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l.DATVANDE 

Theo sd lieu mdi nhat cfiaBo Thdng tin va Truyen thdng, cd 59.000 tram BTS [1] 
tren loan qudc. Viec mat lien lac cua cac tram BTS khdng cdn la van de cua cac nh^ 
mang ma nd cdn anh htfdng ldi van de an ninh qudc phdng, dam bao thdng tin lien lac 
thdng sudt 24/7 la van de btfc thiet, can dtfdc quan tam hang diu. Theo thdng ke ciia 
tap doan Bifu chinh Vidn thdng Viet Nam, cd nhieu nguySn nhSn dan tdi viec mat 
hen lac BTS, trong dd nguyen nhan do mat nguon dien AC xay ra nhilu nhS't, len tdi 
59.70% [2]. De khac phuc linh trang mat hen Iac BTS do mat nguon dien AC, cu the la 
mat Itfdi, nhdm tac gia "Thi6't ke he thdng ttf dpng hda dong bd va dieu khiln nguon dif 
phdng thdng minh cho cac tram thu phat gdc BTS/ NodeB cua vidn didng di ddng". 

2. GIAI QUYET VAN DE 

Hien nay, vdi cac tram BTS truyen thdng, khi xay ra hien ttfdng mat Itfdi c^c 
tram BTS suf dung nguon Accu de duy tri boat ddng cua cac tram tnfdc khi cac nhdn 
vien tfng ctfu ldi chay may phat dien. Van de dam bao nguon du* phdng s^ dung Accu 
la kha ton kem vdi chi phi kha ldn do mdi thp cua Accu va cac stf cd nguon thtfdng 
ngSu nhiSn hoac gian doan trong thdi gian ngan. Do vay can ddi cac giai phap viec sil 
dung may phat di6n (MFD) kha phu hdp ve chi phi, tuy nhien viec ttf ddng hda qua 
trinh boat ddng cua MFB van chtfa dtfdc quan tam bdi nhieu Iy do khac nhau. Tren the 
gidi da cd nhffng MFD hd trd hda dong bd, nhifng cac MFD loai nay lam viec d tan sd 
60Hz, cdn tai Viet Nam thi cac nha may thiiy dien nhd cung da svC dung, nhiftig dd'i vdi 
cac tram BTS thi chtfa dtfdc siJ dung. De qua trinh siJ dung MFD dtfdc thifc hien mpt 
each ttf dpng he thdng can cd cac chu'c nang: Chtfc nang chi thi; chifc nang canh bao; 
chiJc nang bao v8: Giam sat nguon dien Itfdi trd lai; chdng dao ddng dien; dn dinh 
dien Itfdi; dn dinh dien MFD, on dinh MFD. 

2.1. Tinh toan cac thdng sd'va Itfa chpn thiet bi 

* Tinh toan cdng suSt tai tfu tien: 

Tai tfu tien trong cac tram BTS la he thdng truyen din. Ddi vdi cac tram BTS 
viec bien thien ngudn la ydu td anh htfdng trifc tiep tdi boat dpng cua tram. Mpt trong 
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so nhiJng nguyen nhan chinh din tdi viec bi6'n thien nay chinh 1̂  Anten. Anten la 
thiet hi du tien nhat, co he so' btjtc xa thirdng tir 30 -r 40(%). Cong sua't dau vao ldn 
nhS't cua mpt so Anten dien hinh nhtf sau [3]: 

+ C6ng suat Anten GSM 900MH2, 1800MHz rieng, UMTS ri6ng: 2100 (W). 

+ Cong suat AntenDual 900/1800MHz rieng, UMTS rieng: 1800 (W). 

+ Cong suat Anten GSM vi UMTS ti'ch hdp: 300 (W). 

Do cic tram BTS thirdng hS trd 2G hoac 30 hoac 2G vJ 3G kgt hdp, nen cong 
sua't cua Uram BTS la: 2100 + 1800 + 300 = 4200 (W) (2.1,1) 

* Tinh th&i gian s^ dung dien tir ac quy: 

Thdi gian sS dung cua Accu phu thudc vao dung liTdng cua Accu va cong suft 
cua tai. Cong thifc tinh nhir sau: 

t = (AhxVxTi)/P (2.1.2) 

Trong noi dung bai bao nay, thiTc hien viec lira chon dS'i vdi Accu Visson 180Ah, 
12V [4]. HiSn nay, cac tram BTS thirdng sii- dung 02 to Accu cho moi tram. Do do, 
thdi gian duy tri hoat dong cua Accu Mc nay la: 

t = 2x(AhxVxTi)/P = 2x( 180x48x0.7)/4200 = 2.88 (gid) (2.1.3) 

* Bai toan Irfa chpn may phat difin 

Trong cac tram BTS ciia cac nha mang sC dung chii yeu may nan ciia cac hang 
nhiT: Minipack, Flatpack2, Emerson, Lorain, Delta, Dongah, Powerone,... M§i m4y 
nan nay co he so hieu sua't la khac nhau: Minipack 43.75%, Flatpack2 46% , Emerson 
45% [5]. Do dd viec lUa chon hieu suat dirdc Itfa chon la gia tri nho nhat: 43.75%. 
Theo (2.1.1), cong sua't MFD tinh toan dlTdc la: 4200/0.4375 = 9600 (W). 

Vdi ket qua tinh toan diTdc d tren, trong npi dung ciia bai bao nay nhom tac gia 
lira chpn sS dung MFD ASKA APD - 16MA [6]. 

2.2. Bai toan hoa d6ng b0 

Hda dong bp tir dpng giiip cho he thd'ng hoat ddng mdt each lien tuc m^ khdng 
phai to'n kem ve chi phi nhSn cdng. Cd rat nhieu phitdng phap hda nhir: hoa dien chinh 
xac va tir hda dien. Trong npi dung bai bao nay, nhdm tac gia tien hanh hoa dien 
chinh xac diTa theo chenh lech tan so'. Tai thdi diem hda nguon lirdi va nguon MFD 
phai thoa man ca 3 diiu kien vl: tan so, pha, dien ap; cac thanh phan nay bang nhau 
hoac sai ISch nam trong khoang cho phep. 
2.2.1. Bo tdn sS' 

Thtfc hien viec xac dinh chu ki ciia tin hieu cin do bang each dem so' chu ki cua 
tin hieu chuan da biS't tnrdc chu ki trong 1 hoac vai chu ky cua tin hieu cin do. Sd S6 
thtfc hien nhtf Hinh 2.2.1. 
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Hinh 2.2.1. Do chu ky tin hieu 

Gia s^ bd ddm ddm dtfdc n xung chuan, trong m chu ky can do: 

T 2nT In (2.2.1) 

- Sai sd'phep do 

Gia thidt rang chu ky dung ciia tin hieu la T̂  = 2nT, sai so' ciia phep do la 5, kdt 
qua phep do la 2(n ± S). Chu ky do dtfdc la T '̂= 2(n ± 5)T. 

Sai so' ve tan so'la: 

4/-= ±6.f f 
2n(n±S) 2n(n±\) 

Neu sai so' cho phep ciia tan so la e^, thi Af < ê  , suy ra: 

2 /• ' ± £ X /• 

(2.2.2) 

(2.2.3)i« 

Neu Itfa chpn gia tri ciia tin so' chuan theo cdng thtfc tren, ta se dam bao dtfdc 
sai sd'cda phep do nhd hdn gia tri cho phep. Chii y rang cdng thtfc (2.2.3) ap dung cho 
phep do nu'a chu kjf. Neu phep do se dem ca chu ky tin hieu can do, thi cdng thu'c tren 
se la: 

/: 
.Jx —"cp J X 

(2.2.4) 

2.2.2. Do goc l^ch pha 

De thu'c hi$n viec xac dinh gdc lech pha trong npi dung bai bao nay, nhdm tac 
gia sil dung mach tach diem "0". Mach nay cd nhiem vu thay dd'i tin hieu ngd ra khi 
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tin hieu ngd vao di qua diem "0". Nhtf vSy, viec so pha 2 tin hieu dtfdc thay bang viec 

tinh khoang thdi gian AS giOa 2 diem " 0 " (Hinh 2.2.2). 

/ ' 7V\ 
i' V^dX 

^ 

l i S : 

• • • 

Hinh 2.2.2. So pha hai tin hiSu 

- Sai so'phep do: 

Do cd stf sai lech do tach di^m " 0 " nen stf so pha cung cd sai lech. Ta xet hai 

trtfdng hdp ciia hai dien ap cung pha nhtf Hinh 2.2.3. 

-
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Hinh 2.2.3. Sai so tach diim "0" 

(I) Tan sd bang nhau, dien ap khac nhau: 

Dd Iech pha do dtfdc la A^. 

At = —^— 
2n: (2.2.5) 
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Hinh 2.2.4. So pha tru»ng hap U, #U^, f=f, 

Sai lech dien ap phai thda man dieu kien: 

^^IxSin^^ 
U, 2 

(2.2.6)1*1 
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(2) Bien dp bkng nhau, tan sdkhac nhau: 

Chu ky Iech pha thda man: 

J, iTT (2.2.7) 

Cd" sau mdt khoang thdi gian Ttp, Aq> cd gia tri bang khdng, ttfc la khdng cd dp 
16ch pha, Iiic nay cd the ra lenh ddng mach hda dien. 

Vdi mij'c sai lech dien ap khdng dtfdc vtfdt qua 0.5 -e-1 % di$n ap danh dinh 220V. 
Tiif (2.2.6) suy ra: A^ = O.I ^0.14. 

Theo cdng thtfc (2.2.5) ta cd: At = 0.032 -̂  0.045 (^s). 

V3y thdi gian chenh Iech cho phep giu'a hai tin hieu la 0.032 -̂  0.045 ([is). 

2.2.3. Do dien dp 

Gia stf bd qua sai sd ciia bidn ap, thi viec xac dinh dien ap ciia Itfdi hay MFD ta 
chi can quan tam tdi dien ap diu vao bd bien ddi ADC. Sai so' cua phep do se la 1/2 
btfdc Itfdng ttf ciia qua trinh chuyen doi ADC. Vdi n cang Idn thi gia tri mdi btfdc dien 
ap cang be nen dp min cua bp ADC cang cao. Gia tri sai sd cua cac bd ADC n bits 
dtfdc biiu diin d Bang 2.2.1. 

Bdng 2.2.1. Bdng sai so cua cdc bo ADC 

Bp ADC (n bits) 

Sai sd (%) 

8 
2 

10 

0.5 

12 

0.1 
16 

0.01 

24 
0.00004 

Trong ndi dung bai bao nay, sii* dung bd ADC 24 bits de thtfc hien qua trinh ADC. 

Khi chenh lech ve tan sd ±0.5Hz, chenh lech ve thdi gian ± (0.03 -r 0.045) ps, 
chenh lech dien ap 0.5 -=-1 % giu'a tin hieu dien Itfdi va tin hieu MFB thi lien h&nh hda. 

2.3. Bai toan dap itng thdi gian thtfc 

De giam s^t thdi gian lam viec ciia Accu la sil dung dong ho thdi gian thtfc RTC 
DSI307 [5]. Dong ho thdi gian thtfc dtfdc ket ndi vdi he thdng thdng qua giao tie'pI2C 
[6]. He thdng se lay thdi gian dtfdc cung cap ttf DSI307 ddi chieu vdi khoang thdi 
gian tinh toan dtfdc d (2.1.3) ma dtfa ra cac quyet dinh ve ddng lat MFD. 

2.4. Ltfa chpn cong ngh$ 

Vdi tan sd thap van de nhilu giffa cac dtfdng mach in vdi nhau, nhidu giu'a hai 
chan ciia linh kien tren mach,... cd the tam bd qua vi nd khdng dang ke. Nhtfng d tan 
sd cao, van de nay se gay ra nhtfng sai so khdng Itfdng trtfdc cho he thdng. 

Tan sd cao lam xay ra hieu tfng be mat (dien tich dich chuyen tren be mat day 
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din) se sinh ra dien trd tren day dan, dien cam va dien dung ky sinh giila cac dtfdng 

mach cung nhtf giffa cac chan h | n linh kien [10]. 

Gia hi dien khang va dien dung ky sinh d dau chan cam se dtfdc tinh theo cdng thtfc: 

i =Aii,(i-) = io,l61n(-) = 0,41n(-) , . ,„„ , 
t r„ c„ r„ ^•^•' 

0,706 p F 27,78 

, ,Ss in'~ , , s . 2.4.2I'°1 
ln(—) ln(—) 

r^ r^ 

O tan so' cap gia tri dien trd va dien cam trpng ciia day d i n se phu thudc vao t in 

s6' cua tin hi6u: 

2.4.3"™ 

2.4,41101 

Ngoai ra, d tan so' cao 2 day canh nhau tren mach in se xay ra hien ttfdng: tif 

trtfdng giiTa 2 day se anh htfdng l ln nhau va lam xuat hien dien cam ngoai cua day la 

L^ dtfdc tinh thep nhtf cdng thtfc da cho d tren. Tdng dien khang ciia day d i n trSn mach 

in \k: 

-t L, = f2L + LJ 2.4.5 

Dd'i vdi he thdng lam viec trong cac tram BTS ndi cd tan so boat dpng cao, thi 

viec h i p thu nhiSu va btfc xa nhidu la dieu khdng tranh khoi. Hap thu va btfc xa nhilu 

trong cac he thdng heat ddng d tan sd' cao, da dtfa ra mdt khai niem mdi "ttfdng thich 

dien ttf". Ttfdng thich dien ttf dtfdc xem nhtf la nguyen nhan d i n den stf hoat dpng mat 

dn dinh ciia cac he thd'ng lam viec d t in so cao. Vide xac dinh va ban che anh htfdng 

cua ttfdng thich dien ttf dtfdc xac dinh bang phtfdng phap quel be mat. 

Van de btfc xa dien til d l dang x i ly bang viec che chan va nd'i mass. 

Van de hap thu dien ttf, vdi stf ra ddi cua cdng nghd SoC da g i n nhtf han che tdi 

mac tdi da stf hap thu dien ttf ttf ben ngoai. Trong ndi dung bai bao nay, nhdm tac gia 

sur dung cdng nghe SoC cho cac thiet ke sd ASIC, chp bai toan thi^t ke cua minh. 

Nhdm tac gia de xuat viec thiet ke hd thd'ng tren nen ASIC cd sd do nhtf ITinh 2.4.2. 
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Hinh 2.4.2. Sa do khoi he thong dieu khiin nguon thdng minh 

* Nguyen ly boat dong 

He thd'ng hoat dpng theo Itfu do thuat toan sau: 

- Trtfdng hdp ddng Itfdi l ln dau tidn cho tram BTS: 

c Begin 

Ktraon dinh luoi 
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- Trtfdng hdp mat Itfdi; dang chay MFD thi cd Itfdi trd lai: 

( Begin ~J 

2.5. Ket qua rad phong 

Sau day la ke't qud md phdng hd thd'ng bang phan mim Questasim 6.4c cua tap 

doan Mentor Graphic. D i u ra cila md phdng la Timing ciia he thdng. 
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He thdng dtfdc coi la thiet ke thanh cdng khi Timing md phdng ddi vdi cac hoat 
ddng cua hS thdng khi: ddng Itfdi lan dau lien; mat Itfdi, chay MFD va dang chay 
MFD thi cd Itfdi trd Iai dung vdi nguyen ly boat dpng cua he thdng da dat ra. 

2.5.1. Khi dong diin ldn ddu 

Khi cac tram BTS dtfdc ddng Itfdi lan dau, thi he thdng diiu khien nguon nang 
Itfdng thdng minh sau khi nhSn dtfdc tin hieu Itfdi se xac dinh trang thai dn dinh cua 
Itfdi. Neu Itfdi dn dinh se dtfa ra cac chi thi: 

+ Ket ndi Itfdi vao lii ngu^n. 

+ Tin hieu chi thi lai chd siJ dung Itfdi dtfdc bat (den). 

+ Tin hieu gtfi ve he thdng thdng bao dang su" dung Itfdi. 

Timing md phdng: 
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Hinh 2.5.1. Timing cua hi thd'ng khi dong dien ldn ddu 

Phan tich Timing: 

Theo Hinh 2.5.1 he thd'ng se boat ddng nhtf sau: 

Tai thdi diem T̂  khi cd Itfdi, he thdng dtfa ra chi thi tai chd bang viec keo tin 
hieu Itfdi ena len mtfc cao. Dong thdi he thdng xac dinh stf dinh Itfdi, thtfc hien qua 
trinh kiem tra nay cho tdi khi f ok va u_ok dong thdi chuyen len mtfc cao thi tien hanh 
kdt nd'i Itfdi vao tai va giJi canh bao ve he thdng thdng bao rang he thdng silf dung 
nguon Itfdi. 

Nhan xet: Qua phan tich boat dpng cua Timing, ta thay ket qua thu dtfdc hoan 
loan dling vdi nguyen Iy boat ddng ciia he thd'ng. Kê t qua md phong dap tfng dtfdc 
nhtfng yeu cau ciia bai to^n dat ra. Qua trinh thiet ke he thd'ng xuf ly trtfdng hdp "'khi 
dong dien ldn ddu" da dat vdi nguyen 1̂ ' boat ddng cua bai loan thiet ke. 
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2.5.2. Khi mat liM, chay may phat dien 

Khi mat Itfdi, he thdng dieu khie'n se thtfc bidn dem thdi gian xac dinh thdi gian 
hoat dpng ciia Accu. Khi thdi gian sur dung Accu gan hd't se dtfa ra cac chi thi: 

+ Tao tin hieu thdng bao mat Itfdi tai chd (cdi). 

+ Khdi ddng MFD. 

Sau 5 -̂  10 phut dii de MFD hoat ddng dn dinh, he thd'ng diiu khien nguon nang 

Itfdng thdng minh se dtfa ra cac chi thi tie'p theo: 

- Kd't nd'i M F D vao tii nguon. 

- Tin h ieu chi thi tai chd s4 dung M F D dtfdc biit (den) . 

- Tin h ieu giii ve he thd'ng thdng b a o dang sil dung M F D . 

Timing md phong : 

/TeMbmcli top.'dk 
/Tcittimch top'ist 
iTotbelid] top/sKcu off 
'Teabenchjop 'hiDi_oia 
/Toftoidi topAmfd CUA 
/Testbendli tapla huu 
ria&txtiiijBf/ajntd 
/Teid>aidi top'adc hun 
T- tV^"* '"p^-"*- ">« 
/Tetdxoch top/f_diuaD 
Tettbeach_iDp'f^Dk 
ntt&t3xb_xop.^_ok. 
fIatbaiiixjLop/iaai_aof 

fTtabeadi tapfnii aa off 
/Tettboidi top/mat km 
fT«rti»nfh top/n mfd s a 
/TeMbai[lijsp/iiifd_iok 
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Hinh 2.5.2. Timing ciia he thong klii mdt lu6i, chay may phat dien 

Phan tich Timing: 

Theo Hinh 2.5.2, he thd'ng se hoat dong nhtf sau: 

Tai thdi diem Tl khi mat Itfdi, he thd'ng dtfa ra chi thi tai chd bang viec kdo tin 
hieu mat Itfdi len mtfc cao. Dong thdi he thd'ng se xac dinh thdi gian hpat ddng cua 
Accu (nam trpng khpang thdi gian da tinh toan trtfdc) dtfa trdn dong ho thdi gian thtfc. 
Khi tin hieu Accu_off dtfdc keo len mtfc cao he thdng xac dinh trang thai Accu khdng 
cdn dam bao. MFD se dtfdc kich hoat bang each dtfa tin hieu mfd_on_off len mtfc cao, 
sau khpang thdi gian (5-=-10 phut) he thd'ng se ttf ddng dtfa ra chi thi tai chd. Dgng thdi 
he thd'ng ciing xac dinh tinh dn dinh cia MFD, thtfc hien qua trinh kiim tra nay cho tdi 
khi f_ok va u_ok ddng thdi chuydn len mtfc cao, se tidn hanh kdt ndi MFD vao tdi va 
giii canh bao ve he thd'ng, de thdng bao rang he thd'ng dang sil dung ngudn MFD. 
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Nhan xet: Qua phan tich boat ddng cua Timing, ta thay ket qua thu dtfdc hoan 
loan dling vdi nguyen ly boat dpng cua he thd'ng. Ket qua md phong dap tfng dtfdc 
nhffng ydu c^u ciia bai toan dat ra. Qua trinh thiet ke he thdng xijf Iy trtfdng hdp "khi 
mdt ludi, chay may phat dien " da diing vdi yeu cau cua thiet ke'. 

2.5.3, Khi dang chay may phat, co lii&i trd lai 

Khi cac tram BTS dang boat ddng bang MFD ma cd Itfdi trd lai, he thd'ng dieu 
khien nay se xac dinh on dinh Itfdi. Neu Itfdi on dinh se dtfa ra cac chi thi: 

+ Kdt ndi Itfdi tdi lii nguon. 

+ Ngat ket nd'i giffa MFD va tu nguon. 

+ Ngat ket nd'i cho MFD chay khdng tai. 

+ Sau 5-̂ 10 phiit ra chi thi tat MFD. 

+ Tin hieu chi thi tai chd s^ dung Itfdi dtfdc bat (den). 

+ Tin hieu giJi ve he thd'ng thdng bao dang stf dung Itfdi. 

Timing md phdng: 
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Hinh 2.5.3. Timing cua he thd'ng khi dang chay may phat, co lu6i trd lai 

Phan tich Timing: 

Theo Hinh 2.5.3, he thdng se hoat ddng nhtf sau: 

Tai thdi diem TI khi dang chay may phat, he thdng dtfa ra chi thi tai chd bang 
viec keo tin hidu nifd_ena len mtfc cao. Neu he thdng xac dinh cd tin hieu Itfdi trd lai 
thi dtfa ra chi thj tai chd bang viec keo tin hieu Itfdi ena Ien mtfc cao. Dong thdi he 
thd'ng x^c dinh tinh dn dinh ciia Itfdi, thtfc hien qua trinh kiem tra nay cho tdi khi f_ok 
va u_ok dong thdi chuyen len mtfc cao thi tien hanh kdt nd'i Itfdi vao tai va gxti canh 
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bao ve he thd'ng, de thdng bao rang he thd'ng dang sil dung ngudn ttf dien Itfdi. He 

thdng thtfc Men viec ra ISnh ngat may phat khdi tai, nhtfng v in dd' chay khdng tai sau 

khoang thdi gian (5-=-10 phut), hd thd'ng se ttf ddng dtfa ra chi thi tat MFD bang c ich 

dtfa tin hieu mfd_on_off len mtfc cao de tat may phat. 

NhSn xet: Qua phSn tich boat ddng cua Timing, ta thay ket qua thu dtfdc hpan 

toan dung vdi nguyen ly hoat ddng ciia he thd'ng. Ket qua md phdng dap tfng dtfdc 

nhffng yeu cau ciia biii loan dat ra. Qua trinh thiet kd he thd'ng xit ly trtfdng hdp "khi 

dang chay may phat, co ludi trd lai" da dat yen c lu dat ra. 

3. BCET LUAN 

Trong ndi dung bai bao, nhdm tac gia da giai quye't thanh cdng viec "thie't ke' he 

thd'ng ttf dpng hda ddng bd va dieu khien ngudn dtf phdng thdng minh cho cac tram 

thu phat gdc BTS/ NodeB ciia vi ln thdng di ddng". 

Hien nay vdi viec ngudn nang Itfdng hda thach dang ngay can kiet, he thdng 

thiiy didn lai gay ra nhffng anh htfdng tidu ctfc tdi mdi trtfdng, d i n de'n xu htfdng tat 

yeu can phai sil dung cac ngudn nang Itfdng tai tap. Tuy nhien cdng suat cua c ic 

ngudn nay la khdng du ldn de' ddn le cung cS'p cho mdt tram BTS/ NodeB boat ddng 

dn dinh. Ndi dung ciia bai bao se la tien de cho viec phdi hdp sil dung cac ngudn nang 

Itfdng ttf nhien nhtf: nang Itfdng gid, nang Itfdng mat trdi. 
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SUMMARY 

DESIGNING AN AUTOMATIC SYSTEM USED FOR SYNCHRONIZATION 
AND INTELLIGENT BACKUP SOURCE FOR BTS/ NODEB BASE TRANSCEIVER 

STATIONS IN MOBILE TELECOMMUNICATIONS 

Nguyen Dinh Luyen, Nguyen Quang Duy, 
Ngo Van Tam, Nguyen Due Kien 

Exact electrical synchronization based on frequency disparity is an optimal solution 
for synchronizing the reserved energy sources. The high frequency in the BTS/NodeB has 
great effects on the quality of service. This paper presents solutions to determining the 
frequency, the phase angle, and the voltage difference between the AC mains and the 
generators, which ease the process of combining the reserved energies with the AC mains. 

"•̂ •'Khoa Ky thuat & Cong nghe, Tru'cfng Dai hpc Quy Nhdn 
''Sinh vien Idp DTVT K. 32B, Khoa Ky thuiit & Cong nghe 
NgSy nhan bai: 23/6/2014; Ngay nh^n dang; 26/11/2014 




