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ANTIBIOTIC RESISTANCE AND XENOBIOTIC BIODEGRADATION CORRELATION IN NATIVE SOIL PSEUDOMONAS CHLORORAPHIS GROUP

Section 1. Biology

https://doi.org/10.29013/EJTNS-20-1.2-3-11

Babayan Bella,

“Armbiotechnology” Scientific and Production Center (SPC),
National Polytechnic University of Armenia (NPUA)
E-mail: Bbg.15.04@mail.ru

ANTIBIOTIC RESISTANCE AND XENOBIOTIC
BIODEGRADATION CORRELATION IN NATIVE SOIL
PSEUDOMONAS CHLORORAPHIS GROUP

Abstract. Pseudomonas chlororaphis are widely represented in nature, as common habitant of
wet surfaces. These non-pathogenic Gramm-negative microbes are able to synthesize the range
of compounds with antimicrobial, plant growth simulative and other positive effects. Some
representatives are able to biodegradation of xenobiotics. Thus, P. chlororaphis are being considered
as positive for agriculture. Besides, they are often resistant to antibiotics and able to stabile replication
of exogenous antibiotic plasmids. The main aim of current research was to study the correlation
between the properties of degradation of various natural and synthetic substances and the ability to
stabile replicate plasmids of antibiotic resistance, as well as the transmission of it to other bacteria. As a
result of experiments, it was found out, that for 3 subspecies and 2 species of this group the resistance
is related with the degradation genes plasmid localization in case of lipases, and polyphenol oxidases
(PPO), which are being encoded by genes of nucleoid. The tartaric acid derivatives degradation is
related to PPO presence in P. chlororaphis representatives.

Keywords: Polyphenol oxidases, lipases, plasmids, PCR, antibiotic resistance, tartaric acid
derivatives, Pseudomonas chlororaphis.

Introduction

Pseudomonas chlororaphis is a group of bacteria
from Pseudomonas, which are common for practi-
cally every place world around. The wide diversity
of metabolic pathways led to adaptation high level,
antimicrobial resistance and biodegradation high
potential [1; 2]. The other property which is very
common Pseudomonas is an ability to transfer ge-
netical properties by mobile genetic elements, such
as like plasmids to other Gramm-negative bacte-
ria. Thus, Pseudomonas different species are very

important component in chains of intraspecific
gene horizontal transfer. These bacteria are mostly
presented by opportunistic pathogens of human
and animals. Moreover, this genus includes phyto-
pathogen representatives, such as like P. syringae [ 3;
4; S; 6]. P. chlororaphis, are mostly non-pathogenic
soil bacteria with the range of positive agricultural
characteristics. They include some species, with the
abilities of various bioactive molecule synthesis,
such as like intracellular and extracellular enzymes
of adaptation, plant growth regulators, antimicrobial
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phenazine-like substances, etc. P. chlororaphis some-
times are being used as biocontrol agents for some
phytopathogenic fungi, and other agricultural pests
and some species of fishes. Moreover, P. chlororaphis
are good models for antimicrobial resistance spread
research of toxigenic Pseudomonas, due to metabolic
similarities of them [7; 8; 9].

According to WHO recent reports, the prob-
lem of antimicrobial resistance spread is very actual
and it is being considered as the one of the most
prospective directions of research for upcoming
century [10; 11; 12]. In current paper there are be-
ing discussed the range of extracellular enzymes of
P. chlororaphis 2 species and 3 subspecies (polyphe-
nol oxidases (PPO), lipases, caseinase, etc.), there
were being researched the antibiotic resistance, the
genes of it as well as the potential of spread of re-
sistance in aspect of correlation with biodegradative
properties of multi-drug resistant strains.

Materials and methods

For current research, non-pathogenic and oppor-
tunistic pathogenic strains of Pseudomonas and E. coli
from NCCM, MDC, “Armbiotechnology” SPC
NAS RA were used. For the cultivation of bacteria,
the various selective cultural media with containing
13 antibiotics of different classes and generations,
according to standard protocols [13]. There selec-
tive cultural media with 50 mkg/ml of antibiotic

(B-lactamic (Pen/Penicillin, Amp/ampicillin, Amx/
Amoxicillin, Amc/Augmentin, Cfx/Cefixime, Cro/
Ceftriaxone), aminoglycoside (Gen/Gentamicin,
Kan/kanamycin, Str/Streptomycin, Gnc/Genta-
mycin) fluoroquinolone (Cip/Ciprofloxacin), Tcn/
Tetracycline, macrolide (Azm/azithromycin), am-
phenicole (Chl/Chloramphenicol). All the used an-
tibiotics were produced by “Astoria”) were used. For
the resistance and biodegradation potential registra-
tion there were used the standard protocols [14].
As chemically differing natural and synthetic com-
pounds examples there were used the following sub-
stances: L-Tyrosine (L-Tyr), tannin, casein of cove
milk, polysorbates with different length of fatty ac-
ids (Polysorbate-20, Polysorbate-40, Polysorbate-60,
Polysorbate-65, Polysorbate-80, Polysorbate-85),
a-naphtol, as well as synthetic derivatives of tartaric
acid: benzyl-, cyclohexyl, phenyl- imides and their
complex salts, with higher hydrophilic properties
[15]. The genetical (DNA isolation, purification,
PCR, transformation) and the statistical analysis
were done due to standard methods [16; 17].

Results

The majority of the studied strains are resis-
tant, and plasmid containing. 3 subspecies small
percentage are non-plasmid, resistant strains and
4 researched resistance genes are detected only in
nucleoid of P. chlororaphis (tables 1-4).

Table 1.— The resistance of P. chlororaphis, subsp. chlororaphis, to 13 different antibiotics

Strain | Kan | Stp | Gen | Cam | Amc | Amx |[Amp | Pcn | Cfx | Ctx | Ten |Azm | Cip | C
1 2 3 4 S 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 1§
9329 | - - - - - - - - - - - - + +
9159 | - - - - - - + + - - - - - +
9190 | - - - - + + + + + + - - - +
9157 | - - - - - - - - - - - - - +
9158 | - - - + - + - - + - - - - +
9167 | - - - - - + + - + + — + +
9165 | - - - + + + + - + - - - - +
9164 | - - - - - + + - - - - ~ - +
9163 | - - - - - - + - - - - - - +
9330 - - - - + + + - - - - — - +
9171 - - - — + - + + + + - - - +
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50 mkg/ml, S — Subspecies (A — subsp. chlororaphis, B - subsp. aureofaciens, C — subsp. aurantiaca, 1 - Pcn,
2-Amp, 3-Amx, 4 - Amc, S - Cfx, 6 - Ctx, 7 -Stp, 8 - Gne, 9 — Kan, 10— Cam, 11 — Tcn, 12 - Azm,
13 - Cip, C - control on nutrient agar media,

“won

+” - growth indication,

o

~“— the absence of growth)

Table 2.— The genetical research of P. chlororaphis subsp. chlororaphis soil strains

Strain| PI 1 PCZR analgszs +/- | Strain | Pl 1 PCZR anal;szs 2 T+/-
9163 | + - - - + 9329 | + - - - - -
9330 | - - - - - 9159 | + - - - - +
9171 + - C+ - + 9190 | + - - - - +
9172 | + - C+ - + 9157 | - - - - - -
9174 | - - - - - 9158 | + - - - - -
9175 | - - - - - 9167 | - - - - - -
9177 | - - - - - 9165 | - - - - - -
9178 | + - - - - 9164 | + — - - — -
9156 | + - - - - 9168 | + - - - - -
9189 | + - - - -

“PI"- plasmid, “+” - plasmid/gene /transformation presence, “c+” — gene localization on bacterial chromosome,
“p+” - gene plasmid localization, “T+/~" — transformation; genes: 1 —aph(3’)IV, 2 — aac(6’)II, 3 - catB7,
4-blaOXA-10

Table 3.- P. chlororaphis genetical analysis

Strain PCR analysis Strain PCR analysis
A | P12 3 Tl [P T T2 34 | ™
1 2 3 4 S 7 8 9 10 11 12 13 14

9195 | - ct+ - - - 9060 | + - - - - -

9196 | + - - - - 9192 | + - - - - -

9199 | - ct - - - 9197 | - - - - c+ -

9200 + - - - + 9026 — - - - - -

Strain B Strain C

PCR analysis 9246 | + - - C+ - -

o064 | D TT [ 2 | 3 T T3 |+ | - | - | - | - | -

+ - - - + 9244 | + - - - - -

9061 | + - — - — 9242 | + — — - C+ —
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1 2 3 4 S 6 7 8 9 10 11 12 13 14
9062 | + - - - - - 9240 | + - - - - -
906S | - - - - - - 9241 | + - - - - -
9066 | + - - - - - 9248 | + - - C+ | C+ -

“Pl"- plasmid, “+” - plasmid/gene /transformation presence, “c+” — gene localization on bacterial chromosome,
“p+” - gene plasmid localization, “T+/~" — transformation; genes: 1 - aph(3’)IV, 2 - aac(6’)II, 3 - catB7,
4 - blaOXA-10, “Strain A” - P. chlororaphis, subsp. aureofaciens, “Strain B” — P. chlororaphis, subsp. aurantiaca,
“Strain C” — P. taetrolens

Table 4.- P. chlororaphis antibiotic resistance test

Strain A | Kan | Stp | Gen | Cam | Amc | Amx |Amp | Pcn | Cfx | Ctx | Ten |Azm | Cip | C
9195 - - - + - - + + - - - - - +
9196 - - - - - - + + - - = = = +
9199 — — - - + - + + - - - - - +
9200 + — - — - - — - — + - - - +
9060 — + - + + + + - + - + - + +
9192 - - - - - - - - - - - - - +
9197 — - - - - - - - - - - - - +
9026 | - | - | - | - | = | = | = | = | = | = | = | = | - | +

Strain B | Kan | Stp | Gen | Cam | Amc | Amx | Amp | Pcn | Cfx | Ctx | Ten [Azm | Cip | C
9246 + + - + + + + - + - - - - +
9243 - - - - - - - - + - - - - +
9244 - — - + + + + - + - - - - +
9242 - - - - - - - - + + + - - +
9240 - - - + + + + - + + + + + +
9241 - - - - + + - - + + - + + +
9248 - - - + - - - - - + - + + +

Strain C | Kan | Stp | Gen | Cam | Amc | Amx | Amp | Pcn | Cfx | Ctx | Tcn |[Azm | Cip | C
9066 - + - + + + + + + + - + + +
9065 - + - + + + + + + + - - - +
9064 - + - + - + + + + + + + + +
9061 - - - + + + + + + + + - - +
9062 - - - - - - - - - - - - - +

S0mkg/ml, S — Subspecies A — subsp. chlororaphis, B - subsp. aureofaciens, C — subsp. aurantiaca,
1-Pcn, 2 - Amp, 3 - Amx, 4 - Amc, S - Cfx, 6 — Ctx, 7 -Stp, 8 — Gnc, 9 — Kan, 10— Cam, 11 - Tcn, 12 — Azm,

13 - Cip, C - control on nutrient agar media, “+” — growth indication, “~” - the absence of growth, Strain A - P.
chlororaphis subsp. aureofaciens, B — P. taetrolens, C — P. chlororaphis subsp. aurantiaca

All P. taetrolens are plasmid-containing, but the strains of P. chlororaphis group were tested in
they are not related with the resistance to these 13 experiments with different substrates degradation
antibiotics (tables 5-7). Nucleoid localized bla-  for the detection of PPO, lipases, caseinase activity
OXA-10and catB7 are detected in 4 strains. Thenall ~ (tables 8, 9).
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Table 5.— Caseinase activity precipitation in 3 subspecies of P. chlororaphis
on solid cultural media during the cultivation within 5 days

Strain of Day 1 Day § Strain of Day 1 Day §
subsp. ch.lo- Gl algla C* | C |subsp. ch.lo- Gl alagla cC| C
roraphis roraphis
9178 - - 2+ - 15+ | - 9189 - - 3+ - 15+ | -
9329 - - 2+ - |18+ | - 9174 - - 2+ - |18+ | -
9157 - - - — | 18+ | — | Strainsof Day 1 Day2
0158 | - | - | - | = |1se| - |ubspaw- ) o Al g A |C|C
rantiaca
9164 - - - - 15+ | - 9061 - - - - 15+ | -
9165 - - - - |18+ ] - 9062 2+ | 3+ | 3+ |10+ | 15+ | -
9168 - - - - |18+ ] - 9064 2+ | 3+ | 3+ | 8+ |15+ | -
9171 2+ | 10+ | 3+ [ 12+ | 15+ | - 9066 - - 2+ - |18+ | -
9159 - - - - |15+ | - Strains of Dayl Day 2
9172 2+ | 2+ | 34+ | 10+ | 1S+ | - | subsp. au- c| C
9177 - - - - | 15+ | - | reofaciens G A G A
9330 - - 2+ | 3+ |15+ | - 9197 - - 3+ - |18+ | -
9156 - - - - 15+ | - 9199 - - 3+ — 15+ | -
9163 — - - - 15+ | - 9195 3+ | 10+ | 3+ | 15+ | 15+ | —

G - growth, A — activity precipitation, “+” - growth intensity detection correspondently form single colonies (+)

“won

up to cultural growth zone 1-Smm,

the absence of growth or precipitation zone 1-Smm correspondently,

C- negative control on mineral cultural media, C* — the positive control on nutrient agar media)

The proteolytic activity is not directly related to an-
tibiotic degradation activities enzymes, but the pres-
ence of it is often related with the infection processes
of pathogen representatives of Pseudomonas, as well as
this type of enzymes presence is one of the main met-
abolic characteristics of non-pathogenic and oppor-
tunistic pathogenic Pseudomonas [18; 19]. Thus, the

caseinase activity precipitation could be related with
the resistance stability of P. chlororaphis. According to
results, which are presented on (table 8), not all the
researched strains of P. chlororaphis are caseinase-posi-
tive. The growth level of caseinase containing strains is
three times lower, than in control samples, which were
cultivated on nutrient agarised cultural media.

Table 6.— Polyphenol oxidase activity precipitation in different
soil representatives of P. chlororaphis group

. . I 11 111 ] .
Strain of P. chlororaphis G A G A G A C C
1 2 3 4 S 6 7 8 9
subsp. chlororaphis 9330 - - 3+ 4+ + -~ - S+
subsp. chlororaphis 9168 - - 3+ - - - - 5+
subsp. chlororaphis 9329 - - 3+ 4+ 3+ - - S5+
subsp. chlororaphis 9168 - — 3+ - 2+ - — S+
subsp. aurantiaca 9062 + —~ 3+ —~ 2+ - -~ S+
subsp. aurantiaca 9061 - - 3+ 3+ - - - 5+
subsp. aureofaciens 9200 - — 3+ 2+ 2+ - — S5+
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1 2 3 4 S 6 7 8 9
P, taetrolens 9246 2+ 2+ 3+ S+ + - - S+
P, taetrolens 9243 2+ — 2+ — + + - S+
P, taetrolens 9241 + - 3+ S+ + - - S+
P, taetrolens 9242 = — 3+ S+ - - - S+
G - growth, A — activity precipitation, I — L-tyrosine, II — tannin, III — a-naphtol, “+” — growth intensity detection
correspondently form single colonies (+) up to cultural growth zone 1-Smm, “~"— the absence of growth or

precipitation zone 1-Smm correspondently, C negative control on mineral cultural media, C* — the positive
control on nutrient agar media

Table 7.— Biodegradation of different polysorbates

. . Polysorbates

Strain of P. chlororcfphts group 0 20 60 65 30 85
representatives GIAIGIAIGIAIlG GIlAIGIAIlC+l C
P taetrolens 924013+ | — | + | — |3+ | = | + | = |3+ ]| = |3+ | + [ 5+ ]| -
924113+ |2+ | — | — |2+ | = | + | = | = | = |3+ | + |5+ -
92423+ | + [3+ |2+ | + [ 24| + | + | = | = [ 24| + |5+ ]| -
924313+ | — [3+ | = |3+ | = | + | = |3+ ]| = |3+ | + |5+ -
924613+ | — [ 3+ | — |3+ | — |2+ | — |3+ | — |3+ | + |5+ | -
92483+ | - | + | - |+ | - | + | =3+ -+ |+ [5+]| -
P. chlororaphis, subsp. au-  |9200| 3+ [ S+ |3+ | S+ |3+ | — | + | — [ 3+ | - |3+ | + |5+ -
reofaciens 919713+ | — | = | = |3+ | = | + | = |3+ = |3+ ]| + |5+ ]| -
P. chlororaphis, subsp. 906213+ | + [ 3+ |3+ 3+ | — | + | — [ 3+ | — |3+ | + [ S+]| -
aurantiaca 9061 3+ | 5+ | 3+ | 5+ | 3+ - + - 3+ — 3+ + S5+ —
906413+ | — | = | = |3+ | = |2+ ] = |3+ | = |3+ + [S+] -
919613+ | + | — | = [ 3+ | + |2+ | + [ 24| + |3+ | + [ S+ ]| -
P. chlororaphis subsp. chlo- 915613+ | — | + | — | — | — | = | = | = | = |34+ | + |5+ -
roraphis 918813+ | — [2+ | — [ 34+ | = |3+ | — [3+]| = [3+ | + | S+ | -
916512+ | — | - | - | - | = | = | = |+ | =1+ |+ |5+] -
9163| + | + [ 24 |2+ [ 3+ | + |2+ | + |24+ | + | + | + [ S5+ ]| -
915913+ | — |3+ [ = |3+ | = | = | = |3+ | = |3+ [ + [S+] =
93293+ [ S+ |3+ [ S+ [ 3+ | — |2+ | = | + | = |3+ | + [ S+]| -
9330{3+ | — [3+ | = [3+]| = [2+ ]| — |3+ ]| = [3+ | + | S+ -

Polysorbates 20, 40, 6S, 80, 85 by P. chlororaphis 30 °C mineral cultural media M9, after S days; G — growth,
A - activity; “+"— growth (in cm) /lipase activity presence different intensity;"-" — growth/lipase activity absence,
C"* — the positive control on nutrient agarised cultural media, C~ — the negative control on mineral cultural media

Table 8.- The transformation of P. chlororaphis 9330 recipient strain by plasmids
from different Pseudomonas and Stenotrophomonas which
are able to polysorbates biodegradation

P1 P2
Donor Polysorbates Control Polysorbates Control Sot'
20 [ 40 | 60 | 65 [ 80 [ 85 |C1*[C1| 20 [ 40 | 60 [ 65 | 80 [ 85 |C2'[Ca | (™)
1 234 [s]e6|l 7189 10[mn]12]13]14]15[16][17]18
c39330 - | - | - | - | -|-1+]-/-1-1-/1-/-1-1+1-10
9061 -/l -1l1-11-1+/1-/+/-/-1+]-/-/-1-1+1-10
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1 23|45 |6| 7|8 |9 |10[11|12]13|14 15|16 1718
9241 -l -1-/1-1-1+]|+|-|+|-/|-|-1-1+1+/1-10
9242 -|l+ !/l -1l-1-1-|/+/-1-1-1-|-|/+]-1+1-160
9329 + |+ |-/ -|-1-1+|-|+|+]|-|-]1-1-1+/1-10
9196 | - | - | - | - |+ |+ |+ -1-1-]1l-]1l-/l+/+/+1-10
9164 -/l -!l-1-1-1+/+/-1-1-1-/-/-1+/+1-10
9163 -l -]+ |+ ]+ + ]+ -]1-1-|l+]l+]+]+]+]1-10

T - transformants; “C*” — the positive control on solid nutrient cultural media M9, “C™” — the negative control on

v

mineral cultural media without carbon source; “+” — the growth of bacteria, “~"- the absence of bacterial growth,
P1 — mineral cultivation media with appropriate polysorbate 20, 40, 60, 80, 8S for transformants selection;
P2 — cultivation of transformants on different selective media containing appropriate polysorbates — 20, 40, 60,
80, 85; St — transformation stability percentage; C3 — recipient control

During the experiments with transformation of
sensitive strains without the biodegradation activity
it was demonstrated nucleoid localization of PPO and
both nucleoid and plasmid localization diversity in li-
pases. Lipases of plasmids are not able to stabile rep-
lication on non-selective cultural media in recipients
from differing species, while in same species cells, the
replication is stable and not always is related with re-

sistance. The resistance tests of transformants showed,
that not all biodegradation plasmids can carry resis-
tance some genes. In a majority of strains, f-lactam
resistance, including full diapason transmission or
the transfer of part of it, up to clavulanic acid resistant
fB-lactamases transmission, is being detected. In both
cases the resistance of recipient is not decreasing the
external genetical element presence.

Table 9.—- The antibiotic resistance tests of transformed strains

A B 1123|4567 |89 |10]11 12| C | St
9056 pUCI8 + | - =1 =] =/=1='=1=1=1=1=14%1100
E.coli VOG16 - == ==+ |=1]-=-1=1=1=14+1100
9329 VOGl16 - — - =l =1+ =|=|=]1=|l+1]1+1]0
9243 pUC18 + | -l -] -1+ -|-]=-]1=-]1-/-1=-1+1]10
9243 9242 -l -1-1-1+!-1-1l-1-1-1-1-1+%1100
E.coli 9242 -l = = =1+ =1=1=1=1=1=1="14+ 0
9329 9241 — = = = =] == =1=1=1=14+1+%1100
9330 9243 - ] =l =-]-=-1l=-1=-1=-1l=-1=-1=1+1]0o
9243 9061 + |+ |+ |+ - -1=-1=-1-1=-1=-1+1+%1100
E.coli 9061 + |+ |+ |+ |- =-]=-]1=]=|=|=-=]1+]+]0
9330 9061 + |+ |+ | - - -] -]1=]-=1-=-1-=1=14+ 1100
9330 9200 - |+ |+ | -] -]-]1-|-|=-1=-1=-1=-1+10
9329 9164 -+ |+ -] -] -] = =1=1]1=1=14+14+ 1100
9329 9163 -+ - =1 === =1=1=1=1+1+1]100
9329 9196 + |+ -] =1 =1=|=1=1=1=1=1+1+1]100

1-Amp, 2 - Pcn, 3- Amx, 4— Amc, 5 - Cfx, 6 — Ctx, 7 - Kan, 8 - Stp, 9 — Cam, 10 - Tcn, 11 — Azm,

12 - Cip, C - positive control on nutrient agar media, the negative control of antibiotics - pUC18 (Amp
resistance plasmid) and VOG16 (Kan resistance plasmid), which are being considered as the transformation
positive control, recipient strains — E. coli DHSa and P. aeruginosa 9056, which are sensitive to all the mentioned
antibiotics, A — recipient strain, B — donor strain, St — stability in%
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During the experiments, 3 types of PPO were
detected, with the predominance of tyrosinase in
correlation to tetracycline resistance and an ability
of tartaric acid benzyl- and cyclohexyl- mono amino
salts degradation [20]. Transformations with casein-
ase containing strains showed the negative results.
The isolated plasmids are stabile even after the mul-
tiple cultivations on non-selective cultural media
in same genus recipients [21; 22]. Probably this ef-
fect is caused by the features of genetical apparatus
and nucleoid encoded plasmid replication control
mechanisms.

Conclusion

The prevailing percentage of studied strains of P.
chlororaphis subsp. aureofaciens, P. chlororaphis subsp.
aurantiaca, P. chlororaphis subsp. chlororaphis, P. tae-
trolens, are antibiotic resistant. The majority of them
are resistant to more than one antibiotics or antibi-
otics of different classes, such as like -lactams and
aminoglycosides or amphenicoles and tetracyclines.
There are strains with resistance to 5 f-lactams simul-
taneously with the resistance to 2 aminoglycosides.
Among the resistant strains, there is the dominance
of plasmid-containing strains. But the genes of anti-
biotic modification (such as like B-lactamases, acet-
yltransferases, etc.) are observing in both nucleoid
(bacterial chromosome) and plasmid localization.
Thus, these microbes can participate to their intra-
specific transfer processes.

Biodegradation potential different levels were dis-
covered in various strains of P. chlororaphis and P. taetro-
lens. There were precipitated different species-specific

and non-specific extracellular enzymes of xenobiotic
biodegradation. The genes of biodegradation PPO are
localized only in nucleoid of researched strains, and
they are encoding extracellular active lakase, tyrosi-
nase, etc. The activity of lipases was differing in other
strains in gene localization scope. Plasmid localized
lipases of the majority of P. chlororaphis subspecies
strains are being transferred by plasmids. This process
is related to antibiotic resistance transfer and stability
too, because of localization of both properties genes
on same plasmid. In P. taetrolens the antibiotic resis-
tance is not related with the plasmids, but they can
transfer lipase activity to different species recipients.
The stability of this process is not high, and they are
being eliminated after the cultivation on non-selective
cultural media. The resistance to antibiotics from lac-
tams is correlating with this property of tartaric acid
cyclic derivatives degradation in both cases of plasmid
and chromosomal localization of lactamases genes,
such as like the presence of tetracycline resistance and
nucleoid localized PPO activity. It’s very important
in case of forming of resistance to tartaric acid deriva-
tives. The relation of nucleoid localized degradation
genes with the degradation can potentially decrease
the frequency oa resistance occurrence.
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The Internet is the global system of interconnect-
ed computer networks that uses the Internet protocol
suite (TCP/IP) to link devices worldwide. It is a net-
work that consists of private, public, academic, busi-
ness, and governmental networks of local to global
scope, linked by a broad array of electronic, wireless,
and optical networking technologies. The Internet
carries a vast range of information resources and ser-
vices, such as the inter linked hypertext documents
and applications of the World Wide Web (WWW),
electronic mail, telephony, and file sharing [9]. It is
impossible to imagine our lives without Internet, it
has entered our lives that we can say “without it there
will be no life” and introduced itself as a vital function
in the life of modern society. “Information”, which be-
longs to the most important place in the development
stages of human life, has preserved its value as one of
the biggest factors affecting the thinking, living, ac-
tions of people in the history of the world. The desire
of people to obtain information anywhere at any time,
regardless of space, has led to great achievements and
rapid development in the field of technology. In mod-
ern society, it is impossible to imagine life without the

internet. Information technology, which already has
its own place in every sphere of our lives, allows us to
carry out our work faster and more accurately, but in
addition to this it brings with it some dangers. Every
day, the number of users on the network increases,
which tells us how much it is in great demand. All
information on the internet is not transmitted intact,
but by malicious attackers can capture, store, modity,
combine or use this information in the form of pack-
ets. Therefore, it is worth thinking about the safety
of the transmitted data. The fact that information,
which seems unnecessary, has great importance to
other people, has made data systems vulnerable to
attack by malicious people. For this reason, it is very
important to predict the attacks on data systems and
learn about them and take the necessary measures to
protect the privacy and integrity of data, so that use-
ful information does not fall into the hands of other
people or malicious people. Data security refers to the
Prevention of unauthorized access to data systems,
their interference and failure to comply fully.

Short for Address Resolution Protocol, ARP is a
used with the IP for mapping a 32-bit Internet Pro-
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tocol address to a MAC address that is recognized
in the local network specified in RFC826. Once rec-
ognized, the server or networking device returns a
response containing the required address.

Let's consider the situation where the computers
A and B are in different LANSs and linked to each other
through the Internet. To transmit data, the computer
A uses B PCIP-address as the destination address and
sends the packet to the Internet. After going through
a series of routers, it hits the network gateway, which
belongs to the computer B. The local B PC network
address used for 6-byte MAC address, and when the
package reaches the gateway, a further delivery on the
LAN data is only possible if you know the MAC-ad-
dress computer B. If the gateway MAC-address is not
known, it sends a network broadcast ARP-request, the
essence of which is as follows: “The computer with
the IP-address B, let me know (lock) your MAC-ad-
dress”. Because broadcast request, it reaches the com-
puter B, and in response it sends ARP-reply with its
MAC-address. The rest of the computers on the net-
work does not send any packets on the gateway ARP-
request, because have IP-addresses that are different
from the computer IP-addresses B. Gateway, receiving
MAC-address of the computer B, enters into its ARP-
table (cache) compliance with the IP-address and the
MAC-address of the computer B, and then sends the
data to it, obtained via the Internet from the computer
A. at the same time, the computer enters B in its ARP-
table match the gateway IP and MAC addresses to be
able to send data to computer A. At first glance, every-
thing should work easily and reliably, if not for one fea-
ture — ARP does not authenticate-ARP requests and
ARP responses-and allows you to send ARP-replies
network nodes at random, ie, even if the node is not
sent on the network no ARP-requests. Spontaneous
answers are needed, for example to identify IP-address
conflicts in the network.

ARP spoofing attack

Let's assume that we need to listen to the data
transmitted between computers A and B. Our com-
puter is in the same local area network with com-

puter B. We have a MAC-address, we know the MAC
address-B PC and MAC-address of the gateway of
our local network. Computers in modern LANs
connected with each other through switches. The
switch “remembers” which port is connected to
the host how the MAC-address. Those receiving a
packet from the computer B gateway, we do not get
this package, as he will not be sent to all ports on
the switch, but only the one which, according to the
switch is now connected to the gateway. At a time
when used hubs instead of switches, we could hear
the traffic without any problems. ARP-spoofing at-
tack s often referred to as ARP-cache poisoning, and
this name is quite telling. Because we are allowed to
send ARP-replies to any network node when we
want, we will send the ARP-response gateway such
content “I host with IP-address B PC, and here is my
MAC-address [MAC-address of our host]” and the
computer B will send ARP-response to such content,
“Ilock my MAC-address [MAC-address again our
host].” After receiving these packets, the gateway and
the computer B will update its ARP-cache.

Now, if the computer B wants to send data over
the Internet computer A, it will send its data as it
considers consistent with its ARP-table on the MAC-
address of the gateway, when in fact the data will be
sent to our MAC-address, and we in turn, will send
them on to this MAC-address of the gateway [4; S].

Implementation ARP spoofing attack

1. Using arpsoof

For the arp-spoofing attack in Kali Linux transit
packets should be allowed. Allow IPv4 forwarding
can be editing the file /etc/sysctl.conf is necessary
to uncomment theline

net.ipv4.ip forward=1

Then run the command

sysctl -p /etc/sysctl.conf

If you do not want to allow this on a regular basis,
you can enable forwarding so

echo 1> /proc/sys/net/ipv4/ip_forward Asitis
necessary to ensure that transit traffic is not blocked
by iptables rules.
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arpspoof -i ethO -t ip

— i—indicates the interface connected to the lo-

cal network of the victim

network, ie, all participants in the network, when

— t - specifies the IP-address of the host, arp-
cache you want to “poison”. If the key is not speci-

you try to send a packet gateway will send it to us [3].

2. Using metasploit
use auxiliary/spoof/arp/arp_poisoning module
msfS > search arp

fied, the attack will be carried out on all hosts in a Matching Modules
Table 1.
Disclosure .
Name Rank | Check Description
Date

auxiliary/scanner/ discov- ARP Sweep Local Network Discov-

normal Yes
ery/arp_swee ery
aux1h.ary/scar'1ner/d1scov— normal | Yes | IPv6 Local Neighbor Discovery
ery/ ipv6_neighbor
auxiliary/scanner/misc/ normal | Yes | RaySharp DVR Password Retriever
raysharp dvr passwords
au)'uhar.y/sp oof/arp/arp_ 1999-12-22 | normal No | ARP Spoof
poisoning
exploit/linux/http/ dlink . .
dcs9311_upload 2015-02-23 | great Yes | D-Link DCS-931L File Upload
post/windows/ gather/ normal No | Windows Gather ARP Scanner
arp_scanner

msfS > use auxiliary/spoof/arp/arp_poisoning
msf S auxiliary(spoof/arp/arp_poisoning) > info

Name: ARP Spoof

Module: auxiliary/spoof/arp/arp_poisoning
License: Metasploit Framework License (BSD)

Rank: Normal

Disclosed: 1999-12-22

Provided by:

amaloteaux < alex maloteaux@metasploit.com>
Check supported:

No

Basic options:

Table 2.

Name Current Setting | Required Description
AUTO_ADD false yes Auto add new host when discovered by the listener
igﬁf_ false yes Spoof also the source with the dest
DHOSTS yes Target ip addresses
INTERFACE no The name of the interface
LISTENER true yes Use an additional thread that' will listen for arp re-

quests to reply as fast as possible

RHOSTS yes The target address range or CIDR identifier
SHOSTS yes Spoofed ip addresses
SMAC no The spoofed mac
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Description:

Spoof ARP replies and poison remote ARP
caches to conduct IP address spoofing or a denial
of service.

References:

OSVDB (11169)

https://cvedetails.com/cve/CVE-1999-0667/

http://en.wikipedia.org/wiki/ARP_spoofing

msf$S auxiliary(spoof/arp/arp_poisoning) >
[2].
In fact, everything should work simply and reli-
ably, if not for one feature-ARP does not authenti-
cate ARP requests and ARP responses and allows

you to send ARP responses to network nodes arbi-
trarily, i.e. even if the node did not send any ARP
requests to the network. So, using the example of
the ARP Protocol, you can clearly understand how
to use a MAC address to make it possible to find out
the IP address of another devices on the network. In
addition, an ARP attack is only one of the possible
ways getting traffic, but whether it is appropriate
to choose this method or another it depends only
on the goals and conditions of testing. In addition,
knowing how the method of traffic interception is
performed, you will be able how to select protection
to protect yourself and your data [1].
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B pa60Te AOKa3aHa TeopeMa CyIleCTBOBaHUA
06061 EHHOTO peLIeHUs CAEAYIOIIEN OAHOMEPHOM
CMeIIaHHOM 3aAA9H:

u, (t,x)—au_ (t,x)=

=F(t,x,u(t,x),u (t,x),u_(t,x),u_ (t,x))

(0<t<T,0<x<nm), (1)
u(0,x)=¢(x) (0<x <), (2)
u(t,0)=u(t,r)=u_(t,0)= (3)

=u_(t,m)=0 (0<t<T),

rae o >0 — dukcupoBaHHOe 4nCcA0; 0 < T < +o0; F, ¢
— 3apaHHble QpyHKIMY, @ U(t,x) — HICKOMast QYHKIHS,
npuuéM moa 0606mEHHbIM pentenuem 3aaaun (1)-
(3) monumaem caeayromee

Omnpeaeaenne. ITop 0606mEHHBIM pelleHHEM
sapaun (1)—(3) nonumaem pyuxumro u(t,x), 06aapa-
IOIIYIO CBOMCTBAMHM:

a) u(t,x),u,(t,x),u,(t,x),u(t, x)eC([O T]x
x[0,70]) ; ., (£,%),u, (t,x) € C([0,T];L,(0,7));

6) Bce ycaosus (2) u (3) yroBaeTBOpsHOTCS
B OOBIYHOM CMBICAE;

B) BBITIOAHSIETCS] MHTETPAABHOE TOKAECTBO

Ij{utx(t,x) -V (t,x)—au, (t,x)-V_(t,x)+ K(u(t,x))-

-V(t,x)}dxdt =0 Aas Ar060u ¢yuknuu V(t,x), 06-
Aaparoen CBOMCTBAMU
Vi(t,x)e C([O,T] X [0,71]), V(t,0)=V(t,x)=
=0(0<t<T),V,(t,x) e L([0,T];L,(0,7)),
rae K(u(t,x)) = F(t,x,u(t,x),u (t,x),u_(t,x), (@)

u,. (t,x)) .

O6osHaunm uepes By’
$yHKIUI BUAQ

u(t,x)= Zun(t)sinnx,
n=l1

paccmarpuBaemsix Ha [0, T]x[0,7], Aast KoTOpBIX BCe
$yukimu u, (t) eC(”([O,T]) u

h(u)zi{i(n

ﬂ r COBOKYITHOCTDb BCE€X

.....

1

m(t)D } < 400,

% .max|u
0<t<T

rae >0 — meaoe wumcro, o, =0(i= (Tl),
1< B,<2(i=0,l). Hopmy B aTOM MHO>XeCTBe OIIpe-
AEAMIM TaK: ||u =] (u).

UsBectHO [l]ﬁ YTO BCe 3TH MPOCTPAHCTBA 6a-
HAXOBBI.

B pa6ore [2] BTOporo aBTopa moAy4eHb! HEKO-
TOpBIE AIPHOPHbIE OL|EHKY PELIEHHs II0YTH BCIOAY
sapaun (1)—(3), a B pabore [3] nccaepoBano xaac-
cuueckoe pemenue sapagn (1)-(3).

C momompio ycuaensoro npunnumna Illayaepa
O HEIIOABIKHOM TOYKE AOKA3bIBAETCSI CAEAYIOLAsT
TeopeMa O CyI[eCTBOBAHHHU B [JeAOM 0000IEHHOrO
pemenwus 3apauu (1)-(3).

Teopema. [Iyctp

1. ¢(x)eC? ([O,N]),(i)"'(x) eL,(0,r) u ¢0)=
=¢(7)=¢"(0)=¢"(m)=0.

2. F(t,x,uy,...,u,) € C([O,T] x[0,7]x (—00,00)4) .

3. VR>0 B [0,T]x[0,7]x[-R,R]’ x (—o0,00)

|F(t,x,ul,uz,us,u4)—F(t,x,btl,uz,uyit4 <
SCR'|M4_£‘4|’ (5)
rae Cp >0 — MOCTOSTHHASL.

4. B [0,T]x[0,7] % (—o0,00)*

|F(t,x,u1,...,u4)|SC-(1+|ul|+...+|u4|), (6)
rae C >0 — mocTosiHHASL.

Toraa cymecTByeT 06061IEHHOE pelleHue 3aAa-

an (1)-(3).

AokazareabcTBo. OIIpeAeArM CACAYIOMUI OIIe-
parop H, aeiicTBylomuii B mpocTpascTe B :
Hu)=V=A/(V), YueB,
TA€ OIIepaTop A, OIMpeAeA€H COOTHOIMEHHAMU

A (V(t,x))= V(t,x)= Zf/n(t)sin nx,

rAe
V,(t)=¢,-e " -

n

'JIMu(V(f,x))sinnx e

00

e (n=1,2,.. €[0,T))

gucaa ¢, (n=1,2,...) onpeaeAeHbI COOTHOIIEHUEM

¢, = E]‘q’)(x)sinnxdx (n=12,..),
4 0
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u

M (V(t,x)) = F(t,x,u(t,x),u (t,x),u_(t,x),V__(t,x)).
OueBupHO,uTO VU € BiT M (u(t,x)) = K(u(t,x)),

rae K(u(t,x)) onpeaeaen cootnomenwue (4).
Terneps paccMoTpuM B B ypapHeHus

u=AH(u), 0<A1<1, (7)
U allpHOPU OLleHHM BCEBO3MOXKHbIE B BET HUX pelle-
Hus. Tak Kak

u=AH@u)=AV=21A,V),
TO HOquaeM, yTo V't €0, T]
lull;, =[2G, =[2V, =

t )
<A -aomz-E-M{M“(V(f,x))} dxdt

2 t
<ayt——:2 [ [{M, (v(e,x) dxde,
TA€ YHCAO a,

@=23(w4,)"

OTCIOAa, noAb3ysich HepaeHcTBoM (S) u (6), co-

OTHOWEHHeM AV =u AAd V =u, IIOAy4aeM, 4TO
Vtel0,T]:

00
OIIPpEAEACHO COOTHOIIICHUEM

<
”u B,

<a, +i.)tz5(j2 I{n +Iu2(r,x)dx+jui(T,X)dx+

ar 0 0 0

+J.“ix(7’x)dx+J‘V,ix(r,x)dx}dr <a, +E CAT +
o
0 0

10 C2J.{Itf(ﬂ:,x)dx+Iui(r,x)dx+J‘uix(r,x)dx+
Otﬂ 010 0 0
+I)LZV (t, x)dx}dr—a +ﬂ C2+£-C2-

0 a an

.j{?uz(r,x)dx-i-ifui(r,x)dx+

0 L0
h ” 10T
+J.l/lix(7:,x>dx+J.Micx(f,x)dx}dr <a,+——C+
a
0
10 A
i C2 j{ 23 }d <a0+ﬂ CZ
an ) : 3 "
10 t 2
.C?. I{Sﬂ_| +£| ; }d‘[:
Yan AN
10T ., 5+l
R L0
(0 a 5 -
Us (8), mpumenus nepasencTso Beaamana, no-

quaeM:
.T}Ec;

5, S( 0+E-C2J-exp{—5(ﬂ+l)-C2
a a

2
Takum 06pasom, BceBO3MOXKHbIe B B, . pemmenus u

ay+

[

ypasHenwuii (7) anpuopy orpaHMdeHsl B B . 1, TeM
6oaee, B B,. Toraa, B CHAY yCHACHHOTO NIPUHIIAIIA
[ITayaepa o HEMOABIXXHOM TOUKe, oniepaTop H nMe-
eT B B, HEIIOABIDKHYIO TOUKY U , KOTODASI SIBASIETCS
0606ménnpv pemenuem 3apauu (1)-(3). Teopema

AOKa3aHa.
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O CTPYKTYPAX MATPULL OBPATHbIX
KBJIO4YHO - TPEXAUATOHAJIbHBIM C HYJIEBbIMU
BEAYWUMU BJIOYHO-YIr10BbIMU MUHOPAMU

AnnoTanms. B ctarbe mocTpoeHa HeM3BECTHBIX PaHee CTPYKTYpPa U M3y4eHbI CBOMCTBA ITPSIMbIX
IPeACTaBAEHUI MaTPHIL] OOPATHBIX K GAOYHO — TPEXAUATOHAABHBIM C HYA€BBIMU (uam 6Am3KO HyAe-
BBIMU ) BEAYLIMMU OAOYHO — YTAOBBIMH MHHOPAMIL

KAaroueBbIe cAOBa: MaTpHILA, MIHHOP, IPEACTABACHNS, pellIeHHsI CUCTEMBI, OAOYHO — TPEXAUATO-
HAABHASI MATPULIA, AMHEHAs aATe0pa, BBIYUCAUTEAbHASI MATEMATHKA, IIAOXO 00YCAOBAEHHAs CUCTEMA.

1. BBepenne

AanHast paboTa IOCBsIIeHa TOCTPOEHHUIO U aHa-
AMI3y CTPYKTYPBI IIPSIMbIX IIPEACTABAEHHIT OOPATHBIX
MaTpuL K 6AOYHO — TPEXAUATOHAABHBIM C HyA€BBIMU
(I/IAI/I OAM3KO HYAeBbIMI/I) BEAYLIUME OAOYHO — YTAOBBI-
My MHHOpamu. V3ydeHre CBOJICTB SIBHOTO BHAQ 00-
PaTHBIX MaTPUI] U 3HAHHE UX MATPUYHOM CTPYKTYPbI
HeOOXOAMMO IIPH TOCTPOEHNH IIPSIMBIX (He UTPeLOH-
me) METOAOB PEILIEHIS [IAOXO O0YCAOBAEHHBIX CHCTEM
AVIHEFHBIX aATeOpandecKux ypaBHeHu. L3BecTHO, 4O

PELIEHIS IIAOXO OOYCAOBAEHHBIX CHUCTEM AMHENHbIX
aArebpanyecKyx ypaBHEHHUM ¢ GAOYHO — TpexAHaro-
HAABHBIMU MaTPHULIAMHU BO3HHUKAIOT IIPU [TOCTAHOBKE
CA€AYIOIIVX 3aAQ4: B IPOLIECCE YNCACHHOTO PelleH s
KPAeBBIX 3aAa4 MATeMATHIECKON PUBNKH; 0OpabOTKH
¥l QaHAAN32 9KCIIEPHIMEHTAABHBIX AQHHBIX B QH3HKe BbI-
COKVIX 9HEPIHIT; MOAEAUPOBAHIS M YNCAEHHOTO pellie-
HHS 32024 TeOQUBHKH H T.A. (M., Hanpumep, [1-6]).

Hrak, mycts C 6AOYHO-TpeXAMArOHaAbHAS Ma-
TpHIja 06L[ero BuAa
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ql 6
1)2 qZ 73
173 qS ’h
C= ,
o (1)
pm—l qm—l rm
pm qm

m
rAe {q(S }LE — AMArOHAAbHbBIE AEMEHTHI — OAOKH Ma-
Tpuws! C, sIBASIFOIIECS B 001eM cAydae KBaApaTHbI-
MH MAaTpPHUIJAMU Pa3AMYHbIX Pa3MEPHOCTEH, a | P: s

nfrf,

ku Marpurpl C, sBAsIOIUecs B ob1IeM cAydae Ipsi-

— IIOA (HaA) AUATOHAaAbHBIC JAEMEHTbBI — 6A0-

MOYTOABHBIMU MaTPHUIJAMH, Pa3MEPHOCTH KOTOPBIX
OTIPEACASIOTCS PASMEPHOCTAMH COOTBETCTBYIOIHX
KBAAPATHBIX MaTPHIJ {qé,l Udeg, s

2. IIpsiMble mpeACTaBA€HHSI OOPATHBIX MaTpPHI]
K 6AOYHO-TPEXAMArOHAABHBIM C HyA€BbIMH BEAYIIIH-
MU OAOYHO — YTAOBBIMH MHHOPAMHL.

B pa6orax [1, 7-9] noay4eHsl pe3yAbTarsl 1Mo
Pa3AMYHBIM IPSIMbIM (paKTOPH30BAHHBIM IPEACTAB-
AeHUSM B;; — aAeMeHTOB — 6AOKOB 06paTHO¥ MaTpu-
upt k C(1) mpy HAANMHMH Y HEé AMIIb OAHOTO BepXHe-
rO MAU HIDKHETO HAU OAHOBPEMEHHO OAHOTO
BEpPXHETO U OAHOTO HUXKHETO HYAeBbIX (MAM 6AU3KO
K HyAEBbIM) BeAYIIUX GAOYHO-YTAOBBIX MHUHODOB
(TTop BeAyIHMH {A f}g”:l — BEPXHUMH U {A?}gll — HIDK-
HUME 6A09HO-yTAOBBIMU MuHOpamH C (1), mommMa-
IOTCSI OIIPEACAUTEAN BEAYIIHX yCeYeHHBIX IIOAMA-
TpHI] C!™ u C',, HaumHaromuxcs ¢ q, 4 4,
COOTBETCTBEHHO). IIpu 3TOM HMCIOAB3OBaHbI, BBe-
ACHHbIE HamH B pabore [9] B cayuae obpamenus
B HYAb HEKOTOPBIX UX BEAYIIHX BePXHHUX (HIDKHHX)

C(1), o606mennsie MaTpudHble (IIpOLECChl) — MO-
CAEAOBATEeABHOCTH BHAQ:
Ecnu det(A,)#0,mo A, =q. —p.A;'r., A, =4q,,
(det(ql)¢0),§ =2,...,m. 2)
Ecnu  det(A,)=00ns nt06020 & us (3 <éL m—l),

moA.,=%tnol,,=q,,,eledet(q,,,)#0
Ecnu  det(G,)#0,mo G, =q. —1.,,G; ' p; .

=4, (det(q,,)#0),E =m—1,..,1. (3)
Ec;tu det(G,) =0 025 1106020 & us (2 <E<m— 2)
moG,  =4Hn0G, ,=q, , 20e det(qé_l) #0

B pa6ore [9] ycTaHOBAEHR, 4TO, €CAM AAS TOCAE-
AOBATEABHOCTEH MaTpPHUI} {A}(Z) u {G}(S) BBIIIOAHS-
€TCSI OAHO 3 CAEAYIOIIUX YCAOBHIL:

[det(A,,,)=00ns nr06020 k us (2 <k <m-—2),
+1

{det(A,) =0} ]—

E=k+3

I.<{no {det(Aé) #* 0};:2 ,
[Af =0 0ns 06020 kus (2 <k < m—2)];
[det(G, ) =00ns ar06020 kus (2<k<m-2),
I1.4H0 {det(G,) # 0} ,{det(G,)#0} "]
[A;”H 0 0nst nro6ozo kus (2<k<m-— 2)];
det(G,) =0 0ns nr06020 k u3 (2 <k<m- 2),
Ho {det(G,) # 0} {det(G,)# 0} Ju
[det(A,,,)=00ns nw06020 kus (2<k<m-2),
no{det(A,) %0} {det(A,) %0} |-

E=k+3
[AF=0unAy, =0
00HO8peMeHHO 015t 1106020 k U3 (2 <k<m- 2)—‘,

1.

TO obparHas marpuna B=C ~ umeer CACAYIOIIYIO

6AO‘IHO-YI‘AOBBIX MI/II;IOPOB HeBprO)KAeHHbIX ManI/II_I CTPYKTYPY B

B, B, i

m], | B BG 5],
B i B ik

B By B iy (Bkk = ka) (Bkk+1 = ka+1) Byt B
- By Biiii (Bk+1k = Xk+1k) (Bk+1k+1 = Xk+1k+1) By iikir Beiam (4)

B By ka

3., P B (5],
B, B,
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ITpu aTOM AAst B; — aneMeHTOB 6AOKOB B(4)
HMEIOT MEeCTO CAEAYIOIUe IMpsiMble GaKTOPU3OBAH-
HbIe IIPEACTABACHUS:

Ipedcmasaenus 1.1 (npu ycaosun I)

B. (A)-I—T.kaz

i<k+1; (S)

)+€Xk+1k+1 j?
k+2§1<]<m,

B B ( )+ 39, Gy I
[Bij(A)]zz k+2§(1:])ﬁm,
Bij( )+§iXk+1k+lf}’

k+2<j<i<m.

Bkj:kaZj; Bkj:ka+1 >

By, = X2 By =Xarntp

ISjSk—l. k+2£j£m.

B =1, X = 6 X e (6)

B i =T Xy > B =& X k>

1<i<k-1. k+2<i<m.
I:Bij(A):IZI zgiXkaZj’ [Bij(A):|12 =T, X1k >
k+2<i<m, 1<i<k-1, (7)
1<j<k-1 k+2<j<m;

3aech B (4) — (7) onmpepeaensb:
k-1 ~
{Ti = H§=i+1‘:§ }i=1 ) {51 =B, ( ) k+3B§pk+2} a2’

{Zf - ngmﬁé }]: ’{fJ = _rk+2Hé:k+SC§BJj (A)}j’:kﬂ )

3aech B;(A) —snementsi — 6a0ku ycedeHHBIX 06-

(8)

parubix moamarpury B =[C/ (M) u, kak pymx-
LIUH OT IOCAGAOBATEABHOCTH {A | MaTpHIl, COOTBET-

CTBEHHO MOT'YT OBITH ITPEACTABACHBI B BUAE

Bz] (A) C1+1B1+1] (A)

1<i<j<k-Lk+2<i<j<m,

B A _ Bu(A) A1+1+C1+1B1+11+1(A)ﬂi+1’

ij( )— 1<(._ . (9)
< 1—])Sk—1,k+2s(1—])£m,

Bij(A):BiiH(A)ﬂiH’
1<j<i<k-Lk+2<j<i<m.

IIpedcmasaenus 1.2 (npn ycAoBHH 1)
( )+kak§]’
1<i<j<k-1,
Bij(G)—i_?ika%i’
1<(i=j)<k-1,
Bij(G)"‘]ACikaép
1<j<i<k-1
Bl] (G)+ZXk+1k+1TJ’
k+2<i<j<m;
Bl](G)+ZXk+1k+1T”
k+2<(z:])<m,
By (G)+z XkaHT],
k+2<j<i<m.

(10)

B, :kaéj’ By; =ka+1%f’
Bk“j =Xk+1k§j’ Bk+1j :Xk+1k+1;j’
1<j<k-1 k+2<j<m.
Z?ka’ B, :gikav (11)
tk+1 kakH’ Bk+1j:2iXk+1k+l’
1<i<k-1. k+2<i<m.
I:Bij( ):I kakHT]’ [Bij(G)Jn = 2k éj’
1<i<k-1, k+2<i<m, (12)
k+2<j<m. 1<j<k-L
TAE
~ - k1 (a
{éj :_pkng §+1 7 (G)}jfl, { 5 k+2ﬂ }J k2
A SR ¢
(7.=-B,(@nCpan) ), =T .

3aech B, (G) — DAEMEHTHl — 6AOKH ycequHblx
IIOAMATpUL} Bk T =[CHY(G) M u B, =[ClL(G)] T kak
QYHKIIUH OT IIOCAGAOBATEABHOCTH {G} MaTpHI, CO-
OTBETCTBEHHO MoryT OBITH TIPEACTABACHbI B BUAE
B,(G)=B,,(G)b,
ecnul]i< jJk-1;k+2Ji < jJm,
ij(G) _ B,(G) :'Gi'}l'+ ¢iB, i,l(G)bf, |

ecnu 1](1 =)Jk-Lk+2J(i=j)]m,

B,(G)=ciB,, ,(G),
ecaul]j<iJk-1;k+2]j <iJm.

(14)
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Ipedcmasaenus 1.3 (npn ycaosunm I1T)
B;(AG)+ f . Xyz)»
1<i<j<k-1,
Bii(A’G)-i-?ikaZi’
1<(i=j)<k-1,
B,(AG)+f Xz,
1<j<i<k-1.
Bij(A,G)+ZiX
k+2<i<j<m,
Bii(A’G)"‘;iXkﬂkﬂ i
k+2<(i=j)<m,
B,(A,G)+ziX
k+2<j<i<m.

I:Bij(A’G):'11 -

(18)

k+1k+1J j>

[Bij (A’G)L -

k+1k+1J j>

B, = Xuz), B, =X
= Xk B, =X

k+1j

kk+1J >

Bk+1j
ecaul<j<k-1.

k+1k+1/ 5>

ecauk+2<j<m.
B, =fXu B =ziX,

By kak+1’ B =2iXi 000
ecaul<i<k-1. ecmuk+2<i<m.

(16)

I:Bij(A’G):LZ = fiXikn i
1<i<k-1,
k+2<j<m.

[B,;(A6)],
k+2<i<m,
1<j<k-1.

(17)

=ziX 02>

rAe

~

~ - e ~ k-1 ; A ym
{fi =-B; (A’G)ngt-#lﬁirk }i=1 > {Zi = Hg:kucé }I_:k+2 >
k k-1 = " ( 18)
{Z‘ =11 :j+1ﬂ§ }':1 > {fl = _rk+2H§:k+3C§Bjj (A’G)}j:k+2 :
3aech B; i(AG) — aaemeHTBI-6A0KH ycequHblx
IOAMATPHIY Bk '=[CIU(AG)] T u By, =[ClL(A,G)]
IIpu >mom HewsBeCTHbIE {[ka(A),X e (A,

k+1k(A) Xk+1k+1 A)] [ kk G) ka+1(G) Xk+1k(G) Xk+1k+1(G)]

Kak QYHKIHH OT TocaepoBaTeabHOCTH {A} 1, {G}
MaTpHII, COOTBETCTBEHHO MOT'YT OBITD IIPeACTaBAE-
HBI B BHAE

Hé i+ JJ(A G)
1<i<j<k-1,
k+2<i<j<m.
B(AG)IT.,, ..
1<j<i<k-1,
k+2<j<i<m.
B(AG)ILL,,B.,
1<i<j<k-1,
k+2<i<j<m.
M., c:B,(A,G),
1<j<i<k-1,
k+2<j<i<m.
Hé i+l 5BJJ(A G)
1<i<j<k-1,
k+2<i<j<m.
ng ]+165B]j(A,G),
1<j<i<k-1,
k+2<j<i<m.
B,(AG)IL,.B..
1<i<j<k-1,
k+2<i<j<m.
By (AG)IT_,., B
1<j<i<k-1,
k+2<j<i<m.

Bij (A’G)= (19)

Eij(A’G):

(20)

B,(AG)=

3aech, B (8) — (20)
ﬁ§+1 = _(p§+1A;fl)’ Cen =~ (A;Argﬂ)’
1<E<k-1k+2<E<m—1;
Béﬂ :_(p§+1G§_i1)>25+1 (G§+1rg+1)
1<§ <k-2k+1<E<m—1;
B.=(A,,+G.,—q.) ,1<E<k-Lk+2<&E<m,

noczteéosameﬂbﬂocmu mampuy, {A} u {G} onpedenetvl 6

(21)

coomeemcmeuu ¢ (2)—(3)
[ka(A’G)’kaH(A’G)’Xk+1k(A’G)’Xk+lk+l(A’G>]} -
aaeMeHTbl — 6roku B B(8), kax ¢ymxnum or
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Aub60 {G}
OAHOBPEMEHHO KaK QYHKI[IH OTIIOCAEAOBATEAHOCTEN

IIOCACAOBATCAPHOCTH {A} AN

{A} u {G} IIp1 COOTBETCTBYIOIMUX YCAOBHAX, MOT'YT

OBITP HAMAEHBI M3 CACAYIOIIUX MATPUYHBIX

YPaBHEHHI:
IIpn ycaoBum I

|:Ak+1 Ten :|{ka(/\) Xy (A) } _ |:Ekk :|
Pra @ = Q) || Xk (A) - Xippn (A) Ei i '
TAE Qk+1 (A) = rk+sz+2k+2 (G)pk+2 . et

ITpuarom (qy,, — Q,.,) =Gy, ecan {det(G};) # 0} ~

E=k+1"
IIpn ycaosum 11

[(Qk -Q) rk+1:||:ka(G) X (G) } _ |:Ekk }
Pra G | Xiea(G) Xy (G) B ]
rAe Q (G) =P Bk+1k+1 (A) Ty Ilpn 9TOM
(g, — Q) =A,,,, ecan {det(Ag) * 0}2:2
IIpn ycaoBum I11
|:Ak+1 Ten }{ka((i/\) X (G A) } _ |:Ekk }
P G [ Xiik(GA) X110 (G A) Epn |
3aMeuanue. CnpasepauBocTH BBIIIIE

TIPUBEACHHBIX IPEACTABACHHI AAS B 9AeMeHTOB —
6A0KOB 06parHOil MaTpuLpl B=C "' ycTaHOBAEHBI
[9] Ha ocHOBe MPOBepKU OCHOBHBIX paBeHCTB B C =
E= CB. Tlpu 9TOM CA€AyeT BOCIIOAb30BATHCSI
CAeAYIOIMH MATPHYHBIMH paBeHcTBaMu [ 9 ]:

B§+1 §+lﬂ§+1 4

B, . Bew = CeuBeicn s
ons ecex 1<E<k-2; k+1<&<m—1,

cenB,

TA€  MaTpPHLIbI { Certs PBeas Cens .ng B } -
onpepeneHs B (21).

3akarouenne. Takum 06pa3oM, Bblille U3yIeHbI
paHee HEM3BECTHOM CTPYKTYPbI MapHI] OOPaTHBIX
B=C"
HAM OAHOBpEMEHHO BepXHeMy U HIDKHeMY HyAeBbIMU

CAyYae II0 OAHOMY BEPXHEMY HAHM HIDKHEMY

(I/IAI/I OAM3KO K HYAeBbIMI/I) BeAyLIIUMH OAOYHO —
YTAOBBIMM MHHODAMH MAT PHIIbI C( 1) IIpu aTom pAas
9AEMEHTOB BU YCEeYeHHBIX IIOAMATPHI] Bk ! =[C, Ty

Bzﬁz = [Cgiz]_ IIOAYYE€HbI PA3AUYHBIE IIPEACTABACHHSL.
OTMeTuM Taxoke 4TO, 3TH Pe3yAbTaThl HAMU Ob1AK
HICIIOAB30BaHbl IIPU KOHCTPYMPOBAHUU PeEIlEHU
IIAOXO AVHEMHBIX

o 6YCAOBAeHHbIX CHUCTEM

aArebpanyecKiX ypaBHEHHIT 001Iero BHAQ [8,9].
AZ =F, (22)
rae  A=(a;) KBapparHas HAH
IPSIMOYTOAbHASI Pa3MEPHOCTH 11 X 11 BelljeCTBEHHAs
MaTpuija obmero BHAQ, i = 1,...
Z=(z
N 1 M-MepHbIe BEKTOPbI COOTBETCTBEHHO.

IOopsAKa T

,ymyj=1,...,n,

1sesZ,,) — HCKOMBIH F = (fiseer f,,)" — 3AQHHBII
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Abstract. The article presents the study of the relevance of alternate wheat growing in the south

of Ukraine. It is established that the introduction of mineral fertilizers contributes to the sustainable

growth of grain productivity of plants in all varieties ranging from 31.4 to 107.7%. It is established that

mineral fertilizers have the greatest influence on the formation of productivity of wheat plants — 61.9%,

and the share of influence of sowing time and varietal composition is 12.8 and 5.9% respectively. 7.4%

is for the influence of unaccounted factors.

Keywords: alternate wheat, yield, fertilizers, importance of growing, wheat varieties, alternate

wheat Arabatka, alternate wheat Clarice.

The grain product is the most important among
the branches of the agro-industrial complex of
Ukraine. It is the basis of the agro-industrial com-
plex of Ukraine. It is the grain economy that forms
the food fund and a significant share of exports,
provides the livestock industry with feed grain, and
creates state reserves.

The strategic sector of the Ukrainian economy
is the grain sector. It defines both the supply and
value of basic food for the population of the country,
including grain processing and livestock products,
and forms a significant share of the income of agri-
cultural producers.

It determines the volume of supply and the value
of the main types of food for the population of the
country, including grain processing and livestock
production, and forms a significant share of the in-
come of agricultural producers.

Wheat occupies the first place among the cereal
crops and it is the leading food crop in Ukraine. This
shows to the great economic importance of wheat.
Nowadays, agricultural enterprises are interested
in obtaining high and good-quality grain harvests.
Therefore, there is a need to use alternative sowings
areas such as alternates. By the type of development,
duration of ontogeny, relation to environmental con-
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ditions and, above all, temperature regime of wheat of
the genus Triticum L., like some other annual plants,
there are winter, semi-winter, spring and alternate
plants. Spring crops include forms of wheat, which
at spring sowing in the first year of vegetation, have
the ability to earing, blooming, and forming seeds.
Winter crops are varieties that are not able to form
earing during spring sowing, but that bloom, mature
and yield only next year. The group of semi-winter
varieties includes varieties sown in areas with along
autumn period and relatively moderate and slightly
frosty winter. Alternate varieties include forms that
earing, both in late autumn and early spring sowings,
that is, they have the ability to develop during spring
and autumn sowing.

One of the limiting factors for widespread dis-
tribution and introduction of alternate varieties into
production is low, in comparison with winter wheat,
frost- and winter resistance. Another requirement
for varieties of this type is the high yield in autumn
sowings and for spring wheat — in spring sowings.
Recently, disturbances of crop rotations have been
increasingly observed, and unreasonable increase in
sowings areas for cultivated and late industrial crops
is widely practiced, which leads to the insufficient
sowing and as a result to the shortage of winter and
spring wheat.

For their rapid introduction into production, it
is important to study their agrobiological character-
istics. Therefore, a comprehensive evaluation of va-
rieties and technologies of cultivation, the study of
ecological plasticity and adaptability has scientific,
economic and national value and research on this
scientific subject are quite relevant [2, 50-51].

Field and laboratory tests are conducted during
2017-2020 in the Kherson region of Chaplinka dis-
trict, Dolinske village.

In order to study the productivity of alternate
wheat in the south of Ukraine, varieties of alternate
soft wheat of Arabatka and Clarice are studied.

The experiment studied:

(A) varieties: alternate —Arabatka and Clarice;

(B) sowing dates: autumn: first decade of Octo-
ber; the third decade of October; the first decade of
November; the third decade of November;

(C) control — without fertilizers;;;

The studies are conducted with a forecrop of
weedfree fallow.

Agrotechnics is common to the Steppe zone of
Ukraine, except the studied elements.

The sowing was performed with the seeder
S$Z-3.6 in the unit with the MTZ-80 tractor.

The land use territory of the farm is located in
the second (southern) agro-climatic region of the
Kherson region, which climate is very warm and arid.

Kherson region is the driest region of Ukraine.
The most part of precipitation are rainfalls in sum-
mer. Snow cover is unstable and lasts for several tens
of days, and in the coastal part of the region even less
— about 15 days.

The Kherson region’s climate is characterized by
dry winds (strong winds of more than S m/s) at low
humidity (less than 30%) and high air temperatures
(above +25 °C). They adversely affect the develop-
ment of crops, which leads to a significant decrease
in their yield.

Other crop adverse weather conditions during
the growing season include hail, heavy rain, heavy
showers, strong winds and dust storms.

According to the aggregate indicators of agro-
climatic resources during the active growing season
of crops (sum of positive air temperatures, rainfall
and hydrothermal coefficient), the territory of Kher-
son region is divided into two agroclimatic regions:
northern — with the high level of heat supply, arid
and southern — with the high level of heat supply,
very dry (where the farm is located). In winter, there
is usually thaw, the number of days with which in
the period December-February ranges from 58 to 67,
which leads to a decrease of plants frost resistance.

After prolonged thaws in the presence of snow
cover, there is a significant likelihood of its destruc-
tion, which contributes to the formation of ice crust
on the fields. An icy crust with a thickness of 10 mm
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or more and a deposition duration of three decades
or more is observed in 10% of years (once every 10
years) [1,48].

The soil cover of the territory of the farm is rep-
resented by dark-chestnut residual saline soils of me-
dium and heavy-loam of mechanical composition.

Soils are characterized by a clear division of the
profile into two genetic horizons: humus-eluvial
with a strength 0f 25-32 c¢m, dark gray with a brown
tint, and humus-illuvial horizon to a depth of 52-58
cm, dark brown, compacted of nutty structure. The
transition between layers is gradual.

Dark chestnut soils are characterized by a devel-
oped humus profile of up to 55 cm in strength, with
boiling from HCl from a depth of 71 cm, with picking
horizon of “white soft spot” from 78 to 107 cm. Arable
soil is dry up to 30 cm, dense, dark gray with a slight
brownish tinge, medium-loamy, has many plant roots,
no boiling from HC], the transition is gradual.

Soil-forming rock is “les” (type of parent soil) in
mechanical composition, the les is heavy and medi-
um-loamy, at a depth of 2.5-4.0 m the les contains
easily soluble salts and gypsum [4, 4-7].

In the experiments, according to existing meth-
ods, phenological observations, accounting for field
germination and plant densities, damage by pests
and diseases, winter hardiness, analysis of photo-
synthetic activity and crop structure are conducted.
It is planned to determine the area of the leaf sur-
face by scanning the leaves of wheat using the Area$S
computer program. Soil moisture is determined by
the sensory method, total water consumption and
average evaporation, water consumption coefficients
and other indicators of the water regime of the soil -
according to “Methodical recommendations for con-
ducting field experiments in irrigation conditions”
Harvesting and accounting are carried out in the
phase of full maturing of the grain. Cost-effectiveness
is calculated according to general production stan-
dards and taking into account all costs, direct and
overhead. Energy efficiency is calculated according
to the method of V. O. Ushkarenko and others. The

results of the crop accounting will be processed by
methods of disperse and statistical analysis using the
computer program “Agrostat” developed at Kherson
State Agrarian University [1, 11, 12].

The functioning of agriculture and crop yields
depend on a large extent on agro-climatic condi-
tions, especially heat and humidity. Agroclimatic
conditions, in general, are satisfactory throughout
Ukraine for the cultivation of field crops, but during
each period of the vegetation cycle they have a differ-
ent need for heat and moisture, due to the peculiari-
ties of their growth and development [1-3].

Global climate change has been occurring on the
planet in recent decades. Such changes are especially
relevant for the agricultural sector of the economy,
they have both negative and positive consequences,
which are mainly related to warming. The threat to
the grain industry is associated with the accompany-
ing warming, which leads to prolonged droughts, as
well as a tendency to increase the likelihood of ex-
treme hydrometeorological conditions that could be
detrimental to agriculture. Changes in temperature
and precipitation cause significant changes in the
agro-climatic conditions of the plant’s development
during each interphase period of the vegetation cycle,
resulting in a change in their contribution to the har-
vest of the field crops and, eventually, the crop itself.

The most important factor in warming is the
recurrence of droughts in the autumn and spring-
summer periods, as well as the extension of the au-
tumn vegetation period of winter wheat, harsh win-
ters, accompanied by thaws, and often rainfalls with
warming and revegetation several times during the
winter. The shift of sowing dates to the later ones
in recent years is also associated with a large satura-
tion of crop rotations with unconventional forecrops
(stubble, corn for grain, sunflower, soybean). In ad-
dition, under the influence of natural and anthropo-
genic factors, the phytosanitary situation in the fields
has significantly worsened [S].

Such changes require a detailed study of the ef-
fects of climate change on the productivity of field
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crops and the development of measures to mitigate
the adverse effects caused by changing agroclimatic
conditions.

The formation of a productive stem, the number
of grains in the ear, the mass of 1000 grains requires
optimal amount of moisture and nutrients, which are
made with the help of effective growing technologies
and depends on the sowing time and seeding rate. It
is possible to achieve the planned yield by combin-
ing the technology of cultivation with the specific
hydrothermal conditions of the year. First of all, it is
necessary to sow in optimal terms with optimal re-
gime taking into account the biological requirements
of wheat and the parameters of natural factors that
change during the growing season [4, 7].

Sowing dates have a complex effect on the growth
and development of wheat plants, which in turn af-
fects the reproductive processes and, of course, the
yield. In the present conditions, given the weather
conditions, the forecrop and biological features of
the variety, the sowing time of winter cereals is ad-
visable to shift somewhat later than it is traditionally
recommended [2, S0-51].

Phenological observations in the experiments
showed that the onset and duration of individual
interphase periods vary significantly depending on
the sowing time and, to a lesser extent, under the
influence of varietal composition. Shifting the sow-
ing time from the first decade of October to later
dates caused the extension of the interphase periods
by 3-12 days. The growing season was the highest
(at 161 days) in the Arabatka variety at sowing in
the first term (October 10). The same term prevailed
with Claris varieties (160 days).

High wheat yields are directly dependent on bal-
anced doses of NPK and trace elements. The main
factor for stable and profitable grain production is
the introduction of innovative winter wheat varieties
with cultivation technologies that meet the needs of
the variety [6].

An important component of the development of
plant nutrition systems is the use of complex physio-

logically balanced formulations. Particular attention
should be paid to the creation and use of complex
fertilizers for foliar fertilization, which can signifi-
cantly increase the nutrient absorption rate and re-
duce the flow of toxic substances into the environ-
ment. Mineral nutrition should also be balanced on
the elements with due regard to the soil and climatic
characteristics of the particular growing region. In
general, 60% of the expected maximum of the total
absorption of nutrients occurs in the second half of
the growing season both for winter and spring wheat
[8,86-89].

The introduction of phosphate-potassium fertil-
izers, which contribute to the better development of
the root system and the accumulation of sugars, has
a positive effect on winter wheat hibernation. These
nutrients are especially valuable for winter plants in
the beginning of the growing season [7, 38-40].

The introduction of mineral fertilizers provided
the best results with the increase of grain yield at
optimal sowing time for varieties: Arabatka — 32,8
63,7; Clarice — 36.8-96.7%. On average, factor C, the
use of mineral fertilizers contributed to a significant
increase in yields in the range of 35.2-69.1%.

The analysis of variance of the obtained data al-
lowed establishing the maximum impact of fertil-
izers (factor B) on the productivity of wheat, the
impact of which increased to 61.9%. The studied au-
tumn and spring sowing periods (factor B) caused
the formation of grain yield by 12.8%. Among the
studied factors, varietal composition (factor A) had
a minimal effect on plant productivity — 5.9%. Ac-
cording to the results of the comparison of interac-
tion of factors that were put to study, it was proved
that the largest — at 5.5%, it was for the ratio of BC
factors. The impact of residual factors, which in-
clude, first of all, the difference between the weather
conditions and the elements of wheat agricultural
that were not studied was 7.4%.

Conclusions. Innovative developments of do-
mestic breeding scientists who create new forms of
wheat - alternate wheat, can be successfully used in
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the production environment of southern Ukraine.
These varieties are capable of forming high and
steady yields both in autumn and in spring sowings,
have a high level of adaptability and productivity.

It is determined that shifting the sowing time
from the first decade of October to the later dates
delayed the onset of regular interphase periods by
3-12 days. The varieties Arabatka and Clarice alter-
nate wheat showed a decrease in the growing season
during sowing in the third decade of November.

The varieties of alternate wheat showed a wavy
tendency to decrease yields. The introduction of
mineral fertilizers contributes to a steady increase in
grain productivity of plants in all varieties ranging
from 31.4 to 107.7%. It is set that mineral fertilizers
have the greatest influence on the formation of pro-
ductivity of wheat plants — 61.9%, and the share of
influence of sowing terms and varietal composition
is 12.8 and 5.9% respectively. 7.4% account for the
influence of unaccounted factors.
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Abstract. The fact that in recent years the areas planted with fruits in the Korga region have been

growing and mainly those cultivated with apples shows a positive side for increasing the quantity

and quality of production. But on the other hand, this increase has led to a number of problems

for fruit growers, mainly for apple growers in the Korca region, where one of the most prominent

is the protection against diseases and pests where the most problematic is Coodling Moth (Cydia

pomonella). The situation becomes even more problematic where growers find it difficult to find the

most suitable and effective insecticide preparation for protection against this pest. Therefore, in this
study, we tested three preparations with active ingredients granulovirus, indoxacarb and diflubenzuron
and compared the infection percentuage rate from coodling moth in two Golden Delicious and Star

King apple varieties.

Keywords: coodling moth, infection percentage rate, F factic and teoric, boxplots diagram.

1. Introduction

In Korca district, apple is one of the main fruit tree
crops. It represents 80% of the total number of fruit
trees. In recent years this culture has expanded widely,
with alarge number of traditional and young cultivars
which are well prefered by the domestic and foreign
market. The new technologies that are being applied
to the apple are the most modern and consequently its
production has been increased year by year [1].

Fruit production is concentrated in the region of
Kor¢a with about 23% of the number of fruit trees
and 30% of total fruit production, followed by the
regions of Elbasan, Berat, Fier and Dibra. Production

from the Korga region accounts for more than half of
Albania’s total apple production the region has about
1.4 million apple trees. In the Korga area there is an
early tradition of apple production more than */, of
the fruit trees in this district are apples. Favorable
soil and climatic conditions and technical knowledge
have made this district an apple producing leader,
which is also recognized by consumers. Within the
district of Korga, the district of Korga has about 1
million apple trees, followed by Devolli, Pogradec
and Kolonja regions [2].

However, it has not only positive sides because
all this increase in apple cultivated area, increased
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production and introduction of new varieties has led
to the addition of a number of problems faced by apple
farmers and growers in the Korca region on a daily ba-
sis. Where the problem of protection from pests and
diseases is the main issue especially in apple culture.
Affected by a variety of diseases such as scab, powdery
mildew; fire blight and pests such as coodling moth,
aphids, mites and San Jose Scale. But the most danger-
ous pest for apple growers in Korca region is definitely
the Coodling moth (Cydia pomonella) [1].

Adult moths are 0.5 inch wide, with alternat-
ing gray and white bands on the wings and a cop-
per band on the wing tips. Larvae are whitish with a
black head when immature, and pinkish with brown
heads when mature. Larvae are 0.1 inch long at hatch
and 0.8 inch long at maturity. Pupae are brown and
about 0.75 inch long. The eggs are very tiny and
rarely seen. Larvae feed directly on the fruit, boring
into it and feeding within. Larvae bore into the fruit,
leaving a characteristic tunnel filled with frass that
extrudes from the hole on the fruit surface. Entry
holes may be anywhere on the fruit [3].

There are two types of damage: stings and deep
entries. Stings are shallow entries where a larva bur-
rows into the flesh and then dies or a larva briefly
feeds at alocation then abandons that site and moves
to another location. Deep entries occur when alarva
bores through the flesh of the fruit, eventually arriv-
ing at the center of the apple or pear where it feeds
primarily on seeds. Both types of damage make
fruit unmarketable, but deep entries are a problem
in stored fruit because bacteria and fungi associated
with the entries enhances fruit rot [4].

Referring to the above facts about pest risk, the
situation becomes even more problematic where
growers find it difficult to find the most suitable
and effective insecticide preparation for this pest.
Therefore, in this study, we tested three preparations
with active ingredients granulovirus, indoxacarb and
diflubenzuron and compared the infection percentu-
age rate caused from coodling moth in two Golden
Delicious and Star King apple varieties.

2. Materials and methods

To compare the infection percentuage rate from
coodling moth an experiment was conducted on a
100 m* area with 240 apple trees separated from a 5
ha plot cultivated with apple in Dvoran village of Ko-
r¢aregion. The two main varieties of apples sampled
were Golden Delicious and Star King, each repre-
senting al and a2 variants which were divided into
separated rows. To facilitate the experiment and to
make it more distinct from each replicate, for each
variant were selected and labeled 10 apple trees such
as P2 al b3. Based on the monitoring of pheromon
traps it was possible to determine the proper time
for application of chemicals (insecticides) with ac-
tive ingredients: granulosevirus, indoxacarb and
diflubenzuron which constituted in themselves the
variants b1, b2 and b3. According to each generation
of pest was applied insecticide, at the end of May
was realized for the first generation and at the end of
the third week of July it was realized for the second
generation. The block which was used as a control
was located on the same parcel and it was not treated
with any kind of chemical preparation (pesticide).

In terms of determining the infection percentu-
age rate, were carried out two monitoring, the first
monitoring to determine and compare pest damage
for the first generation were carried out in early July,
while the second monitoring to determine and com-
pare the second generation damage was realized at
the end of August. For this purpose ten labeled apple
trees were analyzed per each apple tree were taken
for analyse ten fruits, 100 fruit trees in total. The rate
of infection and the percentage of infection indicated
the number of fruits, in percentage, affected per 100
fruits analyzed. All data and results obtained were
uploaded to the respective tables to conduct the data
analysis as given below.

3. Results and discussion

Data on the infection percentage % rate in fruits
for each variant for all three replicants in both Golden
Delicious and Star King cavities for both generations
studied for 2018 are presented in tables 1.1; 1.2.and
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pictires 1.1; 1.2; 1.3; 1.4. From the data presented in
the tables and pictures we see that:

Infection percentage % rate in fruit for each vari-
ant for all three replicates in both cultivars Golden
Delicious and Star King for both generations stud-
ied for 2018 shows that in both variants where we
treated with active ingredient indoxacarb, difluben-
zuron dhe granulovirus infection percentage % rate
in fruit in the cultivar Golden Delicious it was 0%,
0.3% and 2 for the first generation. Compared this
with the cultivar Star King were the infection per-
centage % rate was 3% in treatments with indoxa-
carb, 2 % and with diflubenzuron and 3.3 % in the
treatments with granulovirus for the first genera-

tion. As for the second generation in both variants
where we have treated with indoxacarb and difluben-
zuron, infection percentage % rate in fruits in the
varity Golden Delicious was 0.3% while in the vari-
ant treated with granulovirus infection percentage
% rate was 8.6%. While at the cultivator Star King
infection percentage % rate in fruits for the second
generation at the variant treated with indoxacarb,
diflubenzuron and granulovirus infection percentage
% rate has been respectively 3.3%, 1.6% and 12.6%.
In comparison with the control plot where infec-
tion percentage % rate was 7—10 times higher in the
first generation and more than 25-27 times in the
second generation.

Table 1.1. — Data on Infection percentage (%) rate of infection in fruit
for each variant for all three replicant in both Golden Delicious and Star
King cultivars for both generations studied for year 2018

. Golden Delicious a, Star King a,
Year | Gener Preparation P | P, Y | Mes | P, P, 2 Y | Mes
A.i. granulosevirus | 2 2 6 2b 4 3 3 10 | 3.3b
A.i. indoxacarb 0 0 0 0Ob 2 2 3 7 |23b
A.i. diflubenzuron | 0 1 1 |03b| 2 3 1 6 2b
I |Control 6 | 10 | 13 | 29 [96a| 12 | 16 | 13 | 41 |13.6a
Sum 8 13 15 36 | 119 | 20 24 20 64 | 21.2
Avarage 2 325 3.7 9 [297] § 6 S 16 | 5.3
5018 LSD Lsd = 2.87966 for p 0.05 according to the test Dunnett’s
A.i. granulosevirus | 11 | 6 9 26 | 8.6b | 13 11 14 | 38 |12.6b
A.i. indoxacarb 0 0 1 1 [03c| 3 4 10 | 3.3c
A.i. diflubenzuron 1 0 0 1 [03c| 2 1 2 S | l.6¢
II |Control 30 | 35 | 40 | 105 | 35a | 40 38 37 | 115 |38.3a
Sum 42 | 41 50 | 133 | 442 | 58 53 S7 | 168 | 55.8
Avarage 10.510.25] 12.5 | 33.2 |11.05| 14.5 |13.25| 142 | 42 |13.95
LSD Lsd = 2.87966 for p 0.0 according to the test Dunnett’s

Note: a the highest level of authenticity for Lsd = 2.87966 per p 0.0S and C the lowest level of authenticity for

Lsd = 2.87966 for p 0.0S according to the test Dunnett’s

In (table 1.2) are presented the results of One -
way ANOVA analysis of variance (Oneway Anova)
on the infection percentage % rate of fruit for each
variant for all three replicants in both Golden Deli-
cious and Star King cultivars for both generations
studied for 2018.

Analysis of variance indicates the presence of con-
firmed differences between variants over the infection
percentage % rate for both generations and in both cul-
tivars under study. This is verified by the F — factic val-
ues that are 51** in the first generation for Golden De-
licious variety and 31.65** for Star King and 354.67**
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in the second generation for Golden Delicious variety
and 634.75** in Star King cultivar verified for levels of

P__dheP

0.05 0.01

of the probability which is bigger than
the teoric F values that are 4.75 and 9.779 (Tabela 1.2)

Table 1.2 — One - way ANOVA analysis of variance for the infection percentuage %
rate in apple fruit according replicants for all three variants in the study year 2018

ANOVA
Gener. | Cultivars Sources of Quadratic | Freedom | Quadratic F factic F teoric
variation sum Degrees mean 95% | 99%

Variants 184.6667 3 61.5556 19.6106 | 4.75| 9.779

Replicant 6.5 2 3.25 1.0354 | 5.14| 10.92
1 |Goldendel iy i 1ee 1883333 | 6 3.13889

Total of error 210 11

Variants 280.7 3 93.55556 | 60.14286 | 4.75 | 9.779
1 Star king Replicant 2.667 2 1.333333 | 0.857143 | 5.14 | 10.92

Mistake 9.333 6 1.555556

Total of error 292.7 11

Variants 2426.917 3 808.9722 | 93.64309 | 4.75 | 9.779

Replicant 12.16667 2 6.083333 | 0.70418 | 5.14 | 10.92
2 |Goldendel fypici ke 51.83333 6 8.638889

Total of error 2490.917 11

Variants 2579.333 3 859.7778 | 719.814 | 4.75| 9.779
5 Star king Replicant 3.5 2 1.75 1.465116 | 5.14 | 10.92

Mistake 7.166667 6 1.194444

Total of error 2590 11

Note:**: Verified for the level of probability 1%(p < 0.01);*: Verified for the level of probability $%
(0.01 =< p < 0.0S) ;ns: Without verified probability (p > = 0.05)

Comparison of the F — factic values of the repeti-
tions with those of the tables shows that the repeti-
tions do not yield statistically significant differences

cause the actual F — factic are smaller than F — teoric

which shows that our experiment is set up in the cor-

rect conditions and allows us to continue the data

for both levels of veracity P = 0.05 and P = 0.01 be-  analysis.
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Picture 1.1. Boxplots diagram (variances, standard deviation and mean) for
the infection percentage % rate of Golden Delicious apple fruit for the first
generation of pests by repetition for all three variants in the study Year 2018
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Picture 1.2. Boxplots diagram (variances, standard deviation and mean) for
the infection percentage % rate of Star King apple fruit for the first generation
of pests by repetition for all three variants in the study Year 2018
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Picture 1.3. Boxplots diagram (variances, standard deviation and mean) for
the infection percentage % rate of Golden Delicious apple fruit for the second
generation of pests by repetition for all three variants in the study Year 2018
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Picture 1.4. Boxplots diagram (variances, standard deviation and mean) for the
infection percentage % rate of Star King apple fruit for the second generation
of pests by repetition for all three variants in the study Year 2018
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4. Conclusions

From the statistical analysis presented above at

the results and discussions sector based on tables and

graphs, some conclusions were presented as follows:

Infection percentage rate in the first genera-
tion of coodling moth for Golden Delicious
variety when were used all three preparations
granulovirus, indoxacarb and diflubenzuron
were found to be lower up to 0% at those
replicants where indoxacarb was applied;
Infection percentage rate in the first genera-
tion of coodling moth for Star King variety
when were used all three preparations granu-
lovirus, indoxacarb and diflubenzuron were
found to be lower up to 2% at those replicants
where diflubenzuron was applied;

Infection percentage rate in the second gen-
eration of coodling moth for both varieties
Golden Delicious and Star King when were
used all three preparations granulovirus, in-
doxacarb and diflubenzuron realized to be
lower up to 0.3% at those replicants where
indoxacarb and diflubenzuron was applied;
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Abstract. Continuous extension of the list of network services, development of transfer technolo-
gies, and expansion of the user base leads to constant need for increase of data speed transmission at
the level of access. All this promotes widespread introduction in access network of broadband fiber-
optical technologies. The combination of technologies of access on fiber-optical and copper lines is
applied in common when it is necessary to provide the high capacity and optimum access at cost for
home or corporate users. Options of the organization of broadband access by means of the FITC
technology of ring and treelike topology are considered at connection of users’ groups.
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PASPABOTKA BAPUAHTOB OPTAHU3ALIUU
LLIMPOKOMOJIOCHOIO AOCTYIMNA C APXUTEKTYPOU FTTC

AnnoTanms. [TocTossHHOE pacmmpenye CIIMCKa CETEBBIX YCAYT, Pa3BUTHE TEXHOAOTHUM IIepeAddy,
pacuIMpeHne MOAb30BATEABCKOM 0a3bl IIPHBOAUT K IIOCTOSIHHON IOTPEOHOCTHU B ITOBBIIEHUH CKO-
POCTH ITepeAavH AAHHBIX Ha YPOBHE AOCTyIa. Bce 3TO coco6cTByeT MUpOKOMY BHEAPEHHIO B CETU
AOCTYyTIa IIUPOKOIIOAOCHBIX BOAOKOHHO-ONITHYEeCKUX TexHOAOrHil. KoMOMHUpOBaHMe TeXHOAOTUH
AOCTYIIa II0 OITOBOAOKOHHBIM 1 MEAHBIM AUHUSIM IIPUMEHSIeTCSI COBMECTHO, KOrA2 HeOOX0AMMO 0be-
CIIEYUTD BBICOKYIO IIPOITYCKHYIO CIIOCOOHOCTD U OIITUMAABHBIN ITO CTOMMOCTH AOCTYII AASI AOMAIITHHX
HAM KOPIIOPaTHBHBIX ITOAb30BaTeAel. B crarbe paccMoTpeHbl BapHaHThI OpraHU3aLUU IIHPOKOIIO-
AOCHOTO AocTyma ¢ momopio TexHoAornH FIT'C xoAbIieBoit 1 ApeBOBHAHOI TOIIOAOTHH IIPH ITOA-
KAIOYEHMH I'PYIII IIOAb30BATEAEH.
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KaroueBble CAOBa: CeTb AOCTYIIA, ONTHYECKUI AOCTYII, MyABTUCEPBHUCHBIH y3eA A0OHEHTCKOTO

AOCTYIIa, KOM6I/IHI/IPOBaHHbII;I AOCTYII <OIITOBOAOKHO-MEAD>>, BOAOKOHHO- OIITHYE€CKAas AMHM, OII-

TOBOAOKHO AO paCIIpEACAUTEABHOI'O mKa<l)a.

BBeaenne. CeMeliCTBO TeXHOAOTHI IePeAAqr
AQHHBIX 10 BOAOKOHHO-onTHYecKoi Anuun FTTx
(Fiber to the x) mpeaoCTaBAsieT omepaTopy LeAblit
PsIA BO3MOXXHOCTe! IOBBILIEHHsI CKOPOCTH IIepe-
AQYU AQHHBIX U YBEAMYEHHUS YHUCAA YCAYT HA CeTH
poctyma. Apxutexrypa FITC (Fiber to the Curb;
ONTOBOAOKHO AO PACIIPEAEAMTEABHOTO mKada) mo-
3BOAUT B KOPOTKHE CPOKH U C MEHBIIMMU 3aTPaTaMU
PeaAr30BaTh YCAYTH BBICOKOCKOPOCTHOTO AOCTYIIA
OOABIIOMY YHCAY [IOAB30BATEAEH.

BapuaHTbI TOCTPOEHUS ONTUYECKUX CTPYKTYP
aoctyna. Crenapun passeproiBanusa FI1Tx MoxxHO
IIePeYUCAUTD, KOMOUHUPYSI TPH IIApaMeTPa APXUTEK-
Typs1 FTIX: MOAOXKeHHE TOUKU «X>>, TEXHOAOTHS AO-
CTaBKH AQHHBIX B OIITUYECKOI CeTH arperaruu,/ pac-
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IIPEACACHUS AO TOUYKU «X> U TEXHOAOTHUS AOCTYIIA
IMOCAE TOYKHU «X>». COOTBETCTBEHHO AO TOYKH <X>>
rcroab3yeTcsi aktuBHbI Ethernet nau kaxas-au6o us
pasHoBupHOCTel PON; mocae Touku «x>, Kak Ipa-
BrAO, XDSL, Ethernet o mean, nHOTrAa2 6ecripoBop-
noi poctyn (Wi-Fi). Ha ontrueckoM yyacTke Takxke
BO3MOXKHO [IPHIMEHEHHEe TeXHOAOT U1 CIIEKTPAABHOTO
ymaorrenus (8 yactHoctr, CWDM - Coarse Wave
length Division Multiplexing) aast yBeAndenus mpo-
ITyCKHOM CIIOCOOHOCTH U/ MAY yMEHbIIEHHST KOAMYe-
CTBa BOAOKOH.

CaMa ToYKa «X> PaCIOAOXKeHa AUOO Y ADOHEHTa,
AM00 MEXAY AOOHEHTOM U IIOMeIleHIeM y3Aa CBSI3H
oneparopa (IOABE3A AOMa, YAUYHBIN mKad U Ap.)
(puc. 1).
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PucyHok 1. BapmaHTbl NOCTPOEHUS ONTUYECKNX CETEN A0CTYyNa

Ha cxeme moxasaHbI BApHAHTbI OITUYECKOTO AO-
CTyIIa, KOTAQ ONITHYECKHUIT KabeAb IIPOAOYKEH HeIIo-
CPEACTBEHHO:

— A0 obopyaoBanus abonenra (Bapuant FITH
— Fiber to the Home, npu xoTopom ocymecTBasieT-
cst mopkarouenune repmurasa ONT Boxuaume y abo-
HeHTa),

— AO 3AQHHS MAM MHOTOKBAPTHPHOTO >KHAOTO
poma (Bapuant FII'B - Fiber to the Building, npu
KOTOPOM OCYII[eCTBASIETCSI IOAKAIOUEHHE OITHYe-

ckoro 6aoka ONU, sIBASIOIIMMCS KOMMYTaTOPOM AO-
CTYIIa, PACIIOAOKEHHBII B IIOAbE3A€ HAU HA YepAAKe
MHOTOKBAPTUPHOTO AOMR),

— AO pacmpepeAuTesbHOro mxada (BapuaHT
FITC, npu KOTOpOM TOYKOI AOCTYIIA MOXET SIB-
ASTBCSI AI060e 000pyAOBaHHE MYABTHCEPBHUCHOTO
AOCTYTIA).

CxeMBI OpPraHM3AIMU ONTHIECKOTO AOCTYTIA Xa-
PaKTepHU3YIOTCS Taloke IPUMEHEHUEM OITHYECKUX
aeauTeneit (ciauTTepos) (cm. puc. 1), mo3BOASIOMUX
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Pa3AeAMTb eMKOCTb BOAOKHA MEXXAY TOYKaMU AOCTYTIA
C ompeAeAeHHbIM Koo duimenToM Aererus (1xn).

Hcmoab3oBaHme ONTHYECKOTO BOAOKHA — HaM-
boAee IepCIIeKTUBHASI TEXHOAOTHS U3 HbIHE CyIIje-
CTBYIOIIMX, OHA IIO3BOASIET MOACPHU3UPOBATb CeTb
TaK, 4YTOOBI MO>KHO OBIAO MEHSTH AUIIb OKOHEYHOE
nepeaaroliee 060pyAOBaHHe. 3amac BHYTPeHHUX
BO3MOXKHOCTEH OITHYEeCKOTO BOAOKHA I10 IPOITyCK-
HOJI CIIOCOOHOCTH ellje He CKOPO AOCTUTHET CBOEro
IIpeAeAd, B OTAMYHME OT IepeAadt 110 MeAHOM Mmape
U APYTHX TeXHOAOTHIL.

B TeueHmne HEeCKOABKHX A€T YCAYTH, B KOTOPBIX
HY>KAQIOTCSI TIOAb30BATEAU, IMPUOAUSUAU IIPEAAO-
JKEeHHe OIlepaTOpOB BIAOTHYIO K rpanune B 100
M6wuT/c. icnmoAb3oBaBIINEeCsS AO CUX IIOp TE€XHOAO-
ruu DSL-pocTyma 60Ablie He B COCTOSIHUHU YAOBAET-
BOPUTb TakKe 3anpockl. Ecan onepaTop crour nepea
AUAEMMOI: CTpOUTb HOBYIO ceTb pAocTyma FIT'H nan

MOAEPHHU3UPOBATh CYIeCTBYIOIYI0 HHPPACTPYKTY-
PY, TO €My CTOUT OOPaTUTh IIPUCTAAbHOE BHUMAHUE
na apxurtektypy FITC (ra6a. 1) [1].

B cBsi3u ¢ 9THM, AASI MHOTHX AEHICTBYIOIUX OIIe-
paropos passepTbiBanue pemenus FIT'C nHa Ha-
YaABHOM 9Talle CTPOUTEABCTBA IOAHOMACIITAOHOM
OITUYECKOH CeTH II03BOAUT OBICTPO M C HAUMEHBIIIH-
MM 3aTpPaTaMH BHEAPUTD NIMPOKOIIOAOCHbIE YCAYTH,
B YaCTHOCTH IIMPOKOIIOAOCHBIH HHTEPHET, AASL AO-
CTaTOYHO OOABIION IPYIIIbI IOAB30BaTeAeH. Aaree
passuTue ceru nmo Texuosorusm FITB, FITH no-
3BOAAT IIOAHOCTbIO MOAEPHU3UPOBATh MEAHYIO YaCTb
CeTH AOCTYIIA.

Apxurextypa FIT'C B mepByro oyepeab peAHa-
3Ha4YeHa AASL OTIEPATOPOB, YKe UCIIOAb3YIONIMX TeX-
Hororuu xXDSL (cemeitcTBO TeXHOAOT Mt BHICOKOCKO-
pocrroro pocryna B untepser) uau PON (Passive
Optical Network — naccusnas ontruyeckas cern) [2].

Tabnuua 1. — CpaBHEHME XxapaKTepUCTUK ONMTUYECKMX apXMUTEKTYP JOCTyna

FITC/VDSL2 | FITB/VDSL2 | FITB/ETTH FITH/P2P | FITH/GPON
HMusecrurun ~ 200 eBpo ~ 300 eBpo 150 eBpo 500-2000 eBpo | S00-2000 eBpo
OKCIAyaTaIy-
OHHbIE pac- Cpeanue Cpeanue Bricokue Huskue Huskue
XOABI
B -
peMi peadtt bBricTpo Cpeanee Cpeanee MeapaeHHO Mepaenuo
3aruu
Ckopoctp 130-60 M6ur/c||50-100 M6ut/c| |100 M6ur/c | |1100 Méur/c | |1~50-150
nepepaunt 14-30 M6ut/c |130-100 M6ur/c| 1100 Mbur/c | wuam 1T6ur/c M6urt/c
[Ipeanouru- ropop, (MHOTO- ropop, (MHOTO-
ropop/mpuro- ropop/mnpuro-
TeAbHAs 30HA ropoa 9TAXKHAS 3a- JTa)KHAS 3a-
poa/ceao - poa y
OB CAY>KUBAHUS cTpoiika) cTpoiika)
AuctaHimon-
HO€ IUTaHKe A HeT Aa/Her HeT HeT
TA

Peaamsanusa pemenus FII'C moapasymesa-
eT UCIIOAB30BAHUE MYABTHCEPBHCHOTO y3Aa a60-
HeHTCKOTO AocTynma MSAN (Multi Service Access
Node). AarHOE 060pyAOBaHHe SBASIETCS HHTETPU-
POBaHHBIM IIPOAYKTOM AASI 00€eCIIeueHUs CETEBOTO
AOCTYyTIa M IpeaOocTaBAeHHUs ycAyT. Ha aTane nepe-
xopa k cersiMm NGN (Next Generation Networks)

obopyaosarre MSAN crioco6HO B3anMOAENCTBO-
BaTbh KaK C UPPOBBIMU CUCTEMaMH KOMMYTAIIHH,
TaK ¥ C 000pyAOBAHHEM ITAKETHOM CeTH — MEAHAII-
AIO3aMH.

O606menHas cxeMa nmopkarodeHnss MSAN mo
texHorornu FITC u peaansarus ycayr mpeacTas-
AeHa Ha (pucynke 2).
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PucyHok 2. Pa3sBuTtume ypoBHS oocTtyna Ha 6ase MSAN

M3 prcyHKa BUAHO, YTO AASI PEAAM3AITMHU CETH AO-
cryma no texaorornu FITC Ha 6aze MSAN Heo6-
XOAHMMO cAepyloliee: obopyaoBanue MSAN, mapui-
PyTH3aTOpPbI/ KOMMYTAaTOPbl YPOBHSI arperaruy,
KOMMYTATOPbI YPOBHS AOCTYIIA, OIITUYECKUI KPOCC
ODF (Optical Distribution Frame).

Bosmoxaoct MSAN: MoXXeT IOAAEP>KUBATb
HECKOABKO CIIOCOOOB IMOCTPOEHMUS CETU — «IIeIlb>,
<AEPEBO>»>, «3BE€3AA>»>, «KOABIIO>»> H «KOABIIO C OT-
BeTBACHHSMU >, «KaCaTeAbHbIe> U «<IIepPeCeKaroNiu-
€Csl KOABL]a >, MOXKET CBSI3BIBATHCS C AF0OOI CTaHIHel
0 CTaHAAPTHOMY uHTepericy V5.2, Aubo cBs3bI-
BaTbCs C TepMHHAAOM onTudeckod AmHmu OLT
CPeACTBaMM YaCTHOTO IPOTOKOAQ MAH IIPOTOKOAQ
V5.2, MOXeT MOAKAIOYAThCS K MIMPOKOIOAOCHOM
Marucrpaabroit cetu IP no unTepdericam Gigabit
Ethernet / Fast Ethernet.

Kpome Toro, 8 MSAN cymecTByeT BO3MOXXHOCTD
BbI6Opa HHTEP(EHCOB- BOAOKOHHO-OITUYECKUIT HH-
Tepeiic, uarepdericel VDSL2, ADSL2+, SHDSL,
uHTepdEerichl MOOMABHOM U CTAIllMOHAPHOM CBSI3U
WiMAX.

IIpu peaamsanium MSAN Ha ypoBHe AOCTY-
IIa ONTHYEeCKAs IHPOKOIIOAOCHASI CeTh TaKoKe Oy-
AeT UMeTb THIIMYHYIO AByXypOBHEBYIO CTPYKTYPY
(OLT+ONU). B paHHOM cAy4Yae MO TeXHOAOTUH
FITC B o6opyaoBanue OLT 6yaeT mopkar09aTbcst
MSAN. OLT - Tepmunas (OKOHYaHME) ONTUYE-
CKO¥ AMHUH, HAXOAUTCS Ha CTAaHIIMU U BBIIIOAHSET

06pabOoTKy MPOTOKOAOB, TPAHCIIOPTUPOBKY U pac-
npeaeaenne notokos napopmarmu.ONU (Optical
Network Unit) — onTudeckuit ceTeBoit 6A0K Ha-
XOAMTCS Ha CTOPOHE CeTU AOCTYIIA U CAYKHUT AASI
IpeAOCTaBAeHUS abOHeHTaM AocTyma k ceti. OLT
yrpasasier ONU. OLT moxeT uMeTb AOCTYTI K He-
cxoapkum ONU.

PaspaboTxa cxemsr opranusanuu socryna FITC.
Beimre 65140 ot™meueHo, uTo FIT'C ayumiee pemenie
OBICTPOrO pasBePTBHIBAHISI OITUYECKOTO AOCTYIIA
U pacIIMPEHHUs YCAYT AASI TPYTIIBI IIOCTPOEK M XKH-
ABIX pafioHOB. B aTOM cAydae ONTHKO-BOAOKOHHBIM
KabeAb AOXOAUT AO YCTOMYHBOIO K M3MEHUYMBBIM
aTMOC(epHbIM YCAOBUSAM OKOHEYHOT'O YCTPOMCTBA,
YAMYHOTO IIKada IPH AOPOTe, JACTO YCTaHABAUBA-
€MOro Ha MeCTe OKOHYAHMsI ObIBIINX MEAHBIX MArU-
CTPaABHBIX AUHHH. JTO IO3BOASIET MCIIOAb30BATh
CyIIeCTBYIOL[Ue MeAHbIe ADOHEHTCKIe COeANHEHNUS
Y ITPOBOAHbIE KAHAABI AASI AAABHEHITIETO COeANHEHI
c abonenToM. CAeayeT HOAYEPKHY T, YTO IIPEAOCTAB-
AsieMasi AAS TIOAb30BAHUS TIOAOCA AO TIOAB30BATeAS,
U TeM CaMbIM AMAIla30H IPEAOCTABASEMBIX YCAYT
MYABTHMEAMA 3aBHCHUT 3A€Ch OT AAMHBI U Ka4ecTBa
MEAHBIX IIPOBOAOB H IIPHMEHIeMOM TeXHOAOTHH IIe-
PeAadH ARHHBIX Ha 9ToM oTpe3ke (Hanpumep, HDSL,
SDSL, ADSL). B yanunbIx mkadax ycTaHaBAHMBa-
eTCSl TAKKe aBapUITHOE NUTaHUe (AKKYMyASTODBI),
II03BOASIIOIIlee IIPOAOAKHUTD PAbOTY elllé B TeueHHe
HECKOABKHX YacOB ITIOCA€ MCYE3HOBEHHS ITHTaHHS
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ot aaexrpoceTu. [Ipeumymecrsom FIT'C B AanHOM
CAy4Jae SIBASIETCS TO, YTO CTOMMOCTD 9TOTO pellleHus
AEAUTCS MEXXAY MHOTUMU abOHEHTaMH.

ITpu pa3paboTke cxeMbl IIOAKAIOUEHHSI 060PYAO-
BaHUS AOCTYIIa HEOOXOAUMO YIUTHIBAT MECTO Pas-
MellleHIsI 000pYAOBAHUS- CPEAU MHOTOKBAPTHPHBIX
AOMOB HAM TPYIIII >KUABIX IIOCTPOEK.

B cAyyae MHOTO3Ta>XHBIX IIOCTPOEK C AOCTa-
TOYHO OOABIINM YUCAOM IIOAB30BATEACH HHTEPHET,
BBIT'OAHO ITOAKAOYATD Y3ABI AOCTYIIA IIO KOABLIEBOM
cxeMe C pe3epBHPOBAaHUEM ONTHYECKOTO BOAOK-
na (puc. 3). ¥3abn poctynma MSAN pacrnoaoxe-

YpopeHs

HBI B IIeHTpe XXHUAOTO MAacCHBa B YAMYHBIX IKa-
pax. Mexxay 060pyAOBaHHEM YpPOBHS arperanuu
U YPOBHS AOCTYIIa MCIIOAB3YIOTCS ABe IMaphl OII-
THYECKUX BOAOKOH (npneM u nepeAalIa). Ka6ean
3aBoautrcs or ATC u pa3BoauTCA IO TpaccaMm.
B xa) b1t KOMMYTaTOpP YPOBHS AOCTYIIA 3aBOAUT-
Csl OAHA TIapa ONTHYECKOTO BOAOKHA M BBIBOAMT-
csl, MOAKAIOUAsl HOBbIe Touku pocTyna (MSAN).
Ha oaHO# nape BOAOKHA MOKHO ITOAKAIOYHUTD AO
S aAeMeHTOB AOCTyma. AASl HAA@KHOCTHU pa60Tm
TAKOU CXeMBI €€ 3aMbIKAIOT, 00pa3ysi «KOABILIO>» IO

BTOPO ITape BOAOKHa.

ArperanH{H

Tpancrnoprias
cets [IP/AMPLS

(100G) Ll

m MSAN -
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PucyHok 4. BapuaHT gpesoBuaHomn cxembl opraHnsaumm FTTC no texHonornm xPON
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ApeBoBuaHas cxema nmoakaroueHus MSAN no
texuoaoruu FIT'C obpasyercst B cAydae, Tak Ha3bl-
BaeMOrO «HE3aMKHYTOro Koabla» (puc. 4). Ilpu
3TOM HCITOAB3YeTCSI TOABKO OAHA ITapa BOAOKHA, Ha
KOTOPYIO TakoKe TOAKAIOUAIOTCS AO S TOYEK AOCTYTIA.
AQHHYIO CXeMy MOXXHO IIPUMEHSTb IIPU IIOAKAIOYe-
HUU OTHOCHTEABHO HEOOABIIMX TPYIII IIOAB30Ba-
TeAel, IIPU 3TOM 3KOHOMMUTCS Mapa ONTOBOAOKHA.
HapeXHOCTh AAHHOM CXeMBI HIDKE, YeM KOABI[EBOI.
Emxocts MSAN BbIOHpaeTcst paBHOM eMKOCTHU Ae-
MOHTHPYEMOT'0 MarICTPAABHOTO MEAHOTO KabeAst Ha
AQHHOM y4acCTKe. Y3AOM arperarjiu sBAsIeTCs caMa
ATC, oT KOTOpPOI1 BHIBOAUTCS BOAOKOHHO-OITHYE-
CKHI1 KabeAb.

Ocobennocrsio poctyma FIT'C ¢ MSAN raxoke
SIBASIETCSI BOBMOXKHOCTD Oopranusaruu cAy»x6 IITTA
U pedyeBBIX CAY’)XO B OAHOM CTaTHUBE Pa3AMYHBIM
noab3oBareAsiM. IIpu mopkAroueHHH ITOAb3OBaTeAs],

SIBASIIOIETOCs Kak QU3NYECKUM, TaK U IOPUAUYECKHM
AHUI[OM, HO Tpebyromero Bce ycayru Triple Play op-
TaHU3YIOT AOCTYII «TOYKA-TOYKA> (cxema mopxAzo-
gyenus P2P, npuseaeHHas Ha puc. 4). B aaHHOM cay-
Jae TOYKOM AocTyma 6yaeT MiniMSAN nau taioke
MiniDSLAM.

B 3axAroueHNM MOXKHO CAEAATH BBIBOA, YTO KOM-
OMHUPOBAHHBII AOCTYII « OIITOBOAOKHO-MEADb>>, 4TO
npeacTaBasieT coboit Texnoaorus FIT'C, mo3Boaut
abOHeHTaM IMOAAEP>KUBATh KaK TPAAULUOHHbIE YC-
AyTH TeaepOHUH, TaK U BBICOKOCKOPOCTHOM HHTEp-
HeT 1o XxDSL. Cxopocrts ycayr IIIITA BbpacTeT 3a
CYeT COKpaIleHHsI AAMHBI MEAHOT'O YYacTKa. AaHHbIH
CII0CO0 BHEAPEHSI OITHYECKOTO YPOBHSI Ha CETH AO-
CTyIIa [I03BOAUT OIIEPATOPY B KOPOTKHE CPOKH U 6e3
OOABIINX IKCIIAYATAIIMOHHBIX 3aTPAT IIPEAOCTABUTD
6OABIION ITepedeHb TeAeKOMMYHUKAIJHOHHBIX YCAYT
Pa3AMYHBIM IPYTIIIAM ITOAb30BaTeAeH.
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ENVIRONMENTAL PROBLEMS AND POSSIBLE SOLUTIONS

Abstract. The article discusses the occurrence of environmental problems, the analysis of various

problems on the causes of occurrences and possible solutions to these problems.
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Throughout the course of human history, the en-
vironment has been viewed as an endless source of
natural resources. The urgent problem today is not
just about the interaction of man with the natural
environment, but also the threat to the existence of
this environment and, consequently, the survival of
the human race. This is the essence of the environ-
mental crisis. The looting of free natural resources
by using all means, especially modern techniques,
has greatly reduced them. As a result, it is known
that natural resources are limited, and some of them
have disappeared. The unprecedented use of natural
resources, the increase in industrial production, and
the increased number of vehicles have caused severe
environmental pollution. Currently, about 120 bil-
lion tons of earth are consumed annually for human
needs. more than t. The economy uses more than
4.000 km?® of water annually, with 10 billion cubic
meters of fuel burning. tons of O, [1].

Knowing the classification of natural resources is
important for the rational use of them. All natural re-
sources are allocated to real and potential resources
during the development period.

The general question of the rational use of natural
resources is to find the best or most appropriate way
to use natural and artificial ecosystems. The main
principles of the use of natural resources are the
study, protection, development and transformation

of the natural environment. Limited resources of
natural resources, imperfections for their extraction
and processing technologies lead to the degradation
of biogeocenoses, environmental pollution, distur-
bance of climate and biochemical cycles.

By the end of the 20" century, mankind was faced
with an objective conflict, and the solution to this
problem has become such a big and complex issue
that it has become a worldwide problem. We are
talking about scientific and technical progress since
its inception, the latest modern scientific ideas and
technologies, the strong industrialization of agricul-
ture, the renewal and expansion of used raw materials
and the industry, computerization and robotization
of many technical processes will bring humanity to
the heights of society. the notion that it promotes
prosperity and prosperity. Indeed, after the “great
economic depression” of the 1960 s and 1980, the
economies of Western Europe, the United States and
Japan jumped sharply, allowing for a dramatic rise in
living standards. But it has quickly become appar-
ent in these countries that I'TI' can have a number of
negative consequences, not only a positive impact
on the state’s economy, but also a disruptive change
in the entire ecosystem and, above all, the human
environment. has become [2].

In the early 1980s, it was reported that intensive
economic activity of humanity has resulted in strong
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negative changes on our planet, including climate
change, ozone depletion in the atmosphere, pollu-
tion of the entire biosphere, desertification in some
geographical areas, and severe soil salinization. It has
been shown that many species of flora and fauna are
extinct. The most disproportionate consequence of
this situation is that every change in the external en-
vironment has a direct or indirect effect on the hu-
man body. Mankind is at the top of the pyramid of
these complex environmental problems. This led to
the formation of a new field of ecology — human ecol-
ogy. Human ecology is a part of the overall ecosys-
tem, which aims to study the processes of interaction
between humans and nature. Human ecology also
differs in many respects, and the most important of
them is medical ecology. This field examines the ef-
fects and interactions of the changing environment
with the human body.

In recent years, there has been a decrease in the
inflow of river water into the Aral Sea as a result of
increased water consumption for agricultural irriga-
tion and industrial development. Uzbekistan had
about 400.000 irrigated lands at the beginning of the
20" century, and by 1988 it had reached 4 million
100.000. Uzbekistan has been transformed into an
agricultural republic of the former Soviet Union. By
1970, cotton had grown to 4 million 43 km? of water
reached the Aral Sea with a plan of 6 million m*® water
did not fill with water.

Another reason for the Aral Sea problem is
the Karakum canal, which was built in 1959-67.
Its length is 950 km, the ship is sailing, it receives
300 m’ of water per second from the Amu Darya,
and 3 reservoirs have been built in the river.

It is important to note that environmental fac-
tors are highly effective only when they are complex
to the organisms. In the absence or absence of any
of these factors, normal growth and development
of organisms is incomplete. Therefore, each of the
environmental factors is necessary for the organism
and cannot be replaced by the other. Therefore, en-
vironmental factors play an important role in the life

of the organism. For example, plant life can not be
fully developed without the fertilizer of cotton culti-
vation and fertilization. Or the opposite would have
the same consequences.

The results obtained in the experiments are im-
portant for the further development of students’
knowledge, skills and skills, as well as for a deeper
understanding of the importance of environmental
sustainability and sustainable development. At the
same time, it is worth noting the water consump-
tion ratio (the amount of water per product unit).
Water consumption is measured in m*\t units. For
example, 2—4 m? per ton of coal, 30-40 m’ per ton
of oil products, 100 m® per ton of nitric acid, 400 m?
per 1 ton of silica, 400 m® per ton of nickel, 1 ton of
copper., 500 m’ for production of cardboard, boiler
(separately for each), 600 m?* for 1 ton of nitrogen
fertilizers, and 1500 m?for 1 ton of ammonia for
1000-1500 m* 1 ton of cotton yarn 2500-5000 m?
of water depending on the production technology.
Therefore, it is advisable to build factories close to
the water source, depending on the product type,
chemical composition and water consumption ra-
tio. For example, the water supply at the Bukhara Oil
Refinery Unitary enterprise, which was launched on
August 22, 1997, is provided by Kuyi Mazar. The
annual water consumption is 6280 thousand m*®. Of
these, 1.200.000 m® of clean drinking water will be
used for the town of Karaulbazar, and the rest will
be used for plant operations and for Neftchi settle-
ment. The plant is located in the area of domestic
and technological wastewater and is designed to dis-
charge 2900 m®/day of sewage treatment facilities
at full capacity (after cleaning up to 98-99% by oil,
mechanical, biological, physical and chemical meth-
ods)., is thrown into the streambed [3; 4].

At a time when fresh water scarcity is common
in all regions, the issue of recycling wastewater into
open water reservoirs and its reuse remains a press-
ing issue for today. In the same way, the reservoirs
needed for the population can be maintained. This
can be done by using a centralized plumbing system,
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such as a single-layer sand filter or a two-layer sand
anthracite filter.

Then chlorinated water is returned to its original
state. In this way, the oxygen in the water can be in-
creased to 2 mg and the substances to 1.5-3 mg. In
addition, nitrogen and phosphorus in the water must
also be removed. Wastewater treatment is costly, so
this method can only be used if necessary.

It should be noted that treated water should be
used for technical purposes only. Drinking water
should never be allowed. Heavy metal salts, polycy-
clic aromatic carbon waters, nitrose compounds are
a constant component of urban wastewater. They
have the ability to act as carcinogenic and mutagenic.
Treatment of purified water also produces chemicals
that completely alter the quality of water.
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Abstract. I have applied CNN (Convolutional Neural Network) to recognize numbers in water

meter images. To train the neural network, I collected twenty thousand of water meter pictures to
build an image data set. I have built a model and trained on the data set. Additionally, I will demon-
strate to fine-tune a pre-trained model to achieve better accuracy. I will present the neural network

architecture, experiment details and result.
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1. Introduction

Image number recognition is an active applica-
tion field of deep learning. Popular datasets such as
MNIST and SVHN have been investigated with vari-
ous neural networks [ 1; 2; 3]. In this study, l demon-
strate to identify image numbers using CNN model
on water meter number data set. I collected 20000
real world water meter pictures as dataset WM1,
shown in (Figure 1). The image was cropped to have
only number region as dataset WM2, shown in Fig-

ure 2 and the image was further separated into single
number as dataset WM3, shown in (Figure 3).

Figure 1.

Images in the dataset was first converted to black/
white images using gray scale process since colored
number does not provide extra information for num-
ber recognition. After pre-processing image data with
various python libraries and OpenCV, I built neural
network model containing several CNN layers with
Tensorflow 2.0. I trained the model on dataset WM
and achieve 80-90% accuracy. Further accuracy im-
provement has been discussed.

Figure 2.

2

Figure 3.

2. Neural Network Model

The model has three blocks of each which con-
tains two layers of CNN followed by max pooling,
batch normalization and dropout. Each CNN layer
uses ReLU (Rectified Linear Unit) as activation
function. Batch normalization and dropout with
probability of 0.5 were used to avoid the appear-
ance of over fitting. Adam Optimizer was used with
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epsilon of 0.1, and the learning rate was selected us-
ing the method of Learning Rate Exponential Decay
(decayed learning rate=initial learning rate*{decay
rate } A((global step)/(decay step))). The training
was running on GTX 1080 with allocated memory
of 8.0Gb.

3. Experiment Details

3.1 Preprocess

Original images (Figure 1) were manually
cropped as in (Figure 2). The cropped images were
then processed programmatically to single digits
with equal widths (Figure 3). The distribution of
number counts is shown in (Figure 4).
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Figure 4.

3.2 Experimental procedure

Dataset was split into training and test sets with
sklearn package. Images data were loaded, resized to
28 x 28, augmented and the pixel values were nor-
malized with tensorflow image package. The pro-
cessed image data and labels were fitted to the model
for training with 10000 epochs.

Batch size which defines the number of samples
trained together through the neutral network have
been varied and various optimizer such as AdamO-
ptimizer, MomentumOptimizer and Adadelta have
been used to optimize accuracy and performance.

4. Results

To utilize transfer learning from SVHN training
hyper parameters, I trained the model on SVHN,

then fine-tuned on dataset WM3. The accuracy is
improved to ~86%

I also trained the model on dataset WM2. Since
the image is a sequence of numbers, the accuracy is
much lower at ~75%.

5. Discussion

Different setting of training parameters can affect
the performance of the training process.

For example, by appropriately increasing the
batch size, we can raise memory utilization ratio,
increase execution speed and improve the accura-
cy of the direction of gradient descent to decrease
the amplitude of vibration during training process.
Smaller batch size requires less memory, but too
small batch size can result in under fitting because
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of not convergent for training process. Therefore
choosing a proper batch size depends on finding
the balance point between the capacity and utiliza-
tion ratio of memory.

From experiment, we also find that select opti-
mizer is very important to improve the performance
of system. GradientDesentOptimizer is easy to imple-
ment, but the calculation of direction of updating gra-
dient is just by Linear Weighting Model for feature
vector and learning rates for all feature weight are
the same. AdamOptimizer can adjust learning rate
automatically when the mean gradient or variance is
smaller. There fore the performance of system with
AdamOptimizer is much better than that with Gradi-
entDesentOptimizer when the model is trained.

Object detection with neutral networks can be
used to localize a group of numbers on the images to
reduce manual work and further improve accuracy. A
unique challenge to this water meter number prob-
lem is to recognize a number that is represented by
two partial digits. More such image data are required
in future studies.

6. Conclusion

I have demonstrated that deep learning neural
network can be used to recognize each number from
collected real world water meter images. Through
fine-tuning on pre-trained model, the labeled data
size can be reduced and the accuracy can be im-
proved. A sequence of numbers can also be recog-
nized simultaneously.
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