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Tém tat: Bai bao trinh bay két qua nghién ctru, ché tao bd thi nghiém khao sat cac dinh luat chat khi theo huéng tw tao, st dung vat
liéu d& kiém, than thién méi trwdng. Véi dd chinh xac kha cao (sai s6 dwdi 1%), bd thi nghiém da khao sat dwoc 3 dinh luat chat khi
va minh hoa phwong trinh trang thai khi |i twéng. Cac thi nghiém trén cé thé st dung lam thi nghiém biéu dién cia gido vién, thi
nghiém cda hoc sinh hodc hwéng dan hoc sinh ché tao bd thi nghiém theo hwéng trai nghiém STEM nham phat trién nang lyc Vat li
clia hoc sinh trong day hoc chii @& Khi Ii twéng - Vat Ii 1ép 12, thudc chwong trinh gido duc phd théng 2018 & nwéc ta.

Tir khéa: ché tao; thi nghiém khao sat; cac dinh luat chat khi; vat |i 12; chwong trinh gido duc phd théng 2018.

1. M& dau

Trong chuong trinh gido duc phd thong mon Vit li
2018 dwoc ban hanh & nuéc ta, chu d& Khi 1i tuong
dugc day ¢ 10p 12 véi thoi lugng 1a 12 tiét (Ministry of
Education and Training, 2018). Noi dung trong tam cua
phan nay 1a cac dinh luat thyc nghiém cua chat khi.
Theo d6, chwong trinh quy dinh phai thyc hién tdi thiéu
hai thi nghiém 1a: Thi nghiém khao sat mdi quan hé ap
suét va thé tich khi giir nguyén nhiét d6 (khao sat dinh
luat Boyle) va thi nghiém minh hoa mbi quan hé thé tich
va nhiét d¢ khi gitt nguyén ap suit (minh hoa dinh lu4t
Charles). Mit khac, dé phat trién phim chat va nang luc
HS, trong tai liéu hudng din day hoc mén Vat li (V. K.
Nguyen, 2019), cac tac gia bién soan chuong trinh nhin
manh viéc gido vién can ting cudng céc thi nghiém cua
hoc sinh (hoc sinh tryc tiép thuc hién thi nghiém) va diy
manh xay dung cac thi nghiém ty lam theo hudng don
gian, d& thuc hién dé bd sung kip thoi vao danh muc cac
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thiét bi thi nghiém tdi thiéu ciia chuong trinh.

Trong danh muyc thiét bi thi nghiém tdi thiéu cua
mon Vit 1i hién hanh ma B Giao duc va DPao tao ban
hanh, hién tai c6 2 thi nghiém dugc trang bi & cac
trudng trung hoc phd thong 1a thi nghiém khao sat dinh
luat Boyle va thi nghiém khao sat mdi quan hé ap suat
va nhiét d6 khi giit nguyén thé tich. Bo thi nghiém sir
dung xi lanh thily tinh dé chira khi va ap ké c6 do chia
16n @ do 4ap sudt khi (d6 chia nho nhit 1a 5.10°Pa) nén
dd chinh xéc chua cao, tén thoi gian thyc hién. Nhu vay
cac thi nghiém hién hanh chua minh hoa dugc dinh luat
Charles ciing nhu chua kiém chimg dugc phuong trinh
trang thai khi li tuong dé thyc hién chuwong trinh phd
thong mai.

Nghién ctu, ché tao cac thi nghiém vé cac dinh luat
thuc nghiém cua chat khi & nu6e ngoai hién nay cé cac
hang chuyén san xuat vé cac thiét bi thi nghiém trong
day hoc nhu Phywe (Kinetic gas theory and gas laws,
n.d.), Leybold (Pressure-Dependency of the Volume of a
Gas at a Constant Temperature (Boyle-Mariotte’s Law),
n.d.). Cac bo thi nghiém cua cac hing déu khao sat
dugc cac dinh luat thyc nghiém cuia chét khi véi do
chinh x4c cao. Tuy nhién, cac thi nghiém déu phai két
nbi cam bién va may tinh hodc cac thiét bi cam tay nén
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gi4 thanh rat cao, ciing nhu chua phat trién dugc téi da
céc thanh t6 nang lyc Vat li ma chuong trinh dat ra.

Céc nghién clru ¢ trong nude thoi gian qua cling ¢
nhiéu cong bd nhu: B4 mén Vit li (T. D. Nguyen, 2016),
Truong Trung hoc Phé théng chuyén Lé Quy Don, Tinh
Khanh Hoa, Lé Minh Van (Le, 2014), Phan Minh Tién
(Phan, 2012),... Cac nghién ctru trén da xay dung duoc
cac thi nghiém khao sat hoac minh hoa cac dinh luét chét
khi va phuong trinh trang thai khi li tuéng theo cac
huéng: két ndi cam bién Arduino va ngén ngit 1ap trinh
bang phan mém Visual Studio 2008 (T. D. Nguyen,
2016) hodc cai tién, tan dung cac thiét bi hién hanh (Phan,
2012) hoac thi nghiém tu lam tir cac thiét bi c6 sin trong
thuc t& (Le, 2014). Hudng nghién ciru cua céc tic gia
Phan Minh Tién va Lé Minh Vin 1 rat c6 ¥ nghia véi
thuc tién day hoc ¢ nude ta hién nay. Tac gia Phan Minh
Tién da khao sat dugc dinh luat Boyle va dinh luat
Charles, con tac gia Lé Minh Van chua trinh bay cu thé
s6 liéu khao sat cac dinh luat cta chit khi va phuong
trinh trang thai khi li tuéng. Hon nita, cac b thi nghiém
trén chi yéu 1a don chirc ning (nghia 1a mét thi nghiém
chi khao sat/minh hoa mét dinh luat).

Tur cac phan tich trén, viéc nghién ciru, ché tao bod
thi nghiém khao sat cac dinh luat chét khi theo huéng tu

Nhiét ké

Gidy m6 hinh

But khong x6a, cac dai nhya gilt ong

tao, sir dung vat liéu dé kiém than thién méi truong su
dung trong day hoc chu dé Khi li twong, Vat li 16p 12 —
thuoc chwong trinh gido duc phd thong méi rat co y
nghia vé khoa hoc va thuc tién ¢ nudc ta.

2. N6i dung
2.1. Muc tiéu cua nghién ctru

Nghién ctru, ché tao b thi nghiém khao sat cac
dinh luat chat khi theo huéng tu tao, st dung vat liéu dé
kiém, than thién méi trudng, st dung trong day hoc chu
d& Khi 1i twong, Vat li 16p 12, thude chuong trinh gido
duc pho théng méi.
2.2. Phwong phap nghién ciru

Phuong phép thuc nghiém, thé hién cu thé qua cac
bude sau: Xéc dinh muc tiéu, dé xuét phuong an ché tao
thi nghiém, ché tao ldp rap bo thi nghiém, khao sat cac
dinh luat ctia chat khi, xtr 1i két qua va danh gia, dinh
hudng cach thire st dung thi nghiém trong day hoc.
2.3. Két qua nghién cliru
2.3.1. Ché tao bé thi nghiém khao sét cdc dinh
luat chét khi

a. Thiét bi thi nghiém

Bo thi nghiém gdm céc thiét bi nhu Hinh 1:

Am dun siéu toc

Gia thi nghiém

Hinh 1. Danh muc cac thiét bi dung ché tao bo thi nghiém
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b. Cac buéc ché tao va lip rap bd thi nghi¢m

Qué trinh ché tao va lip rap bo thi nghiém thé hién
qua cac budc:

Bude 1. Tao gia thi nghiém: Dung cua dé cit cac
thanh g véi véi cac kich thude (gdm 2 thanh lam gia
rong 5 cm, dai 60 cm; 1 ban lam dé rong 15 cm, dai 30
cm, 1 doan tao lién két rong 5 cm dai 10 cm), dung
khoan bit vit dé rap thanh gia thi nghiém.

Bwéce 2. Tao vach chia thé tich dén ml trén 6ng
nhya: Bom mot lugng nude da biét thé tich tir xi lanh
vao 6ng nhwa (gia st 20 ml), sau d6 dung thude chia
thanh 20 khoang déu nhau trén éng nhua, khi d6 mdi
khoang trén dng nhya twong tmg 1 ml).

Buéce 3. Dung dao roc gidy cit gidy mé hinh
(fomex d9 day 3 mm) thanh 2 dai mong, dung thude dé
tao cac vach chia tuong g véi timg ml thé tich cua
6ng nhya, ding keo dan 2 dai gidy mé hinh 1én 2 thanh
g0 1am gia thi nghiém.

Budc 4. Gan 6ng nhya da c6 nudc pha mau 1én gia
thi nghiém thong qua cac dai gitr ong.

Budc 5. Dung khoan, khoan 2 15 ¢ day lon dé cim
nhiét ké va éng nhua.

Buéc 6. Danh déu vi tri cam nhiét ké (gii han do
110°C, d6 chia nho nhat 0,5°C) va doan éng kim loai
(hodc 6ng thity tinh, dudng kinh trong 0,6 cm, chiéu dai 5
cm) c¢6 duong kinh trong bing dwong kinh éng nhua
(dwong kinh trong 0,6 cm, chiéu dai khoang 2 m; ¢6 thé
thay thé bang dng dich truyén y t&) vao trong vo lon
(nude giai khat, nuéc yén...), ding dng dong thuy tinh dé
do thé tich ctia phan nhiét ké va phan ng cdm vao lon.

Budre 7. Ding keo Apollo silicone dé gin nhiét ké
va dng thuy tinh/kim loai vao vé lon. Lip éng day nhya
vao dau trén ciia dng thiy tinh/kim loai sao cho khong
khi khéng thoat ra ngoai.

Budc 8. Lip rap hoan chinh bg thi nghiém (Hinh 2)

= —~

Hinh 2. BJ thi nghiém hoan chinh

2.3.2. Nguyén ly hoat dong cua bé thi nghiém va
nguyén tac do cdc dai lwong

a. Nguyén ly hoat dong ciia b thi nghiém

Thi nghiém dya trén nguyén téc binh thong nhau va
su can can bang ap suit thong qua sir dung ap ké nudc.
Luong khi khao sat nim trong lon va phan éng nhya
bén trai bi chian boi dung dich mau. Chinh diéu nay lam
lwong khi luén dam bao 1a khong ddi. Viéc dung chét
long @& “nhét khi” lam thi nghiém tré nén rat nhay
(nhiét do thay ddi vai d6 di quan sat dwoc sy thay dbi
ctia thé tich/ap suit) — diéu ma céc bo thi nghiém hién
nay & cac truong phd thong khong thé thuc hién duoc.
bay la diém quan trong nhét dé thuc hién duogc thi
nghiém minh hoa dinh ludt Charles va phuong trinh
trang thai khi 1y tuéng.

b. Nguyén tic do cc dai lwong ciia khi

- Po nhiét dd: Thong qua doc sb liéu trén nhiét ké.

- Do thé tich khi: V = 328 + Vx (ml), (1)

trong d6: 328 ml 1a phan thé tich khi trong lon, Vi
1 thé tich khi trong 6ng nhya nhanh bén trai.

- Po dp sudt: Khi can bang, ap sut cia khi bang ap
suat cia mot diém ngay trén bé mit chat long nhanh trai
va bang ap sudt diém ngang bang trong chat 1ong bén
nhanh phai.

Khi d6: p = po + pgh (Pa), )

trong do: po 1a ap suit khi quyén.

p la khéi luong riéng ciia nuéc mau (p = 1000
kg/m®); h 1a chénh léch d6 cao ciia chat 1ong bén phai so
v6i bén trai (h > 0 néu myc nude nhanh phai cao hon va
ngugc lai), mée 1a vach chit long bén trai).

2.3.3. Khéo st cdc dinh luat chat khi va binh luan

a. Thi nghiém 1. Khao sat mbi quan hé ap suat va thé
tich khi gitt nguyén nhiét d6 (khao sat dinh luat Boyle).

Kéo ong nhya bén phai 1én (hodc xudng) dé thay
dbi thé tich khi, doc thé tich va ap sudt tuong mg cac
1an do, két qua thé hién qua Bang 1.

Sai s6 ti d6i cuc dai:

54, A voi 4= A+A+...+ A4, R
A n
A(p.
5(pV) :%100%= M: 0’14 (%)
max (pV) 36’07

74



ISSN: 1859 - 4603, UED Journal of Social Sciences, Humanities and Education, Vol. 11, No. 1 (2021), 72-78

Bing 1. Khdo sdt méi quan hé dp sudt va thé tich khi
giir nguyén nhiét do

Sai s0 tong doi cuc dai:

o)
5() = —="%100% = 0,8%

(7)

Lan Ap P Vx Vv p-V A
do | (pa) (pa) (m?) (m®) ®V) T
1 0 | 1013250 | 28.10¢ | 356.10¢ | 36,07 | O
2 | 4312 | 10175622 | 27.106 | 355.106 | 36,12 | 0,05
3 | 4704 | 101795.4 | 26.106 | 354.106 | 36.04 | 0,03
4 | 8134 | 102138.4 | 25.106 | 353.106 | 36.06 | 0.01
5 | 1078.0 | 102403.0 | 24.10¢ | 352.10¢ | 36.05 | 0,02
Tri TB 36,07

Két lugn: Véi sai sb 0,14%, khi gitr nguyén nhiét
do, ap suat ciia mot lugng khi khong ddi ti 18 nghich voi
thé tich cta no (dinh luat Boyle).

b. Thi nghiém 2. Khao sat mbi quan hé thé tich va
nhiét do khi giit nguyén ap sut (khio sat dinh luat
Charles).

Bdng 2. Khao sat moi quan hé thé tich va nhiét do khi
gilF nguyén dp sudt

Két lugn: Véi sai sb 0,8%, khi giit nguyén ap
suét, thé tich ciia mot lwong khi khong doi ti 1¢ voi nhiét
do tuyét dbi (dinh luat Charles).

¢. Thi nghiém 3. Khao sat mdi quan hé ap suit va
nhiét d6 khi giit nguyén thé tich.

DG thi tng v6i cac dang qua trinh thé hién qua Hinh 3.

Panh ddu muc chat 1ong & nhanh bén tréi (gia sir
diém O trén thude trai), thay d6i nhiét do cua khong khi
trong lon (bang cach nhiing lon vao nudc nong), khudy
déu nuéc trong khoang 10s, dich chuyén éng nhya
nhanh bén phai dé muyc chat 1ong nhanh trai vé diém
danh ddu O (déng tich). Ghi nhiét d6 va 4p suat khi do.
Lap lai thi nghi€ém v6i cac nhiét d§ khac nhau, Kkét qua
thé hién qua Bang 3.

Lin | o €K | Veamn | vany | Z | 2D
do x T T Bdng 3. Khdo sdat moi quan hé dp sudt va nhiét dé khi
1 3000 | 300 3580 | 119 | 001 giit nguyén thé tich
A TX) =
2 303,0 34,5 362,5 1,20 0.00 Lan p P
do | tCO* | Ap @) | P @D = A( T)
3 306,0 37.5 365,5 1,19 0,01 273 T
4 309,0 46,0 374,0 1,21 0,01 1 301,0 833 102158 | 339,40 | 0,59
Tri TB 1,20 2 303,0 1470 102795 | 339,26 0,73
- - 304,0 2058 | 103383 | 340,08 | 0,09
Thay d6i (tdng) nhiét dd cua khong khi trong lon
N . , X o XA . 4 305,0 2499 | 103824 | 340,41 | 0,42
(bang cach nhing lon vao nudc néng), khuay déu nude
\ 2 A s n aA 1a K 5 . 44 40,82 \
trong khoang 10s dé on dinh nhiét d9, kéo ong nhya 306,5 3136 104461 340.8 0.83
nhanh bén phai (1én hoic xudng) dé muc chat long 2 Tri TB 339,99
nhanh bang nhau (khi d6 ap suat khi bang ap sut trang
thai dau). Ghi nhiét do va thé tich khi d6. Lap lai thi
nghiém voéi cac nhiét d¢ khac nhau, Kkét qua thé hién qua
Béang 2.
V(mi) p (pa)
" . ] P . s
7 LUUs = 270 A /./,/' m‘:m' )/
o ] - - 102000 //./
2 ’ o | A A
po /// 102500 4 /'/
] o W 102000 . -~
‘ 1 200 202 204 208 208 3|'aT(K) ] ; 3 5 10
D4 thi duong déng nhiét D4 thi duong déng ap D4 thi duong déng tich

Hinh 3. D6 thi cic dang qud trinh
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Sai s0 ti doi cuc dai:

A(pj
= 0
5(”) = Dms qqe, =0-24%

r J
%)

Két lugn: Véi sai sb 0,24%, khi giit nguyén thé
tich, ap suat cua mot lwong khi khong doi ti 1¢ v6i nhiét
do tuyét dbi.

d. Thi nghiém 4. Minh hoa phwong trinh trang
thai khi li twéng

Thay di nhiét d6 cuia khi, khudy nu6c khoang 10s,
doc thé tich va ap suat tuong g, dién s6 lidu vao Bang
4, 13p lai thi nghiém v&i cac nhiét do khac nhau.

Bing 4. Minh hog phwong trinh trang thai khi Ii tiwong

Lan | T v Ap P p_V A(P_V)
do |CK)| @ | @a) | (pa) T T
1 304 | 0,358 0 101325 | 119.32 0,98
2 305 | 0,360 | 686 102011 | 120.41 0.11
3 307 | 0,361 | 1078 | 102403 | 120,42 0,12
4 309 | 0,363 | 1568 | 102893 | 120.87 0,57

Tri TB 120,30

Sai sb ti dbi cuc dai: 5(1)[/} =0,8%
T max

Két luan: Véi sai s6 0,8 %, khi bién ddi trang thai

ctia mot lugng khi khong ddi, ti s6 PV 1a mot hang so.
T

Binh ludn: Co thé thiy ring, bo thi nghiém cho
phép khao sat duoc 3 dinh luat chat khi va phuong trinh
trang thai khi 1i tuong voi do chinh xdc rat cao. Bén
canh d6, bd thi nghiém con cé cac uu diém nhu: do
nhay kha t6t, thao tic thi nghiém don gian, thoi gian
thuc hién thi nghiém ngan, c6 d6 6n dinh, dic biét la
ché tao tir vat liéu tai ché. Tuy nhién, bo thi nghiém con
¢6 han ché 1a 16p keo dan gin 6ng nhya véi day lon dé
bi bong (do 1am thi nghiém qua nhiéu lan hodc cho thay
d6i nhiét do qua 16n), lam khi bi 1o ra ngoai. Han ché
nay s& dugc ching t6i khic phyc khi tim duoc keo co
kha nang chiu nhiét tot hon.

Chu v: V6i bd thi nghiém nay, khi nghién ctru qua
trinh déng tich, ding ap nén khao sat qua trinh ting
nhiét 6 (mdi 1an thay d6i khong qua 3°C) dé myc nudc

mau nhanh bén trai khong bi dang 1én c6 thé trao vao
trong lon.
2.3.4. Dinh hw@ng str dung bé thi nghiém trong
day hoc cha dé “Khi li twéng” — Vat li 16p 12

bé phat trién nang lyc vat 1i (thanh td tim hiéu tu
nhién dudi goe do vat 1i) cta hoc sinh trong day hoc chu
dé “Khi li tuong” — 16p 12 chuong trinh gido duc mén
Vit 1i nam 2018, gido vién c6 thé chia 16p thanh céac
nhom, ap dung phuong phap day hoc theo Tram (véi 3
tram: Tram khéo sat qua trinh d'fmg nhiét; Tram khéo sat
qua trinh dang ap; Tram khao sat qua trinh dang tich),
cac nhém sir dung bo thi nghiém dé tim toi, kham pha
ra cac dinh luat chat khi. Nhiém vu cu thé cua mdi tram
thé hién qua phiéu hoc tap s6 1.

Ngoai ra, theo yéu cau can dat cua chwong trinh, c6
thé minh hoa dinh luat Charles tir thi nghiém 2 nhu sau:
Trén co s6 s lidu 1an thi nghiém 1, van dung biéu thuc

dinh Tuat (¥: const ) dé In luot tinh thé tich V2, Vs, ...

khi thay dbi (ting) nhiét do 1én T2, Ts... Sau d6 thuc
hién thi nghiém kiém chimg do cac thé tich twong ting,
tlr d6 rat ra két luan.

Do vat liéu ché tao thi nghiém dé kiém, sir dung vét
lidu tai ché, than thién méi trudng nén gido vién cb thé
day hoc theo huéng STEM trai nghiém thong qua yéu
cau hoc sinh thyc hién theo nhom ché tao bo thi nghiém
dudi hinh thire cau lac bo.

3. Két luan

So v6i muyc tiéu dé ra, trong nghién ctru nay, ching
t0i dd ché tao thanh cong b thi nghiém khao sat cac dinh
luat chat khi theo hudng tu tao, sir dung vét liéu dé kiém,
than thién moi truong. Vi do chinh xac kha cao (sai s6
dudi 1%), thoi gian thuc hién thi nghiém ngin, c6 d6 6n
dinh, bd thi nghiém da khao sat dugc 3 dinh luat chat khi
va minh hoa phuong trinh trang thai khi li tuong, dong
thoi khic phuc dugc mot s6 han ché cua b thi nghiém
hién hanh theo danh muc thiét bj thi nghiém t6i thiéu cua
mon Vit li ma BY gido duc va Dao tao trang bi cho cac
truong Trung hoc phd thong. Cac thi nghiém trén c6 thé
sir dung lam thi nghiém biéu dién cia gido vién hodc lam
thi nghiém ctia hoc sinh (khi gido vién ché tao dugc nhiéu
bd), dap tng tbt muc ti€u day hoc phat trién nang luc hoc
sinh trong day hoc chu dé Khi li tuong - Vat 1i 1op 12,
thudc chuong trinh gido duc phd théng 2018 & nude ta.
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(g cac lan do, két qua thé hién qua bang

PHIEU HQC TAP SO 1
Xy dung dinh luét Boyle (25 phut)

NV1: Tim moi quan hé p — V trong qud trinh dang nhiét.
- Kéo dng nhya bén phai 1én, xudng dé thay ddi thé tich khi, doc thé tich va ap suét twrong

Lian | Ap(pa) | p(pa) Vi (m?) V(m®) Biéu thirc du doan
do (p.V = const)
1 0 101325,0 28.10°6 356.10°
2 4312 | 101756,2 27.10°6 355.10°
3 4704 | 101795,4 26.10°¢ 354.10°
4 813,4 | 1021384 25.10°6 353.10°
5 1078,0 | 102403,0 24.10°6 352.10°

vé mdi quan hé d6 (dinh luat Boyle).

- V& db thi duong ding nhiét v6i nhiét do cao hon (T2)

- Tinh biéu thirc du doan vé pvav, dién két qua vao cot 6, tr d6 rit ra nhan xét dung

NV2: Vé dé thi trong qud trinh ddng nhiét trong hé toa dé p-V
- V& @6 thi p — V tir s6 lidu thi nghiém thu dugc (nhiét do T1).

- Giai thich vi tri 2 duong déng nhiét (T2 > T1) dua vao thuyét dong hoc phén tir chat khi.
(Goi y: Ké dudng thing song song véi truc p, cit 2 dudng ddng nhiét, twong g ta co p1 va p2)
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FABRICATING EXPERIMENTAL EQUIPMENT FOR TESTING GAS LAWS
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Abstract: In this study, we fabricated the experimental equipment for testing gas laws, using eco-friendly and easy-to-find materials.
The equipment was able to test, with relatively high accuracy (error less than 1%), the gas laws and demonstrate the state equation
of ideal gases. The findings reveal that the equipment and similar experiments can be adopted for teachers’ modeling activities as
well as students’ experiments, or teachers can guide their students to fabricate their own equipment as a STEM experience while
teaching the topic “Ideal Gas” — Grade 12 Physics, the national high school program 2018.

Key words: fabricate; testing experiment; gas laws; grade 12 Physics; national high school program 2018.
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