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ARTICLE INFORMATION ABSTRACT
Original Research Paper In nanomanipulation the use of atomic force microscopy for the displacement of various
Received 23 August 2015 micro/nanoparticles, calculation of accurate critical force and time of manipulation in order not to
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Available Online O1 December 2015 damage micro manoparticles and for precise manipulation of them is necessary. To achieve this

goal accurate modeling of kinematics and dynamics of a two-dimensional nanomanipulation is
required. In this paper, three-dimensional nanomanipulation modeling and simulation dynamic

Keywords: . . . . . .

Nanomanipulation has been done to achieve simulation results closer to those of real nanomanipulation. For this
Biological nanoparticle purpose, by taking a spherical shape for micro/nanoparticle, three-dimensional kinematic
3D-Dynamic relations manipulation is extracted. Then, JKR contact model for use in manipulation is provided

Critical force and time

. ; and rectangular beam stiffness equations are derived in three dimensions. In the final stage of
Atomic force microscope

modeling, the dynamics of the three-dimensional micro/nanoparticles to extract force equations
and critical time manipulation is obtained. Then the equations obtained by simulation, three-
dimensional manipulation amount of force and critical time for both DNA and platelets biological
particle are calculated. The results indicate start rolling motion of the particles studied before
rolling around on the x-axis and y axis and z as well as the critical need for displacement of
particles of the platelet-derived DNA.
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Fig. 1 Schematic of contacts between particles, tip and substrate

Lis (gm0 5 (yj5m e0)d ur oled 1 (Sl 1 IS

12 o Louis 15 0093 1394 siauwml (ORI \_:ulgn Wi

S 050 Ban galadi U 580 job s |y 0,3 len U 00,8 asine Wb
Sl pgs el Giddsmie Sl 0loy 1y ey cnl &5 wgei Lraly
S Ay 09,50 Jlasl 0)3 o8 > SR galid o o5 095
ol pas jslate 4 55 Gl B8 Garulre W 5 0o 0)3 n Jlee!
ool (Soiglom DS iddsie jo oy 4 DL3gllg Sl 4 e,
el o (ridsanie (S S950 3 ) 9 cnl &5 s ol

4 4y b piddamie Sl Gloy g 9 B Gl Cwx
ol 22 ) el b 5 as Ll 5l g anl b ol YL slaas o
Sl Coerl 0158l (6,655 (glwand 5 (g3lw e 1) call sod j5uie
310 o M 6yl Gl 050l a5 aily (o0L;

o5 ot (ulod (50 (pbedpates S gy Su [A] (e 5 o
oeblise SljgsSe 1552 5l (A6 (oo (L25 2 Glyx Sl eslinul b
S L [2] G fSen 5 e Moogas 1) le slalacms 3 (535
Slodgsl doi sanllae 4 JsSpe Solid (slagsjlutant I (s pm
sy ilie 35 lacie pos o oo slid Ky 4 oS

ool b (ga193 (ptidgiogils S @ [3] (il Ko 5 (tralls
Se Coxdse G35 Sy WSy ol Sop eSS S
5 Sl ot Jlom (o5 S92 DS S bags st sl S
Wl Cess cage Gilg o wuled e Dldgl I Sy S S
sl o Sy 55 5 555 (il i bl 008 (ridseei
al B ol o Gpgme GBS (el Gy 9K See S i Sy 65,
B VNS T TR 05151 O SR SUWE S F PR SOV S Vet Y B KVARRCRR VR K
ot oalital e (samis 5 0,556 (o SIhasl (5o e (sl Urgis,S
L Gollao a5 00,5 oo Ol)39il canlem Lh5ad [l @ o Joo ol Zul
(S5 PSR Gy e ke gL e o o5 LS,
bl GilwJan (gl el axdls g il o jer SYLeiil g 28 Jolss oS
RV PR LS VR JRPH PR SUC S SO0

s ridgeie gl Gy pui a4 lal [4] Gl Sen 5 il )sS
olde 0 08 Sz cwlie SBhsl sladae e 9 aSlop
Ol gain Solins OYolae imen oyl Wilosges &Sl)) 1, 43l S0
L1y e (Solins OYolae Lolyd 5 00gad zl il 1) &l i3l (gamgo
Cewd a4l g o0ged (gilwans s SKhaol sl oo 5l colai
5 milysS ilodgad gy g el (L8 Slaiiz o 970 bl L ) ol
P LI o ol Sl Jow 51 eolitul 4 [D] fpizmen il Ko
drwgs 4 [0] il Sad g ol )95 ailaisls p 2 glolies @l 3¢l pid gaia
AlaSs 5 50 ol laore [0 (gomgd pindgie (g5le s g

losyst siludae 5 anwg 4 [1] (rizeen GulSen o w8
ssbare & S5 (55,5 05 Sl Shgl Cgr Sdly - Sl pulos
PoSwg S sl p Alie giwn) D35l S plidgie 0 08
oo ol 5T [8] Uil Siod 5 malygS laislsy oail (ggp0
A 5 03l 5 4255 3590 Gangs (rdalomte ;3 5 1) it Skl
) gomsd il gmin Slom 9 » Shnee 5 oolul il sla el by
Ailodgesd w2

b Solegl Sy Slaptas 5l I gl S [9] e
Sy g S S Gddsete 5 S sl 0 ol Glaon)lS

1-JKR
2-DNA

312


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.55.3
https://mme.modares.ac.ir/article-15-11686-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.12.55.3 ]

S (o

AFM 5l 936 i o Slasiwl by (553 9943 <l)3 93l w8 ya (gAmdun Suoliyd (5 jbwduub 9 g lw 3w

Fy

Fy
Fig. 2 Free-body diagram of tip

Fige SNl ol s 2 Y

Hd&cosa — Ha?sina

Fy = F, + m(&; — 8,cospcosy + 5 (27)
Fy
= F,cos’a
+ mcos?a | Z, — &,singp — &
—Hésinacosd — H(§2 + a?) cosa cosH\
+ —H@ cosasin b |
2 J
Ipd + M
+ (u> sind + Fysinacosa (28)
Fy = E,sin?6 + msin?6 (ys — 6,cospsiny
. —H6cosH + HH?sind
2
Ip6 + M, .
+ || cosé — Fysin6cost (29)

Bad D1)343b/ g Ko -3

GOy 55 90 g o 4By Ban Ol B3l S Byme 4 GiSw cpl o
i b B ) Sl Sl S ol & 5 5 (sl ol el
ool 4383 I3 alllas 500 (S pole 0 o] pge (slmo )54y

slolee-1-3

P MRS s A leyd e @ slles i o
azils olislesl mls ;o cage 50 Wl oo Kbl sla sloals>
SN Gl e 1(5.’. 4 g0 sled 4 ppe Slogas I (S sl
oo (ol Sy wsSws e Glape 250 I osliiul b b woged
ol Sldlhe [12] w50 cavs @ 1) Gloles elad s
5 8l elde 10 (69,5 (G SO O jg0d Wil o slles a5 wilosls
2 Sl Jsbe Siloand gl lply [1443] 0pt wid 5 b
wd Syl o slols 5l 9,8 s S uled gabamd o gl el
.oo;@o&m:%‘_}i&)ojdﬂjwéwl AW

1-Yi

313

y: = Js — 6, cospsiny (8)
7, =7, — b,singp — & (9)
X, = %3 — 6, cospcosy + Hicosa — Ha’sina (10)
¥, =5 — 8, cospsiny — Ho cos§ + HH?sin 6 (11)

%, =%;,— 8;sinp — 8, — Hisina cos@

—H(6% + d?) cosacos@ — Hf cosasin 6 (12)

ookl 8 y90 wlod Juo oy —-2-2

soon Sz el Jae S r puled e Senl 4 azg b
5 1) S9zse (S &5 039 (Fumy S oga alise Sl 39l Se
oolaiwl Jaw opl 5l wled sloausl g5l Jow slp 10 [110 D] s)ls 0
s pply 5 o

109 90,5980 G ele sl

R,R, R,R,
a = |-————|F+3n————w
(Ry + R)K (R, +Ry)
R, R
+|6n—2—wF
( (Ry +Ry)
2 1/3
RyR, \’
+ (3 T—————w
(Ry + Ry) (13)
5 = (R, + Ry)a? 8nwa,
‘ R,R; 3K (14)
leo (gambn 9 0)59.3[.3 O u...aLo.‘s' 6‘)‘.’
R 1/3
— |2 ] D B.)2)1/2
as [K [F + 3nRw + (6mRwF + (3nRw)?) ]] (15)
5 = a? 8nwa,
S R, 3K (16)

AR A 30 S g S | b oy = 3-2
B (17) oy, 55 o aw yo JSo ddaiese S0 5w culpo glp

:ilods el (21)
= (17)
K, :% (18)
TR 49
Ky = LZELT (20)
Ka =403 (21)

SO pded gdin Seolad (w2 =4 -2
45 i ST L @ azgi b gaman Salns SVolae gl cg

(Cld ulas (awl 00l ooly igles 2 LR

X, + X
FX_F;c:mjéazm(pZ t) (22)
. Vp+ Y
FY_Fy_mYsz(pZ ) (23)
Z, +Z
Fy = F, = mig = m(*——) (24)
FyHcos® + F,Hsing — My = I, (25)
—FyHcosa + FyHsina — M, = Ipd (26)

1SS mely g5 samaline sl (12) B (7) (oot c¥sles (5 S L 1

12 o jlosis 15 095 1394 siswl (o3 Sl Swaie


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.55.3
https://mme.modares.ac.ir/article-15-11686-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.12.55.3 ]

G2 (o

AFM 5l g6 o Sl b (553 59923 wl)3 93l oS ya (g Amdun Suoliyd (5 lwdud 9 g )lw e

1

F
(I\(l))8 i Critical Time =0.136 sec |
’ Critical Force = 3969 nN

0.6} / |
0.4

0.2

T
1=

O L L L L
0.1 0.12 0.14 0.16 0.18 0.2

T (sec)
Fig. 4 Rolling critical force and time for DNA particles around the x-axis

X e Jo= slolss ol uile (G oo 5 9,05 4 S5

. x 10"
F(N)
0.8, Critical Time = 0.165 sec g
Critical Force = 3416 nN
0.6 "'a,'. 7
04 i 'btq c...~ . i
02  =— Fx e
---------- FS
0 [ I L
0.1 0.12 0.14 0.16 0.18 0.2
T(sec)

Fig. 5 Rolling critical force and time for Platelet particles around the x-axis
X j57ee Jo < S (male e olej g 9,0 O S

] x10~
F(N) f & Criticali Time = 0.872 sec
£+ Critical Force = 10054 nN
3 ®:== Fs
4 Fy |
28 % ]
O ] r ‘ "r"".‘ -------- r. ----- »
0.8 1 1.2 1.4
T (sec)

Fig. 6 Rolling critical force and time for DNA particles around the y-axis
Y s9me Jo= slolss s ke (i oloj 55,8 6 U5

A x10°
Fin) E
iCritical Time = 0.610 sec y
4 |iCritical Force =7092nN ~ **morre Fs |
O ‘ ) ) .-......".....Illl...! lllllllllll
0.5 0.6 0.7 0.8 0.9 1
T (sec)

Fig. 7 Rolling critical force and time for Platelet particles around the y-axis
Y sme Js> <5 ol pale Gl plej 5 9,8 17 JSB

O Camd Gloles O3 as oyls gl cpl 5l plis IS g0 ol (aslao
Eord SFpo Gloy 40 g fias Sy WU S Y Heme Jo CS )3
.0543 M‘? “e | 4{

12 o jlosis 15 095 1394 siawl (oI Sl Swidie

Fig. 3 Schematic of a spherical pack of DNA

slolse a5 S 5 (Seilas 3 Yl

oS -2-3
oy ©ldgil Glaie 4 slolss rid g mwg 0,5 ogdle
ol ook oSy wsle Koo () S (S i) gies
oo 50 loo S (sleo )5 039 el jd 0 g BU s (lginl jae

il wales g lew Loy g (S

ol Sloallbl 5 oyl SN saslllas 4 [15] ail)iSen 5 250y
allae Sy bs by Il 1 ol (68 sSass Same 5l enliiul b
5 Gom 2w S bng fgl S Cals 4 ) (S sladdg
Pls> s pSolal a4 [16] il Ken 5 2,2kl Luslosls a1yl 1, (AFM)
RN AR CES [SUIIC I PINUE IR RN GO TR ER 5V IR GOV, K S
Sz LIS (o) 2 @« Sigdsm DS £g ey Olye 4 dlie
sl 00 d_._’>‘.))_; LCbu] U“"‘JWV Lg)la»w

SR dw (pid gt (S 3lodan -4
(owar Ope DS Gamdn e (giluand 4 dlie 5l s Gl o

L ooad gl Swolos Yol 4 axgr L jslaie ol (6l y
Casd & (B lyo 5l ooliinl bog I8 > cwles Jow 5l (5,500
X jgPre dw J5:> 0)59.1[.1 w—bl.c RN ‘Jiw LA...EM J)...’ LS‘)% XW|
Ll 00l B0, Z gy

Js <N 5 slolgs s Giale 4 bgpe jlosei O 5 4 gla IS
2 5 Slolss s sl (Br) Gl s aimoge plas 1) X jome
50136 sec b plp coi s 4 oS 5 slolss s 6y (Ter) i) gt
il o0 0.165 sec

G llgs Sy a5 el ol LSy UK 50 ol s ganslie
Iy 0090 lralr g e 4 gg,d Sr e X jeme Jo> S SIS 4
oy SN s a4 ced lplss oS padsie 5 plralr
el 5050 (5 e

5 slolge ol it 4 baye Jogai 75 6 slaJSs o (prizeon
US55 ol 5 ol gl ek el 00l ool GLiS Y ysme s> oS
N b ol s am <S5 slolss s 6l (Fr) S 59
Sl (Ter) idgmie Sl Gloy cizmed a3l o 7.092 uN 4 10.054
2l 0 0.610 sec §0.872seC L ply i 5 4 <M 9 loles s

1 - Richard D. Piner
2 - Manfred Radmacher

314


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.55.3
https://mme.modares.ac.ir/article-15-11686-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.12.55.3 ]

S (o

AFM 5l 936 i o Slasiwl by (553 9943 <l)3 93l w8 ya (gAmdun Suoliyd (5 jbwduub 9 g lw 3w

4 X eme Jo il (DS aman piddsaie jo OIS padde s
s orle 1 plgiee g ools &, puile SS90 e (lge
DS S 4 g ph 5l S g Gddgie CesS B 07 5y sl e
g a5 S0

sl Rl Sl a3 5 slolss s o (IS amlie prizeen
S chlise glayge Jom SN 4 Cond slples W Giile oS
Sy 5 lraly gz oS Lae (na o)l 5 Sl G
&3y 2 DS ol 8w el Caz Rt g9 4 5l Glolss @l
Dbl oo boe (gamin

99 0 X yeme o> lolss @l Guale 4 bgye Jloges 10 S
23 sl (Ter) Sz oles 5 (Far) om0 0203 g0 oLt 1) o
g0 aS ail 0 0113 seC 3899 UN L ol y o i 4y a9 50 slilso
Ole 5 955 Sial8l gosimolis g eog (55508 polie 4 S5 b Al
ol Jdo a5 adle o 90 4 Cod am a0 lidsie Sl
el olad pelas ol 3] led o

S 5 dmid -5
Seelos g (Soleiw Giledae @ L puess glp dlie ol o
sobie ol gl el sals asloy (Soelem IS Gaman riodse
5 cuwlin cwled Jow cwypm 4 (goman Solaiw giloJoe 51
w50 gt (Sealins Lly, gl meiil 4 55 (il s i skl
s 00 4.«_‘>L>).a Q=

Jold (Sigden i 5005 £ 90 o 4 ciledse Sl o
S ol Gddgie Sl S99 Glej g od axSlo SV 5 Slglso
ol duwlo (gilwdncd jidw 07 gy X sy e Jo> siide 090 (sl p
ol 5z dlie (pl 40 soel Caws 4 S s ool
s> ol 5l i g (oale S8 > 090 (ptSS Glgie 4 (om)p 09
Sls vale> #,2 9y sl oo
Sl Y o o5 w0 (LS (S 5 lolss DS e gamlis -
Bl g ity S 4 S loles DS i g 5 plral
UMLC‘Ss‘)?uuLo)dSw‘)&‘u."}ixLuUMOMTWQG\;CJLU‘
ML‘SA J){; Q‘)S )‘ )AAS Lg‘Q‘Lgo Q\)é 6‘)-.’ X ;97 J9.>

3 P el aBl p Tgn lae 0 o ildgace 4 dlas oyl
530 3 1y (So3elam lalae ;o (gamans s (g5 0 IS (sl
ol 0ol ool Ldainse S o 5l dlde ol jo e ol 18 )y
oolitul 35 JSim (55 5 i S l Gl ST eyl e oS
Sgei

e w408 -6

(M) Lo gamio ;3 0,366 3445 el ag

(M) 535m 55 03550 S5 gla a

(kgmis2) S 5 aewczw¥! Joow E

(kgms2)x bl yo Gj9m S Jloel (59,0 K
(kgms?) xsbewl, 50 yj9m slesl Jloe! (595 Fy

315

5 X 10_5
FONE -
A Critical Time = 1.004 sec — 7
1 Critical Force =11633 NN «vreureunans Fs
V)
2 i !00‘.~‘ i
O 1 | i 1 | 1 [

0.8 0.9 1 1.1 12 13 14
T (sec)
Fig. 8 Rolling critical force and time for DNA particles around the z-axis

Z j5e Js> lolss oS pale iz ey 5 9,5 8 S

x 10"
6 A T T
F(N)E  Critical Time =0.703 sec
1 Critical Force =8271 nN
4 <" lllll L LLLLT] FS |
Fz
21 4
. | | r s -
0.5 0.6 0.7 0.8 0.9 1

T(sec)
Fig. 9 Rolling critical force and time for Platelet particles around the z-axis

Z j95 Jo <5 @l,5 ke Jlimn ey 5 5,0 9 S5

x 10"

F(N)|  Critical Time =0.113 sec —_—
Critical Force =3899 nN

%.1 0.12 0.14 0.16 0.18 0.2
T (sec)
Fig. 10 Rolling critical force and time for DNA particles in 2-D around the x-axis
Xy Js> a9 0 slols Db Guale Gl oo g 5 10 JSCi

Jom <3 5 loliss ol 1ale @ bgye Jloges 559 58 (sla s
<S5 lolss ©hd sl (Fr) Slom 95 aamo 0 lis 1,2 597
Shee oloy mizmen bl g0 8271 UN 9 11633 N L ol s 5 4
1004 seC L ply i 5 4 <5 5 lolse 3 (6l (Tor) (rdedspeo
2ol 0 0.703 sec

s 2 e Jo slolss s aS S8 et Olgiee cnlnle
walys rile 4 gopd VL oloj ;o g i S98 LY oo wiilen
Sged

350 58 4z a5 Sl yol 0l S QB4 sla S (e (IS (stlie
S 5 Sl wsmnp Syse SO DS 050 o 4z g Slplss S
Js> e Sz 95w 5 ooy 5l S sl X 920 Joor il Sl
385 Sged (§yS el (IS Do a ol oo I Al e Z g Y (sl g

12 o jlosis 15 095 1394 siswl (o3 Sl Swaie


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.55.3
https://mme.modares.ac.ir/article-15-11686-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.12.55.3 ]

S (o

AFM 5l 936 i o Slasiwl by (553 9943 <l)3 93l w8 ya (gAmdun Suoliyd (5 jbwduub 9 g lw 3w

&1p-8

[1] Z. Ye, C. Edington, A. J. Russell, and M. Sitti, Versatile non-contact micro-
manipulation method using rotational flows locally induced by magnetic
microrobots, |IEEE/ASME International Conference on In Advanced
Intelligent Mechatronics (AIM), pp. 26-31, 2014.

[2] S. H. Mahboobi, A. Taheri, A, H. N. Pishkenari, A. Meghdari, and M.
Hemmat, Cellular Injection Using Carbon Nanotube: A Molecular
Dynamics Study, Nano, Vol. 10, No. 2, pp. 1550025-1-11, 2015

[3] H. Babahosseini, S. H. Mahboobi, M. K. Vakilzadeh, A. Alasty, A., and A.
Meghdaric, Optimal sliding mode control for atomic force microscope tip
positioning during nano-manipulation process, Scientia Iranica,
Transaction F, Nanotechnology, Vol. 20, No. 6,pp. 2285-2296, 2013.

[4] M. H. Korayem, M. Taheri, and M. Zakeri, Sensitivity analysis of
nanoparticles manipulation based on different friction models, Applied
surface science, Vol. 258, No. 18, pp. 6713-6722, 2012.

[5] M. H. Korayem, Z. Rastegar, and M. Taheri. Application of Johnson-
Kendall-Roberts model in nanomanipulation of biological cell: air and
liquid environment, Micro & Nano letters, Vol. 7, No. 6, pp. 576-580, 2012.

[6] A. H. Korayem, M. Taheri, and M. H. Korayem, Dynamic Modeling and
simulation of nano particle motion in different environments using AFM
nano —robot, Modares Mechanical Engineering,Vol. 15, No. 1, pp. 294-300,
2015. (in Persian)

[7] M. H. Korayem, H. Khaksar, R. N. Hefz Abad, M. Taheri, Simulation of soft
bacteria contact to be applied in nanomanipulation, Modares Mechanical
Engineering,Vol. 14,No.14, pp. 227-234, 2014. (in Persian)

[8] M. H. Korayem, M. Taheri, A. H. Korayem, and Z. Rastegar. Sensitivity
Analysis of Coulomb and HK Friction Models in 2D AFM-Based Nano-
Manipulation: Sobol Method, International Journal of Nanoscience and
Nanotechnology, Vol. 11, No. 1, pp. 23-31, 2015.

[9] N. Jalili, Nanomechanical Cantilever-Based Manipulation for Sensing and
Imaging, Nanorobotics, Springer, New York, pp. 29-40, 2013.

[10] M. Sitti, Survey of nanomanipulation systems. In Nanotechnology,
Proceedings of the 2001 1st IEEE Conference on Nanotechnology, pp. 75-
80, 2001.

[11] M. H. Korayem and M. Taheri, Modeling of various contact theories for
the manipulation of different biological micro/nanoparticles based on
AFM, Journal of Nanoparticle Research, Vol. 16, No. 1, pp. 1- 18, 2014.

[12] L. Yi, X. C. Shen, J. J. Wang, L. Bao, Zh. Zhang, and D. Pang, Measuring
radial Young’'s modulus of DNA by tapping mode AFM, Chinese Science
Bulletin, Vol. 52, No. 23, pp. 3189-3192, 2007.

[13]J. Arsuagaa, R. K. Tan, M. Vazquez, D. W. Sumners, and S. C. Harvey,
Investigation of viral DNA packaging using molecular mechanics models,
Biophysical Chemistry, Vol. 101, No. 1, pp. 475-484, 2002.

[14] M. H. Korayem, Z. Rastegar, and M. Taheri, Sensitivity analysis of contact
mechanics models in manipulation of biological cell, Journal of
Nanoscience and Nanotechnology, Vol. 2, No. 3, pp. 49-56, 2012.

[15] R. D. Piner, T. T. Xu, F. T. Fisher, Y. Qiao, and R. S. Ruoff, Atomic Force
Microscopy Study of Clay Nanoplatelets and Their Impurities, Langmuir,
Vol. 19, No. 19, pp. 7995-8001, 2003.

[16] M. Radmacher, M. Fritz, C. M. Kacher, J. P. Cleveland,. and P. K. Hansma,
Measuring the Viscoelastic Properties of Human Platelets with the
Atomic Force Microscope, Biophysical Journal, Vol. 70, No. 1, pp. 556-567,
1996.

12 o Louis 15 0093 1394 siawml (ORI \_:ulgo Wi

(kgms2)y sliwly 1o oyj9m S5 Jloel (59 E,
(kgms2) y sbiwl; 50 &j9m slesl Jlosl (595 Fy
(kgms2)z sl ) 59w skl Jloel (5950 E,

(kgms2)z sbewl, ;3 (y30m So Jlosl 595 F,

(M) oisw e®))  H

(M) gl abais Joo S 15 (ol lows I,
(kgmis?) jge acmi¥l Jsoo K

(kgs2) X ygome (sliwly yo S o5 St K,
(kgs?) y,gome b)) o Sy s K,
(kgs2) z,sme sbivl, ;0 S 5 . K,
(kgm2s2radt) y 4o Jo>  chiomm (S K,
(kgm2s2radt) z jgme Joo (cdomg St K,
(M msdsb L

(kgm2s2) y jome Jo> S 13 X N Ay M,
(kgm?s2) 2 e Jo> S 5 (oimm 9liiS My
(kg) S 5 o, m

(m) o34t gl Rp

(M) oss gles R,

(M) S 5 calses
(m) Sy 208w
(M) X550 lily 50 &y slo! CouBya Xp
(M)X 950 sbiwl, 1o Lie i 0,8 Coundge Xs
(M) X550 Slisly 53 (gm0 S5 ConaBya X
M)y H9mee sbewl) 1 Gjom Slel Condye Yo
(M) ¥ 59mee sbiwly 5 Lie asxio 5 0,3 Codge Vs
(M)Y Hsome bl )3 Gjgm S5 Coxdya Ve
(M) 2 j9ee bl 5o (om0 Sleil Caadso Zp
(M) 2900 (sbiwl, )3 Lis aomio 08 Condgo Zs
(M)z j5ome bl )3 Gjgm S5 Coxdya Zt
Sl e

(M) L gamis ;0 0,356 d9i5 Goc 8
(M) (y39m0 5 0,350 95 Gos 8¢
(kgmis?) Stz coye O

S Ol ce b v

K g g -7
ook o B o g Sl olRisls ciagh cigles Colom> b dllie oyl
ol a3 53y 90 1394/6/15 #,40 94I6377 ols )5 o )leis

316


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.55.3
https://mme.modares.ac.ir/article-15-11686-fa.html
http://www.tcpdf.org

