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TOM TAT: Bai bdo nay trinh bay nhitng két qua nghién citu xdc lgp ché dg cong nghé sdy thing
hoa (STH) cho thiy san nhom gidp xdc dai dién la tom su bing cdch giai bai todn t6i wu da muc tiéu
Vi chudn t6i wu t6 hop S (phwong phdp diém khéng nrong). Nghién cieu thic nghiém da tién hanh dé
xdy dung cac ham muc tiéu mo ta sy anh hwong cua cdc Yéu té céng nghé (nhiét @6 moi truong sdy, ap
sudt méi trueong sdy, thoi gian sdy) dén qua trinh STH. Béing phuong phdp diém khong tuong da giai
bai todn 161 wu da muc tiéu cho phép xdc ldp ché d cong nghé 16i wu cho qud trinh STH sao cho cac
tiéu chi: chi phi ning lwgng tao ra 1 kg san phcfm (SP), do co rit thé tich, 16n thét vitamine C ciia SP,
dé am cudi cimg ctia SP phai tién 16i nguong cuc tiéu va kha nang hoan dm tré lai ciia SP phdi tién toi
ngudng cuwc dai (co nghia chi 56 khdng hoan am tién t6i ngudng cue tiéu).

Tir khéa: Téi wu hda da muc tiéu, sé'y thang hoa.

1. PAT VAN DE

STH 1a mdt ky thudt phuc tap dugc thuc
hién theo ba giai doan chinh ndi tiép nhau trén
co s& so dd quy trinh cdng nghé dugc gidi
thiéu trén hinh 16. Giai doan 1 la giai doan
lanh déng VLS, giai doan 2 va 3 la giai doan
STH va giai doan sdy chan khong (SCK). Day

14 hai giai doan quyét dinh dé tao ra san phim.

Khi xac lap ché do cong nghé STH néu xét
riéng theo tirng tiéu chi thi thuong doi hoi: chi
phi ning lugng tao ra lkg SP (y,, kWh/kg SP);
dd dm cudi cing cua SP (ya, %); kha nang
khang hoan 4m cua SP (ys , %): dd co rat SP
sau khi sdy ( y4, % ); d0 ton thit vitamine C cta
SP (ys, %) phai dat cuc tiéu. Can nhin manh
riing 5 tiéu chi ndy déu phu thude vao 3 yéu tb

cong nghé: nhiét 4o méi truong sdy (Z, °C), ap

suét moi trudng sdy (Z,, mmHg), thoi gian sdy
(Z3, h).

Khi xét dong thoi ca 5 tiéu chi sao cho mbi
tiéu chi phai dat dugc mirc tét nhit (nhé nhat)
¢6 thé duge s& din t6i yéu cu phai dat ra va
giai quyét mdt cach chudn muyc bai toén t6i uu
(BTTU) da muc tiéu [4]. Py la BTTU thuong
xuyén xuit hién trong thuc té va trong céc Iinh
vuc khac nhau. Bai bao nay trinh bay phuong
phap giai BTTU da muc tiéu véi chuan t5i wu
t& hop S(Z) (hay goi phuong phap diém khong
tuong) cua qud trinh STH tom si. Cung vdi
viéc giai mo hinh todn truyén nhiét tach am
trong diéu kién STH [3] két qua tdi uu da myc
tiéu thu duge cho phép xac ldp ché do cong
nghé STH tom s gin voi ché d¢ “khong
tuong” nhat [4].
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2. TOI UU HOA PA MUC TIEU VOI
CHUAN TOI UU TO HQP S

2.1. Mgt sb khai ni¢m co sé [4]

Phin co s ly thuyét tdi wu héa da muc
tiéu v&i chudn t&i wu td hop S da dugc gidi
thigu & [4], dé tién cho viée tng dung xdc lap
ché do STH xin dugc bay lai mot sb diém co
ban sau.

Xét mot dbi tugng cong nghé gdm m ham
muc tiéu f,(Z), 5(2), ..., f4(Z). Cic ham muc
tiéu nay hinh thanh nén vécto ham muc tiéu
f(Z) = {fi(D)} = {fi(2), £(2), ..., fa(Z)}, trong
d6 j =1 + m. Mdi ham thanh phin f;(Z) phu

xdc dinh) Qz va cac gid tri ciia ham muc tidu sé
tao thanh mién gia tri cua ham muc tiéu Qs
(trong truomg hgp BTTU hai muc tiéu c6 thé
biéu dién hinh hoc bdi mién nim trong duong
cong kin A - f(ZS) — f(ZR) - B - N - M, xem
hinh I).

Mdi ham muc tiéu fi(Z) cling véi vécto
bién Z = {Z}} = (Z, Z,, ..., Z,), trong d6 i= 1 =
n, hinh thanh mdt BTTU mét muc tiéu. Dé
don gian nhung khong hé lam mét tinh tong
quit, BTTU m muc tiéu s& dugc trinh bay cho
truong hop toan b m BTTU mét muc tiéu déu

1a céc bai toan tim cuc tiéu c6 dang:

thudc vao n bién tic déng Z,, Z;, ..., Zy, céc B = ﬁ(an oM giopt z) Y = Min
bién Z; (=1 + n) s& hinh thanh nén vécto céc B2 Ta oo 2 (1)
ye'u to anh l'urong hay goi la \‘zectof bién Z. C:v:fc Z={Z) =21, Zs .. Z) € Qy 2)
bién nay bién thién trong mién gidi han (mién , "
j=l+mji=1l=+n (3)
t‘z -
c, GP3
fPR

HEYR C, £

Hinh 1. Khong gian ham muc tiéu ciia BTTU hai murc tiéu
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= Phuong dn khéng twdong va higu qua
khong twimg [4]: Néu tdn tai vécto bién 2T =
(ZVYy = (2,7, Z,", .., Z,"") € Qz 13 nghi¢m
chung cho tit cda m BTTU mdt myc tiéu (1) +
(2) + (3), nghia 1a Z"T = Z?™ véimoi i =1 +n,
thi Z"" duoc goi 1a phuong an khong tudng
hogc nghiém khéng tuéng cia BTTU m muyc
tiéu.

Thye té thuong khéng ton tai Z;"". Nhung
mdi BTTU mot muc tiéu (1) + (2) + (3) van ¢6
cac Fipin (V1 j = 1 m) tuong tmg nén van ton
tai 7 = (Fimine Forsius ++» Fonmin) VA ki 86 £7 =
(Fimins Fomins s fmmin) duUoc goi 1a hidu qua
khong tudng hay diém khéng tuong. O hinh 1
diém khong tuong T ciia BTTU hai myc tiéu
tdn tai nhung nam ngoai mién xdc dinh Qf tirc

la nghiém khong tuong khong ton tai.

* Phuong 4n trdi va phuong dn bi trdi
[4]: Gia st ¢6 hai vécto bién ZQ = {ZQ;} va
ZV = {ZV;} v6i mgi i = 1 + n. Khi d6 s& co hai
vécto ham tuong tmg f(ZQ) = {fi(ZQ)} va
f(ZV) = {£(ZV)} voimoij=1+m.

Néu voi moi j déu cé: £(ZQ) < fi(ZV) thi
ZQ dugc goi 12 phuong dn tréi (hay nghiém
tréi) so v6i ZV, ky hiéu: ZQ >’ ZV, con ZV
duoc goi 1a phuong dn bi tréi (hay nghiém bi
tréi), ky hiéu ZV <’ ZQ.

= Phuong 4n Paréto tdi wu [4]: Phuong
an ZP duoc goi la phuong an Paréto 16i wu néu
ZP khéng thé bj trdi boi bit ky phwong an nao
khéc thuoc mién giéi han Qz. Khi do f(ZP)
duge goi 1a mot higu qua Paréto t6i wu nim

trong #dp hiéu qua Paréto 16i 1wu QfP. O hinh 1

tap hiéu qua Paréto tbi wu QfP chinh la duong
cong A — f(ZS) - f(ZR) - B.

Mot nghiém cua BTTU da muyc tiéu (1) +
(2) + (3) tim dugc bang mot phuong phap giai
bét ky ndo d6, mudn dugc cong nhén 1a tdi wu
theo phuong phép giai da lya chon, trudc hét
phai dugc chimg minh ring nghiém d6 phai la

mot phuong 4n Paréto t6i wu.

2.2. Tbi wu héa da muc tiéu véi chuén
tdi wu tb hop S [4]

Xét BTTU m muc tiéu (1) + (2) + (3). Sau
khi giai timg BTTU mdt myc tiéu s& xéc dinh
duge cac gia tri t6i wu fiminy Faminy s fmin VA
khi nghiém khong twéng (nghiém chung cho ca
hé) khong ton tai ciing vin xéc dinh dugc diém
khong tuong 7 = (fimins Fomins -vs frmin)- MO
chudn t8i wu td hop S duoc dinh nghia theo

biéu thirc sau:

)< 2]
» [%(fj (2) = jmin )2 TS )

D& dang thdy ring S(Z) chinh l1a khoang
cach tir diém f(Z) dén diém khéng tuong 7.
Chon chudn ti wu té hop S(Z) lam ham muc
tiéu, BTTU m muc tiéu dugc phat biéu lai nhu
sau:

Hay tim nghiém ZS = (Z,S. Z5S, ..., Z,5) €
£2; sao cho ham muc tiéu S(Z) dat gia tri cuc
tiéu:

Smn = S(ZS) = Min S§(Z)

- ) 0.5
=min|:2(fj(2)-f}-min) } (5)

=)
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Zir (oo Z) € D

Bi chimg minh dugc ring nghiém ZS cua
BTTU (5), néu ton tai thi nghiém ZS chinh 1a
nghié¢m Paréto t6i wu cia BTTU m muyc tidu (1)
+(2)+(3)[4]

Ky hi¢u: f(ZS) = fPS = (f,PS, £,PS, ...,
f..PS). Vi phuong phap diém khéng tuéng (tir
BTTU m muc tiéu dwa vé bai toan chuan tdi wu
td hop S) nghiém Paréto ti wu ZS tim duoc s@
cho hiéu qua Paréto téi wu f(ZS) = {PS ding
gin diém khong twong 7 = (fimins Fomin oo
fomin) NhAL. Truong hop m = 2 (hai muc tiéu)

dugc minh hoa ¢ hinh 1.

3. TOI UU HOA QUA TRINH STH

3.1. Nguyén liéu

Vit li¢u 4m la tdm st ¢6 kich c dai da s
(41+50) con/pound, hé s6 phan ¢ K = 11, [5].
Chén & nhiét d6 70°C trong khoang thoi gian
(15 + 30)s, sau d6 bée vo, bé diu.

3.2. Quy trinh cdéng nghé va phuong
phdp nghién ciru

- Quy trinh c6ng nghé STH tém su dugc
trinh bay trén hinh I6.

- Xdc dinh chi phi ning lugng (y,) cho 1
kg SP bing Watt meter, don vi [kWh/kg SP],
21

- Xdc dinh d§ 4m cua SP (y,) bing cam

bién khi luong do luomg bing may tinh, [2].

G
yZ=100—'§(]00—Wbd) (6)
t

- Xéc dinh kha ning khang hoan dm cta
SP (y3): goi IR [%] la kha niing hoan im tr¢ lai
cia SP thi y; = 100 — IR, [2].

IR =——L1100% (7
de_Gt
-G

y =_9l3.d_1100% (8)
"G G
bd t

Trong d6: Gy [kg] - khdi lugng VLS ban
ddu, G, [kg] - khéi luong VLS cuéi cing, G,
[kg] - khéi luong VLS sau khi sdy ngim vao
nuéc & nhiét phong 25°C cho dén khi khéi
lugng khéng ddi (bdo hoa 4m), Wy [%] - d
4m ban ddu cia VLS. SP hoan 4m t5t nhat khi
lugng 4m hit tré lai bing lugng im tach ra, ¢6
nghia G; = Gpg va IRy = 1 = 100%, yomin = 0.
Thuc té y, > 0.

- Xéc dinh d6 co thé tich (y4) trén co so
thé tich VLS ban déu (V,) va sau khi siy (V) :
cho diu vao dung cu do thé tich, sau d6 cho
VLS vio s& xdc dinh duge thé tich, va hidu thé
tich sau va truge khi cho VLS vao chinh la thé
tich cia VLS [2]:

- N=— AV

= 100% = —100% 9
Ys v, 0 v, 0 9

SP khéng nut né bé mat, SP khong bi co
ngot, c6 nghia yami, = 0. Thuc té y, > 0.

- Xdc dinh d6 ton thét vitamine C ctia san
phdm sau khi sdy: xdc dinh ham lugng
vitamine C ciia san phim trudce (m, [mg%]) va
sau (m [mg%]) khi sy theo phwong phép
TCVN 4715 - 89, [2, 5]. Nhu vdy luong tén
that vitamine C xéc dinh bgi:

ys =712 10096 = 2% 100% (10)

my m,
SP dat chét lugng t5t khi khong c6 tén thét

vitamine C, ¢6 nghia ysp, = 0, thuc té ys > 0.
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- Xac dinh nhiét dé, 4p suit bing cam
bién nhiét dg, ap sudt do luong bing may tinh.

- Phuong phép qui hoach thuc nghiém
tryc giao cap hai, [4].

- Xéc lap va giai BTTU 5 muc tiéu bing
phuong phap diém khéng tudng, [4].

3.3. Thiét bi va dung cu thye nghiém

- Thiét bi sdy thang hoa DS-3 do ludng va
diéu khién tr dong bang may tinh, xem hinh 2.

- Dung cu xéc dinh cic muc tiéu nhu:
ning lugng, do am, kha nang hut nudc tré lai,
dd co rat thé tich, lugng ton thit vitamine C, cé

thé tham khao [2, 5].

Hinh 2. Hé théng STH DS-3 tur lanh déng

(-50 | -45°C

3.3. Két qué nghién ciru va théo ludn

3.3.1. Xay dwng cic ham muyc tiéu thanh
phﬁn cria bai todn da muc tiéu

Cac ham muyc tiéu thanh phian cia qua
trinh STH t&i wu vy, y2, Y3, Y4 , ¥s phu thudc
vao cac yéu td: nhiét do méi trudong sdy (Z,
[°C]), ap suét méi truong sdy (Z, [mmHg)),
thoi gian sdy (Z; [h]) va dugc xic dinh bing
phuong phap quy hoach thyc nghi¢m voéi ma

tran thuc nghiém truc giao cip 11 (k =3, no =
4, tién hanh 18 thi nghiém ). Céc bién x,, X, X3
la cac bién ma héa cua Z,, Z,, Z;. Cénh tay don
cé gid tri = 1.414

Tir viéc thiét 1ap va giai md hinh todn
truyén nhiét tach 4m trong STH dé d6 am cudi
cling cua san phém dat yéu ciu [3], da xac dinh
duoc didu kién thi nghiém dugc trinh bay trong

bang 1.

Bing 1. Cac mirc yéu t6 anh hudng

Cac mirc Khoang
Yéutd -0 | Mic duéi, - | Mirccoss, | Mic trén, +a bicxhicn
(-1,414) 1 0 +1 (1.414) AL
Z ') 20.102 23 30 37 39.898 7
Z, [mmHg] 0.008 0.094 0.3 0.507 0.592 0.2065
Zs [h] 11.172 12 14 16 16.828 2
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Tién hanh thyc nghiém theo céc mic yéu t6 anh huéng & bing I dé xdc dinh gid tri cia céc ham
muc tiéu da dugc dit ra: yy, ya, y3, ys va ys. Két qua nhin duoc ¢ bdng 2.

Bing 2. Ma tran thuc nghiém phuong én tryc giao bac IT, k = 3, ny = 4

N 0| u | w | n [xnfus|us|®m] 688 n | n inlow|oys

T 1 l l L] L[ 1 ] 0333 | 0333 | 0333 | 8042 372 | 1245] 1091 | 3253

BUL o -l l 1 1] -l 1 0333 0333 | 0333 | 8351 ] 481 | 1001 | 8978 | 2554
311 1 1 1 - 1111 033 0333 | 0333 | 8.7t | 351 [ 1171 {10917 2161

TYT| 4| 1 | -1 1 | 1| -1 | -1 ] 0333 | 0333 | 0333 | 8434 504 | 773 | 8525 | 1.192
151 ] 1 1 AL | -b -] 0333 | 0333 | 0333 | 6652 536 | 1094 | 10312 2581
611 ] -t 1 S O I O 1] 0333 | 0333 | 0333 | 6578 | 569 | 778 | 8671 | 2247
2 1 1 -1 1] -l 1 0333 0333 | 0333 |6589 ] 539 | 1009 | 8478 | 1628

g1 1 l 1 -l 1 1 1 0333 0333 | 0333 | 6482 | 587 | 597 | 619 | 1287

91 1 [14141 0 0 0 0 0 1333 | 0667 | -0667 | 8124 | 408 | 1332 | 123851 | 3388

101 1 |-1414) 0 0 0 0 0 1333 | 0667 | -0667 | 68.15 | 496 | 545 | 6379 | 1.707

] 1 0 |1414] 0 0 0 0 | 0667 | 1333 | 0667 | 7062 | 493 | 861 | 11633 [ 2748

N 1211 0 |[-1414] 0 0 0 0 | 0667 | 1333 | -0667 | 7373 | 401 | 775 | 8307 | 2653
131 ]0 0 |1414) 0 | O | 0 | -0667 | 0667 | 1333 | 9871 [ 351 | 1261 [10.127] 2.521

141 1 0 0 |-1414] 0 0 0 | -0667 | 0667 | 1333 |6545| 502 | 757 | 7697 | 1.787

I A 0 0 | 0| 0 | 0| -0667 | -0667 | 0667 | 7731 | 441 | 708 | 7858 | 2.281

6] 1| 0 0 0 ] 0] 0 | 0| 0667 |-0667 | -0667 | 7552 421 | 7.12 | 8018 | 2263
I RN 0 0 | 0|0 | 0| -0667 |-0667 | 0667 | 7824 429 | 716 | 8449 | 2127
B11]0 0 0 | 0| 0| 0| 0667 [ -0667 | 0667 | 363 413 | 774 | 7659 | 2011
Sau khi xir Iy sé liéu thuc nghiém, tinh phuong trinh hdi quy véi két qua thuc nghiém
todn cic h¢ s6 phuong trinh hdi quy, kiém dinh theo chudn Fischer da thu duoc cic phuong

su ¢6 nghia ca cac hé sb phuong trinh hoi quy trinh hdi quy:

theo chuan Student, kiém tra su tuong thich cia

y] = f1(x[,X9,X3) = 75.755+1.883x, +10.167x,

—2.491(x%—2/3)+2.487(x%—2/3) =0

Yy = (x),X5,X;) =4.608 - 0.39x, —0.614x3
~0.226x,x3 +0.27(x} -2/3)+0.245(x3 -2/3) +0.142(x3-2/3) o

y3 =£5(X),X,,X;) = 8.949 +2.069x, +0.575x,
(13)

+1.187x; +0.851(x} -2/3)+1.205(x3 -2/3)
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ya = £4(X),X,,X5) =8.998+1.45x, +0.789x, +0.76x,

— 0.484x,x; +0.429(xF ~2/3) +0.607(x} ~2/3)

(14)

yg = £5(%), %5, X3) = 2.244+0.393x, +0.375x, +0.205x5 —0.178(x§ —2/3) (15)

3.3.2. Giai cic BTTU m{t muyc tiéu

dc BTTU mét muc tiéu 13 tim: yyun =
minfy(X;, X2, X3); Yamin = Minfa(X1, X2, X3): Y3min
= minfy(x;, X2, X3); Yamin = minfy(x;, Xz, X3);

Ysmin = Minf5(X;, X2, X3), véi mién gioi han: Ox

= {-1.414 < X, X3, X3 < 1.414} dugc giai nho
su hd trg cia phin mém Excel — Solver. Két
qua tinh toan xac dinh dugc céc thong sb t6i wu
cho cdc BTTU mét muc tiéu vdi timg ham muc
tieu (11), (12), (13), (14) va (15) trong vung

gidi han nghién ctru thuc nghiém nhur sau:

i = 9871 vai: x{"p‘ =-1.414; IOPt =1.414:; X;OP' iy 4
1.414

Yoy = 3119 voi: 2°P' =1.314; x%opt = 6.11E-08; 20pt 1414

Y3min = 3215 voi: X?om =.1.216; x;"]’t -1.414; x§°pl I
0.4925

Y4min = 5-163 covei Xp =-1394; x;% =-12137; o o,
1.405

Yeniy ~0:7497 véi: xl5°P1 =.1241; xiopl i g1 X;Opt e
1.341

Tir két qua dé xac dinh dugc diém khong
tung 7 = (fimins Fomind Fimine Lammine Fomin) =
(58.71, 3.1, 5.21, 5.16 , 0.75 ). R& rang két qua
nghién ciru thuc nghiém ¢ trén da xac dinh
duoc diém khéng tuong nhung phuong an
khong tuong khong ton tai.

(leapl, ijom, Xajom) * (Xlkop'» i X3k°pt)
vaijk=1+5,j#k

3.3.3. Gigi BTTU da muc tiéu theo
phwong phdp diém khéong twong

Qué trinh STH véi 5 muc tiéu da dé ra

dugc biéu dién boi 5 phuong trinh héi quy

(11), (12), (13), (14) va (15). Vi khong thé co
nghiém chung dé lam thoa man tit ca cac gia
tri: Yiminy Y2mins Y3mins Yamins Ysmin N€n BTTU da
muc tidu dugc dit ra 14 tim nghiém Paréto t6i
wu dé& hiéu qua Paréto t6i wu yPS = (y,PS,
y2PS, y3PS, y4PS, ysPS) dimg gin diém khong
tudng nhit.

Xéy dung ham muc tiéu t& hop S nhur sau:

> (55 iom)

=

0.5

S(x[,xz,x3

Ox = {-1.414 < x,x,,x; < 1.414}
(16)
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BTTU 5 muc tiéu yéu cau xéac dinh (x,S,
X:8, x38) € Qx dé S(x,S, x2S, x38) = Min{S(x,,
X3, X3)}. Nhor su hd tro cua ph:?ln mém Excel —
Solver dd xdc dinh dwgc gid tri cyc tiéu cua
(16):

Siin = Min{S(x, X2, X5)} = 10.753

Voi: xS =0.5659; XS = -
1.414; x3S=-0.3936

Thay xS, x5S, x3S vao phuong trinh (11),
(12), (13), (14) va (15) xac dinh dugc: y,PS =
68.226; y,PS = 4.84; y;PS = 7.928; y,PS =
8.795; ysPS = 1.947; IR = 100 - y;PS =92.072

Bién ddi sang bién thuc: Z, = 33.96 [°CJ;
Z,=10.008 [mmHg]; Z3=13.21 [h]

Nhu vidy, theo tinh toan tir cdc mé hinh
(11), (12), (13), (14) va (15) thuc nghiém da
xéc dinh ché d6 cong nghé STH dam bao cho
chudn téi wu td hop S dat cuc tiéu img véi:

nhiét 46 méi truong sy 33.96 [°C], 4p sudt méi

truong séy 0.008 [mmHg], thdi gian séy 13.21 .

[h]. Khi d6 tong chi phi ning lwong cho qua
trinh sdy tao ra 1 kg SP la 68.22 [kWh/kg SP),
d6 4m cudi cung cua SP dat 4.84 [%)] (da dat
yéu cau ciia bai todn dit ra la tir (2 + 6)%),
kha nang hoan dm trg lai cia SP 1a 92.07 [%),
d6 co rat thé tich cta SP 1a 8.79 [%] va lugng
ton thét vitamine C cua SP 1a 1.94 [%]. Tir két
qua thuc nghiém da tién hanh & bing 2 c6 thé
théy, céc két qua tinh toan t5i wu 1a phu hop va
dap (mg tot cac muc tiéu da dit ra.

Khi ¢b dinh 4p suit méi truomg sdy x,S = -
1.414, twong duong véi Z, = 0.008 [mmHg],
méi quan hé gitra y,, y2, v3, Y4, ¥s va ham té
hop S theo hai bién x,, x; dugc biéu dién vé

mit hinh hoc trén d6 thi 3D (xem hinh 3, 4, 5,

6, 7, 8). Khi x5 cb dinh & cac gia trj khong ddi,
X, bién thién cdc ham muc tiéu dugc thé hién
trén cac hinh 9, 10, 11, 12, 13, 14.

3.4. Thyc nghi¢m kiém chirng

Tién hanh qua trinh STH tai nhiét do mdi
truong sdy 33.96 [°C], dp sudt moi truong siy
0.008 [mmHg], thoi gian sdy 13.21 [h] va nhan
duoc két qua chi phi ning lugng cho qua trinh
sy tao ra 1kg SP 1a 68.77 [kWh/kg SP], d6 4m
cudi ciing cia SP dat 4.76 [%)], kha ning hoan
dm tro lai cua SP 1a  92.17 [%)] (kha nang
khéng hoan am trd lai cua SP 1a 7.82 [%]), d6
co it thé tich cta SP 1a 8.82 [%] va lwong ton
that vitamine C cuia SP 1a 1.91 [%).

C6 thé thdy ring két qua tinh todn ti wu
héa qua trinh STH bing phuong phap diém
khong tudng cho két qua hoan toan phu hop
voi thue nghiém.

3.5. Xdc Idp ché dp cong nghé STH

Véi ap subt méi truomg STH Py, = 0.008
[mmHg] thay vio mé hinh dwoc thiét 1ap & [3],
thay cdc thong sb nhiét vat ly cua tom s [5],
vao mé hinh toan truyén nhiét lanh dong & [1],
truyén nhiét tich 4m trong diéu kién STH & [3],
xdc dinh dugc thoi gian STH ¢ giai doan 2: 1y,
= 11.357 [h], thai gian SCK & giai doan 3: 1 =
1.853 [h] véi nhiét 9 thing hoa la -25.11 [°C],
nhiét d6 két tinh cia im trong tom su -1.21
[°C), [5). (so db qui trinh céng nghé - xem hinh
16):

- Giai doan 1: lanh déng vat liéu séy:
nhiét d6 méi truong lanh déng: T, = -45°C,
nhiét d6 bé mat VLS T,, = -34°C, nhiét d6 tim
VLS: T, = -11.78°C, nhiét d$ trung binh VLS:
Tw =-25.11 [°C].
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- Giai doan 2: séy thing hoa: nhiét d¢ Tr=33.96 [OCj, ap suat moi truong séy: Pu
thang hoa: Ty, = -25.11 [°C], nhiét d6 md =0.008 [mmHg), thoi gian sdy: T, = 1.853 [h],
truong sdy:

tong thoi gian sdy la: 13.21 [h].

e 0 : £ 3 £ '
= 35.96 [ L. 4p mudb il wuGnE ;P Khi STH tom st véi qui trinh da duge thiét lap

= 0.008 [mmHg], thoi gian sdy: Ty, =11.357 & so dd hink 16, san phim nhan dugc & hinh
[h]. 15, ¢6 phi ning lugng cho 1 kg SP va chit
- Giai doan 3: sdy chin khong: nhiét do lugng san phdm nhu da khang dinh & trén

VLS T, =-1.21 [”C], nhiét dé moé truong séy:

Hinh 3. Chi phi nang luong/kg SP, x2 = -1.414 Hinh 4. Do am cua san pham, x2 = -1.414

A

y1 [KWh]

Hinh 5.

(100- y3) (%]
8

IR=
N}

S(x1, x2, x3)
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Hinh 8. Chi phi nang luong/kg SP, x2=-1.414  Hinh 10. Do am cua san pham, x2 =-1.414 Hinh 11. Kha nang hoan am tro lai, x2 = -1.414
90 ; , , : % t

y3) [%]

(100 -

Hinh 13. Do ton that vitamine C, x2 =-1.414
3

8

y4 [%]
S(x1, x2, x3)

Hinh 15. San phdm t6m s chén so, boc vo bo dau
STH

4. KET LUAN luong cho qua trinh sdy tao ra lkg SP, d§ am

o, e cudi ciing cua SP, kha nang hoan 4m trd lai, do
Qua trinh STH dugc nghién ciru mét cach - . )
R g % " . 2 co rut thé tich cua SP va lugng ton that
hé thong bang phuong phap toan hoc két hop

oy ¢ ] " vitamine C cuia SP.
vd1 cac phuong phap nghién ciru thuc nghiém. ‘ .
; Bang phuong phdp phuong phép diém
Cic phuong trinh hdi qui (11), (12), (13), B0 B TOE
khong tuong dia xac dinh ché dd cong nghé
(14) va (15) thu dugc tir thue nghiém 14 cic mé e ; HIERE AR
; : e STH t0i wu, ¢6 chi phi ning | i trinh t
hinh théong ké thuc nghiém md ta rat tot sy anh Ser v SOl 1,1 e 1?'(mg e
5 b oy N i T G ot ra lkg SP la nho nhat va chat lugng SP dugc
huéng nhiét d§ moéi trudng sdy, ap suat moi N
; z Pt 2 i . i tao ra tot nhat.
truong say, thoi gian say dén chi phi nidng
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( Biit diu )

y
a ydn e - __J Nguyén liéu chon loai 1, co kich c@
Nguyén ligu tom sd_ [+ { (41 + 50) con/t pound (K = 11)

v Chan & nhigt d6 70°C/(15 + 20)s,
So ché [¢--------- béc vd, bd dau rlra sach dé rao
trwdre khi lanh déng
v
Xép khuon [------- & nhiét d6 phong 25°C
¥ = Nhiét dd méi trwong: Te —-45“53
o 7 = Nhiét do bé mé&t VLA: Ts =-34"C.
s e "I = Nhigt 46 tam VLA: T, = -11.78°C.
Lanh dong VLA = Nhiét Go két tinh ctia &m: Ty, = -1.21°C.

* Théi gian lanh dong: 74 = (3.5 + 4.5)h

. » Nhiét d6 méi truéng séy: Ty = 33.96°C.
. i = Ap suét méi trudng say Py = 0. 008mmHg.
2%
S;G'Eld_“?“h L ciuias » Nhiét do thang hoa am: T, = -25.11°C.
ay thang hoa » Két giai doan 2 khi: Tys > -1.21°C.

\* Thoigian STH: ©; = 11.357h

4 = Nhiét d6 méi tredng say T; = 33.96°C.
Giai doan 3: » Ap suét mdi truong séy: Py, = 0.008mmHg.
SAy chan khong 4------( « Nhiét do hoa hoi cia dm: Ty, = -1.21°C.

» Thoi gian lanh déng: t3 = 1.853h
= Két thuc giai doan 3 khi: Wy, = 4.84% € [2, 6]%

Ghép mi chian

- ----- & nhiét dd phong 25°C
khéng il SR

v
Bido quian [¢------- & nhiét do binh thwong

y
( Két thic )

Hinh 16. So d6 quy trinh cong nghé séy thang hoa tom st

Trang 69



Science & Technology Development, Vol 13, No.K3- 2010

MULTI-OBJECTIVE OPTIMIZATION WITH OPTIMAL COMBINATION
CRITERIA S APPLIED TO DETERMINE FREEZE DRYING REGIME FOR
CRUSTACEAN GROUP (PENAEUS MONODON)

Nguyen Tan Dzung”, Le Xuan Hai ®, Trinh Van Dzung®
(1) University of Technical Education HCM City, (2) University of Technology, VNU-HCM

ABSTRACT: This article presents research results from the freeze drying regime for penaeus

monodon based-on the solution of the multi-objective optimization problem. Experiments were carried

out to determine the objective functions to describe influence of technological parametres (temperature

and pressure of sublimation environment, times of freeze drying) during processing freeze drying.

The multi-objective optimization problem was solved by utopian point method with combination

criteria S. The best technological regime for freeze drying was determined. At received freeze drying

regime we have minimal energy expenditures, minimal contraction of product and minimal loss of

vitamin C, humidity of material meet requirements from 2 to 6 percentage and maximal absorbent

refurn

of product.

Key words: Multi-Objective optimization, Freeze drying

TAI LIEU THAM KHAO

[1]. Nguyén Tan Diing - Trinh Vian Diing -

[3].

Trin DPuc Ba, Xdy dung va gigi mé
hinh todn truyén nhiét lanh dong ¢ giai
doan 1 trong sdy thing hoa, Tap chi
Phdt trién Khoa hoc va Céng nghé
PHQG Tp.HCM, Tap 11, sb 08 -
2008.
. Ludger O. Figura, Arthur A. Teixeira,
Physical properties — Measurement
and Applications (in Freeze — Drying),
Journal of Food Engineering, Germany
(2007).
Nguyén Tén Diing, Trinh Vin Diing,
Trin Dirc Ba, Nghién ciu thiét lgp mé

hinh todn truyén nhiét tich ém trong

[4).

[5].

[6].

diéu kién sdy thing hoa, Tap chi Phat
trién Khoa hoc va Céng nghé PHQG
Tp.HCM, Tip 11, s6 09 — 2009.

L& Xuén Hai, Nguy&n Thi Lan, 76i wu
da muc tiéu 1ng dung trong qua trinh
chiét tach chdt mau anthocyanin, Tap
chi phat trién KH&CN, Tip 11, s6 09
—2008.

Nguyén Tén Diing, Trinh Vin Diing,
Tréin Dic Ba, Nghién ciru khdo sdt cdc
tinh chét nhiét - vt Iy ctia nhém gidp
xdc (tém su, tom bac va tém thé) anh
huwéng dén qud trinh cap nhiét va tach
dm trong sdy thang hoa, Tap chi Khoa
hoc va Cong nghé thuy san, (2008).
Pikal, M.J.; M.L.; Shah, S. Mass and

Heat transfer in vial freeze drying of

Trang 70



TAP CHi PHAT TRIEN KH&CN, TAP 13, S0 K3 - 2010

pharmaceuticals: role of the vial. J. and opportunities in freeze drying.
Pharm. Sci. Journal of Food Drying Technoloy, Journal of Food
Engineering, (1984). Engineering, (1996).

[7]. Liapis, A.L, Bruttini, R. and Pikal,

M.]. Research and development needs

Trang 71



