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TOM TAT: Bai bdo nay trinh bay nhu'ng két qua nghién ciru xdc ldp ché dg cong nghe STH tém
bac, bang cdch giai bai todn da muc tiéu voi chudn téi wu 16 hop R (hay goi la phuong phap vzmg cam)
Nghién ciru thuc nghiém da tién hanh dé xay ding cdc ham muc tiéu mé ta sw anh huong cua cdc yéu t6
cong nghé: nhiét dg moi tmong sdy, dp sudt méi truong sdy, thoi gzan sdy dén qua trinh STH. Bing
phuong phdp viing cdm da xdc ldp ché d¢ cong nghé 10i uu cho quda trinh STH.: c6 chi phi nang lugng
tao ra 1 kg san pham (SP), do co rit thé tich, ton that vitamine C cuia SP la nho nhat, d6 dm vit liéu sdy
(VLS) nhé nhat phai dat yéu cdu (2 +6)% va kha ndng hit niede va truong no tro lai cuia SP la Ién nhat
(c nghia kha nang khong hit nude tro lai cua SP la bé nhat).

Tir khéa: T6i wu héa da muc tiéu, 16i wu héa cong nghé sdy thing hoa, sdy thang hoa.

1. PAT VAN PE

STH 1a mét k¥ thudt phirc tap, nd gdm 3
giai doan ndi tiép nhau, giai doan 1: la giai
doan lanh déng VLS, ti wu hoa glal doan nay
da duoc trinh bay [1], giai doan 2 va 3: 14 giai
doan STH va giai doan say chdn khong (SCK),
ddy 1a 2 giai doan quyét dinh dé tao ra san
pham Bai todn dit ra & ddy la: lam thé nao dé
xéc 1ap ché d6 cong nghé STH sao cho 1 kg SP
tao ra tiéu tén chi phi nang luong 1a nho nhét
va SP cé chat ltrong tot nhét Chat lugng SP
STH t6t nhét khi né théa tt ca cac tiéu chi sau:
dd co rut thé tich, ton thit vitamine C cia SP
nhé nhét, kha ning hat nuée hoan nguyén trg
lai cta SP 1a |O’l‘1 nhét, d6 dm cudi cung cua SP
phai dat yéu cdu (2 + 6)%, [2].

Nhu vdy, trong qua trinh nghién ciru xéc
lap ché d6 cong nghé STH ca 5 tiéu chi: Yis
[kWh] - chi phi nang lugng/ 1 kg SP; y,, [%] -
dd am cubi cliing cia SP; y; = (1 -IR).100, [%]

- khé néng khong hit nuéc tré lai cia SP (trong

do: IR, [%] - kha nang hat nudc truong no tre
lai cuia SP); y4, [%] - d6 co rat SP sau khi sdy;
¥s, [%] - lugng tén that vitamine C ciia SP, phu
thude vao 3 yeu t6 cong ngh¢: nhiét d6 méi
truong sdy (Z,, [° C]), ap_ suit moéi trudng sdy
(Z2, [mmHg]), thoi gian say (Z, [h]) déu mong
muon dat duoc két qua tét nhét. Vi vay, da xudt
hién sy doi héi phai dit ra va giai quyét mot
cich chudn myc bai toan tdi wu (BTTU) da
muc tiéu. Pay 1a BTTU thuong Xuyén xuét
hién trong thuc té va thudce cac linh vuc khac
nhau. Bai bdo nay trinh bay phuong phép giai

BTTU da muc tiéu véi chudn téi wu td hop
R(Z) (hay goi phuong phap ving cém), [4, 8].
Két qua do két hop véi viée giai mé hinh toan
truyen nhiét tich am trong diéu kién STH [1,3]
s& xac lap ché do cong nghé STH cua thuc
phdm thiy san nhém gidp xac dai dién la tom
bac.

2. TOI UU HOA PA MUC TIEU VOI
CHUAN TOI UU TO HQP R

2.1. Mt s6 khai niém co s[4, 8]

Xét mét déi tugng cong nghé gdbm m ham
muc tiéu fy(Z), £x(Z), ..., f,,(Z) tao thanh vécte
ham muc tiéu f(Z) = {f(Z)} = { £(Z), £5(Z), -

fu(Z)}, trong d6 j = 1 + m, mbi ham thanh phan

f(Z)} phu thudc vao n bién téc dong Z,, Z,, ...,
Z,, c4c bién tac dong Z; (i = 1 + n) s& hinh
thanh vécto cic yéu t6 anh hudng hay goi 1a
vécto' bién Z. Cic bién nay bién thién trong
mién gidi han (mién xdc dinh) Q7 va céc gia
tri ciia hAm muc tiéu sé& tao thanh mién gid tri
ciia ham myc tiéu QFf (mién ndm trong dudng
cong kin A — f(ZS) - f(ZR) — B — N - M, xem
hinh 1).

Mbi ham muc tiéu £(Z) cing véi vécto
bi€nZ={Z} =(Z1,Zs, .. Z) € QZ (i=1+
n) hinh thanh mét BTTU mét muc tiéu. D& don
gian nhung khéng hé lam mét tinh téng quat,
thi BTTU m muyc tiéu s& duoc trinh bay cho
trurong hop toan bd m BTTU mét muc tidu déu
la cdc bai todn tim cuc tiéu c6 dang.
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£ min = (Z1 P, Z7 P ..., ZIP) = Min £(Z), Zy, ..., Zo) (1)

Z= {Z,} = (Z], Zg, ) Zn) L= QZ

j=l+mji=1l+n

f‘z 4

3

tl l'lli.ll

fiPR C, 5

Hinh 1. Khéng gian ham muc tiéu cuia BTTU hai murc tiéu

2.2. Phuong 4n khong tudéng va hiéu qua
khéng tudng [4, 8]

Néu tdn tai vécto bién Z'T = {Z'T} =
@, Z,", ..., Z."") e [2Z 13 nghiém chung
cho tit ca m BTTU mét muc tiéu (1) + (2) +
(3), nghia 1a Z"" = Z"T véi moi i = 1 + n, thi
Z'T dugc goi 1 phuong 4n khong tudng hodc
nghiém khong tuéng cua BTTU m muyc tiéu.

Trong thuc té thuong khong ton tai Z""
nhung vi mdi BTTU mét myc tidu (1) + (2) +
(3) van c6 c4c fj o (V61 j = 1 + m) twong mg
nén vin tdn tai 77 = () ins £ miny «s Fmin) V2
khi 86 £77 = (£} cins T2 i bees T min) GUQC 201 12
hiéu qua khong tuéng hay diém khong tuéng.
O hinh 1 diém khong twong 7 cia BTTU hai
muc tiéu tén tai nhung nim ngoai mién xic
dinh Qf tirc 14 nghiém khéng tuéng khéng ton
tai.

2.3. Phuong 4n trdi va phuong an bij tréi
[4,8]

Gia sir xét ham da muc tiéu, c6 hai vécto
bién ZQ = {ZQ;} va ZV = {ZV;}véi moi i = 1
+ n, s& cd hai vécto ham tuong Ung f(ZQ) =

{f(2Q)} va f{ZV) = {f(ZV)} véimoij=1 + m.

Néu véi moi j déu cé: £(ZQ) < f(ZV) thi
ZQ duoc goi la phwong dn trji (hay nghiém
trdi) so voi ZV, ky higu: ZQ “>" ZV, con ZV
duoc goi 1a phirong dn bi trji (hay nghiém bi
trfi), ky hiéu ZV ‘<’ ZQ. Nguoc lai, néu voi
moi j déu cé: £(ZQ) > f(ZV) thi ZV dugc goi
1 phiwong dn tréi (hay nghiém trji) so voi ZQ,
ky higu: ZV >’ ZQ, con ZQ duogc goi la
phuwong dn bi trpi (hay nghiém bi trji), ky
hiéu: ZQ ‘<’ ZV.

2.4. Phuong an Paréto tdi wu [4, 8]

Phuong 4n ZP dugc goi la phiwong dn
Paréto téi wu néu ZP khong thé bi troi bai bat
ky phuong an nao khac thudc mién gi6i han
QZ. Khi do f(ZP) dugc goi 1a mét hidu qud
Paréto tdi wu nam trong tdp hiéu qui Paréto
16i wu QfP.

O hinh 1 tap hiéu qua Paréto tdi wu QfP
chinh 1a dudng cong A - f(ZS) - f(ZR) - B.

2.5. Pinh Iy Paréto t6i wu [4, 8]

Pinh ly 1: Néu BTTU da muc tiéu cé
nghiém duoc goi la t6i wu theo mot cach dinh
nghia nao do thi khéng phu thudc vao cich
dinh nghia da chon, nghiém ti wu do phai la
mot phuong 4n Paréto ti wu.

Trang 67



Science & Technology Development, Vol 13, No.K2- 2010

Thét vay, néu nghiém téi wu Z cua BTTU
da muc tiéu khoéng phai 14 mét phuong én
Paréto t6i uu thi chic chin ¢6 thé tim duoc it
nhat mét phuong 4n trdi hon Z. Diéu dé chiing
to rang Z khong thé dugc cong nhén la nghi¢m
t6i wu va din dén mau thudn v6i gia thiét ring
Z da la nghiém t5i uu. Viy Z phai 13 mot
phuong én khéng thé bj troi, tirc 1a phuong 4n
Paréto t6i wu.

Nhur véy, theo dinh ly 1, mdt nghiém cia
BTTU da muyc tiéu (1) + (2) + (3) tim dugc
bang mét phuong phép giai bat ky nao do,
muon duge céng nhan 1a tdi wu theo phuong
phép giai da Iya chon, truéc hét phai dugc
chirmg minh nghiém d6 phai 1a mét phuong 4n
Pareto t6i uru.

2.6. Téi wu hoa da muc tiéu v6i chudn t§i wu
to hop R [4, 8]

Phuong phép sir dung chuén tbi wu té hop
R goi 1a phuong phép viing cdm, khi BTTU da
muc tiéu (1) + (2) + (3) khéng ton tai nghiém
khoéng tudng, luc dé di tim mgt dlem nim trong
tdp hiéu qua Paréto tdi uu ném gan diém khéng
tuong ma cich xa vung cam nhat.

Trong thuc té nlpeu BTTU da muc tiéu
dugc dit ra co cac diéu kién rang budc ddi véi
chinh céc gia trj cia cdc hdm muc tiéu thanh
phan f(Z), hay noi mot c4ch khic diéu kién
rang buoc dé chinh la mién gi4 tri cua cdc ham
muc tiéu thanh phin f; i(Z) ma bai todn cong
nghé quy dinh, khi Z b:en thién trong mién xac
dinh QZ.

Ky hiéu: fi(Z) <€, Vj=1+ 4

Thong thuong, dbi véi bai toan tim cuc
tiéu thi C; la can trén ciia ham muc tiéu thanh
phén f; (Z), con dbi véi bai todn tim cuc dai thi
C; 1a cén dudi cia ham muc tidu thanh phin
f (Z), khi gia tri ham muc tidu f(Z) nim ngoai
mién gia tri thi goi 12 ving cAm.

Céc diéu kién (4),tao thanh viing cim:

= {f(Z) < C;} dbi v6i ham muc tiéu £(Z) (5)

Phuong phdp ving cdm, d& xudt gidi
BTTU m muc tiéu (1) + (2) + (3) v6i chuén ti
uu té hop R(Z) dugc dinh nghia theo biéu thic
sau:

R(2)=5(2)5,(2)..1,(2) = ﬁrj (z) ©

Trong do:

C.-f(Z i 7
5(2)= ﬁl khi f;(2)=<C; k4
r,(z)=0 khi f;(Z)>C; (8)

Tir (7) c6 thé thay rﬁng khi f(Z)-—> min thi
5(Z) = Tjmax = 1. Viy voi chuén tdi uu té hop
R(Z) thi BTTU m muc tiéu dugc phat biéu lai:

Hay tim nghiém
7ZR=(ZR, Z,R, ... Z,R)eQZ sao cho ham muyc
tiéu R(Z) dat gié tri cuc dai nim trong mién gia

tri Qf .
R =R(Z) =maR(2) = (2 5(2). ;H(Z)]—m[mz}

9)
Véi.Z = (Z;, Zz, seia Zn) 1= QZ

Dé dang thdy ring: 0 < R(ZR) < 0, trong
d6 R(ZR) = 1 khi nghiém t6i wu chinh 14
nghiém khong tuong Z"T va R(ZR) = 0 khi chi
can mdt trong cdc gid trj fj(Z) vi pham bat ding
thire (5), c6 nghia khi d;em f(Z) roi vao ving
cim C (6).

BTTU da muc tiéu (9) di dé xudt cho cac
bai u.‘:aﬁ cong nghé nhung chua chirng minh
duoc ring nghlem ZR 12 mét nghiém Paréto tbi
uu.

Pinh Iy 2: Nghiém ZR cia BTTU (9), néu
lon tai thi nghiém ZR chinh la nghiém Paréto
t6i wu cia BTTU m muyc tiéu () +(2)+(3).

That vay, Gia st ZR khong phai la nghiém
Pareto t6i wu. Khi dé s& tim dwge mot nghiém
ZR’ bi trdi hon ZR. Theo dinh nghfa, nghiém
ZR" nhit dinh phdi cé it nhit mét hiéu qua
fi(ZR"), trong d6 1<k <m, sao cho f(ZR") >
fi(ZR); VQZ. Tir dé suy ra R(ZR ) > R(ZR) va
fk(ZR ) roi vao vung cim. Piéu nay mau thudn
voi gia thlet ring ZR 13 nghiém téi uu. Viy
khong thé ton tai bit cir nghiém nao khic bi
troi hon ZR, do d6 ZR phai la mét nghiém
Paréto t6i wu. )

Ky hiéu: f(ZR) = fPR = (f|PR, fyPR, ...,
fuPR). V&i nghiém t6i vu ZR, hiéu qua Paréto
tdi wu fPR = (f,PR, £:PR, ..., f,,PR) dimng c4ch
xa viing cam C nhat.

Mot cach hoan toan twong duong c6 thé
thay chuan tbi wu R(Z) bing chuén téi wu R'(Z)
nhu sau:

R'(2)= q(Z).rz(Z)___rm(Z)=|:lE‘Irj (2)]; (10)
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Trén hinh I ca hai hiéu qua Paréto tdi uu
f(ZS) va f(ZR) déu thudc tap hop céc hiéu qua
Paréto tdi uu QfP (dudong cong A - (ZS) -
f(ZR) — B) nhung nghi¢m Paréto t6i ru ZR cho
hi¢u qua Paréto t6i uu f(ZR) nam céach xa vung
cAm nhét. Trong khi do nghi¢m Paréto ti uu
ZS cho hiéu qua Paréto t6i wu f(ZS) nim gan
diém khong tudng fUT nhit nhung lai roi vao
viing cam.

3. TOI UU HOA QUA TRINH STH [8]

3.1. Nguyén liéu
Vit liéu 4m 1a tom bac c6 kich c& dai da sb

(41+50) con/1 pound, hé s6 phan c& K = 11, [1].

Chén & nhiét o 70°C trong khoang thoi gian
(15 + 20)s, sau do bbc vo, bé dau.
3.2. Phuong phap nghién ciu
- Xéc dinh chi phi ning lugng lamra 1 kg
SP (y;) bang Watt meter, [kWh], [5].
it Xac dinh d6 4m cua SP (y,) bing cam
bién khoi lugng, do ludong bang méy tinh, [5].

i G
Véic y, = 100_%(100-\2\/“) (11)
t

- Xéc dinh kha ning khéng hat nude hoan
nguyén trd lai cia SP (y;) nhu sau: goi IR [%]:
1a kha nang hut nuéc hoan nguyén tro lai cua
SP, thi y; = 100% — IR, [2].

A G. =
Véi: [R =1—G‘_100% (12)
Gpg =G, )
y3 =100% 1=t 10gv, = Fea =1 1gg9,  (13)

bd 1 bd Gt
"Trong d6: Gyq [kg]: khoi lugng VLS ban
diu, G, [kg] khéi luong VLS cudi cung, G,
[kg): khéi lugng VLS sau khi sdy ngim vio
nuéc & nhiét phong 251C trong cho dén khi
khéi luong khong déi (bdo hoa 4m), Wy [%]:
d6 4m ban dau ciia VLS.

SP hoan nguyén tét nhit khi luong 4m hut
tré lai bing luong 4m tach ra trong qua trinh
sdy, c6 nghia G, = Gyq VA [Rpyay = 100%, Yamin =
0. Thuc té y, > 0.

- Xéc dinh do co thé tich (ys) nhu sau: xdc
dinh thé tich VLS ban déu (V,) va sau khi say
(Va), bﬁng cach 14y dung cu do thé tich cho dau
vao & thé tich xéc dinh, sau d6 cho VLS vao s&
xac dinh dugc thé tich, va hiéu thé tich sau va
truée khi cho VLS vao chinh 1a thé tich cia
VLS. Nhur vay xac dinh dugc ys, [2]:

-V
va == Y2 1009 = 2¥ 100% (14)
Vi Vi
SP khong nit né bé mat, khi SP khong bi
co ng6t, c6 nghia yami, = 0. Thuc téy,> 0.

- Xéc dinh lugng tén that vitamine C cua
SP sau khi sy, bing cach xac dinh ham lugng
vitamine C cua SP trudc (m; [mg%]) va sau
(m, [mg%]) khi siy theo phuong phip TCVN
4715 — 89. Nhu vay luong tén thit vitamine C
xac dinh boi:

-m

yo= T2 1000, = 22100 (19)

my oy

SP dat chét lugng tét khi khong c6 ton thét
vitamine C, ¢6 nghia ysmi, = 0, thuc té ys > 0.

- Xéc dinh nhiét do bang cam bién nhiét
d6 (Temperature sensor) do luong bang mdy
tinh.

- Xéc dinh 4p sudt béng cam bién ap sudt
(Pressure sensor) do ludng bang mdy tinh.

- Phuong phap qui hoach thuc nghiém truc
giao cap hai.

- Xac lap va giai BTTU 5 myc tiéu bing
phuong phép diém khéng tudéng.

3.3. Két qua nghién ciru va théo luin [8]

3.3.1. Xdy dyng cdc ham muc tiéu thanh
phén ciia bai todn da muyc tiéu

Qua trinh STH t6i wu c6: y;- chi phi ndng
Iwrong cho 1 kg SP nhé nhét, y» - d6 4m VLS
phai dat yéu cdu (2 + 6)%, IR- kha nang hut
nude hoan nguyén trd lai caa SP 1a 16n nhat, c6
nghia: y; = (1 -1IR).100, [%] - kha nang khong
hut nuéce cua SP 1a bé nhat, ys - d6 co it cla
SP bé nhét va ys - ton that vitamine C cua SP
bé nhét phu thudc vio cic yeu t6: nhiét d6 moi
trudong sﬁy (Z)), ap sudt moi truong sy (Z,),
théi gian sdy (Z;). Phuong phép quy hoach
thyc nghiém nhu sau: xdy dung ma trén thyc
nghiém tryc giao cip2véik=3,n,=4, tién
hanh 18 thi nghiém. Cac bién x,, X», X3 la cic
bién ma hoa cia Z,, Z,, Z;. Canh tay don c6 gid
tri o = 1.414

Tir vige thlet lap va giair mé hinh todn
truyen nhiét tich 4m trong diéu kién STH dé do
4m cubi cing cla san pham dat yéu cu (2 +
6)%, [1, 3], dd xdc dinh dugc cac diéu kién thi
nghiém nhu sau, xem bing 1.
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Bing 1. Ciic mtc yéu t6 anh hnréng

Céc te Khoing
Véu td —-& | Miec duéi, | Mirc co's, | Muc trén, +0 | bién thién
(-1.414) -1 0 +] (1.414) A
% [°) 20.102 23 30 37 39.898 7
Z, [mmHg) | 0.008 0.094 0.3 0.507 0.592 0.2065
Z3 [h] 11.172 12 14 16 16.828 2
Tlen hanh thuc nghiém theo céc mirc muc tiéu da dugc dat ra: y,, y, y3, ya va ys,
yéu t6 anh huéng & bing 1 dé xac dinh 5 két qua nhan dugc & bing 2.
Béng 2. Ma trin thuc nghiém phuong an tryc giao bac 2, k = 3, ng = 4
N X % X % | x| an | oo | 0’0667 xg:-U.ﬁﬁi’ xf-ﬂ.ﬁﬁ? big] p) 3 V4 Vs
1 1 1 1 1 1 1 1 0333 0333 0333 | 7942 | 368 | 1238 | 10872 3.198
21 1 -1 1 1 -1 -1 1 0333 0333 0333 | 8151 | 474 | 999 | 8396 | 2.498
Bl 1 1 1 1 -1 1 -1 0333 0333 0333 | 8892 | 354 | 1168 |10.754 | 2.161
TYr| 4] 1 -1 1 1 1 -1 -1 0333 0333 0333 | 8434 | 502 | 758 | 8525 | 1219
5] 1 1 1 1 1 1] - 0333 0333 0333 | 6642 | 541 | 1061 |10.441 ] 2.581
61 1 -1 1 -1 -1 1 -1 0333 0333 0333 | 6523 | 571 | 7.16 | 8.584 | 2.229
i 1 1 -1 -1 -1 1 0333 0333 0333 | 6589 | 539 | 997 | 8397 | 1.584
8] 1 -1 1 1 1 1 1 0333 0333 0333 | 6397 | 589 | 584 | 6.187 | 1.198
991 1 [1414] 0 0 0 0 0 1333 <0667 | -0667 | 79.89 | 411 | 13.17 |12.895 | 3356
10 1t [-1414] 0 0 0 0 0 1333 0667 | -0667 | 6734 | 483 | 522 | 5997 | 1645
” Iyl 0 |1414] 0 0 0 0 | -0667 1333 | -0.667 | 6805 | 487 | 861 |11.598 | 2.587
12/ 1 | o [144] 0 | 0o | o [ o [ 0667 | 1333 | 0667 | 1328 | 398 | 7.3 | 8.143 | 2.387
131 1 0 0 (1414] © 0 0 0667 | -0.667 1333 | 9697 | 351 | 1228 | 10031 | 2.498
4] 1 0 0 [-1414] © 0 0 0667 | -0.667 1333 | 6545 503 | 733 | 7459 | 1.713
151 1 0 0 0 0 0 0 0667 | 0667 | -0667 | 7541 | 439 | 711 | 7621 | 2176
6] 1 0 0 0 0 0 0 0667 | 0667 | 0667 | 7334 | 419 | 7.15 | 8.109 | 2.089
%I 1 0 0 0 0 0 0 | -0667 | 0667 | 0667 | 7671 | 425 | 7.19 | 8321 | 2314
181 1 0 0 0 0 0 0 0667 | 0667 | 0667 | 7229 | 409 | 768 | 7523 | 2012
Sau khi xiur ly sb liéu thuc nghiém, tinh phuong trinh hdi quy véi két qua thuc nghiém
todn céc hé sb phuong trinh hdi quy, kiém dinh theo chuén Fischer di thu dugc cic phwong
sur c6 nghia cia cc hé s6 phuong trinh hoi quy trinh héi quy:

theo chuén Student, kiém tra sy tuong thich cia

¥y =£(x),X5,X3) = 74.691 +1.945x, +9.771x,

-2.308(x} -2/3)+2.991(x2 -2/3) ¢

Y2 =5(x),%,,%X3) =4.591-0.363x, - 0.631x; — 0.218x, x4
+027(x ~2/3)+0.247(x3 ~2/3) +0.169(x3-2/3) R
y3 =13(X),X,,X;) = 8.797 +2.109x, + 0.566x , o

+1.254x; +0.801(x] ~2/3)+1.108(x} -2/3)
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—0.494x,x; +0.438(x} ~2/3)+0.651(x3 -2/ 3)

(19)

vy = £ (%, XgX3) = 2191+ 0.4%, +0.386x, +0.216x; ~0.153(x] -2/3) @)

3.3.2. Giai cac BTTU m{t muc tiéu [4, 8]
Céc BTTU moét muc tiéu 13 tim: y i

= minfj(X,, X2, X3); Y2min = Minfy(X;, X2, X3) € [2,

6; Yamin = minfy(Xy, X2, X3); Yamin = minfd(xl, X2,
X3); Ysmin = minfs(X;, X, X3), vOi mién gioi han:
Qx = {-1.414 < x), Xy, x;} < 1.414} duogc giai
nho su hd trog cla phan mém Excel — Solver.
Ket qua tinh todn xdc dinh duoc cac théng s6
tbi wu cho timg BTTU mét muc tiéu (16), (17),
(18), (19) va (20) trong vung gi¢i han nghién
ctru thue nghiém nhu sau:
Yimin = 39.035  véi:

X' =-1414;
z“"“ = 1.414;
Xg' ™ = -1.414
Yamin = 3.162 € [2,6] véi:
X" =1.243;
X2 = -6.26E-08;
x5 = 1.414
Yamin = 4.981 véi:
X3P =-1.316;
X =-1414;
x> =-0.566
Yamin = 4.996 véi:
X, =-1.376;
X' =-1.165;
X =.1412
Ysmin = 0.594 voi:
X" =-1.398;
X" =-1414;
X =-1.387

Tir ket qua do6 xac dinh duoc diém khong

tUUﬂg }’ (y1mlm Y2mins Y3mins Yamin, y5mm)
(59.035, 3.162, 4.981, 4.996, 0.594). RS rang

tir két qua nghién ciru thuc nghiém & trén da
xic dinh dugc diém khong twong nhung
phuong 4n khong tuéng khong ton tai. Boi vi:

khong ton tai nghiém chung cua hé, (1, x/,

jop!) i (X kopt xzkopl kopl) V_] k=1-=+ 5 _] 2k
3.3.3. Giai B:I‘TU da muc tiéu theo phuong
phép vang cam [4, 8]

Qua trinh STH véi 5 muc tiéu di dé ra
duoc biéu dién bai 5 phuong trinh héi quy (16),
(17), (18), (19) va (20). Vi khong thé co
nghiém chung dé 1am théa man tit ca cac gia

t” Yimins Y2min> Y3mins Yamin, y5m|n: nén BTTU
dugc dat ra 1a tim nghiém Paréto tdi wu dé hidu

qua Paréto tdi wu yPR = (fiPR, f,PR, f3PR,
f,PR, fsPR) dung gan diém khong tudng va
céch xa ving cam nhat.

Thuc té thuc nghlem dé xac dinh che do
cong nghé STH da xdc dinh dugc vang cdm:

y, > Cy = 85.98;

y2 > Cy= 5.98;

y3 > C3=12.97;

ys > Cy=12.78;

ys>Cs=3.2

Xiy dung ham muyc tiéu t6 hop R nhu sau:

5

nrj(xl,xz,xj)amax (21)

=
Qx ={-1414<x,,X,,X; <1.414}; v, €[2,6]

R‘(x].xz.x3)=

Trong do:
11X, X2, X3) = [(85.98 — y,)/(85.98 — 59.035)]
khiy, < 158.98;
r(X;, X2, X3) =0 khiy, > 85.98;

1a(X1, X2, X3) = [(5.98 — y2)/( 5.98 - 3.162)]
khiy, <5.98;

rZ(xls X2, X3) =0 khi 2> 598,

I'3(X|, X2, X;) = {(]297 = y;)/( 12.97 - 498])]
khi ys < 12.97; :

r3(Xy, X2, X3) =0 khiy; > 12.97,
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rd(x|, X2, X;) = [(1278 - Y4)/( 12.78 - 4996)]
khi y, <12.78;

Iy(X1, X2, X3) =0 khi y, > 12.78;

Is(X1, X2, X3) = [(3.2 — ys)A( 3.2 - 0.594)]
khiys<3.2;

rs(Xy, X2, X3) =0 khiys>3.2;

Nho sy hé tro cia phin mém Excel —
Solver da xéc dinh dugc gi trj cuc dai 21):

R’ = Max R'(xy, X2, x3) = 0.987
Véi: x,S=0.578;

XS =-1.41;

X35 =-0.37

Thay xS, x,S, x5S vao phuong trinh (11),
(12), (13), (14) va (15) xé4c dinh dugc:

y1PS = 67.566;

y2PS =4.808 € [2,6];
ysPS =7.901;

y4PS =8.801;

Hinh 2. Chi phi nang Iuong 2 =-1.41

Hinh 4. IZha nang hut nuoc tra lai, x2 = -1.41

X WhlgemTT 48
= L
8' 90 4--.
Tr 80
e 2

Hinh 6. Luong ton that vitarine G, x2 = -1.47

4
& 5
ke

ysPS = 1.879;

R =100 - y;PS =92.099
Bién déi sang bién thyc:
Z,=34.05 [°C);

Z, =0.009 [mmHg];
Z, =13.26 [h]

Nhu véy, theo tinh todn tir cic mé hinh
(16), (17), (18), (19) va (20) thuc nghiém da
xdc dinh ché dd cong nghé STH dam béo cho
chuén téi wu to hop S dat cyc tiéu ing voi:
nhiét d6 méi trudng sdy 34.04 [°C], ap suat moi
trudng siy 0. 009 [mmHg], thoi gian sy
13.26[h]. Khi d6 téng chi phi nang luong tao ra
1 kg SP 67.566 [kWh], d6 4m cudi clng cua SP
dat 4.808 [%], kha nang hit nudc va hoan
nguyén tro lai cia SP 92.099 [%), d6 co rat thé
tich cua SP 8.801 [%] va lugng tén that
vitamine C cta SP 1.879 [%)].

Tir két qua thuc nghiém da tién hanh &
bing 2 c6 thé thiy ring, cac ket qua tinh todn
tdi wu 1a phu hop va dap tmg tét cac muc tiéu
da dat ra.

Hinh 4 1In am rua san pham, ¥/ =-1 41

¥2[%]

¥4 [%]

S{x! 22, x3)
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Khi cb dinh 4p suit méi trufmg sdy X,R
=.141, tuorng duong v6i Z, =0.009 [mmHg],

biéu dlen mbi quan hé gitta yy, y2, ¥3, Ya, ys va
ham t6 hop R theo hai bién x;, X3 trén dd thi 3D
(xem hinh 2, 3, 4, 5, 6, 7) s& thiy rd diém tdi
wu ctia ham t6 hop R phu hop v6i cdc ham muc
tiéu thanh phan, ly thuyét ciing da ching minh
¢ trén khong thé tim ra mdt diém khac voi
diém tbi uu ndm trong tp hiu qua Paréto tdi
wu dimng gin diém khong tuéng hon va cach xa
viing cim nhit.

Pé khang dinh két ludn nay da tién hanh
thuc nghiém kiém chimg két qua s& duoc trinh
bay & phan dudi day.

3.4. Thue nghiém kiém ching [4, 8]

Tién hanh qué trinh STH tai nhiét dd méi
truong siy 34.04 [°C], 4p sudt moi trudng sdy
0.009 [mmHg], thoi gian sdy 13.26 [h] va nhan
duoc két qua chi phi nang lugng cho qué trinh
sy tao ra 1 kg SP 67.267 [kWh], d6 am cubi
ciing cua SP dat 4.778 [%], kha nang hit nudc
va hoan nguyén tré lai cia SP 92.282 [%)] (kha
nang khong hit nudc hoan nguyén tré lai cua
SP 7.718 [%]), d6 co rat thé tich cua SP 8.795
[%] va lwong ton that vitamine C cia SP 1.834
[%].

C6 thé thiy ring két qua tinh todn tdi wu
hoa qua trinh STH bing phuong phép ving
cdm cho két qua hoan toan phi hop véi thuc
nghiém.

Hinh 8. San phdm t6m bac chin so boc vo bo dau STH

3.5. Xdc lap ché dp cong nghé¢ STH hoan
chinh [4, 8]

Véi dp sudt mbi truong STH Py, = 0.009
[mmHg] thay vao mé hinh todn (3.51) dugc
thiét 1ap & [3], xdc dinh dugc hé s6 cép nhiét
ciia moi truomg STH oy, = 4.2057 [Wm' g 5
thay cic thong s6 nhiét — vat ly cua tom su (7],
vao mé hinh todn truyén nhigt tich am trong
diéu kién STH tir (3.22) dén (3.42) duoc thiét
ldp & [3], xac dinh duoc thoi gian STH ¢ giai
doan 2: T, = 11.403 [h], thoi gian SCK & giai

doan 3: T = 1.857 [h] véi nhi¢t d§ thing hoa

1a -24.62 [°C), nhiét d6 két tinh cia dm trong
tém st -1.18 [°CJ, [3,7].

Nhu véy, ché d6 cong nghé STH cho tém
bac duoc thiét 1ap hoan chinh nhu sau (cd thé
xem so do qui trinh cong nghé [1,3,5]):

- Giai doan 1: giai doan lanh dong: nhiét
dd moi truomg lanh dong -45°C, hé sb toa nhiét
moi truong lanh dong 8.514 [Wm™“K'], nhiét -
6 bé mit VLS -33.05 [°C], nhiét do tm VLS -
101_97 [°C], nhiét do trung binh VLS -24.62
[Cl

- Giai doan 2 (STH) va 3 (SCK): nhiét do
thing hoa -24.62 [° C], nhiét d mé trudng sdy
34.05 [°C), 4p sudt moi truomg sdy 0.009
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[mmHg], thoi gian STH & giai doan 2: 11.403
[h], khi d6 nhiét d6 VLS > -1.18 [°C], thoi gian
SCK & gian doan 3: 1.857 [h], téng thoi gian
sdy la: 13.26 [h].

Khi STH tém bac véi qui trinh da duoc
thiét 1ap & trén, san pham nhan duogc & hinh 8,
c6 phi ning luong va chat lugng san phdm nhu
da khing dinh & trén.

4. KET LUAN

Qua trinh STH dugc nghién ciru mét cach
hé thong bing phuong phap toan hoc két hop
véi cac phuong phép nghién ciru thuc nghiém.

Céc phuong trinh hdi qui (16), (17), (18),
(19) va (20) thu dugc tir thyc nghiém la cédc mé
hinh théng ké thuc nghlem mo ta rat t6t swr anh
huong nhiét d6 moi truong say, ap sudt moi
truong sdy, thoi gian sdy dén chi phi nang

lwgng cho qué trinh sdy, do 4m cudi clng cia
san pham, kha ndng hut nude va hoan nguyén
tro lai, d6 co rat thé tich clia san phdm va lugng
ton that vitamine C ciia san pham.

Bing phuong phap chuén tbi wu té hop R
(phuong phép ving cim) da xac dinh ché do
cong nghé STH t6i uu, c6 chi phi qua trinh nho
nhat va chét lwgng san phim duoc tao ra tét
nhét.

Viée xac dinh ché do cong nghé STH kha
phtc tap né vira két hop gitra hai loai mé hinh:
truyén nhiét lanh déng, tich 4m va théng ké
thue nghiém dé xic dinh chat lwvong san phim
tot nhat, chi phi nang luong bé nhit, vi vy doi
héi ngudi nghién ciru phai ndm viig kién thirc
STH.

MULTI-OBJECTIVE OPTIMIZATION WITH OPTIMAL STANDARD
COMBINATION OF R APPLIED TO DETERMINE REGIME TECHNOLOGICAL
FREEZE DRYING OF PENAEUS MERGUIENSIS

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 of determinative regime technological freeze
drying of Penaeus Merguiensis by method to solve a multi-Objective optimization problem with optimal
standard combination of R. Experimental research was carried out building objective functions to
describe influence of technological element (temperature of sublimation environment, pressure of
sublimation environment and times of freeze drying) during processing freeze drying.

By restricted zone (optimal standard combination of R) method determined optimal regime
technological freeze drying have minimum energy expenditures/l kg product, minimum humidity of
material, maximum absorbent return of product, minimum contraction of product and minimum loss of

vitamine C.

Keywords: Multi-Objective optimization, Optimization, Freeze drying
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