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Background. A further increase in the speed of information transfer is determined by more stringent requirements for the el-
ements of communication devices. One of the most important components of such devices is various filters, which are often made
on the basis of dielectric resonators. Calculation of the parameters of multi-section filters is impossible without further develop-
ment of the theory of their design. The development of filter theory is based on electrodynamic modelling, which involves calcu-
lating the coupling coefficients of dielectric resonators in various transmission lines.

Objective. The aim of the research is to calculate and study the coupling coefficients of rectangular dielectric resonators with
a rectangular metal waveguide when their axes rotate. Investigation of new effects to improve the performance of filters and other
devices based on them.

Methods. Methods of technical electrodynamics are used to calculate and analyse the coupling coefficients. The end result is
to obtain new analytical formulas for new structures with rectangular dielectric resonators, which make it possible to analyse and
calculate their coupling coefficients.

Results. New analytical expressions are found for the coupling coefficients of dielectric resonators with the rotation of their
axes in a rectangular waveguide.

Conclusions. The theory of designing filters based on new structures of dielectric resonators with rotation of their axes in
metal waveguides has been expanded. New analytical relationships and new patterns of change in the coupling coefficients are
found.

Keywords: dielectric filter; rectangular dielectric resonator; rotation; coupling coefficients.

Introduction local coordinate system (x',y’,z) (Fig.1) with good
Multi-section band-pass and band-stop filters based  accuracy can be represented as:

on dielectric resonators (DR) of different shapes are used
in various devices of telecommunication systems [1-8].
Further improvement of filter characteristics can be
achieved by applying less traditional structures, such as
dielectric resonators with rotation of their axes relative
to each other and the transmission line [1, 2]. Theoretical
analysis of the characteristics of such filters, it is re-
quired to calculate the mutual coupling coefficients of
the DR located at an arbitrary angle with respect to the
waveguides.

Fig. 1. Rectangular dielectric resonator in the local coordi-
Statement of the problem nate system (x',y',z') .
The purpose of this article is to calculation and study
mutual coupling coefficients of the rectangular DRs in a

rectangular metal cut-off waveguide. e, = MB (sin BXX,’)[ cos Byy',}{sin BZZ’,} )
kk-pr Y cosB,x')| —sinB,y’ ||cosPB,z
Calculation of fields during rotation of dielec- _ hjiop, cosP. x’ SiHByY' sinp.z') .
tric resonators in a waveguide €y = K — B2 B —sinf3 x')| cosB,y" ||cosB,z'

The internal field (&,h) of a rectangular dielectric

resonator with magnetic type oscillations Hypyy in the
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Where (B,-B,,B,) - are the wave numbers;

k, = o\1g, , k, =0\l ;h, -is the amplitude; ®

- is the resonant frequency; L, - is the magnetic perme-
ability; €,; €, - is the dielectric permittivity of the ex-

ternal space and resonator, respectively.
An analytical expressions for the coupling coeffi-
cients obtained from [10] for cut-off waveguide

ki =g 2 (€ (ee =@
l>tM

Here W - energy stored in the dielectric of the reso-
nator; ' - is the guided wavelength; t- is the multi-
index, defining non-propagating line wave type; z, -
longitudinal coordinate of the n - th DR centre (n=1,2);
* - is the complex conjugate symbol.

We need to calculate the expansion coefficients
(c™), of the field of natural oscillations of the DR over
the waveguide field in the resonator centre coordinate
system.

For a rectangular resonator, it is more convenient to

use representation for expansion coefficients:
o =i/ 20(8 —5)[ @ (ED V. ()
\

Here ]::ti - electric field of the t-th eigen wave of a

waveguide; €" - is the field (1); V - is the resonator
volume; n=1,2.

For simplicity, we will rewrite (2), (3) in the wave-
guide coordinate system (X,y,z) (Fig. 2 - a) in a more

convenient form:

b =kG D R FEDE D) e @)

>ty

where for rectangular DR

k?z 16 (8“_1)2 pxpypququz ;
W, vH
2rp2 ¥, £ _F
UH = ¢, kj[Bymim ;’ n +Bint Ty ]+

+ + ¥ I T T
+BBL My, + ByB; ey, + (B + By My

T, = p, tsinp, cosp,; v=(x,y,z). The upper and
lower signs of ch correspond to the distributions of the
DR field shown in brackets (1). Here g€, =g, /¢;
wo =1 /&) 5P =B.ay/2; P, =B,by/2;

=PB.L/2 as well as q, =koay/2; q,=koby/2;
q.,=kyL/2 - is the characteristic parameters of the

resonator.

Rotation of the dielectric resonator relatively x-
axis of the waveguide

In the case of rotation of the resonator relatively to
the x-axis in the waveguide coordinate system (Fig. 2,

a), the functions f"(FiI') of (4) take the form for
n=1,2:

£ ir) = s | {EL B0, 6
-[e’”‘"ﬂ" @, (~(,y cosp, FiysinB, ), (~(n,, sinB, £iycosp, )~
e g ,(n,, cosP, £iysinp )o,(n,, sinp, Fiycosp, )]
—E B, cosB,m (&)

-[efix”yy" o, (—(n,, cos B, FiysinB,))wm, (—(n,, sinB, tiycosP,))+

e o, (n,, cosP, £iysinp, )w,(n,, sinf, Fiycosp, )J -
—iE; B, sinB, @, (€, )" 6)

&7 o, ((n,, cosB, FivsinB, )o, (~(n,, sin, +iycosp,) -
~e" %0, (n,, cosP, iysinB, o, (n, sinp, Fircosp,) |

Here and below 1y, =sn/a; Yy = un/b;
gsx = Asx /kO ; nuy

r:\/(sz)2+(Xuy)2—k§; y=T/k, - is the wave

ZXuy/kO;
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numbers of a rectangular cut-off waveguide with a cross
section axb (Fig. 2, a);
. 0 . .
ExO = 1Xuy h EyO = _IXSX

su ?

H H 0 .
W, w,,|h, for H-waves;

ExO = $szegu 5 EyO :$Xuyegu; E 0= XZ /|F egu fOI' E-

z

waves [10];

. _g |F| 1/2 | .
Myl wekeab | (148, +8,,)"]

172
r
o x| kyab ’

2 2 q1/2
wa =0 /T3 =05 2l (X0 yan2,) -

is the coordinates of the centre of the resonator in the
waveguide; B, - is the angle between the z'- axes of the
local coordinate system of the resonator and the z - axes
waveguide (Fig. 2, a); a,xb,xL- dimensions of the
Rectangular DR (Fig. 1);
1
R

,(—i[pv cosp, sin(q,&) —q,&sinp, §0s(qvé)]) :

p, sinp, cos(q,&) —q,Ecosp,sin(q,§) )’

.
p: —(q,8)’

( p, sinp, cos(q,&) —q,&cosp, sin(q,&) ) :
i[p, cosp, sin(q,&) —q,Esinp, cos(q,&)] )’

for v=(X,y,2).

@, (9)

k12 T T T

0.02 3 2 1
—————
o 4

—0.02 I_ 1 1
0 5 10 le(mm)

Fig. 2. Two rectangular dielectric resonators rotating rela-
tively the x axis (a) in the rectangular waveguide. Variation of
the mutual coupling coefficients at different longitudinal dis-
tances Az between the centres dielectric resonators in the
axb=20x15mm* for g, =36; a,/b,=1;
L/a,=0,4; x,=x,=a/2; y,=y,=b/2;1-B,=p,=0;
2 - B,=0; B,=n (b). Mutual coupling coefficient on the
B =B,=0;

Az =|z,—z,|=10mm (c). Dependence of the mutual coupling

waveguide

coordinates  (x,,X,) for y, =y, =b/2;

coefficient on the angle of rotation of the second resonator (d):
1-B,=0;2-8,=n/4;3-p,=n/2. Dependence of the
coupling coefficient on the angle of rotation of the resonators
for B, =B, (e):1-x,=x,=a/4;2-x,=a/4; x,=a/2;3
- x,=a/4; x, =3a/4. The coupling coefficient on the coor-
Az =10mm (f) and
B,=B,=L175;1-x,=a/4;2-x,=a/2;3-x,=3a/4.

dinate x, for y,=y,=b/2;
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Rotation of the dielectric resonator relatively y-
axis of the waveguide
The coupling coefficient of the dielectric resonators ro-
tated relatively the y-axis determines by the functions:

o
f
—10.05 b

Fig. 3. Two rectangular dielectric resonators rotating rela-
tively the y - axes (a). Variation of the mutual coupling coeffi-
cients at different longitudinal distances between the resonator
axb=20x15mm*; ¢, =36; a,/b,=1;
L/a,=0,4; x,=x,=a/2;y,=y,=b/2;1-a,=0a,=0;

centres  for

2- a, =0, =n/2 (b). Dependence of coupling coefficient on

the angle of rotations of the second resonator
o, forAz=10mm(c, d); 1 - o, =0; 2 - a,=n/4; 3 -
o, =7/2 (d).

n isiny, Yy, .
£ (Fil) =[COS§§ Y j{E B.o,(M,,)-
uyJ n

-[efix“yx“ @, (—(&, cosa, Fiysina,))o,(—(&, sina, Tiycosa,))—
—e"Ng (€, cosa, Fiysina, o, (€, sina, Fiycosa, )} +
+E B, cosa, @ (N, )"
-[e’i"“x“ o, (—(&y cosa, Fiysina, ))o,(—(E, sina, iycosa,))+
+ef (&, cosa, tiysina, )o,(E, sina, Fiycosa, )J +

(6)

+E, B, sina, @, (m,,)-

-[efix“x“ o, (—(E, cosa, Fiysina,))o,(—(&, sina, iycosa,))—

—e" Mo (E, cosa, tiysina,)o, (§, sina, Fiycoso, )]}

Here a, - is the angle between z'- axes of the local

coordinate system of the resonator (Fig. 1) and z- axes
of the waveguide (Fig. 3,a) (n=1,2).

Rotations of the dielectric resonator relatively z-
axis of the waveguide
In the case of rotation of the dielectric resonator rela-
tively z-axis at the initial position of the resonator axis

7' parallel to the waveguide axis (Fig. 4, a), the coupling
coefficient defined by functions:

' (Fil) = o, (Fiy)- {E;‘(O B, cosa, -

[0,(6, cosa, —1,, sinet, )@, (&, SineL, +1],, COSL, ) COS(Lu X, + Ly Vo) ~
-0, (E, cosa, + 1, sina, )w, (§, sina, =1, C08a,)COS(YyX, = Luy Yy )] +
* .
+E B, sina, -
[wx (€, cosa, —m, sina, )w (& sino, +1,, COSA, ) COS(Y X,y + Ay Ya) +
+0, (&, cosa, +n, sino, )w (&, sino, =N, cosaL, ) COS(L X, = Xuy Vs )] -
P .
-E B, sina, -
[mx (€, cosa, —m, sina, Jo (§, sino, +1,, C08a,)COS(Y X, + Ly Y,) ~
-, (§, cosa, +n, sina,)o, (&, sino, —n, cosa,)cos(A X, ~ Ly Yn ):| +
+E{B, cosa, - (7)
[ﬁfx (€, cosa, —m, sina, o (§, sina, +1,, oS0, ) COS(X X, + Xuy¥a) +

+, (E, cosar, +1,, sinar, o, (&, sina, 1, 0080, )C0S(Ly X, ~ %Y, ) ]}

Here o, can be defined as the angle between the y -
axis of the waveguide (Fig. 4, a) and the y'- axis (Fig. 1)

of the n -th resonator.
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Fig. 4. Two rectangular dielectric resonators rotating rela-
tively z - axis (a) of the waveguide. Variation of the mutual
coupling coefficients at different longitudinal distances be-

tween the centres dielectric resonators for axb =20x15mm?’;
g, =36; a,/b,=1; L/a,=0,4; X, =X,=a/2;
y,=yY,=b/2; a,=a,=0 and a, =0, o, =n/2 (b). De-
pendence of the mutual coupling coefficient on the angle of
rotation of the second resonator for o, =0; Az =10mm (c, d).

Mutual coupling coefficient on the coordinates (x,,X,);
o,=0;a,=n/4;y,=y,=b/2 (d).

In the case of rotation of the dielectric resonator rela-

tive z-axis at the initial position of the resonator y'- axis

parallel to the waveguide y -axis (Fig. 5, a):

£ (F) =i-{-E}, B, sino, m, (Fiy)-

[0, (5, cosar, —n,, sine, )o, (&, sina, +n,, €OSL, )i, X, + L0 Y,)

0, (&, cosa, +1,,sin0, )0, (&, sina, 1, 080, )SIN0LX, =L Ya) |-

—E’;OBX coso, @, (Fiy)-

[wz (& cosa, —m, sina, Jo, (E, sina, +n,, coso, )sin(y, X, + %y Y,)+

+0,(8, cosQL, + 1, sin0, o, (&, Sine, —1,, €080, )SIN(LLX, ~ Ly Y,) |-

HE B, 0, (Fiy)- (8)

[, (&, cosar, =, sina, o, (&, sina, +1, €050, )sin(, X, +2,Y,) -

~o, (&, cosat, +1,, 500, )w, (&, sina, N, c0S0t, )Sin(X, X, = X,y ¥a) |

@ ku L I I i
¥ k
a y oF -
K_—
—o0sf :
10 15 Az, mm
a b

Fig. 5. Two rectangular dielectric resonators rotating rela-
tively the z - axis (a). Variation of the mutual coupling coeffi-
cients at different longitudinal distances between dielectric

resonators for axb=20x15mm’ for ¢, =36; a,/b,=1;
L/a;=0,4; x,=x,=a/2;y,=y,=b/2;1-0,=0a,=0;
2-a,=0, a,=n (b). Mutual coupling coefficient on the
coordinates (x,,x,): a,=0; a,=n/4; y,=y,=b/2 (c).
Dependence of the mutual coupling coefficient on the angle of
rotation of the second resonator for: 1 - o, =0;2- o, =n/4;
3-a,=n/2 (d).

Calculation and analysis of mutual coupling
coefficients

Relations (4-8) were used for calculations mutual
coupling coefficient dependences.

In Fig. 2-5, b depending on the coupling coefficients
on the longitudinal distance between resonator centres
with €, =36; a,=b,; L/a;=0,4. The cross section
of the waveguide was axb=20x15mm; frequency of
the fundamental magnetic oscillation of the resonator
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Hy;;  (for h, =h cosp x'cosB y'cosB,z" in (1)) and

f =7GHz.

As follows from the indicated dependencies, the cou-
pling coefficients can take both positive and negative
values. This can be due to physical and mathematical
reasons. If co-directional z'-axes of the resonators with
H,,, oscillations lie on the z-axis of the waveguide and

Az > L, the mutual coupling coefficient is negative. If
the co-directed z'- axes are parallel and the resonators
are coupled along the side wall, the coupling coefficients
are usually positive for H;; oscillations. If there is con-

tinuous rotation between these two positions of the DR,
it leads to a change in the sign of the coupling (see fig. 2,
3, b - ¢). However, the rotation of one of the resonators
at an angle m can also lead to a change in the sign of the
coupling. This purely mathematically compensates for
the change in the direction of the natural oscillation field
of one of the resonators (see, for example, fig. 2, b or
fig. 5, b).

As can be seen from the results of calculations, in
spite of the fact that the coupling functions are complex
(see (4) - (8)), all coupling coefficients of the resonators
in the rectangular cut-off waveguide are purely real (see
fig. 3, 4, ¢).

For the dipole type of natural oscillations H;,,, the

field distribution is close to azimuthally uniform, there-
fore, the rotation of the resonators about the z' (fig. 1)
axis does not change the value of the coupling, or does
not change significantly (see fig. 4, c).

A more nontrivial case takes place at the rotation of
both resonators relatively the x- axis (fig. 2, e), there is
an angle at which the coupling coefficient weakly de-
pends on the transverse coordinates of their centres. For
the considered cross-section of the cut-off waveguide
with tilt of the resonators with B, =, =1,175, the indi-

cated phenomenon is demonstrated by the curves in Fig.
2, f.

As expected, when the transverse coordinates are var-
ied, the maximum coupling is achieved at the walls of
the waveguide with the longitudinal arrangement of the
resonator axes (Fig. 2, 4, d), and with the transverse ar-
rangement of the axes, this maximum lies near the
waveguide axis (Fig. 5, c).

Conclusions

In the paper, new analytical expressions are obtained
for the mutual coupling coefficients for rectangular die-
lectric resonators in the rectangular waveguide, when the
resonators are rotated relative to one of the waveguide
axis.

The dependences of the coupling coefficients on the
angles of rotation of the axes of dielectric resonators are
studied.

It is shown that the change in the sign of the coupling
can be due to both the physical nature and the spatial
change in the direction of the field of natural oscillations
of the resonators.

In the case of rotation about the x axis, the existence
of an angle is shown at which the coupling coefficients
weakly depend on the second resonator coordinate in the
waveguide symmetry plane y=b/2.

With the longitudinal arrangement of the axes of res-
onators with magnetic types of oscillations H,; relative

to the axis of the waveguide, a weak dependence of the
coupling on the angles of rotation has been established.

The obtained analytical relations can be used to de-
velop mathematical models for a wide class of elements
of telecommunication systems, such as filters, channel
dividers, multiplexers, to name a few.
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Tpyoin O.0.

KoeddinienTn 3B'si3ky 00epTOBHX NPAMOKYTHHUX [lieJIEKTPUMYHHX Pe30HATOPIiB 3 IMO03aMEKHHUM MPSIMOKYTHIM
XBHJIEBO/IOM NpH 00epTaHHi iX oceil

IIpodaemaTtuka. ITinBumeHHs mMBUAKOCTI nepenayi iHGopMalii BU3HAYA€ThCS )KOPCTKUMH BUMOTAMH, IO HPEJ SIBISIOTHCS
JI0 eNIeMEHTHOI 0a3u MpuiiManbHO-TIepeaaBaIbHUX NPUCTPOiB. OHOT 13 BXKJIMBUX CKJIQJIOBUX YaCTHH TaKUX IPHUCTPOIB € CMYTOBI
GinbTpH, KK 9acTO BUKOHYIOTHCS Ha HICJNICKTPUYHMX pe3oHaTopax. Po3paxyHOK mapaMeTpiB 0araToJaHKOBHX CMYTOBUX (ilbT-
HOMY MO/ICTIFOBAaHHI SIKe IPYHTYETHCSI Ha ONEPEHIX pO3paxyHKax KOE(]IlieHTIB B3aEMHOTO 3B'SI3KY JI€JICKTPUYHUX PE30HATOPIB
B PI3HOMaHITHUX JIHISAX Mepeaadi.

Meta nocaimxeHHsl. MeTOIO JOCIHIIKEHb € PO3PaxyHOK Ta JIOCIIKEHHS KOE(IIIeHTIB B3a€MHOTO 3B'SI3KY MPSIMOKYTHUX
JIENeKTPUYHUX PE30HATOPIB SKi PO3TAIIOBAHI Y MPSMOKYTHOMY METAJICBOMY XBHJIEBOJI HPH 3aCTOCYBaHHI HOBHUX CTPYKTYp 3
obepTanHaM x oceil. JlociipKeHHST HOBUX €(eKTiB, IO J03BOJSIOTH MOKPAIIYBATH XapaKTEPUCTHUKH PO3CIFOBAHHS CMYTOBHX
(biABTPIB T IHIIMX MPHUCTPIB HA TX OCHOBI.

MeTtoauka peasizauii. [ po3paxyHKy Ta aHali3y KO€]illieHTIB B3aEMHOTO 3B'SI3KYy BUKOPHCTOBYIOTHCS METOAM TEXHIUHOT
esieKTpoauHaMiki. KiHIeBUM pe3ysibTaToOM € OTPUMaHHS HOBUX aHAMITHYHHUX (OPMYJ A HOBUX CTPYKTYP 3 NPSIMOKYTHHMHU
JUENEKTPUIHUMHU PE30HATOPAMH, 110 J03BOJISIIOTH aHAII3YBATH 1 pO3PaX0OBYBATH 1X KOS(II[IEHTH B3aEMHOTO 3B'S3KY.

Pe3ysabTaTi qociaigkeHHs. 3HaIEHO HOBI aHAMITHYHI BUPa3y I KOe(ili€HTIB B3a€MHOTO 3B'SI3KY JI€TIEKTPUUHUX Pe30Ha-
TOPiB 3 00EpPTaHHAM iX Ocell B IPAMOKYTHOMY M03aMEKHOMY XBHIIEBO/II.

BucHoBku. Po3immpeno Teopist KOHCTpYIOBaHHS (ijbTPiB Ha HOBHX CTPYKTYpax MiCJIEKTPUYHUX PE30HATOPIB 3 00EPTaHHAM
iX oceil B MeTaJIeBIX XBWJIEBOJIaX. 3HAWCHO HOBI aHAJITWYHI CITIBBIIHOUICHHS Ta JIOCITI/IKEHI HOBI 3aKOHOMIPHOCTI 3MiHH KO€-
(inieHTIB 3B'S13KY.

KurouoBi cioBa: pienekTpuyHuil QiabTp; NPSIMOKYTHHH MieNICKTPUYHUIT pe3oHaTop; oOepTaHHs; KoeillieHTH B3a€MHOTO
3B'SI3KY.

Tpyoun A.A.

Ko3(ppunmenTsl cBA3M NPSAMOYrOJBHBIX IHIJEKTPHYECKHX PE30HATOPOB C MPSIMOYTOJbHBIM BOJIHOBOAOM MpH
BpallleHUH! UX oceii

IIpodaemaTuka. JlanpHelilee NOBBIIIEHUE CKOPOCTH Tepeaadn MH(POPMAIMU onpeessiercs 6osiee KeCTKUMHU TpeOOBaHHs-
MU, HOPEAbSBISIEMBIMU K 3JIEMEHTaM MPUEMO-NEPEAAIONINX YCTPOUCTB. ONHON U3 BaXKHEHIINX COCTaBHBIX YacTe TaKUX yCT-
POCTB SIBIISIFOTCSL Pa3iIMYHbIe (PUIBTPBI, KOTOPBIE YacTO BBIMOJIHSIIOTCS Ha AUAICKTPUUYECKUX pe3oHaTopax. Pacder mapamerpos
MHOT03BEHHbBIX (DMIBTPOB HEBO3MOXKEH O€3 JalbHEHIIero pa3BUTHs TEOPHH MX NPOEKTHpOBaHuUs. PazButue Teopun (QUILTPOB
0a3upyercst Ha SJEKTPOJMHAMUYECKOM MOEIMPOBAHUH, KOTOPOE MpEAronaraeT pacyer Ko3()(QHUIHUEHTOB CBA3U IMAJIEKTPHYC-
CKHX PE30HATOPOB B PA3IMIHBIX JIMHUSAX MTEPEIavm.

Heap ucciaenoBanus. Llenplo ucciaeqoBaHUil SBISETCS pacdyeT M HCCIEJOBAaHHE KOA(PQUIMEHTOB CBA3M NPSMOYTOJIBHBIX
JUDJIEKTPUYECKUX PE30HATOPOB C MPSIMOYTOIBHBIM METAIUTMYECKHM BOJIHOBOZOM TP BPAIIEHUH HX oceil. VccienoBanne HOBBIX
3¢ $eKToB, TO3BOIAIOMINX YIy4IlaTh XapakTePUCTUKU (GUIBTPOB U JIPYTHX YCTPOWCTB HA UX OCHOBE.

MeToauka peanusanuu. /s npoBeaeHHs pacyera U aHaiau3a KOd(QQUIIMEHTOB CBSI3M MCIOJIB3YIOTCS METO/IbI TEXHUYECKON
2JIEeKTpOANHAMUKH. KOHEUHBIM pe3yabTaToOM SIBIISICTCS MOITyYeHHE HOBBIX aHATMTHYECKUX (OPMYIT ST HOBBIX CTPYKTYP C IIpsi-
MOYTOJIBHBIMH JTHJICKTPHUECKUMH PE30HATOPAMH, KOTOpBIC MO3BOJIIOT AHAIM3MPOBATh M PACCUUTHIBATH MX KO3 UIMEHTHI
CBSI3U.

PesyabTaThl ucciaenroBanusi. HalijeHbl HOBble aHAJIMTHYECKHE BBIPAKECHUS AJsI KOI(DPUIMEHTOB CBS3M ANUDICKTPUIESCKUX
PE30HATOPOB C BPAILICHUEM UX OCEH B IIPSMOYTOJIEHOM BOJIHOBOJIE.

BoiBoabl. Paciimpena Teopusi KOHCTpYHPOBaHUS (UIBTPOB HA HOBBIX CTPYKTYpPaX IMAJICKTPUUECKHX PE30HATOPOB C Bpalle-
HHMEM UX OCel B METaJUIMYECKUX BOJIHOBOJAaX. HalizieHbl HOBbIE aHAJIMTUYECKUE COOTHOIIECHHUS M HOBbIE 3aKOHOMEPHOCTH U3Me-
HEHUsI KOOPPUIIUEHTOB CBSI3H.

KuiroueBble ci10Ba: IUANIEKTPUUCCKUN (UIBTP; NPSMOYTOJIBHBIA IHAICKTPHUYCCKUI PE30HATOP; BpalieHHe; KOI(PPHIIUCHTHI
CBSI3H.





