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Tém tit. Myc tiéu chinh ctia bai bao 1 nghién ciru anh hudng tir truong tinh dén thoi gian cip dong ddi
véi fillet c4 tra Viét Nam. Cac mau fillet ca tra duogc khao st trong nghién ctru ndy c6 kich thude trung
binh 210x80x15mm (dai x rong x day). Chiing dugc cip dong tir nhiét do tai tdm tir 12°C dén -18°C trong
mdi truong ¢ nhiét do -40°C, -35°C, -30°C va van tdc gio 5m/s bang hai phuong phap dong lanh khac
nhau: cip dong gié thong thuong va cap dong gio hién dai c6 hd tro tir truong tinh v6i mat do tir thong
trung binh lan luot 12 431, 453, 499 va 528 Gauss nham nghién ciru anh hudng cta tir trudng tinh dén thoi
gian cap dong dbi voi cac fillet ca tra Viét Nam. So sanh hai phuong phap cdp dong ¢ cung nhiét do
khong khi, thoi gian cap dong co hd trg tir truong tinh s& giam khoang tir 34% dén 56% so véi cap dong
thong thuong khi mat do tir théng ting tir 431 Gauss dén 528 Gauss. Diéu nay cho thy phwong phap cap
dong méi co hd tro tir truong tinh co thé anh huong tich cuc dén viéc giam thoi gian cap dong tiét kiém
nang lugng ciing nhu c6 thé ning cao chat luong cua san pham fillet ca tra Viét Nam.

Tir khéa. Fillet ca tra, cp dong gio, cap dong hd trg tir truong, thoi gian cap dong, tir trudng tinh.

STUDYING THE EFFECT OF STATIC MAGNETIC FIELDS TO FREEZING TIME
FOR VIETNAMESE CATFISH (PANGASIUS) FILLETS

Abstract. The main objective of paper is to study the effect of static magnetic fields to the freezing time
for the Vietnameses catfish (Pangasius) fillets. In this study, the catfish fillets were considered with an
average size of 210x80x15mm (length x width x thickness). They were frozen from 12°C to -18°C (center
temperature) in a medium temperature of -40°C, -35°C and -30°C with air velocity of Sm/s in two
different methods: the conventional air blast freezing (ABF) and the innovation air blast freezing assisted
static magnetic fields (SMF) with 431, 453, 499 and 528 Gauss to study the influence of static magnetic
fields to freezing time. At the same air freezing temperature, the freezing time with SMF decrease from
34% to 56% compared to the ABF when the magnetic density increases from 431 Gauss to 528 Gauss.
This shows the innovation freezing assisted static magnetic fields may influence positively the decreasing
of freezing time to save energy as well as the improving of quality for the Vietnamese catfish fillets.

Keywords. Catfish fillets, air blast freezing, freezing time, magnetic freezing, static magnetic fields.

1 GIOI THIEU

Mot trong nhiing phuorng phap bao quan thyc pham ducc st dung hiéu qua va rdng rai trén the gioi
ngay nay la phuong phap cap dong. Trong nhung nim gan day, su xudt hién cua cac cong nghé cap dong
nhanh da va dang gitp cai thién hon nita chit luong san phdm. Cac phuong phép cip dong hién dai bao
gdm cip dong & ap suit cao (HPF-High Pressure Freezing), cp dong ¢ hd trg siéu 4m (UAF-Ultrasonic
Assisted Freezing), cap dong c6 hd trg dién truong (EF-Electrically disturbed Freezing), cip dong c6 hd
tro tir truong (MF-Magnetically disturbed Freezing) va cap dong c6 hd trg vi song (MWE-Microwave
Assisted Freezing) dd dugc nghién ctru [1]. Tai Viét Nam, cac cong nghé cap dong nay con kha méi va
chua dugc nghién ctru rong rai.
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Nhin chung, tit ci cdc dang cap dong trén déu c6 chung nhuge diém 1a qua trinh truyén nhiét dién ra

tir 16p bén ngoai vao bén trong (mic du tbc do 1am lanh khac nhau), két qua 1a truong nhiét do bén trong
thuc phim khong déu (nhiét do bén ngoai thdp hon bén trong) din dén phan 4p sut hoi nudc bén ngoai
nho hon va nude bén trong thuc pham c6 xu huéng chuyén dong ra bén ngoai. Do qué trinh chuyén dong
ctia nude, lam cho nude trong thuc phim duge phéan bd lai, qua trinh két dong nudc tao ra nhimg mang
bang 16n, lam rach mang té bao. Khi ra dong, nudc tap trung 16p ngoai thyc pham s& chay thoat ra ngoai
lam cho thuc phém bi mit nuée, cac mo co khong con cang cing nhu ban d4u ma mém nhio.
Nhu vay, dé dam bao chat lwong thuc pham, qua trinh két dong phai dugc dién ra nhanh trong toan bo thé
tich thuc pham, khi d6 s& han ché qua trinh dich chuyén nuéc ra ngoai gitip cac tinh thé bing tao nén
trong thyc pham min hon, khong lam rach mang té bao. Trong nganh cong nghiép thuc phim, cac phuong
phap cdp dong truyén théng nhu cap dong gio, cap dong tiép xtc va cip dong dang nhing trong méi
truong tac nhan long dang dugce str dung rong rai [1].

Hién nay, cac loai ta dong c6 hd tro tir truong di duoc san xudt va ban trén toan thé gioi (tu dong CAS
ctia hing ABI, Nhat Ban). Anh huong cua tir truong ddi v6i qua trinh cap dong da dwoc nghién ciru trén
nude tinh khiét va dung dich NaCl 0,9% [2], cac san pham sinh hoc [3], cang cua [4], dic biét ddi véi cac
san pham c6 dic tinh tir tinh [5]. Cac nghlen clru da chi ra rang, v01 su hd trg ctia tir trudng tinh c¢6 mat do
tir thong tir 0,36+1,08 mT thi thoi gian cap dong ngin hon so voi cip dong thong thuong [3].

Tir truong c6 thé duoc chia thanh hai loai, d6 1a tir trudng tinh (SMF) va tir truong dao dong (OMF)
[1]. Nghién clru nay tap trung vao thuc nghiém danh gia anh hudng cua tir truong tinh dén thoi gian cap
ddng ddi voi fillet ca tra Viét Nam.

2 CAC PHUONG PHAP XAC PINH THOI GIAN CAP PONG

Qua trinh cap dong thyc pham 1a mot qué trinh rat phirc tap, bao gdm rat nhidu yéu td nhu truyén
nhiét, sy tao mam béng, sy phat trién cta bang, su phan b cta bang va cac tinh chat nhiét vat 1y, hoa hoc
ctia thyc phdm. Chinh vi Vay, dé xac dinh thoi gian cap dong nhiéu tac gia da d& xuat cac phuong phap
khac nhau, cy thé 1a bao gdm 03 phuong phap: phuong phap giai tich, phuong phap mo phong sb va
phuong phap thuc nghiém.

2.1 MBS hinh toan xic dinh thoi gian cip dong

Theo Cleland va Valentas (1997) [6], thoi gian cap dong 1y thuyét ¢ thé dugc xac dinh bang cac cong
thiic dang don gian theo cac tac gia: Plank, Nagaoka, Levy, Cleland va Earle va Pham QT. Bé so sanh
gitra thoi gian cap dong ca tra fillet cua ting phuong phap, trong ba1 bao nay s& khong trinh bay cu thé
cach tinh ma chi téng hop va biéu thi cac cong thuc tinh thoi gian cap dong cta cac phuong phap thuong
duogc st dung qua bang 1.

Bang 1: Téng hop cic mé hinh todn xdc dinh théi gian cap déng

Phuong phap Mb hinh toan xac dinh thoi gian cap dong
- -
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2.2 Mo phéng sb qua trinh cip dong

Trén thyc té miéng fillet c4 thuong c6 hinh dang hinh hoc phiic tap, phi tiéu chuan 1a bién thé chuyén tiép
gitra hinh hop chir nhét va hinh try. Khi m6 phong qua trinh cap dong vé mit 1y thuyét day sé 1a bai todn
dan nhiét khong 6n dinh phi tuyén trong khong gian ba chiéu voi dang phuong trinh:

cp@ D _ g A7) gradT (7, 0)] + 4, (,7) (6)
or
Trong do:
() - nhi¢t dung riéng phu thudc vao nhiét do cua thuc pham, kJ/(kg.K)
p(7) - khoi lugng ri€ng phu thudc vao nhiét do cua thyc pham, kg/m’
A(T) - hé s6 dan nhiét phu thudc vao nhiét do ciia thuc pham, W/(m.K)

¢,(r, ©) - ngudn nhiét trong, sinh ra do sy chuyén pha ctia nuéc phu thudc vao toa do ciia phan
t6 va thoi gian T, W/m’

T(r, ) -nhiétdo cua phan td phu thudc vao toa do va thoi gian, K

T - thoi gian cip dong, s

Viéc giai cac cac bai toan nay hién nay khong qua khé khan vi cac cong cu phan mém hd tro, tuy
nhién do ban chit ddi twong cip dong la vat x6p khong dong chat, khong dang huéng véi mién phan pha
khong lién tuc, nén hé sb dan nhiét thay ddi rat 16n phu thudc vao toa do cling nhu thoi gian [7].

2.3 Thuc nghiém anh huéng ciia tir trwdng dén thoi gian cp dong thue pham

Trong hau hét nguyén liéu thyc phdm tuoi séng nudc 1a thanh phan chii yéu nhung c6 tinh hai mit.
Tinh hai mat ciia nwdc c6 nghia 1a mac du nude 1a mét thanh ph?m thiét yéu gilr d0 tuoi caa thyc ph?im,
nhung ciing tich cyc tham gia vao tit ca cac co ché gdy hu hai anh huong dén két cau, bé ngoai, chét
luong, ciing nhu trong viéc gia ting su suy thoai vi khuan, hoa hoc va sinh hoa cua thyc pham [1].

Trong qué trinh déng lanh, nudc duoc chuyén thanh cac tinh thé bang va hoat d6 nude trong thuc
pham giam do sy suy giam lugng nude 1ong tu do. Hoat d6 nudc bi giam gitip bao quan thyc pham trong
thoi gian 1au hon, va nhiét d6 cdp dong lam giam tdc do clia cac phan g héa hoc ciing nhu hoat tinh cua
vi sinh vét va enzyme, do d6 kéo dai thoi gian bao quan thyc pham déng lanh.

Tu truong rd rang ¢6 kha ning anh hudng dén tinh chit cta nudc. Bang ching 16n nhat 1a hién tuong
thity tridu & trén tat ca cac Vung bién c6 lién quan dén tir truong Trai dat. Tuy nhién, cic co ché giai thich
anh hudng cua tir truong dén dic tmh cta nudc la khong rd rang [2]. Theo Zou va cac cong su (2000) [8],
tir trrong bén ngoai co thé lam suy yéu hoac tham chi pha v lién két hydro va lam ting sb luong phan tir
nuée don phan. Trong mot nghién ctru gan ddy, Pang va cac cong su (2012) [9] di xac nhén anh hudng
clia tir truong dén sirc cang bé mat ciia nude. Suzuki va cac cong su (2011) [10] di nghién ctru danh hudng
cta tir trudong yéu (khoang 0,0005 T) ddi véi qua trinh cap dong mot sb loai thuc pham bang ta déng c6
trang bi may phat tu truong. Nghlen ciiu bao gom so sanh cac duong cong cip dong, sy hao hut ham
lugng nuoc danh gia hoa 1y vé mau sic va két cau, quan sat chu tric vi md va danh gia cam quan. CAc tac
g1a thay rang so v6i cac thi nghiém déi chung, tir tmorng yéu khoang 0,0005 T khong c6 su khéac biét dang
ké ddi véi nhiét d trong qua trinh két dong hodc véi chat luong cta thyc pham dong lanh trong diéu kién
thi nghiém.

Anh huéng cta tir truong 1én qué trinh két tinh nude c6 thé ¢6 ¥ nghia tich cuc dbi v6i chat luong cua
vat liéu dong lanh. Tuy nhién, cac nghién ctru vé anh huéng cua tir truong tinh dén qua trinh cip dong

© 2019 Trudng Pai hoc Cong nghiép Thanh phd HO Chi Minh



86 NGHIEN CcUU ,§NH HU’GNG TU"TRU'ONG TINH BPEN THOI GIAN CAP PONG
DPOI VOI FILLET CA TRA (PANGASIUS) VIET NAM

van chua duoc cong bd nhiéu va cac thir nghiém méi chi cong bd dbi voi nude va dung dich nude mudi
[3]. Dua vao nhiing két qua ban dau cua céac nha khoa hoc da cong bo trong linh vuc nay cho thay céc tinh
kha quan khi g dung tir trudng trong cap dong thuc pham.

3 VAT LIEU VA PHUONG TIEN
3.1 Vit liéu

Ca tra nguyén liéu duoc mua tir chg Go Vap, thanh phd Ho Chi Minh, sau khi xir Iy nguyén liéu duoc
luu trit & nhiét ¢ 12°C trong tii lanh trude khi cap dong khong qua 1 gio. Kich thuée trung binh ctia mau
fillet c4 tra dugc chon trong nghién ctru nay 1a 210mm x 80mm x 15mm (chiéu dai x chiéu rdng x chiéu
day) va trong lugng trung binh 1a 250+10 g (hinh 1).

Hinh 1: Mau fillet cd tra trong nghién citu

Nhiét d6 ban dau cua fillet ca tra 1a 12°C va nhiét d6 cudi cing dé két thuc qua trinh cip dong 1a -18°C
(nhi¢t d6 tai tam). Cac ham luong nudce, protein, chat béo va tro trong fillet ca tra duwgc tham khao theo
[7] va duogc trinh bay trong bang 2.

Bdng 2: Thanh phdn ciia fillet cd tra [7]

Stt | Chi tiéu Pon vi | Kétqua | Phuong phap phan tich

1 Chat béo 2/100g 15,4 TCVN 3703:2009

2 Nuée g/100g 67,3 ISO 1442-97

3 Protein ( Nx6.25) | g/100g 16,3 GAFTA 130 4:0-03

4 Carbonhydrate g/100g 0 Food and drug Adminstration
5 Tro 2/100g 1,02 FAO p228, 1986

6 Sugar 2/100g 0 TCVN 4594:1988

3.2 Phuong tién va dung cu do

Céc thyc nghiém duogc tién hanh trén mé hinh cép dong gio, dat tai phong X6.7, Khoa Cong Nghé
Nhiét Lanh, truong Pai hoc Cong nghiép Tp. HCM. Cac thong s6 ky thuat dugc cung cap ¢ bang 3.

B§ phat tir truong tinh dugce ché tao bang 04 thanh nam chadm vinh cuu c6 kich thudc 150mm x
100mm x 25mm (hinh 2). Cac thiét bi do phuc vu thi nghi€ém dugc trinh bay trong bang 3 va hinh 3.
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Bdng 3: Tong hop cdc dung cu do phuc vu thi nghiém

STT Tén thiét bi do M3 hiéu/xuat xir Thong so do Khoang do/d¢ chinh
Xac
1 B6 ghi dir liéu nhiét do 8 | VersaLog TC/ | Nhi¢t do -200°C =+ 760°C
kénh véi cdp nhiét dién loai J | Canada Sai 6 £0,2%

2 May do vén toc gio Extech SDL350/ | Van toc 0,2m/s + 25m/s
Dai Loan Sai s6 £0,01m/s

3 May do tir truong Tenmars TM- | Mat do tir thong | 0 + 30000 Gauss
197/ Pai Loan Sai s6 £0,1Gauss

Bang 4: Thong s6 ky thudt ciia mé hinh cdp dong gié cé hé tro tir treong

Thé tich budng 125 lit
Kich thudc thyc (dai x rdng x cao) 500 x 500 x 500 (mm)
Kich thudc phu bi (dai x rdng x cao) 700 x 700 x 700 (mm)
Dién ap hoat dong 220V — 1P — 50Hz
Cong sudt tiéu thu dién 1500 W
Thong sb hoat dong:

Nhiét d6 budng cip dong 25 + -40°C

Van toc khong khi budng cip dong Sm/s

Mat do tir thong tinh 400 + 800 Gauss

Hinh 2: Mé hinh cdp déng gio va b tao tir trieong tinh

Hinh 3: Cdc thiét bi do phuc vu thi nghiém
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33 Phwong phap do va thu thap dir liéu

Fillet ca tra duoc cip dong tir 12°C dén -18°C (nhiét d¢ tai tim) theo hai phuwong phap khac nhau: cip
déng gi6 thong thuong (ABF-Air Blast Freezing) va cap dong gio6 co hd trg boi tir truong tinh (SMF-
Static Magnetic field Freezing). Cac thi nghiém di duogc thiét 1ap dé danh gi4 tac dong cia SMF dbi voi
dudng cong cip dong va tong thoi gian cdp dong (bang 4). Bay cap nhiét dién dugc gin & tim miéng ca
dé theo ddi va ghi lai dir liéu nhiét do trong qué trinh cdp déng (hinh 4). Vi tri do tir truong trong thi
nghiém dugc thé hién trén Hinh 5. Téc d6 lay miu 14 0,1 gidy va dit liéu duoc ghi lai tw dong bang phan
mém ghi dit liéu SiteView. Phan mém Matlab (R2016a) va SPSS duoc sir dung dé xur 1y dir liéu va v& dd
thi.

Bdng 5: Céc thong sé thue nghiém véi tir truong

STT Thong s0 Mién thuc nghiém
1 Nhiét d khong khi (°C) -30; -35; -40
2 Van toc khong khi (m.s™) 5
3 Mat d¢ tur thong tinh trung binh 431: 453: 499: 528
(Gauss)

| 1
. ()
6 : | } L *
L i - i i 1
Hinh 4: Vi tri lap ddt cam bién Hinh 5: Vi tri do tir truong trong thi nghiém

Theo [11], nhiét d6 cap dong cang thap thi thoi gian cdp déng cang nhanh va ngugc lai. Thudng nhiét
d6 khong khi trong budng cip dong dat 1a -35°C. Do vay trong nghién ciru nay, nhiét d6 buéng cip dong
dugc chon ¢ pham vi -30°C + -40°C, murc bién thién nhiét do 1a 5°C. Dé diéu chinh nhiét do khong khi
trong budng cip dong, phuong an diéu chinh van tiét lwu nhiét (nhdm thay ddi ap suit bay hoi ciia moi
chat) dugc sir dung két hop voi bo diéu khién nhiét d6 khong khi trong budng duoc ldp trén ta dién diéu
khién (hinh 2).

Theo két qua nghién ctru di cong bd vé gia tri van tdc khong khi trung binh trong budng cap dong thuc
té 1a tir Sm/s + 10m/s[7]. Trong pham vi nghién clru nay, gia tri van tde gi6 duoc lya chon ¢ mirc thép la
Sm/s. Cac nghién ctru tiép theo s& dugc thyc hién & cac gia tri van toc 16n hon.

Theo [3], voi su hd tro clia tir trudng tinh c6 mat do tir thong tir 0,36+1,08 mT thi thoi gian cip dong
ngan hon so véi cip dong thong thudng nén trong nghién clru nay sé€ lya chon muc gia tri tir thong thap
nhét 1a 0,4mT (400 Gauss). Tuy nhién, thuc té 1a mat do tur thong phai duogc do tai 9 vi tri trén mat cit
ngang ciia miéng c4 va liy dir liéu trung binh (hinh 5) nén gia tri khong dat duoc 400 Gauss nhu mong
mubn.

Khoang cach giita 02 thanh nam cham thu va phat cang ngin thi mat d6 tir thong cang 16n, nén trong
nghién ctru ndy, khoang cach giita 2 thanh nam cham duoc thay d6i ¢ cac mirc: 50mm, 60mm, 70mm, va
80mm, twong trng voi mat do tir thong: 528 Gauss, 499 Gauss, 453 Gauss va 431 Gauss.
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Hinh 6: So d6 bé tri mau cé tra khi cdp dong cé hé tro tir trwong tinh

4 KET QUA VA THAO LUAN

Dé danh gia anh hudong ciia tir truong tinh dén thoi gian cap dong, cac thi nghiém da duoc thyc hién &
cac mirc nhiét 40 méi truong cdp dong khac nhau: -40°C, -35°C va -30°C cing véi van toc khong khi
5m/s. Tai mdi thi nghiém, thoi gian cap déng duge xac dinh bang thoi gian trung binh ctia 7 vi tri do tai
tam miéng fillet ca tra (b tri trén hinh 4 va hinh 5). Két qua thuc nghiém cho thiy tir trudng tinh anh
huéng rat 16n dén thoi gian cap dong, cu thé két qua thuc nghiém dugc trinh bay trong bang 6:

Bdng 6: Két qua thwc nghiém danh gid thoi gian cap dong dwdi anh hwéng ciia tir truong.

C6 ho trg Khéng hé trg tir | Chénh léch
STT | Diéu ki¢n thi nghi¢m | tir trwomg tinh (SMF) truong (ABF) (%)
(s) (s)
1 431 Gauss 1568 36,2
2 -30°C, 453 Gauss 1586 2457 354
3 Sm/s 499 Gauss 1604 34,7
4 528 Gauss 1523 38,0
5 431 Gauss 1550 34,9
6 -35°C, 453 Gauss 1375 1381 423
7 Sm/s 499 Gauss 1270 46,7
8 528 Gauss 1173 50,7
9 431 Gauss 1117 49,5
10 -40°C, | 453 Gauss 1087 2210 50,8
11 Sm/s 499 Gauss 1048 52,6
12 528 Gauss 958 56,7

bl 35 thm sén phi=, S

Tohill 0 wit wiin the khdng khiz-30PC v SmA

Théi gian cip 380, 108
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Hinh 7: Puong cong cdp dong fillet cd tra ¢ nhiét @6 -30°C, -35°C va -40°C khi hé tro ti truong tinh

Két qua thyc nghiém (dugc biéu dién nhu trén hinh 7) cho thay viéc tng dung tur truong tinh voi mat
d6 tir thong 16n hon 400 Gauss (0,04T) giup giam thO'l gian cip dong fillet cé tra, cu thé thoi gian cap
dong da giam duoc tir 34,7% dén 38% & nhiét do cap dong -30°C, tr 34,9% dén 50,7% & nhiét do cap
dong -35°C va tir 49,5% dén 56,7% & nhiét d¢ cap dong -40°C.

Dbi voi qué trinh cip dong khong co hd tro tir trudng, nhiét do tai tAm giam cham khi san pham bat
dau két dong, thé hién qua tdc d6 két dong trung binh 0,835 °C/phut (nhiét dd tim san pham giam tir 12°C
dén -18°C trong 35,2 phut, & nhiét d6 khong khi -40°C). Trong khi c6 hd trg béi tir truong tinh thi toe do
két dong trung binh dugc ting gip hai lan: 1,879, 1,718, 1,656 va 1,611°C/phit twong tng voi mat do tir
thong hd tro 14 528, 499, 453, 431 Gauss (& nhiét do khong khi -40°C).

Nho vao viée hd tro tir truong tinh, thoi gian khi cip dong & nhiét @6 -30°C tham chi con thép hon
nhiéu so voi thoi gian khi cip dong ¢ nhiét do -40°C ma khong ap dung tir truong. Diéu niy cho phép
thiét bj cap dong co thé hoat dong & nhiét d6 cao hon ma vin dam bao chit lwong va chi phi dién ning.

Nho ¢6 tac dong clia tir truong tinh ma cic phan tir nude duge sip xép 6n dinh hon bén trong thyrc
pham. Qua trinh nay giup céc tinh the bang dugc tao ra kh1 dong co kich thude nhd hon, vira glup dam
bao nhiét do ddng déu bén trong miéng ca nén qué trinh cap dong dién ra nhanh hon, 1am ting chét lugng
c4 sau khi cAp déng va giam chi phi ning luong.

5 KET LUAN

Khi tién hanh nghién ctru thuc nghiém xac dinh thoi gian cap dong fillet ca tra bang phuwong phap cép
déng gi6 va phuong phép cip dong gié ¢ hd trg tir truong tinh cho thdy tir trudng tinh véi mat do tir
thong trung binh trén 400 Gauss c6 anh hudng 16n dén thoi gian cap dong.

Thoi gian cap dong giam tir 34% dén 56% so véi cAp dong thong thudng. Véi ciing nhiet dd khong khi
-40°C va van tc 5 m/s thi mat do tir thong tac dung cang 1on cang giup giam thorl gian cap dong. Theo
két qua thuc nghiém, mat do tir thong dat 528 Gauss co thé gitip giam thoi gian cip dong dén 56,7%, do
d6 chi phi nang lugng tuong Gng cung glam dang ké.

Tir truong tinh dnh hudng nhiéu hon dén thoi gian cdp dong do su tac dong manh mé cia ching dén
cAu trac phén tir nudc. Nudc trong thuc phém khi chiu sy tdc dong cua tur truong tinh s€ bi han ché
chuyén dong ciia cac photon, nhd d6 cdu trac tinh thé bing khi két dong s& nhé hon. Két qua nghién ctru
budc dau cho thiy kha ning tmg dung tir truong trong cac thiét bi cip dong fillet c tra trong thuc té, gitip
giam thoi gian cip dong, nghia 1a giam duoc thoi gian fillet ca tra tiép xtic tryc tiép voi khong khi, nhu
vay c6 thé ning cao chit lugng san phdm dong thodi giam chi phi ning lwong cho qua trinh cap dong.

LOI CAM ON
Céc tac gia chan thanh cam on trudng Pai hoc Cong Nghiép Tp.HCM da hd tro tai chinh dé thuc hién
nghién ctru nay theo hgp dong s6 93/HD-DHCN ctia dé tai nghién ctru khoa hoc va cong nghé nam 2018
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“Nghién ctru ing dung truong dién tir trong cép dong thuc pham nhim ning cao chat lugng san pham”,
ma s6 171.1081.
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