[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.21859/0he-03041 ]

gy dlio

Glad o cblogy (cwdspo alxo

A6) Olxio AFAB biumo oF oylas ¥ o3

T g S 5 S0 ¥ (Shmily ol Ak 319> st i
(WYY GAYAY sl (b (69 590 axdltno)

" Wgua] ! & 69 axs T gelyl oy @ (6L oylows

pode o8 _zils wilags 0aS_ils (gl B, S blogy (wdige 05,5 | wlidlS
Q‘)—.’.‘ ‘Q|)_QJ ‘Q‘)_ﬂ ‘_,’S_..;f

gw‘.\.@‘; aS_isly ‘)15 ML.\.Q; ul_oM 5 )_7).4, “_g|4_‘3).> M‘A@‘; (g 05)5 g)L_.‘..\” sla T
Sl s il S pole olSils

S 2) M 9 (= ‘ ag,‘_wL.\.Q; umw ) )5)4 g‘_g‘dJ)} W»‘A.ef L_s_w«.\.‘.@‘.a 05)5 an)L»-w‘ v
u‘)_" ‘C)j ‘))_J| uaL“’)" f?J'c' ol iils (HSE)

ol isly e |‘A'9H IRV g‘_g|4J):> Cals L\@f (e 05)_? ‘..\_.i‘:)‘ Ls_mLu.u)lS (S gs s
ol ol lml (b pode

}_YJA “5l4_9)> u—w‘d.ef ‘;M:Ju.e,a 05)_? ‘)L:._‘ij‘d ‘LSU_A}‘)L{ Jj—ﬁh’) Js:—m.o 05\3—».\.’53 S
tdosl L lml el ol ml (Sl pade oS iils cailagy caSisls IS cilagy libss
yarahmadi.r@iums.ac.ir

DOI: 10.21859/johe-03041

PRV

Albige e P il e Sl Gy neelie Blge a S BLS JdoS Sy tAmnile
P9 o=l oS on S8 o g 458 0550 b Sy G le gy Ol Sl edliil L S
leog S (Siusly (bl Jais ol bl g Golgs slal adl )l alas ool Bus 0g-d co oo Slo
8y S o pae |y (Laid Sole > g T ce o] 5l eslatwl Ly aS il co oS

SO slazm] el gl o oad cod Lis @oly > slai)l55 aalllas ol o 1yl Lo,
500 (650 gex (adol> Y - YY) ITAY Jlw b L AVYAY Jlow glanl 5l oo (ko) 0,90
ot I8 el o lesles slale ol ole > 51 So e a g e ool § Sy g4
ol b5 Jdow 5l eslaiwl L ams 5 (gos adids (VAXVA) conl ~Sa ;) o yile SO 40 g 00
leuwl g S, o (Samly (s abogs o slal s 5 oo olwliss aslas &0 4
s g b 0 S,y (=)l ade e )0 (6 5F ped o el A_Y‘A_;.moLsA ol
7=l ety g aalllae (gl <Y 1 VL oyl L golnl 0S o slpiing e Lo ilpaidl
Jlacie) eyl L solal soel sy sl oyl 5 adlas ol 5o ool ol 1 cai il oo cmlio
Saie VO ) a5 Jaie) wol e Gy (B 35 0 5l L jusiie alold) ST Jlaie el
(IOYY Y oy =S5 e 5 +/PFY Y a0 SO

69,5 sladali p dxwgy Cpg 0 dmax slacus b sloyl el o] iy sl 1§ S Azl
Cpahad pae ails, JSBlas an gliwl) o as ol Soss Co pae g s (Jdod jglaie 4
s e Liole |y (i @oly o 5l gl waisl oy dm dw ol 45 cl

\WAOMNNN O i el 4o fu b
VAPV e b dy fu b

iguals 5 3lg
e S W 2
S

o]

;l.x..q' W gi:~>|9>

S 3y pole olKiils (gl pis §si> oled
ol Lgazs laen

EVRV-H

Ol e ysS ay Lo g a8 oo a3 0 1) ol
)l LF] ol Sl e sla e Co 4y
2 =R Sy @l LB o, )0 (el 8l
Do g0 sLel cond So L ovnlin 5l osliwl Ly oI5 Jmxe
A aS Holas jl osliiul L Sy, o o8 o 0]
5300 aaly 5 JLaind Lol Gan Ly Lo (IS 15 1o

Olbbre e sl )52 Ll S Sy (L)
B 9 Ol 50 D3l (i e Sl g Sl (i
il o ads o d Jolt ol s ol [Y N s jls 0,018
&l bl 5 4l a8 cgay el 5 (bl e alolis
ol O e @oly > o Y] e @l LK a, ol

A > o ceda s by e gl S84 w >l


http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.21859/0he-03041 ]

F o lods ¥ 0,90 (glad o Clblagy cwiipo alxo

oS> ja b a4 Lyl A oo olis |y wolg > g4, )1, S5
u_9)_.a “5\5)_.“ 2 6‘)-’ a2Jlas u_:l ) ool S yg—0 U"j)
a ol oyl ;o egde ol ol Jol T ool 5l L
S o Cmglyl 9 @3le> (o e 5 (S
Lt sl Gk jliadse 4 (680 45 09

Dyl o,5 sl 315

ST

o S elag, S G mio s osle Fyadols
A) Lol 5 R) oSy 5 JSiio 0 05 5 o a2d S
odiS sloml Jalge 5l (5o plgie 4 Sy Bl
aal a5 95d o0 S0 Aol I (i izmen 5 (ol
ay ] 3l 0l Sy s o] Sy sl A5 Sy
9B s 4yl Sy i by So g5l ST Jal loe
e ol (S3slsn Jomame Ly g (oS 5 ymaiis o]
llid 0,8 sl |y adol> S g5y (lstin of b
Cd s oly > any Loy e Ll oyl aslllas ol 45 20,5
Al oo Slej 0,90 S5 elein ! el lojlw 3 oo
00,5 655l amaz VYAY JLu Ll L VYAF Jlu glayl )
by Soly o 51 ST e 4 byse cowl 5 S g9
e ;0 a5 IS (Al G loslw Jlme (ol g gione
slaas [VF] as 8 ganas o asl)l I8 Ll el S
R G, > L S, a5 ai il e 4isS oy 00 el
KPP U VAR JUPI N A PE . TP S S V] Y
sl Jpar Sy o i Soly > wlll S
Oy dmy () ] g sy Sjg0 an R) Sy, ol
~ Sy e ) ol LoDl 5 005, 5 o bl 95
ol o ol

Silw ate Slm sy (b plse any  BLS J s
Sleslawl Ly g o8 olsadl oS ) o 5l ol
B o 5 5o 0550 =Sy o ile g5 )
Bl g BLS Jlos 4 el S5 4 Y o3 S
Nmed Ol e 9 iy J9ix )3 35290 DL
ol Limi g wpdpe Jpar 55 Lapite o
5 9re IV Ologi o ol Lo fule claises oluly
slejyio Sl b ail e 86 Ly Jol5 Jgaor a5 35 las
S ol A L s sl 1) abges oleyio Ly (o sl
i bags Lo piie (p (Sials a0 il ZA=X?/N

o Caglyl el i az g Ly s 9 485 08 o
5 Y VR g V] W) DN 5 6 I V0= [P N
a5 ol e agSul S0 So o Glise Jelie o (58
lodlayg, &jgmo o izmen 5 4l )50 oS
S8l sl S (g S (o0 18 S 950 Jine
S oyl il Jlo ol a Sl el o L
8ly Oygo an adols astyl 5l 8 (S, ulwly adols
Sy 45 (ol Gl b 29800 ooliiul ;aS 0o 7,
bl L 48 el (5 San el s pLlid gy i
Ol 8t coslas &) gl as (Hlej 5 0,55 ool
L] asl oo e i el L o ot mha o Ly
olln il Jleist Joo S ]S 5 9155500
(FBD: Functional Block Diagram) &b Sy L log o
el ol leges ol el (—Sg IY] asles 5 asl)
St Sy L ol i s Joolse e (sl a8
oy Sy hhie LSl aliiul ae g S b,
59y ool 45 Easl ;53 L ams e syl | alal, 4 ]
olasgy sl loges Ly S slaSoly Jlog—os Ly asls
Sl a8 (gl B Jlod 5 a2 50 osliiwl o5
ot A 5 ol il oy e ooliiul lrgs Laslys,
a—z slwolag, aslg o FBD a5 e ul > o o)
B bl S b bt mlpbe oS 0 ) (I
S9r S yd (oably Djgo 4 aS 05 b e Ll S
Bl S S0 )8 pophe 9 09— o ploxl (et s )15
ooy AT IS s pace Uy S50 B 5 55

ol ol e [V ] sls—e o [4]
b ) sBly GlaS ) slwlis 4 lls ) o
Sy Jgor S j0 a5 0Bl e 00 S Sole>
Sl 3l 0y slalas 0585 0 Ao ol
=2l dls 5 Ay Sl Ll g caglsl 5 ()
o S5 0,505, (mal anlice s LSy 5Ll
JBlao aS oS oo e ) wmoe Glonw 0B Soly >
s oty 58 (s omn Sl e JSn s
ats . [yy] A8 oo SoS Lo ay wolg> 0550 )0 ;S Buas
Correspondence) , bLs | Jou 5l solawl Ly il Ko 4
Sy el Jelod 5 4528 slig, s 5 (Analysis
Sl ass,S 4l &oly > 6l (acsom-G) Sl Joo
sl gl 5 Sy 5l og,5 aw 51 o] Lol slaosls
LasT 4 09,5 acw ool (6 s wlolis jalate ay ol ond
LaS5 ) (G 5 9,5 030 8) 39— n 00l plas! b,


http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ 1'?: 10.21859/johe-03041 ] [ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

oo 9 55L

0 i Sl plow any S 0my S 0 4T (g yrie aslllae
Oogm e L (i 5l A B o L ol asls o i
ool =l 590,50 game wn ol e gazme 5 0 el
L DYT o S o i v ;0 4y by e sl i
aie) 10 bzl 4 s e eoe] Gy olal s
Ols=Sse ol 3l osliil Ly S o) (it @ily > (o
b el (e i 5 Sy s cglsl
ey ;ST e lee 4y aSlopy Lid Golg >
o=l Bl an as g L coil Al 529 S £95 S0
byye slaca—ol glssiee Lid @il sl o Sy
Dgad plwliss 1) ol asy

35y o] ;Lo 30 0ol s dy linyl yoaas 5 Lite 4y
s 2 sl sie ;0 Gyl spzg ot (e o) )l
S e Jole (5 815 3y Lt iy (5
ol s L sl o 0,8 Jol cdl o w)ls cdls g0
WS (g8 S 5> 8,8) WS (oo e JLad jaie SO g
P S g USSP N gy )—‘-‘l‘ o e
e S lee an B bame Ly slad j0 0,8 p0 ol
J5 b S i oS 3,8) Sy A JLab
e =Y (0 e )l (65 g 0 F oo 3l 0,5
O o 5 Jed 0,8 S Cnl a3 )50 50 K00
13 00yl Ell 55 Jins oyl A5 0,5 o Aol 4y Sy,
£33y 31 sk 5 Sty LS s o5 5,8 gl el
Sy J5 4 b8 0,8 pe0 Cdle o il oo a0l
54 sl DYT o tlas asol 6555 5l 55l
O—izmed g Statistica.)+ g,Lel 58l o, 5l Laosls Jdo
5yly g g ExcelY VY 1581 6 5 5l Laosls (5,90 poz> sl
rizead 0 ool SPSSYY I35 a5 5l Laosls o, S
correspondence ;53] 5l Lsosls Jdo § a5 Cogar
i ool collapse Ly sleol ol 4 analysis

basl
it Solg> aJS gl an Lo e Ll aalllas ool o
Sy Yoo YYY) ,Hs ecbein! el loslw o sacs oo
Sl LOYAF Jla glocnl 5l all V- 090 iy 4o (aol>
GoS; g5 by R oS 0 (650 paz VYAY JL
Sl b slene—l gsi e by A us s Jis
e bl 5 e g gl 5 by ) ()l 45

S el el s jo 4SS el o leslw
O Jgoz) 4008 (gauaS oo adl))| (Ve

v

=X w05y aolie = A) 03,5 o iy o5 (Bigenvalue) o5
(oo J5 (Sleld = N eiygmm 93 G5 olis
Slglaods cowl-S; o fle Jdog g o L
A fion ety o= S ) o Sle 4 g o L
9 =l Ol 5 oael Cway Slml slasi any by o oS
Jdos a5 0_ib o 9m o (Singular value) S5 jla_ie
Sygme dm ) JB 55 50 L o1, 51 Sl (g Siege BLS
Jol s a S Oje0 sl 4y oo o lis e lises ol
Ly 8 55 e 51 Sloul it Ly (o il Jlaile G i
S glog o (35 Sl B S e 5l jelate o)l
JE 55 0 aale Cpzr 48 lasss A Bl S
S Lot ren (559 =Sk Sy Gl ite Sl
S5 L ot (55 Sl ol slp it 6l 5
Sy oll dlass a S cul 53 HLLS 00, F o dlre
S A ) g Ly s Slaces Ly el oy su]
L oyl imed 9 S slpie (0l S plbolass
asgorme S sloalolds j5iome (S35 Eg—eme 0imy e
Jg—esd 3l emrial a5 0 ilpe Lol S8 55 50 51 ol
Iel s, 8o aulona VY

V=Y Jsep o =2 2, (pr )/ (1)

el ogm 5 pll s 0 4SSl Sl g ymaie Jlaie P
o il (Hlalp e s e Sl 1,5

el o1,

Pl Oy P2 1

0 iy 3l el e 08y ite oo Ly (eSS e

6?' . m)h G A

fs loie A 4 S oh g lade S
kS (yma dmy 6l Jdod )0 05290 Sld piie
e lme olulp o il o 55 as oY V8] 05,5
Y YL ol L gl sl o s a5 (Hair)
I 51 YL (o5 Hlaie) () L soll asdlas ol jo
Jsas el g S loa e [NV] o 05 o i o
3,90 slwl jo e 1B 0, eolaiwl Ly axy 2 cumo
Ol cdle g0 e 2 0 ed A0S o e i
UL S Py PPN I SN FIRLIIG SN 3 Y PR SS9
00 (s 85 55 e 5l e ] ((omd (51 9) & e
ame),oJ U'—»’«‘ uuLdu‘jJMLgSA)—:&;)_'aJO)HJ_ﬁJ)_{JA
Sy dlnl o e s R o, eian A L daS Dygo ol


http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

F o lods ¥ 0,90 (glad o Clblagy cwiipo alxo

el 5 Sy, a3 bgy e o5 2) Jgaor

] o] oS S Sy oS

slael (SnSs Al ol 3l bgis R1
S, A2 o2y R2

O Sy 4S5, Lo A3 Lol bogis R3
53 oS Ad s 25 oiles (332, .

gac gl g (Soyy AS ol alewg b ol RS
s o35 A6 o5 b als 5l ook Solss R6
et o3 A7 Galise Jilog b 3,65 R7

i )0 plaal (28, 9,8 A8 SIS L g ancdy OBy R8
O o plerl (385 98 A9 sl 1 A6 Bolse R9
S5 ors — bl o b J5 o 535 58 —_—
O g (SSsS All &l olse b ules R11
Seegee Al3 S Dl b oles R13
S5 55 Al4 bt Slge by yules R14
s oy ol s AlS oo g 3l 5L Solg> R1S
£is Al6 el I3l 51 26 Sols R16

alf iz slacaw] Al7 S 5T 5 Lo R17
L] il Al8 Solg> plu R18

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

(- Sy o ile) (dits olgm iVl Sileo ¥ g
&= L S
Al18 A17 Al6 Al15 Al4 Al13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al

[ DOI: 10.21859/0he-03041 ]

LAAT 7 Y S . . . YOOOFFE 83Y  AY  OY YR OYEY AN YA £) OF  agyY R1
WeA oYY e . . . ) PEOOYYR O FA A YA AYY O AYY Y- AR YA YA R2
L T2 2R L S . . . O YOA YEE FY AV WYY YYE AFY  \Y YV 0 PAP R3
fA- Y oY . . . YO0 N Y VAN A XYYV YY YW YAS R4
VOYY  FY - . . . . YooY 8AY YA F ) FF YD 4 FAYY  YVE RS
WAY O Ys oYY . 0 . . YOONfY  YYA N 6 Y YA oVe Y YA AY o) R6
VPEY O OFF vy A . . Y ONfF fY YF 5 A VE Y V) FY FY  FYR R7
VS S S S PO . ¥oooas  YPE Y)Y Ay Y AR FA Y Y Yy Yy R8
EUST S 4 S Y . . Y AT YY- YR Y ) AR TR ] YY YY) Yo R9
VEY. YA f- oYY Y . . ) AV ¥YO A - Y)Y BY O YYE Y Y YY O SVD R10
(ZZ S 7 & SN f R 25 ST S & SR Y S Y S 4 S . . 0 R11
Yse  YE YE Y ooy Y o ovs . Yy . Wy vy vg . . . . R12
YA YA . . . VY S A . Y A a0 . . Y 1 R13
YEO 4 YE YF )Y YA VY Y . . . \ Y f oA . . . R14
Y.f & €. v Y- Y0  Af o o o o Y o 5 % e o o 5 R15
VEFA O OF 00 - A . S (Y ST L YR PR § R 7NN "2 S R W o A S 9 ¥ R16
OFY N0 Y)Y YY W YA & WAF f 2 T S ¢ Y OYA Y YooYy A R17
SOY YY Y ) ¥ i XY FE YA YV FY Y Ay YT Y Y YA AP R18
YYYY. OVA O FYY O OYYY  ).d A% YAA AOY )FAA FYF FF. FYA YY) 1FA. FVFR AY. YAA FYD OVAA &>

¥


http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ 1'?: 10.21859/johe-03041 ] [ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

oo 9 55L

il i 48 0 Bb oo B S 5 5l Sy ke
ol oS 5 (El dlgo Ly Gulad) RVY e ay gy e

il 5 (eSS e an Y Jguar
! eSS ladie es
- 10Y VO~ |
AIF14 -IFEY Y
SIYYY - 1OV v
B -IYFE ¥
[-§) Y 5
-1-¥ -1 04 3
./.YY ./\a. v
“[-\Y o[V A
S[NY YA q
ofe oA of+q Ve
./..} ./.\/ﬂ \\
‘/.‘Y ‘/.f\/ \Y
./..\ ./.Y‘\ \“"
fo o 1-YA '
/ oY 10
/ [-\Y \$
/ [+-V W
VEER o
Sy B 0 Sy Sl e 008 iF Jguar
ey w58 0 yod S
Y oo Y o T
“[-YA NNt YRV N R1
R —LIVEE —/\ “IYYA R2
o[+ XY EIZY YR - IYAA R3
-[-v$ -IFA¥ —OAYF -IYYE R4
foxs - IAAR oyt - IY0a RS
[-\Y [-¥A —ONYY “IYA- Ré6
NAY S IVEA — Y “IYAA R7
-[-Yf -[fOY YINY -1\ OY RS
AT Nita: yIpe -IYOY R9
A S /EVY —IVYY SIYYY R10
- IYSY Y YIASY ¥[AY R11
S[oYE 1500 -IY08 N R12
“[+ AY . Js8- Y/ SV/EY R13
- IYSY N YIMF RULAEY R14
“IYY -[fYS -Y/BVY “¥ISYA R15
AT -1~ 04 Y SIYA R16
NN -IOVE VIOVY SVAYY R17
AN —eIVAA iYar AR R18
VYEQ e

A

aS 0l oo ol 95 VA 5 S g9 VA el Jgos
Legazme (ol (ol 55 0l go ol sl eiie &5 0 4y
Sy g po ((loaS Cncd 48 oael Cay psie P
el 0amel Y Jgoz 50 el

Al (Silee 0o (Lt (b Sy L) ¥ Jgaz
5 melaiz] el loslw 5o oo e (Lis @oly> gl 3
el sl o VYT Jw Ll L5 VYAF J gl
et () Lol (gl 5 sy 50 ey (R LSy (Sl
tlyor i D9

o bgye (lid olgo (g8 Jolt e Sl by Jouo o
Cewload (lay e aS ol o SCSw A, Sy ;0
o oo (id S Elosl 5l (HlslE on it 45 0Bl e
Gt Sy 95 38 G peS 9 (O3 bgi ) RY 0 S
50l o (Lo Slgo 3 50 ls ) RVD oS aly by
bysyo i ol gloil 51 (Hlsl3 iy S Sp0 By b |
AVE oS ay by ye o] a8 s (Lael SoS3) A) oS 4y
by o SLLI 5l glaodS ¥ Jguzr aily oo (58,5 51)
a5 e oo Gimled ) o S e Sle S BLS Jdo 4
(Inertia eigenvalue) o5 g jlobe g (S5 Jlabio o Jol
55 L o8BS 5l Bl o iretes - BLS o il oo
W(ag YeV) o) aoo oo i e B sl & jg0 a1y a5
Ot b oyl Sl (n i Jol w45 50 ey
=2 e 0Bboe pSSam e oo |y JE S e sl Sl
g acallan gl ¥ 51V iyl Ly oolnd oS oo olginig
slasdlas ol 53 Gelol ml el o clbin gl i
=YL (o5 Hlaie) (il L golnl onsl s ol s
DWW e 5 o L3 0 Y o 5 ¥ am ) o el +/Y
Sy sl pite 4 by pe (sl g 0ped Jobt ¥ Jouor
ke 5 0y a Jsdz oyl o 45 el ¥ o VY oLl o
Ol am 0Bl e 0 e ;ST (e 5 o) )0 Sl g0
o (S S 55 0 5l e (] e A5 Al g0 (ne
3 ite O F e (im0l (ke 815 A Bb e oy
Lo pod l sl dil oo a8 5L 3550 85 55 0
a0, S et e aw yean by gla it plsS e
a5 Aol o iy o aiana g LiaS Sgo
S o L 050 ke a8 S yge y0 ¥ gz 50 eael cny
Cgmame dny (] degazte 5 Al LB (5 iy 0yed A
RVORVERIY clocSn, ol ) oy oyl s 03,5 oo
R)$ RVFRIVRA RS clocSy, Lol ¥ aw s RVA RVY
R)- RA RY RO RF RY RY R clocK o, Jol ¥ ons 5

- aLold su_ao QLW ‘rwj.».l‘ ST ¥ JSJ_’> PSS J_leLsA


http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.21859/0he-03041 ]

F o lods ¥ 0,90 (glad o Clblagy cwiipo alxo

a5 L saal iy slwl 50,1 05 >g  SKiad ol g

b;\_wlakso Lrw).u‘jo)_o.! J.cl_wf de—"' d—slen O Jﬁ‘-‘—"

F8 55 e Sl Ll adold g Lo i (o (Koot (e 4y
15 oS o 45 sl oy ams A 00 pLol dalllas
§ Seto 45wl (e clr S g cte il S
9 ¥ Jsoz) yite 0 amy oy ad el Ll (05 (it
Gl comuly Sy (Sl jeie yoandl 30,5 o0 et (O
od—ol Cway dn gl rail e ) g dn sdal Gy
o ol RN it 45 a_tl e S ;e £ el

"RVY RVF RVY RVO" sla poiite 5 s co JuSis | ) o
Ol oSy 0 o0 LSS ) v gl (e il
5 09— Slg—o Loy (bl g 4 b jite S3ly> jla5be v
o Slg—o Loy ol ¢ loaed Slgo Ly bl 055
Ol any ol 48 S s o0 w859 AT 5 il
FURRP SN SEUUD] Py i) PON Ry~ W ) U P WY X
Dl g (i (KBS I g 4 by slaca]
o Solso ol g Gizre 5 03 S (oo (lasne S
ey ol i JpmiS B 5,8 L gy a5 ol e (slasS
9 M—Sbor (e g5 jl S 0Bl oo (Sols eatled ol
bl & jso dan bame g Jlad sl paie SO D90 4y 0,8
aalllae zols L) ol eoel cway ol ig—i o 2,
Alesges aslyl Lid Gole> Jae S a8 il Sen ¢ alS
o i cdafllas o0l o ol ey a3l PPV
ol so i) Sen g 4blS aallae 45 eoal Cwis g A
4 s JSas "RV RV sla i 5l pgs o [V Y]
St Jolo ol 5 il o (Sl Sl S e ke
U Ry ST JRUYRCUIC R EA DI SR P cENIN
Lo 5l =56 @oly> "RE RVE R slo i (558 59 )
Al oo gmiilo il g cimws il sl eslaiwl oo S L 4
Wt olSiws 5 Sl il Lo ) 4 b o aS
a4l pod amy b oo gy S (e il 0
Alge (hB Sy 4 S5 Gz 5 S s slae—]
6oy Sde o g (e 5 (o2 )1 Sde wlg oo op 45
aafllae ol Lo Y oy 5ol cwny mols sl a il
Alesges aslyl Lih Gole> Joo S aS il Sen g alS
Wges 4l il Sen g alS 4 ST Jas jo o)l Slgtes
b ol bl g woly > oty gyl s (o Gl St
0do] s cawl Sun;y 05,5 45 sl Cws s w A
al5 aalllas ;o 0oel s pgo dm L asliie caadllan ol yo

e S B

sizmen aiil e AVAYAFADAS AVAAA)- AN
i o alold sa s s il giw Jgom ol o
AY 4l by po mwyil (s yieS 5 (Ko gms) AVY e 4y

Ail oo (5,0 ,—5)

;’h‘ =.
P P\ PR YL S E N PRI NN T SN i
S el e ;2 a s S (glassS 4w il o Lagy]
Lagan cogyl 10 o cenl oy oo bl it ;e
Ced pmlio 5 baglojlas dzrgi 050 oy g 0Bl
Lo it 5 3050,8 il ) 85 1,5 1585 0 ol iy
a>g L ailiso (5,50 AY) K8 T8 a4, Loy e ol oo
e 5 el ) 5l g Sy e wodd S35 lg 0 A
G Cglel o ol 4 Cenl "l M” |
g aS goliie asdlas ;o 5 aiws o s Lid Sl
fio S Sy s plssl Lilwl jo il Ko g asls

Ot i 0)55 5 (K855 (509" ol 5 Mus
Slaie s yiaS iomen 9wl plaislog s an |y Jlade
S gl 5 "5 S g0l o Ly uliad” Sy 4 Loy o
i oy > o ol i Bl o "gS g0l olga 5l iU
5 "0 5l Gl (Bt Sy e Libwl jo o0 o
I T P
2 D] aSsg e ol 4 cenl § i Soly >
ol 08 o sloi g a5 ,m Lee ollyy a sl o]
Sy Jsl o am wiig b QLS Yl 085wl
aallla 3550 5 oS (o0 10 53 1, ¥ Jgar ol 0]
Shadie olowlyy Lo yesie (o (Kiad (50 5 oS00 )15
i) ay e Sy (85 55 50 51 L it alold) (S5
eSS ke g SV Y oin S5 e o VO 1) Ay 5SS


http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ 1'?: 10.21859/johe-03041 ] [ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

oo 9 55L

g ladoles slasg, a5 50 Lo ol o 039 sLoFBD

i Gl (Koo 45 aliSee Goleo m LS 0,5 e i
ﬁl.?u‘d-J:u[V] 08,5 oo ool wl 39— S b coul 4

21y T 5 S bl ke g0 aallae (ol )0 o0
J—ds Jgl s slo e aslyy (5 a5 0, 5 o0 L8
39 o=l ogdle 0,5 (e pyd |y (Elymjos 9 599) (—ilate
wlolid gl " comog " alex 5l 6,508 sla ki it

ol o gmae” ¢ "5 Sler e gl a5 e

a5 b o Golg > Sl g (Sleld s Bae L "eas
"\JHQSQJ odls uu&.!.a' a_sJlas L)—J| )O s ».\.’HLSA

S And
Sz 50 dmax slacis B olsul del oos] cway slal
S 30 g el ¢ Jdod jgtaie dy (60,0 )15 gladeli p azwgs
pa—e uilw, JBlas a gliuly o Ji s olg> Sog 5
Cmwd JolB Led sla g, L aS cnie ioldl g calad
Ot s Slie aalllae ol 10000, F o s b
sla prie o bl ol 1 0T e cwas (eigenvalue)
boMTMNéu‘jo)‘bdpjww—‘ﬁd_m))
35 0 5 el adold g Lo i (g (Ko (0 4y dzgs
SlaBe VO Y o ST Jlade) w50 )8 se s
Solgm sl (/OYY Y w1 ST oo 5 /PEY Y i (SO

S Sl § Sy (o Gl A LB
Slien sl Gl il e asdllae 359 Lol 5o
azgi g ogd et |y ol S o d925e S
bl p a S leawl 5 S, o (Ko 50 4
H S 0 S (=5 S g Layite (ol Gly—e
O 1y a5 8550 sl Hle o oasl Cwny slaasy
Voo 0l G IOFY ) o i) 09l e g i

(dimY = < /YVY ¥ oy eyl 5 - /FR

REFERENCES

1. AmendolaA. Recent paradigms for risk informed decision making. Saf
Sci. 2002;40(1-4):17-30. DOL: 10.1016/50925-7535(01)00039-x

2. Kjellén U, Sklet S. Integrating analyses of the risk of occupational ac-
cidents into the design process Part I: A review of types of acceptance
criteria and risk analysis methods. Saf Sci. 1995;18(3):215-27. DOL:
10.1016/0925-7535(94)00053-6

3. Frijters ACP, Swuste PHJJ. Safety assessment in design and
preparation phase. Saf Sci. 2008;46(2):272-81 .DOI/10.1016 :j.

4. Leveson N. A new accident model for engineering safer systems. Saf
Sci. 2004;42(4):237-70. DOL_10.1016/30925-7535(03)00047-X

S. Rouhiainen V. QUASA: A method for assessing the quality of
safety analysis. Saf Sci. 1992;15(3):155-72. DOL: 10.1016/0925-
7535(92)90002-H

6. Conte JC, Rubio EA, Garcia Al, Cano FJ. Correspondence model of

\d

bei_woaao flis "Ry ,RY ,RY" Gl st pgw om0
5=l laca—wl 5 o il co i) g Lol bgh s ol 3
es g s glaes ) e okl g Sayp bl Lyl
am byye pt Solpo ol iaren 5wl 6995 5
el a8 ais 43l (59, 4 by e sloags mial

by ol cie el om0 S5 ) g dm (e
S el oas LS_25"RY - RA RY RO RY" sl e
el o Ly 310 05055 58 sl sy oo g gy Jolos
L ol cilien By Ly 8,555 elyd 5 sy s
SBlge alide hlws Lo oy52 0 izren 5 4l Jolws

oaims aShl ol ouas JoSis sla pite a4z i L pg dmy
o=l o a S glassS a oSl o ool g9 |
b o g aBloe S50 e (59, ;0 9,8 o i
[ GCNIPYRS{ [P R N GOV VP S| CHIRUIA RPN S0 | SN PSS
S Sl Jae SO A il e 5 ailS asllas ol
Sy a4 S Sglay al Ly oyl Slgdren ailosges al)|
aalllas 48 0oel Gy Jgl vems L i cacalllas o) )0 oasl
oa—s plzsil (gl oty ol o il o il e 5 a LS
ibie Joms alin goga> LS ol sloml slavs 55,
5 et silate Jae V] sl e (S 5 5 3500
St o ol g3y (ol o, Ll a5 S e
blas s 5 S L s G 48 o )0 085 &5, 5
o el I o b alil oo adl)l Soles cud il
iy oo ol g 00 S (e Jae S 4 0)lge (il g0
Ol 8l ay g S (S (=)l 50 9lsi oo S

OJAO)‘WLM)‘LHJ&@J,\_A)Q‘»HOJ ‘UQ‘P
0 Jas gee (FBD: Functional Block Diagram) <,

"l 550" 5" 590" an sblags g llaal mols T jo aS
aios " aeals” g alag, S " A 590 W S e d i
‘VGM" 9 "u—‘)l‘d o‘d._”)" a4 o‘..\._;‘s) )Jﬁ ‘\)o)_?ks.a

s Sllas 0l o sogee FBD (0l 00,5 oo 4y i

occupational accidents. An Acad Bras Cienc.1131-46:(3)83;2011 .
PMID21830002 :

7. Papazoglou IA, Ale BJM. A logical model for quantification of oc-
cupational risk. Reliabil Eng Syst Saf. 2007;92(6):785-803. DOI:
10.1016/j.ress.2006.04.017

8. Nicholson A. Analysis of spatial distributions of accidents. Saf Sci.
1998;31(1):71-91.  DOL___ 10.1016/50925-7535(98)00056-3

9. Sari M, Selcuk AS, Karpuz C, Duzgun HSB. Stochastic modeling of
accident risks associated with an underground coal mine in Turkey.
Saf Sci. 2009;47(1):78-87. DOI: 10.1016/.5¢i.2007.12.004

10.  Hammer W. Unfallgefihrdung und -verhiitung beim Gehen, Laufen,
Tragen, Schieben und Ziehen im landwirtschaftlichen Betrieb. Saf Sci.
1994;17(2):117-43. DOL: 10.1016/0925-7535(94)90005-1

11.  Yari B, Yarahmadi R, Khosravi Y, Salehi M, Kariznovi H. Present of
occupational accidents pattern based on risk-injury affinity groups. J



http://dx.doi.org/10.1016/s0925-7535\(01\)00039-x
http://dx.doi.org/10.1016/0925-7535\(94\)00053-6
http://dx.doi.org/10.1016/0925-7535\(94\)00053-6
http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2007.06.032
http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2007.06.032
http://dx.doi.org/http://dx.doi.org/10.1016/S0925-7535\(03\)00047-X
http://dx.doi.org/http://dx.doi.org/10.1016/0925-7535\(92\)90002-H
http://dx.doi.org/http://dx.doi.org/10.1016/0925-7535\(92\)90002-H
http://www.ncbi.nlm.nih.gov/pubmed/21830002
http://dx.doi.org/http://dx.doi.org/10.1016/j.ress.2006.04.017
http://dx.doi.org/http://dx.doi.org/10.1016/j.ress.2006.04.017
http://dx.doi.org/http://dx.doi.org/10.1016/S0925-7535\(98\)00056-3
http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2007.12.004
http://dx.doi.org/http://dx.doi.org/10.1016/0925-7535\(94\)90005-1
http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.21859/johe-03041 ]

F o lods ¥ 0,90 (glad o Clblagy cwiipo alxo

12.

13.

Health Saf Work. 2016:1-10.

Conte JC, Rubio E, Garcia Al, Cano F. Occupational accidents mod-
el based on risk-injury affinity groups. Saf Sci. 2011;49(2):306-14.
DOI:  10.1016/j.55¢i.2010.09.005

Yarahmadi R, Yari P, Khosravi Y, Salehi M, Kariznovi H. Correspon-
dence analysis of occupational accidents occurred among insured
workers Social Security for a period of ten years. Iran Occup Health J.
2016:1-10.

15.

16.

17.

10th International Conference of Labour Statisticians [Internet].
1962.

Joaristi Olariaga LM, Lizasoain Hernédndez L. Andlisis de correspon-
dencias1999.

Heidarali H. Correspondence analysis and applicaion. Tehran: Samt;
2010. 178 p.

Hair JF, Gomez Sudrez M. Anélisis multivariante: Prentice Hall Ma-
drid; 1999.


http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2010.09.005
http://dx.doi.org/10.21859/johe-03041
https://johe.umsha.ac.ir/article-1-235-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.21859/0he-03041 ]

Journal of Occupational Hygiene Engineering Original Article

Volume 3, Issue 4

DOI: 10.21859/johe-03041

Presenting the Dimensions of Occupational
Accidents Based on Risk-Injury Affinity Groups: A
Case Study from 2005 to 2014

Payman Yari !, Rasoul Yarahmadi >’, Yahya Khosravi 3, Ehsan
Asivand *

! MSc, Department of Occupational Health, Faculty of Health, Iran University of
Medical Sciences, Tehran, Iran

2 Associate Professot, Department of Occupational Health, Research Center for
Occupational Health, School of Public Health, Iran University of Medical Sciences,
Tehran, Iran

3 Assistant Professor, Department of Occupational Health, Faculty of Health, Al-
borz University of Medical Sciences, Tehran, Iran

* Student of MSc, Department of Occupational Health, Faculty of Health, Iran
University of Medical Sciences, Tehran, Iran

* Corresponding author: Rasoul Yarahmadi, Associate Professor, Department of

Occupational Health, Research Center for Occupational Health, School of Public
Health, Iran University of Medical Sciences, Tehran, Iran. E-mail: yarahmadi.r@
iums.ac.ir

Received: 03.02.2017
Accepted: 05.04.2017

Keywords:
Correspondence Analysis
Injury-Risk Matrix

Risk

Injury

Occupational Accidents

How to Cite this Article:

Yari P, Yarahmadi R, Khosravi Y,
Asivand E. Presenting the Dimen-
sions of Occupational Accidents
Based on Risk-Injury Affinity
Groups: A Case Study from 2005
t0 2014. ] Occup Hyg. 2016;3(4):1-
9. DOI: 10.21859/johe-03041

© 2016 Hamedan University of
Medical Sciences.

Abstract

Introduction: The correspondence analysis method is the best method to optimize
matrix functions by which the risk-injury matrix was analyzed. This method can reduce
the information contained in the risk-injury table and can also determine the correlation
between the variables in the matrix. The aim of this study was to present the dimensions of
accidents and occupational hazards based on the risk-injury affinity groups, and to manage
the occupational accidents using these dimensions.

Methods: In this study, the reports of occupational accidents registered in the Social
Security Organization in a period of ten years from the beginning of 2005 until the end
of 2014 (222,300 incidents) were collected and the type of the risk and injury related to
any accident was identified based on the criteria of the International Labour Organization
and classified in a risk-injury matrix (18 x 18). Using the correspondence analysis, the
dimensions were identified individually; these dimensions show the most correlation
between risks and injuries, which can facilitate decision-making in the risk assessment
process in companies covered by the Social Security Organization.

Results: Hair's criterion recommends that dimensions with inertia higher than 0.2 are
suitable for the study and interpretation of the results. So, in this study, among the obtained
dimensions, the dimensions with the inertia (an eigen value) greater than 0.2 including
dimension 1, dimension 2, and dimension 3 were considered and the correlation between
the variables was obtained based on a singular value (variable distance from the centeroid).
In this study, a singular value of dimension1 was 0.750, a singular value of dimension 2 was
0.647, and a singular value of dimension 3 was 0.521.

Conclusions: The dimensions obtained create new opportunities for the development of
applications to analyze, interpret and automatic management of occupational accidents to
minimize uncertainty and increase the objectivity that is not achievable with the current
methods. The findings of the present study confirm that these three dimensions indicate
the summary of occupational injuries.
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