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TOM TAT: Hién nay cong nghé Vi co dién tir va Vi hé thong (MEMS) dd cé nhitng bude phat
trién vieot bdc. Cam bién gia téc la mot trong nhitng loai cam bién MEMS thong dung nhdt béi dwoc sir
dung trong rat nhiéu cdc ung dung khac nhau. Dé ché tao thanh cong mot linh kien MEMS thi quy trinh
thiét ké mé ) phong la rat quan trong. Bai bdo nay trinh bdy vé mot thiét ke méi ciia cam bién gia toc ba
bdc tw do kiéu dp tré nham ndng cao dg nhay, dé phan gidi - mot yéu cdu luén bire thiét ciia thuc té.
Phan mém ANSYS dé dieoc sit dung dé thiét ké, mé phong va ddanh gid dgc nhitng wu diém ciia cdu tric

mai nay so voi cdc cam bién dwoc ché tao trude do.

Tir khéa: cong nghé Vi co dién tit, Vi hé thong, cam bién MEMS, Phan mém ANSYS

1. GIOI THIEU

Céc cam bién gia tdc duoc ché tao dya trén
cong nghé vi co dién tir va vi hé théng da va
dang tham nhap mot cach manh mé trong hau
hét cac linh vyc nhu y sinh [1, 2], cong nghiép
0td, dién tr dan dung, khoa hoc khong
gian...Hién nay, vé co ban ¢6 ba loai cam bién
gia toc, d6 1a cam bién gia tbc kiéu tu [3, 4], ap
dién va ap dién trd. Nhin chung, ca ba loai cam
bién nay déu cé cac uu va nhugce diém riéng
nhung cam bién gia toc kiéu ap tré 14 thong
dung nhét boi cac wu diém vuot troi nhu do
nhay cao, gia thanh ré, mach xur 1y tin hiéu don
gian [5] ... Vdi cac ung dung ngay cang tr¢
nén tinh t& nhu dinh vi va dan duong cho cac
vit thé bay thi yéu ciu vé cam bién gia toc do
nhay cao, kich thudc nho dang duoc dit ra.

Hién nay, viéc thiét ké ché tao cac cam
bién gia tdc nhiéu bac tu do da dat duge nhitng
thanh cong nhit dinh [5, 6]. Tuy nhién, mot
yéu cau thuc tién luon doi hoi do la phai luon
tim t0i ra cdc nguyén li moi, cdu triic méi co
the nang cao pham chit ciia cac cam bién gla
toc nay. Mot yéu cau nita v6i cac cam bién g1a
tdc d6 1a kich thude phai nhé va do duoc gia
tdc theo nhiéu chiéu. Bai bao nay trinh bay vé
moét ciu truc cam bién mdi dap tng duoc cac
tiéu chi néi trén. Viée ché tao cam bién duogc
dang duoc tién hanh va cac két qua do chudn s&
khing dinh 15 rang hon wu diém cia cac thiét
ké nay [10]. Cam bién c6 kich thudc nhéd c&
1.0%1.0%0.45 mm’, ché tao dua trén co s& cong
nghé vi co khéi sir dung phién SOI, huéng t6i
cac Ung dung do gia toc cua cic khdi dan
duong quan tinh.

2. NGUYEN TAC HOAT PONG

Hién tuong thay doi dién tr¢ cua vét lidu
tinh thé dudi tdc dung ctia ing suat co dugc goi
la hiéu tmg ap dién trd [6, 7]. Nguyén nhan do
1a ddc tinh di hu6ng cua d6 phan giai mirc nang
lugng trong khong gian tinh the. Trong silic chi
ton tai ba hé so ap dién trd khong phu thude
vao nhau la 7, (lién hé doc), 7, (lién hé
ngang) va 7, (cho lién h¢ truot). Déi véi silic
don tinh thé c6 mat d6 tap dan thip thi co thé
coi nhitng hé sb ap dién troé Ty, T, va
7T 4412 cac héng sb. Nguoi ta g dung vt lidu
bi‘én dang co la mang mong hay chu trac thanh
dam. B¢ dat duoc d dan ngang (chiéu dai va
chicu rong) 16n thi can chi€u day nho va do vay
c6 the bo qua g suat doc. Luc nay, phéan tu
ap dién tro dugc cay trén vat bién dang co va
mach dién xt ly bén ngoai dugc thiét ké mot
cach thich tng.

Trong cac cam bién gia toc 4p dién tro thi
do dich chuyen ctia khéi gia trong s€ 1am thanh
dam bién dang. Pién tr& dugc cdy trén cac
thanh dim s& blren ddi ty 1€ thuan véi gla tde
tac dung 1én khoi gia trong. Cac cam bien loai
ndy thuong dugc ché tao theo cong nghé vi co
khoi 2 mét. Céu tric thanh dam va khoi gia
trong s€ dugce tao hinh bang &n mon nhiéu budc.
Viéc cay tap chat nong (j(f) cao s€ tao ra ap dién
trd trén cau trac thanh dam treo vat néng.

~ Yéu cau khit khe ddi véi cac cam bién gia
toc ba bac ty do la d6 tuyén tinh 16n va anh
hudng gitra cac mode hoat dong (hay con goi la
d6 nhay phap tuyén) phai nho. Mat khac, cam
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bien phai dép g dugc yéu cau veé do nhay cao
theo cdc hudng can do. D€ thoa man céc tiéu
chi trén, trong cong trinh nay mét cau tric co6

i i

kich thude la 0.9%0.9%0.5 mm’ (Hinh 1) bao
gébm mot khoi gia trong duge treo boi hé thong
dam dac biét da dugc dé xuat.
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Hinh 1. C4u hinh cam bién gia t5¢ 3 chiéu

Vi du khi cam bién chiju tac dung cua gia
téc tinh tién theo phwong Z thi khdi gia trong
s€ chuyén dong 1én hodc xuéng. Do 1éch cua
thanh dam khi chju tac dung cua gia toc s& gay
nén mg suét tuyén tinh.

Céc 4p dién tro trong thiét ké 1a cac ap dién
tré loai p dugc céy trén bé mit cta cac thanh
dam, co6 dién tro thay doi khi stic cang xuat
hién do gia tc tinh tién hodc gia tbc quay. Su
thay d6i dién tro s& duoc bién ddi thanh tin
hiéu dién nho st dung mach dién xtir ly bén
ngoai la cac mach cau Wheaston. Trong thiét
ké nay, 8 4ap dién tré loai p dugc cdy trén 4
thanh dim theo cac hudng tinh thé <110> va

<110> ca silic (100) nhd qué trinh khuéch tén.

Bang 1. Thong sb hinh hoc ciia cam bién

Kich thuéc
5 um
455%x40x3 pm’
25x3 um’ (WxT)
150 pm
0.9x0.9x0.5 mm’

Théng s6
Khe hé khong khi

Dam bén trong

Dam bén ngoai

Bé rong khung ngoai
Kich thudc chip

3. THIET KE VA MO PHONG

Céc thong sb hinh hoc ctia cam bién gia toc
s& quyét dinh t6i hai thong s6 quan trong 13 do
nhay co hoc va tan sb dao dong tu nhién. Hién
tai, c6 hai phuong phap chinh dé thiét ké va mo
phong cac cam bién vi co dién tir 1a phuong
phap phan tir nat (SUGAR) va phuong phép
phén tir hitu han (ANSYS). Trong bai bao nay,
ching t6i thuc hién mé phong bang chwong
trinh ANSY'S [8] thong qua hinh thirc 14p trinh.

pé xay dung dugc mot cAu tric cam bién,
nguoi thiét ké co thé sir dung tan dung cac
phan mém h trg v& 3 chiéu (3D CAD) rdi dua
vao ANSYS dé phan tich. Tuy nhién, dé c6 thé
hoan toan lam chi duoc bai toan thi phuong an
t6t nhét 1a xay dung cdu tric cam bién ngay tir
trong ANSYS. Pé dam bao do chinh xac cua
mé phéng thi viée xdy dung ciu tric ciing 1a
mot quy trinh rét tinh té. D& nhan thiy 1a céu
tric cam bién 13 d6i ximg nén chung ta c6 thé
xdy dung toan bd cdu trac tir % thanh phan
(Hinh 2). Viéc chia nho nhu Hinh 2 1a cong
viéc can thiét cho quy trinh chia ludi sau nay.
Mb hinh phan tir hitu han (FEM) cta cam bién
duogc chia Iudi day dac (Hinh 3) trén cac thanh
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dim nham xéac dinh chinh xac phan b (g suat
trén cac thanh dam. Piéu nay c6 ¥ nghia rat 16n
vi s& quyét dinh toi vi tri cdy cac ap dién tro
sao cho tin hiéu dua ra 1a 16n nhat. Mot luu y

ciing rat quan trong nira 1 vi tri cdy cac ap dién
tré phai dam bao cho cac gia toc phap tuyen la
nho nhat.
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Hinh 2. Xay dung céu tréc tir % thanh phin

ELEMENTS

AN |

AUG 3 2007
12:21:27

Hinh 3. Chia ludi 3 chiéu kiéu phin tir vudng

C6 nhiéu phuong phap dé xac dinh cac
mode dao dong va trong thiét ké nay, nguoi
thiét k& str dung thuat toan Block Lanczos. Cac
tan sé cong hudng ciia 3 mode dao dong theo
cac truc X, Y va Z duoc liét ké trong Bang 2.

Bang 2. Cac mode hoat dong cua cam bién

Mode Tan sb (Hz)
1 (truc X) 1205
2 (truc Y) 1203
3 (truc Z) 1705
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Hinh 4 1a phan bd tng suét trén cac thanh
dam khi chiu tac dung boi gia tbc AZ va Hinh
5 1a két qua chi tiét phan bd tmg sudt doc theo
thanh dam thu 1. Két qua tuong tu cing thu
dugc khi phan tich Gmg suét trén thanh dam 2.
Nhan xét rang ng sudt doc theo thanh dam
dong vai tro quyét dinh so v6i cac ung suét
phap tuyén va ung suét truot. Tir két qua nhu

Ging sudt 0, vao, la rat nho so véio,. Hién
trong nay c6 gy anh huong doi chut toi do
nhay cua cam b1en Cu thé 1a can tranh dat cac
4p dién tré qua gin 2 dau cua thanh dam. Vi
thé, do thay ddi tuong ddi cua dién tré co thé
duogc tinh nhu sau [9]:

AR

trong Hinh 4 d3 trinh bay, nhan thiy rang cac =700, (1
Cuec titu:0.303E-8 AN
Cyc dai: 2.15 CAbie o3 el
10:Z6:18
—
.303E-02 - 477687 1.433 1.811
_E3EB4d . T1EE31 1.672 Z.1E

Hinh 4. Phan bd tmg suét trén cac thanh ddm khi tic dung gia toc AZ
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POSTL
. AUG 5 2007
STEE= 10:24:07
SUB =1
TIME=1
FATH PLOT
sY2 205
822
.047
—.114
—-.275
-.436
-.587
-.758
-.919
-1.08
-1.241
—-1.402
o 106 212 318
53 159 265 371
DIST
novel

beam1
Hinh 5. Phan bé g suét trén cac thanh dim thir 2 khi téc dung gia tdc AZ
Thyc hién viéc tac dong gia tdc AY vao ciu tric cling thu dugc tGng suét trén cac thanh dim nhu

trong hinh 6 va két qua phan bd tmg suét chi tiét doc thanh dam 1 trén Hinh 7 (noi phan bd tmg suét 1a
16n nhat). Quy trinh tuwong tu cho thanh phan gia toc AX.

NODAL SOLUTION AN

. AUG 3 2007
STEP=1 15:19:15
SUB =1
TIME=1
SEQV (AVG)
DMX =.225727
SMN =.701E-08
SMX =2.244

.701E-08 .498614 .997228 1.496 1.994

.249307 . 747921 1.247 1.745 2.244

novel

Hinh 6. Phan b6 g suét trén c4c thanh dim khi tic dung gia tbc AY
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Sau khi xac dinh dugc phan bé tng suét
trén cac thanh dim, didu quan trong tiép theo
do6 1a xac dinh vi tri dat cac ap dién trd sao cho
khuéch dai téi da tin hiéu mong mudn, dam bao
tinh d6i xGng cia mach cdu va giam thiéu tin

POETL

~ AU 5 2007
STEE=1 10:04:48
SUEB =1
TIME=1
PATH PLOT
= 2.308

sz
1.845

1.378

-.957

-1.423

-1.891

-2.358

novel

Hinh 7. Phan bé tmg sudt trén cc thanh dim tht 1 khi tac dung gia tbc AY

Bang 3. Su thay dbi gid tri ciia cac ap dién tro khi tac dung céc gia toc

hiéu gia toc phap tuyén. C6 thé xay dung bang
thay ddi tr& khang (mg vai cac truong hop cac
gia toc tac dung (xem Béng 2). Két qua tir bang
nay dugc st dung truc tiép cho tinh toan vi tri
dat 8 4p dién trd trén 4 thanh dim (Hinh 8).

Ax Ay Az
R] R2 R] R2 R] R2 R4
Ax - + 0 0 0 - +
Ay 0 0 - + 0 0 0
Az - - - - - + +
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Hinh 8. Dat vi tri cac ap dién tro

Céc mach ciu Wheaston dugc st dung dé
xéc dinh sy thay déi tré khang cua cac ap dién
tré trén cac cam bién. Hai muoi 4p dién tré
duoc ndi véi nhau dé tao thanh sau mach ciu
trén bbn thanh ddm nhu mé ta trén Hinh 8. Luu
y 1a c6 hai loai mach cu khéc nhau duge st
dung. R ¢ day la cac dién tr& ¢ dinh c6 gia
tri béng gia tri ctia cac ap dién trd khi chua chiu
gia toc tac dung. Khi cam bién hoat dong trong
diéu kién Iy tuong, dién thé dau ra bang 0 va
nguoi ta goi 1a cau cén bang Khi ing suét thay
d6i, mach cau tré nén mat can bang va gdy ra
dién thé xac dinh ¢ 16i ra. Céac dién thé nay

duoc xac dinh nhu sau, v6i mach ciu loai (a)
thi:
2
4\ Rl R2 @
O day V, la dién thé dau vao, V 1a dién thé
dau ra, AR; va R; (i=1,2) lé’su thay doi gjé tri
dién tro va gia tri dién tré mac trén mach cau.

e

Con voi mach ciu loai (b) thi:
v :l(ARl _AR2 AR3 AR4)VO 3)

4Rl R2 R3 R4

\

R2 R4

(b)

Hinh 8. Hai loai mach cdu Wheastone duoc st dung
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Hinh 7 1a cach sip xép cu thé cac ap dién nhu sau: cac ap dién tré c6 kich thudce
tré trén cac thanh didm & cac vi tri tdi wu nhét. 20x1.5x0.4 pm’, hé sb ap dién tré theo chidu
Tu d6, xay dung Bang tinh 3 cho phép xac dinh doc 43*10”° MPa™ dién tr& 6.6 kQ thi cam bién
chinh x4c cac du ra ing v6i moi truong hop theo phuong Z s€ c6 d6 nhay 0.4 mV/V/g va 4o
gia tdc tinh tién hodc gia tdc quay tac dong vao phan giai 0.5 mg (1 g = 9.8 m/s?).
cam bién. Nhn xét rang voi cach bd tri 6 uu Do nhay ctia cam bién gia tée 3 chidu duoge
nhu vy, cdc dau ra c6 thé khuéch dai toi da tin liet ké trong Bang 4. Céc két qua nay khi so
hi¢u mong muon va giam triét dé cac gia toc sanh véi cac két qua trong [9, 10] véi cac diéu
phép tuyén tac dong 1én cam bicn. kién tuong tu s& cho do nhay t6t hon.

Viéc danh gia chit lugng ciia cam bién
duoc thuc hién véi cac diéu kién khi ché tao

Bang 4. D) nhay ciia cam bién gia toc

Céu hinh dé xuit CAu hinh d3 ché tao
Ax, Ay Az Ax, Ay Az
D) nhay 0.28 mV/V/g | 0.4mV/V/g | 30 uV/V/g | 23 uV/V/g
Do phan gidi 0.72 mg 0.5 mg 0.03g 0.05¢g

trd quyét dinh trong viéc xdy dung ciu trac

4. KET LUAN N Do x o T e
. cling nhu vi tri cay cac ap dién tro. Dai hoat
Bai bio da thiét ké va md phong thanh dong cua cam bién 1a +5g va dai tin hoat dong
cong cam bién gia tdc ba bac tu do, kich thudc la 250 Hz. Boi thé nén cam bién s& rat thich
nho, d§ nhay cao. Hiéu tng ap dién tré da duoc hop V('rj cac tng dung dac biét nhu dung trong
tmg dung dé xac dinh cac gia tdc tac dong vao céc khéi do dan duong quan tinh.

cam bién. Ngbn ngit 14p trinh ANSYS déng vai

DEVELOPMENT OF A NEW STRUCTURE OF 3-DOF PIEZORESISTIVE
ACCELEROMETER TO ENHANCE THE SENSITIVITY

Tran Duc Tan
Hanoi University of Engineering and Technology

ABSTRACT: Nowadays, the Micro Electro Mechanical System (MEMS) technology has been
achieved great developments. Accelerometer is one kind of the most popular MEMS sensors due to it’s
widely applications. In order to fabricate any MEMS device, the design and simulation have been
considered seriously. This paper presents a new design of the three degrees of freedom piezoresistive
accelerometer to improve the sensitivity, urgent demand from the reality. The ANSYS software was
utilized to design, simulate and evaluate the advantages of this new structure compared to other sensors
fabricated previously.

Keywords: the Micro Electro Mechanical System, ANSYS software, Accelerometer
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TOI UU HOA A MUC TIEU VOI CHUAN TOI UU TO HQP R UNG DUNG XAC
LAP CHE PQ CONG NGHE SAY THANG HOA (STH) TOM BAC

Nguyén TAn Diing”, Lé Xuan Hai® , Trinh Vin Diing®
(1) Truong Pai hoc Su pham Ky thuat Tp.HCM
(2)Truong Pai hoc Bach Khoa, PHQG —-HCM
(Bai nhdn ngay 07 thang 01 nam 2010, hoan chinh sita chita ngay 29 thang 05 nam 2010)

TOM TAT: Bai bdo ndy trinh bay nhiing két qud nghién ciru xdc Idp ché dg cong nghé STH tém
bac, bang cdch gidi bai todn da muc tiéu voi chudn t6i wu t6 hop R (hay goi la phwong phdp ving cam)
Nghién ciku thuc nghiém da tién hanh dé xdy dung cac ham muc tiéu mo ta sy anh huwong cua cac yéu ]
cong nghé: nhiét dg moi truong say, ap sudt moi truong sdy, thoi gian sdy dén qud trinh STH. Bang
phuong phdp viing cam da xdc lgp ché ap cong nghé 16i wu cho qud trinh STH: ¢6 chi phi nang luong
tao ra 1 kg san phdm (SP), d¢ co riit thé tich, ton thdt vitamine C ciia SP la nhé nhat, dé am vat liéu say
(VLS) nhé nhdt phai dat yéu cau (2 +6)% va kha nang hut nuwoc va trivong no tro lai cua SP la lon nhat
(c6 nghia kha nang khong hit meéc tré lai cia SP la bé nhdt).

Tir khéa: T6i uu héa da muc tiéu, t6i wu héa cong nghé sdy thang hoa, say thang hoa.

1. PAT VAN PE

STH la mot k¥ thuat phirc tap, nd gdm 3
giai doan nbi tiép nhau, giai doan 1: 1a giai
doan lanh déng VLS, téi wu hoa giai doan nay
da dugc trinh bay [1], giai doan 2 va 3: 1a giai
doan STH va giai doan sdy chan khong (SCK),
day 1a 2 giai doan quyét dinh dé tao ra san
pham. Bai toan dit ra & day la: 1am thé nao dé
xac lap ché d6 cong nghé STH sao cho 1 kg SP
tao ra tiéu ton chi phi nang luong la nho nhét
va SP c6 chit lugng tét nhét. Chét luong SP
STH t6t nhat khi n6 thoa tit ca cac tiéu chi sau:
d0 co rat thé tich, tén thit vitamine C ctia SP
nho nhét, kha ning hut nudc hoan nguyén tré
lai cta SP 14 16n nhét, d0 4m cudi cung cua SP
phai dat yéu cau (2 + 6)%, [2].

Nhu viy, trong qua trinh nghién ctu xac
lap ché o cong nghé STH ca 5 tiéu chi: y;,
[kWh] - chi phi nang luong/ 1 kg SP; y,, [%] -
d6 4m cudi cung cta SP; y; = (1 —IR).100, [%]
- khd nang khong hit nudce tré lai ctia SP (trong
do: IR, [%] - kha nang hit nuéc truong né trd
lai cua SP); ys, [%] - d0 co rat SP sau khi séy,
Y5, [%0] - luong | t6n that vitamine C cua SP, phu
thugc vao 3 yéu t6 cong nghé: nhiét do moi
truong say (Zy, [°C)), ap_ sudt moi truong say
(Z,, [mmHg]), thoi gian say (Zs, [h]) déu mong
mubn dat dugc két qua tét nhét. Vi vy, da xuét
hién sy doi hoi phai dat ra va giai quyét mot
cach chudn muyc bai toan tdi wu (BTTU) da
muyc tiéu. Day la BTTU thudng xuyén xuit
hién trong thuc té va thudc céc linh vuc khac
nhau. Bai bao nay trinh bay phuong phéap giai

BTTU da muc tiéu véi chudn t6i wu t6 hop
R(Z) (hay goi phuong phap ving cdm), [4, 8].
Két qua do6 két hop voi viée giai mé hinh toan
truyén nhiét tich 4m trong diéu kién STH [1,3]
s€ xac lap ché o cong nghé STH cua thuc
phidm thiy san nhom giap xac dai dién 1a tom
bac.

2. TOI UU HOA PA MUC TIEU VOI
CHUAN TOI UU TO HQP R
2.1. Mot s6 khai ni¢m co & [4, 8]

Xét mot dbi trong cong nghé gdm m ham
muc tiéu fi(Z), £(Z2), ..., fu(Z) tao thanh vécto
ham muc tieu £(Z) = {§(2)} = { 1(2), £(2), ...,
£.(Z)}, trong d6 j = 1 + m, mdi ham thanh phan
fi(Z)} phu thudc vao n bién tac dong Z,, Z,, ...,
Z,, cac bién tac dong Z; (i = 1 + n) s& hinh
thanh vécto cac yéu to anh huong hay goi la
vécto bién Z. Cic bién nay bién thién trong
mién gii han (mién xdc dinh) Q7. va cic gia
tri ctia ham muc tiéu s& tao thanh mién giad tri
ciia ham muc tiéu Qf (mién nim trong duong
cong kin A — f(ZS) — f(ZR) — B — N — M, xem
hinh I).

Mdi ham muyc tiéu f(Z) cing véi vécto
bién Z={Z}=(Z, 2y, ... Z,) € QZ (i=1+
n) hinh thanh mét BTTU mdt muc tiéu. Bé don
gian nhung khong hé 1am mét tinh tong quat,
thi BTTU m muc tiéu sé& dugc trinh bay cho
truong hop toan bo m BTTU mét muc tiéu déu
14 céc bai toan tim cuc tidu ¢ dang.
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_]mm f(Zﬁlopt ZJupt
= {Z,} = (Z], Zz, veey n) S QZ
j =l+m;ji=1+n

fz T

s Z3 ) = Min §(Zy, Zy, ...

s Zn) (1

@)
€

Hinh 1. Khong gian ham muc tiéu ctia BTTU hai muc tiéu

2.2. Phuwong an khéng twéng va hiéu qua
khong tuéng [4, §]

Néu ton tai vécto bién z'7 = (z'T} =
@,\"", z,”", ..., 2,"") € QZ 1a nghiém chung
cho tt ca m BTTU mét muyc tiéu (1) + (2)
(3) nghla 122" =27 véimoii=1+n, thi
7T dugc goi la phuong an khong tu’orng hoac
nghiém khong tudng ctia BTTU m muc tiéu.

Trong thuc té thuong khong ton tai Z;""
nhung vi mdi BTTU mét myc tiéu (1) + (2) +
3) van 0 cac fj iy (v6i j = 1 + m) tuong ng
nén van ton tai U7 = (f1 min> 2 mins +-» finmin) V@
khi d6 T = (£} mins > mins s T min) dU0C goi 1a
hiéu qua khong tuong hay diém khong tuong.
O hinh 1 dlem khéng tuong 7 cia BTTU hai
muc ti€u ton tai nhung nam ngoai mién xé4c
dinh Qf tirc 1a nghiém khong tudng khong ton
tai.

2.3. Phwong an tr¢i va phwong an bi troi
(4, 8]

Gia sir xét ham da muc tiéu, c¢6 hai vécto
bién ZQ = {ZQ;} va ZV = {ZV;}véi moi i = 1
+ n, s& co hai vécto ham tuong tng f(ZQ) =
{§(ZQ)} va f(ZV) = {f(ZV)} vé6imoij=1+m

Néu véi moi j déu co: f(ZQ) < f{(ZV) thi
ZQ duoc goi 1a phwong dn trgi (hay nghiém
trgi) so voi ZV, ky hiéu: ZQ >’ ZV, con ZV
duoc goi 1a phwong dn bi trgi (hay nghiém bi
tréi), ky hiéu ZV ‘<’ ZQ. Nguoc lai, néu véi
moi j déu co: £i(ZQ) > £i(ZV) thi ZV dugc goi
1a phwong dn trpi (hay nghiém trdi) so voi ZQ,
ky hiéu: ZV >’ ZQ, con ZQ duoc goi la
phuwong dan bi trpi (hay nghiém bi trpi), ky
hiéu: ZQ <’ ZV.

2.4. Phuong an Paréto t6i wu [4, 8]

Phuong an ZP dugc goi la phwong dn
Paréto t6i wu néu ZP khong thé bi troi béi bt
ky phuong 4n nao khic thudc mién giéi han
QZ. Khi d6 f(ZP) duwgc goi 1a mét hiéu qud
Paréto téi wu nim trong tdp hiéu qud Paréto
16i wu QfP.

O hinh 1 tap hiéu qua Paréto t&i wu QfP
chinh 1a duong cong A — f(ZS) — f(ZR) — B.
2.5. Pinh ly Paréto t6i wu [4, 8]

Pinh Iy 1: Néu BTTU da muc tiéu co
nghiém dugc goi la tdi wu theo mot cach dinh
nghia nao d6 thi khong phu thudc vao cach
dinh nghia da chon, nghiém t6i wu do phai la
mdt phuong an Paréto tdi wu.
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That vay, néu nghiém t6i wu Z ciia BITU
da muc ti€u khong phdi 12 mdt phuong an
Paréto t6i wu thi chic chin c6 thé tim dwoc it
nhét mot phuong an tréi hon Z. Piéu d6 chimg
to réng Z khong thé duogc cong nhan la nghiém
t6i wu va dan dén mau thuin véi gia thiét ring
7 di 1a nghiém t6i wu. Vay Z phai 1a mot
phuong 4n khong thé bi troi, tuc 1a phuong an
Paréto ti wu.

Nhu vay, theo dinh ly 1, mdt nghiém cua
BTTU da muc tiéu (1) + (2) + (3) tim duoc
bang mot phuong phép giai bat ky nao do,
mudn dugc coéng nhan 14 téi wu theo phuong
phap giai di lya chon, trude hét phai dugc
chirng minh nghiém d6 phai la mét phuong an
Paréto tbi wu.

2.6. Tbi wu héa da muc tiéu véi chuin tdi uu
t6 hop R [4, 8]

Phuong phap sit dung chuén t6i uu t6 hop
R goi 1a phuong phép ving cim, khi BTTU da
muc tidu (1) + (2) + (3) khong tdn tai nghiém
khong tudng, lac d6 di tim mot diém ndm trong
tap hiéu qua Paréto t5i wu nim gin diém khong
tueéng ma cach xa ving cAm nhat.

Trong thyc té nhiéu BTTU da muc tiéu
duoc dit ra ¢6 cac diéu kién rang budc ddi voi
chinh cac gia tri cia cac ham muc tiéu thanh
phén f; i(Z), hay n6i mot cach khac diéu kién
rang budc d6 chinh la mién gia tri ciia cac ham
muyc tiéu thanh phan f; {(Z) ma bai toan cong
nghé quy dinh, khi Z blen thién trong mién xac
dinh QZ.

Ky higu: fi(Z) <C;, Vj=1+m @

Théng thuong, dbi véi bai toan tim cuc
tiéu thi C; la can trén cia ham muc tiéu thanh
phén £, (Z) con dbi véi bai toan tim cyuc dai thi
Cj 1a can dud6i cua ham muyc ti€u thanh phéin
f; (Z) khi gia tri ham muc tiéu £(Z) nim ngoai
mién gid tri thi goi 4 ving cdm.

Céc didu kién (4) tao thanh ving cim:
C={fi(2)<C;} d6i véi ham muyc tiéu fi(Z2) (5)

Phuong phép ving cdm, dé xuétq giai
BTTU m myc tiéu (1) + (2) + (3) voi chuan toi
uu to hop R(Z) dugc dinh nghia theo biéu thic
sau:

m

R(Z)=1,(2)1,(Z)..5,,(Z)=TTr;(2) (©

J=1

Trong do:

r(2)= (éj_—féf) khi f;(Z)<C, @)
5(2)=0 khi f(2)>C; (8)

Tir (7) c6 thé thay ring: khi f; (Z) = fimin thi
1{(Z) = Tjmax = 1. Vay v6i chuén t8i wu t6 hop
R(Z) thi BTTU m muyc tiéu dugc phat biéu lai:

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

tri Qf .
Rm=R<ZR):maxR<z>=m[r1<z>rz<z>..%<z)]:m{'" (z)}

)
Vo6i:Z = (Z], Zz, ceey Zn) € QZ

D@ dang thiy rang: 0 < R(ZR) < 0, trong
d6 R(ZR) = 1 khi nghiém tdi wu chinh la
nghiém khong tu’(mg 7T va R(ZR) = 0 khi chi
can mot trong cac gia tri fi(Z) vi pham bét ding
thire (5), ¢6 nghia khi dlem f(Z) roi vao vung
cam C (6).

BTTU da myc tiéu (9) di d& xuit cho cac
bai toan cong nghé nhung chua ching minh
duoc rang nghiém ZR 1a mét nghi¢ém Paréto tbi
uu.

Pinh 1y 2: Nghiém ZR cia BTTU (9), néu
tdn tai thi nghiém ZR chinh la nghiém Paréto
t6i wru cia BTTU m muc tiéu (1) + (2) + (3).

That vay, Gia sir ZR khong phai 1a nghiém
Paréto t6i uu. Khi d6 s& tim dwgc mot nghiém
ZR" b tréi hon ZR. Theo dinh nghia, nghiém
ZR" nhét dinh phai co it nhit mot hidu qua
fi(ZR"), trong d6 1<k <m, sao cho f(ZR") >
fk(ZR) VQZ. Tu d6 suy ra R(ZR ) > R(ZR) va
fi(ZR") roi vao  vung cam. Diédu nay mau thuan
v6i gia thiét ring ZR 13 nghiém t&i wu. Vay
khong thé ton tai bét cu nghiém nao khac bi
troi hon ZR, do d6 ZR phai la mot nghiém
Paréto t6i uru.

Ky hiéu: f(ZR) = fPR = (fiPR, f,PR, ..,
f,,PR). V&i nghiém t&i wu ZR, hiéu qua Paréto
t0i wu fPR = (f;PR, f,PR, ..., f,,PR) dimg cach
xa ving cAm C nhit.

Mot cach hoan toan tuong duong co thé
thay chuén t6i vu R(Z) bang chuan ti vu R’(Z)
nhu sau:

R»«(z):mr,(z).rz(z)...rm(z){ﬁrj(z)r (10)

=
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Trén hinh 1 ci hai hiéu qua Paréto téi wu
f(ZS) va f(ZR) déu thudc tap hop cac hiéu qua
Paréto toi wu QfP (dwong cong A — f(ZS) -
f(ZR) — B) nhung nghiém Paréto t&i wu ZR cho
hiéu qué Paréto t6i wu f(ZR) ndm cach xa ving
cdm nhét. Trong khi d6 nghiém Paréto toi wu
7S cho hiéu qua Paréto t6i wu f(ZS) nim gin
diém khong tuong V" nhét nhung lai roi vao
vung cAm.

3. TOI UU HOA QUA TRINH STH [8]
3.1. Nguyén li¢u
Vat liéu 4m 13 tdm bac c6 kich ¢& dai da sb

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

Chan & nhiét d6 70°C trong khoang thoi gian
(15 +20)s, sau d6 bdc vé, bo dau.

3.2. Phwong phap nghién ctru
- Xdc dinh chi phi nang luong lam ra 1 kg
SP (y,) bang Watt meter, [kWh], [5].
_ - Xac dinh do 4m cua SP (y,) bing cam
bien khoi Iugng, do luong bang may tinh, [5].

. G
Véi: y2 :100—7bd (IOO—Wbd) (11)
Gy

- Xac dinh kha nang khong hit nudc hoan
nguyén trd lai ctia SP (y;) nhu sau: goi IR [%]:
la kha nang hut nudc hoan nguyén trd lai cla
SP, thi y; = 100% — IR, [2].
ﬂloo% (12)
bd Gt

Véi: R =

de

G,-G -G
¥y =100%— L 100% = S 100% (13)

bd t bd t

Trong d6: Gy [kg]: khéi luong VLS ban
dau, G, [kg]: khéi luong VLS cudi cing, G,
[kg]: khdi luong VLS sau khi sdy ngam vio
nuée & nhiét phong 25°C trong cho dén khi
khéi lugng khong doi (bdo hoa am), Wyy [%]:
d6 Am ban dAu cta VLS.

SP hoan nguyén tt nhat khi lugng 4m hut
tro lai bang lugng 4m tach ra trong qué trinh
siy, c6 nghia G; = Gyg Va IRy = 100%, Yomin =
0. Thyc té y, > 0.

- X4c dinh d¢ co thé tich (Y4) nhu sau: xac
dinh thé tich VLS ban dau (V) va sau khi siy
(V,), bang cach 1iy dung cu do thé tich cho dau
vao & thé tich xéc dinh, sau d6 cho VLS vao s&
x4c dinh duge thé tich, va hiéu thé tich sau va
trude khi cho VLS vao chinh 1a thé tich cua
VLS. Nhu vay xac dinh duoc y,, [2]:

V.-V
va =1 Y2 1000 = AV 1009 (14)
1 Vl

SP khong ntrt né bé mit, khi SP khong bj
co ngot, c6 nghia ysmi, = 0. Thuc té y, > 0.

- Xac dinh luong tén thit vitamine C cua
SP sau khi say, bang cach xac dinh ham lugng
vitamine C cta SP truge (m; [mg%]) va sau
(m, [mg%]) khi sdy theo phuong phap TCVN
4715 — 89. Nhu vay luong ton that vitamine C
xac dinh boi:

ys :wloo%:Aimloo% (15)

my m;

SP dat chat lugng tt khi khong co t6n that
vitamine C, c6 nghia ysmi, = 0, thuc té ys > 0.

- Xéc dinh nhiét do bang cdm bién nhiét
d0 (Temperature sensor) do luong bang may
tinh.

- Xac dinh ap suét béng cam bién 4ap suét
(Pressure sensor) do luong bang may tinh.

- Phuong phép qui hoach thyc nghiém tryc
giao cap hai.

- Xaéc lap va giai BTTU 5 muyc tiéu bing
phuong phéap diém khong tudng.

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

3.3.1. X4y dung cac ham muc tiéu thanh
phin ciia bai toin da muc tiéu

Qua trinh STH t8i wu c6: y;- chi phi ning
lwong cho 1 kg SP nho nhét, y, - d6 4m VLS
phai dat yéu cau (2 + 6)%, IR- kha ning hit
nude hoan nguyén trd lai cia SP 14 16n nhat, ¢6
nghia: y; = (1 —IR).100, [%] - kha ndng khong
hit nude ctua SP 14 bé nht, y4 - d0 co rat cla
SP bé nhit va ys - tén that vitamine C ctia SP
bé nhét phu thudc vao cac yéu t6: nhiét do moi
truong sdy (Z,), 4p sudt moi truong sdy (Z,),
thoi gian sdy (Zs;). Phuong phiap quy hoach
thuc nghiém nhu sau: xdy dung ma tran thuc
nghiém truc giao cép 2 voi k=3, n)=4, tién
hanh 18 thi nghiém. Cac bién x;, x,, X3 & cac
bién mé hoa cua Z;, Z,, Z5. Canh tay don co gia
tria=1414

Tir viée thiét 1ap va giai mo hinh toan
truyén nhiét tach 4m trong diéu kién STH dé do
4m cudi cing cua san phim dat yéu ciu (2 +
6)%, [1, 3], d xé4c dinh dwoc cac diéu kién thi
nghi¢ém nhu sau, xem bdng 1.
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) T@én hanh thyc nghiém thpo cac muc
yéu to anh hudng & bdng 1 dé xac dinh 5

Bing 1. Cac make yéu to amh hwéng

Cac mifc Khodng
Téuth - Mige diwsl | Mirc oo sf, | Mic trén o hién thién
(-1.414) -1 0 +1 (1.414) )
7 [°C] 20.102 23 30 37 33398 7
Z; [mmHg] | 0.008 0.0%4 03 0.507 0.592 0. 2065
Zs [4] 11.172 12 14 16 16.828 2

muc tiéu da duge dat ra: yi, ya, y3, ya va ys,
két qua nhan dugc & bdng 2.

Bang 2. Ma tran thyc nghiém phuong an tryc giao bac 2, k=3,ny=4

Nl w [ n | om | on | | o | e [nP 06| 0s67|w®0667] oo [ o | 9 | oo | w5

T 1| 1 |t | L ||t || 02 | 0333 | 02 | maz| 36 | 1238 |1082] 2108

21 1] 4 | T | L | 1| 1] 1| 035 |03 | 0338 |15 4% | 999 | 58% | 2408
11 1 | 1 | L | 1| 1| 1] 033 | 033 | 0335 |02 354 | 1162 | 10754 2161
v @[ T | 1 | L | T | 1|1 | 1| 03 | 0333 | 0333 |2a34| 502 | 758 | 8525 | 1219
ST T 1 1 | 1 | 2| 1|1 L 02 | 0233 | 0233 |6642] 541 | 1060 | 10441 | 2581
61 1] 1 | T | 21|11 o03m |03 |03 |652]57 | 116 |8se4| 220

TU T T | 1| 2 11| 1| o03% | 023 | 033 |6589] 53 | 007 |2307 | Loea

g1 1] 1 | 1| 2| 1|1 1| 033 | 033 | 033 |6207] 580 | 584 | 6187 | L1108

51 1 |44 0 | 0 | 0| 00| 1353 | 066 | Deer | 980 | 411 | 1307 | 12205 | 3256

W[ 1 [144] 0 | 0 | 0|00 135 | 0667 | 0667 |672a| 483 | 522 | 5097 | 165

T 1| 0 |144] 0 | 0 | 0| 0| 0687 | 1232 | 0667 | 6205 | 487 | 261 | 11508 | 2587
AT T 10 [daal 0 [0 [0 [ 0] 06 | 138 | 0607 | mE | 50 | 7% |51 | 2587
| 1| 0 | 0 |144] 0 | 0| 0| 0667 | 0867 | 1235 | 9607 | 251 | 1228 | 10031 | 2498

| 1| 0 | 0 |14 0 | 0| 0| 0687 | 0867 | 153 | 6545 | 503 | 733 | 149 | L3

G| 1] 0 ] 0 | 00|00 0eer | 0867 | 0667 |58 |am | 711 | 7621 | 217

Bl 1] 0 ] 0| 00|00/ 0687 | 0867 | 0667 | 7328|410 | 705 | 2100 | 2080
Mt o | o | oo oo e | 0867 | 0ee7 |61 425 | 700 | 8221 | 234
B[ 1] 0 ] 0| 0|0 |0 | 0| 0eer | 0867 | 0ee7 | 7220|409 | 768 | 752 | 2012

Sau khi xu 1y ) liéu thuc nghiém, tinh
toan cac hé s6 phuong trinh héi quy, kiém dinh
sur co nghia ciia cac hé sb phuong trinh hdi quy
theo chuan Student, kiém tra sy twong thich cta

phuong trinh hdi quy véi két qua thuc nghiém
theo chuén Fischer dd thu duoc cac phuong
trinh hoi quy:

y; = (X, X5,X5) = 74.691+1.945x, +9.771x,4

¥y = (X,X5,X3) =4.591-0.363x, —0.631x; —0.218x,x5

y3 =15(X),X5,X3) =8.797 +2.109x, +0.566x,

_2.308(x§—2/3)+2.991(x§_2/3) (16)
+0.27(x12 —2/3)+0.247(x§ —2/3)+ 0.169(x2-213) (17)
(18)

+1254x, +0.801(x} —2/3)+1.108(x3 —2/3)
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¥4 =T4(X), X5, X3) =8.909 +1.502x, + 0.818x, +0.756x

—0.494x,%; +0.438(x] ~2/3)+0.651(x3 ~2/3)

(19)

¥s = f5(x0,%5,%3) = 2.191+0.4%, +0386%, +0216x; ~0.153(x3 =2/3)  (20)

3.3.2. Giai cac BTTU mét muc tiéu [4, 8]

Cac BTTU mot myc tiéu 1a tim: yyp,
= minfy(Xi, X2, X3); Yamin = minfa(Xy, X2, X3) € [2,
6]; Yamin = minf3(Xy, X2, X3); Yamin = rpinf4(x1, X2,
X3); Ysmin = minfs(Xy, Xo, X3), voi mién gioi han:
Qx = {-1.414 < xy, X,, X3} < 1.414} dugc giai
nho sy hd trg ciia phan mém Excel — Solver.
Két qua tinh toan xac dinh dugc cac thong )
tdi uu cho tmg BTTU mot muc tiéu (16), (17),
(18), (19) va (20) trong vung gidi han nghién
ctru thye nghiém nhu sau:

Yimin = 59.035  voi:

x| =-1.414;
X' = 1.414;
X' =-1.414

Yomin = 3.162 € [2,6] VvOi:

X, 2Pt =1.243:;
X5 2°P‘ -6.26E-08;
x32P = 1.414
V3min = 4.981 vOi:
X" =-1316;
x°P =-1.414;
X3P = -0.566
Yamin = 4.996 vOi:
X" =-1.376;

X' =-1.165;
x, P =-1.412

Vsmin = 0.594 vOi:
x> =-1.398;
X" =-1.414;
x5 =-1.387

T két qua d6 xéc dinh dugc diém khong
tu’GHg YUT = (y]mina Yomins ¥Y3min> Y4mins ySmin) =
(59.035, 3.162, 4.981, 4.996, 0.594). R0 rang
tir két qua nghién ctru thuc nghiém & trén da
x4dc dinh duoc diém khéng twong nhung
phwong 4n khéng twdong khéng ton tai. Boi vi:

khong ton tai nghiém chung cia hé, (x %, x,7",
X3 = (3P, %P xS M) W, k=155, j =k

3.3.3. Giai BTTU da muc tiéu theo phuong
phap viing cim [4, 8]

Qué trinh STH v6i 5 muc tidu da dé ra
dugc biéu dién boi 5 phuong trinh hdi quy (16),
(17), (18), (19) va (20). Vi khong thé co
nghiém chung dé 1am thoa mén tit ca cac gia
trl Yimin, Y2min, ¥3min» Y4min, ySmma nén BTTU
dugc dat ra 1a tim nghiém Paréto t6i wru dé hiéu
qua Paréto t6i wu yPR = (f,PR, f,PR, f3PR,
f,PR, fsPR) ding gin diém khong tuéng va
c4ch xa ving cAm nhét.

Thuc té thuc nghiém dé xac dinh ché do
cong nghé STH da xéc dinh dugc ving cdm:

yi> Cl = 8598,

2> C,=5.98;
y; > C3=12.97;
ys> Cy= 12.78;
ys>Cs=32

X4y dung ham muc tiéu t6 hop R nhu sau:

rj(xl,xz,x3)—>max (21)

Ox ={-1.414<x,,X,,%; <1.414}; y, €[2,6]

Trong do:
ri(xy, X2, X3) = [(85.98 — y1)/(85.98 — 59.035)]
khi y; < 158.98;

11(X1, X2, X3) =0 khi y; > 85.98;

(X1, Xo, X3) = [(5.98 — y2)/( 5.98 — 3.162)]
khi y, <5.98;

r2(X1, X2, X3) =0 khiy, > 5.98;

I'3(X1, X2, X3) = [(1297 — Y3)/( 12.97 — 4981)]
khi'y; < 12.97;

I'3(X1, X2, X3) =0 khi y3 > 1297,
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14(X1, Xa, X3) = [(12.78 — y4)/( 12.78 — 4.996)]
khiy, <12.78;

r4(X1, X2, X3) =0 khi y, > 12.78;

15(X1, X2, X3) = [(3.2 — y5)/( 3.2 - 0.594)]
khi ys <3.2;

Is(X1, X2, X3) =0 khiys>3.2;

Nho sy hd tro cua phﬁn mém Excel —
Solver da xac dinh duogc gia tri cuc dai (21):
R = Max R*(Xl, Xs, X3) = 0.987
Véi: x;S =0.578;
xS =-1.41;
x3S =-0.37
Thay x;S, x5S, x3S vao phuong trinh (11),
(12), (13), (14) va (15) xac dinh dugc:
y1PS = 67.566;
y,PS =4.808 € [2,6];
y:PS =7.901;
y4PS =8.801;

Hinh 2. Chi phi nang luong, 2 =-1.41

100, -7

80 4 -7

y1 K]

BO4---7

ysPS =1.879;

IR =100 — y;PS = 92.099
Bién dbi sang bién thyc:
Z,=34.05[°C];

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

Nhu vay, theo tinh toan tir cac mé hinh
(16), (17), (18), (19) va (20) thyc nghiém da
xéc dinh ché do cong nghé¢ STH dam bao cho
chuin t6i vu t6 hop S dat cuc tiéu tmg véi:
nhiét d6 méi truong siy 34.04 [°C], 4p suit moi
truong sdy 0.009 [mmHg], thoi gian sdy
13.26[h]. Khi d6 téng chi phi nang lugng tao ra
1 kg SP 67.566 [kWh], d6 4m cudi cting ciia SP
dat 4.808 [%], kha ndng hat nudc va hoan
nguyén tro lai cia SP 92.099 [%], d6 co rat thé
tich cia SP 8.801 [%] va luong ton thét
vitamine C cua SP 1.879 [%].

Tir két qua thyc nghiém da tién hanh &
béing 2 co thé thiy ring, cac két qua tinh toan
tbi uu 1a phu hop va dap img tét cac muc tiéu
da dat ra.

Hinh 3. Do am cua san pham, =2 =-1.41

¥2 [%]

v4 [%]

S, 62, 63)
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Khi ¢6 dinh 4p sudt moi truong sdy X,R
= -1.41, tuong duong v6i Z, = 0.009 [mmHg],

biéu dién mdi quan hé giira yy, 2, y3, V4, ys v
ham t6 hop R theo hai bién x,, X trén d thi 3D
(xem hinh 2, 3, 4, 5, 6, 7) s& thiy 15 diém t6i
wu ctia ham t6 hop R phu hop vé6i cac ham muc
tiéu thanh phan, 1y thuyét ciing da chimg minh
& trén khong thé tim ra mot diém khac véi
diém t6i wu nim trong tap hiéu quéa Paréto tbi
vu ding gan diém khong tuong hon va cach xa
ving cAm nhét.

Dé khing dinh két luan nay da tién hanh
thuc nghiém kiém chimg két qua s& dugc trinh
bay & phin duéi day.

3.4. Thye nghiém kiém chirng [4, 8]

Tién hanh qua trinh STH tai nhiét d0 moi
truong siy 34.04 [°C], 4p sudt mdi truong siy
0.009 [mmHg], thoi gian siy 13.26 [h] va nhan
duge két qua chi phi nang lugng cho qua trinh
sdy tao ra 1 kg SP 67.267 [kWh], d6 4m cudi
cung cua SP dat 4.778 [%], kha nang hat nudc
va hoan nguyén trd lai cia SP 92.282 [%] (kha
nang khong hat nudc hoan nguyén tr¢ lai ciua
SP 7.718 [%]), d6 co rat thé tich ctua SP 8.795
[%] va luong tén thit vitamine C ciia SP 1.834
[%o].

C6 thé thay ring két qua tinh toan t6i wu
hoa quéa trinh STH bing phuong phap ving
cAm cho két qua hoan toan phu hop véi thuc
nghiém.

Hinh 8. San phdm t6m bac chin so boc vé bd ddu STH

3.5. Xac 1ap ché dp cong ngh¢ STH hoan
chinh [4, 8]

V6i ap sudt méi truong STH Py, = 0.009
[mmHg] thay vao mé hinh toan (3.51) dugc
thiet 1ap ¢ [3], xac dinh duogc hé soO cap nhiét
cta méi truong STH o, = 4.2057 [Wm K],
thay cac thong s6 nhiét - vat ly cta tépl su [7],
vao md hinh toan truyén nhiét tich am trong
diéu kién STH tir (3.22) dén (3.42) duogc thiét
1ap & [3], xac dinh dugc thoi gian STH ¢ giai
doan 2: Ty = 11.403 [h], thoi gian SCK & giai

doan 3: Ty = 1.857 [h] v6i nhiét do thang hoa

1a -24.62 [°C], nhiét d6 két tinh cia 4m trong
tom su -1.18 [°C], [3.7].

Nhu vay, ché do cong nghé STH cho tom
bac duge thiét 1ap hoan chinh nhu sau (cé thé
xem so do qui trinh cong nghé [1,3,5]):

- Giai doan 1: giai doan lanh dong: nhiét
d6 méi truong lanh dong -45°C, hé s6 toa nhiét
mdi truong lanh dong 8.514 [Wm™2K™'], nhiét
d6 bé& mat VLS -33.05 [°C], nhiét d tam VLS -
1197 [°C], nhiét do trung binh VLS -24.62
[’cl.

- Giai doan 2 (STH) va 3 (SCK): nhiét do
thing hoa -24.62 [°C], nhiét d6 mé trudng siy
34.05 [°C], ap sudt moi trudng 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], tong thoi gian
sy 1a: 13.26 [h].

Khi STH tom bac v6i qui trinh da duogc
thiét 1ap & trén, san phém nhan duogc & hinh 8,
¢6 phi ning lugng va chét lugng san pham nhu
da khing dinh & trén.

4. KET LUAN

Qua trinh STH dugc nghién ctru mot cach
hé thong bing phwong phap toan hoc két hop
v6i cac phuong phap nghién ciru thuc nghiém.

Céc phuong trinh hdi qui (16), (17), (18),
(19) va (20) thu dugc tir thuc nghiém 1a cac mo
hinh théng ké thuc nghiém mé ta rat t6t sy anh
huéng nhiét d6 modi truong siy, ap sudt moéi
truong sdy, thoi gian sdy dén chi phi niang

lwong cho qua trinh sdy, d6 4m cudi cung cua
san pham, kha nang hut nude va hoan nguyén
tré lai, d6 co rat thé tich ctia san phdm va lugng
ton that vitamine C cta san pham.

Béng phuong phap chuén téi wu t6 hgp R
(phuong phap ving cam) dd xac dinh ché do
cong nghé STH tdi wu, ¢6 chi phi qué trinh nho
nhét va chét luong san phém duge tao ra tot
nhét.

Viée xac dinh ché d¢ cong nghé STH kha
phirc tap n6 vira két hop giita hai loai md hinh:
truyén nhi¢t lanh dong, tach dm va théng ké
thuc nghiém dé xac dinh chit lugng san phém
t6t nhat, chi phi nang luong bé nhét, vi vay doi
hoi ngudi nghién ciru phai nim ving 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(l) , Le Xuan Hai® , Trinh Van Dzung(z)
(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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