TUONG QUAN THUC NGHIEM VA PHUONG PHAP BINH PHUONG BE NHAT

Pham Hiru Sy’

Tom tat: Trong cac nganh khoa hoc nhiéu truong hop thuong phdi xdc dinh twong quan thuc
nghiém. Twong quan thire nghiém cé thé dwoc thé hién bang nhiéu cach khdc nhau nhw bang twong
quan, do thi twong quan, todn dé tiong quan, phwong trinh twong quan. Tdc gia bai bdo déic biét
luew y dén cdc sai sét da xdy ra trong thoi gian qua trong cdc ludn van thac sy, ludn dn tién sp, tiéu
chudn xdy dung lién quan dén phmfng trinh twong quan thiét ldp theo phiong phdp binh phuong bé
nhdt, véi mong mudn cdc 16i ndy khodng ldp lai trong céng tic dao tao.

Tir khéa: Twong quan thwe nghiém, phwong phdp binh phwong bé nhit

1. it van dé

Trong Pia ky thuat noi riéng, trong céc linh
vuc khoa hoc no6i chung ton tai nhiéu tuong
quan gitra cac dai lugng ma khong thé xac dinh
dugc truc tiép bang 1y thuyét tinh toan. Trong
truong hop d6 cach duy nhat 13 xac dinh bang
thuc nghiém, nghia 1a 1am nhiéu thi nghiém dé
tim ra tuong quan d6. Phuong phap xac dinh
twong quan bang thuc nghiém d& duoc str dung
rong réi trong thuc té. Viéc xac dinh twong quan
thuc nghiém gitra cac dai luong 1a mot van dé
rat nho trong khoa hoc, tuy nhién, thinh thoang
van gip mot sd 16i trong ung dung, ngay ca
trong tiéu chuan Viét Nam va ca ¢ mot s nguoi
lam cong tac nghién ciu va giang day. Diéu nay
c6 the dan dén hé luy 1a cac 16i d6 c6 thé truyén
tir thé hé ndy sang thé hé khac. Vi vdy, ching
t6i cho ring cling can phai ban dén van dé tuong
quan thyc nghiém va phuong phap biéu dién
chang dé van dé& duoc hiéu b thdu ddo, tranh
lap lai cc sai lam.

2. Lich sir phat trién cia van dé twong
guan thwe nghiém

Nhu d4 ndi & trén, xac dinh tuong quan bang
thuc nghiém tuy 12 mot van dé& nho trong khoa
hoc nhung ban than né ciing cé lich sir phat
trién ctia minh. Trudc ddy, dé tim twong quan
ngudi ta lam nhidu thi nghiém theo mot ké
hoach nhét dinh, sau d6 két qua thi nghiém dugc
thé hién du6i dang bang. O cot thir nhat thé hién
ham s6 - mot dai lugng cua thi nghiém theo quy
luat tang hodc giam nhat dinh. Cot thir hai thé
hién bién s6, tic 1a két qua thi nghiém. Mot s6

'Pai hoc Thuy loi

tiéu chuan nganh, tiéu chuan qudc gia hién nay
van cOn biéu dién tuong quan giita cac dai
luong duodi dang bang, vi du nhu bang tuong
quan chi s6 baa N3y ~ g6c ma sét trong ¢ hoic
N3o ~ d6 bén nén c6 nd hong qu trong tiéu chuan
TCXD 226: 1999 hoac twong quan giira goc ma
st trong o, lyc dinh C, mo6 dun bién dang E cua
dat sét voi do sét trong tiéu chuan xay dung
TCXD 45-78, tuong quan gitta suc khang mi
xuyén tinh q. va goc ma sat trong cua dat o
trong tiéu chuan 20TCN — 174 — 89.

Vé mit toan hoc, bang twong quan 1a mot
cach thé hién don gian nhat va vi vy, 1a cach
thé hién “yéu nhat”. Vi twong quan duoc thé
hién bang tung cap gia tri riéng biét nén Kkhi
nguoi st dung can tim twong quan cta cac gia
tri trung gian thi budc phai tinh ndi suy theo
quan hé tuyén tinh trong khi thuc chat né khong
phai 14 tuyén tinh. Diém yéu thir hai 1a cach thé
hién tuong quan nay khong cho phép danh gia
muc d6 chit ché cua twong quan. Piém yéu thi
ba 13 twong quan chi dugc xac dinh va thé hién
rat hiru han, chi trong pham vi ctia cac gi tri thi
nghiém. Khi can xac dinh twong quan vuot ra
ngoai pham vi thi nghiém thi khéng phai 1a noi
suy ma phai ngoai suy va Vi vay, khong bao
dam do tin cy cua twong quan. Do nhitng diém
yéu d6 ma hién ndy chi con duoc sir dung rat it
ma duoc thay thé dan boi twong quan dudi dang
do thi.

Tuong quan dd thi c6 nhiéu wu diém hon
tuong quan bang. Lic nay quan hé giira cac dai
luong duoc 1ap thanh d6 thi bién thién. Trén 2
truc ciia do thi thé hién duong twong quan cip
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d6i dong thoi trén biéu d6 co thé thé hién nhiéu
duong tuong quan bién thién theo théng sb thi
ba. Uu diém thir hai ctia twong quan db thi 1a thé
hién rat tryc quan twong quan gitta cac dai
lwong va c6 thé danh gia xu thé cua tuong quan
ngoai pham vi két qua thi nghiém, ngoai suy két
qua v&i mot do tin cdy nhat dinh. Uu diém tha
ba 1a ¢ thé thé hién dong thoi nhidu twong quan
trén cing mot biéu do, goi 1a phép “chdong d6
thi”. Khi can biéu thi twong quan cua 2, 3 dai
lwong voi cling mot bién sb co thé thé hién tryc
hoanh 1a bién s6 chung va truc tung 1a cac dai
luong phy thudc. Cach thé hién ndy vira gon, lai
thé hién tryc quan cac xu thé bién d6i khac nhau
cua cac dai lwong véi cling mot bién sd.

Mot cach thé hién khac cla biéu d6 1a cac
toan d0. Toan dd ciing thé hién tuong quan dong
thoi gitta cac dai lwgng ma théng thuong 1a 3
dai luong. Toan dd thé hién béng cac truc dung
duoc bd tri theo cac trat tu, khoang céach va do
so le xac dinh.

Cach thé hién twong quan tht ba 1a tuong
quan giai tich. Pay 1a sy phat trién cia tuwong
quan do thi. Néu nhu trong cach biéu dién twong
quan bang do thi, dudng biéu d6 ndi truc tiép cac
diém v6i nhau ma cd thé chira cac sai s6 thi
nghiém thi ngay nay nguoi ta ung dung phuong
phép binh phuong bé nhat trong twong quan do
thi tim ra duong trung binh hay 1a dudng xu thé
(trendline) biéu dién tuong quan d6. Puong trung
binh dugc xac dinh véi tap hop chudi sé lidu du
lon va di duoc loai trir sai s6 tho, biéu dién
twong quan chinh xac hon, dac trung hon. Sau
khi c¢6 duong trung binh s& xac dinh duoc
phuong trinh giai tich cua duong trung binh do.
Tu chd xé4c dinh duoc phuong trinh giai tich, coi
duong trung binh 1 chinh x4c nhat, c6 thé danh
gia mirc d6 chat ché cua twong quan thong qua
hé s6 twong quan. Hé s twong quan cua chudi s6
liéu thi nghiém 14 chi s6 thé hién mic d6 chit ché
cua twong quan. Dbi voi twong quan tuyén tinh
mot bién va hai bién hé sd twong quan r dugc xéac
dinh thu ty theo cac cong thac sau [1], [2], [7]:

R=>" (X, =X Vi — Yo )/

ST W

R= \/(rfz =211, +1, )/(1— rfy) 2)

trong do T,,,1,,,T,,

la hé sé twong quan theo
tung cap.

Tat ca cac kién thirc néu trén thiét nghi hau
hét nhitng nguoi 1am cong tac khoa hoc déu
biét. Thé nhung trén thyc té thinh thoang van
xay ra cac 16i kho chdp nhian ma nhu d& ndi &
trén, Xay ra ngay ca trong tiéu chuan nganh, xay
ra véi nhirng nguoi lam cbéng tac giang day,
nghién ctru. Vi vdy, muc dich ciia ngudi viét bai
nay la chi rd cac sai sot dé tranh lip lai va
truyén thu cho cac thé hé sau.

3. Noi dung phwong phap binh phwong bé
nhat

Pé dé ban dén cac 16i d4 xay ra trong cac tiéu
chuan Viét Nam va véi mot sd nguoi dd pham
phai khi ap dung twong quan nhu da noi & trén,
ching toi xin n6i dén mot cach k§ hon phuong
phép binh phuong bé nhat. Phuong phap binh
phuong bé nhat dd duoc nha toén hoc nguoi
buirc Carl Friedrich Gaus dua ra vao nam 1795,
da duoc trinh bay ky trong gido trinh Toan hoc
cao Cép, tap III cua Bo Giao duc va Pao tao.
Ban chat toan hoc cia phuong phap binh
phuong bé nhét ¢ thé tom luoc nhu sau. Tir cac
két qua thi nghiém ta co cac cip tuong quan y;
theo x; tudn theo mdt ham giai tich y = f{x) nht
dinh. Tuwong quan giira cac dai lugng c6 thé 1a
tuyén tinh hodc phi tuyén. Vi day la twong quan
thuc nghiém nén céc cap gia tri x;, yi twong tng
chic chan khong nam trén cing mot dudng do
thi ma cd sy sai léch nhét dinh. Goi do sai léch
dola d, ta co:

dy=y1—f(x) da=y1—Jx2)

. dy =yn— S(xy) .

Phuong phép binh phuong bé nhat 1a tim mot
duong y = f(x) kha di nhat, tic 1a di qua gan
nhét tat ca cac diém thi nghiém sao cho:

F=d?+d2+.+02 =302 =y~ f (x)] =min(3)

Pé dé thuyét minh ta liy tuong quan tuyén
tinh lam vi du. Puong can tim sé c6 dang:

y=ax+b 4)
Theo phuong trinh (1) ta co:
d =y, —ax—b 5)
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d2=y2—aX2—b (6)

d = yn ax, — b @)
Binh phuong hai vé va cong vé theo vé ta co
phuong trinh:

F=>(y-ax-b) ®)

Pé tim dugc phuong trinh ciia y coia vab la
cac an sd va xac dinh diém cuc tiéu cia ham F,
c6 nghia 1 tim gia tri nho nhét cua tong binh
phuong cac gia tri d. Chinh vi vay phuong phap
nay goi la phuong phap binh phuong bé nhat.
Tir phuong trinh (8) ldy dao ham hai vé 1an luot
theo a va b va cho bang 0 s& c6 hé phuong trinh:

%ZZ(yi_aXi_b)(_Xi)zo ©)

oF
—b:Z(yi —ax,—b)=0
Giai hé phuong trinh trén theo a va b ta duge:

L N2 Y%= %Y,
Y ¢ (%)

DR INEPRINI’
N2 (20X )

Thay cac hé s6 a, b vira tim duoc vao
phuong trlnh (4) xéac dlnh dugc phuong trinh
hdi quy can tim. Hé sb tuong quan duoc xéac
dinh theo cong thirc (1) & trén.

Hién nay phian mém EXCEL d4 lap sin cac
phuong trinh cho tuong quan tuyén tinh va phi
tuyén, trong d6 twong quan phi tuyén bao gém
ham s6 mii, ham logarit, ham da thic bac cao,
ham liy thira.

Trong EXCEL, sau khi vé va cho hién
phuong trinh hdi quy, click vao 6 “display R-
squared value on chart” s& xuat hién gia tri R.
Céc tai liéu khac nhau chia khoang ctia cac mirc
d6 chat ché khac nhau thi khac nhau. N6i chung
c6 thé chdp nhan R>0,8 1a twong quan chit,
0,4<R<0,8 la twong quan trung binh, R<0,4 la
tuong quan yéu.

4. Mot s6 156i khi biéu dién twong quan
thwe nghiém

Bay gio ching t6i mudn ndi dén mot sé 16i

(10)

(11)

(12)

khi ing dung phuong trinh hdi quy dé xac dinh
twong quan thuc nghiém ma ching toi da gap.
S& 1a van dé nho khong phai ban tdm néu dé chi
la 16i ctia mot vai ngudi, trong mot vai tai licu
ca nhan. Tuy nhién, thuc té d6 1a 151 trong tiéu
chuan nganh va trong cac luan vin thac sy, tién
sy ma c6 thé 1ap lai va lan truyén. Vi vay thiét
nghi can 1am rd dé chan chinh lai.

4.1 Léi khi chon phwong trinh hoi quy

Trudc hét néi dén dang phwong trinh hoi
quy. Nhu da néi ¢ trén, sau khi ¢ tap hop sd
liéu thi nghiém, v& biéu dd phan bd cac két qua
d6 1én hé toa d6 Décac, quan sat dang phan bd
ctia cac diém dé lya chon phuong trinh giai tich
thich hop. EXCEL da cho phép lua chon cac
loai phuong trinh khac nhau. Néu Iya chon
dung, khi v& dudng trendline va click cho xut
hién phuong trinh, hé s twong quan s& cao,
biéu hién twong quan chit. Nguoc lai s& cho két
qua tuong quan yéu. Chung toi d& duoc doc mot
ludn vin cao hoc, mic dau dang phan bd cua cac
diém thé hién 6 la dang ham mid nhung hoc
vién van chon trendline dang tuyén tinh va
duong nhién, cho hé sé twong quan thip. Ldi
nay ching to rang ngudi dung khdng hiéu cac
dang phuong trinh chinh tic, cac quy luat phan
phdi ctia chudi s licu va khdng biét dén khai
niém “hé sd twong quan”.

4.2 Léi khi chon dwong trung binh va xac
dinh hé sé twong quan

Loi thtr hai ma chung toi dd gip ciing trong
mot luan vin thac sy lién quan dén duong
trendline khi hoc vién nghién ciu “Xay dung moi
tuong quan thuc nghiém gitra cac chi tiéu co ly
...” nhung & mot khia canh khac. Sau khi c6 két
qua thi nghiém (xem bang), hoc vién di V& biéu
d6 va thém duong trendline. O day viéc Ira chon
tuong quan dé nghién cru vé mat chuyén mén
khong on, tuy nhién ching t6i chi ban dén twong
quan duéi goc do toan hoc. Can ctr dang phan bd
cta cac diém thé hién quy ludt tuyén tinh day du,
thay vi thém duong trendline dang y = ax+bthi
nguoi ding lai vo tinh chon dang y = ax bang
cach click vao 6 “set intercept = 0,0” va nhu vay
budc do thi di qua gdc toa d (xem hinh d thi bén
dudi). Vi vay, R?cho gié tri am.
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Hinh 1. Ldi khi chon dwong trung binh bdt di qua géc toa dd

Nhu chiang t6i d@ noi ¢ trén, s€ khong phai
ban tim néu day 1a 16i & mot ngudi, mot chd nao
do6 it dugc biét dén nhung day lai 1a 18i trong
luan vin tt nghiép cao hoc. Khi 16i nay khéng
dugc chinh stra Kip thoi nhirng nguoi khac tham
khao luan vin ndy ciing s& lap lai sai lam nay.

4.3 Déi vai trd ham va bién trong phwong
trinh héi quy

Ldi thtr ba ciing trong luan vin ndy va dong
thoi cling xay ra y nhu vay trong tiéu chuan Viét
Nam TCVN 4197 — 1995, lién quan dén vai trd
ham — bién khi thiét lap twong quan.

Nhu d& néi & trén, dé xac lap twong quan

thuc nghiém bang giai tich nguoi ta tim cuc tiu
cua ham F, tirc 1a cuc tiéu cua tdng cac Ay dé
x4c dinh duge ham y = f(x). Vi vay, khong thé
tly tién doi vai trd ham va bién. Néu trong toan
hoc, d6i vi mot cong thire 1y thuyét co thé tly
¥ d6i vai tr0 ham va bién thi ddi véi cong thire
thuc nghiém mudn doi vai trd bién thanh ham
phai xac dinh lai tir dau, c6 nghia 1a phai dung
phuong phap binh phuong bé nhit giai va tim
cuc tiéu ctia bién Ax. D& 1am rd hon van dé nay
ta hdy lam mot vi du cu thé mot tap hop sb liéu
trong bang dudi day.

1,2
2,1

2,4

3,1

3,2
3,6

D OB~ WN P (X

Hinh 2. Biéu do twong quan ham y = f{x)

Phuong trinh hdi quy cia dudng trendline
la: y=0,4571x+1. Néu thuan tay tinh toan
dé d6i vai tro bién thanh ham, tuc 1a x = f (y)
ta sé co:

1
X= —
0,4571° 0,4571
Bay gio ta doi thir tu cot trong bang trén va
v& lai dd thi, EXCEL s& tim cuc tiéu ciia AX:

y —x=2,188y—-2,188 (13)
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Hinh 3. Biéu do biéu dién tiwong quan sau khi da doi vai trd x = f(y)

Nhu vay, phuong trinh cia duong trendline
bay gio la:

x=2,0725y -1,8886 (14)

R6 rang la phuong trinh (13) khac phuong
trinh (14). Piéu d6 1a do cling mdt twong quan
nhung phuong trinh biéu dién cyc tiéu ctia Ay s&
khéc véi phuong trinh biéu dién cuc tiéu cia
Ax. Dbi véi cong thirc thuc nghiém, mudn bién
d6i qua lai gitta ham va bién thoai mai nhu dbi
V6i cong thirc 1y thuyét thi khi xac lap phuong
trinh hdi quy thay vi tim cuc tiéu cua ham
F= Z:(Ay)2 ta hdy tim cuc tiéu coa ham

F ZZ[(AY)2+(AX)2J. Trong luan van trén,

hoc vién dd xac lap twong quan gitta cuong do
khang nén no hong q, theo géc ma sat trong cua
dat: q, = f (¢) . Tuy nhién & chuong cudi, khi
tmg dung cho mdt cong trinh cu thé thi lai 1a
o=1(a,).

Mot dang sai sot khac 1a xay ra védi nghién
ctu sinh. Sau khi lam mot thi nghiém va vé
dugc biéu do quan hé, nghién ciu sinh nay da
ding phuong phap thir dan dé xac dinh cac hé
s6, dua twong quan cua cic dai luong thi
nghiém vé dang phuong trinh thyc nghiém cia
mot tac gia khac da céng bd. Viéc 1am nay thé
hién nghién ctu sinh khong hiéu ¥ nghia toan
hoc ctia phuong trinh thyc nghiém va cach xay
dung no.

Nhu trén da ni, sai 1am vé viéc doi vai tro

ham va bién khong chi ¢6 hoc vién cao hoc mic
phai ma xay ra ca trong tiéu chuan Viét Nam.
Diéu nay gay ra sai so hé thong ddi v6i nhirng ai
so dung tiéu chuan ndy. Trong tiéu chuan
TCVN 5747-1993 d& dua ra cong thac thuc
nghi¢m xac dinh gidi han chay theo Casagrande
tir két qua thi nghiém bang chlly Vaxiliep:

(15)

Cs

1
W= g(WVI + b)

Tuy nhién, trong tiéu chuan TCVN 4197 —
1995 lai thuan tly gidi nguge cong thirc (15) dé
dua ra cong thuec:

W, =aw —b

5. Két luan:

Tir cac ndi dung trinh bay & trén c6 thé rat ra
mot s két luan sau:

1. Mac dau van dé biéu dién twong quan thuc
nghiém 1 mdt van dé nho trong khoa hoc nhung
lai dugc st dung trong hau hét cac linh vuc, ké
ca khoa hoc tu nhién va xa hoi, vi vay, viéc chi
ra c4c sai sot khi tng dung 1a can thiét dé khong
lap lai vé sau.

2. Céac 15i sai sot khi ing dung phuong trinh
hdi quy st dung phuong phap binh phuong bé
nhat thuong 1a chon phuong trinh hdi quy, chon
duong trung binh khong dung va tu tién do6i vai
trd ham va bién.

3. Céc 15i ndy anh hudng dén két qua nghién
clru, vi VAy, can phai dugc khic phuc, nhat 13 doi
V61 nhirng nguoi lam cdng tac giang day va
nghién ctru vi néu khong c6 thé anh huong lau dai.

(16)
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Abstract
EMPIRICAL RELATION AND MINIMUM SQUARE METHOD

In the different science fields there are many cases must be used empirical relation between
terms. Empirical relation may be present by different ways as table, graphic, mathematic graphic
and analysis formula. The author of the paper specially notices the faults that happen in master and
doctorate thesis, government standards which concern relation presented in formula type used
minimum square method. These faults were discussed in order will not repeated again.
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