
go -l.f \L3 

0 fi b e A M H e H H bl M 
MHCTMTYT 

H.O. 8 pH bl X 
Mccne.o.oBaHMM 

.O.YfiHa 

/J,lS-90-443 

B.B.Os4~HH~KOB, ~.A.6enywK~Ha, E./J,.Bopo6beB, 
B ./J.. WecTaKoB 

~IJ.EPHbiE non~MEPHbiE MEM6PAHbl 

HA <D~H~WHO!i1 OY~CTKE 803/J,YXA 

OT M~KPOYACT~U C PA3MEPAM~ 60nEE 0,3 MKM 

HanpasneHo Ha KoH<t>epeH4VIIO 11 MV1Kpo3neKTPOHVIKa-90 11
, 

MVIHCK; KoHrpecc 11 XV1CA'90 11
, YexocnosaKVI~, 

VI B >+<ypHan 11 Powder Technology .. 

1990 

-t 



r 

co
 

I 
·Q

>
 

N
 

-1
 

0 .... CD
 

CD
 

:<
: 

:<
: 

0 :s
r 

&
: 

0 
s 

..c
 

S 
CD

 
.....

.....
.. 

V
1

 
I
'<

 
->

a
>

 
:0

: 
C

C
II

 
s 

....
....

 ,.
, 

..., 
. 

"' 
""

 
..c

 
0 

"
"
' 

<D
 

:z
: 

• 
o 

m
· '"' 

::
z
:"

" 
"
' 

'0
 

...
, 

0 

""
 

:z:
 

'<
 

IE
: 

i!5
 
- "" "" 

::z
: 

(Q
 

0
-

:
:
0

-
'0

 
<I

I 
0 

"
"
 

a
:l

 
ID

 
-1

 

"" 
"' 

::::
'1 

:z:
: 

CD
 

m
 

E
 

Q
J 

C
 

X
 

:1
: 

&
: 

c 
~
 

s 
0 

'0
 

'0
 

...
. 

0 
'<

 
CD

 
0 

C5
 

'0
 

""
 

.s
 
~
 

s 
0 

s 
c 

c 
:z

: 
X

 
W

 
::::

. 
C

 
'0

 
0 

"" 0 

w
'"

' 
..

..
 

Q
 

('
) 

-1
 

::
0

 
CD

 
<D

 
'0

 
'0

 
s 

s:
 

0 

'"' 
"" 

CD
 

0 
:<

: 
• 

.... 

s:
 

....
. 

0 
)
(
 

"" 
o 

cr
 

'0
 

:a
: 

0 
0 

"" .... 
...

 
CD

 
'0

 
'<

 
("

) 

n 
'0

 
:z

: 

s 
II

: 
:::

. 
0 

('
) 

s 
0 

:::
:1

 
c 

s:
 

CD
 

w
 

-
t 

s 
n 

"
'C

D
X

E
D

l
t
a
O

 
-
t 

0 
i!

5
 

"
0

 
sz

:-
'<

 
:a

 
0 

s 
"" ;: 

0 
..

..
..

..
. 

"" 
_.,

.. 
0 

_
.
,
.
 

....
 

-..
...-

o 
0 

'<
 

"" 
(
')

 
cr

 
:::

. 
0 

"
"
 

0 
0 

::
::

J
-1

 
O

S
 

"
'C

C
D

C
»

 
~-

-
..... 

~
 
~
 
~
 /

: 
ci 

"
' 

"
"
 

<I
I 

C
I
J
O

C
!
:
:
a
E

S
Z

%
 

"' 
"' 

"' 
-1

 
0 II

: .... '0
 

CD
 

0
\ 

.'
<

 
<1

> .. 0 "' 

-s "" cr .... '0
 

0 &
: s s:
 

"'
 

ec
 

ec
 

s 
o&

<:
:z

: 
CD

 
S 

x 
e 

....
 

::z
: 

"
'
O

Q
O

C
D

)
(
 

0 

"' 
...

. 
...

. 
0 

c
:
~
=
~
.
n
-
t
:
:
r
;
 

:e
m

 
w

 
s:

 
0 

s 
::s

: 
s 

Q
 

:a
 

: 
;;

 
~
 

s::
. 

.. s
z
 

-,
 

g. 
~
 

"
0
~
-
t
n
 

C
-
t
:
o

 

0 
.
,
 

"
"
' 

0 

0 
0 

cr
-

%
 

W
 

CD
 

CD
 

::
J 

a
l 

%
 

'<
 

"
0

 
::a

 
0 

¥
1

1
S

Z
: 

O
C

S
C

J
:
-
C

D
 

w
 
~
 

::
t 

n 
w

 
CD

 
sz::

: 
S 

<D
 

0 
-
t 

W
 

C
 

'0
 

X
 

C
D

 
"0

 
c:

r 
C

 
-C

D
 

::Z
: 

S
C

 
:
&

a
"
'
E

n
 

X
X

C
D

 
C

D
C

X
"
'C

 
O

C
D

:
l
"
C

E
 

CD
 

::::
1 

0 
l:

. 
0 

• 
S

_
:
:
J
 

l
a
 

-
o

-
t
m

m
s
 

..
 

o 
S

: 
-
t
E

C
D

 
!:

:1
::

::
1

 
C

 
&

"
C

:
:
J
S

"
C

 

m
 

::
0

 
('

) 
"0

" 
CD

 
(I

) 

"
"
 

0
. 

::
0

 
0 

0 
"
"
 

"
"
 

(I
) 

0 
<I

I 
., 0 

-1
 

CD
 

'0
 

..
..

 
'<

 

0"
" 

""
 

0 CD
 

-.
&

: 
• 

0 
""

m
 

(')
 

s:
 

.,
. 

0 
"
'·

:a
: 

s:
 

..c
 

:<
: 

0 

II
:·

 
"
"
 

Q
 

s 
0 

IE
: 

"
' 

'"' 
"' 

.... 
"" 

m
 

x 
II!

! 
m

 
CD

 

'"' 
I.

O
C

D
 

\
D

"
"
c
r
 

• 
:a

: 
...

. 
1

.
0

0
'0

 
\
D

"
"
 

0 
I
.D

S
<

D
 

\D
 

('
) 

-
:
:
0

-
1

 
-..

...m
 

o 
-
''
0

 
:<

: 
I'

\)
(
')

 
::0

: 
-.

..
..

:.
: 

0 

~


C
)
 

0 
""

 
(')

 
..c

 
:<

: 
-1

 
"
' 

0 
<I

I 
('

) 

.... s &
: 

"" 
::

0
 

'"
' 

'<
 

s:
 

.... 
0 

CD
 

CD
 

.... 
'"' 

., 0 

<1
> ::z
: 

m
 

::z
: 

IE
: 

IE
: 

("
) 

X
 

0 

.:
:0

 
"" 0 

"
"
 

("
) 

IE
: 

""' 
0 

0 
""

 
:
.
O

l
e
-
c
o

n
 

s 
n 

o 
CD

 
~
 

.1
:. 

-
f
 

"
0

 
E

 
CD

 
C

D
C

D
E

;
J
I
I
o

:
:
J
 

n 
(D

 
0 

CD
 

CD
 

-1
-

z 
CD

 
=

 :Z:: 
CD

 
%

 
0 

CD
 

S 
Q

 
SE

 
%

 
X

 

o
s
z
:-

:c
; 

""-
(
')

 
0 

0 
0 

...
. 

CD
 

%
 

S 
::::

:'1 
0 

"" 
(
"
)
 

-1
 

a
.g

 
""

 
0 

ID
 

:z
: 

"
"
 

IE
: 

<1
> 

• 
:z:

 
:s

 
0 

cs
 

..c
 "' 

(")
 

:z
: 

o 
cr

 

"" (") 
'0

 
...

. 
0 

ID
 

W
 

<1
> 

..
. 

:z:
 

s:
 

::z
: 

...
. 

IE
: 

0 
X

 
>

ll
 

"
' 

0 
m

 
""

' 
::z

: 
• 

0 

C
D

O
X

C
D

C
S

"
O

C
S

 
X

'<
 

:
:
:
J
:
J
5
C
D
Q
)
~
 

C
D

S
:
:
J
S

'<
C

D
'C

C
D

 
%

.. 
CD

 
0 

CD
 

C5
 

E
 

:C
: 

:C
: 

s
n

:
:
t
-

&
s
r
:
C

D
 

CD
 

-1
 

CD
 

::
l 

n 
C

 
><

 
:C

: 
C

D
:C

:"
O

:J
C

S
 

S 
'<

S
O

O
E

E
C

C
D

 
c
s
c
s
s
n

s
-
-
m

c
 

s 
w

 
0 

c 
• 

S
(
&

)
O

J
Q

S
Q

 
>
<
E
t
c
o
~
 

-c
 

'0
 

'"
' 

C
D

.:
a:

 

:a
: 

:<
: 

...
. 

0
-"

" 
::0

: 
0 

"
' 

"" 
... 

CD
 

::
:.

 
W

 
~
 
~
 

)I
{ 

0 
"
"
 

...
. 

0 
"" 

., "" 
0 

0 
..c

 

&
: 

<I
I "" <1> 0 0 

S 
ID

 
0 

0 
0 

-1
 

.... 
"' 

""
""

 
s 

'<
 

""
"' 

1
:>

 
::

0
 

X
 

0 
0 

w
 

m
 

::z
: 

"" 0 
0 

""
 "" <II 

""
 

0 
:<

: 
..

 
..c

 
0 

:<
: 

s 
0 

.
.
 

:<
: 

0 
0 

C
.C

5
S

 
II

: 
..

..
 

"
"
 

...
. 

0 
cr

 
<I

I 
""

 
.
.
,
:
~
 

\D
 

I.
D

:<
:O

 
• 

0 
..

..
 

0 
I 

-

'0
 

::z
: 

E
 

X
 

6
c
l
=

-
O

"
O

C
 

CD
 

s 
n 

c 
::c

 
;:z

; 
....

.. 
....

.. 
w

 
-1

 
CD

 
fT

 
E

 
S

 
!=

! 
-

C
D

 
"
' 

cr
 

'0
 

%
 

%
 

:c
 

sr
: 

0 
0 

0 
o 

n 
.... 

...
. 

"' 
"' 

e
c
 

s:
 "" cr -1
 

'0
 

0 I 

.. <I
I 

(Q
 

"
"
 

'"' 
.... 

"" 
""

0 
<D

 
-
g
.
'
"
'
~
 

::z
: 

""
 

IE
: 

0 
CD

 
..., 

"' 
0 

0 "" cr I 

-:s: ..
 

s 
CD

 
C

 
:<

: 
s 

"' 
. 

<I
I 

"
"
 

::
0

 
""

 
'0

 
...

. 
0 

1
:>

 
"
"
 

0 
""

 
m

 
"
' 

:z:
 

'"' IE: 
"
' 

0 m
 

s:
 

"
' 

'"
' 

'0
 

<I
I 

X
 

1
5

 
...

. 

-
0 

s 
::z

: 
X

 
;o

; 
0 

("
) 

""'
 

0 "" (") .... I 

0 
0 

..
. 

"" 
"" 

... 
~ 

~ 
~ 

<1
> 

:<
: 

:<
: 

=
~
I
 

"' 
...

. 
CD

 
'<

 
C5

 
'0

 
'0

 
0 

0 
0 

w
 

""
0

""
 

0 
:<

: 
"
' 

...
. 

0 
..c

 
IE

: 
m

 
:<

: 

"' 
'<

 
IE

: 

,.. 0 "" s: ID
 

0 15
 

-1
 

0 ""' 

)
(
 

::
0

 "" o··
 

("
) .... s:
 -s: I 

CD
 

CD
 
X
~
 

0 
-
, 

("
) 

CD
 

::::::. 
=

 :::J 
~
 

0 
'0

 
!:

a 
:0

 
:a

: 
'<

 
cs

 
z 

0 
0 

....
.. 

S
C

-
t
n

 
n 

CD
 

C
 

:lG
 

...
. 

::z
: 

&
: 

0 
s 

s 
-
t 

-,
 

....
. 

s 
s:

 
0 

::
0

 
0 

"' 
("

) 
'"' 

w
 

'0
 

o 
m

 
cr

-
w

 
:z

: 
0 

-c
 

C
l 

0 
::

:.
 

"
0

 
a:r

 
&

: 
0 

Q
 

s 
-:

X
: 

s=
 

(")
 

(")
 

:1
: 

s 
s 

:::
. 

s:
 

0 
c 

'<
 

("
) 

X
 

0 
• 

-1
 

:
c
n

o
.
o

 
0 

-
f
 

E
 

.1
 

.,
 

s:
 

0 
0 

. , ~ Ji
ll 

C
D

 
<I

I 
l5

 
("

) 
...

. 
-1

 
ID

· 
0 

0 
..c

 
<1

> 
::

I 
::z

: 
0 

. 
("

) 
\D

 
...

. 
\D

 
<I

I 
\D

 
"
"
 

·,
0

 

""-0 
• 

"' p I 
. 

• 

n 
c 

O
'O

Q
>

 
..c

 
<I

I 
• 

s:
 

,.
. 

""
 

("
) 

IE
: 

'0
 

-<
 

-....
.o 

"
"
 

--
.1

%
 

S
: 

I 
E

 
.... 0 .....

.. 

Q
 

ID
 

0 
0 

"" 
'"' 

<1
> 

<
D

 
("

) "" 
N

 
ID

 
I 

0 
V

•
\
.
n

W
 

-
t
-

..
..

 
X

 

::
0

 

"" <II '0
 

::z
: 

0 
~
 

.&
! 

• 
5

I:
 

c 
....

 
)(

 
&

: 
0 

:c
 

"" 
:s:

: 
s:

 
c 

::
I 

0 
:J

::
."

' 
s 

0 
:r

 
c 

::z
; 

:::
. 

:::
. 

%
 

CD
 

C
t 

S
-

S 
S

l:
 

-
f
 

::a
 

%
 

c 
'"

' 
"
"
(
I
)
 

S
~
:
:
:
J
"
C
"
'
 

0 ""' ::z: 0 ::0
: 

0 

'0
 

0 
s 

%
 

0 
'0

 
s:

! 
Q

 
S

 
S

 
C

D
 

lD
 

..., 
("

) 
("

) 
CD

 
-
f
 

:z
; 

C
 

0 
0 

S 
CD

 
~
 

n 
x 

&
 

:s
 

...
 

""
 

..
..

 
0 

'0
 

<I
I 

-1
 

0 
:::

. 
C

 
ID

 
::z

: 
V

,(
D

 
CD

 
0 

~
 
-
~
~
~
 

("
) 

Q
 

-
t
~
 
:1

 
-t

 
C

 
S

·
'O

 
0

""
 

%
 
.
•
 

cp
 

- "' "" cr .... '0
 

0 &
: s ~"
" 

E
.
,
.
 

--
~-

~
 

s 
V

1
 

'"
' 

I 
<I

I 
N

 
15

 
0 

1
5

 

-
s:

 
..

..
_

X
 

("
) .... 0 ID
 "" "" <II .... ("

) 

0
' 

II
: 

::z
: 

o
"
 

• <II ("
) .... 

'
I
 

... =
 • CD ~ CD

 
:1

: • CD 

• 



0UBHKM nOK03Y80~T, 4TO np14 4MCTOTB nOA0808MOrO HO MBM~POHY 803AYXO, 
COOT88TCT8Y~~eA Knaccy 100 ~BABPOnbHOro CTOHAOPTO CWA 209A, ee CPOK 
cnyM6Y He HMMB, 4811 y 80nGKHMCTYX IOTBPMOn08 TMnO HEPA M ULPA 

2. IOTBPIOJM I MOTOAI«O 

HccnBAYBMY8'MBM6pOHY nPBACT08nR~T COGOA nonMSTMnB~TBPBITOnOTHY• 

(n3T~) nneHKY TOn~MHOA 10 MKM. Bee OHM 6YnM M3rOTOBnBHY 8 Aa~o

POTOPHM RABPHYX PBOKUMA O~bBAMHBHHOrO MHCTMTYTO RABPHYX MCCnBAOBOHMA 
.(141980, AY6Ha, CCCP)~ 0CH08HY8 XOPOKTBPMCTMKM MBM6paH npMBBABHY B 
Ta6n.1. 

filii' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 ~. 

11 
12 

Ta~MIUO 

XapOKTBPMCTMKM RABPHYX MBM~POH 

3neKTPOHHO-MHKPO- ra30AMHOIIM4BCKMI nnoTHOCTb 
CKOnH48CKHA AMO- AMOMBTP nop, nap, _

2 IIBTP nop, MKII MKM Cll 

0,20 0,38 1.10H 

0,35 0,40 7 7,5.10 
0,30 0,40 1.108 

0,45 0,50 1.108 

0,50 0,63 6.107 

0,50 0,60 
. 7 

2,5.10 
0,80 0,90 7 1,6.10 
1,00 1,06. 7 1 ,8. 10 
1,00 1,20 1,4'.107 . 
1,25 1,50 6 5,9.10 
2,25 2,2{) 6 3, 7.10 
1,75 2,40 6 4,0.10 

nopMCTOCn 
% 

14 
10 
12 
16 
23 
9 

10 
14 
16 
10 
11 
12 

B CMny Toro, 4TO AnR 60nbiMHCT80 IIBM~POH B T06n.1 OOPkCTOCTb 81118 
5%, 143-30 MHOMBCT8BHHOrO HOnOIBHMR KOCWX nap r030AMHQM1448CKMA AMOIIBTP 
npe8YUIOBT 9neKTpoaao-MHKPOCKoiiHqecKHA. Tor AO KOK AMI ~onee NM.~KMX nopMc
rocreA9neKTpoaao-MHKpocKonHqecKHApa3uep acerAa HBCKOnbKO BWIB, HOOpM~ 

uep, M3-3a Kparepoo6pa3HOA topuy nop y noaepxHoCTM/13/. BnMRHMBM KonM-
4BCT80 nepeKPYTMA Kocyx nap HO atleKTMBHOCTb IMnbTPOUMM ueii~POHW a AOnb
Heheu npetleGpe•eu. KaK 6Yno noK030HO a paGore/8~ AJIR Nuolepore ueuG
POH eapbMP080HHe nopMcroctM He npMBOAMT K 30MBTHWM M311BHBHMRM a alleK
TMBHOCTM 04MCTKH, Ha PMC.1 CXBMOTM48CKM nPBACtOBnBHO yCTOHOBKQ M3MBP8-
HMR ceneKTM8HYX C80ACT8 MBM~POHY, RABPHOR IIBII~POHO 1 30KpennRnOCb 8 
IMnbTPOABPMOTene 2. 

KOHUBHTpaQM~ MMKP040CTMU B npoXOAfi~BII BP3AYXB M3MBPRnM IOTOSnBKT
PM~BCKMM C4~T4MKOM 03P03oneA 3. nonHYA nOTOK B03AYXO, npOXOAR.ero 48P83 

2 

( 

' 

;) I 

1 

3 

PMC~l. CXBMOTH4BCKMA BMA MC
nYTOTBAbHO~O CTBHAO: 1 - RABP
HOR MBM6POHO; 2 - 80POHKO
-IMnbTPOABPIOTBnb; 3 - £4BT4MK 
aapo3oneA; 4 - porauerp; 
5 - M3MBPMTBnb AOBnBHHR; 
6 - BYXOAHOA narpyGOK AnA 803-
AYXO. 

MBM6POHY 1 M C48T4MK 3, KOHTPOMIPOBOnl1 no pOTOMBTPY 4. Ero 8BnM4MHO GY
na ~HKCHPOBaHHOA; 1 n/MHH, 3aAaHHe ttpH TaKOM UOTOKe He6onbWHX 
nepenOA08 A08nBHMA ~Yno ocy~eCTBnBHO C MCnOnb30BOHMBM CTOHAOPTHYX 
IMnbTPOABPMareneH Ho 36 M.+O .uu e AMauerpe. 

npM M3MBPBHMRX atteKTMBHOCTM IMnbTPOUHM nepenaA AOBneHMA 6Yn BYG
paH ROK B!IPbMPYBMYA napauerp, OnPBABnR~IIIMA OAHY M TY 1118 CKO~OCTb noro
KOB B03AYXO e nopax ueuGpaHY, 8He 308MCMMOCTM or 4Mcna nop/ I. 

Bo BCBX M3MBPBHMRX HO BXOA MBII6POH OOAOBOnM HOPYIIIHYA B03AYX 143 ~~

GopOTOPHOrO noue~eHMR Knac~;a 100000. CCfeT\jMKOM aapo3oneA perMcTpMpoea
nM BYXOAHY~ KOHUBHTPOUM~ C2• 3HOR BXOAHY~ KOHUBHTPOUM~ C1, MOIHO on
PBABnMTb npocKoK 40CTMU P M atleKTMBHOCTb IMnbTPOUMM ~ : 

. 'f=1-P,P=C2/c 1 • (1) 
H3MBPBHMR StiBKTMBHOCTM MBM6POH, BYnonHBHHYB C OOMO~b~ IOTOSnBK!PM4BC
KOro C4BT4MKO aap030neA nK rTA 0,3-002, 6YnM nMIIMTMPOBOHY AMOMBTPOM 
40CTMU 0,3 MKM. 0AHOKO AOHHYB PB3YnbTOTY no alleKTM8HOCTM O~MCTHM 603-
AYUIHYX CPBA RABPHWMM MBM6POHOMM BOIIIHY HOM C T04KM 3PBHMR 60nbUIOrO AMO
n030HO P03M8J)OB MMKP040CTMU 6onee 0,3 MKM, KOTOPWB MOryr 6YTb 30ABPIO
HY. B SKCOBPMMBHTOX nepenOA A08nBHMA 80PbMPOBOnM OT 100 AO 2000 na. 
aro n0380nRhO OCYIIIBCT8nRTb cenapMp080HMe 40CTMU e peMMMe AMIIY3MOHHoro 
MBXOHM3110 30XBOTQ, Ae~CTBMTBnbHO, cornOCHO KnOCCM4BCKOA KMHBTH4BCKO~ 

reopMM tMnbTPOUMM aapo3oneA, 40CTMU~ YftOBnMBO~TCR IHnbTPOM 30 C4BT 
atleKTOB KOCOHMR, MHBPUMM"M AMIIY3~M. KorAO npeo~naAaer 30X80T 40CTMU 
no MBXOHM3MQM KOCQHHft M MHBPUMM 1 siiBKTMBHOCTb IMnbTPO 6YABT POCTMC YBe
nHqeaHeM pa9MePOB qaCTH~ H CKOPOCTH llOTOKa B03AYXa tnepenan AaBneHHH). 

3 
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KorAa 3axsar onpeABARBTCR AKIIY3MOHHWM uexaHK3Mou, atteKTKBHOCTb coor
sercreeHHO ~YABT OOAQTb. KOM~KHOUMA STMX MBXaHK3MOB BBABT K noRBnBHM~ 
MMHMuyua a 30BMCMMOCTM atleKTMBHOCTM tMn&TPOUMM ar pa3uepa MMKP040CTMU. 
HMIB 3TOrO 3KCTPBMYMO 30XBaT 40CTMU ~YABT OOPBABAATbCR, B OCHOBHOM, 
AMIIt3MBA, BWIB - aiiBKTOMM KOCOHMA M MHBPUMM. COOTBBTCTBBHHO pa3MB~ 
HOM~Onee npoHKKQ~·MX 4aCTKU Y~WBOmT C POCTOM nepenaAa .AaBnBHKA ~natp
AaPR yeenM4BHMm MHBPUKOHHOCTM 4aCTKU M yueH&WBHK~ AKIIJ3MOHHoro 30XBO
ro 30 C48T JMBHbiBHMR BPBMBHM nponeTO 4QCTMUBA nopw. 

CnBAYBT bCO~O OOA4BPKHJTb, 4TO M3MBPBHMR aiiBKTMBHOCTK JKnbTPOUMM 
~WnM CABnaHW AO TOro, KOK uorno ~WTb O~HOPJIBHO CY~BCTBBHHOB 30~MBOHMB 
MBM~POHW. 

3. 3Kcnep••tHTOJbHMe pe3YJbTOTM M oUcYIA&HM~ 

PB3JnbTOTW MCOWTQHIIIA 12 O~P03UOB RABPHWX MBU~paH OPBACT~BnBHW ~0 
p111c. 2 e BMAB 30BMCMMOCTM atteKTMBHOCTM IMnbTPOUMM ueu~paHw or ~B3P03-
uepHorl) nopa11erpa d/ D ( d -AKOMerp 40CTMUW, D - ra30AMHOMK4BCHKA 
AMOMBTP nap) npM nepenaAOX AOBnBHMA 250-300, 1000 Ill 2000 na. 
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P1c.2. 3tteHTMBHOCTb tMnbTPOUKM 
MBM~POHW B 30BMCMMOCTM OT napa- . 
uerpa ( d/0 ) npM P03nK4HWX 
M3~WT04HWX AOBnBHKRX B03AJXO! 
1,2,3 - 250-300, 1000 111 2000 no. 

nonJ48HHWB AOHHWB OOK03MBOmT, 4TO YMBHbWBHMB nepenOAO A08nBHKA 
BBAST K pocry atteKTK8HOCTM. IKAHPOUMM ( PMC .2), IJHKUMII 'I : f ( d/0) 
np111 IMKCMP080HHOM A08nBHMM nPBACT08nRBT co~oA YHM8epcanbHY• 308KCM
uocrb. OrcmAa cneAyer, 4To AAR stteKTM8HOCTM 04MCTKM 99,0 M,99,9% 
(CTBnBHb 04MCTHM AnA KnQCC08 10 M 1 npM yCnOBMRX HO 8XOAB, COOT88TCT-
8J~~MX KMICCY 100) HBO~XOAMMO MMBTb napaueTp d/D HB MBH.B~ 0,24 K 
0,37 COOT88TCT88HHO (npM nepenOAB AOBnBHKA 250 na} - pMc.2. npBABnbHOB 
3H04BHIIIB, napauerpa d/0 ~YABT 803POCT0Tb C yaenuqeHueM nepenaAO Aa8-
nBHMA, KOK arp K cneAyer 1'13 ynouHyrol1 HCMM reopMM IMnHpauMM aapo3oneA. 

TQrAO npK skdope P03UBP08 nop RABPHOI1 MBM~POHW CnBAYBT TOKIB PYK080A
CTBOB&ThCK rH~pO~HHaMHQeCKHMH ycnOBHRM~ TeQeHKR BOSAYXa, 

.. 

\:•:·\t · ... ·,, 

C sroA uenbm ~wnM nocrpoeHw 3aBMCMMOCTM stteKTM8HOCTM IKnbTPOUKM 
OT 4MCBn CTOKCQ npM P03nM4HWX no~08WX CKQPOCTAX T848HMR 803AJXO -
PMC.3. 3ABCb 18 AnA CP08HBHMR AOHW 3KCnepMMBHTOnbHW8 AOHHWB, nony4SH
HWB paHee HQ MBM~pOHOX TMna Nuclepore /10/ 

PJI0.3. 3M&E'rDBOOD (ILG'fPIQD 
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ueucSpaJUI B aaaODIOOU: 0'1' uoe.a 
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0 I CTOJtOa JIPll paaaUKX .mcSoBU · 
OKO,POO'l'JIJ: B08.QD! I,2,3,4 -
0,0069to,OOB; O,II9±o,OI4 • 
O,Iso±o,OII JA/c COO'l'B8'1'0'1'B8UO; 

5 - ,JUliUIKe., uo.tr.~eaBKe sa 
Nuclepore ueu6paae K8 UOIIB8pcSo-

B8T8 0 ,1U18118'1'poM IIOp 3 IIIII II,PJ: 
l 4 -mr OKOpooTJD: BOB~,. BXOJte 

0,22-I,GO JA/o • 
~3 npBACTa8neHHWX pe3ynbTaTOB 8MAHO, ~TO siiBKTM8HOCTb tMnbTPOUKM 

30MBTHO CHMIQBTCA C POCTOM no~OBOI1 CKOPOCTM nOTOKO. 3TO, COrnaCHO TBO· 
PMK IMnbTPOUKM ospo3oneA, xopoKrepHo AnR AMIIY3MOHHoro uexoHM3MO 30X-
80TO UMKP04.0CTMU. TOK KOK npM aTOM JMBHbiiiOBTCR BPBMA npOXOAO MMKP040C
TKUOMIII nop MBM~POHW 111, CnBA080TBnbHO, JMBHbiiiOBTCR 4MCno 40CTMU, AOCTMr
WMX 30 STO 8PBMR n088PXHOCTM. 4811 MBHbiiiB n0~08aR CKOPOCTb T848HMR 803-
AJXa, TBM ~onee atiBKTM8HO PO~OTOBT MBM~paHa, H8308MCMUO OT pa3MBP08 
4aCTMU. 

B STOA CBR3M YAO~HO npBACTa8MTb SKCnepMMBHTOnbHWB P83JnbTOTW B 
IJHKUKM OT napauerpa f - OTHOIIIBHIIIR 8PBMBHM npOXOAa 4QCTMUBI no,pw t '/lo. 
K CPBAHBMY 8PBMBHK AMIIY3KM 8 B03AYXB ~ • Coor8ercreym•a• lo~uyna 
AnA OUBHKM npoCKOKO MMKP040CTI'IU 48PB3 Kpyrnym Tpy~y 8 nOMMHOPHOM PBIM• 
118 T848HKR 803~JXO AOHQ 8 pa~oTe/ 14/, 

213 H13 f · 
p = 1-2,56 f + 1,2 t + 0,177 f , t < 0,02 (~) 
p = 0,819exp(-3,657~)+0,097exp(-22,3{)+ 

0,032
2
exp(-57 f), l > 0,02 , 

rAe· i=!i=40,LIUD , L - roniQMHa ueu~paHw; U -cKopocrb 803AJXO. 
s nope; Op - Koa.IMUMBHT AMIIY3KM MMKP040CTMU e 803AYX.e. 

ija PMC.4 npBACTOBnBHbl SKCnBpMMBHTOnbHWB AOHHWB AnA atiBKTM8HOCTM 
IMnbTPOUMM ueu~paH e 30BMCMMOCTM or napouerpa t AnA MMKP040CTMU 0,5 
1'1 0,3 MKM. 3A8Cb MB npM8BAB~bl SKCnBPMMBHTOnbHWB 3HQ48HMR, nony4~HHbl8 

HQ MBM~POHOX Nuclepore no aap030nM xnopMCTOrO HOTPMR P03MBPOM MB-
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Plio .4. 311XlleETJDIOO'n p.&'l'~ 

11811dp&lil B 88BIIUIIOOTB OT ~.P8-

M8'1'.PI ( ( ) .ttU paa.a:IJBHX .f~•e
poB lllltpo'IBC'l'IIJX: I,2 ~.5 • 

ao ,3 MKM; 3 - aspoaoa :uo~o- · 
'l'Oro /s?T.PU o pas~~e,PoM~0,04 
MKM 

1
5_ i. 4 - TeopeuqeoKaa BPK

. I4 
B8Jl • . 

HBB 0,04 MKM/5/. TeopeTM4BCKqM KPMe~A, riOCTPOBHHOM HO OCHOBB BWPOIB
HMM (2), HOXOAMTCA 3H04MTBnbHO npaeee BCBX SKCnepMMBHTOnbHWX 3H048HMJ. 
3TH POCXOIABHMM MOIHO 00bMCHKTb OCOIABHMBM 40CTM MKKP.040CTMU HO no-
BBPXHOeTM MBM6pOHW 1 4TO M 6wno npeA.nOIBHO B paOOTe/5/. . 

OpoCMOTP,MABPHO~ MBM6pOHW C nOMO·b.~ sneKTP~HHOfO MMKPOCKORO nOK0-
30n HOnM4M8 MMKP040CTMU KOK HO ROBBPXHOCTM, TOK M BHYTPM nop - PMC.50,~ 

a 0 

PMc.5. 3nBKTPOHHWe MKKPO~OTorpO~MM nOBBPXHOCTM MABPHO~ MBM6pOHW: 
0 -30XBOT MKKP040CTMU nOBBPXHOCTb~ MBM~POHW (HO BXOA ROAOBOnCA 
B03AYX M3 noue~eHMM Knacca 100); 
6 -BHYTPMnopoeoe OCOIIABHMB 40CTMQ (OonbWO~ nepMbA SKCRnYOTOQMM 
ueu6poHw). ' 

C APYfO~ CTOPOHW, no XOPOKTBPY.POCnOnOIIBHMA SKCnepMMBHTOnbHYX T0-
4BK HO PMC.4 MOIHO CK030Tb, 4TO 48M MBHbWB P03MBPW 40CTMQ, tBM 6nMIB 
OHM nOIOTCM~ TBOPBTM4BCKO~ 30BMCMMOCTM. no~BMAMMOMy, STO CBH30HO c· 

l . 
~epexp,ou,~ 4MCTO AM~~Y3MOHHOMY MBXOHM3MY 30XBOTO MMKP040CTMU B no-

• pax/14 • npM STOM CnBAYBT Y4MTWBOTb 30XBOT TOKIB HO nOBB~XHOCTM MBM0pO-
H~. 

6 
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M3 RPBACTOBnBHHWX pe3ynbTOTOB CnBAYBT, 4TO AnR nOBWIBHM. CTBRBHM. 
04MCTKM B03AYXO 0~ KnOCCO 100 AO 10 M 1 (no MMKP040CTMUOM 0,3 MKM) , 
Tpe6y8TCR t ;.Q,03'Z. M O,.l36 COOTBBTCTBBHHO. MnM 1 RPM • nepeXOA.B K nepe

llOAY AOBnBHMM ~P::64 ,~o, ICY+ r ' r AB f - KoattM~MBHT BR3KOCTM . 
B03AYXO), COOTBBTCTBBHHO A P .; 940/04 II HO/ 0 ( 3A8Cb 6 P B no 1 

a D- a Mf!M). AJUI 6o.nee uenKMX 40CTIIU, CYAR no KPIIBW.M HO·PMC.4, MOIIHO 
Mcnonb3oaon TeopeTII4eCKY10 KPMByiO, ao3ne Koropol1 HOII6onee 6nM3Ko na
IOTCR 3~CnBPIIMBHTOnbHWB 3H04BHMR no 03P030nRM AMOMBTPOM MBHBB 

• 0,04 uKu/5/. B aToM cny4ae AnA AOCT~IBHMA Kn~CfOB 10 11 1 AoniHO 6wTb / t t;. 0,212 M 0,286, 0 4P ~ 109/04- II 80/IJI' COOTBBTCTBBHHO. '' 
CnBAYBT OTMBTiTb, 4TO B paOOTe/?/ AnA MBM6paHW Nuolepore 

C P03MBPOMM nop 0,6 MKM stteKTMBHOCTb tllnbTPOUIIM B 30B~CMMOCTM OT P03-
MBPOB MMKP040CTMU MMBBT MMHMMYM, rny6MHO KOTOpor~ YMBHbWOBTCA C YMBHb
IBHMBM nepenaAO AOBneHII~· aP, CMB~OMCb B CTOPOHY OonbiMX P03MBPOB MMK
po)lacTMQ, nocKOnbKY nOAOISHOfO pe3y nb TOTO MOIHO OIU1AOTb M AnA RABPHWX 
n3T~ MBM0POH, OUBHKO stteKTMBHOCTM·IMnbTPOUMM no TBOPBTM4BCKO~ KPM-
8011 {2) 0YABT 30HIIIBHHOI1 M CnMIKOM ynpo~BHHOI1. 

HOKOHBU, AnA Toro, 4T06W CBM30Tb P03MBPW nop MABPHOI1 MBM0POHW M 
ee fMAPOAIIHOMM48CKMB jcnOBMR SKcnnyOTOQ~M C Tpe6080HKRMM 1 npBAbMBnRe
MWMM K nOTOKOM B03AYXO'e 4MCTWX KOMHOTOX, HBOOXOAMMO. nocTpOMTb e~e 
OAHY 30BMCMMOCTb. Ha PMC.6 AOHW KPMBWB, CBR3WBO~~~~e AMOMBTP nop MBM6-
POHW, MMB~~el1 10% nopMCTOCTb, C ee YABnbHOI1 npOM3BOAMTBnbHOCTb~ no 

o.o_ .. so 100 0 .... 

PMc.6. AKauerp nop KOK ~YHKUM~ 

YABnbHOI1 npoM3BOAMTenbHOCTM RA~p
Hol1 ueu6pOHW no B03AYXY: 1,2 -
KpMewe, onpeAenRID~Me rpaHMUW no 
nepenOAOM AOBnBHMI1 AnA AOCTMIBHMR 
KnOCCOB 10 ~ 1 COOTBBTCTBiHHO; 
3 - pa6o40R oonacrb eeHTMnAropo 
UP-2 (AO 600 no). 

B03Ayxy. KpMBWe nocrpoeHw c yqerou npeABnbHWX 3H04BHM~ AnR nepenaAOB 
AOBnBHMI1, o6ecne4MBO~~~~X AOCTMIBH~e 4MCTOTW B03AYXO no ·10 M 1 KnOCCOM 
(MMKP040CTMUW ;.0,3 MKM). 3ABCb MB noK030HO P00040R o6nOCTb BBHTMnATO
pa UP-2, npMueHReuoro coeeTcKol1 npouwwneHHOCTb~ An9 B03AYXOCH06MeHMR 
4~CTWX KOM~QT, Ero MOKCMMOnbHOB HOnOpHOB AOBnBHMB AOCTMfOBT 600 no. 

B npejB~OX pa604811 o6nOCTM AOBnBHM~ BSHTMnATOPO BW6MpOeTCR HOMOO
nee npMeun•woe 3H04BHMe pa3uepa nap, a orc~Aa - YABnbHOR npoM3BOAMTenb-

7 
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HOCTb MBM~POHW. CyMMOPHY~ P0~04Y~ nnO.OAb AABPHOH MBM~POHW OUBHMBO~T 
MCXOAA M3 TP8~080HMH AnA naTOK08 803AYXO B 4MCTOH 30H8. 

3TOT nOAXOA MOIHO npOABMOHCTPMP08QTb HO nPOCTOM npttuepe. OpM ne
penOAB AOBnBHMH 2S0-300 no AnA O~MCTKM B03AYXO AO KnOCCO 1 no CTOHAOP
TJ CWA 2094 no COOTIBTCTBY~•eH KPMBOH HO PMC.2 AnR MMKP040CTM~ 18MKM 
(s AMOn030HB d/0 1!J 0,37 - AMOMBTP nop MBHBB 0,81 MKM) BW~BPBM P,03-
MBP nop RABPHOH MBM~POHW B 0,8 MKII. no COOTBBTCTBY~IIIBM KPMBOH HQ p'wc.4 
nony4MM 4P <:400 no. nocKOnbKY MOKCMIIOnbHOB HOnOPHOB AOBnBHMB BBHTM
nATOPO COCT08nABT 600 no, C Y4BTOII nOABHMR AOBnBHMR HO OPBAtMnbTPB 
(o~eCnB4MBO~•ero AOCTMIBHMB CTBnBHM 04MCTKM AO KnOCCO 100) BW~BPBII 
3H048HMB nepenOA9 AOBnBHMH 8 300 no. Ho PMC.6 OTMBTMII STY T04Ky, KOTO
poH .~YABT COOTBBTCTB080Tb YABnbHOR npOM380AMTBnbHOCTb IIBM~POHY (c no- , 
pMCTOCTb' 10%) 14 11 3/u2.4. TorAO AnR C03AOHMA 8 4MCTOH 30HB CKOPOCTM 
nOIIMHOPHOro noTOKO 803AYXO 0,5 11/c (C BAMHM4HOrO norona4HOrO 3nBMBHTO 
P03MBPOM 610x610 Mil) norpe~yeTCR OKano 50 u2 AABPHOH n3T$ IIBM~POHW. 
113 MCnWTQHHWX HOMM O~P03UOB HOM~Onee !lnM3KO K BW!SPOHHOMY neiMT o(lp03BU 

II' 7- ra!Sn.1. 
AoHHYH naAXOA !Swn HOIIM peanM3080H npM M3roroeneHMM onwrHoro.o!Spo3-

• UO lttnbTP080nbHOro-· !SnOKO C po!S04BI1 nOBBJl.XHOCTbiO naH AABPHOH, MBM!SPOHW 
8 1 11 2• Era MCnWTOHMR !lwnM npOBBABHW 8 IIMKPOKnMMOTM4BCKOM KOIIBPB KMK-4 
KnOCCO 100 (no IIMKP040CTMI.IOII 0,5 MKM) M nOAT8BPAMnM peonbHOCTb AOCTM
IBHMII KnOCCOB 10 M 1 $8A8POnbHOro' CTOHAOPTO CWA 2094 no MMKP040CTM,OM 
~0,3 MKII. 6onee ABTOnbHO PB3YnbTOTW (lwnM COO~-BHW 8 po!SOTOX/ 15 •16 • ' 

30KJIII8HI8 

~B CPOBHBHMM C 80nOKHMCTWIIM IMnbTPOIIM AABPHWB nonMIIBPHWB IIBM!SPOHW 
HB RBnRIOTCR MCT04HMKOM nwnB8WABnBHMH. OocnBAHRR OCO!SBHHOCTb HOM!Sonee 
nptt8neKorenbHO AnA Mcnonb30BOHMA sroro rMno IIBM!SpoH HO IM~MmHoA 04MCT
Ke 803AYXO, KOrAO YIB AOCTMrHyTO CTBnBHb 4MCTOTW 803AYX0 1 COOT88TCT8YIO
~OII Knoccy 100 $BABPOnbHOro CTOHAOPTO CWA 209A, 4TO onpe~eniiBT MX AnM~ 

TBnbHWH CPOK 3KcnnyaTOI.IMM (le3 perBHBPOI.IMM. 
0AH6KO npiiMWB UMnMHAPM4BCKMB KOHonw B TOHKOH nonMMBPHOH nneHKB 

He o!Secn&4M80~T Aacroro~tHo ewcoKoH stteKTMBHOCTM IMnbTPOUMM. B CBR3M 
C 3TMM C OCO!SOH T~OTBnbHOCTbiO HYIHO nOAXOAMTb K ew(lopy AMOIIBTPOB nap 
M rMAPOAMHOMM4BCKMII ycna8MAII MX 3KCnnyOTOI.IMM, 4TO!SW AOCTM4b stteKTM8-
HOCTM, HOnPMMBp, HB'MBHBB 99,0%. 

npa8BABHHWB MCCnBA080HMA n0380nMnM HOI1TM rpOHMUW stteKTM8HOI1 po(lo
TY RABPHWX IIBM~POH B nOIIB.BHMAX KnOCCO 10 M BWWB no MMKP04QCTMUOII 
~ 0,3 IIKII, 0 TOKIB AOTb OHOnM3 CMB~BHMII 3TMX rPOHMU AnA MMKP040CTMU 

MBHbWMX p03M~IJ)'OB. B K04BCTBB OCHOBHWX napauerpoe !SWnM ew(lpaHY -, d/0 
M1 t ( 4 Ph 0AHOKO OKOH40TBnbHWH ew(lop AMOIIBTPO nap M nepenOAO A08ile
HMI ~031101BH TOnbKO C npMBA3KOI1 K pa!S04BI1 o~nOCTM HOnOPHOrO AOBnBHMR' 
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BBHTMniiTOpO. 3~0 n03BOnRBT TOKIB OI.IB~MTb Tpe(lyeuy~ AnA AOHHOI1 4MCTOI1 
KOMHQTW nna.OAb RABPHOI1 MBII!SpOHW. 

CnBAYBT OTIIBTMTb, 4TO AOHHOA po!SOTQ hPBACT08nRBT cb!Sol1 nMib QAMH 
M3 STOnos MCCnBAOBOttMM_ AABPH~X MBII!SPOH HO nyrM' MX npMIIBHBHMA AnA ceepx.
TOHKOI1 04MCTKM 803AYIHWX i r030BW~ CPBA 8 TBXHOnarMM' 4MCTWX naii8.BHMI1. 
AanbHel1wMe MccneAOBOHMR, Ho Ham 83rnRA, AOniHW dWTb HonpaeneHw no nyTM , 
AeTOnbHOrO M3Y4BHMR 8nMIIHMR HQ·StleKTMBHOCTb tMnbTPOIIMM TQKMX IOKTOPOB, 
KOK snBKTpOCTOTM4BCKMI1 30PAA HQ IIBM!SpOHB M HQ ltQCTMI.IOX, rBOIIBTPMA nop 
M np. 

A8TOPW !lnbrOAOPHW o.n.OpenOBM4y, ·COTPYAHMKY onR•, 30 sneKTPOHHO
II~KP~CKOnM4BCKMI1 QHOnM3 O!SP03UOB, 0 TOKI8,M.M.An8KCOBM4Y (nO "TMCCo", 
r.YirOPOA) 30 OK030HHYIO noiiOIIIb npM KOHTpone MMKP030rPR3HBHMI1. 
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