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In this article, we investigate the physical and mathematical model of a coherent optical spectrum analyzer
(COSA), which uses a matrix light modulator and a matrix detector as input and output devices. This
model allows to define distortions in the output signal of the spectrum analyzer and the error in determining
the signal spatial frequency. The study of this model showed that form of the signal at the COSA’s output
depends on the pixels sizes of modulator and detector matrices, as well as on the aberrations of the Fourier
lens entrance pupil diameter. The output signal is a convolution of an ideal input signal spectrum with a
discrete spatial transmission spectrum of the modulator, which is followed by convolution with a discrete
sensitivity of the matrix detector. This means that the spectrum of the signal under investigation is distorted
by the spatial spectrum of the modulator and the matrix structure of the matrix detector. An important
feature of the signal is its independence from the phase shift, which is caused by the displacement of the
modulator center relative to the optical axis of the spectrum analyzer. The output signal of COSA consists
of an infinite number of diffraction maximum, each of which has three maximum, the distance between
which is proportional to the spatial frequency of the test signal. The position (frequency) of the maximum
is determined by the pixel size, and their width by the size of the modulator. Obtain the formulas for
determining the spatial frequency of the test signal, which differ substantially from the traditional formula
and depend on the position of the central and lateral maximum in the diffraction maximum. The error in
measuring the frequency depends on the size of the detector pixel, focal length of the Fourier lens, and the
modulator matrix size. Developed the method for determining the error in measuring the spatial frequency
of a harmonic signal. The error is defined as the difference between the true frequency corresponding to the
position of the center of the diffraction maximum and the measured frequency corresponding to the position
of the pixel center which has the maximum signal.
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1 Introduction

Optical methods of information processing have
significant advantages in comparison with electronic
systems, primarily due to the instant processing of
two-dimensional arrays of information at the speed
of light [1-3]. Most optical processors use coherent
spectrum analyzers, which are designed to convert
two-dimensional distribution of the field amplitude
into the spatial spectrum of this distribution [4, 5].
The efficiency limit of a coherent optical spectrum
analyzers (COSA) depends on the spatial resolution
and speed of input and output devices [6,7]. The matrix
spatial light modulators (SLM) with transmission of
pixels, which defined by the test signal, are appli-
ed as devices for input of signals in modern COSA
to process optical signals in real time and increase
the measurement accuracy [8,9]. The output signal
of the device is registered with a matrix detector

(MD) of light (such as digital camera or webcam)
with further computer processing, which significantly
extends functional capabilities of the COSA [9,10].

There are many monographs and articles, where
the features of using SLM or matrix detector in
optoelectronic systems are explored [10, 11]. At the
same time, there is a lack of scientific and techni-
cal information about the joint effect of the matrix
structure of SLM and MD on the generalized
characteristics of COSA.

2 Problem formulation

The purpose of the article is to develop physic-
mathematical model of coherent optical spectrum
analyzer which has the space-time matrix light
modulator and matrix detector. This model allows
to determine the distortions in input signal and
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inaccuracies in defining spatial frequency of signal
which is measured.

3 Physical and mathematical
model of digital coherent
spectrum analyzer

A coherent optical spectrum analyzer classic
scheme (Fig. 1) consists of spatial light modulator,
Fourier-lens and matrix detector [1, 2]. The light
modulator is located in the front focal plane of the
Fourier-lens and has an amplitude transmission coeffi-
cient t,, (z1,y1) which is determined by the matrix
structure of the modulator and the video signal of
the image. The modulator is illuminated by a plane
monochromatic wave with the amplitude V}, and forms
the field distribution Vi (z1,y1) behind the modulator.
The lens realizes a two-dimensional transformation of
the amplitude of this field and forms in the back
focal plane a two-dimensional spectrum \71(1/90,1/?/) of
the function Vi(z1,y1). The matrix detector converts
the intensity of the field I3(zs3,ys) into video signal
up(xs,ys). If the COSA is used in the spectral filtering
system of the optical signal, i.e. when the spectrum
of the signal V; (vg,v,) is multiplied by the transfer
function of the filter Hy(v,,v,) with the subsequent
Fourier transform, the second SLM is placed in the
back focal plane of the lens, the transmission of which
is determined by the function H¢ (v, vy).
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Fig. 1. Digital coherent optical spectrum analyzer
scheme

Let’s consider the models of the
components of a coherent spectrum analyzer.

The spatial light modulator (SLM) has a matrix
structure. An amplitude transmission coefficient of it’s
pixels corresponds to an amplitude of the input (test)
optical signal. Therefore, such devices allow to enter
optical signals, which are varying in time and space,
into the processor. The matrix structure of the SLM is
X, XY, size and the period of V,,, x W,,, (Fig. 2). Each
pixel has a transparent zone wv,, X w,,. The amplitude
coefficient of such a modulator in the absence of an

separate

input signal is determined by the function [11]
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where Z1,0,Y1mo are coordinates of the center of zero
(central) pixel of the modulator with respect to the ori-
gin of the coordinate system x1y;, which determine the

displacement of the modulator matrix center relative to
the COSA optical axis;
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Fig. 2. A model of the matrix spatial light modulator:
(a) is the matrix; (b) is the center pixel

In the formula (1) the expressions in square
brackets determine the periodic structure of the matrix
Xm X Ym-

Let suppose an optical signal (a video signal)
is input to the modulator and is normalized to
Usn (T1,Y1) = us (wl,yl)/usymam (21,91). Then it is
converted to the amplitude transmittance coefficient
of the modulator ts (1, y1)-

Then the amplitude transmission coefficient of the
modulator can be represented in the form

(2)

After diffraction on the matrix structure light
enters the entrance aperture of the lens.

The Fourier-lens is designed to form the spatial
spectrum of the input optical signal. If SLM is located
in the front focal plane x1y; of the Fourier-lens and is
illuminated by a plane wave with amplitude V}, (Fig. 1),
then the distribution of the field amplitude x3y3 in back
focal plane is described by the expression [1,2]

V (z3,y3) = jVTpf//, tm (21, Y1) *

% e—j%’}(rsmﬁysyl)dxldyl’ (3)

tm (1,Y1) = tmo (x1, 1) ts (T1,91) -
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where f is a focal length of the Fourier-lens.

Analysis of expression (3) shows that the complex
amplitude of the light field in the back focal plane of
the Fourier-lens, up to a constant factor V,/j\f, is the
spatial spectrum of the modulator amplitude transmi-
ssion coefficient t¢,, (x1,y1) with spatial frequencies:

€3 . _ Y3

To model the Fourier-lens following characteristics
were used: the focal length f, entrance aperture di-
ameter D,,, point spread function (PSF) h,(z,y). For
a diffraction-limited Fourier lens, its PSF is determined

by the diameter of the entrance aperture and has the
form [1,2]

—

where P, is a pupil function.

The matrix detector (MD) is used to record the
intensity of the light field I (zs,ys) = |V (3,y3)|> in
the focal plane of the Fourier-lens.

The signal at the MD output is determined by the
convolution of the functions

Vyp =

Po(Afva, Afvy):

e 12 (@svatysiy) gy, dvy, (5)

(6)

where Rp(zs,ys) is the spectral sensitivity of the

detector at the wavelength Aup of the laser radiation

and #x* is an operator of two-dimensional convolution.
For modeling MD we will use following features:

up (3,y3) = I (x3,y3) * *Rp(x3,Y3),

1. matrix format pp X ¢p;

2. pixel size vp X wp, mkm?;

3. detector matrix structure period Vp x Wp,
mkim?;

4. spectral sensitivity Rp, V/(lx - s);

5. accumulation time ¢;, sec.

Let’s present the sensitivity of the MD Rp(x3,ys)
similarly to the modulator transmission function (1)
Rp (23,y3) = Rp {rect (
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where z1pg,y1po are the coordinates of the center of
zero (central) pixel of the MD relative to the origin of
the coordinate system x3ys3, which determine the center
of the modulator matrix relative to COSA optical axis.

4 The output signal of the matrix
detector

The distribution of the field amplitude in the back
focal plane of the Fourier-lens, which is determined by
integral (3), is valid for an ideal lens with an infinite
entrance aperture. If the lens has PSF h, (x3,y3), then
the real amplitude of the field V, (x3,y3) in the plane
x3,ys is determined by the convolution of the functions

Vi (23,y3) =V (23, y3) * *ho (z3,¥3) . (8)

Then the video signal at the MD output is determi-
ned by convolution (6), which can be represented as

(9537 Y3

) =
= {1V (3,3 * ho (23,30) " * Rp(3,55) } =
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* ho (33373/3)}2 * RD(3?37:U3)}7 (9)

where F{} is an operator of a two-dimensional Fouri-
er transform and I, = |Vp|2 is an intensity of the
laser beam which illuminates the modulator. After
substituting functions (1), (5) and (7) in (9), we can
determine the general equation for calculating the vi-
deo signal at the output of the spectrum analyzer. For a
preliminary analysis of the function (9) there are series
of approximations:

1. For the diffraction-limited optical system of the
Fourier-lens, the radius of the spread circle is equal to
the radius of the Airy circle [1]

1
=

p

rp = 1,22\ (10)

If the diaphragm number of the lens is f/D, =
2 and the wavelength of the laser radiation is Aup =
0.63 pupm, then the diameter of the lens scattering
circle 2rg = 1,5pupm will be much smaller than the
MD pixel size Vp =7 pupm. In this case, the PSF (5)
can be viewed as a point (delta function).

2. In order to simplify the mathematical
transformations, we consider the one-dimensional case.
Therefore, the functions (1) and (7) have the form

T1 — T1imo
— | %
Um

tmOac (Il) = rect < !
1 T1 — T1mo T1 — T1mo
* [V—mcomb <Vm) rect <Xm> }, (11)
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Then expression (9) will have the form

Rp, (x3) = RD{rect <x3x$DO> *
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Let’s define the spatial spectrum of the modulator
transmission function t¢,, (x1) in the presence of the
input signal ¢ (1)

b ) = (53 ) = F (0 (1))

=F {tmO (1'1) ts (.’L’l)} = EmO (V;E) * L:s (Vw) ) (14)
where t, (v,) = F {t,, (1)} is a spectrum of the input
signal and t,,0 (v,) is modulator spatial transmission
spectrum in the absence of an input signal, which is
determined by the function [1,11]
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where sinc(z) = sin(rz)/7rz.

Analysis of the function (15) shows that the di-
firacted beams from adjacent pixels will be amplified if
the condition of the main maximum is fulfilled V,,,v, =
i, where ¢+ = 0, 1, ... is a maximum number. Then the
expression (15) for the i-th maximum has the form [1]

- 1
tmoz | Va,mazs = 55— | =
El E) Vm
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(16)

It follows from (15) and (16) that the spatial
spectrum of such modulator is an infinite number of
diffraction maximums which positions (frequencies) are
determined by the pixel size V;,,. The width of diffracti-
on maximums are determined by the size X,, of the
modulator. The amplitude of the field in the diffraction
maximum is a complex function whose modulus equals

iS U Xy

sinc (vmﬁ> and the phase is — 47rx1m0v%n.
The maximum value of the amplitude is located in
the central maximum, when 7 = 0. With increasing
of diffraction order 4, the amplitude of the maxima
decreases. Taking into account expressions (14) and
(15), the signal at the output of the detector is equal
to

Up ($3) =
= 522 { e () F2 )| ()} =

I .
)\2]}2 { [vmsmc(vmyx)sm(ww %

*RD(Z‘g)} (17)

sin(mX,ve) -
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Analysis of expression (17) shows that the signal
at the spectrum analyzer output is a convolution of
the ideal signal spectrum £, (v,) with a discrete spatial
transmission spectrum of the modulator t~m0i, which
is followed by convolution with discrete sensitivity of
the matrix detector. This means that the spectrum of
the test signal is distorted by the spatial spectrum
of the modulator and by the matrix structure of the
matrix detector. An important feature of the signal is
its independence from the phase shift 472 .m0 ﬁ, which
is caused by the displacement of the modulator center
from the spectrum analyzer optical axis.

5 The analysis of harmonic signal
spectrum

As an example of calculation of the MD output
signal, let’s consider the harmonic input signal, which
is modeled by the function

1
ts (z1) = 3 + tsqcos(2mrsz), (18)

where t;, is an amplitude of the signal and v, is a
frequency of the signal.

The spatial spectrum of such signal is determined
by the function [1]

1 tsa lsa
ts (V) = 55 (ve) + 75 (Ve —vs) + 75 (Ve — vs) .
(19)
Let’s substitute the function (19) into the expressi-

on (17) and use the filtering property of the delta
function
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From the expression (20) it turns out that the si-
gnal at the MD output consists of an infinite number
of diffraction maximums and each of them has three
maximums displaced relatively to each other.

Let’s determine the distance between the maxi-
mums and their width. An investigation of the function
(20) shows that the positions of the central =3 mqz,i,0
and lateral 3 ;qz,,+1 maximums in the ¢ -th diffracti-
on order can be found from the conditions:

Vm”a:,maa:,i,o =1 =

xS,maz,i,O
VvV, o

= Y =1 =
= T3,max,i,0 = %% (21)
and
Vin (Va,mag,i,21 £ Vs) =15 =
= Vin (zs’m;;’i’il + Vs> =1; =

= 3, maz,i,£1 = Af (‘; == 1/3> . (22)

From the expressions (21) and (22), two methods
for determining the spatial frequency vsof the test
signal could be suggested:

x : —x .
IS 3’mwyz’ﬂz,\f Smazi 1, (23)
2. vy = L3,max,i,0 — T3,max,i,—1 . (24)

Af
The greatest amplitude has a diffraction maximum
of the first order, when
7 = 1. The width of this maximum dx3 can be found
from expression (20), when condition is fulfilled

sin (7 X vz ) _0 (25)

sin (Vi vz)

The solution of this equation describes width of the
maximum
- 5.1‘3 2 2)\f

= == bay= o

W= 5F T X X

(26)

Similar result can be obtained along the coordinate
Ys-

Thus, the diffraction maximum can be considered
as a rectangle of size dxz x dy3, which is projected onto
the matrix structure (7) of the detector.

The center of this rectangle has coordinates for the
first-order central maximum (Fig. 3)

AfA
T3, maz,1,0,Y3,maz,1,0 = 7f7 fo (27)
y3 A XD

A

y 3,max,1,
Yp

X3 max,1,0

A

Fig. 3. The position of the diffraction maximum on the
detector array

As a mathematical model of such maximum, we’ll
use illumination function

E ($3a y3) = Ema:v,l,O'

T3 — T3,max,1,0
- rect —_— .
(5.’E3

Y3=Y3 mazx,1,0
-rect | —————— |, (28
( dys ) (28)

where E,,44.1,0 is an illumination at the center of the
diffraction maximum.

Taking into account the functions (7) and (28), the
signal at the MD output for the one-dimensional case
is equal to

UD max,1,0 (ng) =K ($3) * Rp (1’3) =

T3 — T3,maz,1,0
= Emaz0 rect | =20 ) i
(SiEg

T3 —spo) (L (%8 = Tspo
UD VD VD

rect (W)] } (29)

Fig. 4 shows the signal at the MD output, which is
formed by the diffraction maximum for different sizes
of the maximum and the pixel, when Vp ~ vp.

* Rp {rect
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B R

v, 6x3

c - d
Fig. 4. The shape of the signal from the diffraction

maximum as a function of its size and position on the
MD: (a), (b) — dz3 < Vp; (c), (d) — dxz3 =1,5Vp

In cases a and ¢, the calculation of the spati-
al frequency for the central maximum is carried out
according to formula (21), which has the form

VpN +0,5Vp

Af ’
where N is a number of pixels from the optical axis till
to the diffraction maximum. In this case, the normali-
zed amplitude of the maximum signal is 1.0 and 0.44,
respectively.

In cases b and d, the spatial frequency is calculated
by formula (21), which has the form

VbN

Ve.maz,i,0 = .
Af

(30)

Vg max,i,0 =

(31)

In this case, the normalized amplitude of the maximum
signal is 0.5 and 0.33, respectively.

Analysis of function (29) shows that the MD output
signal, which corresponds to the diffraction maximum,
depends on its position =3 maz,1,0 On the detector array
(matrix), as well as on the detector Vp pixel sizes and
the maximum width dxs.

After recovering the image [11], or correspondi-
ng processing of signals from individual pixels, it is
possible to determine the position of the center of
the maximum 3 mqz,1,0, With sufficient accuracy, and
determine the signal frequency from formulas (23) or
(24). Using (20), we can also calculate the amplitude
of the signal tg,.

Let’s consider a technique of definition inaccuraci-
es when measuring harmonic signal spatial frequency
OVypm. We define it as

(32)

6Vwm = Vg0 — Vam,

where v, is a true frequency, which corresponds to the
position of the center of the diffraction maximum and
Vem 18 a measured frequency, which corresponds to the
position of the center of the pixel, which has maximum
signal.

In the z3ys plane, expression (32) according to (4)
has the form (Fig. 5a)

8T3m = T30 — T3m. (33)

According to (29), the output signal of the pixel of
the MD up jmes (25) is a convolution between the area
of the diffraction maximum and the area of the pixel
(Fig. 5, a).

From the graph of the function up mqz (2%), shown
in Fig. 5, b, we find the maximum displacement
between the centers of the diffraction maximum and
the pixel at which the signal has a maximum value:
dzly = (Vp — dxs) /2.

In the region of spatial frequencies, the quantity
dz5 determines the measurement error of the spatial
frequency

VD—51‘3. - VD 1

Vpm = = — — —. 34
o 2Mf Af X (34)
Vb
Vs 4 [ |
: Pixel
‘ > X3 uD,max“
'« X3 —»
5x3
Y3 4 [ *Diffraction
maximum
> X > X3
3 4 0 Vp 8x3 3
—x. ' Y 272
30 —» —— —0x3 2 2
a b

Fig. 5. Determination of the measurement error of

spatial frequency: (a) is a position of the pixel and

diffraction maximum in the plane z3ys; (b) is an ampli-

tude of the pixel signal as a function of the position of
the diffraction maximum.

6 Conclusions

1. Modern optical information processing systems,
including coherent optical spectrum analyzers, use
matrix space-time light modulators as an optical signal
(image) input devices. The output signal is registered
by matrix detector. However, in this case there are
large distortions of the input signal caused by the
matrix structures of the modulator and the detector.
At the same time, there is lack of scientific and techni-
cal literature about distortions of input signals in such
processors.

2. Physical and mathematical model of COSA,
which uses a matrix modulator and detector, was
developed. It allowed to get a general expression for
the signal at the spectrum analyzer output. The study
of it showed that

2.1. The type of signal at the MD output depends
on the pixels size of the modulator and detector matri-
ces, as well as on the aberrations and the diameter
of the entrance aperture of the Fourier-lens. All this
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leads to significant distortion of the spectrum of the
test signal;

2.2. The signal at the spectrum analyzer output is a
convolution of an ideal signal spectrum with a discrete
spatial transmission spectrum of the modulator, which
is followed by convolution with a discrete sensitivity of
the matrix detector. This means that the spectrum of
the test signal is distorted by the spatial spectrum of
the modulator and the matrix structure of the detector;

2.3. The important feature of the signal is its
independence from the phase shift, which is caused
by the displacement of the modulator center from the
spectrum analyzer optical axis;

2.4. The signal at the MD output consists of an
infinite number of diffraction maximums. Each of them
has three maximums and the distances between them
are proportional to the spatial frequency of the test
signal;

2.5. The formulas for determining the spatial
frequency (23) or (24) differ substantially from the
traditional formula (4) and depend on the position
of the central and lateral maximums in the first-order
diffraction maximum;

2.6. The inaccuracy in frequency measuring is
determined by formula (34) and depends on the pixel
size, the focal length of the Fourier-lens and the size of
the modulator matrix.

3. It is expedient to study the influence of the
Fourier-lens point spread function on the general
characteristics of the digital COSA in the future.
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BriuneB moayaaropa i doTronpuiimada Ha
BUXIJJHUNW CUTHAJ ONTUYHOTO CIHEKTPO-
aHaJjizaTopa

Konobpodos B. I., Tumuux I. C., Muxumenxo B. I,
Konobpodos M. C., Jlyuwx M. M.

Y crarTi [OCHITKYETHCS 3aIPONOHOBAHA  (DI3UKO-
MaTEeMATHYIHA MO/I€JIb KOT€PEHTHOTO ONTUIHOTO CIIEKTPO-
anasnizaropa (KOC), mo BUKOPHCTOBYE B SKOCTI IIPUCTPOIB
BBEJICHHS Ta BUBEICHHS CUTHAJIIB MATPUIHOTO MOIYJISITOPA
cBiT/Ia 1 IpuiiMada BUIPOMiHIOBaHHs. 1[g Mo1e/ b 103BOIsI€
BU3HAYUTYU CIOTBOPEHHS Y BUX1THOMY CATHAJI CHEKTPOAHA-
ai3aTopa i mOXMOKM y BW3HAUEHHI IPOCTOPOBOI YaCTOTH
JOCTIKYBaHOTO curHasy. JJocaimkenns 1miel Moesti moka-
3aJ10, wo By curnasty Ha Buxoai KOC 3anexurs Big po3mi-
PiB HiKCeJliB MATPUIh MOLYIATOPA i MpUiMada, & TAKOXK BiJT
abepariit i miamerpa Bximnol 3inumni Pyp’e-06’ekrusa. Cu-
THAJI IPEICTABIIAE 3TOPTKY 1/1€aIbHOrO CIEKTPA BXITHOIO
CUTHAJIY 3 QUCKPETHUM IIPOCTOPOBUM CIIEKTPOM IIPOIIyCKa-
HHS MOIYJIATOPA 3 IOIAIbIIO0 3TOPTKOI0 3 JUCKPETHOIO
YyT/JUBICTIO MATPUYIHOTO mpuiiMada BunpominioBanas. [le
03HAYAE, IO CIEKTP JOCJILIKYBAHOTO CUTHAJIY CIOTBOPIO-
€ThCS TIPOCTOPOBHUM CITEKTPOM MOJIYISATOPA 1 MATPUIHOIO
CTPYKTYPOIO IIpUiiMata BUIIPOMIHIOBaHHHA. BakmBOIO 0Co-
OJIMBICTIO CHUTHAJIY € HOro HE3aJIeXKHICTh Bifm (Ha3oBOTO
3CyBy, dKWil OOYMOBJIEHHUI 3MIMIEHHIM IIEHTPY MOJIYJIsI-
TOpa W00 OHTUYHOI OCl cuekrpoaHaJsizaropa. Buximawit
curaaa KOC ckmagaerhcs 3 HECKIHIEHHOTO YUCIa audpa-
KIIHHIX MAKCUMYMiB, KOXK€H 3 SKUX MAa€ TPU MAKCHUMYMH,
BiJICTaHb MiK SKHMH IIPOMOPILifiHa LPOCTOPOBiHl YacroTi
JIOCJ/IIZKYBAHOTO CUrHAJY. 1losoxkeHHs (WacToTa) Makcu-
MyMiB BHU3HAYAETHCS PO3MIPDOM MiKCesisd, a iX IMAPUHA -
po3mipom mopynaropa. Orpumano dopmynu yis Bu3HA-
YeHHsI IPOCTOPOBOI YACTOTH JOCJILIKYBAHOTO CUTHAJIY, SIKi
CYTTEBO BIAPI3ZHAOTHCS Bim Tpaaumiiaol dopmysin i 3ae-
JKQTh BiJT TTOJIOYKEHHST IIEHTPAIHHOTO i GOKOBIUX MaKCUMYMiB
B mudpakiiitnomy MakcuMmywMi. IToxubka BuMipIOBaHHS 1a-
CTOTH 3AJIEKUTD BiJl PO3MIpy miKcesis mpuiimada, hOKyCHOL
Bigcrami @yp’e-06’ekTHBa i pO3Mipy MaTpPHUI MOIYJISITODA.
Po3pobiiero MeTomuKy BH3HAYEHHS MOXUOKYM BUMIpPIOBAaH-
HSI TIPOCTOPOBOI 9aCTOTH rapMoHiiHOrO curuaiy. [loxubka
BU3HAYMAETHCS K PI3HUIIA MiXK ICTUHHOIO YaCTOTOIO, IO BiI-
TIOBiIa€ MOJIOXKEHHIO IIeHTPA Au(PAKIIAHOTO MAKCUMYMY, 1
BHUMIPAHOI 9aCTOTOIO, IO BIJIIOBIIA€ MOJIOKEHHIO IIEHTPA
miKCcesd, aKNil Ma€ MaKCUMAILHUN CUTHAJL.

Ka104061 cr06a: nudpoBuil OIITUKO-€JIEKTPOHHUI CIie-
KTPOAHAII3aTOP; MATPUYHUN MOIYJIATOP CBIT/IA; MaTpHU-
YHUH TpUiMaY BUIPOMIHIOBAHHS; IIPOCTOPOBUMA CIIEKTP 30-
OparkeHHst
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Banguue moaynasTopa m dhoTonpueMHU-
Ka HA BBIXOJHO!l CHUIHAJ ONTUYECKOTO
CIIEKTPOAaHAaJIN3aTopa

Koanobpodos B. I., Tumwux I'. C., Muxumenxo B. U.,
Koanobpodos H. C., Jlyuox H. M.

B crarpe wmccienyerca mpemytoxkeHHas —(puU3UKO-
MaTeMaTUJIeCKasi MOJE/Ih KOT€PEHTHOTO  OMNTHYECKOTO
cnekrpoanamm3aropa (KOC), wucmonp3yomero B Kawe-
CTBE yCTPONCTB BBOJA M BbIBOJA CUIHAJIOB MaTPUYHBLA
MOIY/IITOP CBeTa W MpUeMHHK w3jaydennsi. OIHAKO Tpnm
9TOM BO3HUKAIOT 0OOJIBIINE UCKAYKEHUs BXO/HOTO CHUTHAJIA
MaTPUYHBIMU CTPYKTYPAMH MOJLyJIATOPa M IIPUEMHUKA.
IIpenoskeHHasT MOETH TIO3BOJISIET OIIPEIE/INTh UCKAYKEHUST
B BBIXO/IHOM CUTHAJIE CIIEKTPOAHAIM3ATOPA U TIOTPEITHOCTA
B OLIPEJIEJIEHUH [IPOCTPAHCTBEHHOM YaCTOThl UCCJIELyeMOrO
curHaja. PaccMOTpeHbl MOJEIN OCHOBHBIX COCTABJISTFOIIIX
KOC: marpudHOro mpoCcTpaHCTBEHHOTO MOJIYJIATOPA CBETA,
Dypbe-00beKTUBA U MATPUYHOIO IIPUEMHHUKA W3JIyIEHUSI.
Uccnenosanme »stoit momesmm KOC mokazasio, 9Tro BUI
CUTHAJIA HA BBIXOAE CIEKTPOAHAIU3ATOPA 3aBUCUT OT
Pa3MepOB IMKCEJIOB MaTPUIl MOAY/IATOPA W IIPUEMHUKA,
a TakxKe OT abeppamuii W aUaMeTpa BXOHOTO 3padyKa
®ypbe-obbekTuBa. CurHas npeacraBiasger cobOl CBEPTKY
HUJICAJIBHOIO CIIEKTPA BXOJHOIO CHUIHAJA € JUCKPETHBIM
MIPOCTPAHCTBEHHBIM CTIEKTPOM MPOITYCKAHUST MOJIY/ISATOPA C
nocaeayiomeil CBepTKOI ¢ IUCKPEeTHON IyBCTBUTETbHOCTHIO
MaTPUYHOIO IIPUEMHHUKA W3JIyYeHHs. DTO O3HAYAET, UTO
CIIEKTP WCCJIEIyEMOTO CHUTHAJIA WCKAYKAETCS IPOCTPAHC-
TBEHHBIM CIIEKTPOM MOJLY/ISATOPA U MATPUIHON CTPYKTYPOH

OPUEMHUKA MU3/AydeHus. BayKHONH O0COOEHHOCTHIO CHUTHA-
Jla SIBJISIETCSI €r0 HEe3aBUCUMOCTH OT (ha30BOTO CIABHUTa,
KOTODPBII OOYyCJIOBJIEH CMEIIEeHNeM IIeHTPa MOIYISTOPA
OTHOCHUTEJIbHO CIIeKTPOaHaIu3aTopa.
Brixogmoit curnan KOC cocrout m3 6eCKOHEYHOTO HUH-
cia au@pPaKIMOHHBIX MAKCHMyMOB, KaXKIbIl U3 KOTOPBIX
uMeeT TPU MaKCUMYMa, PaCCTOAHNe MeXK/y KOTOPBIMHU IIPO-
TOPIIMOHATIBLHO TPOCTPAHCTBEHHOI YaCTOTE UCCIeLyeMOTO
curnasia. Ilosoxkenme (9acTOTa) MAKCUMyMOB OTIPEIE-
Jdgercd pasMepoM IMKCesla, & HMX HIUPUHA — pPa3MepoM
vomysitopa. ITomydenst hopMyns! IuIst OmpesesieHust Tpo-
CTPAHCTBEHHOM YaCTOTBHI MCCJIEAyeMOr'0 CUTHaJIa, KOTOPBIe
CYIIECTBEHHO OTJIMYAIOTCH OT TPAAUIHMOHHON (OPMYJIbl U
3aBUCAT OT IIOJIOKEHWS] IEHTPAJBLHOTO M OGOKOBBIX MaK-
cuMyMOB B audpakinumoHHoM MakcuMmyme. IlorpemrsocTts
u3MepeHusd 4aCTOThl 3aBUCUT OT pa3Mepa IIMKCeJla IIpueM-
HEKA, GoKycHOro paccrosiuns Pypre-00bEeKTHBA U pa3Mepa
MaTpHUIBI MOAYJIATOpa. Pa3paborana meToamka oipemesie-
HUd IIOIPEUIHOCTH U3MePeHusd MPOCTPAHCTBEHHON 4aCTOThI
TapMOHHYECKOTO cUTHaJIa. IlorpenHocTs onpenensgeTca Kak
Pa3HOCTb MEXKJy HMCTHHHON YaCTOTOH, COOTBETCTBYIOIIEN
IIOJIOXKEHUIO IIEHTPA An(PAKIIMOHHOI0 MAKCUMYyMa, U H3Me-
PEeHHOH YacTOTOI, COOTBETCTBYIOIIENH MOJIOXKEHUIO IIEHTPA
IHAKCesa, KOTOPBI MMeeT MaKCUMAaJIbHBII CATHAJI.

ONTUYECKOII ocu

Karouesovie caosa: 1mudpoBOil  ONTHKO-3JIEKTPOHHBIN
CHEeKTPOAHAIM3ATOD; MATPUYHBIA MOIYJIATOD CBETa; Ma-
TPUYHBIA TPUEMHUK W3JIyYeHUs; TPOCTPAHCTBEHHBIHN
CIEKTp M300pakKeHust
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