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Purpose. The evaluation of noise immunity limit and searching ways to improve the noise immunity of the monoim-
mittance logic element “AND?”, which uses inductive immittance as the information parameter, are the main research task.

Methodology. The scheme of the monoimmittance logic L-element “AND” and its mathematical models were
developed. The computer modeling of such destabilizing factor dependences was done: the instability of wave resis-
tance of the transmission line segments, the instability of the segment length of the transmission line, the quality
factor of the inductive input impedances.

Findings. The circuit of the monoimmittance logic L-element “AND” and its real and ideal mathematical models
were offered. The main destabilizing factors were defined. Analytical forms of quantitative evaluation of noise im-
munity under the influence of various destabilizing factors were proposed. The noise immunity of the main informa-
tion parameter to the influence of destabilizing factors was researched and recommendations on the choice of param-
eters in order to achieve the maximum noise immunity were offered.

Originality. The ideal and the real mathematical models of the monoimmittance logic L-element “AND” were
developed and the new universal analytical forms for the noise immunity coefficients of the monoimmittance logic
elements under the influence of various destabilizing factors were proposed. These forms provide the opportunity of
adequate computer modeling of the monoimmittance logical L-element “AND”.

Practical value. The concept of the monoimmittance logic L-element “AND” was founded and the main destabi-
lizing factors (the instability of wave resistance of transmission line segments; the instability of lengths of transmission
line, change of the quality factor of inductive input impedance), leading to decrease in the noise immunity of the
logic element, were identified. On the basis of the developed mathematical models research on basic parameters (re-
active and resistive components of the output impedance) was done in the range of changes: Q-inductive input im-
pedance (20 =+ 100 units); wave impedance (50 ohms £0.5); transmission line segments length instability (0.1 mm).
Recommendations regarding the selection of optimal parameters of the monoimmittance logic L-element “AND” in
order to achieve maximum noise stability were formulated.
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Introduction. A significant role in scientific research
is given to the evaluation of noise immunity of digital
electronics [1] because sufficient noise immunity is one
of the main conditions for the stable operation of digital
circuits. Researching noise immunity allows determin-
ing boundary conditions for circuits operation and esti-
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mating the sensitivity of the circuits to parasitic factors
[2]. Noise immunity is particularly important in the de-
sign of devices on microstrip transmission lines [3] and
miniature digital electronics [4]. Estimation of noise
immunity is a necessary stage in the design of immit-
tance logic elements and circuits [5].

Immittance logic elements use resistive, inductive or
capacitive immittance and combinations thereof as the
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information parameter. It is capable to carry out logical
operations on a carrier signal frequency [6]. In practice
it is more appropriate to use monoimmittance logical
elements using one parameter: resistance — (R-ele-
ment), capacitive immittance — (C-element) or induc-
tive immittance — (L-element). Monoimmittance logic
elements have high performance and energy efficiency,
but less noise immunity than multimmittance logic ele-
ments. Therefore, the analysis of methods for improving
noise immunity of monoimmittance logic elements re-
quires additional research.

Objective of the article is to estimate noise immunity
of the monoimmittance logical element “AND”. To
achieve this purpose the following tasks are to be solved:

1. Substantiation of the scheme of monoimmittance
logic L-element “AND” and development of its math-
ematical model.

2. Research of influence of destabilizing factors on
characteristics of the monoimmittance logic L-element
“AND” and evaluation of its noise immunity.

Substantiation of the scheme of the monoimmittance
logic L-element “AND” and development of its mathe-
matical model. The information parameter of the
monoimmittance logic L-element (Fig. 1, a) is an in-
ductive impedance “X;”, and the logic state of this ele-
ment is characterized by a range of values of this pa-
rameter.

The logical “1” corresponds to the range X" > X,

and logical “0” corresponds to the range X" < X, where
X}, is inductive limit of logic level. The principle of opera-
tion of the monoimmittance logic L-element “AND” can
be described as a truth table, which is shown in Fig. 1, b.

The electric scheme of possible embodiment of the
monoimmittance logic L-element “AND” is shown in
Fig. 2, a.

The output inductive impedance of the circuit, if
length of transmission line segment is / = n - A/2, where
n=1,2,3...; Lisalength of electromagnetic wave in the
transmission line, is

X, X

Linl Lin2
S ()

Linl Lin2

X, =X

Lout

Equation (1) describes the ideal immittance transfer
characteristic of the circuit which is represented in coor-
dinates X},,; and X},,, as a family of equilateral hyperbo-
les, whose position can be adjusted by the value of the
inductor X;, (Fig. 2, b).

The range of input impedance is limited by logic level
“0™: (0+X% ), and by logic level “1”: (X0, +x® ).

Lin.H
To provide noise stability of the scheme, let us set the upper

limit of logic level “0” at the scheme output by condition

X0 <X\ . The lower limit of this level X  =0.
In view of the imposed restrictions, the work area of the
monoimmittance logic L-element “AND” is defined by
the shaded squares “0” and “1” in Fig. 2, b (if X;3 — 0Q),
in accordance with the truth Table shown in Fig. 1, b.

In practice, parameters of the real monoimmittance
logic L-element “AND” will differ from the parameters
of the “ideal” element due to the influence of destabiliz-

ing factors.
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Fig. 1. Scheme (a) and the truth table (b) of the monoim-
mittance logic L-element “AND”
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Fig. 2. Flectric circuit (a) and the immittance transfer

characteristic of monoimmittance logic L-element
“AND” (b) ( S1and S2 are virtual switches; B is SHF
oscillator; G is gate)
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To ensure the noise immunity in the real element,
the boundary between the logic “0” and “1” is deter-
mined by the range of values X;,, and X;,,, (Fig. 2, b)

X(O) <XLin <X(1) .

Lin.H Lin.L>
X0 <X <Xx®

Lout. H Lout Lout.L*

Thus, the range of possible values of the inductive
impedance, which corresponds to the logical “0” and
“1”, is equal for the input impedance

0<XO<x® o xO

)
oo
Lin Lin.H> Lin.L < XLin <ee.

For the output impedance it is
0<X? <x© XD e XV <o,

Lout Lout.H? Lout.L Lout
In the real monoimmittance logic element output
impedance of the transmission line segment is
- Z +jt
7 . ZutiteB

—*ZRCZ + "ImZ N 2
out 1+J’.Zin,tgl3 o TJ out ( )

where

 R(1-X tgB)+R tep(¥ +t
ReZ.. =R = ”’( in_ gB)+2 in _gB( m2+ gB)’ (3)

aiio ou (I—thgB) +(R1nth)

> - 1-X_ -tgB)- (X, +tgB)— R>-t
Imzm:XM:( , 80 (X, +1eB)~ R, teh, "

(1-X,,-tgB)’ +(R, -tgp)’
B =2mnl/)\ is phase constant;

— R - X = X - A
p— out . — out . — out . m

Rout - ’ out 4 out ’ in ’
Z, Z, Z Z
where Z, is the wave impedance of the transmission line
segment.

With regard to (2—4), it follows that the reactive
component of the output impedance of the real mono-
immittance logic L-element “AND” is described by the
expression

X, =X, + (XLozutl ) X it X o '(XLamzz +(R,,, )22 Xt (RLout2)2 X o -, (5)
(RLautl) +2- RLoutl ’ RLoutZ +(RLout2) +(XLoutl) +2- XLourl ’ XLoutZ + (XLoutZ)
where
— .(l_Xunl/Zo'th)'(Xunl/Zo+th)_Rzin1/Zo'th. 6
gt =0 (I_XLinl/ZO _th)z +(RLinl/ZO -th)2 ’ ©
= .(I_XLinz/Zo'th)'(XLinz/Zo+th)_Rzin2/Zo'th. (7
Lout2 0

where 7, Zy,stand for the wave impedance of the first
and the second transmission line segments.

a _XLmz/Zo -tgB)’ +(RLm2/Zo -tgB)’

Similarly, the resistive component of the circuit out-
put impedance is calculated by

R = (RLuutl )2 ) RLouIZ + RLautl ) (RLHMIZ )2 + RLoutl i (XLout2)2 + RLuut2 ) (XLuutl )2 . (8)
ot " (RLoutl )2 + 2 ’ RLoull : RLoutZ + (R 2 )2 + (XLoutl )2 + 2 ’ XLourl ’ XLouIZ + (XLouIZ )2
R = .RLinl/Zo'(1_XLin1/Zo"th)'i'RLml/Zo'th'(XLml/Zo+th). 9)
ot ’ (1- XLinl /Zo .th)z +(RLinl /Zo 'th)z
R =7 ,RLinz/Zo'(l_XLmz/Zo'th)+RLmz/Zo'th'(XLmz/Zo+th)‘ (10)
fo ’ (I_XLmz/Zo’th)z+(RLm2/Z0'th)2

Expressions (5—10) are the mathematical model of
the real monoimmittance logic L-element “AND”.
With its use it is possible to make an analytical assess-
ment of the noise immunity.

Research of influence of destabilizing factors on char-
acteristics of the monoimmittance logic L-element
“AND” and evaluation of its noise immunity. From the
analysis of expressions (5—10) it follows that the main
destabilizing factors that impact the operation of the
monoimmittance logic L-element “AND” are:

- the instability of the wave resistance Z; of the trans-
mission line segments;

- the instability of the transmission line segments
length Al

- the quality factor of the inductive input imped-
ances Q = Xp;,/Rpjp-

The objective of this research is estimation of influ-
ence of these destabilizing factors and finding ways to
minimize them.
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For the comparative assessment of the immittance
noise immunity of the logic element let us use normal-
ized parameters — coefficients of the noise immunity of
the output reactive impedance X;,,,: under influence of
the instability of the wave resistance Z, of transmission

line segments YZO =1/(1+ SZIW,
factor of the inductive input impedances

AN

line segments length Y, = 1/(1 +

); under the quality

Y, =

); under the instability of the transmission

XLou/ XLmu =
Sy ), where S, =

oX Z oX Al

X . e .
=—fow. 0 . g = Lot ._—_ g the sensitivity of

oz, X, Y oAl X

Lout
the output reactive impedance under influence of desta-
bilizing factors. The range of variation of these coeffi-
cientsis0< Y < 1.

For modeling operation of the circuit in conditions
close to real ones, let us designate a value of the wave
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resistance Z, of transmission line segments, the length
of the transmission line segment / and the quality factor
of the inductive input impedances Q taking into account
the technological process errors. We suppose that the
impedance of the transmission line segments Z; = 50 +
+0,5Q, the instability of the segment length of the trans-
mission line A/ =+ 0,1 mm (this is analogous to error
due to instability of frequency of the reference oscillator
signal in 0.033 %) and the quality factor of the inductive

input impedances Q = 5 + 10. The modeling has been
done for the possible states of the logic element — for the
input logic levels (0; 0), (0; 1), (1; 0) and (1; 1), where
according to Fig. 2, b the input logic level “0” means the
reactive impedance input X, = 20Q2, and the input logic
level “1” means the reactive impedance input X, = 60Q.
The frequency of the reference oscillator signal is f =
=10 GHz.
The modeling results are presented in Fig. 3—35.
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Fig. 3. Graphics of the output reactive impedance Xy, (a), sensitivity of the output reactive impedance S, (b) and the
noise immunity coefficient Y 2 (¢) depending on the wave resistance instability Z, of the transmission line segments
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The investigation of influence of the instability of the
wave resistance Z; of the transmission line segments on
the output reactive impedance X;,,, of the logic element
(Fig. 3, a), the sensitivity of the output reactive imped-

ance SZOL] “ (Fig. 3, b), the noise immunity coefficient Y 4,
(Fig. 3, ¢) was carried out for the cases of the ideal length
of the transmission line segment (A/=0) and the instabil-
ity of the transmission line segment length A/=+0.1 mm.

From the graphs in Fig. 3 a, b, it follows that the out-

put reactive impedance X;,,, hardly depends on the in-

g
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stability of the wave resistance Z; of the transmission
line segments in the range of 50 = 0,5Q2 in the cases of
the perfect length (A/ = 0), and the non-ideal length
(Al=%0.1 mm) of the transmission line segment. Coef-
ficient of the noise immunity in this case is 1 for A/=0,
and for A/ =+0,1 mm the value of this coeflicient is not
less than 0.955.

To evaluate the sensitivity of the output reactive im-
pedance X;,, of the logic element to influence of the
quality factor Q of the inductive input impedances we

I
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Fig. 4. Graphics of the output reactive X;,,, (a) and resistive R;,,, (b) impedances, sensitivity of the output reactive imped-
ance Sg“"' (c) and the noise immunity coefficient Yy (d) depending on the quality factor Q of the inductive input im-

pedances
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Fig. 5. Graphics of the output reactive impedance X, ,,, (a), sensitivity of the output reactive impedance S;ﬂ'” (b) and the
noise immunity coefficient Y z (¢) depending on the length of the transmission line segment Al

will assume that Z; = 50Q. Evaluation was carried for
two cases of the transmission line segment length insta-
bility: A/ =0 and A/ =%0.1 mm. Fig. 4 shows the depen-
dence of the output reactive X;,, and resistive R;,,, im-
pedances, the output reactive impedance sensitivity

Sg ¢ and the noise immunity coeficient Y, on chang-
ing the quality factor Q of the inductive input imped-
ances for the input logic levels (0; 0), (0; 1), (1; 0) and
(1; 1).

Graphs in Fig. 4, a, ¢ show that the output reactive
impedance X;,,, hardly depends on the input inductive
impedance quality factor Q change in the range (5 + 100)
in cases of the ideal (A/ = 0) and the non-ideal (Al =
=10.1 mm) length of the transmission line segment. The
noise immunity coefficient in this case has a value of at
least 0.998 (Fig. 4, d). With the growth of the quality
factor Q the value of the output resistive impedance
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R, decreases (Fig. 4, b) in all cases of the length insta-
bility of the transmission line segment.

Fig. 5 shows graphs of the resistive and reactive out-
put impedance dependences on change of the length of
the transmission line segment A/, and sensitivity of the

output reactive impedance SAX,L"“’ and the noise immu-
nity coefficient Y,; on change of the length of the trans-
mission line segment A/ for the input logic levels (0; 0),
(0; 1), (1; 0) and (1; 1) (Q =100 and Z, = 50Q).

The graph in Fig. 5 shows that with the error of im-
plementation of the transmission line segment length
Al =0...£0.1 mm the output reactive impedance X,
does not exceed the boundaries of logic levels “0” and
“1”. The graph of sensitivity of the reactive impedance

output SZL"”' in Fig. 5, b shows that the output reactive
impedance X;,, changes by no more than 8 %. The
noise immunity coefficient in this case has a value of at
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least 0.92 (Fig. 3, ¢), and linearly decreases with an in-
creasing implementation error of the transmission line
segment length Al

Conclusions. Investigations of the influence of desta-
bilizing factors (change of the wave resistance Z; of the
transmission line, the implementation error of the
transmission line segment length A/, the quality factor of
the inductive input impedances Q) on the transfer char-
acteristic of the logic monoimmittance L-element
“AND” shows that:

1. Changes in the value of the wave resistance Z, have
almost no effect on the output reactive impedance of the
circuit, the magnitude of the relative sensitivity in this
case does not exceed 5 %. The output resistive imped-
ance of the circuit does not depend on the wave resis-
tance Z,.

2. A change of the quality factor of inductive input
impedances Q causes a change of the output reactive
impedance X;,,, by no more than 2 %. The output reac-
tive impedance R;,,, decreases with an increase of the
quality factor Q.

3. With the implementation error of the transmission
line segment length A/=0...£0.1 mm the output reactive
impedance X, changes by no more than 8 % and does
not exceed the boundaries of logic levels “0” and “1”.
The output resistive impedance R;,,, in the range of the
implementation error of the transmission line segment
length Al does not change.

The noise immunity coefficient of the monoimmit-
tance L-logic element “AND” in all the above cases is
not less than 0.92.

Thus, it follows that in order to ensure high noise im-
munity of the circuit it is necessary to seek to reduce the
implementation error of the transmission line segments
length and to increase the stability of the reference oscil-
lator frequency. The quality factor of the inductive input
impedance corresponding to logic “0” and “1” should
be over 20.
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Mera. OuiHka 3amacy 3aBagOCTilKOCTi Ta BU3Ha-
YeHHS IUISIXiB i1 MiABUILEHHS MOHOIMITaHCHOTO JIOTiu-
HOro ejeMeHTa ,,I“, 110 BUKOPUCTOBYE B SIKOCTi iH-
¢dopmariitHOro napameTpy iHIyKTUBHUN iMiTaHC.

Metomuka. Po3po0biieHa cxeMa MOHOIMMITaHCHOTO
soriyHoro L-enemeHra ,,I Ta itoro MaTeMaTu4Hi MO-
neni. [IpoBeneHe KOMIT' I0TEpHE MOJIETIOBAaHHS 3aJIeXK-
HOCTi OCHOBHMX TapaMeTpiB MOHOIMITAHCHOTO JIOTiu-
Horo L-enemenTta ,,I“ Bim oCHOBHMX JecTa0ili3yl0unx
¢axkTOopiB: HECTAOITBHOCTI XBUJILOBOTO OIMOPY Bimpi3-
KiB JIiHii mepenayi, HeCTabiILHOCTI JOBXUHU Bipi3KiB
JIiHIT mepenayi, 10OPOTHOCTI BXiAHUX iHAYKTUBHUX iM-
MeaaHCiB.

PesyabTaT. OGrpyHTOBaHa CXeMa MOHOIMITaHCHO-
ro JjoriyHoro L-enemeHrta ,,I“. BuzHaueHi OCHOBHi
necTabiylizyoui YMHHUKY, 3alIpOINOHOBAHI aHAIITUYHI
¢dopMM KiTbKiCHOT OLIIHKM 3aBAagOCTIMKOCTI ITPY BIUIU-
Bi pi3HMX mecTabinizyrouux ¢akTopis. JocimkeHa 3a-
BaIOCTiliKiCTh OCHOBHOTO iH(OpMaliiiHOro Tapame-
Tpa Bif BIUIMBY AecTabiidyounx (akTopiB, chopmy-
JIbOBaHi peKOMeHAallii 11100 BUOOPY MapaMeTpiB MO-
HoiMiTaHCcHOro JoriyHoro L-enemeHnra ,,1 ng nocsr-
HEHHSI HalOiIbIIOT 3aBaJOCTIMKOCTI.

HayxkoBa HoBu3na. Po3po0JieHi ineanbHa it peajibHa
MaTeMaTU4yHi MoOJei MOHOIMITaHCHOTO JIOTiYHOTO
L-enemenTa ,,I“ Ta 3anponoHoBaHi HOBi YHiBepCcaJlbHi
aHaTITUYHI (popmu T KoedillieHTiB 3aBaIOCTIKOCTi
MOHOIMITaHCHUX JIOTIYHUX €JIEMEHTIB, 110 3a0e31euy-
I0Th MOXKJIMBICTh aleKBaTHOTO KOMIT IOTEPHOTO MOJIE-
JIIOBaHHSI PO3pPO0JIEHOTO0 MOHOIMITAHCHOTO JIOTIYHOTO
L-enemenTa ,,I¢.

IIpakTiyna 3naummicTb. Ha migcTaBi po3pobiaeHmnx
MaTeMaTUYHUX MOJeJNeil TMpoBeneHe MOCTiIKEHHS
OCHOBHUX TTapaMeTpiB (peaKTUBHOI Ta aKTMBHOI CKJia-
JIOBUX BUXITHOTO iMITeaHCy) Yy Miama3oHi 3MiH: 100po-
THOCTI BXiZIHUX iHIYKTUBHUX imMIiegaHciB (20 =+ 100 ox.);
XBUJIbOBOTO oropy (50 + 0,5 Om); HecTabUTBHOCTI TO-
BxuHu (0,1 MM) Biapi3kiB JiHii nepenavi. Chopmy-
JIbOBaHi peKoMeHallil 1100 BUOOPY ONTUMAIbHUX
napaMeTpiB MOHOIMiTaHCHOTrO JoriuHoro L-enxeMmeHTa
,, 1 n71s1 mocsirHeHHS HalO1IbIIO1 3aBaIOCTIMKOCTI.

Kimouosi ciioBa: no2ivnuil enemenm, iH0ykmugHuil im-
nedawuc, decmabinizyroui YUHHUKU

Iems. Ouenka 3amaca IMOMEXOYCTOMYMBOCTU U
orpesesieHue MyTel ee MOBbIIIEHUS MOHOMMMUTAHC-
HOTO JIOTUYECKOTo 37eMeHTa ,,1“, ncrnoab3yoounero B
KadyecTBe MH(POPMALIMOHHOTO TTapaMeTpa WHIYKTUB-
HBIA UMMUTAHC.

Mertoauka. Pa3paboraHa cxemMa MOHOMMMMUTAHC-
Horo Jiornueckoro L-anemenTa ,,MI“ u ero mateMaTu-
yeckue mMoxenn. [IpoBeneHO KOMITBIOTEPHOES MOICIIH -
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IHOOPMALIWHI TEXHONOTII, CUCTEMHUN AHANI3 TA KEPYBAHHSA

pOBaHME 3aBUCUMOCTH OCHOBHBIX ITapaMEeTPOB MOHO-
UMMMTAHCHOTO Jlornyeckoro L-anemenra ,, 11 ot oc-
HOBHBIX JIeCTaOMIU3UPYIONINX (PAKTOPOB: HECTAOUIIb-
HOCTH BOJIHOBOTO COITPOTUBJICHUSI OTPE3KOB JIMHUU
nepenayu; HeCTaOMJIBHOCTU IJIMHBI OTPE3KOB JIMHUU
nepenayn; U3SMEHEeHHUsI TOOPOTHOCTU BXOJHBIX MHIYK-
TUBHBIX UMIIEIAHCOB.

Pe3syabraTbl. OO0CHOBaHA cxeMa MOHOMMMMUTAHC-
Horo joruyeckoro L-anemenTa ,,M1“. OnpeneneHsl oc-
HOBHBbIE JeCTaOMIM3UpylolIe (PaKTOphl, MPEIIOXe-
HBI aHAJIMTUIEeCKUEe (GOPMbI KOJIMIECTBEHHON OLIEHKU
TIOMEXOYCTOMYMBOCTH TIPY BO3ACHCTBUU PA3TAIHBIX
nectabunusupylomux dakropos. MciegoBaHa mome-
XOYCTOMYMBOCTH OCHOBHOTO MH(pOPMAIIMOHHOTO TIa-
paMeTpa OT BIUSHHUS 1eCTa0MIN3UPYIOIINX (DAaKTOPOB,
chopmynupoBaHbl peKOMEHIAIIMU 10 BHIOOPY IMapa-
METPOB MOHOMMMUTAHCHOTO JIOTHYeCKOTo L-3/1eMeHTa
LA mist focTrKeHus1 HauboJIbllel MOMEX0yCTONYM-
BOCTH.

Hayuynas HoBu3Ha. PaspaboTaHbl uaeanbHas U pe-
aJibHasi MaTeMaTU4YecKue MoJeI1 MOHOMMMUTAHCHOTO
Jjornueckoro L-anemenTa ,,MI“ u npenioxeHbl HOBbIE
YHUBEPCATbHbIE aHATUTUYECKHE (DOPMBI 1)1 KOAPPu-
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IIMCHTOB ITOMEXOYCTOMYMBOCTH MOHOMMMMUTAHCHBIX
JIOTUYECKUX DJIEMEHTOB, 00€CIICYMBAOIINE BO3MOX-
HOCTh aeKBaTHOTO KOMITBIOTEPHOI'O MOACIMPOBAHMS
pa3paboTaHHOTO MOHOMMMMTAHCHOTO JIOTMYECKOTO
L-snemenTa ,, M 1<.

IIpakTuyeckas 3naunmMocTb. Ha ocHoBaHuU paspa-
OOTaHHBIX MaTeMaTUYECKUX MOJEJIei MPOBEACHO UC-
cJieIoOBaHWE OCHOBHBIX IapaMeTpoB (PeaKTMBHON U
AKTUBHOW COCTAaBIISIOIINX BBIXOTHOTO MMIIEIAaHCa) B
Iana3oHe M3MEHEHUIT: TOOPOTHOCTH BXOIHBIX WMH-
NyKTUBHBIX uMneaaHcoB (20 + 100 en.); BOJIHOBOTo
conpotusieHus (50 £ 0,5 Om); HECTAOMIBLHOCTH U -
HbI (20,1 MM) oTpe3koB TnHUM nepenadn. ChopMyn-
POBaHBI PEKOMEHIAIINY IO BEIOOPY ONTHUMAJIbHBIX ITa-
paMeTpOB MOHOMMMMTAHCHOTO JIOTMYecKoro L-3me-
MeHTa ,,M“ m1st nocTukeHusT HauOOJIbIIIei TTOMEX0y-
CTOMYUBOCTH.

KioueBble cioBa: soeuueckuil anemeHm, UHOYKmMUG-
HbLil UMnedaHc, decmaduausupyroujue GaxKkmopol

Pexomendosano 0o nybaixauyii dokm. mexH. Hayk

C. I. Ilepesosuikoeum. Jlama HA0X00xceHHs DPYKORUCY
25.03.16.
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