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at
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 d
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ra
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 d
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 c
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 p
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ffi 
cu
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 d
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 d
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 c
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ra
ns

po
rt 

an
d 

m
ec

ha
ni

ca
l p
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 m
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ul
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Th
eo

re
tic

al
 b

as
is

 o
f t

he
 e

m
pi

ric
al

 m
od

el
 is

 a
 v

al
en

ce
 fo

rc
e 
fi e

ld
 w

ith
 th

e 
in

te
ra

ct
io

n 
of
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an

 d
er

 W
aa

ls
 u

nb
ou

nd
 a

to
m

s. 
Th

e 
to

ta
l e

ne
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y 
E to

t o
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ni

te
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he
ne

 s
he

et
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s 
a 

po
ly

no
m

ia
l 

ea
ch

 c
om

po
ne

nt
 o

f 
w

hi
ch

 h
as

 a
 w

ei
gh

tin
g 

fa
ct

or
, d

et
er

m
in

ed
 b

y 
pr

oc
es

si
ng

 e
xp

er
im

en
ta

l d
at

a:
 

 
 

(1
)

Th
e 
fi r

st 
te

rm
 ta

ke
s i

nt
o 

ac
co

un
t c

ha
ng

es
 in

 b
on

d 
le

ng
th

s i
n 

th
e 

na
no

str
uc

-
tu

re
 w

ith
 re

sp
ec

t t
o 

th
e 

bo
nd

 le
ng

th
 in

 g
ra

ph
ite

 (r
0 =

 1
,4

2 
Ǻ

), 
th

e 
se

co
nd

 –
 th

e 
ch

an
ge

 in
 th

e 
bo

nd
 a

ng
le

s w
ith

 re
sp

ec
t t

o 
th

e 
an

gl
e 

be
tw

ee
n 

th
e 

bo
nd

s i
n 

gr
ap

h-
ite

 (θ
0 =

 1
20

о )
, a

nd
 th

e 
th

ird
 –

 th
e 

in
te

ra
ct

io
n 

of
 v

an
 d

er
 W

aa
ls 

(L
en

na
rd

-J
on

es
), 

К r
, К

θ, 
K

a, 
K

b 
– 

w
ei

gh
t c

oe
ffi 

ci
en

ts.
 T

hi
s 

w
ay
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 b
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 p
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 c
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 p
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t c
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 m
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 p
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e 

se
t o

f C
-C

 b
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r o
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ra
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 p
oi

nt
 s

hi
fte

d 
he

nc
e 

its
 p
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 p
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ra
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 c
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 d
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pr

es
en

te
d 

as
 a 

na
no

pl
at

e w
ith

 o
rth

ot
ro

py
 

of
 m

ec
ha

ni
ca

l p
ro

pe
rti

es
. T

o 
ca

lc
ul

at
e 

th
e 

di
st

rib
ut

io
n 

of
 lo

ca
l p

ow
er

 g
rid

s 
of

 
at

om
ic

-la
ye

r 
gr

ap
he

ne
 w

e 
ap

pl
y 

th
e 

th
eo

ry
 o

f 
st

ab
ili

ty
 f

or
 p

la
te

s. 
D

efl
 e

ct
io

n 
fu

nc
tio

n 
w

 h
as

 th
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at
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e 

in
iti

al
 f

un
ct

io
n 

of
 d

efl
 e

ct
io

n,
 

 –
 st

iff
ne

ss
es

, c
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F 0 c

or
re

sp
on

d 
to

 fe
at

ur
es

 o
f f

un
ct

io
n 

in
 th

e 
m

id
dl

e 
of

 th
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 p
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s c
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s f
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 o
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 p
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 c
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 b
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yp
od

er
m

ic
 f

at
 d
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t p
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t p
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m
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t p
op
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d 

of
 d
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tru

ct
io
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t d
ep

ot
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s l
ip

op
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st
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B
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na

l s
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st
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er

 o
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io
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ud
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so
un
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si
st
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d 
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tra
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si
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w
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–
as

si
st
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po
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ct
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nd
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se
r l

ip
ol
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e 
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fo
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n 

th
e 

se
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ch
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lte
rn
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iv
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 n
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 m
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nl
y 
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g 
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w
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 d

ec
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as
in
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op

er
at
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or
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n 
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ci
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 b
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g 
an
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om
ot
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g 
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in
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ni

ng
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 n
ec

es
sa
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 d

ev
el

op
 n

ov
el

 o
pt

ic
al

 te
ch

no
lo

gi
es

 o
f 

ph
ot

od
yn
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ic

 a
nd

 p
ho

to
th
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m
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th
er

ap
y.
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Th
e 

go
al

 o
f 

ou
r 

w
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k 
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 d
ev

el
op

m
en

t o
f 

ph
ot

od
yn

am
ic

 m
et

ho
d 
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in

g 
ca

ps
ul

ar
 I

nd
oc

ya
ni

ne
 G

re
en

. I
nd

oc
ya

ni
ne
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en
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G

), 
a 

tri
ca

rb
oc

ya
ni

ne
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e 

w
ith

 a
 s

tro
ng
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pt

io
n 
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 b
et

w
ee

n 
60

0 
an

d 
90
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, 
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ed
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n 

m
ed
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in
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e 

19
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nd

 e
xh
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 s
om

e 
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te
ris
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s 
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n 
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l p

ho
to

se
ns

iti
ze
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in

 p
ar

tic
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ar
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or
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n 
in

 th
e 

ne
ar

 in
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ar
ed

 p
ar

t o
f 

th
e 
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si

bl
e 
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tru
m

 (
80

5 
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 i
n 

hu
m

an
 p

la
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a)
 a

llo
w

in
g 

de
ep
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 t
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su

e 
pe

ne
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tio
n.

 [2
]

M
at

er
ia

ls
 a

nd
 m

et
ho

ds
In

 o
ur

 e
xp

er
im

en
t w

e 
us

ed
 c

ap
su

la
r I

C
G

. T
hi

s 
dy

e 
is

 w
el

l-a
tta

ch
ed

 w
ith

 
al

bu
m

in
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nd
 is

 d
is

tri
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te
d 

in
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lo
od

 v
er

y 
fa

st
. S

o,
 w

e 
ex

pe
ct

 th
at

 if
 w

e 
ha

ve
 

ca
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ul
ar

  I
C

G
 w

e 
ca

n 
ap

pl
y 

it 
m

or
e 
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lly
. [
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 In

 th
e 

pl
ac

es
 w

he
re

 w
e 

ha
ve

 
fa

t c
el

ls
.  

Sh
el

ls
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re
 s

ph
er

es
 w

ith
 r

ad
iu

s 
4-

5 
m
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. 

Th
e 

en
cy

st
at

io
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 p
ro
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s 

pr
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en
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 c
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e 
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 m
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 c
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te
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ro
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h 
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an
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 c
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un
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ar
m
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il 
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el
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d 
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 c
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m
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ne
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bl
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 le
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s 

to
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e 
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ur
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 o
f 
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ar

 s
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st
an

ce
 c

lo
si

ng
; c

), 
g)

 e
xt

ra
ct

io
n 

of
 a

m
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en
t 

m
ol

ec
ul

es
 b

y 
fr

eq
ue

nt
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iv
e 
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lu

tio
n 
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 w

at
er
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d)

,e
) 

sa
lt 

ad
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n 
le
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to
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gi
ne

ss
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 m
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ro
-s

he
lls
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t c
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ce
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 c
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 o
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 d
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 f
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l m
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at
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 o
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 d
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 b
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 p
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m
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t c
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e 
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d 
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m
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e 
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G
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W
e 

su
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e 

th
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n 
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ye

d)
 fa

t t
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e 

le
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s 
to
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e 
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m

ag
e 

of
 

fa
t c

el
ls
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y 

m
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f a
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n 
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 d
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ng
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lls
 le

ad
s t

o 
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e 
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m
ag

e 
of

 th
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r m
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an
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G
 o

ut
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 in
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te
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lu
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r 
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o 
it 
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 p
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si
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e 
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 a
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liz
e 
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ys
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 p
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ce
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.

C
on

cl
us

io
n

A
s 

w
e 

kn
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, I
C

G
 c

on
ne

ct
s 

w
ith

 c
el

ls
 m

em
br

an
es

 p
ro

te
in

. [
5]

 C
ap

su
la

r 
IC

G
, c

an
 n

ot
 m

ak
e 

su
ch

 a
du

na
tio

n 
[4

], 
bu

t w
e 

se
e 

th
at

 m
em

br
an

e 
da

m
ag

e 
to

ok
 

pl
ac

e,
 so

, w
e 

ex
pe
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, t

ha
t u

nd
er

 th
e 

in
fl u

en
ce

 o
f l

ig
ht

 IC
G

 e
ffl 

ue
nt

s f
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m
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el
ls
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d 
in

te
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s w
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an
e 
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 c
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r d
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m
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d 
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m
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 d
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us
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n 

re
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ce
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C

G
 s
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m
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ve

 b
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n 
m
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e 

be
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fte
r 
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tio

n 
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d 
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r 
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H
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m
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w
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 c
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n 
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 c

oe
ffi 
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en
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en
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h.
 

C
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es
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lim
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e 
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ns

m
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 d
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lly

 in
te
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w

e 
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d 
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 o
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 c
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n 
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an
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m
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 c
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G
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ffl 
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r l
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e.
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t 
a 

co
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gh
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w
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d 
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 d
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an
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 c
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r d
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g 

no
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 c
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 d
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w
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 p
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iv
e 

an
d 
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e 
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m
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ex
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 c

an
 b

e 
al

lo
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te
d.
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nl

y 
in
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at

iv
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av

e 
th

e 
in

fo
rm
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io

n 
of

 c
om

in
g 

in
te

ra
ct

io
n;

 a
t t

he
 s

am
e 

tim
e 
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ce

iv
in

g 
on

es
 h

av
e 

no
t a

ny
 in

fo
rm

at
io

n 
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ou
t i
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Th

er
ef

or
e 

th
ey

 c
an

’t 
m

od
el

 o
w

n 
pr

oc
es

se
s 

fo
r 

ne
ed

ed
 ti

m
e.

Fo
r s

ol
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ng
 th

e 
pr

ob
le

m
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ut
ho

r s
ug

ge
st

s u
si
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 th

e 
sp

ec
ia

l s
ta

te
s m

et
h-

od
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сл
ен
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In
 t

he
 c
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se

-e
ff

ec
t 

co
m

pl
ex

es
 m

od
el

in
g 

th
e 

sp
ec

ia
l s

ta
te

 is
 a

 s
ys

te
m

 s
ta

te
 a

t w
itc

h 
in

te
ra

ct
io

n 
be

tw
ee

n 
an

y 
pr

oc
es

se
s 

is
 re

qu
ire

d.
Ev

er
y 

m
od

el
in

g 
st

ep
 d

iv
id

ed
 in

to
 tw

o 
su

bs
te

ps
. A

t t
he

 fi 
rs

t s
ub

st
ep

 e
ve

ry
 

m
od

el
in

g 
co

m
pl

ex
 c

al
cu

la
te

s t
he

 ti
m

e,
 th

e 
ap

pr
op

ria
te

 p
ro

ce
ss

 w
ill

 p
as

s t
o 

th
e 

sp
ec

ia
l 

st
at

e.
 T

he
n 

th
e 

sp
ec

ia
l 

au
xi

lia
ry

 c
om

pl
ex

 c
al

cu
la

te
s 

a 
m

in
im

al
 t

im
e 

va
lu

e.
 A

t t
he

 s
ec

on
d 

su
bs

te
p 

ev
er

y 
m

od
el

in
g 

co
m

pl
ex

 m
od

el
s 

th
e 

sy
st

em
 fo

r 
th

e 
ca

lc
ul

at
ed

 m
in

im
al

 ti
m

e.
Th

er
eb

y 
th

e 
sy

st
em

 m
od

el
in

g 
pr

oc
es

s i
s d

iv
id

ed
 in

to
 ti

m
e 

st
ep

s;
 e

ve
ry

 o
f 

th
em

 fi 
ni

sh
es

 w
ith

 sp
ec

ia
l s

ta
te

, w
he

n 
th

e 
in

te
ra

ct
io

n 
is

 re
al

iz
ed

. S
uc

h 
di

vi
di

ng
 

is
 r

at
he

r 
op

tim
al

, b
ec

au
se

 t
he

 f
ew

er
 n

um
be

r 
of

 s
te

ps
 d

iv
id

in
g 

er
as

es
 s

om
e 

in
te

ra
ct

io
ns

, t
he

 g
re

at
er

 n
um

be
r 

of
 s

te
ps

 d
iv

id
in

g 
in

cr
ea

se
s 

cy
cl

e 
ite

ra
tio

ns
, 

w
hi

ch
 w

ill
 m

ak
es

 e
xt

ra
 lo

ad
.

Th
e 

ar
tic

le
 s

ug
ge

st
s 

th
e 

ap
pr

oa
ch

 fo
r p

ar
al

le
l p

ro
ce

ss
es

 s
yn

ch
ro

ni
za

tio
n 

as
 o

ne
 o

f t
he

 d
ec

om
po

si
tio

n 
pr

in
ci

pl
es

 in
 th

e 
ca

us
e-

ef
fe

ct
 c

om
pl

ex
 d

es
ig

ni
ng

. 
Th

e 
ad

di
tio

na
l i

nf
or

m
at

io
n 

ab
ou

t p
ro

ce
ss

es
 sy

nc
hr

on
iz

at
io

n 
ap

pr
oa

ch
 p

re
se

nt
-

ed
 in

 (И
ва
но
в 
А

.С
., 
Л
ап
ко
вс
ки
й 
Р.
Ю

., 
Ук
ов

 Д
.А

., 
Ф
ил
им

он
ю
к 
Л

.Ю
., 

20
11

).

C
on

cl
us

io
n

In
 

th
e 

w
ay

 
of

 
th

e 
ca

us
e-

ef
fe

ct
 

co
m

pl
ex

es
 

sy
st

em
 

ap
pr

oa
ch

 
th

e 
cl

as
si
fi c

at
io

n 
of

 t
he

 c
om

pl
ic

at
ed

 c
om

pl
ex

es
 d

ec
om

po
si

tio
n 

pr
in

ci
pl

es
 h

av
e 

be
en

 r
ep

re
se

nt
ed

. A
ls

o 
au

th
or

 s
ug

ge
st

s 
so

m
e 

ad
va

nt
ag

es
 a

nd
 d

is
ad

va
nt

ag
es

 
of

 e
ve

ry
 p

rin
ci

pl
e 

ap
pl

yi
ng

. 
Th

e 
ca

us
e-

ef
fe

ct
 c

om
pl

ex
 d

es
ig

ni
ng

 u
si

ng
 

de
co

m
po

si
tio

n 
by

 ti
m

e 
st

ep
s 

ha
ve

 b
ee

n 
re

pr
es

en
te

d 
in

 d
et

ai
ls

. T
he

 p
rin

ci
pl

e 
al

lo
w

s 
de

sc
rib

in
g 

co
m

pl
ic

at
ed

 s
ys

te
m

s, 
w

hi
ch

 c
on

si
st

 o
f 

a 
bi

g 
va

rie
ty

 o
f 

pa
ra

lle
l p

ro
ce

ss
es

 in
te

ra
ct

in
g.
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e 
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w
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ch
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fte
n 
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nt

ai
n 
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ui
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an
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ch

an
ge
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tru
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e 
un

de
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he
 in
fl u

en
ce

 o
f e
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ct

ro
n 
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am
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e 
re
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on

s, 
th

ei
r 
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ud

y 
is
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ss
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ia
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d 

w
ith

 c
er

ta
in

 d
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 c
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tie
s, 

su
ch

 a
s 

sp
ec

ia
l 

sa
m

pl
e 

pr
ep

ar
at

io
n 

an
d 

se
le

ct
io

n 
of

 t
he

 r
eg

im
e 

of
 i

nv
es

tig
at

io
n 

w
hi

ch
 s

ho
ul

dn
’t 

ch
an

ge
 th

e 
st

ru
ct

ur
e 

of
 th

e 
sa

m
pl

e.
 T

he
re

fo
re

 th
er

e 
is

 a
 n

ec
es

si
ty

 f
or

 s
tu

dy
 

m
et

ho
ds

 o
f p

re
pa

rin
g 

bi
ol

og
ic

al
 sp

ec
im

en
s a

nd
 te

ch
ni

qu
e o

f t
he

ir 
in

ve
st

ig
at

io
n 

by
 sc

an
ni

ng
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le
ct

ro
n 

m
ic

ro
sc

op
y 
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 re
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ch

 b
y 
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M
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m
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ra
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w
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g 
st

ep
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ro
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g 

of
 

th
e 

sa
m

pl
e 

un
til
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 fi 
xe
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 fi 

xa
tio

n,
 d

ry
in

g 
an

d 
sp

ut
te

rin
g 

of
 c

on
du

ct
in

g 
co

at
-

in
g.

 M
et

ho
ds

 o
f f

re
ez

e 
– 

dr
yi

ng
, f

re
ez

e 
– 

re
pl

ac
em

en
t o

r f
re

ez
e 

– 
et

ch
in

g 
ar

e 
of

te
n 

us
ed

 to
 a

vo
id

 a
rte

fa
ct

s. 
M

et
ho

d 
of

 fr
ee

ze
 –

 d
ry

in
g 

de
cr

ea
se

s p
ro

ba
bi

lit
y 

of
 ap

pe
ar

an
ce

 o
f a

rte
fa

ct
s 

an
d 
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ta

in
s 

lo
w

-m
ol

ec
ul

ar
 p

ro
te

in
s 

in
 th

e 
sp

ec
im

en
 u

nd
er

 c
on

si
de

ra
tio

n.
 T

he
 

es
se

nc
e 

of
 th

is
 m

et
ho

d 
is

 th
at

 a
 s

m
al

l p
ie

ce
 o

f t
is

su
e 

is
 p

la
ce

d 
in

 is
op

en
ta

ne
, 

fr
eo

n 
or

 a
ny

 o
th

er
 li

qu
id

, c
oo

le
d 

w
ith

 li
qu

id
 n

itr
og

en
. I

n 
th

is
 c

as
e,

 th
e 

tis
su

e 
is

 s
ta

bi
liz

ed
, a

nd
 a

ll 
m

et
ab

ol
ic

 p
ro

ce
ss

es
 im

m
ed

ia
te

ly
 s

to
p.

 W
at

er
, b

yp
as

si
ng

 
cr

ys
ta

lli
ne

 p
ha

se
, t

ra
ns

fo
rm

s 
in

to
 th

e 
gl

as
sy

 s
ta

te
. T

he
re

fo
re

, t
he

 c
el

ls
 a

re
 n

ot
 

m
ec

ha
ni

ca
lly

 d
am

ag
ed

. T
he

n 
th

e 
w

at
er

, b
yp

as
si

ng
 l

iq
ui

d 
st

at
e,

 s
ub

lim
es

 i
n 

hi
gh

 v
ac

uu
m

 (da
m

ag
ed

.  –
 he

n 
th

e 
w  P

a)
. D

eh
yd

ra
te

d 
sa

m
pl

e 
is

 p
la

ce
d 

in
 th

e 
po

ur
in

g 
en

vi
ro

nm
en

t. 
Th

is
 m

et
ho

d 
el

im
in

at
es

 th
e 

ef
fe

ct
s o

f c
he

m
ic

al
 fi 

xa
tiv

es
 

an
d 

de
hy

dr
at

in
g 

ag
en

ts
. B

ut
 a

pp
lic

at
io

n 
of

 fr
ee

ze
 –

 d
ry

in
g 

m
et

ho
d 

is
 c

on
ne

ct
-

ed
 w

ith
 v

ar
ie

ty
 o

f d
iffi

 c
ul

tie
s. 

A
lth

ou
gh

 it
 is

 p
os

si
bl

e 
to

 a
vo

id
 th

e 
fo

rm
at

io
n 

of
 

w
at

er
 c

ry
st

al
s 

du
rin

g 
th

e 
ra

pi
d 

an
d 

de
ep

 f
re

ez
e 

th
eo

re
tic

al
ly

, i
t i

s 
di

ffi 
cu

lt 
to

 
ac

hi
ev

e 
pr

ac
tic

al
ly

 [1
].

M
et

ho
d 

of
 fr

ee
ze

 –
 re

pl
ac

em
en

t d
ec

re
as

es
 ti

ss
ue

 d
am

ag
e 

ca
us

ed
 b

y 
so

ak
-

in
g 

tis
su

e 
in

 th
e 

po
ur

in
g 

en
vi

ro
nm

en
t. 

A
ls

o 
th

is
 m

et
ho

d 
sa

ve
s m

em
br

an
es

 c
on

-
ta

in
in

g 
lip

id
s. 

Th
e 
fi r

st
 s

te
p 

of
 fr

ee
zi

ng
 is

 th
e 

sa
m

e 
as

 in
 th

e 
m

et
ho

d 
of

 fr
ee

ze
 

– 
dr

yi
ng

 b
ut

 w
at

er
 i

n 
gl

as
sy

 s
ta

te
 i

s 
re

m
ov

ed
 b

y 
im

m
er

si
ng

 t
he

 f
ro

ze
n 

tis
-

su
e 

be
fo

re
 p

ou
rin

g 
in

to
 a

ce
to

ne
, a

lc
oh

ol
 o

r a
ny

 o
th

er
 d

eh
yd

ra
tin

g 
su

bs
ta

nc
es

. 
H

ow
ev

er
, a

rte
fa

ct
s 

ap
pe

ar
 in

 th
e 

st
ru

ct
ur

e 
of

 s
am

pl
es

 b
ec

au
se

 o
f 

ap
pl

ic
at

io
n 

of
 c

he
m

ic
al

 a
ge

nt
s. 

M
et

ho
d 

of
 fr

ee
ze

 –
 e

tc
hi

ng
 v

irt
ua

lly
 e

lim
in

at
es

 b
ot

h 
ch

em
ic

al
 a

nd
 st

ru
c-

tu
ra

l c
ha

ng
es

 in
 ti

ss
ue

s 
th

at
 a

re
 c

au
se

d 
by

 c
he

m
ic

al
 fi 

xa
tio

n,
 d

eh
yd

ra
tio

n,
 

po
ur

in
g 

an
d 

cu
tti

ng
. T

he
 ti

ss
ue

 is
 im

m
er

se
d 

w
ith

 g
ly

ce
ro

l a
nd

 fr
oz

en
 in

 li
q-

ui
d 

fr
eo

n 
w

hi
ch

 is
 c

oo
le

d 
to

 -
15

0 
°C

 b
y 

liq
ui

d 
ni

tro
ge

n.
 T

he
n 

th
e 

tis
su

e 
is

 
im

m
er

se
d 

in
 l

iq
ui

d 
ni

tro
ge

n 
(-

19
6 

°C
). 

A
fte

r 
ex

tra
ct

io
n 

of
 l

iq
ui

d 
ni

tro
ge

n 
tis

su
e 

is
 p

la
ce

d 
on

 th
e 

co
ol

ed
 ta

bl
e 

an
d 

br
ok

en
 d

ow
n 

w
ith

 th
e 

bl
ad

e.
 F

ra
ct

ur
e 

su
rf

ac
e 

is
 e

xp
os

ed
 t

o 
hi

gh
 v

ac
uu

m
. I

nt
er

fa
ce

 i
s 

et
ch

ed
 a

nd
 o

rg
an

el
le

s 
ar

e 
se

gr
eg

at
ed

 in
 re

lie
f. 

Th
en

 th
e 

et
ch

ed
 su

rf
ac

e 
is

 sp
ra

ye
d 

by
 a

 c
oa

tin
g 

of
 p

la
ti-

nu
m

 a
nd

 c
ar

bo
n.

 T
he

 d
is

ad
va

nt
ag

e 
of

 th
is

 m
et

ho
d 

is
 re

qu
ire

m
en

t o
f s

pe
ci

al
 

eq
ui

pm
en

t a
nd

 s
ki

lls
 [2

].
Sp

ra
yi

ng
 o

f 
a 

un
ifo

rm
 c

on
du

ct
iv

e 
co

at
in

g 
al

lo
w

s 
us

 t
o 

in
ve

st
ig

at
e 

th
e 

di
el

ec
tri

c 
bi

ol
og

ic
al

 sa
m

pl
es

. M
et

ho
d 

of
 c

ov
er

in
g 

th
e 

ob
je

ct
 su

rf
ac

e 
w

ith
 c

on
-

du
ct

iv
e 

la
ye

r o
f c

ar
bo

n 
or

 m
et

al
 (g

ol
d,

 p
la

tin
um

 e
tc

.) 
is

 o
fte

n 
us

ed
 [3

]. 

3.
 M

et
ho

ds
 o

f r
es

ea
rc

h 
of

 b
io

lo
gi

ca
l s

pe
ci

m
en

s
B

io
lo

gi
ca

l s
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m

en
s c

an
 b

e i
nv

es
tig

at
ed

 b
y 

di
ffe

re
nt

 m
et

ho
ds

 o
f e

le
ct

ro
n 

m
ic

ro
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op
y.

 A
t fi

 rs
t, 

sa
m

pl
es

 sh
ou

ld
 b

e 
pr

ep
ar

ed
 a

nd
 c

ov
er

ed
 w

ith
 c

on
du

ct
iv

e 
la

ye
r. 

Th
en

 th
ey

 ca
n 

be
 in

ve
st

ig
at

ed
 in

 h
ig

h 
va

cu
um

 m
od

e a
nd

 in
 th

is
 ca

se
 h

ig
h 

re
so

lu
tio

n 
is

 a
ch

ie
ve

d.
 

Lo
w

 v
ac

uu
m

 m
od

e 
al

lo
w

s 
in

ve
st

ig
at

in
g 

no
n-

co
nd

uc
tin

g 
m

at
er

ia
ls

 in
 

th
ei

r 
na

tu
ra

l 
st

at
e.

 T
hi

s 
m

od
e 

ca
n 

al
so

 b
e 

us
ed

 i
n 

ca
se

 w
he

n 
sp

ec
im

en
s 

ga
s 

du
rin

g 
ev

ac
ua

tio
n.

 Y
ou

 c
an

 a
ls

o 
st

ud
y 

da
m

p 
sa

m
pl

es
 in

 lo
w

 v
ac

uu
m

 
m

od
e,

 u
si

ng
 th

e 
m

et
ho

d 
of

 f
re

ez
in

g.
 H

ow
ev

er
, d

ue
 to

 r
es

id
ua

l g
as

 in
 th

e 
ch

am
be

r, 
el

ec
tro

ns
 a

re
 s

tro
ng

ly
 d

is
pe

rs
ed

, 
pr

ev
en

tin
g 

us
 f

ro
m

 o
bt

ai
ni

ng
 

hi
gh

-r
es

ol
ut

io
n 

im
ag

es
. 

A
ls

o,
 l

ow
 v

ac
uu

m
 m

od
e 

do
es

 n
ot

 p
ro

vi
de

 f
ul

l 
co

m
pe

ns
at

io
n 

ch
ar

ge
 i

n 
th

e 
bu

lk
, b

ut
 o

nl
y 

on
 t

he
 s

ur
fa

ce
 o

f 
th

e 
sa

m
pl

e.
 

To
 e

xc
lu

de
 t

he
 f

or
m

at
io

n 
of

 s
pa

ce
 c

ha
rg

e 
re

gi
on

 i
t 

is
 p

re
fe

ra
bl

e 
to

 u
se

 
lo

w
-v

ol
ta

ge
 m

od
e,

 w
he

re
 lo

w
-e

ne
rg

y 
el

ec
tro

n 
be

am
s d

o 
no

t p
en

et
ra

te
 d

ee
p 

un
de

r t
he

 s
ur

fa
ce

 [4
]. 
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4.
 L

oc
al

 ri
se

 in
 su

rf
ac

e 
te

m
pe

ra
tu

re
Th

er
e 

ar
e 

tw
o 

ty
pe

s 
of

 e
le

ct
ro

n 
di

sp
er

si
on

: e
la

st
ic

 a
nd

 in
el

as
tic

. I
n 

ca
se

 
of

 e
la

st
ic

 d
is

pe
rs

io
n 

th
e 

di
re

ct
io

n 
of

 v
el

oc
ity

 v
ec

to
r i

s 
ch

an
ge

d,
 a

nd
 it

s 
ab

so
-

lu
te

 v
al

ue
 r

em
ai

ns
 p

ra
ct

ic
al

ly
 c

on
st

an
t, 

so
 k

in
et

ic
 e

ne
rg

y 
of

 e
le

ct
ro

ns
 is

 n
ot

 
ch

an
ge

d.
 E

ne
rg

y 
th

at
 tr

an
sf

er
re

d 
fr

om
 th

e 
el

ec
tro

n 
be

am
 to

 th
e 

sa
m

pl
e 

is
 le

ss
 

th
en

 1
 e

V.
 A

nd
 th

is
 e

ne
rg

y 
is

  n
eg

lig
ib

le
 c

om
pa

re
d 

w
ith

 it
s i

ni
tia

l e
ne

rg
y,

 w
hi

ch
 

is
 u

su
al

ly
 1

0 
ke

V
 o

r m
or

e.
 In

 c
as

e 
of

 in
el

as
tic

 d
is

pe
rs

io
n 

en
e r

gy
 tr

an
sf

er
re

d 
to

 
at

om
s a

nd
 e

le
ct

ro
ns

 o
f t

he
 sa

m
pl

e 
an

d 
th

e 
ki

ne
tic

 e
ne

rg
y 

of
 th

e 
el

ec
tro

n 
be

am
 

de
cr

ea
se

s. 
A

nd
  so

m
e q

ua
nt

ity
 o

f t
he

 en
er

gy
 is

 tr
an

sf
er

re
d 

in
to

 so
lid

 st
at

e d
ue

 to
 

ex
ci

ta
tio

n 
of

 la
tti

ce
 v

ib
ra

tio
ns

, i
.e

. d
ue

 to
 h

ea
tin

g.
 In

  th
e c

as
e w

he
n 

th
e e

le
ct

ro
n 

be
am

 fa
lls

 o
n 

a 
m

as
si

ve
 sa

m
pl

e,
 a

n 
ar

ea
 in

 w
hi

ch
 it

 g
iv

es
 th

e 
en

er
gy

 is
 in

 g
oo

d 
th

er
m

al
 c

on
ta

ct
 w

ith
 th

e 
w

ho
le

 m
as

s 
of

 th
e 

sa
m

pl
e,

 a
ct

in
g 

in
 th

is
 c

as
e 

as
 a

n 
ef

fe
ct

iv
e 

he
at

 s
in

k.
 In

  th
is

 w
ay

 a
 s

ig
ni
fi c

an
t r

is
e 

in
 te

m
pe

ra
tu

re
 o

f t
he

 s
am

pl
e 

in
 th

e 
be

am
 in

ci
de

nc
e 

is
 p

re
ve

nt
ed

. I
n 

 th
in

 sa
m

pl
es

 o
r a

t h
ig

h 
cu

rr
en

ts
 a

nd
 a

c-
ce

le
ra

tin
g 

vo
lta

ge
s o

f t
he

 e
le

ct
ro

n 
be

am
 a

 si
gn

ifi 
ca

nt
 h

ea
tin

g 
of

 th
e 

bo
m

ba
rd

ed
 

ar
ea

 c
an

 ta
ke

 p
la

ce
. [

5]
. 

Fo
r 

an
 a

xi
sy

m
m

et
ric

 e
le

ct
ro

n 
be

am
 f

al
lin

g 
no

rm
al

 t
o 

th
e 

su
rf

ac
e 

of
 a

 
se

m
i-i

nfi
 n

ite
 b

od
y 

w
ith

 th
er

m
al

 c
ha

ra
ct

er
is

tic
 λ

, t
he

 ta
sk

 o
f h

ea
tin

g 
is

 a
s 

fo
l-

lo
w

s:

 
 

(1
)

So
lv

in
g 

th
is

 p
ro

bl
em

 th
ey

 s
ug

ge
st

 th
at

 h
ea

t l
os

se
s 

fr
om

 th
e 

su
rf

ac
e 

ar
e 

ab
se

nt
, i

.e
.:

 
 

(2
)

Th
e 

in
iti

al
 te

m
pe

ra
tu

re
 is

 a
ss

um
ed

 to
 b

e 
ze

ro
, q

(r,
z,t

) –
 v

ol
um

e 
so

ur
ce

 [6
].

Lo
ca

l 
ris

e 
in

 t
em

pe
ra

tu
re

 a
lo

ng
 t

he
 r

ad
iu

s 
on

 t
he

 s
ur

fa
ce

 o
f 

th
e 

be
am

 
ax

is
 f

or
 is

ot
ro

pi
c 

su
bs

tra
te

s 
ca

n 
be

 e
st

im
at

ed
 w

ith
 th

e 
he

lp
 o

f 
th

e 
fo

llo
w

in
g 

eq
ua

tio
n:

 
 

(3
)

w
he

re
 U

 –
 v

ol
ta

ge
 a

pp
lie

d 
to

 th
e 

el
ec

tro
de

s;
 I 

– 
th

e 
tu

nn
el

in
g 

cu
rr

en
t, 

k 
– 

co
ef

-
fi c

ie
nt

 o
f t

he
rm

al
 c

on
du

ct
iv

ity
 o

f t
he

 s
ub

st
ra

te
; l

 –
 th

e 
le

ng
th

 o
f t

he
 in

el
as

tic
 

di
sp

er
si

on
 o

f e
le

ct
ro

ns
 in

 th
e 

su
bs

tra
te

; r
 –

 ra
di

us
 o

f t
he

 b
ea

m
 o

n 
th

e 
sa

m
pl

e 
su

rf
ac

e 
[7

].
Th

is
 fo

rm
ul

a 
is

 v
al

id
 fo

r c
on

tin
uo

us
 h

ea
tin

g 
of

 th
e 

sa
m

pl
e 

ar
ea

. S
in

ce
 th

e 
SE

M
 e

le
ct

ro
n 

be
am

 m
ov

es
 o

ve
r t

he
 sa

m
pl

e 
at

 a
 c

er
ta

in
 ra

te
, t

he
n 

ea
ch

 se
ct

io
n 

of
 th

e 
sa

m
pl

e 
ha

s a
 lo

ca
l r

is
e 

in
 te

m
pe

ra
tu

re
 th

at
 is

 p
ro

po
rti

on
al

 to
 th

e 
in

ve
rs

e 
ve

lo
ci

ty
 o

f b
ea

m
 p

at
te

rn
, w

hi
ch

 is
 e

qu
al

 to
 th

e 
in

ve
rs

e 
sw

ee
p 

ra
te

 o
f o

ut
pu

t.
Fo

r e
qu

at
io

n 
(3

) t
w

o 
ut

m
os

t c
as

es
 a

re
 c

on
si

de
re

d:

1.
 r>

>
l;

2.
 r<

l, 
su

gg
es

tin
g 

th
at

 r 
=

 l/
2.

In
 th

e 
fi r

st
 c

as
e 

th
e 

eq
ua

tio
n 

is
:

 
 

(4
)

In
 th

e 
se

co
nd

 c
as

e,
 th

e 
ex

pa
ns

io
n 

of
 th

e 
ex

po
ne

nt
ia

l i
n 

 T
ay

lo
r s

er
ie

s

 
 

(5
)

le
ad

s t
o:

 
 

(6
)

Th
e 

de
pe

nd
en

ce
 o

f 
lo

ca
l h

ea
tin

g 
of

 th
e 

sa
m

pl
e 

on
 th

e 
be

am
 r

ad
iu

s 
fo

r 
vo

lta
ge

s 3
0 

kV
 an

d 
3 

kV
 an

d 
fo

r p
ea

k 
cu

rr
en

t w
as

 o
bt

ai
ne

d.
 T

he
 d

at
a p

re
se

nt
ed

 
in

 F
ig

. 1
.

0

20
0

40
0

60
0

80
0

10
00
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00

14
00

16
00

18
00

20
00 0,
00

E
+

00
5,

00
E

-0
9

1,
00

E
-0

8
1,

50
E

-0
8

2,
00

E
-0

8
2,

50
E

-0
8

3,
00

E
-0

8

Р
а
д
и
ус

 п
уч
ка

(м
)

Локальное изменение темпереатуры (К)

U
=

30
кВ

, 
r>

>
l

U
=

30
кВ

, 
r<

l

U
=

3к
В

, 
r>

>
l

U
=

3к
В

, 
r<

l

Fi
g.

1.
 D

ep
en

de
nc

e 
of

 th
e 

lo
ca

l t
em

pe
ra

tu
re

 c
ha

ng
e 

of
 th

e 
ra

di
us

 o
f t

he
 b

ea
m

 a
t a

cc
el

er
at

in
g 

vo
lta

ge
 o

f 3
0 

kV
 a

nd
 3

 k
V,

 p
ea

k 
cu

rr
en

t a
nd

 in
ve

rs
e 

sw
ee

p 
ra

te
 4

37
.4

 m
s /

 p
xl

.

Fr
om

 t
he

se
 r

es
ul

ts
 i

t 
is

 c
le

ar
 t

ha
t 

in
cr

ea
si

ng
 t

he
 i

nv
er

se
 s

w
ee

p 
ra

te
 

lo
ca

l 
ris

e 
in

 t
em

pe
ra

tu
re

 a
t 

th
e 

gi
ve

n 
po

in
t 

in
cr

ea
se

s.
 A

ls
o,

 t
he

 s
ur

fa
ce

 
he

at
in

g 
in

cr
ea

se
s 

si
gn

ifi 
ca

nt
ly

 w
ith

 in
cr

ea
si

ng
 o

f a
cc

el
er

at
in

g 
vo

lta
ge

 a
nd

 
cu

rr
en

t. 
Th

e 
el

ec
tro

n 
be

am
 is

 b
et

te
r f

oc
us

ed
 o

n 
th

e 
sa

m
pl

e,
 th

e 
sm

al
le

r r
a-

di
us

 o
f t

he
 in

te
ra

ct
io

n 
of

 e
le

ct
ro

ns
 w

ith
 th

e 
sa

m
pl

e.
 B

ut
 a

s 
th

e 
ex

po
ne

nt
ia

l 
sc

he
du

le
 sh

ow
s,

 th
e 

he
at

in
g 

of
 th

e 
su

rf
ac

e 
in

cr
ea

se
s w

ith
 d

ec
re

as
in

g 
ra

di
us

 
of

 th
e 

be
am

. 
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Th
us

, i
nc

re
as

in
g 

th
e 

vo
lta

ge
 a

nd
 c

ur
re

nt
 e

le
ct

ro
n 

be
am

, t
he

 ra
di

us
 o

f t
he

 
be

am
 a

nd
 th

e 
in

ve
rs

e 
sw

ee
p 

ra
te

, o
n 

th
e 

on
e 

ha
nd

, w
e 

ca
n 

ge
t b

et
te

r q
ua

lit
y 

im
ag

e,
 b

ut
 o

n 
th

e 
ot

he
r h

an
d,

 th
er

e 
is

 a
 g

re
at

er
 lo

ca
l h

ea
tin

g 
of

 th
e 

sa
m

pl
e.

5.
 E

xp
er

im
en

ta
l a

na
ly

si
s o

f s
am

pl
es

D
iff

er
en

t 
sa

m
pl

es
 w

er
e 

in
ve

st
ig

at
ed

 f
or

 t
he

 m
as

te
rin

g 
of

 m
et

ho
ds

 f
or

 
st

ud
yi

ng
 b

io
lo

gi
ca

l s
am

pl
es

 b
y 

SE
M

: h
um

an
 to

ot
h 

cu
t, 

bo
ne

 s
tru

ct
ur

e 
w

ith
 

im
pl

an
ts

, p
ol

ym
er

 fi 
be

rs
 b

as
ed

 o
n 

ch
ito

sa
n 

co
at

ed
 w

ith
 m

am
m

al
ia

n 
ep

ith
el

ia
l 

ce
lls

 (F
ig

. 2
). 

 
St

ru
ct

ur
e 

im
ag

es
 o

f 
de

nt
in

 w
er

e 
ob

ta
in

ed
 w

he
n 

st
ud

yi
ng

 t
he

 s
ur

fa
ce

 
m

or
ph

ol
og

y 
of

 h
um

an
 t

oo
th

 c
ut

 (
Fi

g 
2a

). 
In

 t
hi

s 
pa

pe
r 

w
e 

us
ed

 s
am

pl
es

 
of

 h
um

an
 t

oo
th

 c
ut

 a
s 

an
 o

bj
ec

t 
of

 i
nv

es
tig

at
io

n.
 T

he
 c

ut
 o

f 
th

e 
to

ot
h 

w
as

 
ob

ta
in

ed
 b

y 
sa

w
in

g 
th

e 
sa

m
pl

e 
w

ith
 h

ig
h-

sp
ee

d 
ci

rc
ul

ar
 s

aw
 w

ith
 a

 d
ia

m
on

d 
di

sk
. T

he
n 

th
e 

ob
je

ct
s o

f r
es

ea
rc

h 
w

er
e 

w
as

he
d 

in
 p

ho
sp

ho
ric

 a
ci

d 
an

d 
tre

at
ed

 
in

 a
n 

ul
tra

so
ni

c 
ba

th
 t

o 
re

m
ov

e 
im

pu
rit

ie
s 

of
 o

rg
an

ic
 a

nd
 i

no
rg

an
ic

 n
at

ur
e.

 
G

ol
d 

th
ic

kn
es

s 
of

 5
 n

m
 w

as
 s

pr
ay

ed
 f

or
 b

et
te

r 
co

nd
uc

tiv
ity

. M
or

ph
ol

og
y 

of
 

th
e 

de
nt

in
 (

th
e 

la
ye

r 
un

de
r 

th
e 

en
am

el
) 

w
as

 s
tu

di
ed

 u
si

ng
 s

ca
nn

in
g 

el
ec

tro
n 

m
ic

ro
sc

op
e 

M
ira

 \ 
\ L

M
U

Th
e 

in
te

ra
ct

io
n 

of
 b

on
e 

st
ru

ct
ur

e 
w

ith
 i

m
pl

an
ts

 c
oa

te
d 

w
ith

 s
ilv

er
-

co
nt

ai
ni

ng
 s

ub
st

an
ce

 w
as

 c
on

si
de

re
d 

(F
ig

. 2
b)

. I
t w

as
 c

on
cl

ud
ed

 th
at

 w
he

n 
ap

pl
yi

ng
 a

n 
an

tib
ac

te
ria

l s
ilv

er
-c

on
ta

in
in

g 
co

at
in

g 
an

d 
w

ith
 in

cr
ea

si
ng

 ti
m

e 
of

 
en

gr
af

tm
en

t, 
is

 th
e 

be
st

 h
ea

lin
g 

of
 th

e 
bo

ne
 w

ith
 th

e 
im

pl
an

t.
It 

w
as

 s
tu

di
ed

 t
he

 m
or

ph
ol

og
y 

of
 p

ol
ym

er
 fi

 b
er

 s
tru

ct
ur

es
 b

as
ed

 o
n 

ch
ito

sa
n 

an
d 

th
ei

r 
in

te
ra

ct
io

n 
w

ith
 t

he
 e

pi
th

el
ia

l 
ce

lls
 o

f 
a 

m
am

m
al

. 
A

ll 
sa

m
pl

es
 w

er
e d

rie
d 

w
ith

ou
t e

xt
er

na
l i

nfl
 u

en
ce

, i
.e

. u
si

ng
 n

at
ur

al
 ev

ap
or

at
io

n 
of

 
liq

ui
d,

 a
nd

 st
ud

ie
d 

in
 h

ig
h 

va
cu

um
 m

od
e.

 In
 th

is
 c

as
e,

 e
pi

th
el

ia
l c

el
ls

 st
ro

ng
ly

 
de

fo
rm

ed
 (F

ig
. 2

c)
. G

ol
d 

th
ic

kn
es

s o
f 5

 n
m

 w
as

 sp
ra

ye
d 

to
 o

bt
ai

n 
hi

gh
-q

ua
lit

y 
of

 im
ag

es
. I

t w
as

 fo
un

d 
th

at
 u

si
ng

 th
e 

m
et

ho
d 

fo
r d

ry
in

g 
bi

ol
og

ic
al

 s
am

pl
es

 
le

ad
s 

to
 s

ig
ni
fi c

an
t d

ef
or

m
at

io
n 

of
 th

ei
r s

ha
pe

 a
nd

 s
iz

e 
ch

an
ge

s. 
It 

w
as

 fo
un

d 
th

at
 th

e 
ce

lls
 a

re
 fi 

xe
d 

in
 fa

br
ic

 m
at

er
ia

l i
n 

th
e 

ce
lls

 b
et

w
ee

n 
th

e 
fi b

er
s 

of
 th

e 
m

at
er

ia
l w

ith
 su

bs
eq

ue
nt

 in
gr

ow
th

 (F
ig

.2
d)

.

6.
 C

on
cl

us
io

n
In

 t
hi

s 
pa

pe
r 

w
ay

s 
of

 p
re

pa
rin

g 
bi

ol
og

ic
al

 s
am

pl
es

 f
or

 r
es

ea
rc

h 
by

 
sc

an
ni

ng
 e

le
ct

ro
n 

m
ic

ro
sc

op
y 

w
er

e 
in

ve
st

ig
at

ed
. B

as
ic

 m
et

ho
ds

 o
f r

es
ea

rc
h 

of
 

bi
ol

og
ic

al
 sa

m
pl

es
 w

er
e 

st
ud

ie
d 

an
d 

m
as

te
re

d:
 lo

w
 a

nd
 h

ig
h 

– 
va

cu
um

 m
od

es
. 

Th
er

m
al

 e
ffe

ct
 o

f e
le

ct
ro

n 
be

am
 o

n 
th

e 
sa

m
pl

e 
w

as
 st

ud
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Principal structural characteristics of organic acid anions  and lanthanum complexes with corresponding anions
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4-sulfoamid-
benzoate-anion

Complex 
3

Benzo-
sulfonate-

anion

Complex 
4

q(La)2.312.332.332.14
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q(=C-)
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1-2-3-4 
 (torsion angle)
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Еbond, kJ/mol1330135412871297
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 a

re
 a

n 
ex

am
-

pl
e 

of
 s

uc
h 

m
ed

ia
 in

 o
pt

ic
s. 

In
 th

is
 s

tru
ct

ur
e 

th
e 

re
fr

ac
tiv

e 
in

de
x 

is
 a

 p
er

io
di

c 
fu

nc
tio

n 
of

 sp
at

ia
l c

oo
rd

in
at

es
 (K

iv
sh

ar
, A

gr
aw

al
, 2

00
3)

. T
he

 in
ve

st
ig

at
io

n 
of

 
B

ra
gg

 s
ol

ito
ns

 a
re

 o
f i

nt
er

es
t n

ot
 o

nl
y 

fr
om

 a
 fu

nd
am

en
ta

l p
oi

nt
 o

f v
ie

w
, b

ut
 

al
so

 h
av

e 
gr

ea
t p

ot
en

tia
l f

or
 p

ra
ct

ic
al

 u
se

 o
f s

uc
h 

st
ru

ct
ur

es
 in

 te
le

co
m

m
un

ic
a-

tio
ns

 sy
st

em
s, 

in
 o

pt
ic

al
 c

om
m

un
ic

at
io

n 
lin

es
 (A

gr
aw

al
, 2

00
5)

.
In

 r
ec

en
t 

ye
ar

s,
 d

ue
 t

o 
ad

va
nc

es
 i

n 
th

e 
te

ch
no

lo
gy

 o
f 

th
in

-fi 
lm

 m
ag

-
ne

tic
 m

at
er

ia
ls

 ra
is

in
g 

an
d 

a 
ne

w
 a

pp
ro

ac
he

s t
o 

ob
ta

in
 p

er
io

di
c 

st
ru

ct
ur

es
 th

e 

pr
od

uc
tio

n 
of

 c
ry

st
al

s,
 b

as
ed

 o
n 

th
e 

m
ag

ne
tic

 m
at

er
ia

ls
 —

 m
ag

no
n 

cr
ys

ta
ls

 
(s

uc
h 

as
 p

ho
to

ni
c 

cr
ys

ta
l) 

re
pr

es
en

t 
a 

gr
ea

t 
in

te
re

st
. T

he
 m

ag
no

n 
cr

ys
ta

ls
 

w
he

re
 s

pi
n 

w
av

es
 p

ro
pa

ga
te

 a
re

 s
im

ila
r 

to
 th

e 
ph

ot
on

ic
 c

ry
st

al
 (

Ly
ub

ch
an

-
sk

ii 
et

 a
l.,

 2
00

3;
 Г
ул
яе
в 
и 
др

., 
20

03
).T

he
 m

ag
no

n 
cr

ys
ta

ls
 h

av
e 

a 
nu

m
be

r 
of

 s
ig

ni
fi c

an
t a

dv
an

ta
ge

s 
co

m
pa

re
d 

to
 th

e 
ph

ot
on

ic
 c

ry
st

al
s.

 T
he

 n
on

lin
ea

r 
ef

fe
ct

s 
in

 fe
rr

om
ag

ne
tic

 fi 
lm

s 
ap

pe
ar

 a
t r

el
at

iv
el

y 
lo

w
 p

ow
er

 le
ve

ls
 (Г

ул
яе
в 

и 
др

., 
20

03
). 

Th
e 

m
ag

no
n 

cr
ys

ta
ls

 b
y 

an
al

og
y 

w
ith

 th
e 

ph
ot

on
ic

 c
ry

st
al

s 
de

m
on

st
ra

te
 

m
or

e 
in

te
re

st
in

g 
no

nl
in

ea
r 

ph
en

om
en

a 
in

 c
om

pa
ris

on
 w

ith
 t

he
 e

ffe
ct

s 
ob

-
se

rv
ed

 in
 h

om
og

en
eo

us
 fe

rr
om

ag
ne

tic
 fi 

lm
s. 

H
ow

ev
er

, w
e 

ca
n 

co
nc

lu
de

 th
at

 
th

e 
no

nl
in

ea
r p

ro
ce

ss
es

 in
 su

ch
 p

er
io

di
c 

st
ru

ct
ur

es
, i

nc
lu

di
ng

 th
os

e 
as

so
ci

at
ed

 
w

ith
 th

e 
pe

cu
lia

rit
ie

s 
of

 f
or

m
at

io
n 

of
 s

ol
ito

ns
 a

re
 in

ve
st

ig
at

ed
 in

su
ffi 

ci
en

tly
. 

Yo
u 

ca
n 

sp
ec

ify
 o

nl
y 

so
m

e 
w

or
k 

in
 th

is
 d

ire
ct

io
n 

(N
iu

-N
iu

 C
he

n 
et

 a
l.,

 1
99

3;
 

Гр
иг
ор
ье
ва

 и
 д
р.

, 2
00

8;
 Д
ро
зд
ов
ск
ий

 и
 д
р.

, 2
01

0)
, w

hi
ch

 s
ho

w
s 

th
e 

ex
pe

ri-
m

en
ta

l a
nd

 n
um

er
ic

al
 si

m
ul

at
io

n 
re

su
lts

 b
as

ed
 o

n 
a 

on
e-

di
m

en
si

on
al

 n
on

lin
ea

r 
Sc

hr
öd

in
ge

r e
qu

at
io

n 
(N

SE
). 

Th
e 

co
ef
fi c

ie
nt

s 
of

 d
is

pe
rs

io
n 

an
d 

no
nl

in
ea

rit
y,

 
w

hi
ch

 w
er

e 
ca

lc
ul

at
ed

 b
as

ed
 o

n 
th

e 
as

su
m

pt
io

n 
th

at
 o

nl
y 

on
e 

m
ag

ne
to

st
at

ic
 

w
av

e 
pr

op
ag

at
es

 in
 th

e 
fe

rr
om

ag
ne

tic
 fi 

lm
. T

he
 d

is
pe

rs
io

n 
of

 th
is

 w
av

e 
de

-
pe

nd
s o

n 
th

e 
pa

ra
m

et
er

s o
f t

he
 p

er
io

di
c 

st
ru

ct
ur

e.
Th

e 
ai

m
 o

f 
th

is
 w

or
k 

w
as

 t
o 

in
ve

st
ig

at
e 

th
e 

fe
at

ur
es

 o
f 

fo
rm

at
io

n 
th

e 
so

lit
on

s 
ar

e 
si

m
ila

r t
o 

a 
B

ra
gg

 s
ol

ito
ns

 in
 th

e 
fe

rr
om

ag
ne

tic
 o

ne
-d

im
en

si
on

al
 

pe
rio

di
c 

st
ru

ct
ur

e.
 T

he
 sy

st
em

 o
f c

ou
pl

ed
 n

on
lin

ea
r S

ch
rö

di
ng

er
 e

qu
at

io
ns

 fo
r 

th
e 

am
pl

itu
de

 e
nv

el
op

e 
of

 th
e 

fo
r  w

ar
d 

an
d 

ba
ck

w
ar

d 
w

av
es

 w
as

 u
se

d 
fo

r n
u-

m
er

ic
al

 s
im

ul
at

io
n.

 W
e 

pa
y 

gr
ea

t a
tte

nt
io

n 
to

 th
e 

co
nd

iti
on

s 
of

 f
or

m
at

io
n 

of
 

so
lit

on
s, 

su
ch

 a
s B

ra
gg

 o
r g

ap
 so

lit
on

s.
A

 o
ne

-d
im

en
si

on
al

 p
er

io
di

c 
fe

rr
om

ag
ne

tic
 s

tru
ct

ur
e 

(m
ag

no
n 

cr
ys

ta
l) 

w
as

 c
on

si
de

re
d.

 T
he

 s
tru

ct
ur

e 
is

 in
fi n

ite
 in

 th
e 

di
re

ct
io

n 
of

 th
e 

x 
an

d 
y.

 T
he

 
co

ns
ta

nt
 m

ag
ne

tic
 fi 

el
d 

is
 a

pp
lie

d 
pe

rp
en

di
cu

la
r 

to
 th

e 
fi l

m
 p

la
ne

. T
he

 v
al

ue
 

of
 th

is
 fi 

el
d g

 w
as

 c
ho

se
n 

in
 s

uc
h 

a 
w

ay
 th

at
 th

e 
fo

rw
ar

d 
vo

lu
m

e 
M

SW
 

(F
V

M
SW

) p
ro

pa
ga

te
d 

in
 th

e 
y 

di
re

ct
io

n.
 

To
 co

ns
tru

ct
 a 

no
nl

in
ea

r m
od

el
 o

f t
he

 p
er

io
di

c f
er

ro
m

ag
ne

tic
 st

ru
ct

ur
e u

se
, 

si
m

ila
r t

o 
op

tic
al

 sy
st

em
s (

K
iv

sh
ar

, A
gr

aw
al

, 2
00

3;
 A

gr
aw

al
, 2

00
5)

, c
ou

pl
ed

-
w

av
e 

ap
pr

ox
im

at
io

n 
an

d 
re

pr
es

en
t 

th
e 

di
st

rib
ut

io
n 

of
 t

he
 m

ag
ne

to
st

at
ic

 
po

te
nt

ia
l n

ea
r t

he
 g

ap
 a

s t
he

 su
m

 o
f f

or
w

ar
d 

an
d 

ba
ck

w
ar

d 
w

av
es

:

 
, (

1)

w
he

re
 

, 
 a

re
 s

lo
w

ly
 v

ar
yi

ng
 c

om
pl

ex
 e

nv
el

op
es

 o
f 

th
e 

fo
rw

ar
d 

(in
ci

de
nt

) a
nd

 b
ac

kw
ar

d 
(r

efl
 e

ct
ed

) w
av

es
, r

es
pe

ct
iv

el
y.

 
Ta

ki
ng

 (
K

iv
sh

ar
, A

gr
aw

al
, 2

00
3)

 in
to

 a
cc

ou
nt

 f
or

 th
e 

ap
pr

ox
im

at
io

n 
of

 
w

ea
k 

no
nl

in
ea

rit
y,

 t
he

 n
on

lin
ea

r 
eq

ua
tio

ns
 f

or
 t

he
 e

nv
el

op
es

 o
f 

di
re

ct
 a

nd
 

re
fl e

ct
ed

 w
av

es
 c

an
 b

e 
re

pr
es

en
te

d 
as

:
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, 

(2
)

w
he

re
 V

g 
is

 th
e 

gr
ou

p 
ve

lo
ci

ty
, 

 is
 th

e 
de

tu
ni

ng
 (

, 
 is

 th
e 

M
SW

 p
ha

se
 v

el
oc

ity
 in

 h
om

og
en

ou
s s

tru
ct

ur
e)

, β
 is

 th
e 

co
ef
fi c

ie
nt

 
of

 d
is

pe
rs

io
n,

 χ
 is

 th
e 

co
ef
fi c

ie
nt

 o
f c

ou
pl

in
g,

 γ
 is

 th
e 

no
nl

in
ea

r c
oe

ffi 
ci

en
t.

Eq
ua

tio
ns

 (
2)

 a
re

 s
im

ila
r 

to
 t

he
 s

ys
te

m
 o

f 
tw

o 
co

up
le

d 
no

nl
in

ea
r 

Sc
hr

öd
in

ge
r 

eq
ua

tio
ns

 d
es

cr
ib

in
g 

th
e 

pr
op

ag
at

io
n 

of
 th

e 
di

re
ct

 a
nd

 r
efl

 e
ct

ed
 

w
av

es
 in

 B
ra

gg
 o

pt
ic

al
 la

tti
ce

s 
(M

al
om

ed
, 2

00
6;

 A
gr

aw
al

, 2
00

5)
. I

t s
ho

ul
d 

be
 n

ot
ed

 th
at

 th
e 

sy
st

em
 (2

) w
ith

ou
t t

ak
in

g 
in

to
 a

cc
ou

nt
 th

e 
di

sp
er

si
on

 (β
=0

), 
as

 s
ho

w
n 

in
 th

e 
(K

iv
sh

ar
, A

gr
aw

al
, 2

00
3)

, m
ay

 h
av

e 
so

lit
on

 s
ol

ut
io

ns
 —

 th
e 

fa
m

ily
 o

f B
ra

gg
 so

lit
on

s. 
Th

is
 ty

pe
 o

f s
ol

ito
n 

re
pr

es
en

ts
 a

 c
om

bi
na

tio
n 

of
 tw

o 
w

av
es

 m
ov

in
g 

to
ge

th
er

 o
r r

em
ai

ni
ng

 in
 p

la
ce

. I
f re

se
nt

s a
 c

om
bi

na
tio

n  s
ol

ito
n 

do
es

 n
ot

 m
ov

e 
—

 a
 st

at
io

na
ry

 g
ap

 so
lit

on
.

Th
e 

re
su

lts
 r

el
at

in
g 

to
 t

he
 f

or
m

at
io

n 
of

 s
ol

ito
ns

 i
n 

th
is

 s
ys

te
m

 w
er

e 
ob

ta
in

ed
 b

as
ed

 o
n 

th
e 

nu
m

er
ic

al
 s

ol
ut

io
n 

of
 th

e 
co

up
le

d 
sy

st
em

 o
f 

th
e 

N
SE

 
(2

) u
si

ng
 a

 S
SF

M
 m

et
ho

d 
(K

iv
sh

ar
, A

gr
aw

al
, 2

00
3)

. W
e 

co
ns

id
er

 th
e 

fe
at

ur
es

 
of

 th
e 

w
av

e 
ev

ol
ut

io
n 

at
 a

 fi 
xe

d 
va

lu
e 

V g d
ep

en
di

ng
 o

n 
th

e 
pa

ra
m

et
er

 χ
. T

hi
s 

pa
ra

m
et

er
 c

ha
ra

ct
er

iz
es

 th
e 

ge
om

et
ric

al
 p

ar
am

et
er

s 
of

 th
e 

pe
rio

di
c 

st
ru

ct
ur

e 
an

d 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
fo

rw
ar

d 
an

d 
ba

ck
w

ar
d 

w
av

es
, a

cc
or

di
ng

ly
. 

Th
e o

th
er

 co
ef
fi c

ie
nt

s i
n 

(2
) w

er
e c

al
cu

la
te

d:
 

 
, 

, 
. 

W
e 

co
ns

id
er

 t
he

 c
as

e 
w

he
n 

th
e 

in
pu

t 
am

pl
itu

de
 o

f 
th

e 
fo

rw
ar

d 
an

d 
ba

ck
w

ar
d 

w
av

es
 a

re
 n

ot
 z

er
o 

p
p

, w
he

re
 

 i
s 

th
e 

pu
ls

e 
w

id
th

, 
 is

 th
e 

di
m

en
si

on
le

ss
 p

ul
se

 a
m

pl
itu

de
 d

ur
in

g 
th

e 
in

iti
al

 m
om

en
t 

of
 ti

m
e 

w
hi

ch
 g

ot
 o

ut
 a

bo
ve

 a
 s

ol
ito

n 
th

re
sh

ol
d.

 In
 th

is
 e

xc
ita

tio
n 

m
et

ho
d 

th
e 

pa
ra

m
et

er
 sp

ac
e 

(V
g,  χ

) c
or

re
sp

on
di

ng
 to

 th
e 

so
lit

on
 fo

rm
at

io
n 

w
ith

 a
 d

iff
er

en
t 

fe
at

ur
es

 is
 sh

ow
n 

in
 F

ig
. 1

. T
he

 g
ra

y 
ar

ea
 in

 F
ig

. 1
 co

rr
es

po
nd

s t
o 

th
e f

or
m

at
io

n 
of

 p
ul

se
s l

oc
al

iz
ed

 o
n 

th
e 

lim
ite

d 
le

ng
th

 o
f t

he
 st

ru
ct

ur
e.

 T
hi

s a
re

a 
co

rr
es

po
nd

s 
to

 th
e 
fi n

ite
 v

al
ue

s 
of

 V
g 

w
he

n 
χ 

= 
0.

 T
he

 e
xi

st
en

ce
 o

f t
he

 lo
ca

liz
ed

 s
ol

ito
ns

 
w

ith
ou

t a
 li

ne
ar

 re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

w
av

es
 (χ

 =
 0

) i
s e

xp
la

in
ed

 b
y 

th
e 

so
-

ca
lle

d 
lo

ck
in

g 
ef

fe
ct

 d
ue

 to
 th

e 
no

nl
in

ea
r c

ou
pl

in
g 

be
tw

ee
n 

w
av

es
 o

nl
y.

 In
 th

is
 

ca
se

, p
ul

se
s 

m
ov

in
g 

in
 d

iff
er

en
t d

ire
ct

io
ns

 a
t l

ar
ge

 a
m

pl
itu

de
s 

an
d 

re
la

tiv
el

y 
sm

al
l v

al
ue

s o
f V

g c
an

 c
ap

tu
re

 e
ac

h 
ot

he
r a

nd
 th

en
 m

ov
e 

w
ith

 z
er

o 
ve

lo
ci

ty
.

W
e c

on
si

de
r t

he
 fe

at
ur

es
 o

f t
he

 w
av

e e
vo

lu
tio

n 
at

 a 
fi x

ed
 v

al
ue

 V
g d

ep
en

d-
in

g 
on

 th
e 

pa
ra

m
et

er
 χ

. F
or

 th
e 

pa
ra

m
et

er
s 

co
rr

es
po

nd
in

g 
to

 p
oi

nt
 1

 o
n 

Fi
g.

 1
 

at
 s

m
al

l v
al

ue
s 

of
 χ

 th
e 

en
er

gy
 e

xc
ha

ng
e 

be
tw

ee
n 

th
e 

w
av

es
 is

 s
m

al
l a

nd
 th

e 

pu
ls

es
 o

n 
th

e 
fo

rw
ar

d 
an

d 
th

e 
ba

ck
w

ar
d 

w
av

e 
m

ov
e 

in
 d

iff
er

en
t 

di
re

ct
io

ns
 

(s
ee

 F
ig

. 2
). 

W
ith

 in
cr

ea
si

ng
 χ

 (p
oi

nt
 2

 in
 F

ig
. 1

) p
ul

se
 e

xc
ite

d 
on

 th
e 

fo
rw

ar
d 

w
av

e 
m

ov
es

 a
t fi

 rs
t i

n 
th

e 
po

si
tiv

e 
di

re
ct

io
n 

of
 y

-a
xi

s 
(F

ig
. 2

 c
 –

 r
ig

ht
 h

al
f-

Fi
g.

 1
. 

Th
e 

pa
ra

m
et

er
 s

pa
ce

 (
V g, 

χ)
, 

co
rr

es
po

nd
in

g 
to

 e
nv

el
op

e 
so

lit
on

s 
fo

rm
at

io
n 

g
p

). 
In

se
rt 

sh
ow

s t
he

 sp
at

io
-te

m
po

ra
l e

vo
lu

tio
n 

of
 th

e e
nv

el
op

e a
m

pl
itu

de
 

 a
nd

 ns
e  fo

r p
oi

nt
 3

 (sp
at

io
te

m
popppp

ra
l , 

).

Fi
g.

 2
. 

Th
e 

sp
at

io
-te

m
po

ra
l 

ev
ol

ut
io

n 
of

 t
he

 e
nv

el
op

e 
am

pl
itu

de
 

 (
a)

 a
nd

 
 (

b)
 a

t 
(p

oi
nt

 1
 in

 F
ig

. 1
), 

 (
c)

 a
nd

 
 (

d)
 a

t 
 (

po
in

t 2
 in

 F
ig

. 1
) 

.
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pl
an

e)
 a

nd
 e

ve
nt

ua
lly

 tr
an

sf
er

re
d 

to
 th

e 
pu

ls
e 

on
 th

e 
ba

ck
w

ar
d 

w
av

e 
m

ov
in

g 
in

 th
e 

sa
m

e 
di

re
ct

io
n 

(F
ig

. 2
 d

 –
 ri

gh
t h

al
fp

la
ne

). 
A

fte
r a

 ti
m

e 
in

te
rv

al
 T

/2
 (a

s 
so

on
 a

s 
th

e 
po

w
er

 p
ul

se
s 

on
 th

e 
fo

rw
ar

d 
an

d 
ba

ck
w

ar
d 

w
av

es
 tu

rn
s 

eq
ua

l),
 

th
e 

pu
ls

es
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ce
-a

-m
in

ut
e c

on
se

cu
tiv

e r
ec

or
di

ng
 o

f c
ol

lim
at

ed
 tr

an
sm

it-
ta

nc
e 

sp
ec

tra
 in

 th
e 

ra
ng

e 
of

 5
00

-9
00

 n
m

 f
or

 3
0-

60
 m

in
ut

es
 f

or
 c

on
ju

nc
tiv

a 
an

d 
fo

r 
40

-6
5 

m
in

ut
es

 f
or

 s
cl

er
a 

si
nc

e 
th

e 
m

om
en

t o
f 

th
e 

pl
ac

em
en

t o
f 

tis
-

su
e 

sa
m

pl
e 

in
 th

e 
gl

uc
os

e 
so

lu
tio

n.
 T

he
 s

ig
na

l r
ec

ei
ve

d 
fr

om
 th

e 
cu

ve
tte

 w
ith

 
40

%
-a

qu
eo

us
 g

lu
co

se
 s

ol
ut

io
n 

an
d 

th
e 

fr
am

e 
w

as
 u

se
d 

as
 a

 re
fe

re
nc

e 
si

gn
al

. 
A

ll 
m

ea
su

re
m

en
ts

 w
er

e 
pe

rf
or

m
ed

 a
t r

oo
m

 te
m

pe
ra

tu
re

 (a
bo

ut
 2

0°
C

).
In

 t
he

 i
nv

es
tig

at
io

n 
w

e 
su

pp
os

ed
 t

ha
t 

th
e 

ch
an

ge
 o

f 
sa

m
pl

e 
in

te
rs

tit
ia

l 
fl u

id
 r

ef
ra

ct
iv

e 
in

de
x 

is
 c

on
se

qu
en

ce
 o

f 
im

m
er

si
on

 li
qu

id
 d

iff
us

io
n 

in
 ti

ss
ue

 
an

d 
os

m
ot

ic
 w

at
er

 o
ut
fl o

w
 fr

om
 ti

ss
ue

. I
t r

es
ul

ts
 in

 ti
ss

ue
 sc

at
te

rin
g 

co
ef
fi c

ie
nt

 
de

cr
ea

se
. T

he
 e

xp
lo

ra
tio

n 
of

 d
yn

am
ic

s 
of

 th
is

 p
ro

ce
ss

 a
llo

w
s 

es
tim

at
in

g 
th

e 
di

ffu
si

on
 c

oe
ffi 

ci
en

t a
s 

a 
m

ea
su

re
 o

f 
av

er
ag

e 
sp

ee
d 

of
 e

xc
ha

ng
e 
fl o

w
 o

f 
os

-
m

ot
ic

 fl 
ui

d 
in

 ti
ss

ue
 a

nd
 w

at
er

 fr
om

 ti
ss

ue
.

Fr
ee

 d
iff

us
io

n 
m

od
el

 (B
as

hk
at

ov
 e

t a
l.,

 2
00

3)
 w

as
 u

se
d 

fo
r t

he
 q

ua
nt

ita
-

tiv
e 

de
sc

rip
tio

n 
of

 th
e 

pr
oc

es
s 

of
 g

lu
co

se
 p

en
et

ra
tio

n 
in

 e
ye

 ti
ss

ue
s. 

W
e 

as
-

su
m

ed
 th

at
 th

e 
fo

llo
w

in
g 

ap
pr

ox
im

at
io

ns
 w

er
e 

va
lid

 fo
r t

he
 tr

an
sp

or
t p

ro
ce

ss
: 

1)
 o

nl
y 

co
nc

en
tra

tio
n 

di
ffu

si
on

 to
ok

 p
la

ce
, i

.e
., 

th
e 

ex
ch

an
ge

 fl 
ux

 o
f o

sm
ot

i-
ca

lly
 a

ct
iv

e 
so

lu
tio

n 
in

to
 th

e 
tis

su
e 

an
d 

w
at

er
 fr

om
 th

e 
tis

su
e 

at
 a

 c
er

ta
in

 p
oi

nt
 

w
ith

in
 th

e 
tis

su
e 

sa
m

pl
e 

w
as

 p
ro

po
rti

on
al

 to
 th

e 
os

m
ot

ic
al

ly
 a

ct
iv

e 
su

bs
ta

nc
e 

co
nc

en
tra

tio
n 

at
 th

is
 p

oi
nt

; 2
) t

he
 d

iff
us

io
n 

co
ef
fi c

ie
nt

 w
as

 c
on

st
an

t o
ve

r t
he

 

en
tir

e 
sa

m
pl

e 
vo

lu
m

e.
 G

eo
m

et
ric

al
ly

 t
he

 t
is

su
e 

sa
m

pl
e 

w
as

 p
re

se
nt

ed
 a

s 
a 

pl
an

e-
pa

ra
lle

l s
la

b 
w

ith
 a

 fi 
ni

te
 th

ic
kn

es
s. 

Si
nc

e 
th

e 
sq

ua
re

 o
f s

up
er

io
r a

nd
 in

-
fe

rio
r s

ur
fa

ce
s o

f s
uc

h 
pl

at
e 

is
 m

uc
h 

m
or

e 
th

an
 th

e 
sq

ua
re

 o
f i

ts
 la

te
ra

l s
ur

fa
ce

s 
w

e 
ca

n 
ne

gl
ec

t b
y 

ed
ge

 e
ffe

ct
s 

an
d 

so
lv

e 
on

e-
di

m
en

si
on

al
 p

ro
bl

em
 o

f d
iff

u-
si

on
. S

o,
 p

ro
bl

em
 st

at
em

en
t c

an
 b

e 
ex

pr
es

se
d 

as

 
, 

(1
)

w
he

re
 

 is
 th

e 
gl

uc
os

e 
co

nc
en

tra
tio

n 
in

 ti
ss

ue
, g

/m
l; 

D
 is

 th
e 

di
ffu

si
on

 
co

ef
fi c

ie
nt

, c
m

2 /s
ec

; t
 is

 th
e 

tim
e 

pe
rio

d 
of

 d
iff

us
io

n 
pr

oc
es

s, 
se

c;
 a

nd
 x

 is
 th

e 
sp

at
ia

l v
al

ue
 o

f t
is

su
e 

sa
m

pl
e 

th
ic

kn
es

s, 
cm

. 
Si

nc
e t

he
 v

ol
um

e o
f g

lu
co

se
 so

lu
tio

n 
(

30
00

 m
m

3 )
 si

gn
ifi 

ca
nt

ly
 ex

ce
ed

ed
 

th
e 

vo
lu

m
e 

of
 th

e 
tis

su
e 

sa
m

pl
e 

(»
50

 m
m

3 )
 in

 th
e 

ex
pe

rim
en

ts
, s

o 
co

rr
es

po
nd

-
in

g 
bo

un
da

ry
 c

on
di

tio
ns

 c
an

 b
e 

w
rit

e 
in

 th
e 

fo
rm

:

 
, 

(2
)

w
he

re
 �

0 
is

 th
e 

gl
uc

os
e 

co
nc

en
tra

tio
n 

in
 th

e 
so

lu
tio

n;
 �

 is
 th

e 
tis

su
e 

sa
m

pl
e 

th
ic

kn
es

s, 
cm

.
In

iti
al

 c
on

di
tio

n 
in

di
ca

te
s t

he
 fa

ct
 o

f g
lu

co
se

 a
bs

en
ce

 in
 a

ll 
in

te
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al
 p

oi
nt

s 
of

 c
on

ju
nc

tiv
a 

an
d 

sc
le

ra
 sa

m
pl

e 
be

fo
re

 it
s i

nc
ub

at
io

n 
in

 th
e 

so
lu

tio
n:

 
,  

   
(3

)

Th
e 

so
lu

tio
n 

of
 d

iff
us

io
n 

eq
ua

tio
n 

(1
) 

su
bj

ec
t t

o 
th

e 
bo

un
da

ry
 (

2)
 a

nd
 

in
iti

al
 (3

) c
on

di
tio

ns
 h

as
 th

e 
fo

rm
:

 

. 
(4

) 

Sc
at

te
rin

g 
co

ef
fi c

ie
nt

 o
f c

on
ju

nc
tiv

a 
an

d 
sc

le
ra

 
 c

an
 b

e 
de

sc
rib

ed
 w

ith
 

th
e 

ex
pr

es
si

on
 [1

]:

 
, 

(6
)

w
he

re
 �

 is
 th

e 
nu

m
be

r o
f s

ca
tte

re
rs

 in
 u

ni
t v

ol
um

e,
 

 is
 th

e 
sc

at
te

rin
g 

cr
os

s-
se

ct
io

n,
 

 is
 th

e 
di

ffr
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tio
n 

pa
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m
et

er
, 

 is
 th

e 
re
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tiv

e 
re

-
fr

ac
tio

n 
in

de
x 

of
 sc

at
te

re
rs

, �
� i

s t
he
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fr

ac
tio

n 
in
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x 

of
 c

ol
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ge
n 
fi b

er
s (

B
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to
v 

et
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l.,
 2

00
0)

, a
nd

 �
 is

 th
e 

sc
at

te
re

r’s
 ra

di
us

.
Ti

m
e 

de
pe

nd
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f c
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 tr
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an

ce
 c

oe
ffi 

ci
en

t o
f c
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ju
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tiv
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le
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m
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e,

 p
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ce
d 

in
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tio
n 
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s t
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11
0

11
1

 
, 

(7
)

w
he

re
 

 is
 th

e 
co

lli
m

at
ed

 tr
an

sm
itt

an
ce

; 
 is

 th
e 

ab
so

rp
tio

n 
co

ef
fi c

ie
nt

.
Si

nc
e 

av
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ag
e 
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so

rp
tio

n 
co

ef
fi c

ie
nt

 o
f 

ey
e 
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su

es
 i

s 
si

gn
ifi 

ca
nt

ly
 l
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s 

th
an

 sc
at

te
rin

g 
co

ef
fi c

ie
nt

 (B
as

hk
at

ov
 e

t a
l.,

 2
01

0)
 in

 th
e 

in
ve

st
ig

at
ed

 sp
ec

tra
l 

ra
ng

e,
 w

e 
ca

n 
ne

gl
ec

t a
bs

or
pt

io
n 

co
ef
fi c

ie
nt

.
Eq

ua
tio

ns
 (

4)
-(

7)
 d

efi
 n

e 
th

e 
co

lli
m

at
ed

 t
ra

ns
m

itt
an

ce
 d

ep
en

de
nc

e 
on

 
gl

uc
os

e 
so

lu
tio

n 
co

nc
en

tra
tio

n 
in

 c
on

ju
nc

tiv
a 

an
d 

sc
le

ra
 sa

m
pl

es
, i

.e
. f

or
m

 th
e 

di
re

ct
 p

ro
bl

em
. I

n 
th

is
 ca

se
 in

ve
rs

e p
ro

bl
em

 is
 re

co
ve

ry
 o

f d
iff

us
io

n 
co

ef
fi c

ie
nt

 
va

lu
e w

ith
 u

si
ng

 o
f t

he
 ti

m
e-

de
pe

nd
en

t t
ra

ns
m

itt
an

ce
. T

hi
s p

ro
bl

em
 w

as
 so

lv
ed

 
by

 m
in

im
iz

at
io

n 
of

 th
e 

ta
rg

et
 fu

nc
tio

n:

 

he
 ta

rg
et

 fu
nc

tio
n:

, 
(8

)

w
he

re
 N

t 
is

 t
he

 t
ot

al
 a

m
ou

nt
 o

f 
ex

pe
rim

en
ta

l 
po

in
ts

 o
bt

ai
ne

d 
in

 t
he

 c
ou

rs
e 

of
 re

gi
st

ra
tio

n 
of

 th
e 

tim
e-

de
pe

nd
en

t c
ol

lim
at

ed
 tr

an
sm

itt
an

ce
; 

 is
 th

e 
th

eo
re

tic
al

 v
al

ue
 o

f t
ra

ns
m

itt
an

ce
 in

 th
e 

tim
e 

po
in

t t
 a

nd
 w

ith
 th

e 
se

tti
ng

 v
al

ue
 

of
 D

; 
 is

 th
e 

ex
pe

rim
en

ta
l v

al
ue

 o
f t

ra
ns

m
itt

an
ce

 in
 th

e 
tim

e 
po

in
t t

.
To

 m
in

im
iz

e 
th

e 
ta

rg
et

 fu
nc

tio
n 

(8
) t

he
 «

co
m

pl
ex

» 
m

et
ho

d 
(B

an
di

, 1
98

8)
 

w
as

 u
se

d.
 It

er
at

io
n 

pr
oc

ed
ur

e 
re

pe
at

ed
 u

nt
il 

ex
pe

rim
en

ta
l a

nd
 c

al
cu

la
te

d 
da

ta
 

w
er

e 
m

at
ch

ed
. A

s a
 te

rm
in

at
io

n 
co

nd
iti

on
 o

f t
he

 it
er

at
io

n 
pr

oc
es

s, 
w

e 
us

ed
 th

e 

fo
llo

w
in

g 
ex

pr
es

si
on

:
.

R
es

ul
ts

 a
nd

 d
is

cu
ss

io
n

In
 th

e 
re

su
lts

 o
f t

he
 e

xp
er

im
en

ts
 w

e 
ha

ve
 m

ea
su

re
d 

tim
e 

de
pe

nd
en

ce
 o

f 
co

lli
m

at
ed

 tr
an

sm
itt

an
ce

 a
nd

 s
ca

tte
rin

g 
co

ef
fi c

ie
nt

 f
or

 e
ac

h 
sa

m
pl

e 
of

 r
ab

bi
t 

ey
e 

co
nj

un
ct

iv
a 

an
d 

sc
le

ra
 s

am
pl

e 
un

de
r 

ac
tio

n 
of

 4
0%

-a
qu

eo
us

 g
lu

co
se

 
so

lu
tio

n 
in

 th
e 

sp
ec

tra
l r

an
ge

 5
00

-9
00

 n
m

 (fi
 g

. 2
-5

).
O

n 
th

e 
ex

pe
rim

en
ta

l c
ur

ve
s w

e 
ca

n 
se

e 
th

at
 a

t t
he

 in
iti

al
 ti

m
e 

co
nj

un
ct

iv
a 

an
d s

cl
er

a a
re

 al
m

os
t o

pa
qu

e m
ed

iu
m

s f
or

 bo
th

 V
IS

 an
d N

IR
 ra

ng
es

. S
ub

st
itu

tio
n 

of
 in

te
rs

tit
ia

l fl
 u

id
 fo

r g
lu

co
se

 s
ol

ut
io

n 
ca

us
es

 s
ca

tte
rin

g 
co

ef
fi c

ie
nt

 d
ec

re
as

e 
an

d,
 th

er
ef

or
e,

 co
lli

m
at

ed
 tr

an
sm

itt
an

ce
 in

cr
ea

se
. F

ig
ur

es
 2

-5
 sh

ow
 th

at
 o

pt
ic

al
 

cl
ea

rin
g 

of
 c

on
ju

nc
tiv

a 
an

d 
sc

le
ra

 sa
m

pl
es

 ta
ke

s p
la

ce
 in

 a
ll 

vi
si

on
 ra

ng
e 

w
ith

 
pr

ed
om

in
an

ce
 in

 re
d 

sp
ec

tra
l r

eg
io

n.
Fr

om
 a

na
ly

si
s 

of
 e

xp
er

im
en

ta
l d

at
a 

w
e 

de
te

rm
in

ed
 th

at
 a

ve
ra

ge
 in

cr
ea

s-
in

g 
of

 th
e 

co
lli

m
at

ed
 tr

an
sm

itt
an

ce
 o

f r
ad

ia
tio

n 
pa

ss
ed

 th
ro

ug
h 

th
e 

ra
bb

it 
ey

e 
co

nj
un

ct
iv

a 
an

d 
sc

le
ra

 is
 1

.9
8

0.
87

 f
ol

ds
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nd
 1

9.
7

17
.2

 f
ol

ds
, r

es
pe

ct
iv

el
y.
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at
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rin
g 
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fi c

ie
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 o
f t

hi
s 
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se
d 

in
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ut
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 fo
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4.
 

Th
e 

tim
e-

de
pe

nd
en

t 
sc

at
te

rin
g 

co
ef
fi c

ie
nt

 o
f 

ra
bb

it 
ey

e 
co

nj
un

ct
iv

a 
un
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r 

th
e 

ac
tio

n 
of

 4
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n

Fi
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5.
 

Th
e 

tim
e-

de
pe

nd
en

t 
sc

at
te

rin
g 

co
ef
fi c

ie
nt

 o
f 

ra
bb

it 
ey

e 
sc

le
ra

 u
nd

er
 t

he
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tio

n 
of

 4
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-a
qu

eo
us
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lu
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se

 so
lu
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n

It 
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n 
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 n
ot
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at

 th
e 

co
lli

m
at

ed
 w
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el

en
gt

h-
de

pe
nd

en
t t

ra
ns

m
itt

an
ce

 
in

cr
ea

se
s i

n 
th

e c
ou

rs
e o

f 1
5 

m
in

ut
es

 fo
r s

cl
er

a a
nd

 3
0 

m
in

ut
es

 fo
r c

on
ju

nc
tiv

a.
 

A
nd

 w
e 

ca
n 

pr
es

um
e 

th
at

 d
iff

us
io

n 
of

 g
lu

co
se

 in
 th

es
e 

tis
su

es
 a

nd
 w

at
er

 fr
om

 
in

te
rs

tit
ia

l s
pa

ce
 to

 e
nv

iro
nm

en
ta

l s
ol

ut
io

n 
ca

us
ed

 b
y 

co
nc

en
tra

tio
n 

gr
ad

ie
nt

. 
B

ot
h 

pr
oc
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