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LOI NOI PAU

Gan day mét s6 cong trinh xdy dung nhu: phong hoa nhac, nha thi
ddu da ndng, rap chiéu phim..., sau khi khdnh thanh va dua vao siz
dung phat hién ra mjt s6 yéu 16 ky thudt khong dat yéu cdu va muc tiéu
dé ra. Cu thé la viéc t6 chitc vin nghé, chiéu phim khéng thé thue hién
duge vi bén trong rdt 6n, déi am, khdn gid khong nghe ro duge.

C6 thé néi hién tuong trén déay néi lén khd ré rang hién nay mot bo
phdan khong nho nhiing nguoi thiét ké kién tric hodc la chua ndm ving
nhing kién thitc co ban ciia mén khoa hoc Am hoc kién tric, hode la chua
thé dp dung nhudn nhuyén nhiing kién thitc nay trong viée thiét ké cu thé,
hodc la con ngai va cham vdi nhitng tinh todn cé phan rdc réi doi vdi
nguoi kién triic su.

Dé gop phdan khdc phuc tinh trang trén ddy, tdc gia da bién soan
quyén sdach Méi truong ém thanh trong céng trinh kién tric sao
cho phu hgp vdi légic nhdn thicc nhdt va thiét thuc nhdt cé thé, vii
mong muén cung cdp cho ban doc nhitng kién thic can thiét nhét trong
viéc thiét ké va thi cong cdc cong trinh xdy dung cé doi héi vé chdt
lwong am thanh.

Tuy nhién, di da cé ging nhung chic rang quyén sdch khong tranh
khoi nhiing thiéu sot, tdc gid rdat mong ngudi doc vui long gop y vé noi
dung va hinh thizc quyén sdch, dé trong lan tdi ban sau sé duge hoan
hao hon. \
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Chuong 1
AM THANH VA TIENG ON

§1. BAN CHAT CUA AM THANH VA TIENG ON, NHUNG PAC TRUNG VAT LY
CUA CHUNG

1.1. So6ng co hoc
1.1.1. Su phat sinh ciia séng co hoc

Khi g6 dui tréng vao mat tréng, mang tréng dao dong, nghia 13 né ¢é thé lan luot
chi€m tat ca cdc vi tri, tir vi tri 1 dén vi tri 2 xung quanh vi tri can bing ctia né (hinh 1.1a).
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Hinh 1.1. Sy phat sinh séng co hoc (béi mang tréng chdng han)

Khi mang trong chiém vi ui 1, nhitng hat'khong khi & gan né (phia ngoai mat tréng)
dadn xa nhau ra, dp suat & day giam xuong-thdp hon dp suat khi quyén, tao ra viung dp
suat am (Ap = p = p,, < 0), trén hinh 1.1b n6 dugc thé hién bang ddu —.

Khong khi 1a moi truong dan héi, vi vay vimng khong khi lién ké véi viing dp sudt am

phai la ving dp suat duong (Ap = p — p,, > 0), & d6 cdc hat khong khi dich sit vio nhau,
trén hinh 1.1b viing nay dugc ki hiéu bang dau +.
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Nhiing viing 4p suit duong va dp sudt am lan dén ra xa khoi mat tréng voi mot toc do
xé4c dinh phu thudce vao dac tinh ctia khong khi.

Khi mang tréng chiém vi trf 2, tinh hinh dién ra nguoc lai: nhitng viing 4p suat am
trudc day try thanh nhiing ving 4p sudt duong va nhiing ving 4p suét duong truéc day
tr& thanh nhitng viing 4p sudt &m (hinh 1.1c).

Nhip bién déi 4p sudt ndy hoan toan tring vdi nhip dao dong clia mang tréng.

Bét ddu tir mot khoang céch nao ddy t6i mang tréng nhing viing dp sudt m va ap
sudt duong xen k& nhau s& c6 dang hinh cdu véi tam 1a tam cla mang tréng (hinh 1.1d).

Béng cach d6, séng co hoc (hay con goi 1a séng dan hoi) duge tao ra trong bau khi quyén.

Séng co hoc c6 thé 1a sdng doc, khi céc hat vat chat cia moi trudng dao dong cung
hudng véi huéng lan truyén séng am (hinh 1.2a) hay 12 séng ngang khi cdc hat vat chét
dao dong vuong géc v6i hudng lan truyén séng am (hinh 1.2b).
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Hinh 1.2. Séng doc (a) va séng ngang (b); == va i
vécto toc do dao dong ciia cdc hat vat chdt cia moi truong; = C hiéu lan truyén séng.

Trong chét khi (khong khi chéing han) chi c6 séng doc, trong chat ran dong nhat
bat ky bién dang ban ddu nao cling déu gay ra dong thoi hai dang séng: séng doc va
song ngang.

Trong nhiing vat rén c6 kich thudc binh thudng séng doc 1a chinh, con séng ngang thi
tuong d6i yéu c6 thé bé qua. Téc do lan truyén cua song "hau nhu doc" nay khé gan véi
t6c do lan truyén cua séng doc. :

1.1.2. Pdc trung vdt Iy ctia song co hoc

- Tia séng va mdt séng: Nhitng miii tén trén hinh 1.1d chi chiéu lan truyén cla séng va
duoc goi 1a ria séng. Tat ca nhiing diém trong moi trudng lan truyén séng (& day 1a mol
truong khong khi) cé dp suat bing nhau tao thanh mot be mat goi la mar song. Mat séng
c6 thé 1a phéng, cu, tru tron hodc bat ky hinh dang nao khic tliy theo dac diém clia séng
vi clia moi trudng. Tia séng luon ludn vuong géc v6i mat song (hinh 1.1d).

- Téc dé lan truyén séng: Nhu dd néi & 1.1.1, nhitng vong ap suat am va ap sudt
duong lan truyén dan ra xa mat tréng véi mot t6c do xdc dinh goi 1a t6¢ dé lan truyén
séng, ki hieu 1a C va tinh bang m/s. '
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Toc do lan truyén séng phu thudc vao dac diém clia moi trudong lan truyén séng.
Trong bang 1.1 cho mot vai gid tri cia C.

Bang 1.1. Gia trj cta C trong vai loai méi truong thuong giap

Moi truong lan truyén séng co hoc C, m/s

Khoéng khi kho & 0°C 331
15°C 340
20°C 343

Nugc 15°C 1447
Nudc am 1520
Nudc bién 1510 + 1550
Bang 3200
G6 1000 + 4000
Cao su 50
bién dién 500
Gach 3000 + 3700
Bé tong cot thép 4000 + 4500
b4 granit 6000
béng ~ 3500
Chi 1.300
Nhom 6.400
Sét non 5.050
Thép 6.100
Kinh 4000 + 6000

-Toc do dao dong ciia hat vdt chdt ciia méi truong:
Xét tia song 1 trong hinh 1.1d.

Tai thoi di€ém chua ¢6 séng co hoc, cdc hat khong khi phan b6 déu doc theo tia 1
(hinh 1.3a).

Tai thoi diém dd ¢6 séng co hoc, cic hat khong khi bi don lai & mot s§ viing nio dé
va bi din ra ¢ nhling viing khac (hinh 1.3b).

Tai ving ma céc hat vat chat bi don lai ta ¢6 ving dp suat duong, ki hiéu 1a P.
Tai ving ma cdc hat vat chat bi dan ra ta ¢ viing dp suét am, ki hiéu 1a D.

Sau mot khoang thoi gian xdc dinh, tat ca dién ra ngugc lai (hinh 1.3c).
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Hinh 1.3. Dao dong ciia cdac hat var chdt ciia méi truong trong truong ho“p chi ¢6 song doc:
a) Tai thoi diém chua cé séng; b) Tai thoi diém c6 séng, c) Tai thoi diém di lién sau thoi diém b
diing mot nita chu ky dao déng ciia hat vdt chdt; P: ving dp sudt duong; D vimg dp sudt dam.

Trong khi c¢6 nhilng ving bién chuyén tit P sang D va tir D sang P k€& ti€p nhau thi
ngay trén tia 1 cling ¢6 nhiing ving ma & dé nhimg hat vat chat khong dich chuyén
(nhitng hat hinh vong tron trén hinh 1.3). & nhiing viing khac hat vat chat dich chuyén
qua lai xung quanh vi trf trung binh clia né (chang han nhu hat vat chat hinh sao dich
chuyén tr vi tri 1 trén hinh 1.3a sang vi tri 2 trén hinh 1.3b roi lai sang vi tri 3 trén hinh
1.3c, sau d6 tir diém 3 tr& vé diém 1, va c thé tiép tuc. Ta ndi rang nhitng hat vat chat
d6 dao déng xung quanh vi tri can bang cla ching v6i mot téc do nao d6 goi la toc do
dao dong ciia hat vdt chdt ciia moi truong, ki hiéu 1a v va tinh bing don vi m/s.

Nhu vay, ta cdn phan biét C (m/s) - t6c do lan truyén séng - v6i v (m/s) - toc do dao
dong cla hat vat chat ctia moi truong.

- Chu ky séng: D6 1a khoang thdi gian cin thiét dé€ hoan thanh mot dao dong tir P
sang D 16i lai trg vé P, hodc tir D sang P r6i lai tré vé D, né dugc ki hieu 1a T va tinh
bang don vi s (gidy).

- Tdn s¢ soéng: D6 1a s6 lugng céc dao dong duoc thuc hién trong mot gidy, duoc ki
hiéu 1a f va tinh bing don vi hec, ki hiéu 1a Hz. (Héc la tan 56 1 dao dong trong 1 giay).

Giita chu ki T va tin s6 f c6 lién hé:

- Bude séng: D6 1a khoang cich giita hai hat vat chat dao dong cling pha gan nhau
nhat, ki hiéu 12 A va tinh bang don vi mét.

Giita cdc dai luong budc séng A, téc do-lan truyén séng C, chu ki T vatan s6 f ¢6 lién
hé sau:

x=CT:>x=% (1.2)



- - 1.2. Séng am thanh (thuong goi tat séng am).

N6i chung séng co hoc c6 thé phat sinh trén bat ki tan s6 nao, nhung néu né phat sinh
trén nhiing tan s6 tr 16 Hz dén 20.000 Hz thi tai ngudi c6 thé cam nhan duge. Vi vay
nhiing séng co hoc trong pham vi tan s6 nay dugc goi la séng dm thanh hay thudng goi
tat song dm. Tin hiéu ma séng nay gy ra cho tai ngudi goi 1a dm thanh.

Do dé, dm thanh la mot tin hiéu ma séng co hoc ¢d tan so" ur 16 Hz dén 20.000 Hz

gay ra cho tai ngueoi.

1.2.1. Cdc khodng tan s6 duoc quan tam

Nhu trén da ndi, néu song co hoc phat sinh trong khodng tan s6 tir 16 Hz dén 20.000 Hz -

thi tai ngudi c6 thé cdm nhan dugc (hinh 1.4), v né duoc goi 1a séng dm.

Loai ¢a heo cdm nhan dugc

Loai doi cam nhan duoc

Loai ché cam nhan duogc
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(séng am thanh)

Hinh 1.4. Cdc khodng tan sé do nguoi va vai loai var khdac nhau cdm nhdn dioc

Séng co hoc phat sinh trén nhiing tan s& nhé hon 16 Hz goi 1a ha dm, séng co hoc
phdt sinh trén nhiing tan s6 16n hon 20.000 Hz goi 1a siéu dm.

Ciing can biét ring loai ché ¢6 kha niang cdm nhan nhiing séng co hoc tir viing ha am
dén 30.000 Hz, loai doi tu ving ha 4m dén 80,000 Hz va loai ca heo - tir ving ha am dén
300.000 Hz.

Céc nha am nhac (nhac si, nhac cong, v.v...) quan tam dén tat ca cdc tan s trong
khoang tir 16 Hz dén 16.000 Hz. Ho chia khoang nay thanh 10 khoang nhd, moi khoéang
nho dugc goi la 6c-ta (khai niém "6c-ta" s& duge dé cap chi ti€t & muc 3-4 clia chuong

nay). Trén hinh 1.5, méi 6c-ta duge gisi han boi 2 nét nhac Do.




Do, Do, Do Do, Do, Do, Do, Do, Do, Do, Do,

f, Hz

N
1 T I 1 T . 1 1 T I I

]
16- 32 64 128 256 512 1024 2048 4096 8192 16384

Hinh 1.5. Khodng tdn sé’ am duoc cdc nha dm nhac quan tém

Cic nha xay dung (kién tric su, k§ su xay dung...) quan tdim dén khoang tan s6 tir
125 Hz dén 4000 Hz, doi khi tr 100 Hz dén 6400 Hz. Ho chia cac am thanh trong
khoang tan s6 nay thanh 3 dai:

- Dai am tram: f tir 100 dén 400 Hz.

- Dai am trung: f tir 400 dén 1600 Hz.

- Dai am cao: f tir 1600 dén 6400 Hz.

Tiéng néi clia ngudi nam trong khoéng tan s6 tir 100 dén 1.000 Hz: ti€ng nbi dan ong
tir 100 Hz dén 500 Hz, ti€ng ndi phu nit tix 250 Hz dén 1000 Hz.

1.2.2. Pdc trung vit Iy cua song dm

- Ap sudt am: Xét tia 4m 1 trong hinh 1.1d. Tai thoi diém chua c6 séng am cdc hat
khong khi phan bo déu doc theo tia am, va dp suat tai bat cu diém ndo trén tia Am cling

déu bang 4p suat khi quyén (hinh 1.6a).

Tia &@m

P, dyn/cm2

> Tia am
p. dynfem Ap suét &am
C) PVTIEX ______________
A < N S R aahl s CEEEEE e
Pmin .

Hinh 1.6. Ap sudt am, nhitng duong cong dp sudt am doc theo mot tia am
tai mot thoi diém xdc dinh. a) Khi chua c6 séng dm; b) Khi ¢6 song am; -
c) Thoi diém di lién sau thoi diém b ditng mot nita chu ky.
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Tai thoi diém c6 séng am, hinh thanh nhitng ving 4p suat duong (4p suét 16n hon ap
suat khi quyén) va nhiing ving 4p suat am (4p sudt bé hon ap suat khi quyén), néu ké
duong cong ap suat ta dugc hinh 1.6b va 1.6¢.

- Ap sudt dm nic thoi: La hiéu giita 4p sudt tai diém dang xét va tai thoi diém dang
xét khi c6 séng am véi dp suat khi quyén Py (hinh 1.6¢) .

- Ap sudt am hiéu dung: Tai ngudi khong cdm nhan dugc 4p suat am tdc thoi ma chi

cam nhan dugc 4p suat am hiéu dung, ki hiéu 1a p,,, duoc xdc dinh bing biéu thic sau:

1 t2 ax
Pra == | y/(y — Py 2t = Pmax (1-3)
T, NG

Trong dé:
p, - 4p sudt am tdc thoi tai thoi diém t;
Py, - 4p suat khi quyén;
T - chu ki séng am, s.

t, va t, - thdi diém dau va thoi diém cuéi clia mot chu ky séng am (hinh 1.7).

p,dyn/cm2

Thai gian, s

Hinh 1.7. Duong cong dp sudt am tai 1 diém ciia méi truong theo thoi gian

Cong thuc (1-3) cho thay: tai ngudi khong phan biét dugc dp suit la &m (lam cho mang
nhi chuyén dich vé phia bén ngoai dau) hay 1a duong (Iam cho mang nhi chuyén dich vé
phia bén trong ddu) ma chi quan tim dén viéc chuyén dich dé manh hay yéu ma thoi.

Tir day, khi néi-dén "4p suat am" ta hi€u ngay ring d6 1a "dp suat am hiéu dung" xac
dinh theo cong thiic (1-3).

Ap suat am duoc ki higu 1 p, duoc tinh bing Pa hodc bang dyn/cm? (1 dyn/cm? = 107 Pa)
hodc bang miliba (1 miliba = 10 Pa).

Giira dp sudt am p véi t6c do lan truyén séng am C va véi t6c do dao dong clia hat vat
chat v ¢ lién hé sau:
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p=pCv (1-4)
Trong do: - g
p - khoi luong don vi chia moi trudng lan truyen séng;
Néu p tinh bing kg/m’, C va v tinh bang m/s thi p s€ c6 don vi la Pa.
Néu p tinh bang g/cm’, C va v tinh bang cm/s thi p s€ c6 don vi la dyn/cm’.

V6i am thanh ¢6 tan s6 f = 1000 Hz (dugc goi 1a am chudn), tai ngudi chi ¢6 thé nghe
thdy néu 4p sudt am clia n6 vuot qué 2.10* dyn/em® hay 2.10°° Pa. Céc tri 56 p, = 2.10°
dyn/cm 2.10°Pa goi |a 4p sudt am & nglfang nghe ctia am thanh chudn.

Ciing v6i 4m thanh chuén (f = 1000 Hz), néu 4p suat am cua nd vugt qud 630 dyn/cm
hay 63 Pa thi mang nhi bi dau. Cc tri s6 p, = 630 dyn/cm® = 63 Pa goi 1a dp sudt am &
ngudng dau.

- Cong sudt dm: Xét mot nguodn am dit tai S phat ra nhiing séng am sao cho nhiing

séng nay lan truyén déu theo moi huéng (hinh 1.3).

Mat séng

. ; o
| . \ /> Tia séng

Hinh 1.8. Gidi thich nhiing khdi niém céng sudt dm va cuong do dm
Cong sudt am 12 nang luong ma séng am dua qua toan bo-mat song trong mot don vi
thoi gian, né duge ki hi¢u 1a W va dugc tinh bang o4t (w).

Cuong do am: La nang lugng ma song am dua qua mot don vi bé mat clia mat séng
(téic 12 bé mat vudng géc v6i tia am) trong mot don vi thoi gian, né dugc ki hiéu [a I va
tinh bang w/cm’.
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Néu nguén am la nguén diém, khi quyén dong nhat va dang huéng va néu bd qua kha
nang hap thu nang luong am cua khong khi, cuong do am tai diém cach nguén S mot
khoang r dugc xédc dinh nhu sau:

W
I = (1-5)

r 2
47r

Dé thay rang gifta cudng do am I, 4p sudt am p va téc do dao dong ctia hat vat chat (&
day la hat khong khi) v ¢6 lién hé sau:

I=pv (1-6)
Tt phuong trinh (1-4) it ra:

v=_P_
pC
Do dé:
) |
I=pv=p2L=1=2P (1-7)

pC pC

Biéu thtic (1-7) cho thay: Vi mét moi truong cho truce (pva C cho trudce) cuong do

am i 1¢ thudn véi binh phuong ap sudt dm, hé s6't 1é 1a LC i
o,
Trén day, ngudng nghe va ngudng dau déu da dugc thé hién qua dp suat am, chiing c6
thé dugc thé hién qua cudng do am.
Ap dung cong thic (1-7) cho truong hop moi trudng lan truyén am 1a khong khi
(p = 1,2 kg/m" va C = 343 m/s) ta cé: 1 = 0,00243p’

Néu thé hién ngudng nghe va ngudng dau bing cudng do am, ta cé:

- Cudng do am & ngudng nghe béang:
I, =0,00243p> = 0,00243 x 2x107)? ~ 10" w/m? = 10"® w/cm’
- Cudng do am & ngudng dau bang:
[, = 0,00243 p’ = 0,00243 x 63*~ 10 w/m* =10" w/cm”
T ngudng nghe dén ngudng dau, cudng do am bién thién tr 10"° dén 107 w/cm?, vay
cuong do 4m ¢ ngudng dau 16n hon cudng do am & ngudng nghe mot s6 1an 1a:

Ly 107 s g
— = =10 lan "
I 10 ,

8]

Con s6 nay qud 16n, khong thuan tién trong tinh todn, dong thdi khong can thiét cho
do nhay cua tai nguoi.

Néu thé hién ngudng nghe va ngudng dau qua dp sudt am, ta cé:



ps __ (63)

=—__-10"1n
p.  (2x107°)

ta c¢6 két qua ding nhu trén.

10" - d6 12 mét con s6 khéng 16, khong thuan tién cho tinh todn cho cdc phép do am
thanh. Mat khéc, theo két qua nghién ctu cla triét gia ngudi Pic Fechner G.T, thi cam
gidc clia con ngudi, trong d6 c6 cam gidc v€ am thanh, khong ti 1¢ thuan tryc ti€p véi
cudng do ciia yéu t6 kich thich ma ti 1¢ thuén véi 16-ga-rit clia nhitng cudng do ay.

- Mikc dm vdt ly ciia dm thanh:

V6i hai li do trén day, cic nha khoa hoc da dé xudt khdi niém "midc am vat ly"
cta am thanh, né duoc ki hiéu 1a L, tinh bing dé-xi-ben, viét tat dB, va dugc xdc dinh
nhu sau:

I
L=IOlgT— dB (1-8)
*o
Trong dé:
I - cuong d6 clia am thanh xem xét, w/cm®;
I, - cudng do clia Am thanh & ngudng nghe, v6i am thanh chudn (f = 1000 Hz)
I, = 10"'° w/cm’.

10

Thi du 1.1. X4c dinh muc am vat 1y chia 4m thanh chudn c6 cudng do I = 10" w/cm’.

Giai:

I 10—1()
L=10lg—=10lg~— =60 dB
1 S0

Thi du 1.2. X4c dinh mic 4m vat 1y clia am thanh chuén & ngudng dau.

Gidi: V6i am thanh chudn, mic am vat 1y & ngudng dau 1a 107 w/cm’.

I 107
L=10lg-4=10lg——=130dB
1 T

Nhiing thi du trén cho thdy, véi khdi niém "muc am vat 1y", nhﬁ’ng phép tinh va phép
do vé am thanh da "gon nhe" di bao nhiéu lan.

Mic am vat 1§ clia am thanh c¢6 thé dugc thé hién qua cudng do am (cong thiic 1.8),
ciing c6 thé duoc thé hién qua 4p suat am. Tinh dén cong thiic (1-7), ¢ thé viét:

2

2
L=10lg2-=101g2/PE 1 2015 2 19
IO po/pc po

Don vi ctia L van la dB.
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Trong dé:
pv - 4p sudt cua m thanh dang xét;
P, - 4p sudt chia am thanh & ngudng nghe, v6i am chudn p, = 2x10™* dyn/cm? hay
bing 2x10” Pa.
Thi du 1.3: Hay xdc dinh mifc &4m vat 1y chia mot am thanh c6 ap sudt p = 4 dyn/cm’.
Giai:
4

x 10

L=20lgL =20ig

o]

—=386dB

Thi du 1.4: X4c dinh mic am vat 1y clia am thanh & nguéng nghe.
L=201g2 201220~ 3048
P, 2x10°

- Mirc am vdt Iy hiéu chinh ciia ém thanh:

Tai nguoi nhay cdm khic nhau véi nhitng am thanh cé tdn s6 khéac nhau, nhay cdm
nhat v6i nhitng am thanh trung, it nhay cdm hon véi nhiing am thanh trdim vi cao.
Trong khi d6 mdy do mifc 4m vat 1y cha am thanh lai khong"biét” dén dic diém néi
trén cua tai nguoi. D€ s6 do trén mdy phit hop hon véi do nhay cam cda tai nguoi, can
phai hiéu chinh.

C6 4 phuong thic hi¢u chinh 1a A, B, C, D, méi phuong thitc phii hop véi mot ving
mitc am vat 1y xdc dinh, tuy nhién dé don gidn héa bai toin ma sai s6 van c6 thé chip
nhan dugc, dac biét 1a trong linh vuc kién tric - xay dyng ngudi ta chi diing phuong thiic
A; muc am vat 1y sau khi hiéu chinh theo phuong thitc A c6 don vi tinh 13 dB(A). Gia tri
clia s6 hiéu chinh A dugc cho trong bang 1-2.

Bﬁng 1-2. Gia tri cia s6 hiéu chinh A

Tén s6, Hz 125 250 500 1000 2000 4000
S6 hiéu chinh A, dB -16,1 -8,6 -3,2 0 +1,2 +1

Thi du 1.5: Xac dinh mac am vat 1y hiéu chinh cia mot am thanh ¢6 tan s6 f = 500 Hz
va ¢6 muic am vat 1y tinh theo cong thiic (1-8) 1 80 dB.

Giai:
Theo bang 1-2, v6i tan s6 500 Hz gi tri clia s3 hiéu chinh 14 - 3,2 dB. Vay, mic am
vat Ii hiéu chinh ctia 4m thanh nay 12: 80~ 3,2 = 76,8 dB(A)

1.3. Nhitng dang khac nhau cia am thanh va tiéng on

Trong nhiing tai li¢u vi€t vé am thanh c6 nhi€u cach phan biét am thanh véi tiéng 6n
nhung cédch phan biét sau day 1a don gian va ddy di nhat:
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Am thanh la bdt ki tin hiéu nao ma séng dm gay ra cho tai nguoi. Tiéng on la nhitng
tin hiéu dm thanh c6 hai hodc vé ich doi vdi tai nguoi.

Tuy nhién phéi thdy rang trong nhiéu trudng hop su phan biét nay ciing chi 1a tuong do1.

Am thanh gém nhiing loai sau day: _

- Am don: D6 1a am thanh phét ra trén mot tn s6 duy nhat, bdi mot am thoa chang
han, vi vay dé thé hién né trén doé thi chi can mot cap thong s6 1a du, hoac (I, f), hoac (L,
f), hoac (p, f) (hinh 1.9a).

- Am phitc hop: D6 13 am thanh phat ra trén rdt nhiéu tdn s6 khdc nhau ciing mot ldc,
vi vay dé thé hién né trén dé thi, mot cdp thong s6 1a khong du, ma phai can dén khai
niém phd am. |

Phé clia mot am phic hop c6 thé 1a mot bing hay mot dudng cong biéu dién méi lien
quan giita cac cap thong s6 I va f, L va f, hoac p va f ciia am thanh nay.

Bang 1.3 dudi day 12 phd cla tiéng 6n giao thong ghi duge trén mot trong nhitng

dudng phé cta Pari (th

Bang 1.3. Phé ciia tiéng 6n giao thong
(ghi dugc trén mot trong nhiing dudng phd cta Pari: )

Tan s6, Hz 125 250 500 1000 2000 4000

Muc am vat ly, dB(A) 71 70 66 65 63 57

Trén hinh 1.9 thé hién phd cia mot &m don (hinh 1.9a) va cia mot 4m phiic hop (1.9b).

a) b)
L, dB
: 80
L, dB
N
70 \
L ‘\
60 \\
f, Hz 50 f, Hz

125 250 500 1000 2000 4000
Hinh 1.9. Phé am: a) Cuia mét dm don; b) Ciia mot am phiic hop

Bit k¥ am phtic hop nao ciing déu c6 thé phan tich ra thanh it hay nhicu am don, tury
theo mitc do phtc tap clia ching. Trén hinh 1.10 gidi thiéu séng cia mot &m phiic hop
(a) dugc phan tich thanh 2 am don (b va ¢).
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A

- Am hong: La mot dang dac biét ctia am phic hop, trong d6 quan hé gita I va Igf

lgf) 1a quan hé tuyén tinh (hinh 1.11a).

N

ac gilta p va

(hoac gitra L va lgf, ho

A

- Am trdng: La mot dang dac biét kh

do am I

hop, trong d6 cuodng
theo tan s6 f (hinh 1.11b).

htc

) khong thay d

ac cua am p

P

A

an s

oi

A

am p

't

ac 4p sua

e

¥ L, hod

at1

ac muc am v

-

(ho

p, dyn/cm?

Thai gian, ms

Thdi gian, ms

Thai gian, ms

p, dynic

Hinh 1.10. Phadn tich dm pliic hop (a) thanh 2 dm don (b va c).

1, wicm

2

[, wiem

f, Hz

lgf, Hz

Hinh 1.11. Phé ciia ém hong (a) va éam trang (b)

17

BHE

Wl

TRUGNG B4 A DOAS Vi (Ol N

-~




1.4. Cong va trir miic Am vat 1y tir nhiéu nguon on khic nhau

Bai todn dat ra nhu sau: ¢6 n nguén 6n, cuong do

~ Ay I1
am clia m6i nguén 1a I, I, ...I,, séng am cua ching Y \ ..
dén diém O gin nhu déng thoi (hinh 1.12). Hay xdc N\ o I,
dinh mitc am vat 1y tdng cong do n ngudn 6n d6 gay ra Oe
tai O. c
Bai todn dugc gidi lan luot nhu sau: : Hinh 1.12. Xdc dinlv miic dm

- Cudng do Am téng cong L, tai O vat Iy téng céng tai diém O.

L=l +L+..+L=>L (1-10)
- Miic am vat 1y téng cong L tai O:

L, :IOIgfi:IOlg‘—:—i— (1-11)

Pa bigt I, = 10" w/jcm’.

Néu biét trude cac I, clia cac ngudn on thi mic am tong cong L, tai O s€ duogc xdc
dinh dé& dang bing cong thic (1-11). Nhung trong thuc t&€, cic may do am thanh khong
ghi cudng d6 am I ma chi ghi muc am vat 1y L. Vay, néu biét truéc cdc L, thi L, s€ dugc
xé4c dinh nhu thé€ nao?

Tu biéu thitc (1-8) riit ra:

n

| Zli '
l=10°'1L:~——i:11 =y10M - (1-12)

0 i=1

T (1-11) va (1-12) rut ra:

L. =101g> 10™" | o (1-13)
i=1 : ‘

Thi du 1.6. C6 6 tiéng 6n doi dén diém O tir 6 nguon khéc nhau gan nhu dong thoi.
Tai diém O mifc am vat 1y cla ting ngudn on riéng 1¢ la: I, =70 dB(A); L, = 66 dB(A);
L, =75 dB(A); L, = 80 dB(A); L, = 78 dB(A) va L, = 73 dB(A). Hay tinh miic am vt Iy
t6ng cong tai O do 6 ngudn On trén gay ra.

Gidi. Theo cong thic (1-13) ta c6:

L. = 101g(10” + 1056+ 10"+ 10* + 10™* + 10 = 83,6 dB(A)
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Trudng hop dac biét, néu n tiéng 6n tfxln ngudn on ¢6 ciing mot mic am vat 1y (nghia
lalL, =L,=...=L_ =L):
L, = 101g(10*" x n) = 101g10™"" + 10lgn
Ma 101g*'" chinh 1a L, vay:
L.=L + 10Ilgn
Thi du 1.7. Hay xac (ﬁnh muc am vat 1y téng cong cla tiéng 6n do 2 may lién ké
dang hoat dong (mdi mdy c¢6 L = 65 dB(A) gy ra.
Giai:
L, =65 + 101g2 = 68 dB(A)

Trong thyc t€, néu mic am vat 1y ctia mot trong 2 tiéng 6n doi dong thdi dén mot
di€ém nao ddy 16n hon muc am vat 1§ clia tiéng 6n kia trén 10 dB thi tiéng én thd nhat
hoan toan at tiéng 6n thit hai.

Thi du 1.8. Xéc dinh mét cach thuc & mic am vat 1y téng cong do 2 tieng o6n 100 dB(A)
va 88 dB(A) gay ra.

Gidi:

100 - 88 = 12 dB(A) > 10 dB, vay ti€ng on thd nhat hoan toan 4t tiéng 6n thit hai,
miic am vat 1y tong cong sé 1a 100 dB(A).

1.5. Mirc am vat 1y téng hop ctia mot am phiic hop

Trong thuc t&€ chéng 6n cho nha ctlra, khong hi€m khi gap nhiing trudng hop phai biét
muc am vat 1y ciia mot am phiic hop.

Muc am vat ly ctia mot am phic hgp duge xdc dinh bing cong thiic sau:
L, =101g> 10%" (1-15)
-

Trong dé:
L,, - mic am vat 1y téng hgp ctia am phiic hop;

L; - mic am vat 1y ctia am don 6 tan s6 f ¢6 mat trong am phic hop.
Thi dy 1.9. Xac dinh mtc am vat 1y t6ng hop cha am phic hop ghi duge trén mot
trong nhiing dudng phd cuia Pari (xem bang 1.3).
Giai: |
Theo cong thuc (1-15) ta ¢6:
L, = 10Ig(10™" + 107 + 10°° + 10" + 10™") = 75,08 dB(A)
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§2. NGUON AM. LAN TRUYEN SONG AM TRONG KHONG KHL. TRUYEN
SONG AM QUA KET CAUNGAN CACH. PHAN XA VA HAP THU SONG AM

- 2.1. Ngu6én am

Ngudn am la bat ki vat thé nao phat ra séng am: ngudi dang noi, loa dang phat thanh,
mdy dang chay, 14 11 rao truéc gio, v.v...

C6 2 dang nguon am: ngudn di€ém va ngudn duong.

- Ngudn diém la nhitng ngudén ma kich thudc cia né rat nho so véi khoang cach tx
ngudn dén tai ngudi nghe: ngudi dang néi, loa dang phdt thanh, cum nha may co khi doi
v6i ngudi ding cach nd ¢ tram mét trd 1én, 6td dang chay, v.v...

Nguén diém c6 thé 1a c6 dinh (ngudi dang ndi, mdy dang chay...) hay di dong (610,
tau hda dang chay, mdy bay dang bay, v.v...

Trong khi quyén déng nhat va dang hudng nguén n diém phat ra nhiing séng 4m hinh
cau (hinh 1.13a).

1 oo Tm 0@ o1

RN SR RN (SR S PUpEE S

VT T ATT 7T 77777 7777

Hinh 1.13. Séng cdu phdt ra béi- mét nguén diém trong béau khi Guyén
duoc gid dinh la déng nhdt va ddng hudng (a) va séng tru tron phdt ra béi mot nguon duong
trong bau khi quyén dvgc gid dinl la dong nhat va dang huéng (b).

- Ngudn dutng 12 tap hop clia nhiéu nguén diém xép thanh dudng thang: mot day dai
ot6 dang chay, mot ddy mdy dang hoat dong...
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Trong khi quyén dong nhat va ding huéng ngudn dudng phat ra nhitng séng am hinh
tru tron (hinh 1.13b).

Tir mot khodng cdch nao dé dh 16n, du 1a séng ciu hay séng tru tron cling déu cé thé
dugc xem 1a séng phang (mat séng la nhiing mat phang va tia séng 1a nhing tia song
song vuong géc véi nhiilng mat phang nay), khi d6 thay vi séng cdu hay séng tru tron ta
cé séng phdng.

Trong thuc t€, khi quyén hau nhu khéng bao gid déng nhat va dang huéng: gié va
nhiét do 1am cho hai tinh chat nay mat di, trong trudng hop nay, véi nguodn diém, mit
séng khong con 1a cau nita va v6i nguén dudng mat séng khong con 12 tru tron nita ma

méo mo di.

2.2. Lan truyén séng am trong khong khi

C6 2 dang lan truyén séng am trong khong khi: Truyén am toan huéng va truyén am
dinh huéng.

Truyén am toan hudng xay ra khi khi quyén thoang vé moi phia (hinh 1.14a). Truyén
am dinh huéng xay ra khi khi quyén bi gi6i han boi nhitng vat cin nao dé (hinh 1.14b).

Hinh 1.14. Hai dang lan truyén séng dm:
a) Lan truyén dm toan hudng, b) Lan truyén dm dinh hucng

2.2.1. Truyén am toan hudéng
Xét mot nguodn diém phdt ra nhiing séng am c6 cong sudt W va séng am dugce lan
truyén di duéi dang toan huéng (hinh 1.14a). Néu khong ké dén kha nang hap thu nang
luong am chia khéong khi thi cuong do am tai di€m cach nguén mot khoang r s&€ bang:
Y
I —

r 2
4mr

Néu W tinh bing oat, r bang cm thi I, sé tinh bang w/cm’.

Miic am vat 1y clia am thanh tai diém cdch nguén mot khoang r bang:
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I
L =10lg-t =L =101
e T A

(o] o]
Tai diém cdch nguén 6n mot khoang R = 2r, cudng d¢ am bang:

A\ A\ A% I

I, = = - —_r
R74nRY  4n(2r)?  4nrix4 4

T

Biéu thic trén cho thdy: néu khoang céch tir diém xem xét dén nguodn am gap doi thi
cudng do6 am tai diém xem xét giam 4 lan.
Tai diém cach nguén am mot khodng R = 2r mitc am vat 1y ctia am thanh bang:

I I I
L. =10lg-2=101g—/=101g-=-101g4
R = gI g4I gI g

0 o] Q

I X '
ma 10 lgT—rchinh la bang L, va 10lg4 = 6, vay:

Ly=L, -6(dB)
Két qua tinh trén cho thdy:

~ Véi nguén diém, néu khi quyén déng nhét va ding huéng, truyén am toan hudng va
bd qua su hap thu séng am cua khong khi thi khi khoang cach tir diém xét dén ngudén am
tang gap doi, mtic am vat 1y tai di€m xem xét s& giam di 6 dB (hinh 1.15).

/

Le=L,-6 L= Lg- 20/g/ - 11

Hinh 1.15. Xdc dinh mitc am vt 1y ciia dm thanh tai diém cdch nguon am
mot khodng nao dé trong truong hop truyén am toan huong
N6i chung, dé xdc dinh mtc am vat Iy cia am thanh tai di€ém cich nguoén mot
khoang ! bat ky trong trudng hop truyén am toan hudng, ¢ thé diing cong thiic don
gian héa sau day:
L,=L,—-20ig/- 11 (1-16)
Trong do6:
L, - mtc am vat 1y clia am thanh & mot diém cach nguén am mot khoang /, dB;

L, - mitc am vat 1y clia ngudn am, dugc xdc dinh nhu sau:
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W
Ly =10lg—~ (1-17)

0

Trong do:

W - cong suat cua nguén am, w;
W, = 10"*w (1pico-o4t) - cong suat tham chiéu;
[ - khoang cdch tir diém xem xét téi ngudn am, m.

Thi dy 1.10. X4c dinh mtc am vat 1y cta am thanh tai diém cdch nguén am 9 m,
nguoén am la nguon di€ém c6 cong sudt W = 3,16x10* w (khi quyén déng nhat va ding
hudng, bo qua kha nang hap thu séng am cta khong Khi, truyén am la toan huéng).

Giai:

Theo cong thic (1-17):

w 3,16x107*

(8]

Theo cong thiic (1-16):
1, =85-20Ig9 - 11 = 54,9 (dB)
2.2.2. Truyén dm dinh huéng

Trong truyén am dinh hudng (nguén Am vén la nguén diém), mic am vat Iy ctia am
thanh tai diém cdch nguén mot khoang / duoc x4c dinh nhu sau:

L=L-20lg-11+G (1-18)

Trong d6: G - chi s6 dinh hudng, gié tri ctia né dugc xdc dinh theo bang 1.4.

Bang 1.4. Gi4 tri cua chi s6 dinh huéng G

Vi tri clia nguén am G, dB

Trong khong khi thodng vé moi phia, & giita phong

Trén mot bitc twong nao dé clia phong

0
3
Tai géc giita hai bitc tudng cua phong 6
9

Tai géc gitia 3 bé mat (hai tuong va 1 tran, hodc 2 tudng va 1 san)

Thi du 1.11. Xac dinh muc 4m vat ly clia am thanh tai di€ém cach nguén am 9 m;
nguén 12 ngudn diém ¢é miic am vat 1y Lg = 85 dB, dat gifta mat tudng trong phong (thoi
gian am vang gia dinh bang 0).

Giai:
Theo bang 1.4 ¢6 G =3 (dB).
Theo cong thuc (1-18):
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L, =85-201g9 — 11 + 3=57,9 (dB).
2.3. Xuyén qua, phan xa va hap thu séng am béi két cau ngan céch
Khi séng am dap t6i bé mat clia két cdu ngan cdch, n6 truyén dén bé mat nay mot
nang luong 4m xac dinh, goi 1a ndng liong tor.
Mot phdn ciia nang Iugng t6i nay dugc bé mat phan xa lai, goi 1a ndng lugng phdn xg.
Ti s6 giffa nang luong phan xa va nang lugng t6i goi 1a hé s6 phdn xa cla be mat, ki hiéu
la B va dugc xac dinh nhu sau:

) Ef77777 [ .

Trong do:
E, - nang lugng am phan xa;
E, - nang lugng am tdi.

B - bién thién tir O dén 1 tuy theo tinh
chat cta vat liéu lam nén két cdu
va tlly theo tan s6 clia séng am.

A

. _ Hinh 1.16. Xuyén qua, phdn xa
Mot phan khédc cua nang luong toi vao va hdp thu séng am cua két cdu:
_ trong 1'101 bé két cau dé roi hOaC la khuéch 1. N?mg luong t6i; 2. Nang luong phén xa; 3. Ning
tan & trong ddy hoac la xuyén qua ket cdu  luong khuéch tdn trong noi bo ket cau; 4. Nang

dé biic xa ra phong bén kia (hinh 1.16). lugng xuyén qua; 3+4. Nang luong bi hép thy.
Téng ctia nang lugng khuéch tén trong noi bo két cdu va nang lugng xuyén qua két cau
20i 1a ndng lirong bi hdp thu. Ti s6 gilta nang lugng bi hap thu véi nang lugng téi duge goi

12 hé s hiit dm cua bé mit két cdu, né dugc ki higu 1a o va duge xdc dinh nhu sau:

o= % (1-20)
Trong doé:
E, - nang luong bi hap thu;
E, - nang lugng 4m tdi;
E,=E -E
o bién thién tir O dén 1 thy theo tinh chat cua vat liéu lam nén két cau.
RO rang la:
oa+p=1 (1-21)

Gia tri ciia o rdt quan trong cho viéc thi€t k€ trang 4m cho cdc loai phong, dugc cho -
trong phu luc 1.
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Ti s6 giita nang luong xuyén qua két cdu véi nang luong tGi goi 1a hé s6 xuyén dm cha

két cdu, ki hiéu 1a T va xdc dinh nhu sau:

Trong dé: E, - nang luong xuyén qua két ciu.
2.4. Vat liéu va cau kién hit am

C6 4 dang vat liéu va cau kién hdt am:

- Vat liéu ¢6 16 réng dé tran.

- Tam mong dao dong,

- Vat liéu ¢6 16 réng dugc bao vé bing tdm c6 duc 16.

- Lo cong hudng.

2.4.1. Vit liéu c6 16 rong

(1-22)

Bén trong dang vt liéu nay c6 nhicu 16 réng, thanh cha nhiing 16 réng 4y 1a vat liéu
(len, soi amiang, dam bao, soi thuc vat, bong khodng v.v...). Nang luong am t6i khi da
lot vao cdc 16 rong s€ lam cho céc hat khong khi trong dé dao dong. Vé phan minh, dao
dong nay cla cdc hat khong khi gay ra ma sdt gita ching va thanh cta 16 réng. Bing
cdch nay mot phan nang lugng am bién thanh nang lugng nhiét va khuéch tén trong long
khéi vat lieu. Tan s6 clia 4m tdi cang cao, tan s6 dao dong cla cdc hat khong khi trong
16 réng cang 16n, ma sdt cang nhiéu; cang c6 nhiéu nang luong am bién thanh ning
luong nhiét va do d6 kha nang hédp thu séng am cla vat liéu sé cang 16n.

Chinh vi vdy ma vat liéu dang nay hidt am manh d6i véi nhitng séng am ¢6 tdn s6 cao

va hdt am yéu doi véi nhiing séng am ¢6 tan so thap.

Mau vt liéu dang ndy cang day cang hit &m manh.

Hinh 1.17 the hién gid tri clia hé s6 hit am chia mot vai loai vat liéu ¢6 16 réng thudng gap.

a
1.0
0.8
0,6
04
0.2

0

a)
N i o B
/
/
v /(2
L
f Hz

125 250 500 1000 2000 4000

Hinh 1.17. Gid v ciia hé 50 it am o phu thude vao tan sé séng am cia mot vai
loai vt liéu ¢o 16 rong dé tran: a) Tdm ép bang dam bao dai: 1. day 50 mm, 2. déy
25 mm; b) Tdm ép bang bong khodng (bong thity tinh, béng si-lic, béng da, ...) day

10 =20 cm; c) Tam ép bang soi thitevat day <12 mm.

o
1,0
08
0,6
0.4
0.2
0

b)

f, Hz

125 1250 1 50071000 2000 4000

o
1,0
08
0,6
0,4
0,2
0

0)

f, Hz

125 250 500 1000 2000 4000
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Nhitng céu kién hit am bing vat liéu c6 16 réng dé tran c6 thé 12 dang bé mit hoac
dang khéi (hinh 1.18).

~ */
2 -

Hinh 1.18. Cdu kién hit am dang bé mdt (a) va dang khéi (b)

2.4.2. Tam mong dao dong

Xét mot tdém moéng dan hoi dat cdch mat tudng vai cm (hinh 1.19). Lép khong khi
trong khoang gifta mat tudng va tim mong s& tng x{t véi séng am t6i nhu mot chiéc 10
xo0, mot ddu gin vio mat tudng va ddu kia gin vao tim mong.

) b)
| s, :
| SEpE -
[, L, L / |

Hinh 1.19. Cdu kién hiit am du6i dang tdm mong dao dong: a) Cdu tao; b) So do hat dm:
1. Tam mdng dao dong (tdm gb, tdm phibro ximang, ...). 2. Tudng; 3. Lép khong khf;
4. T4m bing vat liéu réng: 5. Khung béng nhiing thanh g hodc nhya hoac kim loai: 6. Ld xo.
M&5i he thong "tdém méng - khung", tity theo céu triic va cdch c6 dinh, c6 "tan s6 ban
than" riéng, tn s6 ndy cé thé dugc xéc dinh nhu sau:

f =—— 1-23
= Gd (1-23)

Trong dé:
f, - t4n $6 ban than ctia hé thong, Hz;
G - kh6i luong bé mit clia tim mong, kg/m?;
d - khoang cé4ch gifta mat tudng va tim mong, cm.
600 véi don vi Hz (kg.cm: m*)** - hing s6 thuc nghiem.
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Thi dy 1.12. Tam mong bang gb c6 p = 600 kg/m® day 1,2 cm dat cach tudng mot
khoang d = 5 cm. Xac dinh tdn s6 ban than cia hé thong "tdm méng - khung" nay.

Giai:

Véi p = 600 kg/m’ tAm mong cé:

G=9901,_ 7,2 kg/m?
100

600

f =
" [1.2x5

Néu tan s6 clia séng 4m t6i bang tdn s6 ban than cta hé "tam mong - khung" thi xay

=100 Hz

aon

ra hién tuong goi la
cong huodng, ki hiéu 1a f,. Khi xdy ra hién tugng cong hudng nang luong am t6i phai
mat di mot phdn ddng ké dé 1am cho tdm mdng dao dong, nghia 14 né bi tim mong hap
thu nhiéu.

Tinh todn trong thi du 1-12 cho thdy: tdn s6 cong hudng ctia hé "tdm méng - khung"
thuong Ia rat bé, vi vy dang cau kién nay chi hit manh nhiing séng 4m tin s6 thip va
hit rat yéu nhitng séng am tdn s6 cao, né duge st dung dé hit nhitng séng am tir 50
dén 300Hz.

Hinh 1.20 giéi thiéu dudng cong dac trung clia dang cdu kién nay.

a

1,0

08

0.6

0,4 ]
0,2

\

0 ‘ f, Hz
125 250 500 1000 2000 4000

Hinh 1.20. Duong cong "a - f" ciia mot tdm mong dao dong
(tam amidng ximang 1,2x1,2-m-day'5-mm ddt cach twong 10 =20 cm.

2.4.3. Vat liéu c6 16 rong duoc bdo vé boi tam mong cé duc 16
Nhu vira néi trén day, vat liéu c6 16 rong dé tran hit manh séng 4m tan s6 cao va hit
yé€u song am tan so thip, nguge lai; tém moéng dao dong hit manh séng am t4n s& thap

va hdt yéu séng am tan s§ cao. Vay ma trong thut t€ nhiéu khi ngudi thiét k€ trang am
can mot thit cau kién vira hit manh séng am tn s6 cao lai vira hit manh séng am tan s6
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th4p. Nhu cdu nay cla nguoi thiét k& lam ra doi cau kién "vat lieu c6 16 rdng dugc bao
vé bing tim mong c6 duc 16". Trong loai cau kién nay, vat liéu c6 16 rong dugc bao vé
hiit manh séng am tdn s6 cao, con tdm moéng bao vé thi hiit manh s6ng m tan s0 thap,
nhu vay toan bo cau kién s& hiit manh séng 4m ca tdn s6 cao 1an tan sd thap.

Hinh 1.21 giéi thiéu hai dudng cong"a - " ctia hai cau kién hit am loai nay.

a) b)

o ’ o
10 1,0
08 08 P s

yd d /] C
0,6 06

v

04 ; 0,4
02 ' 02
0 f, Hz 0 f, Hz
125 250 500 1000 2000 4000 125 250 500 1000 2000 4000

Hinh 1.21. Duong cong "« - f ciia hai cdu kién hit dm vat liéu réng duoc bdo vé bang tdm
mong cé duc 16: a) Tdm bong khodng c6 p= 15 +40 kg/n’, day 25 mm ddt sau tdm thach cao
¢6 duc 18, 16p khong khi day 20 cm, duomg kinh cdc 16 4 mm; b) Nhu truong hop a, tdm bong -
khodng ddt sau tdm tén cé duc 16 10%

Nhu vay, vé mat hit 4m céu kién dang vat lieu rdng dat sau tim méng dao dong nam
giita hai dang vat liéu va cdu kién vira néi dén trén kia.

Vé mat cdu tao, nhiing cau kién hit am nay c6 thé bd tri theo dang phing hay dang
khéi (hinh 1.18).

2.4.4. Lo cong huong

Nhiing dang chinh cda lo cong hudng dua trén nguyén tic "lo cong hudng
Helmholtz". Khi séng am lot vio bén trong cai lo d6 né s& lam cho khoi khong khi bén
trong lo dao dong nhu mot chiéc 10 xo (hinh 1.22).

a) b)

st v / 7
)
Hinh 1.22. Lo cong hudng: a) Tuong duong giita lp cong hudng dang Helmhotz
véi hé "1o xo - khéi luong”; b) Lo céng hudng b tri thanh nhém.

// .
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Dao dong nay lam cho khéi khong khi co xdt vao thanh lo, xuat hién hién tuong ma
sdt ]Jam cho thanh lo néng 1én, va dén day nhiét nang do ma sdt gay ra s& khuéch tdn vao
trong vat liéu ciia két cdu. Nhu vay la véi lo cong hudng nang lugng cta séng am téi da
bién thanh co nang va nhiét nang khuéch tén vao trong vat liéu. Ngudi ta néi: lo cong
hudng da hat am.

Lo cong hudng s& hiit manh nhat séng 4m nao ¢6 tan s6 bang tin s& ban than cua
khoi khong khi trong lo, khi d6 ta c6 hién tugng cong hudng. Khi xay ra hién tuong
cong hudng, phan nang luong séng am bi bién thanh co ndng va nhiét ning 1a 16n nhat,
tic 1a lo cdng hudng hit Am manh nhat.

Tan s6 ban than cla lo cong hudng cé thé duge xac dinh bang cong thitc gin ding:

S

YV

f., ~5500

(1-24)

Trong dé:
f,, - tan s6 ban than cta lo cong hudng, Hz;
S - dién tich tiét dién phan ¢, cm?;
v - thé tich phan c6, cm?;
V - thé tich phan bung, cm’.
Thi du 1.13. Mot 1o cong hudng ¢6 hinh ding va kich thuéce nhu trén hinh 1.23. Xac
dinh tan s6 ban than f,, cia né.
/.

3 chQ 6cm

/
|
.

] |
F3cm ! 10,5 cm

Hinh 1.23. Hinh ddng va kich thudc ciia lo cong huong
Giai:
Dién tich tiét dién phan c6: S =7nx1,5%= 2,257
Thé tich phan cé: v=2.251x3=6,75%
The tich phan bung: V =1 x 3*x 10,5 = 94,57
Theo cong thuc (1-24) cé:
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2,257
\J6,75mx 94,57

Luong hiit 4m cfia méi lo cong hudng khi xay ra hién tuong cong hudng dugc xéac
dinh theo cong thiic sau:

—490 Hz

£ =5500

2 .
A= | (1-25)
2nfl .

Trong do:
A, - luong hit am clia lo cong hudng, m’;
C - t6¢ do lan truyén séng am trong khong khi, thudng 14y 343 m/s;
f,, - tAn s6 ban than cla lo cong hudng (xdc dinh theo cong thic (1-24), Hz.

Thi du 1.14. Xé4c dinh lugng hiit am ctia lo cong hudng da xét trong thi du 1.13 tai tan
8 cong hudng cua né:

Gidi: Theo cong thic (1-25) cé:

3437
A, =———=0,078m’
271490

Muén lam ting kha nang hit am clia lo cong hudng véi nhiing séng am cé tén s6
khéc tan s6 cong hudng ta nhdi cdc loai bong khodng vao phan bung clia né hoac bé tri
trén ciing mot két cau nhiéu lo cong hudng 6 kich thude khdc nhau. Lo cong hudng cé
thé bé tri ting cdi riéng 1é hay bd tri thanh ting nhém (hinh 1.22b).

Tuy nhién, 1o cong hudng cén phai dugc sit dung hét siic can than: néu ching c6
nhiéu hinh dang va kich thudc khéc nhau (cang nhiéu cang t6t) thi chat lugng am trong
phong s& t6t, néu chiing chi c6 mot kiéu (mot hinh dang va mét kich thude) thi chi c¢6
mot tan s6 am duy nhat bi hit manh con céc tin s6 khac khong bi anh huong gi, diéu
nay gay ra hién tugng "méo am", nghia la pho cla Am thanh ma ngudi nghe thu nhan
dugc khong giong v6i phd clia am thanh do ngudn am phat ra.

2.5. Hap thu s6ng 4m bdi cac yéu to khac

Ngoai 4 dang vat lieu va cdu kién hit am vira néi dén trén day, con phai ké dén kha
nang hiit am cua ghé, cia thinh gia va clia khéng khi trong phong.

2.5.1. Hdp thu séng dm ctia ghé va khan thinh gid

Ghé trong phong biéu dién c6 thé bang gb ciing, bang kim loai, nhung thong thuong
nhat 1 bing vat lieu x6p boc véi, bing dém, dém cang day kha nang hap thu séng am
cua ghé cang 16n.

V6i khén, thinh gia kha nang hap thu séng am phu thudc vao tam véc va vao cach an
miic cta ho.
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Kha nang hap thu séng am cia gh€ va ctia khan thinh gia c6 thé duoc tinh béng hai cdch:

Cach 1. Theo cich nay, xem gh¢ va nguoi nhu nhitng c&u kién dang khéi, lugng huit
am ctia moéi "cdu kién" dugc xdc dinh bang dién tich hit dm niwong duong, ki hiéu 12 a,
don vi 1a m®. Gid tri clia dién tich hdt am tuong duong nay duoc cho trong phu luc 1,
muc 9.1. Thi dugtrong phu luc 1 muc 9.1 ta thay ghi nhu sau: thinh gia vé6i tdn s6 am
500 Hz c6 a = 0,4 m>.

Diéu d6 c6 nghia 1a: méi khén thinh gid hap thu mot luong nang lugng am tuong
duong vé6i lugng nang lugng am do mot bé mat ¢6 dién tich 0,4 m” va cé hé s6 hit am
o = 1 hap thu duoc.

Cdch 2. Theo cdch nay nguoi ta xem bé mat, trén d6 b6 tri gh€ va ngudi nhu nhiing
bé mat hiit am dang phing thong thudng, hé s6 hit am o cha nhiing bé mat loai nay
dugc cho trong phu luc 1, muc 9.2

Trong nhiéu trudng hop ngudi ta tim céch tao ra nhitng chiéc ghé sao cho Juong hrit
am a cua gh€ khi khong ¢6 ngudi ngdi bang ding lugng hit am clia ghé khi c6 nguoi
ngodi. Lam nhu the 12 d€ 6 giit cho chat lugng am clia phong khéong thay ddi khi s6
luong khén thinh gia trong phong thay déi.

2.5.2. Hdp thu song am ciia khong khi

Nhiing cong thitc (1-5), (1-16) va (1-18) cho phép xdc dinh cudng doé am va mitc am
vat 1y cta am thanh tai mot diém cdch ngudén 4m mot khoang nao d6. DéE rit ra nhing
cong thiic nay ngudi ta gia dinh rang kha nang hép thu séng am ctia khéng khi bang 0.
Trong thyc t€, trong qud trinh thiét k&€ trang am cho cdc loai phong, nhat 13 nhiing
phong c6 kich thudc 16n ta khong thé lam nhu vay, dac biét 1a d6i v6i nhitng séng am
tan sd cao.

No6i chung, kha nang hit am cua khong khi phu thuoc vao 3 yéu t6: nhiét do, do 4m
cta khong khi va tan s6 am. _

O nhiét do binh thuong (t = 20°C) su phu thudc cua kha nang hdt 4m cta khong khi
vao d6 dm clia nd va vao tan sé clia 4m thanh dugc thé hién trong bang 1.5.

Bang 1.5. D¢ suy giam cia séng am do khong khi gay ra, dB/100 m.

Tan s6 am, Do 4m khong khi, %
Hz 40 50 .. 60 70 80 90
500 0,19 0,18 0,16 0,16 0,15 0,14
1000 0,46 0,42 0,40 0,38 0,36 0,34
2000 1,13 1,04 0,98 0,92 0,88 0,84
4000 3,12 2,65 2,44 2,31 2,22 2,14
6000 - 6,15 4,97 4,31 3,97 3,77 3,63
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Thi du 1.15. Nguén am diém phat ra mot &m thanh & tan s6 4000 Hz v6i miic am vat
Iy Ly=85dB. Am thanh nay lan truyén toan huéng trong khong khi c6 nhiét d¢ t = 20°C
va do 4m ¢ = 60%. Hay x4c dinh muc am vat 1y cla am thanh nay tai diém cdch ngu6n
. mot khoang [ = 50 m.

Gidai: -

- Mitic am vat Iy ctia am thanh tai diém cdch nguén am / = 50 m khong ké dén sy huit
am ctia khong khi (cong thic 1.16).

Li=L,—20lgl — 11 =85 -201g50 — 11 = 40 dB

~ Miic am vat 1y cia 4m thanh tai diém néi trén c6 ké dén sy hiit am cua khong khi

(xem bang 1.5).

L =40-22, 5038 dB
100

§3. DPAC TRUNG SINH LY CUA AM THANH

3.1. Miltc am sinh 1y

Am thanh c6 thé gay ra cho tai ngudi mot cdm gidc "manh" hay "yéu", diéu nay phu
thudc dong thoi vao hai yéu t6: tan s6 va mic &m vét 1y cla né.

3.1.1. Miic ém sinh Iy ciia dm don

Sau khi nghién citu trén rat nhiéu ngudi vé sw cim nhan cua ho déi véi nhfIng' am
don, hai nha khoa hoc Fletcher vA Munson da xac 1ap vao nam 1930 nhimng "dudng cong
déng mic am" hay con goi duong cong dong cam gidc dm hay con goi "duong cong
dong mitc dm sinh 1y". Sau d6 hai nha khoa hoc Robinson va Dadson di x4c lap nhiing
dudng cong vé co ban giong nhu nhiing dudng cong ndi trén nhung c6 chinh sira mot doi
chd. Nhitng dudng cong nay hién nay di dugc quéc t€ cong nhan va dung lam tiéu
chuén (hinh 1.24).

Miic am sinh 1y clia &m thanh ki hiéu la N va tinh biang don vi "phon".

Trén hinh 1.24, truc hoanh chi tan s6 4m, Hz, truc tung chi mic am vat ly, dB. Mbi
dudng cong ndi tat cé nhitng diém (L — f) gy ra cing mot cam gidc to nho ciia am thanh

cho tai nguoi.

Hinh 1.24 cho thay:

- Vi tdt ca nhiing 4m thanh ¢6 tan s6 1000 -Hz (am éhué{n), néu muc am vat 1y bang n
dB thi mitc am sinh 1y ciing bang n phon;

- V6i nhiing am thanh c6 tan s6 khac 1000 Hz, quan hé gifta mitc am vat 1y (dB) véi
miic am sinh 1y (phon) phu thudc vao dac diém cia tai ngudi. Vé phan minh, tai nguoi
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nhay cam nhét v6i nhitng &m thanh trong dai tdn s6 tir 2000 dén 5000 Hz, con véi am
thanh & nhiing tan s6 khéc né it nhay cam hon. Thi du: 4m thanh c6 tan s6 f = 2000 Hz va
c6 muc am vat ly L = 90 dB thi ¢6 mic am sinh 1y N = 100 phon, con 4m thanh c¢6 tan s6
=50 Hz mac du muc 4m vat 1y van 1a 90 dB nhung miic 4m sinh 1y chi ¢6 73 phon.

ISO/R226-1961
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130 \\\ T : Y 130 4 A
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110 § \:\“ : v/ /
@ 100 \\\\\\ \:\\ T~ : //»\/
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Tan s Hz, k, Hz

Hinh 1.24. Biéu do "duong cong déng mikc dm sinh Iy" ciia dm thanh

3.1.2. Mic am sinh Iy ciia dm phiic hop

Néu viéc xdc dinh muc am sinh 1y clia mot am don 13 kha don gidn (chi c4n biéu dé
trén hinh 1.24) thi viéc xdc dinh dai lugng nay cho mot am phic hop phic tap hon
nhiéu. Hién nay ¢6 it nhat 6 phuong phap dé gidi bai toan nay, trong d6é phuong phéap
Stevens la thuan tién hon ca. Noi dung caa phuong phdp nay nhu sau:

- Dau tién do miic Am vt 1y ctia 4m thanh tai moi dai trong 8 dai Oc-ta ma tan s6
trung tam cta moi dai 1a 62,5; 125; 250; 500; 1000; 2000; 4000 va 8000 Hz.

- Xac dinh chi s6"déng mitc xon S cho moéi dai 6¢-ta nho hinh 1.25.

- Xéc dinh chi s& dong miic xon téng cong clia am thanh bing cong thiic:
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Trong dé:

S,=S,+0,3 (S-S,

S, - chi s6 déng miic xon téng cong cua 4m thanh, xon;

S, - chi s6 dong muc xon 16n nhat trong 8 chi s6 clia 8 dai 6c-ta;

S, - téng clia chi s6 dong mic xon cta 7 dai 6c-ta con lai.

f, Hz

L, dB
120 [
S~ B
110 = 150 x4
\\
\\§§§:1OO Q\\ /
100 ~ 80
SO Ry
90 ~ \\ 30 \\ g
\ - 2 T~
\ \\\\15 : \
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Hinh 1.25. Xdc dinh chi s6 déng mitc xon S cho méi ddi dc-ta

- Cudi cling xac dinh méc am sinh 1y clia 4&m thanh nho biéu d6 hinh 1.26.
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Hinh 1.26. Biéu do dé xdc dinh mitc am sinh 1y ciia am phiic hop

T'hi dy 1.16. Xéc dinh mic am sinh 1y clia mot am phic hop ma phé am ctia né dugc
thé hién trong bang sau:

Tan $6 trung tam cla i .
S 62,5 125 250 500 1000 | 2000 | 4000 8000
cac dai 6c-ta, Hz

Muc am vat ly, dB 25 40 52 60 63 55 54 53

Giat:
- Xdc dinh chi s6 dong mic xon cho méi dai 6c-ta nhd hinh 1.25 (két qua ghi trong
bang sau):

Tin 6 trung (am ciia c
Hse trung tm cua eac o 5 1 125 | 250 | s00 | 1000 | 2000 | 4000 | 8000
dai 6c-ta, Hz

Chi s6 déng mic xon, xon 0 0,4 2.0 4,1 5,8 4,1 4.6 5,2

- Chi s6 dong xon I6n nhai: S.= 5,8 x6n.

- Tong chi s6 dong xén chia 7 dai 6e-taeon lai:
S;=04044+20+41+4,1+4,6+52=204

- Chi s6 déng xOn tong cong clia am phiic hop:

S, =5,8+0,3(20,4-5.,8)=10,2 xon.
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- Mt am sinh 1y cha 4m thanh: Trén hinh 1.26, tuong ting véi chi s6 dong xon
S, = 10,2 x6n ta tim dugc mitc &m sinh 1y N = 73 phon.

3.2. Po cao am thanh

Tai ngudi c6 dac tinh cAm nhan mot am thanh 12 cao néu tan s6 cla né 16n, la thap
néu tin s6 clia né nho.

Do cao ndy goi 1a do cao dm thanh, né duge tinh bang mot don vi chu quan goi la
mel. N&u s6 luong mel ting gap doi thi do cao am thanh cling tang gap doi.

Quan h¢ giita s6 lugng mel va tan s6 am khong tuyén tinh ma tuén theo dudng cong
trén hinh '1.27.

3,0 -
2 //
£ 20 /
8 10 »
[&]
«©-
Q)
0 ]

625 125 250 500 1000 2000 4000 8000 16000
Tan s6 am, Hz

Hinh 1.27. Duong cong quan hé giiia do cao dm thanh tinh bdng mel
Vvéi tdn s6 ciia né tinh bdang Hz cho nhitng am don ¢6 mitc am vdt 1y 60 dB.

V6i nhing 4m phiic hop d6 cao am thanh khong chi phu thuéc vao tén s6 chu dao (1a
tdn s6 ma & ddy tap trung nhiéu nang lugng am nhét) clia n6 - n€u né c6 mot tan s6 nhu
thé - ma con phu thudc vao tat cd céc am don thanh phan cia né va phu thudc vao phé
cta nd nita.

3.3. Am sic

Am séc ctia mot am phiic hop 12 mot ddu hiéu cho phép ta phan bi¢t ti€ng néi clia
ngudi dan ong véi tiéng néi chia ngudi phu nit, ti€ng dan violon véi ti€ng sdo tric, v.v...,
mic di chiing c¢6 cing mot do cao am thanh.

Am séc cia mot am phiic hop duoc xac dinh déng thoi bai 3 yéu 16 sau:

- S6 luong cdc am don thanh phan trong am phiic hop;

- Cudng do clia cdc Am don thanh phén;

- Pha ciia cdc am don thanh phan.
3.4. Oc-ta

Tai ngudi ¢6 mot dac tinh nita: hai am thanh, trong d6 tdn s6 ctia am nay gép doi tan
& chia am kia, c6 thé hoan toan hoa hgp véi nhau.
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Khoang tan s6 tir f; dén f, = 2f; dugc goi 1a 6¢c-ta, nhu vay khoang tan sG tir f,dénf, =
4f, tuong tng v6i 2 Gc-ta, khoang tdn s6 tir f; dén f, = 8f, tuong ting véi 3 6cta, v.v...
(hinh 1.28a).

36c-ta
26c-ta
a) . . "
Oc-ta | Oc-ta Oc-ta
- f,Hz
f, = 125Hz f,= 2f, fy=2f, f,=2f,
(chéng han) (250Hz) - (4,=500Hz) (4f,= 8= 1000 Hz)
Oc - ta
Phanbadc-ta | Phinbadc-ta | Phanbadc-ta
b)
fy=1,42f,
=177 Hz
f, Hz
fy=125Hz . =1 26f "o : -
B 1= 1,26f, = 1,267, f,=2f,
(chang han) = (157 Hz) =198 Hz = 250 Hz
Nira 6c - ta Nilra 6c - ta
1
Oc-ta

Hinh 1.28. Oc-ta (a), nita dc-ta va phdn ba éc-ta (b).
Khoang tan s6 tir f, dén f| = \/ifl =1,42f, duoc goi la "nlra 6c-ta” (hinh 1.28b).
Khoang tan s6 tir f, dén f]' = %/Efl =1,26f, duoc goi 1a "phan ba 6c-ta" (hinh 1.28b).

3.5. Hiéu tng che lap cua Am thanh

Hinh 1.24 cho thay: tai ngudi bt ddu cam nhan dugc am thanh tir khi mitc am vat ly
clia n6 vuot qua gia tri 70 dB véi tan s6 20 Hz, 40 dB véi tan s6 50 Hz, 22 dB véi tdn s6
100 Hz, 0 dB véi tan s6 1000 Hz v.v...

Cin biét rang diéu tréen day khong phdi ding cho bat ky trudng am thanh nao ma chi
ding v6i truong Am- thanh trong d6 mic a4m vat 1y cla nén 6n nhd hon hoidc bang
30 dB. Trong nhimg méi trudng 6n-hon (miic 4m vat 1y cia nén 6n > 30 dB) do nhay cua
tai ngudi giam, vi vy ngudng nghe phartang lén cao hon. Hiéu tng nay goi 1a hiéu iing
che ldp cua tiéng on.

Néu mic am vat 1y cta tiéng 6n khong cao 1am hiéu tng che 14p 1a tam thoi, nghia 1a
khi tiéng 6n bién mat do nhay cua tai trd lai binh thuong. Nhung néu mic am vat 1y cla
ti€ng 6n qud cao tai ngudi c¢6 thé diéc vinh vién.
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Chuong 2
THIET KE AM THANH CHO CAC LOAI PHONG

§1. TIEU CHI PE DANH GIA CHAT LUGNG CUA PHONG VE MAT AM THANH

V¢é mat am thanh cdc loai phong chia ra lam 3 loai: phong danh cho tiéng néi, phong
danh cho 4m nhac va phong cé chiic nang hén hgp.

Trong nhiing phong danh cho tiéng néi (dau trudng thdi La Ma ¢, phong hoi nghi,
phong hop bédo, phong hoc,...) ti€ng néi dén tai ngudi nghe phai r6.

Trong nhitng phong danh cho 4m nhac (nhac giao hudng, nhac thinh phong,...) tiéng
nhac dén tai ngudi nghe phai c6 nhitng chat lugng chinh nhu: tinh sau lang, tinh séng
dong, tinh ndéng 4m, tinh 16 rang va tinh can bing.

Trong nhitng phong c6 chic nang hén hgp (nha hit nhac kich, tuéng, cheo v.v...) am
thanh dén tai ngudi nghe phai c6 dong thoi tat ca nhitng chat lugng vira néu trong hai
trudng hop trén. v

Pé bdo ddm cho phong cé dugc nhiing chét lugng am thanh néu trén can phai thiét k&
phong sao cho dat dugc 7 tiéu chi sau day:

1. Trudng 4m trong phong phai 12 trudng am khuéch tdn déu, nang luong am tai bat ki
diém nao trong phong ciing phai du; |

2. Khong c6 tiéng vong;

3. Khong c6 nhitng vung hoi tu &m va nhiing vét cam;

4. Thoi gian 4m vang thiét k€ phai phit hop véi thai gian &m vang toi uu;

5. CAu trdc cba nhitng 4m phan xa ddu tién phai phi hgp véi cdu tric t6i uu;

6. Do 1o cia tiéng ndi tai bat ki diém nio trong phdng cling déu phai vuot qua tri s6
tGi han ctia no;

7. Tiéng 6n nén khong dugc vuot qud tri s6 t&i han clia né.

Duéi day sé lan lugt xét 7 tiéu chi néu trén.

1.1. Phan bé nang lugng am trong phong

Mot thinh gia ngdi & bat ki diém nao trong phong cling déu nhan dugc 'hai loai 4m

thanh sau day:
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- Am tryc tiép: Truyén truc tiép t ngudn am (dién gia, ca si, dan nhac giao hudng...)
dén tai ngudi nghe;

- Am phdn xa: Truyén tir cdc bé mat phan xa trong phong dén tai ngudi nghe.

Khan thinh gid trudc hét phai nhan duge cang nhiéu am truc tiép cang tot, sau do, tai
nhiing noi nang lugng am tryc ti€p thi€u, can phai ting cudng nang lugng am bing cach
hudng dén dé nhitng am phan xa; Ti s6 giffa 4m truc ti€p va am phan xa bién thién ti vi
- urf ndy dén vi tri khéc trong phong phu thuéc vao nhilng dac tinh 4&m hoc cta phong.

Ve phén minh, cdc nhac cong, cdc dién vién, dit & trén san khau hay trong h6 nhac
cling déu phai nghe dugc 14n nhau va nghe duoc 4m thanh do chinh minh phat ra.

1.1.1. Am truc tiép

Trong khong khi thodng vé moi phia, mot ngudi nghe & khoang cédch / tix nguon am
nhan dugc mic am vat 1y L, chia am truc tiép, xdc dinh bang cong thic da bigt & muc

2.2.1 chuong 1:
L,=L,—20lg/— 11

Trong phong, ngudn am dugc xem nhu dat trén tudng sau san khau, vi vay phai ké
dén chi s6 dinh hudng G = 3 dB (xem bang 1.4), do doé:
L,=Ls-20lgl-11+3 =
L,=Ls~-20lg/ -8 dB (2-1)
D¢ bio dam cho am tryc ti€p dén dugce tai khan thinh gid cdn phai bio dam cho ho
mot tam nhin thodng. D¢ lam dugc viéc d6 phai thigt k€ do doc clia sin sao cho do ndng
tia nhin ¢ (tdc 1a khoang cich ding tir mat ngudi ngdi & diy ghé thd n dén tia nhin cla
ngudi ngdi ¢ day ghé thit n + 1) bang tr 6 dén 15 cm tiy theo chiic nang clia phong va
tay theo cach bo tri gh€ so le hay khong so le (hinh 2.1).
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Dé thda man yéu ciu ndy, do déc cia san ¢ thé xéc dinh theo cong thic do tic gia
dé nghi nhu sau:

_ Wp 9% +(n-1)d]

2-2
! X, +(n—-2)d (e-2)

Trong do6:
y, - do cao clia mat ngudi ngdi & day gh€ thi n so v6i mat phang san khau, m;
y_, - do cao clia mit ngudi ngdi ¢ ddy ghé lién trudc day ghe thd n so v6i mat
phéng san khéu, m;
¢ - d0 nang tia nhin, d6 12 khodng cch dimg tir mat ngudi ngdi & day gh€ n tdi tia
nhin cla nguoi ngdi ¢ ddy ghé n + 1;
x, - khoang céch ngang tlt ngudn am dén mét ngudi ngdi & day gh€ dau tién, m;
d - khoang cich gifta 2 day ghé lién ké, m.
Thi du 2.1. Hay xéc dinh gi tri clia cac y, (cho cc day gh€& & san) néu x; =5 m; d = 0,9 m;
¢=0,] mvay, =0,1 m (xem hinh 2.1).
Gidi: Ap dung cong thic (2-2):
y, = 0,1 m (cho trudc):
_(0,1+0,D[5+(2-1)x0,9]

20’2361'1'1
Y2 5+(2-2)x0,9
_(0.236+0,D[5+G-Dx09] o 50,
: 5+(3-2)x0,9

C6 duge cdc y, 161, dem y, trix di 1,1 m ta c6 dugc do cao chia bac cap, trén d6 dat day
gh€ thi n, so v6i mat phing san khau.
Thi du 2.2. Hiy x4c dinh gia tri cha cdc y, cho cdc ddy gh€ & ban cong néu y, = 3 m;
X, = 15 m; d va ¢ nhu trong thi du 2.1 (hinh 2.2).
i Yi Y2

c

g
5j

1 X d
Hinh 2.2. Tinh todn dé déc san cho ban cong
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Gidi: Ap dung cong thiic (2-2):
y, =3 m.
_(3+0,D[15+(2-1)x0,9]
72 15+(2-2)x0,9
(3,286 +0,D[15+(3-1)x0,9]
15+(3-2)x0,9

=3,286 m

=3,578 m

3

DE ¢6 dd cao clia cdc bac cdp trén ban cong, cling 14y cdc y, trirdi 1,1 m.
1.1.2. Am phdn xa

Dé bao dam cho 4m phan xa dén dugc vi tri mong mudn, ngudi ta diing nguyén 1y am
hinh hoc, cu thé Ia:

- Tia am t6i, tia Am phéan xa va phédp tuyén clia bé mit phan xa ndm trong cing mot
mat phang.

- Géc t6i o, bang goc phan xa o (hinh 2.3).

£ s
3 s &
% 5 ¢
v & S
IS
¢ B
u
% oy
o = oy T
/\ A
2 = 2 4
Bé mat phan xa S
Hinh 2.3. Nguyén Iy dm hinh hoc Hinh 2.4. Tim tia dm phdn xa dén vi tri A

Thi dy 2.3. C6 ngudén am S, bé mat phan xa B va khan thinh gid ngdi ¢ vi tri A
(hinh 2.4). Hay tim tia &m phan xa tir bé mat phan xa dén khan thinh gia nay.

Gidi:

Trude hét xac dinh diém S' - anh ¢ta'S'qua bé mat B. N6i S'A. C 1a diém cit cua SA
va bé mat. Tia am SCA chinh 1a tia xuat phat tir nguén S, dap vao bé mat B va phan xa
dén vi tri A.

Thi dy 2.4. C6 mot ngudn am S, mot tia am SI, mot khan (thinh) gid ngdi & vi tri A va
mot diém B trén tdm phan xa am. Hay xdc dinh vi trf clia tdm phan xa am sao cho tia 4m
SI dén dugc diém A sau khi phin xa tlr tim nay.
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Giai: _

No6i AB. Puong phéan gidc cia géc IBA (dudng
cham cham) chinh 1a vi tri cia tAm phan xa 4m ma
ta can tim (hinh 2.5).

Thi du 2.5. C6 mot ngudn am S, mot khin
(thinh) gid ngdi & vi tf A (S vd A déu nam trong

cling mat phang ngang) va bén bic tudng BC, CD, Hinh 2.5. Xac dinh vi tri
DE va EB (hinh 2.6). Hiy x4c dinh tia 4m xudt cila tdm phdn xa am

phat tr nguén am S va dén duge A sau khi phan xa
1an luot tir bén buic tudng noi trén.

SI ] : SII
,':: ----- MN------- [ A\ --mmm e bt
N ; o
e . : !
I ) e I
I \ " 1
B :'71/ \)vF 2 ¢ - é
! G s
7 d s
S i
rrrrrrrnt 5o e
E) D !
| . =
P , S =
. : !
Sﬁ, ---------------- AW - oo 11 ----------------- \\\\----------—-------“s,,,

Hinh 2.6. Xdc dinh dwong di ciia tia ém sau khi phdn xa tit bon biic tuong

Giai:

Lan luot xac dinh céc diém S' (anh cia S qua biic tudng BC), S" (dnh cua S' qua bic
tudng CD), S (4nh ctia ! qua biic tuong DE) va S"" (dnh cia S"' qua bic tudng EB).
NG6i S""A c6 diém I, n6i S"'T ¢6 diém H, n6i S"H c6 diém G, n6i SG ¢6 diém F.

Puodng giy SFGHIA chinh 12 dudng di ctia tia am xuat phat t S dén diém A sau bon
]an phan xa trén 4 biic tuong nhu trén hinh 2.6.

Miic 4m vat Iy clia 4m phan xa tai mot diém nao dé trong phong sau lan phan xa dau
tién duoc xac dinh nhu sau:

|
L, =Ls—20IgR -8 - 101g—1— dB (2-3)
—a
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Trong doé:
L, - mic am vat 1y clia 4m phan xa tai diém dang xét sau lan phan xa dau tién, dB;
Lg - mic &m vat 1y ciia nguén am, dB; .
R- dudng di cha 4m phan xa tir nguén dén diém dang xét, m;
o - hé s6 hiit am clia bé mat phén xa tai diém x4y ra hién tugng phan xa.
Thi du 2.6. Trén hinh 2.4 ¢6 Lg = 80 dB, R = SC+CA =15 m. Hé s6 hiit am ciia bé

mat B tai diém C 1a o = 0,4. Hay x4c dinh miic am'vat 1y ctia am phan xa tai A sau ldn
phan xa dau tién.

i

Gidi. Ap dung cong thiic (2-3):

1
L;, =80-201gl5-8-10lg———=48,5dB
’ \ 1-0,4

Mic am vat 1§ téng cong clia am truc tiép va am phan xa 1an phan xa dau tién (v6i
diéu kién am nay khong cach qud xa am truc tiép dé c6 thé gay ra tiéng vong) duoc xdc
dinh bang cong thiic (1-13).

Thi dy 2.7. Nguon am S c¢6 Lg = 80 dB, khdn (thinh) gid ngdi & A, hé s6 hiit am cia
tuong tai diém xay ra hién tuong hit am o = 0,3; S va A ciing ndm trong moét mét phing
ngang (hinh 2.7).

~ B
INNENNNNNNNS VNN ENN NN

Hinh 2.7. Cho thi du 2.7:

a) Xdc dinh mtfc am vat 1y clia 4m phan xa tai diém A sau lin phan xa ddu tién;
b) Xac dinh miic &m vat 1y tong cong chia am truc ti€p va am phan xa nay tai diém A.
Giai:

a) Pudng di cia dm phan xa (theo hinh 2.7):
SB+BA=S'A=VS'A =8 +20> =21,54m
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Miic am vat 1y clia am phan xa (theo cong thiic 2.3):

L, =80—201g21,54—8—101g1—10—3:45,3 dB

’

b) Pudng di clia m tryc tiép:
SA =+/20% +2% =20,1m
Ap dung cong thifc (2 -1):
| L, =80 - 201g 20,1 - 8 = 45,9 dB.
Ap dung cong thitc (1-13): B
L, = 101g(10*® + 10*) = 48,6 dB
1.1.3. Miic am vt Iy téng cong trong truong hop truong dm dong déu va khuéch tdn

Truong am déng déu 1a trudng 4m ma trong d6 nang lugng am phéan bo gan nhu dong
déu tai tat ca cdc vi tri. Trudng am khuéch tdn la trudng am ma bat ky mot vi tri ndo
trong do cling déu nhan dugc nang lugng am hdu nhu bang nhau va khong léch pha tu
moi phia.

Trong trudng am déng déu va khuéch tan, néu nguén 4m dé hoat dong du 1au s€ hinh
thanh trang thai can bing ning luong am. Trong trudng hop nay muc am vat 1y téng
cong ctia am thanh tai mot vi tri nao d6 trong phong dugc x4c dinh bang cong thic:
2(1- a)}

L[c,[=LS—201gl—'8+101g{1+50 <

2-4)

Trong dé:
L, - mic dm vat Iy téng cong tai diém cich nguon / mét, dB;
L, - mifc am vat Iy clia nguon, xéc dinh theo cong thic (1-17);
S - dién tich tdng cong cla tat ca cdc bé mat hit am trong phong, m’;
@ - hé s6 hit am trung binh cla tat ca cdc ciu ki¢n hdt am dang phang va dang
khéi trong phong, xac dinh nhu sau:

_ ZSioci+ZNjaj ,
o= i=1 S_]:l (2_5)

n
> S,0.; - lugng hit &m cua tét ca n cau kién dang phéng, m’;
=1

m
> Nja; - lugng hit am cla tat cd m cdu kién dang khéi, m’.
=
S6 hang thit tu trong v€ phai clia cong thic (2-4) thé hién sy tang cuong nang luong
am bdi cac bé mat phan xa trong phong.
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Trong moi trudng hop déu phai bdo dam sao cho mitc am vat 1y tong cong tai bat ki vi
tri ndo trong phong 16n hon mic 6n nén 8+10 dB (mic 6n nén trong phong thudng 13y
gid tri 30 dB).

Thi du 2.8. Mot phong c6 thé tich 20x10x6 m®. Nguén 4m dit trén mot trong bon biic
tudng cua phong va phat ra Am thanh ¢6 miic 4m vat 1y Lg = 85 dB (hinh 2.8). Hé s6 hiit
am trung binh ctia phong o =0,4.

Hay xdc dinh xem liéu mdc am vat 1y tong cong & diém A cich ngudén mot khoang
[ =9 m c6 du hay khong, biét rang mic 6n nén bang 40 dB.

- 20m

L =85dB; L, =?
Hinh 2.8. Cho thi du 2.8
Giai:
Dién tich hdt am tdng cong:
S =20x6x2 + 10x6x2 + 20x10x2 = 760 m*

Muic am vat 1y téng cong tai diém A x4c dinh theo cong thiic (2-4):

2 —_—
Lo :85—201g9—8+101g{1+50M

0x0,4

b

}z 67,5 dB

67,5> 40 + 10 = 50 dB = nang luong am tai diém A la du.
1.2. Tiéng vong

Mot trong nhiing dac diém cla tai ngudi 12: néu hai am thanh giéng nhau ciing dén
tai ngudi sao cho khodng cach thoi gian gitta &m dén truée va am dén sau chua vuot qua
mot gia tri ndo day, tai nguoi s& cam nhin nhu mot am thanh duy nhat, tuy ¢é to hon
mot chit va kéo dai hon mot chiit. Con néu khoang thoi gian nay vuot qua gia tri néi
trén, tai ngudi sé cam nhan nhu hai dm riéng biét, khoang cach thoi gian gitta hai am dén
trudc va dén sau trong trudong hop nay duoc goila do 1é 161 han.

Trong truong hop vuot qua do tré t6i han, n€u am dén trude 1a am truc ti€p, am dén
sau Ja am phan xa thi am dén sau duoc goi 1a tiéng vong.
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Gié tri chia do tré t6i han phu thudc vao hiéu giita hai mic am vat 1y clia m dén trude
va am dén sau, duogc cho trén hinh 2.9. ”

120
/

100
2 d
S 80
= 1 L
L=
o 60 /> =
5 L — -2
“ 40 S S

____————P——"
20

40 -8 6 4 2 0 2 4 6 8 10
HieuL, - L, dB

Hinh 2.9. Lién hé giita do tré t6i han véi hiéu giita hai miic dm vdt 1y
cta am dén trudc va adm dén sau: 1. Cho dm nhac, 2. Cho tiéng noi.

ES

Dé viéc thiét k€ trang am dugc dé dang hon ngudi ta bién mdéi quan hé "do tré t6i han
- hiéu gitia hai mic 4m vat ly" trén hinh 2.9 thanh méi quan hé "hiéu duong di t6i han -
hiéu muc am vit 1y" clia hai am dén trudc va dén sau véi luu ¥ rdng téc do lan truyén
séng am trong khong khi 1a 343 m/s (hinh 2.10).

28 7

/
24 4

E 1>«

& 20 “
|y
S 16 /

= /

g 12

A0 8 B 4 202 d B B0
Hieu L, -, /dB

Hinh 2.10. Lién hé giita "hiéu duong di toi han”
vOi hiéu gitta hai miic dm var Iy cila dm dén trudc va am dén sau

Thi du 2.9. Mot ngudn am phét ra tiéng néi, mot khdn (thinh) gia A va mot bé mat
phan xa nhu trén hinh 2.7. Hay x4c dinh xem, liéu d6i véi khan (thinh) gia A c6 hién
tuong tiéng vong hay khong? (nhan ring mic &m vat 1y ctia am truc ti€p cao hon miic
am vat 1y cia Am phan xa 2 dB).
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Gidi: Trong thi du 2.7 di x4c dinh dugc:

Puong di clia am truc tiép: SA =20,1 m.

buong di clia am gian ti€p: SBA = 21,54 m.

Hiéu giita 2 dudng di: 21,54 -20,1 = 1,44 m.

Hiéu dudng di t6i han: Trén hinh 2.10, véi L, — L, = 2 dB va véi tiéng n6i (dudng 2)
ta c6: hiéu dudng di t6i han = 14 m; 1,44 m < 14 m = Khéng cé tiéng vong cho khdn
(thinh) gia A.

Thi du 2.10. Bai toan giong nhu trong thi du 2.9 nhung nguén am phat ra 4&m nhac,

cac vitri S, A va bé mat phan xa dugc thé hién trén hinh 2.11 (nhan ring mic am vat ly
cua am tryc ti€p cao hon midc am vat ly ctia am phan xa 3 dB).

Hinh 2.11. Cho thi du 2.10

Giai:
Duodng di clia am truc tiép: - SA = 10% +122 = 15,6 m.

Duong di clia am phan xa:  S'A =v10* +48%* =49 m.
Hiéu gitta hai dudng di: 49 — 15,6 m =334 m.
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Hiéu dudng di t6i han: Trén hinh 2.10, vé6i L, - L, =3 dB va v6i am nhac (dudng 1),
c6: hiéu dudng di t6i han = 30 m; 33,4 m > 30 m = c6 ti€ng vong cho khan (thinh) gia A.

1.3. Tiéng vong lap

Trong thuc t&€ nhiéu khi ta gap hién tuong sau: mot ngudi ding gitta nhiing bé mat phan
xa 4am manh hét 1én mot tiéng "a", sau d6 nghe nhiéu ti€ng "a" khéc k& ti€p nhau kha lau,
cang vé sau cang yéu dan va cudi cung tat han. Tiéng vong Idp 12 do am thanh phat ra tir
ngudn 16i phan xa lai tit nhiéu bé mat xa gan khéc nhau, am phan xa nao c6 dudng di ngan
hon thi dén trudc, am phan xa nao c6 dudng di dai hon thi dén sau. Hién tuong nay thuong

“gap khi ngudn am & gifta mot thung liing tuong d6i hep xung quanh 1a nii, khi nguén 4m
& gifta hai bifc tudng phan xa am c6 vi tri tuong doi thich hop, khi nguén 4m & trong nha
tho hodc nhitng cong trinh kién tric cé mdi vom cong thich hop, v.v..

Hién tuong tiéng vong lap ciing rat nguy hiém cho chét lugng am thanh ctia phong.
1.4. Vung hoi tu am. Vét cam

Viing hoi tu dm xay ra khi c6 nhiing két cau bao che cong va phan xa 4m di manh dé
dua séng am dén viing xung quanh tiéu diém cta nhiing mat cong dé (hinh 2.12):

b)

e S

Hinh 2.12. Ving héi tu dm: a) Trong mdt bé:ng; b) Trong mdt cdt.

Néu viing hoi-tu &m & ngoai viung cé mat ciia khan (thiﬁh) gia, tac hai con it, nhung
néu noé & ngay’trong viing c¢6 mat khan gid, né s€ 1am cho chat luong 4m thanh cua
phong trd nén toi té.

Hién twong hoi tu 4m chti yéu 1a van dé hinh dang clia phong. DE tranh nd, ¢4 thé hoac
1a tranh dung nhiing két cau ngan cdch dang cong hodc 1a ding nhiing dang cong sao cho
tieu diém clia chiing nim cang xa ving ¢6 mat khan (thinh) gia cang tot (hinh 2.13).
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Hinh 2.13. Tran c6 dang e-lip hodc e-lip-xo-it: a) Tiéu diém F, ndm trong viing ¢é mdt
khdn gid: rdt nguy hiém; b) Tiéu diém F, ndm ngoai ving ¢é mdt khdn gid: it nguy hiém hon.

Vét cam la nhiing ving ma & d6 nguoi ta nghe thay 4m thanh yéu hon & nhiing noi
khac trong phong. Hau nhu chac chin rang, néu trong phong khéng cé viing hoi tu am
thi cling khong cé vét cam.

1.5. Thoi gian am vang
1.5.1. Khdi niém

Thuat ngit "thoi gian am vang" duoc nha khoa hoc Wallace C. Sabine dé ra nam 1900.

Gia dinh trong phong ¢ mot may phat dién, mé may, mdy chay va dat dén cong suat
161 da mot cich tic thoi (thoi diém O trén hinh 2.14).

Mdrc am vat ly ban dau

Mtrc am vat ly,
cla am thanh, L,dB

» Thai gian, s

Thoi'gian am vang

Hinh 2.14. Nhiing thoi diém dang luu y tix liic khdi dong nguén am
dén khi am thanh khéng con nghe thdy nita. Q: thoi diém khéi dong nguon am:

1. Th&i diém mirc am vat ly clia.am thanh dat dén gla tri-on dinh ban dau; 2. Thoi diém tat ngudén am:
3. Thot diém mic am vat 1y cla am thanh bat ddu glam 4. Thoi diém am thanh hoan loan khéng con nghe
thay: 5. Thoi diém mdc am vat 1y ciia am thanh giam di 60 dB so véi miic am vat 1y én dinh lic dau.
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Mot khén (thinh) gia ngdi & mot diém bat ky trong phong nhan duoc dau tién 1a am
truc tiép, sau d6 1a nhing am phén xa d4u tién, sau d6 nita 1 nhitng am phan xa thit hai,
thi ba, tht tu .v.v... cho dén khi niang lugng am téng cong trong phong dat dén gié tri 6n
dinh ban dau cta né (thoi diém 1).

Nhiing am phan xa nay n6i tiép nhau rat mau dé c6 thé 1am thanh mot am thanh kéo
dai lién tuc. Mitc am vat 1§ clia 4m thanh khong dat dén gia tri 6n dinh ban ddu cua né
mot cdch tifc thdi ma 1a trong mot khoang thdi gian, khoang thdi gian ndy ngan hay dai
tly thudc vao nhiing dac diém ctia phong vé€ mat 4m hoc (doan thang 01).

May phét dién dimg dot ngot (thoi diém 2). Nang luong Am khong giam titc thoi ma gia
tri 8n dinh ban dau clia né con tiép tuc ton tai trong mot khoang thoi g1an rat ngan, khoang
mot phan méy cua gidy (doan 23). Sau thoi diém 3 bit ddu qu4 trinh giam dén nang luong
am cho dén thdi diém ma & d6 am thanh khong cdn nghe dugc nita (doan 34).

Thoi gian dm vang 1a khoang thdi gian tinh tir lic tit my (thoi diém 2) dén thoi diém
miic am vat 1y cBia am thanh gidm di 60 dB so v6i miic &m vat 1y 6n dinh ban ddu (thoi
diém 5). N6 duoc ky hiéu I1a T va tinh bang don vi gidy (s).

1.5.2. Thoi gian dm vang thiét ké ciia phong

Ngudi ta phan biét thoi gian am vang thiét k& chia phong vdi thoi gian am vang to1 uu
s& dugc dé cap & muc 1.5.3.

Thoi gian 4m vang thiét k& ctia phong ¢6 thé dugc xdc dinh bang mot trong hai cong
thic sau day:

* Cong thitc Sabine:
T=0,16— | (@26)

Trong do:
T- thdi gian 4m vang, s;
V - thé tich chia phong, m
A - luong hiit 4m téng cong clia tat ca cac céu kién hiit &m trong phong, bao gom
ahiing cdu kién dang bé mat va nhiing cdu kién dang khoi (xem tir s6 trong v&
hai cta cong thitc 2-4), m’.
Day 1a cong thic don gian nhat, c6 thé dimg khi gid tri cha heé s6 hidt am trung binh
o [xac diﬁh bing cong thitc (2-4)] nho hon 0,15 va kha nang hut am cua khong khi
khong dang keé.
Trong nhitng phong rong 16n, ¢ day kha nang hit am cta khong khi khong thé bo
qua, T dugc xédc dinh theo cong thic:

v

T=016
A+nV

2-7)
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Gia tri cia n phu thugc vao nhiét d6 va do 4m clia khong khi trong phong, duoc cho
trong bang 2.1.

Bang 2.1. Gia tri cia n ¢ nhiét d6 khong khi binh thuong (t = 20°C)
phu thuéc vao do 4m ciia n6

Do 4m tuong doi Gid tri ciia n khi tdn s6 4m bang

cta khong khi, 9% 2000 Hz 4000 Hz

J 40 0,0104 0,0287
50 0,0096 0,0244
60 0,0090 0,0224
70 0,0085 0,0213
80 0,0081 0,0204
90 0,0080 0,0200

Thi du 2.11. Mot phong hoa nhac ¢6 thé tich V = 15.000 m®, lugng hit 4m téng cong
A =1.000 m*.

Xdc dinh thoi gian 4m vang T clia phong cho &m thanh c6 tan s6 f = 4000 Hz trong
diéu kién binh thuong ctia khong khi (t = 20°C, ¢ = 70%), biét rang hé s6 hiit am trung
binh cia t4t ca cdc bé mat trong phéng @ <0,15.

Giai:

Vi & < 0,15 nén ¢6 thé ding cong thiic (2-7) ma khong so két qua tinh c6 sai s6 16n.

Theo bang 2.1, v6i do am khong khi ¢ = 70% va tan s6 am f = 4000 Hz c6 n = 0,0213

Theo cong thiac (2-7):

| 15.000

T=0,16x%
1000+ 0,0213x15.000

=1,82 (s)

Néu bo qua kha nang hit &m cta khong khi trong phong, ding cong thitc (2-6) ta cé:

T =0.16x 15.000
1000

=2,4(s)

Khac Biét gitia hai cach tinh la ding ké.
* Cong thitc Norris - Eyring:
Trong truong hop gia tri trung binh etia hé s6 hit &m (&) 16n hon 0,15 sai s8 do cong
thiic Sabine gay ra 13 d&ig k€, khi d6 phai chuyén sang dung cong thitc Norris-Eyring:
\Y%

T=016—""---— (2-8)
=Sin(1 -a)
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Trong d6: S - dién tich tdng cong cha tit ca cdc be mét trong phong, m’.
o - gid tri trung binh cha h¢ s6 hiit am cla tét ca cic bé mat trong phong,
xdc dinh theo cong thiic (2-5). ‘
Cong thiic (2-8) phtc tap hon mot chit so v6i cong thitc (2-6), bu lai né c6 thuan tién
1a c6 thé dung duoc cho tat ca céc gid tri khc nhau cla .
V6i nhitng phong 16n, trong d6 kha nang hiit am cia khong khi 1a dang ké, thay cho
cong thiic (2-8) phai ding cong thiic (2-9) dudi day:

T=0,16x V_ , (2-9)
—SIn(1-a)+nV

Gia tri cia n dugc cho trong bang 2.1.

Thi dy 2.12. Mot phong hop c6 thé tich V bing 4.000 m’, dién tich téng cong cua tat
ci céc bé mat trong phong S = 600 m’, gid tri trung binh cla cdc he $6 hit am trong
phong & tan so f = 4000 Hz,& = 0,6. Hay tinh thdi gian 4m vang clia phong cho tan s6
am nay trong diéu kién khong khi binh thudng (nhiét do t = 20°C va do am ¢ = 70%).

Giai:

Vi @ = 0,6 > 0,15 nén ta phai dung cong thic (2-9).

Tu bang 2.1 ¢6 n=0,0213.

Theo cong thic (2-9):

4000
—6001n(1-0,6)+0,0213x 4000 B
Néu bd qua kha nang hit am cia khong khi s& co ket qua la:

4000
~6001n(1-0,6)
Khdc biét giita hai két qua tuong doi 16n.

T=0,16 1,0 (s)

T=0,16x =1,16 (s)

Luong hiit am téng cong cha tit ca cdc cau kién hiit am trong phong A phu thuoc vao
tan s6 ctia séng am f (vi hé s6 hit 4m o phy thudc vao tin s6 séng am f). Vi vay, theo
céc cong thitc (2-6), (2-7), (2-8) va (2-9) thoi gian am vang T clia phong cling phu thudc
vao tan s6 séng am f.

Néu phong c6 thoi gian am vang qud ngan, am thanh nghe dugc s€ rd nhung kho va
mat hin tinh du duong (hinh 2.15a).

Neéu phong c6 thoi gian am Vang qua dai am thanh nghe dugc s€ dat tinh du duong
nhung r6i loan va nghe khong 16 (hinh 2.15b).

Vi vay, vé mat am thanh, phong phai dugc thiét k& sao cho thoi gian am vang thiét k&
tring v6i thoi gian 4m vang t6i vu ma thoi gian am vang t6i vu nay lai phu thudc vao
chiic nang va thé tich ctia phong.
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L. dB

TAV

TAV

Thoi gian, s

L,dB

A Thai gian, s
TAV
1 TAvV

Hinh 2.15. Thoi gian dm vang qud ngdn (a) va thoi gian dm vang qud dai (b)

1.5.3. Thoi gian dm vang t6i uu

No6i chung, thoi gian 4m vang t6i wu cua phong 1a thoi gian 4m vang ma néu phong c6
né thi s€ c6 dugc ch€ d6 am thanh t6t nhat. Khai niém nay duge dé€ cip trong nhiing
cong trinh dau tién cta W.C. Sabine, n6 cho phép dat duoc do rd t6t nhat cia ti€ng ndi
trong phong. Sau d6, khi van dé do rd da gidi quyét xong roi, Sabine bat dau nghién ciu
thoi gian &m vang t6i wu cho viéc nghe am nhac. Bang rat nhiéu phép do trong nhinig
phong hién c¢é vé6i nhiéu chic niang khac nhau, ngudi ta vé dugc mot mang ludi gém
nhiing dudng thing thé hién thoi gian am vang t6i wu cho tat ci nhiing linh vuc st dung

thong thuong (hinh 2.16).

Chii thich:

1. Dan 6ng"”, nghe truc tiép;

2. Nhac giao huéng, nghe
truc tiép;

3. Dan 6ng, ghi am;
4. Nhac kich, nghe truc tiép;
5. Nhac jazz va nhac thinh
phong, nghe truc tiép;
6. Tiéng ndi, nghe truc tiép;
7. Tiéng ndi, ghi am;

8. Pa chiic nang, ghi am;

9. Rap chi€u béng, dé nghi
ctia A.C.Raes;

9'. Rap chi€u béng - dé nghi
clia tac gia,

9". Rap chi€u bdng - tinh
theo cong thic:
T, = 00853V cia

Louis Villard trong d6 V
- thé tich ctia phong, m*.

24
22
20
1,8
1.6
14
1,2
1,0
08
06
0,4

0.2

1
U l/ 9"
/r 7
// //
L~ /7
/ 4 2
1 A - 13
| 1. u
j=d _ Paard .
-—__’,/ ) AL / 5
T P
/’ k /4!’ 9|
_// //7 // —/ .
—/ “d // 4
il ,///j/”’ /g
//:;L‘ //;‘//:,‘_r =="19
A /,:,,:_’/,,—7
/eéﬁzf 1T —/
/"//’/ ///
L1 ////
—'/
L1
L+

50 100+ + 200 500 1000 2000 5000  10.000 20.000

V, m3

Hinh 2.16. Thoi gian dm vang t6i wu cho dm thanh cé tdn sé'f = 1000 Hz (am chudn).

) Pan 6ng - mot nhac cu phat ra am thanh nhd gié, gdm nhiéu &ng kich thude khdc nhau, véi mot
hodc nhiéu ban phim va mét méy thdi dé tao gis, thudng ding trong nha tho.
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Gi4 tri chia thoi gian 4m vang t6i uu thé hién trén hinh 2.16 1a cho nhitng am thanh c6
tan s6 £ = 1000 Hz. Nhiéu cong trinh nghién cttu chi ra ring dé c6 mot gia tri cua thoi
gian 4m vang hop 1y hon, ta nén nhan nhiing gid tri tim dugc trén hinh 2.16 v6i hé so
twong ting cho trén hinh 2.17. /25/

Thi du 2.13. Xét mot phong nhac giao hudng da duqeh dé cap trong thi du 2.11. Hay
Tkiém tra v6i am thanh c6 tan s& f = 4000 Hz thoi gian am vang thiét k& c6 thda mén yéu
cau hay khong?

| Gidi _
Theo hinh 2.16, véi V = 15.000 m® va dudng 2 (nhac giao hudng) gia tri ctia thdi gian
am vang t6i wu cho tan s6 1000 Hz 1a 1,86 (s). I

Theo hinh 2.17, véi tin s6 4.000 Hz va dudng cong 1 (nhac giao hudng) he s dé
nhan 12 0,9.

Do d6, thoi gian am Vang t6i uu trong trudong hop nay la:
T,=1,86%0,92=1,71(s)
T, 10% =1,71 £ 10% = 1,54 va 1,88 (s).
Theo két qua tinh todn trong thi du 2.11, thoi gian 4m vang thi€t k€ 1a 1,82 (s).
1,54 < 1,82 < 1,88 (s): Thoi gian am vahg thiét k&€ thoa méan yéu cau.

14
1,3

1,2 '
7|
N N Mita

1

1,0 RS =

He s6 dé nhan k
w
\

7

0.9
08 N
0,7

0.6

100 200 500 1000 -2000 5000 10.000 itz

Hinh 2.17. Hé 56 dé nhén cho nhitng phong ¢6 chiic ndng kidc nhau [251.
1. Phong hoa nhac giao huéng; 2. Phong ghi am; 3. Phong danh cho tiéng néi;

4. C6 thé chdp nhan dugc cho céc phong ghi am ciing nhu cho cic phong ti€ng noi.

1.6. Cau tric ctia nhitng Am phan xa dau tién

Ban ddu ngudi ta cong nhan réng thoi gian am vang la tiéu chi duy nhat dé danh gid
chat luong 4m thanh chia phong. Cang ngdy, ngudi ta cang thdy rang sy that khong phai
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nhu vay boi vi trong thuc € hai phong c¢6 cling mot thdi gian am vang (va di nhién 1a ¢6
cung chitc nang sir dung) c6 thé c6 nhitng chat lugng 4m hoc khac nhau. Sau dé nguoi ta
da tim dugc cich gidi thich cho hién tugng d6 trong su kién ring chat luong am thanh cla
phong, ngoai thoi gian 4m vang con phu thudc vao hinh dang ctia qua trinh 4m vang nita.

Trong trudng hop tong qudt, ¢6 6 hinh dang clia qué trinh am vang nhu thé hién trén
hinh 2.18. ‘

Trong tat ca 6 dang (hinh 2.18) thoi gian Am vang déu nhu nhau.
Trong dang a) mic am vat Iy ctia am thanh bat ddu gidm ngay tir ldc nguén am dimg

va giam tuyén tinh theo thdi gian. Trong nhitng phong c¢6 dang 4m vang nay am thanh
nghe tuong doi "kho". '

L, dB
7 [as]
o
8
N
5 Thei gian, s
|
L, dB If
SR
| | 5
: (e
| N |®
! | |
23 5 Thoigian, s 23 5 Thyigian, s 2 3 5 Thigian, s
T T o v T -

Hinh 2.18. Sau hinh dang cé thé cia qud trinh dm vang :
1. Thoi diém nguén am bét dau hoat dong; 2. Thdi diém nguén am bét ddu ngimg hoat dong;
3. Thdi diém mdc am vat 1y bat diu gidm.

Trong nhitng dang b) va ¢) midc am vat 1y ctia am thanh ciing bat ddu giam tir lic
nguodn am dimg nhung sau d6 khong gidm tuyén tinh theo thoi gian ma gidm gin nhu
dot ngot ¢ giai doan dau va giam cham lai & giai doan sau. Trong nhiing phong c6 mot
trong hai dang 4m vang nay am thanh nghe rat "kho".

Trong dang d) ¢6 su ngét quang gilia &m truc ti€p va am phéan xa ddu tién. Dz_mg am
vang nay phai duge coi la mot khuyét tat, can phai loai bo.

Trong nhiing dang e) va f) c6mét swkéo dai it hoac nhiéu clia mic am vat 1y ban dau
sau khi nguén am dung. Nhiing dang am vang nay duoc coi 1a t6t.

Xudt phét tir nhiing phan-tich-d6i véi-nhiing dang am vang.c6 thé (hinh 2.18) va tir
nhiing gia tri chia do tré tGi han giita Am truc tiép va am phan xa (hinh 2.9), nhiéu tic gia
dd dua ra nhitng kién nghi khac nhau vé cau tric t6i uu cua nhiing Am phan xa dau tién
nhu thé hién trén hinh 2.19.
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L, dB L, dB
a) b)

Thoi gian, ms

c_})

1

- e u - Ny r[ g
30 30 Thai gian, ms | a | b |
il k| i)
Hinh 2.19. Cdu triic t6i uu cila nhitng dm phdn xa ddu tién. a) D€ nghi ciia A.C Raes;
b) Dé nghi ciia A.N.Catrérovich. T —am truc tiép; F,, F,va F; - cdc am phdnxal, 2, 3.

{20 +30 ms cho am nhac b {10 +20 msr cho am nhaé {15 ms cho amvnhac
a= : = T C=

10 = 15 ms cho tiéng néi 510 ms cho ti€ng néi 5 ms cho tiéng néi

@' <2dB: b’ <1,5dB; ¢'s'1,5 dB (khong phdn biét)
Néu nhiing gi4 tri do dugc trong phong phit hop v6i nhiing gid tri cho trén hinh 2.19

thi cdu tric chia nhiing phin xa am ddu tién 12 t6t va chét lugng am thanh ctia phong la
tot. Néu khong, phai thiét k€ lai.

1.7. D6 ro cua am thanh

1.7.1. Khdi niém

Khai niém dé ré ciia dm thanh xuét hién vao nam 1900 trong két qua nghién citu clia
W.C. Sabine vé chat luong 4m thanh ctia mot hoi trudng thudc truong Dai hoc Téng hop
Havard & Cambridge (M¥), trong hoi trudng nay sinh vién nghe dugc rt it nhitng gi ma
vi gi4o su ndi tir trén buc gidng. Nhiu cong trinh nghién ciu chi ra rang do 1o cua am
thanh phu thudc vao 4 yéu to sau day:

~ Mt 4m vat 1y chia 4m thanh: do 15 cla tiéng néi s€ cuc dai khi mic am vat 1y cia
am thanh vao khoang 60 + 70 dB, tru6c gia tri nay do ro tang khi mic &m vat 1y tang,
san gid tri nay do rd gidm khi mic am vat 1y tang (hinh 2.20a).

- Thoi gian 4m vang ctia phong: do rd gidm khi thoi gian am vang tang (hinh 20b);

- Ti s6 giita mtc am vat 1y clia nén 6n va mic 4m vat 1y cta am thanh c6 ich: do 16
giam khi ti s6 nay tang (hinh 2.20c).

- Hinh déng kién tric clia phong (hé s6 k, trong bang 2.2).

Bing 2.2
Dang phong K,
Phong nho 1,06
Phong c6 mit bang hinh chit nhat va hinh quat 1
Phong 16n, phong ¢4 tudng va trn cong 0,9
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1.7.2. Po ré thiét ké

Do 15 thiét k& tai mot vi tri nao d6 trong phong cé thé duge xdc dinh theo mot trong
hai cong thitc sau:

- Cho cdc phong hop va phong chi€u béng, ding cong thic Gosokdp:

p=—A—_2 i2+1—_2°i+1_f‘2+...+1'f‘“ (2-10)
lon(l-a)” \ 1, I I I

Trong do:
K, - chi s6 d6 18 cho vi tri dang xét;
_ 2 3 ’ A A A ~ 2 4 ’

A= Z}:Siai +Z;Njatj - luong hit &m tong cong trong phong, m” (xem chu thich
i= j=
cho cong thic 2-5);

r, - duong di clia am truc ti€p, m;

Iy, Iy, ..., I, - 1an lugt 1a dudng di ctia nhitng am phan xa 1, 2, ...n dén vi tri dang xét
trong quang thoi gian 50 ms sau khi dén ctia am truc tiép;

o - hé s6 hiit am trung binh, xac dinh theo cong thic (2-5).

o, Oy..., &, - hé sd hiit am cta bé mat két cdu twong Ung véi cdc tia am phan xa 1,
2.,

Néu K, > 0,2 thi do o & vi tri dang xét la tét, néu K, < 0,2 thi d6 rd khong dat yéu
cau, phai thiét k€ lai (trudc hét 1a thay déi luong hit am A bing cach b6 tri lai vat liéu va
cau kién hdt am trong phong, néu van chua dat thi s& thay déi hinh dang kich thudc cla
nhitng tdm phan xa am trong phong).

- Cho cdc phong biéu dién van nghé va da chiic nang dung cong thic Knudsen:

N=100K, x K, x K; x K, (2-11)

Trong dé:

N - d6 o ctia am thanh;

K, - hé s6 phu thuoc vao mitc am vat Iy ctia am thanh tai vi tri dang xét (d6 thi trén
hinh 2.20a);

K, - hé s6 phu thuoc vao thoi gian am vang clia phong (d6 thi trén hinh 2.20b);

K, - hé s phu thudc vao ti s6:

Miic am vat 1y cia nén 6n

Miic am vatly cia Am thanh c6 ich
xéac dinh theo d6 thi trén hinh 2.20c);
K, - hé s6 phu thuéc vao hinh dang kién tric clia phong, xac dinh theo bang 2.2.
Néu N > 80 do rd cha am thanh tai vi tri dang xét dat yéu cau, n€u N < 80 do ro

khong dat yéu cau.
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a) | b)

K, K,
1,0 /r\\ 1,0° <
08 4 N _ 08
0,6 A 0,6 ™~
0,4 0,4
0,2 0,2

20 40 60 80 100 120 140 0 1 2 3 4 5 6 7
- Mtrc am vat ly cGia 4m thanh, dB Thdi gian &m vang, s

Ky - )
10 I
0.8 s S 1(San khéu yén tinh)
06 \\\(/—2 (San khéu 6n)
04
0,2

0 Tisg = Murc am vat Iy clia nén n

; tc am vat ly cta am thanh c6 ich
02 04 06 08 10 Muc am vat ly

Hinh 2.20. Xic dinh cdc hé s6' K,, K, va K; (trong céng thitc 2-11)

1.7.3. D6 ro thuc té ciia phong

Dé xdc dinh do 13 thyc t€ clia phong ngudi ta diing 2 nhém phuong phép 16n: nhém
nhitng phuong phdp thit nghiém khach quan va nhém nhiing phuong phdp thir nghiém
chit quan. Trong nhém phuong phép thir nghiém khach quan, ngudi ta ding thiét bi dé
xac dinh céc dai luong nhu thoi gian 4m vang, do 13... tai cdc vi tri khac nhau khi phong
da x4y dung xong, so sanh nhiing s6 do ndy véi tiéu chuén, roi tir d6 danh gid chat lugng
am cla phong. Trong nhém phuong phdp thir nghiém chd quan, nguoi ta bé tri khan
(thinh) gia ngoi trong phong, tién hanh nhiing hoat dong thich hgp theo chiic ning cla
phong, sau d6 yéu cdu céc khan (thinh) gid phét biéu ¥ kién d4nh gi4. Dé danh gia do rd
ngudi ta lam nhu sau:

Trong phong thir nghiém (da ton tai trong thue t€), nho ¢6 mot diy am-pli chat lugng
cao, nguoi ta phat ra mot tréngnhfrng tlr vo nghia (dugc chon lua mot cach ngau nhién),

mot tap hop céac thinh gia c6 tinh trang siic khoe va kha nang nghe binh thudong ngoi rai

rac ngau nhién trong phong ghi lai nhitng tir d6. Cudi budi thir nghiém ngudi ta tinh ti s6
phan tram gifta nhiing tir ghi ding va toan bo so tir phét ra. Ti s6 nay chinh 12 chl tiéu do

ro. Néu chi tiéu nay > 80% thi do rd cta phong dat yéu cau.
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§2. THIET Kf AM THANH CHO PHONG

Thiét k€ am thanh cho phong dugc tién hanh tuan tu theo nhitng budc sau:
1. Xdc dinh thé tich ban ddu clia phong;

2. Xac dinh hinh didng va kich thuéc ban dau cta phong;

3. Xdc dinh thé tich thuc t& clia phong;

4. Xac dinh s6 gh€ thyc t€ ctia phong;

5. Kiém tra so bo xem:

- Phén b6 cta céc tia am truc ti€p va tia am phan xa c6 hop 1y khong?

- Trong phong c6 hién tugng ti€ng vong, hoi tu &m, vét cam hay khong?
6. Xéc dinh thoi gian 4m vang t6i vu (T,);

7. Xac dinh so bo lugng hut am téng cong yéu ciu (A, o

8. Xac dinh lugng hit am thay déi (A,);

9. Xac dinh so b Iugng hit am c6 dinh yéu cdu (A, ,.);

10. B6 tri so bo vat liéu va cau kién hidt am trén cdc bé mat trong phong;
11. Tién hanh tinh todn d€ x4c dinh thoi gian 4m vang thiét k€& (T,);

12. Kiém tra xem T, c6 tring hop véi T,, hay khong?

Neéu gan bang thi chuyén sang budc 13, néu sai khac 16n thi phai thuc hién lai tir budc
10 dén budc 12. Cac bude 10, 11, 12 duge thuc hién trong bang PL5-3.

13. Ki€m tra xem cdu tric cia nhiing am phan xa dau tién ¢6 phit hop véi cau tric t6i
uu hay khong (buéc nay tuong d6i phic tap, c6 thé bd qua va s& kiém tra lai bing cich
thir nghiém trén cong trinh thuc sau nay).

14. Ki€m tra xem nang lugng am c6 di hay khong.

15. Ki€m tra xem do rd c6 thda min yéu cdu hay khong. Cong viéc nay doi véi phong
hop va phong chi€u béng la kha phic tap (cong thic 2.10), vi vay c6 thé bo qua va s&
kiém tra lai bang cach thir nghiém trén cong trinh thuc sau nay, con doi véi cic loai
phong biéu dién vin nghé va da chiic nang thi don gian hon (cong thiic 2-11).

16. B6 trf nhiing c4u kién khuéch tan am.

17. Thu nghiém trén mo hinhva trén cong trinh da xay dung xong.

Duéi day s€ trinh bay chi tiét nhitng budc néu trén:

2.1. Xéac dinh thé tich ban dau ctia phong

D¢ xdc dinh the tich ban ddu clia phong ¢6 thé tham khao nhiing s6 liéu trong cdc
bang 2-3, 2-4, 2-5 va 2-6.
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Bang 2.3. Vai s6 liéu dé tham khio trong viéc xdc dinh
thé tich ban dau cia phong theo kinh nghiém cia Lién Xo (ci).

Chikc nang clia phong

Thé tich cho méi khan gia :, m*/ngudi

~ 6ng, khong c6 dan hop xudng 16n)

Phong hoi hop 4
Nha hdt kich néi 5
Nha hat biéu dién vin nghé va da chiic nang 7+9
Phong biéu dién nhac giao hudng (khéng cé dan 6

Bang 2.4. Thé tich cuc dai ctia phong phu thuoc
vao nguon am theo dé nghi cia W.Furrer/3/.

Nguén am

V..., clia phong, m*

Dién gia trung binh

Dién gia nhiéu kinh nghiém
Hat don ca

Dan nhac giao huéng 16n

Dan hop xuéng

3.000
6.000
10.000
20.000
50.000

2.2. X4c dinh hinh dang va kich thuéc ban dau ciia phong

Hinh dang va kich thudc clia phong phai thda méan nhiing yéu cau sau day:

a) Khoang céch 16n nhat tir nguén am (trong nhimg phong thong thudng, ngudn am

tinh todn dat & mat phang san khau, trén truc d6i xting va cich mép cua né mot khoang
50 cm) dén chd ngdi xa nhat khong vugt qud gid tri t6i han thudng 14y 25 m cho nhiing
phong danh cho tiéng ndi, 40 m d6i véi nhitng phong danh cho am nhac, trir nhiing

truong hop dac biét.

Trong cic bang 2.5 va 2.6 gidi thiéu gid tri clia khodng cdch nay cho mot s6 phong
biéu dién van nghé va biéu dién nhac giao huong dugc danh gia 1a t6t.

Bang 2.5. Nhitng thong s6 chinh vé hinh dang
va kich thuéc ctia mot s6 phong biéu dién van nghé duoe danh gia 1a tot

Tén nha hat vom®' | 4 ol JB] Lo Rsk/Rp' SulS,
. s6 nguoi | m’/nguoi| . m
Nha hat Han 1am nghé thuat & Maxcova 4800 | - 1160 4,1 23 0,85 | 1/3
Nha hat Vatxtangdp ¢ Maxcova 4600 | 1050 4,4 26 0,85 | 1/3
Nhat Aha.t ctia Cung Van héa va khoa hoc ¢ 3680 776 47 21 0.7 13
Vacxovl
Nha hat Puskin & Maxcova 4400 | 950 4,6 - - -
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Cac ki hiéu trong bang 2.5:

V - thé tich ctia phong, m’;

‘C - stic chita cta phong;

v - thé tich cho mdi mot khén gia, m’/ngudi;

L,... - khoang céch cuc dai tir nguén am dén chd ngoi xa nhat, m;

Ry - chi€u rong cua san khau, m;

R, - chiéu rong cta phong, m;

Ss - dién tich cta san khau, m?;
S, - dién tich ctia phong, m’.

b) Do déc clia san va clia ban cong (c6 thé 1 hodc 2, 3 ban cong) dugce xdc dinh theo
yéu cau nhin thodng, nghia la sao cho tia nhin ctia khan (thinh) gia & bat ky hang gh¢
nao ciing cao hon mit cta khdn thinh gia & hang gh€ lién truéc d6 mot khoang ¢ (hinh
2.1), gid tri ctia ¢ thuong ldy bang 5 + 7 cm trong trudng hop bo tri ghé€ so le va bang
10 = 15 cm trong truong hgp bo tri gh€ khong so le). Dung cong thiic (2.2).

¢) Hinh dang va kich thudc clia khoang khong gian dudi ban cong duge xac dinh sao
cho nang lugng am c6 thé dén dé mot cach dé dang. Trén hinh 2.21 trich ti sich cla
A.C. Raes/12/ gi6i thiéu mét vai hinh dang va kich thudc hop 1y ctia khoang khong gian
nay. Noi chung, khong bao gio duge thiét ké khoang khong gian dudi ban céng ma
miéng cua né bé hon day va s6 hang ghé trong dé 16n hon 6.

Bang 2.6 Nhiing thong s6 chinh vé hinh dang va kich thuéc
ctia mot s6 phong bié¢u dién nhac giao hudng dugc danh gia la tot

Tén clia phdng nhac giao hudng VvV, m' < S\O,, , N y Lo | P
nguoi |m’/ngudi| m m

Nha hét han 1am qudc gia 16n & Maxcova 13.000 | 2200 59 - -
Phong 1én cta nhac vién & Maxcova 17.000 | 1900 8,9 47 11,5
Phong nhac giao hudng Traicopxki & Maxcava 17.570| 1560 11,3 -
Cung 1€ hoi Hoang gia 22.000 | 3445 6,4 38 14
Phong nhac giao hudng Kanagovo (Nhat) 6150 | 1331 4,6 - -
Phong nhac giao huong Gothenburg (Thuy Pién) 11.900| 1371 8,7 - -
Cung nhac giao huong Boston (M¥) 18.000 | 2.631 7,1 45 10
Lenox Massachusetts Tangle Wood Music Shed (MJ) | 42.500 | 6.000 7,1 47 15
Phong biéu dién am nhac & New York 242001 2.760 8.8 45 12,5
Phong biéu dién am nhac Solzburg (Ao) 15.500 | 2158 7,2 35 15
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Phong biéu dién am nhac & Chiacago 36.600 | 5081 7,2 55 -
Phong biéu dién am nhac han 1am & Philadelphia | 15.700 | 2.984 5,3 35 15
Phong da chitc nang & Cambridge (M¥). Danh cho| 10.000 | 1.238 8,1 25 12
biéu dién am nhac - :

9,4 - -

Phong da chirc nﬁng & Caracas. Danh cho biéu dién| 25.000 | 2.060

am nhac

Chii thich:V, C, v, L, - nhu trong bang 2.5.
P - chiéu sau cua san khiu, m.

5m

%

| pddddd

>25m

375m

T

Hinh 2.21. Mt vai dang va kich thiiéc hop 1y
ctia khoang khong gian dudi ban céng (theo A. C. Raes /12/)

d) C4c bé mit phan xa am phai dugc thiét k& sao cho ching hudng nhitng tia 4m phan
xa dén nhiing vi tri xa nhét, & ddy nang luong am truc ti€p khong du. Trén hinh 2.22 gidi
thiéu mot thi du vé thiét k& twong d6i hop 1y nhitng tdm phan xa am cia tran dé bdo dam
mot su phan bs ddng déu ning lugng am trong mot phong bi€u dién 4m nhac.

Hinh 2.22. Thi du vé thiét ké tuong doi hop ly nhiing tdm phdn xa dm
ciia trdn trong mot phong biéu dién am nhac

Tu hinh 2.22 thdy ring nhilng khdn - thinh gia ngdi trén ban coéng (ving EF) nhan
duoc nhiing 4m phan xa trong pham vi nhiing géc phang 1-2 va 3-4; nhitng khén - thinh
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‘gia ngoi trong khoang khong gian dudi ban cong va & phan sau ciia san (ving CD) nhan
dugc nhiing Am phan xa trong pham vi nhitng géc phang 5-6, 7-8 va 9-10 va nhiing khén
- thinh gia ngéi & phan truge cla san (ving AB) nhan dugc nhitng am phén xa trong
pham vi nhitng géc phang 1-12 va 13-14.

e) Tiéng vong c6 nguy co xay ra ¢ nhiing hang ghe dau béi vi chinh ¢ d6 dudng di
cua am tryc ti€p ndi chung 1a ngén, hiéu giita nhiing dudong di cla am phan xa va am truc
ti€p 1a dh dai dé vuot qud gi4 tri t6i han cho trén d6 thi & hinh 2.10.

Dé tranh hién tuong tiéng vong & nhiing hang ghé dau, khong nén dung nhiing tdm
phan xa cé kha nang hudng tia Aam phan xa dén ddy, va lai & day niang luong am truc tiép
thudng 1a da du. Néu st dung nhitng tdm phéan xa nhu dé cap & day 1a bat budc thi phai
kiém tra diéu kién néu & muc 1.2 clia chuong nay.

g) Dé tranh hién tuong hoi tu am vA vét cam trong phong phai 4p dung nhiing bién
phip dé cap 6 muc 1.4 clia chuong nay.

2.3. Xac dinh thé tich thuc t€ cia phong (V,): Dua trén kich thuéc thuc t€ da xac
dinh & 2-2 dé xdc dinh thé tich thuc t& clia phong.

2.4. Xac dinh s0 ghé thuc t€ cua phong: Dua trén mat bang va mat cit ma xac dinh
$0 gh€ thuc t€ trong phong.

2.5. Kiém tra so b¢ xem trong phong cic tia phan xa phén b6 cé hop ly khong, cé
hién tuong ti€ng vong, hoi tu &m va vét cam hay khong? Dua trén mat bang va mat cat.

2.6. Xac dinh thoi gian am vang t6i uu (T,)

Dung céc d6 thi trén hinh 2.16 va hinh 2.17. Véi chitc ning xdc dinh va thé tich V
ctia phong dd duogc xdc dinh ¢ muc 2.1.1 ctia chuong nay, dung d6 thi trén hinh 2.16,
xdc dinh duge T, cho nhilng am thanh c6 tan s6 f = 1000 Hz. Cho nhiing tan s& khac
1000 Hz, nhéan con s6 tim dugc trén day véi mot hé s6 ma gia tri cta nd duge cho trén
dé thi cua hinh 2.17 (trong thiét k€ am thanh cho phong, thudng tinh todn cho nhiing tan
0 125, 250, 500, 1000, 2000 va 4000 Hz, trir nhiing tiudng hop dic biét).

Thidy?2.14. Hﬁy' xac dinh thoi gian 4m vang t6i uu cho am thanh & tan s8 125 Hz cua
mot phong biéu dién am nhac c6 thé tich 1.000 m®.

Giai: Trén hinh 2.16, cho phong biéu dién am nhac, ding dudng thang 2 (nhac giao
hudng, nghe truc tiép). Véi V.= 1000 -m* va dudng thang 2 xé4c dinh duge T,, = 1,4 s, gia
tri nay la cho tan s6 1000 Hz.

Tren hinh 2.17, v6i dudng cong 1 (phong bic¢u dién am nhac), thiy rang vdi tan s6
125 Hz phai nhan gt tri-vira tim-duge véi-hese 1,25, do do:

T s = 1,4x1,25 = 1,75 (5)

K&t qua ghi vao bang 2.7.

63




Bang 2.7.

f. Hz 125 250 500 1000 2000 4000
T § 1,75 14
2.7. Xic dinh so bo lugng hiit 4am tong cong yéu cau (A )
Tu cong thuc (2-6) rit ra:
Amw=OJ6¥iﬁﬁ (2-12)

tu
Trong d6:
V,, - thé tich thuc t€ cta phong, m®, di xé4c dinh & budc 2-3;
T, - thoi gian 4m vang t6i wu, s, da xdc dinh & budc 2-6.
Vi T,, phy thudc vao tdn s§ 4&m nén A, ciing phu thugc tan s6 am. Két qua ghi vao
bang 2.8.

Bang 2.8
f Hz 125 250 500 1000 2000 4000

T, s (tu bang 2.7) - - - - - -

Aye M - - - - i -
2.8. Xac dinh luong hiit Am thay déi (A,)
Dung cong thic:

Ay =ZNJ-aj (2-13)
=1

Trong do:
N; - 56 lugng cac cd thé thit j ma mbi c4 thé c6 cing Iugng hit am aj;
a, - luong hit am ctia méi c4 thé (ngudi, gh€...) m?/cd thé, tra & diém 9-1, phu luc 1.
Néu xem mat san trén d6 ¢6 bé tri ngudi va gh€ nhu mot"két cau hit am" phang vé6i
hé s6 hit am o thi A, x4c dinh theo cong thic:
n
Ag =2 S0, m’ (2-14)
i=1

Trong dé:
S, - dién tich ctia bé mat thit i ¢6 hé s6 hut am oy;

a; - hé s6 hiit am chia bé mat thi i, tra & diém 9-2, phu luc 1.
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Vi a; trong cong thic (2-13) va a; trong cong thic (2-14) déu phu thudc vao tdn s6 am
nén A, ciing phu thudc vao tan s6 am. Két qua ghi trong bang 2.9.

Bﬁng 2.9

f.Hz 125 250 - 500 1000 2000 4000

A, m?

2.9. Xac dinh so b¢ lugng hit am c6 dinh yéu cau (A,,,,)

Diing cong thiic:

‘Trong dé:
Ay - Xem bang 2.8;
A, - xem bang 2.9.

Két qua tinh ghi trong bang 2.10.

Bang 2.10
f,Hz 125 250 500 1000 2000 4000
Alc, yeo mZ
Aldv mz
Acd‘ yer mZ

2.10. Bo tri so bo vat liéu va cdu kién hit am trén cic bé mat trong phong

Qud trinh b6 trf vat liéu va cau kién hit am, phan xa 4m dugc tién hanh sao cho lugng
hidt am ¢6 dinh thiét k€ (A, ) gdn bang luong hiit am c¢& dinh yéu cdu (A
duge ¢ bang 2.10.

«d, yo) Xac dinh

Ngoai ra, trong ti€n trinh nay phai chd y dén 2 nguyén tic sau day:

- Trong nhiing phong nghe truc tiép chia cdc bé mat hdt am va phan xa am ra cing
nhé cang t6t nham tao ra tinh dong nhét cao clia trudng am trong phong, nguoc lai, trong
nhiing phong bicu dién o6 ghi am khong mén chia nhd céc bé mat hit 4m vA phan xa 4m
nham tao diéu kién thuan lgi cho viéc cam nhan cla ngudi nghe ve vi tri va su di chuyén
ctia dién vién hodc ca s1 trén san khau.

- Bo tri vat liu va cdu kién hit 4m phan xa am theo so dé trén hinh 2.23 nhim bao
dam hiéu qua cao nhat.
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B' A

Hinh 2.23. So dé hop Iy ciia viéc b6 tri vt liéu va cdu kién hit am,
phdn xa am trén cdc két cdu bao che trong phong: A. Bé mdt hiit dm manh;
R. Bé mdt it ém yéu hodc phdn xa dm.

Po6i khi ngudi ta can thay ddi lugng hit
am trong phong tuy theo hoat dong cu thé -
cta né (hoi nghi, biéu dién van nghé, biéu
dién nhac giao hudng, v.v..), mudn vay
ngudi ta ding nhitng két cau cé thé thay déi
duoc vi trf cia bé mat hidt am, chang han nhu

két cdu hinh tru tron thing diing cé thé xoay
xung quanh truc ctia né nhu trén hinh 2.24. Hinh 2.24.
Cau kién hit 4m l1am tir 3 loai vat liéu hit am khic nhau c6 hé s6 hit am o, # o, # o;

khi thi vat liéu ¢ hé s6 hit am o, quay vao phong, khi thi vat liéu ¢6 a,, o, .
2.11. Tién hanh tinh toan dé xac dinh thoi gian Am vang thiét ké (T,) cua phong
Tu cong thiic (2-9) clia Norris - Eyring suy ra:

V

tt

-SIn(1-a)+nV

T, =0,16

Trong d6:
T, - tinh bang s;
V,, - thé tich thuc t&€ ciia phong, m’, g dinh & budc 2.3;
Céc bude 2-10 va 2-11 duge ghi trong bang (xem bang PL 5-3).

2.12. Kiém tra xem T, (x4dc dinh & budc 2.11) ¢6 trang hgp véi T, (xac dinh & budc
2.6) hay khong. '
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Budc nay duge thé hién trén hinh PL5-4. Y nghia cha cic dudng trén hinh PL5-4
nhu sau:

Neéu 0,9T, < T, < 1,1T,, thi dugc.

Néu T, < 0,9 T, hoic T, > 1,1T,, thi khong dugc, phai lam lai tir budc 2.10 dén
budce 2.12.

2.13. Tinh toan cau tric cia nhitng phan xa am dau tién

Trén nguyeén tac, phai ti€én hanh tinh todn cho tat ca nhiing vi tri trong phong vdi tat
ca cdc tan s6 lién quan, nhung trén thuc € chi tién hanh cho nhitng vi tri dac trung va
cho tan s6 f = 1000 Hz. C6 thé ding dé nghi ctia A.N. Catrerovich néu & hinh 2.19b. Can
thuc hién 1an luot cic budc sau day:

2.13.1. Xdc dinh gid tri cia a, b va ¢

Trude hét, tim tat ca cic tia Am phan xa c6 thé ¢6 tr tat cd cdc bé mat dén vi tri dang
x€ét. Sau d6 x€p nhitng tia am phan xa nay theo thi ty tir doan dudng di ngén nhat dén
doan dudng di dai nhat. _

Tia am phan xa cé dudng di ngan nhét duge ddnh s6 1, tia dén sau lién ké duoc ddnh
$6.2 va tia ti€p theo dugc ddnh s6 3. Nhiing tia 4m dén sau nita khong tinh.

Va a, b, ¢ duoc xac dinh nhu sau:

. dudng di cia &m phan xa | - duong di ciia am truc tiép
0,343 -

_ duong di ciia am phan xa 2 - dudng di clia Am phan xa 1
0,343

b

oo duodng di ciia am phéan xa 3 - dudng di cta am phan xa 2
0,343 |

Trong nhiing cong thic trén, dudng di dugc tinh bang m; a, b va ¢ dugc tinh bang
milligiay (ms).
2.13.2. Xdc dinh gid tri cua a’, b’', ¢’
Trén hinh 2.19b thdy rang:
a' = muic 4m vat ly cta am truc ti€p - miic 4m vat 1y cua 4m phan xa 1.
b' = muc am vat ly cia &m phdn Xxa I - muc &m vat ly clia 4&m phan xa 2.
¢' = muc am vat ly cia am phan xa 2 - mic am vat 1y cia am phan xa 3.
Mat khac, mac am vat 1y cta am truc ti€p duoc xdc dinh bang cong thuc (2-1), con
muc am vat |y clia cdc am phan xa thi dugce xdc dinh bang cong thic(2-3).
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Tl nhitng cong thidc (2-1) va (2-3) rit ra:

a’'=20(gr, —lgr0)+101g1—1—

¥

b'=20(gr, —1gr)+10| 1g L -lg L
_ 1-o, 1

¢'=20(1gr, —1gr,)+10| g ! -lg !
‘ 1-a, l-a,

Trong do:
r, - duong di cla tia am truc ti€p, m;

I, I,, I, - dudng di clia c4c tia am phan xa 1, 2, 3;

0L, Oy, Ol - hé s6 hit am cha nhitng bé mat, tir d6 phat ra cdc tia phan xa 1, 2, 3.

Cé duogc gid tri cha a, b, ¢, a', b' va ¢' 161, so sdnh ching véi nhitng gia tri t61 vu cho
trén hinh 2.19b. Né&u nhiing diéu kién dugc thdéa mian thi thoi, néu chua thi phai diéu

chinh lai thiét ké.

2.14. Kiém tra xem nang luong am c6é di hay khong

Trong thuc t&, viéc kiém tra nay cling duogc thuc hién cho mot s6 vi tri dac trung trong
phong véi am thanh tan s6 1000 Hz. Qua trinh kiém tra dugc ti€n hanh theo nhiing budc

sau day:
2.14.1. Xdc dinh mitc dm vit 1y ctia dm truc tiép tai diém dang xét
Duing cong thic (2-1) da biét: 7
L, =L, -lgr,~8dB

Trong do:

L, - mitc &m vat 1y clia nguén am, gia tri clia né c6 thé 14y theo bang 2.11.

0

1, - tinh bang m.

L, - mic am vat 1y clia &m thanh tai diém dang xét (cach nguén am mot doan r,)).

Bang 2.11
Ngudn am L, dB Nguén am Lg, dB
Dién gia 60 Déng ca 38 nguoi 94
Nhac thinh phong, déng ca 70 Dan nhac giao huong 16n 106
Nhac giao huong ' 85 Dan nhac c6 déng ca va doc tdu 114
Nhac nhay 85 Dan 6ng 124
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2.14.2. Xdc dinh hiéu cua cdc mitc am vdt ly

- Gilta am tryc ti€p va am phan xa 1: a'

- Gifta am phan xa 1 va &m phan xa 2: b'

- Gilta am phan xa 2 va am phan xa 3: ¢'.

Viéc xdc dinh nhiing gid tri nay da trinh bay trong muc 2.1.2.

2.14.3. Xdc dinh mitc dm vdt ly cia cdc dm phdn xa

L., = LI.) -a
L,= L1‘| -b

Ly=L, -¢
Trong dé: '
L, - mdc &m cua am truc tiép (xem cong thic & muc 2.1.1);
Ly, Ly, Ly - mie am vat Iy clia am phéan xa 1, am phan xa 2 va am phén xa 3.
2.14.4. Xdc dinh mic am vdt ly téng cong & diém dang xét (L,)
Theo cong thac (1-13).
2.14.5. So sdnh miic dm vdt ly tong cong xdc dinh duoc & muc 2.14.4 véi mitc am
var Iy yéu cau (L,). Néu L, > L, thi thoi, néu L, <L, phai diéu chinh lai thiét ke
Muc am vat ly yéu cau (L,,) cho tat ca cdc vi tri trong phong phai 16n hon muc am vat
1y clia ti€ng 6n nén 10 dB. Mic am vat 1y cla tiéng én nén thudng 14y bing 30 dB, vi

vay mic am vat 1y yéu cdu tai bat ki diém nao trong phong ciing phai > 40 + 50 dB.
2.15. Kiém tra do ro cia am thanh

Trong thuc t& viéc nay dugc thuc hién tai mot s6 vi tri dac trung cua phong cho am
thanh tan s6 1000 Hz va véi do day cta phong 70%, nghia 1a s6 gh€ c6 ngudi ngoi
chieém 70% toan bo 6 gh¢ trong phong (xem muc 1.7.2 clia chuong nay).

2.16. Bo tri nhirng cAu kién khuéch tan am

Trong nhiing phong nghe truc ti€p (du 1a ti€ng ndi hay ti€ng nhac) ngudi ta ding
nhiing cau kién khuéch tdn am véi nhing hinh dang khac nhau nhu tru chit nhat, tru tam
gidc, tru ban nguyeét, khot thdp, khoi nhi dién, chom cau, v.v... (hinh 2.25) va kich thuéc
khdc nhau nham bao dam tinh dong nhat cla truong am. ’

Hi¢u qud khuéch tin am cua nhing cau kién nay s& ddng ké néu ching duoc thiét ké
theo nhiing nguyén tac sau day:

- S0 luong cdc cau kieén khuéch tdn Am cang nhiéu cang tot,

- S6 lugng kiéu ddng cla cdc cau kién khuéch tdn am cang nhiéu cang 6(;
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- Kich thudc ctia cdc cdu kién khuéch tin am cang khdc nhau nhicu cang tot;

e el

[ 1

—

Hinh 2.25. Nhitng hinh khéi khdc nhau ciia cdu kién khuéch tan dm

£¥ cL:'f:' <.3|‘N él;N L;l;N o
<L [=1 e g [rom M~ NI
JTo ~3 Ny No T To
|$ |||\ ug ||c> ng no
—C
e 200 100+200§
(&)
< 150 75+ 150 <
100 50 + 100
90 25+ 90
80 40 + 80
70 35+70
60 30 = 60
50 (e 25 + 50
40 [t 20+ 40
30 - // 15 - 30
20 g 2D 10+ 20
50 100 150 200 300 400 500

C,cm

Hinh 2.26. Biéu do xdc dinh kich thuéc hop 1y ciia cdu kién khuéch tan am;
a, b, c-xem hinh 2.25.

Kich thudc ctia cau kién khuéch tan am c6 thé xac dinh theo bi€u d6 huéng dan cua
Carl Hanus/11/trén hinh 2.26.
3 . . . , -
Thi du 2.16. X4c dinh do sau b cta nhitng cdu kién khuéch tin am cé dang khoi try

tam gidc, khoang cach glua chiing v6i nhau ¢ = 200 cm va chiéu rong clia moi cau kién
a=100cm.

Giai: Trén hinh 2.26 tim‘\duqic diém tuong tmg v6i ¢ = 200 cm va a = 100 cm. Poc
dugc b =50 + 100 cm. ‘

Trong nhitng phong biéu dién ¢6 ghi am, ngugc lai. can phai tranh, khong dung két

\.
\

cau khuéch tdn am (xem 2.2.5).

70



2.17. Thir nghiém trén mé hinh

Nhiing tinh todn tir 2-1 dén 2-16 (cua chuong nay) chi cho két qua gan diing, s& di
nhu vay la vi trong qud trinh tinh todn di sir dung rat nhi€u dit liéu va gia thuyét gan
ding, chang han nhu he s6 hiit am cla c4c vat liéu va c4u kién cho trong phu luc 1, coi
miéng sin khau nhu mot bé mat ¢4 hé s6 hit am bang 0,5, v.v...

Vi vay, v€ nguyén tac sau khi hoan thanh nhiing tinh toan ly thuyét nguoi ta phai tién
hanh thit nghiém trén mo hinh dé xem trudng am trong moé hinh da dat dugc nhiing chat
luong nhu mong muén hay chua, tir d6 biét cach diéu chinh lai thiét k€. Trong khi 1am
mo hinh phai ton trong nguyén tac giif nguyén titong quan giita kich thudc ciia phong voi
chiéu dai ciia séng am thanh (budc séng), diéu dé c6 nghia la: kich thuéc clia phong thu
nho bao nhiéu 14n thi tin s6 chia &m thanh phét ra trong moé hinh phai tang bay nhiéu lan.

Tuy nhién, viéc mo hinh h6a mot phong vé mat am thanh 1a khd phdc tap, chi cé
nhiing chuyén gia am thanh chuyén sau méi lam dugc, vi vay trong thuc t€ budc nay
thuong bo qua.

2.18. Thir nghiém trén thuc té sau khi phong da xay dung xong

Néu budc 2.17 ¢6 thé bd qua duge thi budc 2.18 1a bt bude véi tat ca cdc trudng hop.

Noi dung cong viéc cua budc nay nhu sau:

- Ding nhitng thiét bi va dung cu do ludng am thanh khéac nhau dé do cac dai lugng
ma ta quan tam trong phong nhu: thoi gian &m vang thuc t€, cau tric thuc t€ cua nhitng
phan xa am ddu tién, nang lugng am tai cdc vi tri khac nhau trong phong, do r6 cia am
thanh (chu yéu la cta ti€ng néi), v.v... r6i dem gia tri do dugc cta nhitng dai luong d6
so sanh v4i nhiing gia tri t6i wu cua ching dé c6 cach diéu chinh thiét k& thich hop.

- Di€u chinh nhiing bé mat phan xa am, hit 4m... cho dén khi dat dugc yéu cau.

Riéng viéc thlt nghiém vé do 16 tiéng néi co thé tién hanh theo cach trinh bay ¥ muc
1.7.3 cta chuong nay.
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Chuong 3

CHONG ON CHO CONG TRINH KIEN TRUC

§1. TONG QUAN VE TIENG ON

1.1. Khai niém

Vé mat vat ly ti€ng on va am thanh deu l1a nhilng tin hleu gay ra boi nhu’ng séng co
hoc (hay con goi séng dan hoi) c6 tan s6 tir 16 Hz dén 20.000 Hz cho tai nguoi. V€ mat
sinh 1§ am thanh I3 nhitg tin hiéu c6 ich con tiéng 6n la nhu’ng tin hiéu hoac vo ich
hoic ¢6 hai cho con nguoi.

Tinh c6 hai cia tiéng 6n duge thé hién nhu sau:

- Ching c6 thé gay ra ching diéc tam thdi va néu mic am vat 1y vuot qud mot
ngudng nao ddy chiing cé thé gay ra ching diéc vinh vién;

- Ching c6 thé lam glam ‘nang sudt lao dong (chan tay hay tri 6c) cua con nguoi;

- Ching c6 the gay ph1en toai cho con ngudi nhu lam mat ngu lam suy nhugc than
kinh..

Vi vay, trong khi thiét k€ c4c cong trinh kién tric, can.phai tim moi cich chong lai
tiéng 6n tir bét c nguén 6n ndo.

1.2. Phan loai tiéng on

N6i chung, tiéng én dugc phan loai theo hai ddu hi¢u chinh sau day: phan loai theo vi
trf clia ngudn 6n va phan loai theo cch hinh thanh va lan truyén ti€ng on.

Theo vi trf clia ngudn 6n, tiéng 6n chia ra:

- Tiéng 6n tir nhitng nguén 6n bén ngodi nha nhu tiéng 6n tir cdc hoat dong giao
thong dudng bo, dudng sit, tir cdc san bay, tlit cdic mdy moc hoat dong trén cidc cong
trudng xay dung hay trong cdc xudng may, xi nghiép, tiéng 6n tir nhitng hat mua hoac -
mua d4 roi xuong nhitng két cau nhe cda cong trinh nhur méi ton fibro Ximang, mai ton
kém, mai ton nhua, v.v...

- Tiéng 6n tir nhiing nguén 6n bén trong nha nhu ti€ng 6n trong khi néi chuyén, khi
md radio, tivi, may nghe dia hodc cdt-xet, nhiing ti€ng va cham dap gd vao tudng vao
san, nhiing buéc chan manh va sy xé dich ban gh€ & tang trén, v.v...
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Theo cach hinh thanh va lan truyén, tiéng 6n chia ra: tiéng on khong khi va tiéng on

va cham. Dic diém cla hai loai tiéng 6n nay dugc thé hién trong bang 3.1.

Bang 3.1. Nhfmg nét khac nhau giira tiéng 6n khong khi va tiéng 6n va cham

lan truyén

trong khong khi
(hinh 3.1a)

Yéu t6 khic nhau | Tiéng 6n khong khi Tiéng 6n va cham
Dic diém Hinh thanh Hinh thanh do su va cham giita mot vat ran va
hinh thanh trong khong khi | mot két cau cia cong trinh (ti€ng bda déng dinh
vao tuong, ti€ng xé dich ban ghé & san ting trén,
ti€ng budc chan & san tang trén, v.v...)
bac diém Lan truyén cht yéu | Lan truyén cht yéu trong vat liéu (hinh 3.1b)

Dic trung
clia nguén 6n

Miic am vat 1y
© ciia ngudn, Ly dB.

- Luc truyén vao vat liéu trong viing c6 va cham.

- T6c do dao dong clia moi trudng ran, trong dé
lan truyén tiéng on.

/ /
/
Phong phat Phéng thu

B

7 M//// AL, 7

Hinh 3.1. So do hinh thanh va lan truyén séng am khéng khi (a) va va cham (b)

§2. CHONG ON KHONG KHI TU BEN TRONG NHA

2.1. Su lan truyén tiéng 6n khong khi tir phong nay sang phong khac

Néi chung, tiéng 6n lan truyén tir phong phdt sang phong thu bang 5 con dudng nhu sau:

- Duong 1: Xuyén qua két cau ngan cach, duong chi yéu;

- Duong 2: Qua nhiing khe hd trén két cau ngan cach;

- Duong 3: Lan truyén doc theo nhiing két cdu ngan céch bao quanh gian phong va

biic xa vao khong gian clia phong thu.
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- Budng 4: Qua nhiing 16 cla;

- Dudng 5: Tiéng o6n phit ra ti phong phdt, xuyén qua cdc 16 clta ra ngoai, phan xa tir
nhiing két cau bao che clia nhiing ngoi nha bén canh vao phong thu.

~
i .

DL

Hinh 3.2. Nhitng con ditong lan truyén tiéng on khong khi
t phéng phdt sang phong thi

V6i méi con dudng lan truyén clia tiéng 6n trén day ngudi ta dung nhing bién phap
thich hop:

- Vi nhitng con dudng | va 2: bién phap chong 6n duge xem xét chi tiet ¢ muc 2.2.

- V6i con dudng 3: No6i chung, néu két cdu thoa man yéu cau doi vé6i nhiing con
dudng 1 va 2 thi né cling théa man yéu cau déi vdi con duong 3;

_ Vi nhitng con dudng 4 va 5: Day thuoc vé van dé quy hoach, nghia la dé khac phuc
nhimg con dudng lan truyén tiéng 6n ndy, phai b6 tri hop 1y céc 16 cira trén ket cau bao
che cua méi ngoi nha, va cua nhiing ngoi nha trén khu xay dung. Trong truomg hop can
thiét, ¢6 thé bo tri nhitng chd 16i bd sung (thé hién bang duong cham chdm trén hinh 3.2)
dé ngan can phan nao sy lan truyén ti€ng on.

2.2. Tinh toan va thiét ké cach am cho két cau ngan ciach dé chong tiéng on
khong khi (chu yéu cho nhing két cau diing)

Pé lam viéc nay ¢6 thé thuc hién lan ugt nhiing budc sau day:

- Budcl: Gia dinh trudc mot kicu két cau ngan cach;

- Bude 2: Xéc dinh "Chi's6 suy gidm mic am" cua két cau da gia dinh;

- Budc 3: So sanh "Chi s§ suy giam mic am" viia xdc dinh & budc 2 v6i "chi s6 cach
Am tiéu chudn". Néu s6 trudc [6n hon hodc bang s6 sau, k&t cdu di gid dinh 1a tot (ve
mat cdch am), néu s6 trude bé hon s sau phai gia dinh mot kiéu két cau ngan che khic

va tinh lai tr dau.
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Dé xdc dinh "chi s6 suy gidm am" cla két cau ngan cach ngudi ta chia két cdu ra
nhitng loai sau day:

- Két cdu don mot 16p (hinh 3.3a);

- K&t cdu don nhiéu 16p (hinh 3.3b);

- K&t cau d6i nhiéu I6p, trong d6 ¢6 1Gp khong khi (hinh 3.3c).

Ca3s loai ket cau trén déu 6 thé 12 lién tuc (hinh 3.3d) hoac khong lién tuc (hinh 3.3¢).
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Hinh 3.3. Nhiing loai két cdu khdc nhau vé nmt cdch am:
a) Két cdu don mét lop; b) Két cau don nhiéu I6p, ) Két cdu doi nhiéu l6p
(0 giita la l6p khong khi); d) Két cdu lién tuc; e) Két cdau khong lién tuc
2.2.1. Xdc dinh "'chi s6 suy gidm dm’’ ciia két cdu don mét lop va lién tuc
* Chi s0'suy giam dm ctia két cdu

Xét hai truong hop: truong hop gia

dinh va trudng hop thuc té. 7

- Truong hop gia dinh: k& ciu ngin /.E<]I1 Wwwgm,lz Bén ngodi nha
cach phong phdt (tiéng 6n) vit bén ngodi - L Z
(hinh 3.4). | ’ ;- . 2

O bén ngoai khong cé bat ky beé mat L Phong phat

phan xa am nao.

A~ q . o a Hinh 3.4. K&t cdu dirore khdo sdt npéin cdch
[,, I, - lan luot 1a cuomg do 6n, trong c eRnd &

N I I = hong phdt (tiéng on) vai bén neodi
phong phit va cuong d6 6n & bén ngoal; Jrons SR
L, L, - lan luot 1a mitc on v Iy trong phong phat va miic én vat 1y & bén ngoai.
"Chi s6 suy giam am” ctia k& cdu ngdn cach R dugc xdc dinh nhu 13 hicu gitta 2 muic
onvatly L, vaL,:



R=L,-L,dB S € )
O chuong 1, da dé cap hé s6 xuyén 4m t cia két cdu. Hay tim quan hé giita R va 1.

I

T= 1_2 =L =
A
Theo cong thic da cé, dugc:
| I : I
L,=101g=% =‘10’lg£1-—j— =101g-L+101gt
, I I, I, -
Lai c6: 1Olg1— =L,.

o

Vay:

L,=L,+10lgt=L,-L,=-10lgt :>,10’lg—1— =L, -L,
T

So sdnh biéu thuc nay v6i cong thic dinh nghia (3-1), ta co:
R =101gL ‘ (3-2)
T

- Truong hgp thue té: S

Trong thuc t&€ ta thudng gap trudng hop két cdu ngan cdch phong phat (ti€ng 6n) véi
phong thu ¢6 nhitng bé mat it nhi€u. phan xa am. Mot cau hoi dat ra: trong trudng hop
ndy chi s& suy gidm am c6 con gilt nguyén gid tri nhu trong trudng hop trudc hay
khong? hay 1a tang lén hoac giam xuéng?. ' -

D& tra 10i cau hodi nay, hiy xét chinh két cdu nay ngan cich phong phét c6 nhiing gid
tri I, va L, nhu trudc, véi phong thu ¢6 nhitng gid tri I'2 va Ez (khong phai la khong gian
md& 6 nhiing gid tri I, va L, nhu trudng hop trude), (hinh 3.5).

' Phang phét Phong thu
[ i\

B& mit hat am vdi
/qung hut am" A, m®
A1

Az

Mt trong cha (5t ca cac

két cau véi dién tich tng cong S;m”

‘Hinh 3.5. Két cdu diigc khdo sdt ngan cdch phong phat
v6i phong thu cé nhitng bé mdt it nhiéu phdn xa am
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Trong truong hop nay, phong thu khong con 1a mot ban khong gian mé nita ma la
mot phong kin véi dién tich tong cong clia nhitng mat trong 1 S, khi dé luong hit am
tong cong A = ZoS; s& bé hon S; chi trong trudng hop dac biét, khi ma tat ci cic mat
trong hit am 1y tuong (cac o, = 1) tamdGic6 A =S.

Do tén tai nhiing mét phan xa am trong phéng thu ma I', phai 16n hon I,.

Nhiing tinh toan ly thuyét cho két qua:

I'2 = IZ-A—

Truong hop dac biét S=A = I', = 1,, ta lai ¢6 trudng hop trude (gia dinh).
Tu nhiing bién déi todn hoc, rit ra dugc:

S
R'=R-10lg= 3-3
gA (3-3)

V6t cong thiic (3-3) ta hay tra 101 cho cau hoi vira dit ra trén kia:

Trong nniing triuong hop thice & chi tiéu suy gidm dm ciia két cdu ngdn cach khong

giong nhue trong truong hop gia dinh ma giam di mot luong 10 ng.

* Pinh ludt khoi lwong va dinh ludt tan s6'ly thuyét

Xét mot ket cdu ngan cdch gia dinh phang va rong dén vo cling, véi chiéu day vi khoi
luong bé mat khong doi, khong cé tinh dan héi va khong bién dang, chiu tic dong cua
nhiing séng phang va song song véi bé miat két cdu (hinh 3.6).

1
1
|
T
|
I

)
a/

Tia song phang // Két cau
Mt séng phang = ' —4-

Hinh 3.6. Két cdu ngdn cdch didi tdc déng ciia séng phang va song song véi bé mdt két cdu

Trong trudng hop nay tinh todn 1y thuyét chi ra rang:

- Tai mot tan s6 am xdc dinh, néu khéi luong bé mat cua két cau tang gap doi thi
chi s6 suy gidm am cua né tang 6 dB (hinh 3.7a, dudng 1), day 1a dinh ludr khoi licong
Iy thuyet.

- Tai mot khot lugng bé mat xac dinh néu tan s¢ séng am tang gap doi thi chi s6 suy

giam am cua noé tang 6 dB (hinh 3.7b, dudng 1), day 1a dinh ludt tin s6'1y thuyét.
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“Hinh 3.7. Dinh ludt khoi luong (a) va dinh ludt tan sé'(b)
1. Ly thuyét; 2. Thuc nghiém

* Dinh ludt khoi lwong va dinh ludt tan s6 thie nghiém
Dé xéc lap nhitng dinh luat khoi lugng va tan s6 thuc nghiém ngudi ta thuc hién
nhiing phép do trén két cau ngan cdch véi nhiing diéu kién sau:
- Két cau khong c¢6 16 rong;
- B& mit két cdu du 16n (S = 10 m?);
- Truyén am bang nhiing con dudng gidn tiéf) (tudng bén, tran, san) nhd khong dang ké.
Két qua do thuc nghiém cho thay:
+ Tai mot tan s6 am cho trudc
- Néu khéi luong bé mat p clia két cau ngan cach bé hon 2000 kg/m’ thi:
R=1331gp (3-4)
Trong d6 R tinh bang dB va p tinh bing kg/m’.
- Néu khéi luong bé mat p 16n hon 2000 kg/m? thi:
R = 15lgdp (3-5)

Nhiing cong thic (3-4) va (3-5) chi ra rang v6i nhiing két cau ngan cach c¢6 khoi
luong tir 20 dén 2000 kg/m’, néu khéi luong bé mat ting gap doi thi chi s6 suy giam am
clia két cau tang 4 dB (hinh 3.7a, dudng 2). Day la dinh ludt khoi liiong thue nghiém.

+ Tai mot khoi luong bé mat cho trude, néu tn s6 am tang gdp doi thi chi s6 suy giam
am cua két cau tang 1én 4 dB (hinh 3.7b, dudng 2). Day 1a dinh ludt tan s6 thuc nghiém.

Nhitng dinh luat khoi lugng va tan so thyc nghiém, dugc thé hién trén hinh 3.8.
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Hinh 3.8. Dinh ludt khéi luong va dinh ludt tén $O thite nghiém

D¢ xdc dinh chinh xdc hon chi s suy gidm am clia két cdu don mot 16p lién tuc ta
can phai xét cach tng xu thuc t€ cta né doi vdi séng am.

# Ung xit thiee 16 doi véi séng am ctia mot két cdu ngén cach don mot 16p lién tuc.

Xét mot két cdu don mot 16p lién tuc khong c6 16 réng bén trong véi kich thude 16n
chiu tdc dong ctia mot luong vo ciing nhiéu séng am phang t6i. Pudng cong thuc t€ cla
chi s6 suy gidm am clia két cdu nay dugc thé hién trén hinh 3.9.

Hinh 3.9 cho thay:

- C6 mot s gidm dot ngot clia chi s6 suy gidm am cla két cdu ngan cach cho mot tin
$6 4m nao d6, tan s6 nay goi la ran s 1di han va ky hiéu la f;

- V6i nhitng am c6 tan s6 bé hon tin s6 t6i han dudng cong thuc t&€ néi chung la tuan
theo dinh luat tan s6 1y thuyét (do doc 6 dB/dc-ta).

- Véi nhitng am ¢6 tdn s6 16n hon tdn s6 t6i han, do doc clia duong cong thuc t&€ ndm
gitta 6 dB/6c¢-ta (dinh luat tan s6 1y thuyét) va 4 dB/6c-ta (dinh luat tan s6 thuc nghiém).
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Rd Luat tn s§ Iy thuyst do déc 6 dB/c-ta)

Song udn
tu do
vai G

/ J 7 /'C— E\uc‘mg cong
/ uc t€

T

\
N
\
\\
\\
/\
=

\
\
/},Séng uén

//’ ~ Lut tan s6
Z - thyc nghiem

I 4
,A\\ B // (40 d6c 4 dB/6c-ta) 79 /,*‘é A
- z \ 7 /s vai C'
1~ ' Song tai :
< v6i 16 0 '—M—
" - 1+ lantuyénC
— ~f, Hz
f_ (tan s6 t6i han)
Hinh 3.9. Puong cong thuc té "R -f" Hinh 3.10. Nhiing séng uén
ciia moét két cdu ngan cdch don mét Iop lién tuc (cudng biic va tu do) duoc hinh
khong c6 16 réng bén trong. thanh trong két cdu dan hoi

* Tdn $0 161 han ciia két cdu ngdn cdch don mot lop lién tuc

Trong tinh toan 1y thuyét vé "chi s6 suy giam am" ctia két cau ngan cich (muc 2.2.1),
ngudi ta gia thiét ring két cau hoan toan khong dan héi. Gia thiét nay, mac di cho mot
tiém can tot v6i bai todn dat ra nhung khong trang hop hoan toan véi thuc t€.

Su thuc 13, bat cit két cdu ngan cach nao ciing déu c6 tinh dan héi: khi séng am dap vao
né6 tai mot diém bat ky, tai diém d6 phat sinh ra nhitng séng uén cudng biic, nhimg séng
nay lan truyén doc theo két cau véi t6c do C, sau d6 chung bién thanh séng udn ty do,
séng ndy ciing lan truyén doc theo két cdu nhung véi téc do khic C; # C (hinh 3.10).
Tri s6 cha C' (t6c do lan truyén séng udn cudng bic), phu thugc vao téc do lan truyén
trong khong khi clia am t6i C va vao géc t6i 0. D€ xédc dinh su phu thudc nay, hdy xét
hinh 3.11.

Hinh 3.11. Lién hé giita C’ (téc dé lan truyén séng udn cuong biic),
C (t6c do lan truyén séng téi trong khong khi) va 6 (géc 161 ciia séng dm).
A, - budc clia séng 6i (lan truyén trong khong khi);
A, - budc clia séng udn cudng bitc (lan truyén doc theo két cdu); 0 - géc t6i.
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Trén tam giac ABC (hinh 3.11) véi AB = Xi;E =A; va ACB =0 , ta cé:
) = A, 5in®

Ma A, = % (nhu da biét) va A, = %

Tl céc biéu thic trén, rit ra:

9 = Ssin 0
f
Tu do, cé:
C
C'= 3-6
sin (3-6)

Cong thic (3-6) thé hién lién he giita C, C va 6 ma ta mudn tim, méi lién hé nay cho thay:

Téc do lan truyén ciia séng uén cuéng bitc doc theo két cdu (C’) chi phu thudc vao
nhitng tinh chdt ciia séng 16i (C va 0) ma khong phu thuéc vao nhitng tinh chdt ciia két
cau (khéi liiong don vi p, chi¢udaye,v.v...).

Ve C, (t6¢c do lan truyén séng uén tw do), ngudi ta dd chitng minh duoge rang né phu
thudc chll yéu vao nhiing dac trung cla két cau, bi€u thic thé hién sy phu thudc nay
nhu sau:

| E 1/2
C, = 2ne-(—J NG 3-7)

12p
Trong d6:
e - chiéu day clia két cau, m;
E - modun dan héi clia vat liéu 1am nén két cau, N/m?;
p - khéi luong don vi clia két cau, kg/m?;
f - tan s6 clha séng am t6i, Hz.

Biéu thiic (3-7) cho thdy:

Véi mot két cdu cho trude (nghia la nhiing dai luong trong ddu can 1on déu la hdng
§6), toc dé lan truyén séng uén tu do doc theo két cdu (C,) ti Ié thudn vdi cdn bdc hai
cuia tdn s6 séng am 1di.

N6i chung, C; khdc v6i C', nhung ciing ¢ nhiing trudng hop, trong dé ngudi ta tim
thay mot vai gid tri thich hop clia goc 0 va clia tan s6 f sao cho C' = C,. D€ tim nhiing gid

tri ndy ctia 0 va f ta cho bing nhau C' va C;:

1/2
E
Cc'=C/= ,C = 2ne| — | A
sin O 12p
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Tu biéu thiic trén rut ra:

2 1/2
¢ C (12") L (3-8)
2ne\ E sin“ 6

Néu f va 0 cling nhau thda man phuong trinh (3-8) ta s&€ c6 C' = C; va trong truong -

hop nay xay ra hién tugng triung song.

Vay 13, véi mot két cdu ngan cach cho trude, bdi vi séng am tdi co thé ¢6 cung ldc
nhiing tan s6 f khdc nhau va nhiing géc t6i O khac nhau, hién tugng trung song ciing xay
ra cing lic trén nhiéu tan s6 khdc nhau, ma méi tan s6 trong d6 tuong ting vdi mot goc
t6i xac dinh.

Nhitng tin s& 4m t6i thda man biéu thic (3-8) goi 14 tdn s6' triung song. Tan s6 thap
nhét trong s6 nhitng tin s6 tring séng goi 1A tdn $6'16i han, ky hiéu la f, (hinh 3.12).
Day chinh 12 tdn s6 f, ma ta da thay trén hinh 3.9.

E T

D / - E yi2

g : | C v2ne(m) xy
5 i :

) 4 j i C; = ClsinB,

E /i ! ; C, = Cfsind,

=N i i i C, = Clsing,

218 | a |

'_/ =t > . Tan s6 song am, Hz
., Tén s6 6i han Tén sd trling song

Hinh 3.12. Nhiing tén s6 tring séng va tdn so'téi han

Tu biéu thic (3-8) viét dugc dé dang cong thitc xdc dinh f.:

2 1/2
i C (IZp) 1 (3.9)

C -2
2ne\ E sin“ 0,

Hinh 3.12 cho thay:

Trong khoang tan s6 cta séng am t6i nhé hon tan s6 t6i han (f < f,) biéu thic (3-8)
khong duoc thoa man (bdi vi f, da 1a tan so tring song nho nhal trong tat ca cdc tan s6
tring séng), vi vay trong khoang tdn s6 nay khong c6 hién turong trang song va kha nang
cich 4m cha két cau duoc chi phéi boi dinh luat kh6i lugng 1f thuyét (doan bén trdi cua
duong cong thuc t€ (hinh 3.9).

Trong khoang tin s& cla séng 4m t6i 16n hon tan 56 16i-han (f > f.) c6 nhiéu gid tri
clia f ma tai d6 xay ra hién tugng tring séng. Vi vay, trong khoang tan s6 nay kha nang
cach am cha két cAu giam so véi dinh luat tén s6 1i thuyét (doan bén phai cua dudng
cong thuc t&€ trén hinh 3;9).
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Ngay tai tdn s6 séng am bang R, dB

tan s téi han (f = f,) hién tuong %
trung séng la manh nhat, vi vay do // //
giam ctia kha nang cch am 12 16n / iy
nhit (doan giita cha dudong cong \_ |/ %/
thyc t€ trén hinh 3.9). (4 Z/Z
V1 vay, trong khi thiét k& cach ; Z

Khodng tan s

am cho két cdu ngan cach, phai clia tiéng 6n ko chiu nhat

lam sao cho tan s6 t6i han khong
roi vao khoang cac tan so clia tiéng
on khé chiu nhat (hinh 3.13).

Hinh 3.13. Phdi lam sao cho tdn s6'téi han khéong roi
vao khodng nhitng tdn sé ciia tiéng 6n khé chiu nhdt

Biéu thic (3-9) cho thdy: véi mot két cau thuan nhat 1am tir mot vat liéu nhat dinh,
tdn s6 t6i han clia n6 ti 1& nghich véi chiéu day clia né. Vi vay, dé gidm f, xuéng thap
hon khoéng tan s6 clia tiéng 6n khé chiu, phai tang chiéu day cta két cau, ngugc lai, dé
tang f. lén cao hon khoang tan s& nay phai giam e.

Bang 3.1. Gia tri clia tan s6 t6i han
~ctia mot s6 két cau mot 16p thuan nhat lién tuc

Vat lieu Khoi lugng ::'ion vi, f, cho chiéu day két cdu
kg/m’ e=lcm, Hz
Cao su 1100 85.000
Dién dién 250 18.000
Polystyréne gidn né 14 14.000
Thép 7800 1.000
Nhom 2700 1.300
Chi 10.600 8.000
Thuy tinh 2.500 1.200
Gach dac 2000-2500 2500-5000
Gach pa-panh 2000 2700
Bétong nang 2300 1800
Betong x0p - 4500
Thach cao 1000 4000
G6 (sapin) 600 6000-13000
Tam ép soi gb - 3300

Chii thich: V6i két cau c6 chiéu day e cm, f, bang gid tri trong bang chia cho e.
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*Mdt ndng luong dm trong noi bo két cdu

Ta da biét ring tai tdn s6 téi han £, hién tugng tring s6ng lam gidm kha nang cach am
clia két cdu (hinh 3.9). Mat khdc su suy giam nay bi gidi han boi nhiéu dang mat nang
lugng x4y ra trong qué trinh truyén séng am: mat nang luong do su bic xa séng am cla
két cdu, mat nang luong do su d4n séng am sang nhiing két cau ngan cach lién ke va mat
ning lugng ngay trong ndi bo két cdu dang xét.

Mot trong 3 dang mat nang luong néi trén, dang mat ning lugng trong ndi bo ket cau,
dugc gay ra boi hién twong ma st trong 1ong két cdu, n6 chi phu thudc vao ban chat cia
vat liéu 1am nén két cau ma thoi.

Gid tri clia do giam kha nang cach am cla keét cau tai tan s6 t6i han dugc cho trong
bang 3.2.

Bang 3.2.
Do giam kha nang cich am
Vat lieu & Jang cach am
' cua két cau tai f, dB

Nhiing vat liéu c6 mat nang lugng ndi bo nho: thép, nhoém, kinh. .. ~ 10
Nhitng vat liéu c6 mét nang luong nodi bo trung binh: bétong, 6+8
thach cao, gb... )
Nhitng vat liéu c6 mat nang lugng noi bo 16n: cao su, dién | 3+4
dién, chi...

* Xic dinh chinh xdc hon chi s6 suy gidm dm ciia két cdu mot I6p thudn nhdt lién tuc

Dé xdc dinh chinh xac hon chi s6 suy gidm am cla két cdu mot 16p thudn nhét lién
tuc phai tién hanh timg budc nhiing viéc sau day:

1. Xac dinh chi s6 suy giam am theo dinh luat khéi lugng thuc nghiém & tan s6 500
Hz (hinh 3.8) va xdc dinh diém tuong tng trén dé thi "R-f" (diém 1 trén hinh 3.14).

2. Qua diém vira méi x4c dinh ké dudng théng véi do doc 4 dB/Sc-ta theo dinh luat
tan s6 thuc nghiém.

3. Tinh tan s6 t6i han f, clia két cau (xem bang 3.1).

4. X4c dinh do suy giam kha nang cdch 4m ctia két cau tai tin s t6i han c6 ké dén do
mat nang luong bén trong vat ligu (xem bang 3.2) va xdc dinh di€ém tuong tng trén do
thi (diém 2 trén hinh 3.14).

5. K& duong giy "chi s6 suy gidm am" c6 tinh dén cac do doc khac nhau dugc chi ra
trong timg khoang tin so;

6. Trén dé thi 14y chi s6 suy giam am R cho 16 tin s6 sau:
Tram: 100, 125, 160, 200, 250, 320 Hz.
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Trung: 400, 500, 640, 800, 1000, 1250 Hz.
Cao: 1600, 2000, 2500, 3200 Hz.

//
A S
~
g — Q)a}\l—b}& -
o X A
E ( /4/
5
> 30 _A
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T 4
S A 1 //
\0& A\ e é / E 1
S 8}/’%“ 87\0 S8 | |
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? L f Hz
[4 o o O
100 125 160 200 250 320 400 500 640 8001000 £ 1600 § § 3200

Hinh 3.14. Xic dinh chi s6'suy gidm dm cila két cdu don mét 16p lién tuc
7. Tinh chi s6 suy gidm 4m trung binh R, ctia két cau, d6 14 hé thong gém 3 s6:

Rigo T Ryps +---+ Ry

R, = R0 +R5006+---+R1250 (3-10)
R. = R 600 + Ragoo +Rosp + Raggg
A 4

T'hi du 3.1. Xdc dinh chi s6 suy gidm am trung binh ctia mot két cdu bing bétong
day 8 cm.

Giai:

1. Chi s6 suy gidm am & tan s6 500 Hz:
p ctia bétong =12.300 kg/m” (xem bang 3.1).

Khoi luong bé mat clia két cau:
2300 x 0,08 = 184 kg/m’;

Theo dé thi trén hinh 2.8, vé6i f = 500 Hz va khéi luong bé mat = 184 kg/m?, ta cé:
R=43,5dB
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f =500 Hz

Xéc dinh diém
' R=43,5dB

trén do thi (xem hinh 3.15).
2. Ké dudng thing c6 do doc 4 dB/Gc-ta qua diém vira x4c dinh.
3. Tinh f, theo bang 3.1:

LIS

C

X4c dinh £, trén do thi. ‘

4. X4c dinh do suy gidm kha nang cich am & tan s6 f.: theo bang 3.2 thi do suy giam
kha nang cach am = 7 dB (cho bétong);

Xéc dinh diém f, = 225 Hz; do suy giam = 7 dB trén do thi.

5. K& dudng gdy "chi s suy giam am". Dudng giy gém 4 doan thang: doan 1 c6 do
doc 6 dB/6c-ta, doan 2 c6 do doc -10 dB/6c-ta, doan 3 ¢6 do doc 10 dB/6c-ta va doan 4
c6 do doc 6 dB/oc-ta.

R, dB
70
60
//
//
//
s
. 4 A
4 g
il %
Hinh 3.15. Xic dinh chi s6 y 4
suy gidm am ciia két cau e
mot 1op thudn nhdt lién vz
tuc bdng bé téong day 8 cm /,7/
(thi du) 1, BECES
‘ G* & d
0 ot 8
3 © Pa
XA
&)
A ’\ / @ m
Vi 74 8
Y
fe
30 =) S o f,Hz
100 125 160 200 250 320 400 500 640 800 1000“‘@ 1600 § % 3200
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6. LAy trén do thi gi4 tri cha chi sd suy giam am cho 16 tan so6:

. f,Hz 100 125 160 200 250 320

Tram
R,dB 34 36 37 33,5 33 36,5
f,Hz 400 500 640 800 1000 1250

Trung
R, dB 39,5 43 45,5 47 49 51
f,Hz 1600 2000 2500 3200

Cao

R, dB 53 55 57 . 59

7. Tinh chi s& suy giam am trung binh:

_ 34+36+37+33,5+33+36,5

Rg - =35dB
R,, :39,5+43+45,65+47+49+51:45,7dB
R, - 33+55457+59 o

4

2.2.2. So sdnh chi sé suy gidm dm cia két cdu ngdn cdach véi chi s6 cdch dm

. A 2
tiéu chudn

* Chi 56 cdch adm tiéu chudn ciia két cdu ngdn cdch D,

Trong muc 2.2.1 ta da thdy rang trong nhiing trudng hop thuc t€ chi s6 suy giam am

cta két cdu khong con nhu trong trudng hop gia dinh ma giam di mot lugng IOlg:i—Vé

rang dé thiét 1ap nhiing chi s6 cdch am tiéu chudn cha céc két cdu ngan cich nguoi ta

phéi nang lén mot lugng nao dé, tiy timg trudng hgp, dé bl vao chd gidm nay.

Tu nhitng lap luan néu trén, ngudi ta 1dy nhitng lién hé sau day cta D, cho nhiing

phong c6 chitc nang khic nhau:

- Cho nhiing phong & ¢6 khéi tich ~ 31m™:

T
D, =L, -L, +101g0,—5
- Cho nhiing phong hoc:
D =L,-L,+101gT
Trong do:

(3-11)

(3-12)

L, - mtc am vat ly cua tiéng 6n khong khi trong phong phét hay bén ngoai nha, dB;

L, - mitc am vat ]y tiéu chudn cla tiéng 6n trong phong dang xét (phong thu), bién

thién theo tan s6 am, dB;

T - thoi gian Am vang clia phong dang xét, s.
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Tix cac biéu thitc (3-11) va (3-12) va tix nhitng gid tri cua L, L,, T (cach xdc dinh T -
xem chuong 2), ngudi ta x4c dinh dugc tiéu chudn cdch 4am nhu trinh bay dudi day (gi6i
thiéu cach 1am ctia Phap dé tham khao):

1. Chong on tix nguén bén ngodi nha

Kha nang cach am tiéu chuédn trung binh gifta bén ngoai nha véi nhitng phong chinh,
phong bép khong dudi 15, 20, 25 dB (s6 dau cho khoing tin s6 tram, s6 gitia cho
khoang tan s6 trung va s6 cudi cho khoang tan s6 cao).

Trong truong hop ngoi nha & gin ngudn 6n 16n (dudng cao tdc, san bay...) nhimg gid
trj trén day tuong tng s& la: 25, 32, 40 dB.

2. Choéng on khong khi lan truyén nr phong nay dén phong kia trong ngéi nha.

* Kha nang cach am tiéu chuén trung binh giita 2 phong thudc 2 can ho khic nhau
phéi 16n hon hoac bang: 36, 48, 54 dB.

* Kha nang cach am tho"” trung binh gita phong chinh hay phong bép véi 16i di khép
kin trong nha chung cho nhiéu can ho phai 16n hon hodc bang: 30, 38, 38 dB.

* Chi s6 suy gidm am trung binh cla két cau ngan cich, trir clra, giita phong chinh véi
16ng ciu thang hoac véi 16i di khép kin trong nha phai 16n hon hodc bang: 33, 45, 51 dB.

Thi du 3.2. Két cdu ngan cdch dugc cho trong thi du 3.1. Hay kiém tra xem, két cdu
nay c6 thé dung dé ngan cdch phong chinh véi 16ng cau thang hay khong?

Gidi: |

So sdnh gia tri ctia Rg, Ry, va R, tinh dugc & thi du 3.1 véi gid tri cha céc D, vira néu
trén day, ta co:

Ry, Ry, R, = 35; 45,7; 56 > D, = 33; 45; 51.

Viy 14, két cau ngan cach da cho trong thi du 3.1 ¢6 thé ding dugc cho trudng hop nay.

2.2.3. Nhitng yéu to khdc gop phdn xdc dinh khd ndng cdch dm cua két cdu ngdn
cdch don mét lop lién tuc '

Nhu da néi & muc 2.2.1, dé xac lap nhilng dinh luat khéi lugng va tin s6 thuc nghiém
ngudi ta cho ring két cau khong c6 16 rong bén trong, bé mat két cau du 16n va su lan
truyén am bang nhiing con dudng gidn ti€p la khong dang keé.

Trong thuc t&€, nhitng gia thiét nay khong phai lic nao cling ding. Dudi day ta s& xét
xem nhitng yéu t6 vira néu trén day anh hudng dén chi s6 suy giam am cia két cau nhu
thé nao?

) Kh4 nang c4ch am thé D = L, - L,, khac véi kha néﬁg cdch tam tiéu chudn D, x4c dinh béng cdc
cong thic (3-11) va (3-12).
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2.2.3.1. Anh hudng ciia Ao réng

Néu két cau 1a réng va nhitng 16 réng thong ra bén ngoai, khong khi c6 thé di qua
nhiing 16 réng d6 va vi vay lugng nang luong am xuyén qua két cau sé& 16n hon, do dé
chi s6 suy giam am s& nho hon trudng hop 16 rong khong thong ra bén ngoai. Diéu nay
thay rd trong bang 3.3.

Bang 3.3
Kiéu tuong Chi s6 cach 4m cua tudng, dB
Khong vita trat C6 vita trat Chénh léch, dB
Tam ép dam gb + ximang day 7 cm 4 36,5 (1) 32,5
Gach pa-panh bang ximang day 10 cm 29 43,5 (1) 14,5
45,0 (x) 16,0
Gach dac day 110 cm 37 42,5 (1) 5.5
49,0 (x) 12,0

Chii thich: (t) vita thach cao; (x) vita xi mang.

Kha nang cdch 4m cuia nhitng két cau phuc tap c6 thé 14y theo phu luc 2.

2.2.3.2. Anh huéng ciia kich thudc ciia két cdu

Néu bé mat clia két ciu ngan cach 16n hon 10 m®, tdn s6 cong hudng clia né sé& rat
thap va hau nhu khéng anh hudng gi dén kha ning cach am ctia né. Néu bé mat cha két

c&u nho hon 10 m%, $& c6 nguy co giam kha nang cdch am ctia né trong khoang tin sé tir
100 dén 200 Hz.

2.2.3.3. Anh hudng ciia su truyén dm gidn tiép

Ngoai két cdu ngan cdch da khao sét trén day con c6 4 két cdu nifa lién quan dén ca
hai phong, d6 1a: trin, san va hai tudng bén. N6i chung, c6 thé gip mot trong ba trudng
‘hop sau:

Truong hop I: Tat ca cdc két cau c6 khéi lugng gan bang nhau (hinh 3.16a). Trong
truong hop nay, nhiing con dudng truyén am theo 4 két cau déu gan giong nhau va ciing
giong con dudng truyén am truc ti€p qua két cdu ngin cdch chinh. Cac gia tri cha R xéc
dinh & 2.2.1 s& giam it nhat 5 dB. Viéc cat-dit su lién tuc gifta két cdu ngan cdch chinh
véi cice két cau khac s€ khong gip ich duge gi.

Day la truong hop hop Iy nhat vé mat cich am.

Triong hop 2: Két cau ngan cach nang hon mot trong nhitng két cau lién ké (hinh
3.16b). Trong truong hop nay két cdu lien ké nhe hon nay s€ biic xa nhiéu ning luong
am hon vao phong thu, do dé su cdch am gitta hai phong giam 16 rét.
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a) b) c)

I,

Hinh 3.16. Tuong quan gifia cdc con duomg truyén dm truc tiép va gidn tiép

Dé nang cao kha nang cich am gifta 2 phong khong nén tim cich tang thém chi s6
suy giam am ciia két cau ngan cdch ma phai tim cdch tang thém chi s6 nay cho két cau
lién ké nhe hon.

Truong hop 3: Két cdu ngan cich nhe dinh lién véi nhiing két cau lién ké tuong doi
nang (hinh 3.16c). Trong trudng hop niy niang lugng am tir nhiing con duong gian tiép
biic xa sang phong bén kia yé&u hon 13 tir két cdu ngén cach.

Dé nang cao kha ning cach am gifta 2 phong phai tdc dong chii yéu lén két cau ngan
cach chit khong phai 1én nhitng két cau lién ké. )

Nhitng két cau ngan céch don nhicu 16p thuan nhat lién tuc (hinh 3.3b) vé mat cach
am tuong tu nhiing két cdu don mot 16p thuin nhat lién tuc, nghia Ia cling tuan theo
nhiing dinh luat khéi lugng va tan s6 vira néu trén kia.

2.2.4. Xdc dinh chi tiéu suy gidm dm cua két cdu ngdn cdch co lop khéng khi lién tuc
* Sor dé cdiu triic ciia két cdu ngan cdch c6 16p khong khi lién tuc (hinh 3.3¢)

Vé mat cach am két cau néy 12 dang dac biét clia két cau nhiéu 16p, né gom 2 tim vat
liéu c6 khéi luong 1an lugt 12 m,, m,, gilta 2 tdm nay 1a mot 16p khong khi c6 do cing k
(hinh 3.17).

Trong thuc t& xay dung kiéu két cdu ndy thudng dugc dung dé théa man nhu cau
khong nhitng vé mit cich &m ma con vé mat cach nhiét nita; dudi day ta s€ phan tich
cach tng x{r cia mot két cau nhu vay vé mat am hoc.

Mot hé théng nhu trén cé mot tan s6 cong huwdng, & tan $6.d6 mot kich dong nho tic
dong vao m, ciing dit dé gay ra mot dao dong tu do cho toin hé. Tai tan s6 nay tam thi
hai clia két cdu chiu tic dong clia nhitng séng uén dac biét 16n va chuyén phan 16n ning
iwong 4m vao khong khi clia phong thu. Vi vay, tai tdn s6 nay chi s6 suy gidm am cua
két cau hai 16p c6 16p khong khi tré nén nho hon chi s6 nay cta két cdu mot 16p c6 cung
khoi luong.
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Hinh 3.17. Tuong duong giita két cdu 2 16p vdt liéu, c6 lop khong khi
J gilta véi hé thong "khoi luong - 10 xo - khoi luong”

Ap suat buc xa ra

Nghién ctu so d6 trén hinh 3.17, thay:

- Néu tan s6 clia séng am t6i 16n hon tin s6 cong hudng ciia két cau kiéu nay (f> f,,)
thi "10 xo khong khi" s& ching va chuyén it dao dong tir tim nay sang tAm kia, do vay
ma chi s6 suy gidm am cla két cau ngan céch kiéu niy trd nén 16n hon so véi trudng
hop két cau mot 16p c6 cung khéi lugng.

- Ngugc lai, néu tdn s6 séng am téi nhd hon tin s6 cong hudng cla két cau kiéu ndy
(f < f,), hai tdm 1 va 2 trd nén"gén bé" v6i nhau hon, ching tng xU v6i séng am t6i
giong nhu két cdu mot 16p cung khdi luong.

* Cdch itng xit thuc 16’ vdi séng dm cuia két cdu gom 2 I6p vdt liéu va mot Iop khong khi

Nhitng do dac thuc nghiém cho phép ké duong cong "chi s6 suy giam am" cua két
cau kiéu nay phu thudc vio tan s6 séng am t6i (hinh 3.18).

R, dB
R
YV% \/,, S
@ & i
2 S8 B l
g) /'7<;/ : :
g : ! ! :
£ ,/’<f ! ) !
E A | |
-7 ' i : i
ALY, : ! ! L
| | ! R
| . | ] ! f, Hz
fen fea fes fy fy

Hinh 3.18. Cdch iing xit thuc t€' véi séng am cua mot két cdu
gom 2 I6p vdt liéu va mot Iop khong khi
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Hinh 3.18 cho thay:

- Do d6c trung binh ctia dudng cong 1a 6 + 8 dB/6c-ta (v6i két cdu mot 16p do d6c nay
1a 4 dB/6c-ta);

- C6 nhiéu tdn s6 hoan toan xic dinh, tai d6 chi s6 suy gidm am ciia két cdu kiéu nay
giam déng ké, nhitng tan so d6 la:

+1£,: tn s6 cong hudng cua két cdu (nghia 1a cua toan hé "tdm - 16p khong khi - tam".;

+f_, : tAn s6 t6i han cha mot trong 2 tam;

+ f_5: tan sO t6i han cha tam kia;

+f,, f,, ... £ : nhiing tan s6 cong hudng cua 1dp khong khi.

Nhiing do dac thuc nghiém cho phép so sanh chi s6 suy gidm am ctia két cau 2 16p vat
lieu va mot 16p khong khi véi két cdu mot 16p c6 cung khoi lugng. So sdnh d6 cho thay:

- Chi s6 suy giam am trung binh cla két cau 2 16p vat liéu va mot 16p khong khi
trong khoang tdn s6 tir 100 dén 3200 Hz I4n hon chi s6 nay cua két cau mot idp, ¢
cling khéi lugng;

- Po ting AR phu thuoc vao khoang cach d gifta 2 tdm va vao ban chat ciia vat liéu
1ap day khoang trOng nay;

- Véi tan s6 am f = 500 Hz, gi4 tri clia AR c6 thé 14y trong bang 3.4.

Bang 3.4
d=2+4cm d=5+10cm
Khong c6 vat lieu | Lap ddy bang vat lieu Khong c6 vat liéu Lap ddy bang vat
1ap day hit am nén it 14p day liéu hit &m nén it
AR =4dB AR=4+9dB AR=4-+9dB AR =9dB

N6i chung, chi s6 suy gidm am ctia két cau 2 16p vat liéu va mot 16p khong khi chiu
nhitng anh hudng tiéu cuc do nhiing yéu t6 sau day gay ra:

- Tan s6 cong hudng cua hé "tdm - khong khi - tdm";

- Tan s6 t6éi han cha méi tdm;

- Céc cu ém;

- Truyén am gidn tiép.

Mot két cdu doi chi ¢é loi hon két cdu don cing khoi liong khi ndo tdn s6 ciia song

dm i khd 16n hon tan s6 cong hiong ciia hé.

Trong thuc t&, diéu d6 cd nghia 1a: cin phai thiét k€ két cdu gom 2 16p vat liéu va mot
16p khong khi sao cho tdn s6 cong hudng ctia né nhd hon 80 Hz.
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D¢ xdc dinh tdn s6 cong hudng cha hé, cé thé dung cong thiic sau:

f, =840 fl(L+L] (3-12)
dim, m,

d - khoang céach giita 2 tdm, cm;

Trong dé:

m,, m, - khéi lugng bé mat clia 2 tam, kg/m*.

Thi du 2.3. Mot biic tuong ¢é cdu tao nhu trén hinh 3.19.

Tam 1 Tam 2
jo Lo L

k| T i
_ p A
/ il —— L&p khong khi =2 cm
Gach xay 8 =6 cm \, .-r——’ Gach xay & =11 ¢m
y = 1600 kg/m® d - v = 1600 kg/m®
v = 1400 kg/m’® 3 / v = 1400 kg/m®
16 2 1 1
Hinh 3.19.

Hay x4c dinh tan s6 cong hudng cta né va hay cho biét: mot két cdu nhu vay vé mat
cach am ¢4 loi hon bic tudng dac bang gach ¢6 cung khéi luong bé mat hay khong?

Giai: Xac dinh m, va m,:

m1=@x7:112kg/m2;
100

1600

m, - x 12 =192 kg/m?

Ap dung cong thic (3-12):
{1 1
(=840, —(——-+—j =70,6 dB<80dB.
20112 192

Nhu vay bic tuong ¢é ciu tao nhu trén ¢6 loi hon bic twdong dac bang gach cé clng
khai luong.

Cong thic (3-12) cho thay: dé giam tan s6 cong hudng cla hé, can phai tang hoac Ia
khéi lugng bé mat m, va m, clia 2 tdm hoéc la khodng cdch gilta 2 tam (néu cg thé).
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* Tdn sé cong hudng ciia I16p khong khi »

Séng am lan truyén trong 16p khong khi, dugc mat trong clia tam 2 phan xa lai, tao
nén nhilng séng dung (hinh 3.20).

Nhimng séng ditng ndy s& tang cudng dp sudt am trong 16p khong khi, do do tang
cudng su truyén am qua két cau. Hinh 3.20 cho thdy: nhiing séng ditng dugc hinh thanh
khi khoang cach gitta 2 tam béng boi s clia nira budc séng am, nghia la:

A
d=n— Tam 2

Tém 1 —A— Lop khong khi —A—
2 K% pkhong ?/
/ Séng lan truyén

S6ng phan xa

Trong do:

A - buéc séng am t6i;
d - chiéu day 16p khong khi;
- n - s0 nguyén duong.

s C . .
Biét rang A :?, vi vay tir cong thic

Soéng dting
trén rat ra:
o nC Vi n e k/z_%_
2d
Hay 13, 1dy C = 343 m/s, ta c0: Hinh 3.20. Hinh thanh song dimg
trong lop khong khi
n
f=171,5€ (3-13)

Biéu thitc (3-13) cho thay: v6i mot chiéu day cho trude 16p khong khi ¢6 nhiéu tan s6
cong hudng khac nhau: f, chon=1, f, chon =2, viv..., day la diéu ma ta di thay trén
hinh 3.18.

May thay, nhiing tin s6 cong hudng cta 16p khong khi déu thuong nam trong khoang

tan s& Am cao va cuc cao.

Thi dy, néu d =5 cm, f =171,5x =3430 Hz; f, = 171,5x 2 : = 6860 Hz, V-V...),

do d6 trén thuc t€ 16p khong khi hiu nhu khéng @nh hirdng gi'dén kha nang cich am cla
két cdu.

* Nhitng tdn s6't6i han f., va f.,; ciia hai tdin

Trong két ciu doi mébi tdm c6 mot tan s6 cong hudng rieng, tan s6 nay thudng Ia nho
hon tdn s6 cong hudng clia k&t cau don cling khoi lugng, s& di nhu vay 1a do hiéu ing b

trir cua tAm kia.
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Néu nhitng tan s6 t6i han cda hai tdim khéc nhau thi d6 suy giam kha niang cich am
clia két cau la tuong do6i nho (hinh 3.21a).

R, dB R, dB
A T
a) = b) // -
vam| [t
,(,/ /’//
-1 N TN
v
f Hz y f Hz

fea fes fen = fen
Hinh 3.21. D¢ suy gidm ciia chi sé suy gidm ém trong 2 truong hop: a) f., #fu; b) for = fi8
Nhung néu tin s6 tdi han cta hai tdim bang nhau thi hai tim s€ dao déng cuing mot
pha, do dé do6 suy gidm kh4 nang cdch am cla keét cdu 12 déng ké (hinh 3.21b).
Tu nhitng 1ap luén trén day rit ra:
- Khong nén thiét k&€ mot két cdu doi gom 2 tdm giong nhau;
- Can phai thiét k€ két cdu doi sao cho tan s6 t6i han cta it nhat 1a mot trong 2

tdm (néu ca 2 tdm cang tét) ndm ngoai khoang tan s6 cua tiéng 6n thuong gap (hoic
< 200 Hz hoac > 2000 Hz, wu tién cho khoang > 2000 Hz).

Dé tranh nhitng 4nh hudng tiéu cuc cla nhiing yéu t6 nhu tan s6 cong hudng cua hé
"tam - 16p khong khi - tim", tdn s6 cong hudng clia 16p khong khi, nhiing tan s6 t6i han
clia 2 tdm, ngudi ta dat trong 16p khong khi vat liéu huit am. ‘

Trong trudng hop ctra bang kinh doi diéu nay khong thuc hién duoc, vi vay nguoi ta
phai nhoi vat liéu hit am doc theo chu vi cita trong khoang trong giita 2 tam kinh.

Trong khi nhéi nhitng tdm vat liéu hit Am vao 16p khong khi can tranh lam cho nhitng
tam nay bam chat vao 2 tdm (khong déng dinh, khong dan ...).

* Cau dm 7

Goi 12 cdu dm bat ky chi tiét nao néi lién hai tdm cua két cau doi (két cau ¢ 16p
khong khi & giita) nhu 1a nhitng thanh diéng trong 16p khong khi dé c6 dinh 2 tdm, nhiing
gd & san dé ¢ dinh tam tran vao d6, nhitg vét vita giita hai tdm tudng gach, v.v...

Néu trong khong gian giita 2 tdm khong c6 cau am, séng am dugce truyén truc ti€p bai
khong khi. Néu c¢6 cau am, ngoai khong khi, song am con dugc truyén bang céc lién két
cling, vi vay ¢6 su suy giam l6n cua chi sd suy giam am cia két cau va su suy giam nay
cang 16n néu s6 luong cdc lien két cang nhiéu. Néu s6 lugng céc lién két nhiéu qua két
ciu doi s€ ting xr nhu két cau don nhung véi hai tan s& téi han thay vi mot.

D¢ han ch€ anh hudng tiéu cuc cla cau am, nén 1am nhu sau:

- Uu tién dung lién két diém thay cho lién két dudng;
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- Uu tién ding lién két dan héi (c6 tan s6 cong huong thap) thay cho lién két cting;

- Tranh dung hai tdm nhe va giéng nhau;

- Nhéi khoang khong gilta 2 tdm bang vat liéu ﬁE//I/ /I %/%
Lo R
: 2

hiat am
S A . < a7 N
* Truyén dm gidn tiép i// 4 S
e . N . e g 7 g jD/
Vi két cau doi su truyén am gidn ti€p dugc thuc 3

- hién bang nhitng duong sau day (hinh 3.22):

Puong 1: Nang lugng am tir phong phdt truyén ]y'/ Wy ssssitis Af
vao céic tudng beén, lan truyén doc theo nhiing bic

Hinh 3.22. Truyén dm truc tiép (D)
va truyén am gidn tiép
Dudng 2: Nang lugng am tir phong phat lan (1,2, 3) qua két cdu doi.
truyén trong tudong bén lam dao dong tam phia

tudng nay va buc xa sang phong thu.

phong thu clia két cau ngan cach va biic xa vao phong nay.

Pudng 3: Nang lugng am tir phong phat 1am dao dong tdm phia phong phat cla ket
cdu ngan cich, dao dong nay dugc truyén dén tudng bén, truyen doc theo tudng ben va
cudi cung birc xa vao phong thu.

Dé loai bo, hoic it nhat 1a han ché su lan truyén am gién tiép trong trudng hop két
cu doi, phai 1am nhu sau:

- Hoac 1a cét dat su lién tuc cia tuong bén (hinh 3.23a);

- Hoic tich roi két cdu ngan cdch véi tudng bén bang cich sir dung ket cau goi la
"kho", viéc 1ap dat két cdu nay khong ding vifa hay thach cao, thay vao d6 dung vat liéu
dan hoi (hinh 3.23b).

a) b)

7 T WA
Sat hinh, nhéi bing

I 1
vat liéu dan hoi

A

7/

Hinh 3.23. Hai cdch lam chii yéu dé'logi bo
sut truyén dm gidn tiép trong truong hop két cdu doi
* Xdc dinh chi s6 suy gidm dm cia két cdu doi

Néu viéc xéc dinh bang 1y thuyét chi s6 suy giam am cho két cau don mot 16p lién tuc
da khé nhung it nhiéu con c6 thé (nhu di thdy & phan trén) thi viéc lam nay cho két cau
doi néi chung 12 khong thé, vi vay ngudi ta phai nhd dén phép do thyc nghiém.

Kha ning cich am clia mot s6 két cdu loai nay dugc cho trong phy luc 2.
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2.2.5. Khd ndng cdch dm ciia két cdu khong lién tuc (hinh 3.3e)

Vin dé dat ra nhu sau: c6 mot két cau ngan cach dién tich S m* gom 2 phin, méi
phan bang mot thif vat liéu khac nhau. Phin thi nhat cé dién tich S, va hé s6 xuyén am
T,, phan thi hai cé S, va t,. Chi s6 suy giam am cta két cdu bing bao nhiéu?

Nhitng lap luan toan hoc chi ra rang R dugc xdc dinh bang cong thic sau:

R=10lg———— (3-14)

Phan thi hai c¢6 thé 1a vat liéu cling c6 thé 12 mot 16 clra, viec x4c dinh chi s6 suy
giam am clia nhitng 16 clra nhu vay dugc trinh bay trong muc 2.2.6 dudi day.

Néu ctra di hodc clra s6 dé m 1, = 1.

Thi du 3.3. Mot két cau ngan céch c6 dién tich S = 10 m* gédm hai phan. Phan thit
nhat ¢6 dién tich S, 1am bang bétong va c6 chi s6 suy giam am R, = 40 dB phéan thi hai
1a mot clra s6 dé md ¢ dién tich S, = 2,4 m%.

Hay xac dinh chi s6 suy giam am R cua két cau nay.

Giai. Theo cong thitc (3-14) ta c6:

R=10lg

10-2,4 2,4
T, +1-
10 10
Tu cong thic (3-2) it ra:
T, = 10—(),]R
=
Do dé:
1
=101 =6,2dB
¢ : 0,76 0,24.1
10(),1X40 + ? :

Ta nhén ra ring v6i mot clta s6 dé md chi s& suy giam am cla két cdu giam di
40 - 6,2 = 33,8 dB so v6i trudong hop khong c6 clia sé.

Néu trén két cdu khong phai 1a clra s6 ma 1a mot 16 thong gié tron dudng kinh
d = 20 cm, trong trudng hop nay R echa két cau sé bang:

R =10lg . ——=25dB
10-70,1° | =012

+
10-100,l><40 10

Chi do mot 16 thong gi6 kich thude bé nhu vay ma chi s6 suy gidm am ctia két cdu
giam dén 40 — 25 = 15 dB.

917

bt




2.2.6. Khd ndng cdch dm cia cita di va cita s6

Tinh toan trong thi du 3 cho thdy ring bat ki 16 clra dé md nao trén két cdu ngan cich
(clra di, clra s6, 16 thong gié...) cling déu 1a chd y&u vé mat cach am cta né.

V6i nhitng clra di va clra s6 ddng tinh hinh c6 dugc cai thién chut it nhung khong lam
thay déi gi nhiéu vi nhiing 1y do sau:

- Khéi lwong bé mat ciia canh cia di va canh clra $6 luon luon nho hon ciia két cdu chinh,

- N6i chung clra di va cira s6 khong hoan toan bit kin, va ngudi ta c6 thé chira nhiing
15 thong thodng bén trén hodc bén dudi 16 clra theo yéu cau thong thodng;

- Clra di va cira s6 ldc déng thudng c6 kha nang céch am tir 15 dén 20 dB. Néu ctra
déng c6 gioang dan héi thi kha nang cdch am cba ching c6 thé tang thém 4 + 5 dB.

- Clra di va ctra s6 goi 1 "clra cdch &m" néu kha néng céch am cla chiing dat dén 30 -
40 dB. D¢ dat dugc nhiing gid tri nay can phai thuc hién nhiing bién phap sau day: tang
kh6i lugng bé mit chia canh cira, dat nhitng gioang dan hoi, clfa canh doi (c6 thé ding ca
cho ctra di va clra s6), V.v...

§3. CHONG ON VA CHAM (Chu yéu cho két cau ngan cdch ngang).

3.1. Khai niém

Bang 3.1 cho thay: tiéng 6n va cham phét sinh khi ¢6 va cham gilta mot vat cing nao
d6 véi két cdu clia ngoi nha (nhu 1a roi d6 vat xudng san, xé dich ban ghé, budc chan cua
ngudi. & ting trén, v.v...), né dugc lan truyén chil yéu la trong vat liéu, dugc dac trung
bdi luc truyén dén vat lidu trong viing bi va cham va bdi toc do dao dong clia cdc phan ti
ran khi truyén séng am (trong khi ti€ng 6n khong khi phdt sinh trong khong khi, lan
truyén chli yéu trong khong khi va dugc dac trung bdi mic am vat 1y ciia nguén am L).

Xudt phét tir tinh chat va nhiing dac trung cia ti€ng 6n va cham, ngudi ta cdm dodn
nhiing bién phap dé chong ti€ng 6n nay nhu sau: _

- Giam dén t6i thiéu luc truyén dén vat liéu trong ving va cham bang cach trai trén
mat san mot 16p vat liu dan hoi; .

- & noi nao ¢6 thé thi cét dit nhiing con duong truyén am trong két cdu bing cach tao
nhiing khe h& nhoéi vat liéu dan hoi. '

Dudi day s& xem xét cu thé nhiing van dé néu trén.

3.2. Su gay ra tiéng 6n chuan

Dé danh gid chat lugng cdch am clia san d6i v6i ti€ng on va cham, ngudi ta tim cdch
phat ra nhitng &m thanh giéng v6i am thanh do nhiing budc chan clia ngudi di lai & tang
trén gay ra, sau dé ngudi ta do mifc am vat 1y clia nhiing 4&m thanh truyén dén tang dudi.
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D€ phét ra nhimg am thanh nay ngudi ta ding mdt hé théng gém mdy tao va cham
tieu chuédn (standard tapping machine) va tdm san quéc t&€ (theo ISO R140 cé sira déi),
hé théng nay dugc mé ta k§ trong quyén sich clia Jean Pujolle /30/.N6 gém c6 5 biia
bang kim loai bé tri cdch déu nhau trén mot dudng thang, khoang cich giita hai bia
ngoai cung 1a 40 cm, mdi bda c6 khai luong 0,5 kg va gd 5 nhét trong mot gidy, chiéu
cao roi tu do cha bda 1a 4 cm. Pau bda (bo phan truc tiép va vao san) duoc lam bang
déng thau (hop kim cta déng véi k&m hodc doi khi v6i mot s6 kim loai khac nhu sit,
chi, nhom...) hodac bang thép ¢6 dang hinh tru tron ding dudng kinh 3 cm. Mdy di¢u
khién phai dugc thiét k& sao cho nhitng ddu bia sau khi gd vao san dugc nhic 1én nhanh
nhit c6 thé.

3.3. Kha ning cich am tho cua san

"Kha nang cach am tho" cla san chi 1a mot tén goi quy udc chi mic am vat 1y cta
tiéng 6n Lg do dugc & phong dat ngay dudi tam san thir nghiém.

3.4. Kha nang ciach am tiéu chudn

Muc am vat ly cia am thanh do dugc trong phong dat ngay duéi tdm san thir nghiém
do mdy tao va cham tiéu chuén giy ra, khong phai 13 hing s6 d6i véi tat ca céc loai
phong c6 kha nang hat am khéac nhau, ma phu thuoc vao dai lugng nay. Vi vay dé lap
tieu chudn, ngudi ta ding mot phong quy chiéu véi téng lugng hat am A, = 10 m.

Kha ning cach am tiéu chuin Ly cho mét phong bat ki ¢6 téng luong hit am A # A,
duge x4c dinh theo cong thic:

Ly =Ly —101gAi (3-16)

Q

Trong dé: L - kha nang cach am tho cua san, dB.

Trong trudng hgp téng quét kha nang cach am thé L, phu thudc tan sé cla séng
am, vi vay kha nang cdch am tiéu chuan cling phu thuoc vao dai luong nay. Do d6
nguoi ta phai thuc hién nhitng tinh todn véi cdc gid tri trung binh cho 3 dai tan s6
tram, trung va cao.

Duéi day giGi thiéu mot vai tiéu chuan ctia Phap (Normes Francaises) dé 1am thi du:

* Khi mdy tao va cham tiéu chuan hoat dong & mot vi tri ndo d6 trong can ho ma con
ngudi c6 thé vao duoe dé dang (trir phong vé sinh) hoac 1a & 16i di chung trong ngoi nha,
muc 6n tieu chuan trung binh tai bat cii phong chinh nao ctia can ho déu khong duge
vugt qua: 66; 62; 51 dB.

Thi du 3.4. Mot két cau san ¢6 16p phii 1a mot 16p bang vat liéu dan héi dat trong
phong tiéu chuén (tdc 1a phong c6 A = A, = 10 m*), mic am vat ly cha tiéng 6n va cham
do dugc trong phong bén duéi theo phan ba 6c-ta duge thé hién trén hinh 3.24.
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Hinh 3.24. Miic ém vdt 1y ciia tiéng 6n va cham
dudi san trong phong tiéu chudn (A = A, = 10m°)

Két cdu san nay c6 thé dung dé ngan cach hai phong chinh cta hai can ho khic
nhau khong? -

Gidi. Tu nhitng s6 liéu trong hinh 3.24, x4c dinh gid tri trung binh cho 3 dai tan s6:
1
Lg= g(Ll()O +L55 +Lygo + Loy + Losy + L)

z—é—(68+66+66+65+64+63):65,3dB

1
Ly = g(L400 + Lsgo + Ligag +Ligoo + Ligoo +Lias)

=%(63+61+58+58+57+56):58 dB

1
L,= Z(Lxﬁoo + L o0+ Lasoo + Lagoo)

=—i—(53+50+48+47)=49,5 dB

So sanh nhiing gia tri trén day véi nhitng gié tri tiéu chudn, ta co:
65,3 < 66; 58< 62; 49,5 < 51

Do dé, két cau san nhu trén c6 thé ding duge cho trudng hop nay.
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3.5. TAm phu san bang vat liéu dan hoi

Nhu da thdy trong 3.1, 16p phi sian bang vat liéu dan héi duoc dung dé gidm dén t6i
thiéu luc truyén dén vat liéu trong viing va cham, do d6 cai thién kha niang cich am clia
san d6i véi tiéng 6n va cham.

Dé danh gia hiéu qua cia I6p vat liéu dan héi nay ngudi ta dung mét chi s6 dac biét
goi la "chi s6 cai thién ", chi s8 nay dugc xdc dinh theo cac budc sau:

1. Tinh hiéu gita mic 4m vat 1y trung binh cta tiéng 6n va cham trong phong bén
dudi tdm san tiéu chuan” L_, va dai lugng nay khi chinh tdm san nay dugc phil bdi mot
16p vat liéu dan hoi thir nghiém L theo cdc dai tn s6 1/3 dc-ta.

AL=L, L, (3-17)
2. Tinh trung binh s6 hoc cua AL cho 3 dai tn s6:
AL - cho nhitng tan s tir 100 dén 320 Hz
AL, - cho nhiing tan s6 tir 400 dén 1250 Hz
AL, - cho nhiing tan s6 tir 1600 dén 3200 Hz.
3. Chi 56 o la s6 bé nhat trong ba s sau:
ALg + 19; AL, + 12 va AL,

Chi s6 nay cang 16n, hiéu qua cdach am va cham ctlia 16p phli bang vat liéu dan hoi
cang cao. \

Thi du 3.5. Tinh chi s o clia 16p phu dan héi khi cdc gid tri AL (tinh theo cong thitc
3-17) dugc cho trong hinh 3.25.

Giai. T nhiing s6 liéu trong hinh 3.25 ta tinh dugc nhiing gi4 tri AL trung binh cho 3
dai tan s6:
AL4 =é(2+3+3+3+3+4)= 3

AL, =%(2+3,5+5+5+8+10):5,6

AL, 2%(14+20+28+30):23
ALg +19=22; AL, +12=17,6; AL, =23

- S0 nho nhat trong 3 s6 nay 14 17,6, do d6 chi s6 o = 17,6.

" San tiéu chuén 1a mot 1dm dan bang bé tong day 12 + 15 cm, khong c6 16p phi.
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Hinh 3.25. Gid tri cua AL cia lop phil dan héi (cho san)

§4. CHONG RUNG TRONG VAT LIEU

Bt ki thi€t bi ndo hoat dong bing moto di¢n ciing déu truyén vao vat chat ti€p xiic
vGi nd tdc dong rung. '

Noi chung nhiing tic dong rung nay xay ra trong khoang ha am (f < 16 Hz), doi khi
cling xay ra trong ving séng am thap). >

C6 hai c4ch chong lai nhiing tic dong rung nay:

1. Chéng rung chu dong, theo cich nay ngudi ta c6 ging han ché€ nang lugng rung
ngay trong ban than thiét bi;

2. Chong rung thu dong, theo cdch nay ngudi ta cd-gang han ché su lan truyén ctia
nang luong rung tir nguén phét ra chan déng dén nhitng vat cin bo vé. _

D€ han ché su phét trién nang lugng rung ngay trong ban than thiét bi, trong tit ca
cac truong hop ngudi ta ding nhiing san pham chong rung (mot hay nhiéu 16p bang vat
liéu dan hoi, 10 xo, giam xéc, v.v...).

Trong k¥ thuat chong rung, méi tuong quan giita f, - tdn s6 riéng cuia hé thong chong
rung (bao gom bé mdy va cic sian phdm dan hdi) va f - tan s6 rung ma ta phai chéng, 1a
rat quan trong.
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Nhitng bién doi vat 1y - todn chitng minh ring:

Neéu f, < 0,71f: hiéu qua cua hé théng chong rung 1a duong, nghia 13 né 1am cho
cuong do rung trong vat thé can bdo vé y&u hon so véi trong ngudn phat.

Néu f, = 0,71f: hiéu qua ctia hé thong chéng rung bing 0, nghia 1a n6 khong 1am thay
d6i cudng do rung trong vat thé can bao vé so véi trong ngudn phat.

Néu f, > 0,71f: hiéu qua cua hé théng chong rung la am, nghia la né 1am cho cudng
do rung trong vat the cén bao vé manh hon so véi trong nguén phit.

Tur nhiing lap luan trén day rit ra nhan xét rang muén chéng rung cho thiét bi thi phai
thi€t k& hé chong rung cha né (gém bé va cdc san pham dan héi nhu 16 xo, mot hay
{, cang bé thi hé¢

? To

nhiéu 16p vat liéu dan héi, thiét bi gidm xéc,...) sao cho f, < 0,71f
chéng rung cang hiéu qua.

Dé han ch€ sy lan truyén clia séng rung tir nguén phat ra chan dong dén nhiing vat
cén bdo vé nguoi ta cat dut su lién tyc clia moi trudng, trong d6 séng rung lan truyén,
bang céch chira nhiing khe h&, khong 1ap hoac c6 14p bang vat liéu dan héi (hinh 3.26).
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Hinh 3.26. Cdc gidi phdp cdt diir sy lién tuc ciia moi truong lan truyén séng rung:
a) Khe ho giita don nguyén ¢é nguon phat sinh chdn déng va don nguyén cdn bdo vé
khoi chdn dong; b) Khe hd giita mdy cé phdt sinh chdn déng va san; ¢) Khe ho
glita nén duong va nhiing céng trinh kién triic hai bén duong.
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Phu luc 1

HE SO HUT AM CUA MOT SO VAT LIEU VA CAU KIEN

A. VAT LIEU VA CAU KIEN DANG PHANG

Téan 56 am, Hz

Vit liéu, cdu kién
125 | 250 | 500 | 1000 | 2000 | 4000
1. Két cau bao che ¢6 16p boc binh thuong
|Betéong dé tram 0,02 [ 0,02 | 0,03} 0,03 | 0,04 | 0,04
Gach 14t bing g6m 0,01 | 0,01 | 0,02| 0,02 | 0,03 | 0,03
Phoi bao hay soi gb ép thanh tdim 0,03 10,03]005| 0,05 | 0,05]0,05
Mait nuéc yén tinh (bé boi) 0,01 | 0,01 {0,01 | 0,01 | 0,02 0,02
Vita xi mang, danh ldng 0,01 | 0,01 (0,02 0,02 | 0,02 | 6,03
Vita thach cao 0,02 | 0,02 10,03 0,03 | 0,03 |0,03
Linoleum trai trén mat cing 0,03 10,03|0,05| 0,05 | 0,05]0,05
Khéi xay bang gach, dé tran 0,03 { 0,03 | 0,03 | 0,03 | 0,04 | 0,05
bié hoa cuong mai nhan 0,01 | 0,01 0,02| 0,02 | 0,03 0,03
San 14t gb, ddnh xi béng 0,05]0,05]0,05] 0,05 | 0,0510,05
San bang gb 0,01 10,01 10,01 | 0,01 | 0,01 |0,01
Kinh 0,03 10,03 0,02| 0,02 | 0,02 |0,02
2. Cac loai man treo
Man trang tri san khau, bang vai bong binh thudng| 0,05 | 0,15 { 0,15 | 0,15 | 0,1 | 0,05
(khong qué day)
Rido bang nhung mong, nép don 0,08 0,3 | 0,5 0,5 0,6 | 0,6
Rid6 biang nhung day, nép doi 0505|071 09 09 | 09
3. Cac loai tham
" | Tham bang cao su hay cdc vat liéu tuong ty 0,05 |1 0,051 0,1 0,1 0,1 | 0,1
Tham nho, mong 0,051 0,1 |L.O, 15| 02 02 | 02
Tham nhd, day 0,1 | 0,2 10,25 0,3 0,3 | 0,3
Tham len dit trén tdm 16t bang da 0,2./.0,3.(.0,4 0,5 0,6 | 0,6
4. Tam bang vat liéu xop
T4m ép bing phoi bao dai, day 25 mm 03|04 06| 08 | 08|05
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Tém ép bing soi thuc vat day 12 mm 0102]03]| 03 | 04 |03
Tdm ép bang bong khodng, tuy theo do day va
cach dat:
Min 0210305 0,6 0,7 | 0,8
Max 06 | 0,8 | 09 0,9 09 | 09
5. Cac loai vira trat
L6p trat bang bong khodng day 12 mm phun truc
ti€p 1én mat tudng cing:
Min 02 | 04 | 05 0,6 06 | 05
Max 0304 | 06 0,8 0,8 | 0,9
Day 15+20 mm phun lén ludi mét cdo, cach tudng
boi mot 16p khong khi:
Min 031051 05 0,8 09 | 0,8
Max 051 06 | 07 09 09 | 0,9
T4m thach cao x6p day 15 mm:
Min 0,02 10,05 0,05 0,1 0,2 | 0,1
Max 0,1 |01 ] 03 0,2 0,2 | 0,2
6. Cac loai tam dan hoi
Tam amiang - xi mang day 5 mm, kich thuéc| 0,6 | 0,6 | 0,5 0,3 0,2 |0,05
1,2 =+ 1,2 m, dat cdch tudong mot khoang 10 + 20 mm
Tam bang gb hodc gb dan, bao nhidn va danh vecni
day 8 mm, dat cdch mat tudng 20 mm, tdm c6 kich
thude tir 0,6 m x 0,6 m dén 0,8 m x 0,8 m tuy theo
céch c6 dinh:
Min 03] 0,1 [005]| 0,02 | 0,01 |00l
Max 0,6 | 0,2 ] 0,1 0,1 0,05
Tran gi4 bing t4m thach cao diy kKhodng 25 mm | 0,1 | 0,08 | 0,05 | 0,05 | 0,04 | 0,04

7. Tam ép bang bong khoang

Mat do tir 15 dén 40 kg/m®

Dé tran, day tir 25 dén 50 mm, gin vao mit tuong
phan xa am:
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0.8

Min 0,1 |04 | 08 0,8 0,8

Max 02 |06 |09 0,9 09 | 09
bit sau tdm gd ¢6 duc 16 20%, tam bong khoang| 0,1 | 0,3 | 0,6 | 0,8 0,7 | 0,6
day 25 mm, khong c6 16p khong khi
Dat sau tdm pha x&p (nhung, da, vai gai dé ]am bao| 0,1 | 0,3 | 0,7 0,7 0,7 | 0,7
tai, v.v...)
Dit sau tdm thach cao c¢6 duc 16, tdim bong khoang
day 25 mm dat cach tudong 20 mm
L6 trén tdm thach cao: ¢8 mm 05 [-06 | 0,7 0,9 0,9 | 05

¢4 mm 051051077 09 0908

Dit sau tam toén c¢6 duc 16 10%, tdm bong khoang| 0,6 | 0,5 | 0,7 0,9 0,8 | 0,8

day 25 mm dat cach tudong 20 mm

8. Lo cong hudng: Tan s6 cong huéng x4c dinh theo cong thiic (1-24), luong hiit am xdc dinh

theo cong thirc (1-25)

9. b6 dac va nguoi

9.1. Luong hit édm a ciia méi cd thé tinh
bang m*/cd thé

Ghé may dat trén san g6 cong, khong c6 ngudingséi | 0,02 | 0,02 | 0,02 | 0,02 | 0,02 -

Ghé ciing dat trén san go cong, khong c6 ngudingdi | 0,15 | 0,2 | 0,25| 0,3 | 0,25 | 0,2

Ghé nhoi bong day dat trén san cong ¢6 trai tham,] 0,2 | 0,25 0,35| 04 (0,35 0,3

khong cé ngusi

Khén gia (c6 thé gidm 50%, dac biét trong truong| 0,25 | 0,3 | 04| 045 | 04 | 04

hop khin gia 1a tré con) ' :

Nhac céng véi nhac cu 028 | 0,4 1045 049 | 0,47 {0,45.

9.2. Hé s6 hit am a ciia bé madt trén dé b tri |

nhiing yéu to hiit dm dang khoi

Ghé nhéi bong mong, boc da, khong c6 ngudi 0,4 |05 1058 0,61 |0,58] 05

Gh€ nhoi bong day, boc vai, didy gh€ c¢6 duc 16,| 0,44 | 0,60 | 0,77 O,8§ 0,82 | 0,7

khong cé ngudi ;

Khan gia, nhac cong cling véi nhac cu va gia nhac 0,52 0,68 10,85 | 0,97 | 0,93 |0,85
0,34

Chii thich: © Cho tin s6 62,5 Hz.
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Phu luc 2

KHA NANG CACH AM CUA MOT SO KET CAU THUONG DUNG

Kha nang ciach am (dB)
Két cau 5, P> O cdc tan s6 am (Hz)
mm |kg/m* '
63 | 125 |250| 500 |1000|2000 {4000 | 8000
Cac loai tAm
Tam t6n kém 1.5 17 |22 {28 | 32|33 |32 | 32| 33 36
3 34 | 25130 | 31|27 |38 | 44 | 33 38
Tam nhom 09 | 2.5 8 It |10} 10 | 18 | 23 | 25 30
Té&m vo bao ép 29 11 11 | 17 | 18|25 (30| 26 | 32 | 38
Tam vita kho 9 7 9 15 12024 129 | 32 | 35 38
T4m gb dan 6 35 6 9 1316 |21 | 27 | 29 | 33
Cac loai tuong
Tuong gach, trat viia 2 bén 125 240 | 30 | 36 |37 | 40 | 46 | 54 | 57 59
255 | 480 | 34 | 41 | 45| 48 | 56| 65 | 69 | 72
360 | 720 | 36 | 44 | 43 | 49 | 57 66 | 70 | T2
Tam xi than trdt viia 12 mm| 125 | 14 | 20 | 27 [ 33| 40 | 50 | 57 | 56 | 59.
2 bén
Bloc kinh 200 | 510 | 25 | 30 [ 35|40 |49 | 49 | 43 45
Tudng gach doi day 280 mm, &| 300 | 380 | 27 | 27 |43 { 55 |66 | 77 | 85 85
gilia c6 16p khong khi day 56 mm,
¢é cau noi, trat viia 12 mm hai bén
Cac loai cura
Ctra kinh 1 16p 6 15 17 | 11 |24 |28 |32 | 27 | 35 39
8 20 17 | 18 | 25| 31 (32| 28 | 36 | 39
9 1225 | 18 | 22 | 26| 31 |30 | 32 | 39 | 43
16 40- | 20 | 25 |28 | 33 | 30| 38 | 45 | 48
25 [ 625254 27 |31 |30 |33 | 43 | 48 53
Ctta kinh 2 16p, mdi lop day| 12 15 15122 (16|20 (29| 31 | 27 30
2,44 mm, 16p khong khi & gitta
day 7 mm
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Kinh 2 16p, mbi 16p 6 mm, 16p| 62 | 34 | 18 | 25 |29 | 34 | 41 | 45 | 53 | 50

khong khi & gitta day 50 mm,

khung riéng

Kinh 2 16p, méi 16p 6 mm, 16p| 112 | .34 | 20 | 28 [ 30| 38 | 45| 45 | 53 | 50

khong khi & gitta 100 mm, khung

riéng

Kinh 6 mm, 16p khong khi & gitta| 200 | 34 | 25 | 30 | 35| 41 | 48 | 50 | 56 | 56

day 188 mm, khung riéng

Kinh 6 mm, 16p khong khi-& gitta} 200 | 34 | 26 | 33 [[39 | 42 |48 | 50 | 57 | 60

188 mm nhéi vat lieu hit am

xung quanh, khung riéng

Clia bang g6 cung, rido binh| 43 | 28 | 13 | 17 [ 21 |26 |29 | 31 | 34 | 32

thuong |

Clra cdch am c6 2 16p boc bang| 100 | - 37 | 36 |39 |44 (49| 54 | 57 | 60

thép tdm, vat liéu hiit 4m nén chat

trong khung thép nang

Cac loai san

San 14t gb miéng hinh 14 théng,| 21 13 | 17 |21 |18 22|24 |30 | 33| 63

cic khe dugc xam k§

Tam be tong cot thép 100 | 230 { 32 | 37 |36 | 45|52 | 59 | 63 | 63
200 | 460 | 36 | 42 [ 41 | 50 |57 | 60 | 65 | 70
300 | 690 40 145152 |59 |63 |67 |72
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Phu luc 3

MUC AM VAT LY (TUONG PUCNG)
CUA MOT SO NGUON ON CONG NGHIEP

S0 Nganh cong nghiép Cong viéc AME?C am
TT vat 1y, dB(A)
1 | San xuat thép Quay biia bang tay 112
2 | Dong tau Duc 115
Tén dinh (néu con ding) 115
Ché tao chan vit 120
Xam 118
3 | Ché tao mdy bay Tén dinh 111
Thir may 120
4 | San xuat giay Day chuyén cong nghé san Xudt 97
5 | Dét Xe chi 94
Dét 100
6 | Duc sat, thép Rét khuon 110
7 | Reén Bia may 104
Biia quay tay (thg ren) 98
8 | Xudng gb May bao 93
Cua dia 93
9 | Sita chita ddu may xe lira | T4n dinh (néu con ding) 115
Puc 103
10 | Sén xudt cic loai xe gan mdy | Rét khuon 110
Thit may 101
Thao tac nén, ép 97
11 | San xuat thuc pham Day chuyén cong nghé san xuat 95
12 | Xay dung nha ctra Khoan theo phuong phdp khong giam 6n 106
Buodng ldi may xuc 100
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Phu luc 4
GIA TRI TINH TOAN CUA MUC AM VAT LY
CUA NGUON ON DUNG TRONG TINH TOAN CACH AM CHO PHONG

Khoang cich tlr gian

Gié tri tinh todn

S6 Vi trf clia gian phe X )
° v Sua ,glanAp ong phong cin cach 4m dén | ciia mic am vat 1y
T can cich am R . , N
duong giao thong, m | clla nguén 6n, dB
1 |Trong ng6éi nhd nim trén dudng dé cua - 100
duong cao toc ‘
2 |Trong ngdi nha ndm ngodi dudng do cla 25 90
dudng cao téc
3 |Trong ngo6i nha nidm trén dudng do cla - 90
duong phé 6n 2o
4 | Trong ngoi nha nam trén dudng pho yén tinh - 70
5 |Trong ngoi nha cé san 30 70
6 |Trong ngoi nha ndm trén dudng pho c6 - 70
cay xanh
7 |Trong ngoi nha nam trong cong vién - 70
8 |Trong ngodi nha ndm gan nha may 6n a0 50-100 100
9 |Trong ngoi nha nam trong pham vi c6 500-800 95
nha may
10 | Trong ngdi nha ndm gin ga dudng st 50-100 110
11 | Trong ngo6i nha nim gin dudng sat 50-100 95
12 | Trong ngo6i nha ndm trong pham vi ¢6 500-1000 110
s4n bay
| 13 | Cach tudng v6i hanh lang chung trong - 80
ngodi nha
14 |Cach tuong v6i hanh lang yén tinh - 65-70
15 |Cé4ch tudng véi phong phuc vu - 70
16 |Céch tudng v6i sanh 6n ao - 85
17 |Cach tudng v6i phong nghi cia dién vién - 80
khong ¢6 san khau
18 |Céch tudng voi phong nghi cia dién vién - 90
c6 san khau
19 | Cach tudng véi hanh lang yén tinh - 65-70
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Phu luc §

THI DU: THIET KE AM THANH CHO MOT PHONG BIEU DIEN
NHAC GIAO HUONG CO 650 + 700 CHO NGOI

Giai:

1. X4c dinh thé tich yéu cdu ctia phong:
Theo bang 2.2, 1ay: v = 6 m*/nguodi.
S6 khan - thinh gia: N = 650 nguoi.

Thé tich yéu cau clia phong: V = v.N = 6x650 = 3900 m’.
So véi s6 liéu trong bang 2.3, con s6 nay chip nhan duoc
2. Xac dinh hinh dang va kich thuéc ban dau clia phong
Chon mait bang nhu trén hinh PL5.1 va mat céit doc nhu trén hinh PL5.2.

Trén mat bang va mat cét ta thdy khoang cdch tir ngudn 4m dén chd ngéi xa nhat la:

SC=+/27>+6,92 =27,9m

So vdi s6 liéu trong bang 2.4 con s ndy c6 thé chdp nhan duoc nhung phai luu ¥ ring
né hoi 16n hon con s6 duge cho 1a t6t mot chut.

22

12,5

Hinh PL5.1
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Dé xac dinh do doc cla san, dung cong thiic (2-2) da biét:

_ Yag +O)[x,(n—-1)d]
! X, +(n-2)d

Cic dai luong trong cong thidc trén da duge giai thich trén hinh 2.1.
Trong trudng hgp cua chung ta:
c=0,lm;x,=4m;d=09m;y,=03m=

(Yo +0,D[4+(n-1)x0,9]
! 4+(n-2)x0,9

Chiéu cao clia vi trf dit mét khdn gia - thinh gi & cac ddy ghé so véi mat phang san khau:
Diay 1,n=1: y, =0,3m.
_(0,3+0,D)[4+(2-1)x0,9]

Day2,n=2: =0,49 m
4 Y2 4+(2-2)x0,9
Diy 3.n= 3 yg:(0,49+0,1)[4+(3—1)><0,9]:0,698m
» 4+(3-2)x0,9
Diy 4, n = 4 . _(0,698+0.[4+(4-1Dx0.9] ¢ 0y
4+(4-2)x0,9
Day 5.n= 5 g, = (0,922+0,)[4+(5-1)x0,9] 1159 m
, 4+(5-2)x0,9
Diy 6.1 = 6: g = (1,159 +0,1)[4+(6-1)x0,9] 1408 m
4+(6-2)x0,9
Diy7.n=T y7=(1’408+0’1)[4+(7"1)X0’9]:1,668m
4+(7-2)x0,9
Diy 8, n = 8: yg:(1,668+O,1)[4+(8—1)><O,9]=1’937m
| 4+(8-2)x0,9
Diy 9. 1 = 9: y9=(1’937+0’1)[4+(9_1)X0’9]=2,215m
4+(9=2)x0,9
Day 10, 1 = 10: Yo = (2,215+0,D[4+(10-1)x0,9] —2.501m
4+(10-2)x0,9
Diy 11, 0= 11: g = (2,501+0,1)[4+(11-1)x0,9] 279 m

44+(11-2)x0,9

112




Day 12, n=12:

Day 13,n=13:

Day 14, n = 14:

Day 15, n=15:

Diy 16, n = 16:

Day 17, n=17:

Day 18, n=18:

Day 19,n=19:

Day 20, n = 20:

Day 21, n=21:

Day 22, n =22:

Diay 23,n=123:

Day 24, n =24:

Diy 25, n = 25:

Day 26, n = 26:

Y12

Yiz

14

Yis

16

Yi7

Yis

Yio

Y20

21

Yo

Ya3

You

25

Y26

(2,794 +0,)[4+(12-1)x0,9]

=3,094 m
4+(12-2)x0,9

(3,094 +0,)[4+(13-1)x0,9] _

3,400 m
4+(13-2)x0,9

(3,400 +0,1)[4 +(14-1)x0,9]

=3,713m
4+(14-2)x0,9

(3,713+0,1)[4+(15-1)x0,9]

=4,032m
4+(15-2)x0,9

(4,032+0,D)[4+(16-1)x0,9]

=4,356 m
4+(16-2)x0,9

(4,356 +0,1)[4+(17-1)x0,9]

=4,685m
4+(17-2)x0,9

(4,685+0,1)[4+(18-1)x0,9]

=5,109 m
4+(18-2)x0,9

(5,109+0,D)[4+(19-1)x0,9]

=5,452 m
4+(19-2)x0,9

(5,452+0,1)[4+(20-1)x0,9]

5,799 m
4+(20-2)x0,9

(5,799 +0,1)[4+(21-1)x0,9]

=6,151m
4+(21-2)x0,9

(6,151+0,1)[4+(22-1)x0,9]

=6,507 m
4+(22-2)x0,9

(6,507 +0,1)[4+(23-1)x0,9]

(7,597+0,D)[4+(26-1)x0,9]

: =6,86'm
4+(23-2)x0,9

(6,867+0,1)[4+(24-1)x0,9]
4+(24-2)x0,9

=7,23 m

(7.2340.0[4425-Dx0.9] o,
4+(25-2)x0,9 ‘;

=7,968 m
4+(26-2)x0,9
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L4y chiéu cao tir mat san khiu dén bac cudi ciing (béc thit 26) 1a 6,9 m (hinh PL5.2).
Xdc dinh vi tri mét cha khéan thinh gia theo cdc ddy gh€ trén mat cat doc ca phong:
dua trén gid tri clia y, vira dugc xé4c dinh trén day (hinh PL5.2).
Xac dinh vi tri cha cdc bac cdp (noi b tri cdc ddy ghé) bing cdch tinh tién vi tri cla

mét xudng dudi mot doan 1,1 m (hinh PL 5.2).
Xac dinh vi tri clia cac tAm tran. Véi vi trf clia cdc tdm trén nhu trén hinh PL5.2, nang

SI

NS
N

Juong am phan xa trong phong phan bé khd hop 1y.

" 3,0 20|

6,9

Hinh PL5.2 -

3. Xac dinh thé tich thuc té cia phong

Trén hinh PL5.1 va PL5.2 ta thay:
=V, +Vg+Ve+Vy+V,m’

Vphbng
v, = 1442-22x5x3+5,8 396 m’
v, = 22;20x5x5’6;7’7 = 698,25 m’

o =204 158,00 55 0 20023’

_158+14 4 sy 10;8 =603,5m’

VD
v, =8x22x 2225 g7 01
= 396 + 698,25 + 2002,3 + 603,5 + 871,2 = 4.571,1 m’

V phong thue 18
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5,6x52 —20.36:

Day 1:

9

5,8x2

Day 2: =21,09;

Day 3:

=21,45;

Day 4. =21,82;

Day 5: =22,55;

Day 6: =23,27;

Day 7: =24;

Diy 8: ———=24,72;

Day 9: p =25,45;

b

Tx2

Day 10: =25,45;

’

7,3x2
0,55

7,5%x2
0,55

7,6x2
0,55

7,8x2
0,55

8x2
0,55

8x2

Day 11: =26,5;

Day 12:

=27,27;

Diy 13: =27,63;

Day 14: =28,3;

Day 135:

=29.09;

Day 16:

=29,09;

9

4. Xac dinh s6 ghé thuc té trong phong (xem PL2.1)

lay 20 ghé

l1ay 20 gh€&

1ay 22 ghé.
14y 22 ghé.
1dy 22 ghé.
lay 24 ghé.
14y 24 ghé.
1ay 24 ghé.
l1ay 26 ghé.
14y 26 ghé.
1ay 26 ghé.
1dy 28 gheé.
1ay 28 ghé.
12y 28 ghe.
1ay 28 ghé.

14y 28 ghé.
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8,2x2

Day 17: 0.55 =29,8; 14y 30 ghé.
Diy 18: 8(’;};52 =30,5  ldy 30 ghé.
Diy ‘19: 86?;52 =31,27; 14y 30 ghé.
Diy 20: 86?5)(52 =32, 14y 32 ghe.
Day 21: 8(’)?5)(52 =32, | ldy 32 ghé.
Day 22: %g: 32; lay 32 ghé.
Dy 23: 7(’;’3;52 =28,3;  ldy 28 ghé.
Dy 24: 7(’),2;52 =26,2;  ldy 26 ghé.
Diy 25: 6(’;‘;52 =23,3;  ldy 24 ghé.
Diy 26: 5&3;2 =19,6;  ldy 20 ghé.

S6 ghé téng cong trong phong:
Nipye ¢ = 680 ghé
Thé tich thyc t& clia phong cho méi khan gia:
LV 45711
N 680

= 06,72 = 6 ( con s0 theo kinh nghiém cla Lién X0 cii, bang 2.2).

5. Kiém tra lai

a) Hinh PL5-2 cho thdy: cic tia 4m truc ti€p va tia 4m phan xa phan bd trong phong
khd hop li, khong c6 ving hoi tu 4&m va vét cam.

b) D€ ki€m tra so bo ¢6 hay khong hién tuong tiéng vong, ding biéu dé trén hinh 2.10.

V61 am nhac dung duong 1.

Vi day ghé dau, duong di cua tia am truc tiép 1a: SA = 4,6 m (do truc tiép trén ban
~ v& bang thudc theo ti 1¢).

Duong di cha tia am phan xa la: SB+ BA =6+ 8,6 = 14,6 m.
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Hiéu cita 2 dudng di: 14,6 - 4,6 = 10 m.
Trén hinh 2.10, twong Ung véi duong 1 (dm nhac) va hiéu AL =L, - L, =0, ¢é hiéu
khoang céch t6i han 1a 14 m. '
10 < 14: & day gh& dau khong c6 tiéng vong.
6. Xac dinh thoi gian am vang t6i uu T,
Tir hinh 2.16, véi thé tich clia phong 1a 4571,1 m’ va v6i chitc nang ctia phong 1a nhac
giao hudng nghe truc ti€p (dudng 2) ta xdc dinh T,, cho tdn s6 1000 Hz 1a 1,68 s.

Tur hinh 2.17, véi nhac giao huéng xac dinh duge hé s6 k:

f,Hz k
125 1.21
250 1.1
500 1.04
1000 1
2000 0.96
4000 0.9
Thoi gian am vang t6i uu cho timg tan s6 &m thanh 1a:
f, Hz T, s
125 1,68 x 1,21 =2,035s
250 1,68 x1,1=1,85s
500 1,68 x1,04=1,75s
1000 1,68 x1=1,68s
2000 1,68 x0,96=1,61s
4000 1,68 x19=1,51s

7. Xac dinh so bo lugng hiit Am tong cong yéu cau (A )

Dung cong thic (2 - 12):

20,1622
T,

tuw

A

te,ye
V =4.571,1 m’ (xdc dinh & budc 3).

T,, - xac dinh & budc 6.
Két qua tinh cho trong bang PL5-1.
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Bang PLS5-1. Bang tinh A

lc,yc
Tan s6 am, f Hz 125 250 500 1000 2000 4000
Ty s 2,03 1.85 L.75 1.68 1.61 1.51
Ay M 360.3 3953 417.9 435.3 454.3 484.4

8. X4c dinh lugng hit 4am thay déi (A,,)
Mat san c6 b6 tri khan gia:
Muc day 100%:
Mic day: 70%.

S, = 563,3 m* (do tryc ti€p trén ban v&); N,, = 580 nguoi.

Dién tich san c¢6 khén gid: S, = 563,6 x 0,7 = 394,5 m*; N, = 406 ngudi.
Dién tich san c¢6 gh€ trong: S,=563,6 -394,5=169,1 m* N, =174 ghé.
Két qua tinh dugc ghi trong bang PL5-3, s¢ thit tu 20.
9. Xac dinh so bo lugng hiat am ¢6 dinh yéu cau
Dung cong thic:

A

A - Ald

cd,yc = lc,ye
Trong do:
A

A, - xac dinh & budc 8.

- xdc dinh ¢ budc 7,

leye

Két qua tinh dugc ghi trong bang PL5-2.

Bang PLS5-2. Tinh toan A

cd,yc
Tén s6 am, f Hz 125 | 250 500 | 1000 | 2000 | 4000
Ay 3603 | 3953 | 417,9 | 4353 | 4543 | 4844
X 100% khén gia | 1674 | 206,0 | 268,0 -| 3002 | 269,6 | 268,0
A 70% khdn gia | 158,77 193,7 | 2593 | 2915 | 260,9 | 250,6
X 100% khan gia | 1929 | 1893 | 1499 | 1351 | 184,7 | 2164
Autyer 70% khdn gia | 201,3 | 201.6 | 1586 | 1438 | 1934 | 2338

10. B0 tri so bo vat liéu va ciu kién hat am trén cdc bé mat trong phong

Viéc bd tri vat liéu va cdc cdu kién hat Am trén cdc bé mat trong phong phai xuat phat
tlr yéu cau lugng hit am c6 dinh thiét k€ (A, ,) gdn bang lugng hit am c¢d dinh yéu cau.
Budc nay duge thé hién trén hinh PL5-3 va trong bang PL5-3.
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11. Tién hanh tinh toan dé x4c dinh thoi gian 4am vang thiét ké (T,,)

Sau khi b6 tri xong vat liéu va cau kién hit 4m trong phong ta xac dinh dugc A .
Luogng hit am téng cong thiét k& (A, ) s€ 1a:

Alc,lk = Acd,lk +A,

11 1\3
0 12
I
|
|
9 8 7 6 5 L4y 2 |1
|
L
10/ 12'
11" /3
Hinh PL5-3

C6 duge A, 10i ta xdc dinh hé s6 hiit am trung binh (& ) theo cong thiic:

A

te,tk

zS

o=

Trong dé: IS - dién tich tong cong ciha tat ca cdc bé mat trong nha. Qud trinh xdc
dinh @ thé hién & s6 thit tu 24 chia bang PL5-3.
C6 dugc @ 161, xac dinh T, theo cong thiic:
v s
~SIn(1-&)+nV’

T, =0,16

Trong dé:
V =4571,1 m" - thé tich thyc t€ cla phong;
S = 1.425 m’ - dién tich téng cong cla céc bé mat trong phong;
n - 1ay theo béng 2.1.
Tinh cho trudng hop nhiét do khong khi biang 20°C va do am khong khi bang 60%, tir
bang 2.1 ta c6:

f,Hz 125 250 500 1000 2000 4000
n 0 0 0 0 0.0090 0.0224

Qua trinh tinh todn T, dugc trinh bay trong bang PL5-3.
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12. Kiém tra sy tring hop ciia T, véi T,,

- Tinh thoi gian 4m vang t6i wu x 1,1.

- Tinh thoi gian 4m vang thiét k& x 0,9.

Két qua tinh:

f, Hz
125 250 500 1000 2000 4000
Dai luong tinh
Ty, s (xac dinh & budc 6) 2.03 1.85 1.75 1.68 1.61 1.51
1,1 T, 2.23 2.04 1.93 1.85 1.77 1.66
09T, 1.83 1.67 158 | 151 1.45 1.36
Dua tat ca cdc dai lugng trén day Ién d6 thi, ta c6 hinh PL5.4.
Ts
22 P
20 P~ r—
~ 1
e — T T e —— Y]
1,8 R e v L
\\\\ \\ \\\\\\
~d — ———] ===
M \ 1
AN e
14 // \ AU I R e —— 3
Z X ]
/ % ——— = ——= = A [
1.2 Z4 ——
1 f Hz
125 250 500 1000 2000 4000

1. Thoi gian am vang t6i uu, x4c dinh & budc 6.
2. Thoi gian am vang t6i uu x 1,1 (T, + 10%).
3. Thoi gian am vang t6i-uu-x-0,9 (T, - 10%).
4. Thoi gian am vang thiét k& cho trudong hop 100% khan gia.
5. Thoi gian am vang thiét ké cho truong hop 70% khan gia.

Hinh PL5.4

Hinh PL5.4 cho thay:

- Thoi gian am vang thi€t k& cho truong hgp 100% khan gia ngan hon thoi gian 4m

vang thiét k& cho truong hop 70% khén gia khong ddng ké.

122



- Thoi gian am vang thi€t k€& cho ca 2 truong hop déu ndm ngoai ving T, + 10% vé
phia dudi, diéu d6 ching t6 lugng hit 4m téng cong trong phong qué 16n so véi yéu cau.
DéE dua 2 dudng 4 va 5 vao ving T,, + 10% cin phai gidm bét lugng hit 4m 6 dinh cla
cic bé mat trong phong, nghia 1a chon vat liéu va cau kién khic c6 hé s6 hit Am nhd hon
hodc 1a giam bét dién tich ctia cic bé mat hit 4m (c6 nghia 12 tang thém dién tich cta
cdc beé mit phan xa am).

Qué trinh b tri lai vat liéu cdu kién hit am va xdc dinh lai thoi gian 4m vang thiét k&
(T,) duoc trinh bay trong bang PL5.4.

T két qua tinh todn trong bang PL5.4 dung lai biéu d6 trén hinh PL5.5.

AL s
22 Paee
\\\
‘\\~
2,0 S~ [~ —
—\_ f— \‘s,_~‘
N * \ ““\\\
1,8 = ~ I — = L 2
= \\\‘ Y\\\ \\\\\
=~ [ —— ~ I \\\/ 4
1.6 e ::~\\ ——— 1
- /
‘\\5\ L - 1
R = ~ i 5
14 it T
<=
1,2 3
1 f, Hz
125 250 500 1000 2000 4000

Hinh PL5.5. So sanh T, voi T,
(cdc duong 1,2, 3,4, 5 - xem chii thich cho hinh PLS5.4)

Hinh PL5.5 cho thay:

Budng 4 (thoi gian am vang thiét k€ cho trudng hop 100% khan gia va dudng 5 (thoi
gian &m vang thiét k€ cho truong hop 70% khan gid) diéu nam trong ving T,, + 10%.

Nhu vay, cdch b6 trf vat liéu va-cau kién hit am nhu trong bang PL5.4 1a hop 1y.

Céc budc tu 13 dén 17: S€ thir nghiém va diéu chinh trén cong trinh da xay dung xong.




oI a1 4!
3 ] 3 ¢ ¢ ¢ ‘ ¢ « 3 ¢ ‘ g@ Q\@Q 3 ﬂOwH Q@:u @]
61C| 90 [61IC| 90 [ ¢£¢81 | SO [€8I| S0 |OIT| €0 | 6C {800 ‘Suow Sunyu opry M S9¢E /T =3
: o
‘ & ¢ 3 < < 3 3 ¢ ‘ 3 3 EEWN = w ¢ H—OW— Q@:u ‘Hﬂ O .mmv.
Yy | Y00 | v+ |¥00 | €6 | SO0 | €6 | SO0 | 88 |80 |OTI| TO 00 YobY) W, S 60T e WW
M OPl 1T o
1] & < & & < ] ‘ £ ‘ & 3 EE mN = m ‘ w
¢l [¥00 | TT |¥00 | ST | SO0 | ST | SO0 | €T (8O0} 6C | 10 0®d YoBI) WE, M Y0°6< 01 01
13 03 4 3 13 € 3 3 ] (3 3 13 EE mN = w 3
¢l (¥00| TT |¥00 | 61 | SO0 | ST | SO0 | €T 80| 6T | 10 0®D YoRY) W], M 06T 011 6
9% | ¥0°'0 | 9°6 | ¥0°0 | O°CT | SO0 | O°CT | SO'0 | T'61 | 80°0 | O'¥T | T°0 -1u- A 9L°6ET 6 8
‘ & < (3 ¢ n 3 & & < ] ¢ EE mN = w no.ﬂo :owgﬂ E ¢ D
€6 [ Y00 | €6 Y00 911 | SO0 |911|S0O0|98I [80|¢ceC| IO urg) Sugq wis upry, |° 96 T¢LT 8 L ml,
€y | ¥0'0 | €v | ¥0'0| ¥'S | SO0 | ¥ 00| 98 | 800 | LOT| T'O Tmer=9 w /0T L 9 .wv.
S5 9 0®D Yo' WIB], ¢ =
3 < n, . 13 o T~ f3 < 3 3 3 3 HHOMV Q@—H 3 muvv
98C| 90 |98C| 90 |8¢tC| SO | 8EC| SO | €VI| €0 | 8¢ [ 800 | <guow mcsrc opry MLy 9 ¢ 3
¢ v . o
L0 | T00| LO | TO'0O| LO | 100 | LO | TOO| LO | 100 | L0 | 100 (ues) 9O W STS9 ¥ 14 W
1°0 | 10°0 | T°0 | 100 | T°0 |TO0| 9°0 | SO0 | T'T | T°0 | ¥'¢ | €0 9D UTTT ¢ £ =
8T | 100 | 8T | 10°0| S'€ | TO'0| 88 | SO0 |9°LI| T°'0 |8TS| €0 9D UOLT T (4
3 < 3 13 3 [9 [3 (3 1 € 9 [ EE WN = w 13 B
€C | Y00 | €T | Y00 | 6T |SOO| 6T | SO0 | 9% |80 | LS | TO 0®D [oRY) WE], M TLS I 1
V |EP| vV (e V B0 Y (B Y |ED| YV | ED ooIyo oBOY| (¢ e any
urg Y UATY ngd A Su . LTI LL | udry
000% 000¢ 0001 00S 0S¢ Y4 A DT 1EA IQNSU N | quIy wox) os | ngo
ZH '} WE OS Ug) 080 0 W “y We 10y SUON] A U) 80/, W & 0BOY 10 ) . S rwed |- 'O

"(".L) 8% 121y SueA wrg UeLS 10Y) 18] YUIP JBX BA UIE JNY UIDY NED ‘NI 18A 1] 1)) of 'H'S'1d Sued

124



6€°T ST 16 79T 61 76T I3 ueqy %0L AU+(O-DUZ- oz
€9°'1 791 LL'T 09'1 ¢8'l 681 e1d ueyy %001 A9T0 -l
¥TT00 600°0 0 0 0 0 (%09 = & BA D07 =1 0Yd) U sT|
8570 §97°0 887°0 897°0 vET0 TETO 13 upyy %0L ST o e =)
- 0LT'0 1LT°0 620 PLT'0 weo 8€T°0 918 upyy %001 "va+ vz g
JTTLSY = A :3uQud eno 91 0Nyl YOI YL €T ul
M IH6TH T =8 wconm Suoxn 18W 9q 980 BO 1) BN FUdd SUQ) YoN U} Z7 =
¢'Log| - |o'sLe| - |o0Ty| - |¥'T8E| - (S - |vogg| - 13 upyy 9 .
. , , q, 8 ,mmm h U %0L A .
168l - |L'98¢| - |L8I¥| - |€T6E| - |TSvE| - |T'6EE| - vi3 ueyy %001
9'0sc| - |6'09T| - |ST16T| - |€'6ST| - |L€6T| - |L8ST| - eIS ueyy %0L .
¢ 3 < A < 3 NE <w ON D
0'89¢| - |9'69¢| - |T00g| - |0'89T| - ]090T| - |¥'LOT| - ©13 upyy %001 =
0'9€ | S¥'0 | 9°L€ | L¥0 | T6E | 6¥°0 | 0°9E | SH0 | 0°TE | +°0 | ¥°TT | 8T°0 | (1o o¥yu ea 9YS €0 9Y) | Ten3u 0 |3U0D SBUN| 61 Z
- 0 < 0 3 < < 0 ¢ < . < .Nﬂm QWAE Qu wl
v T9T| ¥°0 |¥'TOT| +'0 |LT8T| S¥°O |¥'TOT| +0 |8°1CI| €0 [S'T0I| STO - 1ongu 9of [ o, =N
) on | e en | e i | e N N . erdueyqy | 81 5
0T€T| ¥°0 |0°TET| ¥'0 |0°19C| S¥°0 [0°TET| ¥'O |OPLI| €0 |0°SHT| STO - 1on3u 08¢ 00T =
oo
<
W 9°€9¢ ¢
60S| - |60S| - |S8IT| - |rI'ecl| - [8'6€1| - [LILT} - VX LT
LT [ ¥00| LT | 00| T'T | SO0 | 1T | SO0 | '€ | 800 | T¥ | 10 -Ju- T £l 91
LT |v0'0 ] LT |#00| T'T | SO0 | T°T | SO0 | ¥'€ | 80°0| TV | T°O -Ju- M T €1 9
91 | ¥0°0| 9T | $0°0 | 0T | SO'0| 0T | SO0 | T€ |80'0| I'¥ | 1°0 -Ju- W S0P 21 vl
9T [$0'0| 9T | ¥0°0 | 0T | SO'0| 0T | SO0 | T |80°0| I'Y | 10 TeT=s w G0t Al €1
0®D OBy} We], ¢
) ‘ . ‘ . . ‘ . . . . ‘ uop dou w yon urp
61T | 90 | 6'TC| 90 | €81 | S0 | €81 | S0 | OIT | €0 | 6T | 800 | guoys Sunquopry | ™ ° OF b/l
: | 4 | | (| o | ; ww 67 = Q —_ 4op utp
vy | ¥0'0 | ¥'¥ | ¥0'0 | SC | SO0 | S'C | SO0 88 {800 |OTI| I'0 0BD OB Wp] W G601 b/c

125



Phu luc 6
MOT SO BAI TOAN MAU VE CHONG ON
TRONG QUY HOACH VA XAY DUNG PO THI

BAITOAN 1
1. Bai toan
~ San bay X c6 s6 lugng may bay cat cdnh va ha cdnh trong ngay nhu sau:
- 8 may bay hai dong co phan luc tdm bay trung binh cit cénh;
- 8 mdy bay hai dong co phan luc tdm bay trung binh ha cénh;
- 6 may bay bon dong co phan luc tdm bay 16n cét canh;

vc tAm
UC tam

bay 16n ha cénh.

Hay kiém tra xem, liéu c6 thé b6 tri
hay khong?

2. Nhitng tu liéu can thiét

mot bénh vién trong khu dat cich san bay 3 km

2.1. Mitc am vat 1y clia mdy bay & khoadng cdch 300 m cho trong bang PL6.1 dudi

day/29/.
Bang PL6.1

Loai C4t canh| Ché do hoat | Téng thé Theo ting dai tdn s6, Hz

L hay ha | dong cla

miybay |~ | gongeo |dB(A)|PNAB|62.5 125|250 | 500 |1000|2000] 4000|8000
Hai do Chay hét

areons YD 109 | 120 | 94 | 101|105 | 106|105 | 102 | 96 | 85
co phan toc luc :

luc t4 Cat canh

uc tam Chay

trung binh binh thuomg | 101 | 12| 84 | 89 | 94 96 | 97 | 95 | 89 | 75
| (2000 + »
4000km) | Ha cénh 81| 100 |69 | 70 | 79| 78 |77 | 74 | 74 | T
RPN Chay hét

Bén dong tlf ,aylue 105 | 120 100|102 105|103 ] 102 98 | 92 | 81

2 OocC C |

c0 phan | o np :

luc, ta Ch

e, tam MY g9 | 114 |92 {93 95| 95) 95| 93|78 | 74
xa (> binh thudng )
4000km) | 1, ¢4nh 87 | 103737176 |80 |81 |8 | 80| 78
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2.2. Mitic am vat 1y cia mdy bay & khoang cach r (trén mat dat)

iy
L=L,-20lg——a(r—300 PL6.1
r 300 g 300 ( ) ( )
Tr
bat AL =201g—+a(r—-300 LP6.2
. 300 ( ) ( )
Ta co: L =L,,- AL (PL6.3)

Trong do:
‘Ig - logarit thap phan;
r - tinh bang m;
a - do suy gidm mic am vat 1y trong khong khi, gid tri ctia n6 dugc xdc dinh theo

bang PL6.2 du6i day:
Bang PL6.2
f,Hz 62.5 125 250 500 1000 2000 4000 8000 -
a, dB/m 0 0 0 0.0016 | 0.0038 | 0.0095 | 0.0242 0.06

| Nhing gid tri cha a trong bang trén'ehinh x4c khi nhiét do va do 4m khong khi twong
ting bang 15°C va 70%, khi nhiét do va do 4am khong khi khéc 15°C va 70% ching ciing
c6 thé dung dugc va cho sai s6 chap nhan dugc.
2.3. D6 thi dé x4c dinh AL (theo cong thitc (PL6-2) trén day) phu thuoc vao khoing
cach r (hinh PL6.1).

A, dB

60

! e
| § ¢
60 f

i
@7
30 f / A
/
%
/ ]

20 At
A / o
10 7ave s
// 5/\)(\Q\N(\
L e®)
0 7 QQG'
/ &‘(\\“\
-10 ! | Khoang cachr, m
[}
.
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2.4. Mitc am vt 1y téng hop cla tiéng 6n:
800 o
L, =10lg > 10 b dB(A) (PL6-4)
‘ £=62,5
2.5. Mtic am vat 1y téng hop thé hién bing PN dB: bing miic am vat Iy tdng hgp tinh
trong muc 2.4 céng thém 10 + 12.
2.6. Mitc am vat 1y trung binh cla tat ca cic mdy bay cit canh va ha canh trong 24 gio:
= 1 & oL |
L:IOlgEZIO I (PL6-5)

n=1

Trong dé:
N - s6 lugng tat ca cdc mdy bay cat canh va ha cénh trong 24 gio.
2.7. Chi s6 téng hop (psophique - theo Uy ban nghién ctu ti€ng 6n clia B6 Y € Phap):
R =L + 10IgN — 34 PNdB (PL6-6)

2.8. Khuyén nghi ctia Uy ban nghién ctiu tiéng 6n thuoc Bo Y t€ Phap vé gid tri cla
chi s6 téng hgp R, PNdB, cho trong bang PL6.3.

Bang PL6.3
Ché do hoat dong Giéi han Giéi han

clia may bay clia ving A cla ving B

. R >96 89<R <96
Hoat dong ban ngay (tir 6 dén 22 gio) , . .
‘ R>89) (84<R <89

R R>69 63 <R <69
Nhiéu hoat dong ban dém X .

(R>63) (58<R < 63)

Chil thich: "Néu c6 thé.
Trong ving A chi cho phép xay dung mdi nhimng cong trinh-can thi€t cho viéc khai
thic san bay va nhiing cong trinh cong nghiép phét sinh nhiéu tiéng on.

Trong ving B chi cho phép xay dung nhing nha & méi néu c6 diing mot s6 bién phap
ch6ng 6n nao ddy. V& nguyeén tic, khong nén dat & day bénh vién, trudng hoc, nha thd.

Bén ngoai nhitng viing nay c6 thé xay dung tu do.
3. Giai bai toan

3.1. Xdc dinh gi4 tri cia L (3000) ctia mbi mdy bay, dB(A), theo bang PL6.4.




" Bang PL6.4.

 Dai luong

N Tan s6 trung tam cla cdc 6c-ta, Hz
Nguén 6n . . i .
can'tinhtodn- | 62 | 125 | 250 | 500 | 1000|2000 | 4000 B0OO
M4y bay phan luc L (300)" dB(A) | 94°| 101 | 105|106 105 | 102 | 96 | 85
2 dong co duong bay AL®dBA) | 20] 20 120 |245| 30 | 46 | - | -
trung bio, e cateln. 17y 4000 gp 74| 81 | 85 |81.5] 75 | 56
dong co hoat dong t6i da (3000) (&) '
M4y bay phan luc L(300)VdB(A) |69 | 71 |79 |78 | 77 | 74 | 71 | 74
2 dong co, dudng bay AL® dB(A) 20| 20 | 20 [24.5| 30 | 46 | - | -
trung binh, lic ha cdnh
L (3000)® dB(A) |49 | 51 | 59 |53.5] 47 | 28 | - | -
Méy bay phan luc 4 L(300)” dB(A) (100|102 [ 105|103 | 102 | 98 | 92 | 91
dong co, duong bay dai AL®dBA) 20|20 | 20 [245] 30 | 46 | - | -
(= 4000km), ltic ct cénh, o w0 s | 85 1785 72 | 2
dong co hoat dong tdi da L (3000)™ dB(A) | 2 ’ . i
M4y bay phan luc L(300)dB(A) | 73| 71 |76 |80 | 81 | 80 | 80 | 78
4.dong co, duong bay dai, A1 @(B(A) 20| 20 | 20 {24.5| 30 | 46 | - | -
Iic ha canh
L (3000)® dB(A) | 53| 51 | 56 |55.5] 51 | 34 | - | -

Chit thich: (1) - xem muc 2.1; (2) va (3) - xem muc 2.3.

3.2. Xac dinh cac L

téng hop

3.2.1. Clia may bay 2 dong co phan luc dang cét cénh:

L

t6ng hop

3.2.2. Clia may bay 2 dong co phan luc dang ha canh:
L = 101g(10*° + 10°' + 10°° + 10>¥ + 10*" + 10>* ) = 61 dB(A)

téng hop —

3.2.3. Clia may bay 4 dong co phan luc dang cét cénh:

L

6ng hop

3.2.4. Clha mdy bay 4 dong co phan luc dang ha canh:

Llé’ng hop
3.3. X4c dinh cdc L
L
L
L
L

\3ng hop, 1
téng hop,2
6ng hgp,3 =

16ng hop,4 =

onghop

tinh bing dB(A) (cong thic PL6-4).

= 101g(10™ + 10*" + 10% + 10%" + 107" + 10°° ) = 88 dB(A)

= 101g(10® + 10* + 10* + 10™® + 107 + 10°* ) = 88,2 dB(A)

=101g(10>? + 10> + 10°% + 10%% + 10 + 10**) = 60,8 dB(A)
tinh bang PNdB (xem muc 2.5):

= 88 dB(A) = 88+ 12 = 100 PNdB
= 61 dB(A) =61+ 12 =73 PNdB
88,2 dB(A)=88,2 + 12 =100,2 PNdB
60,8 dB(A) + 12 = 72,8 PNdB.
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3.4. Xdc dinh muc am vat 1y trung binh (cong thic PL6.5):
L= 101g-21—8(8.1o“’ +8.107% +6.10'"% +6.10"%) = 95,3 PNdB

3.5. X4c dinh chi s6 téng hop (cong thic PL6.7):
R =95,3 + 101g28 - 34 = 75,8 PNdB
3.6. Kiém tra xem liéu c6 thé xay dung trong khu vuc ndy mot bénh vién hay khong?
(Xem muc 2.8):
R = 75,8 < 89: khu vuc nim ngoai ca khu A 1an khu B, vi vay viéc xay dung bénh
vien o day lacothé. o

BAI TOAN 2a
1. Bai toan
Mot dudng cao téc cb luu lugng xe Q = 2500 xe/h, trong d6 xe trong tai 16n va xe cho

khéch chiém 35%. Do déc doc theo tuyén dudng 1a 4%. Toc do trung binh cia xe 1a
53 km/h.

Hay kiém tra xem, liéu c¢6 thé xay dung mot nha & nam doc theo tuyén dudng, cich
mép dudng 50 m va khong ding nhitng giai phip chong 6n dac biét hay khong?
2. Nhitng tu liéu can thiét

2.1. Miic am vat 1y clia tiéng 6n gay ra bodi dudng cao téc tai di€ém khao sit trong diéu
kién binh thudng, khéng dung nhiing bién phdp chéng 6n dac biét (tdm chan, dai cay
xanh, v.v...). ‘

L:52+101g% (PL6-7)

Trong do:
Q - luu luong xe trong mot gio;
d - khoang céch tir diém khao sat dén mép dudng, mét.
2.2. Hiéu chinh mifc am vat 1§ xdc dinh & muc 2.1 theo ti 1& phéan tram gitta s6 luong

xe trong tai 16n va xe chd khach cong cong voi 10ng 6 lugn g xe(bing PL6.5).

Bang PL6.5

% 5t tai 16
| oxecotrong tatfon 7 120135 | 47|60 | 73| 87 | 100
va xe chd khich cong cong :

AL,, dB(A) 0 +1 +2 | +3 | +4 +5 +6 +7
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2.3. Hiéu chinh midc am vat 1y xac dinh 0 muc 2.1 theo do6 doc doc tuyén dudng
(bang PL6.6).

Bang PL6.6
Do d6c doc tuyén duong, % 0 2 4 6
AL,, dB(A) 0 +1 +2 +3

2.4. Hiéu chinh mitc am vat 1y xdc dinh & muc 2.1 theo téc d6 xe (bang PL6.7):

Bang PL6.7

k Téc d@d xe, km/h 33 47 53 60 67 73 80 87 93
[ AL, dB(A) -4 -2 -1 0 +1 +2 +3 +4 +5

2.5. Mitc am vat 1y cu6i ciing cla tiéng 6n tai diém dang xét cdch mép dudng mot

khoang r:
L, =L+ AL, + AL, + AL, (PL6-8)

2.6. Dé nghi ctia CSTB (Trung tam nghién citu khoahoc va cong nghé xay dung clia
Phdp): véi nhimg ngoi nha khong dugc bao vé khoi tieng 6n bang nhiing gidi phdp dic
biét, mdc &4m vat 1y cia nhiing séng am dap vao mat nha khong dugc vuot qua 55 dB(A)
néu ngodi nha song song vdi tuyén dudng va khong duge vuot qua 58 dB(A) néu ngdi nha
vudng géc véi tuyén duong.

3. Giai bai toan

3.1. Mitic am vat 1y clia tiéng 6n tai diém xem xét (xem cong thiic (PL6-7): |

L=52+101g2,§%:69 dB(A)

3.2. Hiéu chinh mic am vat 1y theo ti 1¢ phan tram gitta s6 lugng xe tai trong 16n va
xe chd khach cong cong vdi tdng s6 lugng xe (xem bang PL6-5):
AL, =+2dB
3.3. Hiéu chinh theo do d6c doc tuyén dudng (xem bang PL6-6):
AL,=+2 dB
3.4. Hiéu chinh theo toc do xe (xem bang PL6-7):
AL, =-1dB
3.5. Mtic am vat 1y cu6i cung tai diém xem xét (xem cong thitc PL6-8):

Ly,=69+2+2-1=72dB(A)
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3.6. So sdnh L., v6i gid tri t6i han do CSTB dé nghi (xem muc 2.6 clia bai todn nay):
72 dB(A) > 58 dB(A). Vi vay viéc xay dung nha & tai khu vuc xem xét la khong thé
dugc ngay ca khi ng6i nha nay vuong géc véi tuyén dudng.

BAI TOAN 2b

1. Bai toan

Gidng nhu bai toan 2a, chi c6 diéu khéc 1a trong khoang dat trong rong 50 m, gilia
mép dudng va diém xem xét cé mot dai cay xanh rong 25 m, cay trong kiéu 6 c0 thanh 2
day cdch nhau 3 m, doc theo hai bén dai c6 hang rao bang cay xanh.

2. Nhitng tu liéu can thiét

Ngoai nhiing tu liéu dd néu trong bai todn 2a cdn phai biét thém do suy giam mufc &m
vat 1y do cay xanh gy ra, AL, dB(A). Gid tri ciia AL, dugc cho trong bang PL6.8.

Bang PL6.8
Chiéu rong , . | Do suy giam clia miic
. Cach trong cay o
daicay,m : am vatly, AL,dB(A)
10+-14 Tréng thanh 1 dai, kiéu 6 c0, doc theo hai bén 4+5
dai c6 hang rao bang cay xanh _
15+ 20 - nt- | 5+8
21 +25 Trong thanh 2 dai cdch nhau 3 + 5 m, cich trong 8+10
nhu trén
26 + 30 Tréng thanh 2 hoac 3 dai cich nhau 3 m, cich 10+ 12

trong nhu trén

3. Giai bai toan

3.1. Theo bang PL6-8, xac dinh dugc AL, = 10 dB(A).

3.2. Mifc am vat 1y cudi cing ¢ diém xem xét (xem muyc 3.5 cua bai todn 2a va muc
3.1 ctia bai toan 2b):

L, =72-10=62dB(A) (72 dB 1a dip 56 cia bai todn 2a)

3.3. So sdnh L., tinh dugc trén day véi gid tri t6i han do CSTB dé nghi (xem muyc 3.6
cta bai todn 2a): 62 > 58. Vi vay, dui c6 dai cAy xanh nhu dé cip trén day thi viéc xay
dung nha & trong khu vyc nay ciing khong thé dugc, ngay ca khi mat nha vudng géc voi
tuyén duong.
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BAI TOAN 2¢

1. Bai toan

Gidng nhu bai todn 2 a, chi ¢ diéu khéc 1a: & mép dudng ngudi ta dit mot tim chan

dai vo tan, cac 4 m (dudng ngudn am cdch tdm chan 8 m).

2. Nhitng tir liéu can thiét

Ngoai nhitng tu liéu néu trong bai todn 2a cin phai biét thém hiéu chinh AL, do tam

cham géy ra. AL, dugc xdc dinh nhu sau (xem hinh PL6.2).

Hinh PL6.2

2.1. Xac dinh s6 N:
d=atb-d

2

N= 2—8-; A - budc séng, thudng 14y gii =0,68m
A 500

Do dé: Nzﬁ—:-é-—
0,68 0,24

2.2. Xdc dinh AL bang d6 thi trén hinh PL6-3.

ALS5, dB
25 [—
2 1 >/ N
//"//’Cz
15 = o
10 /%/
—/
5
0 N
0,1 0,3 1 3 10 30 100
-1 0,5 a 05 1 15 2 igN

1. Ngudn diém: 2. Ngudn dudng

Hinh PL6.3, 1. Ngu6n diém; 2. Nguén dudng
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2.3. X4c dinh L
L,=L+ AL, + AL+ AL;+ AL
3. Giai bai todn
Ly trudng hop diém xem xét cdch mép dudng 50 m va cao hon mat dat 4 m (tuong
duong véi ting 2 clla ngodi nha (xem hinh PL6.4).
b

4m

‘ 50 m

Hinh PL6.4
3.1. X4c dinh s6 N:

a=+8"+4%=894m

b=>50m.

d=+/58"+4% =58,14m
5=a+b-d=894+50~5814=080m

S _0.80 =235

T 0.34 034

3.2. X4c dinh AL, (xem hinh PL6.3):

Véi N = 2,35, trén dudng cong 2 (cho nguén dudng), tra dugc: ALs = 14 dB(A)
(12,35 =0,371)

3.3. Xdc dinh L,:

Ly, =72—-14=58 dB(A) (72 dB1a dép s6 cia bai todn 2a).
3.4. So sanh L, véi gid tri t6i han do CSTB dé nghi:
58 dB(A) = 58 dB(A)

Do d6, viéc xay dung ngoi nha & 2 ting v6i mat nha vuoéng goc vai tuyén dudng 1a ¢6

thé, con néu mat nha song song véi tuyén dudng 1a khong thé (58 dB(A) > 55 dB(A)).

MOT SO TAI LIEU PE THAM KHAO

Duéi day gidi thicu 3 so d6 vé nguyén tic st dung dat dai gan dudng cao téc trich tir
tai liéu tham khao 20.
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Nguyén tdc 1

Dung cho duong cao t6c chay bén ngoai nhiing cum dan cu hoac bén ria nhiing viing
moi xay dung (hinh PL6.5).

|-a————— Nha riéng 1&
Ving khang xay dung e Nhatapthé
Mat duong
=50 m
100 150
Hinh PL6.5

Nguyén tic 2
Diing cho duong cao toc chay qua cum dan cu nhung khong qua trung tdm (hinh PL6.6)

Cong trinh phyc vu méat do thap
~——— Nhiing cdng trinh khang phéi dé &
Viing khong l«— Nha4tingcao 12m
xay dung
Mat duang ~~——— Nhadcao37m
~50m
50 100 150 200
Hinh PL6.6

Nguyén tic 3

Dung cho duong chay thing vao hodc chay vong theo chu vi cla trung tam do thi
(hinh PL6.7)

l«——— Nha & duge bdo vé bang tdm chan song am

2
3 .
g [~ Cac cong trinh khong phai dé &, van phong cb diéu hoa khang khi
2
:E le— Nhadcao 15 m
Mt dudng g
=
| |
~50m 0 10+25 100

Hinh PL6.7
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BAI TOAN 2d (cho dudng giao théng trong néi bo thanh phd)
1. Bai toan
Hay tinh "chi s6 kho chiu" cho mat nha clia nhitng ngoi nha cao tdng nam lién tuc &

hai bén cua mot dubhg 6to rong 16 m, luu lugng xe 1a 1.500 xe/h. Ti 1& cac phong nhin
ra dudng pho > 1/2.

Hay kiém tra xem, liéu trong trudng hop ndy c6 thé khong ding nhitng bién phap dac
biét dé bdo vé nhitng ngodi nha nay khéi tiéng 6n bén ngoai hay khong?
2. Nhiing tu liéu can thiét
2.1. Mitc am vit 1i trung binh L, tai mat nha:
‘- Trong truong hop ti 1& cidc phong nhin ra duong phd < 1/2: ,
Lg, = 15,51gQ — 101gl + 36 dB(A) - (PL6-9)
Trong doé: |
Q - luu luong xe, xe/h;
[ - chiéu rong cua dudng, m.
- Trong nhiing trudng hop ti 1& cac phong nhin ra dudng >1/2:
Ly, =15,51gQ—-101gl+41dB(A) (PL6-10)
2.2. Sy bién thién ctia Ly, theo chiéu cao clia mit nha c6 thé bd qua.
2.3. Chi s6 khé chiu:
I=0,13L,, — 4,36 (PL6-11)
2.4. Theo két qua diéu tra cia CSTB/39/ can phai c6 I < 1. |
3. Giai bai toan
3.1. Mitc 4m vt ly trung binh L, tai mat nha (xem c6ng thitc PL6-10).
| L, = 15,51g1500 — 101g16 + 41 = 78,2 dB
3.2. Chi s6 kho chiu (xem cong thiic PL6-11).
[=0,13x 78,2 -4,36=58>>1
Do d6 trong trudng hop nay, viéc khong dung cdc bién phap dic biét dé bdo vé ngoi
nha khoi tiéng 6n dudng phd 1a khong thé dugc.
BAI TOAN 3
1. Bai toan
Mot dudng sit bing ray truyén théng c6 s6 lugng tau chay qua trong mot ngay nhu
trong bang PL6.9:
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Bang PL6.9

Chiéu dai ciia tau, m | Van t6c tau, km/h | Luu lugng tau, tau/ngay
Tau khach 200 100 4
Tau 6t6 ray ngoai 6 67 110 4
Tau 6td ray ngoai 6 200 110 4
Tau hang 600 70 2

Hay kiém tra xem, liéu c6 thé x4y dung nha & tai khu dat cdch dudng st nay 50 m
ma khong phai dung céc bién phap dac biét dé bao vé ngoi nha khoi nhiing tiéng 6n do
cac doan tau gay ra khong? (khoang dat giita duong tau va khu xay dung la dat trong).

2. Nhirng tu liéu can thiét

2.1. Dac trung cha cdc doan tau (mot vai két qua do dac cia CSTB nam 1970 trong
khi ch& doi nhitng s6 liéu chinh xac hon cua ISO) cho trong bang PL6.10.

Bang PL6.10
Loai thu Chiéu dai | T&c do tau, Kiéu ray L', | Thoi gian kéo dai
tau, m km/h dB(A) | cna tiéng 6n, s

Tau khach 200 90 + 110 | Truyén théng 90 6,5+8
Tau khach 300 + 500 | 120 + 150 | Néi kiéu zic-zac 92 72+15
Tau khéch 200 + 400 | 120 + 140 | N6i han 87 5,1 +10,3
Tau khédch 200 200 150 NGi han 81 4,8

Tau 6t6 ray (ngoai 6) 67 110 + 120 | Truyén théng 91 2,0+2.2
Tau 6t6 ray (ngoai 0) 67 110 + 120 | N6i han 87 2,0+22
Tau 6t6 ray (ngoai 6) 200 110 Truyén théng 91 6,6

Tau 6t6 ray (ngoai 6)| 200 120 Noi kiéu zic-zic 92 6,0

Tau 6t6 ray (ngoai 0) 200 110 N6i han 91 6,6

Tau hang 500 +700| 60+75 | Truyén thdng 85 24+ 42
Tau hang 500 +700| 60<+75 | Noizic-zac 86 24+ 42
Tau hang 500 <7001 70 +90 Noi han 83 20 + 36

Chii thich: "Lys - mitc am vat 1y clia-tiéng 6n gay ra bdi doan tau tai diém cdch dudng tau

25 m va cao 5 m so v&i mat phing dudng tiu.

2.2. Do suy giam mitc 6n do cdc doan tau gay ra phu thudc vao khoang cdch tir di€m
xem xét dén dudng tau (nhiing dudng cong trén hinh PL6.8 dudi day do CSTB dé xuat
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trén co s& xUr 1y nhitng két qua do dac cuia chinh minh, trong khi cho dgi nhitng khuyén
nghi chinh x4c hon ctia ISO).

30
@ /
= / 4
i /
= /
718 20 A /1
2 1 ,/ A

B M |/

: / /',\"2
& 4 7
«©- .
(] /7

10 // //

A1k
P
//
//
-
o LT
25 30 40 50 100 150 200 300 400

Khodng cach dén dudng tau, m
Hinh PL6.8. 1. Truong hop khoang dit c¢é cay xanh; 2. Trudng hop khoang dat trong.

2.3. Mdc am vat 1y cla ti€ng 6n gay ra bdi mdi doan tau tai diém xem xét (céch
duong tau mot khoang r):

L, =L, -AL,dB(A) (PL6-12)
L,s - 14y tir bang PL6-10. |
AL, - 18y tir d6 thi trén hinh PL6.8.
2.4. Mdc am vat 1y tuong duong L, cta tiéng 6n do tit ca cdc doan tau trong ngay

gay ra:

1 0,1L,, :
L =101gl ————» 10 t. |dB(A PL6-13
td g[24 360012;‘ j (A) ( )

2.5. CSTB d¢ nghi: Miic 6n dap vao mit nha khéng dugc vuot qua 55 dB(A) khi mat
nha song song véi dudng tau va khong dugc qua 58 dB(A) khi mat nha vuoéng géc véi
dudng tau (trong khi cho doi nhiing cudc diéu tra chinh thic).

3. Giai bai toan
3.1. Mitc am vat 1y cia tiéng on tai diém xem xét (xem cdc muc 2.1, 2.2 va 2.3): thé

hién trong bang PL6.11.
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Bang PL6.11

L Chiéu | T6c do, Los AL, L, ‘
Loai tau .. T,s N

dai,m | km/h | dB(A) | dB(A) | dB(A) ‘
Tau khéach 200 100 90 4,0 86 7.2 4
Tau 6t6 ray (ngoai 0) 67 110 91 4,0 87 2,2 4
Tau 6to ray (ngoai 6) 200 110 91 4,0 87 7,2 4
Tau hang 600 70 85 4,0 81 31 2

Chii thich: L,s: xem bang PL6.10; AL,: xem hinh PL6.8; L,: xem cong thic (PL6-12); t: thoi
gian kéo dai ca ti€ng on, xem bang PL6-10; N: S6 lugng cdc doan tau chay qua trong ngay,

xem ddu dé.

3.2. Miic am vat 1y tuong duong clia tiéng 6n tai diém xem xét, cong thitc (PL6-13):

L,= 101g|:I31€06(4x108’6 x7,2+4x10%7 x2,2 +4x10%7 x 7,2 +2x 10 x31}

L, =49,6 dB(A)

3.3. So sanh L,, v6i nhiing gi4 tri t6i han do CSTB d¢ nghi (xem 2.5 ctia bai toan nay).

Do dé, tai khu dat xem xét c6 thé xay dung nha & c6 mat nha song song véi tuyén
dudng ma khong cin nhiing giai phdp dac biét d€ chong 6n tir ben ngoai.

49,6 < 58 dB(A)
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