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SUMMARY

Due to the genetic diversity of low pathogenic avian influenza (LPAI) viruses of subtype HIN2, it deemed appropriate to study the potency of the vaccines based
on the antigens of strains A/chicken/Amursky/03/12 and A/chicken/Chelyabinsk/314-1/20 that represent currently circulating in the Russian Federation genetic
lineages Y280 and G1, respectively. While low pathogenicity of the agent does not allow demonstrating the vaccine protective properties by the direct methods
generally used for potency assessment (e.g. morbidity and mortality), the indirect methods were used: determination of antigenic relatedness of the strains, level of
the postvaccinal homologous and heterologous humoral immunity, analysis of the virus genome synthesis inhibition (reduction) in vaccinated birds following their
challenge. The strains used in the vaccines were determined to have some antigenic differences, which were demonstrated in the hemagglutination inhibition (HI)
assay during control of the postvaccinal immunity in birds. Both vaccines generally induced strong humoral immunity in vaccinated birds (910 log, determined
using Hl assay) with some difference in the levels of the immune response following the use of homologous or heterologous antigens. It was also reliably determined
that homologous immunity facilitated more expressed inhibition of the virus reproduction after the challenge. The level of inhibition (reduction) of the virulent LPAI
virus genome synthesis in vaccinated birds following their challenge with HIN2 virus of genetic lineage G1 was higher in birds following homologous vaccination,
while the time periods of the genome detection in the biomaterial samples were the same. It was demonstrated that due to antigenic and immunogenic differences
between LPAI HIN2 strains, use of both antigenic components in the inactivated vaccines is appropriate.
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PE3IOME

B BA3M C reHeTHyeckuM pasHoobpa3sviem BUpYCoB HU3KonaTorexHoro rpunna nuy HIN2 npeactaBnanoch LenecoobpasHbiM M3yyeHne UMMYHOTeHHOI aKTB-
HOCTU BaKLVH, U3rOTOBEHHDIX Ha 0CHOBE aHTUreHoB wammoB A/chicken/Amursky/03/12 u A/chicken/Chelyabinsk/314-1/20 — npeacTaBuTteneii reHeTuueckix
NMHNITY280 1 GT coOTBETCTBEHHO, LMPKYAMPYHOLLYX Ha TeppuTopum Poccuiickoit Oeaepavnn. lockonbky HU3Kas naToreHHOCTb BO36yANTENA He No3BoAAET Npo-
ZeMOHCTPUPOBATb NPOTEKTUBHbIE CBOMCTBA BaKLIMH NPAMbIMI METOZAMI OLIEHKI IMMYHOTEHHOCTI NpenapaTtos (Hanpumep, 3a6oneBaemocTb 1 CMEpTHOCTD),
NPUMEHANN KOCBEHHbIE MeTOAbl: ONpefieNieHne aHTUreHHON POACTBEHHOCTH LUTAMMOB, HAaNPAXKEHHOCTU MOCTBAKLMHANBHOMO ryMOPANbHOMO FOMO- 1 reTepo-
NIOTNYHOTO MMMYHWUTETa NTUL, OLEHKA NOAABNEHMA (PeAYKLNM) CUHTE3a reHOMA BUPYCa NOCe KOHTPONbHOTO 3apakeHuA B OPraHu3me BaKLMHUPOBAHHDIX
nTUL. bbino ycTaHoBAEHO, UTO UCMONb30BaHHbIE B COCTABE BAKLMH LUTAMMbI UMENU HEKOTOPbIE aHTUTEHHbIE Pa3Nnuna, KoTopble 6bin 06Hapy»KeHbl B peakLmu
TOPMOXKEHINA FeMarT/IoTUHALMY NPY KOHTPOAE NOCTBAKLIMHANbHOT0 MMMYHHOO 0TBETa MTULL. B Lenom 06e BakLMHbI MHAYLMPOBAAM HANPAXEHHbIN ryMOpaNbHbIi
UMMYyHWTET y NpuBUTbIX UL (910 log, B peakuny TOPMOXKEHIA FeMarrioTHaLMK) C HEKOTOPOii Pa3HILLeit B BENWYIMHE IMMYHHOTO OTBETA MU UCTIONIb30BaHIK
TOMO- 1 FeTepoNOrMYHOro aHTUreHoB. Takxe 6bIN0 JOCTOBEPHO YCTAHOBNEHO, UTO FOMONOTMYHbII IMMYHUTET 06ecneunsan Gonee BbipaxeHHoOe NOAABNeHNe
penpoayKLM BUpyca npu IKCNepuMeHTaNbHOM 3apaxeHuu. (TeneHb nofaBneHna (pefyKLun) CUHTe3a reHoMa BUPYNEHTHOrO BIAPYCa HU3KONATOreHHOro rpunna
MTUL B OpraHM3me BaKLMHUPOBaHHbIX 0cobeit nocne ux 3apaxeHus Bupycom HIN2 reHetinyeckoi nunum G1 6bina BbiLue y NTUL, NPUBUTBIX FOMOJOTYHOI BaKLK-
HOI MPY 0MHAKOBbIX CPOKaX JeTeKLMN reHoMa B npobax buomatepuana. llokasaHo, UTo C yUETOM aHTUTEHHDIX 1 IMMYHOTEHHDBIX Pa3fnumil MeX Ay LuTaMmamu
BUpYca Hu3KonatoreHHoro rpunna ntuw HIN2 LenecoobpasHo ncnonb3oBaHmne 060MX aHTUTEHHbIX KOMNOHEHTOB B COCTaBe NHAKTUBMPOBAHHDIX BAKLIMH.

KnioueBbie cnoBa: BakLMHa, HU3KONATOreHHbIN BUYC rpunna ntuy noaTuna HIN2, nMMyHoreHHOCTb BaKLMHDI, FyMOpanbHbIil UMMYHUTET
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe bnarononyune.
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INTRODUCTION

Low pathogenic avian influenza (LPAI) viruses HON2 are
widely spread in poultry in Africa, Asia and the Middle East.
Based on the genetic features, there are two main genetic
groups of HON2 viruses —‘North American’ and ‘Eurasian;
circulating in poultry and wild birds. The Eurasian group
is divided into three main genotypes: G1, Y280 and Y439.
Viruses of the G1 and Y280 genetic lineages demonstrate
the widest geographical distribution, from East Asia to the
Middle East [1-4].

In2012,2017 and 2018, LPAI cases in the poultry indus-
try of the Russian Federation were caused by HON2 virus
of Y280 lineage [5-7]. In 2018, low pathogenic avian influ-
enza virus HIN2 of G1 genetic lineage was isolated for the
first time from wild birds in the Amur Oblast [8].

In 2019-2020, low pathogenic HON2 influenza virus
of G1 genetic lineage was detected in poultry raised on
commercial poultry farms of the Ural region (the Chelya-
binsk Oblast and the Perm Krai), as well as on farms of the
European part of the country [5-7, 9].

Due to significant economic losses caused by this
infection, some countries have been actively vaccina-
ting against LPAI HON2: Israel (since 2003), South Korea
(since 2007). China has been a leader in prevention of LPAI
HIN2 subtype since 1998 [1].

In 2012, the FGBI “ARRIAH" developed inactivated
combined emulsion vaccine against LPAI HON2 and
Newcastle disease and launched its the serial produc-
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tion. HON2 virus of Y280 lineage, isolated in 2012 from
chickens on a poultry farm in the Amur region is used as a
production virus strain. Currently, this vaccine is success-
fully used in commercial poultry farming of the Russian
Federation.

Due to the genetic diversity of LPAI HON2 viruses, it is
appropriate to study theimmunogenic activity of vaccines
against HON2 avian influenza, based on the antigens of
different virus sublineages circulating in the Russian
Federation. Low pathogenicity of the pathogen makes it
impossible to demonstrate protective properties of the
vaccines using direct methods of immunogenicity assess-
ment (for example, morbidity and mortality). Therefore,
indirect methods were used, i.e. determination of strain
antigenic relatedness, assessment of humoral homo- and
heterologous immunity levels in birds after vaccination,
assessment of the virus genome synthesis inhibition in
the vaccinated birds after challenge.

MATERIALS AND METHODS

Antigens. Antigens of the following strains of LPAIHIN2
subtype were used in the experiment:

- A/chicken/Chelyabinsk/314-1/20 (G1 genotype), infec-
tivity before inactivation 8.75 Ig EID, /cm? hemagglutina-
ting activity 9 log, GAE, named as “Chelyabinsk-20";

- A/chicken/Amursky/03/12 (Y280 genotype), infectivi-
ty before inactivation 8.25 Ig EID, /cm? hemagglutinating
activity 9 log, GAE, named as "Amur-12".
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Fig. Phylogenetic tree constructed on the basis of LPAI H9 HA gene
alignment using NJ method and MEGA 6.0 software

In order to standardize the antigen content in the in-
oculation dose (determined before inactivation on the
basis of the infectious titer), the inactivated suspension of

“Chelyabinsk-20"virus strain was diluted (by 3 times) before
emulsification, so that the vaccine inoculation dose con-
tained equal number of LPAI virus antigens.

Different genetic lineages of the viruses are shown in
the figure.

Vaccines. The two vaccines used in the experiment
contained a mixture of LPAl and Newcastle disease virus
antigens (taken at equal volumes), which is the active com-
ponent of the vaccine:

- an experimental vaccine with an antigen of “Che-
lyabinsk-20" strain, hereinafter referred to as “Chelya-
binsk-20 (G1) Vaccine”;

—an experimental vaccine with an antigen of “Amursky-12"
strain, hereinafter referred to as “Amursky-12 (Y280) Vac-
cine”.

During vaccine production, the active component (anti-
gen) was combined with an oil adjuvant Montanide ISA 70
(Seppic, France) in the proportion 30:70 (% by weight)
and emulsified in a high-speed laboratory mixer Silverson
(England) at a speed of 6,000 rpm for 5 minutes.

LPAI virus for challenge. A virus of G1 genetic lineage,
i.e. A/chicken/Chelyabinsk/314-1/20 HIN2 (“Chelya-
binsk-20"), was used in the experiment in the form of
a suspension prepared from a freeze-dried product with
an original infectivity of 8.95 Ig EID, /cm®.

Poultry. The experiment was carried out in egg laying
chickens at the age of 80 days, taken from a farm free from
acute forms of avian infectious diseases.

All animal experiments were performed in strict com-
pliance with interstate standard on laboratory animal
keeping and handling GOST 33215-2014, adopted by In-
terstate Council on Standardization, Metrology and Cer-
tification and pursuant to the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used
for scientific purposes.

The experiment scheme. According to the tested vac-
cines, the poultry were divided into two groups (20 chi-
ckens in each). The vaccines were administered intramus-
cularly into the chest area in a volume of 0.5 cm®.

On Day 28 post vaccination, the chickens of both
groups were challenged with “Chelyabinsk-20" virus. The
virus-containing suspension was administered orally in
a volume of 1 cm?, the infectious dose was 7.3 Ig EID, .

During the experiment, oropharyngeal and cloacal
swabs were taken in both groups after the challenge,
either daily or sometimes with a one day interval. The
samples were tested in real-time reverse transcription
polymerase chain reaction (real-time RT-PCR) to detect
the challenge virus genome. Totally, 12 samples of each
type of material were taken.

Before the challenge and on Day 15 after it, blood
samples were taken from all the chickens to compare
antibody titers to the LPAI virus in the hemagglutination
inhibition test (HI test) with virus antigens of two different
genetic lineages.

Test methods. The virus genome in the samples was
detected and the amplification cycle threshold values
were estimated in accordance with Methodical Instruc-
tions 45-16 “Instructions for RNA detection of avian influ-
enza virus type A using real time RT-PCR"[10].

Serological tests. The hemagglutination inhibition
test (HI) was performed according to a generally accep-
ted procedure using a diagnostic kit manufactured by
the FGBI “ARRIAH" to detect antibodies to avian influen-
za virus subtype H9 (HON2 virus antigen of Y280 genetic
lineage) and HON2 virus antigen of G1 genetic lineage
obtained during the vaccine production. Antibody titers
of > 4log, (= 1:16) were considered positive.

Statistical analysis. The significance of differences be-
tween quantitative indicators was analyzed. We used
Miller's nonparametric multiple-comparison proce-
dure [11] for the k-number of samples (groups), based
on checking feasibility of the following inequality
|H,—H,|/ (W(k (kn+1)/12)) = g, where H, and H, stand for
the mean ranks of the compared samplings 1 and 2 in the
general ordered series; n stands for samplings volumes
(n,=n,=n); qis the table coefficient for knumber and the
given probability of forecast error (p) [11]. The differences
were considered significant at p < 0.05.

RESULTS AND DISCUSSION

Studying antigenic relationship between LPAI H9N2
strains and assessing strength of the post-vaccination
immunity in poultry. On Day 28 post vaccination blood
sera from poultry were tested with homologous and he-
terologous antigens, sera after challenge were tested with

“Chelyabinsk-20" strain antigen. The results obtained are
shown inTable 1.To facilitate processing of the data given
in the table, vaccines and antigens are indicated by their
clusters in the genetic lineages of HON2 virus.

Based on the data in Table 1, it can be concluded that:

a) the antibody titers determined in homologous
systems when testing blood sera taken on Day 28 after
vaccination of poultry with both vaccines were almost
the same, as demonstrated by the equality of logarithmic
medians. The mean titer (T) was 9 log, (1:512). It means
that the poultry have demonstrated quite strong and
roughly equal humoral immune response to each of the
tested antigens;

b) when testing sera specified in point “a’, the mean
rank equivalents of (H) titers established in homologous
systems for both antigens were reliably (p < 0.05) different
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from the corresponding values observed when using
heterologous antigens. For the “Chelyabinsk-20 (G1) Vac-
cine’,Hvaluewas: H,  =242>H, _ =16.8and forthe
“Amursky-12 (Y280) Vaccine”: H, =244 >H,  _ =166.
It meant that, on average, heterologous reactions demon-
strated significantly less activity, which, in turn, indicated
certain antigenic differences between the studied strains.
For both antigens, the difference between medians of
log titers in hetero- and homologous reactions was ne-
gative (8 109, ..o = 9109, 40moy = =1 109,), i.€. the hetero-
logous reaction in both cases was twice less active (anti-
log,(=1) = 1/2). This value can be interpreted by Archetti
and Horsfall as an assessment of antigenic relationship (r),
which for each strain was r=1/2 x 100 = 50%. The obtained

Table 1
HI titres of LPAI virus antibodies in sera of vaccinated birds

value suggests a slight antigenic difference between the
studied viruses;

¢) a test with “Chelyabinsk-20" strain antigen and sera
from the poultry challenged with this LPAI strain, demon-
strated that the mean rank equivalents of titers deter-
mined for the sera from poultry vaccinated with experi-
mental and mass produced vaccines differed significantly
(p<0.01):H,  =154<H__ . =257.This effect can be
explained by the fact that after administration of the vac-
cine based on“Chelyabinsk-20"strain antigen, the poultry
immunity was quite strong in relation to the homologous
virus, and the pathogen penetration into the body did
not cause any impact on the poultry immune system.The
poultry that were administered mass-produced vaccine

Estimate of antibody titers (T, log,) on Day 28 post vaccination and on Day 15 after challenge,
established in HI tests using homologous and heterologous antigens

Day 28 post vaccination Day 15 after challenge

“Chelyabinsk-20" strain (G1) Vaccine

“Amursky-12"strain (Y280) Vaccine

“Chelyabinsk-20" strain “Amursky-12"strain

G1antigen Y280 antigen (G1) Vaccine (Y280) Vaccine
9 25 9 25 8 15.5 7 6 9 1.5 10 24
10 34 7 45 N 39.5 8 15.5 10 24 9 1.5
8 14 8 14 9 255 7 6 8 3 12 38
8 14 9 25 9 255 7 6 9 11.5 n 325
7 45 8 14 8 15.5 7 6 9 11.5 8 3
9 25 7 45 8 15.5 10 35 9 11.5 10 24
9 25 8 14 9 255 9 255 10 24 12 38
n 39 10 34 10 35 9 255 9 1.5 9 1.5
n 39 9 25 8 15.5 8 15.5 n 325 9 1.5
9 25 7 45 9 255 7 6 9 1.5 12 38
9 25 7 45 7 6 7 6 10 24 10 24
9 25 10 34 9 255 10 35 9 11.5 10 24
10 34 8 14 9 255 9 255 10 24 10 24
n 39 8 14 10 35 7 6 8 4 n 325
8 14 10 34 9 255 10 35 9 11.5 12 38
8 14 7 45 N 39.5 8 15.5 n 325 10 24
10 34 8 14 10 35 7 6 10 24 n 325
7 45 8 14 9 255 7 6 7 1 n 325
9 25 7 45 7 6 8 15.5 9 11.5 9 11.5
9 25 10 34 9 255 10 35 9 11.5 12 38
9" (24.2) 8 (16.8) 9 (24.4) 8 (16.6) 9 (15.4) 10 (25.7)

p<0.05" p<0.05 p<0.01

*in italicis the rank (serial number) of the value in the combined and ordered sample of titers determined using homologous and heterologous systems;

**in bold is median sample (“T), in brackets is mean rank of random values (H);

**¥ statement of significance of the difference between average trends of titres in the relative systems (prediction error).
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based on “Amursky-12" strain antigen demonstrated
a slight increase in antibodly titers, i.e. when infected, the
heterologous virus had an additional impact on the poul-
try immune system. The corresponding medians of log
titers (log,) were "T,  =9and"T,_ . =10.

Studying replication of LPAI virus in the vaccinated
poultry. Within 14 days after challenge, 12 oropharyngeal
and cloacal swabs were randomly taken to be tested in real
time RT-PCR in order to detect influenza virus genome and
assess its concentration. Amplification cycles threshold
values (Ct) were estimated. A lower Ct value correspon-
ded to a higher original concentration of the virus genetic
material in the sample. The value of Ct > 37 was considered
negative, i.e. the virus genome was missing. To facilitate
the analysis, the test results obtained within the time in-
terval (j) were expressed as deviations from the negative
assessment in the form of values dj =37 - Ctj.. Thus, the
deviation values could range between 0 < d < 36.

Real-time RT-PCR-detection of avian influenza virus genome in the samples collected
from vaccinated birds after challenge

Estimate of amplification cycles threshold values (Ct]) in the form of deviations
from the negative reaction (d] =37 - Ctj), corresponding to the day post challenge (j, day),
the type of swabs (oropharyngeal and cloacal) and the type of vaccines used for poultry

vaccination. According to the types of samples, the ranks of d values

and the results of corresponding comparisons are given

Oropharyngeal swabs Cloacal sawhs

“Chelyabinsk-20" | “Amursky-12"str “Chelyabinsk-20" | “Amursky-12"strain
strain (G1) Vaccine (Y280) Vaccine strain (G1) Vaccine (Y280) Vaccine
1 0 45 0 45 0 45 0 45
2 091 14 11.97 24 0 45 0 45
3 0.94 15 10.17 22 1.01 14 454 23
4| 426 21 10.25 23 343 21 4.65 24
5| 162 19 1.23 18 1.54 18 3.49 2
6 0 45 0.73 12 0 45 0.68 13
7| 043 11 117 17 031 11 142 16
8 0 45 0 4.5 0 45 0.39 12
9 0 45 0.83 3 0 45 1.18 15
0| 0.16 9 3.83 20 0.06 9 1.53 7
n 0 45 0.95 16 0 45 1.55 19
12 0 45 0.39 10 0.15 10 2.58 20
(9.67)" (15.33) (9.17) (15.83)
p<0.05" p<0.025

*in italic is the rank (serial number) of the value in the combined and ordered sample

of d values determined for specific type of samples collected from birds immunized with G1
and Y280 vaccines;

** in brackets is mean rank of random values (H);

**¥ statement of significance of the difference (prediction error) between average trends

of sample values.
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Based on the data in Table 2, it can be concluded that:

a) after the challenge of vaccinated birds, the viral ge-
nome concentration in all types of the studied samples
increased, reached a peak and decreased. The presence of
the pathogen genome in both oropharyngeal and cloacal
swabs suggested the virus presence in the body;

b) the oropharyngeal d-indicators determined during
the first 4 days after the challenge formally exceeded si-
milar values in cloacal swabs. This could be evidence of a
slightly more active virus replication in the larynx, phar-
ynx or upper respiratory tract of the bird. However, the
statistical reliability of such an assumption could not be
determined, due to a high variability of the primary values
and the small sampling size;

¢) effectiveness of the challenge virus reproduction de-
pended on the homology with the vaccine antigen. Ho-
mologous immune background significantly reduced the
pathogen development. Mean rank equivalents of d va-
lues established in oropharyngeal swabs obtained from
the birds vaccinated with different vaccines significantly
(p < 0.05) differed: H,  =9.67 <H,___  =1533.A simi-
lar result (p < 0.025) was obtained when comparing the
corresponding equivalents of d-values established during
the analysis of cloacal swabs: H,  =9.17<H, . =15.83.
Within 12 days of observation, the cumulative indicators
of the challenge virus replication expressed as sums of
d values at the homologous immunity in oropharyngeal
and cloacal swabs were 8.32 and 6.5, respectively, similar
values at heterologous immunity were 41.52 and 22.01.

These data are consistent with the results earlier ob-
tained by the FGBI“ARRIAH" in experiments with vaccines
against highly pathogenic avian influenza based on H5N1
virus (clades 2.2 and 2.3.2), when their protective proper-
ties against H5N8 virus were studied (clade 2.3.4.4b). The
results of serological tests of post-vaccination immunity
in HI test using different diagnostic antigens also con-
firmed antigenic variability of the avian influenza virus
subtype H5. The results of acute experiments have shown
that the match between the hemagglutinin of the vaccine
antigen and the hemagglutinin of the field virus and its
concentration in the vaccine is a decisive factor in ensuring
protective properties of vaccines [12].

In our experiments, both vaccines significantly excee-
ded the minimum value of 5 log, recommended by the
OIE Guidelines for the immunity strength [13].

CONCLUSION

Antigens of low pathogenic avian influenza virus of
HIN2 subtype (strains A/chicken/Chelyabinsk/314-1/20
G1 genotype and A/chicken/Amursky/03/12 Y280 geno-
type), that are used as active components in the inactivated
combined emulsion vaccine against avian influenza HIN2
and Newcastle disease, induce strong humoral immunity.

These strains have some antigenic differences that can
be detected by hemagglutination inhibition test when
monitoring the post-vaccination immune response in
birds. Homologous immunity more evidently suppresses
virus reproduction during experimental infection.

Taking into account the identified antigenic differen-
ces of the studied strains, as well as further evolution of
the pathogen, it is advisable to include both antigens in
the active component of the inactivated avian influen-
za (H9) vaccines.
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®ponos Cepreli BnagnmupoBu4, KaHANLAT BETePUHAPHbBIX
HayK, Be4yLUuil HayUHbI COTPYAHMK TabopaTopurn MpodrnakTvkm
6onesHen ntuy OrbY «BHUM3XK», r. Bnagumunp, Poccus.

Llep6akoBa Jingus OneroBHa, KaHANAAT GMONTOMMUYECKNX HayK,
BedyWWiA HayYHbIi COTPYAHUK pedepeHTHON nabopatopun
BUPYCHbIX 6one3Hew nTuy OIBY «<BHUW3X», r. Bnagnmup, Poccua.

Mopoz Hatanba BnapumupoBHa, KaHANWAAT BETEepUHaApPHbIX
HayK, 3aBepylowmin nabopatopueit npodunakTnky 6onesHen
ntuy OrBY «BHUN3XK», r. Bnagnmup, Poccus.

Np3a Buktop Hukonaesu4, JOKTOP BeTepMHapPHbIX Hayk,
rNaBHbIN HayYHbIN COTPYAHUK MHGOPMALIMOHHO-aHANUTYECKOTO
ueHTpa OIBY «BHUWN3X», r. Bhagnmup, Poccusa.

Kynakoe Bnagumup lOpbeBud, KaHANAAT BETEPUHAPHDIX HayK,
BEAYLWMI HayUYHbI COTPYAHUK NabopaTopun NpodunakTnkm
6one3sHen ntuy OreY «<BHUN3X», r. Bnagumup, Poccus.
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