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TOM TAT: Bai bdo nay trinh bdy nhimg két qua nghién ciru xdc ldp ché dg cong nghé sdy thang
hoa (STH) cho thiy san nhom giap xdc dai dién la tém sii bang cach gidi bai todn toi wu da muc tiéu
Vi chudn t6i wu t6 hop S (phwong phdp diém khéng twong). Nghién ciru thic nghiém da tién hanh dé
xdy dung cdc ham muc tiéu mé ta sw anh hwéng ciia cdc yéu té cong nghé (nhiét dg méi truwong sdy, dp
sudt méi truong sdy, thoi gian sdy) dén qud trinh STH. Bang phuwong phdp diém khéng twong da gidi
bai toan toi wu da muc tiéu cho phép xdc ldp ché dg cong nghé 16i wu cho qud trinh STH sao cho cdc
tiéu chi: chi phi nang lwong tao ra 1 kg san phdm (SP), d§ co rit thé tich, ton thdt vitamine C ciia SP,
dd dm cudi cing ciia SP phdi tién t6i ngudng cuwc tiéu va kha ndng hodn dm tré lai ciia SP phdi tién t6i
nguéng cuwe dai (c6 nghia chi sé khang hoan dm tién t6i nguedng cuc tiéu).

Tir khéa: T6i wu héa da muc tiéu, sdy thang hoa.
sudt moi trudng sdy (Z,, mmHg), thoi gian sdy

(Z3, h).

1. PAT VAN DE

STH 1la mot k¥ thuat phirc tap duogc thuc . R . . x.
) o L Khi xét dong thoi cd 5 tiéu chi sao cho moi
hién theo ba giai doan chinh noi ti€p nhau trén . . . . .
. N tiéu chi phai dat dugc muc tot nhat (nho nhat)
co s0 so d0 quy trinh cdng nghé duoc gidi , - . )
c6 thé dugc s€ dan tdi yéu cau phai dit ra va
thiéu trén hinh 16. Giai doan 1 la giai doan . . . . .
) giai quyet mot cach chuan muyc bai toan toi uvu
lanh dong VLS, giai doan 2 va 3 1a giai doan )
, (BTTU) da muc tiéu [4]. Py 1a BTTU thuong
STH va giai doan say chan khong (SCK). Bay L .
i . . xuyén xuat hién trong thuc t€ va trong cac linh
1a hai giai doan quyét dinh dé€ tao ra san pham. )
vuc khac nhau. Bai bdo nay trinh bay phuong

Khi xac 1ap ché d6 cong nghé STH néu xét
riéng theo tirng ti€u chi thi thuong doi hoi: chi
phi nang luong tao ra 1kg SP (y;, kWh/kg SP);
d6 4m cudi cung cua SP (y;, %); kha ning
khang hoan 4m cua SP (y; , %); do co rit SP
sau khi séy (ys % ); d0 tdn thét vitamine C cta
SP (ys, %) phai dat cuc tiéu. CAn nhin manh
rang 5 tiéu chi nay déu phu thudc vao 3 yéu td

cong nghé: nhiét 4o moi truong sy (Zy, °C), ap

phap giai BTTU da muc tiéu voi chuan ti wu
t6 hop S(Z) (hay goi phuong phap diém khong
tuong) cia quéa trinh STH tom su. Cung véi
viéc gidi mo hinh toan truyén nhiét tach 4m
trong didu kién STH [3] két qua téi wu da muc
tiéu thu dugc cho phép xéac lap ché do cong
nghé STH tom st gin v&i ché d6 “khéng
tuong” nhét [4].
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2. TOI UU HOA PA MUC TIEU VOI
CHUAN TOI UU TO HQP S

2.1. Mt sb khai ni¢m co sé [4]

Phén co so ly thuyét tdi wu hoa da muc
tiéu v6i chuan t6i wu to hop S di dugc gidi
thiéu & [4], dé tién cho viée tng dung xac lap
ché d6 STH xin duoc bay lai mét s6 diém co
ban sau.

Xét mot dbi tugng cong nghé gdm m ham
muc tiéu f1(2), £2(2), ..., fn(Z). Cac ham muc
tiéu nay hinh thanh nén vécto ham muc tiéu
f(Z) = {fi(2)} = {fi(2), £(2), ..., Tn(Z)}, trong
d6 j =1 + m. Mdi ham thanh phan fi(Z) phu

xac dinh) Q7 va cac gia tri cia ham muc tiéu s€
tao thanh mién gid tri ciua ham muc tiéu
(trong trudng hgp BTTU hai muc tiéu c6 thé
biéu dién hinh hoc béi mién ndm trong dudng
cong kin A — f(ZS) — f(ZR) — B — N — M, xem
hinh I).

Mdi ham muc tiéu fi(Z) cing véi vécto
bién Z = {Z;} = (Z\, Z», ..., Z,), trong d6 i=1 +
n, hinh thanh mét BTTU mét muyc tiéu. Dé
don gian nhung khong hé lam mét tinh tong
quat, BTTU m muyc tiéu s& dugc trinh bay cho
truong hop toan bé m BTTU mét muc tiéu déu

1a céc bai toan tim cuc tiéu ¢ dang:

thudc vao n bién tac dong Zi, Zy, ..., Z,, cdc fin = £(Z{ ¥, Z5) %, ., ZJ) ) = Min
bién Z; (i =1 + n) s€ hinh thanh nén vécto cac £(Z1, Za, s Zn) (1)
yé}l t6 anh 1?u6ng hay goi 1a \‘/écta bién Z. Céfc Z=1{Z) =(Z1, Zoy s Ze) € Oy )
bién nay bién thién trong mién gici han (mién ] )

j=1l+mji=1=+n 3)

f2

CZ

PR

£,

[Pz
£, i APR O £

Hinh 1. Khong gian ham muyc tiéu ciia BTTU hai myc tiéu
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* Phwong an khong twéng va hiéu qua
khéng twéng [4]: Néu ton tai vécto bién 2V7 =
{(z"" =@2,"", 2,"", ..., Z,"") € Q; 1a nghiém
chung cho tit ca m BTTU mot muc tiéu (1) +
(2) + (3), nghia 1a Z"" = Z} v6i moii=1 +n,
thi Z"" dwoc goi 1a phuwong 4n khéng tuéng
hodc nghiém khéng tuéng cia BTTU m muc
tiéu.

Thuyc té thuong khong ton tai Z"". Nhung
mdi BTTU mét muc tiéu (1) + (2) + (3) van co
C4C Fimin (VOi j = 1 + m) tuong Gmg nén van ton
tai £" = (fimins Dmins --or Fromin) VA khi d6 7 =
(fimin fomins s fmmin) duoc goi 1a hiéu qua
khong tudng hay diém khong tuéng. O hinh 1
diém khong tuong V7 caa BTTU hai muc tiéu
ton tai nhung nim ngoai mién xac dinh Qf tirc

1a nghiém khong tuong khong ton tai.

= Phuwong an trdi va phuwong an bi troi
[4]: Gia sir ¢6 hai vécto bién ZQ = {ZQ;} va
ZV = {ZV;} v6i moi i = 1 + n. Khi d6 s€ c6 hai
vécto ham twong ung f(ZQ) = {fi(ZQ)} va
f(ZV) = {§(ZV)} v6imoij=1+m.

Néu véi moi j déu co: £(ZQ) < fi(ZV) thi
ZQ duogc goi 1a phuong dn trgi (hay nghiém
troi) so voi ZV, ky hi¢u: ZQ >’ ZV, con ZV
duoc goi 1a phuong an bi trgi (hay nghiém bi
troi), ky higu ZV ‘<’ ZQ.

= Phwong 4n Paréto téi wu [4]: Phuong
an ZP dwoc goi 1a phirong dn Paréto t6i wu néu
ZP khong thé bj troi boi bat ky phuong 4n nao
khac thudc mién gioéi han Q. Khi do f(ZP)
duoc goi 1a mot hiéu qua Paréto {6i wu nim

trong tdp hiéu qua Paréto toi wu QfP. O hinh 1

tap hiéu qua Paréto toi wu QfP chinh 1a duong
cong A — f(ZS) — f(ZR) — B.

Mot nghiém ctia BTTU da myc tiéu (1) +
(2) + (3) tim duoc bing mot phuwong phap giai
bét ky nao do, mudn duge cong nhan 1a tdi wu
theo phuong phap giai da lya chon, trudc hét
phai duge chimg minh ring nghiém do6 phai la

mdt phurong an Paréto ti wu.

2.2. T6i wu héa da muc tiéu véi chuin
tbi wu t6 hop S [4]

Xét BTTU m muc tiéu (1) + (2) + (3). Sau
khi giai ttng BTTU mot muc tiéu s& xac dinh
dugc cac gia tri 61 WU fimins Tomins -es Eomin VA
khi nghiém khong tudng (nghiém chung cho ca
hé) khong tdn tai cling van xé4c dinh duoc diém
khong tuong 7 = (fimin, Dmins s Fromin). MOt
chuén t6i wu t6 hop S dwoc dinh nghia theo

biéu thirc sau:

0.5
- Li(fj (Z)~ Fimin )2} @)

D& dang thiy ring S(Z) chinh 1a khoang
cach tir diém f(Z) dén diém khong tuong 7.
Chon chuén tbi uvu & hop S(Z) 1am ham muc
tiéu, BTTU m muc tiéu dugc phat biéu lai nhu
sau:

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

Swn = S(ZS) = Min S@Z)

m 2 03
:min{Z(fj(Z)—fjmin) } 5)

j=1
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Z= (Z], Zz, veey Zn) € QZ

D3 chimng minh duge ring nghiém ZS cua
BTTU (5), néu ton tai thi nghiém ZS chinh 1a
nghiém Paréto t6i wu cia BTTU m muc tiéu (1)
+(@2)+ ) [4]

Ky hiéu: f(ZS) = fPS = (fiPS, f,PS, ...,
£,,PS). Véi phuong phap diém khong twéng (tir
BTTU m muc tiéu dua v& bai toan chudn tbi uu
t6 hop S) nghiém Paréto téi wu ZS tim dugc s&
cho hiéu qua Paréto t6i wu f(ZS) = fPS dimg
g?m diém khong tuong 7 = (fimin Tomins -ees
fimin) nhét. Truong hop m = 2 (hai muc tiéu)

duoc minh hoa & hinh 1.

3. TOI UU HOA QUA TRINH STH

3.1. Nguyén li¢u

Vat liéu 4m 13 tdm st c6 kich ¢& dai da sd
(41+50) con/pound, hé sb phan ¢& K = 11, [5].
Chan ¢ nhiét o 70°C trong khoang thoi gian
(15 +30)s, sau d6 bdc vé, bo dau.

3.2. Quy trinh cong nghé va phuwong
phap nghién ctiru

- Quy trinh cong nghé¢ STH tom st dugc
trinh bay trén hinh 16.

- Xac dinh chi phi nang luvgng (y;) cho 1
kg SP bing Watt meter, don vi [kWh/kg SP],
(2].

- Xéc dinh d6 4m cua SP (y,) bing cam

bién khéi lugng do luong bang may tinh, [2].

G
0 :100—%(100—Wbd) ©6)
t

- Xéc dinh kha nang khang hoan dm cua
SP (y3): goi IR [%] 1a khd nang hoan am tro lai
cta SP thi y; =100 - IR, [2].

G, -G

IR=—1"1100% (7
de _Gt
G,.,-G

y; =—2—1100% (8)
de _Gt

Trong d6: Gupg [kg] - khéi luong VLS ban
déu, G; [kg] - khdi luong VLS cudi cung, G
[ke] - khdi luong VLS sau khi sdy ngam vao
nuéc & nhiét phong 25°C cho dén khi khéi
lwong khong dbi (bdo hoa am), Wy [%] - do
4m ban dau cua VLS. SP hoan am t6t nhit khi
luong Am hut tré lai béng luong Am tach ra, co
nghia G; = Gpg va IRy = 1 = 100%, yomin = 0.
Thuc té vy, > 0.

- Xac dinh d¢ co thé tich (y4) trén co s
thé tich VLS ban dau (V) va sau khi sdy (V,) :
cho dau vao dung cu do thé tich, sau d6 cho
VLS vao sé& xéc dinh dugc thé tich, va hiéu thé
tich sau va trudc khi cho VLS vao chinh la thé
tich cua VLS [2]:

Y4 zulOO%zﬂlOO% )

1 Vi

SP khéng nit né bé mat, SP khong bi co
ngot, ¢ nghia yymi, = 0. Thuc té y4> 0.

- Xéc dinh d6 tbn thét vitamine C cta san
phim sau khi siy: xac dinh ham luong
vitamine C ciia san phdm trude (m; [mg%]) va
sau (m, [mg%]) khi séy theo phuong phép
TCVN 4715 — 89, [2, 5]. Nhu véy lugng ton
that vitamine C x4c dinh boi:

ys =72 000, = 2™ 009, (10)

m, m
SP dat chét luong tbt khi khong c6 tn that

vitamine C, ¢ nghia ys, = 0, thuc té ys > 0.
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- Xac dinh nhiét d9, 4p sudt bing cam
bién nhiét do, ap suét do ludng bang may tinh.

- Phuong phap qui hoach thyc nghiém
trye giao cép hai, [4].

- Xac lap va giai BTTU 5 muc tiéu bing
phuong phap diém khong tuong, [4].

3.3. Thiét bi va dung cu thue nghiém

- Thiét bj sdy thang hoa DS-3 do ludng va
didu khién ty dong bang may tinh, xem hinh 2.

- Dung cu xac dinh cac muc tiéu nhu:
nang luong, do Am, kha nang hut nude tro lai,
d6 co rut thé tich, lugng tn thit vitamine C, ¢6

thé tham khao [2, 5].

Hinh 2. Hé théng STH DS-3 tyr lanh déng
(-50 = - 45)°C

3.3. Két qua nghién ctru va thio luin

3.3.1. Xdy dung cac ham muc tiéu thanh
phan ciia bai todn da muc tiéu

Cac ham muc tiéu thanh phin cia qua
trinh STH t6i wu Y1, Y2, ¥3» Y4 » ¥5 phu thudc
vao cac yéu té: nhiét do méi truong sdy (Z,
[°C)), 4p sudt moi truong siy (Z, [mmHg]),
thoi gian sdy (Z; [h]) va duoc xac dinh bang
phuong phép quy hoach thuc nghiém véi ma

tran thyc nghiém tryc giao cép IM(k=3,n=
4, tién hanh 18 thi nghiém ). Céc bién x, x,, X3
14 c4c bién m3 héa cua Z, Zy, Z5. Canh tay don
cogidtrio=1.414

Tir viéc thiét 1ap va giai mo hinh toan
truyén nhiét tach am trong STH dé do 4m cudi
clng cua san pham dat yéu cau [3], d4 xac dinh
duoc didu kién thi nghi¢ém dugc trinh bay trong

bdng 1.

Bang 1. Cac murc yéu t anh hudng

Cac murc Khoang
Yéu tb —a Mirc dudi, - | Mtc co so, | Miec trén, +a bien thién
(-1.414) 1 0 +1 (1.414) Azi
Z,[°C] 20.102 23 30 37 39.898 7
Z, [mmHg] 0.008 0.094 0.3 0.507 0.592 0.2065
75 [h] 11.172 12 14 16 16.828 2
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Tién hanh thuc nghiém theo cac mirc yéu to anh huong & biang 1 dé xac dinh gia trj ctia cac ham
muc tiéu da dugc dat ra: yi, ys, y3, Y4 Va ys. Két qua nhan dugc & bdng 2.

Béang 2. Ma tran thuc nghiém phuong an truc giao bac I, k=3, n,=4

N o] m | | w ||| dduwmlswmln el s owlw
111 1 1 1 1 1 1 0333 0333 0333 | 2042 372 | 1245 [ 1091 | 3253
211 -1 1 1 A 1 0333 0333 0333 | 8351 ] 481 | 1001 | 2978 | 2554
it 1 -1 1 1 1 -1 0333 0333 0333 [ 8971 351 | 1071 (10917 ] 2161

TVT| 4| -1 -1 1 1 1] 4 0333 0333 0333 | 2434 ] 504 | 773 | 2325 | 1192
Fls5]1 1 1 - 1 1A 0333 0333 0333 | 6632 | 536 | 1004 [ 10312] 2581

N -1 1 - 1 1 -1 0333 0333 0333 | 6573 | 549 | 778 | 2871 | 2247

111 1 -1 -1 1] -1 1 0333 0333 0333 | 6389 | 539 | 1009 | 2472 | 1628

g1 1 1 -1 - 1 1 1 0333 0333 0333 | 6432 | 587 | 597 | 419 | 1287

a1 1 |1414] 0 0 0 0 0 1333 0EET | -0667T | 8124 | 408 | 1352 | 12851 | 3388

1] 1 |-1414] 0 a a 0 a 1333 | 0667 | -0667 | 6215 | 496 | 545 [ 637 | 1007

11 0 |1r4141 0 I 0 0 | -D6ar 1333 | -DA6T | 7062 | 493 | BAl | 11833 2748

& 121 1 0 |-14141 0 0 I 0| -De&7 1333 | -D&6T | 7373|401 | T | B30T | 2653

131 1 a 0 |144] @ 0 0 | 0867 | -0667 | 1333 | 9871 | 351 | 1241 | 10127 | 252

141 1 0 o |-1414] 0 0 0| 0667 | 0667 1333 | 6345 502 | 757 | 7697 | 1987

151 1 a a a a 0 0 | 0887 | 0687 | 0867 | VI3 | 441 | 708 | TESE | 2281

6] 1 I I 0 I 0 0 | 0667 | 0667 | -066T | 7552 | 421 | T2 | B01E | 2243

w0 171 1 a a a a 0 0 | 0867 | -0667 | 0667 | 7324 | 420 | 716 | 8440 | 2127

18] 1 a a a a 0 0 | 0867 | -0667 | 0667 | T363 | 413 | T4 | 759 | 2011
Sau khi xir Iy sb liéu thyc nghiém, tinh phwong trinh hdi quy véi két qua thuc nghiém
toan cac hé s6 phuong trinh hdi quy, kiém dinh theo chuin Fischer dd thu dugc cic phuong

sur ¢6 nghia ciia cac hé s6 phwong trinh hdi quy trinh hdi quy:

theo chudn Student, kiém tra su tuong thich cia

v} =f(x].X5.%x5) = 75.755+1.883x, +10.167x5

—2.491(x% —2/3)+2.487(x§ —2/3) (b

¥y =1 (X,X,,X3) =4.608-0.39x, —0.614x4
—0.226%,x; +0.27(x] ~2/3)+0.245(x3 ~2/3) +0.142(x2-23) (2

y;3 =f5(X,X,,X3) =8.949 +2.069x, +0.575%,
(13)

+1187x,+0.851(x] ~2/3)+1.205(x3 -2/3)
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Ya = £3(X),X,,X3) = 8.998 +1.45x, +0.789x, +0.76x 5

—0.484x,%; +0.429(x] =2/3)+0.607(x3 -2/3)

(14)

¥ = £5(X), %5, X;) = 2244+ 0.393x, +0.375%, +0.205%; ~0.178(x] ~2/3) (15)

3.3.2. Giai cac BTTU mét muc tiéu

ac BTTU mot muc tiéu 1a tim: yyu, =
minfi (X, Xo, X3); Yamin = Minfr(Xi, Xz, X3); Yamin
= minf3(X;, X2, X3); Yamin = minfy(x;, Xz, X3);

Vsmin = Minfs(X;, X,, X3), voi mién gioi han: Qx

Yimin = 2371 voi: X,
1.414

Y2 min = 3-119 voi:

y3mln =5.215 vOi: Xl
0.4925

Yamin = >-163 voi: X4
1.405

s Sopt

Y5min = 0-7497 vei: - xp P =

1.341

Tir két qua do xéac dinh duge diém khong
twong " = (fimin, fomins Bmins Lamine Tsmin) =
(58.71,3.1,5.21, 5.16, 0.75 ). R& rang két qua
nghién ctu thuc nghiém ¢ trén da xac dinh
dugc diém khéng tuong nhung phuong én
khong tuong khong ton tai.

(P X" X3P = (P X P, x5 P
véijk=1+5j#k

3.3.3. Gidi BTTU da muc tiéu theo
phwong phap diém khong tuwong

Qua trinh STH v6i 5 muc tiéu da dé ra

dugc biéu dién boi 5 phuong trinh hdi quy

lopt _

X7P' = 1314; X3 = _6.11E-08;

3opt

4opt _

= {-1.414 < x4, X2, X3 < 1.414} duoc gidi nho
su hd tro cua phﬁn mém Excel — Solver. Két
qua tinh toan xac dinh dugc cac thong sb téi wu
cho cac BTTU mot muc tiéu voi tirng ham muc
tiéu (11), (12), (13), (14) va (15) trong ving

gi61 han nghién ciru thye nghiém nhu sau:

1414, x5 =1.414; X o=

X3 =1.414

—-1216;, ;3™ =-1.414; 3P = -
-1.394; x3% =-12137; X3 =
1241 X =-1414; P = -

(11), (12), (13), (14) va (15). Vi khong thé co
nghiém chung dé 1am thoa man tit ca cac gia
tr1 Yimino Ymins Y3min Yamins Ysmin €N BTTU da
muc tiéu dugc dat ra la tim nghiém Paréto tdi
wu d& hidu qua Paréto t6i wu yPS = (y,PS,
y,PS, 3PS, y4PS, ysPS) ding gin diém khong
tuong nht.
X4y dung ham muc tiéu t& hop S nhu sau:

0.5
5

S(x0:%50%3) =| 2(Y; = Yimin)

j=1
Ox ={-1.414 < x|, x,,x; <1.414}
(16)
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BTTU 5 muc tiéu yéu cau xac dinh (x;S,
X,S, X3S) € Qx dé S(x;8S, x5S, X3S) = Min{S(x;,
X2, X3)}. Nho sy hd trg ciia phan mém Excel —
Solver da xac dinh duoc gia tri cuc tiéu cua
(16):

Smin = Min{S(x1, X5, X3)} = 10.753

Véi: xS =0.5659;
1.414; x3;S=-0.3936

Xzs = -

Thay x;S, x,S, 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 d6i sang bién thuc: Z, = 33.96 [°C];
Z,=10.008 [mmHg]; Z5;=13.21[h]

Nhu vay, theo tinh todn tir cic md hinh
(11), (12), (13), (14) va (15) thuc nghiém da
xac dinh ché d6 cong nghé STH dam bao cho
chuén t6i wu t6 hop S dat cuc tiéu ung voi:
nhiét d6 méi truong sdy 33.96 [°C], ap suit moi
truong sdy 0.008 [mmHg], thoi gian siy 13.21
[h]. Khi d6 tdng chi phi ning lugng cho qua
trinh sdy tao ra 1 kg SP 1 68.22 [kWh/kg SP],
d6 am cudi cung cua SP dat 4.84 [%] (da dat
yéu cau cia bai toan ddt ra la tir (2 + 6)%),
kha ning hoan 4m tré lai ciia SP 1a 92.07 [%],
dd co rat thé tich cua SP 1a 8.79 [%] va luong
ton that vitamine C ciia SP 1 1.94 [%]. Tir két
qué thuc nghiém da tién hanh & bang 2 co thé
thiy, cac két qua tinh toan t6i wu 1a phi hop va
dép tng tt cac muc tiéu di dit ra.

Khi ¢b dinh ap sudt méi trudng sy x,S = -
1.414, twong duong véi Z, = 0.008 [mmHg],
mdi quan hé giita yi, V2, y3, V4, ¥s va ham td
hop S theo hai bién x,, x; dugc biéu dién vé

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

6, 7, 8). Khi x5 ¢6 dinh & cac gia tri khong doi,
x; bién thién cac ham muc tiéu duge thé hién
trén cac hinh 9, 10, 11, 12, 13, 14.

3.4. Thye nghiém kiém chirng

Tién hanh qua trinh STH tai nhiét d6 moéi
truong sdy 33.96 [°C], 4p sudt moi trudng siy
0.008 [mmHg], thoi gian sdy 13.21 [h] va nhan
duoc két qua chi phi nang lugng cho qua trinh
sdy tao ra lkg SP 1a 68.77 [kWh/kg SP], d6 4m
cudi cung ciia SP dat 4.76 [%], kha ning hoan
4m tro lai ciia SP 1a  92.17 [%] (kha nang
khong hoan am trg lai cia SP 1a 7.82 [%]), do
co rit thé tich ciia SP 1a 8.82 [%] va lugng ton
that vitamine C cua SP 14 1.91 [%].

C6 thé thdy rang két qua tinh toan tbi wu
hoa qua trinh STH bang phuong phap diém
khéng tuéng cho két qua hoan toan phu hop
véi thuc nghiém.

3.5. Xac lap ché do cong nghé STH

Véi ap sudt méi truong STH Py, = 0.008
[mmHg] thay vao mé hinh dugc thiét 1ap & [3],
thay cac thong sb nhiét vt Iy cia tom su [5],
vao mo hinh toan truyén nhiét lanh dong ¢ [1],
truyén nhiét tach 4m trong diéu kién STH & [3],
xac dinh duoc thoi gian STH ¢ giai doan 2: 1y,
= 11.357 [h], thoi gian SCK ¢ giai doan 3: 1y =
1.853 [h] vé6i nhiét d6 thing hoa 1a -25.11 [°C],
nhiét do két tinh cta am trong tom su -1.21
[°C1, [5]. (so do qui trinh cong nghé - xem hinh
16):

- Giai doan 1: lanh dong vat liéu sdy:
nhié¢t do moi truong lanh déng: T, = -45°C,
nhiét 46 bé mat VLS T,, = -34°C, nhiét do tim
VLS: T, = -11.78°C, nhiét do trung binh VLS:
Te =-25.11 [°C].
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- Giai doan 2: sy thing hoa: nhiét do
thiang hoa: Ty = -25.11 [°C], nhiét d6 mo
truong séy:

T=33.96 [°C], 4p sudt mdi truong sdy: Py,
= 0.008 [mmHg], thoi gian séy: Ty, =11.357
(h].

- Giai doan 3: siy chén khong: nhiét do

VLS Ty > -1.21 [°C], nhiét d6 mé trudng siy:

Hinh 3. Chi phi nang luongdkg SP, =2 = -1.414

100+ -~ e

8O-+

¥1 [k

B0 4--~

Hinh 5. kha nang hoan arm tro lai, x2 =-1.414

100 --7

v
'
'
'
'
'
L
A

T;=33.96 [°C], 4p sudt mdi trudng sdy: Py,
=0.008 [mmHg], thoi gian séy: Ty = 1.853 [h],
téng thoi gian sdy 1a: 13.21 [h].

Khi STH t6m st v6i qui trinh di dwoc thiét lap
& so dd hinh 16, san phdm nhan dwoc & hinh
15, c6 phi ning luong cho 1 kg SP va chit

lwong san phdm nhu da khing dinh & trén

Hinh 4. Do am cua san pham, x2 =-1.414

v2 [%]

¥ [%]

Hinh 8. Harm to hop 5, ¥x2=-1.414

Sx1, 3, x3)
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Hinh 2. Chi phi nang luongfky 5P, #2 =-1.414  Hinh 10. Do am cua san pharm, 2 =-1.414  Hinh 11. Kha nang hoan am tro lai, x2 = -1.414
a0 . . . 8 . . . . .

95

(100 - y3) (%]

50 H H H 3 H H H a0
- - - 2

Hinh 12. Do co rut san pham, 52 = -1.414 Hinh 13. Da ton that vitamine C, x2 =-1.414 Hinh 14, Ham to hop 5, #2 =-1.414
15 3 40 : : :

Sxl, x2, ®3)
58] [N}
= [

o

Hinh 15. San phim t6m sii chdn so, boc vo bo dau
STH

4. KET LUAN lwong cho qué trinh sdy tao ra lkg SP, d6 4m

o L cudi cung cia SP, kha ning hoan 4m tré lai, do
Qua trinh STH duoc nghién ciru mét cach

o . B co rit thé tich cia SP va lugng ton that
hé thong bang phuong phap toan hoc két hop
. ) ) vitamine C cua SP.
véi cac phuong phap nghién ciru thuc nghiém.
Céc phuong trinh hdi qui (11), (12), (13),

(14) va (15) thu dugc tir thye nghiém 1a cac mo

Bing phuwong phap phuong phap diém
khong tuéng di xac dinh ché do cong nghé

. ; A . Y ) STH t6i uu, c6 chi phi nang lugng qué trinh tao
hinh thong ké thuc nghiém mo ta rat tot sy anh ] )
, o L, o ra lkg SP 1a nho nhat va chat luong SP duogc
hudéng nhi¢t d0 modi truong say, ap suat moi . i
. B L oz L tao ra tot nhat.
truong say, thoi gian say dén chi phi nang
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‘ Bit dau )

Nguyén liéu tom su

P Nguyén liéu chon loai 1, c6 kich c&
(41 + 50) con/1 pound (K = 11)

{Chén & nhigt do 70°C/(15 + 20)s,

béc vé, bé diu rira sach dé& rao
trwwdc khi lanh dong

So ché [e---------

Xép khuén |¢------- O nhiét @6 phong 25°C

» Nhiét d6 moi truong: T, = -45°C.

= Nhiét do b& mat VLA: T, = -3420.

" DI = Nhiét d6 tam VLA: T, = -11.78°C.
Lanh dong VLA = Nhiét d6 két tinh ctia &m: T = -1.21°C.
= Thoi gian lanh déng: t4 = (3.5 + 4.5)h

Giai doan 1:

= Nhiét d6 méi trwdong say: Ty = 33.96°C.

= Ap suét méi trwong sdy: Py, = 0.008mmHg.
P PR = Nhiét d6 thang hoa am: Ty, = -25.11°C.
Say thang hoa « Két giai doan 2 khi: Tys > -1.21°C.

= Thoi gian STH: 1, = 11.357h

Giai doan 2:

= Nhiét d6 méi trwdong say: Ty = 33.96°C.

Giai doan 3: = Ap suét moi trwong sdy: Py, = 0.008mmHg.
Sy chan khéng [ = Nhiét dd hoa hoi cia dm: Ty, > -1.21°C.

= Thoi gian lanh déng: 13 = 1.853h

= Két thuc giai doan 3 khi: Wy, = 4.84% € [2, 6]%

Ghép mi chan

1 PR & nhiét d6 phong 25°C
khong

Bio quan [¢------- O nhiét d6 binh thwéng

A
‘ Két thiac )

Hinh 16. So dd quy trinh cong nghé sy thing hoa tém st
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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

return

(1]

(2].

[3].

of product.

Key words: Multi-Objective optimization, Freeze drying
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