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Tém tit

Mbi truong am thanh trong 16p hoc dwoc danh gia qua hai chi s6: muc 6n nén va thoi gian am vang, ca hai déu
anh huong truc tiép dén chat lugng Am thanh, hiéu qua giang day cia giao vién va kha ning tiép thu cia hoc
sinh. Nghién ctru thuc hién khao sat, ddnh gia hai chi s6 néu trén trong toan bo dai tan s6 va trong dai tan sb
anh huéng dén kha ning nghe hiéu: 1.000 Hz — 4.000 Hz dbi véi 16p nghe giang va 125 Hz — 4.000 Hz d6i véi
cac 16p biéu dién/nhac kich trong mot treong hoc tai Ha Noi. Két qua nghién ctru cho théiy cac 16p hoc duoc
khao sat déu khong dam bao mirc 6n nén cho phep khi Van hanh h¢ thong HVAC. Khi khong van hanh hé thong
HVAC, cic 16p nghe giang déu dat yéu cau mic on nen trong khi céc 16p biéu dlen/nhac kich c6 khé nang bi
suy giam kha nang nghe hleu 10 kich & pham vi tan s6 thap 125 Hz — 500 Hz. C6 50% sb 16p hoc dwoc khao
sat khong dam bao yéu cau vé thoi glan 4m vang, déu 1a cac 16p nghe glang chua duoc xu ly am hoc. Lép hoc
nho véi bé mit phan xa am 16n ¢6 thé bi anh hudng ning né hon vé muc dn nén va thdi gian 4m vang do cong
hudng am.

Tir khod: muc 6n nén; thoi gian am vang; kha nang hiéu; am hoc truong hoc; cong hudng am; mirc on do thiét
bi.

EVALUATION OF BACKGROUND NOISE LEVEL AND REVERSE TIME IN CLASSROOMS IN FRE-
QUENCY RANGES AFFECTING SPEECH INTELLIGIBILITY

Abstract

The classroom acoustic environment is assessed through two key indicators: background noise level and rever-
beration time, both of which directly impact sound quality, teaching effectiveness, and students’ learning com-
prehension. The study involved surveying and evaluating these two indicators across the entire frequency
range and within the frequency ranges critical for speech intelligibility: 1,000 Hz to 4,000 Hz for lecture
classrooms, and 125 Hz to 4,000 Hz for performance/drama rooms at a school in Hanoi. The findings revealed
that all surveyed classrooms failed to meet the permissible background noise levels when HVAC systems
were operational. Without HVAC operation, lecture classrooms met the required background noise, whereas
performance/drama rooms showed potential speech intelligibility degradation at low frequencies (125 Hz —
500 Hz). Additionally, fifty percent of the surveyed classrooms did not meet the reverberation time requirements,
all of which were lecture rooms that had not been acoustically treated. Small classrooms with large sound-
reflective surfaces were found to be more severely affected by elevated background noise levels and prolonged
reverberation times due to acoustic resonance.

Keywords: background noise; reverberation time; intelligibility; classroom acoustics; acoustic resonance;
equipment noise.
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1. Gioi thiéu

DPam bao moi truong am thanh tét cho viéc nghe hiéu 14 nhiém vy thiét yéu, dong vai tro quan
trong trong trai nghiém hoc tap. Mot 16p hoc c6 truong am thanh kém, khong dam bao mirc on nén,
thoi gian 4m vang va khong dam bao kha ning nghe hiéu s& gy khé khin cho ca ngudi day va nguoi
hoc, giam nang suat va chit lugng giang day, hoc tap [1-4]. Hai chi s6 quan trong duoc xem xét trong
yéu cau chét luong 4m thanh 16p hoc 12 mtc dn nén (L Aeg» dBA) va thoi gian am vang (RT, s). Cac chi
s6 nay thuong duoc xem xét & cac dai tan sé trung binh tir 500 Hz dén 1.000 Hz theo tac gia Arau va
tiéu chuan NS 8178 [5-7], hay dai tan 250 Hz dén 2.000 Hz theo tiéu chuin BB93 [8]. M6t s6 nghién
ctru chi ra rang, gido vién hoat dong hiéu qua hon khi 16p hoc c6 méi trudng 4m thanh tot, viéc noi
trong mot 16p hoc on a0 co thé gay cang thiang cho gido vién va c6 thé dan dén cac van dé vé giong noi
[9—11]. Mot s6 nghién ciru khao sat anh huéng ctia méi trudng 4m thanh trong 16p hoc nhu tiéng 6n
tac dong dén strc khoe tam 1y cta hoc sinh [12—14]. Cac nghién ctru ctia Roy, da Cruz va cs. [15, 16]
cho thiy rang muc 6n nén va thoi gian 4m vang c6 anh huong dang ké dén trai nghiém hoc tap cua
hoc sinh ciing nhu hiéu qua giang day cta gido vién. Mic du dé co cac tiéu chudn va khuyén nghi
vé 4m thanh trong 16p hoc nhung cac 16p hoc gip van d& vé am thanh vén rat phd bién [17-19]. Mot
nghién ctru vé chit lugng 4m thanh trong 16p hoc dé khao sat 17 16p hoc ¢ céc truong trung hoc tai
Han Qudc, noi van chua co cac tidu chuan am hoc cu thé cho 16p hoc [20]. Nghién ctru ndy tap trung
vao tiéu chi vé kha ning hiéu 10i noi thong qua cac bai kiém tra. Két qua nghién ctru cho thay thoi
gian &m vang phut hop cho 16p hoc 12 0,76 s, v6i mirc 6n nén dudi 35 dBA [20]. Trong nghién ctru cua
Kristiansen va cs. [21] cac tac gia dd danh gia mtrc d6 hai 10ng cuia gido vién bang cach sir dung chi
s6 do lué’ng suc khée tinh than vai cac chi sé khac nhau: muc d6 hai long véi c()ng viéc, su kho chiu
va cang thang vé thé chat, thiéu ning luong, thiéu dong luc, budn ngi va y muon rd1 bo cong viéc.
Cu01 cung, nghién ciru da rit ra hai chi s6 quan trong: thiéu ning luong va ¥ mudn rdi bo cong viée
néu moéi truong am hoc khong duogc dam bao.

Mic du viéc thiét ké tudn tha cac tiéu chudn vé& 4m hoc nhung van xdy ra cac van dé vé dam bao
kha ning nghe hiéu. Didu d6 c6 thé dugc giai thich trén co s xem xét anh hudng cua cac dai tan s6
am dén do 6, d6i v6i 16p hoc nghe giang tir 1.000 dén 4.000 Hz theo [22] va biéu dién/nhac kich tir
125 dén 4.000 Hz theo ISO [23]. Cac gidi han nay ciing dugc sir dung khi danh gia, thiét ké thoi gian
4m vang tai Thuy Dién va Phan Lan [24], thay vi xem xét tiéu chuan BB93 va thuc hanh thiét ké theo
chi s6 NRC theo dai tan 250 — 2.000 Hz. Tai Viét Nam, thiét ké mirc 6n cho phép tai cac vi tri lam
viée stt dung TCVN 3985:1999, TCVN 175:2005 va QCVN 24:2016/BYT. Tuy nhién cac tai liéu nay
chua ¢ quy dinh cu thé ddi voi mirc 6n nén va thoi gian 4m vang trong cac khong gian 16p hoc hodc
da hét hiéu lyc: vi du TCVN 175:2005 Mirc 6n tdi da cho phép trong cong trinh cong cong — Tiéu
chuén thiét ké c6 quy dinh mirc dn chap nhan dugc trong 16p hoc phd thong khong qua 45 dBA, tuy
nhién tiéu chudn nay hién nay da hét hiéu lyc sir dung va khong cé quy dinh vé thoi gian 4m vang cho
phép trong 16p hoc. Trong mot sb thiét ké truong hoc doi hoi kiém soat chat lugng 4m hoc phong cao
thudng duoc 1dy theo tiéu chudn nudc ngoai (sir dung nhiéu 1a BB93). Viéc x4c dinh cac chi s6 danh
gia chat lugng méi trudng 4m hoc trong cac 16p hoc, xem xét dén cac dai tan sd quan trong cai thién
kha ning nghe hiéu can dugc xem xét mot cach day du hon trong bdi canh ning cao chit lugng moi
truong hoc tap tai Viét Nam.

2. Tiéu chuin tham chiéu thiét ké Aam hoc cho trudng hoc va pham vi tin s6 cai thién kha ning
nghe hiéu

Do céc tiéu chuan hién hanh ciia Viét Nam chwa c6 quy dinh cu thé dbi voi mirc 6n nén va thoi
gian 4m vang trong cac khong gian 16p hoc hodc di hét hiéu Iyc nén nhom nghién ctru Iya chon tiéu
chuin BB93 dé tham chiéu két qua khao sat do ludng.
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2.1. Tiéu chudn tham chiéu BB93

V&i myc tiéu danh gia moi trudng am thanh trong cac 16p hoc, 6 xem xét dén kha ning nghe hiéu,
nghién ctru nay thuc hién cac phép do, danh gia: mac 6n nén va thoi gian 4m vang, tham chiéu theo
tiéu chuén thiét ké 4m truong hoc BB93 [8]. Cac 16p hoc dugc lya chon khao sat chia thanh hai nhém
chinh: 16p “nghe giang” va 16p “biéu dién/nhac kich”, c6 kich thudc va ty 1¢ khac nhau tai mot truong
trung hoc & Ha Noi. Pham vi tan s6 dugc d& xuat Iya chon nghién ctru anh huong dén kha ning nghe
hiéu 161 néi: d6i v6i 16p nghe giang tir 1.000 Hz dén 4.000 Hz, d6i véi 16p biéu dién/nhac kich tir 125
Hz dén 4.000 Hz. Viéc danh gia dang hiéu qua 4m hoc & cac tan s6 anh huong toi d6 rd ciia 4m thanh
s& gitip diéu chinh thiét ké kién trac, co dién, sir dung vt liéu noi that nham cai thién méi trudng 4m
hoc cho 16p hoc mot cach hi€u qua. Ddi voi cac 16p hoc yéu cAu dd rd cua 10 noi, can thoi gian am
vang ngan hon, trong khi d6i v6i cac 16p nghe nhac, thoi gian 4m vang can dai hon. Céc gid trj yéu cau
vé thoi gian Am vang va mirc dn nén tdi da cho phép trong tiéu chuan Building Bulletin 93: Acoustic
Design of Schools - Performance Standards (Vuong qudc Anh) duoc cung cép trong Bang 1.

Bang 1. Tiéu chuan muc on tdi da trong truong hoc [8]

G161 han trén cia mrc 6n nén

Chtrc nang 16p cho phép, dBA

Lép hoc trung hoc, khu vuc giang day chung, 16p hoi thao, 16p 35
huéng dan, 16p thi nghiém ngdn ngir

Lép hoc nhac ctia truong trung hoc co s¢ Cac 16p thyc hanh (nho 35
va 16n)/16p hoc Lép biéu dién

Bang 2. Tiéu chuan thoi gian 4m vang trong truong hoc [8]

Chtic nang lop RTmf*, s

Truong trung hoc co sd: 16p hoc, khu giang day chung, 16p héi < 0,8
thao, 16p day kém, 16p thi nghi€ém ngon ngit, 16p hoc (nghién ctru
ca nhan, chira bai, l6p gido vién), 16p thi nghiém khoa hoc

Khéng gian giang day danh riéng cho hoc sinh ¢6 nhu cau nghe RT < 0,4 s trung binh cac dai

hoic giao tiép dic biét tan s trung tam 125 Hz — 4000
Hz va T < 0,6 s trong mdi dai
tr 125 Hz—4.000 Hz

Lop tap nhac kich <10

*RTmf, la gia tri trung binh cong ctia thoi gian 4m vang trong cac dai tan sd trung binh 500 Hz, 1.000 Hz va
2.000 Hz.

Cin ctr yéu cau 6 Bang 1 va Bang 2 vé thoi gian 4m vang va mirc dn nén cua 16p hoc, xac dinh
duoc:

- Thoi gian 4m vang yéu cau dbi véi cac 16p nghe giang 1a RT < 0,8 s.

- Thoi gian 4m vang yéu cau ddi voi cac 16p biéu dién/nhac kich 1a RT < I s.

- Mirc 6n tdi da cho phép trong 16p hoc 1a 35 dBA.
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2.2. Cdc ddi tan sé cdi thién kha ning nghe hiéu

a. Cac dai tan s6 quan trong

Tan sb co ban ciia giong nodi con ngudi duge
danh gia trong khoang tir 80 — 400 Hz (khu vuc
tan s6 co ban). Ning luong cia cac 4m nguyén
am chua yéu nam trong khoang tir 250 — 2.000 Hz;
cac phu 4m co tiéng (b, d, m, v.v.) trong khoang
tir 250 — 4.000 Hz va cac phu am khong co tiéng
(f:/ph, S, t, V.v.) thay d(;)’i dang ké vé cuong do va 125 250 500 1000 2000 4000 8000
nam trong khoang tan so tir 2.000 — 4.000 Hz [25]. Tan s6, Hz
Tr,ong cacngdn pgfr c6 thanh diéu nhu tiéng Trung, Hinh 1. Pham vi tn sb va ty 18 (%) nghe hiéu &
tiéng Thai va tiéng Viét, nguoi noi st dung thanh tan sd quan trong tap trung & 1.000 — 4.000 Hz
diéu tir vung hoac tan so co ban dé truyén dat y
nghia. Trong cac ngdn ngit khong c6 thanh diéu nhu tiéng Anh, tiéng Tay Ban Nha, tiéng Nhat, v.v.,
cac tir duoc phan biét bang cach thay d6i nguyén am, phu am hodc ca hai. Tuy nhién, trong hai yéu
t6 nay, cac phu 4m 1a quan trong nhét [26]. Hinh 1 thé hién pham vi tan s nghe dugc va kha néng
nghe hiéu tai cac tan sd, tap trung & 1.000 — 4.000 Hz. Tuong tu, khi xét kha nang nghe hiéu bang
phuong phap str dung bd loc tan s6 giong néi [22], két qua ciing cho thay rang B¢ loc Cao tan (High
Pass Filter) cit nang lugng cua cac dai tan s6 dudi 500 Hz trong khi van dam bao rang tin hiéu giong
no6i van rd rang, va chi giam 5% kha nang nghe hiéu. Tuy nhién, viéc str dung B loc Thap tan (Low
Pass Filter) dé giam ning lugng & céc tan s trén 1.000 Hz lam giam kha ning nghe hiéu dén 40%.
Bang phuong phéap nay ciing cho két qua cac dai tan s6 quan trong xac dinh kha ning hiéu cta giong
n6i nam trong giGi han 1.000 — 4.000 Hz [22, 27].

Do nghe hiéu, %

b. Chénh léch giita muc ning lugng tin hiéu giong néi va mirc d4n nén

Tat ca cac tin hiéu 4m thanh khac ngoai muc dich tiép nhan (nghe giang/nhac kich) duoc coi 1a
4m thanh gay nhiéu. Trong céc 16p hoc, 4m thanh do hé théng HVAC, cac thiét bi gay 6n khéc c6 thé
khién giam kha ning nghe hiéu. i voi 16p nghe tiéng noi, ty 1¢ giita Am thanh tin hiéu (4m thanh
giong noi) va muc on nén, sau day ky hiéu la (S/N) duoc dac trung bdi mic d6 che lép am thanh boi
muc on nén [22]. Theo ddy, cic mic S/N 15, 10, 5 twong duong tin hiéu am thanh giong n6i 16n hon
murc On nén 15,10, 5 dB. Khi S/N mang tri s 4m (-) c6 nghia mirc dn nén 16n hon 4m thanh tin hiéu
glong noi va lam giam kha nang nghe hiéu. Dé ting kha ning nghe hiéu trong 16p hoc, can luu y cac
yéu cau:

- Mtrc 6n nén toan dai cin dam bao tdi thiéu dudi 40 dB(A).

- Am thanh tiéng no6i khuyén nghi & muc 15 dB(A) cao hon khi mirc on nén 16n hon 40 dB(A)
(S/N 15).

- Dai tan s6 1.000 Hz — 4.000 Hz phai duoc dam bao “rd rang” (kept clear): khi thém nhac lam
nén cho tuong thuat, bd can bang equalizer cin giam mirc 4m cuia nhac nén trong dai tin sd nay tir
5-10 dB dé cai thién d6 rd cho 4m thanh tiéng néi.

3. Phuong phap nghién ciru
3.1. Pdc diém cdc lop hoc dwoc lwa chon khao sat

Khao sat thuc hién trén sau 16p v6i hai chirc ning chinh 1 nghe gidng va biéu dién/nhac kich,
dic diém vé dién tich va bé mat hoan thién ndi thit cac 16p dugc mo ta trong Bang 3. Cac 16p biéu
didn/nhac kich déu dugc thiét ké va c6 xtr Iy tiéu 4m tran, san trai tham (Hinh 2). Cac 16p hoc khong
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duoc thiét ké am hoc dz‘?ly du tir dau. Trong qua trinh day hoc, cac 16p hoc ¢6 duge xur 1y thém tiéu am
trén bé mat tuong (Hinh 2(c)). Cac 16p hoc co hai thiét ké chinh:
- Cac 1op hoc ly thuyét sir dung tran thach cao, cac bé mat khong xi 1y ti€u am.
- Céc 16p thyc hanh tran g trang tri, cac bé mit khong xtr Iy tiéu am.

Bang 3. M6 ta dac diém bé mit nodi thit cac 16p khao sat

Lép M6 ta 16p

a. Chirc nang: Nghe giang;
Yéu cAu Am hoc: T1000-4000 < 0,8 8; L1goo—4000 < 35 dBA; LAeq <35dBA

Lép hoc 1: 5 diém do - Tran thach cao tiéu 4m

L&p van dong thé chét - San lat gb

Dién tich 150 m? - Ctra kinh hai bén

Lé6p hoc 2: 3 diém do - Tran khéng xtr 1y tiéu am
Lé6p hoc 1y thuyét - San gb

Dién tich 102 m? - Tuwong xur 1y tAm tiéu Am mot phan
L6p hoc 3: 2 diém do - Tran gd, khong xt 1y tiéu 4m
Lop hoc thyc hanh - San gach

Dién tich 74 m? - Hai bén ctra/vach kinh

Lé6p hoc 4: 3 diém do - Tran gb, khong xtr 1y tiéu 4m
Dién tich 100 m? - San gach

- Hai bén ctra/vach kinh

b. Chirc nang: biéu dién/nhac kich
Yéu cau am hoc: Taso-4000 < 1,0 8; Laso—4000 < 35 dBA; Laeq < 35 dBA

L&p hoc 5: 3 diém do - Tran tiéu 4m
Dién tich 101 m? - San trai tham
- Tudng gach gd 6p
- Khong c6 ctra, vach kinh
Lép hoc 6: 2 diém do - Tran tiéu &m
Dién tich 75 m? - San trai tham
- Vach gd, cira kinh

(a) Lép biéu didn/nhac kich (b) Lép hoc thyc hanh (¢) Lép hoc 1y thuyét

Hinh 2. Hinh anh cac 16p hoc
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3.2. Phwong phdp do va thiét bi do

Nghién ctru tién hanh do ludng muc dn nén va thoi gian Am vang trong sau 16p hoc trong hai
truong hop: A - khi van hanh hé thong su6i 4m, diéu hoa khong khi va thng gié cudng birc (HVAC);
B - khi khong van hanh h¢ théng sudi 4m, diéu hoa khong khi va thong gié cudng bic (HVAC).
Trong thoi gian khao sat, mirc on bén ngoai cac 16p hoc khong vuot qua 55 dBA, tuan tha QCVN
26:2010/BTNMT. Phuong phap do luong tudn theo phuong phap quy dinh trong TCVN 7878-2:2018
(ISO 1996-2:2017). May do dit tai 2 - 5 diém, phan bd déu theo dién tich phong, trén d6 cao 1,2 m
so v6i mat san, cach tudng t6i thiéu 1 m, cach cira s6 kinh téi thiéu 1,5 m. Thoi gian do luong trong
ngdy dugc chia thanh 4 &p (2 6p budi sang, 2 6p budi chiéu), mdi dp do 30 phit, téc do 1ay sb liéu
1a 1s/1 $6 liéu. S diém do va céc 16p hoc khao sat dugc moé ta & Bang 3. Muc dn nén dugce do theo
toan bo dai tan s6, cac két qua do trong sau 16p dugc 1ay gia tri trung binh. Panh gia anh huong cia
muirc 6n nén va thoi gian 4m vang (RT) dén kha ning nghe hiéu dugc xét trén dai tan 1.000 — 4.000
Hz v&i 16p nghe tiéng noi, 125 —4.000 Hz v&i 16p nghe 4m nhac. Day 1a pham vi thinh giac dién hinh
cho 16p biéu dién khuyén nghi xem xét ISO, “Measurement of Room Acoustic Parameters- Part 1:
Performance Spaces,” 3382-1:2009.

Céc thiét bi do ludng déu dap tng yéu cau ciia may do mirc 4m loai 1 theo tiéu chuan IEC 651 va
duoc hiéu chuan theo Tiéu chuin ISO 160283:2014 theo gidy chimg nhén s6 V12.CN5.315.22 ngay
25/11/2022 cta Vién do luong Viét Nam. Cac thiét bi do luwong duogc thé hién trong Hinh 3.

- Hé thong thiét bi phan tich am thanh tong hop 2270G - Pan Mach.

- Phan mém BZ7229 va phan mém phan tich 4m thanh BZ7830 va BZ5503.

(a) May do Norsonic (b) May do phan tich mirc én 2270 (c) Loa da hudng
Nor140 Handheld Analyzer

Hinh 3. Cac thiét bi do muc on nén va thoi gian am vang theo dai tan sd

Céc két qua do luong sau d6 dugc tong hop, phan tich danh gia theo dai tin sé anh huong dén kha
nang nghe hiéu va d6i chiéu, so sanh vai tiéu chun quy dinh vé& mirc dn nén va thoi gian 4m vang ddi
véi 16p hoc BB93 [8].

4. Két qua do lwdng va ban luin

Céc két qua do ludng cho thay mirc 6n nén trén toan bd dai tan s6 do dugce trong truong hop khong
van hanh hé théng HVAC tir 30,6 dén 35,1 dBA, dam bao muc 6n cho phép. Khi van hanh hé théng
HVAC, muc 6n nén trén toan bo dai tan s6 do duge dao dong tir 47,6 dén 56,1 dBA, cao hon rat nhiéu
s0 v6i truong hop khong van hanh hé thdng HVAC va khong dam bao mirc 6n nén yéu cau.

Theo phd giong néi ctia con nguoi (Hinh 4), cic ngudng 35 dB va 42 dB 1a mirc 4m t6i thiéu tai
dai tn 1.000 Hz — 4.000 Hz va 125 Hz — 1.000 Hz khi n6i binh thuong [22]. Bé dam bao kha ning
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nghe hiéu, mirc dn nén phai nhé hon it nhit 10 dB so v&i mirc 4m cta phd giong nodi. Do d6 muc 6n
nén toi da ch:?ip nhan dugc trong dai 1.000 — 4.000 Hz 1a 25 dBA, dai 125 Hz — 1.000 Hz 1a 32 dBA.
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Hinh 4. Mirc 4m theo phd giong néi ciia con ngudi [22]

Xem xét pham vi dai tan s6 anh hudng dén khé nang nghe hiéu, khi van hanh hé théng HVAC
(truong hop A), tit ca cac lop hoc déu c6 mirc on nén cao, vuot qua ngudng cho phép (xem H1nh 5).
Khi khéng van hanh hé thong HVAC (truong hop B), tit ca cac 16p nghe giang co muc on nén trung
binh trong pham vi dai tan 1.000 Hz — 4.000 Hz tir 10 dBA — 18,8 dBA. Mirc 6n nén nay dam bao
thip hon it nhat 10 dB so v&i mirc 4m giong noi binh thuong, (xem Hinh 4, Hinh 5(a)—(d)). Mtc 6n
nén trung binh trong hai 16p biéu dién/nhac kich do duoc trong pham vi dai tan 125 Hz — 4.000 Hz
tir 20,1 dBA dén 24,5 dBA. Cac gia tri nay dam bao kha ning nghe hiéu 15i thoai trong biéu dién véi
nd lyc noi trung binh, tuy nhién mirc 4m néi khé s& c6 kha ning bi che 1ap & pham vi tan sb thap 125,
250, 500 Hz.

Két qua do luong thoi gian 4m vang cho thay 50% s 16p khong dam bao yéu cau, do thiét ké
khong xem xét dén van dé sir dung vat liéu tiéu am (16p hoc 2, 3, 4 véi thoi gian 4m vang lan luot 1a
1,09 s; 1,38 s; 1,36 s). Cac 16p biéu dién/nhac kich déu dugc thiét ké tiéu Am va dat thoi gian &m vang
yéu cau (xem Hinh 6, Bang 4). Trong d6 16p hoc 3, 4 ¢6 thoi gian am vang 16n nhat déu hoan thién
bé mit gb sé ranh dic két hop thach cao tiéu am rat thap.
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Hinh 6. Thoi gian &m vang trung binh tai 6 16p hoc khao sat
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Tir két qua khao sat, co thé thay van dé ton tai 16n nhat chinh 1a khi van hanh hé théng HVAC,
muirc 6n nén do duogc trén toan dai tan sd va xét riéng ¢ dai tan sé quan trong anh hudéng kha ning
nghe hiéu déu vuot gidi han cho phép theo tiéu chuan BB93. Néu xét theo tiéu chudn cii TCXDVN
175:2005 v&i gidi han muc dn cho phép 45 dBA thi cac 16p hoc sb 1, 4, 5 ¢6 thé duge chap nhan (mirc
dn vuot gidi han khong quéa 5%, xem Bang 4). C6 thé thay tiéu chuén cii dd hét hidu luc c6 gidi han
quy dinh muc 6n kha cao, diéu nay anh huéng dén chit luong nghe hiéu trong 16p hoc. Ngoai ra, cac
16p hoc nghe giang hau nhu chwa dugc luu ¥ khi thiét ké tiéu am cho bé mit hoan thién, trong bbn 16p
hoc nghe giang dugc khdo sat chi c6 mot 16p dat yéu cau do dugc thiét ké tran thach cao tiéu am va
san go hai 16p biéu dién/nhac kich dam bao yéu ciu thdi gian 4m vang cho phép do duoc chi y thiét
ké tran tiéu 4m va san trai tham hodc tam tra1 tham chuyen dung.

Phan 16n cac 16p hoc dat duoc yéu ciu vé mirc on nén va thoi gian 4m vang cho phép chi khi khong
van hanh h¢ théng HVAC. Trong d6 duy nhat 16p hoc 1 1a 16p hoc nghe giang hoan toan thoa man
yéu cau dbi v6i mirc on cho phép va thoi gian 4m vang trung binh dat yéu cau. Hai 16p biéu dién/nhac
kich khi hoan toan st dung 4m thanh tu nhién s& c6 kha nang bi mirc 6n nén & pham vi tan sb thap tir
125 Hz — 250 Hz che 1ip néu mirc 4m giong néi nho (kh&), dic biét s& giam kha ning nghe hiéu 10
héat néu c6 thém muc Am tir nhac cu biéu dién. Diéu nay co thé dugc khéc phuc béng st dung hé théng
dién thanh cho cac 16p biéu dién/nhac kich, xem xét hiéu chinh mtrc 4m ctia nguoi biéu dién véi mire
4m nhac cu tai cac dai tin s6 thip dé dam bao kha ning nghe hiéu rd rang. Cac két qua tir khao sat
moi truong am thanh trong céac 16p duoc cho trong Bang 4.

Béng 4. Panh gia chit lugng am thanh trong céc 16p hoc tir két qua khao sat

Lacg*, dBA tham chiéu  Lg** tham chiéu theo dai tin anh
Lép hoc tiéu chuan BB93 [8] huéng kha nang nghe hiéu, dBA  RT** (s)

Truong hgp A Truong hgp B Truong hop A Truong hop B

Chtic nang: Nghe giang;
Yéu ciu: LAeq < 35 dBA; Liggo-4000 < 25 dBA; T1900-4000 < 0,8 s

TS R P
i e e B wte it
L6p hoe 3- nghe giang, 74 n° thg:gl dat gaf thlgl’ngat 1139;1? Khéfgodat
Lép hoc 4- nghe giang, 100 m? thz’;dat 31322’; th r31 :(jdat 1})7;? Khéfgzdat

Chtre ning 16p: biéu dién/nhac kich
Yéu cﬁu: LAeq <35 dBA, L|25,10()0 <32 dBA, L1000,4000 <25 dBA, T125,4000 < 1,0 S

41,8 20,1

Lép hoc 5- biéu didn/nhac kich, 101 m? th;] dat g;i 35,5 21,9 (])521?
£ : Khong dat Pat :
46,6 23,6
L6p hoc 6- biéu dién/nhae kich, 75 m® 220 o0 463 245 7o
£ : Khong dat Pat :

* Mirc 6n nén toan dai trung binh, dBA.
** Mirc 6n nén xét trong dai 1000 — 4000 v&i 16p hoc, 125 — 4000 Hz véi 16p biéu didn/nhac kich.

Xem xét vé khéi tich phong anh hudng dén moéi trudng am hoc, hai 16p hoc c6 thiét ké hoan thién
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n6i thit hoan toan gidng nhau 12 16p hoc 4 (100 m?) va 16p hoc 3 (74 m?): mat bang hinh chit nhat véi
thiét ké kién trac, noi that s dung tran g0, san gach va cac mit tudng son, thiét bi noi thit mat ban
g (dang noi thit mé ta trén Hinh 2b) déu 1a cac bé mat phan xa am. Khi hai 16p hoc ¢ trang thai hoan
toan yén tinh (truong hop B), mirc 6n nén xét trén toan bo dai rong va xét trén dai hep 1 .000 Hz —
4.000 Hz hau nhu khong c6 sy chénh léch dang ké. Tuy nhlen dudi anh huong cia tiéng on hé thong
HVAC thi 16p hoc 3 véi dlen tich nho hon, c6 muc 6n nén tren toan dai cling nhu xét trong dai hep
cao hon déng ké so v6i mirc on trong 16p hoc 4. Cu thé: mirc dn nén trén toan bo dai tin trong 16p hoc
314 56,7 dBA, trong 16p hoc 4 12 47,6 dBA; mirc On trén dai tan s6 1.000 Hz — 4.000 Hz trong 16p hoc
313 47,4; 41,6; 32,4 dB, 16n hon rat nhiéu so véi 16p hoc 4 véi mirc 6n 31,6; 26,2; 20,8 dB. Két qua
khao sat con cho thay 16p hoc 3 ¢6 gia tri thoi gian 4m vang 1,40 s, 16n hon 16p hoc 4 véi thoi gian
4m vang 1,32 s — Diéu nay nguoc v6i xu hudng ty 16 thuan giita thoi gian 4m vang va khdi tich 16p
khi diéu kién bé mit ngi that hoan toan xtr dung vat liéu nhu nhau. Thém nita, hai 16p hoc nhé nhat
14 16p hoc 3 (74 m?) va 16p hoc 6 (76 m?) c6 murc dn nén dudi anh hudng cua tiéng dn HVAC 16n
hon nhiéu so véi cac 16p hoc khac. Trong 16p hoc 6 cac bé mit duge xir 1y tiéu am, thoi gian 4m vang
duogc cai thién dang ké. Cac két qua nay hd tro quan diém dwa trén quy tic ngén tay (rule of thumb)
vé kha ning cong hudng va gia ting ning luong tiéng 6n, kéo dai thoi gian Am vang trong cac khong
gian mat b:?mg phong chit nhat c6 dién tich nho, cac bé mit ndi thét 1a vat lidu cung (bé mat phan xa
am) [28].

Nhu vay, khi thiét ké moi truong 4m thanh cho cac 16p hoc khong nhimng can xem xét mirc 6n nén
va thoi gian 4m vang trén toan dai tin sé ma con can xem xét cac gi tri nay trong dai tan “quan trong”
anh huong dén kha ning nghe hiéu. Cu thé 1a dai tan 1.000 — 4.000 Hz ddi véi 16p hoc nghe tiéng néi
va 125 —4.000 Hz dbi v6i 16p hoc nghe va biéu didn 4m nhac. Nhitng gia tri nay hién chua duoc quy
dinh trong cac tiéu chuan hién hanh. Can thiét ké cach am, tiéu 4m chdng on cho hé théng HVAC dé
dam bao mirc dn gy ra boi hé théng nay dudi 35 dBA trén toan bo dai tan sd va dudi 25 dB tai cac
dai tan 1.000 Hz — 4.000 Hz d6i v6i phong nghe giang; dudi 25 — 32 dB tai dai tan tir 125 Hz — 4.000
Hz dbi voi phong biéu dién/nhac kich.

5. Két luan

Cac mo hinh trudng hoc dugc trang bi hé thong HVAC dang ngay cang phd bién ¢ Viét Nam dé
tang cuong diéu kién tién nghi hoc tap cho hoc sinh. Méc du nhitng 16p hoc dang nay dugc cai thi¢n
nhiéu vé tién nghi nhiét, nhung viéc xem xét thiét ké noi that va hé théng ky thuat HVAC cung voi
yéu cau &m hoc chua duoc ddy du. Céc tiéu chuan 4m hoc Viét Nam nhu TCXDVN 175:2005 c6 mirc
dn trong céc 16p hoc phd théng quy dinh téi da 45 dBA, miic dn nay tuong duong trong mot sd 16p
hoc c6 van hanh hé thong HVAC. Tuy nhién khi phéan tich mic 4m theo phd giong ndi con nguoi
(Hinh 4, muc 4) cho thiy ddy khong phai mirc on nén Iy tuong dam bao t6t kha niang nghe hiéu trong
16p hoc. Khi do, tiéu chuin BB93 voi mirc dn nén quy dinh téi da 35 dBA va cac quy dinh vé thoi
gian &m vang ¢6 thé dugc str dung danh gia 4m thanh trong lép hoc hiéu qua hon.

Céc két qua phan tich tir viéc khao sat sau 16p hoc thi diém: bén 16p nghe giang, hai lorp bleu
dién/nhac kich v6i dién tich tir 74 m? — 150 m? cho thdy: viéc danh gia am hoc thong qua muc on nén
va thoi gian 4m vang hau nhu chua dugc xem xét tai cc tan sd quan trong cta giong néi anh hudng
dén kha nang nghe hiéu; mirc 6n nén khi van hanh hé théng HVAC 1a nguyén nhén chinh lam giam
kha ning nghe hiéu trong cac 16p hoc; thiét ké nodi that cac 16p hoc chua tinh dén bién phap tiéu 4m
dam bao tuan thu thoi gian 4m vang theo yéu ciu. Diéu nay dé dan dén cac hiéu tng khong mong
mubn tai cac phong hoc nho véi bé mit ndi that phéan xa am cao s€ xay ra hién tugng cong huéng am
lam tram trong thém muc 6n nén va kéo dai thoi gian 4m vang cta phong. Tur két qua nghién ciru,
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nhiing khuyén nghi co thé xem xét nham cai thién chét lugng am thanh trong cac 16p hoc st dung hé
thong HVAC hién nay:

- Cén thiét ké dam bao mirc dn nén trén toan dai tan sd va trong cac dai tan sé anh huong dén kha
ning nghe hiéu.

- P6i voi phong biéu dién/nhac kich can xem xét hé thong dién thanh ting cuong dé diéu chinh
phd am thanh dam bao d¢ rd tai cac tan s6 thap dudi 250 Hz, ting kha ning nghe hiéu 15i nhac kich
trong qua trinh biéu dién.

- Cac phong hoc can thiét phai dugc tinh toan va thiét ké dam bao thoi gian 4m vang theo yéu cau
voi viée st dung ti€u am trin va/hodc tuong.

- Dbi véi cac 16p hoc nho can ting cudng hon cac bién phap cach 4m tir moi trudng bén ngoai va
tang cuong hon lugng hiit 4m trong phong dé dam bao mirc 6n nén va thoi gian 4m vang cho phép.
Tuyét ddi tranh sir dung cac bé mit phéan xa &m cao nhu gS, kinh, cac bé mat vat liéu cung khac.

Nghién ctru nay 1a mot thir nghiém tiép can toan dién hon trong viéc danh gia méi truong 4m thanh
trong cac 16p hoc hién dai voi hai chi s6 co ban 1a mirc 6n nén va thoi gian am vang trén toan dai tan
s6 va cac dai tan anh hudng dén kha niang nghe hiéu cua 10 ndi trong diéu kién van hanh hé théng
HVAC. Bé dam bao moi truong 4m thanh hi¢u qua trong hoat dong giang day, viéc thiét ké cach am,
tiéu 4m 1a can thiét cho ca kién tric noi thit va hé théng ky thuat, HVAC. M6t khi khong dugc thiét
ké day du, cac 16p hoc co6 thé bi suy giam kha ning nghe hiéu, giam d¢ 13, cong hudng am, ting cic
hién twong 4m x4u trong cac phong hoc.
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