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Analytical expressions are established for the complex thicknesses of two arbitrary layers of the low
absorbing multilayer coating, at which zero value of the re�ectance is achieved. Based on these relati-
ons, a numerical procedure is proposed for �nding the thicknesses of one or more additional layers
of the coating, which makes it possible to achieve a high transmittance for the chosen wavelength.
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I. INTRODUCTION

Most of the developed methods for designing narrow
bandpass interference �lters are based on the use of
transparent materials for layers [1�8]. However, it is not
always possible to use materials that would have a very
low extinction coe�cient for a given wavelength. The
use of low absorbing materials with an extinction coe�-
cient of more than 10−3 leads to a signi�cant decrease in
the maximum transmittance of the �lter, if it was desi-
gned for transparent materials. Therefore, it becomes
necessary to develop methods for increasing transmi-
ttance of low absorbing multilayer coating by choosing
the layers' thickness.

For multilayer coatings, many di�erent methods have
been developed to achieve zero re�ectance and, accordi-
ngly, maximum transmittance for chosen wavelength λ0.
Among these methods, there are those that are based on
the use of layers (transparent [9, 10] or low absorbing
[11]) with arbitrary thicknesses and refractive indices,
and only the thicknesses of two transparent layers are
determined using established relations. Other methods
use coatings with standard transparent layers whose
phase thicknesses are multiples of π/2 at λ0 [1, 2, 12].
In such coatings, in addition to quarter-wave layers, the
so-called half-wave spacers with a phase thickness equal
to π at λ0 are often used.

At the moment, methods for designing metal-dielectric
coatings are also known, including �lters, absorbers
and antire�ection coatings using both transparent and
absorbing materials [13�17], which have some advantages
over all-dielectric coatings.

In [18], the narrow bandpass �lter

1.52| (HL)4 2H (LH)
4 |1 was considered in which all

seventeen layers are low absorbing with complex refracti-
ve indices ñH = 2.3 − i 0.0002, ñL = 1.35 − i 0.0002.
The transmittance of this �lter, in which only one
non-quarter-wave layer is used, reaches a value high
enough for the chosen wavelength λ0 = 500 nm in the
passband. For such �lters, using a higher extinction
coe�cient leads to a signi�cant decrease in the maximum
transmittance (Fig. 1, dotted curve).

In order to achieve the maximum transmittance of an
interference �lter designed on the basis of low absorbi-
ng materials by determining the optimal thicknesses and
numbers, for example, �ve layers, a numerical method is
needed, which will require a lot of time for the calculati-
on itself. To achieve high transmittance, another (more
rational) way to solve this problem can be proposed.
For this, it is necessary to obtain analytical relationships
for the complex thicknesses of two layers, which for the
desired coating provide a zero re�ectance for arbitrary
thicknesses of the other three layers. Using these relati-
onships will signi�cantly reduce the search time for the
desired thicknesses and layer numbers to obtain a �lter
with a high transmittance. In addition, this procedure
allows us to identify useful patterns that can be used to
design �lters based on low absorbing materials.

Fig. 1. Maximum transmittance Tmax
0,k+1 of two seventeen-layer

�lters (k = 17) with complex refractive indices ñH = 2.3−i κ,
ñL = 1.35− i κ versus extinction coe�cient κ:
1| (HL)4 2H (LH)4 |1.52 � dotted curve;

1| 4dsnH
λ0

HLHL 2H(LH)2 2LHLH 2LHL 4dmnH
λ0

H |1.52 � solid
curve.
Thicknesses of layers s and m, which depend on κ, are
calculated using (14). (At κ = 0.0015: ds = 108.8 nm,
dm = 108.6 nm; dH = 54.3 nm, dL = 92.6 nm).
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In this paper, we have developed a method of achievi-
ng high transmittance for a low absorbing coating using
three or more non-quarter-wave layers. The feature of
this method is the use of at least one layer with a thi-
ckness close to the thickness of a half-wave spacer. This
approach allows us to design �lters with high transmi-
ttance even for the case of the extinction coe�cient of
all layers more than 5× 10−3 (Fig. 1, solid curve).

II. CONDITIONS FOR ACHIEVING ZERO
REFLECTANCE AT NORMAL INCIDENCE

Let us consider the k-layer coating with complex
refractive indices of layers ñj = nj − iκj and their
thicknesses dj (j = 1, 2, . . . , k) on a transparent semi-
in�nite substrate with the refractive index nk+1 while
n0 denotes the refractive index of the semi-in�nite ambi-
ent medium. The amplitude re�ectance of the coating
0, 1, . . . , k, k + 1 can be written as [19]

r̃0,k+1 =
r̃0,s + r̃s,k+1h̃0,se

−2iδ̃s

1− r̃s,0r̃s,k+1e−2iδ̃s
, (1)

where

r̃s,k+1 =
r̃s,m + r̃m,k+1h̃s,me

−2iδ̃m

1− r̃m,sr̃m,k+1e−2iδ̃m
,

h̃j,p = χj,pe
iγj,p = t̃j,pt̃p,j − r̃j,pr̃p,j ;

r̃j,p = σj,pe
iφj,p , t̃j,p = τj,pe

iθj,p is amplitude re�ectance
and transmittance of a part of the coating j, j + 1, . . . ,
p− 1, p, when p > j, or j, j − 1, . . . , p+1, p, when p < j;
χj,p, σj,p, τj,p and γj,p, φj,p, θj,p are respectively moduli

and phases of the following complex quantities: h̃j,p, r̃j,p
and t̃j,p. Complex amplitude re�ectance r̃j,p and trans-
mittance t̃j,p are determined according to the formulae:

r̃j,p =
Ñj − Ñp
Ñj + Ñp

, t̃j,p =
2Ñj

Ñj + Ñp
when |j − p| = 1,

or using recurrence relations

r̃j,p =
r̃j,j±1 + r̃j±1,p exp(−i2δ̃j±1)
1 + r̃j,j±1r̃j±1,p exp(−i2δ̃j±1)

and

t̃j,p =
t̃j,j±1t̃j±1,p exp(−iδ̃j±1)

1 + r̃j,j±1r̃j±1,p exp(−i2δ̃j±1)
when |j − p| > 1.

Here, �+� in the ± refers to the condition p > j+1, and
�−� refers to the condition j > p+1. In these expressions,
Ñj is the generalized refractive index of the layer j for s-

polarization (Ñj = Ñ⊥j = ñj cos β̃j), and its inverse value

for p-polarization (Ñj = Ñ
‖
j =

cos β̃j
ñj

); β̃j being the angle

of incidence at the boundary of j/(j + 1) media. Phase
thicknesses of layers s and m:

δ̃s =
2πds (ns − iκs) cos β̃s

λ
,

(2)

δ̃m =
2πdm (nm − iκm) cos β̃m

λ
.

Let us consider the case of normal incidence when β̃0 =
β̃1 = . . . = β̃k = 0. Based on (1), the condition of zero
re�ectance (r̃0,k+1 = 0) for coating 0, 1, . . . , k, k + 1 is

r̃0,s + r̃s,k+1h̃0,se
−2iδ̃s = 0

or

r̃0,s +
r̃s,m + r̃m,k+1h̃s,me

−2iδ̃m

1− r̃m,sr̃m,k+1e−2iδ̃m
h̃0,se

−2iδ̃s = 0. (3)

Equation (3) can be rewritten as

e2iδ̃s =
r̃s,mh̃0,se

2iδ̃m + r̃m,k+1h̃s,mh̃0,s

r̃0,sr̃m,sr̃m,k+1 − r̃0,se2iδ̃m
(4)

and

e2iδ̃m =
r̃0,sr̃m,sr̃m,k+1e

2iδ̃s − r̃m,k+1h̃s,mh̃0,s

r̃0,se2iδ̃s + r̃s,mh̃0,s
. (5)

We also write down the equations

e−2iδ̃
∗
s =

r̃∗s,mh̃
∗
0,se
−2iδ̃∗m + r̃∗m,k+1h̃

∗
s,mh̃

∗
0,s

r̃∗0,sr̃
∗
m,sr̃

∗
m,k+1 − r̃∗0,se−2iδ̃

∗
m

(6)

and

e−2iδ̃
∗
m =

r̃∗0,sr̃
∗
m,sr̃

∗
m,k+1e

−2iδ̃∗s − r̃∗m,k+1h̃
∗
s,mh̃

∗
0,s

r̃∗0,se
−2iδ̃∗s + r̃∗s,mh̃

∗
0,s

, (7)

which are complex conjugate to equations (4) and (5),
respectively. Taking into account expressions (2), the
left-hand sides of equations (6), (7) can be written as:

e−2iδ̃
∗
s = e−2iδ̃se

8πdsκs
λ ; e−2iδ̃

∗
m = e−2iδ̃me

8πdmκm
λ . For low

absorbing thin layers s, m, when extinction coe�cients
take small values (κs,m < 0.01), the approximate equali-

ties are true: e−2iδ̃
∗
s ≈ e−2iδ̃s , e−2iδ̃

∗
m ≈ e−2iδ̃m . Then,

instead of equations (6), (7), we can write the equations:

e2iδ̃s =
r̃∗0,sr̃

∗
m,sr̃

∗
m,k+1 − r̃∗0,se−2iδ̃m

r̃∗s,mh̃
∗
0,se
−2iδ̃m + r̃∗m,k+1h̃

∗
s,mh̃

∗
0,s

(8)

and

e2iδ̃m =
r̃∗0,se

−2iδ̃s + r̃∗s,mh̃
∗
0,s

r̃∗0,sr̃
∗
m,sr̃

∗
m,k+1e

−2iδ̃s − r̃∗m,k+1h̃
∗
s,mh̃

∗
0,s

. (9)

The solutions of the system of equations (4), (8) with

respect to δ̃m and (5), (9) with respect to δ̃s are

δ̃±s =
1

2i
ln

(
Bs ±

√
Cs

Ãs

)
+ πjs, js = 1, 2, . . . ; (10)

δ̃±m =
1

2i
ln

(
Bm ±

√
Cm

Ãm

)
+ πjm, jm = 1, 2, . . . , (11)

where

2401-2



TRANSMITTANCE INCREASE OF THE LOW ABSORBING MULTILAYER COATING

Bs = −σ2
0,s + χ2

0,sχ
2
s,mσ

2
m,k+1 + σ2

0,sσ
2
m,k+1σ

2
m,s − χ2

0,sσ
2
s,m,

Bm = σ2
0,s − χ2

0,sχ
2
s,mσ

2
m,k+1 + σ2

0,sσ
2
m,k+1σ

2
m,s − χ2

0,sσ
2
s,m,

Ãs = 2r̃0,sh̃
∗
0,s

(
σ2
m,k+1r̃m,sh̃

∗
s,m + r̃∗s,m

)
,

Ãm = 2r̃∗m,k+1

(
χ2
0,sr̃s,mh̃

∗
s,m + σ2

0,sr̃
∗
m,s

)
,

Cs = B2
s − |As|

2
, Cm = B2

m − |Am|
2
.

In order to determine the thicknesses of layers s and m, we can �rst write down the corresponding relations for
complex thicknesses instead of equations (10), (11) using (2):

d̃±s =
λ

2πñs

(
1

2i
ln

(
Bs ±

√
Cs

Ãs

)
+ πjs

)
, js = 1, 2, . . . ; (12)

d̃±m =
λ

2πñm

(
1

2i
ln

(
Bm ±

√
Cm

Ãm

)
+ πjm

)
, jm = 1, 2, . . . . (13)

For such complex thicknesses, zero re�ectance
(r̃0,k+1 = 0) is achieved, but if Im

(
d̃s,m

)
6= 0, then

they have no physical meaning. In order to achieve the
re�ectance close to zero and accordingly increase the
transmittance, the thickness of one or more layers can be
used as a variable parameter. For certain values of these
parameters, the imaginary parts of expressions (12), (13)

for thicknesses become close to zero (Im
(
d̃±s,m

)
≈ 0).

In this case, for normal incidence, the transmittance
T0,k+1 = nk+1

n0
t̃0,k+1t̃

∗
0,k+1 and re�ectance R0,k+1 =

r̃0,k+1r̃
∗
0,k+1 calculated for positive real thicknesses

d±s,m = Re
(
d̃±s,m

)
(14)

take respectively high and close to zero values.

III. NUMERICAL EXAMPLES

Let us consider k-layer coating (k = 2p+1) such as an
interference mirror on the glass substrate with refractive
index nk+1 = 1.52:

1 |H(LH)
p |1.52 . (15)

All layers of such a coating are made using two low
absorbing materials with refractive indices ñH = nH −
iκH and ñL = nL − iκL. For the chosen wavelength λ0,
all layers are quarter-wave with thicknesses dH = λ0

4nH

and dL = λ0

4nL
. In such coatings with a large number of

layers k, the transmittance T0,k+1 in a certain spectral
range, which includes wavelength of λ0, is close to zero.

Our task is to maximize the transmittance T0,k+1

at wavelength λ0 so that a narrow bandpass �lter can
be obtained. Therefore, to maintain low transmittance
outside the �lter passband, it is necessary to change the
thickness of only a few layers. According to the method
described in the previous section, let us consider three
ways to achieve the maximum value T0,k+1:
a) the variable parameter is the thickness du of the

layer with number u;
b) the variable parameter is the thicknesses du, dν of

the layers with numbers u, ν;
c) the variable parameter is the thicknesses du, dν , dw

of the layers with numbers u, ν, w.
In all these methods, the layer numbers s andm, whose

thicknesses of which are calculated according to formulas
(14), must be chosen so as to give high value T0,k+1.
In method a), it is necessary to �nd the dependence

of the transmittance T0,k+1 on du for di�erent numbers
u. This dependence shows a periodic increase in the
transmittance in some narrow intervals of thickness du
(Fig. 2a, 3c), which include values that are multiples of
2dL, when u is the layer with the refractive index ñL.
In the case when u is the layer with the refractive index
ñH, it is possible to observe a periodic increase in the
transmittance in narrow intervals du containing values
that are multiples of 2dH (Fig. 3a). In both cases, the
high transmittance T0,k+1 are also observed at a small
thickness du (Fig. 2b). Constants 2dL,H (2dL or 2dH) are
the thicknesses of half-wave spacers for the correspondi-
ng material, which are often used in the design of �-
lters based on transparent layers [1,2]. A detailed exami-
nation of narrow intervals for du, inside of which there
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are constants 2dL,H, shows that for some numbers u,
the constants 2dL,H correspond to local minima of the
transmittance, and for others, maxima (Fig. 3b, 3d). As

an example of achieving high transmittance in method
a), consider a twenty-three layer �lter (Fig. 4, solid curve;
Fig. 5a):

1|HLH
4dsnL
λ0

L(HL)
4
1.9986HL(HL)

3 4dmnH
λ0

HLH |1.52 (16)

s = 4,m = 21, u = 13;
and twenty nine-layer �lter (Fig. 4, dash-dotted curve)

1|HLH
4dsnL
λ0

L(HL)
4
H 1.9996L(HL)

5 4dmnH
λ0

H(LH)
2 |1.52 (17)

s = 4,m = 25, u = 14,

at ñH = 4.3 − i 0.0015, ñL = 1.46 − i 0.0001,
λ0 = 500 nm. According to (14), the thicknesses of layers
s and m are calculated: ds = 171.0 nm, dm = 58.3 nm
when choosing the thickness du = 58.1 nm for the �lter
(16) and ds = 171.0 nm, dm = 58.2 nm when choosing
the thickness du = 171.2 nm for the �lter (17). For both
�lters, the thicknesses of the quarter-wave layers H and
L are equal to: dH = 29.1 nm and dL = 85.6 nm.
In the �lter formulas (16), (17), expressions

4dsnL

λ0
, 4dmnH

λ0
or numerical values that appear before

the capital letters H or L mean the ratio of the phase
thickness of the corresponding layer H or L to π/2. If
such designations are absent before the capital letters
H or L, then this means that the phase thickness of
the corresponding layer is equal to π/2 (quarter-wave

layer). The designation (HL)
4
indicates the repetition

of a sequence of layers. The numerical values of 1 and
1.52, which are at the beginning and at the end of the

formula, are the refractive indices of air and a glass
substrate.

Figure 6 shows the dependence of the maximum
transmittance Tmax (among the transmittances T0,k+1 of
twenty-three layer coatings (15) with a half-wave layer u
and two layers s, m with thicknesses ds,m (14) calculated
for all possible numbers u) on the numbers s, m at
λ0 = 500 nm. For such coatings, the highest values of
Tmax (82%, 84%, 82%) are achieved, respectively, for
such numbers s, m: s = 4, m = 20 (at u = 12); s = 4,
m = 12 (at u = 20); s = 12, m = 20 (at u = 4). But
due to the fact that in the passband of coatings with
such sets of numbers there is a signi�cant oscillation of
the transmittance (Fig. 4 dotted curve), in the example
of �lter calculation (16), a coating with other numbers
s = 4,m = 21 (at u = 13) was chosen. For such a coating,
the mentioned oscillation is absent and the transmittance
reaches a value that is high enough (Tmax

0,k+1
≈ 67%).

Fig. 2. Transmittance T0,k+1 of the twenty-three-layer coating (k = 23)

1|HLH 4dsnL
λ0

L(HL)4H 4dunL
λ0

L(HL)3 4dmnH
λ0

HLH |1.52

versus thickness du (u = 14). Thicknesses ds and dm (s = 4, m = 21), which depend on du, are calculated according
to (14) at ñH = 4.3− i 0.0015, ñL = 1.46− i 0.0001, λ0 = 500 nm, dH = 29.1 nm, dL = 85.6 nm.
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Fig. 3. Transmittance T0,k+1 of two k-layer coatings versus thickness du:

a), b) 1|HLH 4dsnL
λ0

L(HL)4 4dunH
λ0

HL(HL)3 4dmnH
λ0

HLH |1.52
k = 23, s = 4, m = 21, u = 13;
c), d) 1|HLH 4dsnL

λ0
L(HL)4H 4dunL

λ0
L(HL)5 4dmnH

λ0
H(LH)2 |1.52

k = 29, s = 4, m = 25, u = 14.
Thicknesses ds and dm, which depend on du, are calculated according to (14) at ñH = 4.3 − i 0.0015, ñL = 1.46 − i 0.0001,
λ0 = 500 nm, dH = 29.1 nm, dL = 85.6 nm.

Fig. 4. Transmittance T0,k+1 of three k-layer coatings at ñH = 4.3− i 0.0015, ñL = 1.46− i 0.0001, λ0 = 500 nm:

a) 1|HLH 4dsnL
λ0

L(HL)3H 4dmnL
λ0

L(HL)3H 2LHLH |1.52 � dotted curve (k = 23, s = 4, m = 12, u = 20; ds = 171.6 nm,

dm = 171.7 nm), du = 171.2 nm; dH = 29.1 nm, dL = 85.6 nm);
b) �lter (16) � solid curve;
c) �lter (17) � dash-dotted curve.
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Fig. 5. Transmittance T0,k+1 of two interference coatings: a) �lter (16); b) �lter (18).

Fig. 6. Maximum transmittance Tmax (among the transmittances T0,k+1 of twenty-three layer coatings (15) with a half-
wave layer u and two layers s, m with thicknesses ds,m (14) calculated for all possible numbers u) versus numbers s, m at
ñH = 4.3− i 0.0015, ñL = 1.46− i 0.0001, λ0 = 500 nm, k = 23, dH = 29.1 nm, dL = 85.6 nm.

Fig. 7. Transmittance T0,k+1 (k = 23) of the twenty-three-layer coating (15) versus numbers of two layers u, ν, whose thicknesses
are changed to 2dL,H, and thicknesses ds,m are determined according to (14) at ñH = 4.3 − i 0.0015, ñL = 1.46 − i 0.0001,
λ0 = 500 nm, dH = 29.1 nm, dL = 85.6 nm, s = 4, m = 22. The arrow in �g. b) indicates the pair of numbers u, ν, which
corresponds to the highest value T0,k+1.
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Such calculations can also be performed for coatings
with a di�erent number of quarter-wave layers. Moreover,
a decrease in the number of layers will lead to an increase
in the bandwidth and to a decrease in the optical density
of the �lter in the rejection band [11]. With an increase
in the number of quarter-wave layers, there is not only
a narrowing of the passband, but also a decrease in the
transmittance of the �lter (Fig. 4 dash-dotted curve).
The reason for the decrease in the transmittance in this
case, as well as in the case of choosing a larger thi-
ckness du (for example, du = 4dL,H in Figs. 2a, 3a), is

an increase in the total thickness of the low absorbing
coating.
A similar pattern is observed for the method of achi-

eving high transmittance b). To simplify the search for
the best result, it is advisable to consider layers with
numbers u, ν as half-wave spacers of the correspondi-
ng material with thickness 2dL,H. The next step is to
choose a pair of numbers u, ν based on the dependence
T0,k+1 (u, ν) (Fig. 7) at which the maximum transmi-
ttance is achieved. One of the best results for method b)
is twenty-three-layer �lter (Fig. 5b):

1|HLH
4dsnL
λ0

L(HL)
3
H 2L(HL)

2
H 2LHL H

4dmnL
λ0

LH |1.52 (18)

at ñH = 4.3 − i 0.0015, ñL = 1.46 − i 0.0001, s = 4, m = 22, u = 12, ν = 18. Using (14), the thicknesses of
layers s and m are calculated: ds = 171.5 nm, dm = 175.7 nm. Here, the thicknesses of the quarter-wave layers H
and L are equal to: dH = 29.1 nm, dL = 85.6 nm and the thicknesses of the half-wave layers u and ν are equal to:
du = dν = 171.2 nm.
In method c), it is necessary to consider three layers with numbers u, ν, w, as half-wave spacers of the corresponding

material with thickness 2dL,H. One of the highest values T0,k+1 (u, ν, w) is achieved for the seventeen-layer �lter
(k = 17):

1| 4dsnH
λ0

HLHL 2H(LH)
2
2LHLH 2LHL

4dmnH
λ0

H |1.52 (19)

at ñH = 2.3− i κ, ñL = 1.35− i κ, s = 1, m = 17, u = 5, ν = 10, w = 14. According to (14), thicknesses of layers s
and m: ds = 108.8 nm, dm = 108.6 nm are calculated at κ = 0.0015. Here, the thicknesses of the quarter-wave layers
H and L are equal to: dH = 54.3 nm, dL = 92.6 nm and the thicknesses of the half-wave layers u, ν and w are equal
to: du = 108.7 nm, dν = dw = 185.2 nm.

Fig. 8. Transmittance T0,k+1 of the �lter (19).

Compared to the �lters calculated in methods a) and
b), method c) makes it possible to obtain �lters wi-
th a higher maximum transmittance even at the hi-
gher absorption of layers (Fig. 8). Figure 1 (solid curve)
shows the dependence of the maximum �lter trans-
mittance Tmax

0,k+1 (19) at wavelength λ0 versus the exti-

nction coe�cient κ, that is the same for both materi-
als. This dependence shows the possibility of designi-
ng interference �lters using materials whose extinction
coe�cient is relatively high.

IV. CONCLUSIONS

An analysis of the obtained dependences of the
transmittance of a multilayer coating formed on the
basis of two arbitrary low absorbing materials shows the
impossibility of achieving its high value by determining
the thicknesses of only two layers, when all other layers
are quarter-wave. Instead, 100% transmittance can be
achieved for a similar transparent coating by determini-
ng the thicknesses of only two layers, which is con�rmed
by the conclusions [9, 10]. Based on the results obtai-
ned in this work, we can conclude that it is necessary
to change the thicknesses of three (or more) layers of
a low absorbing coating such as an interference mi-
rror (15) in order to achieve high transmittance. The
proposed calculation method using two or more half-
wave spacers makes it possible to achieve high transmi-
ttance for chosen wavelength, which may have practical
application.
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Advantages of narrow-band �lters based on low
absorbing materials designed using this method are:
1) the use of only two materials;
2) the possibility to reduce the �lter bandwidth by
increasing the number of quarter-wave layers. However,

such an increase in the number of quarter-wave layers
with a constant number of non-quarter-wave layers leads
to a decrease in the transmittance, which is a limitation
of this method.
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ÇÁIËÜØÅÍÍß ÅÍÅÐ�ÅÒÈ×ÍÎÃÎ ÊÎÅÔIÖI�ÍÒÀ ÏÐÎÏÓÑÊÀÍÍß
ÑËÀÁÎÏÎÃËÈÍÀËÜÍÎÃÎ ÁÀÃÀÒÎØÀÐÎÂÎÃÎ ÏÎÊÐÈÒÒß

Î. Ï. Êóøíið
Ëüâiâñüêèé íàöiîíàëüíèé àãðàðíèé óíiâåðñèòåò,

êàôåäðà ôiçèêè òà iíæåíåðíî¨ ìåõàíiêè,

âóë. Âîëîäèìèðà Âåëèêîãî, 1, Äóáëÿíè, Ëüâiâñüêà îáë., 80381, Óêðà¨íà

Áiëüøiñòü ðîçðîáëåíèõ ìåòîäiâ ïðîåêòóâàííÿ âóçüêîñìóãîâèõ ôiëüòðiâ áàçóþòüñÿ íà âèêîðèñòàííi ëèøå
ïðîçîðèõ ìàòåðiàëiâ äëÿ øàðiâ. Ïðîòå íå çàâæäè ¹ çìîãà âèêîðèñòîâóâàòè ìàòåðiàëè, ÿêi á ìàëè äëÿ çàäàíî¨
äîâæèíè õâèëi äóæå íèçüêèé ðiâåíü ïîãëèíàííÿ. Âèêîðèñòàííÿ ñëàáîïîãëèíàëüíèõ ìàòåðiàëiâ iç ïîêàçíèêîì
ïîãëèíàííÿ ïîíàä 10−3 ïðèçâîäèòü äî çíà÷íîãî çìåíøåííÿ ìàêñèìàëüíîãî ïðîïóñêàííÿ ôiëüòðà, ùî áóâ
ðîçðàõîâàíèé äëÿ ïðîçîðèõ ìàòåðiàëiâ.

Ó öié ðîáîòi ðîçðîáëåíî ìåòîä äîñÿãíåííÿ âèñîêîãî êîåôiöi¹íòà ïðîïóñêàííÿ ñëàáîïîãëèíàëüíîãî ïî-
êðèòòÿ ç âèêîðèñòàííÿì òðüîõ àáî áiëüøå íå÷âåðòüõâèëüîâèõ øàðiâ. Öåé ìåòîä áàçó¹òüñÿ íà âèêîðèñòàííi
âñòàíîâëåíèõ àíàëiòè÷íèõ âèðàçiâ äëÿ êîìïëåêñíèõ çíà÷åíü òîâùèíè äâîõ äîâiëüíèõ øàðiâ ñëàáîïîãëèíàëü-
íîãî áàãàòîøàðîâîãî ïîêðèòòÿ, çà ÿêèõ äîñÿãà¹òüñÿ íóëüîâå çíà÷åííÿ êîåôiöi¹íòà âiäáèâàííÿ. Íà îñíîâi öèõ
ñïiââiäíîøåíü çàïðîïîíîâàíî ÷èñëîâó ïðîöåäóðó ïîøóêó òîâùèíè ùå îäíîãî àáî áiëüøå øàðiâ ïîêðèòòÿ, ÿêi
äîçâîëÿþòü îòðèìàòè âèñîêèé êîåôiöi¹íò ïðîïóñêàííÿ äëÿ âèáðàíî¨ äîâæèíè õâèëi. Òàêèé ïiäõiä äà¹ çìî-
ãó îäåðæàòè âèñîêi çíà÷åííÿ êîåôiöi¹íòà ïðîïóñêàííÿ äëÿ âóçüêîñìóãîâèõ ôiëüòðiâ iç äîâiëüíèì âèáîðîì
ñëàáîïîãëèíàëüíèõ ìàòåðiàëiâ äëÿ íèõ i ç äîâiëüíîþ êiëüêiñòþ øàðiâ.

Àíàëiç óñòàíîâëåíèõ çàëåæíîñòåé äëÿ êîåôiöi¹íòà ïðîïóñêàííÿ áàãàòîøàðîâîãî ïîêðèòòÿ, óòâîðåíîãî
íà îñíîâi äâîõ äîâiëüíèõ ñëàáîïîãëèíàëüíèõ ìàòåðiàëiâ, óêàçó¹ íà íåìîæëèâiñòü äîñÿãíóòè éîãî âèñîêîãî
çíà÷åííÿ âèçíà÷åííÿì òîâùèíè ëèøå äâîõ øàðiâ, êîëè âñi iíøi çàëèøàþòüñÿ ÷âåðòüõâèëüîâèìè. Âîäíî÷àñ
äëÿ àíàëîãi÷íîãî ïðîçîðîãî ïîêðèòòÿ ìîæíà îòðèìàòè 100% ïðîïóñêàííÿ çà ðàõóíîê âèçíà÷åííÿ òîâùèíè
äâîõ øàðiâ. Îäåðæàíi â öié ðîáîòi ðåçóëüòàòè âêàçóþòü íà íåîáõiäíiñòü çìiíè òîâùèíè òðüîõ (àáî áiëüøå)
øàðiâ ñëàáîïîãëèíàëüíîãî ïîêðèòòÿ òèïó iíòåðôåðåíöiéíå äçåðêàëî äëÿ äîñÿãíåííÿ íåáëèçüêîãî äî íóëÿ
ïðîïóñêàííÿ. Çàïðîïîíîâàíèé ìåòîä ðîçðàõóíêó ç âèêîðèñòàííÿì äâîõ àáî áiëüøå ïiâõâèëüîâèõ ñïåéñåðiâ
äà¹ çìîãó äîìîãòèñÿ âèñîêîãî êîåôiöi¹íòà ïðîïóñêàííÿ äëÿ âèáðàíî¨ äîâæèíè õâèëi, ùî ìîæå ìàòè ïðàêòè-
÷íå çàñòîñóâàííÿ.

Êëþ÷îâi ñëîâà: ñëàáîïîãëèíàëüíå áàãàòîøàðîâå ïîêðèòòÿ, iíòåðôåðåíöiéíèé ñìóãîâèé ôiëüòð, iíòåð-
ôåðåíöiéíå äçåðêàëî, ïiâõâèëüîâèé ñïåéñåð, âèñîêèé êîåôiöi¹íò ïðîïóñêàííÿ.
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