1y khuéch tan 4m trén mat tuong nay.

* Pic diém ndi bat cta loai mat bang nay 1a dam bao goc nhin ndm ngang tdt.
Loai mit bang nay chira nhiéu khan gia nhitng chd ngdi 1éch tuong ddi nhiéu.
- Do d6 goc 1éch ¢ nén thi cong phuc tap.
- Tt vu diém vé nhin va nghe, mit bang nay thudng ap dung cho nha hat 16n va vira.
Goc ¢ cang 16n cang chira nhidu khan gia nhung chéat luong vé 4m kém. Pé khic phuc
thiéu sot nay thuong xir Iy khuéch tan trén 2 mat tuong trén. (H.3)

+ Mit bang hinh luc giac:(H.5)

La mit bang cai tién tir mat bang M\

hinh quat cat bo goc 1éch sau. S

Truong 4m tuong dbi déu, ting cang duoc

muc am cho khu vue ngoi gitra. ’\/

(H.5) Nira tuong bén phia sau ngan. Hinh 6

(H.6) Nira tuong bén phia sau dai
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* So v6i mat bang hinh quat cung thé tich, mit bang nay boé dugc nhiéu chd ngdi
1éch, két cau thi cong phirc tap.

* La loai mat bang co truong am tuong ddi déu. Thich hop v&i phong hoa nhac. Ddi
v&i nha hat thich hop cho loai vira va nho.

+ Mit bang hinh bau duc: (H.7)

* Do tuong cong nén am phan xa men theo

tuong, tao thanh tiéu diém am, 4m khong déu.
* Loai hinh nay phd bién cho nha hat ngoai
nha (nhat 1 nha hat c¢6 dién). Bé khic phuc
thiéu sot nay nguoi ta tao thanh nhing 16 Hinh 7
xung quanh tudng, tuong ngan va lan can cia cac 1 thiét ké nhimg phu diéu 16n hodc
xur 1y thanh nhitng mit cong 16i khuéch tan am.
* So vo1 mat bi‘mg hinh quat loai nay c6 uu diém 1én vé nhin, khong c6 chd léch va
xa. Toan bo chd ngdi déu co goc nhin tot.
* Do wu diém vé nhin va phong cach kién trac doc dao nén nhiéu ngudi thich ding.
* C6 thé xir Iy nita trudc tuong bén thang va thiét ké cot duong kinh 16n (50cm) tao
thanh 16i di doc tuong sau dé tang do khuéch tan am.
2. Tranh céc hién twong x4u vé 4m hoc: 0
a. Hién tuong tiéng doi: Am truc tiép

va am phan xa dén tai nguoi c6 nhitng khoang

chénh léch vé thoi gian nhét dinh.

Néu khoang chénh léch vé thoi gian

nay nho hon khong gidi han thi tiéng noi
dugc tang cuong thém va do rd tang thém.
Néu khoang chénh 1éch d6 16n hon khoéng
gidi han thi s€ tao thanh nhiing

tiéng doi dan dén chat lugng am hoc cua
phong xau di. Khoang gidi han phu thudc

vao muc dich st dung phong va dang cua

song am. Vi du: D61 véi tieng noi 1a S0ms,

Lo . Mit bang
Poi voi am nhac 1a 100 + 200ms.

* C6 thé nhan biét nhitng yéu t6 gay ra \\

hién tuong tiéng doi:
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+ Nhitng ving danh dau trén mat cat va mat
bang c6 thé sinh ra hién tuong tiéng doi.
+Tiéng doi do hai mat tuong song song c6 kha ning phan xa cao,séng am s& phan xa
trung 1ap. Vi thé nén thiét ké 2 mat tudng bén léch nhau mét it (chi can goc nghiéng 1a 5°

nén xu ly am khuéch tan trén hai mat tuong nay.

+ Tudng sau dé gay tiéng doi. M
+ Mit tuong sau thang 16n — dé khoi

don diéu ta xir Iy cong dé tao tiéu diém

A

am.

Dé tranh tiéu diém am, tAm cong
phai & sau san khau va nén xir 1y khuéch tan.
(Hinh 9) Hinh 8
Dé tranh hién tuong tiéng doi phai
thiét ké phan xa 4m thanh thod man diéu kién:
- NA+17>NO +OA
- Dbat vat licu hut am ¢ ¢

- Ha tran
- Chia nh6 bé mit
b. Hién tuwgng hgi tu Am thanh:
Hién tuong am thanh sau khi thuc
hién qué trinh phéan xa trén nhitng bé mat

cong 1dm c6 ban kinh 16n hudng ve

phia ngudn am. Tai ti€u diém am c6 cuong do rat 1on
lam cho truong am phéan bo khong déu, am nghe

gian doan, mo ho. Mat cong 10m trén tran nguy a

hiém nhét khi ban kinh cong bang chiéu cao

ctia phong, lac d6 tiéu diém am roi ding

vao ving chd ngdi ciia khan gia. Néu r > 2h i ¢
thi tiéu diém am it nguy hiém.

D¢ tranh ti€u diém am ta chu y:
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r/2

h=2r

h=

F S

W/ 5

Rét xAu Dat Hoi tu Dat
- Khong thiét ké bé mit cong 1dm ¢6 r 16n hudng vé phia ngudn am.
- Chia nh6 bé mit cong 16m thanh bo cong 16i.
- Tang ban kinh cong r > 2h hodc r < g
c. Am di men phong:

Do tudng cong 10m nén am phan xa thuong di

men tudng, lam tudng am khong déu.

III. Thiét ké tao twong Am khuéch tan:

1. Anh huéng cia truong Am khuéch tan dén
chat lwong am thanh. Truong am khuéch tan c6 anh huong rat 16n dén chit lugng am
thanh trong phong. D6 khuéch tan cang cao thi am thanh nghe cang sinh dong va hap
dan. Truong 4m khuéch tan co y nghia:

- Tao ra d6 dong déu 16n vé mirc 4m & cac chd ngoi.

- Trudng 4m khuéch tén tao su ting gidm muc am tai cac chd ngdi twong d6i déu

dan, khong c6 tang va giam manh.

- Lam cho 4m thanh trong phong tré thanh du dwong, 4m cing.

2. Yéu cau vé trwong am khuéch tan:

Phong dugc coi 1a c¢6 do khuéch tan cao, néu tai moi vi tri cia phong ap suit am gan
nhu nhau: Ly=Lg=Lc — déng déu mirc Am.

* Tai 1 vi tri am phan xa dén tir nhiéu hudng véi xac sudt nhu nhau va 4m no tiép
nhanh sau am kia.

* Yéu cau khac nhau doi véi phong khéan gia c6 chirc nang khéac nhau.

. L . 7979
* Y&u cau cao nhat vé kha nang khuéch tan 1a phong hoa nhac.
* O phong nghe tiéng n6i yéu cau thap hon. 76 78 78
76 80

* Pé xac dinh tinh khuéch tan cua nguén

76 78 77

Phan bo ém‘thaflh 7776
trong 1 nha tho

am — Do murc am & cac vi tri khac nhau
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3.Cac bién Phap tao truong Am khuéch tan:
a. Phan chia cac bé mit theo cu tao chu ky.
Céc yéu tb hinh try, ling tru khuéch tan 4m tin sd trung va cao ¢ hiéu qua tot .

+ Cac yéu td goc vudng khuéch tan 4m tan sb thap tot. Khuéch tan 4m trong dai
tan s6 rong s& ¢ hiéu qua t6t khi cac yéu t6 ndy trén cac bé mit tudng va tran > 2m
va sau hon mdt vai cm.

+ Tao ra nhitng bé mit trong phong c6 kich thudc xap xi bude séng ciia song 4m
axA.

Dbi voi am hoc phong f= 100~ 400 hz — A =1,36 + 3,4

+ Khi chon kich thudc ciia bé mat phan chia néu 1dy nho quéa (duéi vai chuc cm)
thi khong c6 y nghia trong viéc tao trudng 4m khuéch tan.

+ Kich thuéc a, B, d 1ay theo biéu do.

+ Kich thudc bé mit thay doi theo 2 chiéu khong gian, 3 chiéu khong gian.

— Hut am o 16n

Phan xa am o, nho

b. B6 tri vat liéu hut am: B tri vat liéu c6 hé s6 Am khéac nhau trén cac bé mat
luan phién. Thong thuong la cac tuong bén hoac cdc mang phan tan trong phong.
Trong mot phong thi viéc bd tri vat liéu hat 4m rai rac khuéch tan 4m thanh tot
hon viée bé tri vat liéu hat Am tap trung.
I. Thiét ké phong khan gia theo thoi gian 4m vang:
1. Am vang: Hién tugng 4m thanh con ngan dai khi nguon 4m ngimg tac dung goi
la &m vang.
Theo quan diém song (4m vat 1y) thi 4m vang 14 qua trinh tit din cta nhing dao
dong con du cuiia cac phan tir khong khi trong phong khi ngudén 4m ngimg tac dung.
Qué trinh nay 1 tong hop vo sé nhitng dao dong tu do cua cac phan tir khong khi

trong phong.
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2.Thoi gian Am vang: T(s). A
fh <A A < . 7
Xét viéc bo sung nang lugng am ‘
& & diém A trong phong. Khi S
ngudn am S phat ra & A nhan dugc '

am truc tiep SA va nang luong am
0 A bat dau tang 1én theo thoi gian khi nd nhan cac phan xa am 1y <rp <r1g3...

Dén mot lic nao d6 ngudn 4m van phat
E(J/m3)

— T =0 —10¢

Fa

ra am thanh nhung nang luong am E |

0 A khong tang nita — dat dugc su

S Lo A *
can bang: E, = const. Néu tat nguon E

am lac nay thi am truc tiép tat trude, T (s)
sau dén cac Am phan xa — ning luong
am & A giam. Qua trinh thu nhan 4m thanh

: . Lp(dB)
trong phong chia lam 3 giai doan: L,

+Giai doan 1: Giai doan tang nang luong

06dB

am do nang lugng am duoc bd sung L*

lién tiép tir cac phan xa xay ra nhanh. T t(s)

+Giai doan 2: Giai doan nang lugng am
trong phong dat trang thai on dinh.

+Giai doan 3: Giai doan nang lugng am bi gidm di (xay ra chdm hon lac tang).
Pinh nghia: Thoi gian Am vang 14 thoi gian can thiét dé mat do niang luong 4m giam
di 10° 14n hay mirc ning lurong 4m giam di 60dB so vdi tri s6 6n dinh trong qua trinh
tat dan tu do ctia n6 khi ngudn 4m nging tac dung.

Y nghia:

+ V& mit vat Iy: T cho biét toc do tit ciia am thanh trong phong.

+ V& mit cam gidc nghe am: T ngdn — nghe 15 nhitng 4m thanh kho khan, khong
t6t cho phong nghe 4m nhac. Néu T dai thi mtrc d che 14p 16n 4m thanh nghe khong
13, nhung 4m nghe 4m va du duong. Rét tt cho phong nghe 4m nhac nhung khong
t6t cho phong tiéng néi. Pay 1a 1 yéu td quan trong dé danh gia chat lugng 4m thanh
trong phong.

2. Céc yéu td anh hwéng dén T: Co nhiéu yéu t6 anh hudng dén thoi gian 4m vang:
a. Hinh dang, thé tich cua phong V(m?).

b. Pic diém hat 4m cua phong:
29



0 Su bd tri vat liéu hat Am
0 Luong hiit &m cua phong A(m’)
Tan sb ctia Am thanh.

Chtrc ang cua phong.

w o o

Cong thirc xac dinh thoi gian Am vang:

®

Cong thurc cua Sabin:

Tac gia dwa vao hai gia thiét dé thanh lap phat trién 4m vang.
+ O trong phong, 4m thanh phat ra cho dén lac dat dugc trang thai 6n dinh, ning
luong 4m thanh & moi diém trong phong déu nhu nhau (truong 4m khuyét tan)

+ Sau khi ngudn 4m ngimg phat ning luong am tit dan déu dan (trudong Am hoan

toan khuyét tan)
0,16V 0,161V
T== == (s).
< ©® S (s)
Khi V tang — T tang
le Op, =
e’ Khi A giam — T ting
Voi V (m): Thé tich ctia phong
A (m’): Luong hat am cta phong
b. Cong thirc cua Eyring: o > 0,2
0,16V
=2 (s)
~Sin(l-a,)
Trong do:

a. S: Tong dién tich cac mit bang trong phong khi phong c6 V > 2000m’
va tan s cao thi phai ké thém luong hut 4m cta k>
0,16
A+4mv

~ 0,16V
_Sin(l—2eb)+4mv @

khi d6: 7 = (1)

va

Trong do:
* m 1a hé s6 hut 4am cua k%
A = A cb dinh + A thay ddi + A phy

* A: Toéng luong hat 4m
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* Acp: Luong hit 4m cd dinh (tran, tudng...)

ACB = iai.si [ le]
=1

* Arp: Luong hut 4m thay d6i trong phong

Arp=a,.N,+a,.N,

b.
C.

d.

a,: Luong hat am cua mot nguodi ngdi
Ny: s0 ngudi c6 mat trong phong

a,: Luong hut 4m cua mot ghé.

e. Ng: SO gheé khong c6 ngudi ngoi.

=

Apny: Luong hiit am phu do ¢6 khe h¢ ¢ cac 16 dén va do sy dao dong

cua két cau.

* Khi str dung phuong trinh 4m vang ta can chil y vé khong gian ngau hop. Do 1a

nhitng khon ggian thong sudt nhau nhung d6 16n khac nhau va chirc ning am hoc ciing

khac nhau va n6i v6i nhau bang mot ctra 1on.

- Trong khong gian ngiu hop do thé tich, vat liéu cua cac khong gian khong

giong nhau — nén phai tinh riéng.

+ Pbi v6i phong khan gia va san khau khi tinh thoi gian 4m vang cho phong khan

gia lay hé so hut &m cua miéng san khau thay thé cho su ton tai ciia san khau.

+ Dbi véi khong gian chinh ciia phong khan gia voi khong gian dudi ban cong thi

Néu b > 2h ta phai phan thanh hai khong gian riéng biét va ldy hé s6 hit Am ctia miéng

ban cong thay cho sy ton tai ctia ban cong. Néu b< 2h thi coi nhu mét khong gian dé

tinh

5. Thoi gian 4m vang t6i wu: Ty, (1)

a. Thoi gian am vang (T) c6 y nghia:
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- Cho biét toc d tat cia 4m thanh trong phong.
- La dai lugng vat 1y co thé tinh toan duoc, c6 mdi lién hé voi cac thong s6 V, A
cua phong
- Gitp cho viéc camr nhén, dnh gia chit lugng 4m thanh phong. \
Néu T ngin qua — am thanh nho
Néu T dai qua — 4m kém 15
Nhu vay sé tdn tai mot chir s6 T sao cho dd rd khong bi gidam ma am nghe
van du duong. mit khac tri s6 d6 ciing khong gidng nhau dbi véi ting loai phong

va V cug ch'ino
CLAT d6 du duong

Tw T(s)

Ty, phu thude vao nhiéu yéu td:

+Phuy thudc vao V (m?) cua phong.

+Phu thudc vao chure nang cia phong.

+Phu thudc vao tan sb ciia 4m thanh.

b. Theo cong thirc kinh nghiém cia Clavil.
T =K.lg.V

trong d6: k 1a hé s6 phu thudc vao chirc ning ctia phong.

TmS 00

2,2

2 1

1.8 2 1. Nhac gia dudng
1:6 1 3 2. Hoanhac

1,4 1 3. Kich

1,2 1 / 4. Amnhac

1 - ” 5. Chiéu phim

0,8 1 6 6. Giang duong

=
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- Phong ca nhac k = 0,41

- Phong kich n6i k = 0,36

- Phong chiéu phim, gd k = 0,29
hay tra Ty " béng biéu do.

* Tinh T\, = R. Ty

Chuy:

Khi V > 2000 m’ téc do tit phu thuc vao V khong dang ké.Theo kinh nghiém ta
léy tri s6 Ty, = 1,48s (nhac hién dai); T,= 1,54s (nhac ) dién); Tw = 2,07s (Iang man

tru tinh); Ty, =1,7 (chung cho tat ca céc loai am nhac); V<300 m — Tw=1s

0,8

100 500 1000 2000

Vi R hiéu chinh theo biéu do
Néu f>500hz —» R = 1
Pbi v6i phong V nho 14y ving gach chéo dudi. Néu phong V 10n thi lay ving
gach chéo trén hay xac dinh R theo bang
f(hz) | 125 | 500 | 1000 | 2000
R 1,4 | 1,1 1 1

6. Thiét ké phong dam bao 4m vang.
a. Yéu ciu can thiét ké: T,'=T', £ 10%
+ Pdi voi phong khan gai yéu cau chét luong cao thi tinh cho 6 giai tin s:
125, 250, 500, 1000,... 4000
+ Dbi voi phong khan gia yéu cau chat lugng trung binh thi tinh cho 3 giai
tAn s6 T'25, TS0 2000

+ Pdi v6i phong nghe tiéng né6i — Ty, < 500hz
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Ttn

W

125 500 1000 2000

-10% +10%

Khi lwong khan gai trong phong thay d6i thi lugng hat am thanh trong
phong ciing thay d6i theo tir d6 1am thay ddi thoi gian 4m vang cua phong — ngudi
ta phai tinh cac mutrc chtra thong dung nhat (100% va 75%).

+ Pdi v6i cac phong yéu cau chat luong cao, nguoi ta cd ging giam thay
d6i luong hit 4m bang cach sir dung cac ghé co hé s6 hat am gan bang cua nguoi

¢.Céc budce thiét ké.

Bude 1:
+ Xéc dinh thoi gian T, " cdn ¢t vao khdi tich va chire nig ctia phong
+ Xéc dinh thoi gian: = R.T,> "
+ Lap biéu do: Ty’ + 10%
Budc 2:
+ Xac dinh hé s6 hut 4m trung binh(ay)theo cac tin sé khac nhau
ln(l -a, ) = (;’;{65 —>a,
Budce 3: + Tinh lugng hat am cua phong

Xac dinh: 4/, =4’ -4,=4/,=a,N,+Q,.N,

Budc 4: Bb tri trang 4m cho phong khan gia
Phai lya chon va bd tri vat liéu hut 4m sao cho luong hiit am gan bang lwong hat

am

yéu cau.

Tran phan xa

/

/ K/T am /hl’lt am
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+Tran céc mang tuong, tran gﬁn ngué)n am lugng b tri vat lidu c6 do cung cao va
dugc thiét ké theonguyén 1y am hinh hoc. Nén céu tao c4 hinh 16i ¢ trong phong.

+ O céc phan tran cudi phong can bd tri cac vat liéu hut am

+ Tudng hau c6 thé giy ra cac hién tugng x4u nén phai b tri cac vat liéu hit 4m
manh va dong déu.

+ Luong hat 4m ¢b dinh yéu cau duoc bé tri 2 tuong bén theo nguyen tic tao cic
dai hit am va phan am sen ké nhau nham dat dén d6 khuyéch tan am 6n dinh

Budc 5: Kiém tra.

+ Xéc dinh luong hiit &m tinh toan cua phong thiét ké: A"

Au'= A+ A
+ X4c dinh thoi gain 4&m vang thiét kéTtkf va so sang no voi Tmfi 10%
Néu khong dam bao thi chung ta phai thay d6i vat liéu hit 4m va thay d6i dién

tich hat am.

Thiéu

. Thira

Budc 6: Hiéu chinh cong trinh. 500Hz

+ Do dac, kiém tra.

+ Hiéu chinh, b6 tri vt li¢u hit am

Vi du: Tinh téng lugng hut am, lya chon va bd tri vat liéu hat am cho giang
duong 500 chd ngdi. cho bit V=3240m’.

Kich thudc cao x rong x dai = 9.15.24 (m) Tong dién tich tat ca cac bé mit trong
phong S = 1389 (m?). Phong khong c6 céc khe tréng phuc tap, bo qua lugng hat 4m bd
sung.

GIAL:
1. Tinh T, = K.1gV 0,29.1g3240 = 1,02s. giang duong yéu cau do rd 1a chi yéu tac R
= 1. thoi gian am vang tdt nhit cta cac tan sb déu béng nhau T, = TP = T, 7.
2. Tinh tinh hé s6 hit 4m trung binh ciia cac tan sb.
+ Pdi voi cac tan sd 125 va 500 hz ding cong thirc:

016V 0,16.3240
~Shn(l1-a,) 1389In(l1-«,)
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Thay Ty, = Ty'® = 1,02 vao ta c6

0,16.3240 <0

= =al® =031
-1389In(l-a,)

b

+ Podi voi £ =2000hz ta diing cong thirc:

B 0,16V
~Shn(l-a,)+4mV

Trong d6 m 1a hé s6 hut am ciia khong khi & 20°C va d6 am ¢= 80%
Thay s6 vao ta co

0,16.2340
= =a,
—1389.In(1-«,, ) +4.0,0025.3240

=0,28

b

2.Tinh lwgng hit 4m ciia phong.
+Pdi voi £ =125 &500 hz ta co:
Aps =S.ap' > 1389.028 0,31 =435 m’
Asoo =S.0p " 1389.028 0,31 = 435 m™.
Déi véi tan s6 2000hz ta co:
Asooo = S.0p """ = 1389.0.28 = 392m’
3. Tinh lwong hiit am thay déi.
Ghé ngdi trong giang duong 1a ghé dia bang gb dan

Dbi twong hut Am Hé s6 hat 4m
125Hz 500Hz 2000Hz
Ghé bang gb dan 0,07 0,081 0,082
Hoc sinh ngéi trén ghé 0,2 0,31 0,41

e Dbi véi tan sb 500hz. xac dinh Ay v6i 4 truong hop c¢6 mit cua hoc sinh 0%,
50%, 70% va 100% tuong tmg véi 0, 340, 480, va 650ngudi.
e Dbi véi =125 va 2000hz xac dinh A khi 70% hoc sinh ¢6 mit.

A, clia tan sd 500hz.

, Af(?o = N. atd
boi tugng hut am N o
0% 50% 70% 100%
Ghé dwa gb dan 0,081 | 48,6 24,2 14,5 0
Hoc sinh ngoi trén ghé | 0,31 0 92,6 130 186
Ay cta n udi va ghé 48,6 116,8 1445 | 186
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Agcua £=125,500 v a 2000 khi 70% h oc sinh c6 mat

Péi tuong hit am 125 500 2000
S6 lwong ddi twong N o Na o Na |a Na
Ghé dya gb dan 180 0,07 12,6 0,081 | 14,5 | 0,082 | 14,8
Hoc sinh ngodi trén

, 420 0,2 84 0,31 | 130 |041 |172
ghé
A cua nguoi va ghé 96,6 144,5 186,8

4. Tinh lwong hat 4m ¢ dinh A.q khi 70% hoc sinh c6 mit (b6 qua lwong hiit Am bo

sung)

+ Déi voi tan sb 125hz.

AlZ = A AIB Z 435896 =338 4m>

+ Dbi voi £ = 500hz

A3 = AT AP 435-144.5=290,5m>

+ Ddi véi £=2000hz

A" = AT - A" =392-186,8=205,2m"

5. chon vit liéu va bo tri trang 4m

BANG CHON VAT LIEU VA BO TRi TRANG AM

Dién 125hz 500hz 2000hz
. Vit liéu va khoang
STT Bé mat tich
cach hut am X o Sa o Sa o Sau
m
1 | Tran phia trudc Vira voi trén ludi 200 | 0,04 8 0,06 | 12 | 0,04 8
. Go van lcm, day
2 Tran sau N 240 | 0,3 72 0,2 48 0,1 24
dudi san go Scm
Tudng phia Gd van lcm, day trén
3 . 118 | 0,18 | 21,24 | 0,19 | 22,4 | 0,12 | 14,16
trudc san go 4cm
Trat vira quét son phan
4 Tuong bao vé . 66 | 0,01 | 066 | 0,021,321 0,02 | 1,32
x4 am dén tran
Tam nhém lcm, cach
Tuodng 2 bén tuong cm, xur 1y
5 ) . 226 | 0,3 67,8 0,1 | 22,6 | 0,04 9
trén khuyét tan &m, phan
trén tuong bao vé
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Go dan lcm dong
Tuong sau bang N
6 d trén suong go cach | 93,1 | 0,3 | 2793 | 0,2 | 188 | 0,1 9,31
en
tuong Scm
TAm rom ép trén 0,30 0,10
7 Tuong hau N 58,9 1037 | 21,8 38,6 6,25
suon go 7 8
, Trai tham cao su day
8 San 10i di 120 | 0,04 4,8 0,08 | 9,6 | 0,03 3,6
Smm
. Trai thdm cao su day
9 Buc giang 45,8 1 0,04 | 1,83 | 0,08 | 3,6 | 0,03 1,37
Smm
10 Cira s6 Mo hoan toan 140 | 0,9 12,5 0,9 | 12,51 09 125
11 Cua di Cua kinh dong kin | 30,3 | 0,35 | 11,21 | 0,18 | 5,45 | 0,07 | 2,12
12 Ctra thong gio 16 tréng cO song sat 11,4 | 0,5 5,7 0,5 5,7 0,5 5,7
13 Lo dén Ld trong 1 [025] 025 |0,25]0,25]0,25]| 025
Acatong hop 368,21 313,29 210,07

7. Kiém tra sai so:

s 368,21-3455

cd T

w0 313,29-290.5
290,5

cd T

2

.100% =8% <10%

.100% =8% <10%

Két luan: sai s6 nam trong gidi han cho phép vat licu va khoang cach hut am bd tri nhu

vay la dat yéu cau.

V. Anh hwéng cia cau tric Am phan xa dau tién dén do ro.

1. D0 16 va cac yéu to anh huong:

- D6 13 phu thude vao mire dn trong phong

— Ky: hé sé giam d6 16 do murc on trong phong gy ra. Thudng muc 6n khong qua

(35+40)dB

- Thoi gian 4m vang T — hé s K

Hinh dang kich thudc cta phong: Kg

Cong suat am cua ngudn am: Kp

D@ 10 = 96KNKTK5KP%

Trong thiét ké lya chon cac giai phap kién trac hop 1y nén Kg = 1 va tham khao bang

sau:
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- Mat béng phong hinh quat, hinh chitr nhat Kg =1
- Phong 16m, ¢6 tudng + tran 1dm Ks=0,9
- Phong bé, truong am bang khoang cach phan xa am: Kg = 1,06.

K,: Hé s6 giam rd do muc am trong phong gy ra liy theo biéu do:

1 Rr
1 Ke 0,8 . \KN
0,8 - 0,6 — 0,8
0’6 B 0,4
0,4+ 0,2 0,4
20 40 60 80 100 120 021 2 3 4 5 0,2 1
Mic &p suat am Thoi gian 4m vang Miic 6n
a b c

Kr: Hé s6 giam d6 rd do thoi gian 4m vang trong phong (b)
Kx: Hé s giam d6 & do mirc on trong phong (c)
- CAu triic 4m phan xa dau tién anh hudng dén do 16 chia 1am 2 giai doan:
+ Giai doan 1: bao gdm tat ca cac phan xa dén sau 50ms tao cam giac 4m vang nhung
giam do rd — ndng lugng am nay co ich.
Déi voi phan ning luong 4m co ich khong chi ting ning luong cua ching c6 anh hudng

dén dg cau tric ve thoi gian va mac do cting anh huong dén chat lugng am cua phong.

2
Q L,(dB) m
I - &
Il

A (@\]
trug K &K " A T

tié - M —la| o

P | trge &| & | & bt
tiép  3+10 I
20+30 15 t(ms) 10+15 5" t(ms)

Cho am nhac Cho tiéng ndi

Céu truc tot nhat khi nghe tiéng néi cia 4m phan xa dau tién (Q)

CAu tric phan xa déu tién khi nghe 4m nhac.
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. Cac bién phap ting cuwong do ro:

Tang cudng niang luong am truc tiép tao diéu kién dé am truc tiép truyén tot nhat dén tai
nguoi nghe

+ Tang d6 ddc cua san.

+ Chon hinh dang phong hop 1y.

+ Chi y tinh dinh hudng ciia ngudn am.

Néu T dai — lam giam T bang cach dat vat liéu hut am dé diéu chinh thoi gian am vang.
C6 nhitng bién phap chdng on trong phong.

Tao nhiing bé mit phan xa gan san khau dé dua phan xa 4m ra chd ngdi cudi phong.
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CHUONG IV: CHONG TIENG ON TRONG THANH PHO

I. Cac ngudn on & phuwong phap danh gia

Giita tiéng on & am thanh can nghe khong c6 gi khac nhau vé ban chét vat Iy
nhung vé khia canh tdm 1y & sinh 1y c6 khac nhau. Tiéng 6n gy ra nhitng anh huong
bat loi vé tam sinh ly
1. Phén loai tiéng on:

a. Theo duwong lan truyén:

- Tiéng 6n khong khi: 12 nhirng tiéng 6n lan truyén trong khong khi

- Tiéng 6n do va cham: La do nhiing vat thé va cham vao két cdu gy ra & duoc
lan truyén theo két cau

- Tiéng 6n két cAu: La nhitng tiéng On theo két cAu nha cira. V& ngudn gdc co thé
la do khong khi hay do va cham

b. Theo thoi gian tac dung:

- Tiéng 6n 6n dinh: La tiéng dn c6 mirc thay d6i khong qua 5dB. Tiéng 6n cac ////

- Tiéng dn khong 6n dinh: La tiéng 6n co mitre thay dbi vuot qua 5 dB (tiéng 6n giao thong)

- Xung: Tiéng On phat ra trong thoi gian khéng quéa 1s. Thuong c6 cudng do rat
cao (tiéng no khi dong co ban dau lam viéce)

c. Theo tan s6: Tiéng on f thap <300 hz

fcao: £=300+ 800 hz - fcao : > 800 hz

d. Theo vi tri twong doi ciia nguon.

-Tiéng 6n ngoai 1a nhitng tiéng 6n tir phia ngoai tac dung vao trong

- Tiéng 6n trong: La tiéng 6n do chinh con ngudi & thiét bi tao ra bén trong cong
trinh
2. Phwong phap danh gia

a. Tiéng 6n 6n dinh: Sinh ra tir cdc tram bién thé, cic may moc TB

- Téng mirc 6n: XL, dBA

- Péanh gia theo tan s6 L'(dB): 63 + 8000hz (do theo dai 1/3 octa & 1 dcta)

b. Tiéng 6n khong 6n dinh (tiéng on giao thong vin tai)

- Mirc On tuong duong Ly
Ly=10lg (ﬁZfi.IO‘“L‘) dB(A)

Trong d6: thoi gian khao sat tinh bang gidy. Thudng do trong 1800s (30 phit)
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f;: Thoi gian tac dung ctia muc 6n dai tht i: tinh bang sb % cia tong thoi gian tac
dung.

L;: Muc am trung binh cta dai thur i

Mirc On tuong duong 1a 1 mirc n dinh dung dé thay thé cho tac dong khong 6n
dinh ctia ngudn On hay c6 thé dung cong thirc TN

La7=La7+2Dv6i 2D =D; + D, + D; + Dy

Vo1 Dy, Dy, D3, Dy tra bang: D; = 1 dB khi xe tai & khach # 60%, D, = = 1dB.
Toc do # 40km/h.

L's7: Mltc am tuong duong ctua dong xe cach truc duong 7,5m cua doan duong

thang va phang ciia dong xe c6 60% xe tai va xe khach, téc do 40km/h iy theo bang.

Cuong dg dong xe 40% 60% 100%

Murc am tinh toan 68 69 70 A

Va khi do6 dung cong thirc: Lp; =46 + 11,8IgN + XD
D; = +1dB khi d6 dbc khong bang phang;
D, = +3dB khi ¢c6 mat cua tau dién
N 1a mat d6 dong xe (xe/h).
Vé mit sinh hoc ngudi ta coi nd tic dong twong duong bén con ngudi nhu tac
dong khong on dinh.
Panh gi4 tiéng 6n: Po mirc 4m thanh theo dang tan sb tdi da theo dB. Pham vi tir 63 +
8000hz hodc danh gia murc am theo dB (A).
II. Anh hwéng ciaa tiéng on. Tinh chat tiéng on cho phép.
1. Anh hwéng cia tiéng on:
a. Anh hwéng dén co quan thinh gidc:
- Giam d¢ nhay cam
- Lam cho ngudng nghe tang
- Bi ning tai, bi diéc.
b. Anh huéng dén hé thin kinh:
- Gay ra su tc ché.
- Giam sy tap trung suy nghi gy ra nhitng sao lang kho chiu.
- Buc bdi, dau dau chéng mat.

- Anh huéng dén gic ngi.
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Vi du: Khi L = 35dB sau 15' — ngu say khi tiéng 6n ting 1én 50dB sau 1h méi ngu.

- Tiéng on lam giam chat luong cudc séng.

c.Anh huéng hé tiéu hos:

Chinh tiéng on 1a nguyén nhan gy ra bénh viém loét da day.

Cén coi tiéng on 1a loai hinh gay ra 6 nhiém mai truong va dé bao vé con nguoi khoi
tac dong c6 ha can co tinh chat mirc 6n cho phép.
2. Tiéu chuén tiéng on:
Pé dam bao diéu kién vé sinh, diéu kién lam viée ca con nguoi thi nguoi ta dua ra muc on
cho phép. Mic 6n cho phép khong phai 1a mirc on tién nghi. Theo diéu kién vé sinh:

* Mirc On cho phép 1a muc 6n dudi tac dung kéo dai ciia n6 khong gay ra nhiing
bién ddi phuc tap trong cac hé théng va bd may cua co thé con ngudi. Néu mirc on thuc
té nho hon murc 6n cho phép thi khéng gy nén nhimg bién d6i xdu vé mat sinh 1y va van
dé dam bao duogc diéu kién 1am viéc va nghi ngoi.

Dbi voi mbi nude tuy theo diéu kién kinh té kju thuat, chirc ning ciia cong trinh

ma nguoi ta dua ra mac on cho phép khac nhau:

O Viét Nam:
+ Dbi véi nha &:
- Trong phong: - bém: 35dB - Ngoai: - bém: 40dB
- Ngay 50dB - Ngay 55dB

+ Pdi v6i giang duong: 40dB
+ Trong cac van phong: 50dB.
II1. Chong tiéng on thanh phd
3.1 Phan loai tiéng on:
1. Tiéng on giao thong vén tai: Tiéng On trong thanh phd chu yéu 1a do tiéng on do
giao thong vén tai gy ra chiém tir (60 ~ 80)%
a. Dic diém tiéng 6n cua giao thong van tai
* Mirc 6n ciia giao thong van tai duoc coi 1a mirc 6n chung cta dong xe chay trén
duong gay ra (mic On téng cong ctia nhidu xe). Mitc dn nay phu thudc:
+ Cuong d6 xe: S6 xe/h
+ Thanh phan céc loai xe ( xe tair, xe con, xe may...)
+ Van téc xe (Km/h)
+ Pic diém cua duong

+ Pic diém cua cong trinh hai bén duong
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* Mirc 6n ndy thay doi vi tiéng on GTVT khong phai 1a tiéng on 6n dinh
b. Panh gia mirc on GTVT thong qua mdt mirc on Khic twong dwong Ly
Mirc 6n twong dwong ciia mot ngudn khong on dinh thue chat 14 mot muc dn 6n
dinh cung gy anh hudng téi con ngudi nhu ngudn gay tiéng on chung ta dang khao sat
Chi s6 tinh todn mirc 6n twong dwong ciia mot dong xe thudong dugc khao sat
bang phuong phap thong ké ttrén co do muc On tai mot diém cu thé thoi gian khao sat 30

phiit trong thoi diém cao diém

e

L 7,5m |
A A

2. Tiéng on trong cong nghiép.
- Tiéng 6n co khi
- Tiéng 6n va cham
- Tiéng 6n khi dong
3. Bién phap phong chong tiéng on.
1) Bién phap quy hoach kién triic
Dé chéng tiéng on duong phd va tiéng on cong nghiép c6 hiéu qua thi phai st dung
tong hop cac bién phap quy hoach va kién triic
a). Quy hoach vung
- Khu 6n: 80dB
- Khu ¢: 60dB
- Khu yén tinh: 50dB
Giita cac ving nay phai c6 ving dém va b tri hop 1y va chia thanh phd ra lam 4
khu vuc theo do on:
Ving 1: Viing c6ng nghiép(dn nhét thanh phd 80 dén 90dB)
Vung?2: Trung tdm cong cong 70 dén 80dB. BS tri cho bua, cira hang, nha
ga, bén xe.
Vung 3: Ving nha ¢ khu dan cu; noi twong ddi yén tinh cua thanh phd
Vung 4: Pay 13 viing yén tinh nhét cta hanh phd: 50dB ( bé tri bénh vién,

vién nghién ctru, Phong thu dm)
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Trong khi quy hoach can cht y dén huéng gié - Huéng gié anh hudng dén sy lan
truyén am ngoai troi(Cung chiéu 4m lan truyén nhanh hon xa hon) B tri nha may
khu cong nghiép nén bd tri cudi hudng gio.

b). Quy hoach giao thong:

- Lap mang ludi giao thong hop 1y

- Sir dung bién phép quy hoach chéng tién on trén toan thanh phd

Cao tbc Puong thanh phd Duong di bd
Quéc 10 (Tai nhe, xe khach, xe ca nhan) Xe dap
(Téi nang)

Nguén 6n:

e Ca dong xe --> ngudn duong khi khoang cach giira cac xe S >20m
e Timg xe --> nguodn diém khi khoang cach giira cac xe S>200m
e Trudng hop trung gian --> ngudn diy, khi
Khoang cach giita cac xe 20 < S < 200ngudn diy khoang cach giira cac xe tinh
nhu sau:
S =1000 V/N (m)
trong do: V (Km/h) toe d6 chuyén dong trung binh cua xe.\
N cudng do xe (xe/h). sd lugng xe chay trén dudng theo ca hai
chiéu.
2. Bién phap ky thuat:
a. Sir dung dai dit cach ly:
* Ngudn day:

(241gs—30,2)241gr, —20,3)
241gs—27,8

Khi I, > s/2 thi AL = LA - LB = (151g5r2 - 33)

K}liI'zSS/zthiAL:LA-LB:

e D061 voi ngudn diem: DG giam tieng 6n AL
° /

r2=7,
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AL=L, - Ly =k20lg’= (dB)
v

— gz, = Z4 B RS voik,=1,5
* Pdi v6i ngudn dudng: d6 giam tiéng 6n AL:
AL=L,-Lg=k,.10lg’2 (dB)
ru

L,—L,+kl0lgr,
k10

— lgr, = k,=0,75

k: Hé s6 ké dén sy hit Am cta mat duong:
- DPbi v6i m mat tran: k, = 1

- Mat dat phu nhya duong: k, = 0,9

-  Mat dat tréng co: k,=1,1.

b. Sir cac bién phap ciy xanh dé chdng on:

Cay xanh trong gian doan

* Cay xanh 1ap day khoang tréng

Ngudn diém: AL = L, - Lg = K,20lg 2
T

u

Ngudn dudng: AL =L, - Ly = K, 10lg2
T

V6i K, = 1,5 véi 16p cay xanh trong xen k&, vom 14 rong, c6 cdy thap trong xung quanh
K, = 1,2 => 1ép cdy xanh mang tinh chit c6ng vién ring vom 14 trung binh, ¢6 cay thap

xung quanh

46



*Dai cdy tan 14 rong dudi gdc cdy c6 ciy bui thip dudi tan 14

inl
gl

7 I H§ Z@Sn

- Tac dung: - Ha thép tiéng on

- C6 su phan xa am ¢ moi day cay
- Do sy hut am va phan xa am cua tan I4.

Nguon diém: AL =1L, - Ly =k, 201gr—2+ 1,5n+pY " Bi
r =

u

Ngudn duong: AL =Ly - Ly = k,10lg 2 + 1,52+ 83" Bi
7 =

Trong do:
n: S6 lugng cac diy cay
1,5: Do phan xa mdi dy cay giam
Bi (m) bé rong ctia diy cay thir i
B: Hé sb ha thap mirc am (dB/m) tra bang 6-3.

Vi du: Rung la rdam: $=0,12 + 0,17

Rung cay day dac, vom la ram: p = 0,25 + 0,35.
Nguon day:

Khir, < $/2: AL =L, + Ly — K, (24188-30.2)241gr, ~20.3) 151+ BEB,
241gS-27,5

S: khoang céch gitra cac xe: S = 1000% (m)

Khir,>$/2: AL = Ly - Ly = K,(151gS, - 33.3) + 1,50 + BY B,
1

c. Su dyng man chan tiéng 6n

Il - -
I
\‘!\

—

b

Vit liu hiit am



Giam tu 5 ~20dB

Khi lan truyén séng 4m sé& hinh thanh sau tudng chin mot ving bong 4m. Trong
ving bong am, séng am khong bi loai trir hoan toan do tac dung nhiéu xa ciia song
am & céc bién cua tudng chin

Luong song 4m nhiéu xa sau tudng chin phu thudc vao kich thudce cua tuong

chin (H) va chiéu dai budc song A cta sdng am t6i. Cling mot tudng chan A cang 16n

2
— ving bong 4m cang hep. Chiéu dai ving bong am bang: 7, = %(m)
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Chwong V: Cach 4m cho cic két ciu

I. Panh gia kha ning cach am cia két cau
1. Cach am khong khi

C6 2 phong. Phong I ¢6 mirc dn 16n hon phong II. Séng am tir ngudn birc xa vao khong

khi va toi trén khoang cach ngin cach kich thuéc két cau
dao dong theo tan s6 cua song am. Nhu vay két ciu ngin
cach trd thanh ngudn 4m méi birc xa song am vao phong II.
Khi song am téi trén bé mit két cau thi s& cudng buc
khoang cach nay dao dong dong thoi co 1 bd phan s& phan
xa vao khong khi & 1 bo phan khic s& xuyén qua két

el

X

cau. He¢ s6 xuyén am Ty =

E

t

Néu goi Ry 1a kha ning cach am thi:

)

2|

1 E
Ry=10lg— (dB) = 10lg—~
0 gT( ) gE

0 X

T: Xéc dinh bang TN

Thuc té lugng cach am cua két cau duoc xéac dinh bﬁng cong thirc:

R=L,-L,+ IOIgSX(dB)

E

Trong do6: * L,: Mtc ap suat &m cua phong c6 mirc am cao

* L, : Muc ap suat cua phong c6 murc am thap

A =Zq;Si: Lugng hut am cua phong céach ly (1)

S(m®): Dién tich ctia bé mit ngan cach (3)

2. Cach 4m va cham:
Dung mdy do mirc am trong phong dudi san khi

ngudn am va cham tiéu chuan tac dung trén san. May va

cham tiéu chuan, c6 5 bta, mdi bla nang 500g cho roi tu

4()n‘m5(x)g

AVATA

do trén mat san vai toc do 10 baa trén 1s. Tir d6 ta tinh

dugc murc ap suat am va cham quy doi dudi sau:

Lv = LH - IOIg%(dB)

[

SILLILILIN 117777777
100

Ly: Mtc am trong binh do ¢ phong dudi san ¢ cac tan so6 gid tri Ly cang nho thi

san cach am cang tot.
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Luong IOIg% la lwong cach am tang thém do tdc dung hut am cua phong.

Ao Luong hat 4m tiéu chuan Ay = 10m’

A: Luong hut am cua phong dudi san
3. Qua thuc nghiém ta thay rang, san toan khéi & san rdng néu chi c¢6 16p chiu luc véi
16p mit lam sach thi khong dii ngan cach tiéng on va cham. Do dé dé ngan céach tiéng on
va cham thuong xir 1y 1 16p dém dan hoi trén mat san. Nho 16p dém nay, lwong cach am
cua san s€ dugc tang thém.
II. Tiéu chuén cich 4m
Pham vi tan s6 f = 100 + 3200 hz theo dai tan s 1/3 bc ta. Chi s6 cach am khong khi
duoc goi la CK R(B)

1. Két cdu ngan cach trong phong cach am khong

co truyén am gian tiép. ] Ry *
S Mt R

2. Két cau cach am thyc té c6 truyén am gian ticp

g

Puong ti€éu chuan cach am khong khi theo
ISO. Khi R" két cAu cach am tdt chi s6 cach 4m  «l Mo

va cham 1a CV. Chi s6 cach am khong khi 1a CK.

100 200 400 800 1600 3200

Do 1a chi s6 danh gia cach am khong khi & cach
am va cham trong két cAu nha ctra tai £ = 500hz. Dé x4c dinh CK, CV cuta 1 két ciu nao
d6 ta v& duong L thyuc ctiia nd. L' thi két cAu cach 4m cang t6i. Sau khi v& dugc dudng
thue té ta xac dinh sai s6 dya trén dudng tiéu chuin cach m theo 2 diéu kién sau:

+ Theo dai tan s: Sai sé x4u 16n nhat giita 2 duong (dudng thyc té & dudng tiéu chuan)
Omax < 8dB.

+ Tong sai sd x4u giira 2 duong 25; < 32 dB

III. Cach am khong khi:

1. Két cAu dong nhat: La két cau 1 16p hodc nhiéu 16p khac nhau nhung gin chit vao
nhau, khi dao dong toan két ciu dao dong clng trang thai

a. Pic tinh tin s6 cich Am ciia két cAu dong nhit:

C6 thé phan thanh 3 ving khac nhau

50



Vung | Vung 11

\MB/éC%\\

Phu thudc khdi
lwong

16cta

+ Ving I: Pham vi tan s rat thip: Co thé xay ra hién tugng cong hudng lam giam déng
ké kha ning cach am ciia khong khi. Kha ning cach am cua két ciu phu thudc vao do
cung.
+ Vung II: Pham vi tan s6 trung binh (& thap). Kha ning cach am khong khi ciia két cau
(R) phu thudc vao khéi luong cia két cau:
R=20lgp.f-47,5dB

Trong d6: p = f.h[kg/m?]: Khdi luong bé mit ctia két cau.

+ p[kh/m’]: Khéi lwong riéng cua két ciu.

+h (m): Chiéu dai cta két ciu (m)

+ f (hz): Tan sb

Theo dinh luat khdi luong thi khi khéi lugng ting gap doi thi kha ning cach am

tang 4 ~ 6 dB

Pi_y—>R"6dB

b2
Khi f ting gap d6i => thi kha niang cach 4m ting 6 dB =<
%=2=>RT6dB(1 éc ta ting 6 dB) 0

1

+ Vung III: Pham vi tin sd trung binh va cao. O day c6 thé
xay ra hién tugng dac biét goi l1a hién tugng trung song va
kha niang cach am cia két cdu giam di vi két cau bi dao
dong rat manh nén tré thanh ngudn 4m cung cap birc xa
song am. Tan sb xay ra sy tring song goi 1a tin séng ti han fon. SOng am tG1 két cau voi
goc 0 va budc song A, tan s6 fva téc do tring song ¢ thi né gay ra sy dao dong cudng

A

sin©

btrc két cau udn cong cua ban Ag, thi : Ag =
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Ban ¢6 muc song udn riéng. Néu A, = Ap thi xdy ra trung song hay A, = Le goc =0+
sin

90° =>sin0 =0 =+ 1

Ta c6 cong thirc tinh fy, =

Véi C =340 m/s

C2
1,8C h

C,: Van tdc truyén song trong vat liéu 1am ban mong

h(m): Chiéu day cua két cau.

D¢ giam kha ndng cach am trong pham vi fy, cua 1 két cau phy thudc vao noi

ma sat cua vat the.

NOi ma sat

nho: Thép, nhom, gach bé tong tng
luc trudc => AR =10 dB
TB: Gb, tim vira trat AR = 8dB

Lém: Cao su, chat déo AR = 60dB

AR
o fon 500 f ” q
Béng tan so0 gioi han, s6 li¢u dé xac dinh cac diém B, C
Vit liéu cia K/C | Khoi luong riéng | Tansd gigihan | Ry & Rc (dB) | fy (hz) fc (hz)
khichiéu dai 1cm
Nhém 2700 1300 29 6700/p 73700/p
Bétong 2300 1800 38 1900/p 850000/p
Gach dic (tuy loai) | 2000 + 2500 2000 = 2500 37 17000/p 77000/p
Thép 7800 1000 40 21000/p | 260000/p
Gb dan (tiry loai) 6000 18000 27 5300/p 5300/p
Téam trat 1000 4000
Bé tong xi 29 6700/p 43000/p
Kinh 2500 1200
Caosu 1000 85000
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Trong pham vi 1 6c¢ ta cia tAn sd gi6i han, kha ning cach am cua két cAu giam
dang ké vi thé phai thué két cu ngin cach co fon nam ngoai pham vi tan sd tiéu chuin
yéu cu ngin cach fon < 100 hz hodc fy, > 3200 hz bang cach ciu tao thém sudn clng dé
tang thém d6 ctng hodc xé ranh 1am mém két céu

b. Lwong hit Am trung binh ciia két cAu dong nhat:

Ry, R, ... R, 1a kha ning cach am ctia két cAu dong nhat ¢ nhitng quang d6 cao khac nhau.
n: S6 lwong quang do cao tinh toan
* Pbi v6i két cau dong nhat, khdi lvong P < 200 kg/m?

Ry =131gP + 13 dB
* Pbi v6i két cau dong nhat, khdi luong P > 200 kg/m®

Ry, =231gP - 9dB
c. Phwong phép gin ding dé 1ap dwong dic tinh tin s6 kha ning cach Am khong khi
ciia két cAu dong nhat
- Dung toa d¢ R (dB)
- Xac dinh khdi lugng bé mat P = ph
- Pudng dong tinh, cach am ABCDE
- Theo bang xac dinh toa d6 B &C

6dB/octa

6dB/octa

38

- Tir B nghiéng bén trai vé 6 dB/octa

2 . \
- Ttr C vé bén phai 10 dB/octa o 20 w0 w00 1600 S T

2.Két cAu nhiéu 16p:
a. Pbi v6i két cau nhiéu 16p c6 16p khong khi trung gian
Ry, =231gP - 9+ 4R. Vi P =P, + P, > 200 kg/m’

Dai voi két cau nhicu 16p : Ry, 131gP + 13 + AR dB /Jv Lép khong

V6i P =P, + P, <200 kg/m* & AR lugng cich am ting thém ___Khi trung gian
Dé 1am ting kha nang cach am R ctia két cdu ma khong /
1am tang khéi lvong bé mit thi nguoi ta c6 thé ciu tao két
céu nhiéu 16p: C6 thé 2 16p, 3 16p.
Khi str dung két ciu nhiéu 16p, nguoi ta phai cha y tranh

220 110

50+ 100

hién tugng cong huong cta toan bo két cau va c6 thé tranh

sy hinh thanh song dimg trong céc 16p két ciu. é tranh
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hién tuong cong hudng nguoi ta phai tao ra su chénh 1éch

vé do cung trong cac 16p két cau.

- Nhoi déy vat lidu + A vao khoang cach giita cac 10p.

3. Anh huéng ciia khe hé, 16 hé dén kha ning cach 4m khong khi R.

Khe, 16 ho 1am ¥ déng ké kha niang cach am ciia khong khi. Do vay khi c4u tao cac két cdu
cach am, nguoi ta phai xur 1y kin céac khe ho.

4. Kha niing cach am ciia két cAu hdn hop (cira, twong)

S
Ry =R, - 10Ig[1 + —;(10‘“(&- R)- )]

‘
So = Stwome T Scita
R;, Rc: lugng cach am cia tudng va luogng cach am cua cua
5. Anh hwéng kich thuée cic khe hé:

Khi kich thudc cac khe hd cang 16n thi ning lugng 4m truyén qua cang nhiéu. Do
vay khi bét budc phai cAu tao cac khe hé thi véi cung 1 dién tich ta nén t6 chirc nhiéu 15
nho hon la mét 16 16n.
* Xéc dinh tong mirc Am vio phong
SL = 10lg Y .10 %) 10]g A

i=1

Trong d6: Si (m®): Dién tich bé mat thir 2
L; (dB). Mitic 4m ciia phong & phia sau bé mit thir 2
R; Kha ning cach 4m khong khi cua két cdu thir i
A: Luong hut &m ctia phong
Do véy, vé mat nguyén tic khi b tri cac két ciu ngan che cua phong thi nguyén tic thi
nguyén tic phai thiét ké sau cho kha ning cach am khong khi cua két cau phu hop véi mirc
am phia sau cua két ciu do
IV. Cach am va cham
1. Pic diém ciia truyén 4m va cham

Khéc voi cach 4m khong khi, cach 4m va cham truyén vao bén trong két cau, co kha
nang truyén 4m nhiéu hon so véi khong khi. Do vy qua trinh tat dan ctia 4m va cham rat

cham, nén kha nang lan truyén cua no rat xa.
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2. Nguyén tic t6 chirc cach Am:

Khi 4m va cham truyén theo két cdu => do vay viéc ting chiéu day cta két ciu thi
khong lam ting dang ké kha nang cach 4m va cham. Dya vao 2 nguyén tic dé to chirc cach
am.

a. Lam gian cach dudng truyén am hogc lam 4 ning lugng 4m trén dudng truyén
b. Lam giam hodc triét tiéu 4m va cham ngay trén mit san (san bétong dic hoic rong trén

c6 phu 16p mat mém hoac lam san noi)

X/ﬁ VAYAVA JAVi)

-Lép mdt mém

g%%O o%% -Lép B.T

-San ndi ‘
- Bém dan hoi
-B.T.C.L

@)

3. Cac gidi phap cach am va cham:
a. Sir dung trén treo

Tran treo c6 thé lam béng thach cao, gd, van s¢i ép, bong thity tinh

V7 TP

T Trin treo

b. San né6i
D61 voi phong ¢ yéu cau cach am cao, thong thuong nguoi ta su dung dong thoi
cac bién phap néu trén. B¢ tranh su truyén am gian ti€p phai tach 16p mat san noéi khoi

tudng bang cac dém dan hoi. Khi d6 gb chan tuong chi lién két v6i 16p mit san noi
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e)e)

laNa

i

- Lop bé mit (tham)
- Lép dan hdi
- Lop chiu lyc
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