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Tém tit: Trong thoi dai 56 hod manh mé va nhu cau két néi lién tuc, viéc sir dung cac
thiét bi phdt séng WiFi ngay cang cé y nghia quan trong va hién dién réng khdp trong cdc
méi trieong cong céng ciing nhw trong gia dinh. Tir d6, kéo theo cdc méi lo ngai vé tic dong
tiém an cua truong dién tiv (EMF) dén sirc khée con nguwoi. Bai bdo nay tdp trung danh gid
dinh lwong mirc do phoi nhiém truong dién tu tir cdc thiét bi WiFi hoat dong o tan sé 2.4
GHz trong moi truong gia ldp, swr dung cong cu mé phong Java Modelling Tools (JMT), voi
mo hinh mang hang doi phan anh qua trinh phat, lan truyén, hdp thu va tich liiy nang luong
EMF tai cdc khodng cdch tiv Im dén Sm so véi nguon phat. Két qua mé phong cho thdy mikc
dé phoi nhiém giam phit hop theo quy ludt nghich dao binh phwong khodng cach [4], [5].
Ngodi ra, thoi gian tiép xiic trung binh (sojourn time) ciia nguwoi ding ciing cé xu hudng ting
dan theo khodng cdch, do anh huong ciia hiéu vmg chdm xir Iy va tich lity. Nghién ciru nay
dong gop cdc két qua dinh lwong cho viéc danh gia an toan EMF trong méi treong dan cu,
dong thoi hwéng téi dé xudt cdc kich ban kiém sodt riii ro dwa trén khodng cdach va thoi gian
tiép xiic.

Tir khoa: truong dién tu, ty ¢ hd'p thy dac biét, diém truy nhdp WiFi, thoi gian tié}) xuc, mo
phong JMT

I. bat van dé thoai thong minh, tivi,... khong can sir

Wireless Fidelity — goi tat 1a WiFi dung day cép. N6 str dung song vo tuyén
1a thuat ngir ding dé mo ta két néi mang ¢ tan s6 2.4GHz hoac 5GHz dé gui va
khong day, cho phép két ndi mang Internet nhan tin hi¢u tir by dinh tuyén (Router)
v6i cac thiét bi dién tir nhu may tinh, dién khong day.

' Khoa Pién - Bién Tir, Truong Pai hoc Mé Ha Noi



Viéc st dung WiFi dem lai rat nhiéu
tién ich nhu la: Tiét kiém chi phi va ting
tinh thAm mi do khong phai mua va lap dat
cap két ndi; C6 thé két ndi Internet & bat
ky noi nao c6 song WiFi; C6 thé linh hoat
chuyén dbi giira cac thiét bi khiac nhau
mot cach dé dang va nhanh chong; C6 thé
dat mat khau hogc ma hod thiét bi WiFi
dé tang tinh bao mat va an toan cho nguoi
st dung. Tuy nhién, WiFi ciing con ton tai
mot s han ché, dién hinh 1a van dé toc do
va vung phu song. Tdc do WiFi phy thudc
vao khoang cach tu thiét bj dén Router, sd
luong thiét bi két ndi va luu luong truy
nhap. Ving phu séng ¢ thé bi anh hudng
boi cac yéu td nhu chudng ngai vat hay
vat liéu xay dung hodc 1a thiét bi dién tur
gan do.

V61 nhitng dac tinh uu viét cua no,
dac biét trong cudc séng hién dai ngay
nay, WiFi 1a mot trong nhitng thanh phan
khong thé thiéu trong doi sdng con nguoi.
Hau hét cac khong gian cong cong nhu
truong hoc, bénh vién, trung tdm thuong
mai, nha ga, bén tau, ... va cac ho gia dinh
déu dugc phu song WiFi nham dép ung
cac nhu cau vé két ndi lién tuc. Tuy nhién,
cung véi sy gia ting manh mé vé mat do
thiét bi phat va thoi gian tiép xuc, van dé
vé anh huong cia trudong dién tir (EMF)
phat sinh tir cac thiét bi WiFi dén sirc khoe
con nguoi ngady cang dugc quan tam. Cu
thé 1 da c6 nhiéu nghién ctru di chi ra kha
ning gy rdi loan gidc nga [1], anh hudng
dén hé than kinh trung wong, tham chi
tiém an nguy co ung thu néu phoi nhiém
kéo dai trong diéu kién bat loi [2].

Bai bao nay dugc viét voi muyc tiéu
mo hinh hoa va danh gida mic dd phoi
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nhiém EMF tir thiét bj WiFi bang cong cu
mo phong Java Modelling Tools (JMT), tir
d6 so sanh voi cac ngudng an toan va dé
Xuét cac bién phap giam thiéu hop 1y.

IL. Co sé 1y thuyét

Truong dién tr va song WiFi hoat
dong trong hai bang tan chinh 1a 2.4GHz
va 5GHz, ing voi song dién tu tan s6 cao,
thudc dai tan vi ba (microwave), trong do,
thiét bi phat WiFi (Ia cac bd dinh tuyén
- Router hodc diém truy cap AP - Access
Point) c6 cong suat phat dao dong tur
10mW dén 500mW, v6i viing phu song tir
vai mét dén hang chyuc mét.

Tac dong cua song dién tir co thé
tac dong dén mé sinh hoc cia con nguoi
thong qua hai co ché 1a tac dong nhi¢t hoac
phi nhiét. Dau tién 13 tac dong nhiét, tirc 1a
nhié¢t lugng tao ra lam néng mo sinh hoc,
thé hién qua chi s6 Ty 1& hip thu dic biét -
SAR (Specific Absorption Rate). Thir hai
1a tac dong phi nhiét, no 1am thay doi cau
tric té bao, anh huong hoat dong dién sinh
hoc than kinh.

T6 chiic Y té Thé gioi (WHO) va
ICNIRP da dua ra gidi han an toan cho
mirc phoi nhidm truong dién tir. Vi tan sd
2.4GHz, gi6i han SAR toan than cho nguoi
l6m 1a 0.08 W/kg, va cuc bo 1a 2 W/kg [3].

I11. Phwong phap nghién ctru

DPé md phong qua trinh phoi nhiém
truong dién tor - EMF (Electromagnetic
Field) ctia nguoi st dung thiét bi WiFi,
trong cac moi trudng c6 mat do thiét bi
khac nhau, khoang cach khac nhau va thoi
gian st dung lién tuc, chung t61 st dung
cong cu Java Modelling Tools (JMT) véi
cac thong sb chi tiét nhu sau:
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Md&i mot ngudn phat EMF 13 cac
Diém truy nhip AP (Access Point) ¢
cong suat ¢d dinh. Tram thu niang luong:
1a con nguoi, di twong phoi nhidm, xir Iy
phoi nhiém theo dang hang doi.

M&i ngudi ngdi tai cac khoang
cach khac nhau (Im — 5m). Tién hanh mé

phong mdt goi nang lugng EMF ma nguoi

Suurce
guon phat)

E 3

dung nhan duoc trong khoang thoi gian
tiép xc.

Tong lugng gdi EMF tich lily mo ta
téng nang luong tiép xuc.

3.1. Céiu triic mé hinh

Mo hinh gdm cac thanh phan nhu
sau: Ngudn (Source), hang doi (Queue),
bd x1r 1y (Server), bg thu (Sink).

Sink
(B6 thu)

(Béxrly)

Hinh 1: So d6 khéi hé thong

Source: Phat sinh cac goi “tiép xtc
EME” tir cac diém truy nhap (Aps) WiFi.
Phat sinh céc goi tin dai dién cho don vi
ning lugng phoi nhiém. C6 thé cAu hinh
nhiéu ngudn phat (WiFi_API, WiFi_
AP2...) tuong g v6i nhiéu thiét bi dat
trong khong gian thuec té.

Queue: M&i ngudi (ddi twong phoi
nhiém) twong ng mot hang doi. Moi
nguoi dung tuong ung vo1 mdt hang doi
riéng, mo phong mic d6 tiép nhan phoi
nhiém EMF. M&i hang doi thé hién su tich
lity nang luong dién tir tai co thé nguoi,
phu thudc vao khoang céch, vat can, thoi
gian tiép xuc.

Server: Xu ly nang lugng phoi
nhiém (twong dwong hip thu sinh hoc).
Mdi hang doi gan véi mot server don 1é,
xur ly cac goi nang lugng nhu qué trinh
hép thu sinh hoc (biological absorption).

Tbe do phuc vu (service rate) phan anh
hiéu qua tan nhi¢t hodc khoang cach, chu
¥ rang nguoi gan WiFi ¢6 téc do hap thy
nhanh hon dan dén tai nhiéu hon.

Sink: Tong két luong phoi nhiém
sau thoi gian md phong. Dung dé tong
hop lugng ning lugng EMF da hép thy
ctia toan hé thdng trong sudt thoi gian mo

phong (vi du: 1000 don vi thoi gian).
3.2. Luwu do thudt todn

Vé mit 1y thuyét, khi cac tham sd
khac ¢ dinh, néu ting sb goi s& 1am ting
thoi gian thiét bi phat , dan téi ting cong
suat trung binh phat ra: P,, = P, T,.N
[W], trong d6, Pt 1a cong suét phat phat
(W), T, la thot gian truyén 1 goi, N 1a sd
luong gobi. Trong vung trudng xa voi anten
xap xi dang hudng, mat do cong suat tai

khoang cach (r) dugc tinh bang cong thirc:



P.G

S(r) = 3o [W/m]

Tir d6 6 thé suy ra gia tri cuong do
dién truong E = V377.5 {V/m] va udc
lugng SAR cuc bd theo cong thire:

a|E|*
o

S5AR =

Véi 6 1a d6 dan dién mo (S/m), p 1a
mat do khéi lugng (kg/m?).

Can ctr vao cac lap luan do, dudi

cac gia thiét don gian, tham s6 SAR ti 1&
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xap xi tuyén tinh theo thoi gian phat va
theo s6 luong gbi, néu kich thudc gbi va
téc do truyén vat 1y khong d6i. Tuy nhién,
trong thuc té mo hinh hoa va do luong,
nhiéu yéu t6 pha v tinh tuyén tinh don
gian nay nhu: trudng ving gan (khi (r)
nho), hi¢u ung da duong hodc phan xa,
ning luong hap thu boi tuong/dd vat va
tuong tac phirc tap voi co thé ngudi. Vi
vay, ching t6i dé& xudt luu do thuat toan

nhu sau:

User 1 EMF:
Khoang cach: Im
Téc dd dén: 1.0 cude
goi/ 1s

User 3 EMEF:
Khoang cich: lm
Téc do dén: 0.4 cude
goi/ 1s

Hinh 2: Luu dd thuét toan

IV. Két qua va thao luin:

4.1. Két qua

Sau khi chay mé phong trén JMT, cong cu JIMVA, thu duoc cac s liéu nhu: S goi
EMF dén mdi hang doi (user); Thoi gian xir 1y trung binh; Tong sb goi da xtr Iy (twong ung
téng mirc phoi nhidm). Cu thé:

Newdi dimg S6 g6i EMF da xirly | | "! g‘bal‘l'ﬂtl“zlg’l:;‘)c trung
Userl (1m) 800 1,2
User2 (3m) 620 1,6
User3 (5m) 430 2,3
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Thei gian tiép xuc trung binh (gidy)

USER1 (1M)

USER3 (5SM)

Hinh 3: Biéu d6 danh gia thoi gian tiép xuc trung binh

S6 goéi EMF da xir ly

800

700
600
500
400
300
200
100

Userl (1m) User2 (3m)

User3 (5m)

Hinh 4: Biéu d6 danh gié sb luong goéi EMF di xir 1y

4.2. Thao lugn

Két qua mé phong cho thiy sy khac
biét & rét vé muc do phoi nhiém dién tir
gitta cac nguoi dung tai cac khoang cach
khéc nhau:

Nguoi dung 1 (Userl) & khoang
cach 1m c¢6 sé luong hip thu goi EMF cao
nhat (~800 go6i), dong thoi c6 thoi gian luu
thap nhat (~1.2s), cho thay su phoi nhiém
lién tuc nhung dugc xur 1y nhanh do mo
phong hiéu suat hip thu cao.

Nguoi dung 2 (User2) ¢ khoang
cach 3m phoi nhiém it hon nhung van
dang ké (~620 gbi) va c6 thoi gian xu 1y
tang lén (~1.6s).

Nguoi dung 3 (User3d) ¢ khoang
cach 5m chi xtr Iy dugc khoang 410 goi va

thoi gian xtr 1y ting 1én dang ké (~2.3s),
cho thdy anh huéng cua khoang cach lam
giam muc tiép xac EMF.

Céc két qua trén phu hop véi quy
luat vat Iy vé suy hao ning lugng dién tir
theo khoang cach, cu thé 1a ty 1€ nghich
vol binh phuong khoang cach [4][5].
Mic du day la m6 hinh m6 phong don
gian, nhung né van chi ra rang viéc ting
khoang cach gitta con ngudi va thiét bi
phat WiFi 1a mot bién phap giam thiéu
hop 1y va hiéu qua. DPong thoi, két qua cho
thiy mdi tuong quan c6 ¥ nghia thong ké
giita tbc d6 truyén goi tin va tham sé SAR
udc luong khi cac tham s6 khac duoc
kiém soat, nhung sai s6 tuyét ddi gitra mo
phong x4p xi va do thyc c6 thé khong nho
& cac diém trudng ¢ ving gan hoic sau



chudng ngai (do hi¢u ung da duong hoac
phan xa). Do d6, két luan chinh cia chung
t6i 1a: s6 luong goi 1a mot yéu té quyét
dinh xu hudng tang/giam SAR trung binh.

Mit khac, tong ning luong phoi
nhiém tich ity can duoc so sanh véi gidi
han an toan do ICNIRP dé xuit. Trong
truong hop cic md phong cho thiy sd
lwong g6i EMF qua 16n, can xem xét thoi
gian sur dung, giam cong sut phat, hodc
cau truc lai khong gian mang WiFi.

V. Két luén

Bai bao dd mo6 phong thanh cong
qua trinh phoi nhiém truong dién tr anh
hudng dén nguoi sir dung tir thiét bi WiFi
thong qua cong cu Java Modelling Tools
(JMT). Két qua cho thay: Khoang cach tir
thiét bi phat dén nguoi dung anh huong ro
rét dén mirc phoi nhiém; Nguoi str dung
gan diém truy nhap AP c6 nguy co tiép
xuc nhiéu hon; Cac thong s6 mé phong hd
trg danh gia dinh lugng va tryc quan céac
tinh hudng phoi nhiém. RS rang, truong
dién tr tir cc thiét bi WiFi ¢6 thé tao ra
muc phoi nhiém dang ké, dac biét trong
moi truong mat do thiét bi cao hoic thoi
gian tiép xtic kéo dai. Mic du cac muc nay
trong hau hét truong hop van nam dudi
ngudng khuyén nghi an toan, viéc chu
dong giam thiéu phoi nhidm 1a can thiét.
Viéc st dung cong cu Java Modelling
Tools (JMT) cho phép mé hinh hoa va
tryc quan héa qua trinh phoi nhiém mot
cach dinh luong, néu nghién ciru mo rong
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hon vé6i nhiéu nguoi dung va nhiéu AP

hon s& gitip cac nha thiét ké ha ting mang

vangudi sir dung danh gia va dua ra quyét

dinh an toan hon trong bé tri thiét bi va

hanh vi str dung.
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A STUDY ON THE IMPACT OF ELECTROMAGNETIC
FIELDS FROM INDOOR WIFI ROUTER
ON HUMAN HEALTH

Do Phuong Nhung’

Abstract: In the era of strong digitalization and the need for constant connectivity,
the use of wifi broadcasting devices is increasingly important and widely present in public
environments as well as in families. This has led to concerns about the potential impact
of electromagnetic fields (EMF) on human health. This paper focuses on quantitatively
assessing the level of electromagnetic field exposure from wifi devices operating at 2.4 GHz
in a simulated environment, using the Java Modeling Tools (JMT) simulation tool, with a
queue network model reflecting the process of transmitting, propagating, absorbing, and
accumulating EMF energy at distances from Im to Sm from the source. The simulation results
show that the exposure level decreases in accordance with the inverse square law of distance
[4], [5]. In addition, the average exposure time (sojourn time) of users also tends to increase
with distance, due to the influence of slow processing and accumulation effects. This study
provides quantitative results to assess EMF safety in residential environments and proposes

risk control scenarios based on exposure distance and duration.

Keywords: electromagnetic field, specific absorption rate, wifi access point, sojourn time,
simulation using java modelling tools
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