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Prediction of Thermal Hazard Data of Benzene
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Haruhiko ITAGAKI** and Shigeru MORISAKI**

Abstract: Evaluation of chemical hazards is important in the chemical industries because explosions
or fires occasionally occur in the batch processes where fine-chemicals including pharmaceuticals
or functional resins are produced. If the evaluation of these chemical hazards is possible by easy
calculation, this may save chemical industries’ money and time.

Thermal hazards of chemical substances must be evaluated from the two aspect; sensitivity,
which shows how easily chemicals may decompose or ignite, and severity, which shows how
much or how fast energy is liberated when chemicals decompose. One of typical methods for
evaluation of thermal hazards is DSC, which gives information on sensitivity (exo-thermic onset-
temperature) and severity (decomposition heat) at the same time with easy operation. This
report consists of results of multivariate regression analysis and discrimination analysis between
DSC-data and chemical structures of benzene derivatives (307 samples). If these results could
predict chemical hazards accurately enough, they would be used for direct evaluation of thermal
hazards from chemical structures which are easily known without any experiments.

(1) Regression Analysis ‘

The following three sets were selected as suitable variables for pre-regression analysis in mono-
substituted nitrobenzenes (51 samples) for the prediction of decomposition heat (kcal/mol).

SET 1, Types of functional groups

SET 2; Atoms in functional groups

SET 3; Chemical bonds in functional groups

From the results of calculating of the coefficient of determination (R?) and the correlation
coefficients, SET 3 was found out to be the most suitable model. The regression analysis using the
variables in SET 3 in benzene derivatives (307 samples) gave relatively good result, showing R?
of 73.5%. However, another set of variables including influence of interaction between functional
groups may be needed to improve the accuracy of this prediction. For the prediction of exothermic
onset-temperature, SET 1 and SET 3 were also selected as suitable sets of variables in the same
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way. But the both models didn’t show good prediction. This reason may due to the fact that
exothermic onset-temperature is primarily influenced by minimum bonding energy in chemical
substances.

k (2) Discrimination Analysis

Identification of thermal hazard rank of each di-substituted benzenes (128 samples) was car-
ried out using discrimination technique on decomposition heat (cal/g). The kind of chemical
bonds in functional groups was adopted as variables and the correct discriminate ratio was over
90%. '

However, our chemical knowledge is not enough to explain the meaning of the coefficients in
the discrimination analysis. And more, it was difficult to decided the rank of chemicals which
had the values of decomposition heat near the border (ex. 200 cal/g). It may be effective to
apply fuzzy theory on this discrimination analysis to solve the above problem.

Key Words: Thermal Hazard, Multivariate Analysis, (Regression, Discrimination), DSC, Exother-

mic Onset-temperature, Decomposition Heat
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Fig. 1 Tests for hazard evaluation of reactive chemical
substances.
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Fig. 2 Pre-tests for hazard evaluation of reactive chem-
ical substances.
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Table 1 Classification of chemical hazards and their
evaluation indications.
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Fig. 3 Thermal hazard informations from DSC curve.
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Fig. 4 Thermal hazard classification by To and Q.
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Fig. 6 Frequency distribution of types of substituent
groups.
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Table 3 Classification of functional groups.
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Table 4 A result of multivariate regression analysis
for decomposition heat by kinds of functional
groups. (mono-substituted nitrobenzene)
RBEOTE 1 —FEEOEE
(—Bg=taxrEy)

Variables Coefficients Std.Dev.

Const. +62.8 6.3

—CH=CH—(Alkene) +58.1 22.2

—(C=0)—(Carbonyl) +12.8 11.9

—(C=0)NHNH; +48.0 28.9

—N—(Amine) +17.5 10.8

—O—(Ether) -7.2 12.4

O—P(Phosphate) +133.5 61.3
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(a.0)+(b)+(c)+(d)
(Table 4, R2=76.6%)
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(a.0)+(a.1)+(b)+(c)+(d)
(Table 5, R2=87.1%)
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(a.0)+(a.2)+(b)+(c)+(d)
(Table 6, R*=82.4%)
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Table 5 A result of multivariate regression analysis
for decomposition heat by kinds of functional
groups and their atoms.

(mono-substituted nitrobenzene)
HRMBOTFE 2 —FHESLUREFOEH
(—B#R-to~rtEy)

Variables Coefficient Std.Dev.
Functional Group ‘

—(C=0)— (Carbonyl) —13.3 6.1
O—P(Phosphate) +133.9 16.5
Atoms in Functional Group

Unsaturated Carbon +12.4 3.4
Saturated Carbon - —12.8 4.3
Total Oxygene —12.5 4.8
Unsaturated Sulfur —83.5 26.7
Saturated Sulfur —41.8 22.8
Molecular Weight +0.70 0.09
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Table 5 IZ#> TWBEFENENIITH L5 H
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BlZiE, EFN 2. DR (Table 5) % v 72F il
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Q=213 x0.7 (4rTE 213)
+1x—133 (ANVKR=NVED)
+1x 124 (RPEFIRE 1 1H)
+1 x —12.8 (BAFIR R 1 1/)
+2x —12.5 (B&3R 2 {H)
+1x —41.8 (8214 7 1 @)
= 68.6(kcal/mol)

L L, ZOERMIOER (Table 5), T75bb



L2 D L DBERYE T — 2 D TR — X2 £ BB gk —

Table 6 A result of multivariate regression analysis for
decompositon heat by functional groups and
their bonding. (mono-substituted nitroben-
zene)

RBBDOTHE 3 —HBEOER
(—BZ=toxrEY)

variables Coeflicient Std.Dev.

Const +65.7 3.0

C=C—(C=0)0OH +55.3 10.3

C-N +15.2 6.9

C-X +23.2 12.5

N-N +23.2 8.7

O-P +32.6 4.2

P-Cl +-81.9 8.9

Table 7 Estimate decomposition heats(kcal/mol) from

a result fo multivariate regression analysis on
kinds of bonding.
(mono-substituted nitrobenzene)
HBEBDOTHE (kcal/mol) —HE&DIEH
(—B#®=ta~xrEy)

Chemicals Functional

groups Obs. Pred.

p-nitrotoluene —CHs3 54.1 65.7

p-nitrobenzoic acid —(C=0)0OH 67.8 65.7

p-nitrobenzamide —(C=0)NH; 76.7 80.9

p-nitrophenylhydrazide —NHNH2y 91.1 88.9

parathion —OP(OC2Hs)2S - 140.0 163.5

ERMEEOK & SRFENLEN L BRSFRD (35
E0RY, FRTARL 2LEMETH S,

ZRUTH LT, BRIDEECTlIER O REE ICHREEY
HYNZ) LEREPOEEEEEL LI2E 7 (Table
6) ic & 5 FHIRIE, LHEOTRIR & R fEHHE
T3 30D, ZOTRIRNITIERBELTH» ) S,

CORREACTEEN= P uRr XU HEED
REBOTAHEITE ERBCITI, FIZIE, 20
THHE LT, RBLRALLAMEEZ 5, nfk
BDEA, BEHHICIE Table 6 Ik 2HEAEE
FLWwDT, TORBEOTIEIIELKHNA L L
%, EH15Q=65.7(kcal/mol) TH %, fsHfFl & LT,
= nEUADERERE L LT, —CCl,—NH—-NH, %
oM ELEL 5L, BREPIC-X (X3
) HAEN296Y, C— NEAHH1D, N-N
AW 12BN T, ROANTTFHEEEZ KD 5FEH
T&5%,
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Table 8 A result of multivariate regression anal-
ysis on kinds of bonding.
(di-substituted benzene)

RBBOTE 4 —HEOES
(ZE#~REY)

Variables Coefficient Std. Dev.

C=C—-(C=0)0H +49.0 13.4

Cc-0 +4.6 2.9

Cc-Cl +47.3 6.4

C—Br +40.6 6.4

N—-N +33.4 7.6

N-O +70.2 18.5

O=N=0 +56.5 3.8

N=O +27.6 18.9

0-0 +76.6 26.3

O-P +32.0 6.4

O=P +53.0 22.7

S—Cl +23.7 13.1

P-Cl +54.8 8.3

Table 9 A result of multivariate regression anal-
ysis on kinds of bonding.

(benzene derivatives)
HBENOTH 5 ~BEOELH
(R € BERHERE)

Variables Coefficient Std. Dev.

C=C—(C=0)0H +37.3 14.8

C-0O +5.4 1.9

C-Cl +59.1 6.8

C—Br +40.6 7.3

N-N +34.8 7.8

N=N=N +87.9 18.8

N-O +57.5 13.5

O=N=0 +67.4 2.8

N=O +28.2 13.9

0-0 +69.2 23.1

Oo-P +23.7 5.2

O=P +61.9 26.6

S—N +25.5 12.0

(S=0)C=C +48.5 . 32.6

P-Cl +52.8 10.3

Q(kcal/mol) = 65.7+2x 23.24+15.2423.2 = 104.1

Table 7 122D FHIRIC & 2 FRIME L ERHEDHF
2K —EWART, L) ffELTRIRICL TR
R EREE TEAE L IZE - L Tw5,

ZZTC, LitoKeoEEEHMAEKRELLZET
NERACTTFEMNREE2 ZBREICLT, BT
AT 2R 2R (Table 8, R2=75.4%) . R*®
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Table 10 Functional groups which have large errors in composi-
tion heats between observed and predicted values.
FRAEDEEI K & RIEFHEOTHESE
Functional Groups Errors
Cl Cl Cl OH 138.0
Cl Cl Cl OCH2;COOH 84.9
Cl Cl Cl O(CO)OC(CHs)s 104.6
Cl Cl Cl NH> 78.8
Cl Cl COCl H 85.9
Cl Cl OCH2;COOH H 111.0
Cl Cl NHCHs NHs 82.0
Cl Cl NHCOOCH3; H 102.6
Cl Cl NO2 NO, 104.8
Cl COOH SO,NHNH; H 107.7
Cl COCl H H 91.9
Br Br Br NH, 92.1
I I I OH 80.3
CF3 N(CzH7)s NOg NO3 85.2
CHsz NO» NOs NO5 89.8
H H NO» NO, —-82.3
Table 11 A result of multivariate regression anal- YoorFr—2 b RE&E{EbT W,
ysis fro decomposition heat by kinds of LLEA S, BRBEOTFAEFLE LTI EREET
bonding and halogen bonded to benzene A e . N
ring. (benzene derivatives) DIEAELRL LTRHCSEIARMEEL LN b,
EHEBOTH 6 322 FHEHR
BEOERRES O/ 0T H HREEFOZEAN OB E FL & LBMERD
(R MIRE ) L s 7 42
ETNT, {LENICLHIBREMBTTCEIHEREHE
Variables Coefficient Std. Dev. LZRBLITDOWVIDT, CITRFDEFNEHFEST
Bonding N BERLCAW S (307 %) DT EIT 72,
g=g—<C=O)OH +32-§ 1%3 ZORER, FTURNREZ2H6bTHESRIIR=
- +4. ' 7 \ AR A S48
Gl 4512 6.9 66.9% L% NP3, BT LHRWTRARIELN
C—Br +39.7 6.5 %% - 72 (Table 9) o
N-N +32.8 7.0 ZNTLERLNREEFOEBIGEIE B R~ L
o e o YERRE LERRERELVEFBLA, O
O=N=0 +66.1 2.5 TN AW TARORBRIHBHEEL TWT, 4
N=0O +30.5 12.5 BT - PBICEMEINTV-THIHIZERELE
o2 oo o LLAWEBHEND, SO Eh b, RMOA
O=P 156.0 93.9 MORBEOTHUEFT L E LTRRELZRYE LW
S—N +18.0 10.8 LBRbns,
(8=0)C=C +48.5 29.2 MEBRHFSEINIWELDT, YDk kil
— 4.7 9.3 . . N
111 101 — - DILAH EFCFRTE g, B (R
alogen bonded to benzene ring s S 2y B S e >
5-X +20.8 5.3 THHE) OFTHEP SN, ThE, REOKE R

(50kcal/mol LI k) {t&MoiEE LR e LT,
YECYRICHEBEALLZ 0T Y EHEATWSLA
MR ICZWEIlbY» 5, (Table 10)

ZIT, COMRKELTRICHEALTW S uy
YOBREPEHRELTEMLT, HEBINEIT-o72 F
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Table 12  Estimate decomposition heat(kcal/mol) from a result of multivariate regression (benzene deriva-
tives).
RBBOTFAME-HESOBE+BHEE/ DSV
(R € BERFEYHRF)
Chemical Substances Functional Group Obs.  Pred.
Mono-substituted nitrobenzenes
p-nitrotoluene —CHs3 54.1 66.7
p-nitrobenzoic acid —(C=0)0OH 67.8 70.4
p-nitrobenzamide —{(C=0)NH3 76.7 66.1
p-nitrophenylhydrazide —NHNH> 91.1 98.9
parathion —OP(0OC2Hs5)2S8 140.0 134.7
Another benzene derivatives
benzoyl chloride —(C=0)Cl -H -H -H 67.8 51.2
3,4-dinitrobenzylalcohol —CH20H —NOy —NO2 —H 164.0 136.5
p-chloroanilidophosphoric acid —NHPO(OH)2 —Cl —H —H 106.0 116.8
3,4,5-trimethoxycinnamic acid —CH=CHCOOH —OCH3z —OCH3 —OCH3 54.0 52.5
2,4,5-trichlorobenzenesulfonyl hydrazide —SO3NHNHj ~Cl —Cl —~Cl1 168.0 113.2
Table 13 Typical chemicals with large error.
BREDK & BLEY
Chemical Substance Functional Group Obs.  Pred.
5-chloro-2-nitrobenzotrifluoride —NO; —Cl —CF3 -H 9.5 86.9
2,6-dinitrobenzoic acid " ~NOy —NO3 ~COOH —-H 52.1  136.5
1-chloro-3,4-dinitrobenzene —NO3; —NO3 —-CI —H 81.7 153.0
4-fluoro-3-nitrophenylazide —NO3y; —N3 —F —H 218.0 1614
2-chloro-3,5-dinitrobenzoic acid —NOy; —NOg —~COOH -Cl 245.0 157.3
2,4,6-trinitrotoluene —NO3 —NO3 —NO2 —CHgs 292.0 198.3
5EEFR? = 135% L W{ bPREEN, £OTH Bl HHPETFICLEOEE EEVLNAME

X Table 1112, 72 FRIENHIZ Table 12 IR L
Twb, L2L, TARONEZ2H5bTHESRG
N3, ERISCRM{EAYoERIE (REE)
B TFAT I /TEEN D S,

Z2T, BURE (RAME-THE) o5mc
~, HENKEY (HisHE 50kcal/mol LI_LE) {LAY
ZOWTZEDREE LD E A B ERODEFLI S,
9 TFRMED FH/N S WibAt GRENIE) DEH
&, BEOEBEXRERET, $5WidBERo=uEz2at
FEHZW, FLTREOFFIRKENLAY (EED
H) 245L, CHLLLBRO=MEEEATWS
EhrZn, ZLT, B#EO=uE2EULAWT,
BREDTRED F XK E LA E NI LAY L
2EN=FnRUNOEREETHRT S &, FREX
DIEFICKELEWELL, B0 20MA4
bEREAMETTH 5 (Table 13, Fig. 10) ,

InZ 3, ABTARDESERL2ILICEITS

BEnitath) 2RATCELZERTF (LEDEREENL
B bl BERREMOMAERZRTETLEZS
n3) 2EMTHLEIFKHHZ LR LTS, I
TNEIHh, ENDL) LHMEFZEMTUITRY
PRELHALPTERLL, SBROMEVPVETSD 5,

33 RERBEEDTHE

3.3.1 EFNLOES :
REBEABIBEICOWT, —Ef=bexrEr2
WEIZ, REEBNEFNELTCHELTWIERED
A ERETOBANOKZBHMEKRE LEF
NIRRT R AT - 72,
1. BEReRo@EEE R L LET L
(Table 14, R? = 71.4%)
2. EFN 1 ICERETRDOEANOKEEML-E
TV : :
(Table 15, R*=60.3%)
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Cl COOH

[::] Noz[::jNOz
NO2 NO-

B#% = -71.3 BE = -844

COOH

@
NO-z NO-

BZE = +87.7

Fig. 10 Typical chemical structure with large error.

REDKEBILEHDOEERX DA

B, COHRTLIDEFNVIG RRBOWBITOSE
A LR, ZUTIEREOEREPENERE LT,
HRENERE—LTHEL CRBEIHEIT> T 5,

REBLTH LHBITER &, REAHREE
DFRRDELSBIIEREDEAOTEEEHATE
ELEFNED DERENEE 2 HAEKRE L
ETFNDOFHTHRRV,

LAMDORBEL, FHT 2 BEREDZISIFH
DEZANF—DRMTEINBEEEZ LNLD T
REHYE LTEREADEANEHEZ AW T N0
BRTH-2h, Fhicx L CHRBEAKRIEE R, 1L
BBICEEINIEBNDEL BHANFT, 204
AZANF—DELNEEFOFRIEEE HIEE
LEZLNDEH, BAEHHAEZRELTIETNTIE
EFLKBHTELZWEEZLNSE, BWETILOE
RIIABOBRBETH 5,

4. HAGHORER

41 RHEEEICLLEREOHNS IR

T, ko EEHEN LI D EoNE
%, HbibanEENBRY HEEZDERIER
HET 2 FRERZHBST2HNTRDS 2L 2R
Hie, BEEE CRREBMEBEDEY L ET NI E
EROPo>TWRWOT, AREBRHEZHTH
HENRRIECOWTOARITEZ B %S, 12K
Lkrgicid, THRHEE X L TR BEOIE (%
BRBBRIEEE) RUB P OIEE (RBE) ozheh
i22nWT, T2 0B LNTWwBbAmENFND
ERPEPOHEE LT, ZOWED S Fig. 4 D4

ERE SRR HE RIIS-RR-90

Table 14 A result of multivariate regression anal-
ysis for exothermic onset-temperature by
kinds of functional group.
(mono-substituted nitrobenzene)
ZEHREAMBEDFA 1 —EeEEDES
(—B#-bto~RrEY)

Variables Coefficient Std.Dev.
Const. 291.8 28.8
—(C=0)—(Carbonyl) +69.6 23.5
—(C=0)NHNH, —62.6 414
—Y(Amine, Ether) +47.3 25.3
—NN-—(Hydrazine) —118.9 18.5
O~—P(Phosphate) —45.6 54.2

Position(metha,para) +18.2 27.7

HTRAAMofMREE L, ZE By THA
SMEITINETH S, \
COEBPGITICBWTIE, TRIEFLELT, [
RO TR ERETOEAOEMEZ ALK
LicET N2 HE->THITET ) B LT 5, BURDT
Tid, RBBOMME LTI EAL LY ORBES
F\varens, HEILEYO GRE% FHES 5 BRici,
HEMNBEERTLO)NFFEIVRORENHREELERT
EEZLNBZDT, BHREDHET LEOREBEIC
[FBALE LT cal/g 2 iz,
{LAMDIERIEHED /2D D FEMDR T I2E
R HFEFHBLEBbNLEY, T2 Tk ASTM @
CHETAH 7'v 7' 7 A DLEWME D RKEIARD 5K
FMRIESIEDEAE & LT 300cal/g & 700cal/g #¥F
ENTWBIERL, THORVWFORE? HEIZ,
CHETAH Offi2* DSC DFEHME & ) KEWEERPE
LT, 200cal/g % fal¥r B DPIRrEEE L L7,
BT 24T LW E o N -1k, S TIRTE
R UoERFEEL, LT, 2hThDiLs
W% #HEE (cal/g) DIED 5, 200cal/g 2EHEL L
TRRM»EPCHEL, Z0F7—2 2EHEFTD
HEOBELHALERE LT VTatT L7z,
FRFTHER T Table 1612, F72ZDHIFIHER T Table
17TICRLTH B, EEFRE L TUT I0%L EOfES
‘o, LA2L, ZOHKERITOWTREMIZHER
THNREZTIELL, EFVOBREFLEL R
bild,

i, FiICRYoBTLEBRY»ERBREBE LT
BIBFEN BN, ZOHDOGEALE~METH S
DT, FEEEYPERDEHFTFINGB/NIIHIT
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Table 15 A result of multivariate re-
gression analysis for exother-
mic onset-temperature by
kinds of bonding.
{mono-substituted nitroben-

zene)

HRBEIREEDOTE 2 — B4

DiEHE

(—Bf=tn~>rtEr)
Variables Coefficient Std.Dev.
Const. +262.8 40.5
Cc-C —16.3 11.5
C—N +53.4 15.3
N-N —145.9 19.8
N=0O +34.3 194
O-P —25.0 9.4

b, 2T ERmE EL CHIrdNns &9
KR OoPDEALITEITIREFH DL, 350,
HEEMEDILAMIIRBBNBERED LD, ik
MET 2PEBRMET I22PEWLIDEHD, *
DY ERERPZDE FHAIROEE LBET L, =
DEIZOWTIE, MZE 77y —HMB2nAE LR
WHEDCEPELETHS I,

5. 2

RBEETIE, 2ZERTOFELHNT, L%
ME DEBE % 2 O iRE & BREBIAIEE 5 & Tl
THETHRBIOHERERD L Z L 2RAL,

EFSWOERTIE, RBEOTRERELT, B
HERICERETOEBOBEANOKE L5 LT,
HEHER? = 73.5%(Table 11, #fk -~ ¥ BB
{t&4r 307 samples ) DFHIRPFESLNT, T 72,
REBBIEEICOWTIE, EESTIC L 2 TRIR %
KD b72HiT, HWEROKREE 2 LB V-EHE
BERO2P>Twicw, 518, (LAYDERIED S
VI EREER, LEERO NN P, REBELE
¥BiICfafREnHES:2 L2F— 2 2B THHGHT
ke, EZHE 9OO%LL L DEEFRHE & 755 (Table
17), HEMRB O BRI L {, 512
RS BBETH 5,

AEE L TR, AR TR, EEITRIC
HAT2ICRELFTESTH B, AROBEFICL-
T, WEOMFHICHTZ 5 5 TRIR A5 1 5 "W RgE
BESHBIEIRENLLEEBS, 4%, INEW
EFNDOREFB LM FEO&KREICL D, Tl
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Table 16 Discrimination coefficients
for the determination of dan-
gerous chemicals based on
decomposition heat.
(di-substituted benzene)

TERMEOHBIR

SRBEE /BEeOEE

(ZE@B~E)
Variables Coeflicient
Const. +5.61
C-Ci —2.91
C—Br —2.82
N-N —3.62
N-O —12.26
NOo —10.30
0-0 —12.26
O-P +10.30
Oo=P —32.86
5-0 +3.94
S—P —32.86
P—Cl +10.30

Table 17  Classification of dangerous chemicals by dis-
crimination analysis. (di-substituted benzene)
HBRICL B RERR
RBERE HEOEH
(ZBIB~EY)

EHIC X 208 HERIC L 208
Jefabaty Al 7t

JEfafstn 56 6 62

fE 5 61 66

gt 61 67 128

% 117 91.41%

M 11 8.59%

FEOFELEZRD 72\,

Fi, BIROZ LD, TITHRRTEREEE
BATIC L B FRIRIL, ChoaTIAMDERIED
BTG E2F I LENTEDL L W) LDOTIIESL,
BRI HENFEEDHHATITONERETH B,
72, FNLEEANCEML T, EBORERICE
% fE i A R 2 4T ) B B RIEM B RE TR E
Thb,

(PR 34 4 A 22 H %)
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FHE AV SERBFOFROBE

ERNRSTOBRE

y (21, REBARKIEE) 3%z, z2,23, -, 2p
(B2, B0, BErREOBENNE) NEE
ERITTEMTEDINDET B, ZORMRIE—HKIZK

y; = f(@i1,Ti2, T43, -, Tip) + €4 (2)

THEYE D, 71,22,23,24, -, TpPR L% 50D T
BNy BN EbITTIELL, E62&%2FF-
TBY, ZNERTDIe;DHTH b,

{zs1, T2, 233, Tigy -+ Tips Yi}(1 = 1--2n) DF
—hs, EESPHEL Cz oyl FRILZWE
CEEBSSAC NG, ZO, z;(j=1--n)
A% TEPAZH,, yo° TENEEL THh b,
BEe;lTDWTE, KOWUSHEENBLNL TS,

a) M MHESFECK 2.

FEREREWFERTIFEERE  RIIS-RR-90

b) HITHEe; ey (BL #4) (ZEVIZHOL (48
FERE) ,  F R E D ML,
c) HEHEE; IEL 2 &z, yic L Sk,
d) IERME; e 2 ERSHITRET,
B S & L TR OIEHENZ ol

¥i = Po + Przin + Bazso + -+ + Bpzap +e; (3)

ThHbd, 77— (xi,y:) b, BEHEL, y2TAIT
53K

yi = bo + b1zsy + bazin + - + bpyp (4)

ERD B, TGy DEEMETH B, bo, by, -3
BOMWEEMT, WMENFRETH 5, WEFHREIL, v
DERE L HEENZD RN

Se = Z?:l(yi - @i)z
= Z?:ﬂyi — (bo + bizs1 + bazio+
<o bpip)] (5)

BEAMCT B L) ITRD B, Sedt TEREFEFH, T
Y, TOREY TBRIM_FE THbD,

Yi, Ui, SeDBMRE Fig. 11 1277,

T, yDIERF (ST, Fig. 12) LIREFEHH
Se b DEIZ, yNEALDH: DFLEL LTHMITE 3
BT, BRI E 3 FHMSg, F/2I3EBICEIFES
fMEmpiEhs, $4bb

Sy (BFHHM) =Sg (EIFFFHH)
+Se (FRZEF ) (6)

DLz, BEFHPEZOORSICHEINE, £
FNOBSPBFEFCED5EAEENEN, F
5, BEETH 5,
HELFI—MICRZTEIND, HEFRNOBIE
5Ridr Ly BRABRREroZRICELS LS,

RZ=1- 5 (1)

ERICEFER 2RO B IRIE, HREKOEMH
Rilid 56, ZOLMEHE> TERBRNEELD
BIFE LR, TERETLEROUATEKERA
TTHADENTRUXEES, Iy TRERR, T
Hbo COFEL LTELETHRENMAADEE
RKDOT, 20hdHBFHUREROT 2 HEL S
BOFHENF 2T &S, £2TC, TITEEKEHE



LG D & DBSERIET — 2 DT~ X > v MERFER—

U 72076 FRISK 2 5874 L TaadEi 2 TRl 2k 3,
ARBIWELZFHT 5,
ZOBADERRIROFEHREL LT, T TITEH
E:E%%ﬁ%%%(ﬁ”)%ﬂ%Téocnm
R (G R )0
g ERINLEHOEK

TEEING, 2L T, EEE—2FTOTHIFITH
DAATVoT, RZOBKIZE 5 TFRERERD 2,
ERICIIR™2 253 L A LR LR B> TR L
DOPBLENEDTEFDRP L,

a) AT 2HEMFFOMBETHMALE W

b) FHEIZ-IHEIES

c) BRI TFRMDGEIIEATEY D 5
Vo2t 2FHE L THEDBWTHEIRN 2845,

A2 OBRE

El‘ﬁ':"ﬁ}*ﬁ(i, ARz, 22, -, 2pil 0T, &
FIEHTH 2 BEHy% THT 3RERDLFET
hotz, FTRIOMBEPBINERTH 28B4, T4b
B, ARz, 22, -, 2pRFHNT W BHRHIY
DHFT) BT 22 ETHT 5 HES TS
iy ThHb,

T, THIRRE BT A 5A R
BEBRRB, ZDGEE, EQBIBTA2LAHOM
B%, TORARRDOED, ZODHFHEDFHNY
HOIEWPTHBT 5, 22Tl EDOREEL,
ROXRTEINGBRICENFNOFOIZUERE & B
fre LTET, o8, TITit, z DIHEHFERDFR
TR EVHBREIrE L WEBL2HfRE LT
Wb,

ZODOEROBICHENECEAIL, FEL, D
L, TNENOMEDOREREEs1,528 T D L,
HBE (v1,72) LEHEDEREZAN LS RESN
5, bbb, TN o L o iR
B, ugld

X

_ (@1 —%1)

Uy = Sy, U2 = (22 —%3) (9)

82

LnT, EEDOTEIZ, D? =ul4 Uit EIN2,

22T, DT ) ERDOFEH R W (Fig
13) ,
ZODOEOEEHED NS ) ERDEFHEEE D
EDTEDEZzERDNIL,

Y );i = bo + bixix + baxiz + ...

n ~
s°=}jl(yi-yi)2
1=

o

Fig. 11 Relationship between y;, §;, and Se..
ENERCERIHICLZTFIMES SUKREFES
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Fig. 12 Relationship between y;, %, and St.
ey TR O/R

7 = @i_Dﬁ (10)

zDEBRICL T, ZOOBEOELLICET 2%
ELLDHEDFEHITH AP THITE 5, &2 T2l
1,22, , LpD—RATRINLE, oML TH
TORAIBI R F 3B TR Lk,
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D% < D%

Sx X

N

1%

Fig. 13 Mahalanobis’' generalized distance D2

NG S EXDEHIER

z=ag+a1x1 +agzy+ - +apTp (11)

W RIB B ke B icid, BEEFMTNBA & R
KERKRIREZ AV 5, 20BADHFIBEERD BT
DEHEY LTI 20BOEHE 0D % L 3,
INFHRBEERLS, 7, FBHEROKUEIIE
EIRASHOBAICHEL T, HEEEFEEH NN
(D) L EHEE S AWV B,

D**Z —
D2 4n(n—2) 2
D? - ((nga) X lanay X (n+§11>)(12)
C CT:BIR I NI BHOE, _ F7/n,naldf
EN_OoNFICEEINE Ty — 2D ETRT,

AR B IR OZRIRIERIFH T OSHA & R,
BEHEM» /oM LEHREEERL TIT I,




