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. MOTSOKHAINIEM CO BAN VE THONG KE
1.1 Khai niém chuag vé phan tich thong ke va mo hinh thong ké

1.1.1 Mot o khdi nicer coban ¢ thong ke

Theso ke Tama sganh Khoa ocscu the femot ngash cua toan hoc,
nham thu thap s& cdc ligu thue e, phan tich cic ~o héu da. dicn giidi v
nghia vi rat ra cde ket luan (o guid trinh phan tich cic se iéu thu duoc,
Nhu vay. phuong phidp thong ké st dung nhing kv thuat Lien quan dén thu

thiap s6 licu. do dac (¢ dinh tinh v dinh Tucng ), vi phan tich win hoc.

boi wueng chu veu cua phan tich thong ké 14 cie bien ngiau nhién,
cu the & dav 1 cde thony sécta cie gud wrinh. doi wony duoc nghién cidu.
Thong que viee phan Lol nay mi e ed the i dinh derog ;-,iu‘m;; ol quan
hé nhar doh gida cac morg so dau vao v re nay . Cothie nes” r mot so

dang va cio dac trung oo ben cua hicr ngae nhidn nha sau.

Ciau dar hong viean nhics 1hivn ngau nhicns co e Juic ehia ra
thih har foad 1 Joal eian Joan vie toad lien e, Quen hE 2ilia 2id a1l cla
mot dai ]u:}ng ngdu nhién véi Nue sudt xay ra nd duoe the hien qua fiam
pliiin ba jioncda bién nedu nhicn J6. ham nin con duoe wor H ham phdan
bo vl pic: 3¢ phan bict NG fwid phas ba ncl phar: duoe dinh nghia 1a

J -

ham bicu «dién xde sudl ¢ dai luong rydu nhien ¢6 gid i khong vuot qua

Cadmien ngau shicn con ceoe hia ra tianh haa soas B neers doc ldp
VA bién 0 thaoe Wiy e diéa Rien sde suut sudd Gici caa bien nay ¢6

phu thudc vao sy xudt hicn cua bicn Kace nay khong.

Khi sdp xép cic bidn agia ninén thee it i gid ta tang dén hay

giam dan B eld i trie e Y v B SO A dues sor i Vedian,



Gid (1 cha xdc sudt i6n nhat cua dai luong ngau nhién duoc goi la

Mod.
K¥ vong todn hoc (hay con goi la gdi tri trung binh) ctia mot dai
luong ngu nhién duoc tinh theo cong thi:
Mxj = J‘.\-..f (x).clx (I-1)  (dor voi bién lién tuc), va
= PIEAES (1-2) (o1 vat bica gidn doan),

- Kv vong todn hoc ¢ tinh chiil chung la:

1. Ky vong clia t6ng cdc bién ngdu nhién thi ding biing tong
cic kv vony cua ching:
2. Ky vong cua tich ¢ac bign ngiu nhien doc Eip bing tich cac
k¥ vong cua chiing
Phecing sar: ta dan luong ddce trung cho mie do phide tin et cde gia
tri bién nydu nhién so v6i ky vong cla ching. Theo IV thuyet xdce sudl.
phuong sa: Jduoc dinh nehia theo cong thuce:

£

Dix) = J|_\-—A\'f(.\')}:._f‘(.\‘).cir_ (E-.'%.) (do1 var bien lién tuc),
va
= Vyx- Aol {(1-4) cdor var been crin doan)

Phuong sai ¢é cic tinh chat:

1. Phuong sai cui hilng s& bing 0

o

0a hiing ~& o ngodd diu phuong sais e o= o Dy

3. Phuong sai cue 16ng cic bién ngdu nhién dog Lij bing 1ong cdc

phuong sai. Thi dy véi 2 bién x va v, theo dinh nghia:
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Dix+y) =M, iv+y)— Mix+v)l?

= M, v-M(x)P + Myyv-M(y) 7P +2M {-M(x)7, v-M(y)! )}
Tu day: D(x+vi=D(x) + D{v) + 2cov(xy)
Trong do: covivvi=M{c-Mix)liv-M(xv)!} (1-3)

Dai luong cov(xyy duge goi la gid tr1 tuong quan, dac trung cho maéi
quan hé giua cic bién ngau nhién v va v, Néu x vi v doc [ap véi nhau thi
cov{xy) = (). Trong thuc 1€, dé thuan ién ngudi ta thudng dung khdi niém

hé s6 twome quan duge dinh nghia nhu sau:

cov(x, v)

) D) 1-6)

Heé s6 tuong quan trén ¢6 gia tri thay doi wr —1 dén +1, né dac trung

cho muc dd “quan hé¢ chat ché” gitra cdc bién. Néu hé s6 tuong quan r(x.y)
= () thi hai bién x, y d6 dugce coi la khong ¢ quan hé gi vé6i nhau. Nguoc

lai. néu r{x,v) — I thi x va y duogc coi la ¢6 maéi quan hé rat “ré rang™.

Trong thuc t€ trién khai cdc thi nghiém hda va cong nghé hda hoc
thuong chi ¢é the tién hanh mot s¢ luong hiiu han cédc thi nghiém, trong
dé dé 1ay duogc s6 lieu & mot diém thudng phai tién hanh 1am vai ba thi
nghiénﬁ hay phép do song song. Cac phép do nay thudng phai ¢6 tinh doc
lap v6i nhau va dugc tién hanh trong nhiing diéu kién nhu nhau. Cdc ddnh
gid cla ta sau dé cling phai dya trén co sd cic s6 liéu thyuc nghiém thu
duoc. Do day cing chi la cac ddnh gid gan ding nén dugc goi la cic

“danh gia chon loc™.
K¥ vong todn hoc ciia mét bd cde phép do song song duoc tinh theo

gid tri trung binh s6 hoc x . Toan bd cdc dal luong ngau nhién duoc goi l1a

14p goc.



Khi thiét 1ap cdc thi nghiém dé do cdc dai luong ngdu nhién thudng
¢6 nhitng gidi han nhit dinh do khong thé 1am mot s6 thuc nghiém vo
cling 16n. Do vay. cac ddnh gid vé thdng ké s¢ ¢6 nhitng khdc biét so véi
cach dinh nghla theo quan diém 1y thuyét sdc suat. Cu thé: cdc danh gia

vé cdc tham so thong ké khi tién hanh » thi nghiém song song gom:

S
a/ Gid tri trung binh:  x = _",C,_ (1-7)

b/ Phuong sat, con dugc goi 1a phicong sai chon va duge tinh theo:

zn:(x,. _—
xy=t— 1-8
sTix 7 | ( )

trong dé, f dugc goi 1a bac tu do va bing n-/.

1.1.2 Khdi niém chung vé mé hinh thong ke

Mo hinh thong ké, trong nhiéu trudong hop con duge goi 1a mo hinh
“hop den”. dugc hinh thanh trén co so van dung toan hoc théng ké vio
thue nghiém dé tim ra cac mdi quan hé gifta cic thong s6 ddu vao va diu
ra ma khong cho biét ban chit va cdu tric cua hé. Do dé, viéc st dung mo
hinh théng ké khong cho phép hiéu rd duge quy luat bao toan ciing nhu
quyv luat dong hoc trong van dong clia hé ma chi higu duge tuong téc gitta
cac y€u 16 can quan tam vl mot muc do xdc sudt nio do cla hé cu thé
trong pham vi nghién citu. Nhu vay, mo hinh thong ké chi cho phép xéc
dinh cdc dai luong ra theo cic dai luong vio véi mot phan bo xdc suat

nhat dinh.

Mo ta vé nguyén tac cua mot mo hinh hop den ciing cdc quan hée

gi{ta cic thong sO vao — ra duge dwa ra trén Hinh 1.
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Hop den
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Hinh 1: So dé mot mo hinh hop den, ¥ : cic bién vao. ¥, : cdc bién ra

Véi mot so do nguyén I¥ ve mo hinh hop den nhu trén, ngudi ta ¢6

thé str dung mot s6 cach dé tim ra cac quan hé phy thudc cua cac thong so
dau ra vao cdc thong s6 dau vio. C6 hai phuong phdp thuong duge ding

nhiéu nhat 1a:

1. Phuong phdp xay dung cdc phuong trinh héi quyv thuc nghiém dua

trén co s¢ phan tich thu dong céc s6 liéu ¢é ducde trong mot tho
gian lam viéc du dai cha hé. Phuong phdp nay con thudng dugc goi
12 phan tich héi quy va dugc ding rat pho bién tir khoang gitta thé
ky 20 va cho dén ngayv ca hién nay. Uu diém chinh cta phuong

phap nay la:

af C6 thé 1y so liéu truc tép tr qua trinh san xuat thuc t&€, khong
cin phai bé tri cac thong s ddu vio theo mot quy hoach bit

budc dugc dinh trudc:

b/ Pon gian trong céch tinh todn (c6 thé tinh todn duoc cdc hé s

ctia mo hinh béng tinh tay),

¢/ Cic két qua thu duge (thudng ¢ dang cdc da thic bac mot hodc
bac hai) thuan tién cho cdc cong viéc phan tich va tinh todn tiép
theo. Tuy nhién, dé ¢6 thé sit dung dugc cic phuong trinh nay
cin ¢ cdc hiéu biét nhait dinh vé ban chat 1v-hda ciia qué trinh,
khong nén chi nhin vao cdc con s6 thu dugc va “ngoai siuy ra
mot cach mit qudng”. Cach suy nghi nay trong nhiéu trudng hop

s& din dén ket ludn sai 1am hoan toan!
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Nhuoc diém chinh cia phuong phép 1a khong thé khéo sét tinh chat
clia hé & nhitng viing ndm ngoai mién lam viéc, nhiing viing ma ta

khong ¢6 kha nang thu thap duoc s6 liéu.

Phuong phdp mé hinh hoa thit hai dua trén co s& chu dong bo tri
cdc thi nghiém dé do cdc thong $6 diu ra theo céc thong s& dau vao
di dinh truée. Do chi dong bé tri cdc thong s& ddu vio nén ¢é thé
chit dong md rong duge mién cdn khéo sét ra lan can viing 1am viéc
thong thudng ctia hé. Tir d6 ¢6 thé gitip tim ra mién 1Am viéc tdi vu
cua hé. Do viy, ddy 1a phuong phap rat quan trong dugc dung pho
bién trong nghién citu dé xay dung cic mo hinh theo ki€u hop den
nhdm mo ta nhitng hé ¢ cdu tric phic tap ma khong thé mo

dugc bang nhitng phuong trinh todn hoc thong thudng.

Khé khan 16n nhat khi sir dung phuong phip nay la ngudi st dung
¢n phai ¢6 nhitng hi€u biét twong doi k¥ vé déi tuong can duge mo
ta dé c6 thé xay dung nén moé hinh theo cdc méi quan hé thé hién
dang ban chit cua hé, néu khong sé dua ra nhitng mé hinh khong
phti hgp va cdc thong tin/ két ludn rit ra tir d s€ khong chinh xdc.
Hoac trong mot s6 truang hop khac, tuy mé hinh tuong hop (vé mat
théng ké) nhung do sur kém hi€u biét vé ban chét ciia qud-trinh thuc
clia ngudi xay dung moé hinh nén tir mo hinh (thong ké) thu duoc lai
rit ra nhitng k&t luan sai léch. Vi vay. hiéu biét vé doi tugng duoc
nghién cdu van 14 yéu ciu dau tién doi véi ngudi 1am mo hinh dé
dé ¢6 thé xay dung nén nhimg mo hinh hop 1y cling nhu biét cdch
phan tich vii rit ra nhilng thong tin chinh xdc vé dot tugng duge

nghién cuu.
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1.2 Cac phuong phap kiém dinh thong ké dng dung
1.2.1 Ddnh gid khodng tin cdy

Mot trong nhitng ing dung quan trong cua tinh todn thong ké la’xdc
dinh kha nang lam viéc 6n dinh ctia mot qud trinh cong nghé nao do trong
cac diéu kién lam viéc nhu nhau, hay tinh lap lai cua nhitng thi nghiém
song song. Mic du cdc diéu kién tién hanh cdc qua trinh nay dugc gitt nhu
nhau nhung do thuc t€ cdn ¢6 rat nhiéu. nhiing yéu 16 khdc cling anh
hudng dén cdc két qua do dugc nén bao gid cling ¢é cac sai khdc giita cac

két qua thu dudgc.

Dé tinh todn khoang tin cdy, trong thuc t€ thudng tién hanh mot s6
thi nghiém song song dé thu ldy mot bo két qua ngau nhién tir tap géc.
Khi nay, bai toan cua nha thuc nghiém la: tir bd chon thu dugc doé hiy xac

dinh k¥ vong cua bién ngiu nhién nay. Tit nhién s&€ cé sai s6 gilfa gia tri

L

ky vong thuc cua bién ngiu nhién v6i gid tri trung binh tinh duoc tir cic

0 liéu thuc nghiém.

Theo cich dat vin dé nhu trén, udc lugng clia ki vong sé 1a x v6i

do léch s~ dugc xac dinh theo cong thirc (1-8).

Khi thay ddi s6 cac thi nghiém song song, gid tri clia x va s° cling
s& thay d6i theo do chiing chi 1a cdc ddnh gid cua cdc gid i ky vong va
phuong sai thuc, va khi s6 cdc thyc nghiém 2 tang cang 16n thi do chinh

xdc cna ching s€ cang 16n hon.

Néu lay mot s6 bo chon khae nhau tir mot tap géc, moi bo chon sé
c6 mot cap gid tri x va s” riéng va khéc nhau. Do cdc bo chon nay la ngau
nhién nén cac sai sai s6 nay cling 1a ngau nhién. Tir day. van dé dugc quan
tam la: C6 thé dénh gid su sai khdc gilta M(x) — x chinh xdc dén mic ndo.

Néu goi sai s6 14 § thi cén phai xac dinh gid tri cia & sao cho thoa man

10



'M(x) - }g <5 (1-9)

Do x 1a dai lugng ngiu nhién cé gid tri phu thudc 11 nén Sciing phu

thuodc n. Néu goi 14 do tin cay, cé thé viét lai thanh:
¢(I;\1(x) —}l <8)=1-y (1-10)

Két qua biéu dién cudi cling clia bai toan xdc dinh khoang tin ciy

con thudng duoc viét & dang:
(x - <M(x)<(x + )
hay M(x)e x 6 (1-11)

Trong d6, (x - &) - (x + &): khodng tin cay.

Dé ¢ thé ddnh gid § thudng gia thiét cde bién ngiu nhién ndy tuan
theo ham phan bd chinh quy. Tuy nhién khi dé can phai biét duoc phuong
sai g6c § va s& diém thi nghiém » thudng cdn phai di 16n (tir vai chue trd
lén).Tron;g thue t€ thudng xdy ra trudng hop nguogc lai: khong biét duoe
phuong sai g&c va s6 cdc diém thi nghiém song song ciing thudng 1a it
khi nay phai ding dén ham phéan b6 Student. Day 1a ham phan bé khong

phu thudc vao phuong sai goc v6i bién ngau nhién 1a:

(1-12)

s(x)

Nhu vay, haim phan b6 clia bién ngau nhién nay phu thudc s thi
nghiém song song hay chinh 14 thé tich ctia bo chon. Gid tri clia dai hugng
¢ duge dua ra trong cdc bang tinh sin va duoc xdc dinh theo 2 tham s6 1a
mitc ¥ nghia va 6 bac tu do. Sau khit diing bang tinh tra dugc ¢, cong thiic

tinh todn khodng tin cdy cho bién ngau nhién x € la:

11
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M(x) =

-

-

" t.s(x) (1-13)

1.2.2 Kiém tra mot so gid thiét thong ké

Nguyén tic chung cia viéc kiém tra mot gia thiét théng ké thudong
[ so sanh mot dai lugng & nao dé vét mot gid ui téi han 6, tuong dng va
ia thiét rang 2 dai lugng nay 1a nhu nhau. Cic két luan ¢é thé duoc chia
thanh 2 loai:
1. Béc bo gia thié€t trong khi né ding: méc sai 1am loai 1 véi xdc
SUat @
2. Cong nhan gia thiét 1a ding trong khi né sai: sai Jam loai 2 véi

.

xXdc suat pham phai 1a 5.

Thudng ngudi ta c¢d tim cdch lam giam sai 1am loai 1, do dé xdc
sudl o thudng lay rdt nho va khi do fsé la rat 1on. Trong cdce thi nghiém
cong nghé thuong ldy o = 0,05 (mic ¥ nghia). Cic gid thiét thdng ké

thudng duoc kiém tra theo cdc budc sau:

1. Trén co s& cdac s6 liéu thuc nghiém, tinh ra dai luong thuc

nghiém cén kiém tra 8, tuong dGng véi muc ¢ nghia cho trudc

I

2. So sanh dai luong €, trén véi gia tri té1 han 6, tuong dng véi

n

mitc ¥ nghia cho trude -

Tu két qua so sdanh ma rat ra két luan cong nhan hay bac bo

Lt

gia thiét.
Mot s& dang so sanh thudng gap trong thuc t€ la:

- So sanh hai gi4 tri trung binh s6 hoc va hai phuong sai chon:

12



Céac s0 liéu dugc dua ra so sdnh thudng dugc ldy tir hai day thi
nghiém song song. Nhiém vu dat ra 14 x4c dinh xem hai gid tri trung binh
x, VA x, ¢6 phéi 12 cdc ddnh gid clia ky vong todn hoc cha bién ngiu
nhién x khéng, va cdc gid tri 5,° va 5,° c6 phai la phuong sai chon va 14 cdc

ddnh gid cia phuong sai goc khong.

So sanh hai phuong sai:

Dung tiéu chuan Fisher (F). Khi c6 hai phuong sai 5,7 va s,>, gia

thiét s,” > 5,7, khi d6 gid tri thuc nghiém F,, = 5.7/ 5,°

n

Tir bang 2 (phu lyc ...) tra gid tri tiéu chudn F (f,. f»), trong d6 p 12

muc ¥ nghia, f, va f, 12 s6 bac tr do clia tir va miu s6 tuong tng.

Néu F,, < F,(f;. f>) : cong nhan gia thiét: 5,7 va s,” 1a cdc ddnh gid

m

ctia ciing mot phuong sai goc.

1.3 Mot s6 thi du tng dung vé Kiém tra gia thiét thong ke
a. Thidul:

Gia sir ¢6 cde két qua do 14y tir hai mau thi nghiém khic nhau véi

céc gid tri bang s6 1a nhu sau:

Méu 1 Maiu 2
-}lzzo,s x, =21.3
s =0,09 57 =0.16

n=>5 n,=6

Can lam rd xem: liéu 2 nhém thi nghiém nay c¢é thé duge coi 1a

cung dugce 1dy ra t&r mot tap goc hay khong?

Giai:

13
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Kiém tra xem hai bo s liéu ndy c6 phai tir cing mot tap géc

khong?
Truéc hét xacdinh gid tri F,: £, = =18

T bang 2, tra gid tri F,5(5,4) = 6,3 = cong nhan gia thiét: hai
bo s6 liéu nay dugc rit ra tr cing mot tap goc.
Kiém tra xem hai gia tri trung binh trén cé thé coi 13 bang nhau (vé

mat thong ké) hay khoéng, trude hét xdc dinh phuong sai chung:

-2 5+0,09x4 -
3 :0’16“9 X% _013 = 5 =013 =036

Tinh gid 1 thuc nghiém:

—20.5 .
%?:2L3 _Q3}5x6 =368
0.36 5+6

Tra bang gid tri 7,5 (9) = 2,26 < 3.68

= Bdc bo gia thiél v¢ su bang nhau cua hai gid tri trung binh nay

14



2. QUY HOACH THUC NGHIEM (TRUC GIAO)

Trudc day, dé nghién citu &nh hudng clia cdc yéu 16 cong nghé khic
nhau dén hiéu qua cia modt qué trinh, ngudi ta thuong tién hanh cdc
nghién cu thuc nghiém theo kiéu ¢ dinh c4c yéu 1§ va chi cho mot yéu
t6 thay déi dé ]am thanh mot day thi nghiém. Sau d6, lam lai 14n lugt céc
day thi nghiém tuong tr véi cdc yéu t5 khiac. Vi cach 1am ndy, s6 thi
nghiém phai lam thudng 1a rdt 16n, va trong trudng hop ¢6 nhiéu yéu td
clng c6 tdc dong dong thdi (tuong tac kép) thi cach lam trén khong thé

mang lai két qua chinh xéc.

Quy hoach thuc nghiém la phuong phap t chitc cdc thi nghiém sao
cho chi mat mét s6 it thi nghiém nhat nhung c6 thé thu nhan dudc lugng
thong tin nhi€u nhat. Day la phuong phdp thuc nghiém cho phép nghién
ctru anh hudng dong thai cla nhi€u yéu t6 cong nghé t&i mot chi tiéu nao
dé clia qua trinh ma khong cén phai ¢6 dinh va thay déi 14n lugt ting bién
s3. Ngoai ra, bing phuong phdp quy hoach thuc nghiém con c¢é thé phat
hién ra nhitng hiéu ing tuong tic kép ma bang cdc cich lam thyc nghiém
cd dién hiau nhu khong thé phat hién ra duge, hodc néu c¢é nhan biét thay

thi cling khong thé dinh lugng dugc.

K&t qua cudi cuing cua quy hoach thuc nghiém 1a xay dyng nén mot
mo hinh to4n hoc & dang phuong trinh hdi quy biéu thi méi quan hé giita
cac thong s6 dau ra véi cdc thong s6 dau vao. Trén cg s mo hinh todn
hoc nay ¢d thé tién hanh tinh todn, x4c dinh trude duge cdc dic tinh cia
ddu ra khi cdc yéu 16 ddu vao thay dédi, tir d6 dinh hudng cho viéc tim ra

mién hoat déng t6i wu clia qué trinh cong nghé.
2.1 Céac nguyén Iy co ban cia quy hoach thuc nghiém
Pé xdc lap mo hinh théng ké cho mot qué trinh héa hoc, thudng

phai thuc hién cdc budc: xac dinh h¢; xdc dinh cdu tric he; xac dinh ham
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todn mo ta hé; xdc dinh cdc théng s6 cia mé hinh moé ta hé va kiém tra

tinh tuwong hop cua cdc mo ta do.

2.1.1 Xac dinh hé

-

Néu goi Fpi 12 bac ty do diéu khién va F,;; 1a bac ty do hinh hoc
cua hé thi s6 cdc yéu 16 doc lap 161 da anh hudng 1én hé dugc x4c dinh

theo cong thic:
F=Fo+Fyy (2-1)

Tuy theo yéu cdu nghién cttu ma c6 thé chon k y&u 1§ (k < F) énh
hudng 1én mot ham muc tiéu y nao dé hoiac nhiéu ham muc tiéu. Ham
muc tiéu ¢é thé 1a cdc chi tiéu cong nghé nhu hiéu sudt qud trinh, nang
suat qua trinh.... hodc ¢é thé 1a cdc chi tiéu kinh t€ k§ thuat nhu gi4 thanh
san pham, loi nhuén thu dugce... . Diéu quan trong nhat 1a ham muc tiéu
can thé hién dugc dong thdi méi quan hé cua né v6i cdc bién doc lap va
gitip cho ngudi nghién ciu ddnh gid duge mot cach ding dan cdc chi tiéu

ma minh quan tam.
2.1.2 Xdc dinh cdu triic hé

Phuong phdp mo ta théng ké quan niém hé 1a mot hop den, trong
d6 cau tric va tinh chat bén trong 12 khong biét 6. Néi cdch khic, mo
hinh thdng ké khong cho biét ban chat bao toan va ban chat dong hoc cuia
hé, ma chi mé ta méi quan hé giira cac théng s6 ddu vao va cdc thong so

ddu ra cla hé trén co sd cdc phuong phép clia todn hoc théng ké.

X .
. > VI
X > - >

2 HOP DEN
)l-j L o Vz

Minh hoa mé hinh hép den
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Nhu vay, méi quan ddu vao - ddu ra & day thudn tdy 1a quan sét
thuc nghiém chit khong duge dua trén mot cd sd 1y thuyét nao. Trén co s6
cdc quan sat thuc nghiém nay ma nguoi lam thuc nghiém mdi suy nghi,
wde dodn dé gia thié ra cic dang quan hé 6 thé c6 giita cac bién ddu vao ,
vl cdc thong s6 dau ra (quan h¢ x; — y), vi du don gian 1a ¢ thé gia thiét

chiing ¢6 quan h¢ tuyén tinh véi nhau.

Chinh vi 1y do trén nén trén thyuc t€ viéc xay dung thanh céng mot
mo hinh héi quy thuc nghiém phu thudc chi yéu vao hiéu biét clia ngudi
nghién cdu thuc nghiém vé qua trinh ¢én nghién citu. Céc hiéu biét nay sé
gitp dinh hudng trong viéc xdc dinh dang cua quan hé x, -y, cling nhu
cac kha ning biéu dién gin ding cdc dudng quan hé nay bing nhiing dang

phuong trinh don gian hon (cdc da thic bac 1 va 2).
2.1.3 Xdc dinh cdc ham toan o ta hé

Trong trudng hop cdu tric hop den. cic ham toin mo ta hé la céc
ham nhiéu bién vy = ¢(x;, X,....; x) dugc phéan tich thanh diy Taylo tic la

ham héi quv 1y thuveét:

PR

£ k k
yq = ﬁ + Z ﬁ!'\‘f + Z'ﬁ_,'ux_l.xu - Zﬁ_!_!'\‘}: T Vél Vq:(l,n) (2_2)
Ji=l . J=l

Pé xdc dinh duge cc hé s6 héi quy 1y thuyét 4, . B.» By cln
phii ¢6 vo han s6 thuc nghiém ma trong thuc t€ s6 thyc nghiém chi ¢6 the
12 hitu han. nén chi xuat hién cdc hé s6 hdi quy thyc nghiém (con goi 1a
cdc thong s6 clia mo hinh thong ke) by, b, b, bjj,... vavi vady ham toan mo

ta hé 1a ham héi quy thuc nghiém [1]:

k A k .
Vo=b +>bx, + b xx +) by +. (2-3)
i=l /=

po=l

Phuong trinh (2-3) 13 dang toéng quét ciia mo hinh thdng ké mé t&

doi tugng nghién cliu.
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2.1.4 Xdc dinh cdc thong s6'va kiém tra tinh tuwong hop ctia mé hinh
thong ké

Cdc thong s6 ciia md hinh thdng ké (cdc hé s6 hoi quy) tir N thue

nghiém (s6 thuc nghiém N phai 16n hon 36 thong s8) duge xdc dinh theo

cong thic sau [1]:

A
Z le J;i
b_," = %—i—_ \.'O"i ‘v’j:(o_k] (2‘4)

I

N
Z x;i l‘m' yi
i=l . . . -
b, =—F" vOL Viu=(1.k) (jzu)  (2-3)
2 A
i=]
Trong trudng hop k&€ hoach bac moét hai mic t61 vu, hé s6 bat ky
ctia phuong trinh hoi quy b; dwge xdc dinh bang tich khong vo hudng cta
cOt y vOi ¢t tuong ting x; chia cho s6 thi nghiém N trong ma tran k&

hoach hda, va cong thic (2-4) tré thanh:

b, =—'1;Zx,., 3, (2-6)
B

Tinh tuong hop cha cic hé s6 b; duge kiém tra bing cong thiic:

12 fp(f) | | (2-7a)

trong do:

t,(f) ]a gi4 tri tra bang cla chuin s6 Student & mifc ¢6 nghia p va

bac tu do ldp f= m-1 (véi m 12 s6 thi nghiém tai tam ké hoach);

1,; 12 chudn s6 Student cia hé s6 b; duoc xdc dinh theo cong thic:

18



by m o (2-7)

Gid tri ctia do 1éch tiéu chudn S, ctia phan b6 b, dugc xic dinh theo

cong thuc:

Sh] (2-8)
trong d6 $%, 1a phuong sai ldp dugc xdc dinh theo cong thic:
Z (yOa - ;0)2
S.‘? = (2-9)

n—1
trong doé:

¥y, 12 gid tr1 ciia ham muc tiéu & thye nghiém thit « tai tam ké hoach

thuc nghiém:

vy 12 gid tri trung binh cta m thuc nghiém tai tdim ké hoach, dugc

tinh theo cong thitc:

1 m ) .
Yo=— > Yo (2-10)

a=}

Tinh twong hop clia mo hinh v6i két qua thuc nghiém dugc kiém tra

theo coOng thirc sau:
F<F (1 2) (2-11)

trong do:

F,,(f142)1a gid tri tra biang cla chuéin s6 Fisher v6i muc ¥ nghia p.
bac tu do lap f, va bac.tu do du f, = N - (v6i [ 1a hé s6 ¢d nghia trong

phuong trinh hoi quy);
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F la chuin s6 Fisher dugc xdc dinh theo cong thiic:

= O (2-12)

trong do:
$7, 1a phuong sai lap dugc tinh theo cong thife (2-9).

$*,1a phuong sai du dugc tinh theo céng thic:

A

P A%

8 = (2-13)

Vil v, Y, tuong Ong la cdc gid tri thuc nghiém do dugc va tinh todn ducc

ctia ham muc téu.

Néu cong thiic (2-11) thoa man, thi mé h‘mﬁ théng ké (hodc ham
hoi quy) 1a wong hop véi két qua thue nghiém. Truong hop nguoc lai,
phdi cai tién mo hinh bing céch chuvén sang mo ta hé bing ham héi quy
bac hai (mo6 hinh théng ké phi tuvén bac hai) vi khi d6 cdc mé6i quan hé
gilfa cdc thong s ddu vao va ra da phuc tap hon, khong thé coi gan ding

la cdc quan hé tuyén tinh duoc nita.

Néu muc dich cua ngudi nghién ctu 12 tim ché d6 hoat dong té1 vu
clia hé cong nghé thi mac da cdc diéu kién vé tuong hop (2-11) ¢6 thé da
duoc thoa man, ta van phai tiép tuc cai tién mo hinh dé 1ién vé viing dimg
va cudi cling phai xay dung ™ot quy hoach bac 2 tai ving dé dé tim ra bo
0id tri cuc 1ri cta hé (cuc dai hay cyc tieu tiy theo muc dich nghién ciu).
Khi diing k& hoach bac 1 don hinh. ta tién vé vung dimg theo thuat toin
don hinh va duong tién lén 1a dudng zig-zac nhung luén hudng vé ving
dimg, con khi ding k& hoach bac 1 hai mic 161 uu thi ta ti€n vé viing dimg
theo phuong phdp gradient véi thudt todn leo doc hodc xuéng doc theo

dudng déc nhat (theo hudng gradient clia bé mat biéu dién). Tai ving
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dimg, mo hinh tuyén tinh sé& khong con 4p dung dugc nita (diéu kién vé
tinh tuong hgp (2-11) khong duge théa mian) nén dé mo ta duge viing niy

ta phai ding mé hinh phi tuyé&n bac 2 vé6i dang dién hinh chung la:

k & k
y=b+Y bx,+ Y b xx, +bx (2-14)
=1 =

Jau=l
JEu

D¢ xdc dinh cdc thong s6 cia mo6 hinh phi tuyén (2-14) cén lam
thuc nghiém theo quy hoach bac 2 ma phuo‘hg phap thudng duge ding
nhat la quy hoach bac 2 Box-Wilson. Mt s6 phuong phip quy hoa_ich bac
2 khéc clng thuong duge ing dung la quy hoach béc 2 Box-Hunter, hay
quy hoach bac 2 16i wru D ctia Kiefer v.v.. Noi dung cic phuong phép quy
hoach thuong dugc dang trong thuc t€ s€ duge néu ra trong cdc phan (iép

theo.

2.2 Cac phuong phap ké hoach héa thuc nghiém

Muc dich cua k&€ hoach héa thuc nghiém (hay con goi la quy hoach
thuc nghiém) 1a tim cdch xay dung mot k€ hoach lam thuc nghiém sao
cho chi can so thi nghiém it nhat nhung van c6 kha niang mo td moi quan

hé gilta cic thong s6 dau vao v6i thong s6 dau ra mot cach chinh xdc va

ddng tin cay theo quan diém clia x4c sudt thong keé.

Thoéng thuong, khi tién hanh cdc khao sat thuc nghiém ngudi ta can
xdc dinh anh huong cua mot s6 diéu kién thi nghiém d6i v6i mot (hay mot
viii) thong s6 can khdo sat. Khi k& hoach hoa thue nghiém. s6 cdc dieu
kién thi nghiém duge coi la s§ cic mic xdc dinh doi véi thong sG can

khao sat.
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2.2.1 Quy hoach thuc nghiém bdc mot

Trong k& hoach héa thuc nghiém hai mic bac 1. khi khdo sdt anh
hudng cta & y€u t6 lén mot thong s6 nao dé. so thi nghiém cén lam sé
bang t6 hop tir 2 muic cua k yéu 16 dé (moi yéu 6 sé dugc khao sit tai 2
gid tri cao va thap), do vay, téng so thi nghiém cdn lam s& bang 2. Do
viy, loai k& hoach hda thuc nghiém nay con ducc goi 1a k& hoach 2* hay
ké& hoach héa thuc nghiém toan phan. Ving nam trong gidi han clia cic
midc cao va thdp ciia mdi yéu t6 duge nghién ciu duge goi 1a viing nghién

cttu theo cac théng s6 cong nghé da cho.

Thi du, gia su nghién ctiu anh huong cua ba yéu (6 1a: nhiét do
(trong khoang 100 — 200°C), 4p suat (trong khoang 20 — 60 kp/cm?) va

thoi gian luu (tr 10 dén 30 phit) 1én hiéu suat tao thanh san phan, ta sé

‘bieu dién cdc thong s6 ndy nhu sau: .

Ky hiéu -, 1a nhiét do, =, 1a ap sudt, z, Ja thoi gian luu, theo cdc diéu
kién trén ta ¢6: Z,™ = 200°C, ;" = 100°C, Az, = 50°C. hay ¢ dang téng
quat ta co:

Zma\' +Zm1n 7 -
- 4 J . - e J J =
';j - 2 i A‘f'j - ~ (2"13)

trong d6 Az; la don vi thay doi hay khoang thay doi theo truc z;. Diém
nam giifa hai mdc cao va thap duge ky hi¢u 1a =, d6i v6i bién =, & trén ta
¢6 2, = 150°C.

biém cé toa do z,/, 2", z,%... z,” duoc goi 1a thm cla k€ hoach hay
muic co sO.

Dé thuan tién cho tinh todn, ta can chuyén sang hé toa do khong

thit nguyén x,, x,, ..., x; theo cong thifc:
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P =12,k _
~ J (3-16)

J

Trong hé toa d khong thit nguyén maéi nay, toa d6 cua miic trén 1a

+1 con mifc dudi Ia -1; toa do tai diem tam 1a 0 va tring véi goc toa do.

Trong thi du trén cla ta, & = 3. S diém thi nghiém cdn ldim s€ 1A N = 2° =

8 thi nghiém. Bang ké& hoach thi nghiém tuong tng cling cac két qua dau

ra (v,) dugc thé hién & bang dudi nhur sau:

Bdng 2.1 Cdc so'liéu thi nghiém theo quy hoach 2°

Cdc gid tri thuc cia cac bién

S& thi Céc gia tri ctiia cdc bién trong [ Thong
tur cdc " h¢ toa do khong tht nguyén Sorga“
o0 T |
’ ™ g z z, . ’ .| \, v
1 w00 20, 100 a4 2
| ll | |
' 2 | 200 20 10 +1 -l -1 6
- ; — | :
3 1 100 60 10 14 -1 4 |
4 | 200 60 10+l J +1 . 8§ |
5 0 20 | 30 -l S R L
6 200 20 30 +1
7] 00 60 30 -1
% 8 l 200 60 30 +1
Néu hinh dung ba bién v,. x.. x; nhu ba truc toa do trong khong

gian bién khong thit nguyén thi § diem thuc nghiém clia quy hoach s€ tao

thanh mot hinh hop lap phuong ma cic diém thi nghiém chinh 1a cdc dinh

ctia hinh hop dé. Tam clia quy hoach cung chinh 1a tam cda hinh haop.
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Ta viét lai ma tran k€ hoach thi nghiém 2° va cdc két qua thuc
nghiém tir bang 2.1 thanh dang nhu ¢ bang 2.2, trong dé ¢6 dua thém vao

cOt bién hang sé v, = 1.

Bang 2.2 Ma trén ké hoach tinie nghiém 2°

i ;
S6TT : N X, : Xa Y v
i : )
1 +1 b | b - ! ¥
|
2 +1 + - - ¥:
3 ! + l i _ ; + _ : '.\13
| H
‘ |
4 +1 + + - ¥
| | g
5 +1 | - - + Vs
6 +1 + - + v,
7 +1 - + + : v
1
§ +1 | + ; + + ; AN

Céc $6 liéu (diém thuc nghiém) duge b6 tri trong ma tran ké hoach

thuc nghiém 2.2 ¢6 céc tinh chat sau:

mexﬁ =0 w#ju.j=12..k (2-17)
=1
Yx,=0 =12k (2-18)
Yxl=N =01,k (2-19)
i=1

rong do & — sO yéu t6 doc lap,

N —s& thi nghiém
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Tinh truc giao (tinh chat (2-18)) cua ma tran k€ hoach hoda thl,ré
nghienﬁ gitip cho don gidn hoéa nhiéu trong khau tinh todn cdc hé so cua
phuong trinh héi quy, béi vi ma tran hé s6 clia phuong trinh chudn (X*X)
tr¢ thanh ma tran dudng chéo vd cdc phan tr ctia nd chinh bing s thi
nghiém N trong ma tran k& hoach héa. Cac phan tir dudng chéo clia ma
tran nguoe (X*Xy' 1a C; — I/N. Tir d6, céc he s6 ciia phuong trinh héi quy
by, by,..,b, duge tinh theo cong thitc don gian nhu sau (ky hiéu B 1a véc to

cot chita cac hé s6 b, b,,...b):

b, | /N 0 7 2 Ea

b /N 2,
B=|. |=(Y*X)'X*Y = (2-20)

|

|

b, | 0 ERY DY

- Sy, -

N
lelyl
N

(3-21)

Zxk:yf

L N

Nhu vay, hé s6 bat ky ctia phuong trinh héi quy b; dugc xdc dinh
bang cdch nhan cot ¥ v6i cot trong ing x;, sau d6 dem chia cho s6 thi

nghiém N trong ma tran k& hoach hoa thuc nghiém:
. 1 N
bo=—>x, (2-22)

Phuong trinh héi quy tuyén tinh bac 1 cho 3 bién nhu trong thi du
nayv ¢6 thé dugc viét & dang don gian chi gdm cic hé s6 don:

yv=b,+ bx, + by, + byx, : (2-23)

hay & dang ddy du hon, bao gém cd cédc hé s tuong tdc twong ho:
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v=ub,+bx; +b,x, + by, + boxx, + b, 3,0+ by, + by ,axg (2-24)

Dé xdc dinh cdc hé s6 tong tdc kép (b,,. b,;, by;) v hé s6 tac dung
ba (b,,;) cin phai mo rong ma trén ¢ bang 2.2 thanh ma 'tran 0 dang nhu
bang 2.3. Ma trdn trong bang 2.3 ¢6 thém cdc cot chita cic hé so tuong tac
véi gid tri dugc tinh bang cdch nhan theo hang ngang céc gid tri trén cdc
tuong ung. Tinh todn cdc hé s tuong tic bdi cling tuong tu nhu

cOt X, .,

tinh todn cédc hé s6 don trong phuong trinh hoi quy.

Bdng 2.3: Ma trdn md réng dé tinh cdc hé sé neong tac boi

S6TT Xy X, X, Ay X)X AR Xl XpNaN; v
1 +1 -1 -1 -1 +1 +1] +1 -1 2
2 +1 +1 -1 -1 -1 -1 +1 +1 6
3 +1 -1 +1- -1 -1 +1 | -1 +1, 1
4 S -1 +1 } R 1 3
R oo +1 +1 4 +1 10
6 +1 +1 -1 +1 -1 +1 ‘ -1 -1 i8
7 +1 -1 +1 +1 -1 | -1 +1 -1 8
8 +1 +1 ' +1 | +1 +1 g +1 +1 +1 12

Né&u tién hanh cic thi nghiém song song thi ¢6 thé xdc dinh phuong
sai lap $%, theo cong thiic (2-9), kiém tra tinh ¢6 nghia cla cic hé s6 hoi

quy va tinh tuong hop cia mo hinh.

Ta nhan thay ring ma tran tuong quan (X*X)!' déi véi thyc nghiém
dugc k€ hoach héa trén bang 2.3 1a ma tran dudng chéo, ¢d nghia la cac
hé s6 clia phuong trinh hoi quy khong tuong quan véi nhau. Tir day, ta c6
thé x4c dinh muc do c¢6 nghia cia cdc hé s6 clia phuong trinh hdi quy theo
chudn s& Student vi viéc loai bo nhiing hé s6 khdéng c¢6 nghia khong anh

hudng dén gia tri cta cac hé so con lai.
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Sau khi dugce tinh todn tir cdc s& liéu thuc nghiém, cdc gid tri cua
~cdc hé s6 b, chinh la cdc ddnh gid cta cac h¢ s 1y thuyét tong tng S
(tic hé s6 hoi quy 1y thuyét), hay 6 thé ky hieu b, — S Tir day c6 thé
suy ra rang. gid tri do 16n cta timg hé s6 (b)) dac trung cho mic do déng
gop cua yéu 16 tuong ing (x;) doi vdi dai luong duge nghién citu (y)'nhu

duoc thé hién trong phuong trinh héi quy.

Tu cdc gid tri trén bang 2.3, tinh todn dugc gid trj cic h¢ so b, nhu
sau:

3

. 250, 12416414 +1.8+1.1041.18418+112
0__ —_— ha DR
8 8

_ -?—;x“y’ —12+1.6-14+1.8-1.10+1.18-1.8+1.12

b,
3 8

2

o

Tién hanh tuong to cho cdc hé s6 ¢on lai, ta duge cdc két qua tiép

theo nhu sau:
b,=-05:b;=35;b,=-05:b,;=05;b,,=-1,5:b,-,=-0,5

Do phan tir dudng chéo clia ma tran tuong quan 12 bang nhau nén
tal ca cac hé s6 cua phuong trinh (2-22) va (2-23) duge xac dinh véi do
chinh x4c nhu nhau: |

5, =L

hi \/T

Dé tinh phuong sai lap lai. tién hanh 3 thi nghiém tai tam (x, = 0, x,
= 0. x, = 0. tuong duong véi didu kién: z,” = 150°C, z," = 40at, =, = 20
phiit) thu duge cdc két qua la: v,' =8 v, =9 ;o = 8.8. T d6 tinh ra
duoc gid tri trung binh v, =8,6. Ap dung cong thic (3-9) tinh duoc

phuong sai lapla §,7 = 0,28 .
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Péng thdi tinh duge: S, =L =0,19

fy \/1-\_’:

Tra bang Gid tri chuan s& Student trong Plut luc I v6if, =3 —-1=2
va mite ¥ nghia p = 0,05 dugc 1,5, , = 4,303. D6i chi€u véi diéu kién ¢d
nghia cua hé so hoi quy thuc nghiém (2-7a) s& xac dinh dugc nhitng hé s6

¢6 nghia con lai cha phuong trinh. Cu thé nhu sau:

Tur diéu kién (2-7a) va (2-7), dé hé s6 cd nghia cin thoa min céc
diéu kién:
b

fl,?', g‘— 2 fp_j-z hay lb}r 2z S/?f 'rp._f'l

h

Theo cédc s6 liéu & trén tinh ra dugc: 1,4 ».S

0.818.

= 4,303 x 0,19 =

hi

So sdnh gia tri nay véi gid tri cidc hé s6 b, tim dugc ¢ trén nhan
thay: chi ¢6 cdc hé s6 by, b, b; va b,; 14 c6 nghia (cd gid tri :b > 0,818).

Nhu vay. phuong trinh hoi quy thuc nghiém thu duge cudi cung ¢6 dang:
'}" = 8,5 + 2,5 .\'] + 3,5 .rjl - 1,5 ,\'2.1'_; (2'25)

Pé danh gid mirc do tuong hop cta mo hinh trong 'viéc mo ta biic
tranh thuc, can kiém tra ty s6 gilta phuong sai du va phuong sai 1ap lai

chuin sé theo Fisher. C4c budc thit tu nhu sau:

Phuong sai du duge tinh theo cong thifc:

hal 1 :\' -~ bl
Si=—— S -9) (2-26)

i=!

trong d6: / 1a s6 hé s6 c¢6 nghia con lai trong phuong trinh héi quy thue

nghiém thu duogc. Cu thé, trong thi du ny ta c6:
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S, = ﬁ{[Z —(85+2,5.(-D+3,5.(-D)- L5 +

8

[6-(85+25.()+35.(-D+L5.(1)) +..} = - 2

Phuong sai lap lai dugc tinh theo cdc thi nghiém tai tam nhu da lam

& trén va da thu duoc két qua 1a S, = 0,28. Tir day tinh duoc ra:

F=i=7,14 o
8

Tra bang gié tri chuin s6 Fisher trén bang Phu luc 2 ting véi bac tu
dolapfo=3-1=2vabactudoduf,=N—-/=8-4=4 theomuc y
nghia S%tacd F,. ;=192

Do gid tri F tinh dugce 1a 7,14 < 19,2 nén mé hinh hoi quy thu duoc

¢ dav duoc coi 1a trong hop véi biic tranh mo ta thue nghiém.

Ouvy hoach riéne phan:

Theo phuong phdp k& hoach héa toan phan, s¢ diém thi nghiém can
lam 1a 2" trong d6 & 1a s6 yéu t0 can khao sdt. Hién nhién 1a khi so véu 18
k nay tang 1én thi s thi nghiém phai lam ciing sé tang 1én theo quy luat
ham mi va s€ 14 rat 16n khi £ du 16n (thi du £ > 5). Trong nhitng truong
hop ndy, dé ¢6 thé van sit dung dugc k& hoach héa thuc nghiém ta ¢ thé
dp dung phuong phip ké hoach héa.riéng phin 2 dé xdc dinh cdc tham
$0 cua phuong trinh hoi quy thue nghiém. Trong quy hoach loal nay. p-la
s& quan hé phdt sinh va ciing chinh la s6 hiéu Ung tuyén tinh duoc thay

bing cdc hiéu tng tuong hé.

Trd lai véi thi du trén. ding quy hoach riéng phan dé xdc dinh cic
hé 50 cua phuong trinh (2-23) v6i p =1, khi dd, s6 thi nghiém phai lam sé

12 27" = 4 thi nghiém theo k& hoach & bang 2.4 dudi day, trong do thay coOt
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g1a tr1 v; vao cdt hiéu tng kép x,x, (vi thong thudng cdc hiéu tng kép chi
déng val tro thu véu). -

) ) 4 o . ' a - 7
Bang 2-4: Bang ké hoach héa riéng phan 2°

Yy \y v, i\ ! ¥
1 | 1 -1 - +1 10
2 | +1 -1 -1 6
3 { -1 +1 -1 4
4 | | | +1 +1 +1 12

Khi diing ké hoach héa riéng phan, cic hé so tuvén tinh chinh la
cdc hé s6 hén hop, né ciing bao gébm trong nd ca cic hé sd tuong ho, cu

the:

by =0+ [y by = f+ f;: by = B+ [

Khi st dung k&€ hoach héa riéng phan, can phai xdc dinh quan hé
nao sé dugce diing 1am quan hé phat sinh dé dua ra cdc thong tin 16n nhat.
Vé nguyén tac. nén chon ding quan hé phdt sinh tuong ing (cdc cot x; cé
dugc trong bang ma tran, trong thi du trén 1a cac ¢ot tuong ng cic bién x,
va x-): con néu khong ¢o thi dung tich tuong ho bac cao nhat (trong thi du

nayv dung cot tich x,x; cho bién x;).

Trong cac bai todn thuc, cdc tuong tac ba thuong cé it ¥ nghia hon
so Véi cdc tac dung kép, do vay, khi cin khao sdt 4 thong s dau vao (x, —
X -dé giam bot s6 thi nghiém can thiét, ngudi ta thuong chi lam quy

hoach riéng phin 2*' = 8 thi nghiém, trong dé cot x, dugc dat vio ¢ot téc

dung ba:

Xy = XpXoX5 (2-26)
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Khi ding quan hé trén dé€ lap k€ hoach thuc nghiém, ma tran ké

hoach hoéa s& ¢6 dang nhu & bang 2.5a duéi day:

Bdng 2.5a: Ma trdn ké hoach hda riéng phdn 2¥'véi x, = x,x0x
. 3 & 4 A3

No. Xy X, \; L X; X,
N 1 P T 41
2 | +1 -1 -1 +1 +]
i T
3 +1] -1 +1 4] -1
|
4 : +1 +1 -1 +1 -1
|

‘ T
5 | +1 +1 , +1 -1 -1

+1

e B S
(@]
}
1
1
]
1
)

8?+1]+1 | B |

Khi ding giao thoa xdc dinh x, 3,y = 1, 1a ¢6 hé théng danh gid

hén hop:
X, = X)X-X.X, = \j by = P, + By + Zﬁﬂ i
r=1

X, = X5X5X, b= B+ P

Xy = XXX, by = By + B

Xy = XXX, b; - /B + ﬂ:y (2-27)
X, = XXX by > B+ P ;

ApX. = XN bl: = B =P ‘

XXy = X,X, by = B+ B

XX, = X,X, by = B~ B

Ta ciing ¢6 thé ding mot quan hé pht sinh khdc, thi du:

Xy = AN, ' (2-28)



D

Khi d6, ma'tran ting véi1 twong quan trén sé duge viét nhu trong

bang 2.5b, trong d6 cdc cdt vy, v, va x; vin nhu trude, chi khéc ot x, duoc

tinh theo tich cua hai cOt x, va x..

-

Bdng 2.5b: Ma trgn ké hoach héa riéng phdan 27 vai x, = x)x,

No. ; AV X, X, X; X,
1 +1 +1 +1 +1 +1
2 . +1 -1 -1 +1 +1
3 +1 -1 +1 +1 -1
4 +1 +1 -1 +1 -1
5 +1 +1 +1 1L 4l
6+ -1 -] -1 +1
| |
| 7 | +1 -1 +1 -1 -1
8 +1 +1 -1 -1 -1
Giao thoa xdc dinh tuong ung s€ 1a: vy, =1
Hé¢ théng danh gid khi nay s€ la:
k
X, = XX.X, = X by = B+ Py + Zﬂn
1=l
Y= b= B+ By
— Xy = XX, by = f, +
Xy = X XXX, by = B+ B > (2-29)
X, = X)X, b, = B, + B
XV = XXX by = By: + P
XL, =N "‘733 - /3:: + /3|34
XX, = X XN hy = B+ Prs

Nhu vay, st ding k& hoach héa riéng phan theo quan hé x, = xx,

s€ mang ngu ¥ rang ta dang quan tam dén cic hé s6 fF,;, f,; va f,,. Nhu
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vay, loai k& hoach riéng phin ma trong dé p hiéu ing tuyén tinh (bac 1)
dugc thay bang cdc hién ung tuong hd sé duge ky hiéu 1a k& hoach héa

riéng phan 2P,

Tom lai, cdc k€ hoach tryc giao hai mic t6i wu 2* va 247 ¢6 céc wu

diém sau:
- Do la k& hoach truc giao nén tinh todn don gian,
- T4t ca cac he so déu duoc xac dinh khong phu thudc vao nhau,

- Mobi hé s6 déu dugc xdc dinh theo k€t qua cta toan bo N thi

nghiém,

- Tat ca cdc hé s6 hoi quy déu duge xidc dinh vé6i phuong sai bé nhat

va la nhu nhau (k€ hoach ¢é tinh toi uu D).

Ngoii ra, can luu ¥ ring cdc k€ hoach 2* va 27 ¢6 iinh chat tam
xoav. Do khéng ¢6 tuvong quan gifta cac hé 50, theo dinh luat cdng phuong

sal trong trudng hop phuong trinh tuyén tinh & yéu 18, ta s€ co:

SI=8, -xS; 4. +x18]
A t N

N ) S 2 ) ”
Vi § === nén ta co:

Si=2El+ex] +-x ):%(1—,03) (2-30)

trong d6 p 1a ban kinh céu trong khong gian K chiéu,

Pai lugng nghich ddo cha S.* ¢6 thé col nhu mue do thoéng tin chia

trong phuong trinh hoi quy.

33



D

Theo phuong trinh (2-30), lugng thong tin giam ty 1& thuan véi binh
phuong ban kinh cau p° va la dong nhat véi tat cd cdc diém cé khoang

cdch nhu nhau. Do vdy, loai ké& hoach nay dugc goi 1a ké hoach tam xoay.

»

2.2.2 Tién dén vang toi wu theo phuong phap leo doc

Gia st ta cdn tim gid tri cuc dai (hay cuc tiéu) clia mot ham sé &
dang tdng qudt v = f{x,, \5.....v,). theo cdc nguyén tic cla todn giai tich,
dudng di ngin nhat tr mét diém bat ky trén bé mat déng miic ciia ham s6
dé s€ 1a dudng di theo hudng gradient. Néu ham c¢é & bién so. gradient
trong khong gian k chiéu s& dugc biéu dién theo cong thic chung:

A O A TR

dx dv. ' dx, (2-51)

- - -3

D6l v6i bai todn quy hoach thuc nghiém, gia su tai mot thoi diém
nao doé. ta da tim ra dugc phuong trinh hoi quy md ta quan hé gifa cdc
thong s6 diu vao (2 bién s6 x; v x,) va dau ra (v) 1a mot phuong trinh hoi

quy bac nhat;
Y=0,+D,x;, + b, (2-32)

Khi dé, hudng gradient cta ham hoi quy Y s€ chinh 1a huéng theo

hai hé s& b, va b, vi

av _

b,
dx

b, (2-33)
Luu ¥y riang. nghiém cua bai todn quy hoach tuvén tinh luén ludén

nim trén bién, nén déi véi trudng hop ham hdi quy 1 bac mot, ¢6 thé xéc

dinh ngay diém 16i uu (ham y dat gid tri 16n nhat hay nhé nhat) theo gid
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tri t6i da (+1) hay t6i thiéu (-1) ctia cic bién x; va x, tlly theo tily theo gid
tri cla cdc hé sO b, b, 14 duong hay am. Dé tim t6i uvu 1iép, cb thé ldy
diém nay 1am diém khoi ddu rdi xay dung mot k€ hoach thuc nghiém méi
dé khdo sdt tiép & viing 1an can theo cac bién x; vi x,. Tai mién cé chia
cyc tri, hay con goi 1a mién hiau nhu én dinh, ham hdi quy bac mot sé
khong con phit hop dé mo ta cdc mai quan hé giita cdc bién X-Y. Khi d6 sé
phai xay dung ham héi quy bac hai dé ¢ thé mo ta chinh xdc hon mai

quan hé phi tuyén nay.
2.2.3 Quy hoach thuc nghiém bac 2 (truc giao)

Trong viing gan véi cuc tri, cdc hiéu ting tuong hd va cdc hiéu dang
binh phuong ¢ nén ¢é ¥ nghia rd rét. Hién tai, quy hoach bac hai la
phuong phidp duy nhit duge ding dé mé ta cic méi quan hé phi tuyén

gilta cdc thong s6 dau vio va diu ra trong quy hoach thuc nghiém.

Cé mot s6 phuong phiap xay dung ké hoach thuc nghiém bac hai
khdc nhau. Tuy nhién. dugc diing phd bign nhat van 14 k€ hoach hda bac
hai truc gizo do ¢6 wu diém co bdn la gidp cho don gian héa nhiéu trong
qua trinh tinh todn. Nguyén tic chung khi xay dung cdc ma tran ké hoach

thue nghiém trong quy hoach bic hai la:

Ma tran k& hoach thuc nghiém bac hai ¢6 thé coi 13 gém hai phan:
phian k€ hoach héda thuc nghiém cua quy hoach bac mét va thém
mot phan md rong dé phuc vu cho quy hoach bac hai

2 Céc diém thuc nghiém trong phian md rong cua ma tran k€ hoach

héa thue nghiém cho & thong s6 bao gom 2k diém bo sung (con goi
13 di¢m sao — k¥ hiéu diu *) ¢6 toa do 1 +a vt - v 1, diém thuc
nghi¢m tai tam. trong dé gid tri cia « va s¢ dieém thuc nghiém tai
tam n, s& khdc nhau va phu thudc vao lozji.ké‘ hoach héa thue

nghi¢m duge sir dung.
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2 Téng s6 diém thuc nghiém can thiét khi lap ké hoach héa cho &

-

thong s6 sé la:
N =2+ 2k + n, khiding quy hoach toan phan 2. hay
N = 27 + 2k + n, khi ding quy hoach ban phan 27

P61 v6i quy hoach truc giao bic hai, s¢ diém thuc nghiém tai tam
n. c6 thé chon tiy y, vi vay thuong 1ay 1, = 1. Dé ¢ duoc tinh truc giao
cho ma tran thuc nghiém, toa do cho cic diém sao cin xac dinh thich hop.

Cu thé nhu sau:

Xét ruong hgp quy hoach cho 2 yéu to (k = 2), bang ma tran thuc

nghiém khi nav sé duoc biéu dién nhu trong Bang 2-6 dudi day:

Bdnge 2-6: Ma tran thite nghiém clia quy hoach béc 2 cho 2 bién

N X, ! O X0 v Ty

1 Foop o+ 0+ +1 +1 4]

2 +1 +1 -1 -1 +1 -+l

3 +1 -1 -1 +1 +1 0+
L4 +1 -1 +1 S I o
3 +1 +a 0 0 o« 0
6+l -a 0 0 £ |0
»‘»«,; 7 f +1 0 +a 0 0 }} &
B! 0 - 0 0 &
9 4l 0 0 0 0 0

Ma tran nay khong thé la tryc giao do khong thoa man dugc cic

Ca . . e P . - s N 7 2 2y
diéu kién truc giao doi véi cdc bién trén cdc coOt x,” va x,". cu the la:
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Dé dua ma tran trén vé€ dang truc giao cén tién hanh mot s6 phép
bién doi, thay cdc bién truc ti€p x,? va x,” bing cdc bién x ', méi:
\
2., ]
.

X, =X - ——M’zi\r =X, - X, (2-34)
{

Khi dé, cic cot bién mdi v, trong ma tran k€ hoach héa thuc

nghiem cling s& thoa man diéu kién tric giao:
\ ) (2-35)

Cubi cling. d& ma tran ¢é thé trye giao hoan todn, ngudi ta chon
khoang cich @ sao cho thda min diéu kién dang thic bing khong cha cdc

s& hang khong dudng chéo clia ma tran tuong quan (XX
o + 2% =2k + 0.5n,) = 0. d5i v6i quy hoach toan phan. hay
o 4 2er =251k + 0.5n,) = 0 déi véi quy hoach bdn phén

Cdc két qua tinh todn gia tri cu thé cla « theo cic gid tri & khac

nhau duge dua ra trong bang 2-7 dudi day:

Bung 2-7: Gid tri cua ¢ theo sa bien k va loai quy hoach

% { i

S& véu td doc lap & 2 | 3 % 4 5
i

Quy hoach logi ok { >’ ¥
' * . i i

Ma tran diing dé tinh todn cdc hé 8§ cha phuong trinh hdi quy 6 sit

dung cidc bién méi x', va x’, duoe dua ra trong bang 2-8 & dudi:



| N X, I X, X X, X X7
| +1 £ §'+1 o+ Y Sy
2 +1 +1 -1 -1 +1/3 +1/3

S L T L I I V- I VE
4 ‘—+1 | | +1 -1 | +1/3 +1/3
I 0 0 é—HB -2/3
6 | o+l a0 0 o+ 2B

7 ! +1 | 0O . + 0 -2/3 +1/3
8 |+l o . -1 0 2/3 +1/3
9 " ? o 0 0 g 250 23

Do tinh truc giao cla ma tran nén cdc hé s6 hoi quy s& doc lap véi

nthau va duoc xdc dinh theo cidc cong thiic sau:

A
.].-
]};a = L
A
>
X
b, = . (2-36)
;'\-L
N
Dy
b, =4—— 1‘
> tx,) i
1=1 J

§3 =i (2-37)



K&t qua tinh todn s& cho ta phuong trinh hdi quy bac 1 clia cdc bién

doc 1ap (x)) va cdc bien méi (x):

A i
me.x,.x, + Zb,,.\'; (2-38)

p el =l

IEY

Y=h + ‘Z‘b,..\-, +

D61 nguoc trd lai cdc v, thanh cdc bién ban ddu x; theo cong thic
bién ddi (2-34) ta s& thu dugc dang cudi cling cta phuong trinh héi quy
bac hai theo cic bién nguyén g(‘)'c__\jf-. Tu phuong trinh hdi quy (2-38), gid

tri cua hé sd b, duge xdc dinh lai theo cong thic:

—

b =b,—b,xi —..—b,.xi (2-39)
va phuong sai cua hé s6 ndy duoc dinh gid theo:
N=8 -y STy (2-40)

Phuong trinh hoi quy bac hai cudi cliing s€ dugc viét lai & dang:

.

V==Y b, s Yb,x x, +Y bt (2-41)

i=l
i=n

Sau khi ¢é duoc ‘perOng trinh hoi quy bac hai, cdc budc tiép theo

cling tuong tu khi xtr 1y phuong trinh hoi quy bac mot, bao gom:

Kiém tra tinh c6 nghia ciia cdc hé s6 theo tiéu chuan Student dua

trén gia tri cua phuong sai lap; loai bo cac hé s6 vo nghia:

I. Kiém tra tinh tuong hop cta phuong trinh hdi quy theo chuin sd

Fisher theo ty s6 clia cic phuong sai.

Phuong trinh s€ la tuong hop néu tv 0 cua cic phuong sai nho hon

gid tr ing véi mitie ¥ nghia p (thudng 1av bang 0,05) va s6 bac tu do cua

phuong sai du va phuong sai lap.



i

F<FE(ffs) (2-42)
trong dé:  f, = N—1: bac tu do cia phuong sai du,
J~ o bac e do cua phugng sai lap
N 56 thi ﬁghiém trong ma tran ké& hoach thuc nghiém
[ 250 hé 6 rong phuong trinh hoi quy bac 2 déi véi £ yéu 1o
Tinh ¥y nghia cua h¢ 0 duge kiém tra theo chudn s6 Student theo
gl tri 7, = lb‘,’f’ S, - HE s0 s€ ¢6 nghia néu 1), > 1, . Can luu ¥ rang trong
trudng hop quy hoach truc giao bac hai, cdc hé s6 cia phuong trinh héi
quy dugc xac dinh véir do chinh xidc khdc nhau. trong khi quy hoach truc

giao bac mot lai ¢ho phép xdc dinh cdc hé s6 vai do chinh xdc nhir nhau.

2.3 Thi du minh hoa

Xav ding mo hinh todan hoo cho gud trinh chivén héa sinl héa hoe

Trong thi du nay s& xem xét viéc xay dung moé hinh hoéi quy dé
khéo sit mot qud trinh chuyén héa héa hoc trén ¢o so xir 1y cac s6 liéu
thuc nghiém-duge 6 chifc theo cdc phuong phip quy hoach thuc nghiém
khoa 'hc_)c. Dong hoc cia qud trinh trong trudng hgp nay dugce ddnh gid 1a

phu thude vao hai yéu 16 chinh la:

38.4-97.7 l/h

- Iuu luong thol gio: Z,

- thoi gian phan dng: Z,=2-6ngay
Ma hinh duoc xay dung theo cic budce sau:

Md hidu cdc bién theo cong thic:
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Dang tong quat cta mo hinh nay la:
_{' = »b” 4- I)I'.\‘l + b_).\_) + [)]3.\!\._)
p Y o aa , . . .
trong do: 1= ol muc do tang trieong cua khot sinh hoa:
N, N luong chat ban dau va lugng chat chuvén héa duoc
tai thoi diém «
x,. X. 2 bign ma hda cua hai thong 6 cén khao sat

Ma tran k& hoach héa thure nghiém hai mic t61 vu duge 1ap ra nhu &
bang dudi tcdc cot chia bién x). Sau khi tién hinh cdc thi nghiém. thu

dugc cic két qua thue nghiém tuong ting (¢t v).

Bien thuc Bién ma héa
Z, Z- : AV X Xs ( XX, ‘ v
| RRE! (; + _ - + - 3.28
‘ 2 ~ . 977 6 . 4 o + + 3.25
j 3 | 38.4 2 —1 + o - ; + 1,685
4 | 97.7 2 + 0+ - - 6.91

Xcie dih cde hé so” cua pluiong trinde hoi quy: Cde hé 6 b, cua
phuong trinh hdi quy thue nghi¢m duge tinh tir bang s6 liéu thi nghiém

trén theo cong thic sau:

va thu duge cie gra .
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hy=3.556 b, =-1074 b.=-0291 b, =-1,089
Xde dinhi nuic ¥ nghia ciia cde hé so™b: thue hién theo cic budc sau:

- Tinh phuong sai lap lai C-l‘l‘d cdc thi nghiem: thuong dugc xdc dinh.
bang cach 1am mot s6 thi nghiém tai tam (v, = 0. x, = 0). O day lam 2 thi
nghiém va thu duge két qua nhu sau: v, = 3.250 : v/, = 3.185. Gia tri
trung binh cta 2 gid tri wén: v = 3.2175. Phuong sai lap ducc tinh theo

cong thue:

Z( [(3.25-32173) +(3.185-3.2175)"]1 = 0,002125
-1 2 -1

- Tinh phuong sai cho cdc hé 5o h;:

~ 5. 0002125 .
Si= _; T U.000531: tir day tinh ra §7,, = 0,0230

- Xic dinh gia tri tra bang chuan s6 Student:

Vil bac wado lap /o = m-1 = 2-1 = |. va muc ¥ nghia p = 0,05, tra

duoc gri . .= 12.706.

- Xdc dinh sur ¢6 nghia cua cdc hé s6 b, va dang cua phuong trinh

hoi quy cudi cling:
Cic hé =6 b s& ¢6 nghta khi:
28,7, =0.023.12.706 = 0,293

-

So sanh gid trt 0.293 0 wrén véi cac gia trl b; tinh duoc trude do,
thay chi ¢é gid i ctia b, T 0291 < 0.293. vi vay hé s0 b, la khong ¢6
nghia vi bi by di khoi phuong irinh hoi quy thye nghiém. Phuong trinh

héi quy cudi cling s€ ¢6 dang:

= 3.556 - 1.074.,1(, - 1,089..\.11..\'2



Tinh tiong hop ctia mé hinh thu dige: duge xdc dinh nhd chudn s6

Fisher. Gia tri nay duge xdc dinh theo cong thic:

5-3
s ~dn , o~ - - .
F= S trong dé S, dugc tinh theo cong thic (2-26)
i

Thay s& vao tinh duge: §7,, = 0,579 va F = 0,579/0,002125=272,45

cir

Tra bang Phu luc 2 ctia chudn s6 Fisher ting véi bac tudo lap f5 = 1,
bac tudoduf, =N -1=4-3=1 vamuc v nghia p = 0,05 tim duoc gia
tri: F o0 = 164. Gid tri niy nhd hon ¢id i F tinh duge (272,45): diéu
nay.dan dén két luan Ia mo hinh tuyén tinh xdc dinh dugc & trén khéng
twong hop véi buc tranh thyc nghiém. Mot nhdn xét khac 1a hai gid tri

thuc nghiém va tinh todn tai tam (v, va b 1 chénh léch nhau rat ddng ké:

85

)

l iz S _
\bu — ¥ = 3536 -3,2175 =03

Tu do. ta ¢6 the két luan 12 mo hinh tuyén tinh khong ¢6 kha ning
mo ta chinh xdc qud trinh nay. Vi vay can xdy dung mo hinh phi tuyén
thich hop. Mé hinh don gian nhit 1a da thic bac 2 ¢6 dang thire da duge

ma hda theo quy hoach bac 2 tryc giao nhu sau:
y=by+bx, +b,x, +b,xx, —b,x +byx,

Ma tran thue nghiém bac 2 truc giao va cdce gid tri thuc nghiém (v))

do duoc tuong Ung duge ra trong bang nui tran thi nghiém & dudi.

, S &
Bién thie 3 | \
t 7 AV SRR VAT IS O l Xyl
- j
-1 o2 |
I | H
: 3, 328

] . 384 6 + -+ - +1/3 1 +1/3 |
3 ; : | |

1

")
[

2 79 | 6 4+ |+ b1




i D

3 %4 2 4 N R RV VR IR .
5 979 2 :T+ L anlan! so
I 979 4 4 F 00 | +13] 23] 565
6 a4 4 s 00 tvaiopn 208

76815 6 = 0+ 0 23413 2

§ L6815 2 o+ L0 - - | 0 |-253{+1/3 3077

\
9 6815 4 L+ 0 0 |0 2323 325

x ‘;

Gid i cdce hé s0 b, duge xic dinh theo cong thifc:

vathu duge cac gid tri: - b, =3.3386  H,=1.278 b,=0.374
b,»=-1089 b, =09168 b,,=-0,5096

Cic phuong sai clia cdc hé s6 b, dugc xdc dinh theo cong thic:

R
S, =

va sau khi thay s6 vio tinh todn ta thu duge ciac gia tri:

§0=0.0002347: 5, = §7,, = 0.0003542

§°,, = 0.000331; S, =5, =0.001062

Tir d6 it ra: S,, = 0.0153: S, =8,,=0,0188

S,,.=0.023: Spir =800 = 0,0326
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Chuan s6 Student clia cdc hé s6 tinh theo cong thic (2-36). Thay s&

vao tinh todn ta thu duoc két qua:

Gid tri tra bang cua chudn s6 Student trong trudng hop nay 1a:

fone = 12,7 ¢ gid tri ndy nhé hon tit ca cde ¢, & trén!

NAr vay, tit ca cac hé 6 O trong phuong trinh hot quay trén déu cé
nghia. Dang mo hinh thong ké clia qud trinh chuyén héa sinh hda duge
nghién ciru & ¢ dang:

V= 3386 + 127, 0.374x, ~1.089x.0, + 0.917%°, - 0.5096x

Chureén lai vé dang bién md hda chuan bang cdch thav:

~

L]

5x

13y,

- 1 i
B —T X7 Vi =X —
N— " - A%

[

vao phuonyg trinh trén. ta co:

T=A4 127y - 0.374x, - L08S9x v, = 0.9168x] ~0,5096x;

Sau Khi doi vé bién s6 thue, ta thu duge dang cudi cuing clia phuong
trinh hoi quyv thue nghiém 1a:

V=768 20930 ~312. -0.018: 5, = 0.00104-7 - 0.02351

Kién: trie tinh trong hop theo tiéu chuan Fisher nhu dd duoe trinh
bay trong cic phin & wén. Viee hiém dinh cho thady mé hinh 1a tuong hop

vai cde 6 [iéu thue nghign thu duoc,



Phu luc 2.Can tich phan cta phan bo t phu thude vao xdc suat P (hai phia) va

(mot phia ) bactudo t

. f| P=050 ! 075 090! 095 098 099

T 11000 | 241, 631 127 3082 637

2 0816 160, 2920 430 697 992
30765 | 142 235 318 154 581
N N T
4 0740 131 213, 278 375 460
sl oo 130] 201 257 337 103
6 0718 1 127 194 245 314 371,
N |

707l 125 189 236 300 3500
810706 | 124 186] 231 290 336
90703 1 1230 183 226 282 325
10 0.700 122 181, 223 276 317
Y L 0.697 121 1.80: 220 2720 s
2] 0695 121 178 2081 268 305

130691 ; _
14 - 120] 176
. | '

N
4
[
jo)
2]
|
Ne
oo

4] 0.402
15 0691 - 120 175 213 260 295

16 0.690 119 175 2.2
170 0689 | LI9 L7l 201 257 290
[ 18| 0688 l L19] 173 2000 2550 288




D

100

19 0.688 L1900 173 209 254 286
{ 200 0687 . LIS L73, 209 253 285
200680 LiB 172 208 252 23

. | |
20686 LI8. L7210 207 251 282
23] 0685 (181 171 207 250 281,
2400685 1 LI8 LT 206 249 280
05 064 LIS 071 206 249 279
%6, 0,684 LIS, 1710 206 248 278
27 0684 LIS L7 205 247 277
M 0683 17 1700 20s 247 276
29 0683 117 L7 205 246 276
0. 0683 L1700 1700 201 246 2.7

L
10 0.68] 17 168 2.0 242 270
60 0.679 LI6E 167 200 239 266
120 0.677 L16° 166 198 236 2.02
v 0674 1150 164 19a 233 258
(7 p_o7s 0875] 095 0975 099 0993

| | |



Phu luc 4: Gidi han tich phan cua phan bo:F trong su phu thudc vao £, t,, doi

véi P=0.93.

1 f fi=1 2 3; 4| 5* 6 7
P 161 200 246 | 225 0 230 231 239
2 18510 1900 19.06] 1925 1930] 1933 1937
3 w0030 ass| ool o 2] 901 804 884
4 TT1 694 659 639 66| 616 604
5 6.61 5791 541 5490 505 495 482
| 6. 599 514, 476 A4S | 4340 428 44
7559 474 435 412 397 387 373

§ 532 446 407 384 3690 358 344

9 512 426 386 363 348 337 323

10 496 410 371 348 333, 322 307
1 asal 308 3593360 3200 300 295
7 175 388 349 326 il 300 285
13 467 380, 34 38 3020 292 2.77
14 - 460 3.74E I 2.96E 285 270,
15 451! 368! 329 3060 290, 279 264
16! 449 363 324 301 285 274 259
17 445 3590 320 296 2810 270 255
s 44 5SS | 6. 293 277 266 251
19 438 3320 a3 2000 2740 263 248
200 435 3490 310 287 271 260 243
210 43 347|307 284 268 257 242
2 430, 344, 305 282 266 255 240
23] 4281 32| 303 280 264 2530 238
24 4260 3400 301 251 2.36

| 2780 262
4240 338 299 2760 260
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