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LOI NOI PAU

Am hoc kién tric (con goi 1o ém hoc phong kin hay dm hoc cong
trinh) 1o nganh khoa hoc va k thudt nham muc dich tao ra moi trirdng
dm thanh nhir mong mudn bén trong cong trinh. Am hoc kién tric la mét
nhénh ciia B6 mén Am hoc néi chung. Mén hoc Am hoc kién tric cung
cdp nhitng hiéu biét co bdn vé Gm thanh, su van dong cua song dm trong
cong trinh, cdc kién thirc co bén nhim dat hiéu qua dm thanh 161 1u
trong thinh phdng va ddm bao tién nghi vé tiéng én cho ngudi sir dung
trong cong trinh.

 Sau nhiéu ndm gidng day mén Am hoc Kién tric tai truong Dai hoc
Bach khoa thuéc Pai hoc Pa Nang, bai giang chi tiét Am hoc kién tric
phdt hanh lan dau nim 2013 dwoc b6 sung, chinh Iy, hoan thién dé tré
thanh cudn sdch nay. Tai lidu dwoc chiing t6i bo sung nhiéu kién thirc him
ldm khi lam ludn van khoa hoc va kinh nghiém thyc 16 khi thiét ké va cdi
tao dm hoc cdc cong trinh. Trong qua trinh bién sogn tai liéu nay, tdc gid
dé cé gdng loai bé nhitng kién thirc 16i thoi trong cdc tai liéu dm hoc da
c6 trude ddy va dia them vao nhiéu Iy thuyét méi nhdt, déc biét 1o cdc ung
dung céng nghé s6 trong thiét ké dam hoc. Quyén sdch ndy diea trén nhiéu
tai liéu tham khdo quéc 1é, cdc tai lieu tham khdo dwoc trich dan chi tiét,
giip cho ngudi doc dé dang kiém tra tinh xdc thuc cia théng tin khoa hoc
ciing nhu tim hiéu cdin k& thém théng tin tir tai lidu géc (néu can).

Cuén sdch dwoc dong gop boi ThS. KTS. Phan Anh Nguyén (phén 1.2,
2.3,2.6, 2.7, 2.8, 2.9, mot phdn muc 1.5, 1.6, 1.8.2, va 4.2) va TS. KTS.
Nguyén Anh Tudn (toan bé nhitng phan con lai).

Cuon sdch nay dwoc tde gid bién soan nhédm dén ddi twong 1o Kién
truc su, Ky sw dm thanh, hoc vién cao hoc, sinh vién cdc nganh ky thudt
xdy dung, kién tric, méi truong dang theo hoc cdc cdp tai cdc truong
Dai hoc va Cao ding.

Trong mot khoang thoi gian han hep, véi nhiing kinh nghiém con
khiém ton trong linh viee néy, ndi dung ciia cudn sdch nay kho tranh khoi
thiéu sot. Tdc gid xin trdn trong ghi nhdn va chdn thanki biét on cde gop
Y dé lan tdi-ban sau sdch sé hoan thién hon!.
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Acoustical Society of America - Hdi Am hoc Hoa Ky

Bass ratio - d6 trdm

Computer-aided design - Thiét ké duoc sy hd tro cua may tinh
Hop DI - Hop ndi trung gian giira cac nhac cu va ban tron

Do 6 4m tiét

Digital room correction - Stra 18i phong K§ thuét sb

Early decay time - Thoi gian giam 4m sém

Equaiizer - B9 can bang am sic

Electronic reflected energy system - Hé théng tao ning luong phéan xa
dién tir

D6 tré ban diu

Kién truc su

Live end - dead end- D4u séng - diu cAm

Lateral energy fraction - Phin ning lugng bén

Massachusetts Institute of Technology - Vién cdng nghé Massachusetts
Multi-channel reverberation - Hé théng tao vang da kénh
Noise criterion curve - Pudng cong tiéu chudn tiéng dn

Noise rating curve - Pudng cong danh gia tiéng 6n

Noise reduction coefficient - Hé s6 giam 6n

Parametric equalizer - B9 cn bang tham sb

Preffered noise criterion - Tiéu chuan tiéng dn wu tién

Room acoustics STT - Chi sé STI trong 4m hoc phong

Sound pressure level = Muc dp sudt 4m

Speech transmission index - Chi s truyén din tiéng noi
Total harmonic distortion - Do-méo hai tong

Treble ratio - B thanh

World health organization - T4 chirc Y té thé gisi
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Chwong 1
CO SO LY THUYET CUA AM HOC

TOM TAT NQI DUNG CHINH

Pau chwong, ching téi tém leoc nhitng nét chinh cua lich sir dm hoc
va nhitng nhan vt cé dnh huéng dén linh viee nghién ciru nay. Tuy nhién
néi dung chinh ciia chwong 1 gidi thiéu chil yéu vé cdc khdi niém va céc
dai luong co ban cua ém thanh. Ban doc cdn tim hiéu va ndm dwoc cde
khai niém sau: '

Tan 56 (va bude séng) cua dm, phé tan s6 cia am va dic trung tan sé
ciia dm thanh c6 trong tw nhién. Luu ¥ rang tan sé ém thanh sé gén lién
VGi tdt cd cdc tinh todn lién quan dén am thanh Vvé sau.

Néim dwoc khdi niém octave (quing tdn s6) va y nghfa‘ cua no trong

© cdc tinh todn dm hoc.

Cdc dai lugng co ban nhdt gom: cuong dé ém I dp sudt ém P.

Thang do mikc am gom: Decibel, Decibel A, Decibel B va Decibel C.

Cdc dic diém vé sw cam thy ém thanh cia con nguoi, bao gom ddi am
thanh nghe duoc va dg nhay cia tai theo tan sé ém.

Cdc ddc diém vé sw lan truyén ciia dm thanh va su suy giam ndng
lwong ém theo khodng cdch: nguén ém diém va nguon dm duong.

Phan bai tdp cudi chuong c6 nhitng vi du giip ban doc hiéu & hon
cdc khdi niém chinh cia chuong.

1.1. GIOI THIEU

Moi trudng am thanh bén trong va xung quanh cac cdng trinh chiu sy chi phéi
ctia mot loat cac yéu t§ doc 14p hodc c6 lién quan mat thiét dén quaé trinh quy
hoach - thiét ké va xay dung cong trinh. TU giai doan khoi ddu cta bt ky du an



- xdy dung nao, su lya chon dia diém, su sip dit cong trinh trong khu dht, va ca su
bo tri cac khong gian trong cdng trinh co thé anh hudng dén truong dm va cac
vAn dé lién quan dén am thanh va tiéng 6n. Cac vat liéu va céc chu kién cong
trinh hinh thanh nén bé mit hoan thién cta cong trinh quyét dinh 4m thanh s& lan
truyén nhu thé nao gitra cac khong gian ké can nhau. Cac KTS, k¥ su, cic nha ky
thuét cong trinh, cac nha thiu déu c6 vai trd trong viéc kiém soat mdi trudng Am
thanh cta cong trinh. Vi mot vai kién thirc co ban vé cac nguyén 1y 4m hoc (d6
13, cac vat lidu va céu tric anh hudng dén am thanh nhu thé nao), nhidu van dé
am thanh c6 thé tranh dugc hoc it nhét dugc giai quyét trong cac budc déu tién
ctia du 4n v6i chi phi thip. Nhing bién phap chita chay (khi “chuyén da rdi”
cong trinh da hoan thanh va dua vao st dung) thuong la rét tdn kém va mang lai
hi¢u qua thap. J

Hién nay, cac co quan quan ly, cac lut va t1eu chuén xay dung ngay mot quan
tam hon va dua ra cac y8u cdu vé am hoc trong thiét ké cong trinh. Yéu cau quan
tAm dic biét v& 4m hoc 12 hién nhién trong cdc cdng trinh ¢6 yéu cu cao nhu
phong hoa nhac hay trong cic phongthu. .. Tuy nhién, hau hét cac vén dé ric rdi
lai lién quan dén céc khong gian song va lam Viéc thuong xuyén cﬁa con nguoi.

Khi ma con ngum ngdy cang co nhung yéu cdu cao hon vé nhung gi ho cin
lién quan dén viéc céi thién chit lugng moi trudng sdng va lam viéc, nhitng nhu
ciu d6 phan 4nh mot cach mat thiét trong céc tidu chuin thiét ké ky thuat thiét ké
cong trinh. Am hoc hlen nay dd tr¢ thanh mot ti€u chi trong hé thong danh gia
chét luong cdng trinh truong hoc, co s& y té, van phong lam V1ec, va du kién s&
con mé rong ra tit ca cac dang cong trinh trong tuong 1a1 rét gan.

Moi van de Ve am thanh trong cong trinh c6 the xem nhu mot hé thong ngudn
am, duong truyén 4m, va bd phén thu nhén am. Ngay ca trong cac vén de_phuc
tap, chiing ta co thé don gian hoa van d¢ Vbellng cach xem xét thanh nhidu ngudn
am riéng ré va céc duong lan truyén am thanh twong (ng dén bd phén tiép nhén
am. DU 12 mot ngudn 4m mong mudn hay khong mong mudn (i/i du tiéng 6n),
viéc kidm soat chiing c¢6 thé thuc hién théng qua céc thanh phén cia hé théng
phu d3 néi & trén. Hinh 1.1 cho thdy ngay ca trong truong hop cua mot gidng
duong don gidn, ca dm thanh mong. muén (tiéng giang vién va su trao ddi clia
hoc vién) va khong mong mubn (tleng 6n ca hé. thong diéu hoa khong khi) déu,
cothe cling ton tai. - C : =



Noi nhan . Puwéng dén

Am khong mong muén (tiéng &n)

Hinh 1.1. Trong bat ky tru"dng hop nao (dm mong muo’h hay tiéng on),
ta c6 thé xem dé Id mot hé théng nguon phdt, duwong lan truyén
va tiép nhdn édm (Cavanaugh, et al., 2009)

Thong thudng, thiét ké va cong nghé cua cdng trinh c6 anh hudng 1én nhét
dén sy lan truyén 4m. Tuy nhién, hiéu biét vé ngudn 4m va su thu nhan am la rat
can thiét d& c6 thé dua ra giai phap phu hop cho ting tinh hudng. Vi du, viéc
ching ta chon va chi dinh céc thiét bi co khi/dién c6 do dn thép nhét c6 thé s&
giam nhe ganh ning cho viéc thiét ké chéng 6n va rung dong sau nay, cling nhu
chi phi phu trdi cho cac cong viéc d6.

Vé co ban, viéc kiém soat hiéu qua méi truong 4m thanh trong cong trinh can
it nhit 14 cac kién thirc co ban vé am thanh va su lan truyen am thanh trong cac
khong gian ciia céng trmh va vé viéc am thanh bi 4nh hudng nhu thé nao béi cac
vét liéu xdy dyng va cac hé théng cia cong trinh. Cling nhu hang loat cic nganh
hoc khac c6 lién quan dén moi truong tong thé cua cOng trinh (tién nghi nhiét,
chleu sang, tiét kiém ning luong, vv...), giai phap 4m hoc doi héi khong it cong
strc dau tu cia ngudi thiét ké. Cubi cung, con ngudi khong chi ¢6 cam nhan va
phan ung d6i vai mot yéu t6 cua moi truong. Am hoc, do dé, thudng khong phai
1a yéu t§ quan trong nhat, nhung n6 la moét phén quan trong cua moi trudng xady
dung va viéc kiém soat .‘pot 4m thanh gitp tao ra nhirng cdng trinh c6 chit luong
hoan my.
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1.2. LICH SU CUA AM HQC

Phin nay tom lugc v& lich st &m hoc gdm nhiing thi nghiém, kham phé vé& 4m
hoc, va cac nha nghién cttu c¢6 déng gop vi dai cho linh vuc nay trong thé ky 19.
Trong thé ky 20, phan 4m hoc kién triic duge chia lam sdu linh vic nhé bao gbm
am hoc kién triic, vat ly 4m hoc, k§ thudt 4m hoc, sinh ly va tdm ly 4m hoc, 161
noi, va 4m nhac.

1.2.1. Am hoc thoi ¢ dai

Nhitng nghién ciru khoa hoc vé am thanh dwoc xem 1a c6 ngudn goc & Hy Lap.
cd dai. Tir “acoustics” c6 ngudn gdc tir tiéng Hy Lap “akouein”, c6 nghia la
nghe, nhung mai dén ndm 1701, Sauveur dugc xem la ngudi dau tién dp dung
thuét ngit m hoc dé néi dén khoa hoc ctia &m thanh (Lindsay, 1973).

Pythagoras, ngum da sang 1ap ra nén toan hoc trong van hoa Hy Lap vao thé
ky thir 6 truéc Cong nguyén, da nghién ciru cac diy rung va dm nhac. Ong da
phét hién ra rang viéc chia chiéu dai ctia mot day rung thanh céac ty 1é don gian aé
tao ra cac hoa 4m. Ong ciing quan sat thiy muc do cao thip cta 4m thay dbi véi
dd cing cua diy va am diéu duoc tao ra khi danh vao cbe thuy tinh (Hunt, 1992).
Mic du ngudi Hy Lap biét vé tdm quan trong ctia mot thiét ke am hoc tt trong
rap hat, nhung kién triic su La M4 - Vitruvius - 1an dAu tien viét v& thiét ké am
hoc trong sach De Architectura ctia dng, bao gbm sy hidu biét va phan tich 4m
thanh san khiu: "Ching ta phai chon mjt dia diém sao cho tiéng noéi co thé
truyén di tréi chay, va khong bi quay trd lai boi su phan xa va chuyén tai mot y
nghia r rang dén tai".

1.2.2. Am hoc trong thé ky 19

Am hoc thuc sy né rd vao thé k}”{'19. Piac biét déng cha y 1a nghién ctu cia
Tyndall, von Helmholtz, Rayleigh va nhiéunha khoa hoc khac.

Tyndal |

Nim 1867, John Tyndall (Ireland 1820)-xudt-ban-cudn sach “Am thanh” vé&i
bay chuong. Sau d6, 6ng bd sung cic chuong vé viéc truyén -4m thanh qua biu
khi quyén va su két hop cia 4m nhac. '

- Tyndall dugc nhé dén vi nghién ctru clia 6ng v& anh hudng ctia swong mu véi
viéc truyén 4m thanh trong khi quyén. Khi swong mu che pht nhfrng ngon den
bién, cac tau thuyén phu thudc vao tiéng coi, chudng, cdi bao dong, va thdm chi
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1 tiéng sing dé canh bao. Nam 1873 Tyndall bét ddu mot nghién ciru vé sy lan
truyén 4m thanh trén mit nuée trong diéu kién thoi tit khac nhau tai eo bién
‘Dover. Ong thiy viéc lan truyén 4m thanh thudng khong nhét quan.

Helmholtz |

Hermann von Helmbholtz, 13 gido su Sinh Iy hoc tai Kénigsberg. Ong nghién
ctru vé sinh ly hoc, nhan thirc mau séc, va dién. Nghlen cru 4m hoc quan trong
nhét cia ong 1a cubn “Su két hop ciia am thanh”, xuit ban nim 1856 (Helmbholtz,
1856). Cubn sach “Cam gidc 4m thanh” (1862) két hop kién thirc vé sinh ly, vt
Iy va am nhac. Ong d3 lam nhac cu day, am thoa, coi bao dong, va cac bd cong
hudng dé cho thiy ring do cao 1a do tin sé co ban, nhung chit lugng cia 4m
nhac 1a do sy hién dién ctia 4m thanh ph4n. Ong d3 chi ra cach tai c6 thé tach ra
céc thanh phan khac nhau cia mot am thanh phire tap. Ong két luan rang chét
luong ctia 4m thanh phy thudc duy nhét vao sb lwong va sitc manh ciia Am thanh
phan. Dé nghién ciru do rung dong cia tiéng dan violin va tleng noi, Helmholtz
da phat minh ra mét kinh hlen vi rung dong giup md phong rung dong. Mot bng
kinh ctia kinh hién vi dugc gan vao nganh ciia mot 4m thoa, va mét diém cd dinh
di chuyén 1én xudng. Mot diém son sang dugce chim 1én soi day dan, va mot cdy
cung dugc kéo vudng goc véi soi diy dan. Diém trén day violin rung dong. Bing
cach quan sat cac mAu cho mot day violon, Helmholtz d c6 thé xac dinh chuyén
dong thuc té cua chudi, va chuyén dong nhu vay con dugc goi 13 chuyén dong
Helmholtz (Hinh 1 2)

S _ Chuyén ddng Helmholtz
- T Chuyén ddng Helmholtz T A kéo ma sét véi day dan

> |
[] Cay cung H Céy cung

Hinh 1.2. Chuyén dong Helmholtz voi ddy cung kéo lén ddy dan (tréi)
- va ddy cung kéo ma sdt vdi'ddy dén (phdi) - phong theo Helmholtz (1954 )
Rayleigh |

Rayleigh d& c6 nhitng déng gop vi dai cho linh vyc vét Iy, va 4m hoc. Cudn
sach “Ly thuyet cia 4m thanh” c6 mét vi tri danh du trén ban lam viée cta nhidu
nha thiét ké 4m hoc (c6 thé cing véi cudn sach cia Von Helmholtz). Ngoai ra
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ong di xuAt ban 128 bai bao vé 4m hoc. Ong da tién doan rit nhiéu diéu tha vi va
dit né vao cudn sach ciia minh. Ong ding toan hoc dé dit ra tiéu chudn cho céc
bai viét tiép theo v& am hoc. Cudn sich dAu tién cia dng phat trién 1y thuyét rung
dong va cac ung dung cla n6 cho day, thanh, mang va tAm, trong khi quyén thir
hai bét dau v6i su rung dong trong khong kh1 va sy truyén 1én cia séng trong
chat long (Beyer 1999)

- George Gabrlel Stokes

Stokes sinh ra & hat Sligo, Iceland vao nam 1819, thuc hién ngh1en ctiru vé
thiy dong luc hoc. Nam 1845, ong xuét ban bai bdo kinh dién vé& cac ly thuyét
lién ‘quan ma sat ndi bo cia- chit 16ng chuyén dong, trong d6 trinh bay mot
phuong trinh ba chidu cia chuyén dong cta mot chit léng nhét duge goi-la
phuong trinh- Stokes-Navier. Céc phuong trinh Stokes-Navier vé chuyén. dongv
cia mot chat long nhét, nén duoc van 1a diém khéi d4u cho phin 16n cac ly
thuyét vé lan truyén 4m thanh trong chét long ‘

Alexander Graham Bell

Bell smh ra tai Ed1nburgh Scotland nam 1847 Ong da day am nhac va thuyet
tr1nh tai Scotland truge khi chuyén dén Canada nim 1868, va nam 1871 ong
chuyen dén Boston lam -gido vién cua nguol khiém thmh Trong thoi g1an ranh
r6i 6ng da Jam viéce trén may dién tin, mot thiét bi cho phép truyén hai hodc nhleu
tin hiéu dién trén cung mot ddy. Trong subt cudc doi ciia minh, Bell da quan tdm
dén viéc day hoc cho nhitng ngudi khiém thinh, didu nay da khién ong séng tao
ra micrd, va nam 1876, ‘chiéc may dién thoai dugc phat minh. Ong da dugc
khuyen khich lam viéc lién tuc voi sang kién nay. Dién thoai 1a mot thanh cong
vé tai chinh, ciing nhu k§ thuat cia Bell. Ong thanh l4p ‘phong thi nghiém cua
minh gan Braddock, Nova Scotia va iép tuc cai tlen dién thoai cling nhu lam
viéc v&i nhitng phat minh khac (Beyer 1999). '

Thomas Edison

Cung nim Bell sinh ra & Scotland (1847), Thomas Al-Edison, nha phat minh
vi dai, dugc s1nh ra & M1lan Ohio. Nam 14 tuo1 ong xuit ban t& bdo nho cua
minh, ¢6 1& 13 t& bao dau tién duge ban trén tau héa. Ciing trong do tubi 14, ong
méc bénh st phéat ban va n6 da khién 6ng gin nhu diéc. Phat minh dAu tién cia
ong la cai tién mot may dién bao va éng da dugc trd 40’000 US $. Ngay sau khi
thanh 1ap phong thi nghiém & Menlo Park, New Jersey, ong dd phat minh ra may
quay dia déu tién (nam 1877). Nhiéu ngudi di ci tién chiéc méy quay dia cia
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Edison, nhung Edison la ngudi dau tién ching minh rflng tiéng noi clia con ngudi
c6 thé duoc ghi lai cho hau thé. Phat minh tiép theo vao nim (1879) 1a béng dén
dién. C4c phéat minh khac bao gdm mdy ghi 4m, méy in va pin du trit. Trong nim
thanh lap (1929), Hiép héi Am hoc Hoa Ky (ASA) da vinh danh Thomas Edison
la mét thanh vién danh dy, va trong subt 20 nim tiép theo khong c¢6 ai dugc nhin
danh hi¢u nay.

Rudolph Koenig

Rudolph Koenig sinh ra & Konigsberg, Dttc vao nam 1832, da cbng hién hon
40 ndm d¢ tao ra nhiing thiét bj 4m thanh t6t nhat trong thoi cta dng, nhidu mat
hang van dang hoat dong trong céc vién bao tang va phong thi nghiém am thanh.
Koenig da ché tao nhitng chiéc 4m thoa moi kich ¢ dé tao ra 4m thanh c¢6 tan sb
tir 16 dén 21845 Hz. R4t nhidu 4m thoa duogc treo trén cac bd cdng hudng rong
bing gd. Ong di tao ra ca thiét bi cOng hudng hinh try va hinh cu theo nguyén
Iy Helmholtz v&i tét ca cac kich ¢ (Greensladejr, 1992).

1.2.3. Am hoc trong thé ky 20

Cot mbe quan trong 1a vao ndm 1929, Hiép hoi Am hoc Hoa Ky duoc thanh
lap. Mot trong nhiing sy kién lién quan dén ky niém 75 ndm cta Hoi nay 1a viéc
xuét ban Lich st ctia Hiép hoi dugc viét boi céc dai dién tir 15 Uy ban k¥ thuit,
do Henry Bass va William Cavanaugh bién soan (Bass & Cavanaugh, 2004).
Khong thé dé cap dén tat ca cac bdo cdo, tit ca su phét trién 4m hoc trong thé ky
20, chang toi s& chi chon mdt vai linh vie 4m hoc quan trong va cb ging thao
ludn ngén gon mot sb phét trién quan trong trong linh vuc nay.

1.2.3.1. Am hoc kién tric

Wallace Clement Sabine (1868 - 1919) dugc coi 14 cha dé cita linh virc 4m hoc
kién truc. Ong 1a ngudi dau tién thue hién cac phép do dinh lugng &m hoc trong
phong. Ong phat hién téng lwong hép thu 4m trong phong va thoi gian &m vang
14 co s& kiém so4t Am thanh trong phong. Khi 1a mét gido su 27 tudi cta Pai hoc
Harvard, dng duogc Hi¢u trrong chi dinh tim céc bién phap khéc phuc chit lugng
am thanh trong céc giang duong ¢ Béo tang Nghé thuat Fogg cua Harvard, noi
ong bit dau nghién ciru bai bao ndi tiéng vé 4m vang (Sabine, 1964).

Sabine xac dinh thoi gian 4m vang trong gidng dudng Fogg bing dan bng
organ va thiét bi do thoi gian. Ong nhan thiy, thoi gian 4m vang trong phong
trong 13 5.62 gidy. Sau d6, 6ng bit diu thém cac tim ném tu rap hat Sanders va
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do dac lai két qua thoi gian am vang.-Ong da phat trién mot céng thirc thuc nghiém
T =0.161V/A, cdng thirc sau nay van duge goi 1a cong thirc am vang Sabine.

* Sau thanh cong cua giang duong Fogg, Sabine dugc yéu ciu dua ra cac yéu
cau k¥ thudt 4m thanh cho khén phong hoa nhac Boston méi, dam béo nghe nhac
hay tir moi chd ngdi. Khan phong hinh hop duge st dung (Hinh 1.3). Sau do,
bing cach st dung cong thirc toan hoc thoi gian 4m vang, Sabine cAn than didu
chinh khoéang cach gitta cac hang ghé, d6 nghiéng clia cac blrc tudng, hinh dang
ciia san khau va céac vat liéu dugc sit dung trong cac birc tuong dé tao ra am
thanh tinh t& duoc nghe ngay hom nay tai Boston Symphony Hall.
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‘Hinh 1.3. Mdt bang khdn phong Boston - phdng theo Beranek (1962)

Vern Knudsen (1 893 - 1974), nha vat 1y tai Dai hoc California Los Angeles va
a chil tich thir ba cia Hiép héi Am hoc Hoa Ky. Nam 1932, dng xuét ban cubn
sach v& “Am hoc kién trac” (Knudsen, 1932), va nim 1950, mot cudn sach
“Thiét ké kién trac trong 4m hoc” cing v6i Cyril Harris (Knudsen & Harris,
1950), da tom tét hiu hét nhitng gi da biét vé chu dé nay vao gitia thé ky 20.

Vao giita nhitng ndm 1940, Richard Bolt, mot nha vat l}'/ tai Hoc vién Cong
nghé Massachusetts (MIT), da dugce Lién Hiép Qubec-yéu cau thiét ké 4m thanh
cho mot trong nhitng tda nha méi cua Lién Hiép Quée. Ong da yéu ciu Leo
Beranek cung lam tham gia du an. Bong thoi, ho da thué mot gido su ctia Hoc
vién MIT, Robert Newman, cang lam viéc v6i Lién Hiép Quéc. Ho d3 cung nhau
thanh lap c6ng ty cla Bolt, Beranek, vd Newman (BBN), tr¢ thanh mot trong
nhitng cong ty tu véAn kién triic hang dau trén thé gi6i. Cong ty nay da tu vén &m
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thanh cho mot sé phong hoa nhac ndi tiéng, bao gdm Avery Fisher Hall & New
York, Koussevitzky Music Shed tai Tanglewood, Nha hat Symphony Davies &
San Francisco, Roy Thompson Hall & Toronto va Trung tdm Biéu dién Nghé
thuét & Tokyo (Beranek, 1996).

Tir ndm 1975, nhitng yéu ciu vé 4m thanh trén san khiu bét diu duoc quan
tAm va diéu tra 1 cich c6 hé théng. Marshall d4 mé ta cac két qua tr budi bidu
dién cia 3 nhac cong thudc bd ddy trong mot méi truong am thanh moé phc’)ng
trong phong thi nghiém, trong khi Barron da tién hanh cac thi nghiém v6i mot
nhom 16n hon (tir 8 dén 13 ngudi choi) trong mot hoi trudng véi mot mot san
khéu c6 kha nang diéu chinh vé kich thudc va thé tich. Marshall tap trung vao
cac yéu té anh huong dén "su d& dang ddng dién cia nhoém nhac", trong khi
Barron hoi vé chu dé: "4n tvong chung", "kha nidng nghe ban than va nguoi khac"
va "diéu kién choi nhac". C4 hai nghién ctru nay déu cho thay hiéu qua tich cuc
cua cac nhac cong khi nhin dugc nhitng 4m phan xa sém - phi hop véi thuc té,
da c6 rat nhidu hdi truong (vi dy Herkules Saal & Munich va Concert Hall Radio
Pan Mach) da dugc trang bi c4c mang phan xa trén san khau tir nhitng nam 1950,
vi du: cua Keidel (Gade, 2010). Nam 1989 Gade thuc hién mot loat cac nghién
clru tién phong trong phong thi nghlem va trong nhiéu khan phong néi tiéng &
chau Au (Gade, 1989). Sy twong quan gitra két qua khéo sat ctia dan nhac va cac
két qua do dac da khing dinh hd trg sém (STI) ti s6 gifta nang lugng am phan
Xa s6m va ning luong 4m t6i, 1a mot tham sb dé danh gia dleu kién dong dién
trén khu vuc san khu.

Tiéu chudn ISO 3382 dua ra tidu chudn do dac cac tham s6 danh gia am hoc.
Quyén diu tién duge xudt ban vao nim 1975 néi vé cach do dac thoi gian 4m
vang trong phong khan gid. Céc tham sb danh gia 4m hoc tiép tuc duoc cép nhat
va dua vio tiéu chuin nay.

Giai thuong Wallace Clement Sabine ctia Hiép hdi Am .hc_)c Hoa Ky trao cho
nhitng cac nhan vat cbng hién trong cho linh vuc 4m kién tric bao gdm Vern
Knudsen (1957), Floyd Watson, Leo Beranek, Erwin Meyer, Hale Sabine, Lothar
Cremer, Cyril Harris, Thomas Northwood, Richard Waterhouse, Harold
Marshall, Russell Johnson, Alfred Warnock, William Cavanaugh, John S.
Bradley, Chrlstopher Jaffe, va Ning Xiang (2014). Giai thuéng dugc trao 3 ndm
1 14n bit ddu tir ndm 1957 dén nay. Cong viéc cua tung nha tu van 4m hoc ndi
bat nay c6 thé 1a mot chuong trong lich sir 4&m hoc.
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- 1.2.3.2, Ky thudt am hoc

K¢ thuat 4m thanh trong thé ky 20 ghi nhan sy phat trién vurgt bac ciia ky thuat
dién thanh va céc thiét bi dién tr khuéch dai 4m thanh. Micrd dau tién 13 may phat
tir tinh cta Bell va micro carbon cta Edison va Berliner. Mot budc tién 16n trong'
nim 1917 14 viéc phat minh ra micré ngung tu cia Edward Wente (1889 - 1972).
Nim 1962, James West va Gerhard Sessler dd phat minh ra micrd tu dién electret,
da tr& thanh loai micrd phd bién nhédt dang dugc st dung véi gin 90% trong sb
khoang mét ty micro dugc san xuit hang nam 12 thiét k& electret.

Ernst W. Siemens 14 ngudi dau tién mo ta loa cudn cam véi mot cudn day tron
trong mot tir trudng va dugc hd trg sao cho n6 ¢co thé di chuyén doc truc. Vo |
nam 1925, Chester W. Rice va Edward W. Kellogg tai General Electric d4 thanh
lap nguyén tic co ban cta loa phéng thanh tryc tiép. Nam 1926, Radio
Corporation of America (RCA) di st dung loa phdéng thanh truc tiép v6i dong
dién xoay chiéu (AC). Nam 1943, James Lansing gi6i thiéu bd tan nhiét ddi
Altec-Lansing 604 két hop mét loa 15 inch véi bd diéu khién va ang ten nén tan
sb cao (Augspurger, 1985). '

Hiép hoi Ky thuét Am thanh duoc thanh 14p vao nim 1948 cung ndm do,
hang Columbia Records da gidi thiéu dia ghi &m thanh v6i tdc do quay 33 1/3
vong trén phut. Sy ra doi cta dia ghi 4m thanh c6 tic dong to 16n dén cong déng
ky thuét am hoc. ‘

' 1.2.3.3. Am hoc sinh Iy va tam Iy |

Am hoc sinh Iy nghién clru hé théng thinh gi4c ngoai vi, bao gdm co ché b¢
tai, kich thich ma hoa trong day than kinh thinh gidc, va cac 'mod hinh phan biét
am thanh.

Georg von Békésy (1899 - 1972) sinh tai Budape’st, ong lam viéc cho
Hungarian Telephone Co., Dai hoc Budapest, Vién Karolinska & Stockholm, Dai
hoc Harvard va Dai hoc Hawaii. Nam 1962 6ng duoc trao gidi Nobel vé sinh ly
hoc va y khoa cho nghlen ctru ciia dng Ve tai. Ong da xac dinh tinh tinh va dong
ctia mang Oc tai, va 6ng di xay dyng mot md hinh co hoc clia oc tai. Ong c6 1& 13
ngudi dau ti€n quan sat dong xody cua chit long trong bc tai. Josef Zwislocki
(1922-) da 1y luan ring su tdn tai cta cac chuyén dong chét long nhu Vay chéc
chan s& din dén su phi tuyén, mic du Helmholtz da gia dinh khé nhiéu ring tai
trong 12 mot hé tuyén tinh (Helmholtz, 1862). Nam 1971 William Rhode di
thanh cong trong viéc thuc hién cac phép do trén mot b¢ tai sdng cho 1an déu
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tién. Peter Dallos, Bill Brownell, va nhitng cong sy d3 xdc dinh dugc céc té bao
16ng bén ngoai nhu cac bd khuéch dai 6c tai (Sachs, 2004).

Am hoc Tam Iy ¢6 lién quan dén céc thude tinh chu quan cta Am thanh, ching
han nhu d6 én, dd cao, Am sic va mirc do lién quan dén céc sb liéu thé chét co
thé do luong nhu mutc 4m thanh, tin sé va phd ctia kich thich.

Tai phong thi nghiém Bell Telephone, Harvey Fletcher, chi tich dau tién cta
Hiép hoi Am hoc Hoa Ky, va W. A. Munson da x4c dinh c4c duong déng mitc Fon
bang cach cho ngudi nghe so snh mot lugng 16n cdc 4m véi don 4m & tan sé 1000
Hz. Nam 1951, J. C. R. Licklider (1915-1990), ngudi ndi tiéng vé cong viéc phat
trién Internet, tp hop két qua ciia mot sb cudc didu tra thinh giac lai véi nhau
(Licklider, 1951). Che l4p 4m thanh béi 4m thanh khac da dugc thao luédn trong
mot bai bao cb dién cua Wegel va Lane, cho thdy rang cic m tin sb thip c6 thé
che 1ap céc tAn s6 cao hon tét hon va ngugc lai (Wegel & Lane, 1924).

Hai 1y thuyét chinh vé& nhan thirc cao do dan phét trién trén cac thi nghiém co
36 & nhiéu phong thi nghiém. Chung thuong dugc goi 1a 1y thuyét vi tri (tAn s8)
va ly thuyét tudn hoan (thoi gian). Bing cach quan st nhitng chuyén dong nhu
lan song ctia mang ¢ tai do kich thich 4m thanh, Békésy cung cép su hd trg cho
ly thuyét vi tri. Tuy nhién cudi nhiing ndm 1930, J. F. Schouten va cac dong
nghi¢p clia 6ng da thuc hién nhitng thi nghiém thay dbi do cao hd tro cho Iy
thuyét tudn hoan v& do cao. Céc Iy thuyét hién dai v& nhén thic d6 cao am
thudng két hop ca hai yéu t6 trén (Moore, 1993).

- 1.2.3.4. Nghién civu vé s dién thuyét (Speech)

Viéc san xut, truyén tai, va nhan thic cia 181 n6i ludn dong mot vai tro quan
trong trong 4m hoc. Harvey Fletcher d3 xuét ban cudn “Speech and Hearing”
ndm 1929. S6 dau tién ciia Tap chi Hiép hoi 4m thanh Hoa Ky bao gdm cac bai
bao vé& 101 n6i cta G. Oscar Russell, Vern Knudsen, Norman French va Walter
Koenig, Jr. Vao ndm 1939, Homer Dudley phat minh ra bd vocoder, mot hé
thdng trong d6 151 néi duge phén tich thanh c4c bd phén cdu thanh bao g0m tin
sb co ban cua 1oi noi, tiéng on, va cuong do cia loi noi trong mot loat cac bd loc
béang thong. o

| Mot cong cu ddc biét hitudich cho viéc phan tich 16i néi 1a phé am, dugc phat
trién ban dau tai phong thi nghiém Bell Telephone vao khoang nam 1945. Ban
ghi ndy ghi lai 4m thanh tan s theo thoi gian cho mot doan ngin bai phat biéu
ma ¢ d6 mic am the hién boi do dam trong mdt dd thi thn s8 hai chibu, nhu thé
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hién trong Hinh 1.4, phién ban k§ thuét s6 cna phd 4m dugc st dung hién nay,
nhung dinh dang hién thi trong tu nhu may ban dau.

Thoi gian

00 144 (s)

Tan sbio.
(Hz)

C-h-G-c  mirng nam m & i

Hinh 1.4. M6t céu don gidn (Chiic misng nam mdi)
dugc ghi dm lai biéu dién dudi dang phé dm

Nguén: Phan Anh Nguyén

Nghién ctru 161 n6i v& khia canh ngir am da nd rd & cac phong thi nghiéni Bell
Telephone va nhiing noi khic trong nhirng nam 1950. Gordon Peterson va céc
ddng nghiép cia 6ng da thuc hién mot s6 nghién ciru vé cac nguyén &m. Gunnar
Fant di xuét ban mot cude khao sat ddy di vé linh vuc ndy trong “Ly thuyét 4m
hoc ciia 16 néi” (Fant, 1960). James Flanagan (1925-) di chitng minh tdm quan
trong cla viéc su dl_mg hiéu biét coa ching ta vé dong lyc hoc chét long trong
viéc phan tich hanh vi cua ctra hau (Phén thanh quéan bao gdm céc day thanh 4m
va khe m¢ gitta chang. N6 anh hudng dén diu ché tiéng noi thong qua viéc mé
rong hodc co lai). Kenneth Stevens va Arthur House luu y rang khong khi nd tir
ctra hdu c6 dang song tam gidc da dan dén mot diy séng hai hoa phong phu.
Téng hop 16i néi va tu dong nhan dang 161 noi la nhing chn dé quan trong trong
nghién ctru néi. Dennis Klatt (1938-1988) da phat trién mot hé thong dé tong hop
1 néi, va ngay trudce khi qua doi, 6ng di dua ra bai phat biéu tong hop ddu tién
vé nghe 13, trinh bay cho ASA (Ladefoged, 2004).

1.2.3.5. Am hoc am nhgc

Am hoc 4m nhac lién quan dén viéc san xuat 4m nhac, su truyén tai dén nguoi
nghe va nhan thirc cia nd. Nhac cu vao cac bd dugc phén loai theo cach ma dm
nhac dyoc san xuat: bd day, bd khi, bd g6, va dién ti.



B0 day thu hit sy quan tdm nghién ctru ctia cac nha khoa hoc dau tién. Violin
hién dai dugc Gaspara da Salo va gia dinh Amati phat trién cht yéu & Y vao thé
ky 16. Trong thé ky 18, Antonio Stradivari, hoc trd ctia Nicolo Amati, va Guiseppi
Guarneri da tao ra cac nhac cu violin ¢6 4m thanh cao sang, dit ra tiéu chuén cho
cac nha san xuét violin tir thoi diém do. Nhitng déng gép ndi bat cho su hidu bibt
vé am thanh cta violin di dugc thyc hién boi Felix Savart, Hermann von
Helmbholtz, Lord Rayleigh, C. V. Raman, Frederick Saunders va Lothar Cremer.

Piano, dugc phéat minh bdi Bartolomeo Cristofori vao nim 1709, 1a mdt trong
nhitng nhac cu linh hoat nhit ctia tt ca cac nhac cu. Mot trong nhitng nha nghién
clru piano vi dai nhat moi thoi dai 1a Harold Conklin. Ong xuét ban mot loat ba
bai bao trong Journal Acoustical Society of America c6 thé ding lam sach gido
khoa cho céc nha nghién ctru piano (Conklin Jr, 1996).

Nhiing nguoi tién phong trong nghién ctru nhac cu thudc bd khi bao gdm
Arthur Benade (1925 - 1987), John Backus (1911 - 1988), va John Coltman
(1915 - 2010). Backus, nha vat ly nghién ciru, d4 nghién ctru ca nhac cu bﬁng
dong va bang gd, dic biét 1a cac dic tinh kidm soat dong phi tuyén ctia cdy sdo
bang gb. Hai cudn sach ciia 6ng viét “Bo khi, bd day va su hoa hop” vi “Cac
nguyeén tic co ban vé 4m thanh am nhac” dd dugc Dover Books in lai. Coltman,
nha vét ly va giam d6c didu hanh cua Tép doan Dién luc Westinghouse, d4 danh
rt nhiéu thei gian ranh rdi cho nghién ciru vé céc khia canh 4m nhac, lich str va
4m thanh cta 6ng sdo va dan Organ (loai dan gdm rat nhiéu bng duogc sir dung
trong dan nhac giao hudng va dan dong ca trong nha thd). Ong thu thap dugc
hon 200 nhac cu clia bo sdo ma 6ng da st dung trong cdc nghién ciru cia minh.
Gén déy, Neville Fletcher va céc ddng nghiép cua ong tai Uc da nghién ctu sdo,
dan Organ, va cac nhac khi khéc.

Giong ndi cua con ngudi 1a nhac cu ¢b nhét, va am thanh cta n6 da duoc
nghién ctru rong rai boi Johan Sundberg va cic ddng nghiép & Stockholm.

Am thanh cda cac nhac cu thudc bd go tir nhiéu qubc gia khac nhau di dugc
Thomas Rossing va cac sinh vién cua 6ng nghién ctru, va rat nhiéu trong s6 d6
duoc md ta trong cudn sach “Khoa hoc cdc nhac cu g6” (Rossing, 2000) ciling
nhu trong céc bai bao da cong bb chia ong. '

CoOng nghé am nhac dién tr da dut_wc thuc hién véi viée phat minh ra 6ng chan
~ khong vao dau thé ky 20. Bo téng hop nhac Analog d3 tré nén phd bién vao
khoang giita thé ky 20. Gitta nhitng nam 1960, Robert Moog va Donald Buchla
da ché tao cac bd téng hop 4m nhac diéu khién dién 4p thanh cong da tao ra mot
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cudc cach mang trong cach thirc cac nha soan nhac ¢6 thé d& dang tong hop am
thanh mé&i. Mic du nhiéu ngudi da déng gop cho su phat trién ctia Am nhac may
tinh, Max Mathews thudng dugc goi 1a cha dé cia 4m nhac may tinh, vi dng da
phat trién chuong trinh MUSIC I bét dau nhidu chuong trinh tdng hop 4m nhac
thanh céng va nd rd, trd thanh mot ngudn tai nguyén phong phu cho 4m nhac
(Rossing, et al., 2002).

1.3. CAC NGUYEN LY CO BAN CUA AM THANH VA SU KIEM SOAT
AM THANH

1.3.1. Sy hinh thanh séng Am

V& mit vat Iy, &m thanh 1a nhitng séng dao dong xuét hién trong cic moi
truong dan hdi khi c6 mot ngudn tao ra cac lyc kich thich. M6i truong dan hdi c6
thé 1a khong khi, chéat 1éng, vat rén... Ngudn tao xung luc kich thich céc song
dao dong goi 14 ngudn dm. Soéng dao dong dugc goi 1a song dm. Moi trudng ma
song am lan truyén goi 13 truong dm.

Hinh 1.5 giai thich sy hinh thanh séng dm tao ra béi mot am thoa va su lan
truyén song trong khong khi. Dao dong cua ngudn 4m tao ra 4p luc nén - gian
lién tuc ¢6 chu ky 1én méi trudng dan hoi tao ra song 4m. Séng 4m lan truyén
trong moi trudong dan hdi, khi dén tai ngudi thi tao ra cac ép luc 1én co quan thinh
giadc va tao ra cdm giac vé am thanh.

Cac'phan t& khi

chuwa bj xdo dong sees 0esssessncROOORRRRGOGES
gtru'ochkhl am thoa Chu ky (T) cho
.dao dong) mét dao dong
hoan chinh
\
N ' : re z 13
Y : | — Apsuétlén nhat (P,,,)
1 [}
Am thoa: ' ' AP
dang rung v \i/ Ap suat khi quyén (Pp)
1] 1
! ! H 2 A
/ ) ’ Ap suét nhd nhat (P
Il
Buée séng (1)
cho mét dao
ddng hoan chinh
Céc phan ti khi Céc phan tlr khi bi nén téi da (ap suét t6i da)
bi x40 dong (sau Kkhi
émthoadaodﬁng) o O 0000 ¢ O '......... e 6 00000

T_Glan t6i da (4p suét tdi thidu)

Hinh 1.5. Sy tao thanh séng ém dom tir nguon dm la mgt am thoa
- phong theo Cavanaugh et al. (2009)
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Séng 4m thuc chét 12 séng ap sut lan truyén trong méi truong dan hdi, do do
song 4m mang theo ning lugng va dugc goi la ndng lwong ém. Trong qua trinh
lan truyén séng, ning lugng 4m mang theo bi giam dén theo khoang céch lan
truyén cho dén khi tit han. Chung ta s& nghién ctru véan dé nay & cac phan sau.

Véi mot 4m don tao ra bdi mdt dm thoa (cling nhu dbi v6i cac Am thanh
phtrc hop khéc), c6 2 dai luong vat Iy quan trong 13 tin sé cua song am va do
16n cia no. |

1.3.2. Tan s0 cda song 4m

Tén s cta song 4m don gian 14 s6 14n dao déng hoan chinh dién ra trong mot
don vi thoi gian. Pon vi cta tin s6 4m la Hertz, viét tit 1a Hz. C4i 4m thoa noi &
phén trén chi tao ra mot 4m don (c6 mot tAn sb duy nhét). Mot 4m thanh phét ra
tr mgt nhac cu thi thuwong ¢6 mot 4m co ban va ciac hoa 4m kém theo. Cic 4m
thanh phé bién khéc - 4m nhac, tiéng n6i, tiéng dn - thi phirc tap hon vi ching c¢6
mang ning lugng 4m trén mot dai tin sb nghe duoc rong (tir khoang 20Hz dén
20000 Hz d6i véi nguoi tré co tai binh thuong). Hinh 1.6 cho thdy sy khac nhau
gitta mt Am don (do 4m thoa tao ra ching han) va nhitng 4m phtrc tap gdm nhiéu

tan so.
Am chudn P
P =
0 \Th(yi gian, s - Tén sb, Hz
P- @ Am co ban
i ~ £ Hoa am
Amnhac E P’ <
E K\/\ @
- (2}
lg PO ,Q' S <
= \/\y N\_/ \_Thoigian,s ® Tan sé, Hz
S 3 =]
@ =
Q. =
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Am thuong (tiéng noi, P*
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o S (AR
VAL TANVA e Y
\‘Déi a&m kha thinh

20 - 20000 Hz

Hinh 1.6. So sdnh giita dm don va cdc dm gom nhiéu tan sé két hop
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Thue té tai ngudi khong c6 kha ning nghe nhitng &m c6 tan sb thip hon 16 Hz
(goi 12 ha 4m) va nhitng 4m c6 tin s 16n hon 20000 Hz (goi 12 siéu 4m). Hinh 1.7
so sanh va gi6i thiéu dai tin s cta cac loai 4m thanh thudng gip trong thuc té.
Pé d& so sanh, dai tin sb chia 4m thanh cta 1 dan piano cling dugc gioi thiéu.
Nhu vay, héu hét cac loai 4m thanh quanh ta c6 mang ning luong trén mot dai
tan sb rat rong va phi toan b6 dai tin kha thinh. |

[ 1

| Tréng bass !

I Giong n(v ' J

| Giong nam |
N

| ‘May danh ch( Gién |

1 [ |
|

| May bay canh quat

A N N I O

| May bay phan lwc
| L |

| Pan vi-6-long-xen |

1 " Tréng bass -
q] Gilra nét Do

Ban phim dan piano

16 315 63 125 250 500 1000 2000 4000 5000

Tan sb trung binh cla cac dai octave, Hz
Hinh 1.7. So sdnh ddi tan so cua mdt sé6 dm thanh thuong gdp voi dm dan piano

1.3.3. Dai tan so6 va sy phin bo ap suat 4m cilia cdc tan so trong mot hoa

am (phd 4m thanh, phd tiéng on)

Trén thuc té chung ta rét it khi gap 4m don. Am thoa 13 mdt trong sO rét it
dung cu té_to am don. Phan 16n cac ngudn am trong thire té déu phat ra 4m thanh
l1a &m phuc hop, 1a 4m téng hoa ctia nhiéu tin sé 4m khac nhau. Vi vay khi giai
quyét mot vin d& 4m thanh, ta cin phén tich dic tinh cia cac tAn s6 c6 mat trong
am thanh do, vi du nhu sy phan bd cta ap sudt 4m di voi timg tan sd hoic dai
tan so.
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Dé phuc vu cho muc dich do dac va phén tich, dai tAn sb 4m kha thinh thudng
dugc duge chia thanh nhiéu dai tin s6 nhd hon nhu trinh bay trong Hinh 1.8. Do
dac c6 thé dugc thuc hién trén toan bo dai hodc ding cc bd loc dién tir trong cac
thiét bi do, dai tAn s6 do ¢6 thé dugc chia nho thanh timg dai octave (doc 1 Sc-ta)
hodc cac dai 1/2, 1/3, 1/10 octave. Gia tri tin s dai dién cho cac dai octave
thudng cung cip cac thong tin vé tin sb cin thiét cia mdt ngudn Am. Nhiing
ngudn 4m thudng gap trong cdng trinh, cling nhu dic trung am hoc cua cac san
pham va vat liéu xtr ly am thudng phu thudc vao tan sb. Thi nghiém tiéu chuén
vé hiéu ning am hoc ctia cac vat liéu va két cdu hat Am trong cong trinh thuong
thuc hién trén dai octave tir 125 Hz dén 4000 Hz. Can luu y rang trong thuc té
mdot dai tan s6 rong co lién quan dé& dugc rat gon thanh mét gia tri trung binh hay
mot gié tri don, thuorng dugc ding dé mé ta mirc 4m hay chi dinh dic tinh 4m
hoc clia cdc san phim, vét liéu.

Céac thi nghiém vé do huat am va ton thét
«— khi truyén am cho cac két cdu va vatlieu =
¢6ng trinh duoc thue hién trong quéang nay

Cac dai
173 ‘ i ' : olo|lolo
. ololo||eleleic|ele(o|olo|o
octave pk? olwelolola|vlo|o|el2|S|RIS|ISIZ|2[S[3I]{8|2| |22
G PN RS e R RS = I Rl g ] B R = e =4 B i e ey ) e ed R ] R ] R
SN AN A AR AR AN R AN AN R NN EREAEN
Cac dai o | o |
1 .
octave| 31,5 63 125 250 500 | 1.000 2.000 { 4000 [ 8.000 | 16.000
o | ] ] ] ] ] 1 1 | 1

Hinh 1.8. Dadi tci‘n 56 kha thinh duwoc chia thanh cdc octave chudn
va cde ddi tan sé 1/3 octave nhim gidam khoi luong do dac tinh todn _

1.3.4. Buéc song Am thanh

Budce séng 4m thanh 1a khodng céch gan nhét cia 2 phan tir séng co cung pha
dao dong (hay do dai cia mot chu ky dao dong hoan chinh). C6 mét mdi quan hé
co ban glua toc do truyén Am trong mot moi truong (vi du: khong khi, bé tong)
va tan sb, chidu dai buéc séng; moi quan hé nay thé hién qua cOng thirc sau:

c=fA ' | (1.1
trong do: | _ |
¢ - van toe truyén am;
f- tdn s6 ciia Am;
A - chiéu dai budc séng.
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Vin té¢ truyén am trong khong khi khd & 20°C vao khoang 343.2 m/s. Theo
cong thirc trén, trong pham vi tan sb kha thinh (20Hz dén 20000 Hz), bu(yc séng
4m thanh trong khong khi s& c6 do dai tir 17.16 m dén 1.7 cm. Am c6 tan s6 thap
thi buée song s& dai. Day 1a dai budc séng dm c6 li€n quan dén hiu hét cac vén
d& 4m hoc kién tric.

Hinh 1.9 gi¢i thidu van téc truyén am trung binh trong mot sé moi trudng. C6
thé nhan thiy 4m truyén trong mdi trudng chit rén tét hon nhiéu so vé6i 4m trong
mdi trudng chat léng va khi.

Khong khi 20°C Ml 3432 | ',
G I 3400

Nudc = 1433 E Z
Thép , , i 6100
Caosu J§ 120 ; P ;

Chi S 1158 : :

St R 5 1 30’
R KECH :

Vang e 3240

Kinh | —————— 3062

Diamond — 12000
Bé tong R 3400 ;
oy —— s | | ‘
Déng 3475 R N :
Nhém _ g420 . Vantioctruyen am (mis)

H T

0 2000 - 4000 6000 8000 10000 12000

Hinh 1.9. Vin téc truyén dm trong mot s6 méi truong

N6i chung, ngudi ta thudng dung cic bd phan cong trinh néng, to lon dé kiém
so4t cac Am tram (c6 tAn sb thip) c6 budce séng dai. Ngugc lai, cac bd phén cong
trinh mong hon, nhoé hon c6 thé gitp ching ta kidm soat 4m t6t ddi vai cac 4m co
thn s6 cao (ching han, bing cach hit 4m).

" 1.4. CAC PAI LUQNG VAT LY PO PO LON CUA AM

Ngoai déc trung tn sb cta 4m thanh, cudng dd hay do 16n cia ning luong 4m
chira trong song am ciling 13 nhitng déc trung vét Iy quan trong ¢tia 4m thanh. Do
d6, nguoi ta dua ra céc dai luong vat ly sau day dé thé hién nangluong cta am:

Cuong d6 4m: 1a luong ndng lugng truyén qua mét don vi-dién tich trong mot
don vi thoi gian, thuong dugc ky hiéu 12 7, don vi theo hé ST 1a W/m?2. O tan sb
1000 Hz, 4m nho nhét lan truyén trong khong khi & didu kién 20°C ap suét binh
thuong ma tai nguoi co thé nghe dugc c6 cudng do I, = 1072 W/m2. O duéi moi
tredng nudc bién, mirc cudng do 4m khoang I, = 6.51 x 107 W/m? méi 1a muc
ap suat ngudng nghe (Filippi, et al., 1998).
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- Ap suft am: 1a ap suét riéng phin ctia 4m thanh géy ra trong truong dm. Vi .
song am la séng dao dong, do do ap sudt am 12 mot dai lugng dao dong co tinh
chu ky theo chu ky clia séng am. Pé dic trung cho 4p suit 4m nghe duogc bdi tai
ngudi va cac thiét bi do, ngudi ta thuong 14y gié tri 4p suit 4m hiéu qua:

=P, /2 12
trong d6: P,,., - 4p sudt 4m cuc dai tuwong Ung véi bién do cuc dai ciia s6ng am.

Don vi clia ap sudt 4m 1a N/m? hay Pa (pascal). O tan s 1000 Hz, am nho nhét
lan truyén trong khong khi & diéu kién 20°C ap suit binh thudng ma tai ngudi c6
thé nghe dugc c6 ap suit 4m P, = 2.10° N/m?. Mirc &p suat nay duoc goi 1a ap
sudt nguong. O du6i moi treong nude bién, mic ap sujt khoang P, =1 N/m? méi
1a mitc 4p suét ngudng nghe.

Déi voi song phing, quan he gitta cuong d6 4m va 4p sudt 4m duoc dién dat
bing cong thirc:

1= _ (1.3)

trong do: -
p - khéi luong riéng cia khong kh1 (kg/m?);
¢ - van tdc truyén 4m trong khong khi & diéu kién dang xét (m/s).
Trong diéu kién ap suit khi quyén & 20°C ta ¢6 pc =415 kg/m?s.

Méi quan hé gitta cudng dd va 4p sudt 4m phu thudc vao moéi tredmg truyén
am. Trong diéu kién tiéu chudn (p = 1.18 kg/m?, van tbc truyén am trong khong
khi bang 340 m/s), ngudi ta thuong 1y:

5 =201 (14

- Cong suét cia ngudn am: 1a lugng ning lugng ctia 4m phat ra béi ngudn 4m
trong mdt don vj thoi gian; thuong ¢ don vi la W (watt)

- Mét d9 nang luong 4m: la lugng nang lugng cia Am thanh tic thdi ¢6 trong
mdt don vj thé tich truomg Am dang xét. M4t do nang lugng am thuong dliqc ky
hiu 13 E, ¢6 don vi 14 J/m®. Mat d6 ning luong 4m 1a mét dai luong vd hudng va
1a mt dic trung quan trong dé xét mot trueong 4m khi 4m thanh dén tir nhidu
huéng hodic khong rd huéng dén cia am.
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1.5. THANG DECIBEL

Déi vi 4m thanh kha thinh, dai 4p sudt 4m thay ddi tir 2.10” N/m? dén 20 N/m?>.
P6 1a mot khoang 16m, chénh nhau dén 1 triéu lan. Khoang chénh qué 16n nay
khong thuén 1gi cho viéc tinh toan, danh gia va do dac &m thanh. Mt khac, d0 nhay
hay cdm nhén cua tai nguoi véi &m thanh 1a mot ham logarit cua cuong do (hay ap
suét) cia 4m thanh. Do d6, mét don vi do &m thanh méi dya trén co sé thang logarit
duorc dwa ra goi 1a mirc am (sound level) ¢6 don vi do la Decibel (dB).

Mirc 4m la don vi danh gia 4m thanh theo thang logar1t (co so 10) cla ty s6
cudng d6 (ap suit) 4m dang xét voi cuong do (ap sut) 4m & ngudng nghe. Theo
quy udc quoc té, cuong do va ap sudt am tai ngudng nghe ciia 4m chuén (4m don
c6 tin sb 1000 Hz) lan Iuot la: |

L=10" W/m?,
P,=2.10" N/m2,
- Véy mirc cudong do am la:

L= 1ozogli ‘ ” (1.5)

o

Mtc 4p sudt am la:

Lpezozogg o | o (1.6)

o
trong d6: I, P 1an luot 13 cudng do va ap sudt Am cia 4m dang xét. -

Péi v6i 4m chudn, ngudng choi tai (120 dB) va ngudng nghe (0 dB) chénh

nhau 120 don vi.

~ Mtrc mét d6 nang lugng &m va mirc céng sudt 4m cling duoc dinh nghia twong tu
nhu mirc cudng do am (voi cong sudt va mat o 4m & ngudng nghe 1a P, = 107 W,
E,=3.10° J/m®).

Su thay ddi nho nhét ciia mirc 4m ma tai ngudi c6 thé cam nhan duoc 131 dB.
Nhung thye té thi su thay dbi 3 dB tro 1én mdi coi 14 thay ddi c6 tac dung vé 4m
(Pham, 2011). Hinh 1.10 gi6i thiéu mtc ap suit 4m cua mét sd truong am
thudng gip. ' ‘
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Canhgidgc  Apsuédt Mucap Loai
khach quan &m,psi su&tam,dB  &mthanh

(M) Nguwdng dau, ddng co may ba
3x102 140 pr?én ILPgt3 cach 23ng"’| R
Dau dén 1130  May bay phan lyc cét canh
3 cach90m
—>»1 X107 120 Nhém nhac rock
Chéi tai L4110

May khoan khi nén
—i 3x10% 100

PR Nhém nhac phd théng
Rat ién, 6n L 190 .
Xe tai ndng chay ngang qua

5 |
> 3x10 80 mic én duweng phé trung binh

On ién — 70 Tiéng déi thoai & murc t4i da
—{ 3x10% He0 wvan phong giao dich budn ban_
Vira phai 150 Van phong '
— 3107 [H40 ]
yéu 6t ‘ B I P Phong khach vang lang

Khu & ltic dém khuya

— 3x10®% 20
L Tiéng I4 roi nhe
Rat yeu —10

1 3x10'9 bo Ngw&ng nghe

Hinh 1.10. Ap sudt ém va mirc ap sudt ém ciia mét sé ém thanh thuong gap

va cde tde dung sinh Iy cia chiing déi véi tai nguoi

Vi du tinh todn mirc im:

i) Cudng d 4m I cia mdt nhém nhac rock 1a 8.93 x 102 W/m?% Tim murc
cuong do 4m twong duong L, v ‘

Biét I,= 10> W/m? |

-2
L, = 1ozog]i =10/0 8—9)13(;1# =10l0g8.93x10'° =1104B

0 _ . :
i1) Giong néi 16n, do dac cach 0.9m, c6 mirc cuong d6 am L; 1a 73 dB. Tim
cuong do 4m tuong duong 1.

I I
L, =10log—=10/o

—73dB
0 :

‘ /
Suy ra log 012 =73

1
10" 10-12

Vay1=2 x 10° W/m2.

—~ _=10"=20x%10°
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1.6. CAC MU'C AM HIEU CHINH THEO TRONG SO CUA TAN SO AM

Trén thuc té, hiu hét Am thanh déu 12 4m phtrc hop dugc tao thanh tu tb hop
vo sb don 4m c6 tan sb khac nhau, nhung ching ta lai cAn mdt mtc 4m duy nhét
¢6 thé dai dién toan b dai tn sb cita am phitc hop d6. Mitc am duy nhét d6 phai
phan anh dugc ban chit cam thy am thanh ciia tai ngudi (tai ngudi kém nhay dbi
v6i 4m tan s thip va nhay hon vé6i 4m & tAn s6 cao).

Pé do duoc mdt mirc 4m duy nhat cho 4m phirc (c6 nhiéu mic 4m Gng véi
nhiéu tin s khac nhau), ngudi ta tich hop vao céc thiét bi do mirc &m dién tir cac
mach hiéu chinh (hiéu chinh d0 manh yéu cia tung dai tin sd octave theo kha
ning cam nhén cla tai ngudi) dé thiét bi do c6 thé dua ra dugc mdt gia tri wéc
lugng mirc 4m ciia &m phac hop, qua do ta biét duoc d6 manh yéu thuc su cia
mot 4m phitc. Cac mach hidu chinh phd bién nhét trén thyc té 1a theo tht tw 1a A,
C, B (Cavanaugh, et al., 2009) va c6 don vi do tuong tmg la dBA, dBC, dBB.

5
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Hinh 1.11. Cac murc dm hiéu chinh theo mach hiéu chinh A, B, C

Hinh 1.11 chi 16 mirc hiéu chinh theo mach hiéu chinh A, B va C. C6 thé thdy
10 theo murc hi€u chinh A, cac am tan sb thép bi hiéu chinh giam di nhiéu, cac 4m
tan s cao dugc giit nguyén hodc didu chinh tang thém mot it (phtt hop véi tinh
chit cam thu 4m cua tai ngudi - xem Hinh 1.16). Gia tri mirc 4m theo mirc hiéu
chinh A (dBA) dugc ding phd bién dé thay thé mot 4m c6 dai tan rong (Am
phirc) bing mdt gié tri do duy nhit. Mirc higu chinh C c6 su diéu chinh rét it di
v6i cac dai tin sb do d6 thich hop @& do cic 4m c6 tin s6 cao va muc 4m 16n
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(thdng thuong ding ¢ do mirc 4m cuc dai ciia mot 4m phirc). Mirc hiéu chinh B
12 trung gian giita A va C, rat it khi dugc ding. Ngoai ra, ta con c6 thé bét gap
mdt s6 kiéu hidu chinh nhu kidu D, kiéu Z, ding cho mét s muc dich déc biét.

Nhu vdy, trén céc thiét bi do mirc dm thuong ¢6 mot nut didu chinh cho phép
nguoi dung chon mach hiéu chinh A hay C. Néu chon mach hiéu chinh A, gia tri
do xuét hién trén dbng hd s& 1a gi4 trj theo don vi dBA. Tuong ty nhu vay déi véi
mach hiéu chinh C. ' ‘

Tuy nhién, su két hop cua nhiéu mirc 4m va céc dai tin khac nhau ciing c6 thé
cho ra cung gid tri dBA. Do d6, cach danh gia chinh xac mdt 4m c6 dai tin rong
(4m phrc) chi c6 thé bang cach xét phd 4m (phd tAn sb cia 4m do) (Szokolay,
2008). Hinh 1.12 gi6i thiéu phé tn s6 va mirc 4m ctia mot sb tiéng dn phure hop
gdy ra bdi cac phuong tién giao thong, do bang thiét bj do sir dung mach hiéu
chinh A (thang do dBA). :

8 ©
= 60 60|— > 60 <
el [an}
§~Eeo— < 60 —~\/\ 60— g
- - m
5 L,Zl,eo— 2 6o 60— g
& o ~ ¢
2 X601 7 s 60} ;
o
«0 "7 \____—_—\ .
¢ Seo- ’ 60| 60| ’
=% ’ 4
| | | L ] | |
125 4000 Hz 125 4000 Hz 125 4000 Hz

O t6 chay 40 dam/h cach 50 ft  May bay phan lwc cét canh 1000 ft Xe tai chay 40 dam/h cach 50 ft

Hinh 1.12. Phé ém va mike ém hiéu chinh theo mirc hiéu chinh A
cia mot s tiéng 6n phikc hop - phdng theo Cavanaugh et al. (2009)

Maic du ¢6 nhitng han ché, dBA ¢6 thé duoc str dung dé du doan phan ng cua
cong ddng (con ngudi) déi véi cac loai tiéng 6n moi truong khéc nhau, bao gdbm
c tiéng dn cua céc phuong tién giao théng. Vi vy, quy dinh vé tiéng bn sir dung

~don vi dBA khi do dac. Dua vaoHinh 1.11 ta 14p dugc bang sau:

Hiéu chinh A (dB)
63Hz | 125Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz | 8000 Hz
—25 15 -8 -3 0 +1 +1 -1
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1.7. CAC PAC PIEM CAM THU AM THANH CUA TAINGUOI
1.7.1. Dai am thanh kha thinh

Tai ngudi khoe manh binh thuong c6 kha ndng nghe dugc cdc Am ¢6 tin sb tir
20 Hz dén 15°000 Hz. Riéng lira tudi thanh nién - khoang 18 tudi - c6 thé nghe
duge Am c6 tan sb 1én dén 20°000 Hz (Pham, 2011). Tudi cang cao, dd nhay &m
thanh giam xudng, dic biét dbi véi cac am & tan sb cao (Szokolay, 2008, p. 212).

Trong déi tAn s6 kha thinh ndi trén, d nhay ctia tai ngudi cling khong ddng nhét.
Tai ngudi c6 xu huéng rat nhay véi cac &m c6 tan sb trong khoang 3000 - 5000 Hz
va kém nhay véi cac am c6 tan sd thép. |

o
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Hinh 1.14. Pham vi ém thanh nghe dwoc doi véi co quan thinh gide
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Murc 4p sudt (hay cudng do am) nhod nhét ma tai ngudi c6 thé nghe duoc goi 1a
ngudng nghe. Céc tri s6 mirc 4m 16n nhit ma tai ngudi c6 thé tiép thu ma khong bi
t6n thuong goi 13 ngudng chéi tai. i v6i 4m chuén (4m don c6 tan sé 1000 Hz),
ngudng nghe va ngudng chdi tai 1an lwot vao khoang 4 dB va 120 dB. Hinh 1.14
biéu thi pham vi 4&m nghe dugc, vé ca cuong do va tan sd.

1.7.2. Cao d¢ ctia am thanh

Tén s6 4m thanh cao hay thap s& quyét dinh viéc 4m nghe cao hay thip, thanh
hay trdm, trong hay ré. T4n sb cang cao, am nghe cang thanh va trong. Nguoc lai
tan sé cang thip 4m nghe cang tram duc. Ciing do dic tinh cia tai nguoi, &m co
tin s6 cao thudng nghe rd hon va tai nhay hon so v6i 4m tan s6 thip. Am thanh
ching ta gip trong cudc song c6 thé nam trén nhimg dai tAn s6 khac nhau (xem
Hinh 1.7). Theo Pham (2011), 4&m 16 - 20 Hz chi c6 thé tao ra b&i nhitng dai
phong cdm. Nét trdm diu tién cta dan Piano tao ra am tin s6 28 Hz. Gigong nam
trdm ky luc c6 thé tao ra 4m tin sb 40 - 44 Hz; giong nit cao ky luc c6 thé 1én t&i
2300 Hz. Nt cao nhit clia dan Piano 1a 4m 8372 Hz.

1.7.3. Am diéu va am sic
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 Hinh 1.15. (Trdi) Phé ém ghi duoc trong mot mdy do (Miiller & Moser, 2013)
- (Phai) Phé dm thanh ciia cée am thiromg gdp - so v6i phé dm & ngudng nghe
va o nguong gday nguy haicho tai (Cavanaugh, et al., 2009)
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Am thanh c6 mét tan sb duy nhat duoc goi 1a 4m don. Trén thuc té ching ta
rét it khi gép am don. Am thoa 13 mot trong sb rat it dung cu tao 4m don. Hau hét
cac 4m thanh tao ra trong tw nhién cling nhu tir cac hoat dong ctia con ngudi déu
12 am phirc hop (hay con goi 1a da 4m); d6 1a 4m thanh dugc tao thanh tir t5 hop
v6 s6 don am c6 tAn s& khac nhau. Hinh 1.15 cho ta thdy phd tin sé va mirc 4m
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ctia mot s6 Am thanh ghi dugc trong thuc té. Chinh vi su phéi hop cua cac tan s6
va mutc 4m cia timg tan sé ma ching ta c6 thé phan biét dugc cac am khéc nhau,
ngay céa khi chiing cung loai (vi du: cung la tiéng xe may, tiéng ngudi). D6 chinh
]a sdc thai cua 4m thanh (hay 4m séc). Am séc co quan hé chat ch& véi cuong do,
tan sd, thoi gian &m vang, sy hinh thanh va tat dﬁn cua trudng am.

Trong mdt 4m phirc hgp, s& c6 mot 4m c6 cuong do manh nhét goi 13 dm co
ban, ¢6 thn s6 £, va nhidu 4m c6 tAn sb khac f;, f5,... goi 1a hoa dm. Am co ban
manh nhét, quyét dinh cuong d6 va tAn s ctia 4m, con hoa am cho ta Am sic cua
4m co ban. Ly vi du, tiéng dan guitar va tiéng sdo cling choi mot nbt nhac, nhu
ta c6 cam giac &m khéc nhau do s§ lwong va clu trac cia h(_)av &m quanh &m co
ban cua chung khong gidng nhau (Nguyén, 2011). Hoa 4m cang nhiéu, 4m nghe
cang “day” va cang hay.

1.7.4. Mirc cam giac to nhé cia tai ngu’(‘ﬁ

Mirc cudng dd 4m, mirc ap sut am 13 nhitng dai lugng vat Iy khach quan,
chua hoan toan phan 4nh ding ban chét cua sy cam nhin 4m cla co quan thinh
giac ngudi. Trén thuc té, cam giac to nho, manh yéu ciia mot Am khong chi phu
thudc vao murc 4p sudt am (hay mirc cudong do am) ma con phu thudc vao phd tin
s6 ciia Am do6. Nhu da biét, tai ngudi kém nhay hon véi nhitng 4m co6 tin s thip,
va rat nhay dbi véi am c6 tan s& quanh 4000 Hz.

Pé dic trung cho muc cdm gidc 4m to nhd cua tai nguoi, mot dai luong 4m
sinh ly dugc duara qua 2 sy diéu chinh nhu sau:

- Diéu chinh kha ning kich thich tai nguoi cia &m thanh: theo thang logarlt
cho ra mttc 4m (thang Decibel) e

- Didu chinh dé phan 4nh sy phu thude cla cam gidc am cta tai nguoi voi tan
s6, cho ra mirc cam giac am (thang Phon)

Theo quy udc, thang do mirc cam giac am Phon va thang mirc 4m Decibel cia
am chudn (Am don tin s6 1000 Hz) 1a bang nhau. Vay 1 Phon chinh bing mic to
clia am chuan ¢6 mirc 4p suat Am 13 1 Decibel.

Pé xdy dung thang do Phon cho céc tan s khac, Fletcher va Munson (1933)
da tién hanh thyc nghiém trén mot s6 lugng 16n thanh nién va xay dung dugc
cac dudong ddng mirc Phon, sau d6 duge didu chinh nhiéu 1an va dua vao tiéu
chuin ISO 226. P 16n cia thang Phon so véi thang Decibel dugc thé hién qua
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Hinh 1.16. Dai lugng Phon ctia mét 4m thanh cho ta biét chinh x4c cam giac to
nho cua tai ngudi d6i véi 4m d6 nhu thé nao. Cac dudng ddng mirc Phon cho ta
thdy tai ngudi kém nhay ddi voi am tin sé thép va nhay nhat v6i 4m & tin sb
quanh 4000 Hz.
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Hinh 1.16. Céc dwong déng mirc dg to theo thang Phon
trong tiéu chudn ISO 226:2003 - dé xudt dau tién béi Fletcher & Munson
1.7.5. Kha ning dinh vi ngudén Am

Co quan thinh gidc cta con nguol 0 khd nang dinh hudéng vi tri ngudn phat
am du mat khong nhin thdy ngudn 4m. Kha nang nay c6 dugc la nho hiéu tng
cua viéc nghe bang hai tai. Néu nghe chi bing mét tai, kha nang nay van con do
tai ngudi c6 ciu tao dinh huéng (vanh tai), nhung hiéu qua giam di rét nhleu
Kha ning dinh vi ngudn am etia tai nguoi cé dugc 1a nho:

- Cu tao ddc bi€t ctia vanh tai;

- Véi cung mot &m, am dén hai tai tai 2 thoi dlem khong gidng nhau do quing
duodng truyén 4m khac nhau,

--V6i cung mdt dm, cudng do, ap sudt 4m va 4m sic dén hai tai khéng giong
nhau do su nhiéu xa khi 4m vuot qua dau.
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Dbi véi cac song Am cb budc song dai (tin sb thip), sw chénh léch cudng do do
nhifu xa khi gip vat can du nguoi rit bé, nhung voi m c6 tin sd cao, sulnhiéu Xa
I ding ké din dén chénh léch cuong do dm & hai tai c6 thé lén dén 20 - 30-dB
(Nguyén, 2011). |

Véi kha nang dinh huong ngudn 4m, co quan thinh gidc con ngudi c6 kha
nang tdp trung vao m cin nghe va “l& di” céc tap 4m va tiéng 6n khong cén
nghe. Do do, vai tro cua tiéng on bi giam thiéu mét cach 15 rét. Cling nho kha
niing nghe ¢6 chon loc, con nguoi van cam théy tién nghi vé &m thanh ngay ca
trong mdi trudong co mtrc dn 16n nhung déu dan nhu trén tau, xe, may bay.

Su quen thudc voi loai dm thanhb énh hudng rit 16n dén kha ning dinh vi
ngudn am. V6i cic 101 noi thong thucmg, tai ngudi uoc chimg khoang cach kha
chinh x4c vdi khoang cach thét t6i nguon am. Tuy nhién, voi nhung am la hon
(tiéng xi xd0 ching han), kha nang dinh. huorng giam di 1o rét. Néu hai song 4m
cung hoa vao mot khong gian, sy dinh vi ngudn am s& phy thudc vao am nao dén
tai trude. Néu khong c6 kha ning nay cua hé thinh giac, con ngudi khong thé
dinh huéng dm thanh trong phong (Maschke & Widmann, 2013).

1.7.6. Tinh chét lru 4m ciia co’ quan thinh gidc

Céc thi nghiém véi co quan thinh giac ctia con ngudi da cho thiy hai 4m doc
14p nhung gidng nhau truyén dén tai ngudi trong khoang 50 ms thi tai nguoi
khong thé phan biét dugc c¢6 4m dén trude, ¢6 m dén sau va do d6 nghe nhu mot
am duy nhat. Dac diém nay c6 dugc 12 do tinh chét luu 4m cta tai.

Tinh chét luu 4m cia tai c6 thé dugc khai théc trong thiét ké am hoc phong

thmh gia. Mubn 4m nghe rd nét, vi du 4m trong glang dudng, am truc tiép dén tir
| nguol thuyét giang va dm phan xa khi dén tai nguoi c6 do tré khong qua 50 ms.
Trong phong hoa nhac, yéu ciu chét lugng 4m thuong doi hoi thoi gian dm vang
16n hon 1 s, khi d6 am truc tlep can dirgc b6 sung lién tuc bang 4m phan xa béc 1
va 4m phén xa béc cao nham kéo dal thoi glan tac dung cua am am nghe s€ du
duong va phong phu hon.

Trong khong khi & nhiét d6 va ap suat binh thubng, am lan truyén voi van tde
khoang 343 m/s. Véy trong vong 50 ms, am truyén di mot quing dudng dai
khoang 17 m. Vi vay, néu 2 ngudn am ddng bo (vi du 2 loa chéng han) dugc bb tri
ma khoang cach dén tai ngudi nghe chénh léch nhiéu hon 17 m, kha ning xay ra
hién twong nghe mdt &m ma nhu nghe 2 dm riéng €. Tuong ty, néu quing dudng
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di clia 4m phan xa 16n hon quang dudng truyén cia 4m truc tiép 17 m tr& 16n, hién
twong am 13p lai (Am sau lgp lai 4m trude) s& co thé xay ra (xem Hinh 1.17).

A
Am tryc tiép

Ap suat am

Phan xa sém

[l

Hinh 1.17. Am truc tiép va m phdn xa va hiéu ing thoi gian clia né

Am vang

Lok

Thoi gian

-1.7.7. Hién tirqng am thanh bj che lip (sound masking)

Hién twong 4m thanh bi che 14p xay ra khi mot Am cin nghe dén tai nguoi

cung lic véi nhiéu 4m thanh khéng mong mudn khac nhu tiéng On, tiéng may...
Khi d6 vigc cam thu 4m can nghe s& kho khan hon nhiéu do bi cic am khong
mong mubn che l4p. Hién tugng 4m thanh bj che l4p ludn c6 hai mat:
o Mot mat, tiéng dn che lép am cén nghe, khién viéc cam thu 4m khé khan.
Trong cac mdi trudng nhu thinh phong cin c6 bién phap giam thiéu sy che 14p
am thanh béng c4c bién phap phit hop. D6 1a cac bién phép kiém soat tiéng on
chu dong.

- Trong cac khong gian vin phong md, nha ¢, trong khong gian cong cong,
tiéng bn tao ra trong qua trinh hoat ddng ctia con ngudi c6 thé gay kho chiu va
gy mét tap trung. L(ji dung hién tugng che 14p am thanh, ngudi ta tao ra tiéng 6n
c6 nén on xAp xi c4c tap Am cAn che 14p. Khi d6 méi truomg am trd nén ddng nhét
hon, tién nghi hon, ting mtrc d¢ riéng tu khi n6i chuyén, ting kha niing tép trung
lam viéc va do d6 ting hiéu sudt (xem Hinh 1.18). Hién tugng che lap 4m thanh
con dugce ding trong céc vian phong qua yén tinh (mot cdy but roi cling gdy mit
tdp trung) hodc qua 6n-(c6-qua nhiéu trao dbi miéng khién nguoi lam viéc mAt
tip trung), noi cé nhiéu tiéng‘ dong cua thang mdy, quat, mé to dién..., trong céc
khu vuyc 1€ tin, mot s6 noi cong cong. '
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lam viéc hiéu qua hon néu

ho dugc cach ly khdi tiéng én

quéy nhiéu (tiéng chuyén tro,
tiéng may méc...)

Can dam bao ring hgudi nghe dugc cudc
ndi chuyén 13 nhirtng ngwdi dang ndi chuyén

B3o vé& thong tin, ting nang suét lao dang,
giam stress, cai thién tinh thdn ngudi laoc dong

Hinh 1.18. Ung dung cua hién tuong che ldp tiép on

Hé théng che 1p tiéng 6n (sound masking system) hoat dong mot cach tir dong

théng qua viéc tu dong do mirc én va phét ra 4m thanh che 14p v6i mirc &m hop ly.
Hinh 1.19 gi6i thiéu két quéa ciia sy van hanh mdt hé thong che 14p tiéng on.
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Hinh 1.1_9. Hiéu qua ctia mét hé thdng che lap tiéng on —phong-theo Soft-dB (2016)

Ky thuat ding tiéng dn chi dong dé che 14p cac tiéng 6n khong mong mudn 1a
mot k§ thuat kha phd bién. Céc chi tiét v& hidu quéa thuc té ctia k§ thuat che lap
tiéng dn c6 thé tham khao thém tai (Hongisto & Haapakangas, 2008).
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1.8. SULAN TRUYEN AM THANH NGOAI TROI
1.8.1. Sy suy gidm ning lwong 4m theo khoing cach

Am thanh khi lan truyén trong khong khi s& bi mét din ning lugng. St_f suy
gidm nédng luong nay ty 16 thudn véi khoang cach 4m lan truyén. Ly do, dao dong
cla séng &m bi suy giam do bi can trd béi luc ma sét clia cac phéan tir khéng khi
(hay goi la sy hat 4m cia khong khi). Sy hat 4m ctia khong khi thudng rét nhé
ddi v6i 4m co tan sb thép (the"ip hon 1000 Hz), nhung rat dang k& véi am c6 tin
s6 cao. Vi du, voi am tin sb 8 kHz, véi khoang céach truyen am 300 m, cu(mg do
4m giam 10™* W/m? (Szokolay, 2008).

Néu séng am truyén theo moi huéng trong khong gian tir mot ngudn diém,
ning lugng 4m phai dan trai trén mdt mit ciu cé tim 13 ngudn am. Cang xa
ngudn 4m, mit cdu cang 16n, nang luong am cang bi dan trai va giam dan vé gia
trj khong. Trong trudng hop don gian nhét v6i nguén am diém c6 cong suit am P
phat ra séng ciu thi tai diém cach ngudn 4m r (m), cudng do song 4m 7, (W/m?)
s€ la:

P

I =
drp?

r

(1.7)

Tir cong thirc trén, ta logarit héa hai vé va dugc mdi quan hé gitta mtc am cla
ngudn phat L, (dB) va mtc 4m L, (dB) tai diém cach ngudn » (m) nhu sau:

L =L,~20lgr-11 (1.8)

Néu c¢6 2 diém A va B trong khong gian cich ngudn am 14n lwot 1a 7, va r,
‘théa mén r, = 2 r,. Theo cong thirc (1.8), 40 chénh 1énh mirc 4m tai A va B s& la:

AL = 2Olgr2‘ -20/gn = ZOZg:—2 =20lg2; 6dB
1

Nhu vay, néu khoang cich dén ngudn 4m diém ting 1én 2.14n, muc 4m sé
giam 6 dB. Day la muc giam co thé cam nhén dugce béng_’ tai ngudi. Vi moi
ngudn 4m, néu khoéng cach du lon thi co thé coi ngudn 4m la nguf‘in diém. Tuy
nhién trong mot sb truong hop, ngudn am c6 thé coi 1a nguon ducmg Vi du,
tiéng On phat ra tir mot dudng cao téc tap nip xe chay, hay tiéng On cia mot
doan tau héa dai c6 thé coi 13 nhing ngudn dudng. Trong trudng hop ngudn
duong, song am sé& la nhitng mat séng tru c6 truc 12 nguén 4m. V6i ngudn am la
ngudn dudng, mirc suy giam cuong d6 am theo khoang cach cé quan hé:
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L_n

1.9
L= (1.9)

Do do6, chénh 1éch mirc 4m tai 2 khoadng cach r; var, la:
AL=10lg2 C o (1.10)

g

Theo cong thirc nay, mirc am s& giam di 3 dB néu khoang cach truyén am ting |
1én 2 14n, tirc ry/r; = 2. Cong thirc vé& su giam nang lwong khi truyén am trong
khong khi cho nhiing truong hop phirc tap hon va tdng quat hon ¢6 thé xem trong
tai liéu (Rossing, 2007; Miiller & Mb‘sér, 2013). ' | -

Trong khi truyén am, néu mit séng 4m gip vét can (ching han mét buc tudng
hay méan chin), séng 4m van tiép tuc lan truyén qua diu cla vét can, nhung phin
khong gian sau lung VAt can s& c¢6 béng dm. Hién tuong nay rat rd khi 4m c6 tin sb
cao (trong tu nhu song anh sang). Nhung véi soéng dm tan s thép, hién tuong
nhiéu xa xay ra theo nguyén Iy Huyghen va bién vét can trd thanh ngudn phat 4m
thtr cip (Koenigsberger, et al., 1973). Hién tuong nay duoc mé ta trong Hinh 1.20.

Am tan sb

Am tan sb

thap

Sy nhiéu xa

Hinh 1.20. Sy truyén dm ngodi tréi khi giip vit edn
- - 'phdng theo Koenigsberger et al. (1973)

1,8,2._M1’rc am tong hop caa nhiéu ngudn am tic dung dong thoi

Néu 2 hay nhiéu ngudén 4m cung hoa 1dn trong mét trudng am, tai mot diém
bat ky trong truong 4m d6, cuong do 4m va ap sudt 4m s& ting 1én, nhung & cac
muc d6 khac nhau: '
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I=1+1,va P=\/R?+P} (1.11)

Do d6, mirc am tong hop sé la:

I +1,

Ly =10lg (1.12)

0
Vay néu c6 n ngudbn 4m ddng bd c6 muc dm L cung truyén toi 1 diém, theo
cong thirc (1.12) mitc 4m téng hop s& 12 Ly = L+10lgn. Néu n = 2, mic 4m
tdng cOng tdng thém 3 dB.
Néu 2 ngudn 4m ¢6 mirc am khac nhau L ; va Ly, mirc 4m tdng hop s& 1a:

L _L;)

Ly =1ozg(1010 +1010 (1.13)

Trong truong hop cé nhiéu ngudn 4m khéc nhau cung tac dung, mic am
tbng hop s& dugc tinh bang cach cong tirng cip ngudn 4m véi nhau theo cong
thirc (1.13). Don gidn hon, néu biét 4p sudt 4m cua ting ngudn am, ta c6 thé
cdng truc tiép cac ngudn 4m theo cong thirc sau:

' 2 2 2 ‘
Ly :lOlg(pl ) +"'+p"} (1.14)

2
Po

Boi vi decibel 1a gia tri logarit, ching khong thé cong cac gid tri theo kiéu
cong dai sé théng thuong. Vi dy: khi gid tri decibel cia 2 ngudn am khac nhau tir
0 dén 1 dB, 3dB s& dugc cOng vao gia trj cao h(m dé dé xac dinh mirc 4m két
hop. Vi vy, mirc am két hop ctia 2 violin choi & mitc cudong do &m 60 dB sé& la’
63 dB. Bang 1.1 duogc str dung dé tinh nhanh mirc cudng dd am két hop. -

Bing 1.1. Cong trir nhanh mitc 4m ciia 2 ngudn 4m

dB khdc nhau giita 2 nguon ém : dB cbng thém vio nguon am manh hon
0 hay 1 o _ L 3
“2'hay3 o +— 2
“4dén'8 o 1
>=9 » | 0
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Khi nhiéu gia tri decibel dugc cdng, st dung bang trén d& tim gia tri két hop
cia tirng 2 gia tri decibel véi nhau 14n luot. ’

1.8.3. Anh huéng cita gié va nhiét o dén s lan truyén 4m thanh

- Ban than gi6 1a su 'chuyén dich cta cac khéiikh(“)ng khi, do d6 gi6 tao nén su
chuyén déng cia céc phén tir trong khong khi, 1am thay d6i céu tric séng 4m va
huéng lan truyén cta song 4m. Gié manh va chuyén dong réi c6 thé 1am bién
dang 4m thanh. o S '

Gi6 thuong dugce déc trung bdi van tdc va clu trac rdi (turbulence) O gan mat
dAt, van tdc cua gio ting dan theo chidu cao theo quy luat ham s logarit
(ASHRAE, 2009). Do do, néu séng 4m thanh xubi theo chidu gi6, né co xu
hudng di nhanh hon va hudéng xubng dit. Nguoc lai, séng 4m s& huong 1én trén
va sy lan truyén bi cham lai khi di nguoc gi6 (Hinh 1.21).

- Gid

e Mat séng modi

~— Am thanh

Gié

Hudng &m tang cudng Hwéng' am giam yéu Mat séng

Hinh 1. 21 Anh hwong ciia gi6 dén su lan truyén am thanh trong khong khz
' - phong theo Koemgsberger et al ( 973 ) |

Gi6 con lam thay d01 mac dm tuy theo hudng cia am thanh va huong gio.
Mtrc 4m thuédn theo chleu gio ¢o thé 16n gép 2 dén 3 14n mic 4m nguoge chiéu gi6
(Pham, 201 1). '

Su bién thién nhlet do theo ch1eu cao cung co anh hucmg den su truyén 4m do
am thanh truyén nhanh hon trong diéu kién nhiét do cao. Sy phan bb nhiét do
khong khi & gén ‘mat dat thuong c6 sy thay doi do birc xa nhiét. Ban ngay, gan
mit d4t khong khi c6 nhiét d6 cao hon do mat dét bi dbt néng boi birc xa mat
troi. Ban dém mat dat birc xa nhiét ra khéng trung khién nhiét @6 khong khi gn
mit @At ha thip hon khong khi trén cao. S bién thién nhiét do khong khi khién
su truyén 4m ciling khac nhau giita ngay va dém. Hinh 1.22 chi r3 nhitng anh
hudng nay.
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15°C Ngay . 20°C bem

Am giam yéu & trén mat dét Am manh 1én & trén mét dat

Hinh 1.22. Anh hwéng ciia nhiét dé khong khi dén su truyén am
- phong theo Koenigsberger et al. (1973)

" 1.9. CAU HOI VA BAI TAP CHUONG 1
Ciau h6i trong tam:
1. Am thanh 13 gi? Am don 1a gi? Déi v6i 4m don, néu cac dai lugng vit ly

quan trong déc trung cla n6?

2. Tan s cua séng am la gi? Dai &m thanh ma tai ngudi nghe dugc 1a gi? Siéu .
4m la gi? Ha 4m la gi? Dai octave 14 gi? C6 nhitng dai octave phd bién nao?
3. Giai thich vi 520 phai stt dung thang Decibel. Dinh nghia thang do Decibel.

Nguorng nghe va ngudng chéi tai bang bao nhiéu?

4. Thang do dBA, dBB, dBC 1a gi? Hai 4&m c6 clng gi4 tri do theo thang dBA
thi nghe ¢6 gidng nhau hay khong? Tai sao?

5. Pic tinh vé cao d6 am va am sic dugc quyét dinh bdi nhitng yéu t6 chu dao
nao? Theé nao 1a 4m co ban va hoa 4m?

6. Nho diu ma co quan thinh giéc ctia con ngudi c¢6 thé dinh huéng va dinh vi
duoc ngudn 4m. Kha nang dinh vi d6 phu thudc vao yéu td nao ctia Am thanh?

7. Hién tugng am thanh bi che lép'le‘l'gi‘? Néu nhitng mit c6 lgi va mit khong
c6 loi ctia hién tugng nay. Ung dung?!

Bai tap on:

Bai tip 1: Quy déi muc 4m 1 sang dBA tr mirc am dB trong dai tan s tir 125 Hz
dén 4000 Hz.

Goiy:
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Tinsé | Miec im |Hi¢u vchinhA Hiéu chinh , Mirc Gm
(Hz) ! (dB) (dB) (dB) Cong dB | Cong dl? (dBA)
125 - 74 =15 59
250 | 68 | -8 60 63

500 64 -3 6l

1000 65 | - +0 E 65 66 68

2000 57 +1 58 1 7
4000 67 +1 68 68

Bui tip 2: Ung dung thang do Phon, hdy so sach cam gidc vé d6 16n cua hai 4m: ‘
mot Am tan s6 250 Hz va mot Am tan s6 1000 Hz cé cing mirc 4p sudt am la 50 dB

Goi y: theo Hinh 1.16, am tém s6 1000 Hz nghe to hon do ¢6 mirc cAm gidc &m
1250 Phon, so vé6i 40 Phon ciia 4m 250 Hz. Mu6n 4m 250 Hz nghe to nhu 4m
1000 Hz can tdng mirc 4p suat 4m Ién 59 dB.

" Bai tip 3: Tim mc 4m két horp cla cac am 34 dB 41 dB, 43 dB va 58 dB

Goi y Cong tung cap am de duogc gia trl mirc am tong hop

dB

34

41 =42

S

Bai tdp 4: Tim mirc 4m két hop cua 82 dB, 101 dB, 106 dBva 102 dB, 90 dB
va 78 dB. ' o o
Goi y: St dung céc thir tu khac nhau dé tim mirc &m két hop c6 the cho ket
qua khac nhau khoang 1 dB, nim trong khoang khong phéan b1et>duorc cua tai
nguoi. Tuy nhién, dé dat dugc két qua chinh xéac hon, ta c¢6 thé két hop bang cong
thirc ham so logarit nhu trinh bay & muc 1.8.2.
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Bai tdp 5: C6 76 kén trombone choi v6i mic cuong do am L, 1a 80 dB cho
mdi kén. Tinh muc cudng d6 4m tong hop

Goiy: ‘ ) S
L;=80+101log 76 =80 + 10 x 1.88 =99 dB cho 76 kén trombone.

Bai tdp 6: Ta can phai trir gia tri decibel dé tim tiéng on tir may in néu mirc 6n
do dac trong phong may tinh 13 80 dB va mtc dn nén khi may in tit 1a 73 dB.

Goi y: Bang 1.1 ciing c¢6 thé sir dung @é trir gia tri decibel. Theo bang, vi hai
mirc 6n chénh 1éch nhau 13 7 dB nhu vdy mirc 6n cia may in s& trir 1 dB tir giad

- tri cao hon. Vi v4y, tiéng 6n ciia mot minh may in s€ 12 80 — 1 =79 dB.

Bai tdp 7: Cho van tdc truyén 4m trong khong khi 1a 343 m/s. Héi véi 2 am
riéng ré (phdt cing mét luc) c6 dudng d6 dai truyén 4m dén tai khéc nhau la l; =
120 m va I =145 m, tai nghe nhw mot 4m hay hai 4m, vi sao? » |

Goi y: tinh thoi gian truyén 4m tir ngudn dén tai nghe. So sanh chénh léch cua
2 thoi gian im dugc voi mic 50 ms va dua ra két luén.

Bai tip 8: Cho mdt ngudn 4m diém phét am don. C4ch ngudn 4m 100 m do_
dugc mirc 4m la 45 dB. Hoi tai mét diém cach nguén am 400 m, mic am do
duoc 13 bao nhiéu? Coi néng lugng 4m chi giam do khoang cach.

Goi y: Ap dung nguyén ly suy gidm ning lwgng am theo khoing cach: dbi vai
ngudn diém, khi khoang cach ting 1én hai ldn, mirc 4m giam xudng 6 dB, tir d6
tinh dugc mic 4m tai khoang cach 200 m va 400 m. .

Bai tip 9: Cho mot ngudn am la ngudn dudng phat ra &m don. Cach truc
ngudn 4m 50 m mirc 4m 1a 45 dB. Hoi tai mot diém céch truc nguén am 200 m,
mitc 4m do duoc 1a bao nhigu? Coi ning lwgng 4m chi giam do khoang cach.

Goi y: Ap dung nguyén ly suy giam ning luorng am theo khoang cach: déi véi
ngudn dudng, khi khoang céch ting 1én hai 14n, mic 4m giam xudng 3 dB, tr d6
tinh dugc mire 4m tai khoang ¢4ch 100t va 200 m.

Bai tdp 10: Cho 2 nguon am.-lan-lugt phat 4m don ¢6 mirc 4m do duorc tai
diém A déu 12 40 dB; héinéu 2 nguon d6 phat 4m dong thoi thi mirc 4m téng hop
tai A 1a bao nhiéu? Néu c6 4 ngudn nhu véy thi mirc 4m tdng hop 1a bao nhidu?

Goi y: Hai am c¢6 mirc 4m bing nhau s& c6 mic Am tbng hop téng 1én 3 dB.
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Chuong 2

VAT LIEU VA KET CAU |
DUNG TRONG THIET KE TRANG AM

TOM TAT NQI DUNG CHINH
Chuong 2 xoay quanh chii @ vat liéu va két cdu ém hoc sir dung trong
thinh phong, vén gém 2 nhém chi yéu:
- Nhom vdt liéu va két cdu hit am,
- Nhém vt liéu va két cdu tén xq am.

Déi voi nhom thik nhat, ban doc can nam dwoc khdi niém hé sé hit Gm

(tuong timg véi tirng tan s6) va cdch tinh tong lwong hit dm (xem bai tgp 1 -
- chwong 2) cua vt liéu trong phong. Cdu tao va nguyén Iy hoat déng

ctia ba nhém vt liéu va két cdu hit am co ban cing can dwoc hiéu ré.
Déi véi nhém thir hai, ban doc cdn phdn biét dw_oé khdi niém hé sé
khuéch tan ém va hé 56 tan xa dm (xem ky Phu luc A). Ngodi ra cdc hinh
.thite tao ra cdc bé mdt tén xa dm va ttng dung ciia chiing ciing can duoc
quan tém.
Cudi ciing ban doc cén ném ré nguyén tic: vét liéu hit am sé lam suy
gidm ndng lugng dm, con vat ligu khuéch tén dm duy tri ndng leong ém

va phén tén chiing déu trong phong. Do do g dung cia ching sé gin -

lien véi déc diém nay. Nhiing thinh phong nghe ém tryc tiép thuomg han
ché sir dung vat Tieu hit dm va 'thay vao dé la vdt liéu phan xa dm va
khuéch idn ém. ‘ ‘

Nhin chung vt liéuw hit am va tdn xa dm (néu co) can dwoc bé tri -

phdn tan dong déu v duoc két hop mét cdch hai hoa sé mang lai chét

luong dm tot.
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Khoa hoc v& vat liéu va két cAu hat am rat rong va phuec tap va co nhiéu ung
dung trong thyc tién. Noi dung cua chwong nay chi yéu goi gon trong viéc gii
thiéu vé cac tinh chét va nguyén ly co ban cta vt liéu va két chu ding trong xit
ly am thanh trong cac phong thinh gid va phong thu am.

2.1. PAC TRUNG HUT AM CUA VAT LIEU

Khi séng 4m lan truyén” trong moi

trudng, ndu gip mot vét can, mot phin
song 4m phan xa tai bé mit vat can trd
- lai mdi trudmg, mot phan xuyén qua vat
dé tiép tuc lan truyén va phén con lai bi
tiéu hao trong ban than vat can. Bé dic
trung cho 3 kha ndng phan xa am
thanh, hut 4m va dé cho 4m xuyén qua
cla V;ﬁi liéu, nguoi ta dung cac hé s6
phén xa r, hé s hip thu o vi hé sb

xuyénquart(r+a+ t=1).
Trong &m hoc phong kin, phan ning : L
R A A z Hinh 2.1. Sy tvong tdc cua song am
lugng 4m bi hap thu trong vét li€u, ket o . b
‘ voi mét bikc twong ngadn.

chu va phin ning luong am bi that _ phng theo Rossing (2007)

thoat ra ngoai sau khi xuyén qua vat -
liéu, két cdu goi 1a 4m bi hut (hay Ia phén ning luong 4m khong phén xa tré lai
vao trong phong). Nang lugng am bj tiéu tan trong ban than vét li¢u va két cAu
ma khong hdi phuc tré lai 1a do nhitng nguyén nhén sau day:

- Pbi véi vat lidu va két clu co do rdng: song Am ma sat v&i cac khe ho va 16
trong sinh ra nhiét trong két cAu, nang lwong am bi tiéu hao. Pong thdi khong khi
bi nén dan lién tuc trong cac 15 rdng, nén cling néng 1én. |

- Song am tao ap suét thay dbi trén bé mit vat li€u, két cau, cudng blrc ching
dao dong theo song dm. Nang lugng am phii ti€u hao dé thang luc dan hoi clia
vat liéu va két clu. Khi két ciu dao dong, niing luong co chuyén dan thanh ning
lugng nhiét. Néng hrqng am khi bién thanh nhiét nang thi dugc coi 1a phén ning
lwong am bi “bi mét di”. |

- Ban than vat liéu va két chu dao dong c6 thé s& lan truyén dao dong sang cac
thanh phén khic cua cong trinh ma khong tré thanh ning lugng 4m quay lai phong.
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Hé s6 hut Am « clia vat lidu c6 gid trj tir O dén 1. Trén ly thuyét, hé sb hit am
béng‘O nghia 1a vat liéu hoan toan phéan xa séng dm; va béng I nghia la vét liéu
hap thu toan bd séng 4m t6i. Trén thuc t 0 < o < 1. Hé s6 hut am thay ddi theo
tin s6 4m thanh va theo ca goc t61 cua tia séng am thanh. Vat liéu hat 4m théng
thuong x6p rdng, c6 hé sé hat am ting dan theo tin sb. Thong thudng kha ning
hit &m vé6i tén s thap 1a rt han ché, dic biét 1a 4m c6 thn sb thip hon 250 Hz.
Do d6 ¢6 nhitng loai vét liu va két ciu duoc dic ché @ hat Am cho tan s6 thép
(s& dugc giGi thidu trong phin sau). Bang 2.1 gi6i thiéu hé sé hut 4m va hé sé
giam tiéng dn cua mot sb loai vt liéu thudng gip trong thuc té, twong ung voi
ting dai octave tan s6 am.

Trong hau hét cac truong hop, dé tién cho viéc tinh toan, hé s hat 4m cua vat
lidu dugc dic trung boi 1 gia trj duy nhét (trung binh dai s cia h¢ s6 hut 4m dbi
v6i cac tin so am 250, 500, 1000, va 2000 Hz). Gia tri hit 4m nay dugc dinh
nghia trong tiéu chuén C423 cla Hiép hoi thi nghiém va vt liéu Hoa Ky 14 /4é sé
gidm tiéng on (Noise reduction coefficient - NRC) - xem ¢t ngoai cung bén phai
clia Bang 2.1. Hé s6 giam tiéng 61_1 dugec tinh nhu sau:

|  a+r

NRC=-2"°_ 2.1)
r+a+t

Trong tinh toan thiét ké am hoc phong, hé s6 hit 4m a ciia vat lidu hay két cu
hut am thudng duge coi nhu déng nhit véi NRC. ‘

Biing 2.1. Hé s6 htit Am va hé s6 gidm dn cita mot sb chit lidu (Rossing, 2007)

Vit lign 125 Hz | 250 | 500 | 1000 | 2000 | 4000 gf(,{;ffg,,’
Tudng son - kho | 010 | 008005 | 003|003 |003]| 005
Vira trét 0.02 | 0.03 | 0.04 | 0.05 | 0.04 | 0.03 | 0.05
B tong nhin 0.10 | 0.05 | 0.06 | 0.07 | 0.09 | 0.08 | 0.05
Bé tong xu xi 0.36 (044 | 031 | 029 | 039 | 025 | 035
Gach nung - nhin 0.03 -/710.03 | 0.03 | 0.04 | 0.05 | 0.07 | 0.05
Kinh 0:05-0:031 0.02 | 0.02 | 0.03 | 0.02 | 0.05
G8 van ép 0.58 | 022|007 | 0.04 | 0.03 | 0.07 | 0.10
Céc tim ch6p kim loai 0.06 | 0.05 | 007 | 0.15] 0.13 | 0.17 | 0.10
Ban day | 025 | 047|071 | 079 | 0.81 | 0.78 | 0.70
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Bang 2.1 (tiép theo)

Vit liéu 125 Hz | 250 | 500 | 1000 | 2000 | 4000 ggisgn
Vai mong | 0.03 | 0.04 | 0.11 | 0.17 | 0.24 | 035 | 0.15
Vai day 0.14 | 035 | 055 | 0.72 | 0.70 | 0.65 | 0.60
Ong cong hudéng Helmholtz | 0.2 0.95 | 0.85 | 049 | 0.53 | 0.50 0.70
Gach men 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.02 | 0.00
Linoleum (vat lidu trai san) | 0.02 | 0,03 | 0.03 | 0.03 | 0.03 | 0.02 | 0.05
Tham 0.02 | 0.05 | 0.10 | 020 | 030 | 0.40 | 0.15
Tham trén mat Bé tong 0.05 | 0.10 | 0.15 | 030 | 0.50 | 0.55 | 0.25
Tham trén mit cao su 0.05 | 0.15 | 0.13 | 0.40 | 0.50 | 0.60 | 0.30
Ghé boc ném mut ] 0.19 | 037 | 056 | 0.67 | 0.61 | 0.59 | 0.55
Ghé c6 nguoi ngdi 039 | 057 | 0.80 | 0.94 | 0.92 | 0.87 | 0.80
Mt nude | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.03 | 0.00
Mt dét 0.15 | 025 | 040 | 0.55 | 0.60 | 0.60 | 0.45
Co | 0.11 | 026 | 0.60 | 0.69 | 0.92 | 0.99 | 0.60
Soi gd phun (day 1 inch) 0.08 | 029 | 0.75 | 098 | 0.93 | 0.76 | 0.75

Gia tri trung binh trong Bang 2.1 dugc st dung khi 4am thanh ¢6 tan sb trong
khoang 200 - 2000 Hz. Ngoai dai tin sb nay - nhit 12 d&i véi tén sé thép, ching
ta can xac dinh nhiing hé s hat am cu thé dbi vai ting tdn sb. Vat lidu c6 hé sb
hat Am nhé hon 0.2 duge coi 1a vat liéu phan xa am, trong khi hé sé hat am 16n
hon 0.4 dugc coi 1a vat ligu hat 4m. Trong cic trudng hop cin hut 4m manh,
nhitng vét liéu va két cdu co db hat 4m manh hon s€ dugc dung.

Trong 4m hoc kién trac, hat Am va phan xa 4m la 2 kha ning quan trong cla
vat liu can duge nghién ctru k¥. Su phén bd cac vat Héu, két cAu hit Am va phéan
xa Am trong phong c6 anh hudng truc tiép dén trudong Am, thoi gian Am vang, cau
trac 4m thanh va tn b, do on cua phong... hay noi khic di la chét luong am
~ trong phong. '

Khi thiét ké am hoc, ching ta thudng quan tAm dén viéc duy tri ning luong 4m
trong phong va dua 4m dén tai nguoi nghe mot cach hop ly. Trong thiét ké chéng
dn, ngurdi ta lai quan tdm dén viéce triét tiéu ning lugng 4m mot cach t6i da. Ca
hai viéc ddu doi héi c6 nhing kién thirc vé vt lidu va két cau hut am.
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2.2. CAC LOAI VAT LIEU VA KET CAU HUT AM

Vit liéu va két cdu hut am rit da dang, mg dung trong nhiéu linh vuc khoa |
hoc va thyc tién khac nhau. Trén quan diém am hoc néi chung, theo Miiller va
Mbser (2013), vt lidu va két cAu hat 4m c6 thé duoc chia ra mot sé nhom chinh
nhu sau:

- Vit lidu hut Am thu dong (vat liu xbp, rdng, soi...):

- - Vit liéu hat 4m c6 tinh tuong tac véi truong 4m trong phong kin (reactive
absorbers in closed spaces);

- K&t cAu hit 4m dang tAm;

- Két chu hit 4m dang tdm c6 duc 13;

- Tiéu 4m bang cach gy nhifu (Interference Silencers) - nguyén ly hoat dong
tuong tw nhu cdu tric tidu 4m dng xa dong co ddt trong; |

- Ong hiit 4m chu dong (str dung con lic co-dién tw);

- TAm hat 4m duc 16 nho (Micro-Perforated Absorbers);

- Céc loai vat lidu va két cAu hut 4m phirc hop (Highly Integrated Absorbers).

- Dlng & goc dd am hoc kién triic, nguoi thit ké quan tAm dén viéc kidm soat
trufyhg 4m trong phong 14 chu yéu, do dé, nhiéu trong s6 cac phuong phép ké trén
khong hodc it phil hop cho tng dung am hoc kién triic. Céc phén tiép theo cta
chuong nay sé& gi6i thiéu nhitng vét liéu va két ciu hit 4m co ban hay dung trong
thiét ké trang 4m kién trac. ‘

2.2.1. Vit liéu hat am x5p

Vit liéu hiit 4&m xdp réng thuong 1a nhitng loai vt liéu dang soi, ¢ ciu triic
¢6 nhiéu khoang hé ma khong khi ¢6 thé len 16i vao trong khéi vat liéu. Khi
séng 4m t6i gdy 4ap suét khong khi trén bé mat vat lidu bi thay ddi lién tuc
cudng birc khong khi chuyén dong trong cac khoang réng cta vét liéu. Qua
trinh nay gy tiéu hao ning lwong dao dong (4m thanh) thanh nhiét ning do ma
sat ]a chinh. o ‘ _

Céac loai bong khoang, s¢i thiy tinh, cac san phém dét, cac san phém géc thuc
vét (xo dira, dam bao ép, min cua, rom ra...) la nhiing vét 1iéu c6 kha nang hat
am tot, nhét 1a cic Am c6 thn sb cao va trung. Hinh 2.2 gidi thiéu cac nhém vat
liéu hut &m chinh va déc tinh hut 4m cua ching.
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Hinh 2.2. Ba logi vét liéu hit dm x6p réng (trdi) va dwong ddc tinh it am
ctia vét liéu lom tir soi gai dau (phdi) - phong theo Arenas & Crocker (2010)

Kha ning hit 4m thuong dat gi tri cao nhét khi chiéu day 16p vét liéu xOp tiém
cin bude song 4m. Khi chiéu day vat lidu tang 1én, kha ndng hit 4m cfing ting 1én
nhung chi yéu d6i véi cac 4m c6 tin s6 thdp (Pham, 2011) (xem Hinh 2.3).
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Hinh 2.3. Moi quan hé giita kha ning it ém ciavét liéuvéi bude séng dm 1
va chiéu day ban vét liéu d - phong theo Miiller & Moser—(2013)

Thong thuong, dé str dung céc vat lidu rong x6p hut 4m, ngudi ta thuong ché tao
ching thanh cac tAm panel c6 quy cach da dang (30 cm x 30 cm, 50 cm x 50 cm....),
bé mit duoc phi son, vai hay nhya téng hop c6 duc 16 va dung ching dé hoan
thién noi thit thinh phong. Cac vit liéu phil ngoai vét li¢u xbp réng vira ¢6 chirc
ning thim my, vira dé chéng chéy, chéng tic dong vat Iy gdy hu hong vét liéu
hit m.
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Vi tri dat vat liéu rSng anh huong 16n t6i kha ning hut am. Chéng han, mot
tAm vai thua bd tri cach mat tuong cimg, kha ning hit 4m cta tAim vai s& phu
thudc vao khoang cach giita vai va tuong. Thi nghiém véi 4m ¢6 tan sé 1800 Hz
cho thiy kha nang hit 4m dat cyc dai khi khoang cach 1a 9 cm, bing 1/2 bude
song 4m A (Nguyén, 2011). Trong phong 16n, vi du phong #n ctia nha hang, néu
cing mot tAm vai mong cach tran hogc tuong mot khoang phu hop s& cho hiéu
qua hat 4m cao. Cac loai man, rém cira kinh ciing 1 nhitng giai phap hat am,
giam 6n trong phong hiéu qua.

2.2.2. Bian méng cfng hwéng hit 4m

‘Béan méng hiit 4m c6 cu tao kha don gian, gdm mot ban méng dan hdi duge
cb dinh trén hé khung cach mat twong mot khoang khong khi. Ban méng dan hoi
c6 thé 1a tAm béng van ép, tAm a-mi-ang, tAm kim loai... cb dinh trén hé khung
gd. Khoang tréng giira ban va tudng c6 thé dé tréng hodc nhdi vat lidu x0p réng
dé tang kha ning hut 4m cua ban (Miiller & Maser, 2013).

/ ‘ /
(R
, &)

T

3 4 2

LN J

S

[ X}
—_

Hinh 2.4. Cdu tao ban mong hit am: 1 bén méng, 2 khung ¢é dinh,
3 16p khéng khi day d va 4 16p vét liéu xdp day d,,
phong theo Miiller & Mdser (2013)

Véi clu tao nhu vay, h¢ tré thanh mét hé dao dong don gién,kiéu 1o xo0, véi
ban moéng dong vai trd vat ning c6 khdi luong m, va 16p khong khi sau ban méng
1a mdt 10 xo0 ¢6 do cing k. Khi séng 4m t4i tac dong 1én mit ban, mét ban sé& dao
dong theo khién nang luong 4m chuyén thanh ning lwgng nhiét. Néu tan sb dao
dong riéng ctia ban bang hoac xAp xi tan sb séng am t61, hién tuong céng hudng
s& x4y ra, ban dao dong manh nhat va kha ndng hiit 4m dat gi4 tri cao nhét.

Do tan sb dao dong riéng cia hé ban méng kiéu nhu trén thuong tuong dbi
thdp, do d6 h¢ thuong dugc ding dé hit 4m tn sb thép. TAn sé dao dong riéng
clia hé (tAn s cong hudng) phu thudc vao kha nhiéu yéu tb: do cing cta ban,
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lién két ban vao khung va vao tuong, su hién dién cda vat li€u xbp, bé day 16p
khong khi.. . Thong thuong, néu bod qua tinh dan hdi cia ban mong, tan sd dao
dong riéng f, ciia hé dugc tinh nhu sau (Nguyén, 2011):

600

fo= ﬁ (2.2)
trong do:

m - khbi lvong mit ban (kg/m?);

§ - chiéu day 16p khong khi sau ban (cm).

Bing céch chon vat liéu ban khac nhau (c6 7 khéc nhau) va chiéu day 16p khong

khi (hay 16p bong khoang) thay ddi, ngudi ta co thé tao ra cac loai ban mong cdng
hudng hit 4m 6 tn sé dao dong riéng £, khic nhau, c6 thé hat dm higu qua &
nhitng dai tAn s6 khac nhau. K&t hop nhiéu hé ban méng s& ¢ dugc két cAu hit 4m
trong pham vi tan sb du rong mong mubn (Nguyén, 2011). Hinh 2.5 gidi thiéu két
qua do o ctia mdt ban mong dao dong v6i cac cach céu tao khéc nhau.
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Hinh 2.5. Pham vi hit am do dwoc cia bédn mong dao dong trén hé khung
- s6ng dm t6i vubng goc voi mdt ban - vi tri ban cdch twong khdc nhau
(dwomg lién: két cdu 3 16p c6 I6p khéng khi; duwong diktbén mong
va khéng khi day 10, 30 va 60 mm) - phong theo Zhow et al.(1998)
2.2.3. Ban duc 16 hit Am

Bén duc 16 hit 4m c6 chu tao tuong tur nhu hé ban méng cong hudng hit am,
_nhung bé mit ban dugc duc 16 v6i kich thude va mat d6 khac nhau, Ban duc 16
hat 4m lam viéc dua trén nguyén ly cla éng cong hudng khong khi Helmholtz
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(Helmholtz resonator - xem nguyén ly lam viéc trong Hinh 2.6). Hinh 2.6 cho
thdy éng Helmholtz 1a mdt h¢ dao dong don gian ma khéi khong khi & miéng éng
1a vét ndng m, khéi khong khi trong Io 14 16 xo. Khi hé dao dong, khéi khong khi
migng 1o co xat vao thanh lo, lam tiéu hao ning luong 4m.

Khong khi &
trong cd lo

Khéng khi
& ap suat
thwong

Khéng khi

S LUONg gid
bi nén

Cdlo

Hinh 2.6. Ong céng hieéng Helmholtz
Tén sb dao dong riéng ctia dng Helmholtz duoc x4c dinh qua cOng thtrc:

c |S

= |= (2.3
2o NIV @3)

Jo

trong do:
¢ - van tbc truyén am trong khong khi (cm/s);
S - dién tich ngang ¢b lo (cm?);
V - thé tich bung lo (cm?);
[ - chiéu dai c6 ich ¢b lo (cm).

Néu tin sb cua song 4m t6i xAp xi hodic bang tin sé dao dong riéng cua lo,
khoi khong khi & miéng lo s& dao dong manh nhét, ma sat s& 16n nhét din dén hut
4m manh nhit. Béng cach thay dbi céc tham sb (_:a“iu tao cua lo nhu S, / V, ta s&
nhan dugc cic lo Helmholtz c6 tan sb riéng khac nhau, c6 kha ning hut 4m & cac
tAn sé khac nhau. M3i lo Helmholtz c6 thé hit Am trong mot tan sb rat hep quanh
tan s6 dao dong ridng ctia 1o, do d6 khi sir dung ¢6 thé két hop nhidu loai lo cho
dai tan sb rong hon, hodc dé ding hat 4m don (c6 1 tin sd).

Lo Helmholtz c¢6 thé duoc bd tri trén tran, twong v&i khoang céch hop ly dé
tan dung t6i da kha ning lam viée cua tirng lo. Tiét dién miéng lo khong nén 16n
qué s& gidm ma sat (khong nén qua 6 - 8 cm (Nguyén, 2011). Lo Helmholtz da
ting duge st dung trong céc nha thy ¢d & Chau Au (Pham, 201 1) va trong nha
hét ngoai tri & La MA.
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Kiéu: 8/15/20R Kiéu: 12/20/66R

| & MDF day 20 mm
!

KT: 1200x2000x12.5mm KT: 1188x1998x12.5mm \
Ty 1& duc1d: 9.5% Ty & duc 16: 19.6% Vat fiéu béng khoang tang
Trong lwong: 9.1 kg/m? Trong Ivong: 8.0 kg/m? kha nang hut éam

Hinh 2.7. Mt 56 kiéu bén duc 16 hit ém ciia hing Au.diBoard

Hinh 2.7 gic’ri thiéu mot vai dang ban dyc 16 hit 4m thuémg gip. Dang cdu tao

don gian nhit cta ban duc 16 hat 4m 1a dat ban 1én trén hé khung va ¢ dinh vao
tudng, tran. L8 c6 ban kinh tir khoang 2 dén 25 mm (Miiller & Mbser, 2013). Dé
tang kha ndng hut 4m, mat trong hodc mit ngoai ban co6 thé duoc dan thém mot

16p vai méng hoic 16p bong xép mong dé tang ma sat, phia trong ban st tudng
¢6 thé 8p thém vat liéu hit &m (xem Hinh 2.8). Khi diéu chinh cac thong s6 cu

tao ctia hé: mat d6 duc 16, tiét dién 16, bé day 16p khong khi, vit liéu lam ban,

cach lién két khung vao tuong, vat li¢u x0p chén khe rong, vét liéu vai phi mit

ban... ta co the diéu chinh dugce hé s hit 4m cua hé.

a) g
d . .
vl ] € 7 C 7
b) -
. N e e I _
C) /
d -
ot ik kil i L e s

" Hinh 2.8. Mot s6 céch cdu tao ban mong duc 16 it ém
- phong theo Miiller & Moser (2013)
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C6 thé thay ban duc 16 c6 kha ning hut am tan so thip rit t6t, khi st dung nén
két hop v01 cac dang vat lidu va két cu hut 4am khac dé dat hicu quéa hut am
mong muén (xem Hinh 2.9).

12 Z

b %ﬂi&f | _
gos— ch\\ i~
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Hinh 2.9. H¢ 56 hiit dm ciia ban phikc hop (1.5x1x0.1 m + tdm thép 1 mm) -
do trong phong vang - So sdnh véi hé s6 it dm ciia vt licu x6p trong Hinh 2.2
- phong theo Miiller & Méser (2013)
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Hinh 2.10. Nguyen ly hut dm ciia ban duc 16 nhé (trdi) va dic tinh hut am

cuia mot cdu triic tran 2 18p sir dung ban duc 16 nhd (phai)
- phong theo Miiller & Mbser (2013)

Hleu qua hut am cua ban duc 10 c6 thé duy tr1 ma khong can céc 1op vat liu hut
4m bén trong bang cach duc 15 c¢6 ban kinh ro nho (twong duong chidu day 16p bién
4m hoc J ctia khong khi - xem Hinh 2.10 bén trai - vao khodng 0.05 <r,< 5 mm)
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va mat do thua (khoang 1% dién tich ban). Nang lugng 4m bi tiéu hao cha yéu do
ma sét v6i thanh 16 nhé. Do kh()ng cAn vat liéu hut 4m, cac ban duc 15 nho nay c6
thé lam bang vat lidu trong subt dé tang tinh thAm m¥. Hinh 2.10 glO‘l thiéu
nguyén ly hut &m cta ban duc 16 nho va dac tinh hat 4m cta mot két ciu hut am
duc 16 nhé 2 16p.

C6 thé tom tat dic trung hut am cua cac loai vat liéu va két cAu hit am don
gian qua duong dic tinh ht 4m theo tan s nhu gigi thidu trong Hinh 2.11.

Hé s hat am o

Vat ligu x6p réng méng Tl /
. L& cdng hu@ng
Vat lieu xép réng day /— hat am
(ho#c co khodng céach) é / :

/k

va két cdu hit am don gian - phdng theo Cavanaugh et al. (2009)

N

Vat ligu xbp réng méng
v&i ban duc 16

i

il Bén cdng hwéng
/\ r4t méng
L

Hinh 2.11. Ddc trung hut ém theo tén sé cia cdc vt liéu

2.2.4. Cic két cAu hiit Am phirc hop

'Hién nay trén thi trudng da co rt nhiéu céc loai két cdu vira 1am nhiém vy hut
am, vira lam nhiém vu trang tri, hoan thién bé mat ndi that cong trinh. Céc loai
vat liéu va két cdu nhu vy ¢6 mau sic, miu ma phong phu ¢0 kha nang chiu ltra
" hodc khong Va duoc tich hop nhiéu giai phép hit 4m truyén thdng cling nhu tién
tién. Trong s6 céac giai phap déng chi y dugce sir dung pho bién, c6 mot sb giai
phép no1 bat sau day:

- Két chu hat 4m- treo trén trdn (suspended sound absorbmg baffles) (Xem'
Hinh 2.12). Két cAu thuong dugc lam béi eae tAm, k_h01 hinh hoc ¢6 boc vit liéu
hiit 4m. Kich thuéc hinh khdi ¢o thé duoc thiét ké phuc vu ca muc dich thim
my. Loai nay rit da dang tir chﬁng loai dén mau ma, rit phu horp cho viéc trang
tri kién trac. Cac tAm va khoi hut am c6 hiéu qua kha 16n do tong dién tich hut
am duogc tang 1€n dang ké.
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Hinh 2.12. Mpt s6 két cdu hit ém treo trén nha (sueu tam)

- Két cAu hit am di dong: thuong duoc dung trong phong c6 yéu cu cao vé
chét lwong am. Trong phong da nang, thdi gian &m vang yéu cdu cho tung loai
h1nh hoat dong 13 khac nhau. Mit khac, sé luong khan gia tham du ciing khong
6n dinh anh huong dén téng lugng hit 4m cta phong. Do dé, lwong hat 4m cén
dwoc diéu chinh linh hoat cho pht hop. Giai phap don gian nhét hay gdp la dung
mot 16p rém di dong che phu nhitng mit tudong phan xa 4m dé taing luwong hit 4m
ctia phong (Szokolay, 2008). Hinh 2.13 gi6i thiéu cac giai phap khac nhim didu
chinh lugng hat 4m ctia mot bé mat.

L‘A'A'A'A"b ‘

%ff o
7 Y
in, > = _

Hinh 2.13. Mgt 56 gidi phdp co hoc nhédm diéu chinh lwong hiit ém ciia bé mdt
- phong theo Szokolay (2008) va Everest & Pohlmann (2001)
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2.3. UNG DUNG VAT LIEU HUT AM

2.3.1. Kiém soat théi gian 4m vang

Nhiing khong gian vang ddi qua muc, co thé 13 mot nha hang hodc 1a mot tram
xe lira, véi cic tiéng doi 1am cho khong gian dn a0 va khé giao tiép. Trong nhung
khong gian nhu viy, moi nguoi cd xu huéng phat bidu cham lai, n6i to hon va cb
ging phat 4m chinh x4c timg chit de nguoi nghe ¢6 thé hiéu dugc. D6 1a van dé
cla am vang. '

Am vang 13 sy suy gidm 4m thanh sau khi ngudn 4m dimg va d6 1a mot ddc
diém quan trong cua 4m hoc phong khén gia. Am vang hiu hét nghe dugc trong
khong gian 16n voi cac bé& mit cing nhu trong nha thd, noi ma tiéng doi di doan
duong dai sau khi 4m thanh phét ra tir ngudn am. Trong cac khong gian nhé véi
cac vat liéu hat am, nhu trong phc‘mg khach, vat liéu hat 4m hép thu nhanh ning
lugng d4m. Khi moi ngudi noi vé cac phong ‘sdng dong hay “cam diéc”, 1a
thuong noi vé cam nhén cta ho d01 vOi Am vang.

Lugng 4m vang trong phong phu thudc vao thé tich, h1nh dang cla phong va
lugng hut &m trong phong. Giai phap cho phong gép vén @& vé& Am vang la dua
thém cac vat liéu hat 4m vao. Piu d6 s& 1am gidm céc nang lugng 4m phan xa
trong phong va vi vy s& giam am vang va cudng do dm. Cac vén d& xuit hién
trong phong &n khi ma cac b& mat gin khu vuc n va khu vuc chudn bi can phai
ctng, phang, chii rira duge ma cac vat liéu hit am thi lai mém nén khéng phtt hop.
Vi vay, noi tbt nhét cho vat liéu hut 4m 13 & tran hodc 1a phan trén cao clia tuong.

Ném duoc chinh xac tinh chit 4m vang trong khong gian 1a diéu quan trong
trong thiét ké, du muc dich cubi cing cia thiét ké 1a tao ra am thanh, 4m nhac
hay; khéng gian dién thuyet c6 thé nghe 15, giam do on hay don gian chi 1a mot
khong gian thodi mai dé & trong do.

Mot vi du dién hinh ctia viéc su _dl_mg vat liéu hut 4m la cdc phong cdm (phong
bd tri day dic vat liéu hit am). Loai phong nay khong ¢6 phén xa tir tudng, san
va trin. Phong caAm hoan toan yén tinh. N6 duge sir dung dé thuc hién cac thi
nghiém trong dleu ki¢n khong co tin hleu Am phan xa. No ly tuéng cho viéc kiém
tra xung dap ung (impulse response) cua cic thiét bi tdn xa 4m bdi vi phong

- khong anh hudng dén do dac. N6 con ding dé kiém tra cic thiét bi am thanh nhu
loa, tai nghe, thu 4m géc”dé dung trong md phong. Pé loai bd phan xa, cac bé
mit duoc bao phi bdi cac tAm hut 4m hinh ném lam tir mut bot ¢6 16 hodc tir si
thiy tinh. '
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2.3.2. Kiém soat tiéng on trong nha may va phong lé6n

Mirc d6 tiéng 6n trong mdi trudng lam viée phéi duge kiém soat dé lam viéc
an toan, vi mic d6 6n qué mirc c6 thé giy ra ton thuong thinh glac Do do, c6
nhung quy dinh nhdm han ché sy phoi nhiém tiéng 6n dbi voi nguoi lao dong. Cé
mdt sé phuong phap dé kiém soat tiép xuc véi tiéng on. Céc phuong phap hiéu
qua nhét trong sb do thudng kiém soat tiéng 6n & ngudn, nhung didu nay khong
phai luc nao ciing thyc hién duge. Mot k¥ thuat khac 12 1am giadm mirc 4m vang
trong khong gian. Piéu nay chi c¢6 hiéu qua néu 4m vang déng gop phan dang ké
cho mtrc d6 6n. Vi du, cach tiép con nay s& khong c6 hiéu qua néu ngudi lao
dong dang & gan mot may dang van hanh va phét ra tiéng 6n 16n, béi vi luc nay
4m thanh truc tiép dang chiém wu thé. Am phan xa s& giam bang cach bd sung
cac vat liéu hat 4m va do d6 mirc do tiép xtc véi tiéng on duge giam xudng
thuong 1a 3 - 4 dBA. Thong thuong, vat liéu hat 4m xép, nhu bong khoéng, duoc
stt dung vi n6 ré tién, nhe nhang va hiéu qua.

Vit lidu hdp thu xdp thudng phai duge bao vé khai bui bén, va thuong dugc
boc trong bao nhya, vi vy ma kha niang hap thu 4m tén s cao bi gidm di. Co
nhiing tinh huéng ma viat liéu hép thu can phai rira dugce, va ¢6 mét vai loai vat
liéu hit 4m xdp dép tng dugc didu ndy. Ciing c6 nhitng tinh hudng ma vét liéu
hit 4m cén phai khong ¢6 xo dé ngan ngira 6 nhiém. Vit lidu hit 4m x0p chi ¢6
hidu qua & tén sé tir trung binh dén cao, day 1a tdn sb ma tai 1a nhay cam nhét va
do d6 diéu khién tiéng 6n tin s6 cao 13 cin thiét nhit trong moi truong 1am viéc.

Cac nha may thuong co kich thudc khong can xing; théng thuong, chidu cao
tran kha thdp so vdi chiéu rong va chiéu dai cua nha may. Tur cac khao sat 4m
hoc, nhitng khong gian nay can phai khuéch tan 4m thanh. Truomg 4m khuéch tan
12 noi ma mat d6 ning lugng Am phan xa doéng déu trén toan bd cidn phong va
trén tit ca cc huéng lan truyén 4m. C6 nhiéu Iy do tai sao ma nhiéu phong trong
thue té khong c6 mat do nang lugng 4m va cac hudng lan truyén 4m ddng déu:

- V6i 4m tan s6 thép, hién tirgng séng ding xay ra gidng nhu trong cac dng séo.

- Vi phong <6 cée kich thuée rat khac biét, thoi gian 4m vang s& rit khac biét
theo cac huéng khic nhau nhu trong nhd mdy. Vi du, am thanh s& suy gidm
nhanh hon theo huéng phin xa vudéng goc thay vi theo huéng song song vdi san,
boi vi theo hudng vudng goc, 4m thanh s& phan xa nhiéu 14n hon, va véi mbi lan
phén xa, hién tuong hit 4m lai xay ra.
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- Vat liéu hit 4m trong phong khoéng phai lic nao ciing dugc phén bb déu
trén tt ca cac bé mit. Vi dy, vat liéu hut 4m trong nha may héu hét tap trung
trén trin nha. ..

- Néu can phong ¢6 hinh dang déc biét, vi du: hinh try, cac bé mat cong co thé
tdp trung 4m thanh dén mot diém. Két qua 1a sé tao ra mOt truong Am thanh
khéng ddng déu. '

2.3.3. Kiém soat 4m tin sb thip trong cdc thinh phong quan tr(_)hg

Céc phong nhd, nhu phong thu/phat song, nha hat va phong héi nghi, thuong
gdp vin @ do am tin sb thép. O tin sb thip, hién tugng séng dimg cua can
phong x4y ra theo tan s6. Két qua la mot sb tan sb duogc nhin manh, trong khi do,
mdt sb tin sd thi lai yéu di lam anh huéng dén am sic khi nghe. Diéu nay dic
biét quan trong khi 4p dung trong 4m nhac, dic biét 1a voi viéc st dung cong
nghé loa siéu trdm ngay cang phd bién dé san xuit am nhac hién dai v6i 4m trim.
Céc giai phap chung bao gbm lua chon kich thuéc phong, bd tri loa va vi tri nghe
chinh x4c dé 1am phing t6i da dap ing xung t4n sb cna can phong. Ngay ca khi
kich thudc phong dugc chon c&n than nhung dap tng xung theo tin s6 ciia phong
s& van khong déu va am thanh trdm van cin duoc xit ly.

Hinh 2.14. Bdy dm tan sé thdp va cdch bé tri trong phong nghe quan frong
Vat liéu hat 4m trAim thuong dugc st dung 14 biy am tram (bass traps). Vit
liéu hat 4m xbp rdng it khi duoc sir dung bdi vi ching phai rat day dé hap thu
duoc Am tin sb thdp. Vat 1iéu hip thu xdp co hiéu qua nhit khi né duoc dit
cach tudmg, trin mot khoang mot phén tu budc séng, noi ma van tbc dao dong
~ clia cdc phén t khong khi 14 ti da. D5i véi mot 4m don tan sb 100 Hz, vat liéu
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hut 4am xép s€ duoc ddt khoang 1 m tir chu vi phong. Dit cac vat liéu hép thu
am x6p truc tiép vao chu vi phong, trong thuc té, s& khong hiéu qua, béi vi van
tbc khong khi tai chu vi phong 1a bang khéng. Trong khi d6, tai cac goc, ap suét
“4m lai 16n, van toc phin tir khong khi lai rét thip va do dé su hép thu ciing
khong hiu qua. Vi nhitng ly do nay, vat liéu hip thu cong huéng duoc vu tién
dé xtt ly 4m tin sb thap. :

Vén & vé6i vét liéu hip thy cong hudng 1a ching thudng chi su hép thu 4m
trong mdt khoang tan sé hep. D& bao phu mét khoang tin sb rong hon, yéu céu
phai ¢6 mot loat cac vt liu hiit 4m tao thanh cdc kénh hit 4m, mdi kénh dugc
diéu chinh theo mét dai tin khéac nhau. Ngoai ra, ¢6 thé sir dung céac vit liéu hat
&m hai 16p, nhung lai ton kém dé xay dung. Trong nhitng nim gan dy, mot vat
liéu hut 4m cdng huong méi da duge xay dung, noi khdi rung 13 mot tim kim
loai va 16 xo dugc tao thanh tir bot hodc polyester, va diéu ndy mang lai su hip
thu trén mot quing tin sé rong hon.

O tn sb thép, truong 4m thanh khong bi khuéch tan, va hau qua 1a vt liéu hut
4m khong thé tinh duoc thdng qua cac quy luat théng ké don gian. Mot cach tiép
can phirc tap hon, nhung chinh xac hon, 1a st dung mot phuong phép mo phdng
s6ng 4m nhu phirong phap phén tir hitu han hoic phén tir bién.

2.3.4. Kiém soat tiéng doi trong khan phong

Céac phan xa dén tré xuét hién nhu mot tiéng ddi néu cuong dd cua néd 16n
hon nhiéu so v&i mitc 4m vang chung. Trong cic hdi truong 16n, cac 4m phan
xa tir tudng sau thuong gy ra vin dé tiéng doi cho khan gia ngdi & phén phia
trede khu ghé chinh hodc ngudi biéu dién trén san khéu. Céc tiéng doi rit manh
c¢6 thé xay ra néu buc tuong phia sau cong 16m, va tp trung cac phan xa vé
phia truéc clia hdi truong. Mot ky thuat dé loai bo tiéng doi 1a 4p dung vit 1iéu
hat &m vao tuong hau. Tuy nhién, viéc sir dung vit liéu hut 4m trong khan
phong s€ loai bé ndng luong &m thanh, khi ma trong khéng gian hoa nhac 1on,
ning lugng 4m thanh rat la quy gid va vi vay su khuéch tan la giai phép dugc
uu tién hién nay. -1 |

DPéi vé6i cac khong gian nhé hon, vat liéu hat 4m van dugce st dung dé kiém
soat thoi gian 4m vang, va xit Iy véan dé tiéng doi. Sy hép thu cin phai hoat dong
& tan sb tir trung binh dén cao, bdi vi tiéng doi dang chu ¥ nhét 13 v6i cac nhac cu
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v6i kiéu nguén am dinh huéng. Do d6, mot 16p hit 4m xdp c6 thé duge st dung.
Ngoai ra, cin ¢ cac bé mit két hop (hyber) kiém soat 4m vang ¢ & tan sb thip dén
trung binh, nhung c6 thé khuéch tin & am tan sb cao hon.

Tiéng vang rung dong (flutter echoes) co thé xay ra trong khong gian véi hai |
btrc tudng song song 16n. Am phén xa thudng xuyén giy ra béi 4m thanh ndy qua
lai gifta cac buc tuong song song lam cho tdn sd cia 4m thanh bj thay ddi mét
theo cach bat lgi. Néu ban di vao 1dng ciu thang véi nhitng birc tuong song song
va vd tay, 4m thanh tin sb cao s& dugc nghe; d6 1a tiéng vang rung dong. T‘ié'ng
vang rung dong phd bién & cic rap hat. Mot bién phap khéc phyc 1a 4p dung vat
liéu hat am vao it nhit mét trong hai birc tudng song song dé hép thu cac phan
xa. Mot 1dn nita, mot 16p vat lidu hip thu xbp tuwong d6i méng co thé dat dugc
didu nay, va n6 xir Iy 4m tan sé trung binh dén cao. Ngoai ra, vit liéu tan xa 4m
d6i khi dugc wu ti€n, bdi vi chung kiém soat tiéng vang rung dong, tao trudng Am
dbng déu va d& chip nhan.

2.3.5. Cich 4m

Vit 1iéu hat 4m x6p rdng dudg sir dung rdng rai trong cach &m. Cac ciu tric nhe
nhu vach ngin thuong c6 khe khong khi & gitra, nhu thé hién trong Hinh 2.15. Vat
liéu hut 4m xép duoc st dung chen vao sat tAm thach cao dé ngdn ngua su cong
hudng cia khong khi. Néu cong hudng cia khong khi khong dugc loai bo bing
cach giam chén, & tan sb am thanh cong hudng s& d& dang vuot qua tim vach
ngén, va do d6 kha nang cach am s€ it hon. Diéu quan trong 1a vat lidu hat 4m phai
duoc phan cach bang khe khong khi, va khong duoc béc ciu v6i nhau; néu khong
n6 c6 thé giam déng k& hiéu suét ciia hé thing.

T4&m thach cao

I/X"

Hinh 2.15. Céu tao vdch ngdn cdch Gm bang bong thiiy tinh
- phong theo Trevor and Peter (2009)
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2.3.6. Tuong chiin 6n va dwong

Tuodng chén on c6 thé duoc st dung xung quanh may méc dé giam tiéng on,
hoidc chiing c6 thé 1a rao can bao vay con ngwdi, mot phong kin ma nhan vién di
vao dé tranh xa tiéng én. Cac van dé nhu tiép can va thong gié phai dugc xem
xét, va d6 1a sy thoa hiép can thiét déi voi higu sudt cach 4m. Rao chén phai duoc
16t bang vat lidu hat 4m x0p dé giam am phan xa, dong thoi [am suy gidm nang
lugng 4m thanh.

Giao thong 1a nguyén nhan chinh giy ra tiéng 6n, va mic du phuong tién giao
thdng hién dai thi im ling hon so véi céc phuong tién thé hé trude, nhung su gia
ting vé muc luu théng da lam cho mirc d6 dn trung binh khéong thay ddi nhiéu
trong nhitng thip ky gin day. St dung céc tudng chin tiéng dn giao thong dé
gidm su lan truyén tiéng 6n tir dudng x4 t6i cac nha 1an c4n 14 mdt gidi phap. Tuy
nhién, nhitng phan xa trd lai tir cdc phuong tién cao cho 1am cho mot sb tiéng On
vuot qua cac rao can, nhu trong Hinh 2.16a. Ngoai ra, phan xa tir c4c rao chin &
mdt bén dudng c6 thé vuot qua cdc rdo can & phia bén kia, nhu thé hién trong
Hinh 2.16b. Nhirng phan xa b sung ndy thuong thay dbi murc 4m thanh tir 2 dén
6 dBA. Mot gidi phép 1a 4p dung vat liéu hit 4m nhu thé hién trong Hinh 2.16c¢.
Vin & v6i vat liéu hit 4m 13 né c6 khuynh huéng x4u di trong diéu kién khic
nghiét cta gié manh, bui ban, mudi va nuéc, thuong gip & nhitng con dudng
dong dac. Do do, h1eu suét tiéu 4m c6 thé sé giam theo thoi gian trir khi dugce st
dung céc vit liéu tiéu 4m chuyén dung.

c)

a)

_ Twdng chan hap thy

PIIIIILSSIY.

d)

Tudng chan khuéch tan

Hinh 2.16. So' dé minh hoa céc vt liéu hd'p thu
va vét lidu khuéch tén dé gidm cdc vén dé phan xa -
Vvéi cdc twong chin tiéng on - phong theo Trevor & Peter (2009)
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2.3.7. Kiém soat tiéng on tu nhién

Thong thudng, cé hodc ééy che phu xung quanh céc ngudn 6n 12 giai phap bén
virng dé kiém soat tiéng 6n. Néu khong gian cho phép, viée str dung céc hang rao
tur nhién (cﬁy cbi, cdy bui va mat dét) thay cho c4c hang rao nhén tao c6 lgi thé 1a
con gép phan giai quyét cac vin dé khac mang tinh bén vitng hon nhu: giam &
nhiém khong khi; tao hanh lang dé khuyén khich di bd va di xe dap; tao ra sy tiép
can dén cac khu vuc ciy xanh dia phuong, va 1am dao nguoc sy suy thodi lau dai
cta moi truong séng va quan thé dong vat hoang da.

2.4. CAC NGUYEN TAC BO TRi VAT LIEU HUT AM

Trong cac phong thinh gia, viéc b6 tri vat lidu va két cdu hat 4m c6 anh
huong quan trong dén chéit luong am trong phong, bén canh viéc chon hinh
dang va thé tich phong. Cén ci vao chirc ning clia cong trinh, tiéu chuén vé
chét lugng 4m trong phong, yéu cAu vé trang tri thAm my noi that, yéu cau
phong hoa, vé sinh... ma ngudi thiét k& tinh toan cAn nhic dé dua ra cic giai
phép trang am phu hop. Vé co ban, viéc b6 tri nén tuan theo nhitng nguyén tac
co ban sau (Nguyén, 2011): |

_ B4 tri vat liéu va két cAu hit am phén tan ddng déu trén nhimg bé mét ndi thét.
Kh6ng nén bd tri vat liéu hit 4m tap trung trong mot pham vi hep, dé gy hién
twong méo 4m va truong am khong d6ng déu. Lugng hit 4m dugc bd tri ddng déu
khién su tit din cia ning lugng 4m cua timg tan s6 1a tuong dwong nhau.

- Phén tudong dbi dién ngudn am (twdng hiu) clia phong, mép ban cong d6i
dién sén khéu 12 nhitng khu vuc c6 kha ning géy ra tiéng d6i do 4m phan xa
nguoc, do d6 thuong duoc b6 trf vat liéu hat 4m manh (o > 0.7).

- O gin ngudn phét 4m cin bd tri cac dién phan xa &m manh dé ting cudng Am
phan xa bd sung cho &m tI'l_ICV tiép dén cho ngudi nghe. Th()ng’thubng, trong
phong hoa nhac, phong biéu dién, cac tam phan xa Am (reflector) dugce treo phia
trén dau dién vién, dién gia dé dua 4m phén xa di xa. '

- Khi tinh toan va bé tri vat liéu hut 4m can chiy lugng hit 4m clia ghé va
khén gia. Dé giam thiéu anh huéng cia s lugng khan gia dén luong hut 4m cta
bé mat san, nén chon vat liéu ghé phu hop dé ¢6 lugng hut 4m cla ghé tréng
trong duong ciia ghé co khan gia. Theo nghién clru ctia Beranek va Hidaka
(1998), hé sb hat 4m ctia ghé c6 ngudi thuong cao hon ghé tréng, do d6 khi chon
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ghé nén thiét ké ghé c6 do hit 4m cao, trung binh khoang 0.85 1a dat yéu cAu.
Bang 2.2 gi6i thiéu lwong hiit Am trung binh ctia cac loai ghé khac nhau.

Bang 2.2. Lugng hit 4m trung binh ciia cac loai ghé
khi c¢6 va khdng ¢6 ngudi - theo (Nguyén, 2011)

HE s6 hiit Gm a hoiic lugng hut Gm twong duong

Logi ghé dbi véi cdc dii tin octave (m’)

125 250 500 1000 | 2000 | 4000
Ghe mém khung g6 1 010 | 0018 | 0020 | 0036 | 0035 | 0028
hoéc kim loai
Ghé dém xép 0.21 0.18 0.30 0.28 0.15 0.10
Thinh gia bao gdbm
cd ght (cho ngdihep | o 5 571033 0361 0.37-0.42(0.40-0.45 | 0.42-0.50 | 0.45-0.51
<0.45m"/cho thi lay
gid tri nho)

Ghé ngdi gd van,
dém x0p (ghé mém [ 0.02-0.09{0.03-0.13 [0.03-0.15|0.04-0.15 | 0.04-0.11 | 0.04-0.07
- |14y gié tri 16n) - o

Thinh gia ngdi trén

A ga A 0.23 0.34 0.37 0.33 0.34 0.31
ghé dém xop

Céc nguyén tic bd tri vat lidu va két ciu hut am c6 vai tro quan trong trong
thiét ké trang 4m phong thinh gia trong giai doan ban diu ciia qu4 trinh thiét ké.
Viéc bd tri khong hop 1y s& dan dén sy lang phi vét liéu ma lai din dén nhimg
hién tugng 4m hoc kh6ng mong mubn.

2.5. CAC VAN PE KHAC LIEN QUAN DPEN LUA CHON GIAI PHAP XU
LY AM HQC

2.5.1. Xir Iy 4m hoc bing thiét b dién ti

Céc giai phap sir dung vét liéu hat ém thuong 1am ting d6 4m cho phong. Do
d6, muc tiéu ddt ra la gidm bot tac hai cia viée nay. Trude day, viéc str dung thiét
bi dién tir thay cho phuong phap sit dung vat liéu hdp thu 4m gin nhv 1a mot diéu
trong chuyén cb tich. Khong ¢6 thiét bi'dién tt c6 thé dugc cheén vao duong dan
tin hiéu ma s& ngan khong cho d4m thanh tir mot loa phong thanh phan xa trén bé
mit phong. Tuy nhién, ké tir khi bat ddu thoi dai dién tir, cac thiét bi nhu bo hip
thu dién tir va bd can bang tin sb phong dién tir di duoc dé xuét. Khong phai tat
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ca cac d& xuét do déu khong cé gia tri. Péau ndm 1953, hai nha khoa hoc 1a Olson
va May (Olson & May, 1953) da dé xuit mot bo hap thu 4m thanh dién t& bao
gdm micrd, bd khuéch dai va loa

Trong mot khoang cach ngan tir micrd, thiét bi nay co thé duoc didu chinh dé
dat duoc do suy giam thuc té tir 10 dén 20 dB cla mitc 4&m trén 1 hodc 2 day
octave ¢6 tan sb thip. Olson va May da dé xut ring giai phap hép thu 4m thanh
dién tir clia ho c6 thé dwoc st dung dé giam tiéng On & tai ciia hanh khach di may
bay hay c¢ong nhan trong nha may. Tuy nhién, hiu qua thip cua loai thiét bi hip
thu 4m nay & khoang céch 16n hon da lam cho n6 khong thuc té dé st dung trong
cac img dung kién trac. Tuy nhién, y tuéng nay dd mé duong cho sy phat trién
trong tuong lai. »

Viéc phat minh ra by cén bing tham sb (parametric equalizer - PEQ) mang lai
mdt 1an séng hy vong méi cho cac phuong phép xtr Iy 4m hoc dién tir. That
khong may, viéc dua mdt PEQ vao can thiép trong mot chudi tin hiéu, thdm chi
dé giam cac van dé biang hep trong phong nho, thudng giy ra nhiéu cai bét loi
hon 1a cdi tdt. Do su thay dbi ctia su phan bd 4p lyc 4m thanh trong mot cin
phong nho, nén hiéu qua mong muén ciia PEQ thuong chi gi6i han & modt khu
vuc nho trong phong. Ngoai ra, PEQ tao ra nhiing di thuong pha cua tin hiu,
thudng 1am cho Am thanh da x@r Iy nghe khong tu nhién. PEQ thudng dung trong
c4c studio &m thanh nho lavivay. |

Ky nguyén xu ly tin hiéu k¥ thuat sd, cong véi sy sin sang clia cac thiét bi 4m
thanh chit luong cao cho tt ca moi ngudi, ching han nhu nhitng ngudi s& hitu
rap hat tai gia, mé& ra mot hy vong cho céc giai phap xir Iy 4m hoc dién tir. Mot
thiét bi dugc nhic dén gin day, thinh thoang dugc nhéc dén nhu 12 bd cin bang
am séc (equalizer) phong, d6 1a thiét bi stra 18i phong k§ thuét s6 (digital room
correction - DRC). Thiét bi nay ¢6 mot dic tinh kha vu viét so v6i cac thiét bi
analog trudc ddy, do 1a kha nang giai quyét cac vin dé vé am thanh ctia phong
trén phuong dién thdi gian va pha. Nhimg thiét bi DRC'mdi nhét co thé khic
phuc dugc van dé séng dimg trong phong. Céc hé thong DRC hién dai hon, nhu
nhitng gi dugc phéat trién boi Wilson va cdng su, Kkét hop chit chg véik§ thuat xir
Iy tin hiéu s6 méi nhét, gid ddy c6 thé giam nhiéu, vén can thiét dé giai quyét cac
vAn d& am & tin s6 thdp (Wilson, et al., 2003). Ngoai ra, nhidu hé théng DRC can
quan tric cac dic tinh trudng 4m trong phong tai nhidu vi tri nghe dé cac thuat
toan ¢6 thé duge sir dung dé xac dinh nhitng diéu chinh ¢6 thé c6 loi cho ca mot
phong rong 16m. '
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Nhitng tién bd tuong tu trong qua trinh xt ly tin hi¢u ciing d&@ mang lai nhiing
ung dung rong rdi hon cua thiét bi hit 4m dién tir (vén duoc dé xuit diu tién boi
Olson va May). Cong ty Bag End da phat trién mot thiét bi c6 tén 12 E-Trap, mot
céi béy' Am trim dién tir cung cap kha ning lam giam dang ké va co6 thé do dugc
cac mitc Am trdm & hai tin b thip khéc nhau.

Trong khi cac thiét bj DRC va biy am dién tir cung cép nhidu cach dé co thé
thuc su giai quyét duoc cac van dé tuong tac gilta phong véi loa, chiing ta khong
thé tréng doi nhidu hon & nhitng gidi phap tinh chinh dién tir ndy. Cac thlet bi xur
Iy 4m dién t& ndy khong thé thay thé mot thiét ké am hoc phong tét két hop vGi
cac giai phap xir ly vét liéu dm hoc khong dua trén dién t&r. Tuy nhién, cac giai
phép dién t& néi trén c6 thé cung clp mét cach tiét gidm am, ddc biét 1a & mot
hodc hai octave 4m trdm do trong nhidu phong viée xur ly hat am trAm 1a rit kho
khén v6i vat liéu x5p rong hay céc thm cOng huéng. ‘

2.5.2. Xir Iy 4m hoc va van dé an toan cho con nguoi

Diéu cén luu y quan trong nhét khi lua chon giai phap xir Iy 4m hoc 14 su an
toan. Thong thuong nhét, nhitng hiéu biét chung chung vé vt liéu s& quyét dinh.
Vi dy, phwong phap xit Iy 4m hoc bing amiing - von kha phd bién cach day vai
thap nién - cin phai tranh vi nhitng nguy co vé strc khoé lién quan dén viée xir ly
vat liéu amiéing va hit thé cdc soi ctia nd. Céc bién phép xtt ly 4m hoc phai dap
ling tit ca cac quy tic x8y dung va tiéu chudn an toan nao dugc ap dung trong
mot cdng trinh cu thé. Mot s loai vét 'liéu cu thé cling co thé nén tranh vi gdy di
Umg hodc cdng ning st dung dic biét ctia cong trinh d6 - vi du cac co s& chim
soc strc khoé. Vi nhiéu phuong phédp xtr ly am hoc sé& sit dung tim bp tudmg va
treo 1én tran, chi nén st dung cac phuong phép gin két do nha san xuét chi dinh
dé ngin ngira thuong tich do vat liu roi xubng. Hai mdi quan tim vé stuc khoé
va an todn quan trong nhét dbi véi cac vat lidu xir ly 4m thanh 1a kha ning bét
chay va vin dé ho hép. '

Vit liéu xtt ly am hoc can tudn thi cac tiéu chuin - quy chuin vé an toan
phong chdy, nhung tét nhit 1a khong chay hodc khé chdy. Kha ning gy chdy va
gdy hai cia mot vat liéu 4m hoc thong thudng duogc thi nghiém xem c6 tuong
thich tiéu chudn ASTM E84 hay khéng. Két qua thi nghiém véi ASTM E84 la
hai chi s6 Lan chdy va chi s6 San sinh khéi. C4c tiéu chuén thiét ké cdng trinh
thuong cu thé hoéa va phén hang vat liéu theo 2 chi s6 nay. Tiéu chuin xdy dung
quéc té (IBC) phén loai vét liéu nhu sau:
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Chi sb lan chay 0-25
Loai A ; : .

Chi s0 san sinh khoi 0-450

Chi s6 lan chay 26 -75
Loai B - : X 3

Chi s0 san sinh khoi 0-450

Chi sb lan chay 76 - 200
Logi C . ; :

Chi s6 san sinh khoi 0-450

Két qua test mot sb loai vat liéu 4m hoc theo ti€u chuidn ASTM E84 duoc trinh
bay trong Bang 2.3. |
Bang 2.3. Chi s6 lan chay va- chi s6 sinh khéi
ctia mdt s6 vat lidu xir Iy 4m hoc (Ballou, 2013)

Chi sé | Chi sé san | Hang theo tiéu

lan chdy | sinh khoi | chudn IBC Ghi chii

Vit liéu Gm hoc

VAt liéu chua hoan

Tam soi thuy tinh 15 0 A thién bé mat

A 1A . ' Vat liéu chua hoan
Tam bong khoang 5 10 A thién bé mat

£ .o ‘ VAt liéu chua hoan
Tam so1 g0 0 0 A thién bé mat, d3 xir ly
Témsgivai 10 20 A VAt lidu chua hodn

thién bé mat, da xir ly

Vit liéu chua hoan

T4m bot hit 4m thién bé mat, da xir 1y,

35 350 B

Polyurethane v 6 thé cén thém thi
nghiém NFPA 286
Vat liéu chua hoan
T4m bot hit 4m thién bé mat, c6 thé
N 5 50 A 2 s , PN
melamine can thém thi nghiém
INFPA 286
st A V4t liéu chua hoan
»Lorp trat &m hoc 0 0 A thisn b mit
Tém tan Am Vatliéu da xtr 1y, co
Polvstvrone 15 145 A thé can thém thi
FOSY nghiém NFPA 286
Tém tén 4m bing gb | 25 450 A Vat liéu chua hoan

thién bé mat
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Hau hét cac vat liéu 4m hoc la vat liéu thuéc nhém A. Tuy nhién, mét sb vat
liéu nhu bot Polyurethane hay mét sb vét liéu bang g6 thi duoc xép nhom B. Péi
vGi nhém B, cic nha san xuét can cung cip céac bing ching thi nghiém vé kha
ning bét chay va sinh khoi.

Lién quan dén véin dé ho hap, mot s vat liéu c6 cAu tric soi c6 thé gay kich
ung da hodc hé hd hép. CAu trauc soi rat phé bién d6i voi cac vét li€u hut Am, nhu
s¢i thiy tinh va sgi khoang. Nhung chiing s& an toan néu dugc bao boc cin than
bang vt liéu hoan thién. Nhung ciing cn deo ging tay va khiu trang khi xut ly
vat ligu thd cling nhu ldp dit cac vat ligu ndy. Cac tAm vat lidu bi hu héng cin
dugc thay thé ngay tranh phat tan vao khoéng khi céc sgi bui.

Mot s6 loai hinh céng trinh ¢6 thé ¢6 nhing yéu ciu bd sung. Vi du céc co s&
y té c6 thé cAm lap dat cac vat liéu bong xp dé tranh sy san sinh nAm méc va vi
khuén. Mot s6 cong trinh khac ¢6 thé cAm vat liéu am hoc d& chay, sinh bui,
tuong tac voi hoa chét... Do do, khi lya chon vt liéu 4m hoc cling cin quan tam
dén nhiing quy dinh cta nguoi sit dung cong trinh.

2.5.3. Vit li¢u xir Iy 4m hoc va vin dé méi truong

Vit liéu am hoc ciing cin duge lua chon v6i mét sy quan tdm thich déng vé
mdt moi trudng. Tuy theo muc dich st dung, vat liéu cin dugc xem xét 1a ching
duoc 1am tir vét liéu gi, ching duoc san xuét nhu thé nao, van chuyén nhu thé
ndo, ching bi théi loai hay thay thé nhu thé nao trong twong lai. Nhidu loai vat
liéu 4m hoc nhu gd tu nhién hay sgi vai cotton c6 thé dc')ng gép diém cho cac
ching chi cong trinh xanh nhu LEED (Hoa Ky), LOTUS (Viét Nam)... Khoéng
gidng nhu cac thiét bi dién t, thuong duge nhdp tr nuéc ngoai, nhibu loai vat
liéu &m hoc c6 thé duoc khai théc va san xuét tai dia phuong, do d6 giam chi ph1
tai chinh va tac dong moi truong cua vat liéu. Ngay ca nhitng vét liéu nhu tAm
mut polyurethane vén di 14 mot phu phim ciia qu4 trinh chung cit diu mo va co
thé lién quan dén phat thai CO, (khi nha kinh) nhung ciing ¢6 thé tré nén than
thién moi truong hon. Liy vi du: nha san xuit Auralex Acoustics, Inc. bét ddu
san xuat cic tdm polyurethane bing cach st dung thém thanh phin du nanh va
nhé d6 lam giam thanh phan diu mé giau CO, t6i 60%. Giai phép xt 1y 4m hoc
than thién moi truong nhat la han ché str dung vat lidu 4m hoc. Thinh phong dugc
thiét ké tdt ngay tir dau sé glup han ché xir Iy vat liéu 4m hoc. Tuy nhién vat heu
4m hoc dung dé xtr Iy trang 4m rat khé dé tranh hoan toan. Hiu nhu moi khong
gian noi qua trinh san xuét hodc tai sin xudt Am thanh di&n ra s& yéu ciu mot sb
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xir Iy 4m hoc. Tuy nhién, cach tiép can bao toan nhét 13 thiét ké céng trinh phai
dam bao rang chi c6 nhiing phuorng an xtr ly &m hoc hoan toan cin thlet mai
duoc thuc hién trong giai doan cudi ctia qué trinh x4y dyng. ' '

2.6. VAT LIEU KHUECH TAN AM
2.6.1. Nguyén ly co ban

Am thanh dén bé mot mit duoc truyén qua, hép thu hodc phan xa; lwgng ning
luong truyén qua, hép thu hodc phan xa phu thudc vao tinh chét am hoc cua bé
mit d6. Am thanh phan xa c6 thé bi ddi huéng béi cac bé mit phing, 16n, dic
chic (phan xa hinh hoc) hodc bi tan xa boi bé mat khuéch tan, thuong ghd ghé,
khong déu dan. Khi mot phin dang ké cta am thanh phan xa dugc khuéch tin
theo khong gian va thoi gian, ddy 1a mot su phan xa khuéch tan, va bé mat lién
quan thuong duoc goi 1a bd khuéch tan. Hinh 2.17 md ta cac ddc tinh thoi gian va
khong gian cua cac b& mit hip thy, phan xa hinh hoc va khuéch tan. Ngoai cac
loai bé mat thé hién trong hinh nay, con c6 cic be mit lai, co thé hap thu Va
khuéch tan véi cac mirc dd khac nhau.

Diéu tri am hoc Dap tng theo Pap ung theo
‘ thoi gian khéng gian
Hép thu - -
Am|tric tiep
O O ) O O O O OH -
/ h
/ ] Phan xa
T el Piyéudi
Phan X2 Phan xa
T guong
/ N\
Khuéch ta 1
uéch tan Fhén xa H! 0 V..
khuéch tan
-60°/ . 60°
-90° /< \900

16—m; Thei gian (mili giay)
Hinh 2.17. Céc déc tinh vé thoi gian va khong gian ciia bé mdt hdp thy,
phdn xa hinh hoc va khuéch tén - phéng theo Trevor & Peter (2009)
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Sy phan xa tir bé mit c6 thé dugc mod ta béng hé sb tan xa (scattering
coefficient), va hé s khuéch tan (diffusion coefficient).

Heé s6 tan xa 12 mot phép do lugng 4m thanh bi tan ra cdc huéng khac so véi
hudéng phan xa gudng trén mot bé mit phan xa. Hé s tan xa duoc dinh nghia 13
ty s& gitta ndng lwong dm thanh phdn xa khong theo phirong ciia phdn xa guong
V6i toan b ndng heong dm phdn xq. Hé sb tan xa c6 thé duoc do trong phong 4m
vang hoic phong cim theo ISO 17497. '

Heé sb khuéch tan do ludng chét luong (v d6 dong déu theo khong gian va thoi
gian) clia cac phan xa duoc tao ra bdi mot bé mat. Néu nang lugng Am phan xa nim
rai rac dong déu trén moi hudng thi hé sé khuéch tan bing 1; diéu nay dugc goi la
su khuéch tan hoan toan. Néu toan bo ndng lwgng 4m phan xa nim trén mot huéng
duy nhét thi hé sb khuéch tan béng 0. Muc dich cua hé sb nay la dé thiét ké bo
khuéch tan va cho phép céc chuyén gia 4m hoc so sanh hiéu suit cua céc bé mit.

2.6.2. Cac bé mit khuéch tin 4m

C6 nhiéu loai bé mit khuéch tan am dugc sir dung rong rai trong thiét ké am
hoc nhu:

- Céc trang tri c¢d dién gdm cac go chi, phio, diéu khic trang tri... da lam céc
bé mit tuwong cft trd thanh céc bé khuéch tan Am hiéu qua va dd mang lai chét
lugng 4m hoc tuyét voi cho céc khan phong hoa nhac cb dién nhu Grosser
Musikvereinssaal & Vién (Ao), Concertgebouw & Amsterdam (Ha Lan)... (xem
Hinh 2.18).

Hinh 2.18. Cdc bé mdt khuéch tén ém
Nguon: Chiang Wei Hwa
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- B6 tri ngdu nhién cac vat}liéu hat 4m 1am tang kha nang khuéch tdn 4m clia
bé mit; ’

- C4c tAm c6 bé mit zig-zag hay kim tu thap;

- Céac khbi hinh tru hay hinh cau d3t lién tiép va gin nhau;

- Céc b khuéch tén 4m theo 1y thuyét sé duge phét minh ddu tién boi Manfred
Schroeder nhu chiéu dai toi da lién tuc, bd khuéch tdin MLS va b khuéch tan 1ay
s6 du ctia binh phuong lién tuc; '

- Nhiéu thiét ké v6i cac bé mat tiy chinh, khong déu.
2.6.3. Bo khuéch tan Schroeder

Mot trong nhiing su xuét hién dang chi y nhét trong thiét k& bo khuéch tan, 13
su phat minh ra bd khuéch tan rinh ctia Schroeder. Bo khuéch tan do Schroeder
dua ra c¢6 kha nang tao ra su khuéch tan "tdi vu", va ciing chi doi héi mot phuong
trinh thiét k& don gian. D'Antonio va Konnert thyc nghiém do hiéu suét va ing
dung cac bd khuéch tan Schroeder trong moi truong nghe quan trong, va ho da
thuong mai hoa va lam cho chung phd bién rong rai (Trevor & Peter, 2009).

% i
|

_Hinh 2.19. Cdc bg khuéch idn Schroeder:
Hang trén cing: bo khuéch tén 1D duoc lom tir go”~, nhya va mé ca
(tir trdi sang phdi). Hang dwdi: Bo khuéch tan 2D duoc lam tir g6, nhuea,
va mé ca (i trdi sang phdi) - phong theo Trevor & Peter (2009)

B6 khuéch tan mit phang 1D Schroeder bao gbm mot loat cac ranh c6 cing 46
rong va do sau khac nhau. C4c ranh dugc ngin cach boi cac tAm mong c6 do cao
béng nhau. Do sau cia ranh duoc xac dinh bdi mot day sb toan hoc, chéng han
nhu 14y ‘sé du cua binh phuong lién tuc (quadratic residue sequence). Bo khuéch
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tan mit phang 1D don gian gdly ra tan xa trong mot mit phing, & moét hudng
khac, cac do sdu khac nhau cia bé madt lam cho né hoat dong giéng nhu mat
phing. Vi Iy do nay, binh thudng chi can xem xét mot mat cét ngang qua bd
khuéch tan c6 chira mat phéng phan tén t6i da (xem Hinh 2. 19).
Phuong phap thiét ké bang cach 14y sé du cua binh phuong lién tuc clia bd
khuéch tan Schroeder phing 1D duoc &p dung. Do rong ranh ctia bo khuéch tan:
W= Apin /2 _‘ (2.4)

trong do:
w - d0 rong clia cua rinh;
Amin - BU6C s6ng nho nhét xuit hién.
Phuong phap 14y sb du tir cac binh phwong lién tiép 1a phuong phép toan hoc
phd bién da dugc sir dung dé hinh thanh d6 sau cua ranh. Do sau ranh cho giéng
thir n dugc tinh nhu sau:

S =mod(n?/ N) (2.5)‘

trong do:
7 - sb thir tu cia giéng;
8, - d0 sau giéng thir ;
mod - phép toan ldy phan du;
N - sb bi chia va trong truong hop nay con la (sb nguyén td) tong sb giéng
trén 1 chu ky. Vi du v6i N = 7 thi b khuéch tan c6 S, = {0,1,4,2,2,4,1}

(xem Hinh 2.20).
n 0 |1 |2 |34 |5 |6 |7
n2 0 (1 |4 |9 [16]25 |36 |49
S, 0 |1 |4 |2 |2 |4 {1

Hinh 2.20. Bang tinh S, va mdt cdt ngang qua mét b khuéch tén
- phdng theo Trevor & Peter (2009)
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B0 khuéch tan Schroeder lam viéc tai mot tin sb thiét ké, f;. Tuy nhién, cac
cong thirc tinh toan b khuéch tan Schroeder thuong st dung buéc song am 4,
tuong ung thay vi tan sb £,. P9 sdu d, cua gleng thir n dugc xéac dinh tir trlnh tu
thong qua phuong trinh sau: ' ’

d, =S /2N o | (2.6)

Nhitng bo khuéch tén fractal (ding thuét toan d& tao hinh b& mit) ¢6 thé duoc
sir dung dé mo rong khoang tan sd khuéch tan 4m nhu mot mAu trong Hinh 2.21.

Hinh 2.21. Céc bé khuéch tan cho tan sé thiét ké cao hon dwoc dwa vao ‘
dé khuéch tén dm tan sé cao hiéu qua - phong theo Trevor & Peter (2009)

2.7. UNG DUNG CUA VAT LIEU KHUECH TAN AM

2.7.1. Kiém soat tiéng doi va thic diy tru’O'ng Am Kkhuéch tin trong
khan phong ‘ S

Vat liéu hat 4m 14 mot gidi phap xu ly tleng vong trong phong, nhung bo
khuéch tan nén dugc st dung khi nang lugng dm thanh can phai duogc bao tdn,
dién hinh nhu thinh phong hoa nhac 16n, béi vi moi phén ning luorng am thanh
dugc tao ra boi cac nhac cong phai dugc bao t6n va khong bi mat di boi vat lidu
hat 4m. Trong céc trudng hop khéc, su lya chon nga céc khuéch tan va vét liéu
hut 4m s€ phy thude vao viéc liéu ndng lugng bi mét-di, boi su hap thu s& lam
giam hodc cai thién cac khia canh khac ctia dm hoc, nhu thoi gian 4m vang, tinh
khéi ciia Am va 49 8. .

Xu huéng sir dun‘g, bo khuéch tan am cho tudng phia sau hoi trli(‘)fng dang ngay
cang phat trién i:hay' cho sut duhg vat lié‘u'hﬁt am. Vi du,‘bvcf)‘khuéch_tén Schroeder
1D (l4y sb du lién tiép cia binh phuong lién tuc) dugc st dung cho tuong hau
cia khan phong Carnegie & New York. Céc bd khuéch tan dugc lap dat tai
Carnegie Hall b&i vi cic 4m phin xa tré tir birc twong hau da gy ra tiéng doi 1én
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khu virc san khéu, 1am cho céc nhac cong gip khé khin. Bo khuéch tan da tan xa
cac am phén xa, 1am giam murc d6 phan xa dén san khéu va do d6 lam cho tiéng
doi khong con nita. Bo khuéch.tdn con cai thién tinh khéi ctia 4m tai khu vue
khan gia chinh truéc san khéu bang cach khuéch tan déu cac phan xa tir tuong
phia sau. T “ ‘

Trong kién tric cb dién, cac bé mit tan xa 1a mot phan khong thé tach roi cia
hinh thire, véi cac clu kién nhu cdt, trang tri, tugng va trdn nha. Nhirng bé mat
ndy cung cp cac chirc nang két cdu, thAm m§ va 4m thanh. Khi kién tric phat
trién thanh theo xu hudng hién dai, it trang tri céng phu va ¢6 hinh khéi hop don
gian va cac-motif nay it_dujdc xdy dung, khong phu hop véi hinh thic kién trac
va dd lam thay ddi am hoc. Nhitng bé mit khuéch tan két hop véi vat liéu phan
xa duoc st dung. Chung c6 thé 1a bé tong, gS, thuy tinh hodc cac vt liéu khéc.
Nhimng v4t liéu duge thiét ké theo ¥ thich ndy lam viéc nhu cic chi tiét trang tri
cb va chiing bd sung cho thiét ké hién dai.

Hinh 2.22. Ngi thit khdn phong T aichung Opera House (trdi)
va bg khuéch tén Schroeder (i ORD) dwoc dp dung
tai cdc tam twong phia trude ban cong

- Nguon: Phan Anh Nguyén

Trong nha hat Taichung Opera House (Dai vLoan)‘, b6 khuéch tan Schroeder
(QRD) lam bang g(:) duge 4p tai mat trude ban cong dé khuéch tan df‘)ng déu cac
phan xa dén khu vuc khén gia chinh trugc san khu (Hinh 2.22). Tudng hai bén
va tudng xung quanh duoe 6p céc thm gach c6 bé mit gon song vira ¢6.tac dung
trang tri va vira ding dé khuéch tan &m phan xa dong déu trong hoi truong
(Hinh 2.23). '
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Hinh 2.23. Gach c¢6 bé mdt gon séng duwoc Op tai twong bén

va twong hdu cua khdan phong Taichung Opera House

Nguén: Phan Anh Nguyén
2.7.2. Giam tac dong ciia Am phan xa sém trong studio Am thanh

Studio 4m thanh 14 cic phong nho, noi 4m thanh dugc san xuét théng qua mot
hé théng dién thanh; vi du cac phong nghe giai tri, thu 4m hodc phét thanh kém
phong diéu khién, cac phong hoi thao hodc cac phong hoc tir xa. Trong nhiéu thap
ky, nhidu y kién cho rang thoi gian 4m vang trong cac phong ndy phai nhd, vao
khoang 0.3 dén 0.4 gidy. Néi chung, trong cac phbng thu 4&m hodc phat thanh nay,
vi€c nghe gidi tri 1a khong can thiét ma chi cAn nhing am thanh rd rang ¢ cam
nhan chinh x4c phd 4m va hu'ong phét ciia 4m. Tuy nhién, nhitng quan niém vé vai
trd cua &m phan xa manh xut hién sém da thay dbi trong thoi gian gin day.

Céc am phan xa qua som véi d6 tré tir tir 5 dén 25 mili gidy so voi am truc tiép
s& ¢6 anh huéng tiéu cuc lam cho am bj gdt (coloration). Céc 4m phan xa qua
sém thuong dén tir cac bé mat phan xa ndm gln ngudi diéu khién. Diéu nay dén
dén su ra doi cia phong diéu khién 4m thanh Live End Dead End (LEDE) duoc
phat trién béi Don va Carolyn Davis. Ho @& xuit phan phia truéc ctia phong lip
&3t vat lidu hot am (dAu “cam”) va phén phia sau thi it tiéu am (ddu “séng”)
(Hinh 2.24). Ngoai ra cdc nha thiét ké lac nay da biét r5 tdm quan trong cla
nhitng phan xa bén dau tién trong vi€e tao ra tinh khong gian-ciia 4m thanh, theo '
cac nghién ctru cia Schroeder. Diéu nay da dan viée Peter D'Antonio str dung bd
khuéch tan Schroeder bé tri & twong phia sau cia cac phong LEDE dé cung cép
am thanh vom thu ddng va 4m thanh dugc khuéch tan déng ké. Ong cling dé nghi
kiém soat dai tAn sd clia cdc phan xa mit truéce, bang cach tao ra ving khong gian
khong c6 Am phan xa xung quanh vi tri ban trdn (mixer) (Hinh 2.25) (Trevor &
Peter, 2009).
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Hinh 2.24. So do b tri vét liéu hilt dm va b khuéch tdn dm trén mdt bing
phong diéu khién Live End Dead End (LEDE) - phong theo Trevor & Peter (2009)
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Hinh 2.25. Mt bang ciia thiét ké vimg khéng gian khéng c6 dm phdn xa
- phdng theo Trevor & Peter (2009)

Ngoai ra; mot s§ quan niém khac d3 dugc didu chinh va ap dung cho céc
studio &m thanh. Tom Hidley va Philip Newell dua ra y tuéng sir dung vat lidu
hat 4am & dai tin sb nghe dugc déloai bo céc 4m phan xa sém. Khi cong nghé
dién thanh chuyén tir hé thong loa 2 kénh sang da kénh, nhiing phén xa Am ban
ddu da bét dau duge xem la hi¢u qué, thay vi bi coi 1a phé hoai nhu trudc diy véi
thiét ké 2 kénh va can phai loai bo. Khai niém nay dugc cing ¢b bai mdt nghién
ctru tong quan vé tdm 1y 4m hoc cua Floyd Toole (Toole, 2008).
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- Hinh 2.26 chi ra cac duong suy gidm nidng lugng theo thoi gian do trude va
sau khi xir Iy 4m hoc trong mdt phong nghe quan trong. O phia trén ciia hinh, 4m
thanh truc tiép va cac phan xa tir birc tuong bén canii, san nha, trin va phan xa
thua tht trong phong duge x4c dinh. Cac phan xa hinh hoc ban du bi cb lap va
¢6 cuong do manh lam anh huéng dén am sic. Cac phan xa am hinh hoc bdi
tudng sau ciing gy trd ngai cho am truc tiép va qua trinh san xudt 4m thanh.
Nhirng vin dé nay c6 thé dugc giai quyét bang cach kiém soat nhitng phan xa
sém tir tudng, san va tran bﬁng cach sit dung céc vét li¢u hat &m va khuéch tan.
Piéu ndy tao ra do tré thoi gian ban dau véi nhitng phan xa tir tuong phia sau dén
18 ms nhu thé hién trong d thi bén phai trong hinh.

Am tree tiép | Am tryc tiép
Trwde ’

Twdng bén ~

r / . Tuong hau . - ~ Phan xa khuéch tan

Sau

Cac phan xa thua thot —

6d B__ Trén / \

10 20 30 Thoigan 49 20 30 Thoi gian
‘ (mili giay) ‘ o (mili giay)
Hinh 2.26. Dép vng xung trong phong hghe qzian'tr_ong trudce (hinh trén)
va sau xw Iy dm hoc (hinh dudi) (RFZ: khu vuc khéng c6 dm phan xa)
- phong theo Trevor & Peter (2009)

2.7.3. Cai thién kha ning nghe rd trong cac tram tau dién ngam hoiic ga
tau dién ngim

Nhiéu tram tau dién ngdm la khong giva'n khuéch tan kém. Hinh dang dai va
hep din dén cac dudong dan tu do doc theo chiéu dai cia tram dai hon nhiéu so
v6i dudng truyén ngang. Do d6, 4m thanh lan truyén theo phwong ngang suy
giam nhanh hon nhiéu so véi 4m thanh phan xa di 1én va xudng theo chiéu dai
ctia ga. Diéu nay d?m dén su suy giam niang luong va 2 thoi gian 4m vang trong
khong gian. Thoi gian 4m vang dai gy ra vin dé vé nghe 15, vi 4m vang lam
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cho céc tir chong l4p vao nhau va tr& nén khé phén biét. Bang cach 4p dung céc
bo khuéch tdn vao cac birc twdng bén cla tram, su truyén lan ngang dugc tang
cuong dé giam am vang trong khong gian va cai thién su nghe rd giong noéi
(Jian, 1995).

2.7.4. Céc bé mit san khéu

Thiét ké sin khéu la dé hd tro cho nhac cong, nguoi san xuit ra Am nhac. Dbi
. V61 ngudi nhac coéng, dat duoc su can béng gitta nghe 4m thanh do ban than tao
ra va nghe am thanh do ngudi khéc tao ra 1a cyc ky quan trong. Trén san khiu ma
¢6 nhiéu bé mit hép thu 4m, thi strc manh am s& nhé va nguoi nhac céng khé
nghe dugc 4m thanh ma ho tao ra, va ho duong nhu s& cb ging choi to hon. Trén
sin khdu va c6 thé tich 1on, 4m phan xa thua thét va yéu 6t din dén khoé nghe 4m
thanh ctia nhitng nguwoi khac. Trong biéu dién, cdc Am phan xa sém trong 35 mili
gidy 1a rit quan trong trong nhip diéu biéu dién (Rasch, 197 9). Thiét ké 4m hoc
san khiu khéng chi anh dén dan nhac giao hudng ma con dnh hudng dén ca khu
vuc khan gia. Vi du, cac bé mit trén sin khiu hudng cac 4m phan xa dén ca dan
nhac va khu vyc khén gia.

Bé mat san khéu bao gdm tudng xung quanh, tran va san sin khiu (c6 hoidc
khong c6 buc san khiu). Tudng bao sén khéu (kiéu bang dai hodc kiéu vong
cung) ngay cang phé bién hién nay va thudng duge st dung dé cung cip am phén
xa ro tur nguén am dén nguoi nghe, va dic biét 1a cho céac ngudn 4m c6 cuong do
am thanh yéu nhu bo day. TAm phan xa treo thuong dugce trang bi trong cac khan
phong véi tran cao hoic c6 thién kiéu dbi véi khan phong da chirc ning.

 D6i v6i céc san khu 16n, cac tm phan xa treo tit 6 - 8 m trén san sin khiu
duoc dé xuét (Barron, 1978) trong khi treo & d6 cao 12 m vin dugc can nhic 13
hitu dung (Meyer, 2009). C4c tdm phéan xa huéng &m phan xa quay tré lai khu
vuc sin khau, va cdc 4m phan xa ndy can thiét cho cac nhac cdng dé nghe am
thanh do chinh ban than ho tao ra va 4m thanh cta ban dién. Néu khong cé phan
xa som tlr cac bé mat san khiu, ngudi biéu dién s& thdy kho khén dé tao su can
bang tbt gitta minh va glu ding nh1p diéu thoi gian. Cac tim phan Xa treo ¢6 hai
loai chinh 14 loai tAn gdm nhiéu tAm nhé tao thanh véi cac khoang ho gitta chung
va loai thir hai la dang v6 hay 1a dang tim 16n. Tuy nhién, cac bé mit nay c6 thé
lam anh huéng dén am sfc cia 4m thanh gdy ra bdi cdc Am phan xa sém manh
qué muc. Giai phap cho van dé nay véi tAm phén xa loai tan I3 cac tAm cu kién
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c¢6 kiéu gon song hogc cac bé mit cong 16i dé khuéch tan Am (Hinh 2.27). Déi
v6i tAm phan xa dang tAm, cdc bé mit duoc thiét ké khong déu dan hoic st dung
cac bé mit cong 16i dang vé dé khuéch tan 4m thanh (Hinh 2.28).

Hinh 2 27. Tam phdn xq tdn véi thiét ké hinh chit nhdt gon song tai trung tam
trinh dién nghé thudt Columbus, My (phdi) va thiét ké hinh vudng cong 16i
tai khan phong héa nhac Davies San Francisco, My (trdi)

Nguon: SmugMug (2017)

L

N____Céac tdm phén xa cong
| : 18 khuéch tan 8m

7 777

N

Hinh 2.28. Trdn san khdu gém cdc bé mdit cong 16i khuéch tdn Gm thanh
tqi phdn phong hoa nhac Opus 11 6 thanh phé Cork, Ireland

Nguon: StageRzght (2017)

Trong nghién ctru v& thiét k& am hoc san khau, ching t6i da nghién ciu dnh
hudng cla cac loai tAm phan xa treo cung voi do treo cao dén chét lwong 4m hoc
san khAu. Ba loai tAm phén xa treo voi 3 loai bé mit c6 do khuéch tan khac nhau
(Hinh 2.29). Véi cing mot d treo cao la 12.6 m so san san khiu, tAm phan xa
dang tAm véi cc cung tron 1/4 Va dang tan cho thoi gian am vang (EDT) tai khu
vuc san khéu 12 1.90 gidy va ngin hon so véi tam phan xa treo dang phang 13
2.00 gidy. Céc tAm phan xa c6 bé mit cong 161 khuéch tAn phén xa am ddng déu
trong khong gian va dbng thoi lam cho thoi gian 4m vang tai khu vuc san khéu
giam xudng. Tuy nhién, khi ha xuong dod cao 9.2 m so véi san san khiu, thi tAm
phan xa. phing va tdm phan Xa dang tAm véi cac cung tron 1/4 lai c6 thoi gian 4m
vang (EDT) 1a 1.75 gidy ngin hon so véi tAim phan xa dang tan 1a 1.85 gidy.
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Nguyén nhén 14 do tim phan xa dang tén c6 nhitng khoadng mé& gitta ching lam
khong gian san khéu c6 thé tich 16n hon so véi viéc str dung tAm phan xa dang
tdm (Phan, 2017).

— |

q

20000
AN

-

[_ 12000 _! |_ 12000 _! L 12250 J

Tém phan xa phdng T&m phan xa cung tron  TAm phan xa dang tan

Hinh 2.29. Mt bén va mdt bing céc tdm phdn xa treo
trong nghién cieu thiét ké dm hoc sén khdu - phong theo Phan Anh Nguyén (2017)

Cung v&i trin, cac tm phén xa treo dinh hudng thi cac bé mait xung quanh sian
khau nhu tudng bén va twdng hiu cling c6 vai tro hét sirc quan trong chit lugng
4m hoc ctia khan phong. D6i véi cac san khiu c6 do rong 16n hon 16 m, phan
trén cia tudng bén thuong nghiéng xudng dé cung clp 4m phan xa sém cho
ngudi biéu dién (Hinh 2.30). Cac b& mit ndy c6 tinh phan xa, khuéch tan 4m
thanh 13 thudng khéng hip thu Am.

Hinh 2.30. Tuong xung quanh sin khdu véi bé mdt khéch tan
" va phan trén clia twong san khdu dicoe nghiéng xuéng
tai khén phong truong Pai hoc Nghé thudt quoc gia Pai Bic
Nguén: Phan Anh Nguyén

83 °



2.7.5. Lam gidm hién twgng dm tip trung cia bé mit 1om

Cac bé mit 16m c6 thé gdy ra hoi tu am. Diéu nay din dén nang lugng am
thanh phan bb khong dbng déu trong phong. Hon nita, vi bé mat 16m tap trung
nang lugng tai céc vi tri cu thé, c6 nguy co nhitng phan xa nay s& c6 muic 4m
cao hon dang ké so véi su phan xa chung ctia khong gian va do d6 gdy ra cac
véAn d& tiéng d6i hodc anh hudng dén Am séc. Mot vi du nbi tiéng vé didu nay 1a
khan phong Royal Albert (Hinh 2.31), noi méai vom 16n gdy ra vin dé véi vé do
tr& so voi am truc tiép va héi tu am. Giai phéap 1a dua nhirng tan phéan xa 4m
hinh 'ndm’, phan t4n 4m thanh va cung cAp nhitng phan xa sém cho khéan gia.
Gia st bé mat 16m khéng thé thao ra, giai phap thuong dung 1a st dung vat liéu
hat 4m hodc khuéch tan. Ca hai phwong phéap xir Iy déu hiéu qua; sy lya chon
phu thudc vao cac yéu té 4m hoc, ching han nhu thoi gian 4m vang hay ning
lugng 4m trong phong.

’

Hinh 2.31. Khdn phong Royal Albert véi tdn phdn xa hinh “nam’
phdn tan ém thanh va cung cd}a nhitng phdn xq sém cho khadn gia
Nguén: Royal Albert Hall Co.Ltd

2.7.6. Trong khu vire khan gia - treomg am khuéch tan

Cac b mit khuéch tan dwoc tng dung rong ri trong thiét ké khan phong dé
giam sy anh hudng clia d&m phan xa s6m, tao sy phéin bb nang luong ddng déu
trong khan phong, rt ngén thoi gian 4m vang va thic diy trerong 4m khuéch tan.
Céac bé mit thuong dugce thiét ké khuéch tan am gém c6 tran, tudng bén. Bé mit
tudng bén cong 18i thuong duge sir dung trong cac khan phong c6 hinh dang hitu
co (Hinh 2.32)': Trong khi d6, cac b& mat khuéch tan dugc thiét ké gé ghé khéng
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déu din lai thuong duoc st dung trong cac khan phong c6 cac bé mit phing 16n vi
du nhu tudng bén va trin cta cac khan phong hinh hop va hinh quat (Hinh 2.33).
Dit by khuéch tan 1én tudng phia sau ctia mdt khan phong hoa nhac c6 thé cai
thién truomg 4m khuéch tin ma khong anh huéng dén sy phan b 4m phan xa sém.

Hinh 2.32. Khén phong hoa nhac Sapporo, Nhét Bdn véi thiét ké twong bén
va tran 1d cée bé mdt cong 1i tdn xa dm tao trieong dm khuéch tén trong phong

- Nguén: Chiang Wei Hwa

Hinh 2.33. Khdn phong hoa nhac Boston, My vi hé tran mang ludi 6 vudng
trang tri con c6 chikc ning khuéch tdn ém trong khu vuc khdn gia

Nguén: Chiang Wei Hwa.
2.8. CAC NGUYEN TAC BO TRI VAT LIEU KHUECH TAN AM

Trong nhitng thap ky gan déy, su-hiu biét vé vi tri va ly do tai sao st dung bo
khuéch tan da dugc thiét lap. Miac du kién thirc ndy van con chua day du, trong
nhiéu tmng dung phd bién hién nay da thiét 1ap cach su dung bd khéch tan trong
xtt Iy am hoc. C4c nguyén tic thiét ké dugc trinh bay trong sach ctia Knudsen va
Harris (Knudsen & Harris, 1950) lién quan dén khuéch tan 4m thanh vin dang
dugc sir dung nhu chi dan thiét ké cho dén ngay hom nay.
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- Khuéch tan kh(“)hg chi tang su déng nhét trong su phan bd 4p sudt 4m ma
con tang sy dong nhét trong viéc ting cudong hay lam suy yéu am thanh trong
khén phong;

- B& mit khuéch tan hiéu qué nhét khi kich thuéc ctia bing véi budc séng cla
4m thanh: D8 v6i cac bé mat gon séng chu ky, do séu va dd rong clia gon song
1a hai yéu t6 quan trong nhét dé xac dinh su tuong tac v6i tin sé am;

- Su khuéch tan tang khi lap d3t cdc tAm vit liéu hit am ngiu nhién;

- Céc tAm tudng cong 16i, bé mat kim tu thap, bé mit zig-zag va trang tri thach
cao trong cac cong trinh c¢h 1a nhfmg bé mat khuéch tan 4m dién hinh. Bé mat not
thét c6 hiéu qua & 4m thanh véi tan sb trung binh va cao trong khi cac cbt, ddm
va ban c6ng khuéch t4n 4m thanh tin s6 thip. ‘

Hinh 2.34 minh hoa cach thirc phan xa clia séng 4m tr mot tAm tudng zig-zag
phu thudc vao sy lién quan giita budc séng va kich thude cua tAm panel cia
tuorng Su phu thudc dugc md ta boi Cremer rang “Tam tuorng phan xa song dm
tan sb thap gidng nhu mot tdm guong lén, véi song am tan sd trung binh, tm
tudng tao ra cac phan xa khuéch tan, va v&i 4m tin s cao, tAm tudng 1a nhing
tdm guong phing nhé nghiéng” (Meyer, 2009). '

Hinh 2.34. Su phdn xa tie tm tuong zig-zag phu thuécvao i twong quan

giita buée séng va kich thude cua tam panel tuong - phong theo Meyer (2009)
2.9. CACH LUA CHON VAT LIEU (HUT AM HAY KHUECH TAN AM)

Ca ha1 vat liéu hut 4m va khuéch tan 4m thanh déu c6 thé duoc st dung dé
tranh sy bién dang 4m thanh. Vi dy, cd hai déu ¢6 hi€u qua trong kiém soat tiéng
vang, am sic va thay dbi hinh 4nh 4m thanh, dugc gy ra boi phan xa manh mé. .
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Vit liéu hat Am hay bd khuéch tan tét hon phu thude chu yéu vao viéc gidm am
vang va / hodc viéc duy tri mic 4m thanh mong mubn. Néu buc tuong gay ra vin
dé véi 4m séc, va ngudi thiét ké mubn duy tri thoi gian dm vang va nang luong am
thanh trong khong gian, thi bo khuéch tan 13 giai phap tbt nhit. B6 khuéch tan
dugc dit trén tuong C_Ié phén tan su phan xa va dé giam sy bién dang ma khéng loai
b6 nang luong am thanh khéi khong gian. Vi ly do ndy, ¢ cac phong hoa nhac, noi
ma ning luong am thanh cin & muc cao, nhitng bd khuéch tén s& duge wu tién
hon. Trong céc phong nho hon, vi du nhu giang duong, noi ma su nghe r5 1 quan
trong, can phai dat dugce sy can béng, trong do6 su hép thu duogc st dung dé diéu
chinh thoi gian 4m vang va mic 4m, va cac bd khuéch tan duoc sir dung dé dam
bao phan xa sém, c6 thé hd trg c6 chu ¥ trong 101 néi, khong 1am bién dang am.
Khi cac 4m phan xa khéng thé dugc sir dung mot cach cé chu y cho su nghe 13, thi
nhitng phan xa nay c6 thé dugc hap thy, hoic khuéch tan.

Trong céc thinh phong quan trong, vat liéu hat 4m va bo khuéch tan duoc st
dung’ cling luc dé kiém soat am thanh trong khong gian. D& kiém soat 4m phan xa
bac nhit, ca hai déu hiéu qua. Khi vat liéu hut 4m dugc st dung, truong 4m thanh
dé bj méo hay phén tang. Khi bd khuéch tan duge sir dung, truong dm thanh nay
¢ chiéu rong va chiéu sdu ty nhién hon. Vit liéu nao la ding, hat 4m hodc
khuéch tan 12 con tiry thudc vao “gu” clia ca nhan. Néu tt ca cac giai phép la hut
4m, phong trd nén kha “chét”/ cam. Trong khi mét sd ngudi tng hd diéu nay cho
phong nghe hdn hep, nhitng ngudi khac thi khéng, va ho cho ring mot phong
nghe v6i nhiéu vt lidu hut 4m khéng phai 13 tot nhit. Do d6, dé duy tri sy séng
dong clia phong, su két hop cua hut dm va khuéch tan phai dugc st dung. Cac
nghién ciru tdm ly hién dai trong céac phong nghe 4m thanh vong da kénh chi ra
tAm quan trong cua viéc tao ra cdc phan xa bén dé ting cudng tinh khdi, bang
cich st dung céac khuech tan mat phang trén tudng phia sau, tudng bén va trin
nha. Vit liéu hut am d6i véi quang tan s rong c6 hiéu qua nhat nén bb tri trén
tuong ph1a truoc va § céc vi tri gbc.”

Pé cung cap phuong thirc diéu khién am tn sé thip, ca b hép thu va khuéch
tan doi héi mot d6 sdu déng ké dé lam viéc, va d sdu clia cac phuong phap xir ly
am tan sb thip co nhiing han ché v& khong gian va chi phi. Do d6, cic vat liéu
hit 4m cong hudng véi chiéu sdu gisi han thuong dugc st dung dé ddi pho véi
cac van dé khong gian han ché. Trong thinh phong, vat liéu hut 4m ¢ong huéng
cung cdp kha ning diéu khién tan sé thép hidu qua khi dit ¢ vj tri gbc v6i p sudt
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am cao. Téc do 4m thanh trong vét liéu hat am xp thip hon trong khong khi, va
do d6 mdt do day nhat dinh ciia vat liéu hut am c6 thé hoat dong & tan s6 thép tt
hon d day cta bd khuéch tan twong tw. Vi Iy do nay, mot bd khuéch tan hip thu
mdt phan, ching han nhu cdu truc phirc hop, hodc vat liéu hat 4m cong hudng
thudng dugc wa thich dé xir Iy tan sb thap cho khong gian ¢ yéu ciu chét lugng
am cao. v ’ o
B6 khuéch tan c6 loi thé nhin chung 1a 16n hon vét liéu hut am. Hau hét cac

céng nghé hut &m lién quan dén vat lidu dang xo, khong chiu duge anh huong
clia gi6, mua va cdc mdi truong doc hai. Vi du, & cic ga duong sit hodc trén
dudng phd véi mot lueng 16n 6 nhidm hat nhu byi bén, theo thdi gian ¢6 thé lam
the nghén céc 15 cua cac chit hat 4m 18 rdng. Cac thiét bi ngoai troi véi cac vét
lidu hat am 13 rdng c6 nguy co sé& bi thAm nuéc, rira trdi theo thoi gian rat cao.
Gén day, vat lidu hat Am thay tinh ngung két tai ché c6 thé dugc ding ca trong va
ngoai trod. Ngoai ra, vét liéu hit 4m khong chira chét xo, nhu cac vat lidu hit &m
duc 15 sidu nho, c6 thé 1a mdt gidi phap.

-+ Cavat liéu hut 4&m va bd khuéch tan déu c6 mot vai trd trong viéc thiét ké am
Hoc. Chung c6 chirc ning bd sung, cé nghia 1a khi chung dugc két hop phu hop,
6 thé dat duoc 4m thanh chét lugng hon.

2.10. CAU HOI VA BAI TAP CHUONG 2
Cau héi trong tam:
1. Néu tén va vé& duong dac tinh hit &m cua 3 trong sb cac loai vt liéu va Kkét
‘cdu hat am co ban.
2. Giéi thich nguyén ly hiit am cta ban duc 18 hut am. Lam thé nao dé tang kha
‘nang hat &m cia ban duc 16?
3. Giai thich nguyén ly hit &m cua ban mong é(f)ng hwéng hat 4m. Péc tinh hut
am cta n6? Lam sao dé diéu chinh dic tinh hiit &m cia bdn méng céng hudng?
'4. Vé hinh va néu nguyén ly hat &m cia lo Helmholtz. Néi_l mot g dung cua
lo Helmholtz trong cong trinh xay dung. v ‘
5. Giai thich nguyén Iy hut am cia vat liéu hat 4m x6p réng. Lam thé nao dé
ting kha néng»hﬁ‘t Am tan sO thap cia vt liu nay?
6. Néu cac g dung co ban cua vat li¢u hut am.

7. Néu cac nguyén tic co ban cla viée bé tri vat liéu hat 4m trong thinh phong.
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8. Néu va mé ta vén tat cac vét liéu khuéch tan Am phé bién st dung trong 4m
hoc kién trac. '

9. Néu céc ung dung co ban cia vt liéu khuéch tan am.

10. Néu céc nguyén tic co ban cta viée b tri vt liéu khuéch tan 4m trong
thinh phong.

Bai tap on:

Bai tip 1: Cho mdt thinh phong hinh hép chit nhat c6 kich thudc dai réng cao
14n luot 12 20 x 15 x 4 m. Bén trong phong phi toan bd bang vt lidu tham. Tinh

‘téng luong hut 4m A (m?) trong phong dbi véi timg octave, biét lrong hut 4m 1a
tich clia dién tich bé mat S (m?) va hé sé hat 4m o cta vat lidu tuong tmg.
A=8x a

Goi y: Dua vao Bang 2.1, cé thé tra duogc hé sb hit am & teng octave cda
tham. Tinh dién tich cic bé mit trong phong va tinh lugng hit 4m tuong tng. Két
qua cudi cung la téng céc lvong hit 4m vira tinh. |

Bai tdp 2: Cho mét thinh phong hinh hdp chit nhét ¢6 kich thudc dai rong cao
1an luot 1520 x 15 x 4 m. Phong c6 nén gach men, trin bé tong va tudong boc tham.

Tinh tong lugng hut 4m trong phong ddi véi tirng octave.

Goiy:

- Tinh dién tich tuong, tr?m, va san.

- Tinh luong hat 4m ciia twong, trin va san mot cach riéng ré& bang cach tra
bang h¢ s6 hut &m & Bang 2.1.

- Tinh téng lwong hiit 4m cua tit ca cac bé mat bang phép cong.
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Chuong 3

AM HOC PHONG KIN (ROOM ACOUSTICS)

TOM TAT NQI DUNG CHINH

- Chuong 3 ¢6 ba ngi dung co ban:

- Ddc diém ciia méi truong dm thanh trong mot phong kin,

- Céc théng s6 lién quan dén chdt lwong dm trong phong;

- Céc hién twong dm hoc ot vé xdu c6 thé xdy.ra trong phong kin.

Do dé, dé ném bdt dwoc noi dung cua chuong, ban doc can quan tam
va ndm viing cdc diém sau day:

- Ném duoc qud trinh hinh thanh va tt dan cia truong dm trong
phong kin. Tir d6 biét duoc cong thikc tinh todn thoi gian am vang la dai
lwong quan trong nhat dé biét chdt luong dm. Cong thirc tinh thoi gian
dm vang don gidn nhdt, nhung quan trong ctia Sabine ciing can phdi
nho: T=0.16V / 4

- Ném dugc nguyén Iy éGm hinh hoc dé iing dung vé dwong di ctia tia
dm va vé cdc bé mdt phdﬁ xq trén midt bang véa mdt cdt.

- Ném duoc cdc dai lwong phdn énh chdt lwong dm chii yéu: thoi gian
dm vang, d¢ manh yéu, an twong khong gian ctia ém. Cac dai luong chat
lwong dm con lai mang tinh hé tro thém dé danh gid chat Ivong dm.

- Ném dwoc hién tuwong Gm tot - truong am khuéch tén - va cdch thike
dé tao ra truomg dm gan véi trang théi khuéch tdn.

- Ném dwoc nguyén nhdn gdy ra cdc hién twong dm xdu: béng dm,
‘tié'ng doi, hdi tu dm, méo dm.... '



3.1. TRUONG AM TRONG PHONG KIiN
3.1.1. Xung dap ing

Trong &m hoc, xung ddp dng (Impulse response) clia mot can phong 12 tin
hiéu 4m thanh (4p sut 4m) nhan dugc béi microphone trong phong va ghi lai
trong may thu khi ¢6 mot xung kich thich ban dau (vi du: mot qua béng nd, mot
tiéng sung...). Xung dap ung chira dung toan bd céc thong tin vé sy lan truyén
ctia am thanh tir ngudn t6i tai ngudi nghe, bao gdm ca cic &m phan xa tur cac bé
mit phong va qua trinh tit din cia 4m. Do d6 bidu dd xung dap ung dugc dung
dé phan tich cu tric am phin xa va chét luong 4m cua phong. Hinh 3.1 gi6i
thiéu mdt vi du vé biéu dd xung dap ng va cic thong tin ma né cung cdp. Nhimg
4m thanh dau tién dén 1 4m truc tiép tr sin khiu. Sau do6 phan xa dén tur tit ca
cc bé mat trong phong: tu&rng, tran, san...

0.04 - ' 0.04
Am true tigp tir san khau

002+ |Fe—  Amphinxati cacbé matthinhphong — || gz A ;ha“ xa gAy tieng doi nghe thay

Ap suét am (pascal)
(=]
j]
1
1
Ap suat am (pascal)
o

-0.02

Dap trng xung

-0.04 + -0.04 +
0 0.5 1 0 0.5 1
Thoi gian (s) Théi gian (s)

Hinh 3.1. Biéu dé xung dép 1ing cho thdy am thanh nhén dugc tai mot micro
trong mot phong hoa nhac & Anh khi ¢6 mét ém thanh kich thich,
ching han nhw mgt tiéng sung, dwoc tao ra trén san khdu

Trén biéu db xung dép tmg, do 16n twong ddi cua 4m phén xa ciing duoc thé
hién, cho thdy nhimg thdi diém xuét hién tiéng doi (xem Hinh 3.1 bén phai) vén
anh huéng dén dé o ciia am trong phong. B&i vi 4m lan truyén trong khong khi
v6i toe do gan nhu ¢b dinh, khoang 343 nv/s, thoi diém xut hién tiéng doi s&
trong Umg vl mot quing dudng truyén 4m nhét dinh. Cin ctr do dai quing
dudng truyén am, ta dé dang xac dinh dugc vi tri bé mat phan xa gdy tiéng doi, tir
d6 diéu chinh kich thuée, do nghiéng, do hut 4m dé loai bo tiéng doi.

Tuong tu nhu trén, nhitng khoang tréng trong biéu dd xung d4p tmg cho biét
sw thiéu hut nang lwgng 4m phan xa tai thoi diém tuong tng. Bing cich thém
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hoéc diéu chinh vj tri céac bé mit phan xa (vi du gidm d6 cao trﬁn), a4m phan xa
dugc bd sung vao cac khoang trbng, tao ra sw déu din cla trudong am.
- Moi quan h¢ gifva xung ddp ting va chit lwong am ciia phong:

Theo cac dinh luat cia ly thuyét hé théng, vé& mat 4am hoc mot phong kin c6
thé xem nhu 12 in@t hé théng truyén dan tuyén tinh ma c6 thé duoc dic td mot
cach day di bai xung dép Gng A(?) cia no theo thoi gian (Hinh 3.2).

Pép ng xung

—_—

Xung tryce tiép
S———

Hop den (khan phong)
Hinh 3.2. Gidi phdp co ban cua ly thuyét tin hiéu cho mgt céin phong chua biét ré

Néu c6 mdt don vi xung kich thich &) duge sit dung nhu mdt tin hi¢u dau
vao, xung dap Gng A(t) c6 quan hé véi ham truyén dan G(w) theo tan sb thong
qua phép bién do6i Fourier. (Trong xu 1y tin hiéu 4m thanh, phép bién d6i Fourier
thuorng duge su dung trong chuyén dbi tin hiéu thanh céc thanh phin bién do va
tan sb).

G(w)=F{h(®)} (3.1)
trong do: h(t) = F{G(w)} = Z—I-TQ(a)) e’ dow.
7 —©

Thoéng thudng, theo cac ky thudt thi nghiém, cin phong thuong duge kich
thich bdi mot xung kich thich rit ngén; va xung dap tng A(?) duge ghi nhén & cac
~ vi tri x4c dinh trong phong (Hinh 3.2).0 déy, Xung dap ung ciing chira dung cac:
thong tin tuong ty nhu ham truyén dén theo tan s6 ghimhan dugc: Do do, biéu dd
am phan xa trong phong c6 thé xac dinh tir ham xung dap tng /(7)) c6 duge do do
dac hay tinh toan. Do do:

Ap sudt am:
P®O~h@) 06D
Mait d6 nang lugng 4m:

WD)~ B2 () | (3.3)
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Cudng dd 4m trung binh:

el
Ty j () 7 (3.4)
0
trong d6: 7, = 35 ms.
Néng lugng am:
T } .
w ()~ j () dt' (3.5)
. ‘

Céc biéu dd am phan xa va ndng lugng 4m co ban duoc trinh bay nhu sau:

p(t) w(t)

{ ——

Jo®) ' W, (1)

ANV

Hinh 3.3. Ung xir ciia cdc dai lwong trudng am theo thoi gian (reflectogram).
dp sudt am P(t), mdt dé ndng heong am W(t), cwong dg m trung binh Jo(1),

va ndng luong ém W,.(t)

Puong suy giam ning lugng 4am EDC (cho biét ning lugng 4m con lai cua
xung dap ung sau mot thoi gian t):

EDC(t)= ]?hz(r )dr - (3.6)

Cac ky thuat xung ddp ung (impulse response techniques) thuong dugc dung
dé loc va phan tach tin hiéu Am thanh c4c dai octave chudn va cho phép vé ra cac
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duodng suy giam am theo thoi gian thuc, trén co s d6 chiing ta c¢é thé tinh duoc
héu hét cac chi sb chit luong 4m, trong d6 ¢6 thoi gian 4m vang T. Do viy, xung
dap tng mang dén nhiéu théng tin vé chit luong &m trong phong.

3.1.2. Qua trinh phat trién va tit din ciia tredng am trong phong kin

Su hinh thanh va tit dan cta truong 4m trong phong kin 14 sy tdng hop cia 4m
phét ra truc tiép t nguén va cac &m phan xa bac nhét (phén xa mot lén) va béc
cao hon (4m phan xa nhiéu 14n) tir cic bé mit ctia phong. Am phan xa dén tir rit
nhiéu hudng, c6 bac phan xa 16n dan theo thoi gian. Mbi 14n phan xa, ning lugng
am bi suy gidm do bi tudng hat am (xem Hinh 3.4). |

- Thoi gian =™

Hinh 3.4. Am truc tiép va dm phdn xq trong phong kin - phéng theo Meyer (2009)

Néu ngudn 4m trong phong ngimng phét, nang lurong am . trong phong bi suy
giam dan vé zero sau mot khoang thoi gian. B6 1a su tit din cua truong dm. Sy
tt dAn ctia truong 4m dugc thé hién trong Hinh 3.4. Hinh 3.4 cho thiy céc phan
xa dau tién (béc thip) kha thua thét, cang vé sau cang day dic hon, nhung ning
lugng 4m giam dén. _ _ ‘

Khi ngudn 4m ngimg phat, ning luong 4m trong phong suy giam dén, 4m nghe
nhé dan. Qua trinh nay c6 thé kéo dai tinh bing gidy, ¢6 anh huéng dén chét
lwong 4m clia phong. Sw kéo dai 4m sau khi ngudn am ngirng phat duoc goi la~
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4m vang (reverberation). Do tim quan trong ctia 4m vang dén chét lugng 4m,
nguoi ta phai dua ra mot dai lwong méi goi 1a thoi gian Gm vang - reverberation
time (ky hi€u la T - don vj do la gidy; trong céc tai liéu nuéc ngoai thuong ghi la
RT hodc RT60), duge dinh nghia 1a:

Thoi gian ém vang & thoi gian can thiét dé ndng luong am trong qud trinh tdt
dan giam di 10° lan so véi ndng lwong ban dau (ning lugng 4m & trang thai dn
dinh). Theo dinh nghia muc am thi:

Ly =1ozgﬂ=1ozg106=60(d13) (3.7)
ET
Vdy thoi gian 4m vang ciing chinh 13 thoi gian cn thiét d& muc am gidm 60 dB
S0 V6i trang thai 6n dinh ban du. Dinh nghia va qua trinh 4m vang duoc mo ta
trong Hinh 3.5.

o 0dB
Tz
£
«Q
<@
3
"
a
«0
S
5
=

-60 dB

Batngudn am  T&t ngudn am

/| | t(s)
T J
P Thoi gian am vang |

Hinh 3.5. Pinh nghfa ctla thoi gian dm vang
3.1.3. Do thoi gian 4m vang - Phuong phap ngit Am (Interrupted Method)

Co céc phuong phap do Thoi gian 4m vang T nhu sau:

- Phuong phap tich hop xung dap ¢ng (intergrated impulse response method)
(vi du: st dung phim mém ARTA);

- Phuong phap Tleng on ngét quang (dung loa phat nguon on hong la nguon-
kich thich, sau d6 ngét ngudn am);

- Thu am t1eng vong trong phong khi ¢6 ngudn kich thich (dung sung hodc
bong béng nd 1am ngudn kich thich);
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- Phuong phap st dung b loc tiéng nb (filtered burst method) (Vi du: tich hop
trong may do 2231 coa Bruel & Kjaer).

Trude khi do thoi gian 4m vang phai chudn bi mdt ngudn On, sau d6é ngét
ngudn. Théng thudng bong bong, tiéng 6n hong dugce dung cho viéc nay.

Nhu dinh nghia, thoi gian 4m vang R760 tinh bing quing thoi gian mic 4m
giam 60 dB. Trong mo6i truong thuc, diéu nay rat kho thuc hién duge. Cho nén -
ngudi ta thudng do thoi gian 4m vang RT20 hodc RT30; ching dugc tinh bing
thoi gian d& mutrc Am giam 20 hodc 30 dB, sau d6 ndi suy ra gia tri RT60.

Khi do RT20 hodc RT30, méay do mirc 6n nén bd qua 5 dB suy giam dau tién
(dé loai bo nhiéu). Chung ta cling khong nén do dac gi khi muc &m trong phong
chi con cao hon muc n nén 10 dén 15 dB; didu nay c6 nghia 1a ngudn on kich
thich phai cao hon mirc dn nén tdi thidu 12 45 dB (néu do RT30) va 35 dB (néu do
RT20). D6 cling 14 1y do tai sao RT60 kho do dac truc tiép do cin nén 6n rat nho
va ngudn kich thich rét 16n (xem Hinh 3.6).

dB | Ngudn am bat

S
4
yd

. Tiéng 6n nén

Théi gian

Hinh 3.6. Do thoi gian dm vang RT30 véi mdy do P33 Real-Time Analyzer

Mot vi du do RT bing may do P33 Real-Time Analyzer, vdi kha nang do ca
RT20 va RT30 cho ting octave 1/3 va cho ra két qua tirc thi. M4y do ne‘ly ban dau
s& do muc dn nén, sau d6 do ngudn kich thich véi mirc 6n t6i thiéu cao hon mirc
nén 45 dB. Sau d6 may s& hién thi két qua do, 20m c0:

- Mtc dn nén, dB: mirc dn trude khi ¢6 ‘nguén kich thich;

- A dB: chénh léch gifra nguén kich thi_ch va murc dn nén;

- RT20va RT30.
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3.1.4. Tinh toan thoi gian Am vang

Viéc mb ta su lan truyén 4m trong phong c6 thé duoc don gian héa bing gia
thiét coi trudong am dang xét 1a truong dm khuéch tdn, xét mot cach trung binh,
moi diém trong khong glan ctia phong déu nhén dugc mot lugng nang luong 4m
bing nhau truyén dén tir tit ca cac huéng. Nhu vay, cudng d6 4m giam dén cling
dong ddu tai moi diém. Dong thoi, mat do ning lugng 4m w trong phong 1a
khéng ddi, va ning lwong dén mdi bé mat tuong trong mot gidy trén m?2 la:

c
B=—w ‘ ' 3.8
1 (3.8)

V6i quan hé ndy, sd 1an phan xa trung binh trong 1 gidy c6 thé duoc tinh bing
cong thuc:

) (3.9)

Vi ning lugng cia médi tia 4m b suy gidm mot phan tuong duong (1 - «) do
d6 tbng ning lugng 4m trong phong sau thoi gian ¢ s& 1a:

E@W=E(-a)" =E0exp[f1—‘§m(l—a)}, (>0 (3.10)

Cong thirc nay thé hién su twong quan gitta ndng lugng cia 4m vang theo thoi
gian, tirc sy suy giam ning luong 4m tinh tr thoi diém =0 (thoi diém nguon am
ngung phat).

Trong cong thire (3. 10) luong hit 4m cha khong kh1 tam dugc bd qua. Néu
mudn tinh c& sy suy giam ning lugng &m do sy hat 4m cua khong khi, cong

thirc (3.10) phai gidm thém mot lugng e ™, trong d6 m 14 hing s6 hat 4m ciia 1 m?
khong khi (xem Bang 3.1)

Bang 3.1. Hang s6 hiit Am m (dO’n vi do 1w ) ctha 1 m? khong khi
& 20°C va ap suit khi quyén (Bass, et al., 1995)

Dé dm Tan sé (Hz)
khong khi (%) | 500 1000 2000 4000 6000 8000
40 0:00060(~0.00107 0.00258 | 0.00840 | 0.01771 | 0.03000
50 0.00063 | 0.00108 | 0.00228 | 0.00684 | 0.01426 | 0.02429
60 0.00064 | 0.00111 | 0.00214 | 0.00591 | 0.01208 | 0.02052
70 0.00064 | 0.00115 | 0.00208 | 0.00532 | 0.01062 | 0.01791
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P& rit ra cong thire (3.10), hé sé hit am & dugc gia thiét 1a ddng nhat. Trén
thuc té o cia vt liéu va két cAu hit 4m con phu thudc vao huong tia am t6i. Su
phu thudc cla a vao goc téi clia tia am 6 co thé duoc tinh t6i qua biéu thirc sau:

/2
=2 j (0) 5in6 cos 0dO (3.11)

Véi nhidu mat tudng tran S; véi cac hé so hut 4m o; khac nhau, hé s6 hut am
trung binh s& la:

:_Zslal (3.12)

Qua d6, “tdng dién tich hit 4m twong duong cua phong” dugc dinh nghia
nhu sau:

A=) S | (3.13)

Dé thiét 1ap cong thirc tinh thoi gian 4m vang, nguoi ta dua vao dinh nghia cia
thoi gian 4m vang va cdng thire (3.10); tir d6 ta c6 duge: '

T 0.161V_ hay T = ' 0.161V _ (3.14)

- S[-m-a)] S[-2.30l0g;, (1-&)]

C6ng thire (3.14) duge nha vit ly hoc ngudi My la Carl Ferdinand Eyring

(1889-1951) phat kién vao nam 1930 (Eyring, 1930), dya hoan toan trén ly

thuyét cua vat ly. Nhung thuc ra cong thirc tinh thoi gian 4m vang dd dugc nha

vat Iy hoc nguoi My khéac 1a Wallace Clement Sabine (1868-1919) x4c dinh hoan

toan bing thuc nghiém trong céc thinh phong cia Dai hoc Harvard vao nadm

1896. Cong thirc ctia Sabine c6 dang (Sabine, 1922):
T:O.161V:0.1_61V (3.15)
A as

trong do: 4 (m?) - tng lugng hit Am twong dwong cua ciia phong, tinh bing cong

thirc (3.13) va § (m?) 13 tong dién tich cac bé mit trong phong.

V& sau, nhidu nha vat ly (R.F. Norris, G. Millington, W Sette, M. R.
Schroeder, D. Fltzroy, R. O. Neubauer, v.v.), dua trén cic phat kién ctia Sabine
va Eyring dé dua ra cac cong thirc tinh todn thoi gian 4m vang chinh xéc va phurc
tap hon hodc phu hop véi céac gia thiét khac. Vi dy, D. Fitzrdy dé xuét cong thire
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tinh thoi gian 4m vang cta phong hinh hdp chit nhit ¢ vat liéu hat &m bé tri
khéng déu trén cic mat (xem (Eargle, 1999)). Hién tac gia udc tinh c6 dén vai
chuc cdng thirc tinh thoi gian 4m vang. Tuy nhién, vé co ban trong diéu kién céc
tham sé déu vao cua cac cong thic tinh toan déu co sai sb hodc khong chic chén,
cong thirc ctia Sabine va Eyring c6 thé coi théa mén cic yéu cdu vé thiét ké Am
hoc phong thinh gia.

- Cong thire cua Sabine cho két qua tuwong déi chinh xdc va trong dong véi
cong thue cua Eyring khi hé sé hut 4m cta céc bé mit déu nhé (a < 0.2). Tuy
nhién khi a 16n hon 0.3, cong thire Eyring cho két qua dang tin cdy hon, nén du
Sabine 1a ngudi phét kién khai niém thoi gian 4m vang, cong thirc Eyring vin
dugc dung rong rai hon trong tinh toan thuc té. |

Cong thirc cua Sabine va cta Eyring thong thuong cho két qua khong hoan
toan gidng nhau. Hinh 3.7 gio1i thi€u sur sai khdc cta thoi gian 4m vang tinh toan
“cho céc tin sb trong mot thinh phong bang nhiéu cong thuc tinh thoi gian 4m
vang khac nhau. |

STATISTICAL REVERBERATION TIME . . " Main Hall

100Hz 1kHz 10kHz
Sabine Normis-Eyring Milington-Sets

Hinh 3.7. Thoi gian am vang T tinh theo cdc cong thirc ciia Sabine
(duong nam phia trén), Millington-Sette (dwomg nam & giita)
va Eyring (duong nam & dudi), tinh todn bing
- phdn mem Autodesk Ecotect cho mét thinh phong
'Hinh 3.7 ciing cho thay thoi gian 4m vang dbi v6i cac 4m c6 tin s cao thap
hon cta cac am ¢6 tan s6 thap. Diéu nay thuong xay ra mot phan 1a do khong khi
c6 kha nang hit &m, dic biét anh hudng véi cac 4m c6 tin sb cao. Do d6, khi tinh
toan chinh x4c thuong phai bd sung kha ning hit am cua khong khi dbi véi tung

101



dai thn sé. Khi d6 cong thirc tinh thdi gian 4m vang T 6 thay dbi nho. Déi véi
cong thirc cua Sabine:

=210V | (3.16)
as +4mV ‘
Va cong thirc ctia Eyring s€ tr¢ thanh:
0.161V 0.161V
= — hay T =- —
S[-mm(—-a@)+4my S[-2.30l0g, (1-&) | +4mV

'(3.17)

trong d6: m - hing s6 hut 4m cia 1 m? kh(")hg khi (don vi 1a 1/m) (xem Bang 3.1).
Déi v6i phong c6 thé tich nho, lwong hit 4m cta khong khi trong
cac cong thire (3.16) va (3.17) ¢co thé b6 qua.

Hé s6 0.161 trong cong thirc cta Sabine va Eyring la mot gia tri co thé thay
dbi theo hinh dang phong (theo thuc nghiém ctia mot s6'nha nghién ctru 4m hoc)
(Nguyén, 2011): o :

- Phong c6 mat bang hinh tru tron va chidu cao tuong dwong duong kmh hé
s6 14y gia tri 0.1604;

- Phong hinh hdp chit nhét hodc vudng, hé ) léy gid tri 0.164;

- Phong hinh lap phuong, hé s6 14y gié tri 0.1625.

Mot cach khéc 1a gia tri 4m trong cac didu kién khac c6 thé tra truc tiép trong
Bang 3.2.

Bang 3.2. Gia tri do dac ciia hing sb hiit im ciia khong khi 4m (da nhan véi 4),
don vila m™, trong méi quan hé véi tin s6, nhiét 9 va d6 4m khong khi
(nguén (Beranek & Mellow, 2012))

D ém% | Nhigtdp°C | 2kHz 4kHZ 6.3 kHz 8 kH
30 s 0.0147 0.0519 | 0.1144 0.1671-

20 | 00122 0.0411 | 00937 | 0.1431

25 | 00111 0.0335 |  0.0759 0.1178

30 0.0114 0.0292 | 0.0633 0.0975

50 15 0.0096 0.0309 "|""0:0712 0.1102
20 | 00092 | 0.0258 0.0577 | 0.0896
25 | 00101 | 00234 | 00489 | 00748

30 00119 | 00234 | 00443 | 0.0655
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Bang 3.2 (tiép theo)

Dy dm% | Nhigtdp°C|  2kHz 4kHZ 6.3 kHz 8 kHz
70 15 0.0081 0.0231 0.0519 0.0808
20 0.0088 0.0208 0.0437 | 0.0671
25 0.0105 | 0.0208 10.0396 0.0586
30 | 00131 0.0231 | 0.0391 0.0548

Do hién tugng chdng 4m (4m sau 14p 1én 4m vang cua am trudc), nén toan bd
qué trinh 4m vang chi c6 thé nghe dugc vao cudi doan dién vin hay doan nhac.
Trong ban nhac hay bai néi chuyén, phan sau cta 4m vang thuong bi che 1ap bdi
am tiép theo hodc nét nhac tiép theo. Ban than phan am vang bi che 14p, nguoc
lai, ciing 1am gidm d6 rd cua am tiép theo. Do do, nguoi ta dua ra mot dai lugng
méi ¢6 quan h¢ mat thiét hon véi sy cdm nhén 4m vang cta mot bai dién vin hay
4m nhac, goi la Thoi gian gidm ém sém (early decay time - EDT - dé xuét bai
Jordan (1970). EDT duoc dinh nghia la 6 lan thoi gian can thiét dé nang lwong
dm trong phong gidm di 10 dB sau khi tdt nguén dm. Pai luong EDT, ciing gidng
nhu thoi gian 4m vang 7, cling dién ta qua trinh suy giam ning luong 4m, nhung
chi cho thdy dic trung phin diu cia qua trinh nay, khi mirc 4m bi suy giam trong
khoang 0 dén 10 dB (xem Hinh 3.8). |

AN

0dB
-10dB

Murc &p suat am (dB)

-60 dB

Thoi gian @m vang -

Hinh 3.8. Dinh nghia ciia EDT
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Nhitng dic trung clia phan ddu cta dudng cong dm vang chiu anh hudng cia
mac 4m phan xa va su phan bd cuia chung, ma theo do lai phu thudc vao vi tri
ngudn 4m va ngudi nghe trong phong. Do d6 gia tri EDT thu&ng khoéng dong
nhét trong phong, diéu it khi x4y ra véi thoi gian 4m vang T.

3.1.5. Sw lan truyén am thanh theo nguyén 1y' am hinh .h(_)c

Am hinh hoc nghién ctru sy lan truyén cia 4m thanh trong phong dya trén cac
nguyén ly hinh hoc. Ban chét 4m thanh 1a song dao dong, nhung trong dm hinh
hoc, nguoi ta coi sy lan truyén cta Am thanh trong méi trudng dbng nhat 13
nhitng tia 4m (twong tuy nhu tia anh sang). Khi tia 4m gdp vat can, tuy theo tuwong
quan kich thuéc gitta Vét can va budc séng am thanh, 4m s€ bi phén xa, tan xa,
nhidu xa (khéng ké hién twong 4m bi hép thu hay xuyén qua vat can).

Hinh 3.9. Su phdan xa dm trén mot s6 bé mdit theo nguyén Iy dm hinh hoc

Néu kich thude bé mat vat can 1én hon nhiéu 1an so véi buéc séng am, tia &m
t61 va tia 4m phan xa s& tuén theo dinh luat quang hinh hoc (Nguyén, 2011), theo
d6 (xem Hinh 3.9): :

- Goc t6i cua tia am bang goc phan xa,
- Tia t6i, tia phan xa va phap tuyén cua mat phan xa tai diém t61 nam trén cung
mot mét phang vudng gbéc véi mat phang phan xa.
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Bang 3.3. Hién tuwgng x4y ra khi Am thanh
gap mot vit cin c6 kich thwéc khéc nhau

Twong quan
kich thudc

Hién tuong

- Moti

vatcan < 54

Tan (xa) am

Kich thude vat : Am thanh sé& di vong qua vét can nhu thé khong c6
can nho bude Nhiéu xa sy hién dién cta vat can. V4t can ¢6 thé coi nhu
song am A khong nhin thay boi séng am.

) . Am thanh mét phin phan xa tr& lai theo nhidu
A <kich thuée L phan p ' '

huong khac nhau mot cach phirc tap. Hién tuong
tan &m nay con goi la khuéch tan am.

Kich thuéce vat
can> 54

Phan xa guong

Am bi vat can hit nguoc trd lai theo 1 huéng ma
c6 thé du doan boi quy luat quang hinh hoc co ban.

Z#I S

|
I
f
-

Hinh 3.10. Nguyén Iy ém hinh hoc thiét ké gidng duong Pai hoc Ain Shams
(Cairo, 41 Cdp), cdcanh bdc 1 ciia nguén ém

Nguén. Elkhateeb (2012)

Ung dung thuc tién ctiia am hinh hoc c6 thé thiy trong nhiéu chuyén nganh h¢p

ctia am hoc. Trong 4m hoc kién triic, sy truyén thing ctia tia 4m cho phép ching

ta xdc dinh thoi gian 4m vang theo mét cach don gidn nhét (tinh thoi gian séng

am di - gp VAt can - phan hoi tre lai). Am hinh hoc gitip nha thiét ké kién tric t6
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chte cac hé théng dleu huéng am, du:a am thanh cn nghe dén v6i khan gia. Am
hinh hoc cling gitp nguol thiét ké tranh dugc cac hinh dang phong, c4c hinh thire
b& mit phong gy cac hién tuong 4m x4u. Hinh 3. 11 gidi thi€u mot vi du vé ap
dung am hinh hoc dé thiét ké cac bé mit trén mit cit doc cia mot thinh phong.

~] )7\
7 / / g \41_ + é
N, p / e
o . ‘ T

Hinh 3.11. Ap dung nguyén Iy am hinh hoc dé nghién ciru bé tri cée bé mdt
phdn xa dm trong mdt khdan phong - nguon ém diém
: (két qud mé phéng ctia phan mém Autodesk Ecotect)

Phuorng phép am hinh hoc ¢4 nhitng han ché nhét dlnh do khéi niém “tia 4m”
chi ding trong nhung truong hop ma cuong d0 va hudng cia séng dm thay d01
rat it trén hudéng lan truyén. Pic biét, khi sit dung nguyén ly am hinh hoc, kich
thudc cia phong va céc.vat can, bé mit phan xa phai lén hon buéc séng am '
nhiéu 14n (t6i thidu khoang 4 14n (Pham, 2011) - diéu nay thudng dung v6i dm
c6 thn s6 cao - tirc budce song ngin). Véi da sb cac.phong, 4m hinh hoc chi thich
hop khi séng 4m c6 tin s6 16n hon 250 Hz (Nguyén, 2011). Néu kich thude vat
can & trong tim budc song dm, mdt bd phén déng ké cua séng 4m s& bi nhiéu
xa, va &m hinh hoc khong con chinh x4c nita. Vi nhing ly do teén, trong thiét ké
kién trac 4m hinh hoc chu yéu dung dé dung tia 4m, cac bé-mat phéan xa trong
phong. Céc tinh toan chi tiét vé cac dai lugng 4m hoc ciia phong cén ding dén
am hoc théng ké. | |
- Trén thuc té, thn s6 Am cAn nghe trong phong c6 thé thay ddi trong khoing
100 Hz dén 12000 Hz. Do d6 bude song dm thudng ndm trong khoang . =3.4m
dén 2.85 cm Khi thiét ké kich thudc cic bé mit phan xa 4m can quan tam den
dai tan sb cta Am va cac buédce song gi6éi han nhu trén.
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3.1.6. Tan s6 dao dong riéng ciia phong kin theo Iy thuyét séng

3.1.6.1. Hi¢n twpng séng dirng

Bén chét cia 4m thanh 13 séng co trong mdi trudng dan hoéi (khéng khi, nudc,
vét ran...), do d6 song 4m cling c6 nhitng dac trung co ban cua soéng co hoc,
trong d6 ¢4 hién twgng giao thoa ctia hai hay nhiéu séng.

Khi séng 4m lan truyén trong khong: kh1 gdp vat can cung thi phan xa nguoc
tré lai. Néu bé qua sy hit 4m tai bé mit Vat can thi séng phan xa c6 cung bién do
va tan sd, nhung nguoc pha véi séng t01

Song dung 1a mot trudong hop dic blet ctlia sy giao thoa hai song. Néu song téi
va séng phan xa cung phuong, nhung nguoc huéng, c6 ciing bién 46 va tan sd,
nhung nguoc pha nhau, hién tugng song dung s€ xay ra nhu sau: -

- Song dung c6 cac bung va nut séng cb dinh;
- Bung séng 14 nhitng diém c6 bién d6 dao dong cuc dai do cong huong bién do;
- Nut song 1a nhitng diém c6 bién d6 dao dong cyc tiéu.

Hién tugng séng dung duoc mo ta bang mot vi du trong Hll’lh 3.12. Hién
tugng song dirng xay ra khi:

- Khi hai ddu déu 1a nut song thi chiéu dai truyén séng / phéi théa mén
/I . 3 A A A A A ’ z A A N
/= n—2— V@i n 1a mot s6 nguyén, cho biét s6 bung séng c6 trén chiéu dai /.
- Khi mét dAu 14 nit séng, mot dau 1a bung séng thi chiéu dai truyén séng / phai
3 ~ /1 A . r: A r r A <A ' \ e ‘A 3\ 2
théa mén / = nE + 7 vOin la s0 bung song c6 trén chi€u dai / (hién tuong nay chi
xay ra khi vat can tai B ¢ suét dan hoi thip hon méi truong truyén song).
M2
: i
KX XX s
Mol J
e
|-

Hinh 3 12. Hién nrong song dung

Hién tuong séng ding xay ra trong phong kin 12 co sé giai thlch cua khai niém
“tan sb dao dong riéng cta phong” va “hién tuong cdng hudng 4m” trong phong.
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3.1.6.2. Tan so dao dpng riéng ciia phong

Tré lai vAn d@ truyén 4m trong phong, xét mot phong hinh hdp c6 quy cach
nhu trong Hinh 3.13. So6ng am ¢6 thé lan truyén t6i va lui gitra 2 bé mit bét ky.
S6ng 4m ciing co thé lan truyén quanh phong véi cac goc téi cia tia Am khac
nhau. Néu khoang cach gitra 2 bé mit déi dién théa man diéu kién séng dung

A A A . . e irrox e ot
[= nE hay géc téi cta tia &m dugce di€u chinh phu hop, tia t61 va tia phén xa

giao thoa hinh thanh séng ding trong phong. Khi d6 4p sudt 4m tai cac bung
song dugce cong hudng, nén ting 1én nhidu lan. Khi d6 ta néi 4m trong phong
cOng hudng va tan sb 4m gy cong hudng duge goi 14 tén s6 dao dong riéng cia
phong (normal frequency) - thuc ra 1a cua phong va khéi khong khi bén trong.

C6 thé théy séng 4m c6 rat nhidu tin sé (hay bude song khac nhau) do d6 cé
VO s6 tin sb théa man / = nl/2 (xem Hinh 3. 13) do d6 phong s€ c6 rat nhiéu tin
sé dao ddng riéng.

- I Ay l
I, =", -
L[ e
}"3
>
0 X lx - -
X, = =
Agl

Hinh 3.13. Hién twong song dung xdy ra trong phong kin

- Véi phong 6 kich thuéce 3 chidu 14n lugt 14 4, [, L, tAn sb dao dong riéng cia
phong c6 thé dugc xac dinh qua cong thirc:

c‘n2 ’12 nz.
=_ || Z= e Zz
il G o

£, - tan s6 dao dong riéng thu n cla phong (Hz),

trong do:

‘¢ - vén tdc truyén 4m (m/s);
My, My, 1, - nhitng s& nguyén duong chon bat ky trong khoang [0, +).
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Qua cdng thirc (3.18), ¢6 thé thdy mét phong bt ky ludn c6 rét nhiu tan sb
dao dfng riéng Umg vai cac bd 3 ) nguyén n,, n,, n,. Sé lugng tan sb riéng cla
phong phu thudce vao viée lra chon kich thuéc /,, [, Z, ciia phong.

Néu cac kich thuéc cua phong bing nhau, hodc 12 bdi sb cua nhau thi diéu
kién / = nA/2 it khi dugc théa man hon (do /,, /,, /, bi tring lap), do d6 hién twgng
cong hudng it xay ra hon, sé luong tin s riéng cia phong giam xudng rd rét.
Diéu nay can tranh khi nguoi thiét ké Iya chon kich thudc cia phong.

Hinh 3.14 cho thdy déi voi phong ¢6 kich thuée 0.76 x 0.61 x 0.41 m, ¢6 rat
nhiéu tan s6 riéng. Ap sudt 4m cta 4m c6 tAn sb tring voi tan sé riéng cua phc‘)ng
s& ting 1én r& rét. Tan sb riéng thip nhét ctia phong 12 khoang 220 Hz (do phong
nho), sau ting 1én 270 Hz rdi 360 Hz. Céc tan sb cao hon thi cong hudng day dac
hon, hinh thanh trudng dao dong riéng cong huréng phan bd déu trong phong.

Phong dé
@ tdng tron 762 x 607 x 406 mm
T 100
£ o 200 I
£ 110~
g 80 01,0 \ I
£ 70
g %750~
@ 50
&
S 40
B=1
g 30 -
B
> 20 . v ¥
3 1 /\ |
= SN | |
0 1 , . | ‘ (
0 200 400 600 800 1000 1200 1400

Tén sb, Hz

Hinh 3.14. Ap sudt ém ciia cde tn sé dao déng riéng ciia phong tréng
(khéng ¢ vat liéu hit dm) khi xdy ra cong huong, méi b 3 sé nguyén
cho ra mottan-sé-dao-dong riéng - phong theo Beranek & Mellow (2012)

Trén co sé 1y thuyét song dimg, chiing ta thdy rang cac phong nhd thudong cé
tan sb riéng it, ddc biet 12 d6i v6i Am c6 tAn s6 thép (bude séng dai), do d6 dai tin
sd ctia 4m nghe khong déu, Am nghe kh6ng }hay. Nguoc lai, phong c6 kich thude
16n thi truong 4m phong pha hon, 4m tit dan chdm hon do phong 16n c6 nhiéu
tin s6 dao dong riéng, ké ca & tin sb thép. |
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Theo 1y thuyét séng, sb luong tan sb riéng ciia phong hinh hop c6 kich thude
I Ly, L, ké tir tAn sb riéng nhé nhat dén tan sb £, ndo d6 c6 thé tinh gin dung bing
cong thirc (Nguyén, 2011): ‘

af. (L +1, +1, :
N= el ) (3.19)
- 8¢
Péi v6i phong thé tich ¥ (m?) néi chung, c¢6 thé tinh gin dung gia tri N nhu sau:
3
N =4V (f-) | (3.20)
¢

C6 thé thy, phong cang 16n, sb luong tén sb riéng cang nhiéu. Tﬁn s6 riéng
cang cao, sd luong tin sb riéng cang nhiéu (ting theo cép 10°), mét dd tin sb
riéng cang day dic. Hinh 3.15 cho thay trudng Am rét tot trong 1 phong hoa nhac
& Anh, trong d6 ¢6 nhiéu 4m dudng nhu duoc cong hudng khién 4p suét 4m ting
1én nhiéu lan.

200 ms 0 200 ms

a)

Hinh 3.15. Biéu dé dp sudt am theo thoi gian khi ¢ mot kich thich ban ddu
trong phong hoa nhac Royal Festival Hall & London:
a) Cdch nguén 18m; b) Cdch nguén 35m - phong theo Barron (1993).

3.2. CAC THONG SO LIEN QUAN PEN CHAT LUONG AM TRONG
PHONG THINH GIA |

3.2.1. Théi gian 4m vang t5i wu

Mic dit EDT 1a mot dai lugng danh gia 4m vang tot hon thoi gian 4m vang, ddc
diém am hoc co ban va quan trong nhét ctia mot thinh phong vin 14 thoi gian Am
vang, tirc qua trinh suy gidm ning luong 4m sau khi ngudn am dot ngdt nglmg
phat (Mﬁller & Moser, 2013). Diéu nay xuit phat tir méi quan hé gitra thoi gian
4m vang va nhidu dai lwong 4m hoc khac va vi rit nhiéu Iy thuyét &m hoc c6 lién
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quan dén né, trong d6 c6 ly thuyét vé truong 4m khuéch tan. Thoi gian 4m vang
con lién quan dén rat nhidu luat dinh vé didu kién 4m thanh trong cic cong trinh.

Sabine la ngudi dau tién dua ra khai niém thoi gian 4m vang, déng thoi ciing
phat hién rang cam nhan cia thinh gia vé chit lugng 4m trong thinh phong c6
lién hé mat thiét voi thoi gian Am vang. Sabine cho ring tiy theo chirc nang su
dung va thé tich cua phong thinh gia, tdn tai mét thoi gian dm vang t3i wu cho
viéc cdm nhén dm-thanh cta thinh gia. L

 Thdi gian am vang t6i wu cho céc loai hinh biéu didn va c4c kich ¢& phong chi
c6 thé xdc dinh bang kinh nghiém, vi du bing cach tién hanh didu tra cam nhén
am thanh ctia thinh gia (gém céc thinh gia thong thudng, cac nha 4m hoc, nhac si,
nha phé binh &m nhac...) trong céc thinh phong da xiy dung. Ngay ca trong céc
thi nghiém nhu véy, két qua cam nhén am cua nhiéu nguoi 1a khong hoan toan
ddng nhét do thj hiéu, gu thim my, trinh d§ 4m nhac... khdc nhau. Do d6, nguoi
ta chi xac dinh dugc ddi thoi gian dm vang t6i wu chi khong xac dinh mot gia tri
t6i uu cu thé nao. Hon nita, kha ning cdm nhén su khéc biét vé thoi gian 4m vang
chi chiém khoéang 5% trong tdng sb thinh gia (Seraphim, 1958), nén khéng cin
thiét phai x4c dinh thoi gian 4m vang t6i wu chinh xac hon muc 0.05 dén 0.1 s.
Thoi gian 4m vang t&i wu chiu su chi phéi cta cac yéu t6 khich quan sau day:

- Thé tich phong thinh gia: nhiéu nghién ctru cho thdy thé tich phong tang 1én
10 dén 30 14n thi thoi gian Am vang t6i wu nén duoc ting 1én twong tng khoang
30 - 50% (xem Hinh 3.19). '

- Loai hinh biéu dién, trinh bay quyét dinh chii yéu viéc x4c dinh thoi gian 4m
vang t6i wru. Vi du: khi nghe thuyét giang, thoi gian 4m vang khéng duoc qué dai
nhim tranh 4m vang chdng 4m, 1am giam do r6. Nguoc lai khi nghe trinh dién
4m nhac, thoi gian 4m vang ngin khién 4m nghe cdc 18¢, kho khan va khong thé
du duong. Hon nita, ciing 14 loai hinh 4m nhac thi nhac dén toc va nhac hién dai
can thoi gian 4m vang t6i wu khac nhau.

- Déi tin s6 (phd 4m) cta 4m cén nghe: Kha ndng cam thy 4m cua tai nguoi
thuong kém nhay véi Am c6 tan sb thép. Mt khac, phd 4m tiéng noéi cia ngudi
thudng ¢6 muirc am thip déi véi am c6 tin sé thép. Do d6 d& cam thu 4m tin sb
thap t6t hon, thdi gian am vang cho dai tAn s6 thAp (100 - 500 Hz) thudng nén dai
hon 4m t4n s6 trung va cao tix 1.1 dén 1.5 14n (Pham, 2011).

- Mot sb yéu t6 phu khac nhu céng suét nguén am, am séc, tiét tu, nhip diéu,
loai nhac cu, thdm chi tdm sinh Iy ngudi cdm thu 4m.
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Hinh 3.16. Phé tén sé thuong gdp ciia tiéng néi cia con nguoi
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Hinh 3.17. Hiéu chinh thoi gian am vang danh cho dm nhac voi cdc tan so
khdc nhau - dé xudt ciia 4 nhém tdc gid - phong theo T ahara & Miyajima (1 998)

Hinh 3.18 gi6i thi¢u mot sb @& xuét vé thoi gian 4m vang toi wu d6i véi Am tan
s6 trung danh cho céc loai hinh bidu dién khéc nhau, trong tmg véi cac thé tich
phong cung véi hé s hiéu chinh thoi gian am vang t6i wu cho c4c 4m & tén sb
thip. Do ddc diém tai ngudi thuong kém nhay hon d6i v6i am tan s6 thip, do d6
céc 4m tan s6 thip can thoi gian 4m vang t6i wu 16n hon cac am tan sé cao, va
c\a“m dugc hiéu chinh thoi gian 4m vang nhu trong Hinh 3.17 hodc Hinh 3.18.
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b)

Hinh 3.18. Thoi gian aGm vang t6i wu kién nghi

cho cdc dm tan s6 trung binh (500 - 800 Hz) va hé s6 higu chinh:
a) Phong theo (Knudsen & Harris, 1950); b) Phdng theo (Lamoral, 1975).
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- Theo mot s6 tai lidu trong nudc, thoi gian 4m vang t&i uu cho cac am c6 tin sd
dudi va trén 500 Hz co thé duoc x4c dinh theo thoi gian am vang t5i wu thn s
500 Hz béng cdng thirc kinh nghiém nhur sau:
opt opt
T, P = kT, : » (3.21)

trong do: k - hé s6 c6 xét dén su phu thude ctia thoi gian 4m vang ti wu theo tan
56 (xem Bang 3-4).

Bing 3.4. Hé s6 k trong tinh toan thoi gian 4m vang
ciia céc tan s6 trén va dwéi 500 Hz

HE¢ 50 k theo tan so

Logi phong ‘
125 Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz

Hoa nhac, ca vii kich 14 1.15 1.0 0.9 0.9 0.9

Nha hat kich, phong

: 1.1 1.0 1.0 | 10 1.0 1.0
hop, giang duong

" Thoi gian 4m vang t6i uu thuong dugc xéc dinh bang biéu do trong Hinh 3.18.
Tuy nhién, trén thuc té con c6 mdt sb phuwong phap kinh nghiém khac xac dinh
thoi gian 4m vang t8i wu cho tAn sb 500 Hz. Stephens va Bate '(Stephens & Bate,
1966) nghién ctru mbi quan hé gifta khdi tich thinh phong, cac loai hinh biéu dién
va thoi gian dm vang 81 wu va dé xuét biéu thirc sau:

I - #[o0. 0118J?+0 107 ] (3.22)
trong dé:

500
V - thé tlch phong,
k - hé s chirc ning phong (phong dién thuyet k=4; k 5 cho dan nhac
k=6 cho ca hop xuéng, thanh ca).

T - thoi gian am vang toi ru cho am tén s6 500 Hz;

Beranek va Mellow (Beranek & Mellow, 2012) nghién ctru ténghop cac két

- qua cta nhiéu hoc gia va dua ra cong thire thé hién méi lién hé giira thé tich
phong va thoi gian 4m vang t61 wu nhu sau:

gV = 572+lgT—24—3 S (323)

JT
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Mbi quan hé trén dugc thé hién qua biéu db Hinh 3.19, trong do6 cd chi rd khung
thoi gian 4m vang t6i uu cho céc loai hinh chirc nang thinh phong khac nhau.

24

22

!
T

A. Khan phong hda nhac
B. Khan phong an nhac
C. Khan phong opera
1.8 + D. H§itruong

1+ E.Lophoc
1.6 ‘ B V4

20

1.4

1.2

1.0

Thoi gian am vang tdi wu T (s)
N\

08

06 E "

04 +— =

0.2

10 100 1000 10000 100000
Thé tich V (m?) v

Hinh 3.19. Thoi gian dm vang toi wu va thé tich thinh phong
- phong theo Beranek & Mellow (2012)

Theo Meyer va Neumann (1972), thoi gian 4m vang t6i wu cho céc loai hinh
biéu dién khac nhau c6 thé Iy tir Bang 3.5.

Bang 3.5. Thoi gian 4m vang t6i wu cho dai tin s tir 500 - 1000 Hz

Chikc néing _ Thai gian am vang (s)
Dién thuyét |
- Phong tra, quan rugu 0.8
- Giang duéng, nha hét kich noi | 10
Phong nhac 1.4
Dién Opera 1.3-1.6
Phong hoa nhac, nhac thinh phong 1.7-2.0 . -
Nhac duong cim, Organ. 2.5
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Kuttruff va Mommertz (2013) tong hop tr rat nh_iéu ngudn tai liéu va théng ké
thoi gian 4m vang cua nhiéu thinh phong n_éi tiéng trén thé gidi (xem Bang 3.6,
Bang 3.7). -

Bang 3.6. Thoi gian 4m vang ciia mjt s6 phong hoa nhac 16m trén thé gidi

Thé tich -| S6 ché | Khdanh| Thoi gian dm vang ()
nv’ ngoi | thanh | 125 H7 | 500 Hz | 2000 Hz

Tén - dia diem

Musikvereinssaal, Vién 14600 | 2000 | 1870 | 2.10 1.90 1.50
Liederhalle, Stuttgart . 16000 2000 | 1956 - 1.60 1.70
Chaing Kai Shek Memorial, | 6760 | 2077 | 1987 | 1.95 | 2.00 | 1.90
bai Bac ‘ . ;

Phong hoa nhac, Boston 18800 2630 | 1900 1.95 | 1.85 1.65
Concertgebauw, Amsterdam 19000 | 2200 | 1887 220 | 2.05 1.80
Phong hoa nhac Athens 19000 2000 | 1992 1.90 1.90 1.70
New Gewandhaus, Leipzig 21000 1900 (1324{) 1.95 2.00 1.90
Philharmonie, Berlin 24500 | 2230 | 1963 2.40 1.95 1.90

Phong Carnegie, New York 24250 | 2800 | 1891 | 2.30 1.80 1.60

Phong hoa nhac “De Doelen”,
Rotterdam

27000 | 2220 | 1979 | 230 | 2.10 2.20

Bang 3.7. Thoi gian 4m vang clia mot s6 nha hat Opera trén thé gi6i

. A Thoi gian dm vang (s)
o - dia didm Thé tich| 86 ché |Khdnh ‘
- dia di -m® | ngdi | thamh| 125 | 500 | 2000
s Hz Hz Hz
Staatsoper unter den Linden, | 050 | 1490 | 1956 | 12 | 1.0 | 1.0
Berlin
La Scala, Mailand 10000 [2290/400{ 277 | 15 1.2 0.9
’ : (1946) | % I e
Festspielhaus, Bayreuth 1 11000 | 1800 | 1876 | 1.9 1.5 1.3
Deutsche Oper, Berlin 11000 1900 1962 1.7 1.5 12
'Nha hat qubc gia, Dai Bac 11200 | 1522 | 1987 | 1.5 1.4 1.3
. o ] 1869 | o
Staatsoper, Vién ‘ 11600 |1658/560 (1955) 1.7 1.5 | 1,'2
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Bing 3.7 (tiép theo)

. . Thoi gian dm vang (s)
Tén - dia diém The tich; S6 cho |Khdnh
en - dia die - ngél thanh 125 500 .| 2000
Hz Hz Hz
Semperoper, Dresden 12500 | 1200 | 380 9 | 17 | 1
IPETOPEL, : (1985)| ' '
Neues Festspielhaus, Salzburg 1400 | 1960 1.7 1.5 L.5
Festspielhaus Baden, Baden 19600 2300 1998 | 2.2 1.8 1.7
Metropolitan Opera, New York | 30500 | 3800 | 1966 | 2.2 1.7 1.7
TT Heéi nghi quéc gia, Ha Noi* 60000 | 3770 | 2006 - 1.4 1.4

*Suy tam bdi tdc gia

C6 thé thdy tir thuc té trong cac bang trén, thoi gian 4m vang clia 4m tan 'sd

thép thuong nhinh hon tin sé trung va cao. Pdng thdi, thé tich thinh phong cang

10n, thoi gian am vang cang dai va thong thuong cho hiéu qua am nhac tét hon.

Thoi gian &m vang cho phong hoa nhac 16n hon cho nha hat Opera.

~3.2.2. D) manh yéu ciia Am (sound strength hoic 1a strength factor)

Anh hudng ctia phong dén sy cdm nhén d6 manh yéu cta am la mot chi sb

quan trong cua &m hoc phong kin. D9 manh yéu ciia 4m duge do bang ty sb gitta

~ndng lugng clia mot 4m trong phong trorig subt qua trinh tit dan véi nang luong

ctia Am twong tw, nhung do cach 10 m trong moéi truong khong c6 tiéng doi (xem

Hinh 3.20).

j R () de

G= ]O'iogm

J. h%‘)m (7) dz
0 .

S AN

L,

- Hinh 3.20. D_irl}’; nghia sitc manh ciia dm - phdng theo Gade (2007)

. —

R (1)

10m

1 (my)
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Trong trudong &m hoan toan khuéch tan, 3 manh yéu ctia Am mong mubn Gexp
co the tinh bang biéu thirc sau:

Ty -
G, =10lg (17) +454B (3.24)

Pon vi cita 49 manh yéu cia am 12 Decibel (dB). Sy khéc biét nhé nhét ctia do
manh yéu ctia Am ma ngudi ta ¢6 thé phan biét dugc 1a 1 dB.

3.2.3. An twong khong glan (spaciousness)

An tugng khong gian ctia am 1a cam giac nghe am den tir nhiéu huong khac
nhau, trai ngugc véi cam giac don di€u ctia 4m dén tir mot hudng hep nao dé. An
tuong khong gian ctia 4m phin nao cho biét mirc do khuéch tan cua trudng 4m va
kha nang nghe dugc 4m bing ca 2 tai. An tuong khdng gian cua 4m dugc do dac
bang cac dai lugng khé phirc tap, vi du nhu chi s6 “phén ning lugng bén” - LEF
(lateral energy fraction) do bang ‘hé micro dinh huéng bit chudc tai nguoi’
(trong tiéng Anh goi la “ﬁgure-df—eight microphone™). Pai luong LEF dugc dinh
nghia bing ty s6 luong nang lugng 4m dén hai tai (do bing microphone figure-
of-eight) v61 tong néng luong am dén tir tat ca cac huéng (phin nang lugng 4m
do bang microphone cau) - xem Hinh 3. 21. LEF ¢6 gi4 tri tir 0 dén 1 va 1a dai
luwong khdng c6 don vi. LEF ¢6 gia tri cang Ién, am thanh nghe cang hay Nhung
thinh phong t6t c6 thé cho gia tri LEF Ién dén 0.3- 0.35. . :

An ‘t1rc,rng l\hong‘glap . W*{#) — Hé micro dinh hiréng o
Phan nang hrong bén bét chudre tai ngrdri I
1=8ms l i
th(t) dt /
LEE = =3 Bms M‘{()ms t (ms)

=80 ms ] o j s
. 2(1) = Micro.ca
_[hz(f’)d‘!' 77 ( )“ Micro cau @

I Oms

'
i

R ———— H
'

'

. i

i

. '

1

]

. 1

. - H

2 '

3

i

'

'

'

Hinh 3.21. Dinh nghia cua “phan ning luwong bén”- LEF - phdng theo Gade (2007)
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3.2.4. Thong s lién quan dén 4m séc hay 4m diéu

Am sic thé hién mirc d6 anh hudng ciia phong dén su can bing gitta cac dai
tan sb thép, trung va cao cia dm, nghia 14 4m nghe gét, Am, sang, r5ng, chic. ..
hoic bat ky tinh tir nao khac ding dé mo t4 4m diéu. Beranek (Beranek, 1962) dé
Xuét diung mot dai hrong dé do “d6 Am” cia Am trong phong, goi la do trém (bass
ratio) nhu sau:

BR = TI’ZSHZ + T250Hz (325)

Ts00mz + Th000 2

Tuong tu nhu vay, do thanh (treble ratio) duge dinh nghia nhu sau:

TR = Ta00022; *+ Taooo ‘ (3.26)
Ts002z + Tro001z |
Luu ¥ ring trong mot sé phong, mic dd am tridm c6 thoi gian &m vang T kha
- 16n, nhung am trong phong van nghe khong di do 4m, d6 1 do 4m trdm c6 do .
manh yéu G khéng du. Do d6, BR hay TR ciing c6 thé duogc tinh toan dya trén
sttc manh ctia 4m G theo timg dai tan s6, thay vi tinh v&i T nhu trén.

3.2.5. Cic chi s6 vé diéu kién biéu dién

Trén cac san khiu 4m nhac, ca nhac, didu kién vé truong 4m dén tai nguoi
biu dién ciing rat quan trong, anh huéng dén kha nang trinh din cua nghé si va
chét lugng am nhac chuyen dén nguoi nghe. Ngudi nhac cong, ca si bj anh
huong bai tiéng doi, 4m sic, ngoai ra con ¢o hai dai luong anh hu(mg dac trung
nita, gdm co:

- - Sw hoa nhdp (ease of ensemble): cho biét ngudi biéu dién cam thiy hoa
nhap nhu thé nao véi ban ddng dién (cam gidc v& nhip, Am diéu cta dan nhac,
muc am cla timg nhac cy...), c6 lién quan dén luong nang lugng 4m phan xa
som dén san khau.

- Su hé tro (support): cho biét mirc do hd trg cia phong (cu thé 14 san khéu)
dbi voi nhac cong, cu thé 1a nhae ebng liéu co6 phai: géng strc khi choi nhac cu cua
minh hay khong dé dat dugc mirc Am mong mudn.

Do d6, thiét ké san khéu t6t s& giup nang cao gia tri 2 dai lugng nay. Ca hai chi .
s trén déu c6 thé do dac khach quan ngay trén san khéu, cach ngudn am 1 m, 1in
lugt thong qua céc chi s6 14 ST, earty (€0 tai liéu goi 12 ST1) va ST),,. Ching 13 nhitng
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ty s6 ciia phin nang luong am (quay lai tai ngudi biéu difn) dén sém (hay dén
mudn) so voi phvén ning lrong 4m do dugc trong moi trudong khong co tiéng doi do
& khoang cach 1 m va d§ cao 1 m. Pon vi do ctua ST eary Va STiare 12 Decibel (dB).

{00 ms 12
1 (f )
7
fhim (ndr ‘
Wms [2oms  100ms
STca-rly : 10 10g10 - tﬂd;m T R poxi :
_[ I (D de
1000 ms ” I ll
[ im0t I f ﬂlthﬂmw_ :
. W00ms ... e -1 (ms)
SFlme = I.Ologm . -
- dir o
[wnmdr SRR
o f”m ' — 1'm
T ‘ ' Im

Hinh 3.22. Dinh nghia ST s, va STis, - phong théo Gade (2007)

Nhu vay:

= 8Tearpy (hay ST1) 12 mirc ndng luong 4m phan hdi soém (&m thanh dén trong
khoang tir 20 - 100 ms so v&i am trirc tiép) so v6i ning lugng 4m thanh truc tiép
ban dAu (tirc 4m thanh dén trong 0-10 ms so véi 4m truc tiép) do duge & 1.0 m tir
ngudn da huéng. ST, earty hi€n nay dugc st dung @& mé ta mic dd nghe 13n nhau
hodc nghe ngudi khac ciia nghé si. Piéu nay rét quan trong, vi trén hau hét cac
san khiu, ning lwong 4m phan xa sém du kién s& chira Am thanh tir toan bo dan
ciing nhu nhac cu cua nghé si do. C6 nghién ctru cho rang tham s6 lién quan mat
thiét nhat dén 4n twong ciia ngudi nghé si trén san khau 1a ST, carly

- COn STy 12 muc ning lwgng am phan hdi mudn (Am thanh dén trong khoang
tir 100 - 1000 ms so v6i 4m truc tiép) so v6i ning hrong Am thanh truc tiép ban
dAu (ttc am thanh dén trong 0-10 ms so v6i 4m truc tiép) do dugc & 1.0 m tir
ngudn da huéng. ST, md ta mic d6 ma ngudi nghé si nghe thay 4m thanh phan
xa mudn. Céc ca si thuong réat thich khi nghe giong ctia ho trong trudng thinh
phong nhur thé nao va mong mudn cac gia tri ST}, cao hon.

ST arty V& ST thudng duoc tinh todn bang phan mém mé phéng 4m hoc hay
do dac bang may do. -
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3.2.6. Do ro (definition), d9 ré ciu (speech intelliéibility) trong dién thuyét
va do ré trong 4m nhac (clarity)

Trong cac phong dung cho dién thuyét, vi du nhu giang dudng, phong kich
noi... do ro cdu déng vai tro cuc ky quan trong, bén canh thoi gian 4m vang.
Mirc d6 nghe 18 cau dugc lugng hda qua mirc 4o nghe rd ting tir, goi la d9 16 4m
tiét (PRAT) dugc Pham Duc Nguyen trich din tir nghién ciru ciia V. O. Knudsen
(xem (Pham 2011)). D6 16 4m tiét dugc do bang cach phat &m trong thinh phong
va yéu ciu ngudi nghe ghi lai 4m da phat: Ty so gifta s6 4m duogc nghe rd (ghi lai
ding vé6i am da phat) trén tdng s6 4m phat ra duogc goi la DPRAT. DRAT = 75%
duogc ldy 1am tiéu chudn thiét k& am hoc phong thinh gid. PRAT 75% tuong u’ng
voi mae do nghe rd cdu 97% (Pham 2011).

Bang 3.8. Vi du vé cic tir tiéng Anh dung trong thi nghi¢m do d¢ rd am tiét

" (Ballou, 2013)

aisle done jam ram tame
barb - dub law ring toil
barge feed lawn rip ton
bark - feet lisle rub - trill
“baste “file live run. tub
bead five ~ loon same vow
boil fume mess shod whack
choke fuse rnet shop wham
chore get . neat should woe
cod ~ good need shrill . woke-
coil guess oil sip would
coon hews ouch skill yew
coop ' hive paw soil yawn
cop hod pawn soon yes
couch - hood “pews soot yet
could - hop poke © soup ’ zing
COW how pour spill zip
dale huge pure still

dame jack rack tale
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Hinh 3.23. Moz quan hé giita dg ré dm tzet va do r6 cdu - phong théo Ballou (2013)

Tuy nh1en, phuong phap do dd 6 &m tiét 1a phuong phap thue nghiém trong
phong da xay dung, nén khong phu hop cho cong trinh dahg trong giai doan thiét
ké. Dé khic phuc didu ndy, nguoi ta dua ra cic khai niém Ds, va Cg nhu trinh
bay duéi day. : -

Trong 4m nhac, d6 13 cho biét muc d6 chi tiét ciia Am thanh c6 thé nghe & ma
khong bi che 14p boi cac 4m lién tiép hoic cac am vang. Do @6, do 1o gin nhu 13
mdot thudce tinh bd sung cho 4m vang. _

Khi 4m phéan xa dén tai ngudi ¢6 dd tré so véi 4m truc tiép khong qua 50 - 80 ms,
tai nguwdi nghe nhu mot 4m duy nh4t va nhu 13 am truc tiép dugc ting cudong. Do
do, d6 rd thuong dugce x4c dinh bing ty 1é giita phin ning lwong Am trudc va sau
50 ms (hay' 80 ms - thy thudc vao Am cin nghe la tiéng néi hay Am nhac).

Thong thuodng, 'ph'?m nang luwgng 4m phan xa dén truéc va sau mot méc thoi
gian ¢y nao 46 (vi du méc 50 ms sau am trree tiép) 14n uot duoc coi 1a ¢6 ich va
khong co6 ich. Nhu vay, phén ning lucmg am 0 1ch va phan khong c6 l¢i trong
mot 4m phan xa sé la: '

)
Ey = j W2 (t)dt (3.27)
| .
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+o0
va Eg = j W2 (t) dt (3.28)
Trbng cic cong thirc trén, A(?) 1a 12 xung dap ng cia phong bt diu tir thoi
diém t = 0, tic 12 4p sudt m tai diém khao st sau khi phong duoc kich thich bdi

mdt xung kich thich ngén. Trén co s& d6, Thiele (1953) dwa ra dinh nghia 40 r6

. (tir gbc trong tiéng Anh 1a definition) Ds, v6i t, = 50 ms nhu sau:
Ey

=— N 3.29
50 Ey+Eg (3.29)

Néu Ds 16n hon 0.5, d6 r6 4m tiét s& c6 kha ning 16n hon 90%. D6 rd cau hay
am tiét nay dugc céc tac gia khac nhau dinh nghia khac nhau, tuy ¢6 phén tuong
dong. Gade (2007) dinh nghia 9 ro 14y méc thcn gian t;) = 80 ms, va do do6 do rd
Csp cua Gade la (xem Hinh 3.24):

Ceop =10/ =X 8.30
80 gES ( )

(1)
A

80 ms
| ayde
0
C = 10logy =====
fh?(r) dt

&0 ms

AL A

t (ms)

80ms -
Hinh 8.24. Dinh nghia d r6 - phong theo Gade (2007)
Csp ddc trung cho do 1o cla trinh dién 4m nhac (thay vi tiéng néi), gia tri C,

tr -3 dB dén 0 dB c6-thé, coi, la phu hop cho nhac hoa tiu (Kuttruff &
Mommertz, 2013). ’

Véi truong am tat dén theo quy luét ham-sé mﬁ, gia tri 6 r6 can dat dugc Coyp,
chi con phu thudc vao thoi gian dm vang:

C,, —lOlg[exp(l 1T04j 1} (3.31)
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b 18 Cgy cang 16n, &m deén sém cang dong vai tro chi dao, cdm gidc vé 4o rd

cang téng l€n. Don vi cla dd rd 1a Decibel (dB).

e

Céc gia tri cia céc dai lugng chét lugng 4m ban & trén duoc khuyén nghi nhu

néu trong Bang 3.9.

Bang 3.9. Cic chi s6 chit lwgng 4m khuyén nghi
dwgc néu trong tiéu chuin ISO 3382-1 (2009) trong phong hoa nhac
hodc phong da chire ning khong khan gia dén 25000 m*

Cic khia canh . i £ Mbukc khdc biét | Gidtridai | Dai
. i Dai lwgng Tan so A " ia 23 \
chii quan cua im hoc dui dicn | €° thé cam nhin d't.en dé | thuong
nguwoinghe | : T “dwgc (JND) |xuat (Gade)| gdp
Cam giac chu |Dd nianh yéu ‘ -2 dn
quan mic dm  |cua am G (dB) 500 - 1000 LdB 3dB +10dB
Cam gidc vé . . 1s dén
N EDT (s) 500 - 1000 | Tuong tmg 0.5% 2.2s
d6 vang 4 3s
Cam giacd0 10 |, . . ~5 dén
ctia Am Do 16 Cgo (dB) | 500 - 1000 1dB 1dB +54B
An tuong : 0.05 dén
khong gian Early LEF 125 - 1000 0.05 0.2-0.25 035

Mbt théng sé 4m hoc thudng hay dwgc.ding khac c6 lién quan dén do 16 cia
tiéng noi trong thinh phong 1a Chi s truyén dan tiéng no6i STI (Speech.
Transmission Index). STI 1a mét dai lrong do khach quan, vét ly vé chét luong
truyén dén tiéng néi. STI c6 gi4 tri tir 0 dén 1, chi ra mirc 40 ma mot kénh truyén
dan 1am giam chét lrong giong noi. Pidu nay co6 nghia 1a bai phat biéu nghe 13
mot cach hoan hao, khi né dugc truyén qua kénh (trong &m hoc kién truc thi kénh
chinh 14 trong thinh phong) c6 STI 13 1. Gi4 tri STI cang gin véi 0 thi cang mét
nhiéu théng tin cta tiéng n6i. C6 mot hé théng tiéu chuin cho biét mot gia tri STI
s& trong tng v6i mot mirc do hidu biét cht quan cu thé. Quan hé gitra STI va cac
bai kiém tra mirc nghe rd chii quan khac nhau (nhu CVC wordscore hay
phonetically balanced word lists) ciing da dugc thiét lap. Cac mbi-quan hé nay
dugc thé hién trong Bang 3.10. o |

Gia tri STI trong mot thinh phong phu thude vao nhiéu yéu té:

- Mtric 4m cua bai phat biéu;
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- Pap tuyén tin sé cua kénh truyén din (néu 4m dugc truyén qua hé théng
di¢n thanh): . | |

- Su bién dang phi tuyén;

- Mtec On nén;

- Chét lugng cita thiét bj phat am thanh (vi du: loa);

_ Tiéng doi (12 4m phan xa 6 46 tr& > 100 ms);

- Thoi gian &m vang;

- Hi€u Ung tdm ly 4m thanh (hi¢u ng 4m che lép).

Béng 3.10. Quan hé giira STI ciac phép do mirc nghe rd chu quan
va thang xep hang mirc nghe ro

Mike dinh | . Két qua ciia bai test Két qua ciia bai | |
gid dj G céug‘y phonetically balanced word | test CVC (cdc tir | Gid tri STI
nghe ro * | lists (cdc tir co nghia) % vo nghia) %
Xuét sic 100 > 98 > 81 >0.75
Tbt 100 93 -98 70 - 81 0.6-0.75
Pugc 100 80-93 53-70 0.45-0.60
Ngheo nan | 70 - 100 60 - 80 31-53 0.30 - 0.45
X4u <170 <60 <31 - <0.30

STI kha quan trong la vi pham vi ing durig rong réi. STI dugce st dung rong
rdi trong 4m hoc kién tric, vi du nhu dé danh gi4 kha ning nghe r& cau néi trong
thinh phong, nha tho va phong hdi nghi... Tuy nhién, STI cling dugce ap dung cho
céc kénh vién thdng, cic dudng diy dién thoai (dién thoai di dong) va truyén
song vo tuyén. Trong 4m hoc kién tric, viéc tinh toan gia tri STI cho mdt vi tri
trong thinh phong c6 lién quan dén xung dap l’mg (tinh chét ciia dudng suy giam
nang luorng 4m) nhén dugc tai vi tef d6 va ty s6 SNR (ty sé muc tin hi¢u c6 ich so
v6i mirc dn nén). Viée tinh toan STI 1a phurc tap va dai dong, VlIO't qué khudn khé

cta Am hoc kién triic, nén khong mo ta chi tiét & day.

V& sau ngudi ta cai tién STI va dwa ra chi s§ RASTI (Room Acoustics STI) c6
tinh chit twong ty nhu STI va lam cho ung dung cua STI ngay cang rong rai hon.
Hién nay STI 1a mot chi s6 chét lwong 4m tiéu chuin trong sb cac két qua mé .
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phong cho ra béi cac phin mém md phéng am hoc thinh phong. STI ciing c6 thé
do dugc bang mdy do dung trong thinh phong, nha ga, san bay ... da x4y dung.

3.2.7. Théi diém trong tim (Center time)

Dé danh gia hidu qua ciia 4m nhac va dién thuyét, thoi diém trong tim T 1a
mot thong sd tham khao cho biét ca cam giac khong gian va do ro va cac két qua
tai mot vi tri khao sat trong phong. N6 dugec tinh bang ty sd gifta sigma () tich
cria nang lwong dm phdn xq dén vi tri khdo sdt véi thoi gian tré twong ting va
tong ndng lwong dm dén. Pon vi cia T 1a ms.

| Zf,-E,-
i

T, = 3 (3.32)
Etong ‘ K <
It.\pz (t)"dt : N
hoic r=4—— (3.33)

sz (t )‘ d’ ;

Theo Hoffmeler (Hoffmeier, 1996), c6 mot mdi tuorng quan rd rét gitta 7 va
03 10 cau ¢ nhung octave 500 Hz, 1000 Hz, 2000 Hz va 4000 Hz. Thoi diém
trong tdm T, c¢6 gié tri 16n 1a mot chi b4o cho biét d6 16 kém, nhung lai dem lai
cam giac khong gian cua 4m tbt tai vi tr1 khao sat. Gia tri tdi wu cua T thuong
phu thudc vao thoi gian 4m vang t6i wu. '

D01 v6i am nhac, gia tri T, mong muon thuong roi vao 70 ms 'dén 150 ms &
octave 1000 Hz. Con d01 voi t1eng noi, T nén tu 60 ms dén 80 ms 0 cac octave
500 Hz, 1000 Hz, 2000 Hz va 4000 Hz ' '

3. 2 8 Tiéng doi (Echoes)

Tleng doi la mot am hay mdt loat ca¢ am gay ra boi su phan Xa clia song am tir
mot bé mat nao doé quay trd 1a1 tai ngum nghe. Trong 4m nhac va néi chuyén,
tiéng doi khong c6-l¢i, thdm chi gay khé chin lam giam chit luong 4m nhac.
Tiéng doi gy khé chiu hoan toan c6 thé tinh toan hodc do duoc bang cach dung
tieu chuén tiéng d6i dé nghi béi Dietsch va Kraak (Dietsch & Kraak, 1986).
- Tiéng ddi dugc tinh toan tir nang luong cla xung dap tng, theo cong thirc ban
dAu cta thoi diém trong tim T '
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j.[p(t)ln tdt

T(o)=0—— | (3.34)
ﬂp(z‘)‘n dt ‘
0

Trong cong thirc trén, néu n = 2 va t = oo thi céng thirc tré thanh cong thic (3.33)
tinh 7.

Pé tinh toan tiéng doi, Dietsch va Kraak gan n = 0.67 cho tiéng néi va n =1
cho dm nhac. Tt cdng thirc trén, do 16n cia tiéng ddi duoc tinh nhu sau:
AT, (7)

E

EK(7)= (3.35)

trong do, gia tri AT; = 9 ms cho ‘tiéng noivaAT; = 14 ms cho am nhac dugc ap
dung dé tinh EK(7). Nhimg gia tri ndy duoc uée tinh tir két qua thuc nghiém.
Gi4 tri EK(z) gay tiéng doi khé chiu phy thudc vio loai hinh 4m nhac. Péi véi
nhac don dﬁp hay dién thuyét nhanh, gia tri gidi han cia EK(z) nho hon so véi
binh thuong

Pé c6 khong qua 50% (EK50 4,) va 10% (EK,O /) s khan gid cam nhan dugc
tiéng doi, cac gia tri cua EK khong nén vugt qua cic giéi han sau:

- P6i v6i m nhac, EKs5py; < 1.8 va EK;py; < 1.5 & cac dai octave 1 kHz va 2
kHz va céc tin sb trung binh;

- Béi voi dién thuyet tleng noi, EKspy < 1. 0 va EKM <09 & duy nhét mot
dai octave 1 kHz. o

Hinh 3.25 cho thdy mét vi du phan tich tiéng ddi trong mdt thinh phong, 1a két
qua ctia mo phéng trén phin mém 4m hoc ODEON. Phén tich cho thy tai thoi
diém 0.36 s c6 mot tiéng doi kha 16m, nhung chwa cham dén ngudng EKg,, nén
khong géy kho chiu cho khan gia.

Véi su phat trién khong ngimg ¢tia Am hoc, ngay cang c6 nhiéu thong sb chét
lwong 4m ra doi, véi sy phitc tap cang lic cang ting 1én. Ban doc s& khong nén
ngac nhién khi thiy trong m6t tai 1iéu ndo d6 nhitng thong s6 chét lugng 4m méi.
Tuy nhién, nhitng thong sd ma ching t6i trinh bay tir muc 3.2.1 dén muc 3.2.8 13
nhitng thong s6 chét lwgng 4m rét co ban, du dé ban doc hiéu va ndm bit duoc
nhitng k¥ thuit dam bao chit lugng 4m trong phong.
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Budmg cong iéng ddi Dietsch

14

- EcholDimtschix0 51 - 63 Mz

- WREMz

- 20Hz

530 Hy

W0 Hy

. A0 He
Ecta{Dredgeti=) 56 - 4000 Mz
EorolDiscin=0 63 ¢ 800 Hz

~++ Thiri gian gicri hzm téng doi

«++10% hi kho chiu

- B0% I kha chiy

=+ 0% bF kho chiu

13] 3
12

1.1

o
o

Sire manh tiéng doi
e ® o ©
in o ~ o

Thei gian (glay s0 v6i am true tiép)
Hinh 3.25. Phdn tich tiéng doi EK(t) & céc ddi octave khdc nhau
khi dién thuyét trong mét thinh phong, trong dé cho thdy cdc ngudng EKgo 0 < 1.5,
EK50 o < 1.0 va EK;py; < 0.9. Phdn tich cho thdy khéng cé tin hiéu tzeng doi
(c6 EK vuot mirc nguong)

3.3. CAC HIEN TUQNG AM HQC TRONG PHONG KiN

3.3.1. Trudng Am khuéch tin

Trudong 4m khuéch tan dwgce coi la ly twdong néu c6 su phan bd ning lugng 4m
ddng déu tai moi diém trong khong gian phong. Nhu vy, tai mot diém bat ky
trong trudng am khuéch tan hoan toan, séng 4m phan xa dén tir nhidu huéng mot
cach ddng déu, nang lugng 4m phan bb ddng déu trong khong gian, su tat dan
cua nang luong &m phan xa cling dong nhat
7 De danh -gid mac do khuéch tan cua trudng 4m,. ngum ta thuorng ding phuorng
phap thuc nghiém nhu sau:

- Do mitc &p sudt 4m tai nhiéu diém trong phong bang cich cho ngudn Am phat
ra tiéng On lién tuc, néu sy chénh 1éch mirc 4p suat Am tai nhiéu diém do 1a nhé,
tredong am cang phéan bd ddng déu. o ‘ |

- Do tbc d6 va dic trung tat dan cua nang luong am tat nhiéu diém, néu su tét
dan déu dan, it thang giang tirc trudng 4m khuéch tan tbt. '

- Do thoi gian 4m vang tai nhiéu diém @& biét su phﬁn b6 vat liéu hit Am, phan
xa 4m d4 hop Iy hay chua. | ) |
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Ngoai ra, viéc st dung ngudn 4m cong suét 16n, ¢6 tinh dinh huéng manh nhu
loa hodc cdt loa thudng gay bt lgi cho truong am. Gan loa thi qua On, 4m thanh
nghe chat chua, am khong c¢6 tinh khéi. Léch khoi truc loa thi nghe 4m nho,
ngheo nan. Do d6, dbi véi bidu dién hoa nhac thuong doi hdi chét luong 4m cao,
ngudi ta thudng nghe am truc tiép chu khong st dung cic hé thong dién thanh.

Trén thyc té truong 4m khuéeh tan hoan toan 1a rét kho x4y ra, tuy nhién bang
cac giai phap thiét ké trang 4m hop 1y 6 thé tao ra truong 4m khuéch tan tdt, tao
moi trudng cam thy 4m thanh thudn lgi cho thinh gia, dic biét trong cac phong
hoa nhac. C4c nguyén tic va giai phap thuong duge ap dung Ia:

- Tranh c4c bé mit phan xa 4m c6 dién tich qua 16n do ching thuong tao nén
4m phan xa qué git va khong déu.

- Trong nhitng thinh phong ¢ dién c6 chét lwong am tét, 4m dugce khuéeh tan
déu trong phong nho rat nhiéu cac chi tiét trang tri, g& bau cira, phao chi tran, cac
chi tiét trang tri trén trin, lan can, ban cong nho ra.. (xem Hinh 3.26).

1Nttt e Sl shalalaalgachonaningl |
Vst prom xa T e [l 0T LT 'C//?_}ﬂ | N

] _E'Dél'l ‘ H—::: 2

= bty Do it e
R N N ekl e ‘\/ﬂ/ l
T e

Mat cat 1:600

Hinh 3.26. Mt cit doc nha hét hoang gia Ludn Don (Royal Festival Hall)
V&i nhiéu chi tiét kiét triic nhé vao phong gitip khuéch tdn am

- Hién nay, hauhét cac. KTS chiuanh huéng cua trao luu kién tric hién dai va
khong hao hitng véi viéce ding nhiéu chi tiét trang tri. Do d6, KTS cén két hop
chit ché vai cac nha 2 am hoc de dua ra cic giai phap bé mat khuéch tan 4m hi¢u
qua (xem Hinh 3.27).

- Cac chi tiét tAn xa 4m cn c6 kich thudc hop ly. Theo Gade (2007) cac gor
chi cén c¢6 do'sau it nhét bang Ya bude song va chidu dai go chi can it nhét tuong
duong budc séng ctia Am tan s6 thip nhit can giai quyét.
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Hinh 3.27. Mét s6 dang bé mdt cd tinh ning khuéch tan am tot
dda dwoc str dung trong cdc thinh phong

- Chc két chu cong trinh ¢6 hinh khéi hop sic canh bd tri déu dan trén cac bé
mit déu khong co loi v& mit &m hoc. Thay vao d6, nén &p dung cac hinh khéi c6
tinh hitu co, b6 tri khong theo quy luat s& cho hiéu qua am thanh tt hon.

Su bd tri vat liéu hut 4m phan tan va déu din cling c6 tac dung t6t ddi voéi
truong am khuéch tan (xem Hinh 3.‘28).

Chi tiét twerng - nguyén thiy
(1951) 1:5

Chi tiét twong - cai tao
(2006) 1:5 -

- I,

Hinh 3.28. Mt cdit ngang twong Royal Festival hall - London

cho thdy cdc chi tiét tén xg dm va hut dm tdn s6 trung va cao
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3.3.2. Tiéng doi

Nhim nang cao d6 rd am tiét, do ro
cdu trong khi nghe thuyét giang (hoic
nang cao do r6 C trong &m nhac), _
nhitng 4m phan xa dau tién phai dén tai c) Am vang - tré

Néng rong a) Am tryc tiép
y

b) Phan xa sém
— e,

nguodi nghe sém, trong khoang 50 ms

(hodc 80 ms dbi véi 4m nhac) so véi
am tryc tiép - goi 1a 4m phan xa som
(Hinh 3.29). Néu am phan xa dau tién

Thoi gian

dén sau 50 ms (twong duong véi quing
dudng truyén 4m 16n hon 17 m), am
phan xa nghe nhr tiéng déi (echo) lam
giam d9 rd.

Hinh 3.29. Sy suy gidm xung ndng luong
dm theo thoi gian
- phong theo Vorldnder (2008)

Trong cac thinh phong 16n, viéc ddm bao 4m phan xa ddu dén tit ca thinh gia
trong vong 50 ms 12 mdt viéc khong don gian. Nhung bing cach dua vao nguyén
Iy 4m hinh hoc trén mit bing va mit cét thinh phong, chiing ta c6 thé x4c dinh
duge cic mit c6 thé gdy tiéng doi va tranh khi thiét ké noi thét. Hinh 3.30 gisi
thiéu mot vi du cua phuong phép nay. Cac dudng elip dugc v& sao cho ngudn am
va ngudi nghe nam trén tiéu cy cua hinh elip va sao cho khoang céch tir nguén
4m doi vao elip dén nguoi nghe 16n hon quing dudng truyén am truc tiép 17 m.
- Vi dy, diém K c6 elip k twong tmg. Do d6 néu c6 mot bé phan xa ndm ngoai elip
k nhung huéng vé diém K, bé mit d6 nén bd tri vat liéu hut am hodc tan xa 4m
hodc chinh huéng dua 4m phéan xa ra xa hon. Pic biét, khi thiét ké can luu y
" kiém tra nguy co tiéng doi tir tuong hiu sau lung khén gia va tir trin nha c6 chidu
cao 16n.
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Hinh 3.30. Nhitng duong gici han tiéng doi hinh elip vé trén mdit bang
mgt thinh phong - phong theo Barron (1993)

131



3.3.3. Hoi tu 4m - Am di vong (whispering-gallery effect)

Nhitng bé mit trdn cong 16m c6 thé gay ra bit loi vé 4m vi n6 ¢6 thé hoi ty 4m
tai mot vi tri ndo do, ddng thoi dé lai nhitng ving 4m yéu. Do d6 cac loai trn
vom nén ¢6 ban kinh cong bé hon mot nira chiéu cao phong (hay khoang cach tir
ddu nguoi dén tran) dé hoi tu 4m chi xay ra trén cao. Trudng hop tran cong 16m
rét it (r > 2h) ciing c6 thé chép nhan duoc néu phin nén va ghé bd tri vat liéu hut

4m dé tranh phan xa Am nhiu 14n gitra trdn va san (Gade, 2007).

r<i2h r=1/2h r=h

r=2h r>2h

w
=

e

<

S

|
|

L ———m

Hinh 3.31. Cac hinh ddng mdt bing phong ¢é-thé gdy-hién-twong ém xdu
va mét so cdch khac phuc - phong theo Gade (2007)

Phong c6 mit bing hinh tron ¢6 nguy co hdi tu 4m va dm phan xa lién tyc theo
chu vi phong (whispering-gallery effect). Bang cach, bd sung cac b_é.mét tan xa
am trén chu vi tudng, hién twong xAu trén ¢ thé tranh duoc, it nhéat d6i vai céac
4m c6 tdn s6 trung va cao. Trong céc phong c¢6 mit bang hinh chit nhét c6 bé mit
phéng nhin, hién tuwong tiéng doi 1gp di 1&p lai (flutter echo) co thé xdy ra. Trong
phong nhd, hién tuqhg nay khién am bnghe kh6ng that (ching han, mot tin sé nao
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d6 bi hép thu). Trong phong 16n hon, hién tuong nay gay tiéng vang ngét quing
déu dan. Trong nhing trudng hop nhu vy, b tri vét liéu hit 4m trén it nhit 1
trong cac bé mat hoc 1am 1éch bé mit ddi dién mot gbc nhd (khoang 3° dén 59),
hién tugng s€ bién mat.

3.3.4. Hién twgng méo am sac

Céc gia thuyét cua 4m hoc théng ké ddu cho ring trudng am trong phong la
khuéch tan hoan toan. Piéu nay thuomg hop 1y néu trong phong cac bé mat hut
am, phan xa dm duoc chié nhd, b tri phén tan va c6 sy hai hoa giita phan xa va
hut am.

Néu c6 bé mit st dung vt liéu hat 4m manh, hoic c6 dién tich 16n bd tri tap
trung, hién tugng méo am cé thé xay ra. D6 1a hién twong gay ra boi phé tan sb
4m thanh dén tai ngudi nghe khong giéng nhu phd cia ngudn phat. Nguyén nhan
1a do vat liéu hodc két céu hut 4m thuong hép thu 4m c6 tinh chon loc (theo tin
s0), mot s tan s chit dao bi hat di, khién 4m phan xa nghe khong that. Vi du,
. ém_t"?ln sb cao bj hiit manh béi vat liéu xép rong, 4m tan sd thép thi khong. B tri
qua nhiéu vat liéu dang nhu Véy khién 4m méit do thanh (7R), nghe khong 6,
kh6ng trong tréo. | _ ‘

Trong mdt sb truong hop, do lua chon kich thuéc két ciu phan xa 4m khong
hop 1y (thdng thudng c6 kich thuéc qua nhd) din dén viéc 4m phan xa thiéu cac
am tan s6 thdp. Khi d6 4m dén tai ngudi nghe khéng c6 “dd 4m” do chi sb BR
(bass ratio) thap. Hién tuong nay c6 thé X4y ra v6i cac phan khong gian dudi ban
cong, noi khong nhan duge nhidu am truc tiép, lai gén tudmg hau noi c6 nhidu vat

liéu hat am.
3.3.5. Hién twgng bong Am

Phén khéng gian dudi ban cong trong cdc thinh phong thuong & rit xa ngudn
am va khong nhan dwoc 4m phan xa do bi che khuét béi ban cong, do d6 Am
nghe nhé, chét lvong am rat thip. Nguyén nhan 13 do 4m truc tiép giam yéu khi
lan di xa va bi khan gia cac hang ghé truéc hiit 4m; am phan xa tir trdn khong cé;
4m phén xa tir tudng bién ciing khéng c6 do bi tudng hiu hut 4m. Pidu nay cin
dugc cai thién, ching han bing cach tao cac am phan xa tir trin ban cong (xem
Hinh 3.32) hoic lp dit thém c4c loa phu trén trdn khu vyc ban cong ‘
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Hinh 3.32. Hién twong béng dm

3.4. PO PAC TRUONG AM TRONG PHONG

Khi thyc hién quan tric trudng 4m va cic chi s6 4m hoc trong phong, ngudi ta
khuyén nghi nén tuan thi theo huéng dan chi tiét da dugc quy dinh trong tiéu
chudn ISO 3382 - 1997 (International Standard Organization, 1997). Nhiém vu
chinh cua do dac truong 4m la xac dinh dugc cac dudong cong biéu dién qua trinh
suy giam am trong phong.

Ngubn am kich thich (ddu phdt am)

Ngudn 4m kich thich nén c¢b ging cang twong duong ngudn 4m diém 1a cang .
tbt. Mirc 4p suét 4m trén cic huéng phat ra tir ngudn chénh léch nhau khong qua
1dB d6i voi cac dai octave 125, 250 va 500 Hz va khong qué 3, 5, 6 dB 1an luot
d6i véi octave 1000, 2000 va 4000 Hz. Tiéng dn kich thich 1a tiéng 6n hong (loai
tiéng dn c6 mirc ning lwong 4m & timg octave ty 1& nghich voi tan s6). Ngudn am
kich thich va vi tri quan tric do dac khong duoc gin hon 1.5 m. Ngudn 4m va cac
thiét bi phat thudng c6 kha ning phat di nang luong am véi du cc dai tan sb
octave tir 125 Hz dén 4000 Hz dé c6 thé quan tric su suy gidm ning lugng 4m
dbi voi timg octave.

Microphone (du thu tin hiéu)

Loai ddu thu 4m dang ding hudng (c6 kha nang nhin &m r tt ca cdc huéng)
nén dugc dung @& thu nhén xung phéan hdi cta tit ca cac dai lugng do.

Khi do dé ‘manh yéu ctia 4m G, cic déu thu phai dugc cén chinh (calibration).
Riéng dbi vé6i dai luong do “phin ning lugng bén” - LEF (lateral energy
fraction) do bang “hé micro dinh hu_c’mg bit chudc tai ngudi” (figure-of-eight
microphone system). Hé micro nay cfing phai duoc can chinh trong trudng am
khong c6 4&m phan xa. »
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D6i v6i mét s6 dai lwgng 4m hoc, vi du nhu tinh khéi va tinh khong gian ctia
am, ngudi ta phai do dac ning lwong 4m bang cach dit cac diu thu vao trong hbc
tai cia cac mannequin hodc ctia ngudi that.

Vi tri quan tric

Déi véi ngudn 4m trén sin khiu biéu dién, can tdi thiéu 3 diém phat &m dong
thdi. P4i v6i thinh phong 16m, sé diém phat 4m cén phai ting lén. Trong phong
hoc, giang duodng thong thuong ngudn phat am chi c6 mét nguoi, do d6 trong khi
do dac chi can dit mot ngudn phat gia dinh 1 dat yéu cau. Ngudn phat nén dit
cao 1.5 m dé tranh anh huéng céc 4m tn sb thap phat ra tir ngudn.

Déi véi trudong 4m trong thinh phong, tir 6 dén 10 microphone dé quan tric
treong 4m la téi thiéu. Bang 3.11 gidi thiéu cac gia tri tdi thidu. Cac ddu thu
thuong duge bd tri dong déu trong céc khu vyc cia thinh phong. Néu phong con
duge chia thanh cac khong gian khac nhau nhu ban coéng, duéi ban cong... thi
cin thém micro thu. Pau thu nén dat tai vi tri ngudi nghe, cao hon san nha 1.2 m,
gia lap tai ngudi nghe.

Bing 3.11. S6 lugng diu thu tdi thidu twong ting véi sire chira ciia phong
(International Standard Organization, 1997)

~ Sbchd trong thinh phong S6 dau thu t thidu
500 ‘ 6
1000 | 8
2000 10

Theo mot sb tac gia (Nguyén, 201 1), viéc do dac ndi trén nén thuc hién tai 15
diém dai dién cua phong thinh gia gdm 9 diém dudi trét va 6 diém trén ban cong
- gac Iing (néu c6). Hau hét c4c thinh phong thuong c6 cdu truc dbi xung, do d6
céc dau thu chi can bé tri mot bén cla truc ddi ximg 1a du. Ngudn phat phai di
dong dén cac vi tri ma ngudi biéu dién hay loa c6 thé duoc bb tri.

Vi tri va d¢ cao ctia dau phat, dau thu dé phéi dugc ghi chép can than. Diéu
kién cua san khiu (su hién dién clia ghé ngdi, gia d nhac cy) va thinh phong
cling phai dugc ghi lai vi n6 c6 anh hudng dén gia tri do.
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3.5. CAU HOI VA BAI TAP CHUONG 3

Ciu héi trong tam:

1. V& hinh va biéu d minh hoa qua trinh hinh thanh va tht din cta trudmg Am
trong phong kin. '

2. Xung dap tmg la gi? Ung dung ctia xung dap Gng trong am hoc kién truc?

3. V& hinh va néu dinh nghia cta khai niém thoi gian 4m vang. Néu cong thirc
tinh thoi gian 4m vang clia Sabine hodc Eyring.

4. Néu nguyén ly cua dm hinh hoc. Ung dung ctia 4m hinh hoc trong 4m hoc
kién trac? '

5. Thoi gian &m vang t8i wu trong thinh phong chiu sy chi phdi cua céac yéu tb
nao? Cing mot thé tich phong, hay sip xép trat tu tir bé t6i 16n cua thoi gian 4m
vang tdi wu cho céc loai hinh cong trinh sau: nha thd Thién chia glao phong
chiéu phim, phong hoa nhac, phong dién thuyét, Opera. o

6. Néu khai niém vé céc chi tiéu chét lugng 4m hoc chinh trong p:h‘c‘)ng thinh
gia: 46 manh yéu, 4n twong khong gian, thong s vé& didu kién bidu dién, thoéng sd
vé am séc, 4o rd, tiéng doi, thoi diém trong tAm.

7. M5 ta céc hién tuong Am tdt va x4u trong thinh phong.

Bai tap On:

Bai tip 1: Tinh thoi gian 4m vang t61 wu (g véi timg dai tin s6 1 octave tir
125 Hz dén 4 kHz cho mét phong hoa nhac ¢6 th& tich 50000 ft*?

Goi y: Cén cir biéu d6 da cho trong Hinh 3.18, ta tra dugc thoi gian d4m vang
t61 wu g véi octave 500 Hz cho phong hoa nhac ¢6 thé tich 50000 ft° 1a: 1,4 s.
Thoi gian 4m vang t8i wu cho céac octave khac duge tinh bralmg cach diéu chinh
thoi gian 4m vang t6i wu (g v&i octave 500 Hz vaicac hé so dicu chinh £ tir
~ bang tinh d3 cho. '
Nhu vay, thot gian Am vang t1 uu ctia octave 125 Hz 1a:
Tiys = Tsgo X kips = 1,4x1,4=1,965

Nhu vay, thoi gian am vang t51 wu cia octave 250 Hz la:

Tjé = Tago X kasg = L4x1, 15_1 61s
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Nhu véy, thoi gian 4am vang t6i wru ctia octave 1000 Hz la:
Tlt(;loo = thgo X kyo00 = 1,4x0,9=1,26s

Thoi gian 4m vang toi wu cua octave 2000 Hz, 4000 Hz cling gidng nhu cia
tan s6 1000 Hz do ¢6 cing hé sb didu chinh .

Bai tp 2: Cin ct nguyén Iy 4m hinh hoc, hdy v& mit cit doc va mit bing cia
mdt phong hoa nhac sao cho tdi wu ning luong 4m dén khu vuc khan gia ngdi
phia xa san khiu va ning luong 4m phan xa tir twong bién dén khan gia.

Goi y: V& mit cit chu trong dén trdn phan xa 4m dén khu vyre khan gia. C6 thé
bd tri thém céc tAm phéan xa ting cudng treo phia trén ngudn 4m va cc bé mat san
khiu phan xa 4m (khong bb tri vat liéu hut 4m trong tredng hop nay. V& mit bing
chti ¥ tuong bién véi cac tm phan xa hudng tia phan xa vao khu vue khén gia.
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Chuwong 4
THIET KE TRANG AM CAC PHONG THINH GIA

TOM TAT NOI DUNG CHINH

Trong chuong nay ban doc can hiéu ¥3 rdng cé rdt nhiéu chi tiéu chat
Iwong dm, nhung chi tiéu chdt lwong dm quan trong hang dau 1a thoi
gian dm vang. Do6i v6i nhitng thinh phong cd yéu cdu cao vé chat lwong
dm, chiing ta sé cdn quan tam-t6i nhitng chi tiéu khdc nhw dg ro, tinh
khéng gian, d6 manh yéu...

- Churong 4 danh khd nhiéu ngi dung de huéng dén viéc thiét ké cdc bo
phdn trong thinh phong theo cdc nguyén tdc kinh nghiém cia dm hoc
kién triic. Cdc hwdng dén nay c6 thé gitp chét lugng dm trong phong tot
hon di khéng dugc tinh todn kp. Cdc hudng din- duoc trinh bay kém
“minh hoa dé hiéu, phit hop véi nhiéu doi tuong ban doc. -

Trong chuwong nay, ndi dung quan trong nhat la phwong phap tinh
todn va lwa chon vat liéu dm hoc dua trén chi tiéu thoi gian dm vang.
Bém doc can ndm duoc cdch tinh todn téng luwong hit dm va lwong hit
ém cé dinh, thay déi. Tir dé ban doc cé thé chon dwoc cdc vit liéu phi
hop cho thmh phong.

Pdy la phwong phdp c6 dzen don gian nhat va thuong-hay sir dung
nhat khi thiét ké thinh phong, tuy nhién do.tin. cdy khong cao. Ban doc
cén kiém chitng ky két qua va cd thé so sanhvéi két qua cua cde phuong |

phap khdc trudce khi di dén két ludn. , ‘

Phdn cuoz chuong 6 cdc vi du mznh hoa tir thuec tién cilng nhu gia
dinh, gitlp ban doc ndm bét va hinh dung phwong phap thiét ké nay ré
rang hon. ‘
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Muc dich ctia thiét ké trang am trong cac phong ndi that 12 nim bat dugc cac
ddc trung 4m hoc clia phong (s phan bd am thanh, thoi gian 4m vang...). Ngoai
ra, cac thiéu s6t vé 4m hoc ciing c¢6 thé nhan biét va tranh dugc trong giai doan
thiét ké bang cac giai phép thich hop. Vay nhitng cong viéc cu thé cia thiét ké
trang 4m phong thinh gia la:

, - Lua chon va thiét ké hinh dang mat bang, bo tri ghé ngdi; _

- Thiét ké cac mit cét thinh phong dé dam bao ning luong am duge phan b
hop 1y; | |

- Thiét ké chi tiét ctia phong va bd tri céc vat liéu hut 4m, phan xa Am nhim
dam bdo trudng am phan xa manh hay khuéch tan, dong déu;

- Tinh toan thoi gian &m vang va céc chi tiéu 4m hoc khéc cua phong va diéu
chinh thiét ké cho dén khi théa man. ‘,

Khi cong trinh dang va sau khi hoan thién, nha thiét ké cin thuong xuyén kiém
tra cac chi ti€u &m hoc (thoi gian 4m vang, do déng déu, cu tric 4m phan xa, cac
chi tiéu khac) va khic phuc céc hi¢n tuong dm x4u nhu tiéng do6i, hoi tu &m, méo
am... Néu 1a cong trinh c6 tAm quan trong cao, viéc danh gia chét lugng Am
thanh qua y kién chu quan cia thinh gia, cac nha &m hoc, nhac si, cac nha chuyén
mon, nguoi biéu dién... 12 viéc nén lam. Véi nhitng muc tiéu va nhiém vu do, cé
rat nhiéu cac giai phép da dugce dwa ra va cac phén sau cia tai liéu nay s&€ mo ta
chi tict.

4.1. YEU CAU CHUNG VE CHAT LUQONG AM

Am hoc phong thinh gia d4 c6 nhing budc tién vuot bac ké tir khi Sabine
(Sabine, 1922) kham pha ra ring thoi gian 4m vang a chi tiéu 4m hoc quan trong
hang diu. Nhimng thap ky sau ndy, nhiéu thong sb 4m hoc dugc phat trién, 4p
dung trong giai doan thiét ké 13n thi cOng codng trinh. '

Theo Beranek (Beranek, 2004), ¢6 24 chi tiéu 4m hoc cin xem xét trong qua
trinh thiét k& 4m hoc phong 12: 1. Thoi gian dm vang va tinh hoan chinh cia am;
2. Am truec tiép, am dau tién, am vang, 3. Thoi gian gidm dm sém EDT; 4. Téc do
ciia dm ké tiép,; 5. D6 ré; 6. Su cong hucng; 7. Am riéng ré; 8 P§ song dong hay
tan sé trung; 9. An twong khong gian; 10.-P6 dm; 11. Cam gidc dm bao quanh;
12. DG manh yéu va mire dam; 13. Am diéu va dm sdc; 14. Chéi ém; 15. PG hoanh
trang (brilliance); 16. PG cdn bang; 17. Su pha trén; 18. An twong chung; 19. Sw
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gan gili; 20. Chdt liéu dm; 21. Tiéng doi; 22. Dai dm + nén on; 23. Ton that chdt
giong; 24. Sw dong déu ciia trieong dm. vé Iy thuyét, céc dai lwong ciia Beranek
déu c6 lién qua dén chit lugng Am, tuy nhién ngudi thiét ké khong thé quéan xuyén
tht ca dai lwong. Do do, nhimg cach tiép can it phirc tap hon 14 rit can thiét.

Trong bai giang vé 4m hoc cta minh tai truong Dai hoc Stanford, Scavone
(2013) dua ra céc yéu céu_c?m d4p Gmg cho céi goi 1a “Am chét luong t6t” sau:

- Thoi gian 4m vang t5i wru 14 mot sy dung hoa gitta @ rd (yéu cau thoi gian
4m vang ngan), cudng do 4m (ddi héi phan xa phai manh) va do séng dong cla
am (doi hoi thoi gian dm vang dai). Thoi gian 4m vang t6i uu cha thinh phong
phu thudc vao churc néng chinh cua né.

- Am phan xa tir tuong bién c6 thé quan trong véi tdng thé 4m vang ctia phong.

- Nhitng dic trung quan trong cua am hoc thinh phong la: sy than quen, do
séng dong, do 4m, mirc 4m truc tiép, mic am phan xa, d rd, do khuéch tan (hay
d6 dong déu), can bang va su pha trén, cam giac tbng thé, va su cach ly khéi
tiéng bn.

- Phuy vao cdc dic trung trén, 4n tugng khong gian cia 4m va thoi gian giam &m
sém ciing quan trong. An tugng khong gian ctia 4m phuy thudc vao cdc 4m phéan xa
dAu tién dén tir phia trén va dic biét tir hai twong bén. Ve mat cam nhan, tc do suy
gidm am giai doan dau EDT rd rang quan trong hon ci thoi gian 4m vang.

- Tleng doi, tleng ddi nhai, hc_n tu &m, béng dm va nén On 1a nhitng diém nén
tranh trong thiét ké thinh phong.

- Thoi gian giam 4m sém EDT cang 16n (dén mirc 2 gidy) thi cang phu hop
cho thé loai biéu dién hoa nhac hoic twong tu. Néu EDT qua 2 gidy, xu hudéng
nay lai d4o nguoc. . |

- Phong hep thi t6t hon phong rong (xét vé& chidu ngang): didu nay rAt ding véi
nhitng thinh phong c6 van dé vé su tuong ddng 4m dén hai'tai. =

- Phan ning luong 4m phan xa dén sém (truréc 50 ms) va tdng nang lugng 4m
phén xa nén cang it khac biét cang tdt (¢6 1& dé dam bao do 16 ciing nhu thoi gian
am vang dua I6n - tac gia).

Thoi gian 4m vang T ludn l1a thong sd quan trong vao béc nhét ddi vdi cac
thinh phong 16n. Thoi gian 4m vang t6i wu cho cac loai hinh biéu dién va quy mb
thinh phong da néu rd trong phan 3.2.1.
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Tdng hop tir cac nghién ciru céng phu ctia minh, Gade (Gade, 2007) phén tich va
dua ra mot loat céc gid trj tham khao cho viée thiét ké thinh phong 4m nhac nhé va
16n nhu trong Bang 4.1. Pay déu 1 chi s6 khach quan, ¢6 anh huéng 16n dén chét
lugng 4m trong phong khan gia. Thoi gian 4m vang T = 2.0 s phi hop véi phong
hoa nhac cé mit béng hinh m6ng ngua hoéc hinh chit nhét, trong khi 7= 2.4 s phu
hop véi cac phong hoa nhac c6 quy mé 16n kidu “san van déng”. Cac gia tri trong
bang nay Ung v6i phong khong c6 khan gia, néu c6 khén gi thi thoi gian dm vang
c6 giam mdt it nhung khéng qué 2 gidy. Céc gia tri EDT, C, G cling gidm tuong
ng nhung khong nhidu. Kinh nghiém cho thiy lugng hit am clia ghé co6 khén gia
thuong 16n hon ghé tréng, do d6 nén chon ghé co luong hiit 4m t&i da dé tranh khac
biét vé téng luong hut 4m khi sé lwong khén gia thay dbi.

Bang 4.1. Cic gia trj dé xuit cho phong biéu dién 4m nhac giao hwéng
khong c6 khan gia. Hé s6 hit 4m ciia ghé gia dinh 13 di 16m
dé di c6 day khan gia thi thoi gian 4m vang T gidm khéng qu4 0.2 s

Chi sé Ky hiéu | Thinh phong nhé Phong hoa nhac
Quy mé phong V/N 2500 m* /300 chd | 25000 m’ / 2000 chd
Thoi gian 4m vang T 1.5s 20s-24s
Thoi gian gidm 4m sém EDT 14s 22s
D6 manh yéu G G 10 dB 3dB
Do 15 C C . 3dB ~-1dB
Phan ning lugng bén LEF 0.15-0.20 ' 0.20 - 0.25
Sw hd trg ban dau ST ooty ~10 dB ~14 dB

Céc gid tri trong Bang 4.1 déu bét ngudn tr viéc chon Iya 7 mdt cach hop ly,
sau d6 suy ra céc gia trj EDT, G, C mong mubn theo 7" (xem cong thirc tinh trong |
muc 3.2). Gi4 trj thyc ctia EDT, G, C lay thdp hon hay cao hon gi4 tri mong mudn
14 tiry vao thé tich va chirc ning cua thinh phong cling nhu loai hinh biéu dién.

Déi voi nhac Opera, muc dich thiét k& van la tao trudng 4m khuéch tan, tuy
nhién thoi gian am vang cé thé phai gidm xubng mot it, vao khoang 1.4 dén 1.8
gidy, dé ting cudng do ro cau cua bai hat opera va lam cho cac quing diung cua
nhac phan nhac nén thém phan kich tinh. |

Déi v6i 4m nhac ¢6 nhip-manh (rock, pop, disco...) thdi gian 4m vang nén
trong khoang 0.8 dén 1.5 gidy, tuy thudc vao do 16n phong. Luu y 1a thoi gian 4m
vang ndy khong nén ting lén déi v6i tin s6 thip nhu cac loai hinh 4m nhac khéc.
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Trong cac nha thi d4u 16n ding cho biéu dién, viéc duy tri thdi gian 4m vang T
nho hon 3 - 5 gidy da 1a rét kho, tuy nhién néu déng hé thdng dién thanh hop ly
van c6 thé khéic phuc duge 4m vang dai. Thoi gian 4m vang c6 thé kiém soat
duoc néu dung céc loa c¢6 tinh dinh huéng manh, huéng 4m vé céc bé mit hut 4m
manh (nhu khan gia ching han) va diéu tiét giam echo t6i da trong hé théng phat
thanh. Dbi véi 4m nhac qua hé thdng dién thanh, chi c6 thoi gian 4m vang 14
quan trong vi cc théng sé 4m hoc khéac chi yéu didu chinh qua hé thdng am-ly
(Gade, 2007). ' ' | '

C6 thé néi, nd luc tao chit luong 4m trong thinh phong va muc dich sir dung
c6 quan hé mét thiét v6i nhau. Vi du, cac-thinh phong nhu phong hoa nhac hay
hat Opera cin chét luong am rat cao, do d6 doi hoi phai duoc thibt ké ky ludng.
Bang 4.2 gioi thidu yéu cdu chat lugng thiét ké trong mbi twong quan véi chirc
- néng st dung ctia phong,

Bang 4.2. M6i quan hé chit lu'(_)'ng am yéu ciu |
va muc dich s dung ciia thinh phong (Ballou, 2013) . -

Yéu ciu chit lwong ciia gidi phdp thiét ké am hoc

Muyc dich si dyng , — T
: Rat cao Cao - |Vieaphdi| Thap | Ratthap

Phong chi hoa nhac X

Phong chi opera , X

Nha hat da nang ‘ ‘ X

Phong da chirc ning, c6 thé
ding cho nhac hién dai

Nha hat ngoai troi X
CLB va bar, CLB jazz | | | X
Thinh phong cho dién thuyét X

Phong hoc, giang du&mg . g : X

Mikc én nén trong thinh phong

Cac mic dn nén / moi trudng trong thinh phong, phong hoa nhac - vi du tiéng
dn tir hé théng thong gi6 hodc tiéng dn giao thong bén ngoai lot vao trong.... phai
dugc kidm soat d& khong 1am anh huéng dén sy thuéng thirc 4m clia cac man trinh
dién. Céac hé théng thong gi6 duoc thiét ké kém thudng tao ra tiéng dn tin sd thép
trong dudmg 6ng va tai miéng thdi gi6. Cac hanh lang xung quanh on o, cac canh
cira khong kin hodc kéu cot két ciing c6 thé gop thém vio tiéng n kho chiu.

144



Tiéu chuan tiéng dn cho phép trong thinh phong n6i chung thuong dya trén
cac ho dudong cong NR (& Chau Au, Viét Nam) hay ho dudng cong NC (& Hoa
Ky). Céc ho duwdng cong NR va NC c6 hinh dang gan gidng véi ho dudng cong
cia thang do Phon cia Fletcher-Munson va dwoc chung toi gidi thiéu ky &
Chuong 7. M6t phong hoa nhac tdi thiéu phai ¢6 muc dn bé hon mire NC-20, t6t
nhét 1a bé hon NC-15. Pbi véi giang dudng hay 16p hoc, mirc dn bé hon mitc
NC-30, tot nhat la bé hon NC-25. Giang vién véi mitc giang bai binh thuong s8
tao ra mirc 4m khoang 46 dB tai vi tri ngdi cach khoang 9 m. Mirc én nén gidi
han NC-30 tuong ung v61 mirc 4m khoang 36 dB do d6 mtrc chénh 10 dB gitta
bai giang va tiéng on s& dat duoc, thdéa min yéu cau nghe rd cau.

4.2. THIET KE CAC BO PHAN CO BAN CUA PHONG KHAN GIA
4.2.1. Thiét ké ghé ngdi khan gia

Buwong di m thanh (tia thé hién
huong di cia &m thanh, béi vi
am thanh ban chat la dang song)

Buong di am /’fﬁ\ «— Ghé ngdi co
o trure tiép a7 E:Cn ﬁ;’nc cho
I ) .
AR R A A A tién nghi
AAAAA A4 G4 4 i il
2. I, 7% i
Ghé ngdi ngoai trovi Ghé ngdi ngoai troi co bac déc
45 - 55 cm
{ N N N O
1 185-95¢cm 110 - 120.cm
; (- Z/A
j J. a4 A &

Hin 4.1 Chi dén-thiét k6 ghé ngdi khan gid

Mirc dm ngoai troi giam theo khoang cach (khi 4m thanh lan ra bén ngoai,
nang lugng cua né giam theo quy luat nghich déo) va boi khan gié (khi 4m thanh
lu6t qua chd ngoi khan gig, n6 bi hép thu va tan xa) Khi ghé ngdi v6i do dbe 16n
(> 20°) dugc sir dung, mirc 4m ngoai troi g1am vé co ban chi theo khoang cach
(Hinh 4.1). TAm phan xa 4m trén diu hoic trin c6 thé cung cip 4m phan xa dé
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clng cb ning lugng’ém dén khan gia. Bing cach lap dit cac b& mait bao che cling
phan xa 4m & ngoai trdi gin nguodn am c6 thé cai thién dicu kién nghe dang ké
bang cach phan xa ning lugng 4m dén khan gia va che chidn khan gia khoéi céac
nguodn 6n dit sau cac tam bao che. ‘

Kich thuéc ghé ngdi cho khan gia 14y nhu sau: (TCXDVN, 2005)

- Chiéu rdng (khoéng cach thong thuy gitta hai tay ghé): 45 - 55 cm.

- Chiéu siu (khoang céch gitta mép ghé v6i mit twa): 45 - 55 cm.

- Chiéu cao mit ghé so v&i san: 40 - 45 cm.

Ghé ngdi phai duoc gén chit vao mit san, trit cac ghé 16 c6 san phéng nhung
cling khong dugc qué 8 ghé tu do, xé& dich dugc (Cho phép ngoai 1€ doi voi
phong khan gia da ning cia nha van hod, céu lac bo). Doi v6i ghe 14t: phai dam
bao khong gay tiéng dong khi sir dung.

Khoéng céch dé di lai gifta hai hang ghé:

- Phai > 45cm dbi v6i phong khan gia 16n hon 800 chd;

- Phai > 40cm dbi v6i phong khan gia bé hon hojc bing 800 chd.

4.2.2. Thiét ké tia nhin va triromg nhin

Tia nhin khong bi can tr& 1a dudng thing ké tir mit nguoi ngdi trén ghé ngdi
dén diém quan st thiét ké cho phép nhin todn cénh ngudi biéu dién va khong can
tré su truyén 4m thanh truc tlep Khan gia cin phai dugc nghe va nhin 13, thoai
mai d& cam nhén dugc tron ven cac hiéu ng dy tinh cia bubi biéu dién. Khoing
cach tir mit dén dinh dau binh quan 1a 12 cm va néu d6i mi nén 1a 15 cm. D6

nang cao tia nhin d6i v6i hai hang ghé lién tlep thing hang 13 tir 12 - 15 cm va d6
néng cao tia nhin d6i véi hai hang ghé lién tiép so le latir 6 - 8 cm. '

0

Ghé xép thinghang =~~~ 1 - IO
RS (8 o PR

P

Ghé xép sole é-_—_—_—:::‘Gi’C—"O
' ooerIIIIiEeTTT 6-8cm

Hinh 4.2. D ndng cao tia nhin giita ghé xép thing hang va ghé xép so le
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Mit ngudi chi c6 thé thdy dwogc trong mot pham vi nhit dinh theo mot hudng.
Ranh giéi ciia n6 khong hoan toan 14 ranh gidi cting vi vay ta c6 thé goi pham vi
nhin thdy ctia mit ngudi 1a truong nhin. Truong nhin 1a pham vi nhin thdy cia
mét ngudi theo mot huéng nhat dinh (Nguyén, 2017).

Truong nhin tdp trung: 12 pham vi nhin trong mot hinh nén, ¢6 goc & dinh 1a
30°, thing v&i hudng nhin.

Trudng nhin theo phuong ngang: Mit ngudi nhin sang 2 bén dugc mot goc 1a
130° (mbi bén 1a mdt géc 65°), khong ké vidc quay ddu. Goc tir 10° theo huéng
nhin thang 14 géc nhin d& mét doc chit, g6c 30° theo huéng nhin thing 1a goc dé
mét quan sat, phan biét mau sic, va géc 60° theo huéng nhin thang 1a géc mét ¢6
thé quan séat duge hinh khéi cia sy vét. Thi truong tién nghi cta mit khi quan sat
biéu dién trén phuong ngang 1a goc 40° dé c6 thé cam nhan ddy du chi tiét, mau
sac, cir chi hinh dang cta ngudi biéu dién trén san khiu. Géc quay dAu tién nghi
cua nguoi 1a khoang 30°. '

Truong nhin theo phuong dimg: So véi dudng nim ngang, mét ngudi nhin 1én
duge mdt géc 30° va nhin xubng dugc mot g6c 45°.

Truc ghé

S
a) \L

Hinh 4.3. Truong nhin theo phwong ngang thodi mdi va gdc quay dau thodi mdi

Ngudng nhin xa, kha ning phan biét cia mat: Mat nguoi cé kha nang nhéin
biét, phéan biét cde vat thé ¢ céc khoang céch khac nhau, tily thude kich thude, do
chi tiét ctia c4c vat thé. o

Trong khoang cach tir 20 - 25 m, khan gia c6 thé nhin thé“'iy’ biéu cam trén
khuon mit dugc trang diém va két hop v6i didu kién chiéu sang tot.

V6i khoang cach 35 m, khan gia cam nhén phang phét ddu, di chuyén cia tay
cung cac ctr chi va chi nhan théy biéu cam khuédn mat khi dugc trang diém dam
va dugc chiéu sang t6t v6i dén chiéu dai theo (follow spot).
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4.2.3. TAm phin xa 4m

Khi thiét ké cac tim phén xa am can luu y dén cac hién tegng &m hoc sau:

- Phan xa 4&m (x > 4A): Phan xa 4m 1a sy quay lai ciia &m thanh khi va cham vao
mot bé mit. Néu bé mit c6 kich thude 13 x va 16n hon tir 2 dén 4 14n budc séng A clia
s6ng m t6i, va goc t6i i bing goc phan xa r. Vi du: tan s6 1000 Hz thi ¢6 budc séng
0.343 m; vi vay, kich thude bé mat phan xa vao khoang 44 =4 x 0.343 = 1.37 m s&
phan xa nhitng séng 4m ¢ budc séng 16n hon 1000 Hz.

AN

~_ T4m phan xa am phéng

VA
Tia phan xa

Hinh 4.4. Minh hoa phan xg am tu bé mdt tam phan xa treo
- phong theo Egan (1988)

- Khuéch tan am (x = A): Khuéch tan 13 su tAn xa hodc phén bb nghu nhién cac
song am tir mot bé& mat. N6 VXuét hién khi d¢ siu cia cac ranh trén bé mit vat lidu
cing tuong duong véi bude song am. Khuéch tan khong phé v ciing khéng hap
thy am. Tuy nhién hudng ca song 4m téi bj thay ddi. Khuéch tan 1a mot thude
tinh cuc ky quan trong trong cic phong trinh dién 4m nhac. Khi truong am
khuéch tan, ngudi nghe s& c6 cam gidc 4m thanh dén tir moi hudng véi mic d6
bing nhau.

BT el )
X %% TAm khuéch tan (chléu daiva rong di&n hinh
ctia bé mat ti 0,9 - 1,8 mva chiéu.day (x)
_ . cla tAm thayd6| tlr 0,15 m - 0,60'm)
Tia &m
khuéch tan

| T

Hinh 4.5. Minh hoa khuéch tdn dm tir bé ‘mdit tém phadn xa treo
- phong theo Egan (1988).
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- Nhiu xa (x < A): Nhiéu xa 13 su bé cong hodc su chdy qua ctia song 4m
xung quanh mét d6i twong hodc mot khodng mé. Vi du, mot chiéc xe tai dat sau
toa nha van co thé nghe duoc bdi vi song Am bi bé cong xung quanh khéi nha.
Trong khan phong, béi vi song 4m téi nhidu xa xung quanh Cac tdm c6 kich
thude nhé hon bude séng cha chung, vi vay, cac tAm phéan xa treo phai cé dugc
thiét ké can thén dé c6 kich thude du 16n dé phan xa hiu qua cac budce séng 4m
duoc wa thich. |

M6t tan sd don c4 thé bi nhan manh khi céc tdm phén xa treo nhd ¢ chiéu dai
bang nhau va chiéu rong bing nhau hodc céc tAm phén xa treo nhé cé do day
bang nhau va khoang h& bing nhau. Hién tugng ndy can phai tranh béi vi n6 ¢6
bop méo am thanh (Leonard, et al., 1964).

Tia am bi
nhiéu xa

=2

2 ‘
= |Z \ Céc tam nhd c6 chiéu réng (x) bang nhau va
khoang hé bang nhau ldam nhan manh am co
" tan s6 don twong ng (nén tranh)

)(4

T

Hinh 4.6. Minh hoa nhiéu xa ém tir tém phan xa dm dang tdn
co cac khodng mo - phong theo Egan (1988)

Céc tim phén xa 4m hi¢u qua co bé mat cung nhu nhya day, tAm thach cao 2
16p, gd ép cong nghiép, mé ca tr()ng va ¢6 kich thuéc 16n hon nhidu so véi bude
song clia Am thiét ké dé phan xa. Vi.du, vai tin sé 500 Hz, bude séng 1a 0.686 m.
TAm phan xa nén ¢6 kich thud¢ 2.8 m dé phan xa tit ca cdc 4m c6 tin s6 16n hon
500 Hz. Tuy nhién cic 4m c6 tan'sb bé hon 500 Hz c6 thé b1 bé cong qua tAm -

phén xa, va néng cao Am vang ctia 4m tan sb thip.

TAm phan xa am-trén bue phat biéu nhu trong Hinh 4.7 hu6ng nhiing phan xa
am thir nhat dén khu vyc khan gia cling ngén chin nhitng phan xa 4m véi do tré

16n va tleng doi tiém An tir trdn cao.
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Témphanxa&m - - Tran cing phan xa &m
treo trén buc phét biéu \

- 4

M 73;3::3
.
'U\-%'h‘

ol AAAAAAAAAAR S
T

Pan Organ va dan déng ca

‘

N
\'

.

Hinh 4.7. Mgt ¢t doc nha tho cho thdy tdm phan xa ha thdp
- phong theo Egan (1988)

4.2.4. Sin khiu

C6 mdt vai kiéu td chirc san khéu co ban nhu sau (xem Hinh 4.8):

- San khéu véi miéng san khiu: Khu vuc biéu dién két ndi véi khan phong
thong qua mot miéng sn khiu (nhitng gi nhin thiy trén sin khiu dugc giéi han
boi miéng san khiu - gibng nhu mot khung tranh); '

- San khiu mé: khu vuc biéu dién cta sin khdu mé& rong va dn sau vao khu
vuc khan gia; '

- San khau kiéu dau trudong: khu vuc san khau biéu dién duogc bao boc xung
quanh béi khan gia.

San khau :
/ Khu vige khan gia
7y _

sankhduvsi - San khdu mé San khal kidu
miéng san khau dau trwdng

Hinh 4.8. Cdc dang 6 chikc san khdu - phong theo Egan (1 988)

Am tn sb cao déng vai tro quan trong trong viéc nghe rd. Do do6, ddi voi kicu
san khdu mé& va kiéu dau trudong, cac tuong va tran (hodc cac tdim phan xa treo lo
limg) phan xa 4m c6 vai trd rat quan trong dé dinh huéng am tan s6 cao, déc biét
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1a 4m tin s& cao ma mitc 4m nhé nhw 10 - 20 dB. Vi du: mot ngudi biéu didn noi
nho, 4m tan sb cao phat chi yéu vé phia trudc ngudi do, phia sau khdng nghe
thdy, diéu nay cin duoc luu ¥ v6i san khiu mé va san khéu kiéu ddu truong.

San khau biéu dién 4m nhac nghe truc tiép thudng c6 doi hoi cao vé kha ning
béo ton va phan xa ndng lugng 4m tir cdc dan nhac.

Nhitng tim bang gb véan day, bang kim loai cting, hodic nhitng tdm thach cao
ning c6 thé duoc sir dung d& b6 tri trén sén khiu, v&i muc dich bao quanh ngudn
am trén san kh4u. Nhirng tAm phan xa hay khuéch tan 4m nay (thuong goi la vo
bao sén khéu - stage enclosure) s& gop phan 1am phén phbi am thanh dugc can
bing va hoa quyén tdt vé phia khu vuc khan gia bang cach két nbi hay cdng
huong khong gian khan phong véi khong gian clia san khiu (xem Hinh 4.9).

—4

- , Dan sét
Tém dirng khuéch tan 2 L >1.8m
v phén xa am dé treoﬁhlét bi 1l
1 Thién kidu
' Thién kidu

| nén>15H
Rém san khau

B0 rong miéng s&n khau (W) =

Chidu cao miéng
san khau (H)

N —t —Phia trwdc san khau
6 M—

Cénh s&n khéu ¥
- "C ~

Hinh 4.9. Mat bcfng V& mdt cdt sén khdu donh cho hoa nhac nghe dm truc tiép
- phong theo Egan (1988)

V4 bao san khau (thuong c6 khoang h& nhé hon 2% tdng dién tich) lam tdng
d 16n cua 4m phat ra tir sin khau do né 1am giam nang luong am tiéu tén trong
céc phong man trén thién kiéu san khu va 2 bén canh ga. Khu vuc thién kiéu san
khéu 1a noi c6 nhiéu cac tAm man rém sin khéu dwoc cudn 1én khi khong st
dung, do d6 chung c6 @ hut 4m raf 16n. Khi khéng cdn ding cho bidu didn 4m
nhac, v bao san khAu nén thiét ké dé théo d& d& dang va cAt gon trong mdt khu
vuc ma khodng anh hudng dén cac hoat déng cta sin khiu.

V6 bao sin khau bao quanh mot dan nhac nén bao gdm ca nhitng bé mit tan
xa 4m bét quy tic v6i kich thuée nhod dé tron va tron déu nang luong 4m tan s
cao cla cac nhac cu khac nhau. V6 bao sin khiu cung cap diéu kién nghe tbt
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trén san khau, dong _déu gifta cac khu vuc trong dan-nhac, gitp cdc nhac cong
nghe rd 4m cua ho va céc ngudi xung quanh. Diéu nay giup cai thién d6 hoa
~ nhip cia ban nhac (trong d&m hoc goi 1a sw hoa nhdp - ease of ensemble va dugc
do bang chi 6 STL).

Dang luu y rang su bd tri nhac cong va céc nhac cu trong mdt dan nhac phu
thudc vao s6 ngudi va loai hinh biéu dién. Do 4o, néu vo bao sin khéu c6 thé
diéu chinh dugc sé tao diéu kién cho viéc tinh chinh c4c tim v6 bao khi dan nhac
biéu dién, nang cao chit lugng am thanh. |

Luu ¥ rang: theo kinh nghiém chidu cao ¢b dinh ctia miéng san khéu H thuong
thay dbi tir 6 m dén 10.5 m (d6i vé6i biéu dién opera, H con 16n hon nita). Do
rong ctia miéng san khdu W thay doi tir khoang 9 m dén 24 m, tuy thudc loai
hinh biéu dién. |

Nhing tdm phan Xa am, ‘tteo‘t‘rong thinh phong ngay phia trudc san khau phan
xa ning luong 4m tu sén khau ‘dé'n khu vuc khéac gia va giam bdt thoi gian tré
giita 4m phan xa véi 4m truc tiép. Nhitng tdm nay (thudong goi 13 tdn trude sdn
khdu - forestage canopy) ¢6 vai trd mé rong vo bao sin khau vio tan trong khu
vuc thinh phong, ¢6 vai trd 1am-cai thién chét luong a4m truc tiép, tao cam giéc
gén giii va phdn xa nidng lugng 4m phat ra tir hé nhac quay trd lai hd. Giita cac
tan tudc san khéu ndy thudng cé cac khoang hé, gitp cho ning lugng 4m xuyén
qua, di vao ‘khong gian phia trén tin lam ting d ngdn vang cia am tram (do6
trdm) cho thinh phong bén duéi (xem Hinh 4.10). Thoi gian 4m vang cta khu
vue duge bao boc bdi vé bao san khiu thudng tuong duong hodic nhod hon trong
khan phong chinh. ' ’

Tan trwéc san khau

Tan trwdc san khéu
. phdnxaam -

Tém phan xa am  —— g$}

7 D077/
Hinh 4.10. B6 tri cdc tdm phadn xa (tdn trude sdn khdu) - phong theo Egan (1988)
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Trong trudng hop san khau va khan phong duoc két hop cong huéng dé nang
cao thoi gian 4m vang, thé tich san khiu phai cang 16n cang tdt, do do, cac tAm
v6 san khiu & phia trén va hai bén cdn co nhitng khodng hé 16n hon, thong
thudng chon 5 - 10% ddi v6i tdm v6 2 bén va 15 - 50% d6i véi tAm vo & trén dau
(xem Hinh 4.11) (Egan, 1988). Pé dam bao 4m vang rén trong khu vyc san khiu,
khong nén chi dinh cac vat li€u hat 4m nhu gach trdn khong son dé lam tudng
san khdu, va ¢ gang giir khu vuc thién kiéu cang it vat liéu hut 4m cang tdt.

San khéiu cdng hwéng voi cac khodng hé

Rém cho 4m di qua Céc tAm phan xa co thé diéu chinh
duoc huéng va dé cao

Khe dé hép thu nang Iuong / '
tlr b6 gb va kenddng — .

/
e/ ’///
/// 770 T/ //// 7

ITmh 4.11. San khau va khan phong trong tru"ong hop cong hu"ong dm vang
- phéng theo Egan (1988)

4.2.5. Thiét ké h6 nhac

V& nguyén tic, viéc st dung gidi phdp dit dan nhac bén dudi hé nhac
(orchestra pit) nim & ria sin khéu, gitta khu virc khac gia va sin khau 13 khong
¢6 1gi vé& mat 4m hoc néu so voi viéc dan nhac truc tiép biéu dién trén san khéu,
nhung noé lai c6 mot qua trinh lich sir phat trién 1au doi tir thé ky thi 19. Trong
nhitng nha hat c6 dién kiéu baroque, nguoi nhac cong thuong ngdi & cao dd bang
v6i nhitng khan gia & hang d4u tién hay chi thp hon vai ba bac va thuong duogc
phén céch véi khan gia bing mot day lan can cao khoang 1 m (Meyer, 1995).
Véi su xuét hién cda dan nhac nhu viy, tAm nhin gitta khén gia va sén khiu bi
anh hudng, dic biét 12 khi dan nhac'¢d quy mo 16n. Van dé nay sinh tir day, khi
ma c6 sy mau thuln gifta viéc nghe ro, nhin rd man biéu din trén san khiu va vi
tri cta dan nhac. Néu dan nhac ¢6 nén ngéi qua cao so véi khén gia, hodc khi
dién vién xubng thap giong thi van dé nay cang tré nén xau hon.

Mot khia canh khéac 1a sy twong hop vé thoi gian gifra san khéu va hé nhac,
vén 14 co s¢ cho man trinh didn c6 4m diéu va hoa hop.
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Su phéan cach vé& miit hinh hoc giffa khu vyuc san khéu va hd nhac trong cac nha
hat opera hién dai phai cang nho cang t6t, khong chi do nhitng 1y luan cia nghé
thust kich n6i, ma con vi nhiing Iy do chitc ndng va thi gidc. Chinh vi thé, hd nhac
thuong du(;c bb tri nﬁm mdt phin dudi gim san khéu, gitp cho khoang céch giira
khan gia dau tién v san khdu duoc thu hep. Péi véi kich néi, cu ly nay rét quan
trong dé nghe 18, do d6 hé nhac cang can thu gon dudi gim sin khéu, khién cho d6 ‘
rong khong gian két néi gitta hé nhac v thinh phong bi thu hep (Hinh 4.12). Hb
nhac nhu vay tré thinh mét phong doc 1ap, bi dién ddy béi nhac cong, c6 thé tich
nhé va cé dién tich bé mit nhé, véi khoang trdn khong phéan xa (khoang tréng) noi
am nhac phéat ra thinh phong. Do vy mirc &m thanh trong hé nhac c6 thé ting 1én
dén 4 dB so véi diéu kién théng thudng. Piéu nay khién cho céc nhac cong choi
nhac cu v&i mirc &m nho (vi du nhu dan violin) s€ rat kho6 nghe 4m thanh cia cac
dong nghlep dang choi cung nhac cu (khlen ho kho choi dong deu v&i nhau). Su
tang mac dm dudi hd nhac néi trén chi ¢6 loi d6i chut cho nhém nhac cong choi
nhac cu 4m lugng lon & dai tan s6 thp va trung binh. Cac tAm tran hay tuong hut
am, hodic c4c tAm tudong hut 4m di dong véi dinh huéng hat Am tan s thdp hodc
trung binh, dit canh céc nhac cu 4m luong 16n giup gidm 4m lugng cia chung
dang ké, nhung khong [am gidm mirc 4m truc tiép‘ thoat ra hd nhac. Diéu nay giap
lam tang 46 rd ciia Am (Meyer, 1995).

Néu nén cua hd nhac rét thip, khoang am 2.5 m, thi phan am truc tiép dén véi
khu vuc khan gia chi nho hién tugng nhidu xa, khién cho 4m nghe nhu chi c6 dm
bass trdm. Am nghe sang va dam bao do r6 chi ¢6 duge & nhitng vi trf ¢6 thé nhin
thiy nhém nhac cu dang choi. Dé khéc phyc tinh hudng nay, cach thudng gap 12
ma rong mi€ng hd nhac dé tao diéu kién cho cac 4m phan xa déu tién tir cac tAm
phan xa truée san khiu (trAn hay tuong bén hd nhac) dén véi khan gia. Mot cach
khac 13 d6 siu hé nhac cin dwoc giit & mdt giéi han nhét dinh. Thudng thi miéng
hd c6 lan cao cao khoang 0.8 m, hang ghé dau tién dudi hd sau 1.4 m bb tri cac
nhac cu c6 tin s§ cao, cac hang ghe tiép theo thi xép bic thang thip din nhu
trong Hinh 4.12. ‘

Do rong miéng hd nhac 12 mét van dé quan trong: Thong thudng, néu miéng hé
nhac ¢6 dién tich khong nhd hon khoéng 80% so véi dién tich day hd thi khong
gian h6 nhac va khong gian thinh phong 13 mdt, cho phép 4m nhac c6 4 théng
nhit cao va “mau sic” ciia 4m dugc bao tdn (vi du: thinh phong Semperoper
Dresden). Néu truong hop miéng hd nhac nho, khi d6 thé tich hé nhac phai 16n va
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chiéu cao tdi thiéu phai dat t6i thidu 3.0 m (vi du: thinh phong Festspiclhaus
Bayreuth). Hau hét céc thinh phong déu c6 dién tich miéng hd nim giira hai thai
cuc nay.

Bao phu
am thanh

Sén khau  8an khau
mé réng
Khéng bao phi

7

Hinh 4.12. Céch bé tri hé nhac ndm dudi gam san khéu

Trong trudong hop c¢6 mdt dan nhac 16n duéi hd nhac, giong hat cia nhiing ca
sT c6 chét giong yéu trén sin khau d& bi 4t hoan toan béi tiéng nhac. Khi do, dé
khic phuc c6 thé st dung céc tim che hd nhac, mién sao dam bao thé tich hd
nhac, hay bb tri cac nhac cong & nhitng cao dd thap nhit cia hé.

Ngoai nhitng tdm phan xa 4m va nhimg tm hat 4m b tri trong hé nhac dé h3
trq'cho viéc nghe 14n nhau gitta cdc nhac cong va nhac diéu, mat trong clia cac
thanh lan can nén quay mit thing v& phia san khiu, hoi ngua 1én mot chut. Lam
nhu vy cdc 4m thanh tir hd nhac d& dang phéan xa 1én san khiu dén v6i ngudi
dién, ngudi dudi hd nhac ciing nghe rd man trinh dién trén san khdu. Cac bé mat

~cong 16i theo phuong dimg két hop véi mot it vat liéu hut Am tin sb thép dic biét

c6 1oi trong trudng hop nay, hd trg cho d6 cao clia 4m nhac phat ra tir hd. Phin
bién ctia sin khéu trén miéng hd nhac nén cu tao dé phan xa 4m nhac vé phia
khu vuc khan gid. Céc khu vuc miéng con lai ctia hd nhac nén cdu tao dé dua tbi
da 4m phan xa tir hé nhac dén khan gid va san khiu.

Miéng hd nhac & phia sin khau c6 thé cang luéi tranh dién vién roi yxuéng hé
khi dang dién, nhung vin khéng che chin miéng hd, gitp 4m nhac thoat ra d&
dang. San hé nhac c6 thé dugc ning d& bdi mét hé théng san c6 thé nang ha
duoc & 3 cao dd khac nhau: cao do hd nhae, cao d¢ san khan phong (dé mo rong
khén phong ma khong c6 hd nhac) va cao d6 san khau (dé m& rong san khéu)
(Hinh 4.13).
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Hink 4.13. Mt cdt ngang hé nhac trong thinh phong dai hoc Seton Hill, Hoa Ky
- cho thdy hé théng ndng d6 san c6 thé thay déi cao do

Trén mat béng, bé rong cua hd nhac ldy tir 4 dén 6 m, twong tmg véi 2 dén 3
hang nhac cong ngdi. Dién tich hé nhac 14y theo chi tidu 0.8 - 1 m*ngudi néu 1a
doi nhac thong thuong; 0.25 - 0.35 m*/ngudi néu 13 dan ddng ca dimg.

4.2.6. Trin

Hinh déng va chiéu cao tran phu thudc vao mucy dich st dung cta phong.
Phuong phap phén tich 4m hinh hoc chi ra trén phén xa cing va phéng cung cp
cac 4m phan xa hitu ich bao phu toan bd ghe ng01 trong khan phong. Cac am
phan xa hiru ich cho thuyét trinh dén sau 4m tric tiép cua nguon am voi do tré it
hon 30 mili gidy. Tuy nhién, bang cach dinh huorng lai phan trin mot cach cin
than, cdc A&m phan xa hitu ich dugc ting cuong cho phén gifra va phén sau ctia
khan phong tlr c4 hai mang tuong.

Trong Khan phong hoa nhac, khi thoi gian am Vang dai 12 muc tiéu thiét ké, _
trin cao dugc wa thich va hiu hét cac tim tuong nén phan xa im. Thém vao do,
tran khuéch tan c6 thé cai thién do nghe & ctia-4m bén bing cach lam glam stc
manh clia c4c phan xa Am tir tran. '

DPéi v6i cac khan phong da chtre ning, dé& c6 thoi gian 4m vang phi hop véi
ting loai hinh biéu d1en yéu ciu thay ddi thé tich khan phong dugc dua vao.
Trong truong hop nay, phin trdn thuong dugce thiét linh hoat, ¢6 thé di chuyén
dugc dé thay dbi thé tich phong. -
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Trén phang Khu vue tran cung cép
- phan xa hiku ich

7 ,,/fff
/ . ) =

Tran déc Téng khu virc cung cép phén xa hGu ich
(> 150% dién tich tran phang vi du) |

SV YLy V-

Hinh 4.14. Nghién ciru phdn b6 phén xa ém tir tran ciia khdn phong
- phong theo Egan (1988)

Hinh 4.15. Khdn phong Edwin Thomas, Ohio. T ran phia bén trdi cho biéu dién

hoa nhac. Tran phia bén phdi cho biéu dién opera - phdng theo Ballou (2013)

4.2.7. Twong hau va twong bén

Tuodng hau phing va phan xa am co thé tao ra céc tiéng doi hodc cac phan xa
tré khong mong mudn trong cac khén phong trung binh hoic 16n. Ba giai phap dé
kiém soat cac tiéng doi chdng chéo nhau tir tuong hau dwoc minh hoa bén duéi.
Bé mit duc 16, kha 1a tréng trai, trong sudt voi séng am, c¢6 thé duge st dung dé
che v4t liéu hit am hodc chit khuéch tan 4m & phia phia sau.

157



Tiéng doi gay ra b&i twdng hau Xt Iy béing chét hap thu am

Chét hap thy 4m day nhu béng
thiy tinh chén vao bén trong

Bé& mat bao vé cho am xuyén qua J
Cac bé mit khuéch tan Twéng nghiéng

Céc b& mét hinh try c6 dudng kinh B& mat nghiéng huong

> 1/2 bwdc sdng dé khuéch tan am thanh di xuong
iz

7

Tham day

Hinh 4.16. Cdc gidi phdp thiét ké kiém sodt am phdn xa tré cho twong hdu
- phong theo Egan (1988)

Phuong phap phén tich 4m hinh hoc trén mit bing dé nghién ctru ning luong
am phan xa tir tudng bén. Cac phan xa bén (lateral reflections) gitip tao ra 4n tuong
khong gian va cén thiét dé théa méan cam nhan clia khan gia trong trinh dién &m
nhac. Cac phan xa sém tir tudng bén ting cudng sirc manh cia am truc tiép.

Mt biing hinh quat (gidng Gwong)

Su phan bb kém tir mat phéng tudng bén

Am thanh hdi tu tai L tir
tirdng hau cong lom

¢<— Twong hau cong 16m
(xtr Ty v&i vat liéu hap thy am dé
ngan chan hdi ty am va tiéng doi)

Hinh 4.17. Bat lgi cho ém phan xa tir tuong bién - Mat bc%ng hinh quat
‘ - phong theo Egan (1988)
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Sy phan bé kém ti twdng bén bdi vi
ngudi nghe tai L nghe am thanh cé dd tré
I&n hay tiéng doi. (Twéng dinh hudng
dwoc thé hién bing nét manh)

Pudng di

A v s -
&m phan xa “+— Bé& mat khuéch tan am

Vat liéu h&p thu am day

L Tudng dinh huéng phan bé ndng luvong
4m thanh vé phia cudi phong (a)

Céac tdm twdng bén -
kidu bac song song

voi truc cla héi trwdng
cung cép cac phan xa bén

o5 07 <————Kt1u vyeeo

— = — 0 budng di (D) 00— — — |—
Ngudn am s am tryc tidp L Ghé ngbi tai

trung tém

3

Twdng bén cung cip
nang lwong phan xa bén

(b)

——Khu vic cd
nang lwong bén
= manh mé

(c)

Hinh 4.18. Am phdn xa: a) MGt bang hinh chit nhdt;
b, c) Mait bing kiéu bdc cdp - phong theo Egan (1988).
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D6 tré ban diu (ITDG) dugc x4c dinh bing higu thdi gian cia dudng di dm
phan xa R va thoi gian cua dudng di 4m truc tiép D. Ca hai quing dudng di dugc
do dac cho cac ghé ngdi khén gia gﬁn truc trung tdm cda khan phong. Cho khan
phong hoa nhac d tré ban dAu nén ngin hon 20 ms. |

Khdc vé dwong di (m) | ITDG (mili gidy) " Didu kién nghe
<7 . <20 Xuét sic cho phat biéu va 4m nhac
7-10,3 20 - 30 T6t cho phét biéu va tam duoc cho Am nhac
10,3 -15,4 30 - 45 Khéng 15
15,4-20,6 - 45-60 1Khong hai long
>20,6 > 60 Nghéo nan

Trong khan phong kiéu hinh quat va mit bang kiéu cung tron thuong khong
cung cAp di cac phan xa bén manh m& béi vi phin twdng bén ¢6 phan cudi & qua
xa. Trir khi cdc &m phan xa qua dau dugc st dung dé khic phuc su thiéu hut cua
c4c phan xa bén tir tuong, néu khéng, 4m nhac s& dudng nhu xa x0i va khong
tron tria. Khan phong ¢6 do rong gidm dan vé phia cudi c6 thé cung cp cac phan
xa bén manh mé va 4n tugng khdng gian trong 4m nhac. -

4.2.8. Ban cong

Ban cong dugc st dung trong cac khan phong lon @& giam khoang cach dén
cac hang ghé phia sau va ting stc chita (vi du cac khan phong hep voi cac ban
cong ngin co thé dat duge su 4m clng, than mat). C4c thanh phén co ban cua ban
céng dugc minh hoa trong hinh bén dudi. pé ngan chin tiéng doi va cac phan xa
v6i @6 tré 16n khéi khu vuc ban cong, st dung cdc vt liéu hép thu am, st dung
cac bé mit nghiéng hodc dbc dbi dien véi bé mat san khéu, Am thanh s& dugc
phan xa dén khu vue khan gia & gn d6, hozc sir dung céc hinh dang khuéch tan
Am nhu 12 cac bé mat cong hoic tan xa 4m thanh. Dé ¢4 tia nhin tét, ghé ngéi cao
nhét trén ban cong c6 goc hop véi san sén khéu khong vuotqua 26°.

Céc ghé ngdi & sdu trong ban cong khong thé nhan duge cac 4m phan xa hitu
ich tir trin va khong nhén duoc nhitng 4m thanh ¢6 d 4m vang. Diéu kién nghe
khé thip boi vi 4m thanh yéu 6t va dé. Hinh bén dudi dua ra nhimg hinh thic
ban cbng can phéi tranh boi vi ching lam cho cic ghé & sdu trong ban cong
khong nhan dugce dm thanh phén xa.- :
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Mat trirére ban céng

Tia nhin di dén
1/3 doan trén phia trwéc

Ma&t dwéi ban cong

bé vuwon cua ban cong

N g,,,,,//////

duoc lam déc

Chiéu cao miéng ban céng

(H)

Hinh 4.19. Cdc thanh phan co ban ciia ban cong - phong theo Egan (1988)

N,

Ghé trong viing béng am clia
ban cong (khong nhan duworc
phan xa tir tran)

o

Buwdng di am

AN

) $ ‘a

W

Khan phong hoa nhac

- //////////////

Rap hat

Hinh 4.21. Thiét ké ban céng trong khdn phong hoa nhac (trdi)
va rap hdt (phdi) - phong theo Egan (1988)

161



Trong céc khidn phong hda nhac, d6 vuon D cia ban cong khong nén vuot qua
chleu cao H clia miéng ban cong. Nhitng han ché v& @6 vuon ban cong giup cho
cac am phan xa, am vang dén dwoc khan gia ngdi & cac hang ghé sau. Trong céc
khéan phong biéu dién opera, D khong nén vuot qua 1.5 H. Mat dudi ban cong
nén thiét k& déc dé huéng am phan xa dén nhitng khén gia & bén dudi va két nbi
thé tich ban cong v thé tich cia khén phong chinh. Trong céc rap chiéu phim, hé
théng loa cing cb Am thanh dit bén dudi ban cong. Vi vdy, D khong nén vuot
qué 3H, mat du 2H van 14 gi6i han wa thich trong rap hat.

4.3. THIET KE TRANG AM PHONG THINH GIA DUA TREN THOI GIAN
AM VANG |

Hién nay, c6 khé nhidu phuong phap thiét ké trang Am phong thinh gia da
dugce st dung. Co nhiéu phuong phép con rat m&i ddi voi nghién clru trong nudce
(xem (Kleiner, et al., 1993)), do d6 cin thém thoi gian ¢é tim hicu truée khi dua
vao 4dp dung. Cac k¥ thuat nay s& dugc g10r1 thiéu & phin sau cua tai liéu nay. 0
nudc ta hién nay, hau hét cac tai lieu vé am hoc kién tric déu dé Xuat viéc thiét
ké 4m hoc phong thinh gia theo phwong phdp dua vao thoi gian 4m vang t6i wu
véi nén tang 1a céc gia thuyét thong ké.

Trén thyc té, muc dich chinh trong gian doan thiét ké am th phong thinh gia la
duy doén truong am thong qua céc chi s6 Am hoc. Thoi gian Am vang (ban trong
phan 3.1.4) van Iudn la thong s6 khach quan quan trong nhat d& danh gia chét
lugng am. Vi ly do 4do, thiét k& am hoc duya trén thoi gian 4m vang van la phuong
phép co ban nhét va d3 duoc 4p dung tir rat 1au. Phuong phap nay chu yéu dya vao
- thoi gian am vang t6i 1wu cho loai hinh biéu dién dang xét dé tinh todn heong hut
dm trong phong va sau do b6 tri ching mot cach hop ly. Cong thuc tinh hay ding
14 cong thirc ctia Sabine va Eyring nhu dé dé cap trong phan 3.1.4. Chn luu ¥ ring
c4 cdng thic cia Sabine va Eyring déu dya trén nhimg gia thuyétb c6 nhitng han
ché 16n so véi didu kién thuc té trong phong, it nhat 14 nhitng thiéu sot sau:

- Khong xét dén dudng di cua cac tia dm, vbn di phu thude nhiéu vao hinh
dang phong va su bd tri céc bé mat phan xa,

- Coi vat liéu hut 4m bb tri dong déu trong phong. Piéu nay khong ding trong
da sb truong hop thuc té, khién cho tin suét xuét hién cta tia &m trén cac huéng
khéng dong déu. | | |
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Do nhitng han ché trén, d chinh xac ciia phwong phép thiét ké dua trén thoi
gian am vang phu thudc vao viéc truong am thue t€ trong phong c¢6 gan dung véi
- gia thuyét “truong 4m hoan toan khuéch tén” cta Sabine va Eyring hay khong. Do
d6, viéc lay y kién cht quan cta thinh gia sau khi cong trinh hoan thanh dé hiéu
chinh thiét ke 1a rat can thiét cho viéc hoan thién chét lugng 4m ctia thinh phong.

Trinh tur thiét ké am hoc phong theo thoi gian 4m vang duge tién hanh qua 6
budc chinh sau:

Buée 1: Tinh toan thé tich va lua chon hinh dang mit béng, mit cat;

Buée 2: Xéc dinh chi tiét mat bing va mit cét phong;

Budre 3: Xac dinh thdi gian 4m vang ti uu cho phong;

Buéc 4. Tinh toan tdng lwong hut 4m cin thiét (gdm ca luong hut 4m cb dinh
va thay doi); |

Buéc 5: Chon va bd tri vat lidu va két cAu hat 4m, phan xa am;.

Buée 6: Kiém tra cac diéu kién am hoc theo phuong 4n da chon.

Cac phan tiép theo s lan luot hudng dén chi tiét cch thire tién hanh timg budc.
4.3.1. Tinh toan thé tich va lwa chon hinh ding mit bing

Thé tich can thiét cua phong dugc quyét dinh dua trén thoi gian am vang va
strc chira cua thinh phong. Strc chira cia phong thuong da dugc xac dinh trude
trong nhiém vu thiét k& ctia chu ddu tu. Vi thé thé tich yéu cau cho mdt thinh gia
thudng phu thude chirc nang str dung cta phong. Theo kinh nghiém, chi tiéu thé
tich riéng cho mdi thinh gid ddi véi mot s loai hinh biéu dién c6 thé dugc ldy
theo Bang 4.3.

Béng 4.3. Chi tidu thé tich riéng déi voi cac loai hinh bidu dién
- theo (Kuttruff & Mommertz, 2013)

Logi phong va chitc ning Chi tie”gt thé tt’clz .rié‘ng
(m’/cho ngoi)
Giang duong, cung hoi nghi, nha hat ca nhac trit tinh ’ 4-6
Phong da chire niing cho c dién thuyét va 4m nhac 4-7
- Nha hat Opera ' : 6-8
Phong hoa nhac che nhac thinh phong : 6-10
Phong hoa nhac cho nhac giao huéng 8-12
Nha tho o S 10-15
Phong t4p ctia dan nhac 30 -50
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Theo Ballou (Ballou, 2013), mdt sb chi tiéu thé tich riéng co thé tham khao
nhu trong Bang 4.4.

Bang 4.4. Chi tiéu thé tich riéng theo tai liéu (Ballou, 2013)

Chife niing chink Chi tiéu thé tich riéng | Thé tich hi¢u dung t6i da néu
& 3 (m’/ché ngoi) khong co hé thong dién thanh
N?l chuy‘cn, dien thl%ye_t? 3.6 5000
giang dudng, rap phim , e
C4 4m nhac va n6i chuyén 5-8 . 15000
|Bidu difn 4m nhac (vi du:
| hoa nhac) 7-12 - 25000
Nhac kich hoge nhac 10-14 30000
organ, nha tho, ton gido
Phong tép cta dan nhac 25-30 -

Dién tich phong khan gia dugc tinh gbm ca dlen tich san khéu va khan phong
néu chidu sau san khiu bé hon 3 m. Néu chiéu siu san khau 16n hon 3.6 m va ¢
ctra san khau, dién tich phong khén gia chi tinh dén buc hay miéng san khau, con
phin san khau c6 chi tiéu dién tich riéng. Thong thudng theo tiéu chuén Viét
Nam cho phong bidu din, dién tich khan phong thudong duge liy theo chi tidu
nhu sau (Nguyén, 2007): |

-0.75-0.85 mz/ngum cho phong c6 sirc chira nho6 hon 600 cho »

-0.70 - 0.75 m*/ngudi cho phong 600 - 1200 chd,

-0.65 - 0.70 m*/ngudi cho phong 16n hon 1200 chd.

Do d6, néu xéac dinh dugce chi tidu thé tich riéng, ta co thé udc lugng chiéu cao
trung binh ctia phan khan phong bang céch l4y chi tidu thé tich riéng chia cho chi
tiéu dién tich riéng.

DPé dam bao cho thoi gian 4m vang khong bi phu thuoc nhiéu vao lugng thinh
gia c6 mat trong phong, ddc biét 1a trong phong hoa nhac; nha hat va phong da
chirc ning, hé sé hut 4m cia ghé ngdi chi nén thay dbi-rét-it-du-cé-hay khéng co
khéan gla Thuc t& cho thiy ghé ¢6 khan gi lu6n hat 4m manh hon ghe trong, do
d6 can cb gang ting lrong hut am cua ghé t6i da.

V& hinh dang mit bang phong, khi chon lua cin luu y sirc chtra hop 1y cua loai
hinh phong, d6 xa tdi da dam bao nhin rd va nghe rd, goc 1éch cho phép trén mat
bang (& ria phong) va trén mat cit (trén ban cong). Chi yéu ciu nhin 13 di yéu
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cau khoang cach xa nhét dén ngudi biéu dién khéng qua 35 m va goc léch xéo
phéi nhé hon'22.5°, quy dinh d6i véi hai twong bén phong ¢6 mit bing ré quat
hodc hinh chudng (Nguyén, 2007):

C6 nhitng hinh dang di dugc kiém chung cho cac chic nang khdc nhau,

nhung khong c6 mot hinh dang tdi wu vé mit 4m hoc (Kuttruff & Mommertz,
2013, p. 257). Diéu nay c6 nghia 1a nguoi thiét ké khong bi go ép vao mot hinh
dang mit bang nao d6 khi sang tac chi vi Iy do 4m hoc. Pdng thoi, viée thiét ké
cac bé mit ngi thit thinh phong va trang tri, bd tri vat lidu c6 tinh quyét dinh déi
vé6i chat lwong Am thanh. ft nhét nhitng bé mit phan xa 4m c6 ich cin dugc quan
tAm va céc bé mit gy tiéng doi kho chiu phai tranh,

Tuy nhién, vi s hop Iy khoa hoc clia b tri ghe va goc quan sat, huéng cuia tia
4m ma c¢6 mdt sd hinh dang c6 vu thé, vi-du mit bang hinh ré quat (hay hinh qua
chudng) hoic hinh biu duc. Pay 14 nhing hinh dang mit bang hop 1y mot cach tu
nhién cho c4c loai hinh biéu dién khac nhau (xem Hinh 4.22).

@ @ |
&@ & @:Z% # p N
g 48 8y D s @5 8
® 3 8 & o® &
Q@@ 72 & Q@ > @ @@
w® - CPoope®

Céac dang mét bang nha hat cd dién

Hinh 4.22. Hién tuong ddm dong tu sdp xép tity theo hinh thire biéu dién
va cdc hinh thitc mdt bang cé dién

Bén trdi 12 biéu dién dang hanh déng hodc déi thoai, khi d6 c4 4m va hinh déu
khéng c6 tinh dinh huéng manh.-Bén phai 1a ddc thoai, hat hodc biéu dién hoa
nhac v6i nhac cu ¢6 tinh dinh huorng manh. C4c mit bang nha hat Hy Lap hay La
Mi cb thucng ¢6 dang hinh r& quat hay oval, va vin duoc duy tri cho dén ngay
" hom nay. Dang mit bang hinh chif nhat va hinh mong ngua 1a nhiing dang mat
bing xut hién sau ndy, hinh thanh tir yéu ciu khiu d6 nho dé co thé lop mai
bang két cAu gb. ‘
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Khi lva chon mit bang thinh phong, dién tich c6 ich ctia phong va khoang
cach trung binh giita khén gia va dién vién 1a rat quan trong. Hinh 4.23 cho thy
céc chi tiéu ndy Gmg véi mot s dang mit bang thuong gip. Khoang cach khan
gia - dién vién trung binh ngén va hé s6 str dung cao khién cho mait bé‘tng loai III
va IV dugce dung rong rai du co bét loi vé tia nhin & hai ria phong va két céu lop
méi. Didu kién nghe o (mirc 4m dam bao) rang budc vi tri thinh gid & xa nhat
nhu sau (Nguyén, 2007): |

- Dbi v6i giang duong, hdi truong khong c6 hé thong dién thanh: 25 m,

- Nha hat vii kich (Opera), nhac thinh phong: 35 m, '

- Céc rap chiéu bong, phong hoa nhac giao huéng: 50 m.

O trén mot khia canh khéc, miit bang hinh ré quat thuong thiéu 4m phan xa
dén tir hai twdong bén dén tai thinh gia nén thudng c6 mirc nang lrgng bén (dic
trung cho tinh khéi 3 chidu cia 4m) khd thap so voi cac dang mat bang khéc
(xem Hinh 4.24). Hién twong nady dd dugc phan anh qna cong thirc thyc nghiém ¢
phin 5.1. Phan ghé ngdi & phia trudc thudng khong c6 &m phén xa nén nghe kho
khan va yéu. Do vy, néu mit bing hinh ré quat duge st dung, tudong bén phai
duge thit ké dic bist & tang cuong dm phan xa tir hai bén den tai nguoi nghe.

, I 1| I | Iv
Fu/Fp (ty s tdng dién tich c6 ich trén tdng dién tich) | 0.63 | 0.55 | 0.64 | 0.67
di/d; (7 sb khoang céch d so véi d; clia trudmg hop ) | 1.00 | 0.83 | 0.78 | 0.79

Hinh 4.23. Céc chi s6 dién tich hitu ich va khodng nhin xa trung binh
ctia mét s6 dang mdt bc%ng -F,ladiéntich co ich, Fy la téng dién tich
- phong theo Fasold & Winkler (1976)
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Hinh 4.24. Phdn b6 ciia phan ning heong bén (LEF) tinh todn
cho mot s6 dang mdit bang. Nhitng méu sam cho biét LEF ¢6 gid tri cao hon
- phong theo Kuttruff (1976)

4.3.2. Dinh hinh hinh dang ph(‘)ng theo nguyén ly 4m hinh hoc

Hinh 4.25. Nguyén ly dm hinh hoc
dé phdt trién cdc hinh dang mdt béng cé lpi vé am hoc

Sau khi so bd xac dinh dwgc khéi tich va hinh dang mat bing, viéc x4c dinh
hinh dang chi tiét ctia mat br?mg,‘ mit cét thinh phong thudng dua trén nguyén ly
am hinh hoc dé thiét ké cac bé mit noi tht thinh phong c6 loi v& mit 4m hoc.
Hinh 4.25 gi6i thiéu phwong phédp 4m hinh hoc trong viée thiét ké cai tién hinh
thirc mjt bang nhim tao truong 4m phan xa ddng déu va giam thiéu cac ving
“tring 4m” (khong ¢6 am phén xa tr fdng bién) hoic cac hién tuong m x4u. C6
thé thay d6i v6i mat bang hinh,chit nhat ving “tring 4m” khé nhé, 4m phan xa tir 2
tudng bén 1a kha tot so voi mat bang hinh ré quat hay hinh qua chudéng. Tuy nhién,
néu ta thiét ké twdmg bén hop 1y, mét bang hinh chuéng lai cho truong 4m phan xa
dong déu tir hai phia. Can chi 'y 1a géc 16ch cho phép dbi vi nhitng tia nhin bén
ria phong (so véi truc sin khéu) khong duoc vuot qui 22.5° trong biéu dién 4m
nhac. Pdi véi phong hinh ré quat hay qua chudng, tiéu chi nay dé thoa mén hon.
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Stadthalle Philharmonie Berlin Rheinhalle Dusseldort
2 before 1978

Wuppertal
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Hinh 4.26. Hinh ddng mat bdng mét s6 thinh phong néi 'tiéng,
Vv&i thé tich va mikc dm tie tuong bién - phong theo Meyer (2009)
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Hinh 4.26 gi6i thi€u hinh thirc mit bing ctia cic thinh phong 4m nhac ndi
tiéng trén thé gi6i, trong d6 c6 phong hoa nhac & Boston va phong hoa nhac
Phiharmonie Berlin (phén t6‘ dam 14 phan san khu). Murc am tix tudng bién (L)
cling dugc cho kém bén canh mot sb mat béng. Loi thé cia mat bﬁng hinh chit
nhit so v6i cac dang con lai c6 thé thiy duge rt r3. Sy xir ly khéo 1éo cuia phong
hoa nhac Berlin gitp né duy tri t6t 4m vang tir twdong bién. Do do6, dd cd nhitng
nha hat khi cai tao, ngudi ta dua né v& mit biang hinh chir nhat (v1 du nha hat
trong Trung tam Lincoln & New York)

Déi v6i hinh dang mat cit phong, cac dién trin san khiu, trin phong khén gia,
nén khén phong déu c6 anh huéng 16n dén chit luong am. D01 vGi phong nghe
am truc tiép, trin co tac dung tao &m phan xa, ting cudng cho am truc tiép, phan
bd am dén cac vi tri khac nhau trong phong.

Trong phong dién thuyet, ch1eu cao tran nén chon vita phai dé lam phén xa cac
4m sém dén tai thinh gia, ting do rd am. Nhitng khu vuc giy tiéng doi nén xi Iy
hut am. Hinh 4.27 gi6i thi¢u 2 bién phap xtr ly trdn khéc nhau, din dén 2 hiéu
qué 4m thanh véi d6 dong déu, do rd khac nhau. Dang tran c6 nép gap va ha din
vé cu01 phong rat co loi cho 4m phan xa va giam thoi gian 4m Vang (do huéng
4m phén xa vé phia thmh gia - von 1a bé mat hat 4m).

Doan trdn phan xa 4m
% L

N
N

NN
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Doan trén phan xa 4m
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" Hinh 4.27. Nghién citu sw phdn xa dm trong phong
" V6i cdc dang trdn nha khdc nhau. Dang trén cong va gay khiic
cho luwong dm phdn xa nhiéu hon - phong theo Pham (2011)
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Pé dam bao 4m phéan xa dén tai ngudi nghe sau 4m tryc tiép khéngv qua 50 ms,
can dam bao quang dudng tia phan xa khong qué dai. Hinh 4.28 gidi thi¢u mot
trong s6 rat nhiéu bién phap nhim gidm quéng dudng di ciia tia phan xa. Déu tién
14 cach str dung tAm phan xa treo trén ngudn 4m. M6t bién phap phd bién khéc 1a
nang cao d6 déc nén ngdi va xi ly hit 4m phu hop. ‘

E A : +12.000m

+8.000 m

R/

Delta T = 26ms®
eDelta T = 50ms,

Hinh 4.28. Bién phap xuv lj} trdn dé gidih qudng duong tia phdn xq, tdﬁg do ro
- phdng theo Gade (2007)
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Hinh 4.29. S dung nguyén Iy dm hinh hoc dé phat jtrié,h cde dang mdt cat doc ¢é lgi
vé dm hoc - ¢6 khd néng tao truong dm khuéch tan va Gm phan xa phén bé déu

|

Hinh 4.29 mi€u t4 qua trinh cai thién hinh dang mit cit doc thinh phong bang
cach tb chirc céc dang trAn nha khac nhau, tir dién 16n dén nho, tir thing dén cong
va luon séng. Dang trin phing thuong rit cao & phia truée d& dam bao chidu cao
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phia sau khan phong, do d6 dé sinh tiéng doi & phén trude. Ngoai ra, néu ngudn
am di dong thi khé dam béo giit cho truong 4m phan bd déu.

Phong hoa nhac - Trung tém nghé thudt
Wei Wu Ying Kaohsiung, Taiwan

Phong ca nhac - Trung tam nghé thudt
Wei Wu Ying Kaohsiung, Taiwan

Trung tdm trinh dién nghé thudt
Kauffman Kansas, Missouri

Phong hoa nhac Kyoto ¥ N L
' Trung tam Kodaly - Phong hoa nhac, Pécs

Hinh 4.30. Mt cdt doc mgt s6 thinh phong trén thé gici (swu tam)
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Dang mat tran luon séng co chiéu cao va dd nghiéng linh hoat, cho trudng dm
phan xa ddng déu trén moi vi tri, c6 kha ning khuéch tan cao do d6 cho chét
luong am t6t nhit. Néu loai trin cong git bac c6 16 dén chiéu san kh4u cén cha
y tranh dé nang luong 4m tdn thét trong 16 dén.

Cac 10a1 trin cong 16m d& gay hoi tu am, tiéu diém am trong phong do d6 nén
tranh. Néu pha1 lam trdn cong 16m thi ban kinh cong khong nén nho hon 2h
(chidu cao tran nha). '

Hinh 4.30 gigi thi¢u dang mdt cit ngang clia mot sb ph(‘)hg hoa nhac va phong
ca nhac - Opera trén thé gii. C6 mot diém d& nhén thiy 1a dbi véi cac phong hoa
nhac, do 4m nghe truc tiép nén khoang céch xa nht dén san'khéu bi giéi han trong
pham vi khoang 35 m, do d6 san khAu thuomg duge bb tri & giitra thinh phong.

Cac nha hat, kich, Opera do c6 thé st dung hé théng dién thanh, nén khoéng
cach cho phép xa hon, san khéu bb tri hin vé mot phia thinh phong, trén sén khiu
cod thlen kidu dé thay d6i phong man hau céanh.

* Xac dinh dp dbc nén

Po dbc nén ngdi c6 anh huéng truc tiép den tlen nghi nh1n rd va chat luorng
4m dén tai thinh gia. Thong thuong, do déc nén duoc lva chon dua trén yén cau
nhin ro 13 yéu cau tbi thidu. D6 nhin 10 da dugc quy dinh trong nguyén 1y thiét ké
kién tric cong trinh cong cong voi nhirng diém chinh nhu sau: khoang cach hang
ghé trudc va sau la d = 0.75 m dén 0.85 m; chiéu cao tia nhin ngudi ng01 sau so
v6i mét ngudi ngdi trude 1a 2 = 12 cmy chidu cao tAm mét ngudi ngdi trén ghé
vao khoang 1.1 dén 1.2 m (Hinh 4.31). ‘ ‘

4
o |

" Hinh 4.31. Céc théng sé chinh frbng thiét ké do déc nén ngoi
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Xét vé chét luong 4m, d déc nén cang cao, &m nghe cang 1 do 4m truc tiép dén
nhiéu hon, cudng ¢ am khéng bi gidm nhiéu khi séng 4m Iuét trén dau khén gia.
Do d6 nang cao dd dbc nén la giai phép cé loi vé mit 4m hoc, tuy nhién di kém
theo do 1a su bt tién cho viée di chuyén cua khan gid. Thay vi nang cao tia nhin,
ngudi ta thudng nang cao ngudn m bang cach nang cao buc san khiu két hop véi
bé tri cac tm phéan xa 4m manh ngay trén dau ngudn 4m (xem Hinh 4. 28). Piém
dang hru y 14 d6 dbc nén s& glam khéi tich phong va theo do glam ca thoi glan am
vang T. Néang cao d6 doc nén ciing 1am tang d6 hit 4m ciia nén nha, 1am giam thoi
gian 4m vang. M6t s6 tac gia dé nghi giéi han @ ddc san ngdi / do ning cao tia
nhin trong phong biéu dién 4m nhac & mtc o/ = 6° / § cm. Trong phong thuyét
giang hay nha hat kich néi, gi trj nay c6 thé 14 8 - 10°/12 — 15 cm (Gade, 2007).

4.3.3. X4c dinh thoi gian 4m vang tdt nhét cho phong

Thoi gian 4m vang c6 vai trd quan trong d6i véi chét lugng 4m, do d6 thiét ké
thinh phong nham dat duge thoi gian 4m vang t6i vu 13 yéu ciu quan trong nhat
v& mit 4m hoc. |

Thoi gian 4m vang t8i wu cho cac loai hinh bidu didn khac nhau, & céc tan sb
khdc nhau da duoc gidi thigu k§ & phan 3.2.1. Can ct cac biéu dd trong Hinh 3.18
hogc cong thirc (3.22), ngudi thiét ké luya chon thoi gian 4m vang t6i wu (cho céc
tin s6 trung tir 500 - 800 Hz) twong tng véi loai hinh bidu didn va thé tich
phong (d xac dinh & phan 4.3.1),

Tiép theo, can cir trén hé sb hiéu chinh thoi gian 4m vang t6i wu theo tin sé (Am
tan sb thap cén thoi gian 4m vang dai hon 4m tin s cao) nhu gi6i thi¢u trong Hinh
3.18, ngudi thiét ké x4c dinh duoc thoi gian Am vang tdi wu cho toan bd dai tin
s6 tir thip dén cao. Thong thudng, ngudi ta chi can xac dinh thoi gian 4m vang
ti uu cho 6 tan s 125, 250, 500, 1000, 2000, va 4000 Hz, dai dién cho 6 dai
octave tan s6 4m thanh. Luu y, am tin sb cao bi hat 4m rit manh boi khong khi,
khén gia va céc‘bé mdt so véi am thn s6 thép, thoi gian Am vang bi giam di dang
ké. Do d6 thoi gian &m vang t6i wu ctia Am tn sb cao trén 2000 Hz nén liy thip
hon so véi &m chudn tir khoang 1.2'dén 1.4 14n (theo kinh nghiém cta tac gia) thi
thiét ké méi théa man duoc. |

Yéu cau doi véi thiét ké am hoc phong thinh gia 1a phai dim bao théi gian 4m
vang thiét ke sai khac khong qua + 10% so v6i thoi gian Am vang t01 wu. Yéu
ciu nay thuong phéi dugc dap tng khi lwong thinh gia trong phong thay dbi tir
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75% dén 100%. Hinh 4.32 bidu dién thoi gian 4m vang t5i uu va o sai léch + 10%
cho phép khi thiét ké. Trén thyc té, thoi gian &m vang thuc cua cong trinh thudng
kho dat hoan toan theo thiét ké.

« /1 Thi gian &m vang toi wy «u N —Thi gian &4 vang khi co
220 7 Ttheo tah s 220 ~ z 50% khan dia
()] o N ' .
C c
© @©
> > _——
c U 1 , < B =
) - Dai saijléch chg pheép + 0% D Thei giah am vang
'E khi tinH toan :é " khi day thinh gia
= 0.0 1 : - F 00
J125 250 500 1000 2000 .4000 125 250 500 1000 2000 4000
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Hinh 4.32. Puong ddc tinh thoi gian dm vang 161 1eu theo tan s6 (trdi) va sw thay déi
thoi gian dm vang tinh todn vmg voi cdc luong thinh.gid khdc nhau (phai)
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" Hinh 4.33. T hoi gian dm vang dbi véi cdie tan s6 trong 2 thinh phong noi tzeng
& Vienna va Berlin khi cé.va khong cd. thinh gid
- phéng theo Beranek (1962) va Cremer (1964)

Do lugng thinh gia co mat trong phong anh hudng 16n ti tng hIorng hut am
cua phong, (cang nhleu thinh g1a luong hat 4m cang tang, thoi gian am vang s€
giam xuong) 1ién thoi gian 4m vang cua thinh phong khi luong thinh gia thay a6i
1a khong gidng nhau. Thuc té d4 cho thiy rét rd diéu nay qua Hinh 4.33. C6 thé
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thdy phong hoa nhac Berlin ¢ chét Iuong thiét ké tot hon rat nhiéu so vdi phong
hoa nhac 16n & Vienna nhd hé théng ghé ngdi hit 4m rat manh, gan tuong duong
ghé c6 thinh gia (Meyer, 2009).

Khi thiét ké cac thinh phong khong c6 yéu cdu cao vé chét lwong 4m ma chi
yéu cau cha yéu vé do o (vi du: giang duong, phong lam viéc), viée tinh todn
cht yéu c6 thé thuc hién véi 3 dai octave 125, 500, va 2000 Hz (14n luot dai dién
cho 4m tan sd thip, tin sb trung va thn sb cao) la dat yéu cu.

4.3.4. Tinh toan tong lwgng hit 4m cin thiét
Phuwong phdp tt’nh todn

Tong luong hut 4m can thiét trong phong dé tao ra thorl gian 4m vang theo yéu
cdu dugc tinh toan dwa vao cOng thirc (3.14) ctia Eyrmg nhu sau:

- 0.1617
~SIn(1-&)+4mV

Trong cong thirc trén, tdng dién tich bé mit phong S, thé tich phong V, thoi
gian 4m vang 7 va hé s6 hut 4m cta khong khi m déu da c6. Do d6 ta s& d& dz"mg'
tinh dugc lugng hut 4m trung binh &. Khi ¢6 a, téng lugng hut 4m 4 can thiétj
s la: | | |

a=as @

Vi gia tri 4 duge xéc dinh, viec lua chon va bo tri vat liéu hat 4m 1én céc be
mit ndi thit da c6 thé thuc hién dugc.

Luuy:

Viéc tinh todn téng lwong hut 4m cin thiét 4 néi trén dugc thuc hién gidng
nhau, lan lugt déi véi timg dai tAn s 125, 250, 500, 1000, 2000, 4000 Hz vi thoi
gian 4m vang céan thiét ké cua cac tin sb nay khéng giéng nhau. |

Téng luong hit 4m 4 khéng chi phy thude vao cac bé miat kién tric ma con
lién quan dén s0 lugng khan gia cd méat trong phong. Do d6:

A=A+ Ay (4-2)‘
trong do:
A.q - lugng hit 4m cb dinh;

Aqq - lwong hiit &m thay d6i do sy dao dong cta lugng khan gia.
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Huwéng din tinh A.q, A;zsau khi di biét tong lrgng hiit Am A: 7

Buéc 1: 4y 13 luong hat Am thay dbi cta khan gia + ghé ngdi. Luwong hit 4m nay thay
d6i theo sb luong khan gia. Lwong hiit 4m nay, theo thdng 1& chung, dugc tinh cho
truomg hop 70% va 100% khan gia c6 mét bang cach 14p bang nhu sau:

Déituwgng | Luwong hiit im | sé | Awciia cdc tin sé khi 70% khdn giG c6 mt

reoa 2 ’
hiit &m (m)  |lwomg| 125 Hz| 250 | 500 | 1000 | 2000 | 4000

Ngudi + ghé| Xem Bang 2.2

Ghé tréng | Xem Bang 2.2

Nhac cdng +

nhac cu Xem Bang 2.2‘ }

Téng cong

Lam tuong ty voi ‘[’ruﬁ),rng hop 100% khan gia cc? mat nhu bang trén, nhung bd bét phin

tinh hat 4m cua ghé trong vi 3 duge kha gia ngoi kin.

Bude 2: Aeqla tbng luong hit 4m cua cac be mat, ciu kién, dd dac, vat trang tri trong

thinh phong va dugc tinh nhur sau: '
| A =A—Au

Acq cling phai dugc tinh lﬁn luot cho ting 6 dai octave noi trén.

4.3.5. Chon va bb tri vt lidu va két ciu hat 4m, phan xa 4m

Sau khi tinh dugc 4,4 cho timg tin s6, ngudi thiét ké can ot vao dién tich cia bé
mét thinh phong dé lya chon va bd tri vat liéu hodc két cAu hat 4m sao cho téng
lwgng hut 4m cb dinh trong phong x4p xi A, bang cach lap bang nhu miu sau:

Dién tich | (HE s6 hiit am) + lwong hit dm ciia timg bé miit
2
(M) | 125 | 250 | 500 | 1000 | 2000 | 4000

Tuomg xAy gach trat vita, 570 (0.2) |(0.25) | (0.3) | (0.27) | (0.18) | (0.14)
son 114 (| 1425 | 171 | 1547 (1026 | 79.8

Tén cau kién + vit liéu

(0.3) | (0.35) | (0.4) | (0.45) | (0.45) | (0.41)

L6i di trai tham day 4 mm| 124 | ,
372 | 434 | 496 | 558 | 558 | 508

Tbng cong lwgng hit 4m ¢6 dinh

176




Luu y viée bd tri vat liéu hay két cdu hut 4m phai dong déu, phéan tan trén cac :
bé mit phong dé tao trudng 4m khuéch tan ddng déu. Sau khi di cé dugc bang
tinh toén vat lidu va két ciu hit 4m nhu trén cin kidm tra va déi chiéu véi lwong
hit 4m yéu cau.

4.3.6. Kiém tra cic didu ki€én 4m hoc theo phwong 4n da chon

Xac dinh thé tich phong | €—— Quy mé khan gia + chire nsing phong

Xéc dinh thoi gian am vang

&- Biéu db kinh nghiém ctia Knudsen va Harris
tdi wu cho cac dai tan sé

Tinh téng lwong hut am . . ) .
cén thiét cho cac dai tan sé <~ Cong thire Sabine, Eyring

Tinh lwong hat am thay ddi Theo s lwong khan gia va luong hut am
khan gia c6 mét 75% - 100% cla tirng khén gid, ghé tréng

Tinh ILPqng hut am ¢ dinh e_ Theo tong lvgrng hut &m va lweng hat am
dbi véi cac tan sb thay déi

>| Chon va bé tri vat lidu hat am ' e
’ OB &— Theo lvgng hat @m cd dinh
cho cac bé mét phong €0 frgng hut am co di

Tinh thoi gian am vang . '
thuwe té dbi v&i cac tin sd Theo Tong lwgng hit am sau khi chon
(75% - 100% khan giad c6 mat) | vat ligu + cong thirc Sabine, Eyring

Kiém tra diéu kién
théi gian &m vang

Sy

Khéng ‘ PR .
dat Dat Két thuc tinh toan

H Béi chiéu véi thoi gian am vang téi wu

Hinh 4.34. Cdc bucc tinh todn va phwong phdp tinh
trong thiét ké ém hoc phong thinh gia theo thoi gian dm vang
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Theo phuong én thiét ké, ngudi thiét ké tinh toan thdi gian 4m vang cia phong
d6i v6i 6 dai tin sb 1 octave dwa vao lugng hut am thuc t& va thé tich phong
(thong qua cdng thirc 3.17 cia Eyring); sau do kiém tra va so sanh véi dai thoi
gian 4m vang cho phép da thiét 14p & phan 4.3.3 (xem Hinh 4.32).

Néu thoi gian 4m vang cac dai tin s clia phuong 4n chon nim trong pham vi
cho phép (+ 10% so v6i thoi gian 4m vang t6i wu), giai phap thiét ké dua ra la dat .
yéu cau va viéc tinh toan am hoc két thic. Trén co so két qua do, viéc trién khai
céc budc thiét ké tibp theo co thé tién hanh.

Néu thoi gian 4m vang cua cac dai tan s khong thoa man diéu kién thoi gian
am vang i wu, viéc tinh toan va bd tri vat lidu hit 4m phai dugc tién hanh lai
tir budc chon va b trf vat lidu hit Am (phan 4.3.5) va tién hanh cho dén khi dat
yéu céu. )

Tém lai, qua cac bude tién hanh nhu trinh bay & trén, viéc thiét ké trang 4m
phong thinh gia theo didu kién thoi gian 4m vang t81 wu 12 khé rd rang va khong
kho, tuy nhién lai hét stre chi tiét va mét thoi gian do khéi lugng tinh toan twong
déi nhiéu. Bé dé hinh duhg, toan bd cac budc va cach thirc cua qué trinh tinh
toan thiét ké noi trén co thé dugc tom tit qua so dd trong Hinh 4.34.

4.4. MOT Vi DU TINH TOAN AM HOC THINH PHONG THEO PHUONG
PHAP THOI GIAN AM VANG

Trong vi du ndy, ching t6i gisi thiéu mét giai phap thiét ké thue té cho mot
thinh phong Studio gameshow- truyén hinh 850 chd, dién tich 1000 m?, khéi tich
khoang 6400 m’. Thinh phong nay ndm trén tang 3 clia mot cong trinh thuong
mai, do d6 cac bé mit trong thinh phong ¢6 y€u cau hut 4m va con phai cdch 4m
tdt, do d6, bé mat trong phong cua céc két chu 1a vat liéu hat am, tiép dén 1a céc
16p chdng lan truyén 4m, rdi ma&i dén két cau cing ciia-cong trinh. |

Viéc thiét ké 4m hoc van dua trén phurong phap thoi gian dm vang. Viéc tinh
toan trong céac budc 1, 2, 3, va 4 dd dugc thue hién va trong vi du nay chi trinh
bay cac két qua & bude 5 va giai phap thiét ké cu thé. Giai phap vat liéu dugc
trinh bay trong Hinh 4.35. Két qua cho thiy thdi gian 4m vang thiét ké dat duoc
kha tét so vé6i thoi gian am vang tdi wu (& tin s6 500 Hz 14 0.6 s), dbng thoi thoi
gian 4m vang & tAn s6 125 Hz duoc ning 1én va & 4000 Hz dwoc gidm bat.
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£ 84 phin

- Chiing logl V8t Béu
BER o 75 tn thach canthuimg - - 000 021 2100 010 1000 .06 6£0.0 004 400 007 700 009 90.0
n Gng hit 3m MT320K - Soundbox 509 046 2341 064 3258 075 3818 0.82 4174 083 4225 0.86 437.7
“ Ciic bl mit trat viza; son 518 002 104 002 104 003 i55° 003 155 003 155 004 207
Tdm tudng hat 4 bong si thiy
n Tuomg - tinh boc val b5 CM30- Soundbex 489 025 1224 070 3426 089. 4356 085 4161 086 4210 085 416.1
“ Vach kinh, cifas6 kinh 171 035 '59.9 025 428 015 257 042 205 007 120 004 6.8
n Clra di g& tdm 2 015 33 020 22 006 13 008 18 010 22 005 11
“ Tham tréi sin 932° 003 1212 022 2050 033 3076 046 4287 059 5499 053 4940
u sad Hit m cla khan gid va ghé tréng 672 022 1478 036 2419 037 2486 040 2688 042 2822 045 3024
n ' GhE tréing 168 002 34 002 .34 003 S50. 004 67 - 005 84 . 0065 101
Lugng hat dm do khdng khi (4mv} / / / / 58.52 167.68
' 3Sa 912.370 1274.016 1481173 1615.484 1783638 1778.879
m Hé 56 hit 3m trung binh a 0.204 0.284 0.331 0.361 0.398 0.397
m ~1{l-q 0.228 0.335' 0.401 0.447 0.508 0.506
Thot gian &m vang T {vi 80% thinh gid) 1.01 0.69 0.57 0.51 " o044 0.42
N 1
6.50
6.00 ot
5.50 o= >
. 'I' \‘
5.00 - DY
= 4.50 e” >
- - Y
> e’ | J
«o 4.00 — S
o Pl ~u
2 3.50 - o=
o)} - e
c 3.00 P - - ~
g 2.50 .
£ 2.00
‘g 1.50 e
NE. N
Kol 1.00 v A =
.g’ 0.50 =
2 0.00 e e e+ e e e L e S S
= 125 : 250 : 500 1000 . 2000 4000
~~®==-Trudc trang &m 252 400 5.44 ;. 6.18 422 ;280
—#r— Sautrang dm 1.36 1.05 : 0.94 0.94 : 0.85 : 0.76

—x—B80%khangia 101 . 060 . 057 051 044 . 042

Mat baing bé tri éng trang 4m - Tang 2

Hinh 4.35. Gidi phdp vat liéu va bdng tinh luwong it am, thoi gian dm vang
| | ‘ Nguén: AND Co. Ltd
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z s 2 Tile finishing (San hoan thign)
- Total Rocicwool (Tam‘hut am) (1200x600x50): 1000m ) Concrete (Bé tong) (60mm)
- Total G50D {Gach chéng rung) (150x150x50): 2850 items (cai) Plywood (Van ép) (15mm)
- Total Rockwool {Tam huat am) (1200)(6020)(50): 1000m? G50D (Gach chéng rung) (150x150x50)
- Total Plywood (Vdn ép) 15mm: 1000 m Rockwool (TAm hul am) (1200x600x50)

Ground (San bé tong)

Rockwool (Tam hit am) (1200x600x50) P1OO Mesh (Luﬁi <4t a8 ba tong)
GS50D (Gach chéng rung) (150x150x50) -

t
3]
—

50

600
-~

>

Ground (Mt bang) Section (Mat cat) A-A

Ground Detail (Chi tiét san)

Floor (San bé tong)

: 600 600 600 600
Beam (Dam bé téng) .

G50T (Gidm chén cho trin) (100x50x50) Z 7 //d/ iz 9/’ 2 ./ %
Rockwool 2 layers {T4m hat &m) (1200x600x50) x 2 16p T )

&
M
: =]
Keel (Khung xuong sét) 2
G board (Van ép) (Day 12mm) =y
F100 {Cao su céch am) (day 2.0mm) kit
G board (Van ép) (day 12mm} =
Air (khong khf) (100mm) : ¥
Rockwool 2 layers (Tém hat &m) (1200x600x50) x 2 lop
Keel (Khung xuong sét) 7 - 50'129 "
Gypsumboard (V&n ép) (day 12mm) :

F100 (Cao su cach am) (day 2.0mm)
Gypsumboard (Van ép) (day 12mm) ———l - Total G50T (Gidm chan cho trdn) (100x50x50): 2850 m?

MT320K (Ong trang m) (320x1000) . - Total Rockwool 4 layers (T&m hat am) (1200x600x50) x 4 16p: 4000 m?
- Total keel 2 layers (Khung xwong sit): 3420 m

. - Total Gypsumboard 4 layers (Van ép) (day 12 mm). 4000 m? 5

Ceiling Detail (Chi tiét trén} - Total Gypsumboard 2 layers (Van ép) (day 0.2 mm): 2000 m'

- Total MT320K (Ong trang 4m) (320x1000): 510 items (cai)

1450

Beam (Cét bé t6ng) (1200x700)

Qtgde (ngoai trévi

N\

1200

700 1009 1000

Light Bricks (Turng xay béng gach nhe (600x200x200)
Air (Khdng khi) (50 mm)

Rockwool 2 layers (T4m hat 4m) (1200x600x50) x 2 1&p

Keel (Khung xuong sét)

Light Bricks (Twdng xdy bing gach nhe) (600x200%200)
Waoden Frame For CM30 (Khung xuong g8) (20x20)

CM30 (Tém hoan thién) (600x1200)

G50D (Gach chdng rung) (150x150x50)

G50Q (Giam chdn cho twang) (110x50x50)

- Total Light Bricks 2 layers {Tuong xay béng gach nhe) (600x200x200); 2090 m2
- Total Rockwool 2 layers (Tam hat 8m) (1200x600x50) x 2 16p: 2090 m

- Total Rockwool 2 layers (TAm hit am) (1200x600x50) x 2 |op: 2090 m2

- Total keel (Khung xuong sét) 871 m

- Tolal CM30 (Tam hoan thién) (600x1200): 1452 items (tdm)
- Tolal G50Q (Giam chén cho tudng) (110x50x50): 690 items (cai)

- Total G50D (Gach chéng rung} (150x150x50): 1546 items {cai}

Wall Detail {Chi tiét tuwomg bao)

Hinh 4.36. Cdc chi tiét gia cong am hoc phong
Nguén: AND Co. Ltd
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4.5. CAU HOI VA BAI TAP CHUONG 4

Cau héi trong tim:

1. Néu trinh tu cac budc thiét ké 4m hoc phong thinh gia theo diéu kién thoi
gian 4m vang.

2. Céc chi tiéu 4m hoc can xem xét trong qud trinh thiét ké 4m hoc phong 1a gi?

3. Néu va md ta vén tit 4 phuong phap co ban dung dé thiét ké 4m hoc phong
thinh gia.

4. Phan biét sy khac nhau gitta cdu tao san khiu cho ca hat ding hé thng dién
thanh va san khéu dung cho hoa nhac nghe truc tiép.

5. Néu nhitng diém lwu y khi thiét k& hd nhac duéi san khiu.

6. Cac gidi phap thiét ké tudng hau va chéng hién twong déi 4m ciing nhu
ning cao chét lugng 4m tai khu vyc khan gia.

Bai tap on:

Nhiém vu: Thiét k& am hoc mot gidng duong hinh hdp chit nhat ¢6 stitc chira
120 ngudi, gia thiét ring chidu cao phong bi gidi han & mic 2.7 m.

Go’i y: Trong vi du nay, chtng tdi gidi thi¢u mot truong hop tinh toan don gian
cho mét thinh phong néi chuyén, khong cé yéu cdu cao vé chit lugng dm. Do d6
chung t6i chi thyc hién tinh toan trén 3 dai octave chinh la 125 Hz, 500 Hz, va
2000 Hz. Trong trudng hop yéu cdu cao vé& chét lugng 4m (lién quan dén am
nhac), céc octave 250 Hz, 1000 Hz, va 4000 Hz ciing phai dugc tinh dly du.
Chiing t6i cling gia dinh mot trudng hop tinh khi 2/3 s8 lugng thinh gia c6 mjt dé
giam bot kh01 lwgng tinh toan va lam vi du d& hiéu hon.

Gidi quyét (Szokolay, 2008) Tra Bang 4.3, chung ta chon ch1 tiéu thé tich
riéng cho giang dudng 1a 4.5 m*/ngudi. Nhu vay tong thé tich cua giang duong
pha1 1a: 4.5 x 120 = 540 m>. Vi chidu cao gi6i han 1a 2.7 m, dién tich phong s&

1a: 540/2.7 = 200 m’. Dé tién ra vao, dién tich phong dugc chon ting 1én mot
chut 1 240 m*

Chon kich thudc phong la 20 m x 12 m, nhu vay thé tich thuc cia phong la v
240 x 2.7 = 648 m’.

Bing cach tra biéu dd trong Hinh 3.18, chiing ta c6 thé nhén thiy thoi gian
4m vang t6i wu tan s6 500 Hz cho thinh phong khong cé loa dién 14 0.8 s. Do
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day 1a thinh phong dung cho néi chuyén, do d6 khong cin diéu chinh thot gian
4m vang t6i.uu vé6i cac tan s thip. Do d6, thoi gian 4m vang cﬁn‘thiét cho moi

tin s612 0.8 s.

Hinh 4.37. M6 hinh gidng dwong véi 2 cira ra vao 6 phia sau

Tinh tdng lrong hit &m A cén thiét cho céc tAn sb béng cong thirc Sabine:

A

0.16V _ 0.16%648

T

=129.6 m*

4.3)

D4 tinh toan lwong hut 4m thay déi va lugng hut 4m c¢d dinh, ching t0i gia
dinh ring giang dudmg ndy s& c¢6 kKhoang 2/3 s6 thinh gid c6 mat (80 ngudi).
Chon so bd tudng gach trat vita va son, trdn vita xi mang, san vinyl; ctra boc van
méng, Can ct dit liéu hé sé hut am & Bang 2.2 va Phu luc A, mét bang tinh tong
lugng hut &m dugc 1ap ra nhu sau:

2000 Hy
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125 Hy 500 Hz
Thanh phin Iu;ig H'e;zw lzfi:r g;’:ng Hiw hﬁf ngA ‘Héasa hfi;r g:ng

Nguoi + ghé 80 |0.158| 12.64 | 0.4 32 |0436| 34.88
Ghétbng 40 (0075 3 |0149| 596 0.177| 78
Khong khi 648 m’* | - - > 01007 /1| 14 4.54
Tudng trét, son 168m?>| 0.02 | 336 |0.02| 33671004 | 672
Cira l248m?| 03 | 142 |01 | 048 | 01| 048
Trinvitaximang |240m’ | 02 | 48 0.1 24 0.04 9.6
San vinyl 240 m* | 0.05 12 0.05 12 0.1 24
| Trir phén ghé che ldp 20%| 24 |-40%| -4.8 |-60%| -14.4
Téng cong 78.04 73.00 72.90




Boi vi téng lugng hut 4m cén thiét 1a 129.6 m2, do d6 phuong 4n vit liéu néi
trén khong thoa méan va cin cai tién theo huéng néng cao lugng hat 4m; va viée
cdi thién nay la kha giéng nhau & ¢4 3 tin sd. Céc cai tién thuc hién nhu sau:

- Tudng héu cua gidng dudng nén 1a tudng hut 4m dé tranh tiéng doi, do d6 cé
thé thay twong gach bing mot vét liéu hit 4m 1a cc tAm dam g8 ép. Dién tich
tuong hau 1a 32.4 m?, trir b6t hai cira di 4.8 m%; |

- Cai thién tiép theo ¢6 thé 14 trai thim trén nén bé tong dé ting luong hut Am
ctia nén.

Héso a 4 Hé sé o 4 Héso a p
125 H7 500 Hy 2000 Hz
Tam dim gd ép [27.6m*| 0.15 0.6 0.6
Trir twomg gach - ~0.02 -0.02 —0.04
0.13 |3.59| 058 | 1601 | 056 | 1546
Tham traisan | 240m? | 0.1 24 | 025 60 0.33
Trir phan ghé 20% | 4.8 | 40% | -24 60% | —48
Trir A cta san Vinyl -9.6 =72 -9.6
Tong cong cii 78.04 73.00 72.90
Tong cong méi 91.23 117.81 110.76

Nhitng diéu chinh né6i trén ¢ hiéu qua nhiéu & céc octave 500 Hz va 2000 Hz,
nén tong lugng hit 4m hién c6 hoi thiéu can bang. Mét vai cai tién vé giai phap
vt liéu cin duoc thuc hién nham can bang lwong hit 4m gifta cAc tan sb va nang
cao lugng hiit am hon nira; Cac cai tién/lan thi hai thuc hién nhu sau:

- Mot phan trdn nha duoc thay thé boi cac tAim hut &m bang gidy bia cing cé
hé sb hit 4m § tn s8 125 1z kha 16n, gitip c4n bing tdng lwong hit am gitra cac
tan sd;

- Gidi phép cudi cling 14 treo mot sd rém vai trén cac birc tuong, gitp ning cao
luong hit 4m & tan s 2000 Hz.
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Héso a A Héso a 4 Héso a y
125 Hz 500 Hz 2000 Hy
Tém trdn cémg | 50m* | 09 0.25 0.1
Trir trdn trat vita -0.2 -0.1 —0.04
Cong 0.7 35 | 015 | 75 0.06 3
Rém twdng, thwea | 32m’* | 0.05 0.15 | 0.5
Trir tudng ban dau -0.02 - =0.02 - -0.04
Cong 0.03 | 0.96 0.13 4.16 046 |17.72
Téng cong ci 9123 | 117.81 110.76
Téng chng méi 12719 | 129.47 127.48
Kiém tra thoi gian 4m vang |
T=0.16V/4=103.68/ A 081s 080s ]~ |0BLs

Nhu vay sau 2 lan cai tién vat lidu, thoi gian &m vang thiét ké da xp xi thoi
gian Am vang t8i wu, giai phép thibt ké 4m hoc nhu vay da dat yéu cau.
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Chuong 5

CAC PHUONG PHAP MO HINH HOA
AM HOQC THINH PHONG

TOM TAT NOI DUNG CHINH

Phén 16n ndi dung ciia chuong du’dc ching (61 tdp trung mo td
phuwong phdp mé phong dm hoc trén mdy tinh va hedng dan thuc hién
phuong phdp nay. Ddy 1a phong phdp déng tin cdy, it tén thoi gian va
dé thiec hién, nén duoc dp dung réng rai nhét hién nay. Mot phd‘n chung
161 gioi thiéu nguyén ly ldp trinh ctia cdc phdn mém dm hoc phong kin .
véi muc dich dé ban doc tham khdo sdu. Quan trong hon ban doc cdn
ném ky va thuc hanh duoc trinh ty thuc hién mét mé phong dm hoc trén
mady tinh. Trinh tw nay vé co ban khéng cd nhiéu khdc biét giita cdc phan
mém. Chiing t6i khuyén nghi ddy la phirong phdp chinh sir dung khi thiét
ké am hoc phdng. :

Ban doc cdn biét thém ky thudt tao am thanh gia lgp bdng phdan mém
mé phong. Ky thudt nay gip trinh dién két qua tinh todn va mé hinh héa
duci dang tin hiéu dm thanh 2 kénh (irdi - phdi) nghe dwoc bing loa
hodic headphone. Céc chii dau tw khéng c¢é chuyén mén vé am hoc rét wa
thich nhitng két qud cu thé sinh dong nhu vay. o

Cudi ciing, phwong phdp dyng mé hinh Ia phwong phdp ton kém, phikc
tap va rat khé dé “bit chude ™ déic d@iém am hoc cong trinh thdt. Phuong
phdp nay chi nén dp dung déi véi cdc thinh phong dic biét quan trong.

Dis dp dung phuong phdp mé hinh hda nao, kién thitc co ban va kinh
nghiém ciia nguci thuc hién la yéu t6 quyét dinh dén su thanh cong cua
két qud mé hinh héa. Néu két qua nay diroc kiém tra chéo véi két qua cua
cdc phwong phdp khdc thi sé t6t hon.
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5.1. TINH TOAN CAC CHi SO CHAT LUQONG AM BANG CAC MO HINH
THU'C NGHIEM

Pén nhitng nam 1980, c4c chi s6 chét lugng am hau hét da duoc dinh nghia.
Trong s6 d6, gin nhu chi c6 thoi gian 4m vang T la c6 thé du doan duoc trude
khi cong trinh'idbuqc x4y nén. Do ‘dé, cac nha vat Iy da ¢d ging xdy dung cic
phwong phap du doan ching. Ngudi ta nhén ra rang néu két hop cac dir li€u 4m
hoc véi cc thong s6 k¥ thust cia thinh phong thi c6 thé dua ra nhitng nguyén tic
kinh nghiém dé uéc chimg cac chi s6 chit luong 4m. |

Qua khao sat hon 50 thinh phong, Gade (1996) ding phan tich hdi quy nhidu
bién dé dua ra cac méi quan he nhu trong Bang 5.1.

Bang 5.1. M01 quan hé hinh dang, kich thuéc phong
dén céc chi sé chit lrgng Am - rit ra tir hdi quy da bién
cilia hon 50 thinh phéng (Gade, 1996)

. £ Al : . Hé Sé 0 . . £

Chi 55 chitt " M hinh héi quy da bién fiwong | 70 591 |50 50

lwong dm _ ’ : -\ khdc |chudn
v quan R

01+Cop | 0.76 | 58 |1.0dB

~1.4+.0.95Cy, + 0.47TW/H + 0. 031[do déc san] 083 | 68 [0.9dB

C(dB) |12+ 1.03Ce, +043W/H+0.013
‘ [gbc cua tudng]*

1=1.77 + 1.10C,yp, + 0.055W + 0.027 .
[goc s.khéu-trén] :

084 | 70 |0.9dB

086 | 74 10.8dB

=2.0+0.94G,, - : 0.91 83. 10.9dB

G (dB) 3 ‘
7 25.6141.06G.; + 0.17V/n+0.04d | 094 | 89 |09dB
AG (10m) |~1.85 +0.42k | | 050.] 25 |07dB
@B)  [_1.41 +0.35k - 3.93 acEw) 055 | 31 |0.6dB
1039 - 0.0061 [d6 rong]** - | 070 | 49 | 0.05

LEF 1037 -0.0051 [d0 rong] — 0.00069

0.72 53 | 0.05
[goc cua tuorng] ‘

* Géc ¢ cua tuong = goc gma 2 twong bién

** Do rong ngay tai diém khdo sdt (khdc voi dé réng trung binh W)
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trong do:
H - dd cao phong trung binh;
W - d rong trung binh;
V - thé tich phong;
n - s ghé;
k - s6 tAng balcony;
d - khoang céch, C,, va G.,,, tinh theo cong thirc (3.31) va (3.24).

Khi str dung phuong phép nay, cdng trinh cé thé chua duoc xay dung, thoi
giari 4m vang do d6 c6 thé tinh bang cbng thirc cuia Sabine hay Eyring. Ba cot
bén phai ctia Bang 5.1 cung cdp cac thong tin cho biét mirc @b chinh xac cla cac
cong thirc so véi dit liéu do dac thue té. Khi so sanh % sai khac ciia cac md hinh
trén, ngudi ta thiy ring gia thuyét truong 4m khuéch tan 1a nguyén nhén co ban
cla sy sai khac. Didu nay déng nghia vai viéc thé tich phong va tdng luong hit
4m trong phong 1a nhitng yéu t6 quan trong nhét anh huong dén C va G. Tuy
nhién, cac tham sb khac cua phong nhu dé cdp & trén c6 thé tdng d0 chinh xac
cta céc md hinh déng ké.

5.2. Thiét ké trang Am phong thinh gia bzllng' mo ph6ng trén may tinh

Phuong phép thiét ké am hoc phong dya trén thoi gian &m vang ¢6 nhiéu han
ché do duya trén gi3 thuyét truong 4m khuéch tén hoan toan. Trén thyc té truong
am trong phong kh6ng thé dat duoc mirc do khuéch tan nhu vy, do d6 phuong
phép “thoi gian 4m vang” thudng cho két qua khong chinh x4ac. Mt khéc trén
thuc té, thoi gian Am vang tai cdc vi trf khac nhau trong phong la khong gidng
nhau, nhung phwong phép tinh thoi gian 4m vang c6 dién chi cho mot giatri T
duy nhét tai moi vi tri. Do d6 cac phuong phap tiép cin méi da duoc phét trién,
trong d6 c¢6 phuong phép thiét ké am hoc dua trén m6 hinh hoa trén may tinh.

M5 hinh mdy tinh cho &m thanh trong phong da dugc dé xuét 1an dau tién vao
nam 1962 Schroeder va cong sw va sau d6 dugc hién thuc hoa béi Krokstad et al.
(Krokstad, et al., 1968) nam 1968 va Schroeder (Schroeder, 1973) vao ndm 1973.
Mic du cac thi nghi¢m mo hinh 4m hoc thu nhé van con 1a mét cong cu manh mé
cho dén ngay nay nhung md phéng may tinh dang ngay cang chiém mét vi tri
quan trong trong thuc tién thiét ké. Phin mém thwong mai tré nén than thién hon,
chinh xac hon va khong kém phan quan trong 12 chi phi ré hon cdc m6 hinh 4m
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hoc thu nhé. Ngay khi khong gian kién truc duoc chuyén thainh mdt mé hinh 3D
trén may tinh va dit li€u vé tuong, vi tri nguén va vi tri may thu dugc xac dinh,
viéc truyén am thanh trong phong c6 thé duoc md phong kha nhanh va sira dbi c6
thé dugc thuc hién dé ding ma khong can nd luc nhidu. Ngiy nay mot s6 géi
phin mém thuong mai dang duge st dung thudng xuyén boi céc chuyén gia dm
thanh cling nhu cdc nha nghién ciru trén toan thé gi6i nhu ODEON, CATT,
Autodesk Ecotect, AcouSTO, QPBT, EASE.. |

Cac mod hinh 4m hoc trén mdy tinh cé kha ndng nhin biét va xir Iy céc hinh
khéi hinh hoc 3 chiéu va sy phan bd thuc té cua vat liéu hat 4m, tan 4m trong
phong ciing nhu vi tri thuc chia ngudn 4m va vi tri ngudi nghe. Két qua md phong
tinh toan cua may tinh cho ra nhiéu thong s chit lugng 4m cin thiét ciing nhu
tao ra céc file am thanh ‘md phong’ (auralization) dung cho danh gia chu quan.

So v6i phuong phap thiét ké “dua trén thoi gian 4m vang”, phudng phap mod
phong 4m hoc trén may tinh thuong don gian hon, thén thién, truc quan va dé st
dung hon va dic biét giam thiéu khéi lrong tinh todn, gitip ngudi thiét ké tiét
kiém nhiéu thoi gian. Nhin chung cac phin mém am hoc phai c¢6 do chinh xac
chap nhan duoc va gln sat voi thuc té, véi sai s6 khéng qua 30%. Déc biét, cac
phin mém mo phéng 4m phdng pha1 du doan dugc céac thong s& am hoc quan
trong cho viéc thiét ké Am thanh. - '

Mb phong am hoc trén may tinh rat hiru ich khong chi cho viée thiét ke cac
phong hoa nhac, nha hat, ma con cho céc khong gian 16n nhu nha may, Van
phong dang ma, sén trong, cac nha ga d4u mdi giao théng, noi ma ca dir dodn 4m
vang, do rd cAu va sy phan bd tiéng dn d&u can quan tdm. Bén canh d6, ching c6
thé dugc sir dung trong 4m hoc khao c6 dé tai tao méi truong 4m thanh &o cta
cac cong trinh c¢b nhu nha hat La M4 (Rmdel et al., 2006). -

Trong viéc mo6 phong tinh toan su lan truyén am trongphong, nhidu phudng
phép d3 dugc phat trién va c6 nhitng thg dung trong nhitng diéu kién khéc nhau.
Hinh 5.1 gi6i thiéu hé théng phan loai eae phuong phép tinh todn va mo phong
qué trinh truyén am trong phong, trong d6 c6 nhom phuong phép dwa vao ly
thuyét séng, 1y thuyét Am hinh hoc va cac phuong phap nhén tao khac. Phan tiép
theo s€ gidi thiéu so bd cac phuorng phép thudng duge st dung trong md phong
truyén am trén may tinh. Chi tiét vé cac phuong phéap nay c6 thé tim thiy trong
tai licu (Vorlander 2008). ‘ ‘

190



l

Thuat toan da trén ~ Thuat todn da trén Cac phurong phap
Iy thuyét séng nguyén-ly am hinh hoc: = 'nhan tao'khac
Am vang
l | thong ké
Phuong phap | | Phuong phap | | Phrong phap || Phwong phap -
phan ti gidi tich ngdu nhién “xac dinh | Boéloc
1 T dé quy
o . Feedback
5t o Nguon L_{  delay
FEM BEM FDM Do tia chum tia anh otworks

Hinh 5.1. Phdn loai cdc phuong phdp thieong dung trong tinh todn truyén dm
trong phong - phong theo Vorldnder (2008) - FEM: phwong phdp phan tir hitu han,
BEM: phwong phdp phén tir bién

Céac phan mém 4m hoc don gian nhét st dung dm vang thong ké dé tinh toan
céc thong sb chét lugng am. Cac chwong trinh mé phong 4m hoc truyén théng
cao cip hon duoc dua trén nguyén Iy 4m hinh hoc (xem 4.3.2). Trong 4m hinh
hoc, nhiing dic tinh cia truong am thanh dugc don gidn héa thanh nang lugng
adm, thoi gian lan truyén va huong cia tia &m. Cach tiép cdn ndy s€ chinh xac
chirng ndo kich thudc ctia cin phong 16n hon nhiéu 14n so véi bude séng 4m va
dai tin s6 rong duoc xem xét. Cach md phong nay co do chinh xac chép nhan
dugce trong cac thinh phong 16n va tdn sé 4m 16n hon m6t ngudng nhit dinh.

Hai k¥ thudt chinh dua trén nguyén ly &m hoc hinh hoc phai dugc phén biét:
"dd tia" va "anh ngudn". Hai k¥ thuét nay thé hién céc cach tiép can vat ly khac
nhau. D¢ hiéu r5 hon cin phai nhin manh diéu nay, vi thuat toan do tim tia sang
c6 thé duoc sir dung dé tinh toan va xit Iy cac ngudn anh. Sy khac biét chinh gilra
k¥ thudt do tia va anh nguén am la cach thuit toan cua phé"m mém nhén biét ndng
lwong 4m va cach mé phong nang lwong 4m lan truyén (xem Bang 5.2).

Bang 5.2. Sy khéc nhau gifra thuit toan do tia va anh ngudn

Thudt todn Loai Ning lu'g’ng; lan t{'uyen B¢ phfm nhdn biét
’ [ theo khodng cdch ndng lwong
Dotia | NgAunhién| Ngiu nhién bing cich dém Céc thé tich
Anhngudn| Xacdinh | Xéc dinh béi khoang cach Céc diém
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Géan day, cac nha nghién ctru dang tap trung vao viéc phat trién cac cong cu
md phong dua trén ly thuyét séng, c6 tinh phirc tap cao hon va doi héi tai nguyén
manh hon rat nhiéu, nhung mo phong ding ban chét cia cac hién tugng 4m hoc.

5.2.1. Phwong phap 4m vang théng ké

Cach tiép cin nay khong quan tim dén hinh déng phong, su phan bd vit liéu
am hoc trong phong, vi tri ngudn am, dau thu... Theo nguyén ly 4m vang théng
ké, gia thuyét cho ring truong 4m trong phbng 13 truong 4m khuéch tan déu, sur
phan b vat liéu am hoc 1a ddng déu. Do d6, cac thong sb chét lwong am tinh
toan béi phuong phap nay khong phu thudce vao vi tri do trong phong. Dya trén
céc thong sd don gian cua thinh phong (thé tich, chiéu cao, dién tich) va cac hé
s6 hit Am ciia cac bé mit, mot chuong trinh méy tinh dé dang tinh dugc thoi gian
4m vang - chi s6 4m hoc quan trong nhéit - cta thinh phong theo cong thic ciia
Sabin, Eyring hay cac cong thirc v& sau. Viéc tinh toan thoi gian gidm a4m sém
EDT ciing c6 thé thuc hién dwoc véi cach tiép cén nay.

Hinh 5.2 gidi thiéu thoi gian 4m vang tinh toan cho cac tan sb trong mot thinh
phong bing phuong phap 4m vang théng ké trén phan mém Autodesk Ecotect”.
Nhin chung, két qua so bo nay thudng khong chinh x4c, nhung cling gitp ngudi
thiét k& hinh dung dwoc phin nao giai phap trang am da hop ly hay chua trudgc .
khi md phong séu hon.

ms Statistical Reverberation Time v ) ) - Main Hall

100H e
Sabine i Norris-Eyring Millington-Sette 2 10kHz

Hinh 5.2. Thoi gian dm vang T tinh theo cdc cong thike. cua Sabine, Eyring
va Millington, tinh todn bang phan mém Ecotect cho mot thinh phong
Thong thuong, mot kho dir liéu cac loai vat liéu tudng tran, nén cung vdi céc
thoéng sb ky thuat vé 4m thanh cia ching duoc tich hop sin trong phin mém,
gitip nguoi dung tu lua chon vat liéu d& dang. Ngudi dung phai con duge phép
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nhép dir liéu truc tiép tlr sich hay két qua do dac. B&i vi hiu hét cac hé sb tan xa
can thiét khong c6 sin trong sach gido khoa mdt churong trinh may tinh nén phin
mém cén cho phép cac gia tri trén dugc gan theo quy tic cta kinh nghiém.

Mot tdp hop céc dai thoi gian 4m vang tdi wu theo tan sb phai ¢6 sén dé nhép
vao chuong trinh mé phéng dé cac mé hinh 4m hoc phong, thdi gian 4m vang
RT60 tinh toén (hodc thue té do duoc) c6 thé duge so sanh véi cac gia tri toi uu.
Chuong trinh sau do sé chi ra (cho mdi dai tin s da chon) thoi gian 44 tinh toan
(hodc da do) so v6i thoi gian RT60 tbi uu va liét ké sé lvong vuot qua hodc thiéu
RT60 14n cho mdi tn sb so véi cac gia tri muc tiéu c6 ndm trong trong pham vi
dung sai hay khong.

Egirr) Ravesberation {Stardud Tolmance) s p—
25042
: . 2284,
1684 |
Nt - ] | 806 Hz 138]°
< : woaH 138)
. Lad |12 1331
‘ Qe o 137)
- [T2000H: 142
. 083n - )y 138
150 H3 1.3
‘ ‘ 0561 =40 Hy 12l
| 50 Hy 128
0284 I e300 H3 13
ool CB000H 1.23]5
B2 125 20 500 1000 2000 000 8000 16000 m
T Hz oS ek

Hinh 5.3. Thoi gian dm vang tinh todn so véi dung sai cho phép
va thoi gian ém vang t6i wu - phdng theo Ballou (2013)

5.2.2. Phwong phép do tia (ray tracing method)

M©é hinh hoa tia Gm va nang lwgng am:

Trong phwong phap nay, dic trung va pha dao dong cta séng 4m thudng duge
bd qua va ning lugng am dugc tinh gin dung. Phuong phép do tia coi séng 4m 1a
cac hat (particle) dwoc phét ra tir nguén 4m theo cac huéng. Céc “hat 4m” nay di
chuyén trong phong va méit nang luong tai mdi 1an phan xa tuong tmg véi hé sb hut
4m cua bé mat phan xa. Su phan xa tai cac bé mat mot phﬁn tuén theo quy ludt 4m
hinh hoc va dugc goi 1a phan xa guong (specular reflection) (Rindel, 2000). Déi véi
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cac bé mit tan xa Am, hudéng cla tia phan xa phu thudc vao hé sb tan xa (scatter
coefficient) ciia bé mit (do ngudi thiét ké gan cho bé mit d6) - xem Hinh 5.4. Hé s0
tan xa &m clia c4c bé mit khac nhau c¢6 thé tim thay trong tiéu chudn ISO-17497-1.

Hé sotanxqg =0 Hé so tanxa = 0.2 Hé sotanxa =1

Hinh 5.4. M6 hinh héa sw tdn xa dm cua cdc bé mdt théng qua hé soé tan xq

Sb lwong tia &m theo phuong phap nay co thé 1én dén hang triéu (phu thudc vao
dd phire tap cuia phong). Tia am dugc coi la t4t néu ning luvong cia n6 giam xudng
thép hon mot mirc nhit dinh (thudng duge xac dinh boi thoi gian 4m vang).

Bing cac diu thu am (detectors), ning Iwong cua hat 4m (particle) va thoi gian
-~ trbi qua ké tir khi 4m phat ra tir ngudn dugc ghi lai trong phan mém. S6 tin hiéu
duogc ghi lai boi d4u thu 4m cho biét ning lugng 4m nhan dugce tai vi tri dit dau
thu (xem Hinh 5.5).

Lich st tin hiéu thu dwoc tai ddu thu

é lt|.t o ole%|e sle lo |6%| |e sle’sle |sele [ls. /]
e e
Thoi gian ;

Hinh 5.5. Nguyén ly cia kj thudt do tia va cach thu tl'n_rhi‘,‘éit am thanh
' tai vi tri ddu thu - phong theo Vorldnder (2008)

Mo hinh héa nguon dm: ”
Céc ngudn 4m dugc dic trung boi nang lugng dm va huéng ciua ngudn dm. Ca
hai déu phu thudc vao tan s6. Trong k¥ thudt do tia, ching ta chi can-cung cép vi
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tri ngudn 4m va huéng tham chiéu. Hudng cia ngudn 4m c6 thé dugc md hinh
héa bing cich gan ning lwong khéi diém trén mot huéng clia cac hat 4m
(particle) hodc boi sy thay doi mat do cia céc hat.

Do su phu thudc tan sb vao qua trinh hit &m nén viéc do tia phai dugc thuc
hién fép di 13p lai cho tat ca cc dai octave cin thiét, thudng 1a cac dai mot octave
hodc dai 1/3 octave. Su suy gidm nang lugng &m do khong khi hat 4m cling ¢6
thé duoc mod phéng bang cach giam ndng luong cua tia theo khoang cach di
chuyén va hé sb hit 4m cua khong khi.

So db thudt todn ciia kj thugt do tia:

Baéy gio chung ta s& tap trung vao cdc nguyén ly phat trién cua thuit toan do
tia. C6 hai lya chon dé mo phong hién twgng hat 4am. Trong cich 1, rd rang 1a
nang lugng clia tia 4m c6 thé dugc tinh giam bing cach nhan ndng lugng nay voi
(1 - a) - trong d6 o 14 hé sé hut am cta bé mit phan xa. Trong cach 2, cac thuit
toan s& dugc 1ap trinh mo6 phong sy tiéu hiy ngdu nhién cia cac tia Am. Ca hai
thuét todn déu mang lai két qua giéng nhau néu gia tri tinh todn 16n, nhung chiing
khéc nhau vé thoi gian tinh toan va tinh chinh xAc.

Trong cach 1 noi trén, hat 4m bit dau véi nang lugng e, va duge doi theo cho
dén khi thoi gian di di chuyén ctia n6 dat tbi da 7, hoic cho dén khi dat toi
nang luong tdi thiéu, emin (Xem Hinh 5.6). Néu vat liéu hit 4m manh, nang luong
clia tia 4m tit hodn toan, ching ta ddi khi khong can dung dén céc tiéu chi gisi
han nhu ¢,,,, hodc e,;,. '

)
Tuong phan xa <

max
7
v v
Yes iYes

'Hinh 5.6. So dé nguyén Iy vong Idp dé 1dp trinh thudt todn do tia
theo cdch 1 (bén trdi) va cdch 2 (bén phdi) - phdng theo Vorldnder (2008)

No

Tia cudi ciing?
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Trong cach 2, céc tia &m 1an lugt xudt hién rdi bién mét. Sau mbi 14n phan xa
tai mot bé& mat, diéu kién dé& mot tia 4m bién mat phu thudc vao mdt gia tri ngﬁﬁ
nhién z € (0, 1) ma thuét toan ty gan cho tia 4m 4o. Néu z < ¢, tia 4m duge coi 1a
bién mAt va tia 4m tiép theo s& xuét hién. Ngugc lai, néu z > o tia 4m s& tiép tuc
dudng di cho dén 14n phan xa tiép theo. Quy trinh ctr nhu vy, l3p di lap lai cho
dén khi sd luong tia Am dat dén gia tri ma ngudi dung yéu cAu (xem Hinh 5.6).

‘ Kiém tra sw va cham tia am - bé mdt phdn xa:

Mot cdng viéc quan trong trong vong ldp bén trong clng ctia cac thuat toan do

tia (trong Hinh 5.6) 1a kiém tra xem mot tia am (hat), dugc biéu dién béi mot
“doan thang, i) c6 va vao mdt miit phing chira mot birc twong nao d6 hay khong?
va néu ¢6 thi /i) diém va cham ni3m bén trong hay bén ngoai bé mit tudng? O
budc nay, dudng théng truyén am va hudng lan truyén am da biét, do d6, mot
vector 4m dugc xéc dinh. Da giac dai dién cho bé mit tuong cling da xéc dinh.

Céc da giac du kién s& dén tia m (cac da giac nim & huéng phia truée clia
vector am) dugc éhuyén ddi toa do vao trong mdt trong hé toa do 2 chiu ctia mit
phing chira da gidc d6. Giao diém cua tia 4m v6i it phing da gide duoc goi 1a
didm O. V& céc vector tir O dén dinh da giac. Dbi v6i 2 vector t6i 2 dinh lién ké
nhau bat ky cta da giéc, néu vector tich cta ching cing huéng véi ching thi
diém giao cit ndm trong da gidc. Néu nguoc lai, diém giao cit O nim bén ngoai
hinh da gidc. M6t thuan lgi ctia thuat toan nay 14 tinh nhanh hon do né c6 thé
duoc hiy tinh toan dbi voi da gidc d6 néu vector 4m c6 huéng ngugc lai.

Néu diém giao cit nim bén trong da gidc, dudng di cla tia 4m phan xa s& 1a
didu kién diu vao cho 1dn va cham tiép theo. Trudc khi xay ra sy phan xa, cic
dic tinh vt liéu trong dnh hudng dén Am thanh b&i sy hut Am, tan xa va nhiéu xa
phai dugc ngudi dung cung cép. Néu mot hat am cham vao birc tudng, no s& maét
ning luong hodc bi tiéu bin, va s& thay dbi hudng di. Péi véi cic phan Xa
guong, mot hudng tia 4&m méi tudn theo dinh ludt quang hinh hoc dugc thudt toan
thiét 14p. Dbi véi cac phan xa khuéch tan, cac thuat toan x4c sudt s& gitp khéi tao
cac tia phan xa khuéch tan dua trén hé s6 t4n xa am. '

Mé hinh héa dau thu (micro) trong ky thudt do tia:

DAu thu kiéu dién hoic kiéu ciu 1a nhitng lya chon cé thé su dung. Trong khi
cac dau thu kiéu dién c6 mdt mit cét ngang phu thudc vao goc t6i tia am, cac dau
thu kiéu cAu lam viéc ma khong phy thudc vao géc t6i tia m. Dau thu kiéu cau
chi cin thong ﬁn v& tAm cta khdi cAu va ban kinh Ia dd. M3i tia 4m cén dugc
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kiém tra dwong di ciia n6 xem liu n6 c6 “cham” vao déu thu hay khong. Phép
kiém tra nay doi hoi phai tinh khoang cach tir tim dau thu dén vector am. Viéc
ndy dugc thue hién bing cich xac dinh dudng vudng goc tir dau thu dén vector
am. Bang céach so sanh khoéng cach nay véi ban kinh dau thu, mdt tia &m c6 di
qua dau thu hay khong dé dang duoc xac dinh. Kiéu mo phéng diu thu nay gibng
nhu sy 1am viéc ctia mot micro ciu, nhung khong phan 4nh dung mot ngudi khan
gia 'thuc su. Nhing hién tugng am hoc khi 4m di trén diu khu vuc khan gia la
kha phtic tap, bao gdm cé hiéu ng nhting chd ngdi (seat-dip effect) va su tan xa
vé phia trude (forward scattering) & diu khan gia. Hién nay, k¥ thuat do tia
duong nhu chua giai quyét dugc cac hién tugng nay khi mé hinh hoa dau thu. Do
do khu vuc khan gia ngdi vé6i nhiing dic diém riéng s& dwoc md hinh héa riéng
va dau thu thi chi & dang don gidn nhu trinh bay trén.

Phuwong phdp hién thi két qua mo phong ning lmrng am tai vi tri didu thu:

Tai mdi 1in tia 4m “cham” vao dau thu, nang luong am, thoi gian nhén va
huéng ciia tia xudt hién duge luu trit trong mdt chudi dang bidu dd duoc goi la
xung dp {mg clia ning luong 4m (xem khdi niém xung dap tmg & muc 3.1.1).
Xung déap Gmg nay phai c6 mét tin suit 14y miu cho phép dd phén giai thoi gian
du cao, mit khac khoang céch' vi phan phai du l6n. D) phan giai thoi gian phu
hop thuong dugc dung 13 mili gidy (xem hinh 5.7). Véi cach ndy, mot sb thong
s6 chét lugng 4m c6 thé tinh toan d& dang (Thoi gian 4m vang, d6 rd, do manh
yéu cia am...), nhung céc hi¢u tmg 4m nghe 2 tai thi khong tinh dugc (4n tugng
khéng gian ). Pdng thoi, phuong phép ndy khong thé dap ung dwoc yéu cau vé
tAn sudt 14y méu pht hop cho xir 1y tin hiéu 4 am thanh va tao am thanh gia lap
(auralization) (xem 5.2.7).

A Nang luong ‘ Log (Nang lugng)

Thdi gian

Hinh 5.7. Xung dap 1ing nhén dwoc ciia phuong phdp do tia.
Trén: ndng luong ém ctia cdc ddi tan s6; dudi: ndng luong dm
trén thang do logarithm ciia mot ddi tan s6 - theo Vorlédnder (2008)
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C6 thé c6 ¥ kién cho ring viéc tao 4m thanh gia 1ap thong qua k¥ thuat do tia
ngau nhién c6 thé dat dugc v6i cac may tinh manh hon. Tuy nhién, diy khong
phai 12 mot muc tiéu hop ly vi viéc do tia chi 1a mot su bt chudc twong dbi hién
twong truyén séng 4m, trong d6 pha dao dong clia séng &m, giao thoa, cong
hudng song khong dugc xét dén.

Phuong phap do tia da dugc phat trién 14n dAu tién cach ddy di 30 nim va muc
dich ban ddu chi 1a xem dudng di cla cdc tia 4m nhu thé ndo (nhu Hinh 3.11). V&
sau, phuong phap nay ngdy cang hoan thién, va dugc dung dé tinh toan cac thong
s6 nang lugng am, thoi gian 4m vang... Tuy nhién rat khé dé dat duoc dd chinh
xéc cao bang phuong phap do tia (Rindel, 2000).

Phuong phap do tia co thé c¢6 nhitng bién thé, nhung khong phé bién 1im nhu:
do chum tia (beam tracing), do chum tia hinh nén (cone tracing), do chum tia
hinh kim tu thap (pyramid tracing)...

5.2.3. Phwong phap anh ngudn Am (image source method)

Phuong phéap anh ngudn 4m duya trén nguyén ly rang trong cic phan xa guong,
tia phén xa co thé dugc xé4c dinh bang cach xac dinh dnh cua ngudn 4m ddi xting
qua bé mit phan xa (nguyén ly 4m hinh hoc). Trong mot phong hinh hop chit
nhét, viéc x4c dinh tit ca cac anh ngudn am (cho t6i bac phan xa nio do6) la
khéng khé khan (Hinh 5.8). |

Q 521 - bac 2

'S1’-bac1
Q§_4

Ngudn S |Ngudi nghe
Tuong 1 o Tudong 2
Tia trwe tiép

Hinh 5.8. Nguyén ly ctia phwong phdp dnh nguén dm - phéng theo Ballou (2013)
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Tir 46, c6 thé suy ra rang trong mot phong c6 thé t1ch V, sau mdt khodng thoi
gian ¢ khi 4m phat ra, sé lwvong anh ngudn am 1a:

" _dnc® (5.1)

image—sources 3V

Dy ciing 1a mot sy uéc hugng sb phan xa dén vi tri nhan 4m (receiver) sau
thoi gian ¢ tinh tir khi 4m phét ra, va theo ly thuyét xac sudt thi cong thirc nay van
dung v&i moi hinh dédng phong.

Véi phong c¢6 N bé mit phan xa, s& ¢6 N anh cia ngudn 4m cho phén xa béc 1,
va mdi dnh ndy s& c6 (N - 1) anh cho phan xa béc 2. Viay sau lan phén xa thir i sb
lwong anh ngudn am sé& la:

N i i
nimage—sources =1+ N—2 ((N_ 1) - 1) ~ (N - 1) (52)

~ C6 thé thdy s6 anh ngudn am tdng 1én theo 1y thira 3 cuia thoi gian, do do, sau
mdt khodng thdi gian ngén sb lwong anh tang 16n qué 16n khién viéc tinh toan cta
méy tinh khong thé thyc hién dugc nita. Vi du: véi mot phong 15000 m® véi 30
bé mit, d6 dai trung binh cua tia phan xa s& 1a 16 m. Nhu vay mudn tinh su phan
~ xa 4m trong quang thoi gian 600 ms, bic phan xa thi 13 phai dugc xét dén. Theo
cong thie (5.2), s6 lugng dnh ngudn am c6 thé Ién t6i 10", mot gia tri qud Ion
cho tinh toan. Chinh vi 1y do d6 phuong phdp anh nguén am chi ding cho céc
phong c¢6 hinh hép chit don gidn hay treong hop bac phén xa nhd la du cho tinh
toan, vi du trong thiét ké hé thong loa trong mot phong cdm (khong c6 d4m phan
xa). Theo kinh nghiém, dé c6 thé ap dung dugc phuong phap nay, mé hinh 4m
hoc nén cé it hon 50 bé mit phan xa (N < 50) va bac phan xa i <+6. Déi véi mo
hinh 4m hoc 16n hon va phire tap hon, cdc phwong phap khac sé& chiém vu thé.

5.2.4. Céc phwong phip khac

Phwong phdp lai:

Nhitng han ché ciia cac phuong phdp co ban néi trén din dén su phat tridn cac
phuong phép lai voi kha ning tén dung cac dic tinh t6t nhat ctia hai phuong phap
cil. V& nguyen tac, phuong phap lai két hop 2 hay nhiéu phuong phap khéc nhau
& cac giai doan cua qua trinh tinh todn nhiam ting do chinh xac va giam thoi gian
tinh. Chi tiét ctia phuong phép nay kha phuc tap, chi pht hgp cho nhitng nha

nghién clru chuyén sdu. Ban doc c¢6 nhu ciu c6 thé tham khao cic tai liéu
(Vorlédnder, 1989; Naylor, 1993).
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Vi du trong phdn mém am hoc ODEON, d6i voi nhitng 4m phéan xa sém k§
thuét do tia duge st dung dé phat hién cic ngudn anh nao phi hgp v6i mot ngudn
am cho sin nao d6. Do d6 mét sé lwong 16n cac ngudn anh c6 tiém ning, nhung
khong phu hop s€ duge luge bd bdi ki thudt do tia; theo cach nay su két hop cta
hai phuong phép tiét kiém thoi gian tinh ton (xem Hinh 5.9).

Nang [wgng &m .
r 3

! " —
Chuyén tiép Béac phan xa
phuwong phap

Hinh 5.9. Phwong phdp lai trong phdn mém ODEON phién ban 2011
(ISM: phwong phdp dnh nguén am; ESR: phuong phép tdn dm som; :
RTM: phwong phdp do tia. T dt cd cdc phuong phdp c6 thé chong ldp vé thoi gian)

Nam 1992, “phuong phap Ngudn thir cp” dugc ODEON phat trién nhur 12 mot
mé hinh lai d& dugc hudng loi tir viée két hop ky thuat do tia véi phwong phap
ngudn thtr cip méi ndy dé tinh toan chinh x4c hon céc phan xa am tré. Céc tia 4m
mang nang lugng m thanh; bi giam ning luong sau moi lin phén xa theo hé sd
hép thy 4m ctia bé mit. Cac ngudn thir cp s& dugc dat tai mSi diém phan xa trong
qué trinh do tia. M3i ddu thu 4m trong phong thu thap thong tin vé ning luong 4m
phat ra tir tit ca cac ngudn thir cap nhin thdy trong phong: Két hop véi phuong
phép tan xa dua trén vector, phuong phip nay da dugc chirng minh 1a rat hiéu qua,
d3c biét 1a trong cac phong co dic diém hinh hoc phirc tap (xem Hinh 5.10).

DAu thu nhan &m tr cac ngudn am thr cap
ma nd nhin thay

Hinh 5.10. Nguyén Iy lam viéc ciia phwong phdp ngudn thit cdp trén ODEON
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Phwong phdp dua trén Iy thuyét sdng.'

Gén day, c6 nhiéu nghién ctru nhim tinh todn mét cach toan dién treong am
trong phong dua trén 1y thuyét song - sir dung céc phuong phép tinh nhu phin ti
hitu han (finite-element method) - xem (Sakamoto, et al., 2006), sai phan hiru han
(finite difference method) hodc phuong phép phan tir bién (boundary-element
method). Cac phuong phdp nay cé kha ning 4p dung cho cd cic phong cé hinh
khdi phic tap, trong d6 pha dao dong cla séng va dic biét hlen tugng tan xa déu
c6 thé dwoc xut 1y tinh toan. Bing cach doi theo su lan truyén song am trong
phong, cac biéu dd xung déap ung (impulse response) cua 4m tai vi tri thu nhin 4m
duoge tao ra, cung cép cac thong tin vé hudng tia &m téi, d6 tré va mirc Am theo tin
s clia timg tia 4m dén vi tri thu nhan 4m. Tix nhitng thong tin ndy, cic chi sb chét
lugng 4m trong phong (nhu @ cap trong phin 3.2) déu c6 thé tinh duoc.

5.2.5. Pic diém chung cua ciac phwong phap

Cac phan mém 4m hoc dii dya trén nguyén Iy do tia hay anh nguén am déu cén
biét duoc ddc tinh hudng phat caa nguén dm, ddc tinh 4m hoc cua céac bé mat
phan xa 4m thanh trén dudng tir ngudn am t6i vi tri nhdn am. Do do6, trong cac
phin mém mé phoéng &m hoc, thu vién (hay b6 suu tdp) céc loai vét li¢u 4m hoc,
céc loai ngudn 4m phd bién (giong noi, &m thanh cta céc loai nhac cy), cac thiét
bi 4m thanh dién tr nhu loa, micro thu am 1a hét sirc quan trong va can thiét.
Kém theo d6 13 dic tinh vé huc’mg phét mirc ning luong am, dai tin sb, do tré. ..
cua ching ciling phal duogc cung cép. |

Su don gian héa vi mé hinh hoa céc bé mit la mot trong nhitng nguyén ly
quan trong trong md phong dm hoc Céc bé mat phuc tap nhu khu vuc khan gia
ngdi, khu vuc hé nhac, khu vuc tran san .khau. .. cAn duoc don gidn hoa thanh cac
bé mit phing c6 céc dic tinh 4m hoc twrong duong hodc gin gidng.

Céc chuong trinh mé phong am hoc hién nay dang sir dung hé sé hut 4m, tan
xa dua trén két qua do dac trong phong vang, do d6 ching la cac hé s6 doc lap
v6i huéng tia 4m t6i bé mit. Pidu niy khong hoan toan ding vi trén thirc t&, mét
50 bé mgt chi nhan tia 4m t6i'tlt mbt huong nhét dinh, va cin hé sé hit 4m / tan
Xa dm tuong ting v6i goc 61 d6. Nhitng gid tri nay chi c6 thé ¢6 thong qua do dac
thue té va chua co trong cac sach hay tai liéu phd blen

Hi¢n tugng khong khi hut 4 am (hay am thanh bi gidm yéu khi lan truyen trong
khong kh1) cling can dugc xem Xet dwa vao cac thuat todn m6 phong truyén 4m.
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Hién tvgng khuéch tan am, hién tuwong nhidu xa hién vin dang & trong giai
doan nghién clru trong cac phuong phép dua trén ly thuyét song nhu FEM,
FDM, BEM... v

Héu hét cac chuong trinh md phong 4m hoc hién nay d&u c6 thé tinh toan
biéu dd suy giam ning luong 4m theo thoi gian tai mot vi tri bt ky trong phong
(hay tinh toan xung dap Gng cuia nang lugng am). Ddng thoi, cac chuong trinh
cling ¢6 thé ghi nhan ning lugng 4m trung binh / nang lugng 4m dén tir bén trai
va bén phai / ndng luong am roi trén mit ngang... Day 1a co s& dé cac chuong
trinh nay du dodn duoc hau hét cac chi sb chét luong 4m quan trong nhu thoi
gian 4m vang RT60, EDT, d¢ rd Cso, Cso, G, LEF; STeqy va STate, tiéng doi,
thoi diém trong tam. ..

5.2.6. Trinh tu thyce hién mﬁt mo phong 4m hoc trén may tinh

C6 thé tam chia mdt qua trinh mo phong am hoc thinh phong trén méy tinh co
ban thanh 4 budc nhu sau:

Buéc 1: Dung hinh md hinh cong trinh trong khong gian 3 chiéu trén mot
phén mém CAD.

Trong md phoéng may tinh, hinh dang hinh hoc cta phong dugc tai hién bang
md hinh 3 chiéu CAD. Do d6, cdc md h1nh klen trac 3 chiéu tao ra boi cac KTS
c¢6 thé duoc xudt (export) sang cac phén mem mod phong 4m thanh mot cach d&
dang. Tuy nhién, cac mit cong clia md hinh phai dwgc chia nhé thanh nhiéu mat
phing ghép lai, ddng thoi nhat thiét phai don gian hoéa cc chi tiét kién tric dua
ra boi KTS. Ngoai ra, nha thiét k& 4m hoc c6 thé xdy dung mo hinh cong trinh
truc tiép trén phdn mém md phéng 4m hoc bing céch nhép toa dd x, y, z clia cac '
dinh cta cac bé mat. TAt nhién cach nay tén nh1eu thoi gian hon, nhung c6 thé 4p
dung cho moi trudong hop va co thé dugc hd tro boi cac phan mém thong minh.

Trong budc nay, cac chi tiét kién tric bén trong thinh phong cin md phong
nén dugc phén chia thanh cac 16p hay nhom (layer - group) détién cho viéc gan
thudc tinh & bude tiép theo. |

Pé thuc hién cac thuét toan duoc md ta trong phin mém, hinh hoc phong, cac
ngudn 4m thanh va cic dau thu am phai dugc dinh nghia 1a cac dbi tuong toan
hoc. Su phuc tap cua md hinh c6 thé rit cao, dic biét khi né dugc nhap tir mot
phin mém chuyén thiét ké kién tric. Nhitng md hinh ndy bao gdm cac chi tiét
nhé nhu bac cau thang hodc thdm chi céc chi tiét hinh hoc nhé hon nhu thanh lan
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can. Tuy nhién, trén quan diém 4m hoc, kiéu md hinh nay s& khong chi qué 16n
cho kha ning cta by nhé mdy tinh va tao céc da gi4c phirc tap, gay 13i tinh toan.
Dic tinh 4m thanh ca c4c bé mat dugc md phong dya trén sy hut 4m va tan am,
va cac nguyén ly vat ly cua hién tuong phan xa va tan xa 4m dugc dinh nghia 16
rang. Cac vat thé hodc cac bé mit lugn song co6 kich thude khong 1én so véi bude
song am, phai dugc dua ra khéi mo hinh 4m hoc CAD va dugc thay thé boi céc
bé mit phéng v6i cac tinh chat 4m hoc twong duong. Didu nay ciing ding d6i vai
truong hop mo phong ghé va khan gia chd ngdi, cho dén va tay nim cia. ..
(Vorlénder, 2008) ' ‘

Theo nguyén tic chung, chi nén v& bé& mat phong va ndi thit véi do phén giai
0.5 m, tuong Ung véi bude séng cla tin sb khoang 700 Hz. Dudi tin sb do, cac
bé mat nhé phai dugc md phong dudi dang da giac phéng, phéan xa guong Céc tia
am. Con ¢ trén tin sé d6, cdc bé mit c6 kich thuée nhé hon 0.5 m ¢6 thé md
phéng nhur cac vat thé tan 4m mot phan. Tuy nhién, 4m thanh bi phan xa khuéch
tan van chiém vu thé & céc thn sé cao, ngoai trir cac birc trong hodc trin rat 16n
(> 10 m). Ly do duy nht & mé phéng cac bé mit c6 do phén giai nhé (< 0.5 m)
1a nghién ctru chi tiét v& dai tan s c6 bude song nho so v61 0.5 m, vidu: A =5 cm.
Ttc 13, chi céc tin sé khoang 7 kHz tré 1én dugc xem xét. Vi nhidu ly do, nhiing
truong hop rat ddc biét nay hiém khi gip trong thuc té, cu thé 1a:

- Nhitng 4m thanh ctia cic ngudén 4m ty nhién nhu giong nodi, nhac cu...
thuong c6 dai tin sb thip hon 7 kHz;

- Trong trudng hop tin hiéu bang rong, hién tugng 4m che dp s& khién chung
ta khong thé nghe duoc cac chi tiét ciia mirc 4m bé & tAn sb cao;

- Do chinh x4c cia mo hinh md phong khong da dé dam bao két qua nim
trong gidi han d6 tin cdy chép nhén duogec.

Cudi ciing, bé mat cin phong phai duge x4p xi bing cac bé mit don gian, dién
hinh 12 béi cdc mit phéng, hay cac da gidc 181 (vi du nhu hinh tam gi4c). V& mit
nguyén tic cé thé su dung bé mit coé bédc cao hon (hinh try, hinh ciu, hinh
parabol,...). TAt c& cac bé mit nhé ném trong mdt mit phéng chung c6 thé coi 1a
mot "birc twdng". Do d6, mot birc tuong ¢ thé dugc tao thanh tir nhidu vat liéu
bé mit (xem Hinh 5.11). Mat phing la su don gian héa rat hiéu qua déi véi tuong
cong 161, vi n6 lam tang tdc cac tinh toan tén nhiéu thoi gian. Quy tic nay khong
¢6 han ché thyc té nao trong viéc mé hinh hoéa hinh dang cia mot can phong.
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Hinh 5.11. Sy don gidn héa mét mé hinh 3D CAD thanh mgt mé hinh am hoc
st dung cdc mat phcf_ng - phong theo Vorldnder (2008)

Burée 2: Mot khi viée xdy dung hinh khdi hinh hoc trén may tinh d3 xong, hé
s6 hut am ng v6i mdi dai tn sb octave, hé s tan xa am, hé sd khuéch tan 4m s&
duoc gan cho tit ca cac bé mit trong phong (xem Hinh 5.12).
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Hinh 5.12. Giao dién gdn vat lisu hit ém cho mét bé mdt trong phdn mém EASE 4.3

Céc hé s6 hiit Am va tan xa 4m cua vt lidu va két cau co.thé co.sin trong phan
mém, hoic tim thdy tfong Phu luc A, hodc chiing ¢6 thé dugc lay tir cac két qua thi
nghiém cu thé. Hau hét cac hé sé hat am twong tmg véi dicu kién trudng am
khuéch tan béi vi chuing dugc tinh toan tir cic phép do trong phong vang (ISO 354).
Do dé, trong cac phong cung cap truong Am khuéch tan gan ding, cac hé sb hut 4m
nay lam viéc kha chinh xéc; dic biét [a trong phan 4m vang kéo dai ctia cic phan xa
béc cao. Tuy nhién, tén thit ning lugng clia cac phan xa diu tién (& cac goc t6i xéc
dinh cu thé) gay ra bai hé s6 hiit 4m s& khong duge tinh toan chinh x4c. Tuy nhién,
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céc sai sb nay khong dang ké. Trong trudng hop phong dwgc md phong ¢6 hinh
déng d4c biét nhu qua dai, dudong hdm, hanh lang. .. thi hé s6 hut Am tuong img vdi
céc goc tdi tia 4m cu thé cin duoc dua vao phin mém mo phong.

Bén canh d6, cac ddc trung cia ngudn 4m va dAu thu nhén 4m (cong sudt va
hudng tuong Gng vdi cac tan s, vi tri va phuong vi) cling phai dugc nhdp vao
chuong trinh.

Sau budc nay, mot sd phan mém cho phép kiém tra tong lugng hut &m va wde
lwgng thoi gian 4m vang theo cong thirc Sabine hoic Eyring, gitip nguoi thiét ké
c6 quyét dinh thuc hién mo phéng hay khong, hay quay lai didu chinh vat liéu
ngay (xem Hinh 5.13). M6t s6 phﬁn‘mém dung phuong phap do tia co thé gitp
nguoi thiét k& quan sat dudng di cla céc tia 4m, sy lam viéc cua cac bé mit phan
xa... va c¢6 thé diéu chinh néu can.
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Hinh 5.13. Cdc thong sé co ban gom thoi gian dm vang (Eyring), dién tich bé mdt,
téng lwong hiit éim, chiéw dai tia ém tw do trung binh dy dodn boi EASE 4.3
Trong mét s6 phdn mém, ngudi thiét ké con phai dinh nghia mét hé luéi dé ap
1én c4c bé mit c’ﬁn‘ tinh to4n chét luvong Am. Vi du: mdt hé ludi phu 1én khu vuc
ghé ngdi khan gia, dé phin mém c6 thé hd trg tinh toan sy phéan bo céc dai lugng
aAm hoc trén toan bo khu vuc nay. Mot sb phén mém a4m hoc khac nhu EASE 4.3

lai tr dOng lam viée nay.
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Buwée 3: Thyc hién mod phéng Két qué tinh toan s& dugc may tinh cho ra sau
mot khoéng thoi gian rat ngén - thuong trong vong vai phut dén mot vai gid déng
hé - tiry theo mirc do phtrc tap ciia md hinh va céc thiét 1ap d chinh x4c.

" Bude 4: Doc va xir 1y két qua, diéu chinh mé hinh va cc thong sé mé phong
néu cin dé& mo phong lai. Ty theo phan mém, cac két qui c6 thé duge trinh bay
& dang bang sb liéu, dang biéu dd, hay dang biéu dd mau truc quan trén nén md
hinh 3D cua thinh phong (xem vi du Hinh 5.14).
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Hinh 5.14. Mgt vi dy két qué mé phong phdn bé mike dp sudt am ¢ 1000 Hz
va dp sudt am chi tiét tai vi tri dau thu A2 #1 cho béi phan mém EASE 4.3

5.2.7. Am thanh gia 1ap (Auralization)

Hay thir tudong tuong ban vira 13 nha thiét ké kién tric va ban vira hoan thanh
mot phuong 4n kién tric cia mot phong hoa nhac. Ban mudn nghe a4m thanh ctia
mdt chiéc violon trén san khau phéat ra s& nhu thé nao mot vi tri (vi du: tai hang
ghé thtr 10 bén trai sat twdong bién) trong thinh phong ban vira thiét ké. Didu nay
1a khong thé thuc hién dugc dén tan nim 1999 khi ky thuat tao 4m thanh gia lap
(auralization) duge phat minh.

Am thanh gia lap (aurahzatlon) 1a k§ thudt tao ra nhimg file &m thanh “nghe
dugc bing tai” tir cac dit lidu sé (tr méd phong, hoic tir do dac; hoic tong hop
dugc) (Vorlander 2008). Cac am thanh gia 14p cho phép cac kién trac su va
khach hang, chii ddu tu nghe va danh gid chit lrong céc'am thanh trong thinh
phong cia cac phuong 4n thiét ké, tir 46 chon duoc giai phap horp thiét ké 1y nhét.
Cac am thanh gia 1ap nghe dwgc nhu viy sé& thuyét phuc va cu thé hon nhidu so
v6i viée cdc nha thiét ké thuyét minh cac con sb tinh toan phirc tap ciia ho cho
chi dau tw. Do do, ngudi thiét ké phai hét strc cén trong trong viéc dam bao do
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trung thuc ctia &m thanh gia 18p. Qua trinh tao 4m thanh gia lap

_a triic thudng duoc tién hanh qua cic budce sau:
- Thu am trong méi trudng khong c¢6 4m vang (thuong thuc hién trong “phong
" cam”) cta loai nhac cu hay 4m thanh can d4nh gi4 (budc 1).

- M5 hinh hoéa céng trinh - ddi tugng nghién ctru & dang 3D bing cac chuong
trinh mdy tinh CAD (budc 2). |

- Mo phéng truong 4m trong phong dé thu nhan va xé4c dinh chinh x4ac dic tinh
am hoc cta phong va déc tinh cia 4m thanh tai vi tri cin khao st trong thinh
phong (két qua thé hién boi biéu d6 xung dép ng song Am cho hai tai ctia phong
- binaural impulse response - xem Hinh 5.17) (buéc 3).

- Xir Iy va két hop (convolution) tin hiéu 4m thanh thu dwgc & buéc 1 véi xung
d4p tmg & budc 3 bang mét chwong trinh méy tinh (convolver) (Hinh 5.16), va sau
ciing 13 san xuét cac file 4m thanh - thuong c6 dinh dang WAV (budc 4). Cac
“convolver” thudng duoc tich hop trong phdn mém mé phéng 4m hoc phong.

Céc file am thanh & bude 4 c6 thé nghe duoc bang cach phat qua loa hodc tbt
nhét 12 nghe bang tai nghe (headphone) dé trai nghiém su khéc biét v& am dén hai
tai. TAt nhién viéc tao 4m thanh gia 14p phai tao ra mét tap tin song 4m binaural
(tin hiéu 4m thanh dén 2 tai khong gidng nhau - nhu ching ta ngdi nghe trong
mot khong gian thuc) & dinh dang WAV hodc cac dinh dang tép tin 4am thanh
khéc ma may tinh str dung dé dang. Hinh 5.15 gi6i thiéu mot qua trinh san xuét
am thanh gia 1ap va cho thdy budc thu 4m cia kén trumpet trong mot phong cam.

Thu a@m trong phong cam, &
vi dy am ken trumpet

+

Ddp Ung xung cua phong
— tao boi mo phdng may

tinh &3

p%)

28 o8

6 @ o o, e 1 12 W 18w 2
We{snnkin ey}

Amthanh gid 13p - két ot
qua cla sy téng hop R

P (%)
== ]

Hinh 5.15. Qud trinh san xudt dm thanh gid lgp
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Hinh 5.16. Cdc giao dién xir Iy va két hop tin hiéu sdn xudt dm gid Igp
ctia phdan mém dm hoc EASE 4.3

Nhu vy, dé c6 thé co duq‘c: am thanh gia 1ap ctia mot thinh phong, yéu t6 bit
budc can phai cé 1a xung dap tmg dinh dang song 4m (binaural) ctia truong am
trong phong. O giai doan thiét k& thinh phong, xung dap tmg nay chi co thé c6
duoc théng qua md phéng trudng am. Hau hét cac phdn mém mé phong truong
a4m trong thinh phong déu c6 thé tao duoc xung dap tmg nay.

528 Nhirng wu diém caa phwong phz’lp mo phéng am hoc trén may tinh

Trong thiét ké am hoc, 10 rang 1a cac md hinh 4m hoc mdy tinh linh hoat hon,
nhanh hon va'ré hon rit nhiéu so véi mé hinh thu nhé cta cong trinh. V6i mot
md hinh may tinh, nguoi thiét ké c6 thé d& dang diéu chinh hinh khéi kién trac,
thay dbi vat liéu, két ciu hut am va dic tinh hat 4m cta chung sao cho dat dugc
két qua mong mudn. Mot md hinh may tinh cho ra két qua rat nhanh, thuong thi
chi sau vai gi¢ 1am vi€c. Khong chi c6 vay, két qua mo phéng c6 thé nhin thiy va
phan tich mét cach het strc truc quan do chuing chira dung nhiéu thong tin hon két
qua do dac trong cac md h1nh thu nho v6i cac diu ghi Am mini.

Hau hét cac chuong trinh tinh toan ¢6 thé chia ludi pht 1éntoan by khu vuc
phong va mi héa két qua tinh toan & timg 6 ludi dudi dang mau sic, do d6 két
qua tinh toan c6 thé duoc biéu dién dudi dang d6 hoa rat d& hinh dung va phén
tich. Vi du: ngudi diing ¢6 thé quan sat sy phan bd ciia mirc 4m, mirc 4p suét 4m,
d6 13, thoi gian 4m vang trong toan bd khu vic ghé ngdi théng qua mau sic (xem
Hinh 5.17). Ngoai ra, nhiéu tinh ning khéc cho phép in céc két qua tinh toan dudi
dang biéu db, xung dap Gng... va cung cip dit liéu cho viéc tao 4m thanh gia 1ap
(auralization - dd duoc trinh bay trong phén 5.2.7).
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Hinh 5.17. Két qua mét mé phong truong dm trong mét phong da ndng (Elmia hall)
béng phdn mém ODEON (gom sw phdn bé mitkc dm trong phong va biéu do xung -
ddp ng cho tai phdi va tai trdi cia nguoi nghe tai mét vi tri ngoi) '
- trich mgt phan tir Gade (2007)

Viéc mo phong trén méy tinh con d& dang cho phép ngudi thiét ké kiém tra
céc tia Am lan truyén trong phong, cac b mit phan xa, cac bé mit c6 nguy co tao
tiéng dodi, cac bé mat hodc cac khu vuc khong c6 4m phan xa... Nhiing kha ning
do cua phan mém hd trg rat nhiéu trong cong tac thiét ké am hoc ph(‘)lng thinh gia
ma truée ddy chua thé lam dugc hay chi lam v&i mot s& mit cit dién hinh.

Hinh 5.17 gi6i thiéu mot vi du vé mo hinh tinh toan trén may tinh va mdt phﬁn |
clia két qua md phéng mot phong hoa nhac, thuc hién trén phin mém ODEON.
Su phan bd mirc 4p sudt 4m trong phong khi c6 ngudn 4m trén sin khiu dugc
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kich hoat dugc biéu dién dudi dang dai mau trén toan bd khu vuc ghé ngdi khan
giad. Xung dap g cua 4m dén tr bén trai va bén phai cia mot chd ngdi ciing
duoc ghi lai, cho biét sy ddng déu cia 4m dén hai tai (tinh khdi ctia am).

Hinh 5.18 biéu dién biéu dd cdu tric nhitng 4m vang diu tién (két qua md
phong ciia ODEON), c6 anh hudng 16n dén chét lwong 4m. C6 thé thdy ngoai
thong tin v& mdc nang lugng va thoi gian dén cia tl‘mg 4m phén xa, ta con biét
dwoc hudéng dén cia timg tia phan xa va cic bé& mit phan Xa ¢6 lién quan. Piéu
nay rat cAn thiét cho viéc diéu chinh hodc bd hin mot bé mat phan xa, dé tranh
tiéng d6i ching han.

Refiectogram
Arival time: 61.74 ms (0.00 s ret. direct)
Level of. -6.61 dB (0.00 dB rel. direct)
Azimuth ange: 9:61°, elevation angle: 222°
Refiection: 0. order, 1. reflection of 30, sowrcs:2
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COdeon©1985-2005 tire (seconds rel. direct sound)

Hinh 5.18. Biéu do cdu triic nhitng dm phdn xa dau tién
(cho béi phan mém ODEON)

Ngoai céc kha nang trén, v6i phin mém mo phong, ngudi thiét ké co thé xem
trong khong gian 3D trén may tinh duong di cia cic tia am tir ngudn dén tai
ngudi nghe sau mot sé 1dn phan xa nhét dinh. Hinh 5.19 gigi thiéu mot vi du nhu
vdy. V6i thong tin nay, ngudi thiét ké d& dang biét dugce d4u 1a nhitng bé mit co
vai trd quan trong trong viéc hinh thanh cic 4m phan xa c6 ich va hiéu dugc co
ché twong tac 4m hoc ctia thinh phong. ’
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Source: 2

Surface:  *Receiver®
Refi.: 3

Path <m>: 63.47
©1985-2005 . . Time <ms>185

Hinh 5.19. Cdc tia phan xa (bdc 1, 2 va 3) trong mét khdn phong
tir nguon phdt trén san khdu dén tai ngudi nghe trén khdn dai

5.2.9. D6 chinh xic ciia két qua tinh toin biang phan mém

Vao nhitng ndm 1994 -'1995, ¢6 'mét cudc didu tra mang tdm qubc t& v& do
chinh xac clia két qua mo phéng 4m hoc so véi thuc té (Vorlinder, 1995). 16 nha
nghién ciru va chu);én gia phét trién phan mém am hoc da tham gia. Tinh hubng
14 mét phong da ning 1800 m’, ¢ 2 ngudn 4m va 5 vi trf nhén 4m (tit ca 13 10
tinh hudng). 8 chi sb chit lugng 4m néu trong ISO 3382 - 1997 déi v6i 4m chuln
tn s6 1000 Hz dugc xem xét. Két qua do dac lam co s& so sanh dwoc thuc hién
bdi 7 ngudi khic nhau va 1y két qua trung binh. Két qua 1a chi ¢6 3 phin mém
da cho két qua hop Iy va dang tin cdy. Sai khéc gitra két qua do thuc t& va két qua
mb phéng chi x4p xi sai khac giita cac chi sb do thuc té do cac ca nhan thyc hién.
Do d6, c6 thé noi rang két qua mo phéng clia cac phan mém t6t nhit ¢6 d6 chinh
xéc twong duong két qua do dac, do d6 hoan toan théa man. C6 nhing diém dang
Iwu y 13 cac phan mém tt nhét déu sir dung céac thuét todn md phdng su phin xa
khuéch tan (thay vi chi co phan xa guong) ctia 4m tai cac bé mat va khéng yéu
cdu viée chi tiét héa céc chi tiét kién tric trong phong (Rindel, 2000).

Hinh 5.20 cho thiy nhiing so sanh giita két qua EDT mé phéng bing phan
mém ODEON va do dac tai céc vi trf khac nhau va ddi v6i chc tin s6 khac nhau
trong céc cong trinh Elmia hall va nha thd St Irene. Vi tri ngudn 4m va vi tri nhan
am déu dugc chi 16 trong mé hinh. C6 thé thiy sy khéc biét 1a khong 16n va cé
thé chdp nhén duoc. ' '
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Hinh 5.20. So sénh két qué mé phong véi ODEON-va do dac
trong phong hgi nghi Elmia va nha tho St Irene ¢ Istanbul
(T 1o két qua mé phong, ddu X 16 két qua do)
Tuy nhién rat cin thiét phai nhin manh ring d6 chinh xac cla két qua mod
phong phu thudc vao rat nhidu yéu t6, trong d6 ndi Ién nhing yéu tb sau:
- Mirc do ném ving Iy thuyét 4m hoc cia ngudi thiét ké; '

- Mirc do thvc*)ng‘thao phén mém dang su dung;'
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- D§ chinh xdc cia phuong phap tinh va thuit toén clia phan mém (hay noi
gon l1a d6 chinh xac cia phén mém); |

- Su phu hop giita gia thiét mo phéng va didu kién thuc t khi do dac.

Qua d6 c6 thé thdy 1a viée str dung két qua am hoc md phong bing cc phin
" mém may tinh phai dugce xem xét cén than. Thong thuong, cac két qua phai dugc
kiém nghiém (validation) hodc cén chinh (calibration) truée khi sir dung. Dit liéu
ding dé can chinh hofc kiém nghiém thuong 1a két quéa do thi nghiém, két qua da
can chinh hay kiém nghiém.

5.3. THIET KE AM HQC PHONG THINH GIA BANG PHUONG PHAP
DUNG MO HINH

Tir tru6e khi ¢6 cac chuong trinh mdy tinh hd tro thiét ké 4m hoc, tir nhiing
ndm 1930, phuwong phép thiét ké am hoc dua trén xdy dyng mo hinh thu nho cua
cong trinh thudng duoc st dung. M6 hinh thu nhé gitip ngudi thiét ké khao sat
truong dm trong phong bing cach dit cic ngudn 4m va cac dau thu micro tai cac
vi tri quan trong. Tin hi€u 4m thanh phat ra tir dau phat duoc ghi lai bdi diu thu
va sau d6 xu ly tin higu d¢ ¢6 duge cac chi sb am hoc cin thiét. Cho dén ngay
nay, cac md hinh 4m hoc thu nho van dugc st dung truorc khi xay dung cac cong
trinh ¢6 quy mé 16n va quan trong

5.3.1. VAn dé xit Iy thn s6 4m thi nghiém |

Mo hinhwcéng trinh thuong dugc lam & ty 18 1/10 cho dén 1/50 so véi kich
thudc that cia cong trinh. Muc do chi tiét ciia md hinh 4m hoc thudng cao hon
mdt md hinh kién tric don gian. Trong mé hinh 4m hoc, 1y twéng thi cac bé mit
bén trong dugc lam béng cac vat liéu thoa man diéu kién: hé sb hat am ddi véi
tAn s& 4m dung trong mo hinh bing v&i hé sé hut am cua vat liéu thuc ddi voi tn
sb-trong cong trinh thyre, nghia 1a:

X nodel (W) = Qgctual (f) (53) :
trong do:
M - ty 1€ cua md hinh (md hinh ty 1€ 1/10 ¢6 M = 10);

f-tan s ciia 4m. Nhu véy md hinh s& c6 nhitng dic trung 4m hoc gén diing
v6i thinh phong xay dung vé sau.
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Hinh 5.21 gid¢i thi¢u mot vi du vé md hinh 4m hoc clia mdt phong hoa nhac
theo kiéu ruéng bac thang dé nghién ctru tai trudng Pai hoc Khoa hoc cong nghé
qubc gia Dai Loan. Md hinh nay dugc chi tiét héa tuong tng véi dai tan sé dang
cin khao sat. Hau hét céc chi tiét kién trac chinh nhu tudng, cot, ghé, ban cong
trorig, khéan gié déu duge 1am trong md hinh. Tuy nhién céc chi tidt it quan
trong nhu tay vin, dén, cac thanh glang . khong c6 tuong tac véi tan sé am dang

khao sat do d6 khong nhét thiét phai lam trong md hinh.

" Hinh 5.21. M6 hinh ém hoc khdn phong hoa nhac theo kiéu rong bdc thang
Nguén: Phan Anh Nguyén

B&i vi md h1nh Am hoc nho hon céng trinh thyc, do do chidu buorc séng am su
dung trong md hinh phai dugc gidm tuong Ung v6i ty 18 cia mo hinh, va hé qua
12 thn s§ cta am thanh sir dung thi nghiém trong md hinh phai ting lén tuong
ung, tirc 1a:

fmod el — factualM ‘ . (5 4)

V1 du: trong mdt md hinh ty 1¢ 1/10, budc séng cia dm thanh dung dé thi
nghiém phai dugce thu nho 10 lin (hay tan sb ctia 4m phai ting lén gip 10 1an).
Mot 4m ctia mot cdy dan v§ cim trong phong ¢6 thé phai dugc chuyén thanh mot
song siéu 4m (tAn sb cao gép 10 14n tan s6 cia dan v§ cam - khoang 200 dén
15000 Hz) ma tai ngudi khong thé nghe thay.

Trong md hinh phong hoa nhac Royal Festival Hall ¢ trén, dai tan s6 khao sat 1a
khoang 250 Hz dén 2000 Hz (trong mo6 hinh ding 4&m 5000 Hz dén 40000 Hz).
Bén duéi dai tAn nay, phan 16n lugng hut am clia phong 13 do su cong hudng cuia
cac bé& mit hoan thién dang tim mong. Céc tAm mong nay rat kho dé tai hién lai
bang mo hinh thu nhé vi d§ day va do cimg cta vat liéu lam mé hinh khong cho |
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phép lam didu d6). Trén 2000 Hz (ttc trén 40000 Hz trong mé hinh) khoéng khi
bén trong mo hinh tré thanh lwong hit 4m chinh. Cho du ¢6 diéu chinh tinh toan dé-
bu dip cho hién trong hut am cua khong khi & tin s6 cao, két qua ciing khéng thé
chinh x4c do niing lugng 4m giam rat nhanh khi tin s6 ting 1én qui ngudng nay.

Pé c6 thé phat duoc nhitng 4m thanh tdn sé cao nhu vay trong md hinh, loai
dAu phét thong thudng vén ¢ thé phat séng 4m lién tuc va én dinh trén mot dai
tan nhét dinh kho c6 thé phat ning lwong 4m dang ngudn diém tan s cao. Do do,
cac md hinh 4m hoc thu nhé thuong dung diu kich thich dang xung. Mot dang
thudng gip cia ngudn am dang xung nay 1a mot ddu phong dién gdm 2 dién cuc
gin nhau chju dién thé cao trong mdt khoang thoi gian rat ngin — tir 20 ps dén
150 ps. Tia Itra dién phéng qua giita 2 dién cuc s& phat ra 4m thanh & tan s cao
va ning luong 4m lan truyén theo dang gin nhu 13 séng ciu (Ballou, 2013). Mét
cach khac 13 diung mot hé loa cdu 12 mit (dodecahedron speaker) dé phat 4m
" kich thich dang gin gidng vdi séng cdu (xem Hinh 5.22).

o Micro G.R.A.S kidu
Phan mém do 26AC
dac am thanh ’

DIRAC4 - ——a———

RME FireFace 400 B&K Front End 5966

Hinh 5.22. H¢ thong thiét bi tao xung kich thich va dau thu ciing véi so dé két néi
véi hé thong thi thap dit ligu thi nghiém

Microphone dung dé thu-tin-hiéu ﬁm thanh trong thi nghiém hlen nay c6 nhiéu
chiing loai véi dai tAn dap tng trén 50 kHz. Vén d& 16n nhét cia microphone la:
(1) kich thudc clia n6 qua lén so véi budc song dm trong trong thi nghiém mo
hinh 4m hoc; va (ii) & tan s6 cao n6 thudng tré thanh diu thu c6 dinh huéng thay
vi ddu thu ding huéng. Mot microphone dudng kinh 1.25 cm dai 20 cm trong
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mdt mo hinh ty 1€ 1:20 co thé coi 14 mot vat can hinh tru duong kinh 25 ¢cm va
cao 4 m trong coéng trinh thyc va s& gy anh hudng dén két qua do. Ngoai ra tinh
huéng manh ctia n6 con c6 thé khién két qua do c6 chénh léch hon 6 dB trén cac
huéng khac nhau. Dung microphone c6 kich thudc nhé hon thi ¢ tinh dang
huéng tét hon, nhung lam d6 nhay cia dau thu gidm va SNR (ty 1& do 1én tin
hiéu am thu dugc so v6i tiéng 6n) thu dugc cling gidm xubng.

5.3.2. Vit liéu trong mo hinh am hoc

Mot cach ly tuong, vét liéu dfmg’trong mé hinh phéi c6 cung 46 hut am véi
céc tin sb giéng nhu vét lidu sir dung trong cong trinh thue té. Do tin sé am
trong md hinh thi nghiém thuong cao hon nhiéu lén s0 VGi tan sé 4m tuong mg
trong cong trinh thyuc, vét liéu cia mo hinh va vét li€u clia cong trinh thyc thuong
khac nhau, nhat 1a vat liéu htt am. |

Trén thuc té khi 1am mé hinh, ching ta chi Vcén phéan biét gitta 2 dang vét liéu
chinh: hit 4m va phan xa 4m. Vit liéu phan xa dm («a < 0.02) trong m6 hinh kha dé
thyre hién vi ching ¢6 thé 1am bang bét ctr vat lidu cimg nao (vi du: tdm kim loai,
tAm nhua ctng...) véi 1 16p phi cung - néu cin. Hé s6 hut am t6i thiéu cta bat ky
vét liéu nao dbi voi mét tin s6 c6 thé udc tinh béng cong thirc kinh nghiém:

Qg =1.8x10°4[F ()
trong d6: f - tin sd 4m thanh tuong tng véi do hut am t61 thiéu dang khao sat.
Theo cong thirc nay, & tin s6 100 kHz mét bé mit cung nhu thiy tinh trong mot
mb hinh ty 18 1/20 ching han s& c6 hé sb hit am tdi thiéu la:

a,, =1.8x107*/100000 = 0.06

R rang gia tri 0.06 nay cao hon hén hé s hut 4m & tan sb twong tng 5 kHz
ctia thlly tinh trong cong trinh that (thuy tinh ¢6 « = 0.03). Xét chénh 1éch mire
Am ctia mot tia Am sau lan phéan xa th » trén mot bé mit c6 do hit Am a so véi
tia 4m truc tiép, d6 chénh mirc 4m c6 thé tinh bang cach:

AL=10log(1-a)" - . (5.6)

Theo céhg thte trén, néu gia tri a #20.06, d6 chénh mirc 4m sau 2 1an phan xa
14 0.54 dB. Trong cong trinh thuc véi = 0.03, d0 chénh mirc 4m sau 2 I4n phan
xa 14 0.26 dB. Sai sb gifta phép thi nghiém véi mé hinh va cong trinh thuc té 1a

216



0.28 dB. Ngay c4 sau 5 l4n phan xa, sai sb cung & muc 0.7 dB mdt gia tri sai s6
nhé c6 thé chap nhan duogc.

Nhung déi véi vat lidu hiit 4m (o > 0.1), rit kho dé tim mot vat liéu lam mé
hinh c6 tinh ndng hit 4m twong ty trong cdng trinh thuc va sai s§ cta phép thi
nghiém va thuc té c6 thé nghiém trong. Vi du, theo cdng thirc (5.6) véi vat liéu
c6 hé s6 hit 4m 16n hon 0.6 thi chi cin sai khac 10% hé s hat 4m s& din dén
1.5 dB chénh léch mitc 4m sau 2 1an phan xa. Néu sai khac hé s hut 4m 1a 20%
s& dan t6i sai $6 khoang 10 dB gitta m6 hinh va cong trinh thuc. Pay 13 sai sb
khé chép nhan duge.

Do dé d6i véi vat liéu hut 4m, trong cac m6 hinh &m hoc, ngudi ta thuong
dung cdc vat li¢u thay thé @ dai dién cho vét liéu that trong cong trinh thuc té.
Vi du, mét 16p 10mm bong trong mot md hinh ty 1¢ 1:20 ¢6 thé duge sir dung dé
md t4 mot hang ghé trong phong thue té, hodc mot 16p mong bot polyurethane
trong m6 hinh mo hinh 1:10 ¢6 thé duge st dung dé dai dién cho mot 16p phu
bang thaéh cao 50 mm trong khéng gian thuc (Ballou, 2013). Mot tham sb vat Iy
khéc khé co thé md ta dugc trong md hinh vat 1y 14 do cimg cua cac tAm ban, do
d6 viéc danh gia cac hiéu tmg nhu hut 4m cdng hudng va cac k¥ thuat xay dung
n6 rat khé de 'mo hinh hoa.

Mot vén d& quan trong khac 13 viéc hiu chinh trong tinh toan nham loai trir
hién tuwong hat 4m qua méc cia khong khi khi tdn s6 am thi nghiém rit cao.
Trong mot diéu kién nhiét d0 moéi truwong, dm tan sb cao s& bi suy gidm nang
lugng nhanh hon, dic biét 1a khi do 4m khong khi tang 1én. Nhung ngugc lai,
quang duodng di cia tia 4m trong md hinh thi nghiém lai giam xudng theo ty 18
ctia md hinh. Do d6, cac diéu chinh thudng dugc thue hién bﬁng cach loai bé 4m
khong khi ding trong md hinh, hogc biang céich thay khong khi bang khi nito, hay

- don gian bang cach diéu chinh tinh to4n boi vi su suy giam nang luong am la mot

ham tuyén tinh don gian theo thoi gian, néu tin s am, nhiét do, d6 4m khong khi
da biét (Gade, 2007).

Trong m6 hinh, viée lam mo6 hinh nguoi va ghé ngdi c6 vai tro rét quan trong
vi chung anh huéng 16n dén su nhifu xa va lugng hit 4m cia mé hinh. Cubi
cung, lugng hit &m cla cong trinh cdn dugc diéu chinh mot cach ky ludng dé dat
dugc thoi gian 4m vang mong muén. Théng thudng, nguoi ta 'thu(‘mg;thém lugng
hat 4m vao cdc bé mit chi co phan xa thir cdp (phan xa bac 2 trd 1én) dé khong
~ anh huéng dén nhitng am vang co ich bac 1.
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5.3.3. D chinh xic yéu clu cia thiét bi do

. Mot vAn dé nita trong thi nghiém v6i md hinh 4m hoc nay 1a vAn d& d6 chinh
xéc cia thiét bi do. Thong thuong, quang dudng d ma am thanh lan truyén 1a két

- qua cua thoi gian di chuyén ¢ v6i van toc 4m thanh ¢ nhu sau:

d=cxt ' (5.7)

Trong m6 hinh vat ly thu nho, do kich thuéc ctia md hinh duge thu nhd, do @6
thoi gian lan truyen am thanh cling phai dugc thu nhé tuong ung. Pidu nay din
dén viéc do chinh xéac cua thiét bj do dac trong thi nghlem v6i mo ‘hinh thu nho
phai tang lén tuong Ung véi ty 1€ mo hinh. Mot vi dy la: néu nguén am duoc dit
& diu cia mot cdn phong dai 34.4 m va van tdc truyén 4m 13 344 m/s. Theo cong
thirc (5.7), nhu vdy 4m thanh can 100 ms dé cham vao cudi phong. Néu dd chinh
xé4c yéu cau ciia cac thong tin khoang cach 1a + 0.1 m, d§ chinh Xac vé thoi gian
cta thit bi do phai 1a + 291 ps. Trong trudng hop md hin’h_ty 1€ 1:10 cua cidn
phong nay, thoi gian 4m thanh di chuyén hét cin ph(‘)ng' chi con 10 ms va do
chinh x4c cua thiét bi do phai la + 29.1 us dé dap ung duoc d6 phan giai vé
khoang cdch = 0.01 m.

Két qua do dac truorng am ’t‘rong phong thu‘cng 1a cac xung dap ftng tai cac vi
tri do trong phong, Von chira dung toan bd thong tin vé truong am cling nhu chat
lwong 4m. Biéu d6 xung dép Ung (xem vi du trong Hinh 3.1, Hinh 5.17) c6 thé
cho thiy cau tric ciia 4m phan xa va thoi gian cua cdc 4m vang khi dén dau thu
micro. D6 manh yéu clia 4m phan xa ciing dwoc thé hién trén biéu db xung dap
ung cho phép x4c dinh céc am vang gdy tiéng doi, anh hudng dén chét luong am.
Vi tée do truyen am trong khong khi da biét, can ctr vao biéu dd xung dép tmg va
dua trén mb hinh, ta ¢ thé xac dinh dugc cac 'bé mit gy tiéng doi va co didu
chinh thich hop. Hinh 3.1 gidi thi¢u biéu dd xung dap tng do duogc trong md
hinh ctia Royal Festival Hall, cho thdy cac tiéng doi va cac viing bi thiéu am. A

5.4. QUAN NGAI VE MUC PO KHONG CHAC CHAN CUA CAC THIET
KE AM HQC

Trén thuc té, mic du cac nha am hoc 4p dung nhiéu quygt'fic khoa hoc va cong

cu trong tinh toan thiét ké 4m hoc thinh phong, chit lvong 4m cia nhiéu phong

thinh gla van khong duge dam béo. Vao nim 1955, Wechsberg (Wechsberg, 1955)

d3 viét ring nhiéu thinh phong méi duge xay dung & Chau Au cé chit lugng 4m
thanh t€ hai du da dugc tu vén thiét ké am hoc k¥ ludng. Tir nhitng didu d6 c6 thé
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thy ring khong ai dam chéc chin v& chét lwong 4m cia thinh phong cho dén khi
n6 dugc xay xong, trang thiét bi ddy du, sudi 4m 1én, va dugc dién day boi nguoi
biéu dién va thinh gid. Va luc d6 néu chét lugng 4m khéng dép tng yéu cau,
thuong thi viée didu chinh s& rat tbn kém. Khong r6 nhan xét nay ciia Wechsberg
6 con ding vao ngly nay khi ma rit nhidu cong cu mdy tinh hién dai va chinh
xac dd ra doi, gidp cho viéc thiét ké 4m hoc tré nén dé& dang hon va chinh xac
hon rét nhiéu.

Gan day nhit, trong qué trinh thiét ké phong nha hat Opera & Quang Chéu,
Trung Qudc theo thiét ké cia KTS. Zaha Hazid, cic md hinh 4m hoc va md hinh
maéy tinh bang phin mém Odeon da duoc st dung cho viéc thiét k& am hoc. Tuy
nhién két qua do dac trong thinh phong diy khan gia sau khi dugc xay dung lai
c6 khac biét twong ddi 16n so véi thiét ké (xem Béang 5.3). Su khéc biét giita thuc
té va m6 hinh du doan chd yéu ndm & cac am c6 tan sb cao.

Bang 5.3. So sanh két qua md phéng, do dac trong mé hinh thu nhé
va trong cong trinh thwe & nha hat Opera Quing Chiu
- theo Exton & Marshall (2011)

Thei gian dm vang ciia cdc déi octave (s)
I25Hz| 250 | 500 | 1000 | 2000 | 4000
Mo hinhméytinhOdeon | 1.8 | 17 | 16 | 15 | 15 | 13
M5 hinh thu nhé 1/25 1.8 1.7.] 15 |15 | 15 13
Két qua do thuc té sau khi xdy | 2.0 1.7 1.8 2.0 2.0 1.8

Nguén du liéu tir

5.5. CAU HOI VA BAI TAP CHUONG 5

Cau héi trong tim

1. Hay ly gi'éii ¥ nghia cac md hinh hdi quy cta Gade néu trong Bang 5.1?

2. Néu va mb ta vén tit 4 phuong phap co ban ding dé thiét ké 4m hoc phong
thinh gia.

3. Néu trinh tu thye hién moétmd phong chit lugng 4m trong thinh phong kin
trén chuong trinh may-tinh.

4. C6 nhiing cach tiép can nao trong viéc tinh toan chét lugng 4m dua trén
phin mém may tinh? Cac cach tiép cén d6 c6 vu nhuoc diém gi?

5. Néu nhitng wu nhuge diém ctia phuong phap mé phéng am hoc trén may tinh.
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6. Néu nhitng diém can Iuu y khi thuc hién mé hinh 4m hoc thu nhé dé nghién
ctru chit luong 4m trong thinh phong. ” |

7. Tao 4m thanh gia 14p 1a gi? Néu trinh ty tao 4m thanh gia 14p cia mot thinh
phong dang trong giai doan thiét ké.

Bai thyc hanh: _

St dung phuong phap thiét ké thinh phong trén mdy tinh, hay tu thiét ké mot
thinh phong tu chon (c6 thé 1a phong hoa nhac, Opera, xem phim, hat cai luong,
kich néi, giang dudng 16n....) c6 quy mo6 1400 khéan gia. Néu rd phuong an kién
trac (mit bing, mit cit doc phong, hinh khdi 3D - néu cin) va phuong an bd tri
vét liéu trén tAt ca cac bé mit phong nhim dam bao chét lugng 4m trong phong.

Goi y: Trinh tu thuc hién nhu sau: |

- Tinh thoi gian 4m vang t6i wu cho cdc tan sb nhu huéng din & bai tip 1,
Chuong 3. Sau d6 tinh ca sai s6 cho phép cua thoi gian Am vang 11 wru (£10%);

- Tinh thé tich, dién tich va chiéu cao trung binh ctia phong (xem muc 4.3.1);

- Phéc thao mit bang mat cit phong, tan dung nguyén ly 4m hinh hoc dé xéc
dinh cac bé mat phan xa trén mit bing va mit cét;

- Dung m6 hinh am hoc phong du kién theo phac thiao mat bing vi mit cit
trén phan mém (vi du Autodesk Ecotect phién ban 2011); '

- Tao vat liéu v6i cac hé sb hut am cu thé trén phdn mém mo phong;

- Gan vét li¢u d4 tao cho cac mat bén trong mo hinh cong trinh da dung;

-Pic cac d_g‘?lu'thu, ngudn am trong phong (néu phan mém cho phép);

- Thuc hién mé phéng va nhan dugc két qua thoi gian 4m vang thyc té;

- So sanh v6i thoi gian 4m vang t6i wu va sai s6 cho phép & bude dau tién va
quay lai diéu chinh vit liéu néu cin. Néu két qua dat yéu ciu thi két thuc viéc
tinh todn vA md phéng. 'y
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Chuwong 6 |

HE THONG PIEN THANH TRONG PHONG THINH GIA

- TOM TAT NOI DUNG CHINH

Chwong 6 mé td va gidi thiéu cdc nguyén Iy ciia hé thong dién thanh
sie dung trong thinh phong. Pé iing dung dwoc kién thirc, ban doc can
ndm dwoc cdc ngi dung ot 16i sa‘u:" _

- Cdu tgo co ban va cdc thanh phd‘n chinh cua mot hé théng dién
thanh, trong dé 3 bg phdn khong thé thiéu la dau thu, am ly va loa;

" - Hiéu dugc trong truomg hop nao thi mét hé théng dién thanh 1a can
thiét hodic khéng, nhdn manh rang cde truong hop can chat lwong dm .

cao va trung thuee thi phdi nghe am truc tzep,

- Pdc dzem truong dm trong phong khi c6 hé thong dién thanh trong
do ddc biét chii Y dén hiéu iimg Haas va hién tuong ém hoi tzep, ,

- Cdc cdch co bén dé bé tri hé thdng dién thanh trong phong nhdm
dam bdo chdt lwgng dm, phii hop véi chike ndng sw dung, trong do viéc
b6 tri loa la cuc ky quan trong;

- Trinh tw thiét ké va bé tri mot hé thong dién thanh trong thinh phong.

Vi du vng dung & cudi chuwong la mét minh hoa rdt cu thé cho viéc thiét
ké hé thong dién thanh trong thinh phong. Vi du dd dwoc gidn lupc nham
Pphil hop véi-cde kién triic suva ks khéng chuyén séu vé dién thanh.

Mgt diém chii y trong chuong ndy 1 cdc hé thong dién tir c6 thé can
thiép vao thiét ké dién thanh ena thinh phong, giip cdi tién chdt heong
am, ddc biét la thoi gian dm vang va am phdn xa tir tuong bién. Cdc hé
théng nay.cé thé gidi quyét khiém khuyét trong thiét ké am hoc ciia thinh
phong, do dé rdt phit hop cho cdng tdc cdi tao. Tuy nhién chi phi ldp dit .
va vdn hanh, stra chﬁ"a‘h_é théng rét cao, can dwoc cdn n_hd'c khi dp dung.
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Hé théng dién thanh c6 hai vai trd chinh 13 ting 4m va cdi thién chit lugng am.
Hé thdng dién thanh va 4m thanh trong thinh phong c6 hé théng dién thanh hau
" nhu bj chi phéi boi chit lwong hé théng dién thanh va cach bd tri ching trong
thinh phong. Mot hé théng dién thanh hién dai va hoan chinh co cAu tao rat phtc
tap, thuong gdm nhidu thiét bi dién tir két nbi, doi hoi ngudi k§ thuat vién vén
hanh ching phai am hidu vé am thanh ciing nhu sy 1am viéc ciia hé théng. Chi
mot sai sot nhd trong diéu chinh cling khién hé théng gdp truc trdc, hodc thadm chi
1a hu hong. Do d6 trong phan diu ciia chuong nay, ching tdi tip trung vao viéc
gioi thidu chi tiét hé théng dién thanh, 1am co s& cho viéc 1ap dit, bd tri, didu
chinh hé théng trong thinh phong & phan sau cta chwong.

' 6.1. CAU TAO VA NGUYEN LY LAM VIEC CUA HE THONG DIEN THANH

Mot hé théng dién thanh théng thudng phai c6 ‘S‘thénh phén chinh nhu sau:

Mot 1a: (Cac) Micro, hop DI (b0 phén trung giah gifta cac nhac cu va ban tron)
va cac nguon thu khéc;

Hai la: Mot ban trén (mixer);

Ba la: Am-ly (Power amplifier);

Bén 1a: (Cac) Loa;

va ndm la: H¢ thdng cac day cap nbi lidn céc thanh phén noi trén.

Ching duoc két ndi bang day dan hoac bang séng radio tin sb cao. V1 tri cua
timg thanh phin noi trén duge md ta trong Hinh 6.1. Mot hé théng dién thanh
phirc tap hon ¢6 thé ¢6 thém nhitng thanh phén khac nhu hé théng micro cho may
phat thanh, b loc tin -hiéu’ (graphic equalizer), thuong chia tan s chu dong, bd
xu ly dong, cac bd tao higu ing... nhu gidi thiéu trong Hinh 6.2.

~ Micro va . co nghia la sd lugng tay theo yéu
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Hinh 6.1. Cdc thanh phcfﬁ chinh ciia mét hé théng dién thanh don gian
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Hinh 6.2. Céc thanh phdn chinh ciia mét hé thong dién thanh phikc tap

Chirc ning va vai trd clia cac thanh phén trong hé théng dién thanh no6i trén
duge mo ta trong cac muc tiép theo.

6.1.1. Diu thu 4m

Céc loai dau thu 4m thudng hay gip trong thinh phong 14 cde logi microphone,
tiy theo muc dich sir dung la ca hat, hay hoa nhac, hay hop hoi nghi véi nhiéu
dai biéu, ban c6 thé lua chon cac loai microphone (khdng day, c6 diy) hodc
microphone cb ngdng dé ban... sao cho phi hop v6i nhu ciu sir dung. Ngoai ra
con ¢6 cac thiét bi nhu dau dia, may phat thanh, may catsette, may vi tinh, dién
thoai... ding dé phat va dwa ngudn 4m vao hé théng dién thanh ciing rat hay duge
sir dung. Mét hé thng téng am don gian nhét 13 mot microphone két ndi véi 4m
ly va phét ra loa nhu Hinh 6.3.

gvavavavy

Tin higu
am vao

Hinh 6.3. Thanh phdn va két néi ciia mot hé théng dién thanh don gidn nhét

__Micro
U
Q\ T
ya Tin ljiéu am
/ ~ khuéch dai
= @ VYV
o = |
Am ly (b khuéch dai) Loa phat
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Microphone (mic hay mike) 1a mot ddu thu am gitp chuyén ddi 4m thanh
thanh tin hiéu dién. C6 rat nhiéu kiéu microphone dugc st dung, khai thac céc
phuong phép khac nhau d¢é chuyér_; d6i 4p suit 4m dao dong thanh tin hiéu dién.
Phuong phéap phd bién nhét 12 microphone dién dong st dung nguyén ly Faraday,
gém mdt cudn diy dién treo trong mdt tir trudng nam chdm; microphone tu st
dung tu dién; microphone tinh thé str dung hiéu tmg ap dién véi tinh thé cia vat
liéu 4p dién. Mircophone can phai dugc két ndi véi mot bd diéu tiét khuéch dai
(amplifier - 4m-ly) trudc khi c6 thé thu va phét 4m ra loa. |

Po nhay ctia microphone thudng dugce do v6i kich thich 4m thanh & tan s
1000 Hz v6i mixe 4p suit 4m 94 dB. T sb dd 16n tin higu (tin hiéu s6 hay analog)
dau ra tur microphone so véi tin hiéu kich thich dau vao dugc goi 12 d6 nhay
microphone. D6 nhay 12 mot trong nhiing déc diém cta microphone, nhung hoan
toan khoéng c6 phan dnh dung chét lugng cua microphone. Sy can bing gifta mirc
on, didm cit, d6 méo 4m, va dd nhay cua m1croph0ne xéac dinh lleu mot
microphone ¢6 phtt hgp cho m¢t muc dich nao d6 hay khong

Pic tinh d6 nhay clia mot m1cr0phone thuong dugce biéu dién béi:‘m(f)t biéu dé
cuc cho biét do nhay ctia microphone trén cic huéng so véi truc trung tdm cla
né. Trén biéu dd cuc trong Hinh 6.4, ching t6i gidi thiéu cac dang microphone
khac nhau v6i cac phan bd d6 nhay dic trung. Pudng dam cia bidu o 1a tép hop
céc didm san sinh tin hiéu 4m thanh dAu ra ctia mlcrophone gibng nhau néu tai d6
c6 am kich thich.

Thong thudng, huo'ng tir tim biéu d6 Vuong g6c ra ngoai trung v6i truc vat ly
clia microphone. Mot sb loa1 microphone déc b1et nhu microphone dang tAm
mang, hudng tir tim biéu dd vudng goc ra ngoai thuong la hudng vudng goc voi
mat cta microphone. Thiét ké cua mot sé microphone két hop nhiéu nguyén téc

@8 tao ra bidu dd do nhay mong mubn, ¢6 thé 13 ding bién phap kiém soét bsi vo
boc bén ngoai, hodc cac loai mang dién tu kép.

Loai micro ding huéng bt 4m thanh tir moi huéng nén hay dung trong do dac
truong Am; nhung loai nay khong hop voi cac thinh phong do no bét ca Am thanh
tlr loa phat ra va lai dua ra loa (hién twong hoi tiép) tao ra tiéng hu, tiéng gao. Do
dé, cac loai micro dinh hudng phit hop hon cho cic phong biéu dién c6 loa. Loai
microphone nhi huéng thudng dugc dung frong do dac truong &4m trong thinh
phong nhu da dé cap trong phin 3.4.
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Dinh hwéng kiéu 4

Hinh 6.4. Biéu do bcuc cho thdy dé nhay cua microphone trén cdc huong
6.1.2. Loa (speaker) -

Loa la mot thiét bi chuyén ddi dién t - am hoc gitip chuyén ddi tin hiéu 4m
thanh dién thanh 4m thanh trong tng. Loai loa dugc dung phd bién nhat cho muc
dich bidu dién trong giai doan hién nay la loa dién dong (dynamic speaker), duoc
phat minh ndm 1925 béi Edward W. Kellogg va Chester W. Rice. Loa déng hoat
dong tuong ty nhu micro, nhung ngugc lai, dé san sinh ra 4m thanh tr cac tin
hi¢u di¢n. Am thanh sinh ra do rung dong cua mang loa, hoat dong trén nguyén
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Iy tir ctia Faraday, tao ra séng &m trong khong khi (xem Hinh 6.5). Ngoai phuong
phap kha cb dién nay, hién nay c6 nhidu k§ thudt thay thé khac c6 thé chuyén d6i
tin hiéu dién thanh 4m thanh. Nguén am (vi du 4m thanh ghi nhén bdi 1 micro
chéng han) phai dwoc khuéch dai hay ting cudng béi mot bd khuéch dai am
trude khi tin hiéu 4m duoc dua ra loa. Céc loai loa dién dong c6 mdt nhuogc diém
chung 14 kich c& thung loa thuong 16n va ning nén loa chiém nhiéu khéng gian
va viéc di chuyén loa sé& ton nhiéu cong stc.

. Méang loa

. M che bui

. Cuén tiéng

. Miéng cuc loa
Pia cuc

. Nam cham vinh ctru
. Hop cl loa

. Vién loa

. Con nhén

10. Day dién

11. Mat thing loa

Hinh 6.5. MGt cdt doc mét loa bikc xa triee tiép gcfn trén mot thimg loa
- phong theo Beranek & Mellow (2012)

Loa 1a thiét b cudi ciing trong chudi thiét b cia hé thong dién thanh, nhung
dong vai trd rat quan trong vi sé quyét dinh cuong do, phuong hudng, dai tan
s6... clia Am thanh phét ra va dén tai thinh gia. Chinh vi tinh chét quan trong nhu
vay, nén loa thuong duoc san xuét thanh nhiéu loai ¢6 chirc ning riéng, quy md
va cbng sudt am khac nhau. D6i khi chiing ta ¢6 thé gap loa tich-hgp nhiéu tinh
nang trong mot. - S

Loa thudng dugc dit trong thung loa, thong thuong c6 hinh hdp chit nhat bang
gd hoic béng nhya. Vit li€u va thiét ké cua vo thung loa, co thé bao gém ca mot
15 phét tiéng bass, déng vai trd quan trong d6i v6i chét lwong 4m ctia loa thung
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(loudspeaker). Khi cin loa thung cho chit lwong am that tét, nhidu loa nho
thuong dugc tich hop trong 1 thing loa, mdi loa nhé nhur viy phu trach mot dai
tAn s Am nhat dinh. Trén moét loa thing, nhitng loa nhé phat ra 4m tdm sb cao
gol 1a loa tweeter (thuong goi 1a loa treble), nhitng loa nhod phét ra 4m tin sé
trung binh goi 1a loa trung. O dai tin sb cao va trung, mang loa phai da nhod va
mém dé dap tmg kip cho nhiing dao dong nhanh va lién tuc dugc tao ra. Vi thé
ma loa treble thuong dugc thiét ké kich thude rit nho so véi loa bass. Nhitng loa
16n phat ra 4m tin sé thip goi 1a loa bass - loa sub hay loa siéu trAim (woofer). O
dai tan thip nay, song &m ¢6 bién d6 dao ddng 16n, mang loa phai c6 kich thuéc
rong. Chinh vi thé ma céc loa bass thuong c6 mang loa rat 16n.

T: Loa trép =

M: Loa trung H—ﬁ__‘_:}
W: Loa siéu tram [
P: 18 thang matten fongloa ™At dudi thiing loa
e 447 —] [ 287 >
| L -
T 7 . N
- TR
[o]7 .
Ly oo
G\M o
PQ/\J\\ 670 692 || L |54
l | :
| 1
W | |
N | // . : ! I I
2 R/ Ry = _:Ll N
mat Ioa trudc mat trudc thung loa mat hong thung loa

Hinh 6.6. Cdu tao mét loa thung don gidn voi cdc loa nhd va thimg loa
6.1.2.1. Loa siéu trim - theo Cong ty TNHH TM Minh Thanh P.ILA.N.O (2016)

Loa siéu trim (foa sub, hay subwoofer) 13 mot loa tram hodc mdt loa hoan
chinh, dugc danh riéng cho muc dich phét ra cac 4m thanh ¢6 tin sb thip (goi 1a
_&m bass). Loa siéu trdm duoc tao thanh tir mot hodc nhiéu loa trAm cung tich hop
trong mot thing loa thuong dugc lim bing g hay bing nhua c6 kha ndng chiu
ap suét khong khi va chéng bién'dang. C6 hai loai loa siéu trdm chu yéu:
- Loa siéu trdm thu dong duoc hd tro bdi mot bd khuéch dai ben ngodi, trén
thue té thuong chia sé véi amplifier chinh cua hé théng,

- Va loa siéu trdm chii dong c6 mot bd khuéch dai (ampliﬁer) riéng tich hop
bén trong.
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Mot loa siéu trdm thudng c6 kha nadng téi tao.cdc 4m thanh co6 tan sb thip,
vao khoang 20 Hz - 200 Hz. Loa si€u trdm thuong rat phi hgp cho céc bd phim
hanh dong, cic ban nhac dance, nhiing tiéng trong... Khi trong hé théﬁg loa c6
mot loa siéu trdm thi cac loa khac s& c¢6 kich thuéc nhé hon (bt loa trdm) vi
phén 4m trdm dd dugc loa siéu trdm phu trach. Khi bd tri hé thdng loa trong
thinh phong, loa siéu trdm cdn dugce bd tri can chinh véi nhing thiét bi am
thanh khac trong mot bd loa dé tao ra trudng 4m hoan chinh. Loa siéu trdm néu
;ﬁiét ké riéng r& tach khéi loa thang thuong c6 hinh dang phong phu, nhung co
" ban c6 3-dang céu tric: |

- Loa siéu trdm lién hop: c6 cAu tao glong voi loa thung, co mot mang loa aé
am thanh phat ra, bén ngoai c6 ludi hay mang bao v&.

- Loa siéu trdm c6 15: cung gidng nhur loa lién hop, nhung th1et ké c6 thém mot
hay vai 16 & duci duong tiéng dé c6 thé mang dén nhiing 4m thap nhét va gitp 4m
trAm nhu lan tda manh hon. Loai nay rét phd bién trén thi truong hi€n nay.

- Loa siéu trAm déng 4p: Thiét ké véi 2 loa tram bd tri 61 dién véi nhau. Cac
song Am s& phat ra c6 cung pha, cung tAn sb s& cong hudng dé tao ra nhiing
tiéng bass manh hon, dem lai hiéu qua am thanh cao hon. Loai loa déng ap nay
thuc‘mg'sfr dung cho cac dan dm thanh cong suét 16n, hodc danh cho céc sin
khiu ca nhac... o

6.1.2.2. Loa danh cho khdn gid va loa kiém tra (monitor speaker)

Loa kiém tra 12 mét loai loa st dung trong biéu dién truc tiép (nhac sbng, hoa
nhac, opera...) trong d6 c6 sit dung hé thdng ting 4m dé didu tiét am thanh cua
ngudi biéu dlen Loa kiém tra duoc b trf trén sin khdu, ngira mit vé huéng
ngudi biéu didn (xem Hinh 6.7). Loa kiém tra thuong 1a nhitng loa don hoan
chinh v& dai tin s6 hoat dong, c6 cu tao d& dé dang di’ chuyén va chéng va
cham: ¢6 tai xéch, G op kim loai bao vé€ goc, ludi bao vé loa.

Néu khong c6 loa kidm tra, am thanh ma ngudi biéu dién-trén san khiu nghe
duoc 12 &m phan xa tir tudong héu cla phén khan phong. Am phan xa ty nhién nay
thuong tré hon 4m tryce tiép va bi méo am, ¢6 thé khién cho nguoi ca si hat lac
nhip véi ban nhac. Vi ly do d6, mot kénh tin hiéu &m thanh hoan chinh dugc d?in
ra loa kiém tra phat va dén tai ngudi bidu dién dé ho dién dang nhip v dung tha
ty v&i moi.ngudi. Tin hiéunay phai la tin hi¢u “kho” (dry mix), nghia la chua c6
céc hiéu tng dién tr nhu echo hay dm vang. ' |
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4 Loa chinh
Loa chinh

Loa kiém tr.

%Loa kiém ti
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Loa chinh

- Loa chinh

Hinh 6.7. Mt vi du dién hinh cia vi_é>c bé tri hé tho‘hg loa kiém tra:
3 loa kiém tra hinh tru tam gidc quay mdt vé phia ngudi biéu dién va ban nhac.
Thém chi 6 vi tri choi trong, tay trong con duoe bé tri I loa kiém tra siéu trém
(dé theo dBi dm trdam ciia trong va cua thiét bi dién tir) va mét loa thung

‘' trutam gidc dé kiém tra tiéng hdt va ém trung - cao tan.

Loa danh cho khan gia 12 hé théng loa chinh cua thinh phong, 12 hé loa dinh
huéng vé phia khan gia. H¢ loa nay cé khévnéng tai tao 4m thanh trén toan bo dai
tin s6 20 Hz - 20.00 Hz, c¢6 ddy du c4c hidu tng nhu do tr&, d vang, echo... H¢
loa danh cho thinh phong 16n thuong gdém loa chinh, loa phu, loa tao hiéu ung...
v6i nhiéu chiing loai nhu loa thung, loa nén, loa sit, loa array... tity thudc theo vi
tri va muc dich cia timg loa. Ky thuét bd tri loa s& duoc ban ky trong cic phin
sau cua chuong nay. '

6.1.2.3. Loa array

Loa array (Iine array) 1a mét chu5i gdm céc loa nho (loa don vi) ¢6 dép tuyén
toan bd dai tin sb, c6 kleu glong nhau dugc lép lién két v6i nhau thanh mot
duodng, dé tao ra mot ngudn Am duong. Céc loa nay duge cung cip tin hiéu dong
pha. Khoang céch gifta cac loa don-vi 13 lién ké nhau khién 4m thanh phat ra giao
“thoa v¢i nhau va di xa hon cac loai loa dang kén truyén thong va cAu tric cia
song am dugc trai ddu hon. Do dé; loa array thuong dugc st dung cho nhung hoi-
truong 16n, san khau ngoai troi co pham vi hoat dgng rong va xa, khan gia dong.
Hinh 6.8 gi6i thiéu mdt vi du vé cach bd tri va su phén bo am thanh phét ra béi
mdt chudi loa array trong phong. . '
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Hinh 6.8. Nguyén Iy bé tri va phdn bé ém thanh cia mgt hé théng loa array

Céc loa don vi trong chudi loa array thuong c6 kich thude gon gang, nhung lai
c6 cbng suét 16n bsi ching thudng duoc ché tao vé6i k¥ thuat loa nén, gitp cho
cac khoang chira loa c6 thé tich nhd. Mot loa don vi thudng c6 do nhay cao v6i
cii loa ¢6 nam cham dién manh. Céc loa don vi thudng dugc ghép véi nhau bing
khung néi tidu chuén va hé théng thuong dugc treo.

Hé théng loa array co nhitng uu diém sau:

- Gon gang va dé théo lap, van chuyén va linh hoat didu chinh s luong loa
trong 1 chudi array. Nguoi dung dé dang dinh huérig gdc phat thanh nhd vao hé
théng méc treo di kém trong céc bo loa. Céc loa don bi duge.ché tao ndm ngang,
nén khi chéng 1én nhau, chiéu cao cua h¢ théng & muc vira phai, chi khoéang "2 so
v6i loa dimg. ! ' |

- Am thanh cac loa phat ra it bi nhiéu, it bi triét tiéu nhau (do cung pha), 4m di
xa hon va nidng lugng 4m 16n hon. Thuong thi cdc hong loa treble dugc ché tao
v6i goc phét thanh theo mit phing ngang 16n (100 - 120°), géc phat trén mit
phéng dimg lai rit hep - thuong khong qua 12° thy theo sy sap xép goc giira cac
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loa. Chinh vi vay am thanh s& phong xa hon ma khong bi nhiéu 16n 13n nhau. Véi
loa thdng thuong (ngudn diém), ning luong Am tit din theo quy ludt binh
phuong kKhoang cach (khoéng cich ting glp doi, mirc 4m giam 6 dB. Nhung 601
v6i loa array (ngudn duong), nang lugng am chi gidm di 3 dB khi khoang cach
ting Vgap doi. K

Do cac loa array thuong c6 kich thudc nhd (cu loa thuong c¢6 dudng kinh 6
8", 10", 12"), nén phu hgp hon cho 4m thanh tan sd trung va cao. Do do6, trong
céc sy kién trinh dién 4m thanh, céc loa siéu trdm (c6 kich thuéc cu loa 16n hon,
khoang 18") ddm nhiém dai tin thip, con cac loai loa array s€ chu yéu tap trung
vao dai tin s cao. Loa array chi phu hop khi can phat 4m di xa. Néu vi trf ngucn
nghe qua gin, < 10 m, hiéu qua 4m thanh ma né mang lai s& khong nhu cac loa
thang thong thudng. Ngodi ra, loa array cin it nhét 4 loa don vi cho mot day loa,
nén chi phi cho hé théng 16n hon so véi hé théng loa thung thong thuong. Hién
nay, loa array rit duoc ua chudng khi stt dung cho céac sy kién ngoai troi. Viéce
lap dit, van chuyén ciing kha don gian.

6.1.2.4. Bdp tuyén tan so ciia loa (Loudspeaker frequency response)

Khai niém dap tuyén tin sb cia loa: 1a théng s6 ky thuat cua mot chiée loa thé
hién pham vi tin sé &m thanh ma loa d6 c6 khd ning tai tao va phét ra... nha san
xuét loa thudng s& thé hién dap tuyén tan sb cua loa thong qua biéu do di kém
trong catalogue, trong d6 cho thdy & nhitng quang tin s6 khac nhau 4m thanh s€
dugc loa ti tao & muc nao. Pay 1a mot thong tin quan trong dé lwa chon loa cho
pht hop muc dich biéu dién.

Am thanh trong khoang 20 Hz dén 20000 Hz c6 thé nghe dugc dbi voi ngudi
~tré ¢6 tai binh thuong. Cac nha san xuét loa c6 thé cdng bd rang loa cia ho c6 thé
tai tao t6t toan bd dai Am thanh nay. Nhung thyc t& kho ¢6 loa ndo dap tng duogc

didu d6. D& ¢o dap tuyén tan sb rong, nguoi ta pha1 sit dung nhidu loa ¢ dap
tuyén tin sb khac nhau.

N6i chung, im trdm ¢6 dai tin khoang 20 Hz - 500 Hz trong khi 4m trung sé& 13
khoang 500 Hz dén 5.000 Hz. Con 4m cao tAn c6 dai 5.000 Hz - 20 kHz. D6i khi,
dai néi trén con duoc chia nhd hon thanh cdc dai nho hon. Hiéu duge cc dai tan
ndy giap ching ta xac dinh dugc chat lugng loa nhu thé nao néu biét dap tuyén
tan sé cua no. Chang-han-v6i-bidu-dé trong Hinh 6.9, chiing ta c6 thé thiy ring
doan trén clia dai tdn sb trung (cdc Am thanh rat chi tiét thuong & trong dai tin sd
nay) sé€ to va rd rang. Nhiing 4m trdm dudng nhu s& nhé dan theo tan sb.
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Tuy nhién, dé hiéu 16 hon biéu db nay, chung ta can kién thuc vé céc yéu td
lién quan khac dén loa. Pic tinh nghe ciia tai nguorl tuong tac g1ua cac loa VO‘l
nhau, céu tric thung loa, trang &m cia phong va mot loat cac yeu t6 khac cin
phai xem xét khi phan tich biéu a6 dap tuyen tén s cua loa.

Léy vi du, biéu dd trong Hinh 6.9 cho thdy loa rit manh & dai trén cua thn sb
trung; néu ching ta biét biéu dd nay 13 cia mot tai nghe nhét trong 16 tai thi trong
thuc te hoat dong, 4m trAm s& ting 1én rAt nhidu do tiép xtc truc tlep cda tai nghe
va 13 tai trong. Néu biéu @b dap tuyén cho thiy tai nghe manh & tan s thip, trén
thuc té nghe Am trAm s& rat 16n va nghe “ling bung” do hi¢u ing tiép xtic noi trén.

L '
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L
<@

Mire dp sudt dm di

30 50 100 200 300 TlOSC] 2000 3000 3000 1000¢ 20000
: arso

Hinh 6.9. Biéu d6 ddp tuyén tan so cia loa & dang mitc dp sudt am

Trong mot sb trudng hop, bidu dd dép tuyén tin sb cua loa duoc thé hién duéi
dang dung sai ciia loa trong phép do (Hinh 6.10) chir khong phai 1a mirc ap suét
am (Hinh 6.9). Tuy nhién ca 2 loai biéu dd nay phan 4nh ndi dung co ban 1a
gidng nhau. Céac nha sén xuét st dung dung sai + 3 dB 1a don vi trong biéu dd
dap tuyén nay vi tai ngudi chi c6 thé cam nhan duoc su khac biét néu su thay doi
mirc 4p suit Am khong nhé hon 3 dB.

+10

+3‘

S OSSO O H O SO O.$
""’@’9@@@@@@@‘9 S P

Dip tuyén

I))Q
Tan'sé

Hinh 6.10. Biéu db ddp tuyén tan sé o"dang dung sai |
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Thi nghiém xéc dinh biéu dd dap tuyén tan sé cua loa: -, |

Pé dua ra dugc mot dd thi dap tuyén tan s cta loa hay microphone, nha san
xut phai sit dung céc phép do trong phong thi nghiém. Céch thtc hay dung 13,
cap cho loa céc tin hi¢u 4m thanh c6 tan s6 khac nhau ¢ cing mot mirc 4m luong,
rdi do mirc 4p sudt 4m ma loa phét ra. Dung microphone dédt cach 1 m & phia
trude loa dé do muc &p suit 4m ma loa phat ra. Viéc thi nghiém dugc thuc hién
trong phong cim (khong co tleng doi). Thong thudng, véi loa thi nguoi ta s& cap
cho né cac 4m c6 tin sb theo timg quang 1/3 octave (xem H1nh 1.8), trong dai tAn
tr 20 Hz cho téi 20 kHz. ’

6.1.2.5. B nhay ciia loa (sensitivity)

Mot trong nhiing thong sb ¢o ban nhung cling rét quan trong khi-danh gia loa
1a chi s& @6 nhay, dugc do bang decibel (dB). Po nhay cua loa duoc xac dinh
bang cach do Mirc 4p suét 4m (SPL) thu dugc cach loa 1 m khi loa nhdn-1 W
cong suét tir am-ly (do trong phong cam - khong c6 tiéng d01) Do nhay 12 thong
s6 quan trong dé biét duogc cong suét tdi thleu cua am- ly phai la bao nhiéu dé
phéi ghép véi loa.

Cong suit 4m-ly dwoc tinh bing ty sb gifta binh phuong hiéu dién thé véi tré
khang am-ly. Thong thuong, véi muc dién 4p dau vao chuédn 1a 2.83 V, néu dm-ly
c¢6 muc tré khang 8 Q, cong suit ma loa nhan duoc 1a 1 W (tie 2.83%/8 = 8.0089/8
=1 W). Néu tré khang cta am-ly 1a 4 Q thi céng suét cta am-ly cung cip cho loa
sEla2 W. |

Mot vi du cho théy‘ su quan trong cua d§ nhay cuda loa khi chon am-ly: loa c6
d6 nhay 85 dB c6 nghia 12 loa s& phat ra 4m c6 mirc 4p suit 4m 85 dB khi cung
cép cho loa cdng suét 1 W, do duoc cach loa 1 m. Pé tao ra am luong 101 dB,
mdt loa c6 do nhay 80 dB cén 4m-ly cung cép cong sudt 128 W. Trong khi do,
loa nhay 95 dB chi cén 2 W tir Am-ly dé tao ra 4m luong tuong duong. PY nhay
loa ctt gidm di 3 dB thi cin cong suit Am-ly gép d6i dé tao ra mirc Am khong thay
déi. Pay ciing 1a ly do ma dung sai = 3 dB dugc dung lam don vi trong phép do
biéu db dap tuyén tén sb cua loa.

. Trén thi truong, hau hét cac Toa déu €6 do nhay khoang 80 dB dén 90 dB hodc
hon. Céc loa t6t thuong c6 do nhay 90 dB tré Ién.

Cén luu v 1 do nhay cla loa chi lién quan dén d6 16n nhé cia Am ma loa
- phét ra (hay cong suit 4m cia loa) chu khong lién quan dén chét lugng am. Do
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dé mot loa cd do nhay cao chua chic da nghe hay hon loa c6 d6 nhay thép.
Trohg khi do, dap tuyén tin s ciia loa vira lién quan mat thiét dén chit lugng
Am cta loa, vira it nhidu lién quan dén 4m lugng ma loa phat ra, trong mbi
teong quan vdi cac tan sb.

6.1.2.6. Huéng phit ciia loa

Hudng phat 12 mot khéi niém dung d8 bidu thi su thay dbi cuong do mirc xa
am trén cac hu(ing 1&ch khéi truc loa, ing véi cac tén s6 am khac nhau. Mot loa
¢6 hudng phat rong thuong dugc hidu 12 n6 c6 thé duy tri 4p sudt 4m (sound
pressure level, SPL) déng déu trén céc huéng khac nhau du léch khdi tryc loa.
Ngugc lai, mot loa c6 huéng phat hep c6 mirc 4p sudt Am trén truc loa 16n hon rét -
nh1eu so v&i 4p sudt 4m trén cae hudng 1éch khéi truc loa. Huong phét cta loala
mot dic trung quan trong cua loa, g1up ngudi thiét ke bb tri loa trén hudng Va
khoang céch thich hgp.

00 dB . ) -

Hinh 6.11. Biéu do hu‘ong phadt ciia loa va nguyén Iy vé biéu dé
Hudng phét cia loa thuong dugce nha san xuét loa biéu thi bang mot biéu db cuc
(co thé 1a 1 dudng tron, hodc 1 nira duong tron phia trén) nhu trong Hinh 6.11.
Trén biéu dd nay, huéng phat clia loa tng voi cac tin sb khac nhau dugc biéu thi

bang cac dudmg cong c6 mau sic tuorng img. Hudng phat trén truc loa (hudng 0°)
c6 d6 suy giam a4m la 0 dB. Céac hudéng 1&ch khéi truc ludn co d() suy giam nhiéu
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hon 0 dB, biéu thj bang diu trir. N6i chung, tan sé phat cua loa cang cao,“:‘huo’rng
phat cang thu hep. ' ' ,
Hinh 6.12 va Hinh 6.13 cho thdy mét vai loai biéu dd thudong gip va y nghia

thuc tién cla ching.

4000Hz ./ 8000 Hz 10,000 Hz
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Hinh 6.12. Mot vai dang biéu do hwéng phdt ciia loa. Chii ¥ chi s6 DI
trong cdc hinh chi nhgt (hinh phdai) cho biét dg loi dp sudt dm trén truc loa so véi
loa ding hwéng cé-cing cong sudt phdt (DI = directivity index). Biéu dé mau
bén dudi ciing la mot dang biéu dé huedng phdt ciia loa, c6 tich hop ca hudng,
tén 56, dp sudt Gm va dugc sir dung phé bién trong thoi gian gdn day.
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Hinh 6.13. Y nghia ctia biéu do "hu"o"ng phit ciia loa cho thdy tam quan trong ctia né
trong viéc b6 tri loa va ché ngoi cho khan gid

6.1.3. H¢ thong tron, khuéch dai va cin bing tin s6

6.1.3.1. Ban tron (mixer)

Thiét bi irén ém, hay goi tdt la ban tron (mixer): 1a mot thanh phe‘inrkﬁ@ﬁg' thé
thiéu cho hé théng dién thanh hoan chinh; d6 la thiét bi ‘tiép nhén d6ng thoi céac
tin hiéu dién cia 4m thanh tir ngudn (micro, dia, nhac cu...) va xit ly ching sau
d6 cho ra mot tin hiéu dién 4m thanh duy nhét duéi dang tin hiéu 4m don kénh
(mono) hay 4m thanh nbi (da kénh - stereo). Nhu viy mot ban tron (mixer)
thudng c6 rat nhiéu “céng” vao (line in) va tlly vao quy mo cia thinh phong, loai
hinh bidu dién va su da dang cta thiét bi ngudn, ngudi st dung ¢6 thé lya chon
cac loai mixer c6 sé lugng cbng Line in phit hop. Mixer 12 thiét bj gitip kiém soat
tin hiéu am thanh dAu vao mot cach d& dang va dam bio thongnhat.

6.1.3.2. B§ khuéch dai (Amplifier)

- Am-ly céng sudt (Power amplifier): 13 thanh phén nbi tiép véi mixer, c6 chirc
ning khuéch dai tin hiéu 4m thanh tir mixer, sau d6 cung cép tin hiéu 4m thanh
c6 cdng sudt phit hop véi cong suét hoat dong ctia loa. Am-ly céng suft 14 thanh
phan khong thé thidu trong mot hé théng dién thanh danh cho thinh phong. Cong
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suat am-ly phu thudc vao cong suit va sd lwong loa cia hé thdng am thanh va
duoc lya chon béi k¥ su di¢n thanh. Hi¢n nay, cdc nha san xuét thiét bi da ché
tao mdt s6 loai power mixer, cé tich hop ca dm-ly vao bd tron (mixer), giup dorn
gian hoa va giam kich c& clia by dan 4m thanh. Mt s6 loai power mixer hiéh'nay
con dugc tich hop ca bd didu chinh tin s (equalizer) dang don gian 13n bo tiép
song micro khong day di kém danh gitip cho viéc sir dung thuén loi hon.

C6 nhiéu loai ém-ly‘ dung cho nhiéu muc dich khac nhau. Do do, tuy theo chirc
nang cua tirng loai &m ly ma chiing ¢6 nhitng tén goi tuong tmg cho d& nhé. Hlen
nay c¢6 5 dang phd b1en v6i tén trong tiéng Anh nhu sau:

- Pre-amplifier: am-ly tién khuéch dai co nh1c_:m vu khuéch dai tin hiéu yéu tir
ngudn phat (ddu CD-DVD, diu dia than, dién thoai...) 1én muc tin hiéu manh
hon de dua vao Am-ly cOng suét.

- Power amplifier: am-ly cong suét co nhiém vu khuech dai tln hleu & murc vira
tur am-ly 1én mirc tin hiéu 16n ra loa phat.

- Integrated amplifier: 1a loai &m-ly tich hop trong d6 4m-ly cong suét va
am-ly tién khuéch dai duoc thiét ké ndm chung trong mgt vo mdy, gitip lam
tinh gon hé théng. _

- Dual mono amplifier: 1a loai 4m-ly tich hop c6 céu trac dbi xung cho hai
kénh phai va trai tach biét (tir phan thu nhan tin hiéu cho t6i phin khuéch dai),
thudng cung cép tin hiéu cho 2 nhanh loa phai va trai.

- Monoblock amplifier: Mot am-ly da kénh (stereo) thuong gbm c6 2 4m- ly
don kénh (mono) lip dat trong cung mot vé may. Monoblock chi don gian 1a tach
riéng 2 kénh thanh 2 hé théng don kénh. Véi cach 1am nhu Vay s€ giam duoc
nhiéu 4m giita c4c kénh, nhung lai ]am ting gia thanh. '

Am -ly thuong ¢6 cac thong 56 co ban nhu sau:

- Cong suét cla dm- ly (W): 1a ty so cua binh phuong di¢n the vl tré khang
clia am-ly, cho biét cong sudt ma ami- Iy cung cép cho loa. Day 1a thong sb quan
trong, ¢6 méi quan hé mat thiét_ voi-do nhgy va cong sut cia loa »

- D9 loi cong sut (gain): Day la ty 56 dwoe tinh theo ham logarit gitta cong suét
déu vao va cong-suat-dau ra-cia ém-ly; la dai luong khdng thir nguyén. Do loi
cong suét cho biét kha ning khuéch dai cua am-ly, tirc hiéu sudt lam viéc cua né.
Vi dy, néu mdt am-ly xoay chiéu voi do lgi cong suét 14 3.5 duoc cép mét tin hiéu
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d4u vao AC céng',suét 28 mA RMS, cong suét tin hiéu d4u ra s&1a 3.5 x 28 mA,
titc 98 mA. Néu nhidu am-ly dugc nbi tiép, do loi cong sut tdng cong sé& 1 tich
cua dd loi cua tirng 4m-ly (xem Hinh 6.14).

Tin hiéu po Ic_ii'cc“mg suét 5 Do Igi cong suat ’ Tin hiéu
dau vao [ amly=3 amly=5 . dau ra

Do loi cdng suit téng cong = (3)x(5)=15

Hinh 6.14. D¢ lgi cong sudt ctia 1 chudi lién tuc cdc dm-ly
la tich dé logi cua tung dm-ly

- Dap tuyén tan sb (frequency response) clia m-ly: 1a.dai tAn s6 tin hiéu diu
vao ma am-ly c6 thé tiép nhan, khuéch dai va phét lai. Thong thudng cac am-ly
tbt co dap tuyén tin sb trong khoang am thanh ma tai ngudi nghe thiy (20 Hz dén
20 kHz). Biéu db dap tuyén tn sb cang on dinh (phang) s€ the hién kha ning
khuéch dai va tdi tao Am thanh cang tét.

- Hiéu suét dién (efficiency): 1a ty s6 cong sut tin hiéu 4m thanh trén cong
sudt dién ma am-ly tiéu thy, cho biét kha nang san sinh céng sult am thanh (c6
ich) theo cong sudt diu vao ctia am-ly. Mot 4m-ly co thé c6 hiéu suét rét thép
10% (nang luong dién bi t6n hao dudi dang toa nhiét trén so hodc dén dién tir)
dén cao 90%. ., |

' - D6 méo hai téng (total harmonic distortion - TDH): qua trinh khuéch dai tin
hiéu qua am-ly 1am tin hidu bj bién dang. D6 méo hai tong 1a chi s (tinh bang
%) cho biét muc d6 bién dang ctia m thanh sau khi qua 4m-ly. Vi vay dm-ly c6
THD thip thi ¢6 kha ning tai tao am thanh trung thuyc. Thong thuong dm-ly phai
¢6 THD khéng vuot qué 0,5%.

- Tré khéng ra (output 1mpedance) (Q) 1a tr& khéng ra cua cong ra cia am-ly.
Khi lya chon 4m-ly va loa cAn quan tdm dén-moi trong quan vé cong sudt va tré
khang cta 2 thiét bi ndy dé chiing khong bi qua tai khi hoat dong.

Cén luu ¥ 13 4m-ly cong sudt du so voi yéu cau cho chat luong 4m thanh t6t
hon 4m-ly c6 cong suét vira du, lic nao cling hoat dong & céng sudt tbi da. _

Ngoai cac thiét bi chinh néi trén, trong hé thong 4m thanh con c6 thé gap cac
thiét bi hd trg khac cho Am thanh hiéu qua. Thu tu b tri thuong hay gip ciia cac
thiét bi nay duogc gidi thiéu trong Hinh 6.2. D6i khi, cac thiét bi hd tro nay duoc
tich hgp trén cac thiét bi chinh nhu mixer hodc am-ly. Céc thiét bi hd tro gém cod:

P
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6.1.3.3. By cin bing dm sdc (equalizer) - con goi la bj loc tin so

Equalizer - hay thudng dugc goi tit EQ - 13 thiét bi didu chinh dic tinh tAn sb
ctia tin hidu d4u vao sao cho dat dugc hiéu img am thanh tbt nhét cho loai hinh
biéu dién (Hinh 6.15). EQ sir dung nhiéu bd loc dién tir ma mdi b6 loc nhu vay
lam viéc theo nguyén 1y ting hodc giam tin hiéu cta timg dai tan sd. Bo cin bang
am sic gitp khic phuc nhitng khiém khuyét cia 4m thanh ngudn, cho am thanh
d4u ra hay hon theo y mubn. Mot hé thdng dién thanh c6 tinh ning hoan chinh
lubn ¢6 bd phin nay. Mot vi du tmg dung cia thiét bj nay 14 trong khi thu am,
chiing ta c6 thé diing chirc ning “low-pass filter” dé cit di tin sb cao khi thu am
tiéng guitar bass, gitip ban phdi cubi cling sach s& va hoan hao hon.

Hinh 6.15. Mdt triec va mdt sau cia mét bo cdn bang dm sdc
kiem soat 31 ddi tan sé

6.1.4. Hé théng cac day ndi: Day loa va Am-ly

Day loa thuong duoc 1am tir nhiéu chét liéa khac nhau, tly theo cong nghé ché
tao, tiét dién cia ddy hay nhiét d0 moi truong ma diy lam viéc. V& mat nguyén
tac, duong truyén din dai thi tdn hao cong sudt cang 16n, do do day loa phai co
tiét dién ngang ty 18 thuin vé6i do dai cua day. Céc loai diy loa thuong phai ¢6
dudng kinh ddy dat chuén (tir 1.5 mm’ tré 1én) d& c6 thé dam bao duoc hidu qua
truyén tin hiéu. Dic biét 16p vo,boc-day déng vai trd quan trong trong viéc chéng
nhiéu, chéng ton hao tin hiéu. Cic loai ddy boc bing nhya PVC hién nay rat phd
bién, va d6 cling 14 mot su lua chon t6t ma ching ta cé thé xem xét. Dé giam tdn
hao cong suét tin hidu trén dudng truyén, 4m-ly gin cin dugc bé tri cang gan voi
vi tri dit loa cang tét. Hién trén thi truong c6 nhitng loai ddy cé gia thanh tir vai
chuc ngan dong dén vai chuc triéu dong trén 1 mét dai. ’
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Pé giam anh huong cia day loa va do dai duong truyén, ngudi ta c6 thé st
dung céac loa dién thé. Néu nhu thinh phong chi dung dé phat tiéng néi, truyén
thong bao, théng tin... qua 161 ndi thi viée st dung céc loai loa dién thé s& hop ly
nhét do tin hiéu hiu nhu khong bi suy hao khi truyén di khodng cich xa cfing nhu
khong bi anh hudng nhiéu béi chét lugng day loa. Do d6 hé thong 4m thanh véi
loa dién thé rat hay gép trong si€u thi, sdn bay, clra hang, nha ga...

6.1.5. Cac thiét bi phu tro (khong nhit thiét phai c6) -
6.1.5.1. Compressor (bg nén)

Bd nén dung dé nén tin hiéu 4m thanh v6i muc dich 1dm diu bét nhitng 4m
thanh 16n va 1am néi bat 1én nhitng &m thanh nhd. Biéu dién bdi cac nhac cu va
giong hat khong phai lic nao ciing duy tri cing moét 4m lugng 6n dinh. B nén
gitip diéu chinh 4m lwong dé khan gia c6 thé nghe thoai mai, 12 mot yéu t6 quan
trong trong qué trinh hoa 4m. Véi bd nén, khi ca si gio thét 16n, ngudi nghe van
thiy d& chiu va giong ca si vin hai hoa v6i nhac nén. B6 nén thuong gbm 3 thong
sb chinh 13 mitc ngudng, ty s6 nén, gia lwong dau ra. Bo nén con gitp cho hé
théng 4m thanh tranh phai truyén tai nhitng tin hiéu c6 cuong do cao co kha ning
lam héng bo mach chii ciia ngudn hodc 1am chay cac loa.

Hinh 6.16. Chirc nang ctia bg nén

6.1.5.2. BJ gidi han (limited)

Cé vai tro tuong tu nhu compressor, nhung chi gitp giéi han cudong do tin
hiéu ra luén khéng vuot qua mot mirc ngudng nao do ngudi dung 4n dinh mic du
tin hiéu vao c6 thé ting cao bét thudng.
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6.1.5.3. Bé chia tin sé (crossover)

B chia tan s 1a thiét bi nbi gitta mixer va am-ly c¢6 nhiém vu phén chia toan
bd dai tan s6 ma tai ngudi nghe dugc (20 Hz - 20.000 Hz) thanh nhidu dai tin sb
hep hon (thong thuong hay gép chia 2, 3 hay 4 dai). Sau ¢6 mdi dai tin s hep
nay s&€ dugc xir ly boi mot kénh riéng qua 4m-ly phét ra loa va méi loa chi nhan
dai tan sb hep phu hgp v6i tinh ning ctia n6. Am thanh ddu ra tir cc loa c6 du
cac tin s mong mudn, hiu qua sir dung loa cao hon, loai bé dugc céc tap 4m,
va lam ting chét lwong cam thu 4m thanh.

6.1.5.4. B tao thoi gian tré (delay)

T mét tin hiéu 4m thanh dau vao, bd tao tré giup tao ra nhitng tin hiéu 4m
thanh dau ra c6 d6 tré khac nhau dé dua dén nhitng loa c6 vi tri khac nhau trong
thinh phong. Nhu véy, cing mét ngudn 4m nhung cé loa phat truéc, ¢6 loa phat
sau. Bo tao tré gitp giai quyét tét hiéu Ung Haas trong thinh phong, gitp ngudoi
nghe dinh vi chinh xéac nguén am.

6.1.5.5. By tao lip (echo) - tao vang (reverberator)

Day la cac thiét bi tao hiéu Ung am thanh khién am lap di lap lai (echo) hay kéo
dai, ngan vang (4m vang). Ca hai hiéu tmg nay rét can cho thinh phong biéu dién.

6.1.5.6. Bj irc ché phin quy (Feedback suppressor hay feedback exterminator)

Ngudi ta thuong ding Bo tc ché phan quy tu dong dé phat hién 4m thanh
phan quy va ngin chin né, thudng bang cach tu dong chén mot b loc tan sb hep
vao kénh truyén tin hiéu cua hé thdng, ngan ngira phan quy ra rit xay ra. Am
thanh phan quy c6 thé tao ra tiéng on khong mong mudn, 1am pha hong man trinh
dién, va ¢6 thé gdy ton thuong thinh giac ctia nguoi bidu dién va khén gia. Am
thanh phan quy xay ra khi m§t microphone "nghe" nhitng am thanh tir loa kiém
tra hay loa chinh. Théng thudng, hé théng dién thanh rat nhay d6i vdi cac 4m c6
tan s6 nhé hon 3000 Hz, dac biét 12 4m nhé hon 300 Hz. Nén bo trc ché phan quy
thu(‘mg‘ nhim dén céc tin s6 nay.

6.2. PHAN LOAI CAC HE THONG PIEN THANH -
6.2.1. Phén loai theo dic diém b tri hé théng thu phat

Hé théng dién thanh dong vai trd cue Ky quan trong trong céc thinh phong
hién nay. Do d9, viéc bb tri chiing s& anh huéng rat 16n dén chét lugng 4m thanh
trong thinh phong. Theo cach bd tri hé théng dién thanh, ching ta c6 thé chia
thanh 2 trudng hop nhu trinh bay trong nhitng phén sau.
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6.2.1.1. Hé thong thu phdt bo tri trong 2phong cdch biét

Trudng hop nay thuong gap trong cic phong thu (studio truyén hlnh) hay cac
hé théng phat thanh & trong cdc khong gian cong trinh cong cong (nha ga, san
bay, siéu thi, bénh vién, nha thi du...). O day, dau thu 4m va loa b6 tri cich xa
nhau, trong khac khong gian riéng biét, nén khong xay ra hién twgng phan quy
(hoi tiép).

Trong trudng hop nay, ngudi ta thuong dung mot loai loa 1a loai loa dign thé.
Loai loa dién thé c6 kich thuéc nho gon va trong lugng nhe hon rit nhiéu so vai
loa dién ddng. Cac loai loa dién thé c6 wu diém 13 co cdu tao don gian hon, nén
tin hiéu 4m thanh it bi suy hao nén ¢6 thé bd tri am-ly va loa cach xa nhau ma
khong [am anh hudng dén chat lrgng am. Dic biét 1a céc loai loa dién thé thuong
¢6 dd nhay rat cao, khoang 90 - 99 dB, va chét luong 4m thanh khong phu thudc
vao khoang céach va chét luong day loa. Tuy nhién, do chi s& dung mot loa duy
nhéit phét tit ca cdc 4m thanh, nén céc loai loa dién thé khong thé cho chét luong
Am phong phu nhu cac loai loa di¢n dong. ,

Tru(mg hop nay thuong chi cén chét Iugng am binh thuong, muc dich chu yéu la
truyén tiéng noéi, do d6 khong phai 1a déi tugng nghién ciru ctia &m hoc kién trc.

Mt trudng hop nita c6 thé gap 14 hé théng dién thanh dé phéng thanh ngoai
trdi (trong sén vén dong, trong khu phé, khu dan cu, lang mac...). M0i trudng
nay cén loa cong sudt 16n, thuong dung loa sit. Am thanh phat ra c6 thé di xa
hang kilomet. Néu bidu din ngoai trdi can chét lugng 4m cao thi hé théng dién
thanh két hop loa thung cong sut 16n duoc sit dung.

'6.2.1.2. H¢ thong dién thanh thu - phdt trong cing mgt thinh phong

Dy 1a truong hop phd bién nhit trong cac thinh phong biéu dién, noi thinh g1a
vira ¢6 thé nghe am truc tiép tir san khiu noi co dién vién va dan nhac hoat dong,
nhung phén Ién 4m thanh trong thinh phong lai-dén tir hé thong loa bb tri trong
d6. Trong loai thinh phong nay, &m thanh phat ra ti loa co thé quay lai va tac
dong 1én dau thu (microphone) khuéch dai v lai phat ra loa gy méo mé truong
am. Day 13 hién tuong phan quy (Nguyén, 2011) hay hién tuong hoi tiép (Pham,
201 1) (audlo feedback hay acoustic feedback) ‘

Day la truong hop ma 4m thanh yéu cdu c6 chit luong cao, viéc tlnh toan bd
tri phirc tap, do do can phai nghién ctru cy thé. Trong trudng hop ndy, tiy theo
cach bd tri loa trong thinh phong ma ngudi ta con chia ra céc trudng hop:
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- Bé tri loa tdp trung:

+ Kiéu mono: 1a hé théng gdbm mot hay nhiéu loa bé tri tip trung ¢ dinh mét
chd, nhung chia sé mot kénh tin hiéu duy nhét hoac nhiéu kénh tin hi¢u nhung
phét 4m thanh hoan toan giéng nhau va khong c6 do tré.

+ Kiéu trai - phai: 1a kiéu bd tri 2 cum loa bén trai va bén phai san khéu (hay
man anh). Néu 2 cum loa nay duogc cung cAp bai 2 kénh tin hidu trd 1én, phén b
tin hiéu tir trai sang phai (hoic ngugc lai) thi ddy 1a hé thong stereo (da kénh).
Am thanh trong truong hop nay nghe sinh dong hon d4m thanh mono va cho cam
gidc khong gian. Vi du tiéng mot chiée 6 16 chay tir trai qua phai ¢6 thé duoc tai
tao boi hé thdng 4m thanh sterco nay. Do6i khi ngudi ta ¢6 thé b tri loa thanh
hang ngang vé6i nhiéu kénh tin hiéu dé tao cam gidc dinh vi ngudn 4m tét hon.

Céc hinh thirc bb tri loa tap trung thudng khéng dam bao trudng 4m ddng déu:
gin loa thi nghe chéi tai, & xa thi nghe vira van; hodc gin nghe vira, xa thi khong
nghe r3. Nhung vi sy don gian va tiét kiém va dé dang trong viéc diéu chinh huéng
loa ctia hé théng, huéng phat ci loa thudng gan véi hudng ngudn 4m gbe, nén dugce
str dung kha phd bién. Nhung kiéu b tri nay thuong rét & hai trong cac khong gian
16m, khéng c6 trang Am nhu quang trudng nha ga dudng sit, nha ga hang khong cﬁ‘
khién cho cac thong bao hau nhu ching nghe dugc gi. Kiéu bd tri nay chi phu hop
v6i thinh phong quy mo nhé, vai trdm chd nhu hoi trudng, rap ph1m

- Bé tri loa phan tdn:

+ Kiéu phan bd déu: cac loa co cling cdng suit va tinh niang dugc bd tri phéan
b6 déu trén khu vuc khan gia, thudng 1a bd tri trén trin hodc trén timg vi tri ngdi.
Kiéu bd tri nay phi hop cho muc dich néi chuyén do 4m thanh phén bb déu,
khong xay ra ra rit do hdi tiép. Nhung do loa nhd, lai bd tri déu, nén cho chét
luong 4m khong cao va cam gidc khong gian bi x6a nhoa, chi phu hop cho cac
thinh phong c6°sd-chd ngdi rit 16n (cung hoi nghi) (Pham, 2011) hodc trong cac
cong trinh cong cong (nha ga, san bay, siéu thi...).

+ Kiéu phan khu vire: toan bo khu vuc chd ng(“)i cta thinh gia dugc chia thanh
nhitng ving, mdi ving thudng do 2 hodc mot nhém loa phu trach cung cip am
thanh dép tmg c& vé chit luong 4m 1§n 4p sudt am. Hinh 6.17 cho thiy mét vi du
vé cach bd tri loa phan khu vire, v6i bdn viing ghé ngdi dugce dam trach bdi bdn
nhém loa riéng biét. Chu ¥ 1a cdc nhém loa déu c6 tinh ning hoan chinh, cung
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cAp chét lugng 4m thanh dong déu. Tuy nhién, do vi tri cic loa cach xa nhau, nén
cac kénh tin hiéu cap cho cac nhom loa phai duge tao @8 tré thich hop dé cho
thinh gid cdm nhan dugc phu hop gifta hinh va tiéng (Pham, 2011). Kiéu b tri
loa nay phu hgp v6i thinh phong 16n, co nhiéu khu vuc khan gia khac nhau nhu
nha hat ¢ ban cong 16n. |

\') Loa vung 3

Loa chinh

Nguén a

Loa kiém tra

Hinh 6.17. Bé tri loa theo kiéu phdn khu vuc

+ Kiéu surround (vong quanh): c¢6 ngudi nhim Jan 13 kiéu 4m thanh 14p thé,
nhung thudt ngt mo ta chinh xac nhét phai 12 4m thanh bao quanh (ban). Hé
thong am thanh nay st dung dé tai hién lai nhitng 4m thanh dién ra xung quanh
ban dung theo trinh ty khong gian va thoi gian, khién cho thinh gia cam thay nhu
thuc sy dang ¢ trong mdi trudng 4m thanh that. HE théng 4m thanh nay rat phu
hop cho cac rap chiéu phim. Hé théng nay hoat dong trén nguyén ly cac loa phat
ra 4m thanh khong giéng nhau, gidng nhu trong médi truong 4m thanh thuc té. Vi
du, khi ban xem mot bd phim trong dé nhan vat di dao trong cdng vién, phia sau
c6 tiéng chim hot, phia phai c6 tiéng nudc chay, phia trude c6 tiéng tré nd dva...
Tht ca cac Am thanh d6 dwgc hé théng loa surround tii tao ding theo trat tu
khong gian nhu viy.

Kidu b tri loa surround cin hé théng adm thanh theo dinh dang 5.1 hodc 7.1.
Heé théng 5.1 gbm c6: loa thir nhit 14 loa trung tAm & gitta man hinh, loa th hai
va ba ]a loa bén trai va bén phai phia trugc, loa thr tu va ndm la loa phia sau;
ngodi ra con mét loa phu 1a loa siéu tram. Heé théng 7.1 con c6 thém hai loa bén
trai va bén phai & gitra. Hé théng loa nay hoat dong ding néu ngudn am duoc
phat ra tir dfa DVD chudn 5.1, phi hop cho chiéu phim. Con dbi v6i Am nhac thi
khong can tinh nang 4m thanh vong do dan nhac ludn & phia trudc ngudi nghe.
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Hinh 6.18. Bé tri cila hé thdng dm thanh 5.1 dién hinh véi loa surround

- B6 tri kiéu két hop. 1a kiéu bd tri loa két hop hai hay nhidu kiéu néi trén.
Théng thudng, ngudi ta sit dung bién phép két hop giita hé théng loa tap trung va
hé théng phan tan, ap dung cho céc thinh phong da chiic nang. Hé thong loa tap
trung st dung chinh cho muc dich biéu dién ca nhac; gém mot nhém loa chinh
tap trung va mot s6 nhom loa phu b tri tai cac noi bt lgi nhu duéi ban cong. HE -
théng loa phén tan sir dung cho muc dich hdi thao, hoi nghi, noéi chuyén 1a chinh;
chi yéu dap ung yéu cu nghe ro va chéng hién twong hdi tiép (Nguyén, 2011).

6.2.2. Phén loai theo tinh chit ciia h¢ thong thu phat

Mot hé théng ting 4m cho nhac rock & san van dong c6 thé cuc ky phire tap,
bao gdm hang trim microphone, hé thdng tron va xt ly tin hiéu sdng phuc tap,
bd am-ly hang chuc nghin Watt, va nhiéu chudi loa thiing, duoc quan xuyén boi
mbt doi gdbm céc k§ su am thanh va k¥ thuét vién. Mt khic, hé thdng ting 4m c6
thé don gian nhét ¢6 thé véi mot ngudi dién. Theo tinh chét cia toan b hé théng
dién thanh, nguorl ta c6 thé chia hé théng dién thanh theo cac cap do tir don gidn

~dén phic tap, gdm c6:

- Hé thdng tang am don gién nhat: gébm ddu thu, hé théng ting 4m, va loa
phét thanh. Hé thong chi gdm 1 kénh tin hiéu duy nhét, nén goi 12 hé théng don
kénh hay mono. Hé théng nay thuong gip trong cac loa xach tay hoac trong céac
phong nhd.

- H¢ théng tang 4m-da kénh (stereo): 1a hé théng am thanh gdm nhiéu ngudn
phat (nhu mic, dau dia, may nghe nhac k¥ thuat sd...) két nbi v6i hé thdng céc
loa thdng qua hop DI, mixer va bo khuéch dai da kénh. Heé théng nay phu hop
cho hau hét cic loai hinh tang am thong thuong nhu hoi hop, noéi chuyén, vin
ngh¢ phong trio... nén rit phd bién.
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- Hé théng tding &m két hop tao hiéu tng: 1a hé théng ting 4m da kénh co h6 tro
bdi céc thiét bi tao hiéu ung (b6 loc tan sb, bo nén, bo tao vang tao tré, bo ngira 4m
hdi tiép...), hé théng loa ¢6 chirc ndng chuyén biét va co dap tuyén tan s6 réng va
b6 tri phuec tap. Hé thdng nay c6 kha néng tao 4m thanh c6 chét luong cao, duoc st
dung trong céc thinh phong biéu dién nghé thuat, studio truyén hinh, biéu dién ca
nhac ngoai troi. Hé théng cin c6 k§ su am thanh diéu khién méi c6 thé dat hidu
qua cao. Hé thong ndy trwdc khi van hanh chinh thuc can phai dugc can chinh
(calibration) béi con ngudi (truée day) cOng vai cac thiét bi chuyén dung (ngay
nay) dé hé thong co thé t4i tao 4m thanh mot cach trung thuc nhét.

6.3. KHI NAO THI CAN MOT HE THONG PIEN THANH
* Cac truong hop cin wu tién cho nghe 4m trye tiép:

Am truc tiép co dﬁy dii cu triic tAn s va tinh chét vi tri, do do t8i wu khi nghe
s0 voi 4m qua hé thong dién thanh. Nhidu loai hinh bidu didn nghé thuét can 16
wu vé chét luong 4m nén cin dugce biéu dién trong céac thinh phong nghe 4m truc
tiép, gdbm c6: nhac giao huéng, ca vii kich (opera), nhac dan gian (tudng, chéo,
c4i lwong...), nhac cb dién... Tr‘ohg cac trudng hop nay, thiét ké am hoc thinh
phong déng vai trd quan trong dbi véi chét lugng 4m cua thinh gia.

Tuy nhién, trong céc thinh phong ¢6 khéi tich 16n, ning lwong 4m bi giam rit
nhanh theo khoang cach, do d6 thuong khong di cho nhing vi tri ngdi xa sén
khéu, dic biét 1a khi ngudi din vién ha thdp giong hodc nhiing doan dién cam
(Pham, 2011). Khi nghe am tryc tiép,, mdt sd hoc gia con dé xuét khoang cach tir
ngudn am dén thinh gia & xa nhét khong nén qua 25 m, diéu nay it khi dap tng
trong céc thinh phong 16n. Nhu vay, hé théng dién thanh vin cin dugc trang bi.
N6i tém lai, thinh phong khong cé hé théng dién thanh rat it gap trong thuc té.

* Cac trudong hop bit budc trang bi hé théng dién thanh:

Mot s6 logi hinh biéu dién am nhac hién dai thuong di doi véi hé théng ting
am va cai thién chét lvong am. Chung gém ¢6 biéu dién nhac rock, nhac pop,
nhac hip hop, nha_ic dance, nhac dién tar, phong thu san xuat ém‘nhac. .. ]

‘Biéu dién ngoai troi thuong can c6 hé théng dién thanh do tiéng 6n 16n so véi
cong suét ctia nguoi va nhac cu bidu din, dong thoi khong c6 Am vang khién
nang luong 4m tat rit nhanh. Cung phuc Vi_l,m(f)t lwgng khan gia nhu nhau, hé
théng dién thanh ngoai troi phai ¢ cong sudt 16n gép nhi_éu lén 50 v6i hé théng
trong nha. ' | |
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Khi biéu dién trong nha, nhung hinh dang phong hodic cach bé tri vat lidu, chi
tiét khong ¢4 1oi cho trudmg am truc ti€p thi phai ding hé théng dién thanh véi cac
thiét bj diéu chinh chét luong 4m. D6 thudng 1a nhiing thinh phong cii cai tao lai.

Khi thinh phﬁ)ng duoc sir dung cho nhidu muc dich bidu didn, mdi muc dich
can c¢6 mot yéu cdu chét luong 4m riéng biét. Hé thong dién thanh c6 thé thoa
man didu nay véi kha ning diéu chinh chat lugng 4m linh hoat.

Ngoai ra, hé théng ting 4m gin nhu 14 bt bude néu thinh phong c6 hon
1500 khan gia (khoang 8500 m’) va nén c6 ddi v6i phong 300 chd tré 1én
(khoang 1500 m’).

Néu phong 6n ao (do lot tiéng 6n hay thiét k& am hoc khong phu hgp thi céc
gii han vé khéi tich hay s6 chd ngdi cin ha xubng nira). D6 1a ly do vi sao nhiéu
gidng duong hay phong hop nhé, nhung van dugc trang bi hé théng dién thanh.
Theo kinh nghiém néu chénh léch mirc ap sult 4m cia ngudn am tai chd ngdi bat
loi nhét va mirc 6n nén khong qua 10 dB thi nén trang bi hé thong dién thanh. Vi
dy, mirc 6n nén trong mdt nha hat opera gia dinh 14 30 dB (do tiéng dn bén ngoai
lot vao, do ngudi bén trong giy 6n, do may moéc thiét bi diéu hoa.. .). Tai vi tri
ngdi xa san khdu nhét, khi ngudi dién vién xudng thap glong muc am do dugc 1a
38 dB. Chénh léch 4p sudt 4m s& 1a: '

AL=38-30=8 dB

Nhu vay cin b tri hé théng dién thanh gilp ting 4p sudt 4m trong nha hat,
hoic it nhat tang ap suit 4m tai khu vuc chd ngdi bat loi nay.

6.4. CAC YEU CAU AM HQC POI VOI HE THONG PIEN THANH

Céc yéu cdu am hoc ddi véi hé théng dién thanh khong hoan toan gidng nhau
trong céc truong hop. Nhung ludn o mot yéu céu chung déi vOi mot hé théng
dién thanh ly tuéng hay mét hé théng dap ng hoan toan céac chirc néhg mong
muén. Vao nim 1950, Schneider (Schneider, 1950) da de xuét 5 yéu ciu dbi Vol
hé théng ly tudng g ¢o:

- Hé théng c6 kha nang ting-ém d6i voi tht c& c4c vi tri trén sin khiu, bét ké 4m
thanh t6i tir huéng nao, va khuéch dai ching dén mot cudong do vira du dé thinh
gia nghe mot cach thoai mai ma khong xay ra hién twong hdi tiép (hay phén quy);

- Tét c& Am thanh phai dugc khuéch dai va t4i hién béi hé théng mot cach ddy
di va ddng déu. Khai" ning nay phu thudc vao dap tuyén tin sb cua toan hé thong;
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- Dic diém vé hinh dang ciia séng 4m chia 4m thanh phai dugc bao toan, tic
am thanh dugc hé thdng tai hién khong bi anh hudng bsi hién tugng méo am;

- Pam bao cho ngudi nghe cam gidc duge Am thanh dén tir ngudn 4m thuc té,
thay vi cam gidc 4m thanh dén tir vi tri dit loa. Diéu nay dat duoc néu thiét 1ap
am luong va do tré phi hop cho céc kénh cho hé thdng dua trén nguyén ly cia
hiéu g Hass;

- Hé théng dién thanh phai dugc thiét ké phit hgp vdi cac tinh chit 4m hoc clia
thinh phong

- Thay vi no6i vé yéu cu cia hé théng, Nguyén (Nguyén, 2011) néi vé nhiém
vu cua chung. Cu thé, nhiém vu cta hé thong dién thanh la:

- Cung cip mirc 4p sudt 4m dong déu va dua dén moi vi tri ngdi trong thinh
- phong, tranh cac ving tring 4m hay hdi tu 4m;

- Khong lam ting thém tiéng dn déng ké;

- B4o toan tinh chét ctia 4m thanh géc, ca vé chu trac tan sb va Vi tri.

- Trong nghién cttu ciia minh, Pham (Pham, 2011) dan nguén cua cac tai liéu
nuGc ngoai va cho rang ¢6 7 yéu ciu co ban d6i voi hé théng dién thanh:

(1) Mirc am cua hé thdng dién thanh tao ra trong phong phai I6n hon murc on
nén caa phong tdi thiéu 10 dB va dat mic ap sudt 4m tbi thiéu khoang 50 dB;

(2) Mitc 4m cuc dai tai vi tri thinh gia dat 80 dB (khi n6i chuyén) va 105 dB
(khi biéu dién 4m nhac);

(3) V& d6 dong déu cua trudng Am, sai khac v& mirc 4m gifra cac vi tri trong
thinh phong khong quéa 5 dB dén 10 dB;

(4) Hé thong dién thanh phai c6 kha ning tai hién 4m thanh mot cach trung
tht_rc, dly @i va can bang céc thn sé cuia am thanh géc. Thong thuong dai tin sd
ca tiéng néi nim trong khoang 100 Hz dén 4000 Hz; dai tin s6 cho biéu dién 4m
nhac rdng hon, khoang 30 Hz dén 10000 Hz. Do d6 lya chon hé thdng dién thanh
can dap Gmg dai tan s nay;

(5) Hé théng dién thanh phai ddm bao ton trong huéng dm thanh dén tir ngudn
am gdc, tic hé théng phai dugc tao mirc am va tao tré hop Iy (xem Hiéu ung'_
Haas & phin 6.5.1); -

(6) Hé théng 6n dlnh co kha ning han ché tbi da hién tugng tu kich thich,
hién tuong hoi tiép;

(7) C6 kha ning han ché tbi da hién twgng méo 4m sau khuéch dai.
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| Nhu vy, mac dt ¢6 cach dién dat khac nhau, hiu hét cic hoc gia déu co su
théng nhét chung & nhiing tiéu chi quan trong nhu dd to, d6 ro, do déng déu, do
trung thuc cta 4m thanh tai tao. Pay ciing 13 cac yéu t6 cin kiém tra khi thiét ké
lip dat hé théng dién thanh.

6.5. PAC PIEM TRUONG AM THANH TRONG PHONG CO HE THONG
DIEN THANH

6.5.1. Hiéu trng Haas

Trong mot thinh phong c6 hé théng loa bd tri phan tan, néu céc loa dong thoi
phét ciing mot thoi diém thi s& ¢é hién twong am tir cac loa dén thinh gia khong
dong thoi. Khi d6, hidu ung Haas x4y ra nhu mé ta trong Hinh 6.19. Néu 2 loa
duogc cung cip cing mot tin hiéu Am thanh, mdt thinh gia ¢ gitra 2 loa s& dinh vi
vi tri &m phét ra ¢ gitra hai loa (trudng hop A trong hinh). Trong truong hop B
trong hinh, néu tin hiéu dén loa trai dugce tao tré mot khoang thoi gian ndo do, tin
hiéu tir loa bén phéi dén tai nguoi nghe trude, ngudi nghe sé dinh vi 4m dén tir
bén phai. Trong truong hop C, loa phat truéc duge giam nhé 4m luong mét chit
tao ra hiu Ung 2 loa duong nhu kéu to nhu nhau, nguoi nghe lai ¢6 cam gidc am
dén tir gifra 2 loa. Méi quan h¢ nay khong hoan toan chinh xac, nén trudng hop D
trong hinh 1a mot biéu dd uéc lugng mbi trong quan giita thoi gian tré va muc
4m loa phat mudn phai ting thém dé tao cam giac 2 loa kéu to nhu nhau.

Hinh 6.19 E cho thiy cach thoi gian tré dugc ap dung trong mot hé théng dién
thanh. O day, bd phén khan gia ngdi duéi ban cong khong nhén di 4m tir ddy loa
chinh trén san kh4u. Nhiing loa phu dudi tran san khiu sé cung cip 4m thanh b
sung, v6i diéu kién ching dugc tao tré. Bing cach tao tré nhur vay, khan gia dudéi
ban cong s& tuong nhu am dén tir loa chinh, chir khéng phai dén tir ngay trén
tran. Néu loa phu khéng dugc tao tré, ngudi ngdi dudi ban cong s€ nghe nhu am
dén tir trén tran, va ngudi ngdi phia trude mot vai day ghé s& bi nhidu béi 4m tir
loa chinh va loa phu. Trong thue tién, do tr& thuong duoc thiét 14p cong thém 20
ms dé giam thiéu hiéu ung loc rang fwpe & ving am chdng ldn gitta nhom loa
chinh va loa phu (loc rang luge~'comb filtering - hiéu ung xay ra khi mot Am
thanh nhung phét tir 2 ngudn khéc nhau dén tai ngudi nghe khong cung mot luc,
chéng 14p 1én nhau va triét tiéu/cong hudng 13n nhau & mdot sb tin sé nhit dinh
lam giam d0 r3, do trung thuc ctia 4m). Céc bo tao tré sb hién nay rat phd bién va
hau nhu 13 by phén khéng thé thiéu trong céc hé thdng dién thanh hoan chinh.
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Hinh 6.19. Hiéu g Haas - phong theo Eargle (1999)

" Trong trudong hop b tri loa theo kiéu phan tan (xem muyc 6.2.1.2), hé théng
loa dugc thiét ké dwa vao hiéu tmg Haas. Vi du: thiét ké mot hé théng loa phan
tan nhu trong Hinh 6.20, gbm cac diy loa treo tran tai E, B, D. Thoi gian am di
tir ngudn A dén C 13.0.12 s trong khi thoi gian 4m di tir B dén C 13 0.02 s. Nhu
vay ddy loa tai B phai duogc thiét ké dé phat cham hon ngudn 4m gdc mot khoang
thoi gian it nhét 12 0.1 s, cong voi mot do tré ndo d6, khoang 0.015 s. Tém lai
tbng d6 tré ctia ddy loa B phai 12 0.1 +0.015 = 0.115 s. Khi d6 do hi€u tng Haas,
khan gia tai C ludn cam nhin ngudn 4m phat ra tir A, du loa B ¢6 phéat mirc 4m to
hon ca ngudn am. Hé thdng ting am dugc thiét ké dé khan g1a hau nhu khong |
nhén ra ching. '

E B D
4 A : |
7 i /// [ P | ‘ :
2 ! 7m /! '
. e | /,/ / I 4 | X
4 ! / [ | 40 m =R A
y A R = I@ .
________ [P J(/Z)C‘::—:té:“_’:_ FE ]

Hinh 6.20. Hzeu u’ng Haas trong thzet ke he thong loa phan tan
- phong theo Szokolay (2008) ‘
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6.5.2. Hién twong hoi tiép (hién twong phan quy)

Hién tuong 4m hdi tiép (audio feedback) hay con goi 1a hidu ing Larsen (do
hoc gia ngudi Pan Mach tén 1a Seren Absalon Larsen phat hién dAu tién) 12 hién
tugng xdu khi vong lip 4m thanh xay ra giita mot dau thu 4m (vi du: mot
microphone) va mot cé_ng phat &m (vi du: loa). Vi du: mét tin hi€u nhan dugc bdi
cac microphone dugc khuéch dai va truyén ra loa (hoi tiép théng thudong - xem
Hinh 6.21). Nhitng 4m thanh tir loa phat ra sau d6 c6 thé dwgc nhan béi
microphone, khuéch dai hon nita, va sau d6 duoc truyén qua loa thém mét 1an
nira. Vong 13p nay tiép dién lién tuc khién 4m thanh cudi cing nhan duoc 13 mirc
am cuc dai cia hé thong ting 4m, nghe chdi tai va gay nhiéu loan trudng 4m (hdi
tiép x4u).

Tin hiéu am
khuéch dai

=
T
L.oa.phat

O [——]
00000000

Am ly (bd khuéch dai) '

&— Tin hiéu goc va tin hiéu héi tiép

Hinh 6.21. Tinh hudng xdy ra dm hoi tiép

T?m sb cua am thanh cubi cling phu thudc vao tdn sb cong hudng trong
microphone, bd khuéch dai 'ém-ly,‘ loa, tinh chit am hoc cta phong, céc huéng
thu 4m ctia dau thu, ddc trung phat cua loa, va khoang cach gifta ching. Thong
thuong, cic 4m tan sb thip d& xay ra hdi tiép hon 4m tin s cao do dic trung
khuéch tdn manh cia chung: Theo Nguyén (Nguyén, 2011), cac 4m c6 tin s
dudi 3000 Hz - dic biét 1a duwdi 300 Hz - dé xay ra hdi tiép nhit. DSi véi hé
thdng tang am nho, am hdi tiép d& dang nhén ra vi nd gidng nhu mot tiéng ra 16n
hoic tiéng rit.

Trong 4m hoc thinh phong, hién tuong hdi tiép hdu nhu 12 x4u va do d6 khong
mong muén dién ra. Truéc day, dé han ché no ngudi ta sit dung bd loc tin sb
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(equalizer) va tir nhitng nam 1990 tro v& sau, cac bd do hdi tiép tu dong va bd e
ché hdi tiép duoc sir dung rong rai dé loai trir nhitng tiéng ra rit, gitip thinh gia
thudng thirc tron ven chuong trinh. Hién tuong hdi tiép duoc coi 1a mét hi¢n
tugng tiéu cuc, nhung trong hard rock va metal rock, nghé si guitar dién cb v tao
ra 4m hoi tiép (cung véi viéc tao hiéu tng méo am) clia dan guitar dé tao am
thanh doc dao. Loai hoi tiép nay dugc céc nghé si guitar rit ua thich, vi vay cac
k¥ su 4m thanh khéng c¢b ging dé ngan chin né.

Pidu kién dé hoi tiép xay ra tudn theo nguyén ly 6n dinh Barkhausen
(Barkhausen stability criterion). Cu thé 13, xét mét tan sb cu thé nao do:

- Khi microphone nhdn dugc 4m khuéch dai tir loa c6 do 16n bing ding am
kich thich ban diu (d6 lgi 4m bang 1);

- Déng thoi do 1€ch pha ciia &m khuéch dai tir loa so v&i 4m kich thich ban dau
1a boi sb cia 27 radian;

Khi d6 mét tin hiéu dao dong dn dinh trong hé théng s& din ra. Néu vi mét 1y
do ndo d6 (cong hudng ching han) khién 4m ma microphone nhin dugc tir loa
manh hon 4m kich thich trudc d6 (d6 lgi &m 16n hon 1) dong thoi d6 tré pha van
14 bdi s6 ctia 360°, dao dong ndi trén tré nén mét 6n dinh va ngay cang 1én Ién do
su khuéch dai cta am-ly. Mtc 4m cla hé théng sinh ra ngay cang 16n cho dén
khi tién 61 giGi han cia hé théng va tu cét (clipping), khién cho vong hdi tiép
khong phét trién thém dugc nita (40 lgi 4m trd lai bﬁng 1). Am cudi cung cua h¢
théng 13 mirc 4m Iém, thuong qua cong sudt dinh mitc cia hé théng, khién nghe
choi tai va d& khién hé théng bi hong do qua tai.

Véi nguyén ly néi trén, khi hién twong hdi tiép xay ra, né chi xay ra voi mot
tin sd chinh xac nao d6. Néu tin hiéu cua tin sb d6 bi chin lai trong hé ,th(‘)ng
dién thanh thi hién twong hdi tiép chim dut. Do d6, trong cac hé théng dién
thanh, d& ngin ngira hiép tugng héi tiép, nguoi ta dit trong cac duong tin hidu ra
loa céc Bé) chin tAn s6 hep - notch filter - (chan mot vai dai-tan sb hep hay xay ra
hdi tiép) (xem Hinh 6.22). VAn & 1a hién twong hdi tiép khong xay ra cb dinh vai
mdt tAn s& duy nhit ma co thé thay ddi voi nhiéu tan sé khae nhau. Nhiéu k§ su

“am thanh c6 thé x4c dinh dugc gan dung tan sb hdi tiép bang cach nghe truc tiép
va chin chung lai bing bd loc tin s6. Mot sé»ngubi khac dung b phan tich tuc
thoi ty ddng (real time analyzer) dé xac dinh tan sb hoi tiép. :
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Hinh 6.22. So do nguyén Iy bg kiém sodt tan sé hoi tiép va bg loc tdn sé hep

Cdch cdch dé giim hoi tiép xiu:

(a) Cdch thi cong:

- Piéu chinh bo loc tAn sb cia hé thdng dién thanh cho phu hop véi phong (dé
loai nhitng tan sé néng);

- Giai bét dd loi cua bo khuéch dai - am-ly;

- Giam bét s6 lwong microphone dang mé xubng vira du ding;

- St dung microphone c¢6 tinh dinh hudng manh'b

- Giam bét 4m lugng ciia loa kiém tra (néu c6) hay bang cach str dung tai nghe
thay cho loa kiém tra;

- Tang khoang céch tir loa dén microphone dé glam thiéu nang lugng 4m tir
loa dén microphone. Vi ap.suat Am giam di theo ty sb Iir ung vo1 khodng cach
trong khong gian tu do (nang luong am giam di theo ty s§ 1//9), hay giam di cho
dén khi dat khodng cdch 4m vang trong phong kin (noi mirc 4m ctia 4m vang va
mitc 4m cla Am truc tiép bing nhau), do dé diéu quan trong la duy tri khoang

cach 16n nhét ¢6 thé gitra microphone va hé thing loa;

DPuong nhién 1a mot s giai phap noéi trén c6 thé khong hiéu qua ddi véi mot
vai trudng hop cu thé.
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(b) T. ao tré: Mot bb tao tré dugc dua vao duong truyén tin hleu am va tac dong
vao tin hiéu gay hdi tiép khién n6 1éch pha so véi tin hiéu ban d4u va hién tugng
cong hudng tan sb khong con xay ra. Céach nay thuong duoc dung trong cac
khong gian bidu dién 16n. _

(c) Lam léch tan sé am hoi tzep C6 mdt s thiét bi nhw vay lam viéc trén |
nguyén ly khi phat hién mot tin s& nao d6 bi hdi tiép x4u, thiét bi 1ap tirc didu
chinh 1&ch nhe tan sb nay lam sai 1éch tan sd, chéng cong hudng, khién hé théng
chi tao ra tiéng riu rit nho thay vi tiéng h 16n. Cach nay chi nén 4p dung véi hé
théng ting 4m cho giong ndi, kh6ng dung cho 4m nhac hay cac muc dich khac.

(d) Diing cac thiét bi vrc ché phan quy: Dy 1a phuong phép dugc dung phé
bién ngay nay. Céc thiét bj chéng hdi tiép tu dong co thé dugc st dung (Trén thi
truong thiét bi nay thuong dugce nhic dén nhu 13 feedback destroyer, feedback
eliminator, feedback exterminator, feedback suppressor...). Cac thiét bi nay su
dung b6 chan tin sb hep (notch filter) & loc va loai bo cac tAn sb bi hdi tiép. Cac
thuét toan thich ung (adaptlve algorithm) thuong dugc sir dung dé tu dong diéu
chinh céc bd chin tin sb hep ndy.

Ngoai ra, vi tri loa va miCrOphone can duoc bd tri ndm ngoai pham vi tc dung
t6i da ctia timg thiét bi, t5t nhat 12 nim hin ra ngoai nhau. Microphone nén chon
“loai ¢6 dinh huéng manh (ching han: microphone dinh huéng kiéu sung sin).
Nhitng ngudi k§ su am thanh chuyen nghlep thuong b6 tri dan loa chinh cach xa
d6i nhac cong hay nghe si @& tranh hdi tiép, con céc loa klem tra nho bd tri xoay
vé timg thanh vién ban nhac hay ngh¢ si, nhung huéng loa kiém tra tranh hudng
cla mlcrophone hoat dong. Cach bd tri nay glup k1em soat tot ap sudt 4m dén
thinh gia va dén ngudi bidu dién ma tranh hdi tiép.

Trudc nhitng budi bidu dién quan trong, cac k¥ thuét vién 4m thanh c6 thé thir
nghiém hoat dong cua hé théng tang 4m va loai bd hdi tiép mot cach thu cong.
Qua trinh nay dugc g01 1a “ringing out”, véi muc dich hé thdng ting 4m dat dugc
am lwong t6i da ma van ‘khong Xay ra hdi tiép. Tuy thude vao-cac dic diém &4m
hoc cua dia diém, mot vai tdn s6 nhit dinh c6 thé cong huong, va s& d& bi hoi
tiép. Khi “ringing out” trong mdt khan phong, nguoi ky thudt vién am thanh ning
do lgi am cia hé théng (gam) 1én cho dén 'khi hoi tiép xay ra. Nguoi k§ thuét
vién sau d6 dung bd loc thn sé @ loai b6 tin sb gay hoi tiép. Diéu nay duoc lap
di 1ap lai cho dén khi hdi tiép duge kiém soat hoan toan ma khong lam giam chét
luong clia 4m thanh.. Viéc “ringing out” tré nén kha phuc tap khi lam vigc voi
mot sb luong 16n microphone va loa kiém tra. Thuc té, véi nhitng cude luu dién
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16m, céc loa kiém tra c6 thé duoc thay bang c4c tai nghe, gitp gidm bdt cong stc -
“ringing out” cin phai thuc hién.

6.5.3. Hi¢n twgng 4m tit din trong phong ¢6 hé théng dién thanh

Qua trinh tit din cua ning luong 4m trong phong c6 hé théng dién thanh la su )
tdng hop cia cdc phin ning lugng 4m ngudn, 4m khuéch dai cua hé théng dién
thanh va am hdi tiép qua hé thong. Do d6, cac dic diém cia qua trinh tit dan cia
nang lugng 4m phtre tap, khong chi phu thude vao dic diém tan sb cia ngudn am
- va dic diém thinh phong ma con phu thudc vao ca dic diém hé théng dién thanh
va cach b tri chiing. Do hién twong hoi tiép ludn ton tai khi c6 cac hé thdng dién
thanh, khién ning lvong am tit din cham hon so véi trong moi trudong dm tu
nhién. Do do, thoi gian 4m vang cia thinh phong khi hé théng dién thanh hoat
dong thuong 16n hon khi chiing khéng hoat dong. _

Am vang dién tir va tao tré dién tir 1a 2 hi€u ing dugc sir dung rong rai trong
c4c hé théng dién thanh dé tang cuong cam glac khong gian cda truong am
khuéch tan va tao hiéu g nghé thuit mong mudn. H1eu mg 4m vang va tao tré
dién tir tao cam giac khong gian cho am, bat chudc 4m thanh ciia mot giong hat
hay nhac cy trong mot thinh phong 16n va vang.

Céc hinh thirc va mirc d cta hiu tmg 1a kha.cht quan va thuong duge quyét
dinh béi k§ su Am thanh, nghé si, chi huy dan nhac, nha san xuit 4m nhac, hoic
gidgm dbc 4m nhac. Vi du, hiéu tng 4m vang c6 thé tao cam gidc Am thanh nhu
dang & trong mot cin phong nhd dén mot hoi trudng 16n, hodc tham chi trong
mot khong gian khong cé that trong thé gidi vat ly. Viéce st dung hi¢u tng 4m
vang thuong khong bi nhan ra khan gia, vi né thuong c6 vé ty nhién hon so véi
tin hiéu "khd" (khong c6 hiéu ing).

Hién nay viéc st dung cac hé théng dién thanh tap trung nang cao chét lugng
4m trong thinh phong va khéc phuc céc khiém khuyét 4m hoc clia phong. Hai déi
tugng chinh ma hé théng dién thanh hudng t6i la:

6.5.3.1. Stk dung cdc thiét bi tao tré @8 niing cao tinh khong gian ciia am thanh

Tinh khéng gian cta 4m thanh dugc nang cao néu co nhiéu ning luong am dén
tai thinh gia tir nhidu hudng, dic bidt la tuong bién va tran nha Céc hé théng hd
trg déu hoat dong nhim vao muc tiéu nay.

- Hé thong Amblophony. He¢ thong nay mic du da 13i thoi, nhung nguyén 1y
hoat dong cua né'1a co s¢ cho cdc phuong phap hién dai vé sau. Hé théng hoat
dong nhu sau: nhitng 4m thanh truc tiép phét ra truc tiép tir ngudn 4m gbc va truc
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tiép phan bb vao phong, 6 tron 13n cac tin hiéu 4m da dugc tao tré duge san xudt

boi mot hé théng dién thanh c6 tao tré phu hop (trong thoi ky ddu n6 1a mot hé
théng ghi 4m tir tlnh) Céc am thanh da duoc tao tré dugc phat ra tir loa ¢ trén cac
buc twdong hodc trdn nha tuong Ung. Diéu nay doi héi phéan bd thém loa hcp ly
trong phong dé phan phdi 4m thanh da dugc tao tr& cang khuéch tan déu cang tbt.
P4 ¢6 thém nhitng 4m thanh tré hon nita, cdc Am héi tiép chon loc s& dugc ghi va
phat lai qua hé théng loa noi trén. Heé théng nay di timg dugc l4p trong nhiéu
thinh phong 16n trude day. '

- Hé théng ERES (Electronic Reflected Energy System): Nho sy sap xép cua
céc loa trén cac bire tuong ctia khu vuc hoi truong gan san khéu va viéc tao tré
mdt cach linh dong cho céc loa nay, cdng vdi cac bd loc va viée c‘heu chinh mirc
tin hiéu cung cip cho céc loa, cac phén xa thich Gng tir tuong bién (bing phuong
phéap dién tr) o thé thay thé hoic bd sung cho cac phin xa &m thanh vat Iy thong
thuong. Phuong phap nay gitp cai thién tinh khong gian cia truorng am, thay dbi
th(n gian 4m vang (cam gidc do 16n cua phong), Va do ro '
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Hinh 6.23. Hé thong ERES/AR trong thinh phong Sivia
& Trung tam biéu dién nghé thudt Eugene, Oregon.

Chu thich: 1- mudi bén cép loa array (hd trg cong hudng); 2- chin muoi loa array;
3- bbn loa ERES trén tran thi ba; 5- bon loa ERES trén tran thir hai;
" 6- cot loa ERES trén san khéu; 7- séu loa array sat mleng san khau
‘8- micro ERES; 9 hai loa ERES miéng san khéu.

- Ngay nay, phuong phap tao»tredlen tir da tré thanh mot chuan phd bién trong
cac hé théng dién thanh st dung rong rai trén toan thé gi6i.
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6.5.3.2. Cdc hé thong hiéu chinh thoi gian dm vang

Céac hé théng kicu nay thudng c6 muc dich ting cudng cic 4m vang tré va kéo
dai thoi gian 4m vang. '

A. B&tri cd ban cla 1 kénh tao
vang trong thinh phong

5

" Phénglén - - m

L{Am ly tién| | Bo tao tré, loc| | Didu ti&t Lﬁ} Am ly

cong sudt

B. Thanh phan cGia mot kénh AR
(Phong tao vang vdéi micro)

Hinh 6.24. Hé thong hé tro cong hudng ldp dat trong London Royal Festival Hall.
Chui thich: 1- séu muoi hop loa trong cac khu vuc tran va trén tudng trén cao;
2- mét tram hai muoi micro trong hdp cong hudng Helmholtz;
3- mdt trdm hai mwoi micro va day loa; 4- cac bd di€u khién, tao tr&, 4m ly
cho 120 kénh; 5- bd chia cho cac hop loa; 6- tran di dong
giup thay d6i thé tich phong; 7- ban cong.

- Hé théng hd tro cong huéng: Hé thong nay duoc lap dit trong nha hat
‘London Royal Festival Hall vao nam 1951 bai Parkin va Morgan. Hé théng sir
dung mét sb lugng 16n-(vai chuc dén vai trim) cac miérophone va cac loa nho.
Trong thinh phong ludn tdn tai cac séng dirmng cta cac tin sb khac nhau, gém
bung soéng va nut séng (xem séng dung & muc 3.1.6.1). Duy tri séng ding cia
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mot tin sb 14u sé& kéo dai thoi gian 4m vang ciia tAn sé d6. Cdc microphone dugc
dat trong cac lo Helmholtz chi cong hudng & 1 tdn s6 ndo d6 va dit tai vi tri bung
séng (ap suét 16n nhét) cta séng dimg c6 tdn sb cin hd tro. Am thanh cOng
huéng (ctia 1 tin sé dao ddng riéng cta lo) trong lo dwgc thu bdi microphone,
qua hé théng loc va diéu chinh pha, r0i khuéch dai va lai phét ra loa, cung cép
nang lugng 4m cho mdt bung séng & xa cua chinh séng dung d6. Véi cach lam
nay, nang luong 4m cla séng dung cia mot tan sb nao d6 s& duoc duy tri lau
hon, 1am ting thoi gian 4m vang caa tin s& d6. Cach 1am nay dén nay da 16i thoi,
phirc tap va ton kém, nhung dd timg duge st dung rong rdi trudc day do né
khong 1am &nh hudng chét lugng am, dic biét 12 4m tin sb thap.

- Heé théng tao vang da kénh (Multi-Channel-Reverberation, MCR): Hé thdng
nay st dung mot s6 lugng 16n cac kénh khuéch dai am thanh toan bd dai tin sao
cho mtrc khuéch dai trong mdi kénh 1a rat bé khién cho hién twong hdi tiép x4u
lam thay d6i sic thai ctia 4m thanh phat ra loa khong thé xay ra (hay néi cach
khac, 4m phat ra mdi loa tuy rit nhé, nhung trung thure nhu 4m gbc). Vi sé luong
kénh rét 16n, mdi kénh déng gép mdt it mirc ning lwong am, hé théng da kénh
nhw trén c6 thé tao ra mirc nang luong 4m da 1am ting déng ké thoi gian 4m vang
va cam gidc khong gian clia truong 4m. Su céi thién cua thoi gian am vang c6 thé

- dugc xéc dinh béi cong thic:

mo (6.1)

trong do:
T, - thoi gian A&m vang khi ¢6 hé théng MCR;
T, - thoi gian 4m vang khi khong ¢6 MCR;
n - s kénh khuéch dai.

Néu gia str thoi gian 4m vang ting 1én gip d6i voi MCR (tuc 1a mat do ning
lwong 4m ting 1én gép d6i), hé théng MCR cén ¢6 50 kénh khuéch dai. Theo chi
din k¥ thuat cia mot hé'théng MCR cia hang Philips, thoi gian am vang trung
binh cac tin s& c¢6 thé kéo dai khoang tir 1.2 dén 1.7 gidy (c6 thé didu chinh
duoc) va co thé déng déu hon trong phong. Hé théng nay dwoc lip dat trong
nhiéu thinh phong trung binh va 16n, véi Nha hat POC & Eindhoven 1a thinh
phong dau tién trang bi.
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Thov gian dm vang cua phong khi ¢éd MCR va khong ¢é MCR

1 C4 MCR
1.8 \‘ N W L ’, N i
e 46 Ml o St M et N
[N A S A S A -~ Ry
":5 5 \\ e ""-..,‘ l’ \’
w1 i N .
5, IR NES VAN
= ~ e RO AWMW e
& (hong ¢d MCR ™ B NS
“: ’ M\ s
bl i SO
ES R
L R o
S O}‘(‘
0.2
{
50 S0 5000
tan 8 (M)
50 |
40 \\\\ COMCR
LK
20 A

N

10
Khong MCR{ \'\\ \
0.1 05 1.0
Trang thai clia &m vang tai tdn s§ 400 Hz

Hinh 6.25. Hé théng MCR trong Nha hdt POC & Eindhoven, Ha Lan (thong tin
hé théng: 3100 m3, sdn khdu 900 m3; 90 kénh, 90 micro trén trdn; 110 loa
trén tuong bién tran va dudi ban cong; thoi gian dm vang diéu chinh 10 ndc)

Ngoai ra, ngdy nay, v6i su phét trién manh mé& cia cic cong nghé dién tr, co
rat nhidu phuong thire hd tro thoi gian 4m vang va tinh khéng gian cia Am thanh.
Céc hé thong phd bién c6 thé ké dén 1a: hé théng ACS (Acoustic Control System)
d xuit bdi Berkhout va de Vries (Berkhout, 1988), hé théng RODS
(Reverberation on Demand System), hé théng LARES cua cong ty Lexicon, H¢
théng SIAP (System for Improved Acoustic Performance), hé thng AFC (Active
Field Control) cia Yamaha, hé théng Constellation™ ctia Meyer Sound Inc., hé
théng CARMEN® ciia trung tim Khoa hoc K§ thudt cdng trinh Phap (CTBS),...
Céc hé théng nay lam viéc chi yéu dua trén sy phdi hop hoat ‘dong clia céc thiét
bi dién tir, nén pham vi nghién ctra vuot ra khéi muc tiéu ciia Am hoc kién truc,
nén chung t6i khong gidi thiéu k¥ hon, doc gia quan tdm cé thé doc thém trong
tai ligu (Ballou, 2013).

261



6.6. TINH TOAN SG BO MOT HE THONG PIEN THANH
6.6.1. Céc budc thiét ké hé thong dién thanh

C6 mot cach tiép can kha hop ly (Eargle, 1999) cho thiét ké tinh todn mot hé
théng dién thanh trong nha, va c6 thé dugc_tach ra thanh timg budc nhu sau:

Bude 1: Sip xép cac dai loa yéu cau, thuong 14 bét diu bing mot cum loa tap
trung. Xéc dinh yéu cAu ctia ting loa con trong chudi loa.

Buéc 2: Tinh todn murc Am tao ra bdi ca am truc tiép va 4m vang tai céc vi tri
khac nhau trong thinh phong, va xac dinh xem ty sb cua 2 phin 4m nay c6 thoa
man tiéu chi d0 rd hay khong (c6 xét dén ca thoi gian 4m vang cia phong — tc
muc dich s& dung). Viéc tinh toan nay quan trong nhit 12 & tin s& 1000 Hz,
nhung cling nén lam véi ca tin s6 125 Hz va 4000 Hz. Tt két qua d6, x4c dinh
d6 loi &m ma hé théng dién thanh cin dat dugc (D9 loi 12 chénh 1&ch mirc 4m tai
vi tri ngudi nghe khi hé théng dién thanh bat va tit), can luu y quy dinh rd
khoang céch tir ngudi noi dén microphone trong trudng hop hé théng lam viéc
binh thuong. .

Bude 3: Néu tidu chi do rd dugc théa man, hé théng dién thanh nhu véy 13 hoan
tat. Néu tiéu chi vé do 15 cho thiy ty 18 gilta &m truc tiép va 4m vang khong dat,
can phai ting luong hiit 4m trong phong bang cach bd tri thém vat ligu hit 4m.

Buéc 4: Néu viée tinh toan lai do rd cho thay hé thong loa tép trung dép Ung
yéu cAu st dung, két thic viéc thiét ké. Néu vin khong dat, budce tiép theo 1a tinh
dén giai phép'loa phan tan dé thoa man do ro. Hé théng loa tép trung phu trach
phan thinh phong phia truéc, cic loa phan tan duogc tao tré phu trach phan thinh
phong phia sau:(xem 6.5.1).

6.6.2. Tmh toan s0’ bo cong suit hé thong dién thanh

Cong suét 4m trung binh cua: glong noi-trong mot.can phong co leh thudc
vua phai vao khoang 3.10° W. Mot tiéng néi 16n ¢o thé dat cong suat 0.003.W.
Hiéu suit chuyén ddi cong suit dién-4m thanh cta cac loa thuong khoing 0.03
dén 0.05. Do do, dé dat duogc tiéng noi 16n, cong suit danh nghia cia loa cén
phai 12 P = 0.003/0.03 = 0.1 W. Mét hé s6 dam bao khoang 10 dén 30 thuong
duogc 4p dung dé bu lap cho viéc phan bd 4m tir loa khong déu va han ché sur
dung loa hét.cong suét. Nhu vay cong suit thye té ctia loa phai 1a 1 W dén 3 W.
Bang 6.1 cho cong suét loa du kién cho céc truong hop khac nhau. -
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Bing 6.1. Cong suit loa dién yéu ciu (W/100 khén gii)
- phéng theo Szokolay (2008)

Cho héi nghj Cho am nhac Cho nhac nhdy
Phong c6 thoi gian 4m vang 1én 05 1 2
Phong c6 thoi gian 4am vang bé 1.0 2 3
Ngoai troi L5 2 3

Theo nghién ctru, cc loa dang thung treo cao thudng phét 4m tan sb thdp dang
song cau (séng 4m 14 cac mit clu c6 tAm 13 loa) trong khi cic 4m tan sb cao duoc
phat dinh huéng manh, 13 mot dai 4m thanh hep huéng thing ra ngoai loa. Pi
v6i kiéu loa dang cot (nhiéu loa xép chéng lién tuc 1én nhau) thi trén mat phéng
thang ding dm phat ra c6 tinh dinh huéng manh, trén mit phang nam ngang thi
hién tuong giéng loa dang hop. |

- 6.6.3. Thiét ké 4m hoc phong c6 hé théng dién thanh

Néu hé théng dién thanh chi ¢6 chic néngbhc*) trg (Am truc tiép) thi viéc 1ip dat
h¢ théng dién thanh phai dugc didu chinh cho that phu hop véi thiét ké am hoc
clia phong. Nhung thuc té hién nay nhiéu thinh phong str dung dién thanh nhu hé
théng 4m thanh chu dao. Vi du nhu trong cac cac phong hop 16n (phong hoi nghi,
phong hoi nghi toan thé), san khau rock hoac thé thao, rap phim, studio nhac dién
tir hay thdm chi 1a c4 phong khich véi hé théng 4m thanh HIFI. O ddy, nhiém vu
ciia 4m hoc thinh phong chi don gian 1a ddm bao chét lugng 4m thanh tinh khiét
dé thu va dén ra loa phat, ddng nghia véi viéc phong cin ¢6 thoi gian 4m vang du
bé. Hon nira, nhitng 4m phan xa phién toai cin dwoc loai trix bang cach.phdi hop
giita thiét ké 4m hoc phong va hé théng dién thanh.

Boi vi ¢6 rat nhiéu chic nang sir dung cfing nhur thé tich phong, nén yéu ciu
cho tfmg loai thuong khé khac biét. Thoi gian 4m vang dic biét thap '{thuc‘mg ap
dung cho cac rap phim hién dai, thubng chi khoang 0.4 dén 0.6 gidy cho phong
khoang 2000 m’, dé dat duoc cai goi 13 rap phim dat chudn THX (THX-standard
- mot hé thdng tidu chudn kiénr soat chét Iwong 4m thanh trong cac rap phim).
Ngoai ghé boc vai va tham trai san, cic. rap phim nhur vay con cn thém giai phap
hat 4m manh trén tuong va tran. Cac hiéu tng 4m thanh nhu céng huéng, am
vang... déu c6 thé tao bing phu’ong phap dién tr va tich hop sin vao trong file
am thanh. ' : ’ ‘
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Nhitng phong dac biét dugc thiét ké dé thu 4m hoc phat trién san pham am nhac
hay thiét k& 4m thanh thi cAn nhing xt Iy 4m hoc ddc biét. Mc du dic tinh &m hoc
cda phong con phu thudc chirc ning st dung, ¢ phong va hinh dang phong, néi
chung thé tich phong khong thé nhd hon 40 m’; va véi thé tich 1én t6i 300 m’ thi
thoi gian &m vang can dat chi khoang 0.3 dén 0.4 s cho toan bo dai tAn sb. Phong
nén thiét ké déi xtng so v6i vi tri nghe (thu) va dugc thiét ké véi ty 1€ tranh sy
chdng lap clia cac tin sb ty nhién (eigenfrequency). Nhim cai thién thanh phan 4m
phén xa, ngoai cac thanh phan hut 4m thi céc t4m tan xa Am (xem Hinh 3.27) ¢6 vai
tro rat 13 quan trc_)ng; Néu khong thé tranh duoc nhitng tdm phang nhin phan xa am
thi 4&m phan xa tir chiing khong dugc hudng dén nguoi nghe.

6.6.4. Thiét ké Am hoc v6i phong da chirc niing

P&i v6i phong da chirc nang sit dung cho nhidu muc dich biéu dién, mét sw théa
~ hiép 13 kho tranh khoi: phong vira phai c6 thoi gian 4m vang lon dé tb1 uu cho muc
dich 4m nhac, nhung vira phai c6 thoi gian am vang thn sb thdp du ngin dé dam
bao nghe r6 khi n6i chuyén, hoi nghi. Su thoa hiép néi trén c6 thé thuc hién bang
cac gidi phap nhu sau: thoi gian 8m vang cla céc tin sb trung (2000 - 4000 Hz)
nén & can dudi cia mic cho phép ddi v6i nhac cb dién; tao nhiing tia phén xa sém
(bac 1, 2) manh; vat liéu hit 4m tan s thap (ban méng cdng hudng); va dic biét
mot hé théng cai thién 4m thanh phu hop véi thiét ké 4m hoc ctia phong sé rat hiéu
qua gitp nghe rd cau. Ngodi ra, ghé ngdi khi c6 khin gia va khéng c6 nén c6 gia
tri hat 4m it bi thay doi. |

Sy théa hiép néi trén néu vin khong mang lai két qua thi phai dung céc giai
phéap c6 kha néng diéu chinh thudc tinh 4m hoc tity theo yéu cau sir dung. Nhfrng
giai phap ndy goém c6: twdng xoay, tudng trugt, trAn nha hat 4m ma co thé gidu di
hodc cubn 1én; hodc cic phong vang ket ndi voi thinh phong chinh. Nhitng giai
phéap nay ¢chi ¢6 tac dung khi chire nang st dung ding véi thiét ké. Do d6 ching
chi thuong duoc ap dung cho studio nhac hay phong tdp cta dan nhac.

Nhitng giai php néi trén cling it thay d6i dugc thoi gian am vang cda nhiing
phong 16n ¢6 khéan gia do khan gia hut &m manh. Do dé, hién nay nguoi ta dung
cac hé théng dién thanh @ giai quyét bai toan am hoc cho cac phong da chirc
nang. Phong dugc thiét ké véi thoi gian 4m vang phi hop cho n6i chuyén thong
thudng. Khi biéu dién 4m nhac, hé thong dién thanh dugc st dung nhim ting
thdi gian am vang mdt cach nhén tao, phi hop cho thudng thic &m nhac. Cach
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don gian nhét 1a thu 4m phat ra tir ngudn bang cac micro dit sat ngudn 4m, sau
d6 cai tién 4m vang bang phuong phap am hoc (1) hay dién tir (2). Trong céch
tha nhit, 4m thanh dugc phat ra trong mot phong khac ¢6 thoi gian 4m vang 16n
mong mubn, sau d6 thu am lai va phat tr¢ vao thinh phong. Trong céch thir hai,
hé théng dién thanh gdm hang loat loa phat xen k& véi tin hiéu nhan duoc tr bo
tao &m vang (reverberation unit) 1a roi rac va khong ddng thoi (c6 loa phat trude
va sau), nhung phai dam bao am phat tir loa dén tai nguoi nghe sau khi ngudi
nghe da nhan 4m truc tiép tir ngudén 4m (xem Hinh 6.26). Mot hé thdng nhu vay
dd dugc sir dung trong London Royal Festival hall v6i 172 kénh tao tré riéng
biét, giup hiéu chinh hiéu ing 4m vang cho timg 4 Hz tin s, tir tin s6 20 Hz dén
700 Hz (trén 700 Hz, thoi gian 4m vang d3 dam bao yéu cau). V&i su hd tro cia
hé théng, thoi gian 4m vang cua tin sé 63 HZ tang tir 1.6 s 1én 2.5 s; 125 Hz ting
tir 1.4 s 1én dén 2.5 s; 250 Hz ting tir 1.6 s [én 2.15 s; 500 Hz tang 0.4 s, 1én muc
2 s (Szokolay, 2008).

i m §' cf
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Bo tao vang

A4

Hinh 6.26. Hé tho‘hg dién thanh nham tao thoi gian dm vang nhdn tqo
(3 kénh tao tré)

+
Hé théng loa tao m thanh che Iip (xem muc 1.7.7) cling 12 m0t dang dic bi¢t

ctia hé théng stra 4m, gitip che l4p tiéng on khong mong mudn. Tom 1a1 nhiing
hé théng tao ra nhitng 4nh huéng chi dong Ién thoi gian 4m vang thinh phong
hoic chét lugng 4m dang dugc sit dung ngdy mot nhiéu, gitp cai thién hay khéc
phuc céc khiém khuyét 4m hoc do thiét ké 4m hoc khong t6t tao ra; ddng thoi dap
trng nhu cau sir dung da dang cua thinh phong.
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6.6.5. Lwu y khi lya chon va b tri hé théng dién thanh
| Lua chon loa | |

Cong nghe san xuét loa hién nay da dat den trinh do rét cao do nhung hiéu biét
sdu sac vé am hoc va dién tir. Do d6 nhiéu héng san xuét loa chuyén nghiép da
tap trung ché tao céc loai loa chuyén bi¢t phuc vu cho ting muc dich st dung

khac nhau nhu ca hét, nghe nhac, xem phim hay hoi hop. Hién nay, viéc st dung
mot hé thdng loa cho nhiéu muyc dich st dung khac nhau da khong con phé bién
nita. Viéc lua chon hé théng loa cho hi truong cin hwu ¥ cac diém sau: |

- He thong loa cin c6 kha nang tai tao cdc am trdm, tao cam giac 4m va Am
thanh ¢6 do sau. Tinh chit nay rt can thiét d6i v6i thinh phong biéu dién. Do d6
hé théng rat cin c¢6 cac loa sub, hodc it nhét 1a loa sub tich hop trong thing loa 16n.

-'Céng suit loa va céac thong s6 ky thuat: phu thugc vao thé tich thinh phong,
s6 khan gia, va loai hinh biéu dién nghé thuit, d nhay cta loa. Khi lrra chon loa,
~ ¢Ong sudt dd nhay can dugc tinh toan béi k§ su dm thanh va dva ra con s6 chinh
xéc. Dé uée tinh so bd c6 thé xem phan 6.6.2.

- Kiéu dang loa: nén chon céc hé théng ¢6 kich thudc gon gang, co thé treo
trén tran hodc tuong dé tiét kiém dién tich, c6 tinh thdm my cao. Nhiéu loai loa
tuy kich thudc nhé nhung ché tao béi cé‘ng nghé loa nén, nén cong suit 16n, van
dam bao yéu cau. Céc loa thung 16n cin duge bd tri kin ddo dé khong lam anh
hudng dén tinh thim my cia khéng gian, vi du gidu sau mot 16p luéi trang tri ndi -
thit mong.

- D3 bén cia hé théng loa: day 1a yéu‘té rét khé xéc dinh bang cam quan. Chét
lugng thung loa goép phin quan trong vao do bén cua loa, ma quan trong nhét 1a
chét liéu thing va kha ning chéng thdm nudce. Thing loa phat huy t6i da vai trd khi
loa hay phai di chuyén, thao Tp, biéu dién ngoai troi. Thong thudng, nhing thuong
hiéu loa l6n va lu doi cung cép san pham c6 cht luong cao, do bén l6n. Ngoai ra,
khi b6 tri loa cAn chu ¥ dén tinh thuan loi khi lau chui, béo tri; bao dudng.

- H¢ thong bao v¢ khi qua dong: céc loa chinh dit tién nén dugc trang bi cac
mach bao vé khi qua dong, hién tuong thuong X4y ra khi nguoi su dung hé théng
4m thanh khong c6 kién thirc hodc khong hleu rd Ve n6. Dai tin 56 cao (HF)
thucmg x4y ra quéa dong nhat. S

- Gi4 thanh: gia thanh ctia hé thbéng dién thanh bao gom cac thanh phan chinh
nhu dd noi o trén, kém theo @6 1a chi phi phu kién va cac day dan, cong voi chi
phi lip dit, bao tri bio dudng. So sanh gi4 phai xem xét tit ca chi phi néi trén é
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tranh trudng hop mua hé thong ré, nhung lap dit va stra chita thi 16n. Dac biét chi
phi phu kién it khi dugc bao gia can than nén ngudi mua can lvu v dé tranh chi
phi phat sinh. ‘

- Muyc dich st dung: D6i véi céc hé théng loa chi phit tiéng néi nhu trong siéu
thi, bénh vién, nha ga... viéc st dung cac loai loa dién thé s& 1a mot sy lya chon
ly tudng cho hé théng am thanh cua ban. Loa dién thé ¢4 wu diém nho gon,
khoang cach tir Am-ly dén loa cho phép 16n, 1én dén hang trim mét va chét lugng
tin hiéu it bi suy hao khi truyén di xa. Loa dién thé co dai dap tuyen tan sb trong
khoang 200 Hz dén 10 kHz, do d6 khong c6 khé ning phat am tin sb cao va am
trdm, nén chi ding dé phat tiéng noi. Bdi véi cac hé théng loa ¢ phét nhac, biéu
dién nghé thuét thi loai loa thung chuyén dung cho héi trudng hodc loa array
(line array) la nhung lya chon tét, véi hidu qua am thanh no6i 1an phét nhac déu
mang lai chét luong 6n dinh.

Bé tri loa

Viéc bb tri loa 1a mot qua trinh thiét ké - lap dit - kiém tra - diéu chinh cho
dén khi chét luong am thanh dat dugc yéu clu mong mudn. Do sy da dang trong
loai hinh biéu dién, kiéu dang thinh phéng ciing nhu chung loai hé théng dién
thanh, khong c¢6 mét quy luat bét bién nao cho viéc bd tri hé thdng dién thanh néi
chung va céc loa néi riéng.

Viéc b tri hé théng loa c6 4nh huéng tryc tiép dén vie xtr ly 4m hoc dbi véi
cac bé mat phan xa trong phong, bing cach xem xét huéng phat cia loa va chiing
twong tic véi cic bé mit trong phong nhu thé nao. Do d6 doi khi viéc bb tri loa
phai di truéc mot budce so véi viée bd tri vat lieu hiit 4m va phén xa 4m. D& 4m
thanh dat chét luong tét nhit, xir ly & am hoc nén trénh lam theo 16i “tri¢t &m” bing
céch bd tri vat lidu hat 4m manh tai cac vi tri phanxa. '

Sau day, ching t6i gi¢i thiéu mot sd kinh nghlem tham khao khl bb tri 1oa

Déi voi nhitng phong thu nhu cta Dai phat thanh, truyén hinh ¢6 yéu ciu rat
cao vé chét lwong am Do d6 yéu ciu ky thuat kha phtrc tap va nghiém ngat
Phong thu thuong gom 2 ngin, ngin thu va ngén k¥ thuét (thuong bd tri.gin
phong dit mdy phét séng dé gidm do dai dudng truyén tin hiéu). Pé dat tiéu
chuin ky thuat phat thanh, phong Studio thwdng phai dugc cach am ‘ddc biét dé
dat do tap 4m (noise) ti thiéu la —50dB..

Cac microphone cho phat thanh vién (don hudéng) va ngudi biu dién (da huong
- ¢6 mang loc chén tap 4m hoi thd va tay cam) duoc lua chon cin than. Dai tAn sé
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hoat dong 50 Hz - 15 kHz. Céc thiét bj mixer, equalizer, amplifier déu phai c6 chét
lugng cao véi cac thong s6 k¥ thust riéng. Céc loa kiém tra c6 dap tuyén tin s tir
55 Hz dén 20 kHz véi vét liéu thung bing gd MDF c6 d9 rung thép.

Pbi véi cac phong nghe nhac gia dinh nho, dé dat hiéu qua 4m thanh nbi cao
nén chon hé théng loa surround gém 5 hodc 7 loa chinh va 1 loa sub bd tri xung
‘quanh phong nhu trong Hinh 6.27.

Pau DVD, Blu-ray, Hop tin higu...

DAu am thanh dién t& da kénh

Hinh 6.27. Bé tri loa surround 5.1 trong mét phong nho

Péi véi can phong nho dung cho nghe nhac, trong qua trinh lip dat va didu
chinh loa, ban c6 thé tham khao c4c budc theo kinh nghiém sau day: '
Bwo'c 1: X4c dinh teong quan vi tri thinh gia va loa |

Giai phap thuong gap nhét 13 bd tri hé loa dbi xung trong thlnh phong. Vi tri
ngdi t6t nhét thong thuong 13 trén truc d6i xtng cta 2 loa chinh, khoang cach tir
ngudi dén loa 16n hon khoang cach gifta 2 loa (xem Hinh 6.28). Khoang cach gifta
hai loa nén dao ddng trong khoang tir 2.2 m - 2.5 m va dén mure toi da 13 2.8 m tuy
thudc vao khoang céch chiu rong clia phong Ngudoi nghe di-chuyén doc truc ddi
xUmg nay va cam nhén vi tri cho chit lugng am thanh t6t nhat, tir d6 x4c dinh duge
khoang cach téi ru gita ngudi va loa. B6 13 co ‘s dé xac dinh vi tri cla loa. Giai
phép loa d6i x(mg ciing gitp tang tinh thAm my cta thinh phong.

Buwéc 2: Xac dinh cao do dit loa hay treo loa

Trong phong nho, néu vi tiét kiém dién tich ma phal dat loa qué cao s€ lam
chét luong 4m bi anh hudng, nhét la nhitng 4m tin s6 cao. Thong thuong, cacloa
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treble nén c¢6 do cao ngang tam tai ngudi, khoang 1.2 m (xem Hinh 6.28). Néu
treo loa cao, hudng cla loa phai quay vé phia thinh gid. Céac loa sub nén cach mat
dt mot khoang nhé (khoang 30 cm). Néu dat loa truc tiép trén nén thi mat loa
nén dugc ngira lén mdt goc khoang 15°,

_.10-15d

Loa . se-="7

Hinh 6.28. Minh hoa vé vi tri ciia loa véi tqi nguoi nghe

Buéc 3: Pidu chinh huéng cia loa

Dbi véi céc loa sub huéng dat loa it anh huéng dén su cam nhén am bass.
Nhung huong dat céc loa treble lai &nh huéng nhiéu dén chat lugng va do 16n
clia 4m tan b cao do tinh dinh huéng rit manh cia 4m tan sé cao. Ban c6 thé dit
loa sao cho mit loa song song v&i mit tudng sau lung nguoi nghe hay dat loa
huéng vé phia nguoi nghe & giita. Trong ca hai cach, ngudi nghe cin thir 4m
thanh va xoay géc loa cho dén khi dat yéu ciu (Hinh 6.29).

© @'(o) O]

——— Loa siéu tram

Loa Loa May[phat
Treble Treble

- Hinh 6.29. Mgt vi dy vé céich bé tri loa, trong do loa treble ddt hoi nghiéng
vé phia nguoi nghe, loa sub dgt gan géc tuwong
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Buwéc 4: Xac dinh khoang cach hop ly giita loa sub va tuong phia sau -

Am trdm c6 do khuéch t4n manh, do d6 trudng am trAm thuong bao trum
quanh loa méc du loa. chi quay vé mot huéng. Do d6, nhing bic twdng phia sau
loa sub gép phan phin xa &m trAm vé& phia ngudi nghe. Néu ban mudn 4m trdim
manh m&, séng dong thi dit loa sub gin goc tudng. Cang gan goc tuong, tiéng
4m trdm cang manh mé&. Hudng dan sir dung cta nha san xuit loa ciling gitip ban
hidu hon vé cach bd trinh cac loa sub. Nhiéu nha sén xuét loa ciing dura ra khuyén
c4o cu thé vé& khoang cach giita loa va tuong sau, twong bén.

Budéc 5: Piéu chmh khoang céach giita loa va tuong dé dat dugc truong am
thanh c6 chiéu siu ‘

Thong thuong, dat loa xa tudng thi 4m thanh co. chiéu sau hon dat gin tuong,
* do tranh dugc cac 4m phan xa bic nhét. Tuy nhién, khong phai phong nao cling
da kich thude dé 1am didu d6. Khoang cach giita loa sub va cac buc tuong can
didu chinh dé tranh song dung xay ra, khién am thanh trong phong thiéu ty nhién
khi chi manh m& & mdt vai quing tan sb nao d6, can thiép mot cach bét thudng
vao 4p suit am ctia dai tin sb cao hodc thip, gy ra hién tugng sai 4m. Bing cach
didu chinh vi tri loa va ngudi nghe c6 thé dat dugc vi trf ma am thanh nghe muot
nhét. Theo nhleu nguon tai liéu kinh nghiém, dé c6 duge Am tram hay nén dit loa
cach tuorng sau & vi tri 1/3 chiéu da1 ciia phong, hodc 1/5 néu chleu dai phong
khong cho phép. Ca hai vi tri ndy c6 tac dung gidm su xudt hlen céc song dung,
cdng huorng &p sudt am. |

B tao tré—

Microphone

Amly

B (/) )

Hinh 6.30. Hé thong dién thanh trong thinh phong quy mé vira va nhé
Déi véi cac hoi trudng quy md nhd, hé thdng loa c6 thé chi gdbm mét hé théng
chinh va mot hé thdng phu phia sau dugc tao tré (néu cin) dé bb sung 4m thanh &

nhitng vi tri bt loi (xem Hinh 6.30) va lam cho 4m thanh dong d&u trén toan thinh
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phong. Khi do, cac cot loa phia sau 1a cac loa toan dai tan (full range). Viéc hidu
chinh b tao tré (delay line) s& phdi hop giira tiéng trdm cua c4c loa sub & trong loa
chinh v6i cac loa phu phia sau. Thoi gian tré Lgelay thuOng durge tinh nhu sau:

Lelay = Ck - (6.2)

trong do:
¢ - tdc d6 ctia 4m thanh trong khong khi (m/s);
k - khoang céch gitta loa chinh va loa dugc tao tré (m).

Trong nhitng thinh phong quy mo 16n, viéc bé tri hé théng loa phuc tap hon,
ca vé sb legng, vi tri, chiing loai. Néu khong xét dén cac loa lam nhiém vu tao
hi€u ing (vang, tao hiéu tng ‘khé‘)ng gian...), loa trong thinh phong 16n c6 thé chia
thanh: loa chinh, loa phy hai bén, loa phu & xa, loa duéi ban cong, loa kiém tra.
Mbi loa dugc quy hoach dé phu trach mot khu vuc khan gia trong thinh phong, di
kém theo d6 1a kénh tin hiéu duge tao tré riéng (delay line). Hinh 6.31 gidi th1eu
nguyén Iy bb tri hé thdng loa trong mot thinh phong 16n ¢6 ban cong.

BT . </,
Loa phy ving bién . T co Loa duéi ban cong ‘ :

JJJJJJJJ-‘JJ

Loa kiém tra

Hinh 6.31. H¢ théng loa trong mét thinh pho‘nglo’h

6.7. CAU HOI VA BAI TAP CHUONG 6 | |
Ciu hoi trong taim:

1. Tai sao cdn c6 hé thong dién thanh? Khi nao th1 hé thong dién thanlrla
can thiét?

2. Hay néunhiing yéu ciu chung ctia hé théng dién thanh?

3. Céu tao mot hé théng dién thanh co ban nhy thé nao?

4. Cu tao mot hé thdng dién thanh ning cao khac vé6i hé théng co ban &
nhitng diém nao? - :
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5. Néu cac thong sb k¥ thuat co ban clia microphone? cta loa?

6. Néu cac loai loa va tinh nang - ung dung cua chung?

7. Néu cac phuong 4n bb tri loa trong mot thinh phong.

8. Hién tuong am hoi tiép 1a gi? Lam thé nao dé c6 thé han ché hién tuong am
hoi tiép?

9. Tai sao phai tao tré cho hé théng loa? Hiéu tng Haas l1a gi?

10. Néu cac budc co ban dé thiét ké mot hé thdng dién thanh.

11. Nhing véan d& cin quan tAm khi lua_ch(_)n loa 1a gi?

Bai tap wng dung: v

Hay lya chon va b6 tri hé thong dién thanh cho t1eng n6i va 4m nhac trong mot
nha tho Tin lanh c& 16n v6i nhitng thong tin va yéu ciu co ban Mit bang hinh ré
quat trong Hinh 6.32 1a thiét ké kién trac kha dién hinh cta nha tho Tin lanh bai vi
strc chira 16n va tat ca cac chd ngdi déu co tAm nhin tét. VAn dé 4m hoc chinh &
day 12 mit cong trudc ban cOng va mit cong & twdng hiu cda cin phong. Néu
khong dugc xir Iy 4m hoc dung, nhitng mét cong ndy co thé tao ra nhitng 4m phan
xa x4u vao giita thinh phong. Trong nhiéu trudong hop, nhitng khong gian nay dugce
ap vat lidu hiat am mot cach qué du thira khién truong 4m trong phong trd nén cAm
(ndng lugng am tit qua nhanh). Hiu qua Ia phai trang bi hé théng dién thanh cuc
manh dé khéi phuc lai cam giac thinh phong va &m nhac bao quanh. - - -

58 m

26 m

MAT CAT DOC TRUC

Hinh 6.32. MGt bing va mdt cdt ngang chinh gita ciia nha tho Tin lanh
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Goi y: Hé thdng am thanh dugc Iya chon bao gdm: mot day loa trung tAm gdm
cac loa am nhac da kénh tréi (L), gita (C) va phai (R); tiéng néi thi chi dugc tdng
4m boi duy nhit mot day loa & gitra. Khu vuc trén ban cdng dugc phi boi 8 loa
dugc tao tré - treo thanh mdt vong cung. Khu vuc dudi ban céng thi phu trach béi
16 loa dugc tao tré - 4m trdn xép thanh vong cung. Day loa chinh phai c6 kha
nang bao phu mét géc 16n hon 120° trén mit bz"mg (do mit béng hinh ré quat
120°). Néu cac phan tich trén phin mém CADP2 (phin mém tinh toan 4m thanh
mién phi ciia hang loa JBL) cho thdy cin thiét thi phai lp thém cac loa phu bén
hdng phong cling nhu cac loa xung quanh san khiu dé 4m bao pht hét toan bo
mit bang phong (Eargle, 1999).

Day loa chinh da kénh du kién phu trach phan 16n dién tich san chinh va mot
vai hang ghé dau phia dudi ban cong. Loa chinh phai c6 kha nang dép ung ca tin
hidu tin sé thép va tin s6 cao. Phu trach khu vuc ban cdng 14 cac loa don kénh
(mono), v6i 1 kénh tin hiéu duy nhét cung cép cho tit ca cac loa nay. Mtrc 4m
ctia &m nhac mong muén 1 105 dB & khu vuce san chinh.

Yéu ciu:

- D6i v6i day loa chinh: x4c dinh cac thiét bi trong cdc ddy loa trai, gitta va
phéi, ddng thdi xac dinh cong suit cin thiét cia ching,

- Bbi voi day loa dugc tao tré treo trén ban cdng: xac dinh céc thiét b, déng
thoi xé4c dinh cong suét can thiét va phuong phap phan phéi.

- Déi véi day loa duoc tao tré dudi trin ban cong: xac dinh céc thiét bi, d@)ng
thoi xdc dinh cong suét can thiét va phuong phap phan phdi.

Déi v6i day loa chinh: C6 2 céch tiép can trong cho van dén thiét ké hé théng
loa chinh. Mot 1a: thiét ké va 1ip ghép mot hé théng loa tdn sb thép va tan sb
trung theo y mubn. Loi ich cta cac tiép can nay la nhiing loa tin s cao (HF ) 0
thé bd tri tap trung thanh nhém s4t nhau ma it bi nhi€u 14n nhau khi hoat dong.
Nhung lam nhu vy s& cin chi phi rat 16n - bit hop ly. Céch con lai 1a st dung hé
théng loa d ché tao va 16 hop sin trong thung loa, nhu hé thdng loa SP225-9 cla
JBL (xem chi tiét thong s6 ky thudt & Phu luc B). Hé théng nay c6 thé sip xép
thanh day vdi khoang cach hop ly dé tao hiéu tng da kénh (stereo) va goc xoay
timg cum loa duge diéu chinh dé toan hé théng loa bao phﬁ mot goéc 135° trén
mit biang thinh phong. Hé théng gia treo da dugc tich hop san vao hé thong loa
SP, nén rét thuén tién cho viéc lap dat.
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Cap loa SP225-9 ¢ vi tri trung tAm dugc b tri sat nhau, 4p lung vao nhau aé
tao ra goc bao pha 120° trén mat bang (xem chi tiét cdu tao loa). Cip loa nay s
dung chu yéu dé phat tiéng noi, nhung cling dung khi bidu dién am nhac dé tao
hiéu Gmg da kénh (stereo). Hai loa SP225-9 con lai dugc ding dé bd tri bén phai
va bén trai thinh phong, chi hoat dong khi biéu dién 4m nhac.

T4t ca cac loa SP225-9 nay duoc treo nghiéng mit loa 60° so vo1 mat san,
khoang cach phat thanh trung binh dén san chinh 12 10 m. Mtc am tinh toan boi
phin mém CADP2 nhu sau:

Mikc dp suiit am | Cong suit Khodng cdach
100 dB 1W I I m
131 dB 1200 W 1m
111 dB (thoa) 1200W  10m

Trong mdi loa SP225-9 ¢6 mot loa tan sb thip (LF). Ctt 2 loa SP225-9 ¢6 2 loa
tan sb thdp, va chiing dugc xem 12 2 tai song song (mdi tai c¢6 trd khang 4 Q) duge
cung cip cong suét bai mot khéi am-ly MPX1200 ctia JBL (xem Hinh 6.33).

Hinh 6.33. Hai khéi am-ly MPX1200 xép chong lén nhau (trdi)
va 1 khéi am-ly MPX600 (phdi)

Bén cum loa tin s cao nam trong bén loa chinh SP225-9 dugc cung clp cong
sudt boi 2 khéi am-ly MPX600 (mdi khdi 200 W vao 16 Q). Mdi loa chinh con
¢6 thém mot loa phu siéu traim (subwoofer) SP128S Nhitng loa siéu trAm nay
duoc cung cip cong sudt giébng nhu 1a cac loa tan sb thap (LF) & trén. Két qua
tinh todn muc ap suat am nhu sau: :

Mikc dp sudit dm , Céhg Sut‘it | Khodng cdch
102 dB 1w ‘ . 1Im
- 133.dB _ 1200 W ‘ , I'm
113 dB (thoa) 1200W . 10m
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Toan bd so dd hé théng dién thanh cho céc loa chinh dugc trinh bay chi tiét
trong Hinh 6.34.

MPX600

VAO- Mj__o_-l>_
TRA| Qe .
) DSC260 ; I_—F
VAO LLF-TRAI P _L i
PHAI . l LF TRAI
HE-PHAI MPX1200 s
LF-PHAI HE] ol
L5 F
—
: MPX600_
r—]FF
VAO- a1 D 1> —
GIoA DSC260 d — GIUA
VAG  LF-GIJA 'D -1 =
suB MPX1200 LF
TiN HIEU
- MPX1200 'D
SuB I SuB
.D__I SUB
MPX1200
suB
-D suB

Hinh 6.34. So d5 dién ciia hé thong loa chinh
(DSC: Digital system controller - hp kiém sodt tin hiéu vao)

Déi véi day loa dugc tao tré phia ban coéng: Ddy 8 loa dugc tao tré thir nhét
treo phia trén ban cong cin loa manh, nén loa 8340A cta JBL duoc chon. Loai
loa nay nhé gon, do nhay cao (96 dB), dép tuyén tin sb rong (xem Phu luc B).
Mai loa 8340A c6 cu ly phat thanh 6 m va c6 kha ning chiu dugc cong suit ddu
vao 150 W. Vi hé théng 8 loa nay, khu vuc trén ban cong s& nhin dugc thém
cac am tén»sé cao, dam bao chat luong am nhac tvong dwong khu vuc chd ngbi
duéi san chinh. Két qué tinh toan mitc 4p sudt Am phat ra cuia loa nhu sau:

Mike dp sudt im Cong suit Khodng cdch
96 dB 1w I m
118 dB T150 W Im
© 102 dB 150 W 6m

Khu vuc duéi trin ban cong gdm ¢4 16 loa nhé gén am trin cao 2 m so v&i
cao d6 tai nguoi ngdi phia dudi. Kiéu loa 2142H cia JBL duge ding, véi do
nhay 97 dB va céng sut trung binh (cong sudt RMS) 90 W. Mot thinh gid dudi
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ban cong ngdi ngay thing bén dudi loa 2142H s& nghe 4am 91 dB néu loa nhan
dugc cong suat 1 W. Mot thinh gia ngdi chinh giita 2 loa s& nghe am khoang 90 dB.
Udc tinh véi day loa cong suét trung binh 90 W (cong sult tdi da co thé lén
360 W), muc am t6i da dudi ban cong 110 dB c6 thé dat duoc (thda man).

So dd dién cia toan bo hé théng loa dugc tao tré phia sau dugc trinh bay trong
Hinh 6.35. | | |

MPX600

trén ban céng
- loa tre

33 ms

BO TAO TRE
TiN HIEU
MONO

MPX300

s 16 x 2142 déng truc

55 ms I:

dudi ban cong
- loa tré

MPX300

Hinh 6.35. So do hé thd'ng dién cua ccfc day loa phu, duoc tao tré
Thiét 14p thoi gian tré:
- Khoang céch tir loa chinh dén day loa phu trén ban cong vao khoang 11 m.
Do d6 thoi gian tré cho day loa ndy vao khoang 11/344 S, tuc 32 ms. Th(n glan
tré dugc chon cho he théng 1 33 ms.

- Pbi voi ddy loa phu dudi ban cong, khoang cach dén'loal chinh vao khoang
18 m. Do d6, thoi gian tré cho ddy loa nay 1a 18/344 s, titc 52.3 ms. Chon thiét
1ap thoi gian tr& cho hé _théng la 55 ms sé dam-bao-cho tat ca cac loa phu phat sau
khi 4m tir loa chinh dén tai thinh gia (Eargle, 1999). |
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Chuwong 7

TIENG ON VA CHONG ON
TRONG MOI TRUONG XAY DUNG

, .

TOM TAT NOI DUNG CHINH

' N6i dung chwong 7 ban vé tiéng on va xir 135 tiéng 5n trong méi trudng
xdy dung. Khdc voi am hoc thmh phong, tiéng én can bi trzet tiéu cang
nhanh cang tét. Ban doc can ndm viing cdc ngi dung chi yéu sau day

- Cdc phuong phdp ddnh gid tiéng on thay doi, gém mikc on tuong
dwong L., mitc én Lyy va Ly, mikc on twong dwong ngay va dém Lg,;

- Hiéu va ddnh gid dwoc mot tiéng on c6 pho tan s6 cho truéc bang cdac
tiéu chuan NR va NC, twr dé so sanh tzeng on voi cdc tiéu chudn quoc gia
hodc quoc te,

- Nédm dwoc cdch tinh todn su suy gidm tiéng on khi né lan truyén
trong khong gian do thi, ddc biét quan tdm la mikc giam tzeng on qua
rdng cdy xanh va tuong chdn vi déy la nhitng bién phap chéng 6n co ban
trong do thi;

- Céc gidi phdp ma nguoi thiét ké c6 thé dp dung khi quy hoach do thi
va thiét ké céng trinh dé han ché téc dong clia tiéng on, trong doé ddc biét
chil y cdc bién phdp trong quy hoach chung va quy hoach chi tiét do thi;

Phan cudi chiwong, chiing 16i dé cdp van dé cach ém trong cong trinh,
trong do tdp trung gidi thich cdc dai luong do khd ndng cdch dm cua két
cdu va mét s6 gidi phdp cach dm minh hoa, gom:

- Luong cdch dm khong khi, luong cdch am va cham, lwong cdch dm
quy doi;

- Gidi phdp cdch ém khéng khi, giai phdap cdch dm va cham trong
cong trinh xdy dung.

Cudi ciing, doz Vvéi tiéng on, cho di dung gidi phdp gi thi mot nguyen

tée déu tién cdn nhé 1o “Han ché tzeng on phat sinh ngay tir nguén on sé
mang lai hiéu qua cao nhét va dé tén kém nhdt”.
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7.1. KHAT NIEM VE TIENG ON VA CAC VAN DPE LIEN QUAN PEN
TIENG ON

Tiéng 6n la nhitng 4m thanh ngoai y muén truyén één tai nguoi, gy can trg
qué trinh cdm nhén 4m can nghe hodc anh hudng dén su tap trung trong cong
vi€c, hodc anh huong dén diéu kién nghi ngoi.

Tiéng bn noi chung c6 tic dong xdu dén stc khoe con nguoi, lam gidm nang
suét lao ddng, giam tién nghi cia mdi trudmg séng, sinh hoat, giai tri va nghi ngoi.

V& ban chit vit ly, tiéng on 1a mot dang cia 4m thanh, nén no cling ¢6 cic dic
trung vat ly cta séng 4m nhu dao dong, su tat dan, su lan truyén, tan s6, mirc dn. ..
Do do, nghién ciru tiéng 6n doi hoi céc kién thire nén tang v& vat Iy va 4m hoc.

Bang 7.1 gi6i thiéu céc loai tiéng dn va muc én trong Ung cling nhu cdm nhén
clia con ngudi dbi vai cac tiéng 6n khac nhau. C6 thé thdy mirc dn ma con nguoi
cam thiy khong bi quéy nhiéu chi vao khoang 50 dB. Tuy nhién, néu khao sat k¥
hon thi ¢6 nhidu dic trung khéac cia tiéng On ciing ¢ tac dong dén su cam nhén
clia con ngudi chir khong chi riéng muc dn.

Bing 7.1. Mitc on ciia mét s6 tiéng 6n cam gidc chii quan clia con ngudi
- tham khio va b sung tir Nguyén (2011)

Mirc on

(dB) Cam gidc chi quan Nguén phit
0 | Nguéng nghe, 4p suit 4m Py = 2.10"5 N/m>
10 |Khoéng nghe thiy | Tiéng 14 roi tir xa | B
15  [Kho nghe thdy Tiéng g0 cta ddng hd, hoi the én dinh
20 | Yén tinh tuyét déi Diéu kién trong phong ghi am, phét thanh

Diéu kién trong phong thu nhac, phong bénh nhin

25  |Hoan toan yén 13 i
oan toan yén ling trong bénh vién ban dém

30 |Rétyénlang Mitre dn thie té phong bénh nhan ban dém

Phong ngu yén tinh, mérc dn 16n nhét cho phép ban

35 |Kha yén ling dem

Phong thi viét, trong phong doc thu vién, khu & dac

40 |Yén lang bidt

Phong & trong khu & - giéi han tip trung tinh than

45 | Tiéng xa0 xac A X
(tiéng On x¢ gidy)
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- Bang 7.1 (tiép theo)

Mirc 6n

+

(dB) Cam gidac ché quan | | Nguén phat |
. . 7 A 3 _ M t;’\ . P 5 5 < A
50 |Gay nhidu nhe NO} chlfygn 1i1ho ?he_: .E/Iuc 0i da con dam bao giac
ngu khéng bi quay nhicu
N Noéi chuyén binh thuong - mitc dn 16n nhét con c6
60 | Gay nhicu thé @i thoai binh thudmg |
70 | Tiéng on tuong d6i16n |May hut bui - cach 1 m, tiéng 6n trong hoi trudng

cam nhéin duoc

80 |Tiéng dn l6n Puong giao thong tép ndp, cich 5 m
90  |Tiéng 6n rat 16n Tiéng 6n xudng in, mirc on cho phép 'trong nha may
100 |Tiéng &n qué 16n Tiéng dn méy cua, 4m 16n nhit ctia d6i nhac dién thu
110 |Khé chiu dung duoc lau | Xuwdng dét thoi, may gia cdng gd
120 Khéng chiu dung duoc T1en~g may }aay .phan luc cach khoang 100 m,
‘ ; : ngudng kho chiu : ,
130 | Cam gidc dau Tlleng ¢cdi bao ddng - cach 1 m, may bay phan luc
. ‘ ~|cach 100 m
Tén thuong thinh giac : \ oy .
140 khong thé hi phuc M4y bay phéan luc - cach 25 m
190 Khong thé nghe hay Ngudng ly thuyét cia séng 4m trong didu kién ap

suit 1 atm

7.1.1. C4c logi nguon on va tinh chat cﬁa tieng on

Tiéng 6n dugc sinh ra tir rat nhleu ngudn va tam thoi co thé phén loai thanh

nhitng nhém nhu sau:

- Theo vi tri, ngudi ta chia tiéng On thanh tiéng on trong nha va tiéng 6n ngoai

nha. M1 loai tiéng on c6 cach xu Iy chong On ri€ng.

- Theo thoi gian trong ngdy, tiéng on dugc chia thanh tiéng 6n ban ngay va

tiéng dn ban dém (22 giv dém dén 7 glo sang). Trong tinh toan, tleng on ban dém

thuong dugce didu chlnh tang khoang 10-dB-so véi gia tri-do-thue t& vi tac dong

clia n6 16n hon tiéng 6n cing mirc vao ban ngdy.

- Theo phuong thirc lan truyén, ngudi ta chia thanh tiéng On lan truyén qua

khong khi (airborne sound) va tiéng 6n lan truyén qua két cdu (structure-borne

sound). Trong cong trinh, hiu hét cac trudmg hop tiéng 6n lan truyén qua khong
khi chiém thanh phan chii dao. :
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- Theo dién bién ctia muc dn qua thdi gian, ngudi ta cling chia lam 2 loai 1a
tiéng 6n 6n dinh va tiéng dn thay d6i. Ngudng dao dong tbi thiéu ciia mirc 6n dé
xdc dinh mot tiéng dn kéo dai theo thoi gian thude nhém én dinh hogc thay dbi la
5 dB. Trén thuc té cude séng do thi ta hay gap tiéng dn thay déi. Tiéng dn phat ra
tir cac loai phuong tién giao thong thudc nhom tiéng on thay dbi. |

Thong thuong, d6 16n vét ly cua tiéng on thuong duge do bing may do. Dai tan
s6 tiéng dn cin do thong thuong vao khoang 20 Hz dén 20 kHz tuong Gng véi dai
am thanh c6 thé nghe duoc boi tai ngudi. Hién nay loai méay do phé blen nhét 1a
cac loai may dién tir c6 mach hiéu chinh A, B, C nhu da gi6i thiéu & phan 1.6,
tuong Gng voi don vi do dBA dBB, dBC. Hlen nay, cac phuong phép danh gid va
tiéu chuén vé tleng dn clia nude ta va nhiéu nudc trén thé gioi déu ding thang dBA
dé khao sat mirc 6n trong sinh hoat, giao thong va ca trong hoat dong cong nghlep
Viéc do dac tiéng on nén tuan thi theo tiéu chuan IEC 61672-1:2002. Péi véi
tiéng 6n tuyén giao théng cin c6 bién phap do dac phu hop nhu gigi thiéu trong
Hinh 7.1.

Boc chan gid

Microphone

Khoéng céach dén tim -dudng

A 00 EH@O AOEHOO

!

Boc chén gié

Microphone

Bd ghi dit lié

k Khoang cach dén-tim dudng ray >

Hinh 7.1. Ouy cdch do dac tiéng én giao théng

Dbi véi cac tiéng on thay dbi, viéc do dac thuong dung céc k§ thuat ddc biét :
dé quy vé mat gia tri dugc coi 1a “trung binh” va s& dugc gidi thi¢u ¢ phén sau.
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7.1.2. Panh gia tiéng 6n thay d6i

Mirc 4m trong nha va ngoai nha thudng thay déi dang ké theo thoi gian cho du
& trong khu vuc yén tinh & ving nong thon hay & khu vuc d6 thi dong duc. Véi
loai tiéng bn thay ddi theo thdi gian nhu véy thi khong c6 mot dai luong don gian
nao c6 thé mé ta diy du dinh tinh va dinh luong ning lwgng &m ¢6 trong tiéng on.
Hinh 7.2 gi6i thi¢u mic én do dugc (theo thang dBA) trén mdt tuyén duong
ngoai 6 yen tinh trong vong 10 phat. D& dang nhén thdy mirc dn & day thay ddi
lién tuc theo thdi gian va mirc 6n ¢ sy chénh l&ch kha 16n, tir 40 dén 75 dB. Nhu
vay trong d6 thi, mirc 6n c6 kha ning s& 16n hon va phirc tap hon. Rd rang 1a
nhitng tiéng On thay dbi theo thoi gian nhu trong Hinh 7.2 nén dugc dién dat
bang céc dai lugng théng ké, vi du nhu: bao nhiéu phan trim thoi gian mic on
16n hon mdt ngudng nao d6. Ching ta khong thé n6i cu thé muc 6n trong 10 phit
do 1a bao nhiéu, nhung ta c6 thé n6i 90% thoi gian mic dn khong qua 60 dB
- chang han. ‘

30 - ,
‘ ‘ cat canh

80 . . IR L Yo the

75

‘ /’_\t\hao
@ 70 | Xegxaltg - I\ @ Xe o rat Xa

565 | BaNd6 U 1 . .Ché.stia lién hdi

260
55
50

45

5 6 7 8 9 -
_Thoi gian (phut) -

40

Hinh 7.2. Mikc 6n do dwoc trén mot tuyén duong yén.tinh o ngoai 6
- phong theo Cavanaugh et al. (2009)

Viéc phéan tich su phén bd theo x4c suit cua mirc dn & mot each hitu ich dé
danh gia tiéng dn thay ddi theo thdi gian. Kiéu phan tich nay khéng chi cung
cép thong tin vé su thay dbi ciia mirc 4&m ma con rat can thiét -trong nhiéu tiéu
chuén tiéng dn vi d6 12 co s& dé danh gia mtrc 6n nén. Hinh 7.3 biéu dién mot
dang phén tich xac suét phan bd mirc 4n ctia mot tuyén glao thong Trén biéu d6
phan bd, ngudi ta xac dinh dugc xac sudt xut hién cac mérc én; vi du muc on
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Lgptrong Hinh 7.3 13 75.5 dBA (nghia 14 trong 90% thoi gian khao sat, mirc 6n
bing hodc vuot qua ngudng nay). Bén canh d6 mirc én L;, ciing c6 thé dugc
xac dinh 1a 86.7 dBA (chi c6 10% thoi gian khao sat, mirc én'béng hoidc vuot
ngudng nay). Mirc dn Ly, thuong duoc ding nhu mét sé do v& mirc dn nén va
quy dinh trong céc tiéu chuin tiéng on, trong khi mirc 6n L;, (hodc L) thuong
dung nhu mét chi bao vé mtrc 6n 16n c6 tinh khong thudng xuyén.
100
90 N
\
80
70
60

50

i
(1
I
I
T
]
40 4 5
1
30 3 N\
i
1
i

Xdc suét phan bd (%)
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Hinh 7.3. Puong cong xdc sudt phdn bé mike 6n ciia mét tuyén giao thong
cho phép xdc dinh cdc mikc 6n Loy va Ly,

Trong thuc té, d c6 nhidu tiéu chudn tiéng 6n cho phép dua ra ngudng on tbi
da ma khong dugc nghién ctru ki din dén viéc rit khé dé danh gia mot tibng dn
kéo dai hogc tiéu chuin bi “qua mat”. Nguoc lai, ‘ngu(‘mg cho phép qua thip din
dén viéc nhitng tiéng 6n binh thuong trong sinh hoat ciing bi coi la khong dugc
phép, hé qua 1a tiéu chudn khéng dugc thira nhin va bé qua.

Vao nhitng nim 1970, nhidu nghién ctru & My da din dén viéc st dung mot
dai lugng goi 1a: mirc Am twong dwong (L,,). Mirc 4m twong duong L,, ciia mdt
a4m thay ddi theo thoi gian duge dinh nghia 1a “mirc dm tuong twong ciia mét dm
on dinh ¢é ning lwong am_twong dwong véi ning luong dm thay doéi trong
khodng thoi gian dang xét” (xem Hinh 7.4). D6i khi, mirc 4m twong duong con
duogc goi la mirc 4m trung binh, ky hiéu 1a L,7. Véi dinh nghia nhu vdy, mitc 4m
teong duong dugc tinh nhu sau:

Leq:IOlg ‘ I)I[P()) (7.1)
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trong do:
"t va t, - thoi diém bét dau va két thic khio sat (s);
P(t) - ap sut Am tai thoi diém itrong khoang khao sat (N/m?);
P, =2.10" N/m? - 4p suit m tai nguc?rig nghe. ‘

.- )
! |
o
I i Leqlt)
»LS) \ﬂ\/\/\/ MW\MN 5 €q
3 5
< t- = g t =
- =
_ Thdi gian ‘ Thoi gian
— — Trung binh néng lugng
4 g -
g : g , B
: | N ,y%/%//%
g g o
= 7 = 5

W
Thai gian

Z

v Thai gian
Hinh 7.4. Khdi niém mirc dm twong duong

© Néu mtrc Am ctia mot tiéng dn lién tuc duge do 7 1an céch quing déu dan bing
thang do dBA, mic 4m twong duong theo dBA cd thé tinh mot cach don gidn

theo cOng thirc sau:
Leq =101gv[;1;210%”°} N ()
_ i=1 , _ .

" Mirc 4m tuong dwong hién c6 thé do dugc mot cach d& dang bing cac may
do dién tr hoat dong theo co ché tuy dong do nhiéu lan trong mot quing thoi
gian (c6 thé kéo dai 1én dén 24 h) va tg dong tinh toan gié tri trung binh theo
cdng thuc (7.2). Gia tri bdo bdi may do chinh la mic &m twong duong.

Dbi voi tiéng 6n thay ddi theo thoi gian nhu trong Hinh 7.2, mire on tuong
duong 14 L,, = 58 dBA. Nhu vdy, mtc am (hay tiéng n) twong duwong phan anh
chinh xac hon mirc ning luong am co trong tiéng on thay dbi theo thoi gian. Khi
st dung dai lugng nay, mirc &m (mic 6n) twong duong phai di kém mdot dai
lwong chi d6 dai quing thoi gian dang xét, chi mdt minh L., 1a khong du, vi dy:
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tiéng on tuong duong cia mot giod cao diém Leyqn. Hién nay & My va cic nudc
phuong Tay, cac tiéu chudn tiéng 6n cho phép thuong dua trén L., Dai luong
mirc 4m (muc On) twong duong va mot s6 dai luong théng ké khac cling dugc
| cong nhan & nhiéu nuwéc phuong Tay va thuong duge dung trong nghién ciru lién
quan dén méi truong 4m thanh.

O Viét Nam, c6 tac gia kién nghi str dung mirc 6n twong duong tir 8 - 20 gio
Leg(s20) cia muc on giao thong 1a co s¢ dé thiét 1ap tiéu chuan tiéng 6n giao théng
(Pham, 2011). |

M0t dai lugng do tiéng 6n thay ddi theo thdi gian khéc sinh ra tir L,, 1a mire
am (hay mirc 6n) twong dwong ngay dém va dugc ky hiéu la L,,. L, dugc dinh
nghia nhu sau:

| 1 24

Ly

i=

trong do: L., - muic 6n tuong duong cia gid thir i trong ngdy. Luu vy, dbi véi
quang thoi gian tr 22 gio dém dén 7 gid sang, L., cua tung gio dugc cong thém
10 dB so v6i gia tri do dé phan 4nh d¢ nhay cua tiéng dn vao ban dém déi v6i
con nguoi. ,

Mirc bn tuong duong ngay dém L,, dugc ding nhiéu trong truong hop khao sat
khu vuc san bay, cac nha ga bén cing va cac nghién ctru tiéng dn ngoai nha khac.
Ly, ciing duoc ding trong nhiéu tiéu chudn tiéng On, dic biét 1a tiéu chudn tiéng 6n
trong khu din cu, bénh vién, khach san. R4t nhiéu nghién ctru d3 chira rr?mg Ly, cb
trong quan chit ch& voi phén Gmg cia céng ddéng vé anh huéng cua tiéng dn, c6
nghia 13 L, 1a mot dai luong phan anh rit tét thuc té (Cavanaugh, et al., 2009).

- 7.1.3. Mirc on tdng hop cia 2 nguf‘m on doc lap

Tiéng on.trong thue té xuét phat tir rit nhidu ngudn déng thoi, do do tiéng on
'ma ta nghe duoc thuc té 12 tiéng dn tong hop. Tuy nhién, mtrc dn téng hop khéng
don gian chi la cong dai s6 cta hai mtc 4m thanh phén. Théng thudng, cadc mirc
ap suat am phai duoc chuyén nguoc vé cac 4p sudt am dai sb, cong dén va sau d6
lai chuyén vé thang decibel, Cong thiic, cong ddn cac ngudn 4m doc lap da gidi
thiéu & phan 1.8.2. Pé don gian hoéa tinh toan, phin nay gidi thiéu phuong phéap
cong don 2 ngudn 4m doc lap bang cach sur dung biéu d6 nhu gi6i thiéu trong
Hinh 7.5.
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 Hinh 7.5. Cong hai nguon dm déc ldp bang dg chénh mikc ém giita hai nguon

Vi du: dua vao biéu dbd ta thdy néu 2 ngudn dn c6 mirc 4m clng 12 50 dB thi
mitc 4m tong hop s& 13 mirc 4m 16n nhét cua 2 ngudn cong thém 3 dB. Néu hai
ngudn n c6 muc 4m lan luot 1a 52 va 56 dB (chénh léch 4 dB), mirc 4m tong
hop s& dugc cong thém 1.5 dB vao mitc 4m 16n hon, tirc 56 + 1.5 = 57.5 dB.

‘Biéu db ciing cho thay néu mirc 4m cta 2 ngudn dn chénh nhau trén 10 dB thi
mirc am tong hop ting 1én khong déng ké va muc 4m cia ngudn dn 16n hon s&
déng vai tro chit dao trong mirc 4m tbng hop.

. 1 4. Anh hu’(rng clia tleng on dbi véi con ngum

O nhlem tleng on trong cac do thi lon cua Viét Nam da dan tré nén nghiém
tr_c_mg trong thoi gian gin day. Thc_)ng tin tr Chi cuc trudng baQ v¢ moi trudng
cho biét theo cac két qua quan tric thang 10/2013 vé tiéng 6n k;ﬁa khu déan cu doc
céc tuyén dudng giao thong chinh & thanh phd HO Chi Minh, 100% s6 liéu quan
tric khong dat quy chuén cho phep, cao hon quy chuén cho phep tir 6 - 10 dB.
Trong d96, gia tri trung binh tiéng dn cao nhét dugc ghi nhan tai vong xoay An
Suong. Trén cac tuyén dudng cé luu lugng phuong tién cao nhu: Dién Bién Ph,
Dbinh Tién Hoang, Ba Thang Hai tai gén vong xoay Phu Lam, mitc trung binh cla
tiéng dn do cac phurong tién giao thong gy ra la trén 78 dB, trong khi tiéu chuin
cho phép tdi da 12 70 dB. Riéng tiéng On vao ban dém (tir 22 gity'dém - 7 gid sang
hém sau), so voi tiéu chuén cho phép (50 dB) thi két qua quan tric do dugc & cac
doan dudng nay déu vuot tiéu chudn. Co thé no6i véi mirc dn nhu vay, viéc sinh
séng va lam viéc 14u dai tai day s& c6 nhitng anh hudng sirc khoe nghiém trong
vé lau dai. -
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Ap suit am 16n d& dan dén ton thuong co quan thinh gisc va gy ra nhitng r6i
loan than kinh thuc vat. Tiéng én khong chi 14 mot tAc nhan vat Iy ma con 1a yéu
t6 mang tinh c4 nhén, phu thudc vao sy cam nhén cua ting ngudi. Viéc giai
quyét khong tdt tiéng dn vé 1au dai d& dan dén sy kém linh hoat trong cc phéan
xa cla con ngudi va nghiém trong hon 1a 1am rdi loan co ché didu tiét cta co thé.
R&i loan co ché diéu tiét la nhitng tic dong tidu cue, c6 thé coi 1a trang thai
chuyén tiép tir khoe manh sang bénh tat (Maschke & Widmann, 2013). Co thé
con ngudi 1a mot don vi tAm sinh 1y, do d6 cac van dé sirc khoe khong chi Ia
nhitng ton thwong vt 1y thdy dugc ma con 1a su rdi loan cac qua trinh tdm sinh ly
trong co thé. Hai yéu tb nay khoéng thé tach roi khi xem xét. Cac ton thwong vé
tdm sinh 1y c6 thé phan anh qua sy rbi loan hé than kinh (nhu stress, trAm cam,
cau git, ndi xung, hay gy g0, mét tu chu...) va céac rdi loan vat ly (nhu dau dau,
dau lung, mét moi, rdi loan tiéu hoa, rdi loan tudn hoan, hen.. 2.

Déi véi co quan thinh giac, diée, céc khé khan trong giao tiép hay bénh ning
tai 14 nhitng rdi loan truc tiép gay boi tiéng 6n qua mirc. Néu bi dit thuong xuyén
trong diéu kién 6n a0, qua trinh sinh Iy ciia co thé bj kich thich va thuong xuyén
& mirc cao khién co thé rat mét moi. Bén canh d6, viéc thuwong xuyén tiép xac véi
tiép 6n khién cac co quan thu nhén am tré nén kém nhay hon, hé qua la ngudng
nghe ting 1én. DAy 1a phan ung tu didu chinh cua co thé, thong thudng s& hoi
phuc lai rat nhanh (trong vong vai phit) néu_con nguoi duge cach ly ,khéiltié’ng
6n. Tuy nhién, néu thudng xuyén phai & trong moi trudng tiép dn qué muc, tai
din mét kha ning hdi phuc va din t&i thodi héa co quan thinh giéc, cic benh
ning tai, dlec (Pham, 2011).

Piéc gay béi tiéng on van la moét trong nhiing dang benh nghe nghlep hay gap
nhit. Khong chi c6 tiéng On trong cong viéc mai gy bénh ly tai ma céc tiéng on
khi vui choi gidi tri (di vii trudong hay nghe nhac trong phong tai nha) cling cé thé
gdy ton thuong thinh gidc. Xét muc dn trong vii truong, cdng voi thoi gian & do
cua cac thanh nién, ngudi ta du doan rang sau 10 nidm, cé khoang 10% thanh
nién ngay nay bi gidm thinh dén 10 dBA (Maschke & Widmann, 2013). So vai
ving nong thon, tiéng 6n trong d6 thi cﬁng co tac dc“)ng xAu vé 1au dai dbi véi co
quan thinh gidc, C6 bang ching & Phép cho thdy s6 nguoi bi nang tai ¢ thanh thi
cao gip 4 dén 5 lan ¢ vung néng thén (Pham, 2011).

Tiéng 6n ciing duoc cho 1a ¢6 lién quan dén bénh vé tim mach. Vao nam 1999,
t6 chire Y t€ thé giéi WHO két luan ring c6 méi lién he gifta bénh cao huydt ap va
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su tiép xuc tiéng dn & mirc 67 - 70 dBA 1au dai (Berglund, et al., 1999). Nhiing
nghién ciru gin day chi ra rang mtrc dn ban dém vao khoang 50 dBA lam gia ting
nguy co nhdi mau co tim béi sy gia ting san xuét cortisol (Lercher, et al., 1993;
Franssen, et al., 2004). Tiéng dn dudng sit & mirc trung binh cling ¢6 kha ning lam
han ché luu thdong mau trong dong mach gy ting huyét 4p. Ly do 1a nhiing su
phién nhidu do tiéng én 1am ting nbng d6 adrenaline kich thich su co hep céc mach
mau. Nhitng &nh hudng khac cua tiéng on 1a lam ting tin sudt bénh dau dau, mét
moi, loét da day, rbi loan tién dinh (Office of Noise Abatement and Control, 1978).

Tai noi 1am viéc, 6 nhi®m tiéng dn xay ra néu mic on Ién hon 55 dBA. Céc
nghién ctru k¥ ludng da chira rang khoang 35 dén 40% nguoi lao dong trong van
phong cam thdy muc dn tir 55 dén 60 dBA 1a hét sttc kho chiu. Tiéu chudn mét
sb6 nuace, vi du & Puc, léy mitc 55 dBA 1a muc t6i da danh cho nhiing cong viéc
cang thing. Tuy nhién, néu tiéng 6n kéo dai, ngudng 55 dBA cAn phai ha xubng
nita (Passchier-Vermeer & Passchier, 2000).

" Tuy theo loai hinh cdng viéc, nhung trong nhidu truong hop dat ngudi lam
viéc vao trong moi truong dn, su suy giam ning suét lao dong do tiéng 6n thuong
dugc bu dép béng chinh nd luc cia ngudi lao dong, chéng han nhu nd luc tap
trung cao hon. Vi thé c6 khi ning suét lao dong con c6 thé cao hon nhat thoi. Tuy
nhién, nhiéu nghién ctru da cho thiy tiéng 6n c6 thé c6 anh hudng sau khi ngung
tiéng dn, thé hién & chd ngudi lao dong trd nén mét méi, gidm kha ndng tap trung
va lam viéc (Maschke & Widmann, 2013).

Tiéng dn ban dém c6 anh hudng tiéu cuc dén strc khoe. Nghién ctru thuc hién
bdi Rockwool, mot nha san xuit cac vt litu cach 4m & Anh, cho thz‘iy 0 Anh,
33% nhitng ngudi bi phién nhiéu cho ring hang xém 6n a0 khién ho khong ngu
dugc va stress trong 2 nam gan nhat. Hon 1.8 triéu ngudi Anh cho biét khu vuc
hang x6m l4n can dn 40 khién cudc séng ciia ho khd s& va khong con thodi mai &
trong nha cua ho nita. Nghién ctru ciing cho thiy 17.5 tfiéu (38%) ngudi Anh c6-
bi anh huong boi nhitng ngudi hang x6m On 20 trong hai néam'qua va dbi voi 7%
dan s Anh, diéu nay xay ra “nhu com bita™". |

Trén co s& cac nghién ctru, Td chirc Y té thé gi6i WHO da dua ra cac danh gia
anh hudng cia tiéng 6n & bén ngoa‘ti‘ nha dén giéc ngu va sirc khée nhu trong
Bang 7.2. -

"'Ngubn: http://wWw.express.co.uk [Truy cap 15/9/2013] |
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Bang 7.2. Anh hwéng ciia tiéng 6n ban dém dén sire khée ciia cr dan
- theo (WHO Regional Office for Europe (2009)

Mikc on frung
binh ban dém
trong suot 1 nim

Anh hwong dén sikc khée ghi nhin duoc
trong cpng dong din cw

Mac du d nhay cdm ctia timg céc nhén 1a khéac nhau, nhung & murc
Pén 30 dB én nay khong c6 dnh huéng sinh 1y dang ké nao duoc ghi nhén.
Mt 6n ban dém ngoai nha & mue 30 dB Ia khong c6 tac hai.

Mot so anh hudng Chmc gh1 nhén & muc én ndy gdm: tr& minh,
thire gidc, phan nan vé giic ngu b1 quiy ray Mite d6 qudy ray phu
: thudc vao tinh chét ciia ngudn dn va tin suét xuat hién. Nhimg
30-40dB nhém nhay cdm: ngudi gia, tré em, ngudi bénh man tinh... bi anh

- |hudng nhidu hon. Tuy nhién, anh huong x4u nhét thi vin khong
qué nghiém trong. Mttrc dn ban dém ngoai nha & mirc 40 dB la
mirc dau tién ma céc tac dong x4u xuét hién.

Nhung anh huéng xdu vé strc khoe xut hién trong: cong dong
40-55dB Nhiéu ngudi phai didu chinh cude sbng dé déi pho véi tiéng On.
Nhitng nhém dé bi tén thuong bj tac dong ning né.

Tinh huong tré' nén nguy hiém cho stc khoé cong ddng. Nhlmg
tac dong xau xuét hién thuorng xuyén. Mot bot phan déng ké cu
dan bj quiy nhleu va mét ngi. Co nhiing bang chimg cho thay
xudt hién céc vin dé v& tim mach.

Trén 55 dB

Trén co s& két qua & Bang 7.2, WHO dua ra tiéu chudn cho khu vuc Chau Au
nhu sau:

- Mirc n ban dém ngoai nha khuyén nghi: 40 dB; ‘

- Mitc 6n cho phép (cho giai doan chuyén tiép - néu tiéu chudn & trén chua thé
théa man vio giai doan hién tai): 55 dB.

O trong phong, theo khuyén nghi cua t8 chirc WHO, mtc 6n tuong duong cua
tiéng On lién tuc vao ban dém trong ph(‘)ng la L, =30 dBA va muc dn t6i da
trong phong L.« = 45 dBA cin duoc dam bao dé gifc ngi khong bi qudy nhiéu
(WHO Regional Office for Europe, 2000). Cac tiéu chudn ctia cic nudc khac
cling dua ra nhitng yéu cau tuong tu cho tiéng on ban dém. O P, nguoi ta quy
dinh mic On lién tuc tai tai nguoi khi nga khong qué 30 dBA va mic n t6i da
duéi 40 dBA. Nhitng chi din nay khéng chi bao dam gidc ngi cho nguoi binh
thuong ma con phu hop ¢ véi cac ddi twong nhay cam.
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7.1.5. Céc tiéu chuin mirc dn cho phép Au - M§

Chi s6 muc dn trong duong L, rét tién loi khi danh gid tiéng dn lién tuc trong
quing thoi gian dai. Tuy nhién, né lai co diém han ché 13 khong danh gia duoc
tinh chat cua tiéng dn theo tin sb va dic diém cam thy am thanh cla tai nguoi.
Chinh vi vy, mot s6 phuong phap déanh gia va tiéu chudn héa tiéng dn cho phép
o xét dén dic tinh tan sb cua tiéng on di duogc thiét lép. o

Péu tién 1a ho duong cong danh gid tiéng dn (Noise rating curves) dugc phat
tridn béi t& chirc Tidu chudn hoa quéc té - ISO - dung dé xac dinh mot mdi trudng
am trong nha chdp nhan dugc cho viéc nghe, giao tiép va tranh bi phién nhiéu.
Pudng cong ‘Noise rating curves’ duge néu trong tiéu chuin ISO/R 1996:1971 va
thé hién trong Hinh 7.6. Céc duong cong trong biéu dd nay dugc xay dyng chi yéu
dua trén dic tinh cam thy clia tai nguoi d6i voi cac tAn sb nhu trong Hinh 1.16. Tri
s6 NR cua mdi dudng bing ding mac am tn s6 1000 Hz cua duong do. Ngudi ta
hay dung chit viét tit NR dé chi gia tri cia mot tiéng On st dung phuong phap
hodc dé chi phwong phap ‘Noise rating curves’.

Chi s6 muc 6n cua &m dugc danh gia dya trén chi s6 NR cua cac dudng cong.
Khi danh gid mét tiéng on thue té theo NR, nguoi ta dit phd tan s6 1 octave clia
tiéng dn d6 1én biéu @ NR, duong NR ngay phia trén cia phé tiéng on chinh 1a
gia tri NR cua tiéng on (xem vi du cach danh gia mot tiéng on trong Hinh 7.6).
Ho duong-cong nay dugc chép nhan va st dung phé bién & Chau Au.
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Hinh 7.6. Ho dwong cong Noise rating curves trong ISO/R 1 996:1971.
DPuong nét dirt voi chdm vudng thé hién phé tan $6 :
clia mot tiéng on c6 gid tri NR =87
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Theo tiéu chudn ISO/R 1996:1971, mtrc NR yéu ciu trong cic cbng trinh duge

khuyén nghi nhu trong Bang 7.3. Luu y 14 do chua ¢6 nghién ctru co ban, mét sb

tiéu chudn vé mirc én cho phép & Viét Nam ciing dua trén tiéu chi NR cua I1SO.

Bang 7.3. Miitc NR yéu cau dbi véi cac khong gian trong cong trinh

L. . Mirc NR . , £ .. o . | Mirc hiéu
Chirc nang phong yéu ciu Hiéu chinh doi véi nha ¢ chinh (dB)

Phong phat thanh 15  |Am don, d& cam nhén -5

Phong hoa nhac, nha hat chinh ST U A 1a

théng 500 chd 20  [Tiéng On khong lién tuc, don dép =5 .

Phong hoc, phong nghe nhac, A x , o 1se o ia

Studio TV, phong héi nghi 25 Tiéng On chi trong gio lam viéc 5

Phong ngi (xem mirc hiéu chinh g a 0/ lr s

¢6t bén canh) 25  [Tiéng On trong 25% thoi gian 5

Phong hoi nghi, 20 chd hay c6

loa va micro ca nhén; rap phim; A AL 0/ s s

bénh vién; nha the; phong xi 4n: 30  [Tieéng On trong 6% thoi gian 10

thu vién

Phong khéach (xem murc hiéu S a o/ las

chinh cot bén canh) 30 | Tiéng O6n trong 1.5% thoi gian 15

Van phong ¢4 nhan 40  (Tiéng 6n trong 0.5% thoi gian 20

INha hang 45  |Tiéng dn trong 0.1% thoi gian 25

Cung thé thao 50 [Tiéng 6n trong 0.02% thoi gian 30

Vian phong (danh may) 55  |Khungoai 6 rat yén tinh -5

Xudng may 65 [Ngoai d 0
INha & trong d6 thi ; 5
D6 thi, gdn nha may xi nghiép 10
Khu vue cdng nghiép nang 15

Song song véi ho duong cong NR, mdt ho duong cong twong tu duge d& xuét

va st dung rong rdi ¢ cadc nuéc My va Anh, goi 12 ho dudng cong ticng on cho

phép (Noise criterion curves) va thuong duge goi tit 1a NC. Puong cong NC

duoc dé xuat dau tién bai Beranek (Beranek, 1957). Tri s6 NC cta dudng cong
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14y bing murc Am cta am c6 tan sé 1697 Hz. Céach danh gid mot tiéng on theo ho

dudng cong NC ciing gidng nhu véi ho duong cong NR. Ho dudng cong NC va

céch danh gia mot tiéng dn theo NC duoc md ta trong Hinh 7.7.
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Hinh 7.7. Ho duwong cong Noise criterion curves.

Puong nét dit voi cham vudng thé hién pho tan so

clia mot tiéng 6n c6 gid tri NC = 51

Pé hinh dung dugc muc dd dn a0 theo tiéu chi NC, Bang 7.4 gidi thiéu su

phén cap ctia mirc do on. -

Bing 7.4. Céc cAp dd on ao theo tiéu chi NC

NCI10|NCI5|NC20|NC25|NC30|NC35 | NC40|NC45 | NC50 NCS55 | NC60|NC65
21 26 30 34 38 42 47 | 52 65 61 66 | 71
dBA | dBA | dBA | dBA | dBA | dBA | dBA | dBA | dBA |\ dBA'| dBA | dBA

Rét yén tinh

Yén tinh

Vita phai

On ao

Rat on

Cin ¢t trén dit lidu trong Béang 7.4, nguoi ta dd dua ra ti€u chudn tiéng dn

trong cdng trinh theo tiéu chi NC, 4p dung 6 My va mot s6 nude khac nhu trong
Bang 7.5. '
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Bang 7.5. Gia tri NC khuyén nghij
cho cic loai hinh khong gian trong nha khac nhau

Thé logi khong gian ik uy];’,lfng hi Thé logi khong gian h uy];,’fng hi
Khu din dung v Bénh vién / Y té
Can ho 25-35 | |Phong cdnhan 25 - 30
Phong hop 25-30 Phong mb 25-30
Nhi théy 30-35 | |Khunoitra 30 - 35
| Phong x1r 4n 30-40 Phong thi nghiém 35-40
Nha xuéng 40 - 65 Hanh lang 30 - 35
N‘ha‘l o g.iaA dinh - nongthén | 0 Khu cong cong. | 35-40
vangoai 0 Truong hoc ;
Nha ¢ gia dinh & d6 thi 25-30 Phong hoc, giang duong 25-30
Khich san / Motel Phong hoc m& 35 - 40
Phong riéng 25 -35 Phong xem phim 30 - 35
Phong hop 25-35 Thu vién | 35-40
Khu phuc vu 40 - 45 Nha hat tiéu chudn 20 - 25
Hanh lang, sanh 35-40 | |Nhahang 40 - 45
Vin phong | Phong phét hinh TV 15-25
Phong hoi nghi 25-30 Phong thu S 15-20
Phongriéng , 30-35 Phong hoa nhac 15-20
KhuVPmo 35-40 | |Nhathi déu 45-55
Phong may tinh, may in... 40 - 45 Phong phét thanh 15-20

V& sau, 6 mot sé dé& xuat khac nhim hiéu chinh dudng cong NC, xét dén viéc
céc Am tan s§ thAp dwoc cho phép qua cao, giy ravtié'ng dn khoé chiu & tan sd thép,
mic du tiéu chudn NC van thoa man. Vi du, tiéng on cta h¢ théng xr Iy khéng khi
~ ¢6 nhiéu 4m tan sb thép rit kho chiu. Beranek va cong su (Beranek, et al., 1971)
dd diéu chinh cac duong NC va cong bd hé dwong cong méi goi la “preferred
noise criterion (PNC) curves”. Nhimg dudng PNC ¢6 mirc 4m tan s6 thip thap hon
2 -5 dB so v6i hé dudng cong NC nim 1957: Hé duomg cong PNC chu yéu duoc

ding trong danh gi mirc dn chap nhin duoc cua hé thong diéu hoa khong khi.
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7.1.6. Mt s6 quy dinh va tiéu chuin vé tiéng on cia Viét Nam

Trong khu vu'c déan cu va khu V{xc ¢6 cac cong trinh cong cOng, mirc on tuong
duong & ngoai nha dugce quy dinh trong Tiéu chuin TCVN 5949: 1998 nhu trinh
bay trong Bang 7.6.

Bang 7.6. Giéi han tdi da cho phep tleng on khu vue cong cong va din cu
(theo mitc Am twong dwong)

Don vi: dBA
Thoi gian
m Khu viee Tiw6h | TwlISh | Tir22h

dén 18h | dén 22h | dén 6h

Khu vuc can dic biét yén tinh; Bénh vién, thu
1. |vién, nha didu dudng, nha tré, truong hoc, nha 50 - 45 40
thd, chia chién

Khu dén cu, khach san, nha nghi, co quan

| hanh chinh 60 33 0.,

Khu dén cu xen k& trong khu vuc thuong mai,

dich vu, san xuét 75 70 50

Péi V&i mdi trudng lao déng, mic 6n cho phép tai vi tri lam viéc duoc de’mh
gia bang murc 4p suat 4m twong dwong tai moi vi tri 1am vi¢c va duge quy dinh
trong Tiéu chuan TCVN 3985 - 1999 nhu sau:

- Mitrc-6n cho phép tai cac vi tri 1am viéc dﬁqc, trong sudt calao dong (8 gio),
khong dugc vuot qua 85 dBA, muc cyc dai khong dugc vugt qua 115 dBA.

- Néu téng thoi gian 'ﬁép xUc véi tiéng on trong ngay khéng qua:

+ 4 gid, mirc am cho phép 12 90 dBA;

+ 2 gid, mirc Am cho phép 12 95 dBA;

+1 gidr, mirc 4m cho phép Ia 100 dBA;

+30 phat, mire 4m cho phép 1a 105 dBA;

+ 15 phat, mitc am cho phép Ia 110 dBA; |
~ Thoi gian lam viée con lai trong ngay 1am viéc chi duqé tiép xuc véi mirc 4m
dudi 80 dBA. .
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D61 v6i nhi€u loai hinh cong viéc khac nhau, mic 4m twong duong tai noi lam
viéc cling phai dam bao yéu cau trong Bang 7.7 nhu sau:

Bing 7.7. Mikc 6n twong dwong tai noi lam viéc
doi véi cac loai cong viéc khac nhau

| Mike dp suit am
Vi tri lam viéc twong duong
khéng qud (dBA)
Tai vi trf 1am viée, san xuét truc tiép 85
Budng theo dai va didu khién tr xa khong c6 thong tin bang 20
dién thoai, cac phong thi nghiém, thue nghiém c6 ngudn dn '
Budng theo ddi va didu khién tir xa c6 thong tin bing dién thoai, 70
phong diéu phéi, phong 14p may chinh x4c, danh may chit
Céc phong chirc nang, hanh chinh, ké toén, k& hoach, théng ké ' 65
Cac phong lam viéc tri 6c, nghién clru thiét k&, théng ke, may tinh, 55
phong thi nghiém ly thuyét va xir Iy s6 liéu thuc nghiém

Déi v6i moi trudng bén trong cong trinh, mirc dn tdi da dugc quy dinh trong
tiéu chuan TCXDVN 175: 2005 sit dung c4 hai phuong phap danh gia 1a danh gia
phd tiéng 6n theo hé dudng cong Noise Rating cia tiéu chudn ISO/R 1996:1971
va theo mttc 4n twong duong. Chi tiét tidu chun duge mo ta trong Bang 7.8.

Bang 7.8. Mitc on ti da cho phép trong cong trinh cdng cong

R . A s oA Thoi gian |Duong| Lrp,
STT | Loai khong gian trong cong trinh cong cong trong ngay, h | NR |dB, A
1 Cong trinh vin hod
|1.1 | Cac phong bidu dién nghé thuat
111 Phong hoa nhac, nha hat opera (nghe 4m tryc i 25
=7 |1iép, khong ding hé théng dién thanh)
P}{ong khan gia nha hat (}qch, nhac vii kich,
~ [tudng, cheéo, cai luong, roi nudce), nha vin hoa,
1.1.2 |céu lac bo, héi truong da nang:
- Khi nghe am true tiép - 30
- Khi nghe qua loa - 40
1.1.3 | Phong chiéu phim, rap xiéc - 40
Sanh nha hat, phong hoa nhac, nha van ho4, ciu ’ '
1.1.4 - 50
lac b0 ‘
1.1.5 | San chiéu béng, nha hét ngoai troi - 45 -
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Bang 7.8 (tiép theo)

STT | Logi khong gian trong cbng triﬁlj céng cong trjifiigj h B;’;,(Zlg dIEDf'l

1.2 |Nha béo tang, trién lim

1.2:1 | Phong trung bay , - 55

1.2.2 | Phong lam vi¢c nhén vién ‘ v , - 50

1.3 |Thu vién

1.3.1 |Phong doc séch, tra ctru . - 45

1.3.2 |Phong 1am viéc nhén vién e - | 50

2 Cong trinh gido duc

2.1 |Nhatré, trudong mau gido, trudmg tiéu hoc ban tri

2.1.1 | Phong nga trong trudng miu gido, ﬁéu hoc ban tri | - 6-22 . ) o
, , , 22-6 | - | 35

212 |Léphoc : o | - - 50

2.13 | San choi (ngodi trdl) L s

2.1.4 | Ving ké can truong hoc (ngoai troi) - - | 60

2.2 |Trudng cip pho thoéng try 1én -

2.2.1 |Phong héithao . ST : T 45

2.2.2 |Giang duong, 16p hoc, hoi truong - - 50

2.2.3 |Phong thi nghiém~ I e R I 1)

2.2.4 | Phong lam viéc trong trudmg hoc - - 50

2.2.5 |Phong nghi gi4o vién ' - - 55

3 C6ng trinh y té | Y o o |

31 Tram y té, bénh viénr da khoa, chuyén khoa,-

phong kham da khoa, chuyén khoa, nha hd sinh A

3.1.1 | Phong bénh nhan diéu tri trong bénh vién | 22 22 \ o :2

3.1.2 | Phong béc s§, phong kham bénh R S TS

3.1.3 | Phong mb, phong d& dé | . - |45

3.14 | Vimg bénh vién, nha an duding (nod trdi) | gz 22 | | 4518
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Bang 7.8 (tiép theo)

: ‘ ‘ Thoi gi |Puong| L
STT | Loai khong gian trong cong trinh cong cong 1ot gan ng| b,

trong ngay,h | NR |dB, A
3.2 |Nha diéu dudng, nha nghi, nha dudng 130 :

3 5 1 | Phong & trong nha diéu dudng, nha nghi, nha 6-22 - | 50
' dudng ldo . , . o 22-6 - | 40
3.2.2 |Phong lam viéc nhan vién 7 - - 50
3.3 |{Nha lam viéc cua co quah y té
3.3.1 |Phong lam viéc nhédn vién, phong nghién ctru - - 50
3.3.2 |Phong tiép khach | . - - 50
4 Nha lam viéc, van phong, tru sé |
41 N,hé van phbng, tru sa, co s&r thiét ké, nghién
.~ |ctru khoa hoc
4.1.1 | Phong lam viéc, c6 mdy vin phong, mdy vi tinh | - - 50
4.1.2 | Phong tiép khach | B R - | 50
Toa an
4.2 |- Phong xir 4n - - 45
- Phong lam viéc S - - 50

5  |Céng trinh thé thao

5.1 |Phong lam viéc clia huin luyén vién, nhan vién - - 50

5.2 |Phong tap luyén thé duc, thé thao trohg nha - - 55

5.3 | San choi thé thao, bé boi co méai - - ] 60

5.4 |San van dong (khéng c6 méi) S - e

6 Cong trinh thwong nghiép, dich vu "

61 Cura hang, trung tim thwvong mai, siéu thi - | R T

_ Nha hang an, giai khat ’ ‘

6.2 Tram di.c;h Vi c@ng—céng: giat'la, may V4, s’L"ra ] X ' 55
chita thiet bi, d6 gia dung, phong cit toc, tim

6.3 .|Cho trung tam (c6 hode khong c6 mai) ‘ _ - _ - 60

7 | Nha ga giao thong cic loai | | |

7.1 |Phong hanh khach thu hod, 6t5, tau thuy - - |60

7.2 |Phong 1am viéc nhan vién ) 1 - 150
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- Mixe én cho phép trong tiéu chuin nay chi gitp con ngudi trong cdng trinh

khong thiy khé chiu vi tiéng 6n cht chua cho phép tao mdi truong tién nghi vé
am hoc. Trong diéu kién khi hau néng 4m cuia nudc ta, nhidu céng trinh thudng
mé thoang tao diéu kién cho tiéng dn lan truyen trong khong khi vao nha, do do
mirc dn trong va ngoai nha chénh léch nhau rat 1t

7.1.7. Tinh toan lan truyén tiéng 6n trong khéng gian d6 thi
Su lan truyén tiéng n (hay 4m thanh) trong khéng gian quy hoach 1a mdt
truong hop téng quat ctia 4m lan truyén trong cac méi trudng va diéu kién khac
nhau, trong do sy tdn tai cuia VAt can, cong trinh, cac bé mit véi hé sd hut Am
~ khac nhau, diéu kién mdi trudong khong khi 13 nhimg yéu t§ co anh huéng. Pai
lwong ma nha thiét ké hay quy hoach quan tdm 14 mirc 4m tai mot diém khao sat
cach ngudn » mét so véi mirc 4m tai mot diém cach ngudn mot khoang xac dinh
L;. Theo ISO 9613-1996 (ISO, 1996), ching cé quan hé vat ly véi nhau qua biéu
thirc sau: N . ‘
L =L —AL,—-ALy, — AL, — AL — AL, — ALy, (7.4)
trong do:
" L, - muc am tai diém khéo sat cach ngudn » mét;
L; - mic am da biét tai mot diém cach nguén 1 khoang cach cho trude -
thuong 14y khoang céch 1 m; ‘ '
| ALy - 40 giam mtrc 4m do khodng céach;
ALy, - 40 giam mirc 4m do khong khi hut 4m;
ALy, - 40 gidm mic &m do 4m lan truyén trén mit dat véi ééc bé mat
khéac nhau;
AL,, -  giam mirc 4m do bj cdy xanh hiit 4m; o
AL, - 4 gidm mirc &m do &m bi ch'fln béi cong trinh, vét can;
ALy - 46 gidm muc 4am do cac nguyén nhan khic.

Sau déy, ta lan luot khao sat cac cach tinh toan cac do giam mirc am do cac
nguyén nhén ké trén. ‘

* Dj gidm miec dm do khodng cdch AL;.:

Séng am khi lan truyén trong khéng gian thi ning luong 4m bi dan trai trén
mot mit song cang lic cang lon. Do d6, muc 4m gidm dan kh1 khoang céch
truyén 4m I6n dan. ‘ ’ ‘
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Néu ngudn 4m 14 ngudn diém (phat séng cau) hay ngudn dudng (phét ra séng
tru) thi edng thirc tinh do giam mirc 4m da duoc dé cdp ¢ phan 1.8.1 va dugc
nhéc lai nhu sau:

Péi v6i ngudn diém:

AL, =L, -L, =20lg—= (7.5)
4
Déi voi ngudn dudng:
AL, =L -1 =10lg2 (7.6)
no
trong d6: r; va r, - lan lugt 1a khoang céch tir ngudn am t6i diém tham chleu
(thwdng 14y 1 m) va t6i diém dang xét. ‘

Vi dy 1: Coi hi (coi nhu 1a ngudn diém) c6 muc dn cach vi tri coi 100 m 14
110 dB. Vay tai khoang cach 200 m, mirc 6n giam di mot luong:

AL, =L L. =20lgr,/r = 20lg200 /100=6.0 dB

Mirc 6n tai vi tri cach ngudn 200 m s& 1a 104 dB. Cling theo cdng thirc trén,
d6i véi ngudn am diém, néu khoang céch ting 1én 2 lan thi mtc 4m giam di 6 dB.

Vi dy 2: Poan tau héa dang chay (coi nhu ngudn dudng) phét ra tiéng dn 90 dB
do cach duong tau 100 m. Vay tai khoang cach 200 m, mirc 6n sé bi suy giam la:
AL, =L —L, =10igr, /1, =10Ig200/100 =3.0 dB

Nhu vély cho ngudn 4m dudng, ta s& thdy mirc 4m giam 3 dB khi khoang cach
tang glp doi. |

Néu ¢6 nhiéu ngudn 4m dong thoi clng phat, ta ¢6 thé tinh mac am tai diém
dang xét cua timg ngudn, sau d6 tinh mirc 4m tdng hop tai diém d6 theo céc cong
thirc & phén 1.8.2.

* D@ gidm mirc.dm do khong khi hit Gm ALy,:

Song am 1a séng dao dong trong mdi truong dan hoi, do d6 khi am lan truyén
trong khong khi nang lwgng am bi tiéu hao dé thing stc dan hi (tinh nhot) cia
khong khi - thuong goi 13 hién twgng khéng khi hut am. Tén»sé am cang cao,
nang lugng am bi khong khi hut di cang nhidu.
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- Luong hit 4m cua bau khi quyén chinh 13 mirc gidm ning lugng 4m dugc tinh
qua cong thic: . - 7 '
trong do:

n - hé s6 giam 4m clia khi quyén (xem Bang 7.9), dB/100m;
r - khoang céch téi diém dang xét, m. Déi voi nhimg diéu kién méi trudong
chua ¢6 trong Bang 7.9, xem thém ISO 9613-1996 dé biét thém.
Bang 7.9. Hé sé giam am cita khi quyén
d8i véi cac Am don cho tirng dai tin s6 (ISO, 1996)

Hé sb giam am cta khi quyén 1, dB/100m

I(Ii\;)}jif(tj D(f)(yéom, * Trung binh Cﬁa cac dai octaye tin s6, Hz

63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
10 | 70 | 001 | 004 | 010 | 019 | 037 | 097 328 | 117
20 70 | 001 | 003 | 0.11 | 028 | 0.50 | 090 | 229 | 7.66
30 | 70 | 001 | 003 010 | 031 | 074 | 1.27 | 231 | 5.93
15 | 20 | 003 | 006 | 0.12 | 027 | 0.82 | 2.82 | 8388 | 202

15 |50 | 001 | 005 | 012 | 022 | 042 | 1.08 | 3.62 | 129

15 1 80 0.01 0.03 | 0.11 | 024 | 041 | 083 | 2.37 8.28

*Dj gidm mirc dm do cdc bé miit trén dwong truyén dm ALy,;:

Khi 4m lan truyén trén mit dAt c6 cac 16p phit bé mit khac nhau, ning lugng
4m bi tiéu hao bdi cac bé mit nay. Cac tham s6 lién quan dén muc @6 hut &m cua
cac bé mat gdbm: khoang cach d,, do cao cia ngudn phét va diém nhin 4m dang
X6t A, va h,, chét liéu bé mat trong 3 khoang chia (khoang ngudn, khoang giita va
khoang nhan) dugc biéu dién trong Hinh 7.8. | |

) - . S
30k, =130

4 {Khu vire nguén " Khu viec trung gian o Khu Que thu nl“iénﬂ'

-+

Hinh 7.8. So dé truyén ém trén mt bé mdt va cdc tham s6 ¢6 lién quan
- phdng theo 1SO (1996) ’ |

300



b0 suy giam muc 4m do bé mat duogc tinh nhu sau:
ALy, = A +A4,+ 4, (7.8)
trong d6: A, A, A, - 14n lugt 1d mirc hat 4m cta 3 khoang chia: khodng ngudn,
' khoang giita va khodng nhdn nhu trong Hinh 7.8.

Goi G 12 hé s hiit 4m cta bé mat mat dat, G ¢6 cac gia tri sau:

- G = 0: bé& mit cimg nhu bé téng, via he, mit dudng nhua, mat nudec. ..

- G = 1: b& mit rd réng nhu tham c6, tham cAy bui. ..

- B& mit hdn hop: G thay déi tir 0 dén 1 theo ty 1& 2 loai b& mit néi trén.

V6i G nhu vay, céch tinh 4, 4,,, A, dwoc thé hién trong Bang 7.10.

Bang 7.10. Cac cong thirc tinh lwgng hut 4m bé mait - theo (ISO, 1996)

Céc dai octave tin sb A, hoic 4, (dB) ' A (dB)
63 -1.5 3¢ @
125 ~1.5+Gxah)
250 | -15+Gxbm
500 15+ Gxc(h)
1000 “15+Gxdh) 3¢(1 = Gy)
2000 ~1.5(1 - G)
4000 ~15(1-G)
8000 ~1.5(1 - G)

Ghi chi: ‘

 ontsR (. -, R 2 o —6xdS

| .
b (h)=1.5+8.6x %" (1_¢ %)

2 — .
) =15+140 % (1e747%)
d'(h) =1.5+5.0xe 9% (1 ¢/ %)

1. Dé tinh 4, 1dy G= G, va h= h,. Détinh 4,, 1y G= G, vah=h,.
2. ¢ = 0khid, <30k, + 1)
q=1-30(h, +h,)/d, khid,>30(hs+hy)

trong d6: G;, G, va G,, - 1an lugt 14 hé s hit am bé_ mit quanh ngudn am, quanh diém
khdo sat va & doan trung gian gita.
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Néu chi xét mirc giam 4m theo thang do dBA (khong quan tdm dén tin s6), am
lan truyén trén bé mit c6 dang bét ky, nhung c6 ty 1¢ bé mit rd réng cao thi mic
giam am do bé mat c6 thé tinh theo cong thiec:

ALy, = 4.8—(2h, / d)[17+(300/ d)] dBA (7.9)

trong do:
h,, - chiéu cao trung binh ctia duong truyen 4m so v6i mat dat, m;

d - khoang céch nguon am va didm khao sat. Néu theo cong thirc trén, ALy,
c6 gia tri am, ta 14y gia tri 0 @ thay thé.

Vi du: Mét loa phong thanh treo trén c¢6t 6 d6 cao 8 m phat 4m c6 mrc am
80 dBA. Nhu véy tai vi tri twong ty cach do 100 m khong bi vit chin ngin can,
muc am bi suy giam do bé& mit hat 4m mot lugng 1a:

AL, =4.8-(2x8/100)[17+(300/100)] =1.6 dBA

* Dj giam mirc dm do ciy xanh AL, .:

Nhitng dai cdy xanh thudng duoc. diung d8 1am binh phong chin tiéng 6n tlr
cac tuyén giao thong di vao khu dan cu. Nhitng yéu t§ quan trong lién quan dén
hiéu suét chén tiéng dn cta dai cdy xanh 1a mat do tan 14, do rong dai, chidu cao
dai va chiéu dai clia dai cly xanh. |

Mat do 14 cta tin cdy xanh 1a dai luong 4t kho dé do dac, tuy nhién c6 thé
dung khai niém “t4m nhin” (v151b111ty) dé lwong héa mat do tan 14. Tam nhin
dugce dinh nghia 13 khoang céch gin nhét gitra ngudi quan sat va vét cin quan sat.
ma vét thé d6 bi che khuét boi tan cdy. Trong nghién ctru ciia minh, Fang va Ling
(2003) cho mot ngudi quan sat dimg trudc tan cdy, ngudi con lai di vao theo
huéng vudng goc voi tan cdy cho dén khi khuét hén, sau d6 do khoang cach gitta
2 ngudi va nhan dugce gia tri cla “tdm nhin”. C4ch do dac nay kha chinh xic so
v6i cach dung anh sang thay cho nguoi. -

Mic du su gidm tiéng on qua rang cdy ¢6 hen quan dén nhid yéu 6, tuy nhién
Fang va Ling (2003) phat hién ra rang “dd gidm tiéng on”.cé quan hé mat thiét
v6i “tAm nhin” qua tan cay va dugc thé hién qua cong thirc:

trong do:
AL 20m - 40 gidm mirc On trén ctt mdi 20 m ring cdy, dBA;

v - “tam nhin” cta ring cdy (visibility), m.
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D giam mirc 6n cho boi cong thire (7.10) ¢6 hé sb tuong quan so kha tét v6i
gia trj do dac 1a R* = 0.82, cho phép dy doan twong dbi chinh xéc do giam tiéng
on qua rang cdy. Hinh 7.9 thé hién mo hinh du do4n cua Fang va Ling, phat trién
tir két qua khao nghiém thyc té cia 35 rdng cay xanh céc loai ¢ Pai Loan.

- 10

y =-193Ln(x) + 8.98
R*=0.82

+ > oo
T T
R4

Mdrc giam am (dBA/20m)

LS}
T

] 5 10 15 20 25 30 35 40 45 50 55 60
Tam nhin (m)
Hinh 7.9. Mitc gicdm dm theo d¢ day tdn 1 (visibility) ciia ddi cdy xanh
- phdng theo Fang & Ling (2003) ’

Don gian hon, dé tinh muc gidm 4m boi ring cdy, ta ¢6 thé dung phuong phéap
néu trong tai liéu (Nguyén, 2011) bing cach nhan do giam am khi lan truyén
trong khong khi - cong thie (7.5) va (7.6) - véi hé s giam am cia cdy xanh k.,
nhu sau: |

- Cay.trong xen k&, vom 14 ram, ¢ cdy thdp xung quanh, k., = 1.5,

- Céy xanh mang tinh chit cong vién rimg, vom l4 trung binh va c6 cdy thip
tréng chung quanh, k, = 1.2,

* D§ gidm mire dm dovit can kidn tritc AL

Am lan truyén khi gap vt can Kién triic thi tao thanh mdt ving bong 4m phia
sau vat can. Hién tugng nay thudng thiy rit rd v6i cc 4m cé tin sb cao (gibng
nhu séng dnh sing trong moi truong trong sudt gip vat can). Péi véi cac am cé
tin s thép, hién twong nhiéu xa xdy ra tai bién vat can khién bién vét can trd
thanh ngudn phat 4m thir cdp (xem Hinh 1.20). Hién twgng nhiéu xa khién cho
vige tinh todn mirc giam d4m do vét can trd nén phic tap. |
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Mot vat dugce coi 1a VAt can kién tric trén duong truyén 4m phai thda mén cac
diéu kién:

-La vat Cl'mg c6 mit dd bé mat khong dudi 10 kg/mz;

- Bé mat kin, khc“)rig c6 15 hay ranh 16n xuyén qua;

- Tiét dién b mat cua vat (phan tiét dién vudng goc véi dudng truyén Am)
phai ¢6 cac kich thude 16n hon buéc séng 4m cta tin sé dang xét.

Do su da dang cua cac tinh hudng, vit cin nén da c6 nhiéu phuong phép tinh |
toan mac giam dm sau tudng chén hay vat can kién triic. Tai liéu nay gi6i thiéu
mdt phuong phép tinh todn don gian véi mot trudong hop kha dién hinh, d6 1a
muc gidm am sau tuong chin dai (thuong 1am doc cac dudng giao thong dé ngan
tiéng dn lan truyén vao khu dan cu). Viéc tinh toan ndy dua trén mot thong s6 goi
1a “sb Fresnel” c¢6 cac dai lugng lién quan dugc gioi thi¢u trong Hinh 7.10 (bén
phai). S6 Fresnel Ny duoc tinh nhu sau:

_2(dy+d,—ds)
0" Ji
trong d6: cac dai luong d), d, d; x4c dinh trong Hinh 7.10, A 1a budc séng am
sinh ra bdi nguén am.

(7.11)

Phan xa : : o —~ d
Z e g T
g Nhiéu x ‘ di T — g
a
‘2 | d VTP

Z _— =04 Vi tri khao sat
2 Ving béng am .‘ "’ - d3 '
/ Py A

.E. L Am oo qua/ : Nguédn 6n

D=0 7 l’,
Y

A 2

Hinh 7.10. Hién twong nhiéu xa khién dm c6 thé lan truyén dén sauvat cdn (trdi)
va cdc thong s6 tinh todn (phdi)
* Trén co s& sb Fresnel, mic giam am do tudng chin mang lai duoc xac dinh
bing biéu dd nhu gi6i thiéu trong Hinh 7.11 hoac tmh truc tlep bang cong thirc
cua Kurze va Anderson (1971) nhu sau:

27N,

AL, =5+20lg| ————
-\ tanh 27N -

(7.12)
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trong dé:
- Ham sé “tanh” 14 ham tangent hyperbolic (tanh x = (&* - e™)/(e*+ &™) va
co the tinh tryc tiép bang mot s6 c¢dng cy, vi du nhu Microsoft Excel);
- 0.2 <N, <12.5. Néu N, 16n hon 12.5, cac két qua thi nghiém da cho thdy
AL, khong vugt qua ngudng 24 dB;
- Cong thire ndy 4p dung cho mdt ngudn am (vi du xe hot) tai vi tri gan
diém dang xét sau tudong chin nhit.

30

dB

25 n

n,
\

a

20 i

do tudng ch
N\
\

15 7 f

am 6n
N\
N

2

10

Mdc gi
| |

0

0.01 0.1 1.0 10 100
. S6 Fresnels

Hinh 7.11. Miic gzam am sau tuong chdn tren co 56 56 Fresnel
(Nét & trén: nguén ém cé dinh - Nét & dudi: nguén dm la xe 6 16 di chuyén)
- phong theo Engineering ToolBox (2003)

Bén canh ‘mic giam dm sau tudng chan, ta cling c6 thé udc tinh so bod chilu
sdu vung béng 4m sau tudng chan. Vl‘lng bong 4m nay dugc dinh nghia 14 khu
- vue sau tudng chan c6 mic giam do on khong nho hon 5 dBA. Véi céc dleu kién

da biét sau:
-P6 cao clia tuong chin A, feet; ‘
- Mire dn nén Ly, dBA (mic 81 thirc té 16n hon Ly trong 90% thdi gian)
- Khoang céch tu tudong chin dén truc tuyén duong d,., feet;

- Ty 1€ xe tai ning trong tong sb xe di qua tuyén Py, (P;, cO gid trj tir O - 1.0).
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Chiéu sau Vﬁng béng 4m sau tudng chin duge tinh bﬁng cong thirc cua
MacDonald et al. (2004) nhu sau:
SZL =616.5+7.218h, —2.2Lgy + 1.3d,, —530.5P, (7.13)

Luu vy 1a cong thirc (5.13) 12 céng thirc rit ra tir thuc nghiém, sit dung hé don
vi Anh - M¥. SZL dy doén boi cong thirc nay c6 hé sé twong quan véi thuc té 1a
R?=0.701 va c6 sai sb trung binh 13 31 feet.

Véi tudng chén c6 chidu dai hitu han B (m) nhu trong Hinh 7.12, chidu dai
ving boéng 4m sau tudng chén khi c6 ngudn 4m diém phat tiéng On tan sé f (Hz)
v6i van tde truyén 4m trong khong khi 13 ¢ (m/s) 1a:

2
7L =f4i (714
C

SZL

Hinh 7.12. Chiéu dai vimg béng dm sau twong chin hitu han
* P§ gim mikc Gm do cdc nguyén nhin khdc

~ Am khi lan truyén c6 thé bi suy giam béi nhitng nguyén nhan khéc v6i nhitng
nguyén nhan da dé cdp & trén nhu: giam 4m do dia hinh khong bang phang, do ¢6
cong trinh kién tric can trd, hodc do co6 gio thdi ngwoc huong truyén 4m. .. Trong
cac trudng hgp nhu vay, viée tinh todn muc gidm 4m phai can cir vao ting diéu
kién cu thé va dua ra cac phwong phép tinh phithgp. Néi chung, hau hét céc bién
phap tinh toan lan truyén am trong moi trudng quy hoach déu 1a tinh gin dang,
sai s6 cong don ciing c6 kha ning 16n dan. Tt nhét nén tinh toan két hop véi do
dac thuc té hodc md phong trén mdy tinh dé c6 thé kiém tra tinh chinh xac cla
mo hinh tinh toan dang st dung.
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7.2. CAC BIEN PHAP CHONG ON TRONG THIET KE VA QUY HOACH
pO THI

Tiéng 6n trong d6 thi 1a mdt yéu t6 gay mét tién nghi, &nh huéng chét lugng
cudc séng va c6 thé lam dao 1on sinh hoat clia nguoi dan. Trong ving khi hau
néng im viéc chéng bn tré nén kho khin hon do théi quen sinh hoat ngodi troi
kha s6i dong. Mt khac cong trinh kién tric trong ving khi hau néng am thudng
mé thoang va khéng kin gi6, tao didu kién cho tiéng on tham nhép moi ngd
‘ngach clia cong trinh. Vi vy, muén tao dung mot moi trudmg do thi it tiéng on,
céc giai phdp han ché tiéng dn can dugc trién khai ddng b trong tit ca cac khau
ngay tir ban dau theo trinh ty thoi gian nhu sau: cdc bién phap quy hoach do thi
va quy hoach mang Iu6i giao thong, thiét ké kién tric cac cong trinh x4y dung va
c4c bién phép k¥ thuat chdng én khac (Pham, 2011).

7.2.1. Bién phap chéng 6n trong quy hoach chung do thi

Phén ving trong quy hoach db thi 12 mot bién phap co ban ¢ chéng 6 nhiém
tiéng 6n. Viéc phén vung quy hoach x4y dung thudng duoc thyc hién theo tiéu
chuin mirc én cho phép ddi vé6i cac chuc nang cua do6 thi. Ching ta cén ldng
ghép véin d& chéng dn vao cdng tdc quy hoach, gdbm c¢6 quy hoach chung va quy
hoach chi tiét d6 thi, thuc hién mot cach c6 hiéu qua viéc danh gia tdc déng moi
trudng cho cac db 4n quy hoach viing, thanh phé va thi xa. Dung trén géc d6 han
ché anh hudng cia tiéng on, cac khu chire ndng d6 thi nén duge bd tri trong cac
phén ving nhu sau (Pham, 2011):

Phdn ving I. Khu cong nghiép d6 thi, san bay - 1a nhitng khu vuc cé nguy co
6 nhiém tiéng on cao nhét, véi muc 6n twong duong d& dang dat 75 dBA, thim
chi Ién t6i trén 100 dBA - khi cac mdy bay phan luc cét ha canh (vi du: truong
hop thanh phé Da Ning hay thanh phé Hd Chi Minh, do san bay nim trong d6
thi, nén 6 nhiém tiéng 6n 1a rat nghiém trong. DAy ciing 1 1y do céc sén bay cin
dugc quy hoach cach xa do thi tir 30 km tré 1én). Trong ving nay chi nén bd tri
cac co s& san xuét cong nghiép, c4c tuyén dwdng giao thong van tai ¢ mit do
16n, dwdng sit cing v6i cac dai cdy xanh, cac khodng cach ly phu hop va thuong
b tri cubdi hudéng gié chi dao. Trong vung khong dugc phép bé tri nha &, trir
nhitng céng trinh phl_ic vy nguoi lao dong. Nén c6 céc tram quan tric moi truong
xung quanh khu vuc, didm bao tiéng dn va cac tac dong khac khéng anh huéng
té1 dan cu xung quanh.
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Phdn viing II: Khu trung tdm céc cong trinh cong cdng cua do thi. Muc on theo
tiéu chudn cho phép vao ban ngay khong qua 75 dBA. Khu trung tdm cong cdng
do thi thuong c6 mét d¢ dan cu, giao thong, cong trinh xay dwng cao, do d6 muc
dn thuong rat 16m, cdng voi O nhiém khéng khi, chét thai rén... khién céc van dé
mai trudng cang trAm trong. Khu vuc ndy néu bd tri nha & nén chon giai phap nha
& nhidu tAng vira dé tiét kiém dAt, ddng thoi giam thiéu tac dong tiéng on. |

Phan vz‘mg III: Céc khu nha ¢. Dy 1a khu vuc clia dd thi can dam bao do yén
tinh, mirc 6n tbi da cho phép vao ban ngdy va ban dém (tir 22 gio dén 7 gio sang
hém sau) lin lwot 14 60 dBA va 50 dBA. Cac tuyén giao thong di qua khu vuc
ndy phai bi gi¢i han tbc do va thudng thi cic xe van tai ning thuorng bi cAm vao
khu vue nay. Céc tuyén giao thong 16n gin khu vuc nay phai cé khoang cach ly,
tuong chin, hang rio cdy xanh.

Phédn vimg IV: Céac khu céy xanh, bao gbm dat xﬁy‘ dung cac cong vién vin
hoa nghi ngoi, cong vién bach thao, cac cong trinh can yén tinh cao nhu cac bénh
vién, vién duong 130, thu vién, vién nghlen ctru, nha thd, chiia chién, nha tre..

khong & gan trung tAm cong cong Mite 6n cho phep & phan vung chuc nang nay
1a 50 dBA.

Bén canh do viée danh gia tac dong m01 truorng clia dd 4n quy hoach can quan
tAm dén cac gidi phap chéng lan truyen tiéng 6n trong do thi. Ngoa1 ra, cac tuyen
giao thong la thanh phan gay tleng 6n chinh trong d6 thi ¢6 mit trong tht ca cac
khu chirc ning, cin dugc phan cip dé quan ly xay dung, cAp phép va thiét ké
chdng 6n va cach 4m hiéu qua. Thong thudng cac tuyén giao thong dwgc chia
thanh 2 nhém dudng dn a0 (nhém 1) va it dn o (nhém 2). Hinh 7.13 gi6i thigu
mot vai giéi phap quy hoach phd bién tuan thi nguyén tic nay.

PO S

"‘"“ﬁ \ ducng khu 3

~ Hinh 7.13. Mot vai gidi phdp quy hoach khodng cdch ly chéng 6n
- phéng theo US Department of Housing and Urban development (2009)
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Su lan truyén tiéng dn chju sy chi phdi manh mé& cia hudng gié va van tbe gio.
Trong truong hop bét loi nhét khi tiéng dn lan truyén theo chidu gio, toc do lan
truyén tiéng dn 16n hon va ning luong it bi tdn thit hon. Vi vay, khi quy hoach

“céc db thi, cac chirc ning d6 thi én 4o nhu khu cdng nghiép, sén van dong cin bd
tri cach xa khu dén cu, nén & cubi hudng gi6 chinh mua néng. Nguyén tic bd tri
ndy nay cing phi hop véi yéu cu chdng lan truyén ngudn 6 nhiém do gi6 cubn
theo bui, khéi, cac loai khi doc hai. .. v

Sau thoi ky bung phét ctia quy hoach theo kiéu phén khu chirc ning sau thé
chién thw II, vao nhitng nim 1990 tr& vé sau, kiéu quy hoach sit dung dét hdn
hop (mixed-use development) dang duoc cac nha quy hoach quan tdm va su
dung tr¢ lai do né mang lai nhiéu lgi ich nhu: khu & mét d§ cao, da dang hinh
thitc cu ngy, gidm cu ly giao thong, tao cac khu phé sdm uét, c6 tinh noi chén,
tao cac phé di b, tuyén xe dap, tdng cuong gan két xém giéng, giao thong cong
cong d& dang... Tuy nhién hinh thtre quy hg\ach st dung dat hdn hop nay lai bét
loi trong viéc khdng ché anh huéng tiéng 6n dbi véi cu dan. Déi véi truong hop
nhu vy, nhidu giai phép ¢o thé duoc dp dung. Trong bao céo ndm 2014, Cuc mdi
truomg Chau Au (European Environment Agency, 2014) khuyén cdo chinh quyén
dia phwong phai c6 trach nhiém trong viéc x4y dung cac ké hoach hanh dong
_nhém bao vé& cu dan cta minh khéi tiéng dn, dic biét la gic ngu. Co thé xem xét
cac lya chon khéc nhau, vi chung d dugc thuc hién & cac thanh phé 1én & Chéau
Au. Giai phép quyét liét nhit 12 bt du tir 11 dén 12 gié dém, céc hoat dong giai
tri ban dém bit budc phai di chuyén tir khu vuc trung tdm thanh phé den cac khu
ngoai vi ¢6 dic didm hoan toan khac nhau: khu vuc van phong, san xuét, khu
cong nghiép, san bay cii... Tuy nhién, néu chinh quyén dia phuong mubn duy tri
nhiéu khu giai tri ¢ trong long cac khu dan cu, theo kiéu st dung dat hdn hop thi
cac co s& giai tri phéi dugc m& trong cac toa nhé khong c6 ngudi & va budc
nhung co s¢ nay (cad mai va da c6) dép tng ddy di cac danh gi4 klem soét tiéng
on, kiém tra Am thanh bét budc, s dung quyét liét cac bo g101 han &m lwong di¢n
t trén hé thong dm thanh. Déng thai chmh quyén tao diéu kién cho cu dén dugc
phép truy cap Va0 c4c nghién ¢t vé c4ch am.

~Lién quan dén viéc quy hoach do thi, Chinh phi Anh da ban hanh Huéng dan
chinh sach Quy hoach 24 vao nim 1994 va Khung Chinh sich Quy hoach quéc
gia 2012, trong. d6 nhan manh viéc sip xép cac khu vuc ¢o tiéng on 16m nhu giao
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thong, san bay... cach xa cic khu ¢, ddng thoi yéu ciu thiét 14p céc tiéu chuin
tiéng dn chat ché cho moi hoat dong. Céc hoat dong xdy dung, cdc co s& cong
nghiép, thuong mai dich vu phai dugc kiém soat béi cc gidy phép moi truong.

'Ha Lan vao thang 10 nim 1978 da ban hanh luat trong d6 quy dinh viéc thiét
ké céc ving tiéng 6n (geluidszones) xung quanh cac sin bay hién hitu va tuong
lai va cac cin cir khéng quén. Trong cac vung tiéng 6n nay Ha Lan khéng cho
phép xay dung cac khu dan cu. Cac cong trinh hién hitu trong ving tiéng 6n
duoc cai tao voi céc bién phap cach dm dic biét véi tai tro tir Chinh quyén. Dén
nam 2014, Ha Lan da cong bd trén Cong dit liu Chau Au céc tp tin chtra ranh
gibi duorng dbng mirc dn 50 dBA quanh céc san bay, lam co s& cho chinh quyén
thuc hién quy hoach va cip phép xay dung. '

Tai Thuy S§, cac vung on da duoc thiét lap trong ving phu can cua sin bay
quoc gia dua trén duong cong danh gia t1eng 6n NNI (Noise and Number Index).
G mdi Vung én nay, viéc st dung dét dugc quy dinh cu thé trong quy dinh hen
bang Chi s6 NNI da duoc thiét 1ap bang mot cudc khao sat xa hdi hoc quy md
16n dugc thuc hién & Thuy Si. G chc qudc gia phat trién khac nhu Dburc, Phép,
Thuy Dién, Canada, My, Nhat , luat dinh va chinh sich cling dugc ban hanh tir
rat sém (Evers, 1980). ' ‘ B

Trong nghién ctru (Hammad, et al., 2017), tac gia @& xuét phuong phép ti uu
hoa trong viée bd tri cac cong trinh nhay cam voi tiéng 6n va va cong trinh phat
sinh tiéng dn & nhitng khu vuc cach xa nhau nhung vin dam bao lién hé giao
thong thudn tién va trdnh tic nghen

7.2.2. Bién phap chéng o on trong quy hoach do thi

Khi tién hanh quy hoach d6 th1 déc biét 1a cac khu & cén tin dung t01 da cac
khoang cach de lam g1am tleng on Khoang cach c¢ téc dung giam o6n cuc ky
hi€u qua d6i véi cac 4m tan sb cao va dugc coi nhu cac “di cach ly”. Tuy nhlen
ngudn 6n chi yéu trong khu dén cu lai 12 tiéng 6n giao théng c6-mirc on chi yéu
tap trung & cac Am tan sb thip (xem Hinh 7.14). Do d6, ngoai khoang céach thi
cac dai cay xanh céach ly, tuorng chan ti€u am, bo dat dép.phi xanh.. la cac g1a1
* phap bd sung ¢é giam mirc dn giao thong trong khu

Mot cach khéac dé giam thiéu cac khoang dat lang phi chi dung lam dai cach ly
tleng o la nguol ta c6 thé bd tri tudn tu cac 16p cong trinh tir gan ra xa ngudn on
theo yéu ciu mitc 6n cho phép. Céc cong trinh thuong mai, che, van phong lam
viée kin; céc nha dé xe, bén bai tap két xe co hang héa... cho phép bd tri gin cac
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ngudn 6n, cic truc giao thong chinh. Cac cong trinh trung gian c6 thé 1a cac khu
nha & nhidu ting, cac khu cdy xanh cdng cong. Cach xa ngudn dn nhit 1a céc
cong trinh ¢6 yéu cau tién nghi tiéng 6n cao nhu thu vién, bénh vién, vién dudng
ldo, vién nghién ctru... (Pham, 2011) Hinh 7.15 gi6i thiéu quy hoach mét khu
nha ¢ Boston, M§ theo nguyén tic chéng tiéng 6n bang cach bd tri day garage
che toan bd phan khu dit huéng ra dudng cao toc Fltzgerald Expressway va

miéng duong ham Callahan Tunnel.
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Hinh 7.14. Két qua do dac tir thyc té va mé phong phé tiéng on giao thong
trén duong Cours Lafayette, Lyon - Phap va so sanh véi ho du"ong cong NR
- phong theo Can et al. (2010) Mikc 6n do dac ¢6 gid tri NR = 70 dB

Hinh 7.15. Quy hoach mot nhom nha sir dung garage lam “twong chén” tiéng on
Nguén: US Department of Housing and Urban development (2009)
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Hinh 7.16 va Hinh 7.17 phén tich mot s& giai phap bd tri tong mat bang va
hinh khéi c6 téc dong dén d6 6n trong cong trinh. Cac ddy nha song song hodc c6
san trong c6 thé tao tiéng doi lam ting muirc dn giita cac day nha. Tiéng on ting
cuong do phan xa qua lai nhidu 1an tir san trong, dé dang xam nhép vao cac
phong chie ning qua cira mé thong thoang gy mirc 611 cao, quiy nhiéu ngudi str
dung. Trén mat phé, cac ddy nha dang cong 161, hodc giat cip Iui v& phia sau la
nhirng hinh thirc ¢6 loi cho chéng 6n. bé chdng tiéng déi do mit cong trinh 6
thé phu xanh bang cdy xanh va day leo, hogc t8 chire cac g chi chi tiét kién tric
nhim khuéch tan céc tia 4m.
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Hinh 7.16. Gidi phdp thié't ké anh huomg dén mikc 6n trong cong trinh
: - - phdng theo Pham (2011)

Trong quy hoach cac tuyén giao thong do thi, viéc phan cap. duong giao théng
theo van tdc, luu luong xe chay la co s¢ quan trong dé lap, cac-phuong 4n thiét
ké. Trong quy hoach chéng tiéng On, viee phan cap duong giao théng nhu trén va
phan cép theo mirc dn ciing cin duogc thuc hién song song: D6 1a co s& aé cép
phép xay dung, thiét ké chdng dn, yéu cdu cach 4m cho nha cira & nhiéu nuée.

O Chau Au, cac tuyén giao thong duong st khi di vao trung tdm do thi thudong
dugc td chue di ngdm, do d6 hau nhu khong quiy nhifu ngudi dan @6 thi. Cac
tuyén metro ciing di ngdm, cung cip mdt phuong tién di lai trong d6 thi nhanh
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nhét va khong 6n a0. O mét s dau méi giao thong trong thanh phé (vi du & cac
thanh phé Alicante, Girona...), c6 thé lip may do tiéng 6n nhim cung cip thong
tin vé mirc On cho nguodi dan hién dién trong khu vuec, nham giip cong déng
kiém soat tiéng 6n tét hon.
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Hinh 7.17. Mt s6 cdch quy hoach céng trinh nham gidm thiéu tiéng on

- phéng theo US Department of Housing and Urban development (2009).
Luwu y su sdp xép theo trdt ti tot xdu nhu trén chi xét trén tiéu chi chéng én.
Vé tong thé, nguoi thiét ké can can nhéc dén viéc t6 chirc khéng gian do thi,
tao ra khong gian tich cuc cho dwong phé va cdc yéu té cé lién quan khdc.

Quy hoach céc dai cach ly chdng 6n 1a mot bién phap rit hay dugc st dung
trong thuc té dé giam thidu lan truyén tiéng on giao fhéng. Céc loai dai cach ly
phd bién la: : |

* Dai cach ly bang cdy xanh: vira ¢o tac dung chén tiéng 6n (c6 hiéu qua vai
tiéng &n tn sé thap), vira xir Iy bui va céc cac chit 6 nhiém va cai thién vi khi hiu
cua khu wue. Céy‘xanh trong thanh nhicu dai chéng 6n t6t hon mot dai 16n lién tuc.
Tac dyng hit am cua dai cdy xanh dién ra manh nhit trong 15 m diu tién, do do
chiéu rong mdi dii cdy xanh can dugc lua chon cho phi hop. Dai cdy xanh chéng
tiéng dn nén théa man mdt s6 yéu clu k¥ thudt nhu sau (Pham, 2011):
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- Tén 14 cua dai cdy che khuit hoan toan tdm nhin, khong 16 cac “khoang
sang”. Cac “khoang sang” chinh la cac tuyén lan truyén tiéng on khong khi.
Ngay ca khi khong c6 khoang sang, am thanh van dé dang lan truyén qua tan cay,
nhung bi tén thit nang lugng 4m nhiéu hon.

- -Khoang trng phia duéi tan 14 cay cAn dugc che 14p bing cdy bui thap, ¢6 tc
dung hoan chmh giai phap, lap day cac “khoang sang”. |

Nhu vay cac cdy xanh trong thwa thét hai bén duong phd co tac dung giam
tiéng bn rat it so v6i yéu chu va chi yéu 1am nhiém vu tao bong mat.

* Dai cach ly c6 dang tuong chén tleng dn: Hinh thic tuong chan tiéng 6n
don gian nhit 13 cdc bo dét, vach dit dép doc theo céc dufmg giao thong (xem
Hinh 7.18). Pé tang hiéu qua chén am cua bo dit, ngudi ta thudng trong co va
cdy bui trén mit bo d4t hoac két hop tuong chén dé ning cao chiéu cao hiéu
qua. Péi véi cac tuyén dudng cao toe, dli(‘)ng sit cao tbc, twdong chén 4m bing
bo dit cuc ky phé bién, khong chi chin tiéng dn ma con han ché sy xam nhap
clia nguoi va gia suc vao tuyén giao thong.

Nha khong dugc che chdn

nha ducc che chdn tudng chén 6n

" Hinh 7.1 8 Mznh hoa tiromg dat chén tiéng 6n

* Dai cach ly dang tuong chan tiéng on: Thay vi 1am bo dat dép, ngudi ta c6
thé 1am tuong chén tiéng dn. V4t lidu phd bién nhat lam tudng chin 1 cac panel
bé tong dic san cho phép thi cong rat nhanh. Bén ‘canh d6, cac tAm nhua
composite, cac vach bang ton cb phli cach dm ciing duge st dung. Tuong chén
tiéng dn doc duong giao thong bao gid cling di kém giai phap hut &m va khuéch
tAn 4m trén bé mit trong. Khi thiét ké can chii y ring cic tudng chén tiéng on
cang dit gin ngudn 6n cang ¢ hiéu qua cao va tao dugc vung bong &m rong hon..
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Hinh 7.19 m6 ta m6t sé-kiéu tuong chén va cach bé tri ching nham tao dugc
vung bong 4m mong muon, dong thoi toi da hoa kha ning chian 4m.

Chiéu cao cia nha & 38 tan

ng
—~
- / |

e kS
. -~ £ |

tudng chan 6n §.gitia tudng chén &n trén u dayem ]

o
~ € |

~ <
trudng hoc . I

| e |
cao to press  san bay-express
180 m }
|
A\ ..
o tudng chan on

cao7.7m

| tudng chan
dudng sit

Hinh 7.19. Mét s6 dang twong chén am hay gdp cho dwong bé va duong séit
trén cao - phéng theo Hong Kong Environmental protection department (2013)

Cac nghién ciru thyc nghiém & cac nude da cho ra cac danh gia kha chinh xac
vé hiéu qua ctia tuong chin nhu sau (Pham 2011):

- Tuong dép bang dit cao 0.5 - 1 m & hai bén duong 6 thé giam dugc 5 7 dBA.

Thuc té cAc twong chén dét thuong lam cao hon nhiéu, khoang 3 dn 4 m d tang
hiéu qua chén am; '

- Cac dai dit cao khoéng 8 m c6 thé 1am giam tiéng 6n 15 - 18 dbA, tuy theo
chu tao dai dat ¢6 cay xanh hay khong;

- Céc tudng chin on kién cb, cdc cong trinh xay dung c6 thé lam suy giam tiéng
on t6i 20 - 30 dBA, phu thude vao do cao va chidu dai cia ciu triic. Céc cong trinh
phuc vu ¢é mte én cho phép cao néu b6 tri doc theo 2 bén duodng ciing 1a mot giai
phap chin 4m. Tuy nhién hiéu qua cua chung khéng cao do cong trinh thuong
khong lién tuc, nén phai két hop voi giai phép cy xanh ho#c twong chén.
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Déi v6i tuyén giao thong trong cac khu &, nguoi ta thuong lam cac doan
duong cong hodc lam go giam téc dé gioi han van tdc xe chay.

Khi quy hoach tong mit bing xi nghiép cong nghiép, cac hang muc cdng trinh
c6 thé san sinh tiéng 6n c6 @6 16n va tinh chét rat khac nhau, tiy thudc loai hinh
san xuét. Vi du trong nha may dét, phan xudng dét thoi rAt On — 16n nhét 1én dén
120 dBA, trong khi khu vuc 10 hoi, khu chira xang dau lai yén tinh. Bang 7.11
cho thiy d6 6n khac nhau ctia cac phan xudng trong nha may dét dién hinh.

Bing 7.11. Mitc 0n tai cic xwéng sin xuat ciia nha may dét

STT|. ~ Khuvwee =~ | Do 6n (dBA)
1 | Khuvucld hoi o | o 65
2 Khu vuc chira xing diu 63
3 Gifta phén xudng nhudm 93
4 | Phan xudng dét kim 88
5 | Phan xuéng soi - . 90
6 | Phanxuong détthoi ‘ 120
TCVN 5949 - 1995 (khu sén xuét) s

Do do ngubi thiét k& can phai chii dong b tri tap trung céc hang muc phat
sinh tiéng On 16n va thudng xuyén vé mot ph1a cua tong mat bing, cach ly véi
cac hang muc cong trinh khac bang giai phap khoang trong, cdy xanh hoic cac
nha kho khéi vé sinh, hanh lang vv.. . Dong thoi can quan tAm dén cac blen phap
giam On trong nha xudng (Pham, 201 1)

7. 2 3. Bién phap chong on khl thlet ké cong trmh

Trude khi nghi dén bién phap cach am cho cong trinh xady dung, KTS phal
quan tam dAu tién dén viée sip xép cac khu vue chitc ning ctia cong trinh theo
murc 6n nhém tao moi truong yén ﬁnh cho cong viée, nghi ngoi. Cac khu vue
chitc ning c6 thé phan khu nhu sau:

" - Khu dn d0: Céu thang, thang may, sanh chmh hanh lang chlnh phong smh
hoat, phong an tap thé, khu cong cong,

- Khu trat tu: c4c phong lam viéc, hanh lang phu phong k¥ thuat phong khach

.- Khu yen tinh: .cac phong ngu, phong doc, phong diéu dudng, phong
nghién ctru.
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Nguoi thiét ké phai ¢b ging dam bao cach ly khu vire 6n ao khoi khu yén tinh
bing céc khong gian dém, cic phong trung gian. C6 nhu vdy méi han ché viée
dung dén cAc giai phap cach 4m, vén khdng pht hop trong didu kién kién tric mé
thodng & nuée ta. Cong trinh thap Nakagin. capsule do KTS Kisho Kurokawa thiét
ké (Hinh 7.20) tap trung ciu thang, thang may trong phan 15i thap. 140 block can
ho don gian bam chung quanh. Két cAu cac block 1a tach roi khoi 181 thép va chi
lién két voi 16 thap béng c4c bulon, tao dugc su yén tinh trong mdi don vi. _

(7%

L&i giao thang

Lién két treo

B
o,

Can ho don vj

o8 (] o

ll@zu T H[UI JC IHIi IC\F‘F% : DODU\:IDDEE]DDDEJ
restemeet IMC T i LI T T&%

Hinh 7.20. Thdap Nakagin capsule & T okyb

Tiéng 6n

Yén tinh, cdnh quan, gié
' &

? Thap Marina
NV

Long Beach gardens, Hong Kong

Hinh 7.21. Mt bing khu nha chung cw ¢ Long Beach Gardens, Hong Kong

Trong khu nha & cao tang tai Long Beach Gardens & Hong Kong (Hinh 7.21),
ngudi ta da thict ké toan bd cac khu vuc phu cda cac cin hd (bép, v€ sinh, kho,
phong &n, cau thanh, thang méy) v& phia chiu tac dong ctia ngudn 6n tur dudng
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Castle Peak Road, @& danh huong yén tinh cho cac phong ngu. Day la vi du vé
mot giai phap rat t6t dé chdng on trong kién tric.

Dé két luan vé cac gial phap chéng bn trong quy hoach ching ta cén thim
nhudn ring ngay tir bude 14p du an quy hoach do thi, cho dén budc thiét ké ky
thuét thi cong tirng hang muc cong trinh, vAn @& chbng 6n cho cic cong trinh
lubn duge nghién ctru va trién khai ddng thoi vai cac giai phap quy hoach, kién
tric va k¥ thudt khac. Mot khi viéc chéng én trong cac budc quy hoach va dinh
huéng da duoc trién khai tét, vén dé& chdng 6n d6 thi méi co thé giai quyét c6
hiéu qua va giam thiéu chi phi cho cac giai phép k§ thuét chéng dn phét sinh.

7.3. THIET KE CACH AM CHO CONG TRINH XAY DUNG

Céach 4m gifra-cac phong khac nhau trong mdt cong trinh hodc véi bén ngoai 1a
mot van d& rét phirc tap. Pé dam bao kiém soat hiéu qua moi trudong 4m thanh
trong phong, dau tién 13 kha ndng cach &m lan truyén trong khong khi cta cac
vach ngén nhu tran, tudng, cira di, cira s6 14 rét quan trong. Thit hai, kha nang
cach 4m lan truyén trong két cdu (con goi 1a cach am va cham) cling phai dam
' bao & mirc nhit dinh. Cubi cing, cac thiét bi van hanh cong trinh ciing phai c6 d9
én chap nhan dugc. Ca 3 khia canh nay dugc md ta trong Hinh 7.22 va s& duoc
gi6i thiéu chi tiét trong cac ndi dung tiép theo.

Miéng thdi tran
Tam che

“Tdm twang

Kinh i

dmtiisnn !
. Vach ngan dong|, ¥

Dam chinh

Hinh 7.22. Cdc dwong lan truyén dm thanh trong cong trinh tir khéng gian nay
sang khéng gian khdc - phong theo Cavanaugh et al. (2009)
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7.3.1. Cac dai hrgng vit Iy dé danh gia kha ning ciach am ciaa két ciu
7.3.1.1. Lwgng cdch dm lan truyén trong khong khi (airborne sound)

Dé do kha nang cach 4m cia mot két cau, ngudi ta tién hanh thi nghiém trong
phong dic biét nhu trong Hinh 7.23. Muc dich 1a dé loai trir toan bd céc duong
truyén 4m gian tiép tir phong phat (bén trai) vao phong thu (bén phai). Séng am
tir phong phat lan truyén trong khong khi dén két chu ngan cach. Tai day, mot
phan ning luvong 4m bi phén xa tré lai, mot phén khac bi két cAu hip thu, mot
phén s& xuyén qua két cidu. Am xuyén qua két cdu duoc 1a do 2 nguyén nhén:

- Két cAu méng, hoic thwa, hoic c6 15 réng;

- Hogc két cu c6 mot do dan hdi, khi 4m dén bé mit két ciu, ap sudt am thay
dbi lam két cdu dao dong, tré thanh ngudn 4m méi birc xa vao phong thu.

()) o =

Hinh 7.23. Thi nghiém do kha ndng cich dm ciia két cdu
va cdc dai luong lién quan qud trinh truyén dm qua két cdu

Goi cac phin nang luong Am t6i, phan xa, hép thu va xuyén qua két ciu lan
luot 1a E, E,, E,, E,. Khi nghién ctru kha ning cach am, nguoi ta dinh nghia hé )
xuyén 4m nhu sau:

E
et (7.15)

Con kha ndng cach am cua két cau (sound reduction index; mot sb tai liéu con
goi la TL - sound transmission loss) dugc dinh nghia 1a: '

R:IOlglzl()lg£ ‘ (7.16)
T E

T

319



R c6 don vi la dB, va thuong dugc xéc dinh béng thuyc nghiém nhu noéi ¢ trén.
R cang 16n, kha néng cach am cang t6t. Tuy nhién, c6 thé tinh toan kha chinh xéac

v@i cong thirc:
Rzlq~L2+.1OZg% : (7.17)

trong do: ‘ ‘
L I va L, - 13n luot 1a mirc 4p sudt 4m cua phong O muc dm cao va thap, dB
S - dién tich cua két cAu khao sat, m; 5 .
A=Y 0;S; - tong lwong hut 4m trong phong cach ly, m’
7.3.1.2. Luwong cdch dm va cham ciia két cdu
Nha &, khach san, van phong... thudng xuyén chiu tiéng dn do chan ngudi di,
ghé, thiét bi... tir phia trAn nha truyén xudng. Dé do lugng cach 4m va cham cia két
chu, ngudi ta tién hanh thi nghiém trong phong thi nghiém véi mdy go tiéu chuin
nhu mo ta trong Hinh 7.24. M4y g6 tiéu chuén (Standard tapping machine) 12 mot
thlet bicd 5 bta bd tri theo hang doc cach nhau 10 cm, mdi bua ning 500 gr, cho
roi ty do tir dg cao 4 cm trén mat két ciu véi tbe d 10 bua /s

:.—_f—-’»% 1 May loc tan

— == séracacdai
/ / \ 1/3 octave
4 \ 3 1OOH2,' May do mirc A e
L T AT
Mjl d J— << f'@ ‘ /( N

Hinh 7.24. Thi nghiém do khd ndng cdch dm va cham cua két cdu
va’i may go tieu chucfn

Nguorl ta do muc ap sult am L & trong phong ben dudi san cho mdi dai tin sb
1/3 octave. Mitc ap sudt &m L nay duoc chuyen d6i sang mutrc ap suét Am ctia mot
phong tiéu chudn cé luorng hit 4m twong duong la 4 = 10 m% Tir d6, nguoi ta
tinh muc ap sudt 4m va cham quy dbi L, (normalized impact sound pressure

level) bén dudi nhu sau:
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L =L+l0igL (7.18)
4, | |

trong dé:
L - mitc 4m do & phong bén dudi san & cac tin sb, dB;
Ay - luong hiit 4m tiéu chuén, thuong liy bing 10 m?;
A - lugng hiit 4m thyc té ctia phong dudi san, m?.

Dai lu’qng L, chinh 14 mdt thong sé do ludong kha nang cach 4m va cham cia
két ciu. Gia tri L, cang nho thi kha ning cach 4m cta két ciu cang tdt.

7.3.1.3. Lwgng cich am quy dbi (weighted sound reduction index hodc
- weighted normalized impact sound pressure level)

Trén thuc té, kha ning cach 4m lan truyén trong khong khi R va va cham L,
thay ddi theo tin s6 am. Do d6, R hay L, thudng 1a mot dudng bién thién theo tin
s6 cia Am. ' ’

Dé danh gia kha nang cach 4m cta két cAu bing mét chi sé cich am duy
nhit, ngudi ta phai ding khai niém luwgng cach am quy ddi (weighted sound
reduction index) nhu sau:

- So sanh duong dic tinh cach 4m khong khi R (hoic mirc 4p suit 4m va
~ cham quy dbi L,,) cia két cAu cin khao sat véi duong céach am khong khi (va
cham) tiéu chuén. |

- Gia trj cach am tai tin s6 500 Hz cua dudng chuin tuong dwong véi dudng
khao sat chinh 13 gié tri cn tim.

Hinh 7.25 gi6i thiéu mot vi du v& cach quy ddi dudong R hodc L, ciia mot két
cdu vé& mot gia tri quy ddi duy nhat tai tn s§ 500 Hz. Déu tién, tinh tién duong
cich 4m tiéu chuin B (dd c6 sén) vé phia dudng dic tinh cach 4m can quy d6i M
(vi tri B,) sao cho sai s6 khéng mong mudn U ciia M so véi B, c6 tong 1a 16n
nhét, nhung khéng vuot qua-32'dB.IGid tri cua B, tai 500 Hz chinh 1a gia tri quy
di cAn tim. U tinh bang tong ¢ae sai s6 O ting tan sd 1/3 octave trong phéan gach
chéo ctia Hinh 7.25. Trong Hinh 7.25, dudng M c6 gié tri quy ddi 1a 41 va 52 dB
(bén trai va bén phai). -

0 Viét Nam, lwong cach 4m quy dbi nay dugc goi 1a chi sé cach am khong khi
(CK, dB) va chi s6 cach 4m va cham (CV, dB).
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Hinh 7.25. Cach tinh lwong cach dm quy doz doz voi am khong khi (bén traz)
va dm va cham (bén phdi). B la dwong cdch dm tiéu chudn cé gid tri 52 dB.
M 1a duong cdch ém khdo sét can quy d6i. B, la dwong tiéu chudn tinh tién
' vé phia duong khéo sdt. U la sai s6 khong mong mudn giita M va B,
- phéng theo Gosele & Schroder (2013)°

Uu diém cta viée su dung chi sb luong cach 4m quy dbi CK va CV 1a khi danh
gi4 trén mot dai tan sb rong, mdi két cAu chi c¢6 1 gia tri CK va CV duy nhit. D6
132 mot thuan loi va 12 mot sy don gian hoa. Tuy nhién can luu y 1a CK cang cao,
két cAu cach am khong khi cang tét, nhung CV cang cao, két cAu cach am va
cham cang kém.

Cac chi s6 CK va CV cho phép trong cong trinh dan dung & Viét Nam duogc
quy dinh trong tiéu chudn TCXDVN 277: 2002 “Cach &m cho cac két cdu phén
cach bén trong nha dén dung |

7.3.2. Cac giai phap cach 4am khong khi cho cong trinh xay du’ng

Két cdu cach 4m cua cong trinh ¢6 thé c6 nhidu dang tuy nhién cé thé chia
thanh 2 loai co ban 1a két chu cach 4m 1 16p va két cAu cach 4m nhiéu 16p.

Két cAu mét 16p (hodc ¢ thé c6 nhidu 16p gin két chit v6i nhau nhu mét khbi
ddng nhét), khi chiu tic dong clia séng am thi phan ting nhu két ciu ddng nhét.

? Trong trudng hop cach dm khong khi, sai so khéng mong mudn U 13 phdn ndm dudéi duong chuén
da tinh tién; nhung voi cach 4m va cham, tri s U 1a phan nam trén dudng chuén da tinh tién,
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Két cAu nhiéu 16p thuong c6 16p khong khi hodc céc 16p vat liéu khic nhau,
" khi phan g v&i song am thi lam viéc khéc nhau.

7.3.2.1. Kha ndng cdch am ciia két ciu 1 Iop

Péi véi két cau cach 4m mot 16p, kha nang cach 4m cuia két cAu tro nén rét rd
néu ta bidu dién kha ning cach 4m R theo tich cia d6 day két ciu va tin s6 4m
kich thich f.d nhu trong Hinh 7.26. Ba khu vuc trén biéu dd.1a A, B, C c6 thé d&
dang phén biét dugc.

f.d

Hinh 7.26. Khd néng cdch dm ciia két cdu 1 16p bién thién theo ham f.d;
3 khu viee A, B, C ¢6 thé nhin thdy ré

Déi véi khi viee A (ing véi tan s& 4m thip): khi d6 kha niang cach am coa két
cAu R phu thudc nhidu vao mét d6 dién tich cta két cdu m” (kg/mz). Trong trudng

hop nay R dugce tinh nhu sau (Gosele & Schroder, 2013):

R=20lgZI™ _4 (7.19)
pe :

trong do:
p - ty trong;
¢~ van tbc truyén 4m trong khong khi.
‘ Do"i voi khu vue B, hién tugng céng huc’mg khién cho kha ning cach 4m cua
ket chu giam manh mé& quanh'mét tAn s6 nguy hiém £, nhw trong Hinh 7.26. Tén
s6 nguy hiém c6 thé tinh nhur sau: ‘ ‘ '

f.= —\/7 | (7.20)

trong d6: B - d6 cing ubn cha tAim (Nm).
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Doi vdi khu viee C, kha néng cach 4m thay d6i theo quy luat tuyén tinh so véi
tdn sb va do6 day. Kha nang cich 4m trong khu vuc. nay duogc tinh nhu sau
(Gosele & Schroder, 2013):

R=20lg zfm’ +101g 2nJ

pe T f

(7.21)

Trong cdng thic ndy, kha nang cach 4m con-phu thudc vao tdng hé sb mét mat
n cta két cu. Tong hé s6 mit mat bao gbm ning lwong mét tai bién do tiéu hao
vao vat liéu va do birc xa 4m nguoc trd lai.

Qua thye nghiém, nguoi ta thdy rang dbi v6i hau hét cac Vat lidu xay dung phd
bién, luong cach 4m khéng khi cia két cdu ciing phu thudc chi yéu vao mat dd bé
mat ctia két cAu m” (kg/m?) nhu thé hién trong Hinh 7.27. Quy ludt nay chi khéhg
dang dbi voi mot sé vat lidu cuc ky linh hoat nhu cao su, tdm chi, gb mém.

60 ‘
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Khdi lugng trén 1 don vi dién tich m" (kg/m?)

Hinh 7.27. Kha ndng cdch dm khéng khi (quy doi) ctia két cdu mot lop theo mdt do
bé mdt ciia tam - phong theo Gosele & Schréder (20] 3.

Anh huong cia mat 4o bé mat cia két cAu m” d6i vai kha néng cach am R cua
két cu dugc goi l1a “dinh. luit khéi luong” cho két céu‘ 1_16p. Quy ludt nay dugc
phat hién 14n dAu vao nam 1911 béi Berger (1911). Hi¢n nay, trong nhidu tai lidu
dinh ludt khéi lugng duoc phat biéu téng quat bang cong thirc (Nguyén, 2011):

R=20[gm"+20Ilgf-47.5dB . (7.22)

Theo cong thirc ndy, néu ta ting mat do bé mit m” hay tin sb f'1én gép doi,

kha nidng cach 4m ting khodng 6 dB. ‘
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7.3.2.2. Khd ning cdch am cia két cdu nhiéu l6p

H
m1 MCB
3 sH #ﬁ%
g; ; I
my

mubn. Thay vao d6 c6 thé st dung két ]
cAu c6 nhiéu 16p, c6 16p khong khi hay p l'
) ¢
——Tuwong ngan 2 1op

Muon cdi thién kha ndng cich 4m
cia két cau 1 16p phai tdng mat do bé
mdt cua két cau, do 1a diéu khong mong

16p cach am - cach nhiét & gitra.

Céc két cdu co nhiéu I6p 1am thanh
mot hé dao dong phirc tap, trong d6 céc
16p két cdu dong vai trd vat ning cb
mét d6 bé mit m, va my, 16p khong khi
hay vat li€u cach am & gifra 1a 10 xo dan
hdi (xem Hinh 7.28). Kha ning cach
am cua hé phu thudc vao ma_“it d6 bé mit

TN /
TN

A Tuong ngan 1 lop

Chisé gidm 6n R

m; va m, ciia moi tim, hién tugng cong . Tansd -

hudng cda ting tam, cia 16p vat lidu Hinh 7.28. Pucong diic tinh cach dm

] , ciia két cdu hai 16p - phong theo
Vléc tinh toan khé l’lflng CéCh am cua hé Gasele & Schréder (2013)

dan hoi & gitta va clia toan bd hé. Do do

ciing rat phic tap. ‘

S& c6 tdi thidu 2 tAn sb 4m nguy hiém & d6 két cdu dao dong cong hudng va
kha ning cich am bj giam dang k& (nhu trong Hinh 7.28). Néu 2 thm c6 khéi
lwong va do cimg gidng nhau, cong hudng s& rit manh; do d6 cn tranh khi thiét
ké két ciu cach am. Tan sb dao dong cong hudng cua toan hé cd thé ude tinh
theo cong thirc sau (Gosele & Schréder, 2013):

froe =2 hay £, =190

4|
my + my
trong d6:

d - chiéu day 16p khong khil(in);
s - d6 ctmg dong cha 16p vAt lidu & gitra (néu khéng phéi 12 khong khi) (MN/m?);

, | (7.23)

m; va m,12 mat do bé mat cia mdi tAm (kg/m?).
Do tinh phirc tap ctia két cdu nhiéu 16p (cé qué nhiéu tham sb anh huong dén
kha ning cach Am ctia két cdu) do d6 hién nay dudng nhu ngudi ta chi thdng nhét
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dugce hinh dang chung cia duong dic tinh cach &m cua két cAu 2 16p nhu trinh
bay trong Hinh 7.28. Cong thirc tinh kha néng cach 4m cua két cdu nhiéu 16p ¢
kh4 nhiéu dang. Trong tai liéu ndy gi6i thiéu mot cach tinh nhu sau (Gosele &
Schréder, 2013):

- Néu 2 ban cting c6 16p khong khi & gitra: (khong co lién ket giira 2 tam) thi
kha néng céach am la:

R= R]+R2+201g(4ﬂfd) 29 khi f,, <fvaf<c/4d
c M - (7.29)
R:le,R2+6 khi f>c/4d - ‘
trong do:
d-do day 16p khong khi & gitta (m);
fres - tAn 56 cOng hudng cha hé;
R, vA R, - kha nang cach am cua timg két chu riéng 18, tlnh bdi cong thitc (7 22)

- Néu 2 ban cimg lién két voi nhau bang hé khung cach nhau b (m), Kha nang
cach am cua h¢ co thé tinh (Sharp, 1978): '

" R= 20[g(10R1/20+10R2/20)+101g(bf)+201g( j 18 (7.25)

my + m,
Ngoai ra ¢6 mot sb diém c?m lwu y khi lam két céu_cach am lan truyén trong
khéng khi: ’ ' v ’ '
- L6 ho lam glam nhanh kha nang cach am cua ket céu, do d6 can xir ly km
,cac khe ho trén két cau

- Khe hd 16n 1am gidm khé ndng cach 4m nhleu hon 1a nhleu 1 nho co cung
dién tich khe ho.

--Néu ngudn dn & trong nha thi phai tim bién phap cach ly va giam 6n ngudn dn
ngay tai chd bing dém giam chim, 10 xo; bao vat liéu cdch Am, bd tri vat liéu hut
4m bao quanh...

© 7.3.3. Giai ph4p cich 4m va cham

Tiéng 6n do su va cham vao két céu cong trinh thudng lan truyéﬁ 'trohg’ ndi bd
két cu rit nhanh va truyén di rit xa so véi tiéng on khong khi, do do6 c6 thé gay
phién nhiéu 16n néu kéo dai hay lap lai thuong xuyén. Tiéng on va cham c6 thé
xudt hién do budc chan ngudi, may moc hoat dong gy chin dong két ciu, mua -
roi trén mai nha, tiéng d6 vat bi roi trén'san, tiéng va cham trong lam bép o
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Trong két ciu, tiéng dn va cham lan truyén di du6i hai hinh thitc. Mot 1a két
céu dao dong trd thanh ngudn am thir cép truyén tiéng 6n vao khong khi ciia cac
phong lan cin. Hai 12 bién thanh dao dong lan truyén trong ndi bd két cu di rat
xa cho dén khi dao dong tit han. Do do, ta co thé nghe _théy tiéng 6n va cham tir
rat xa, c6 khi dén vai trim mét.

M tén che néc

Tam mai bang kim loai

Soi thiy tinh hodc bdng khoéng
trén tran, d& bang khung chi¥ T, gén

LJT
Tam thach cao vit

Tudngvéach — véo khungthép
bangtdm kim —
loai son mau

vao xa gO mai

b=

Tdm mai
Soi thuy tinh hodc béng
khodng dét trén tran

ThépcheT ‘
treo vao xa gb T&m tran trén khung thép
‘ chrT
Hinh 7.29. Gidi phdp cdch ém va cham két hop chéng nong
cho mdi nha lop bang tém kim logi - phong theo Barry (. 1993 )

Do nhitng tinh chét trén, viéc chéng tiéng on va cham bang cach tdng khéi
luong cia két cAu (nhu dinh luét khéi lugng 4p dung trong cich 4m lan truyén
trong khong khi) khéhg lam ting déng ké kha nang c4ch 4m cua két cau. Trén co
s& d6, can t6 chirc cach 4m dua trén 2 nguyén tic co ban sau:

- Lam gién doan dudng truyén 4m 1trong két cAu hodc lam giam ning luong 4m
trén dudng truyén; ' ‘

- Lam giam hodc tfiét ticu tiéng on va cham ngay tai chd. ,

Hinh 7.29 va Hinh 7 30 gioi thiéu mot vai giai php céch 4m va cham cho san,
méi nha. Kha ndng céch am clia san nha ciing ting 1én dang ké néu phla duéi san
dugc dong tran ¢4 16p vat lidu hut 4m bén trén.
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Tam'san ghim Tdm san ghim
- vaodam - S0i thay tinh trai vao dim

l / . trén dam

Cat hodc vira trai Cat trdi trén tran
trén tdm d& trén hé lwdi thép trat viraxi
khung -madng

Mt san ndi Mt san ndi
Ldp dém giam Ldsdﬁngmm
chan

Nhoi dat sét tron

chin
Lop Bé tong
chiuluc

Tran

San bé téng San bing gb

Hinh 7.30. Mot 56 gidi phdp cdch dm cho san g6, bé téng - phong theo Barry (1993)

Thyc té ciing: cho théy san bé tong toan khdi va san réng, néu chi c¢6 16p chiu
luc véi lc’yp ‘mat lam Saéh thi khong da d& ngan cach tiéng 6n va cham. Do d,
loai san nay nén dugc xir ly pht mét 16p dém dan hdi trén mit san. Lérp dém dan
hdi nay giup ting ding ké kha ning cach &m va cham tan sd cao. Pdi véi san
nha, giai phap cach 4m hiéu qua nhét 12 1am 16p san ndi trén ban cting chiu luc.
L6p san ndi ndy cach ly hoan toan véi san va twdng bién bing cac 16p dém dan
hdi (xem Hinh 7.31). |

Khunggd  Van matsan Tram dan hoi. Dém san

FARN AR R TR RIS RS E A PR SR NS
R AR 3
X

B Roshis
22,

PSS ALE

e
Kz
H 1458

. b

Miéng giam chan Dai bién gidm chan L&p gidm chan

Hinh 7.31. Cdu tao san néi céch ém va cham - phong theo Warnock (1999)
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Péi v6i san nha, viée tang kha nang cach 4m bang cach tang d6 cimg va mét do
dién tich cua két céu san cfing lam giam kha néng lan truyén am, nhung khong hiéu
qua cao do ton kém. Mot sb giai phép lam san ndi nhu trinh bay trong Hinh 7.32 s&
giup cai thién dang ké kha ning cich am va cham: st dung 16p 16t dan hdi, cac gbi
d3 bang cao su tong hop hay 10 xo.

LA

e . 3 R ‘st ‘Y

4 4 e o, . s
a t e, . -

4

ofofdofdofdofodoHopjoRoHoHdodoHofjoROAOD

L
Z 7z
San trén l&p dém lién tuc San trén dém cao su diéu chinh duoc

\“\?“
§
3
Il
|
=

/ // /x > by a M a 1> .3 £ /‘
San trén dém dan hoi riéng 1é San nang bang hé 16 xo giam chan

Hinh 7.32. Bén cach dé lom san néi gilp ting khd néing cdch dm va cham
déivéi som, dap vng hdu hét cdc yéu cdu cdch ém - phéng theo Ballou (2013)

Déng trin giup han ché tiéng on tir trén mai nha xubng ciing nhu nhiing tiéng
dong trong sinh hoat & ting trén phat xubng tAng dudi. D6i v6i trdn nha, giai
phap cach am théng dung 13 st dung trin treo c6 10 xo giam rung chén (xem
Hinh 7.33). ‘ .

dém su

16 x0

AAAANNRAD

a : . .
7 — ) -
. ae . < .- . 2

2 |6p trén thach cao 5/8"

Hinh 7.33. Gidi phdp cdch dm va cham cho trdn treo - phong theo Ballou (2013)
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Cudi cing, c¢6 thé trdng thém cdy xanh xung quanh nha. Cay to nhu birc tuong
gitip “ngin” tiéng 6n x4m nhap dang ké. Bén canh do, i voi ban cdng va hanh
lang, c6 thé st dung nhitng tiéu canh nho véi cac tham co xanh mét vira giup moi
truong song gin gili v6i thién nhién, vira gidp hap thu luong 16n 4m thanh truoc
khi “truyén” vao nha. '

7.4. CAU HOI VA BAI TAP CHUONG 7

Ciu héi trong tﬁm: 7

1. Phan loai tiéng én trong moi ..trirc‘mg xdy dung theo ca 3 cach: theo vi tri,
theo thoi gian trong ngay va theo phuorng thirc lan truyén

2. Thé nao 1a tleng on thay d6i? M6 ta it nhat mot cach do dac hay danh gia
dinh lrong tiéng 6n thay dbi.

3. Néu cac thanh phin (hay nguyén nhén) lam suy glam tiéng On khi lan truyén
trong khong gian d6 thi, tir d6 v1et codng thire tdng quét tinh mirc on tai 1 diém
céch ngudn r mét. '

4. Néu nguyén téc phén vung trong quy hoach chung d6 thi dé chéng 6n. ‘
5. Néu nhtrng giai 'phép co ban trong quy hoach chi tiét nhdm han ché lan
truyén tiéng on trong do thi.

6. Néu nguyén tic cach 4m va cham trong cong trinh. Ve hinh minh hoa mot
cau tao cach am va cham cho san nha.

*7. Pai lugng nao duge ding dé do lwdong kha nang cach 4m va cham cua
két cau?

8. Hay phat biéu dinh luat kh01 luong cua Berger dung trong tinh toén cach
am lan truyén qua khong khi.

9. Viéc chdng tiéng bn va cham bing cach tdng kh01 lwong cia két cdu c6 lam
ting dang ké hiéu qua cich 4m hay khong, tai sao? Cach &m va cham can tb chirc
cach 4m dya trén nguyén tic co ban nao?

Bai tip én: |

Bai tip 1: Tinh mirc 4m tuong du’ong ngay va dem blet két qua do tiéng 6n
timg gid trong ngay nhu sau:

- Tir 1 gir dén 7 gio: 45 dB;

- Tir 8 gidr dén 16 gid: 65 dB;
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- T 17 gitr dén 21 gio: 60 dB;

- Tir 22 gir dén 24 gid: 57 dB.

Goi y: Chu y mic 4m ban dém (tir 22 gid dén 7 gior séng hom sau) cén duoc
cong thém 10 dB vao két qua do. Két qua muc am twong duong ngay va dém la:

Lin=(45+10)x 7+ 65x 9+ 60 x 5+ (57 + 10) x 3= 61.3 dB.

Bdi tdp 2: Biéu db sau thé hién tiéu chudn gi? Duong nét dut thé hién didu gi
ciia tiéng dn? Pudng nét dirt c6 gia tri NR bang bao nhiéu? Giai thich.

150
—— ~~NR=0
130 - . = NR=10
~ = - NR=20
10
! -==~ NR=30
........ NR=40
90
2 NR=50
E — - 'NR=60
5 — - NR=70
=
50 — —NR=80
— « = NR=90
30 o ~ = -NR=100
A T -=== NR=110
10 oo e
: L T : Tt e NR=120
Tan s8 trung binh clia dai octave (Hz) ™ — .
-10 , b - S e NR=130
315 62.5 125 250 500 1000 2000 4000 8000

Goi y: Gia tri NR cta nét dit 1a 91 (so sanh v6i ho duong cong NR tai vi tri
cao nhit cua tiéng 6n)

Bai tiip 3: Tinh mirc 4m twong duong ctia mot tiéng én bibt do tiéng 6n do6 5
14n lién tiép cach khodng thoi gian déu nhau duoc cac két qua do nhu sau: 50, 60,
60, 50, 70 dBA. - ‘

Goi y: Mitc 4m tuong duong c6 thé tinh theo cong thirc:

1 L
g _z‘ Ai/10

=10lg %(1050/10“060/10 11000710  150/10 +1070/10)}

Lyep) = 101gE(105 +106 +105+10° + 107)} 63.9 dBA
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Bai tip 4: C6 mot ring cly co bé rong 1a 60 m, v4i d) rdm Cflva tan cdy dugc do
bang dai lugng “tam nhin” v 14 35 m. Tinh d suy giam tiéng On qua ring cly nay.
Goi y: Ta c6 mic giam tiéng 6n mdi 20 m cla ring cdy la:
AL, 2om =—1.93In0+8.98=-1.93/n35+8.98 =2.1dBA

Vay do6 suy giam tiéng bn qua ring ciy rong 60 m 13 6.3 dBA.
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PHU LUC

PAC TINH AM HQC CUA MOT SO

Phu lucA

VAT LIEU VA KET CAU

PHAN 1: HE SO HUT AM CUA VAT LIEU VA KET CAU (TRICH TU TAI

LIEU (PHAM, 2011))

T

H¢ so hat am ¢ cdc tdn so trung binh

Tén vit ligu va két ciu ctia ddi 1 octave, Hz
125 | 250 | 500 | 1000 | 2000 | 4000
A. Cic vit ligu va két cdu xdy dung thong thudng _

1 Tu(‘mg gach khong trét vira 0.02 | 0.02 | 0.03 0.04 0.07 | 0.07

2 | Tudng gach trat vira 0.01 0.01 0.02 0.02 0.03 0.03

3 |Tuong gach trat vira va quét son 0.01 0.01 0.02 | 0.02 | 0.02 | 002

4 |Bétbng 0.01 | 001 | 002 | 002 | 0.03 | 0.04

5 |Pé hoa cuong 0.01 | 0.01 | 001 | 0.01 | 0.02 | 0.02

6 |Vira voi trén ludi sit 0.04 | 0.05 | 006 | 0.08 | 0.04 | 0.06

7 [Sanvan gd 0.01 | 001 | 0.01 | 0.08 | 0.08 | 0.09

8 |San packe 0.04 | 0.04 | 0.06 1| 10:07:1 0.07 | 0.07

9 [Cao su 5 mm trai trén nén ciing 0.02 | 0.02 | 0.03/|/0.03 | 004 | 0.04

10 | Tham len trén bé téng 0.08 | 0.08 | 020 | 026 | 027 | 037
n gi‘“’;‘(g}:ﬁfﬁa bang vai bongndng | 041 507 | 013 | 022 | 033 | 035
12 | Vai bong 0.36 kg/m? 0.03 | 0.04 | 0.11 | 0.17 | 0.24 | 035
13 | Vai nhung 0.65 kg/m? 0.05 | 0.12 | 035 | 045 | 0.38 | 0.36
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3

H¢ 56 hit dm 6 cdc tan so trung binh

100 m dat sat tuong

| T Tén vit ligu va két cdu ciia ddi I octave, Hz,
125 | 250 | 500 | 1000 | 2000 | 4000
14 |Nt, cach tudng 10 cm 0.06 | 027 | 044 | 050 | 040 | 035
15 |Nt, cach tudng 20 cm 0.08 | 029 | 044 | 050 | 040 | 0.35
16 E;i Zi;“;i::q“éc thong thuong ¢8| 35 | 025 | 018 | 0.2 | 007 | 0.04
B. Ngui, ghé (Irgng hit Am twrong dwong)
17 |Ngudi ngdi ghé - 0.25. | 0.30 | 040 | 045 | 045 | 0.40
18 |Nhac cong (véi nhac cu) 0.28 | 040 | 045 | 049 | 047 | 0.45
19 E}g‘cévrﬁTréizécggvé;tvlf‘é{l”:gpg)hé 0.15 | 020 | 025 | 030 | 030 | 0.30
20 |Ghé nira mém 0.08 | 0.10 | 0.15 | 0.15 | 0.15 | 0.20
21 | Ghé ciing 020 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02
22 | Ghé boc da nhén tao 0.05 | 0.09 | 0.12 | 0.13 | 0.15 | 0.16
23 ;,)hi :;’ chd ngdi va lung ghé bing | o | (0 0.03 | 0.04 | 0.04 | 0.05
C. Cac 15, khe v.v
24 Sgla s6 m& hoic 15 thong ra ngoai 1 | 1 1 ] 1 1
25 | Cira di mé sang phong bén canh 05 | 005 | 05 | 005 | 05 0.5
26 |Miéng thong gi6 025 | 025 | 025 | 025 | 025 | 025
27 |Miéng san khéu, miéng hd nhac... [0.2-0.3 [0.2-0.3|0.3-0.4 | 0.3-0.4 | 0.3-0.4 | 0.3-0.4
28 |Man anh 0.10 | 0.10 | 030 | 030 | 0.30 | 0.30
| D. Vit ligu hat 4m x6p

Tam fibrolite (vo bao ép véi xi -
29 |méng) y =300 - 450 kg/m’, day 0.06 | 0.16 | 025 | 038 | 0.59 | 0.63

35mm déng sat tuong
30 |Nt, cach tuong 100 m 0.08 | 027 | 046.| 035 | 0.54 | 0.60
31 |Nt, cach tuong 150 m 0.13 | 042 | 053 | 035 | 053 | 0.63

T4m bang béng khodng (c6 tim :
32 [chit lién két) y = 100 kg/m’ day 043 | 098 | 099 | 099 | 095 | 0.87
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H¢ so hiit dm 6 cdc tian so trung binh

T Tén vt ligu va két ciu ciia ddi 1 octave, Hz
125 250 500 | 1000 | 2000 | 4000
33 [ Nt, boc trong bao polietilen 0.66 0.76 0.35 | 0:14 0.07 0.10

Béng thiy tinh c6 y =75 - 85 kg/m’
34 |boc trong véi thuy tinh, day 50 mm | 0.03 | 0.12.| 047 | 0.75 | 0.84 | 0.84
- |dat sat twong ‘ .

35 |Nt, cach tuong 50 mm 0.08 0.26 0.64 | 0.89 | 0.75 0.78

| Bong khoang c6 y = 100 kg/m’ | .
36 |boc trong lu6i sit day 50 mmdat | 0.17 | 0.59 | 099 | 098 | 096 | 0.87
sat tuong ' ‘

TAm hit bing bong khoéng tam
chit két dinh tong hop 500 x 500

- : . 52 . 2 .
37 %20 mm, y = 130 kg/ m’, mét ngodi 005 | 059 | 05 053 | 025 | 0.11
son mét 16p mong, dat sat tuong
38 [Nt, cich tuong 50 mm ‘ 0.18 | 0.60 | 0.52 | 0.55 |.025 | 0.13

39 [Nt, cach tuong 100 mm . 034 | 062 | 052 | 052 | 026 | 0.15

Nt, bé mic duc 16 d = 4 mm,
40 |D =14 mm, K=49%,sau 5 mm, | 0.01 0.17 0.68 | 098 0.86 0.45
dat sat tuong - '

41 |Nt, cach tuong 50 mm ‘ 0.05 | 042 | 098 | 090 | 0.80 | 0.45
42 |Nt, cach turdong 100 mm 1020 | 050 | 098 | 0.85 | 0.80 | 0.45
43 Tam bdng khoang ép Excel - Tone 0.54 | 042 | 043 | 054 | 070 | 090

(hdng Daiken, Nhat Ban) day 16mm
44 Nt, day 19 mm | 054 | 044 | 045 | 057 | 075 | 091

T4m bong khoang New - Tome -

securate day 6 mm khico 16p
khong khi 57 mm

45 | (it Ban) diy 16 mm 040 | 035 | 040 | 052 | 0:65 | 0.80
Tam bf)rig khoang Dai - Lotone ' - - '

4| (Nhat Ban) day 15 mm 031 170287 041 1064 | 080} 097

47 |Nt, day 19 mm 028 | 035 055" "0.65' 077 | 0.95
Tém soi amiang va vat Iiéﬁ tu do ‘ ‘

48 ché tir Calci - Silicat/ Daiken lux 0.05 0.05 021 | 024 008 0.09
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H¢ 5o hut am 6 cdc tan so trung binh

T Tén vit ligu va két ciu cia ddi 1 octave, Hz ,
125 | 250 | 500 | 1000 | 2000 | 4000
49 |Nt, 16p khong khi 30 mm 021 | 025 | 0.13 | 016 | 0.16 | 0.14
50 | VG loai c6 mat vai phia sau, 027 | 029 | 016 | 0.19 | 017 | 0.15
16p kk 30 mm
E. Tam duc 15 ¢6 vat lidu x5p phia sau
G& dan 46 mm duc 18 d = 5 mm,
51 {D =100 mm.K =0.2%,c6vatlicu| 037 | 0.68 | 031 | 0.15 | 0.10 | 0.09
|x6p 50 mm
Nt, khong c6 vat liéu xbp, 16p
52 | g kit 50 mm 0.06 | 042 | 020 | 0.07 Q.o7 | 0.0§
53 |Nt, c6 vat lidu xép 100 mm 0.77 | 0.64 | 030 | 0.15 | 0.15 | 0.10
54 | NG vat liéuxop 100 mm, khong 1o o) | 050 | 027 | 014 | 012 | 0.10
khi 100 mm Pt :
G& dan 4 - 6 mm dyc 156 d = 5 mm,
55 |D=65mm.K=0.7% vt liduxbp | 0.26 | 0.88 | 038 | 0.20 | 0.12 | 0.10
50 mm, sat tuong
56 |Nt, céch tudng 50 mm 043 | 069 | 033 | 017 | 0.10 | 0.10
Gb dén 4 - 6 mm duc 16 d = 5 mm, o ‘
57 |D=65mm.K=047%vatliéu ~ | 051 | 0.60 | 033 | 0.15 | 0.10 | 0.10
xép 50 mm, sat tudng ’
sg | vat liéu xop 100 mm, cach 0.61 | 068 | 037 | 020 | 017 | 0.10
tuong 50 mm
59 |Nt, cach tuong 100 mm 0.86 | 0.68 | 039 | 0.17 | 0.13 | 0.10
6o |\ khong c6 vatliguxop, cdch o 1 050 o4 | 012 | 0.07 | 0.05
tuong 100 mm o :
G6 dan 4 - 6 mm duc 16 d =10 mm,
61 |D=50mm.K=23.1%vit lisuxdp {1 029 | 0.88 | 072 | 032 | 026 | 025
50mm, céch tuong 50 mm
62 |Nt, céch tudng 100 mm 0.55 | 0.82 | 049 | 034 | 029 | 025
63 |Nt, vat ligu x6p100 mm, st tuomg | 0.76 | 0.97 | 0.67 | 036 | 025 | 0.18
64" |Nt, cach tudmg 100 mm 090 | 097 | 068 | 035 | 028 | 020
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HE¢ 56 hut dm ¢ cdc tan so trung binh
T Tén vit liéu va két cdu cia dai 1 octave, Hz

125 250 500 | 1000 | 2000 | 4000

G& dan 4 - 6 mm duc 16 d = 5 mm, : ‘
65 |ID=35mm.K=1. 6% (khéng co 002 | 009 | 036 | 0.17 | 0.19 | 0.13
vt liéu xp ) o

~

Nt,d =7 mm, D =30 mm, ‘
66 K = 4.3% céch tuémg 50 mm 0.05 0.08 0.23 0.29 | 0.12 0.09

Nt, d =6 mm, D = 30 mm, B - a
67 |~ 4.5%% ofeh twomg 50 mm 0.08 | 008 | 021 | 0.08 | 0.16 | 0.20

Tém nhya duc 16 ¢ 5,2 =65

(0.47%)
| 67A |- Bong thuy tinh 50 0.18 | 078 | 044 | 020 | 0.05 -
- Bong thiy tinh 100 058 | 0.74 | 045 | 028 | 0.02 -

- Bong thuy tinh 50. khong khi 50 0.23 071 0.39 02 | 005
678 | TAm nhém duc 16 ¢ 5,a =35 |

- Bong thuy tinh 50 020 | 069 | 0.89 | 0.49 | 0.19 | 0.04
- Bong thuy tinh 100 043 | 095 | 087 | 0.58 | 020 | 0.04
| 68 |Nt, cach tudng 100 mm 007 | 017 | 045 | 025 22 | 018

Nan gd rong 35 mm, day 10 mm,
16p bong khoang 50 mm, khi
khoang cach céc nan gb:

69 . .
[ |- 10mm ' 0.16 | 0.66 | 0.98 | 0.89 | 0.59 | 039
-20 mm : 0.16 | 063 | 098 | 0.88 | 0.70 | 0.64

- 30 mm | 016 | 059 | 098 | 095 | 0.74 | 0.64
Nan gb 30 x 40 mm céch 30 mm, N
phia sau c6 bong thily tinh

y =15 kg/m?, day 100 mm boc
trong vai thuy tinh

70 0.6 | 088 | 098] 0941| 093 | 072

F. T4m cong hudng hit 4m

71 |G dan 4 - 6 mm, céch tuong 50mm| 0.17 | 0.26 0.14 0.10 | 0.09 0.04

72 |Nt, cachtuonglOOmm 0.11 0.15 0.12 | 0.10 | 0.09 0.06

Nt, ¢6 16p bong khoang 50 mm,
sat tuong

73 0.55 | 039 | 015 | 0.12 | 0.11 0.10
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- HE 50 hat dm 6 cdc tan so trung binh

T Tén vit li¢u va két ciu ciia ddi 1 octave, Hzy
125 | 250 | 500 | 1000 | 2000 | 4000
74 |Gd dan 8- 10 mm, cach tuong 50mm| 0.13 | 028 | 0.17 | 0.10 | 0.04 | 0.09

75

Nt, cach tuong 100 mm

034 | 0.15 | 0.09 | 0.10 | 0.04 | 0.10

76

Nt, cach tuong 150 mm

0.35 0.16 | 0.10 | 0.08 | 0.04 | 0.10

77

Gb dén 8 - 10 mm, c6 1dp bong
khodng 50 mm dat st tudng

044 | 045 | 022 | 0.12 | 0.04 | 0.10

78

TAm soi y = 600 kg/m> day 20 mm |.

dat sat tuong

0.01 0.09 | 0.09 | 008 | 0.09 | 0.14

79

- Nt, cach tudng 50 mm
- Nt, cach tudong 100 mm
- Nt, cach tuong 150 mm

0.32 0.13 0.05 0.05 0.06 | 0.13
0.27 0.08 { 0.04 | 0.02 | 0.08 | 0.10
0.10 | 0.03 0.02 | 0.03 0.09 | 0.10

80

Nt, bong khodng 50 mm, sat tudng

0.32 0.14 | 0.07 | 0.04 | 0.08 | 0.11

TAm xi mang amiang y = 2000 kg/m’

0.03 0.03 0.09 | 0.08 | 0.08 | 0.13

81 day 8 mm dit sat tudng
Nt, cach tudng 50 mm 0.15 | 0.19 | 0.12 | 0.06 | 0.06 | 0.03
82 [100 mm 032 | 021 | 0.16 | 0.09 .| 0.07 | 0.03
200 mm 024 | 014 | 0.08 | 0.08 | 0.06 | 0.05
T4m vita thach cao y = 1200 kg/m® ‘
day 10 mm,
83 , .
- cach tudng 50 mm 023 | 031 | 0.13 | 0.09 | 0.06 | 0.13
- c4ch tudng 100 mm 0.41 | 028 | 0.15 | 0.06 | 0.05.] 0.02
|Nt, 16p bdng khoang day ,
84 |- 50 mm, st tudng 0.56| 042 | 024 | 0.11 | 0.04 | 0.04
- 100 mm, sat tudng 065 | 034 | 023 | 0.17 1017 | 0.11
85 |Gb thong 19 mm 0.10 | 0.10 | 0.10 | 0.08 | 0.08 | 0.11
86 | Vira voi trat phang trén suwon gb 0.02 | 003 { 0.03 | 004 | 002 | 0.03
87 |Vira voi trat xii trén sudn gb 0.03 | 0.05 | 0.06 | 0.09 | 0.04 | 0.06
88 | Lop trat cach tudng 50 mm 030 | 025 ] 0.15 | 0.08 | 0.05 | 0.05
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Két chu hit Am (Pham, 2011)

T |

H¢ 50 hut dm & cdc tdn so trung binh

‘Tén vt lidu va két cdu ciia ddi 1 octave, Hy
' 63 | 125 | 250 | 500 | 1000|2000|4000|8000
T4m ép bing bong khoéng » :
89 v = 150 kg/m” day 20 mm dt sit rn 0.020.0310.17 | 0.68 | 0.98 | 0.86 0.45‘ 0.20
90 |Nt, c4ch trdn 50 mm 0.02]0.05[0.42(0.98|0.90|0.79 | 0.45|0.19
T4m ép bang bong khoéng ' ‘ | N
91 v = 400 ke/m® day 20 mm dat sit trdn 0.02 {0.11]0.30|0.85/0.90 | 0.78. 0.72 | 0.59
92 |Nt, céch trin 50 mm 0.10 020 0.71|0.88 | 0.81 | 0.71 | 0.79 0.65
93 |Nt, cach trin 200 mm 0.3010.48(0.710.70|0.79 | 0.77 | 0.62 | 0.59
Tém ép bang bong thuy tinh cyc manh | | |
94 |boc vai thily tinh y = 150 kg/m’®, day | 0.10{0.25 | 0.70 098] 1 | 1 1 10.95
50 mm dat sat tuong ‘
T4m bing bong khoang y = 120 kg/m’
day 50 mm boc vai thuy tinh, tAm kim 1
95 loai day 2.2 mm duc 13 33%, dudng 0703. 0.1810.3910.60.) 0.73 | 0.80 9.85 0.85
kinh 3 mm, dit sat trin
96 |Nt, cach trin 100 mm 0.0810.27 |0.530.69|0.76 1 0.92 |-0.87 | 0.87
T4m béng bong khoang y = 100 kg/m’ |
g7 |42y 100 mm boc véi thiy tinh, tam | 5153519761 1 | 0.95]0.90|0.98 | 0.95
kim loai day 1.2 mm duc 16 dudng
kinh 6 mm, 46% dat sét trin
TAm bdng soi thlly tinh cyc manh:
_ <RI o s tn : .
og |V 15 ke/m’, day 100 mmbocvaithly ) ) | o301 0,63 | 0.86 | 0.72 | 0.54 | 0.46 | 0.32
tinh, tam xm amiing day 4 mm duc 16 v
duong kinh 6 mm, 25% dat sat tudng
99 |Nt, cach trin 250 mm 0.5 0.98 | 1 1 1 1 1 ]0.86
. Khéi hit 4m hinh hgp (luvgng hit dm trong dwong)
Kich thude 400 x 400 mm, tdm kim
loai 2mm duc 16 duong kinh 10 mm, ,
100 | 30% bong thily tinh cuc manh 0.14| 0.4 |0.75]1.23| 1.14 | 1.05 | 0.82 | 0.67
15 kg/m® day 60 mm boc vai thiy
tinh b=2500 mm; h = 1250 mm.
101 |Nt, b= 1500 mm; h = 1250 mm 0.08 [ 0.2310.55[1.03{0.97 0.86 | 0.75 | 0.60
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H¢ s0 hut dm & cdc tan so trung binh

IT Tén vit lidu va két cdu cita ddi 1 octave, Hy
63 | 125 | 250 | 500 |1000|2000|4000|8000
Kich thuéc 500 x 500 mm gd dan
4 mm duc 16 25% duong kinh 10 mm,
102 | tdm bong khoang 100 kg/m* day - 107 12]198]1.79(1.59(|1.63]| 1.4
100 mm boc vai (tam chat chong
chay) b =250; h = 1250 mm
Nt, b = 1250 mm, h = 1250 mm
103 Ehoﬁﬁr;gmc“h wrmitnéndengita |\ ool 1 11 70] 172|139 | 1.58 ] 1.20
b - khoang cac giita hai khéi hit 4m
Tém thach cao (500 — 1000 x 5000)
day 10; 900 kg/m’ duc 15 $10 bude
24 (12%)
Daén vai tho phia sau: o
- Khe khong khi 50 0.05]0.15| 0.6 {0.64|0.31 | 0.24
- Khe khong khi 100 o o
104 | - Bong thiy tinh 50 0.28 | 0.69 [ 0.94 | 0.76 | 0.51 | 0.43
- Béng thuy tinh 100 0.62|0.88 | 0.88 | 0.67 ] 0.57 | 0.43
Khong dén vai tho: B
- Khe khéng khi 50 - | - [0.04]|0.17]0.08|0.03
- Khe khong khi 100 0.02 | 0.05 | 0.150.10 | 0.08 | 0.03
- Bong thtiy tinh 50 0.230.47|0.98 | 0.73 | 0.44 | 0.41
- Bong thity tinh 100 0.50 | 0.53 | 0.95 | 0.77| 0.56 | 0.38
Tim thach cao ¢6 suon cimg day 30
(810 x 810) duc 15 ¢ 4.5/ 15 ( 16%).
Sau 15 c6 2 16p gidy o
- St tuong 0.03/0.13|0.43 {0.87 [ 0.55 | 0.38
105 | - Khe khéng khi 50 0.15]0.4210.390.75 | 0.67 | 0.41
- Khe khéng khi 100 0.22 | 0.63 | 0.87 ( 0.68 | 0.67 | 0.45
Sau két chu co 14 kim loai -
- Bong thity tinh 50 0.33]0.720.99 | 0.76 | 0.49 | 0.32
- Béng thuy tinh 100 0.67 | 0.80 | 0.98 | 0.77| 0.57 | 0.33
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PHAN 2: THONG SO AM HQC CUA VAT LIEU VA KET CAU (TRiCH TU
TAI LIEU (VORLANDER, 2008))

. Céc thong sd co ban cia vat liéu am hoc 14 tré khang &m, do hut 4m, tén 4m va
hinh dang bé mit. P& tinh toan thém chi tiét, cin phai ¢6 nhiing thong tin khéc nhu
tr¢ khang am phu thudc goc téi cha tia 4m, do rd, do rung, vv. Nhitng dit liéu vat
liéu ndy bao gdm tit ca cac thong tin cén thlet dé tinh to4n trudng 4m phéan xa va
xuyén qua vat lidu. D& du do4n cach 4m, can phai c6 chi s6 giam 4m hodc cac dit
lidu truyén am chudn khéc.

Hiu hét cac dit liéu trong cac bang dudi ddy duge trich ra tir co s dit lidu hé s6
hit 4m duge sir dung rong rai va gin ddy nhit. Co s& dit liéu duogc phét trién boi
Ingolf Bork trong “round robin”! v& mé phong may tinh 4m thanh thinh phong®. Cac
dit liéu khéc thu thap duge tir dit liéu san phdm ctia cdc nha san xuét vat lidu. '

!

Céc phuong phap tham chiéu duge st dung dé xac dinh céc dit liéu nay 14 céc
phuong phép tiéu chudn héa dé kiém tra vat liéu, 1SO354 cho céc hé s6 hut am,
1SO17497, phén 1 cho cc hé sb tan am va ISO140 cho cac hé sb cach am. T4t ca
cac tidu chudn md ta phuong phap do ludng thu dugc trong phong vang. Pé biét
thém chi tiét, xem Bork (2005b)* va céc tiéu chudn ISO ndi trén. |

Nhitng dit liéu ndy dugc 4p dung cho cac md hinh md phéng theo nguyén ly am
hinh hoc hodc cac m6 hinh néng lwong am khac nhu do tia, anh ngudn. Ching khéng
co do chmh X4c va thong tln can th1et cho c4c m6 hinh s6 dua trén 1y thuyét song

He s6 hiat Am ung voi tla téi ngiu nhién tir nhiéu hwéng, o

Trix khi duoc chi dinh 15, nhiing thong s trong bang sau 12 hé sé hut 4m vdi tia
t61 ngau nhién tir cac huéng, a.

‘ HE¢ 56 hit Gm & cdc tdn sé trung binh
Vit liéu ciia ddi 1 octave, Hz

125 | 250 | 500 (1000|2000 (4000|8000

Khoi xay va cac bé mit cirng

Tudng, bé‘mat cing ndi chung (tuong gach,
vira trat, nén cing ...)

Tudng Xy gach, trat vita 0.01]0.02 | 0.02 | 0.03 | 0.03 | 0.04 | 0.04
Bé tong tho ‘ - 10.020.03]0.030.0340.04 |0.07 | 0.07

0.0210.02 | 0.0310.03 | 0.04 | 0.05 | 0.05

Mot cudc thi gifta cac dbi tuong dé xem céi nao tdt hon hay chinh x4c hon

http /iwww.ptb.de/en/org/1/17/173/roundrobin.htm

? Bork, 1. (2005b) Report on the 3rd round robin on room acoustical computer simulation, Part II:
Calculations. Acta Acustica united with Acustica 91, 753
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Vit lidu

H¢ s0 hat Gm 6 cdc tan so trung binh

cda dai 1 octave, Hz

125 | 250 | 500 | 1000|2000 | 4000|8000
Bé tong phéng chua son 0.01 | 0.01 [ 0.02 | 0.02 | 0.02 | 0.05 | 0.05
B2 mit voi nhdm 0.02 | 0.03 | 0.04 | 0.05 | 0.04 | 0.03 | 0.02
Gach x4y dé tran 16 mach vira, son 0.01 1 0.01{0.02|0.02 |0.02 | 0.02 | 0.02
Gach phing xy trén mach vita séu 10 mm, 0.08 | 0.09|0.12|0.16 | 022 | 0.24 | 0.24
vira X1 mang
Tudng gach, trat vita hoan thién tho 0.03 | 0.03 {0.03 | 0.04 | 0.05 | 0.07 | 0.07
Gach 4t nén véi bé mat phing nhin 0.01 { 0.01 [0.01]0.02 |0.02 | 0.02 | 0.02
Tudng da voi 0.02 |.0.02 | 0.03 { 0.04 | 0.05 | 0.05 | 0.05
Tudng trong phong vang 0.01 {0.01{0.01|0.02 | 0.02 | 0.04 | 0.04
San bé tong 10.01 [0.0310.05|0.020.02 | 0.02|0.02
San d4 hoa cuong 0.010.010.01]0.02 | 0.02 | 0.02 | 0.02
Xay nhe va 6p
tﬁ:;écép bing g0, day 12mm co dinhtrén | - | 23 1499 [ 015 0.10 | 0.07 0.06
Kinh cdc loai | |
Kinh don, 3 mm 0.08 | 0.04 | 0.03 | 0.03 | 0.02 | 0.02 | 0.02
Cura sb kinh, 0.68 kg/m? 0.1 |0.05[0.04|0.03|0.03|0.03 | 0.03
Kinh ¢6 nep chi (vi dy: tranh kinh mau) 03 ]021014| 0.1 [0.05]0.05] -
Kinh doi, day 2 - 3 mm, khoang c4ch > 30 mm | 0.15 | 0.05 | 0.03 | 0.03 | 0.02 | 0.02 | 0.02
Kinh d6i, day 2 - 3 mm, khoang cach 10 mm | 0.1 |0.07 [ 0.05 | 0.03 | 0.02 | 0.02 | 0.02 |
Kinhdc‘)i,kinhngpchilérptrong 0.15| 03 |0.18| 0.1 [0.05(0.05] -
G& ,
Gd day 1.6 cm, trén khung g8 4 cm 0.18 [ 0.12 | 0.1 | 0.09 [ 0.08 | 0.07 | 0.07
Vén ép dang tim méng | 0.4210.21] 0.1 {0.08|0.06 | 0.06| -
tsrzl; i?;f;“tg:g“’”gzlép i ienop dem.4 0 1 0.06 1 0.05 | 0.05 | 0.05 | 0.04 | -
iﬁgi‘;ﬂgn}(ghgézn?ﬁh‘?ay 27 mm trén 0.1 [0.07]0.06|0.06|0.06 | 0.06| -
Cira gb nguyén thm 0.14] 0.1 [0.06]0.08| 0.1 | 0.1 | 0.1
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Vit ligu

H¢ 56 hit dm 6 cdc tan so trung binh

cida ddi 1 octave, H7

125 | 250 | 500 {1000)2000|4000|8000

Hoan thién san
Tam linoleum, nhya dudng, cao su, hode tam |, 05 1§03 10,03 0.03 | 0.03 | 0.02] -
ban trén bé tong - N o v
Tham béng vai - 10.07|0.3110.49.10.81 1 0.66 | 0.54|0.48
Tham bdng cudn 1.4 kg/m?, chiéu dai soi
9.5 mm, dat trén tdm nén 3.0 kg/m? | 0.1 | 04106207 0'6_3 0.88] -
Tham moéng, dan vao bé tong 0.02|0.0410.08) 0.2 {035} 04 | -

| Thém coc day 6mm gén voi Idp pha bot 0.03 10.09 | 025|031 |0.33 | 0.44 | 0.44
bong bong bén dudi
Thim cqc day 6mm ghn v6i 16p phi bt ng | o3| 000 | 02 |0.54| 0.7 | 0.72 | 0.72
bén dudi
Tham coc day trén 16p bong ép mdng 0.080.08( 03 | 0.6 0.75{ 0.8 | 0.8
Tham dang kim chdm 5 mm trén nén bé tong | 0.02 | 0.0210.05]0.15| 0.3 | 0.4 | 0.4~
Tham mém 10 mm trén bé tong 10.0910.08|0.21{0.26|027[037| -
Tham toc trén tam bong ép 3 mm 0.11]0.14 | 0.37 [ 0.43 [ 0.27 | 0.25 | 0.25
Tham su 5 mm trén bé tong 0.0410.040.080.12( 0.1 | 0.1 -
Tham 1.35 kg/m‘ trén tAm bong ep hodc tren 0.08 102410571069 0711073 -
tAm bot cao su . .
Soi cudn SO’l ‘dira, day 29 mm (chua kéo), mat 01 101310221035 0471057] -
sau phu gidy, 2.2 kg/m o '
Rém vai

\ A iy 2 " 1A " ; . . ,
Rém bong (0.5 kg/m’) phu 1én khoang 3441 4 5316 451 0,65 | 0.56 {0.59 | 0.71 | 0.71
dién tich, cach tudng 130 mm - , C
Rém (0.2 kg/m?) treo 90 mm cach tudng 0.05 | 0.06 | 0.39 10:63:1 0.7 |0.73 | 0.73
5. 0 27 N A 1. » ;

Vi cotton (0.33 kg/m”) gap lai khodng 7/8 ' 6310 15 | 0151927 | 037 | 0.42| -
dién tich :
Rém cira sb day dic cach tuong 90 mm 10.06' 0.1 10.3810.63710.7 {0.73| -
Manh 14 doc, cach tuong 13 e, 10.03]0.09|0.24 (0.46]0.79 | 0.76 | -
md& mot nura (45°) o ' ‘
Ménh L4 doc, cich ong 15 em, 0.03|0.06 | 0.13]0.28 049 | 0.56 | -
m& hoan toan (90°) '
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Vit ligu

H¢ s0 hat am 6 cdc tan so trung binh

090m x0.55m

cia ddi I octave, Hz

125 | 250 | 500 (1000|2000 4000|8000
Rém nhung xép khit 0.05]0.12 | 0.35]0.45 | 0.38 | 0.36 | 0.36
Rém vai, cach tudng 15 cm 0.1 [0.38]0.630.52]0.55]0.65| -
Rém vai, gdp nép, cach tudng 15 cm 0.12] 0.6 (098] 1.0 1.0 | 1.0 1.0
i%‘ggbi‘gfnﬁmthémthﬁytinhdang‘-’“"’éch 0.030.030.15] 0.4 | 0.5 | 05 | 0.5
Rém Studio, cach tudng 22 cm 10.36]0.26 [ 0.51{0.45[0.62|0.76 | - -
Chd ngdi (2 chd/m?)
Ghé bing gb khong dém 0.05[0.08 | 0.1 [0.12]0.12]0.12]| -
Ghé nhya khong nguoi 006 0.1 |01(02]03]02]02
fﬁﬁnﬁhfgfa?éanh“ boc ném vira pha 049 0.66| 0.8 088|082 | 07 | -
Ghébocnémdéy,khénghgub’i 0.7 10.76 | 0.81 | 0.84 (0.84 | 0.81| -
Ghé ném bgcvéi,khéngngu‘c‘yi 044 0.6 |0.77 0.8'9 0.82 1 0.7 0.7 
Ghé ném boc da, khong ngudi - 0.4 | 0.5 |0.58|0.61[0.58| 0.5 | 0.5
g‘fobi"x"%frs‘svif)phéi’“é“g 0441056 067 0.74 | 0.83 087 | -
Khan gia (trir khi chi dinh cy thé, 2 nguoi/m?)
fj,‘;n;“;a‘;églgr’j‘;égiig’i fli‘g nhac hoge dan hop | o ¢ 16 74| 0.88 | 0.96 0.93 | 0.85 | 0.85
Khén gia trén ghé g3, 1 ngudi/m? 0.16 1 0.24 | 0.56 | 0.69 | 0.81 | 0.78 | 0.78
Khén gia trén ghé g3, 2 ngudi/m? 0241 0.4 0.780.98]0.96 | 0.87]0.87
Dan nhac véi nhac cu trén buc, 1.5 m?/ngu(‘)ri 0.2710.53 [0.67 0;93 0.87] 0.8 0.8 |
Khu vyc khan gia, 0.72 ngudi/m? 0.1 [0.21]0.41]0.65[0.75]0.71| -
Khu vyc khan gia, 1.0 ngudi/m? 0:16 [ 0.29 [ 0.55| 0.8 [0.92] 0.9 | -
Khu vuc khan gia, 1.50 ngudi/m? 0.2210.38 {0.71 095 0.9910.99, -
Khu vyc khén gia, 2.0 nguoi/m? 0.26 | 0.46 [ 0.87 10.99[0.99{0.99 | -
pan gi rén el P b 0.72|0.82 | 0.91 |0.93 | 0.94 | 0.87 | -
Thinh gi trén ghé boc ném vira phai 0.55 | 0.86 | 0.83 0871 09 log7| -
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H¢ 56 hit dm 6 cdc tdn so trung binh

Vit liéu ciia ddi 1 octave, Hz

125 | 250 | 500 [1000)|2000|4000|8000
Twong hiat Am
Tim pane.l boc vai, 18i bong khoang ‘
(6 pounds/f) 046,093 1 1 11 1
T4m panel boc vai, 15i bong khoang : ‘
(8 pounds/ft) 0.21]0.66 1 1 1097098098
Gach 8p mit tién, méi ghép h, kich thude |
gach 230 x 50 x 55 mm 0.040.14 049 |035[031{036| -
Thach cao &m, xap xi d¢ day 25 mm, 0.17 | 0.36 | 0.66 [ 0.65 | 0.62 | 0.68 | -
3.5 kg/m“/em ‘
Béng khoang day = 50 mm, 80 kg/m’ 022 0.6 1092 0.9 | 0.880.88|0.88
Bong khoang day = 50 mm, 40 kg/m’ 0.230.59 | 0.86 | 0.86 | 0.86 | 0.86 | 86
50 mm bong khodng (40 ke/m’), dénvio | 15| o7 | 06 | 0.6 |0.85| 0.9 | 0.9
tudng, bé mat dé tran :
50 mm bong khodng (70 kg/m’) 300 mm 0.7 |045]0.65] 0.6 |0.75 | 0.65 | 0.65
cach mit trudce tudng : : :
Tim thach cao, 15 thung 19.6%, dudng kinh
16 15 mm, mit sau 16t vai thua, cachtwong | 0.3 |0.69| 1 |0.81|0.660.62| -
100 mm nhdi ddy bdng khoang 1.05 kg/m’
Van ép vén ép, 50 mm, 15 1 mm, khoang ,
céch 3 mm, ty 16 bé mit 16 9%, cach tudng | 0.41 | 0.67 | 0.58 | 0.59 | 0.68 | 0.35 | -
150 mm chira bong khodng day 30 mm
Soi hit 4m bang soi khoang, day 20 mm, N eq
3.4 ke/m, céch tuomg 50 mm 1702 10.56|082|0.87| 0.7 {053} -
Ciu tric hut Am djc bigt |
Mang duyc 13 siéu nhd "Microsorber” (Kaefer) | 0.06{0.28 | 0.7 |0.6810.74 ] 0.53 | -
T4m kinh duc 13 siéu nho, cach tuong 5 mm | 0.1 | 0.45)0.851.0.3 | 0.1 | 0.05| -
Tamﬂ hat a’lm treo (dang bot), day 400 mm, 0251045 08 | 0.9 10.85 08 i
khoang cach 400 mm ' .
Tam1 hat e}m treo (dang bot), day 400 mm, 02 1031060750 071071 -
khoang cach 700 mm
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- H¢ s0 hut @m 6 cdc tdn sé trung binh

Vit liéu ctia ddi 1 octave, Hz
125 | 250 | 500 [10002000|4000| 8000

Trén hit 4m
Trdn thach cao trén khung g6 v6i khodng 02 ]0.15| 0.1 |0.08|0.04]0.02] -
trong rong 1én phia trén
Bong khoang va tAm kim loai duc 18, thép ma » |
k&m 0.5 mm, dudng kinh 16 khoan 1.5 mm,
khoang 200 mm chira dﬁy bong khoang 20 mm 0.4810.97 1 0.97 0'97 I I 1
(20 kg/m®), chéng chay
Tam tran duc 13 [ ti 04910.53/1053]0.75(092]099| -
TAm thach cao duc 15 27 mm (16%),
d=4.5 mm, céch trAn 300 mm 0451055 0.6 | 0.9 [0.86|0.75
Tam tran h.mh cai ném (wedge-shaped) bang 0.12]033 108310971098 095! -
bot melamine ‘
Trin b?mg tdm kim loai, mit sau 13 tim cach
am Sillan 20 mm, khé rong 85 mm, khoang

|cach khoang cach 15 mm, khodng khdng khi 0.591 0.8 /0820651027023 -
35cm
Vit liéu hit 4m dic biét .
Di¢n tich hiit 4m twong dwong, A, tinh trén tirng vat thé, m>
Ghé don bang g6 0.02 | 0.02 | 0.03 | 0.04 | 0.04 | 0.04| -
Ghé don boc ném _ 0.1 102]025/0.3]035[035| -
Mot ngudi trong nhom, ngdi hoge ding, 0.05| 0.1 [ 02 ]035] 0.5 |0.65]| -
1 ngudi/ 6 m” san; t6i thieu:

~ " . X I 2 . .
Mot ngudi trong nhom, ngbi, 1 ngudi/ 6 m™ | 1510451 o8 | 0.9 [095] 1 | 1.1
san; toi da : -
N e P . \ . 2

Mot ngudi trong nhom, ding, 1 ngudi/ 6 m™ | 151 45l 08 | 15 | 13 | 14 | 145
san; toi da

H¢ s0 gidm 4m ciia khong khi, don vi 10> m™

H¢ 56 giam dm & cdc tan sé trung binh-
Khong khi ciia ddi 1 octave, Hy :

125 | 250 | 500 | 1000|2000 | 4000 | 8000

Nhiét do 10°, d6 4m 30 - 50% 0.1 | 02|05 | 1.1 |27 ] 94 {290
10°,50=70% o 01102 05|08 18] 59]21.1

10°,70 -90% ; 01 1020507 |14 | 44 [158

20°,30 - 50% 01 | 03 106 | 1.0 19| 58 (203

20°,50 - 70% 01 {03 |06 1.0 |17 | 41 |135

20°, 70 - 90% 01 ] 03 06 |11 | 17| 351|106
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Bang hé s0 tan xa am s (scattering coefficient) khi tia Am t6i tir hwéng
ngiu nhién |

- Dit lidu tan xa &m néu bén dudi ddy 1a tép hop cac két qua ctia nhiéu nghlen cliru
va thi nghiém khéac nhau. H¢ sb tan xa 4m theo ISO 17497-1 véi tia t6i ngiu nhién
phu thudc vao hinh dang va kich thudc ciia bé mat. Nhimg théng s co ban 1a d6 dai
va chiéu sau ctia nép gap trén bé mit. Gia dinh rang dién tich bé mat cla tAm tan 4m
1a 16n so véi kich thudce cia lugn séng va budc song. »

Hai kich thudc hinh-hoc ¢6 lién quan dén hé sb tan xa 4m s1a a va h (xem
Hinh A-1). Hg sb tan xa am s phy thudc vio ty s& a/\ = falc. Vi ty sb a/\ nho
hon 0.125, hé s6 tan xa am théng thudng nhd hon 0.05.

g

«—i >

Hinh A-1. Dinh nghia cdc kich thuéc a va h doi véi cdc bé mdit tdn xa dm 2D va 3D

a/A
0.12510.25| 05| 1 | 2 | 4| 8

Hinh ddng cua bé mdt gtigheA

Cac bd mit 2-D

Bén cau c6 ban kinh trung binh -
h, &3t ngau nhién, phu 40% 0.1 [02]05)06(06|07) 08
(hla=0.25) : : .

Ban cAu dit day, ban kinh dong nhét 4, hla= 0.5

dit cdch déu nhau 0.05 {0.05(.0.1 | 0.6 0.6  0.6 -

Bén cau c6 ban kinh trung binh &, dat ngiu-
nhién, pht 25% (h/a = 0.15)

Cuc g3 lap phuong dit cach déu, hla=0.5 0.0510.0510.25] 03 [0.7109 | -

0.1 {0.1]02403{04[04]04

Cuc g0 lap phuong dat khoang cachva huong

.05.10.05[0.20/ 0.3 0.6 (07| -
{nghu nhién h/a = 0.5 0

R | Gach men dat sit nhau, dat ,
| | trong khoang tir 1 dén 10, 0.1 [04{09]07]07[07]| -

- trung binh hla = 1. - chidu cao h
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Hinh ddng ciia bé mit go ghé

a/i .

0.1251 025 05 | 1 2 4 8
%4 |Cuc g5 nhiéu ¢&, dat
3 |ngdu nhién, trung 0.051005|015{ 04 | 0.7 | 09 | -
i |binh A/a=0.5
Khay hinh lang tru ,
tam gidc so le, 005005} 01| 09 | 0.8:1-.09 |].09
( |Wla=0.5 K
Cic bé mit 1-D ,
Céu thang (rang cua) A/a = 0.3 005005 02 | 0.3 04 045 -
TPanh g0 hinh chit nhat phan bo khong 011 061051040304l -
déu, Ala=0.5
Thanh go hinh chit nhét phéan b6 deu, 01106106l 05! 05! 05 )
hla=0.5
Thanh g6 hinh ban tru phén bo déu 01 o1 l03!o07!0s! 08 i
hla=0.25
! | Mt song tron, : ' ‘ .
Wa=031 0.05005| 02107 | 08 | 085 -
. .. - Tin sé dd;' octave HZ R
Hinh ddng ciia bé mdt go ghé : '
‘ ' ‘ S 125 | 250 | 500 | 1000 | 2000|4000 | 8000.
TAm khuéch tin 4m cia hing RPG ‘ |
Tim khuéch téﬁ cﬁé
RPG, kiéu “Skyline” 0011008045082 1.0 - -
| Tém khuéch tan cia U '
RPG, kidu “QRD” 0.06 | 0.¥5 | 0.45 | 0.95 Q.88 091 | -
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Tan so dai octave Hz

Hinh ddng ciia bé mit gb ghé

125 | 250 | 500 | 1000|2000 4000 | 8000
Chd ngbi va khan gia |
Khan gia rap hat 0310506 06|07 ]|07]|07
Bac ngdi giang dudong 16n, dai 82 cm,
cao 30 cm - theo Farnetani (2005) 0.05104510.75) 095 | 09 ) )
Céc diy ban va ngudi ngdi trén ghé 02 | 03|04 05|05 06 |06
Trén va tudng
Cuc khéi tu nhién .
trong tudng studio - | 0.50 | 0.90 | 0.95 | 0.95 | 0.95 | 095 | -
theo Bork (2005) o
Khéi chép tam gide
(tran studio) -theo . | 0.13 | 0.56 | 0.95 | 0.95 | 0.95 | 0.95 -
Bork (2005) ' ‘

Bang hé so gidm on, R

- H¢ 56 gidm on 6 cdc tan so trung binh
ctia ddi 1 octave, H7

125 | 250 | 500 |1000(2000|4000)|8000
Khdi xay
Bé tong nhe (1200 kg/m®) 140 mm 30.9(32.1| 42 |49.1|54.4 59.9| 45
B& tong thudng (2300 kg/m®) 240 mm 45.6|51.9(58.7| 66 |70.7]72.3| 63
A LA ENPN ' . _
BE tong bot (400 kg/m’) 150 mm, 24.1(25.9|35.6 | 42.4|47.7] 532 | 39
render 2 x 10. mm .
Gach (1400 kg/m’) 175 mm, trit 2 mit 15 mm | 28.6 | 43 50.3|58.1]63.2 68.1| 52
Qanxi silicat (1200 kg/m®) 115 mm 29.11 33 |40.1147.8]54.9 (604 44
C ey 3 . - ; .
Canxi silicat (2000 kg/m”) 175 mm, trat 2 mat 3061456 |5071603 16541 70 | 56
15 mm S| ;
| Vit ligu nhe
- | Tam thach caoA2 xA12.5 mm v&i khoang cach 30.0|43.053.0 | 60.0 65015001 51
25 mm dugc lap day ‘ ,
Tim tuong 2 x 15 mm WallBoard 146 mm, v 3 ,
khung thép chit C, 25 mm Isowool APR 1200 33.81356151.7156.2159.5149.8) 51
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H¢ 50 gidm on 6 cdc tin so trung binh
cua dai 1 octave, Hy

125 | 250 | 500 |1000)2000)|4000| 8000

Cira di

Vén ép 13 mm, P 3 20 mm, vén ép 13 mm 19.21 35 |379|356| 42 | 38 | 38

Veener 6 mm, TW 1 40 mm, tAm thach cao

12.5 mm, veneer 10 mm 22133 140 1 40 | 44| 40 40

Veneer 6 mm, TW 1 50 mm, veneer 10 mm 21 | 21 | 36 | 37 | 41 | 40 | 35

Tém soi gb 3.5 mm, 2 16p 272729 | 28| 30 | 35 | 30

Kinh

Kinh don 3 mm 18.7| 22 |24.2128.6]34.7(29.4 | 29
6 mm o 234127.4]31.8|352(26.8(35.5| 32
10mm | 26.630.1132.2(30.6|34.9 (453 33
2mm - 31.3(33.1[31.5(32.3 394|457 | 34

Kinh doi 4-6-4 | | 25.7| 25 [23.4|34.1|40.4]365| 31

Kinh d6i 8-12-8 - 292{273 /311|368 35 |46.7 34

Hé s6 tan xa 4m va hé s khuéch tin 4m ciia mot s§ két ciu (ngudn (Cox &
D'antonio, 2009)) T

Trong cac bang dir liéu sau, 2 hé s6 khac nhau dugc gidi thiéu va co vé nhu giéng
nhau, d& gdy nhm 1dn. Mot 12 hé s6 tan xa 4m (scattering coefficient) va hai 1a hé sb
khuéch tan 4m (diffusion coefficient).

Hé sb tan xe_i 12 mot phép do lugng a4m thanh bi tén ra cic huéng khac so véi
hudng phéan xa guong trén mot bé mat phan xa. Hé s tan xa dugc dinh nghia laty
s6 gitta ndng lugng dm thanh phdn xg khong theo phuong cia phdn xa guong voi
toan bé ndng luong dm phdn xa (Cox, et al., 2006).

Heé s6 khuéch tan do ludng chét [ugng (vé d6 ddng déu trong khong gian) ciia cac
phan xa dugc tao ra béi mot bé:mat. Néu nang luong 4m phan xa nim rai rac déng
déu trén moi hudng thi hé sé khuéch tan bing 1; didu ndy duoc goi 14 su khuéch tan
hoan toan Néu toan bd nang luong 4m phan xa nim trén mot hucmg duy nhét thi hé
s6 khuéch tan bang 0.
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Phu lycB

THONG SO KY THUAT LOA SP225-9
VA LOA 8340A CUA JBL

SP225-9 H¢ thong loa hai cong toan
dai tan s6 dé 13p dit ¢b dinh

Cac tinh nang chinh: -

e Ddu dd LF VGC (Vented Gap Cooled™)

o Loa Opt Apt HF 15 '

e Thung loa hinh ‘thang dé sap xép cac cum d& dang

* Son pht DuraFlex, cimg rén, chju thoi tiét

e Tinh nang khuéch dai kép chéng nhiéu / b chon
thu dong

e 12 Diém treo (M10 Thread)

* Céc cau tric mach cao cap d€ cho 4m thanh ning -
mugt ma va on dinh tai cho bd khuéch dai

Théng s6 ky thuat:

H¢ thong:

Dai tan (-10 dB): 33 Hz - 20 kHz

Dai tin dap tmg (-3 dB): 42 Hz - 18 kHz

Pham vi phui s6ng ngang (-6 dB): 90° trung binh 500 Hz dén 16 kHz
Pham vi phti séng dimg (-6 dB): 55° trung binh 500 Hz dén 16 kHz
Hé s6 huéng (Q): 9.3 trung binh 500 Hz dén 16 kHz

Chi s6 hudng (DI): 9.7 trung binh 500 Hz dén 16 kHz

D0 nhay clia hé théng: 100 dB, -1 W'd 1 m

Mtic 4m t&i da danh nghia; 136 dB, & 1 m

Tr& khang danh dinh ctia hé thdng: 4 Ohms

Cong sudt ddu vao ciia hé théng: 1200 W, TEC; dinh 4800 W

B6 khuéch daj duge khuyén nghi: 1600 W
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B9 diéu khién dugc khuyén nghi: DSC260
B0 chia tAn sb thu dong: 1.2 kHz.
Bé chuyén dbi tin sob:
Thn s6 thdp: 2 x 2226H, dudng kinh 380 mm, cu@n tiéng 100 mm
Tro khang danh nghfa: 4 Ohms | ‘
Cong suét diu vao: 1200 W, AES 4800 W
D4 nhay cao nhit: 100 dB, 1 W & 1m
Mirc 4m t8i da tinh toén: 137 dB, & 1 m
B khuéch dai dugc dé xuit: 1600 W

Tin sb cao:  2447J; dudng kinh mang rung va cudn tiéng 100mm, duong kinh

hong: 76 mm
~* Trd khang danh dinh: 16 Ohms
Cong sut diu vao: 75 W, AES;
" Ponhay: 111dB, 1 W, 0 1m
~ Miec 4m t6i da tinh toan: 136 dB, & 1m
* B6 khuéch dai dugc khuyén nghi 3: 200 W
Vit ly:

Thing loa: Hinh thang, 22.5° géc canh bién, van gb bach dwong
Théng s6 k§ thuat moi trudng: Mil-Std 810, IPX4 /IEC 529
Phu kién treo: 12 diém; chép nhan phén ctimg ¢6 ren M10

Hoan thién bé mit: Son den DuraFlex

Ludi: Ludi thép duc 16 bing thép ma kém den

Néi du vao: 2 x ddu ndi Neutrik Speakon NL4

Kich thudce: 1151 mm x 451 mm x 451 mm

Trong lugng tinh: 53.5 kg

Thong tin:

Kiéu loa SP225-9 1a mot hé thong loavdﬁy du, thuc su cung cAp bing thong chua
tung cd va ap sudt am tdi da trong mot goi hé théng duy nhat. V&i mirc phtt &m danh
nghia 90°, cac hé théng c6 thé dugc nbi véi nhau d8 tao ra ving pht rong hon va /
hodc ap suét Am 16n hon. Hai bd chuyén d6i LF 15 "VGC (Vented Gap CooledTM)
cung cAp 4m trdm thay d6i manh ma&.
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Loa tép HF Optimured Aperture™ duogc két hop vdi trinh didu khién nén thoat ra
2447], kich thuéc 1.5 inch cung cdp phan hdi tin sb cao chinh xac va rd rang.

SP225-9 dugc trang bi mot bd chia tAn sb thu dong c6 thé duoc chuyén thanh b6
khuéch dai kép théng qua mét bd phan chdng nhidu tir bén trong d& tiép can. Ché do
khuéch dai kép, str dung bo didu khién sé DSC260 cho chic ning chia tan, tin hiéu,
va loc tan - cung cp hiéu ning hé thdng tbi uu.

SP225-9 1a mét phén ctia JBL Sound Power Series, mot dong loa ddc 14p thiét ké
cho cac hé théng lép dit ¢b dinh, muc dich tang am dén cac hoat dong am nhac co6
quy md 16n. T4t ca cac loa déu c6 diém treo chip nhan méc kiéu M10. Vo boc duge
hoan thién véi 16p phi bén, chiu duge thoi tiét va hoan thién két cdu bing son
DuraFlex. G§ ép 13mm cao cap va thép 1.02 mm, luéi bot 16t sau lung giup dong
loa SP tuan thu cac yéu cdu vé kiém tra moi truong.

Pdp tuyén tin sé dwoc do trén truc loa ¢

khodng cdch tham chiéu dén 1 mét & dauvao 1 W
(2.0 V rms) trong moi truong khong phdn xa

Ddp tuyén tin sé
léch truc - phuong ngang
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* Biéu dé cuc cho thdy hwéhg phdt ciia loa trén mdt phing dieng (1/3 Octave)

OOOOOOO

"""""""""

© 7 JBL Proféssional :
8500 Balboa Boulevard, P.O. Box 2200
Northridge, California 91329 U.S.A.
H A Harman International Company ’ C
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S340A Loa vong cong suit cao cho rap
| phim tmg dung k§ thuat sb

Cac tinh ning chinh:

o Dap tuyén tin sb 45 Hz dén 18 kHz

¢ D4 nhay cao, 96 dB SPL, 1 W, 1 m

o Kha niing xtr ly cbng suét cao: tiéng on hong
250 watts lién tuc _

e Thiét ké ldp dat thuan tién st dung khung ga
JBL QuickMountTM, Omnimount® hodc APC
Multimount

* Hinh dang loa ddc biét két hop tdm chén phia
trude ¢ the nghiéng 20°
e Cong nghé xi ly tan s6 SMPTE / 1S02969
Curve X
¢ V0 nhe, chic chin
* Diu vao loa ndm trén dau loa dé dé lap dit va
sir dung
e Phat song am theo phuong ngang va doc tuong
duong nhau
o Dap ung tiéu chuin THX®
Théng s6 ky thuit:
H¢ thong:
Dai tan s6 (-10 dB): 45 Hz - 18 kHz
Tén sb dap ung (+ 3 dB): 75 Hz - 16 kHz
Cong sudt danh gi4: tiéng dn hong 250 watts lién tuc, cyc dai 1000 watts
D6 nhay (1W/1m): 96 dB-SPL nira khong gian / gan trén tudng
94 dB-SPL trudng tu do
Mirc 4p suét 4m dinh t8i da: 126 dB/1m
Tré khang danh dinh: 8 ohms '
Pham vi phu séng ngang (-6 dB): 100° trung binh 400 Hz dén 12 kHz
| Pham vi phti séng ding (-6 dB): 80° trung binh 400 Hz dén 12 kHz
Hé sb hudng (Q): 7 trung binh 400 Hz dén 12 kHz
Chi sé huéng (DI): 8.4 dB trung binh 400 Hz d¢én 12 kHz
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Tén sb cla bd chia: 2.2 kHz _

Dudng bao tan sb cao: Pudng bao xung quanh kiéu IS02969 Curve X

Tinh phén cuc: EIA (dién 4p duong dén cuc RED tao ra rung dong mang loa
phia truéc)

B6 chuyén dbi tan sb thép: Duong kinh danh nghia: 250 mm

' Cudn tiéng 51 mm
Bo chuyén dbi tin sb cao: Dudng kinh danh nghia: 25 mm
Cudn tiéng 25 mm

Vit ly:

Géc phat xubng: 20° so véi phép tuyén khi gén loa bing mit sau

Vit liéu vo loa: Nhya den ¢6 van H.I.P.S.

Mau luéi: Den

Pau vao nbi: 5 cbng két ndi véi nhau

Kich thuéc (H x W x D): 457 mm x 457 mm x 260 mm

Trong lugng tinh: 8.6 kg

Théng tin:

Loa Cinema Surround 8340A cung cép kha ning xr 1y cong suét cao, do nhay
cao va ting cudng hiu ing bass trong mdt vo loa nho gon. Tinh ning kép db tin cay
va hiéu sudt cao dugc chimg minh ciia 8340A di khién né trd thanh tidu chudn
nganh cho loa d4p tuyén rong theo yéu cu cua cac dinh dang 4m thanh sd.

Loa 8340A c6 cong sudt cao, trinh diéu khién tin sé thap kidu phét xa - 250 mm
cho phan Ung bass mugt ma va dugc ting cu&ng.‘ Phén tan sb cao két hop mdt mang
loa nén titanium dudng kinh 25mm véi miéng loa kiéu loe déu, cho codng suét dau ra
rt cao va pham vi phu séng rong, tham chi & céc tan sb cao. Coéng sut lién tuc 250 W
(t6i dal000 W) cung cdp dai tan s6 dong mo rong cén thiét cho cac ban nhac k§
thudt s6 vé&i d6 tin cay tuyét doi.

Kiéu dang hién dai, véi vo van mau den véi ludi mau den gitp dé trang tri ndi
thit hon.

Khung QuickMount ctia JBL cho phép lap dit nhanh chong va don gian trén mot
ntta khung 1p dat trude do.

Pugc xdy dung véi céc tiéu chuan chit lugng JBL truyén thdng, loa 8340A phu
hop dé sir dung lau dai dudi didu kién bét loi trong khi cung cép hiéu suét tuyét voi.
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Phu luc C

LIEU CAC THIET BI PIEN TU
CO GIAI QUYET HET CAC VAN PE AM THANH?

Béng ma ciia cac thiét bj dién tir ciia phong hoa nhac tiép tuc 4m anh nhiing ai tin
réng Thién Chiia mudn céc ph(‘)ng hoa nhac dugce lam béng gd va thach cao, khong
bi tran ngdp boi loa phéng thanh, béng ban din va hé théng tao tré. Nhimg ngudi
theo chii nghia 4m hoc thuén khiét nhin nhén ring cong nghé 4m thanh hién dai giét
chét da gibt chét am thanh thudn khiét, bi giét bdi ma quy - ké 1am x4o tron cac quy
ludt tu nhién. VA ngudi dimg diu ctia nhimg con quy & M§ trong mét ho 1a mdt quy
éng tréng rat thanh thién tén 13 Christopher Jaffe, ngudi dl’mg ddu cia cong ty
Christopher Jaffe Associates & Norwalk, Connecticut, ngudi da dién tir hoa hang
chuc thinh phong va dang 1én ké hoach nhiéu dy 4n hon.

Khoang hai thang trudc, nhitng ngudi theo chil nghia 4m hoc thuan khiét bat dau
lo ling va phlen mudn hon binh thudong. Vao ngay 12 thang 10, dan hoa tAu
Indianapolis t6 chirc budi hoa nhac dau tién tai ngbi nha méi cta minh — nha hat
Vong tron (Circle Theatre), vbn 12 mot rap phim cé tr ndm 1916 da dugc 6ng Jaffe
cai tao 4m hoc véi hé thdng dién tir. VA mot 1dn nita, vin dé duoc dua ra: liéu 4m
thanh dién tir c6 chd trong mdt khan phong vén chi danh cho am thanh "thuin
khiét"? Tham chi 1a cAu hoi: vi tri ndo ma cac nha am hoc thuan khiét c6 thé dam
nhan c6 thé dat dugc khi két qua budi hoa nhac néi trén thanh cong?

Vi ¢6 thé khong phii nhén ring 6ng Jaffe di st dung hé théng dién tir ctia minh dé
tao ra mot Am thanh chéit lugng déng ngudng mé. Ngay ca dudi ban cong 16n nho ra,
noi 4m thanh c6 thé tan mat xung quanh va bi ti€u hao, do rd va-am sic van duoc
duy tri, am lwong ciing khéng bi mat mat chit nio. Diéu déng noi la nhing du 4n
trudc ddy cua Ong Jaffe trong céac thinh phong dién tir khéng lam hai l1ong tat ca
nguoi nghe. Trong nha hat Eugene & Oregon, cach day vai nam, hé thong dién thanh
ctia 6ng nghe c6 vé tuyét voi khi hoi trudng tréng rdng va lai kém hay khi khén gia
c6 miat diy dua. (Ong no6i ring van dé da duogc giai quyet) Lén nay thanh cong 12 diéu
khéng thé tranh cii. :

378



Ong Jaffe d 14p dat trong nha hat Vong tron hé théng ERES cua éng iy. ERES 1a
viét tét cua Electronic Reflected Energy System (xem muc 6.5.3.1). N6 nhim cai
thién ning lwgng dm phan xa bj thidu hut cua thinh phong - va céc tir d6, ning
lwgng Am phan xa, 13 nhiing tir ddy ma thuat dbi véi cac nha 4m hoc ngay nay.

Nhiing ndm trude day, nhiing tir ma thudt trong 4m hoc thinh phong 14 thdi gian 4m
vang. Néi mdt cach ném na, thoi gian 4m vang 1a thoi gian can thiét dé cuong do
trudng 4m thanh giam xudng 60 decibel. N6 dugc do & céc tan s khac nhau. Mot -
phong hoa nhac ¢6 thoi gian 4m vang tlr 1.8 dén 2.2 gidy & tin sb 500 - 1000 Hz (chu
ky moi gidy) dugc xem xét mot cdch nghidm nhién la mét thinh phong tét. Nhung
trong nhitng nim gin day, ngui ta thiy rang mot s6 hdi trudng méi véi thoi gian 4m
vang "hoan h4o" lai khong phai 1a hoan hao. R6 rang 13 ¢6 moét céi gi d6 con thiéu.

Ngay nay, ngudi ta tin rang cai con thiéu do chinh 1a nang luong 4m phan xa.

Trong bt ky phong hoa nhac nao, tai thinh gid s& nhidn dugc am thanh tir hai
ngudn: true tiép tir san khiu, va phan xa tir tudng va trdn nha. Nhidu nha 4m hoc
hién dai - va 6ng Jaffe 14 mdt nha 4m hoc rét hién dai - cho ring bi mat chu yéu cta
mét phong hoa nhac cao cp c6 lién quan dén thoi gian t6i wu 4m thanh dén tai
ngudi nghe clia cac phan néng luong &m sém va tré.

Céc trudng nang lwong tn sb trung binh va cao tdn (250 Hz trd 1én) nén dén tai
ngudi nghe trong vong 20 va 30 mili gidy. Cac 4m thanh tan s6 thdp (250 Hz va &
dudi) sé dén sau, sau 30 mili gidy. Su dén dung lic cia cac 4m tin sé trung va cao
s€ tao cho thinh phong c6 4m diéu, c6 d§ sang, dd nét, do trong tréo ctia 4m thanh.
Su xuit hién ding lic cia am thanh tin sb thép s& bdi dép cho sy 4m ap, hiéu ang
bass, su can dbi cua cdc chu trAm. Cac phong hoda nhac cii ndi tleng di dat dugc thoi
gian Am dén tai hop Iy bing cach st dung cac bé mjt tudng va tran nha day trang tri.
Nhung ngay hém nay khéng ¢6 kién triic su nao nghi dén cac th trudng cfi, véi héc,
tuong nhd va cic mon trang sic khéac gitip khuéch tan 4m thanh. Céc thinh phong
hién dai “hién dai” hon, don gidn hon trong viéc thiét ké, va c6 tinh sach s€ tron tru.
Vi vy, cac nha 4m hoc phai lam viéc véi céc hé théng cac tAm phan xa &m — chén
&m, cac “dam may 4m hoc” trén trdn va nhitng thi tuong tu.

D6 13 mot chu dé phuc tap, va dng Jaffe ban ron khdng bao gid chiju ban ron dé
gidi thich cho hang gi& vé vin dé dé. Pam ngudi, héi, d& chiu, manh m&, mot
thuong gia tu nhién, mot nguol dan 6ng véi mot thai @6 hém hinh, mdt nguoi cai
dao ddy dam mé, Ong Jaffe gan nhu 1a mét nha 4m hoc tu hec va duge coi 1a mot
nguoi khong chuyén trong cic van dé 4m hoc. Ong ta lién tuc lam viéc khong ngung
nghi. Trong khi hiu hét céc nha am hoc 1am tir 20 dén 30 thinh phong trong subt
cudc doi cua ho, ong Jaffe da c6 trong tay ca 100 truong hop, tir cac phong hoa nhac
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dén cac hoi truomg da ning, tir céo. sn khiu ngoai trdi (noi dng gdy dung tiéng tim
dau tién) cho cac hé théng 4m thanh trong phong hop ‘Moi thur lién quan dén am
thanh déu tim dén dia chi cia 6ng 4y. ' o

Viéc éng dén véi thé gisi 4m hoc cling that tinh cd. Sinh nam 1927 & Brooklyn
anh tt nghiép k¥ su héa hoc tai Vién Bach khoa Rensselaer, sau d6 dén Pai hoc
Columbia d& 1am vidc v& kich righé va san khAu. Sau d6 it 1au 6ng da thiét ké nha hat
va cAc cOng viéc cua nha hat. Sau d6 ng thiét ké mot 16p vo 4m hoc. cho Nha hat
Opera New England ctia Boris Goldovsky, sau d6 6ng thanh 18p mdt cong ty chuyén
v& thiét k& vo. Céc khoan thu nhap chu yéu dén tir Cincinnati Symphony, New York
Philharmonic, White House, Metropolitan Opera va cac tb chirc ndi tiéng khac.

Niam 1964 ong thiét k& nha hat dau tién, gian hang cho Meadow Brook Music
Festival. D6 1a m6t thanh cong v& mit am thanh. Ké tr d6, 6ng d4 1am-cac thinh
phong tir Mexico dén Canada, gin diy nhét - ngoai Nha h4at Vong tron - Thinh
phong Boettcher & Denver va Phong Hoa nhac Silva ¢ Eugene. Hién dang lam la cac
hoi trudng & Anchorage, Houston, Columbia (S C.), Fort Myers va San Antonio.
Ong Jaffe ciing 1a nha thiét k& 4m thanh cho nha hat trong khach san Marrioft-
Marquis mdi trén dai 1 Broadway. : :

Ong Jaffe 1ap fusn mét cach chic chin ring hé thong ERES cua ong khong phal '
1a c4i gi ghé gdm ngoai viéc no chi 13 mét cong cy, duge st dung dé diéu chinh cac
diéu kién trong cac thinh phong da xay dung, hodc tai nhitng hoi truong da nang mdi
ma khong thé hoat dong t6t néu khong co su hd trg ¢ia hé théng dién thanh. Nhung
khi ong 4y c6 trong tay mdt phong hoa nhac chinh théng dugc thiét ké tir con s6 0,
6ng dy cho rang khong c6 ly do gi dé sir dung hé théng ERES ciia minh: Nhung khi
khéng.co su lya chon nao khac -'khi dugc moi xu ly mot rap chidu phlm cti, hodc
mot phong da ning ma nhét thiét phai 12 mot sy thoa hiép - ong khong ngan ngai st
dung bét car phuong tién dién tir ndo 1a can thiét d8 cai thién tinh hudng con hon Ia
khong thé gidi quyét dugc. o

- Trong bt ky trudng hop nao, ong cling cho bibt, céc loai hé théng dién tlr gibng
nhu thtr duge 14p trong Royal Festival Hall & Luan Bon hay nhitng héi treong ma hé
théng ERES di dugc dat, déu 12 nhitng thir rit tw nhién cua thinh phong, hét nhu cac
buec tudng bén va bé mit phan xa trong thinh phong Carnegle hay Symphony Hall ¢
Boston. Nghia 13, cac hé théng dién tir nay khéng gibng nhu ‘cac'hé théng khuéch
dai Broadway, & d6 c4c k¥ su dm thanh lién tuc kiém soat va diéu chinh. Thay vao
d6, mot khi da duoc 1ip dit ching tré thanh cac thude tinh ty nhién cua thinh phong;
khong chinh stra dugc nita (Hé théng ERES trong Nha hat Vong tron chi ¢6 hai lya
chon st dung - Bat va Tét). Chiing khong khuéch dai-4m thanh. Chung chi thay d6i
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&4m thanh, 1am theo c4ch dién tir chit khéng theo cach co hoc. Ching dugc dung cho
cho phong hoa nhac gidng nhu nhiing gi ma nhitng "dam may" hodc cAc mén thiét bi
khac 1am cho cac phong hoa nhac chinh théng hoic nha hat opera.

Thyc t€ 13 khoang théi gian tir nam 1860 dén nam 1910 d4 chimg kién sy ra doi coa
nhiéu phong hoa nhac tuyét voi trén khip thé gisi (ba bd thinh phong vi dai nhat duoc
thira nhén 1a Musikverein ¢ Vienna, Concertgebouw & Amsterdam va Symphony Hall
& Boston). Tuy nhién, mic di c6 tit ca sy tinh vi cia cac hé théng dién t trong vai
thap ky qua, két qua dat dugc 14 gi? Giai doan sau Thé chién II dudng nhu da nhin
ching kién hét thim hoa 4m thanh nay dén thém hoa am thanh khac. Tir "acoustics”
dot nhién tré nén ndi tiéng & My sau sy thét bai ctia Hoi truomg Philharmonic cia
Trung tam Lincoln (nay 1& Avery Fisher Hall) vao nim 1962. Hay thit bai cta thinh
phong New York da bi thit bai 4m thim cta Royal Festival Hall & London 1am lu mo.

Trudng hop sau cling d3 giai quyét duoc vin dé cua né bang cach 1ip dit mot hé
théng dién tir cung cép phéan img 4m bass ma trudc ddy hau nhu khéng c6 tiéng bass.
Thinh phong Philharmonic & Berlin d4 truc tric va xdy lai. K& tir d6, d4 c6 rét nhiéu
phong hoa nhac va nha hat opera tai Hoa Ky, nhd sy gia ting cta cac trung tdm biéu
dién nghé thuét bat dau tir nhitng nam 1960. Nhung rét it trong sb d6 da dugc céc
chuyén gia &m hoc dén chao ndng nhiét. C6 gi sai trai véi khoa hoc vé& 4m hoc? Hay
cai goi 1a “khoa hoc cta am hoc” 1a mét cai gi d6 gibng nhu ma thuat, hoic phéng
doan, hogc gidng nhu doc cc thé bai tarot (mot loai bai cb & Chau Au - téc gia)?

Ong Jaffe cling ¢6 cau tra 10 cho vén d& nay.

"T4t nhién 4m hoc 14 mot khoa hoc," dng ndi trong van phong Norwalk cia 6ng.
Nhiing gi da xdy ra sau chién tranh thé gi6i II, va dic biét 1a sau sy bing nd ctia hang
loat céc trung tdm nghé thuat, thyc ra 13 mot hoi truong da ning. Chic chén d c6 rat
nhidu va rit nhiu thinh phong méi. Nhung rét it trong s6 d6 duoc xdy dung dé ding
riéng cho mdt chirc nang 14 mt sanh hoa nhac hay mot nha hat opera. D6 1a nhitng
phong da ning 16n, chita dyng tt c4 cac loai nhac - opera va symphony, biéu dién va
nhac jazz, cac chuong trinh du lich, moi thir. Piéu nay 1a trai véi tit ca cac quy luat
vat Iy. Mot nha hat opera cdn mot khoang thi gian am vang ngfn, nhu 1.2 hodic 1.3
gidly. Mot phong hoa nhac can 1.8 dén:2.2 gidy. Lam thé ndo c6 thé mot thinh phong
lam dugc ca hai chic ndng? Toa nha da ning da 1a mét y tuong thét bai ngay tir dau "

Ong Jaffe chi ra rang c6.chua. téi-chuc nha hat opera hodc phong hoa nhac ding
nghia di dugc xay dung & My ké tir ndm 1962, nim ma Trung tdm Lincoln d4 1am
diy 1én con sbt cua trung tAm biéu dién nghé thuit. D4 cé Philharmonic Hall (Fisher
Hall), Metropolitan Opera, hai trung tim Kennedy Center, phong hoa nhac &
Minnesota, Salt Lake City, Denver, San Francisco va Baltimore. Hon thé, hang tram
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phong da nang trén khép dit nuée dd duge dung 1én. Rét it thanh phd c6 thé du kha
nang va su sang trong dé 1am phong hoa nhac va nha hét opera thanh 2 hang muc
riéng biét. Vi vay, cac cdng ddng chon xay dung cc hoi trudng da hang, véi du dinh
kidu nhu “mét  cdm cho tat ca moi thur”. , |

Ong Jaffe néi: "Am hoc da bi gan cho mot cai tiéng xAu vi nhing phong da nang
kiéu d6". "Ciing c6 xu hudng cho cac dan nhac giao hudng di dién or céc rap chiéu
ph1m dugc khoi phuc. Nhung nhin chung nguoi ta khong nhén ra ring nhiéu trong
s6 d6 dang duoc st dyng nhu cac hoi truong da néng. Tai chau Au ciing c6 rat nhiéu
hoi trudng da nang. Nhiéu trong s6 d6 14 mét mé hén don”

Tuy nhién, theo ong Jaffe, vin c6 hy vong. Nho vao sy tién bd to 16n trong khoa
hoc &m thanh vao khoang phan tu cudi cing cua thé ky 20, nhd vao viéc phat minh
ra cac dung cu do vd cling phuc tap hon trude déy, nho mot s6 nghién ctru ding chu
y vé tinh chit cua thinh gic, nhd cac k¥ thudt dién tr méi - cam on tat ca nhitng
didu nay, cac chuyén gia 4m thanh co6 thé tiép can giai quyét cic van @& cta hoi
truong da nang voi mot muac do tu tin dang ké.

Christopher Jaffe n6i. Va hon thé nita. Ong nhin ban trong mat va tudng thuat véi
st chic chén binh tinh, nhu 1a mot vén dé don gian cua thyc té, rang voi cac cdng cu
dién tr m6i ngay nay "cé thé nhan dbi s luong céc thinh phong tdt trén thé gisi".

Nguoi ta cho rdng céc dong nghiép am hoc clia 6ng dy don nhan didu dé véi mot
chit bao thi. Thé glOl clia cac chuyen gia v& 4m thanh 1a nhé va mang tinh tai ning
bAm sinh, do do rét it ngudi trong s6 ho s& néi bat cir didu gl cho mot xuét ban pham
c6 thé gay bét 1o cho mot ddng nghiép. (Nhung néu néi mot cach riéng tu - vén d& c6
thé khac). Vi Vay nhiéu chuyén gia am thanh phan d01 véi tuyén bd cta ong Jaffe da
tir chdi khong cho néu tén dich danh. Nhung phan tmg cua ho ¢o thé thay d6i tir mot
phéan Gng quyét liét kidu “vo ly qua"‘ cho dén nhimg thai do kho gh1 nhan hon. Ong
Jaffe, mét thanh vién cua H1ep hoi Am thanh Hoa Ky, Hiép hoi Ky thuat Am thanh va
Vién Am hoc (Anh) ro rang van 1a nguou khong chuyen nhu céc chuyén gia am thanh.

Tuy nh1en s& rat tho vi néu céc nha dau tu ctia mot phong hoa nhac hodc nha hat
du kién tiép can 6ng Jaffe va n6i: "Puoc rdi. Hay lam cho t6i mot Musikvereinsaal,

lam cho toi mot La Scala®.

Xudt ban ngay 23 thang 12 ndm 1984
Boi HAROLD C. SCHONBERG (chh thudt: TS. Nguyén Anh Tudn)
The New York Times

[C6 tai:  http://www.nytimes.com/1984/ 12/23/arts/can—electromcs solve- all—
acoustical-problems.html?pagewanted=all, truy cap ngay 6/2/2017]

*Tén c4c phong hoa nhac ndi tieng ¢ Vién - Ao va Milan - Y.
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