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"CU= |r=kDv= Gwt l}B w ẁQW u}@ u=tR hqDN= � 0w �h=mW |=Q=O |xvwtv

|y=oW}=tR; C=ar=]t "3
xOW xO=iDU= Kr=Yt "1"3
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QO =ylQDR} Q 'xt=O= QO "Ov=xDi=} xaUwD w xDiQo pmW h=mW AJ CtU lwv QO
QO xvwtv C}=yvQO =D 'Ov=xOQm OWQ G} QOD x@ w xOW O=H}= h=mW CU=Q CtU lwv

"OwW xDN}Uo xvwtv pN=O QO OwHwt h=mW |=DU=Q

94



2/
1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

pN=O |tU= VvQm MQv w |m}t=v}O |Q=Wi Ctw=kt QO h=mW pw] QF= "20 pmW
[26]"�2017� u=Q=mty w |r VywSB |=v@t Q@ xvwtv

xDW=Ov h=mW |oOWR=@ CaQU V}=Ri= QO |v=OvJ Q}F-=D h=mW pw] V}=Ri= 'u}}=B
lwv |oOWR=@ CaQU 'h=mW pw] V}=Ri= =@ QDq=@ |Q=PoQ=@ |=yMQv QO =t= 'CU=
|=yMQv QO xm OwW|t xOy=Wt xwqa x@ "CU= xDi=} V}=Ri= h=mW AJ CtU
h=mW lwv |oOWR=@ CaQU QO |QDW}@ Q}F-=D h=mW pw] Q}}eD 'QDq=@ |Q=PoQ=@
|oOWR=@ CaQU Q}}eD u=R}t '|Q=PoQ=@ MQv V}=Ri= =@ 'Qo}O CQ=@a x@ "CU= xDW=O

"CU= xDi=} V}=Ri= h=mW pw] Q}}eD =@ h=mW

G}=Dv QO EL@ "6
|m}t=v}O |WWmCtw=kt QO h=mW pw] QF= |xv}tR QO xOW s=Hv= C=ar=]t xJQo =
xOW x�=Q= |y=oW}=tR; G}=Dv =@ Q[=L VywSB G}=Dv =t= 'CU= OwOLt Q=}U@ nvU
h=mW pw] QF= '�2017� u=Q=mty w |r "CU= xU}=kt p@=k u=QoWywSB |NQ@\UwD
|xH}Dv xm [26]'Ov=xOQm |UQQ@ =Q p@ Q=t nvU |awv |m}t=v}O |Q=Wi Ctw=kt QO

"OwW|t xOy=Wt 20 pmW QO u;
'h=mW pw] V}=Ri= =@ O=O u=Wv �2017� u=Q=mty w |r |UQQ@ |xH}Dv
OwN VywSB QO =yu; =t= 'CU= xDi=} Vy=m |OwOL =D |m}t=v}O |Q=Wi Ctw=kt
\=@vDU= Qw]u}= u=wD|t 20 pmW j@=]t "OvOQ@v Q=m x@ =Q |D@=F ,qt=m VvQm MQv
'OwW |UQQ@ C@=F ,=D@Uv VvQm MQv l} QO h=mW pw] QF= xm |DQwY QO xm OQm

"Ovm|tv |O=} R Q}}eD xvwtv Ctw=kt
uJ |m}t=v}O |DUmW l}v=mt pOt R= xO=iDU= =@ '�1980� u=Q=mty w A}m
=@ =Q |Div p}W |m}t=v}O |WWm Ctw=kt QO h=mW pw] QF=[27]'�1977� K}U w
Cw=iDt |=ypw] |=Q@ OOaDt C=@U=Lt s=Hv= =@ w |OOa |Q}op=QoDv= R= xO=iDU=
\}Lt l} QO u=W}= pOt [24]"Ov=xOQm |UQQ@ VvQm hrDNt |=yMQv w h=mW
xOy=Wt 21 pmW QO =yu; |UQQ@ |xH}Dv "OW p=ta= C}=yv|@ O=a@= =@ |Oa)@ wO
Ctw=kt 'h=mW pw] V}=Ri= =@ |m}D=DU= Cr=L QO xJQo = 'u; j@=]t xm OwW|t
'h=mW pw] V}=Ri= =@ '|m}t=v}O |Q=PoQ=@ Cr=L QO =t= 'CU= xDi=} Vy=m xvwtv

"�O=} R |=yh=mW pw] |=Q@� CU= xOv=t |k=@ C@=F |m}t=v}O Ctw=kt
'u}}=B |Q=PoQ=@ MQv QO xm OwW|t xOy=Wt 18pmWj@=]t R}v Q[=LVywSB QO
=t= "CU= xDi=} Vy=m |WWm Ctw=kt h=mW pw] V}=Ri= =@ |m}D=DU= Cr=L Ovv=t
pw]V}=Ri= =@ 'QDq=@ |Q=PoQ=@ |=yMQv QO w xOQm Q}}eD OvwQ u}= |Q=PoQ=@ MQvV}=Ri= =@

"|WWm Ctw=kt QO |Q=PoQ=@ MQv w h=mW pw] s-=wD QF= "18 pmW

AJ CtU lwv |oOWR=@ CaQU QO |Q=PoQ=@ MQv w h=mW pw] s-=wD QF= "19 pmW
"xvwtv QO OwHwt h=mW

|xOvyOu=Wv '18 pmW QO xDiQ Q=m x@ |=yO=tv R= l} Qy xm CU= QmP x@ sRq
"OvDUy ( _�) xvwtv pN=O QO |tU= VvD MQv R= XNWt Q=Okt l}

=@ 'h=mW C@=F |=ypw] =@ |=yxvwtv QO xm OyO|t u=Wv |UQQ@ |xH}Dv
xm OwW|t xOy=Wt u}vJty "CU= xDi=} V}=Ri= =yxvwtv Ctw=kt 'VvD MQv V}=Ri=
OvwQ u}= w xDi=} Vy=m xvwtv Ctw=kt 'h=mW pw] V}=Ri= =@ 'u}}=B |Q=PoQ=@ MQv QO
|m}D=DU= Cr=L QO |WWm Ctw=kt QO h=mW pw] QF= |UQQ@ |xH}Dv =@ |Wy=m
xOW xOy=Wt w xOQm Q}}eD \}=QW |Q=PoQ=@ MQv V}=Ri= =@ =t= "CU= xDW=O |v=wNsy
|k=@ C@=F ,=@} QkD Ctw=kt 'h=mW pw] V}=Ri= =@ 'QDq=@ |Q=PoQ=@ MQv QO xm CU=
V}=Ri= =@ w xt=O= QO "CU= xDW=Ov |WWm Ctw=kt QO |Q}F-=D h=mW pw] w xOv=t
'h=mW pw] V}=Ri= =@ w xOQwN skQ |Qo}O pmW x@ xH}Dv '|Q=PoQ=@ MQv QDW}@
TmaQ@ xOt; CUOx@ |xH}Dv xm 'CU= xOQm =O}B V}=Ri= |OL =D xvwtv Ctw=kt

"CU= |m}D=DU= Cr=L QO xH}Dv
AJ CtU lwv |oOWR=@ CaQU 'xOW pY=L G}=Dv QDW}@ |UQQ@ Qw_vt x@
lwv |oOWR=@ CaQU |xv}W}@ "CU= xOW |UQQ@ |m}t=v}O |Q=PoQ=@ CLD h=mW
|Q=PoQ=@ |=yMQv QO w h=mW Cw=iDt |=ypw] =@ |=yxvwtv QO h=mW AJ CtU
pw] =@ |}xvwtv QO xm OyO|t u=Wv xH}Dv "OwW|t xOy=Wt 19 pmW QO Cw=iDt
MQv V}=Ri= =@ h=mW AJ CtU lwv |oOWR=@ CaQU |xv}W}@ 'C@=F h=mW
|Q=PoQ=@ MQv QO xJQo = xm OwW|t xOy=Wt u}vJty "CU= xDi=} V}=Ri= '|Q=PoQ=@

95



"""Q
Oh

=mW
pw]

w|
Q=Po

Q=@M
Qvs

=wDQ
F=

|m}v=mtwQm}t pOt 'xH}Dv QO "CU= xO=O s=Hv= 8 w 7 \@=wQ \UwD xOW x�=Q= pOt
"CU= OQ)D O=wt |m}t=v}O CUmW |UQQ@ QO O}it |rOt 'Q[=L Q=DWwv

|Q}oxH}Dv "7
|@}mQD |Oa)@xU Q=Ri=sQv l} xm CA3 Q=Ri=sQv R= xO=iDU= =@ 'Q[=L VywSB QO
pw] s-=wD QF= w |R=UpOt uwUv}mB=y V}=tR; 'CU= xDUUo u=tr= � OwOLt u=tr=
|UQQ@ h=mW |=Q=O nvU |m}t=v}O |WWm Ctw=kt QO |Q=PoQ=@ MQv w h=mW
xOW xU}=kt �|y=oW}=tR; w |OOa� |m}D=DU= |xH}Dv =@ pY=L G}=Dv "CU= xOW

:CU= xOt; CUO x@ G}=Dv u}= w
pw] V}=Ri= =@ xm OyO|t u=Wv |y=oW}=tR; w |OOa |=yxar=]t |xH}Dv "1
OwW|t xOy=Wt u}vJty "CU= xDi=}Vy=m |m}D=DU= |WWmCtw=kt 'h=mW
h=mW |=Q=O nvU Q=DiQ |@ wN x@ CU= xDUv=wD pYDt sy x@ C=QP pOt xm

"Ovm |R=Ux}@W =Q |m}D=DU= |Q=PoQ=@ CLD
Cw=iDt '|m}t=v}O |WWm Ctw=kt QO h=mW pw] QF= '|m}t=v}O |Q=PoQ=@ QO "2
'xOW p=ta= |Q=PoQ=@ MQv x@ xDU@ w xOw@ |m}D=DU= |WWm Ctw=kt QO u; QF= R=
xDi=} V}=Ri= =} w xOv=t C@=F =} 'xDi=} Vy=m =} Ctw=kt 'h=mW pw] V}=Ri= =@

"CU= \@DQt h=mW |oOWR=@ CaQU x@ u; p}rO xm CU=
QO OwHwt h=mW lwv h=Q]= QO VvD w |oOWR=@ CaQU RmQtD OwHw p}rO x@ "3
Ok=i |=yxvwtv Ctw=kt =@ xU}=kt QO h=mW |=Q=O |=yxvwtv Ctw=kt 'xvwtv
=@ C}U=UL u}= w xDW=O |Q=PoQ=@ MQv x@ C@Uv |QDW}@ C}U=UL 'h=mW

"CU= xDi=} V}=Ri= h=mW pw] V}=Ri=
Q=DiQ Ov=wD|t |@ wN x@ u=Q=mty w |t}Ni \UwD xOW x�=Q= |LqY= pOt "4
|=yV}=tR; QO xOW O}rwD Ctw=kt xi=[= w |R=Ux}@W =Q nvU |m}t=v}O
R= |W=v QF= Ov=wD|t |@ wN x@ xOW x�=Q= pOt u}vJty "Ovm O}rwD =Q |m} R}i

"Ovm |R=Ux}@W =Q h=mW lwv QO C=QP CmQL CaQU

O=Oa=� [24]"|Div p}W |m}t=v}O |WWm Ctw=kt QO h=mW pw] QF= "21 pmW
"�CU=y|vLvt R= l} Qy |=Q@ VvQm MQv Q=Okt |xOvyOu=Wv Q=Owtv |wQ

MQv QDW}@ V}=Ri= =@ u}vJty "CU= xOv=t |k=@ C@=F ,=@} QkD |WWm Ctw=kt 'h=mW
p}rO "CU= xDi=}V}=Ri=Ctw=kt 'h=mWpw]V}=Ri= =@ xm OwW|t xOy=Wt|Q=PoQ=@
CaQU |UQQ@ |xH}Dv R= "OOQo|t Q@ xvwtv QO h=mW |oOWR=@ CaQU x@ j=iD= u}=
|Q=PoQ=@ MQv QO xm OwW|t xOy=Wt 19 pmW QO h=mW AJ CtU lwv |oOWR=@
xOQmv Q}}eD u=OvJ h=mW |oOWR=@ CaQU |xv}W}@ 'h=mW pw] V}=Ri= =@ u}}=B
x@=Wt |Q=DiQ |xOy=Wt ?Hwt Qt= u}ty "CU= xOv=t |k=@ C@=F ,=@} QkD u; Q=Okt w
h=mW pw] V}=Ri= =@ xvwtv Ctw=kt 'u}}=B |Q=PoQ=@ MQv QO w xOW |m}D=DU= Cr=L
CaQU 'h=mW pw] V}=Ri= =@ 'QDq=@ |Q=PoQ=@ |=yMQv QO =t= "CU= xDi=} Vy=m
O}rwD ?Hwt 'h=mW |oOWR=@ CaQU V}=Ri= "CU= xDi=} V}=Ri= h=mW |oOWR=@
'Ctw=kt xi=[= u}= "CU= xOW QDW}@ h=mW pw] =@ |=yxvwtv QO|i=[= Ctw=kt
QO xH}Dv QO w xOQm |FvN =Q xvwtv |WWmCtw=kt QO h=mW pw]V}=Ri= |Wy=m QF=
|k=@ C@=F ,=@} QkD xvwtv |WWm Ctw=kt 'h=mW pw] V}=Ri= =@ q=@ |Q=PoQ=@ |=yMQv
19 pmW QO \w]N ?}W '|Q=PoQ=@MQv QDW}@ V}=Ri= =@ w xt=O= QO "CU= xOv=t
p}rO x@ xOW O}rwD Ctw=kt xi=[= Q=Okt V}=Ri= ?Hwt xr�Ut u}ty w xDi=} V}=Ri=
O}rwD Ctw=kt xi=[= C@Ft QF= ,=D}=yv "CU= xOW h=mW |oOWR=@ CaQU V}=Ri=
|Q=PoQ=@ |=yMQv QO?}DQD u}= x@ w xOW h=mW pw]V}=Ri= |ivt QF= R= QDW}@ 'xOW
pmW QO "CU= xDi=}V}=Ri= |OL =D h=mW pw]V}=Ri= =@ xvwtvCtw=kt 'q=@ |r}N
sOa QO u; j@=]t xmCU=CU= xOW|UQQ@ Q[=LVywSBG}=Dv QO � QDt=Q=B QF= '22
=@ |m}t=v}O |Q=PoQ=@ CLD xvwtv xmv; seQ|ra '(� = 0 s=m)� QDt=Q=B Qw[L
Ctw=kt V}=Ri= CU= xDUv=wDv |OOa pOt =t= 'CU= xDiQo Q=Qk q=@ |Q=PoQ=@ MQv
xvwtv Ctw=kt uOv=t C@=F '� QDt=Q=B Qw[L sOa QO u}vJty "Ovm O}rwD =Q Q=_Dv=OQwt
pw] V}=Ri= =@ |m}t=v}O Ctw=kt Vy=m w xO=Di}v j=iD= R}v h=mW pw] V}=Ri= =@
CaQU xmv; |=Q@ xm OQm |Q}oxH}Dv u=wD|t Q}N=EL@ R= "CU= xOW xOy=Wt h=mW
|m}t=v}O Ctw=kt QO C}ak=w x@ l}ORv w Q=O=vat QF= Ov=wD@ h=mW lwv |oOWR=@
O}rwD x@ QHvt C=QP |@UvCaQU |B wmUwQm}t K]U QO O}=@ 'OQ=Po@nvU |WWm
xm CU= |Q=m u=ty ,=k}kO u}= w OwW C=QP u}@ T=tD |x]kv QO Ctw=kt xi=[=

=yCWwv=B
1. Li & Meng

2. Hao
3. Li
4. Kipp
5. Chen & Sih

96

"nvU |m}t=v}O |WWm Ctw=kt QO h=mW pw] w � QDt=Q=B s-=wD QF= "22 pmW



2/
1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

6. Wang
7. Kolsky
8. Snow rock
9. diatomaceous earth
10. Atkinson
11. bonded particle model
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