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AGE AND GROWTH OF THE BLUE SHARKPRIONACE GLAUCA
IN THE EASTERN ATLANTIC OCEAN

T. Beraki, S. V. Shibae\. Yu. Gulyugin
<HAJ:KL B JHKL KBG?C :DMEU < <HKLHQGHC :LE:GLBD?

L; jZdb <K Rb[Z_\ K X =mex]bg

In this study, 292 blue sharl&rionace glaucalLinnaeus, 1758) (from 151 to
305 cm total lengthg ) were collected off western Africa in the eastern central Atlantic
Ocean between 1980 and 1982. Vertebral sections of females specimens ranged from
175 to 300 cm and males specimens ranged from 166 to 3¥2.avare processed and
analyzed for age and growth parameters. Growth band pairs (translucent and opaque
bands) were counted on the images photographed from the stained whole vegebrae u
ing digital microscope called Digi Scope Il. The band pairs after the birthmark were
counted from 3 to 12 for males and from 4 to 13 for females. Growth parameters were
derived using the Von Bertalanffy growth functio $ ) § based on FISAT and solver
sdution Microsoft excel and Ford Wall-For8.BGF was that which best fit the data.
Parameters derived from the combination of observed and back-calculated lengths,
-=0.1,.q=3864cmand} i \HDU IRU PH®IA Yedd Q & 355cm
and B = #.02 year for females were considered to best describe growth. The longevity
was estimated to be at least 23.7 and 28.3 years for females and males respectively. The
natural mortality rate was estimated to be 0.15 Yeand 0.18 yedf for males ande-
males respectively.

Prionace glaue, Eastern Atlantic, Longevit age and growth, von Beralanffy
paramenters

lih\_~ gh bkke _~h\Zgb_ \hajZklZ b292Wwida\ ufdgtr elua

Prionace glauca(Linnaeus, 1758)*ebgl{6) hl Ah kf hleh\e_gguo \
P_gljZevghc qZklb :lezglbg_kdh]h hd_ZgZ \ jZchbh™AKiZ*ghc :
1980 i h -_]h~u <hajzkl hij_~_e_g ih ihalhgdzZf I1Zjm ihehk jhk

ijhajZzqgu_ b g_ijhajZzqgu_ ihehku ih”kgblu\Zeb gZ bah[jzZz _g
nbjh\Zgguo k hdjZr _gguo p_euo ihal\hgdh\ k bkihedah\Zgb f
jhkdhiz 'LJL 6FRSH ,, Dhebqg_kl\hlihethk dhtey[x&hipgk\ b hl

A h ey kzZfhd 1ZjzZf _Iju jhklZ nmgdpbb nhg ; jlZeZgnb jZkkt¢
ihfhsvx ijh]jZRISAT, nmgdpj_r_gby OLFURVRIW ([FHO b mjZ\g_gb
- MheNhjFad tWalford gZ hkgh\_ gZ[ex™ _gguo “"Zgguo b h[jZlguo
e_gbc Ihemqg_gu ke_"mxsb_ qbkelxuQ,l,agZq_gby kf

b ,#+ ]h~rzZ ~ey kKZEH2,bg = kf B= % ]hrz ~ey kzZfhd

lh hp_gdzZf ijh~he bl_evgBh&hvekbhkighey | g_ f_g__ b 1h

11
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NZ Ney kzZbpkXfhd khhI\_IkI\_ggh ?kl_kI\_ggZy kf_jlghklv hp_.
1h™*b Jh™rey kzfph\ b kzZfhd ju[ khhI\_IkI\_ggh

BULRQDFH JODXFD <hklhqgZy :leZglbdzZ bfZhklbfZevguc
mjZ\g_gb_ ; jlZeZgnb

INTRODUCTION

The blue shark is considered as one of the pelagic carcharhinid that is mainly

distributed in the world's oceans of the tropical and temperate waters from latitudes of
DERXW fi WR f6 bQG UHSRUWHG WKDW LW LV WKH PRV
its range of distribution [1]. In the history of cartilaginous fisheries, sharks have been
targeted by local fishermen in small and locale scale [2]. Recently sharks have been
considerably targeted by industrial fisheries as commercial species due to high price of
the fin and expansion of the market for shark meat demand [3]. Blue sharks are consid-
ered the major catches accounting for landing which are mainly captured as by-catch in
pelagic longlines which are targeting tunas (Thunnus spp) and swordfish (Xiphias
gladius). Although commercial and recreational sectors in several countries harvest, fin,
or discard blue sharks, comprehensive catch data are lacking. In many countries, the
meat of the blue shark is consumed fresh, smoked, or dried salted, its hides are used for
leather, fins are marketed for shark fin soup, liver oil and fishmeal are produced
as well [4.

The age and growth of blue shark has been well studied in the north Atlantic
compared to the south Atlantic. Litvinov conducted different studies about blue shark in
the eastern Atlantic Ocean. For example, such of his studies are two forms teeth in blue
shark, rate of tooth replacement, on the role of Dense Aggregations of Males and Juv
niles in the functional structure of the range of the blue shafi{.[5But the studies to
generate information about the age and growth of reference blue shark are poor in south
Atlantic especially in the Central eastern Atlantic and Southeast Atlantic. The objective
of the current study is to enrich information about blue shark on estimating the age and
growth of the species in eastern Atlantic Ocean.

METHODS AND MATERIALS

Vertebrae were brought from blue shark caught on Russian research cedises b
tween 1980 and 1982 in Central Eastern Atlantic (Fig. 1). The samples were obtained
from blue shark caught on the ship SRTM-8081 "Quant" cruise No.18 from 12.12.1980
to 07.03.1981 in coordinates of82° N and 1329° W and on the vessel SRTM-8030
"Specter” cruise No. 20, from 13.05 to 14.09.1982 with CoordinatesB8+z 6 z (

+ 72 : LQ WKH ZDW H &8st Rilamidk(FabseH Q Whe Erdises were equipped
with the fishing gears of longlines and trawls. But the Blue shark specimens forrthis cu
rent study were collected from longline fishing gear.

The vertebrae were cleaned and preserved in 10 % buffered formalin%r 70
ethanol and kept in the laboratory of Atlantic fisheries and Oceanography Research of
Russian Federation (Kaliningrad, Russia). The fishing date, location, weight (kg), total
length (6 ) and fork length (.) (cm) of the specimens were recorded to the nearest
measurements, and the sex of each specimen was identified.

12



GZmgguc mjgZe ©Ba\_klby D=LM?2 « ]

Fig. 1. Sampling site of blue shark in Central Eastern Atlantic Ocean
Jbk JZchgu k[hjzZ fZl _jbZeh\ ih kbg_c¢c Zdme_\ P_gljZevgt

AGE ESTIMATION

The whole vertebral section was used to estimate the age of the blue shark. The
vertebral face was stained with silver nitrate to enhance the visibility of the band pairs
(opaque and translucent zones) which were counted to determine the age of the species
(Fig. 2). The growth rings on vertebrae were described as band pairs of one opaque
(calcified) and one translucent (less calcified) which were considered as one year. After
staining with silver nitrate, the vertebral section was dried for some minutes tlien dig
tally photographed with digital microscope known as Digi Scope Il in the presence of
sufficient light. Then the vertebrae were digitally enhanced using pain.net 4.1.1 before
counting the band pairs to estimate age and t is very important to identify correctly the
first and inner most bands. The innermost band was taken as birth mark and subsequen
ly counting of the band pairs was started to determine the age of the blue shark. The
band pairs were counted by two readers to assign age to each specimen. If differences
resulted between the readers, the band pairs were recounted again until agreement
reached. If agreement could not be reached at all, the vertebrae were discarded.

Table 1. Collected data used for study of blue sharks growth
LZ[ebpZ H[t f fZl jbZeh\ bkihevah\Zgguo "eydbmewng gby jhk

Female Male .

Month and yea n 1 TL(cm) | n TL (cm) Total FAO Region

1 2 3 4 5 6 7
December, 198( 2 | 269278 | 75| 171811 77 34
January, 1981 | 3 | 151255 | 1 276 4 34
February, 1981 | 2 | 207212 | 2 215805 4 34
March, 1981 2 | 243250 2 34
December, 1981 33| 191#£65 | 14| 166286 47 |34 and 4 females from 3

Females from 34 and

January, 1982 | 18| 191280 | 3 209236 21 males from 37

13
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HdhgqgZgb_
1 2 3 4 5 6 7
February, 1982 1 237 1 37
May, 1982 5| 218250 | 16| 212811 21 34
June, 1982 10| 188267 | 26| 202298 36 34
July, 1982 29| 203295 | 29| 220803 58 34
August, 1982 4| 175805 | 8 199812 12 34
September, 198 2 | 225228 | 7 200241 9 34
Total 110 182 292

GROWTH PARAMETERS
The standard dahl Lee direct proportions method was applied to determine back
calculating previous length - at - age as the following formyta [8

6.0 L 4 @)

where (6 )n is the back-calculated leng#it-age n, Rn is the vertebral radius at
the time of the ring n, VR is the vertebral radatsapture, 6 .is the total length.

The growth parameters were tried to estimate in linear regression function (Ford
Wall-Ford plot) and non-linear regression function by fitting to length at age data in
FISAT software and by performing minimization with the add -inn optimization tool
(solver) of Microsoft Excel 2016 based on Von Bertalanffy growth functions (VBGF)
as the following equation [9

oL .gks FR<?¢q 2)

In Ford-Walford plot, the value ofy in and - are estimated by fitting the
length of the fish at age(t) against the length of the fish at the next agg then the
value of to is estimated based on VBGF as the following equation:

PL PEHBS £C 3)

where t is the age of the blue shark at birth (L) and Lt is the length of blue
shark at birth which is taken averagely 45 cm [10].

In the Von Bertalanffy plot, the set of length at age were used as inputs to turn
the FISAT software to estimate the growth parameters and to identify the growth curve
that best fit a set of length - age. In the use of the Solver function in Microsoft Excel,
the data were fitted by computing the minimum sum of squared residuals (SSR) taking
into the account the non-linear nature of the tool by using the iterative approach.

554 A:,F &;° (4)
where .. is the observed length at age (t) arfi{gis the length predicted
at age @

Longevity was estimated directly from the oldest individual in the sample- Ho
ever, this probably underestimates actual longevity because maximum age in a fished

14



GZmgguc mjgZe ©Ba\_klby D=LM?2 « ]

population is likely to be lower than in an unfished population, and because the sample
size was not large enough to include the oldest individuals in the populationlsinely.
gevity could be defined, as the time required attaining 95% afsing the equation

[11]. _
Roel RE-- (5)

This equation can be used to determine life-span based on 999dgfsubst
tuting 0.99 for 0.95 in the above equation [12].

Roe L5 (6)

The natural mortality rate/() was estimated using equation which is based on
the observed empirical relationship between M and the maximum age (longevity) in the
population [13]. Hoenig examined this relationship in fishes, cetaceans and mollusks.
He concluded a significant negative relationship between the maximum age (longevity)
and natural mortality in fishes and described by the following equation:

J/ L s&xF sés:HRges, (7)

where R g sthe maximum age in the population, ahds the natural mortality
rate.

RESULT

In this study, totally 182 males and 110 females collected in the eastern Atlantic
Ocean were used for analysis of size relationship total length versus total weight and
size distribution analysis. The size of the specimens ranged from 151 to 305 cm TL with
average size 231.1 cm TL for females and from 166 to 312 cm TL with average size
257.6 cm TL for males (Table 1 and Fig. 4). Out of these specimens, 70 specimens of
females ranged from 175 to 300 cm and 57 specimens of males ranged from 166 to
312 cm TL were processed for age and growth parameters analysis. The relationship
between total length and total weight was analyzed separately for both sexes ie-this pr
sent study (Fig. 3).

AGE ESTIMATION

The growth band pairs were counted after the birth mark to estimate the age of
the individuals in the specimens. The age estimates in the sampled male specimens
ranged from 3 to 12 years and the age estimates in the female specimens ranged from 4
to 13 years. The length of male specimens with 3 band pairs was 166 cm TL. The mean
length of male specimens with 12 band pairs was 293 cm TL. Over 36% of the male
blue shark specimens accounted 10 to 11 growth band pairs (Fig. 5). The mean length of
female specimens with 4 growth band pairs was 190 cm TL while the mean length of
female specimens with 13 growth band pairs was 297 cm TL. Almost half of the female
specimens had 5 to 6 growth band pairs.

In the size distribution 35.16% of male specimens were ranged from 257 to 276
cm TL (14.29 % were from 257 to 266 and 20.88 % were from 267 to 276 cm TL)
while over 60 % of female specimens ranged from 211 to 250 cm TL (Fig. 4).

15
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Fig. 2. An example Digi Scodé image of vertebral magnetified by paint

Jbk Iibf_j bah[jBEdjBbyggh]h ihabhygltapdl
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Fig. 3. Lengthiweight relationship for blue shark
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Fig. 5. Age-frequency distribution of the blue shark in catches
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The relationship between total length § and centrum radius% ¥was linear
for both sexes, females (slope = 2.2, intercept = 86:2,0:52) and males (slope= 2.4,
intercept= 88.7,%7=0.67) (Fig. 6.

17



GZmgguc mjgZe ©Ba\_klby D=LM?2 « ]

~ 350
g TL =2.3563CR + 88.724
~ 300 R?=0.6685 © @..Qneees 0
- o288
E: 250
£ 200 .
— 0o° TL =2.1996CR + 86.236
8 150
o uo
= 100 Female
40 50 60 70 80 90 100
Vertebral Centrum radius CR, (mm)

Fig. 6. Relationship between vertebral centrum radius and total length of blue shark
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GROWTH PARAMETERS

The growth parameters were generated based on three ways namely hack calc
lated length, observed length and back calculated length combined to observed length at
age computed based on the Von Bertalanffy growth funct®s Y (. The back calcu-
lated and observed lengths were combined as missing observed lengths for growth band
pairs 0, 1, 2 in males and 0, 1, 2, 3 and 12 in females. The values of standard deviation
in females for observed length per growth band pairs were less than those forlback ca
culated and back calculated combined to observed lengths per growth band pairs class
and the values of standard deviation in male for back calculated combined to observed
lengths higher than back calculated and observed lengths per growth band peirs sho
ing a variation in size for each growth band pair class. In both sexes, amo8¢ the
parameters obtained, observed lengths produced highest value of K and lowest value of
.q compared to the values of back calculated lengths and back calculated combined to
observed length ( Tablg.2

Table 2. Von Bertalanffy growth parameters of blue shark
LZ[ebpZ 1ZjZf lju mjZ\g _gby ; ddmefgnb kbg c

Female Male
Methods G . 2 G . 2
Observed 347.62| 0.11| #1.26 351.41 0.12 +1.14
Back calculated 457.49| 0.07| +1.48 430.47 0.08 +1.38
Observed + back calculat 399.51| 0.09| +1.33 415.77 0.09 +1.27
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Table 3. Von Bertalanffy growth parameters generated from FISAT
LZ[ebpZ 1ZjZf_lju mjZ\g_ghyZkkgdbeZgagliSAiTh

Male Female
Paramete Observed Back Observed + Observed Back Observed +
calculatedback calculat calculatedback calculat
q 314.9 419.7 386.4 311.43 375 355
5aA| 26.3 10.3 19.6 27.44 64.6 22.36
%aR 0.08 0.02 0.05 0.09 0.17 0.06
- 0.19 0.08 0.1 0.16 0.09 0.12
5aA| 0.07 0.004 0.01 0.05 0.03 0.02
%aR 035 0.04 0.1 0.37 0.32 0.14
R .71 H4.74 #.35 H.9 +1.06 + 1.02
5aA| 1.05 0.065 0.16 1.5 0.47 0.24
%aR #H.47 .04 .12 +0.77 +0.44 | + 0.23

Abbreviations: S.e = standard error and C.v = covariance of the estimates

The growth parameter. ¢, - and B) were generated iif + 5 #sbftware by aa-
lyzing length at age in the three ways, observed, back calculated and obsenved co
bined to back calculated length at age. Generally, the valug wfas higher in back
calculated and less in observed length at age while the valuavat higher in ob-
served length at age and less in back calculated length at age. But medium value of
and . ¢ were generated in observed combined to back calculated length at agel-The va
ues of standard error and covariance estimates less in observed length at age for male
and in observed combined to back calculated length at age for female (Table 3). The
growth curve of observed combined to back calculated length at age was considered
best fit to the8 $ ) (than the rest.

In the solver tool of Microsoft excel, the value of was high in back calculated
length for both males and females and the value whs high in the observed e
bined to back calculated length at age for females but the valuésdifigh in observed
length for males. In males and females, the minimum valug ®#vas recorded in
back calculated length at age (Tab)e 4

Table 4. Parameters of Von Bertalanffy equation calculated using Microsoft Excel
Solver function

LZ[ebpzZlZjzZzf_lju jhklZ mjz\g_gby ;_jlZeZgnbk jEkksMxZggu_
Solver Microsoft Excel

Method Female Male
K - B | 554 .4 - R 554
Observed 344.14{ 0.11| 8B.35| 39.58| 320.14 | 0.18| H.93| 445.72
Back calculated 429.52/ 0.08| #1.53| 36.48| 421.15| 0.08| H.75| 16.72
Observed + back calculal 358.74] 0.12| #.04|579.16 392.15| 0.10| #.39| 174.31

The maximum observed age of this present study were 12 years for males and
13 years for females. Longevity estimates were estimated to be 28.3 for males and 23.7
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formaOHV IROORZLQJ )DEHQVT PHWKRGYVY 7KH QDWXUD
blue shark estimated 0.15 and 0.18 in this current study using Hoenig's (1983) method.
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Growth ring

¢ back calculated = observed+back calculated A observed

Fig. 7. Growth curves generated by different approachdsrfales of blue shark
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Fig. 8. Growth curves generated by different approaches for males of blue shark
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Table 5. Parameters of blue shark growth calculated using published data

LZ[ebpZ 1ZjZf_lju jhkbfyy_c¢c Zdmeu jZkkigblZgQguyZlimjguf
NZgguf
mel |VBGF parane-
Authors Ocean verte.b_rae band visualizatiol N |asy>® ters max
condition X age
re | -1 R
Aasen |North Atlanjwhole silver nitrate stair
(1966) tic centra |ing 268 |TL |C [394 |0.13D.8§ 8
silver nitrate stain
whole ing,
Stevens | North Atlan-|centra an{ transmitted pola
(1975) tic sections ized light 82 |TL|C| 423/0.14 A | 7
- C|265.50.22
Caillie
etal whole [silver nitrate stai M|295.30.18 4.1
(1983) |North Pacifig centra ing, X-ray 130|TL|F|241.90.25 9.8 9
Tanaka whole | Haematoxylon M| 369101184 7
etal centra an staining,
(1990) |North pacifig sections| silver staining 195|TL|F| 304 (0.1 A | 8
unstained silver
Hende- nitrate stained an
son etg Northeast | whole alizarinred S
(2001) Atlantic centra stained 159|TL|C|376.90.124.3 6
Skgmall\a C|285.40.17
an -
tanson | North Atlan- M|282.30.18 4.4
(2003) tic sections| Reflected light 411|FL|F|286.80.16§ 1.8 16
western
Lessa etd South Atlan
(2004) tic sections| Weight light 236|TL|C|352.10.1 H | 12
184|TL|C|303.4 0.1 16
Blanco-
Parra eta whole [silver nitrate stai M|299.60.1|2.4 16
(2008) |North pacifig centra ing F|237.50.15-2.2| 12
Megalo- digital enhane-
fonou etal Mediterrare-| whole ment, reflected
(2009) an centra light 54 |TL|C|401.€0.13 9.9 12
Jolly etall South Atlan-
(2013) tic Whole |No staining, whitg 197|TL|C|311.60.124.7 16
X- ray and digital
Joung etdeastern soutt whole | photography en-
(2017) Atlantic centra hancement 742|TL|C|352.10.134.3 15
Present digitally photo- M|[392.20.114H.4 12
study central eds graphed with dig
ern Atlantic| whole tal microscope 127|TL|F|358.70.12 H | 13

DISCUSSION
In using the Von Bertalanffy growth functior8@ ) (, the FISAT software and
solver tool of Microsoft excel were applied to estimate the growth parameters in nonlin-
ear regression function in this present study. The results from the back calculated and
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observed combined to back calculated showed similar values of the growth parameters
while results from( + 5 #gbftware produced higher values of growth parameters in ob-
served length at age data compared to the results obtained from solver tool of Microsoft
excel. In comparing the result of the present study with the results of previous studies
both the values of and . ¢ lie within the range of previous studies result {13.

Several studies have been done based on the analysis of vertebrae to estimate the
age and growth of blue sharks. The vertebrae of sharks are known not easy to be read
due to poor contrast of the opaque and translucent growth bands [21, 24]. Age studies
using whole vertebrae instead of sectioning is an easier and less expensive method, less
time consuming as well as does not demand specific sectioning equipment. But several
studies indicate that whole vertebrae tend to under estimate the age the older ones as the
growth bands are not adequately visualized in the specimens. Because the growth bands
get diffuse with increasing age of the sharR§].[ Silver nitrate and X-radiography
methods were used to estimate the growth rate of the northeast Pacific blue shark using
their vertebrae. It was figured out that both techniques produced clear growth zones but
silver nitrate was preferred for the work [16]. In estimating the ages of blue sharks from
the northeast Atlantic, they compared whole unstained vertebrae with whole vertebrae
stained with silver nitrate and alizarin. However, they did not found differences in the
age estimates obtained from the three techniques and they preferred analyzing of the
whole unstained vertebrae under reflecting lightening as being most easy and conven-
ient method. In this present study similarly stained whole vertebrae were lastds
technique, silver salts substitute the calcium salts in the calcified cartilage matrix of
whole vertebrae that allows to count the growth bands in better visibility [22

In this current study, validation of the age estimation was not carried owt. Ho
ever, other previous studies have validated the age of this species indicating an annual
periodicity of growth band (opaque and translucent) deposition for blue shark,[18,19
21, 26, 27]. The previous studies assumed that the growth band pairs are produced once
a year with the first band being considered birth mark. The same assumptions were tak-
en to conduct this current study.

In estimating growth parameters, the Ford Walford plot and the Von Bertan-
lanffy growth function were used in this current study. Von Bertanlanffy growit fun
tion is mostly preferred as it is the most commonly and frequently used in fishieries b
ology in order to conduct fisheries stock assessment [28]. Based on the results it could
be VXJJHVWHG WKDW WKH YDOXH RI . ZDV VPDOO DQG ODU
the back calculated length were smaller than the actual lengths of specimens. However,
in combination of the observed length and back calculate length produced reasonable
and comparable value of growth parameters with the previous results of studies. It
would be suggested that sample size should be large to include the smaller size and
larger sizes of species. Von Bertanlanffy growth function was preferred for estimating
the growth parameters compared to the Ford-Walford plot. Because the Von Bertalanffy
growth function provides more best fit growth curve than the Ford-Walford plot and the
Von Bertalanffy growth function 8 $) { is the most used in previous age and growth
studies of blue shark that allows comparison with the results of current study.

CONCLUSION

Blue sharks are the most and frequent caught pelagic sharks in the Edstern A
lantic Ocean. In recent years, the blue sharks have been targeted not only by the local
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artisanal fisheries but also by industrial fisheries because of its importance and demand
in fish market. The stock assessment and management for this blue shark is crucial for
sustainable exploitation as sharks have slow growth rate, less fecundity and delay m
turity. The study of age and growth provide fundamental key for stock assessment and
management. The age and growth of blue sharks have been well studied in North Atla
tic Ocean. Most of the study reported growth rate from 0.11 to 0.25 per year and ma
imum of age 16 years. In the present study, the growth rate for males was 0.1 and 0.12
per year for females while maximum age was estimated 12 and 13 years for males and
females respectively.
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EXPERIMENTAL STUDIES OF THE POISSON COEFFICIENT OF THREADLIKE
FISHING MATERIALS

P.V. NasenkovA. A. Nedostup, G. M. Dolin

Dhwnnbpb_ gl ImzZkkhgZ ”"ey ju[heh\guo gbl _\b”guo ba”*
[hevrmx jhev k _]lh ihfhsvx fh gh hlke_"b\Zlv -baf_g_gby
f oZgbg_kdbo k\hcklI\ dZbhbdy¥YsZ hky ih® jZaebggufb gZ]jmadZft
\ j_amevilZl_ \eby_ | gZ meh\bklhklv hjm”by ijhfure_gghl]h
Bkke "~h\Zgby ih hij dhwnglbhpgb glZ ImzZkkhgZ gZ fgh]b_ bahlj
fzl_jbZeu 1Zdb_ dzd f_lZee dzf_gv kh\dé&hgu”bklelhdlgh
hij_ N ey fu \ kbem kljmdImju ~Zgguo fZl _jbZeh\ :gbahljhigu_
dhlhjuf hlghkylky gbl_\b”gu_ ju[heh\gu_ ba”_eby hqg_gv qzZklt
k\h_c kljmdImj_ qlh ijb\h”*bl dZd d hljbpzl_evguf agZdyj_gbyf dt
b iheh bl_evguf

Wdki_jbf_ghuhij_~ e gbx dhwnnbpb_ gljda\hmE&kkygZgZ
gbl_\b”guo ju[heh\guo djmg_guo ba”_ebyo ijbf_gy _fuo "e)
hjm~bc ijhfure_ggh]h ju[heh\kI\Z \ qZklghkidblgdZZohebZ#Zb "guo
jZajzZ[hlzgZ f_|Ih"bdZ iha\heyxsZy hij_" eblv agZq_gby ~Zggh
k Thqghklvx [h&. Bkke "~h\Zgby ijh\h*bebkv \ eZ[hjZlhjbb wdki
ju[heh\guo fZl _jbZeh\ dZn_"ju ijhfure_ggh]h ju[heh\kI\Z N=
©DZebgbgljZz®"kdbc ]hkm~Zjkl\_gguc | _ogbg_kdbc mgb\_jkbl_12

lhemq_ggu_ j _amevlZlu J[ueb ijhZgZebabjh\Zgu b fZI
h[jz[hlZgu k ihkljh_gb_f J]jZnbg_kdbo azZ\bMatiGad c \ Kkj_"
lj_~klZ\e _ggu_ azZ\bkbfhklb ihal\hebeb gZ]Jey~gh hlke_ "blv baf_
dhwnnbpb_glZ ImZkkhgzZ \ azZ\bkbfhklb hl gKkmadb\zZgpgbyzZl jb
ih~\_j"~Zxl \ebygb_  dhwnnbpb _glZ ImzZkkhgZ gZ hkgh\gu_
0ZjzZdl_jbklibdb hjm~by ijhfure_ggh]h ju[heh\kl\Z

dhwnnbpb_gl ImzZkkhgZ ju[heh\gu_  gbl_\b”gu_ ba"_el
f_ozgbqg_kdb_ k\hckl\z "bZf j m~ebg _gb_ ijhqghklv W
aZ\bkbfhklb fzl_fzZlbg_kdZy h[jZ[hldZ 1]jZnbdb

The present work is devoted to an experimental study of the determination of
Poisson's ratio for fishing threadlike materials. Poisson's ratio for fishing threadlike
products plays an important role, because with its help, it is possible to track the
behavioral changes in the physical and mechanical properties of the material, which is
under constant variable loads, which as a result affects the performance and efficiency
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of the industrial fishing tool in the fishery. Studies on the determination of Poisson's
ratio for many isotropic materials, such as metal, stone, glass, are well known and easily
determined due to the structure of these materials. Anisotropic materials, which include
filamentary fishing products, are very often unstable in their structure, which leads to
both negative values of the coefficient and positive ones.

Experiments to determine Poisson's ratio have been carried out on threadlike
fishing twists used for the construction of commercial fishing tools, in particular on
polyamide threads. A technique has been developed that allows you to determine the
values of this coefficient with an accuracy of more than 90%. Experimental studies were
carried out in the laboratory for the examination of fishing materials of the department
of commercial fishing of FSEI HE "KSTU".

The results of the obtained experiments have been analyzed and mathematically
processed with the construction of graphical dependencies in the MathCad environment.
The presented dependences made it possible to visually trace the behavior of the change
in the value of Poisson's ratio depending on the change in the load on the material. The
obtained material makes one think about the values of Poisson's ratio for fishing thread-
like products and its influence on the basic properties and characteristics of commercial
fishing tools in general.

Poisson's ratio, fishing threadlike products, physical and mechanical properties,
diameter, elongation, strength, experiments, dependencies, mathematical processing,
graphs

<<?>?GB?

DzZzd ba\_klgh hjm~by ijhfure_ggh]h ju[heh\kI\Z ij_ _"klZ\e
keh'gu_ dhgkljmdpbb khklhysb_ ba jZaebqguo we_f _glh\ Ml
eh\X dzZdhrc kl _i_gb fh gh kkZbgehe ihkljhcldihmdImjm dhlhjhc
h[jZamx| [ _Ilhgguc nmg”~Zf gl "~ _e_ah[_lhggu_ ikf_duyubby dbjik
djurZz DZzZ ~"Zy qZklv dhgkljmdpbb ~he gZ \u”~_j b\ZIv hij_~_e
gZ]jmdyd.bLZd b hjm{fibtkure ggh]h ju[heh\kI\Z gm ' gh \ iheghc f_
\u”_j"b\ZIv \d_bg\gmlj _ggb_gZ]jm _gby

Him~bijhfure _gghghm\Z ih kjzZ\g _gbx k ~hfhf ~hihegbl_e
bf | hrgh agZqgbl_evghwlk\bakl\d _gb_nhjf \h \j] fy wdkiemzIZ
AZ kg | gzZly _gby\ dzZuytdgho we flzZgdh&Z Z b hkgzZkldb
ijhbkoh”bl i_j_ jzZkij_~_ e gb "fHyddumaked f gl&Zoq dlhZ kh[hc
Zkbff_ljbqgghkljyu hjm~by[2h\Z

<_jgm\rbkv d kjzZ\g_gbx dhgkljmdpbb hjm~by eh\Z k ~hfhf
mqgblu\djkqghklv we f glh\ b bafkghgkl\ ih”® \ebygb f gZ]jmaht
[3].

IHKL:GH<D: A:>:QB
< bamg_gbb -hbadglqg kdbo k\hckl\ ju[heh\guo gbl_\b"
fZl _jbzZeh\ ijb baf_g_gbb ebg_cguo jzZaf_jh\ ih”® \ebygb _f
gZ]jmahd \jhegZnl\h*"blky dhwnnbpb_glm ImzZkkhgZ
Dhwnnbpb_gl ImZkklwdBE nbabff okkdZdl jbkfEdZjbzZeZ
mijm]h]h | _eZ ModhzZygbx Z[khexlguo agZq_gbc hlghkbl e
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ihi_j_gghc "~ _nhjfZpbb we f glZz | ez d _]h hlghkbl_evgh
AN nhjfZpbb

JLF H (1)

]*_ddxihi_j_qgh_ k'dlk_ihi_j qguc jzaf_j ~bzf_lj ~h
A nhjfzplbdrebgZ "h *_nhjdZapjbrhevgh_ m~*ebg_gb_

A@QL@.F@ v
]7dAs~bzf Ij ihke_ ~ _nhjfZpbhb

AHLH,FH (3)

] OA*ebgZ ihke_ ~ nhjfZpbb

ljb jZkly  _gbb ijyfhm]Jhevgh]lh iZjZee_ e ibi_~Zy\ gZijZ\e_
bf xIf _kIA*hev wlhc hkb m”ebg _gb_ Z \“"hev i_xibgabdmeyjguc
k>ZIbl _km _gb_ _]h ihi_j_ggh]lh k_q_gby >ey bahljhigh]lh |_
dhwnnbpblmZkkhgzZ g_ f gy Iky gb ijb azf _g_ jZkly _gby k ZIl
i_j_f_g_ hk_c ~_nhjfZpbb < Zgbahljhiguo |_eZbgdhwnnbpb
aZ\bkbl hl gzZijz\e _gby Hkig\t klZdk_h~gbf ba fh*me_c mijm]hk
hij_~ ey | \k_ mijm]b_ k\hcklI\Z Zgbahljhigh]lh | _eZ

Dhwnnbpb_ gl IMZHkhgazz\bktal jbZezZ | _eZ b y\ey Iky h”gh
ba \Z'guo ihklhygguo o0ZjzZdl _jbamxsbo _J& _mhim3dEl &Vvigdkl\Z
\u”_eylv keimgBbhjuo * _ckl\mxl kbeu gZ k ZIb_ \hafh gh jZkkf
kbe gz jzkly  _gb_ gh ijb wlhf bkihevah\zZlv [4hlb\hiheh guc ag

Dhwnnbpb_ gl Imakkhg2y |ky wdki_jbf glZevguf iml_f
ij_~klz\ey_| kh[hc [_ajdbwngbpb_gl ijhihjpbhgd@rehgbklb
oZjZdl_jblwWcklI\Z fZI|_[phZeZz

AgZqg_gby dhwnnbegypo ZogBahljhiguo fZl_jbZeh\ hlf_qzZxlky
iheh bl _evgu_  1Zd b hljg®zlijevgudhfiheh bl _evgu_ fh]lml
\uoh”blv azZz jZzfdb ba\_klguo ~ey bahljhiguo fZI_jbZeh\ h]jZgb
\hagbdZzZxl \ kbem iheh bl _evghc hij_~ e _gghklb mijm]h
A nhjfbjm_fhlh fZ[7]jbZeZ

<lZ[e ij_"klzZ\e _gu g_dhlhju_ agZq_gby dhwnnbpb_glZ Im:

LZ[ebpZ G _dhlhju_ agZq_gby dhwnnbeyp ¢gZaebopgdk&khgZ
fZl _jbZeh\
Table 1. Some values of Poisson's ratio for different materials

FZl_jbze Dhwnnbpb_gl ImZkkhgZ —

@ e _ah 0,29

KlZev 0,3

,_lhg 0,16

J _abgZz 0,5

Kl _deh 0,2
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GZ ijbf_j_ Zgbahljhiguo fzZl_jbzZeh\ d dhlhjuf hlghkylky j
gbl_\brgu_ ba”_eby ihdZaZg djZldbc ZgZelgdZbbhZkkdly&Z dhwn
k jZaebqghc gZgzmfadhgb Ze

F:L?JB:EU B F?LH>U
< eZ[hjZlhjbb wdki_jlbau ju[heh\guo dZ&] NjmzZeh\
ijhfure_gghlh ju[heh\klI\Z DZebgbgljZz*"kdh]h Jhkm~ZjklI\_ggh]h
mgb\_jKE[ueb ijh\_"* gu wdki_jbf_glZevgu_ bkke_"h\Zgby ih hi
dhwnnbpb_glZ ImzZkkhgzZ |Zdbo ju[heh\guo gbl_\b~guo fZI
ihebzfb™ 1: jZagh]lh:"bzZf_ljz

1 L _dki ~b4d) I} ff jZajulgZy ijhqghklv Lj G
1 L_dki ~bz#H) 05 ff jZajulgZy ijhgghklv Gj
I L_dki ~b4dh0y ff jZajulgZy ijhgghklv LG
t1: L _dki ~bz@#)Ij ff jZajulgZy ijhgghklv Gj
i L_dki ~bz@#)2j ff jZajulgZy ijhqghklv Lj G
<ul[hj "Zgddb_jbZeh\ h[mkeh\e_g ZdbhKighrekwlak\Bgby ijb
ihkljhcdhjm”~be®h\Z Z 1zd _ \hafh ghklvx fzZdkbfZevgh ihi

bkke "h\Zgby \ jzfdZ8. HA[hjuh[jZaph\ ijhohM&gifZjlghc
f Th"b®l. <k_ h[jZapu i_j " gZqZehf bkke_ _"~h\Zgby [ueb \u”™_j .
jZkijzZ\e_gghf \b”_ \ ihf_s _gbb kZphjkjbjbgylby bkoh”ghc
kljmdImju

>ey bkke_"h\Zgby iklef "gyed _ h[hjm~h\Zgb _

+ hdmeyjguc fbdjhkdhi k p_ghc ~_eegbyij ~ dfgby
"bzf 1jz

+f IZeebqg_kdmx ebgffcdmKL-75);

t]jmau fZKKhx G G G G G b (
khhi\_IkI\ _ggh

l[j_~"\Zjbl _evgh m dZ ~h]h hlh[jZggh]h h[jZapZ hij_"_eye

bkihevamy hdmeyjguc fbdjhkghi jZa \mEIEpgh\beb
kj_"g_Zjbnf_Ibagkkgh gb _
GZ jbk ij_"klZz\e_g hdmeyjguc fbdjhkdhi k a%dj_ie_ggu

hrghc klhjhgu b ih”~\_r_ggfjmphcf *

HjZa_p azdj_teygbih"\b ghf az bf_ fbdjhkdhizZ ijh\h”be
g_ihkj_"~klI\_ggh ih®” hdmeyjhf q_j_ak{ephgjhdndkbdyZebh[jZapZ
k ij_"™"\Zjbl_evgh hlf_gq_gguf mqzZkldhf ~"elyghaj_"_effgby
hilghkbl _evgh]l]h m~”ebg_gby aZzZl]fmeh"\,urbAXZejth\ "~ gZ Kk _jby
wdki_jbf_glh\ k dpgmahf
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Jbk

Hdmeyjguc fbdjhk

s

3

dhi k azdj_ie_gguf h[jZzaphf
Fig. 1. Ocular microscope withfixed specimen

J?AMEVL:LU BKKE?>H<:GBY BO H;KM@>?GB?
Hiulu ijh\h~bebkv ih jZa gZ dZ ~“wc \<kljl®aZz
ij_~klz\e _gu kj_"~g_Zjbnf_Ibg_kdb_agZq_gby ihemqg_gguo j_am

LZ[ebpZ Ilhemq_ggul: ,agZq_dfby
Table 2. PA received values, d = 0,39 mm
=jma Kj_~ght Hlghkbl e} Highkbl_ey Dhwnnbpl| T/Tp,
G U "bzf_| baf_g_gh m~ebg_gbl ImZkkhg| G J
dAff "pzZf 1jz
4,90 0,382 2,06 3 0,66 0,111
9,80 0,370 513 7 0,72 0,222
19,61 0,334 14,36 11 1,27 0,444
29,41 0,323 17,18 13 1,31 0,666
LZ[ebpZz lhemqg_ggu_ ,agZq_dby I:
Table 3. PA received values , d = 0,54 mm
=jmg Kj_"gh Hlghkbl_e| HIghkbl_ey Dhwnnbpl| T/Tp,
G U "bzf | baf_ g gk m~”ebg_gb| ImZkkhg| G ]
dA ff| ~bzZf IjZ
9,80 0,503 6,86 2 3,40 0,105
19,61 0,468 13,34 4 3,32 0,210
36,22 0,439 18,71 9 2,07 0,420
58,83 0,411 23,89 12 1,98 0,631
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LZ[ebpZ lhemq_ggu_ ,agZq_dolbhy I:
Table 4. PA received values, d = 0,85 mm
]imal Kj_~ghk HIghkbl_e| HiIghkbl_e}y Dhwnnbpl| T/Tp,
G L "bzf | baf_g_ghh m”ebg_gbl ImZkkhg| G J
dA ff| ~bzf |jz
4,90 0,724 7,18 1 7,10 0,027
19,61 0,642 17,69 6 2,93 0,111
58,83 0,614 21,28 11 1,92 0,333
117,67| 0,588 24,61 14 1,75 0,666
LZ[ebpZ lhemqg_ggogu_ ,agZq_foOfby I:
Table 5. PA received values, d = ipin
]ima|l kj_~gb Hlghkbl_e| Highkbl_e}{ Dhwnnbpl T/Tp,
G U "bzf_ | baf _g_gbh m~ebg_gb] ImZkkhg| G |
dA ff "pbzf 1jzZ
19,61 1,078 2 1 2 0,049
39,22 1,013 7,91 4 1,97 0,099
58,83 0,993 9,73 5 1,94 0,149
117,67 | 0,954 13,28 7 1,88 0,299
LZ[ebpZ lhemq_ggu_ ,agZq_ ffby I:
Table 6. PA received values, d = 2,0 mm
]ima| kj_~gh Hlghkbl _e| Hlghkbl _ey Dhwnnbpl| T/Tp,
G UL "bzf_I|| baf_g_glf m~ebg_gb] ImZkkhg| G J
dA ff "bzf 1jz
39,22 1,919 8,62 2 4,30 0,057
58,83 1,884 10,29 4 2,55 0,085
117,67 | 1,855 11,67 10 1,16 0,171

GZ jbX]jZnbg_kdb bah[jZz  _gZ aZ\bkbfhklv dhwnnpbpb_glZ Ir
hlghr_gby jZajul\ghc bamttqebkylbd JjmaAml 4)

- 3—4—5— hl

) Mk _o iylb bkke_"m_fuo h[jZaph)
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Fig. 2. Graphical dependence of the obtained results

A:DEXQ?GB?~?

GZbk ijhke_"b\Z_Ilky “bgzfbdz ahwkhbiplblbglZ ImzZkkhgZz
hl hlghr_gby jZajulghc 1ijhgghklb agdg 'gbeghdhllhghhgh
k\h~ylky d h*ghfm ijbf_jghfm agZqg_gbx

>Zggu_ bkke ~hhZbbgyxl gzf k [hevrhc ~he_c \ _jhylghl
mi\_j"~ZIv qlh ~ey Zgbahljhigud fzZbgbZz&re\mqzZz_ ju[heh\guo
gbl _\b”guo hdgh]h ihkihygaglZldh gby dhwnnbpb _glZ ImZkkhgZz
jZaebgguo fhf_glZo gZ]jm _gby gh ijb “hkib _gbbghjh ~_e _ggh
khhlghr_gby jZajulghc gZ]jmadb fzZIl _jbZez d 1nNbged@uZ fhc gZ
dhwnnbpb_gl ihemqgbl jZ\gh_ agZq_gb_ \ ij_~_eZo fbgbfZevgh]l

Bkke_ "~h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ih~*_j°d N

ljZ\bl _evkl\Z DZebgbg]jZ*"kdhc h[eZklb \ jZfdZo gZEqugh]h_ijh_
390004.
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G: Pmibdh\X :F_gvr_gbg :e“mrbg

MORPHOMETRIC CHARACTERISTICS OF THB & +g 1)/, (BOND
(KALININGRAD)

N. A. Tsupikova, A. S. Menshenin, A. V. Aldushin

<klzZlvij "klZ\e _gu j_amevlZlu bkke ~h\Zgby h”"gh]lh ba bk
\h~ h_fh\' ] DZebgbighiZZZR+tgneba jZkiheh  _ggh]h \ x'ghc qZKkl
jh~Z b y\eyxs_Jhky \Z guf j_dj_Zpbhgguf h[t_dlhf Wdhlhjhf jZ
iZzgb_ KbeZfb dzZn_"ju bolbheh]bb b wdheh]bb DZepgbg]jz~kd
ghlh |1 _ogbg_kdh]h mgb\_jkBhllulgz ijh\_~ gZ ]b”~jhZdmklbqg_kd:z
kt fdzZ ijb ihfhsb ijh]jZffifgjlizlgh]h dhfie_dkzZ ©:kDhjaA \ oh”~_ g
j_Zevghf j_"bf_\j f gb hkms_kl\eyezZkv kh\f_klgZy nbdkZpby
| dms_c ]Jem[bg_ b ] _h]jZnbg_kdbo dhhj*bgZlZogBbkike ~m_fh]h
\hgZqgZevgZy h[jZ[hldZ j_amevIZlh\ ihe \uo baf_j gbc [ueZ \ui
g_gb_f we_dljhgguo 1Z[ebMS BEx¢tegZdfuhbgnhjfZpbhgguo kbkl_f
*ROGHQ 6RIWZDUH 6XUIHU b $UF*LV <i_j\u_ ihkljh_gu dzjl
nhjfzl_ " b " ijh\_~ _gu ]jZgbpu \h~*hk[hjgh]lh [Zkk _cgZ ljb ih
ZgZeba_ihemqg_gguo j_amevlZlh\ hij_~ e _gu hkgh\Wu_ fhjnhf_
aZl _eb ijm~"Z R _gneba iehszZ”~v \h~ghc ih\_joghklb nhjfZ dhle
aZdexg_gghc \ g_c \h*ghc fZkku ”"ebgZ gme_\hebgh[Zlu fZdl
rbjbgzZ ijm~Z Jem[bgu kj_~gyy b fZdkbfZevgZy tthwnnbpb
[ j_1h\hc ebgbb dhwnnbpb_ gl hldjulhklb Z 1Zd _ kehszZ”v \h"
k _ cgZ b ihdzZazl_ev m”_evighjhh\h dawkeNiZIzZf jZkg_Ih\ R_gneba
fhgh hlg_klib d g _lJem[hdbf ijm~Zf kj_"~g _]h jzZaf_j& k iehsz™
\ joghklb ]Z b kj_"~g_c ]Jenf[bldgcjlZzgby _]h [_j_]h\hc ebgbb [eb:
d Ij_m]J]hevgbdm J_ev keggdidcjmk*Z _adbf m\_ebq_gb_f Jem[bgu
\_jghc b k-\mMkhhgghc q4kldpmlibaihz2\h~gh]lh [_j_]Jh\h]h kdehgZz
"hklb]30d <h”hk[hjguc [Zkk_cg7,8§]X eplth pZjZdl_jgh “ey dZjv_|j
guo \h"h_fh\ DZebgbg]jZz*rkdhc h[eZklb

fhijnhf_Iljbg_kdb_ o0Zjzdl_jbklbdb [ZIbf_Ijby \h~hk[hjguc
ijm”~ R_gneba

The paper presents the study results of one of the artificial reservoirs in Kalinin-
grad + WK H 6 F KRe&ndOdcktetl in the southern part of the city. It is an important
recreational impoundment in which swimming is allowed. In 2018, the Department of
Ichthyology and Ecology of KSTU carried out a hydroacoustic survey using the
ASKOR data collection software-hardware complex, which allowed, in real time, joint
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recording of the current depth and the geographical coordinates of the investigated bo
tom. Initial processing of the field measurement results was performed using MS Excel
spreadsheets, Golden Software Surfer and ArcGis geoinformation systems. The maps
of the bottom relief in 2D and 3D have been plotted for the first time; the boundaries of
the catchment basin have been shown. During the subsequent analysis of the results ob-
tained, the main morphometric paralleHUV RI WKH 6FK|QlOUdéley SRQG KL
mined, such as the water surface area, shape of the reservoir basin and volume of water
mass enclosed therein, length of the contour line, maximum length and width, depth
(average and maximum), tortuosity of coastline, coefficient of openness, as well as the
water catchment area and specific water intake. Following the calculation results, the
6FK|QIOLHY 3RQG FDQ EH GHILQHG DV D PHGLXP VL]HG ZCL
surface area and with an average depth of 3.1 m. Its coast line has a shape close to trian-
gle. The pond has a complex bottom relief, with a sharp increase in depth in the north-
ern and northeastern parts, where the steepness of the underwater coastal slope reaches
f 7KH G U eal®Qrotlatgddnd amounts to approximately 7.3 hectares which is

typical for quarry reservoirs of the Kaliningrad region.

morphometric characteristics, bathymetry DWHU FDWFKPHQW DUHD ¢
Pond

<<?>?7GB?

ljh[e_fZ wnn_dlb\gh]lh mijZ\e_gby \h”gufb j_kmjkzZfb b jZg
bkihevah\Xwgbgyuo h[t_dkhjh klhbl gZ ih\_kld_ ~gy fghdbo ]Jhjh~h\
kbb \ Ildhkdkeb DZebgbglhzj*4Am_| bkke_"h\Zgby bo fhjnhf_Ijbqg_Kki
iZjzf_ljh\ L _jjblhjby \h*hk[hjZ b \h”guc h[t_dIl ij_"klZ\eyxl k
gmxbgmx ]_hkbkl_fm ]7_ hkms_kl\ey_Iky \aZbfh”_kkl\b_ jZag
p_kkh\ ]b~jhnbabg_kdbo ]b”jhobfbqg_kdbob Th~rjh[bheh]bqg_kdb

GZ gZqZevghf wlzZi_ nhjfbjh\Zgby Zgljhih] _ggh]h \h~h_fZ
_]h dhleh\bgu az\bkbl \ hkgh\ghf hl p_e_c b kihkh[h\ __ khhji
] _heh]lhhfhjnheh]bg_kdbo b ]b”jh]_heh]bg_kdbo hkh[_gghkl_c
] _heh]lbg_kdh]lh kljh_gby Ihkl_i_ggh \ oh”_ w\hexpbb \h”~gh]h
jmxsbfb nzdlhjzfb \ i_j_jzZ[hld_ [_j_]1h\ b ij_h[jZah\Zgbb dhleh
\ylky 1b*jh~bgzZfbq_kdb_ ]Jb”jheh]bq_kdb_ b debfzZlbqg_kdb_

P _ev jZ[hblmmqg_gb_ hkh[_gghkl _c j _ev_nZ dhleh\bgu ijm~z
hij_~_e_fgbhfie_dkguc ZgZeba ihemqg_gguo fhjnhf_Iljbg_kdbo ih
dhlhju_ hdzZau\zxl \_kvfZ kms_KkI\_ggh_ \ebygb \gpEb\g rgbc h
\h~h_fzZ ]bMMjheh]bg_kdbcjgkKipf* e _gb_-obélbghkdbozZhdza
| _e_c \ lhesbl\lWMms__ wdhehkihdlkgdb

Ijm”~ R_gneba y\ey_|kp g*doph]lbo \h2*D AdbdbgljzrZz ]~_
dmiZgb_ hnbpbZevgh jZaj_r _gh qlh hij_~ ey | p_gghklv "Zg
\Zghlh j_dj_Zpbhggh]hf [ xkm[#Z g _h[oh”bfu_ mkedywby "ey
ghdmiZevgh]h hl?fuozZ keZ[h_ \heg_gb_ ~hfbgbym_I \' I _qgq_gb_
k_ahgz e _Ihf |l _fi_jZImjzZ \h”u dhfnhjlgZ ~ey dmizZgdby i_kqgZgl
gh_"~gh gZebgb_ijb[j_[fghc hif_eb

Ijm”~ R_gneba gZoh”blky gZ x ghc hdjZzbg_ DZebgbgljzZz"z
kdbc p_glj \h~"h_fz ihgbfzZ_fuc dzZd lhgdZ jzZkihehm ggzZy \ k
M\mfy djZcgbfb lhqdzfb |_jjblhjbb ih __ [Rhjibi__b Kéxetml _
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sb_ dhhjr*bgZlu “fkor f \ "A_jdZeh _]h \hg§z[Z bl
khexlghc hif_Id_ hiddpZ2h mjh\g_f fhjy

<e _Ilgbc k_ahg \h~h_f bkihevam _|ky dZd ahgZ hl?*uoz ij_*»
\ kn_j_kihjlZ b ahjh\h]h h[jZaZ "bagb |_kqZguc iey jZkihel
klhgghf [_j_]Im ijb\e_dzZ | [hevrh_ dhebqg_kl\h hl*uoZxsbo A
hkms_kl\ey Iky kihjlb\gh_ oheh”h\h_ iez\Zgb_ " _dklI\m_| djm]
k_ ¢cg gZ hldjulhc \h™_ ijesnvhKihggbaZgz®zZz ~ e _agh”hjh guf
ithehlghf gZoh”ysbfky \ g_ihkj_"kl\_gghc [ebahklb f hl mj_
klhdZmebp_c¢c k h ' b\e_gguf “"\b" _gb_f fbgbfZevgh_jZkklhygb
\_ jm hl \h~Ah_fZ jzZzkiheZzZ]Z _Iky |_jjpibgdn/NkIN hggh]lh f_1Zeemj
]bg_kdh]h dhfighkdkZ

‘_e_agh~hjh gzy klzgp [&]+hjlZzgbah\Zgguc i
azZ\_"~ gb_ h[s_kI\_ggh igbj]Zgbah\ZggZy
ijhfure_ggh_ ij_"ijbylb

JbKl. Ko fgm~"R _gneba

Fig. 1. The Sclinflies Pond

&)@l

F:L?JB:E B F?LH>BD:

K p_evhemqg_gby fhjnhf_ |jlmgjKdbojbklbd ijm"Z R _gneba
\ugbke _gby dhgdj_lguo iZjzf_Ijh\ b khqg_lZgbc ih"\h~guo we f_
\bgu \ hdly[j_ kbdzfb dzZn_"ju bolbheh]bb b wdheh]bb N=;l
©D=LM?2 JueZ ijh\_~_gZ ]b”"jhzZdmklbq_kdzy kt_fdzZ-ijb ihfhshb
ZiiZjZlgh]lh dhfie_dkzZ ©:kDhj2 ijh]jzffgZy qZklv dhvhjh]h iha\f
ghf j_"bf_ \j_f_gb nbdkbjh\Zlv bgnhjfZpbx h I_dms kc ]Jem[bg_
ijhkljZzgkl\_gghc ijb\yadhc >\b ' _gb_ eh”db \ ijhp_kk_ kt_fdb h
ih k_Id_ ]Zekh\ ih Ibim f_Zg”jZ h[_ki_gb\Zxs_c \ukdhhdh_ khhl
ihdjulhc iehszZ”vx b ijhc” _gguf jZkklhygb f >ey [he__ ijZ\be
agZq_gbc ]Jem[bg \ ijb[j_"ghc qZklb ha_jZ ijb ihkdé_{fmxs_f fh”"_
ev_nZ _]Jh ~gZ [ueZ ijh\_* gZ nbdkZpby ]b*jhZdmklbqg_kdhc &
[ _j_]lh\hc ebgbb \h*h_fZ Ilhemqg_ggu_ j_amevlZlu [ueb ih”\_j]g
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h[jz[hld_ \ kj_~_ we_dljhN§&rcdlg[kjppf | \uyle_gby \u[jhkh)\
baf_j _gbc \u”_eyxsboky ba h[s_c \u[hjdb \ kh[jZgghf fZI|_jb
A"mxs_c ih”"]hlh\db "Zgguo “ey bo bkihevah\Zgby \ b h]jZnbq_Kk
hgguo kbkl_fZo

Ihkljh _gb_ pbnjh\hc fh®_eb j_ev_nzZ ~gZ b khhilI\_lklI\mxsbc
R_gneba hkms_kl\eyehkv iml_f bgl_jiheypbb aZzZj_ ]bkljbjh\Zgg
]brjhZdmklbg_kdhc kt_fdb agZq_gbc Jem[bgu \ maeaZi j_ ]meyjgt
Ibklbq_kdbf f_Ih~"hf ebg_cghc bgl_jiheypbb ©Djb]lbhg]2 Ijbf_jg
]jZffu b hkgh\gu_ ihdZaZzZl _eb \uiheg_gghc [ZIbf\ljbggkudhc kt 1
gZ jbk b \ IZh&I\_IkI\_ggh

Jbk Njz]f_gl woh]jzZffu nbdkbjm_fhc ijh]jZffhc k[hjZ bgnhjfZz
ijh]jzffgliiZjZlgh]lh dhfie_dkzZ ©:kDhj2 \ ijhp_kk_ ijh\_~ _gb
]JbrjhzZzdmklbq_kdhc kt_fdb
Fig. 2. A fragment of the echogram recorded by the ASKOR data collection
software-hardware complex during the hydroacoustic survey

LZ[ebpZ Hkgh\gu_ ihdZazl_eb \uiheg_gghc [ZIbf_Iljbg_kdhc

ha jZ R_gneba \ ]

Table 1. Main indicatorsb WKH EDWK\PHWULF VXUYH\ RI WKH 6FK|QIC
IhdZaZl_ev <_ebqgbgz

H[s_dhebq_klI\h Ihg_d ijhf_jh\ Jem][H

\Zgguo \ ijhp _kk_ Jb”AjhZdmklbqg_ kdH 2112

>hell[jZdh\Zgguo bafj gbc 5,2

Dhebqg_ klI\h dZq_kI\ _gguo baf j gbc 2 002

Fhjnhf_ljbqgq_kdb_ ozZjzdl_jbklbdb b \Z'gu_ jZkdh Ilgu_ ihdz
eh]l]bg_kdh]h agZqg_gby d gbkem dhlhjuo hlghkylky, dhwnnbpb
hidjulhklb b “jm]b_ ihd&ZjazZl eeppebkv \ khhlI\_Ikl\bb k jZ[hIZ1
K < =jblhjv_\zZ ; ; ;h]hkeRN\k¥YdifBr8]h

< p_eyo bamqg_gby ijhbkoh *_gby dhleh\bgu \h~h_fZ ijhz
fghlhgbke _ggu_ j_ljhki_dlb\gu_ dZjlh]jZnbg_kdb_ b Zjob\gu_ f.

J?AMEVL:LU B H;KM@>?GB?

ljh\_ "~ ggZy jZ[hlZ iha\hebeZ ihkljhblv [ZIbf_ |jbg_kdmx d
R _gnebjdk3), dhlhjzy ~Z | ij_"~klZ\e_gb_ h j_ev_n_~"rgZ "Zggh]h

38



GZmqgguc mjgZe ©Ba\_klby D=LM?2 « ]

54,667

5
54,666

5

b

5,

5

_ 4

\ 4
35

3
25

2

54,665

54,664

19

1
54,663

C

94,662
20,533 20,534 20,535 20,536 20,537 20,538 20,539

25 0 25 50 75 100 125
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JbB.J _ev_n "gZ ijm~"Z R_gneba kh ko_fhc jZaj_ah\ hif_Idb ]jZ
ih e_\hc b gb 'g_ct)\dfdZfmkZo rbjhlu b “he]hlu khhI\_IkI\_ggh
Fig. 3. Bottom relief of thes F K | Q pOridtnd lines of the bottom relief profiles
(grid grades on the left and bottom frame are in degrees of latitude and longitude

respectively)

>ey k_\_jghlh b\lkkhNhglgh]h kdehgZ dhleh\bgu ijm~Z o0ZjZ
"h\hevgh j_adbc k\Ze Jem[bg \ ijb[j_"ghc &ahggZ jZkklIZYy bth
f g__ fhl [_j_1Z DjmlbagzZ ih"\h~gh]h [_j_lh\h]l]h kdehgzZz a”_
30q < xJWhklhgghc b hkh[_ggh \ x'ghc gZklyo \h~h_fZ kdehg i
dimlbagZ kms_kI\_ggh kgBgZ_<kp_é&if dehsz”rv f_edmh”bc k ]Je
[bghc ~h f khklz\elyl iehszZ”b a_jdZezZ ijm”~Z 1j_"ibeZzZ]Z_fzZy f
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fZevgZy lJem[bgZ ijm”~Z ijh_pbjm_fZy kbkl]déimdbfgU Feh@ k mq _Ih
f j_gguo lhg_dfHh[gZjm _gZ gZ k_\_j_ \h~h_fzZ >ghm _]h gZb]
[hdbo k_\ _jghc Bhklhgdhc qZzklyo *h\hevgh jh\gh _
R_gnebja "klZ\ey | kh[hc kj_"gbc ki]iehlsgh b> \@"gh]h
a_jdzezZ ijm~"9hphédm[bgZ dhlhjh]lh g_ ij4fuv4djd[jt ghc
ahg_ b f6d +\ p_gljZevghc <Z guf ihdzZazl_e f y\ey Iky dhwi
lJem[bgghklb \BhLhdhEZhjuc "ey iIRm@§zhdeba khklZ\be _WIlh k\b~
| _evkIi\m_| h[ mf_j gghc mdjulhklb dhleh\bgu ijm~ZzZhl \_Iljh\h]
gby \h™ b \hafh ghklb bo\j£ZkKgbcglbhyabfgbc i _jbh”~u qglh \ k\h
hg_j_~v kihkh[klI\m_| mkbe_gbx g_h”ghjhrghklb okfbq_kdhc
g_h~rghjh~rghklb \h*ghc fZkku HiZkghklv \hagbdgh\kgby g _[eZ
ehjh~gh]lh j_"bfZ \ mkeh\byo mklhcgb\hc kljZlbnbdZpbb ih”I\_j
agZqg_gb_ rbjhdh ijbf_gy_fh]h \ fhjnhf HjdpuihkibaldZ&gh
[5]), \ujzZ Zxs_kezZ[mx kl_i_gv "bgZfbgq_kdh]h i_j f _rb\Zgby \h”" ij
:d\Zlhjby ijmtZ | ihqlb ijZ\bevgmx |j_m]hek gngx gvhjfm
kezZ[hbaj_azZggufb (dhwljrzfbpb_gl baj_azZgghklb [_pLAH\hc ebgbb
ijb ijhly” _gghklb [_j_]lh\hc ebgbb df KhlezZkgh b\af_j _gbyf b
lhjh\ ~ebgZ R_gnebaz lOWMBIdf\efyZdkbfZevgZy rbjd§za
f_lgh ij_\hkoh”bl kj_~gxx dfdhehkhhl\_Ikl\bb k \_ebfibghc ihdz
| ey m~ebg_gogdklb]Kjv_ \Z > @ ]hjbahglZevgZy jZkge_g_gghk
g \ _ebdzZ b [ebadZ d hdjm]Jehc nhjf_ 1Z[ebpZ

LZ[ebdZHkgh\gu_ fhjnhf_Ijbg_kdb_ 0Zjzdl_jbklbdb ijm~"Z R_gne

Table 2. Basic morphometric characteristics of &€ K | Q pOridH V

1 ZjzZf _|j AgZq _gb_
lehsZ”v \h*gh]h a_jdZezZ 1]Z 9,1
>ebgZz df 0,48
Rbjbgz kj_"~gyy df 0,19
Rbjbgz fzdkbfZevgzy df 0,32
=em[bgZ kj_"gyy f 3,1
=em[bgZ fZdkbfZevgZy f 5,5
ljhly" gghklv [ _j ]h\hc ebgbb df 1,2
H{t f \h~u Ik f 281,4
Dhwnnbpb_ gl baj [a4gph\kid ebgbb 1,12
Dhwnnbpb gl hilghkbl evghc Jem][}l 6,9
Dhwnnbpb gl hldjulhklb 0,03
IhdZazl ev mhajfughc qZrb 0,6 (ihemweeb)ikh
Dhwnnbpb gl m~ebg gghklb 2,5
lehsZ”~v \h*hk[hjgh]h [Zkk _cgZ ]Z 7,3
IhdZazl ev m” _evgh]h \h*hk[hjZ 0,8

Lji & jgZy fh” _ev j ev_nZ ~"gZ R _ghepaldf jljkg_ kdbo
ihalhey | bamqgblv ijhkljZgkl\_gghlemgkig th e _gb _

ijhnbe_¢bk

iehsz”~b \h*"b_hodzZjzdl_jbah\ZIv nhjfm _]M @hjlel\\ogWi hkgh
ghfhlf_qzZ_Iky j_adh_ m\_ebq_@B flemglbdupigljZevghc qZklb
dhleh\bgu [he__ \ujhDdlghgtbgZ ijm”~Z keZ[hhldjulZy qglh 0ZjZd
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"ey g_[hevrbo gh ~hklZlhggh JenKkllgdh n\hdi fk)\ g c b fZ
kbfZzevghc ]Jem[bg ijm~"Z (B ad\nhkIvZ JIh dhli@dhhihgu  d
ihemweebikKmh@®”mpllrRijhrh \br"gh gbZjghc fh~ _eb

l,;‘ ’ A\\ AT ’, -
VTS \ 0 7
0‘\ o‘v.'l. ' "l'; I" “‘ \“:"““ \"‘ ‘ "'/ I';"
G0
\«h SR

“( ‘\‘ R , ,' ‘ ’ ” 7
'l” \\\\‘ \” \\\' “ ’ " \\\ \\\ ’ 'I’ lﬂzl;;"//o \“1";‘
“ ‘

Il”O, 0/,
AR

- (‘ ' ‘ v'

0 \ J \\‘

& 0 \ \ ‘a\" %\\“’ 0::::\
\ ’A "\\\ ‘\\

Jb.Lj of joglhwy _gvev_nZ ~"gZ ijm™"Z R_gneba
Fig. 4. ThreeGLPHQVLRQDO PRGHO RI WKH ERWWRP UHOLE

>ey bkdmkklI\_gghc dhleh\bgu pmZ4dIRjgpghepa pb_\b~rgZy
nhjfZz ijh~hevgh]lh ikhaBéylguf jZkge_g_gb_f “hggh]lh j_ev_nzZ \
\h~*h_fZ ebgbyhi<j gguc ijhnbev dhleh\bgu iCD)"Ef ebgby
g _ldh \ujZz" _ggmx dhgmkhh[jZagmx nhjfm jbk

ljhly  _gghklv f ljhly _gghklv f

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400

Iayéuma, M
TayboaHa, M
w

Ebgby :< Ebglop

Jb.. ;ZIbf_Iljbgq_kdb_ ijhnbeb ijm”~"Z R_gneba
Fig. 5. Bathymetric profilelRl WKH 6FK|QIOLHV SRQG

Gh\hh[jZzah\Zhglyhih] _ggu_ \h~h_fu ~Ze fhlmlaih™\_j]ZIvk
ebqgguf \f_rzl_evklI\zZf \ _kI_kI\_ggu_ ijhp_ kku fZa\lbjby ebfghlk
fbjh\Zgb_ ijhnbey jZ\gh\_kgh]h [_j_]1Z baf_g_gb_ mjh\gy \h~"
"hgguo hkz~dh\ bdhlhju_\_~ml d ihkl_i_gghc \ujZ[hld_ gh\uo
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h[blzgby fZdjhhbgiXevguo b ieZgdlhgguo hj]J]ZgbaZib\ \ \h*h_f_
liZnbg_kdpb\u_ iha\heyxl hlke_"b\zZIlv k”\b]b \ ]Jb”jhfhjnhf_Ijb
ihdzazl(ieaj@f_ljpem[bgghlk]b fghkbmf_ g _gb_ nhjfu dhleh\bgu

GZ [ZIb]jZnbqgdKdbojbk ih azgbfz_ fuf iehszz2yf ij_h[e
NZxllem[b85 f ihh[t_fzfitb[j_"gu_ mqzZkldxp fhDjh\Zh
sZ™ ¢ bf__ I M\Z iezZ\guo balb[Z mdZaulZxsbo gZ fhjnheh]bqg_l
\h~h _.fBjb\zZly[t_fhihghlhggh \h]gmlZ \ klhjhgm dhhj*bgZliguo hik
k\yvazZzgh k hkh[_gghklyfb __ ihkljh_gby dZd ihkehtgWgfZjZklZx:
d ih\_joghklb

O6beM, ThIC. Ky0. M
0 30 60 90 120 150 180 210 240 270 300

IL1omane, TeIC. KB. M
0 10 20 30 40 50 60 70 80 90 100

I'myouna, M

e 10180 == == O0BEM

Jbk ;ZIb]ljZnbdybkdb ijnR*Zgneba
Fig. 6. Bathymetric curves of the Sptilies pond

 j_1Z ijm~Z ij_bfms_kI\ _ggh “h\hevgh iheh]b__j ev_n aZz
j_"vy maf_j_ggh djmlhc >gh h[ke_~h\Zggh]h ijm~Z \ p_gljZevg
[ j_1Z b ijb[j_"gu_ mqzZkldb ~"gizdyulkghapghf g_jghl]h bweZ b lhe
dhgZ mqgzkld_ ~gZ b [_j_1Z \ jZchg_ iey ' Z \hkkg&Zdheth kKZ ]jm
ijbf_kvx dzfg_c ih” i_kdzZfb I1Zd _ h[gZjm _g g_jgkud be >ey k_
jhazizrghc b x'ghc qzZkl_c ijm”~Z ozjzdl_jgh kbevgih_ azZjzklzg
hlfez~Z | ljhklgbd dhlhjuc h[jZzam_I| kiehrgu_ aZjhkeb jZkijhkl
mj_aZ \h~u gZ jZkklhygb_ *~h f b [he__ \klj_gzZxlky weh”_y
iey Z \hklhqguc [_j_] \h~gZy jZklbl _evghklv hlkm&I\m_ | GZ
e_dm hl arZgbc hif_g_gu hlkuidb bkdmkklI\_ggh]lh ]jmglZz

: J_1Z \h~hhtigulu Jmklhc jZklbl _ ,ehghtkdvx_c qkfklb
rZgghc kzZ”~h\hc b ~_dhjzZlb\ghc knhjfbjh\Z\r_cky gZ f_kl_ [u
rbjhdhebkl\_gguo e_kh\ Ba ~j_\ _kghc jZklbl _evghklb ih [_j_]-
ZeuqZ |jmrZ ZdZpby jy[bgZz [hyjurgbd dZrlZzg de_g b\Z h
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gu_ dmklzZjgbdb Hdjm Zxsbc ezZzg”rZnl ij_"klZ\e_g hehkdhc fhj
ghc rbjhdh jZkijhkljZg_gu gZkuigu_qlkrelglg_ihkjhf*kI\_ggh
\hdjm] \h~h_fZ > @ HIlkuidZ azZ\hagh]h i_kdZ "~ey iey Z ijh~he
b\ gzZklhys__ \j_Ify ] I\ ] >@ GZ jzkkfzljbbz _fhc | _jj
lhjbb jZa\blu e_Jdhkm]ebgbkbeZ[hihjah\ébklu_ ihqgq\u[gZ ihqg\hh
jZamxsbo fhj_gguo km]JebgdZo b kmi_kyo KhleZkjdhhdzZjlzf Jhl
jby hlghkblky d dzZIl_]Jhjbb Cgudebmgdkh\é > @ <hklhgqg__ ijm
R_gneba ijhl_dE_kgzZy fbgbfZevgh_ jZkkhewdgb_ dhlhjzZy
[J_| gZgZeh \hak|\Zhkh_ d x]nDhébgbgljz~Z b I_qg_I \ k_\_jgh
gZijZ\e_gbb iZzjZzee>avghbgkdh]h G_ih*"Ze& [émqlghomidgZ
\hjZzgb\Z _| gZ \hklhd b Kilz}&xI1y_jlhex

R_gnebaAfdguel [_kklhgqguc \h~*h_f ba g_]lh g_ \ul_dZ_1 g
\h~hlhd Hkgh\gh_ iblZgb_ ihemqzZ_fh_ihfm "highR_gyeBal\ht_
b kg_]lh\h_ hg g_ ijbgbfzZz_| gb h~gh]l]h \hAhlhdZ Dhe_[Zgby n
]h~Z hg_gv fZeu h~gzZdh f_"]h~h\u_ dhe_[Zgby fh]lmgl [ulv “h\h
gufb LZd \ ] \h*h_f [ue aZdjul "ey dmiZgb[§lh k\yab k h[f_

LZdbf h[jZzahf bf__Ilky jy® ijbagZdh\ j_adh_ m\_ebq_gb_ ]
b \ujh\g_gguc j_ev_n ~gd&hlep\lggju ijZdlbqg_kdb ijyfhebg_cgZy
j_]1h\Zy ebgby b ihqglb ijZ\bevgZy |j_m]hevgZy nhjds \h~*h_fz ]
f ij_\urZxsb_ agZq_gby Ibilkkdghk!\ "geguo klZjbgguo b ihcf_ggu
ha_j “hebgu j Ij_lhebihdlhlhjjeZbkdmkkl\_igghkoh ~_gb_
ijm~Z |_j\hgZqgZevgh IZdhc \u\h” [ue k®”_eZg gZ hkbh\_ j_Iljhki
liZnbqg_kdbo fZI[1PhZeh\

<i_j\u_ g_h[\h*g_gguk idiZ2jwrysbf dZgzZehf \ x,glhc qZklb
nhjf gZihfbgzZxsbc kh\j f gguc R _gneba ihy\ey |Iky gZ dzZ
;7\ dh]DbZgb]lk[_j] klZe jZkrbjylvky b ~ey bgl_gkbWh]h Jhjh"k
|_evkI\Z ihlj_[h\Zebkv fzZIl_jdpZled k\h(esstischblatt, 1933; Karte
des Deutschen Reichegdmgebung von. |QLJVEHDIR383 W+ g jZevguc rlZ]
JDD: <« - NbroZzma_g. ljskkiby D _gb]k[_jlkd ijh\ bkijz\e
192280 ]]). GZ [he__ jZggbo bah[jZ _gbyo \h"h_f bebmdlZjv_j a™_k
(Reymanr Special-Karte. HKnigsberg, 1806; K_fblhih]jZnbq_dzy dzZjlz
bghkljZgguo \ezZ” gbc Jhkkbckdhc Bfi_jbb Ki_p dzjlz
JhkbbD gblk[_j] b <hklhqgZyl88pmREhhZ = jfZgkdhc bfi_jbb
1:100000, 1878904). <hklhgggZoh”~blkyhlhd jmkeh dhlhjh]lh hilg_leb\
ih\lhjy | kh\j_f_ggu_ hqEjlkghy mdbdZediddhgbk e gy gt
neb& Z ieZgD Jgb]lk[_jl]Z khklZ\e _gghf ih Zwjhnhkhkmdhd Z f ]
ibkgufb ihf_ldzfb rk£[4\Zj»_ckdhc klj_edh\hc “pbfbadth IJDD:
m\b”~ Iv glh \ f_kl_jzZkiheh  _gby dZjv_jZ mklzfgHue Igu klZgdh
_]lh ~gh [ueh kmobf jbk
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Fig. 7. Maps showingk H 6 FK| Q1O L H VYa)SIRI3(E 1945(R)

< |Ih °_ \j_fy gZ Zjob\guo nhlh]jZnbg_kdbo-da]j[jZ _gbyo
jbkB)\ ~Zgghf ]_h]ljZznbq_kdhf imgdl_ fh gh m\b”_IBagth”h_f k gZ
gerteich | ©dZjv_jguc ijm~2 18|dki4dlgyPgh \kdhj_ ihke_ khhjm"
gby dzZjv_jZ kms_kl\h\ZeZ | _ogbqg_kdzZy \haHh\Vhghtkd vk alzihegylv
dZlv \h~m ijb g_h[oh”bfhklb gh \ \h_ggu_ b ihke_\h_ggu_ ]h-
j_]mebjh\Zlv aZiheg_gb_ dZjv_jZ \h~hc [ueZ mljZgq_qgZ
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SchonflieR, Stadtkreis Konigsberg, MT13089-8.

Partie am Baggerteich. (1930-1936), © Paul Henschke, Schippenbeil

JbB <b” gZ ijm” ;Z]]_jlwema Rhdjm] D_gb]k]I93g) [13] 4
Fig. 8. The view of the Baggerteicb F K| QJOQRHVVEHUJ X U EBERL9GAH)"

GZ \k_o ihke_\h_gguo dZjlZzo b kimlghbldWdgo kgbfd
] DZebgbgNjz~z ih fZl_jbzZezf kt_fdb ] kimlgbdh\luc kg
] DZebgbgl]jZz®"Z b hdjl%@8@hKkigguc h[t_dl m _ h[\h*gag@ \b"bfh
kqg_| ihklmie_gby Jjmgbhtwgmh”g h[julbklufb [_j_]Zfb kh \k_o k
jhg Ih*"\h”ysbc dZgZe gZ x]_ dZd b *"jm]b_ \iZ*"Zxsb_ \ ijm~ b
ba g_]h \h~hlhdb hlkm9kl\m_1| jbk

// u‘

lezg ] Dzebyiali®e [ Kimlgbdhiuc ld@m‘h r

(njz]f_yl (njz]f_)l
Jb® Ijm” R_gneba gZ dZjlZo ) [12¢ [

Fig.9.0DSV VKRZLQJ WKH 8F&(IAB6E YV SRQG

J_ev_n hdjm Zxs_c f_klghklb 1zd" _ ij_I_ji_e ag®qgbl_evgu._
ihyleyebkv gh\u_ g_jh\ghkllbeZ ki~ brgh]pZnbg_kdZy kv Iv < j_an
[Zl_ wlh]h \h*hk[hjguc [Zkk_cg ijm"Z R_gneba hdZaZeky h]ljZz
sbfb zZ\Ihfh[bevgufb b "~ _e_aghickNhfhhlgofbfb \ oh”_ ghayckl\_
ghlh hk\h_gby | _jjblhjbAh~=jkjglgpa]h [Zkk_cgZ \u”®_e_gu k ihfhs
dZjlh]jZznbg_kdbo k_j\bkh\ *RRJOH (DUWK b ] _AbG@snhjfZpbhgg
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lheh” _gb_ ebgbc \h~*hjza”_eZ dhlhju_ ijhoh”yl \ hkgh\ghf I
mjam \h”~u hkh[_ggh gZ aZAhkthdb KkhXhjg#ZZ jZkklhg@h b

40f hij_~_ey |ky hkh[_gghklyfb ohayckijbgghdksjZzd¥blkby
ghklb 9k

§
4

s wars

Jb.KIO.<h"hk[hjgZ&k iggn~"R _gneba
Fig. 10. Catchment area of tfeF K | Q pOrdH V

lehszZz”v \h”*hk[hjgh]h [Zkk_cgZ ijm~Z R_gneba g_\_ebdZ
ijb[ebabl_é&wglz b khihklzZz\bfzZz k iehszZ”~vx _]1h \h”ghad ih\_joghk
p_ehf ozjzdl_jgh ~ey fgh]l]bo h[\h*"g_Ddebgdgjyf|iIs]3
<h”~hk[hjguc [Zkk_cg \dexqZ_| mqgzZklhd fEklkggtkdbgzhghlklhid ]
jZkrbjyyé&x]R\hklhdez aziz*ghf [_j_]m \h~h_fZ _]1h \h~hk[hj aZf_
(20« f hljZgbq_g ~_e_agh”hjh gufb imlyfb b \uly@ml k k_\_j.
[hevrhc jZaf_j \h*jk[’h4Z m”~_evguc W dhikéjazZ hij_~_ey_|
_]h kgb  _ggh_ \ebygb_ gZ ]b”jheh]lbg_kdbc j_"bf ¥h~gh]lh hJ[t
| evgh agZqg_gb_ baf_gqbluo ih]Jh*guo mkeh\bc kkhdmljb\h"h
mkbeb\Z Ihkydhevdm RjnmgphebaAfdgmluc g _ijhlhgqguk Bh~h _f
f_~re_gguf \h~Ahh[fZgh[ft_f \h~"ghc kZxk¥gbl_evgh g_\_ebd 1Ih _]h
mklhcgb\hklv d aZ]jyag _gbx 1Zzd"_ g_.fh™ | Julv \ukhdhc

A:DEXQ?GB?~?

l[jh\_ "~ ggu_ jZ[hlu ih&\hjé¢bebhkljhblv [ZIbf_ljbg_kdmx dZj
Im b Ij_of jgmx fh”_ev j ev_nZ ~gZ ijm"Z R _gnebdh Z 1zZd" _
fhjnhf_Ijbg_kdb_ oZjzdl_jbklbdb WIh \h*h_f kj_"g”]lh jzZzaf_jZzZ
ghc ih\_joghk]BE kh kj_"~g_c Jemf[bghatkbfZevgZy aZgbdkbjh\Z
gZy ]Jem[bgZ khklEZ\bklzq 1Zgb_ g _[hevrhc iehsZ”b \h”gh]h a_
ijm~Z k 1Zdhc ]Jem[bghc ijb\h”bl d hkeZ[e_gbx \_Iljh\h]h i_j_f
\h~*ghc lhesb b g_jzZ\ghf_jghfm jZkij_~ e _gbx |_ieZgb jzZkl\hj_
Ih\ mkbeb\Z | jbkd \hagbdgh\ _gby dbkehjh”h” _nbpblguo ahg \
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L ogh] _ggZy i)bpZZ b _]1h kjzZ\gbl_evgZy fheth*"hklv h[m]
\XIl “"hklZlhgqgh keh guc jDdMeh\bgZ iNumhXg_gZ \ p_glj_ [
j_]1h\Zy ebgby k |Ij_m]hevgufbhhqgqgylkgeZyhibaj aZggXly lehszZ”v
"hk[hjgh]h [Zkk_cgZ ijm~"Z R_gneba g_\_ebdZ b khklzZ\ey_ |

12 IhdzZazl_ev m”~_evghlh \h~"hk[hjZ hlghkblky d hg_gv fZe

gbadhc jheb \h~*hk[hjgh]h [Zkk_cgZ \ igbbodZhpb &R l\j ijm"m

GZb[he__ [eZ]hijbylgu_ mkeh\by ~ey kha*Zgby'iey Z bf >
ghf b xflZizrghf [_j_Im \h~h_fZ 1Zd dzd \ hlebgb_ hl \hklhqgt
lem[bgu 1Zf baf_gyxlky [he__ ieZ\gh b ihkl_i _ggh RbjbgZ ihe
ijm~Z h]jZgbq_gghc bah[Zlhc f ~“hkNbd\Zebqg hgltb iehszZ”™b
hjl]Zzgbah\Zggh]h iey Z ihal\hebeh [u kgbablv j dj_Zpbhggmx g
R_gnebg_ehf
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G?DHLHJU? =B>JHEBP=IHHOBFBQ?KDB? HKH;?GGHKLB
B IJH;E?FU F:EUO =HJH>KDBO IJM>H<
G:1JBF?J? IJM>: IHIEHD

G: Pmibdh\Z R _\hklvygh\Z

SOME HYDROLOGICAL AND HYDROCHEMICAL PECULIARITIES
AND PROBLEMS OF SMALL URBAN PONDS ON THE EXAMPLE
OF THE POPLAVOK POND

N. A. Tsupikova, E. A. Sevostianova

< klzZlv_ jZzkkfhhjewgzZeuo Jhjh~*kdbo \h~h_fh\ \ "blagb mj[hwd
kl_f bo agZgq_gb_ “ey kh\j_flggwgdhfh~h\f_kygguob]b”jheh]
g_kdbo b ]b”jhobfbg_kdbobgZilexdblgbecvguo bkke_ _~h\Zgbc \ i_jb
k n_\jZey ] ih ghy[jhp_gb\Zxlky baf_g_gby \ obfbg_kdhf kF
\h”~uijm~PhieZ\hd ih” \ebigbakt "~ gghc hgkjlwih] ggwo \h
AN _ckl\bc ijbjh~rguo nKgZhgbijm~rZ k ~jm\lbfb_fZib h[gh
]h gZagzZaghgblyjnhf_Ijbg_kdbf b ]b”*jhobfbqg_kdbhdiZzaZzeHjZf
glhhgy\ey Ikygbf ba Ibibgqguo bkdmkkl\ _ggbD&ZethdbgfhiArk
g_c |bMjheh]bd Kdbdjhobfbqg_jkdbt kms_kI\_ggh azZbYgkbl hl
guomkeh\bdjib\h~"bfuo ohayckl\_gguo f_Hkhhybghklvk bkdm
kiI\_gguo \h*h _DHEebhgbg]tZzltay_[hevrhc jZaf_j b aZf_"e_gguc _kl
kiI\_gguc \h*"hh[f_g dhlhjudhAghklktmi¥ZZ lg crbo ]b~ jheh]bg_kdbo b
]Jbrjhwdheh]lbq_kdbo ozjzdl_jbklbd

Wlb fZeu_ \hihZdébgbg]jg™V&KlzZ\eyx|l kh[hc "bgzZfiqg_kdb iZ
kb\gu_ zZd\Zlhjbb k mijhs_gghc kljmdIimjhc b kghgnmdghc mklhcq
\h~h_fguo ijhp_kkh\ < j amevlZl_\ ijm"Zo gZ[exDdZ |lky | _ g~
| _evgh mkdhj_gghc w\ljhnbdZpbb ih kjZ\g_gbx k _kd# klI\_ggufb
[Zfbb©p\ | _gbx2 \h~u

Hfheh  _gb_ ijmApA~*e_gb_ kjhdZ bo wilkaé¢mglzpimb_f
hgbkldb eh Z j_dhgkljmdgbklXhvh H&mqg_g j_amevlZl 1Zdh]h h
"_gby gz ijbf_j_ ijm~"Z. lhkez\ljddmevib\Zpbb \h~h_fbijhoh”"be i_
hr \hkklZgh\e_gby b m fgld]l]b_ ba jZzkkfzZljb\Z_fuo ibdZaZl_e_c
reb d "himklbfhfm mjh\gx <uyle_ggu_ hkh[_gghklb nhjfbjh\Zg
kbkl _fu ijm~Z g_ kihkh[kI\mxI| [ukljhfm h[gh\e_gbs \h™ beb bo
gbx qlh ijb\h~bl d ihkl_i_gghfm kgb _gbx dzgl_k[ukl\thiru \ j_am
]h gZdhie _gby hjl]Zgbq_kdh]h fZl _jbzZezZ ~Z  _ ihke_ j_dmevlb\
glh b gZ[ex~Zehkvwhiepgihd \ ] >ey wdhkbkl_f ih~h[guo \h~h
l[j [m_Iky ihklhygguc dhgljhev aZzkia Rhkihg\gdbrZlbevkl\h
"eyh~"™ j°Zgby beb memqr_gby bo wdheh]bqg_kdh]h khklhygby

fZeu_ lhjh~kdb_ ijm”~u ijmbdANjhiezithgl_kdZy ozZjzdl_jbklbdZz
wdheh]bq_kdh_ khklhygb_ fhgblhjbg]
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The paper considers the role of small water bodies in the life of urbansecosy
tems and their importance for modern cities. Changes in the chemical composition of
the water of the Poplavok pond due to the recent clean-out, anthropogenic influences
and natural factors are assessed based upon the data of monthly hydrological and hydro-
chemical observations and additional studies within the period from February 2015 to
November 2017. Comparison of the pond with other water reservoirs of the simnilar pu
posein Kaliningrad in terms of morphometric and hydrochemical parameters showed
that the Poplavok pond is one of the typical artificial reservoirs of Kaliningisady-
drological and hydrochemical regime significantly depends on weather conditions and
performed water control and water economic practice. A feature of the artificiel rese
voirs of the city of Kaliningrad is their small size and slow natural water exchange,
which is one of the most important hydrological and hydroecological characteristics.

These small water reservoirs of Kaliningrad are dynamically passive water areas
with a simplified structure and reduced stability of in-water body processes. As a result,
there is a tendency in ponds to significantly accelerated eutrophication in comparison
with natural water bodies anthater EORRPLQJ’

Rejuvenation of ponds and extension of their life cycle is possible by cleaning
the bed and reconstruction of the reservoir. The result of such rejuvenation is studied
the article using the example of the Poplavok pond. After reclamation, the reservoir u
derwent a recovery period, and by 2016 many indicators had reached the permissible
OHYHO 7KHVH IHDWXUHV RI WKH IRUPDWLRQ RI D FORVHC
the rapid renewal of the waters or their self-purification, which leads to a graslual d
crease in water quality as a result of the rapid accumulation of organic material even
after reclamation, which was observed in the Poplavok pond in 2017. For this type of
ecosystemsa constant monitoring of their condition and timely intervention to maintain
or improve their ecological state are recommended.

small city ponds, the Poplavok pond, hydrochemical characteristics, ecological
state, monitoring

<<?>?GB?

Mkeh\by "bag_ "~ _yl _evghklb g_eh\_dZ hij_~ _eyxlky g_ Ihe
klvx nbabg_kdbo obfbq_kdbo [bheh]bqg_kdho yk%hpdptZcevbguo h]|
nZdlhjh\ hdjm Zxs _c¢ ijbjh”rghc b bkdmkklI\ gbhdt’ ky\éy <Z gu
_lky i_caZdviglh Ibg_kdZy ijb\e_dZzZl_evghklv eZg”rZnlh\ b bo k
h[ _ki_gblv fZkkh\uc hl?*uo gZk_e _gby \ ij_~ eZo mjkZgbabjh\Zg
G_j_"dhdbfb j_ahjlzfb klbobcgufb beb hj]Zgbah\Zggufb ~ey ]I
gh\ylky [_j_1Z \h~h_fh\ \ gzZklghklb ijm~h\ Djhf_Ih]l]h hgb y\
h[blZzgby “"bdbo \h*hiezZ\Zxsbo ilbp

;ukljh_ jZza\blb_ kh\j_f_gguo ]hjh~h\ azZkljhcdZ k\h[h”gu
gZklh Thg_qgZy qglh \uau\zZ_| fgh]l]hgbke _ggu_ gZj_dZgby b \hz¢
gu gZk_e _gby xhdZjdhghZ \ha” ckl\b_ gZ \hAgu_ h[t_dlu h~gb L
ij_I_ji_\Zxl kms_kI\_ggu_ baf_g _gby ~jm]b_ \hh[idt bkqg_azxl
\ j7_gu g _dhgljhebjm_fhfm aZ]jyag_gbx momA*rZy h[smx
wib” fbheh]bgq_kdmx h[klZgh\dm \ ]Jhjh~"Zo Ilhwlhfm \hijhku \
fZeuo \h~h_fh\ khojZg _gby b memqr_gby bo wdheh]bg_kdh]h
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i_ggh klZghhylktyc ba i_j\hhg_j_~guo azZ”Zq h[mkljhokI\Z Jhjh~k
Ilhjbb \h fgh]bo jhkkbckdbo gZk_e_gguo imgdlZo

=hjh~kdb_ ijm”~u h[uqggh kbevgh hlebqzZxlky hl _kl_kI\ _gg
f edh\h”"gu qzZklh kbevgh w\ljhnbjh\Zgu b bkiulu\gxl ]JhjZa”h
ljhih] _ggmx gZ]jmadm q_f \h~h_fu aZ ]hjh"hf

=hjh~ DZebgbgl]jZz”® jZkiheh _ggudjgihdbj YZmkph\byo
jZ\gbgghlh j_ev_nzZ f_klghklb b [ebadh aZe ]Zxsbovh”a_ fguo
jZa\bImx ]1b”~jh]jZnbg_kdmx k_Iv \ ]Jhjh~_ fgh _kI\h jmqgv_\ i
\h~rguo j\h\ \hdjm] nhjlh\ b h[hjhgbl_evguo khhjm _gbc Gz I_j
gbgljZz”"kdhc h[ezZklb jZkiheh O ¢gla_[jhe_bkdmkklI\ _gguo \h~h_fh\
G_ihkj_"~kI\_ggh \ 1hjh”_ \h”H hfdlhaeBEgbfZ | _jjblhjbb Z + @ Ag
gbl_evgmx qZklv wlbo ijhkljzgkl\ khklzZz\eyx| ijm~uwludhlhjuo \ ]t
\Z |Iky g_kdhevdh\khkgh\gihf “\mo Ibih\ dhiZgu_ b ih*ijm~gu_
\h~h_fu g_[hevrh]h (j2d&ZZv \h~"ghlh a_jdZezZ g_ ij)\urz _|I
g _dhlhju_ ~Z° _ g_ bf_ x| gZa\Zgbc D kj_"~gbf ijm~Zf{zZzk iehsZ”"v:
> @ fh 'gh hlg_klb | _ezZ\kdbc Ihiez\hd Gb 'gbc bRdhevguc R
Fgh]l]b_ ba ]Jhjh"kdbo \h~"h_fh\ i _j\hgZgqZevgh kem ' beb ~ey kha-
Au \h~*hkgZ[ _gby gZk_e _gby gh k_cqzZk [hevr_ \uihegyxl wk
dj _Zpbhggu_ nmgdpbb Z 1Zd _ \uklmiZdhfgh§ZeghXZbgukb
kI\_gghc ~j_gZ ghc k_Ib JThjhBZ\ywdrdgdu k gbfb iZjdb b kd\_jt
yleyykv kms_ klI\ _gguf we f glhf Zgljhih] _ggh]hh&BpgtrZnlzZ ij
hgzZjh\zZgb_ fgh]lbf jZchgZzf

HA"bg ba |Zdbo dZebgbg]jZz"ktdbeozZ\hmgAEoh*"blkyg\ p_
ljZzevghc gZklb Jhjh~rz \ f hl dijmighc ljZgkihjlghc fZ]bkljzZe
dzZzd fZehzZzd b fgh]lhwlZ gufb "beufb b zZ~fbgbkljZlb\gufb a~Zghb\)
khhjm™ g \ ] ey mdjZr_gby i_cazZz Z b \h ba[_"Zgb_ ih”lhi
xsbo | _jjblhjbc ]~_ \_ehkv bgl_gkb\gh_ kljhbl_evklI\h \bee b h
1Z ijm~"Z azZzkzZ”beb j_~dbfb ihjh~rzZfb ~_j 1@\ Ihiexdkhdjgihdh\ >
emgbe k\h_ kh\j_ f ggh_ gzZalZgb_\ g f ]J=ZtOOMBPJWWHLFK |
Zwillingssee £ ijm” ;ebag_pu [uklprghZeba ~hklhijbf _gZl _evghkl
jZchgzZz ©lhgdhc ijbly’ _gby? ~ey "bl_e cbdzddkifhyhw&lZ Iky
\j fy<90-_ ]h~u gZ nhg_ h[s_]h wdhghfbg_kdh]h djbabkzZ ijm
ijbr_e \ miz~rhd dzf_ggh_ h]jz"~_gb_ qgZklbggh hkuiZehkv \F&
bkg_aezZ ih® keh_f fmkhjzZ b jykdb < _kghc ] ijg¥gzezZkv j_d
\ oh”_ dht¢hda[bjzezkpZArdithegyelmkwmr _gb_ hqglhd gbgguo
hleh” _gbc mdj_Jiej_dgBueb j_dhgkljmbjtn\@gu kbkl_fZI\h~hh
\_~ _gbyM4l.

P _ev jZ[hlhijt~ e _gb_ ijh[e_f fZeuo \h~h_fh\\]@Zoh”ysbok
jhrkdhlge jl . Z 1Zd” _ \uyle_gb k Q\yfdbZpgmybobfbq_kdbo b ]Jb”jheh
]bg_kdbo bafgd@ gbé j_ ijm~Z IhieZ\hd

F:L?JB:EWB F?LH>BD:
<p_eyo dhgljhey wdheh]bg_kdhc kihireZptd Iz i)peny
] [ue hjl]Zgbah\Zd&yqguc fhgblhhbg]\h~u ~"ey bkke ~h\Zgby
hi[bjZebkv ba ih\_joghklgh]h Jhjbk¢lg\gugoZbl*\ono ~wNihegbl_e
guo klzZgpbyo k n_\jZey 2017h gby[jM”*jhobfbg_kdbc ZgZeb:
ijh\h"bekyeZ[hjzZlhjbbebgbg]jZz*kdh]h Jhkm~Zjkl\_ggh]h | _oghbt
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mgb\_jkbihhfs _ijbgylGflhAbdZf ey h[t_fgh]lh b dhehjbf_Ijbg_kc

f ThAhybk 1ZjZee evgh gihazyb@gviheh]bq _kdb Zbkke ~h\
g ly[5 £].

® [ ) -

Cr.2 Ct.5 - .

e oCt-4
Cr.3 03. /1

o Cr.1

Jbk ljimiteZ\hd ko _fZ jZkiheh  _gby klZgpbc fhgblhjbg]Zz
b Ijm[Z m KlI\h*ysZy klhd k ijbe_]Zxs_c | _jjblhjbb
Fig. 1. The Poplavok Pond: scheme of monitoring stations and a water outlet at st. 1,
discharge from adjacent territory

AZ mdZaZgguc i_jbh” [ueh kh[jZgh b h[jZ[mrIZ®du[he
"ey ZgZebaZ k_ahggh]h oh”~Z \_s_ klI\ hkZdlgdguwyheklZgpbyf I
ijhkljZzgkl\_ggu_ jZaebqgby bo agZqg_gbc ih iehsZkg_ijm~Z g_
fhjnhf _Ijbg_kdbo oZjzdl_jbklbd \uiheg Ggogleiftaps.g gb f

H; KM@>?GB? J?AMEVL:L

lh \_ebgbg_ iehszZ”b \h*"gh3hHzijmteBZ\hd y\eyZlky f
euf ohly g _dhlhju 3@\llhgbl2x!l qlh I1Zdb_ \h"h_fu k iehszZ”~vx \
ih\_joghklb hl ~h 1Z ke_"m_1 highkblv d dZI\hRpbb kj_~gbo
fZ g_[hevrady + ~h f ~ebgz _]1h [_j_thkh¢hkdgbbi[t_f
\h~u ijb[ebabl 48vigitk 3f I1h fhjnhf_Ijbg_kdbf iZjzf 1jZf \h~h_f
hg gv [eldadhdebgbg]jZz”kdbf \RYhaBEZkdgm E_Igm Abfgm
ijmA*mizZjdX " ghfb fgh]bf *"jm]bf ha_jzf dZfen"zZf <k_ ljZkkfh
j_ggu_ \h*"h_fu g_[hevrh]h jzZaf _jZz khihklZ\bfhc "ebgu kj_"g
ijhly” _gghklb [_j_]h\hc ebgbb

LZ[ebpZ Kjz\g_gb_ fhjnhf_Iljbg_kdbé&ho ZhADIZ ¢ blglhgl] \H" Z
Table 1. Comparison of morphometric characteristics of some waterbodies located
in Kaliningrad

. . ljm~ Ha jH Ha _jh Ha _ jh
1Zjzt_1] hieZ\h E_k_gjk E_I_gj_ Abf_gJ__
1 2 3 2 5
lehsZAv \hAgh]h a_| 2.3 (LUL2) 3.1 3,3 1.4
>Sebgz f 228/191* | 330 305 165
Ki_ AgypjbgZ f 48/62* 95 108 85
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HdhgqgZgb

1 2 3 4 5
FZdkbfZevgZy rbjb 86/87* 170 167 115
ljhly  _gghklv [_j_1H
ebgbb df 1,1 0,8 0,8 0,5
Dhwnnbpb_gl baj_|
[ j_]h\hc ebgbb 1.4 1.2 1.2 1.2

libf_gqZgb _ \ gbkeébjze |jti "ey azZiZz”~ghc qZklb \iAdgzf_gZl_e_

jZf_lju ~ey \hklhgghc gZklb ijm~Zz

=eZ\guf hlebgb_f ijm~Z IhiezZ\hd y\ey Hgykhkihbhjba *
A\mpobf_jgh jZ\guo ihelhdbgo”~rgh g f pdh_ gzZa\zZglhadh”h_ fzZ =+
pu B[tykgy Iky nhjfhc ijm~Z dhlhju_ kh_"~bgyxlkyl)j_ fy ijhlhdZ

Iljm”~ g _ijhlhgguc hg g_ ijbgbfZz _| gb h*gh]l]h \h~*hlhdZ b gb
lhdZ ba g _]h g_\ul_dZ_| 1jb aZiheg_gbb ijmfddptbtn [fy _]h j_
jbezkv kd\Z 'bgzZ ~h ]jmglh\uo \h”® dhlhjZy \ gZklhysbc fhf_gl
jm_I-B@ azZzkhj _gby dzfgyfb [Bl. dpmibghifhegyljilkglh\ufb \h
NZfb b \eZ]lhc ZlIfhkn _jgubjiikzZzAdph \\g\]W _gZ Ijm[Z q_j_a
dhlhjmx hkms_kl\ey Iky “hihegbl_evguc k[jhk \h~u k ijbe_]Zxs
jbk < "Zjdmx ih]h”m ijb hlkmlkl\bb ZIfhkn_jguo hkzZ~dh\ m
lhiez\d_ kbevgh iZz*Z_| b \ g_dhlhjuo f_klZo ]é&%[bgkd mf_gvrZ_
GZ ih\_joghklb hJuqgh ijbkmlkI\m_| fmkhj e_Ihf fgh]lh \h”*hjhke
jv_\ilbp iuevpu b k_fyg jZkl_gbc

< i_jbh”™ ijh\_~ gby gZ[ex”_gbc ijmthd i \dex ydnhffm
lhevdh \ yg\zZj_ \ hklZevgu_ f_kypu |_fi_jZImjzZ ih\ jjoghklguo
\ij_"N_eaBaR4,7K ijbqg_f el\hnffu azZizZz”ghcijgqdklbZelklowevg
g_f \hklhgghc < ] dhg_p \_kgu b i_j\ZyijilheeXbgidfle |Z [ue
(gb"_ debfzZlbg_kdhc ghffuKggZ|[ex*Zebkv kj_~g_f_kydgu_ |_fi_|]j
Imju \ha“mozZ k fzybihhbget\ufb \ Ih \j _fy dZd hklZevgZy qZklv
hkh[_ggh ghyfz[jwg_gv | _ieufb kj_~g_ f kyqgZy | _fi_jZImjz \t
ij \ukbezZ kj_"g _fgh]lhe Igb_agZqKgbhhd¥Z Ikl\bggh ] \
ihqglb ihklhyggh | _fi_jZImjZ \ha”moZ jueZ @ghyjZgblhlkhighlygh
| ieufb \ur"Zebkv fZjlkg fZc & kyqgZy | _fi_jZImjz \ wilb f_kypu |
gZeZ&¥ 63K [hevr_ kj_"g fghlhe_ Ig_c¢c b lhevgt' ;\\thdly[j_ %
fghlb_ \ dbke_ e Igbu hk&vydh\iZzephevr_ghf8ul_fi 4
ImjZ \ha”moZzZ \ gZqaieZ [ebadZ d debfZlbg_kdhc dihgip h~*gZdh
e 1Z b gZ ijhinwk gbkb gb ij \urZzez 30g& L Hi_ jZImjzZ \h”ru \
ijm~m \ i_jbh” bkke_ _"~h\Zgbc \ hkgh\ghf azZ bkdexqg_gb_f \ _|
20152016]] [ueZ \ur_ | _fi_jZImjub\HatkloiZevguo agZq_gbc hdhe
2025 K gZ ih\_joghklb ~hklb]ZezZ H[sdhgpnfiejdEZmjguc nhg \
2015] \ p_ehf [ue gb _ @gb201V]] (jb k2).

<h”rZ \ ijm~™m fZehijhajZggZy e _I|hf hlghkbl_evgZy ijhajZq
klZgpbyo khklizdegbzZ kf p\_lahéugs\ajuc =jmgl i_kqZguc
b bebkluc ijbg_f agZgbl_evgu_ h[t_fu i_kdzZ dpghwdabébkv ijb
\h~h_fZ
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CyMMa arMo chepHBIX 0CAJTKOR,
MM/MEC

I I 1m I1v Vv VI vII VIIT IX X XI XII

2015 ron Mecsn

12016 rono

E=S2017 ron

== =HopMa KOIH4YEeCTBA OCaAKOB AJA I. KanHHHHTpaga, MM/ Mec.

°C

Temneparypa,
JlemocTtas

--------- Hopma Temneparypsl Bozayxa nuar. Kammmmrpana, °C
=== TeMNepaTypa EOIEH E JeHEs 0TOopa mpob, °C
= == (CpegHeMecA4HaA TEMIEPATypa BozOvxa, "C
Jbk.1h]h~"gu_ mkeh\bZebpbgl]jz”_ 2017]]%
Fig. 2. Wedher in Kaliningradn 20152017

lh deZkkbnbdZpbbeHdb®® >\h*Z \ ijm"m fkldEklIv =
hdheh + flWwdj A9 _c kl _i_gb fbg_jZedpazZphbi+Gz
ki1, m \uoh”Z Ijm[u kmffZ bhgh\ gZbf_gvrZy gqlh k\yazZzgh k ZIf
bkoh ~ gb_f \b{ebabl _evgh] *}). < ] \h”u kmevnZlgh
dZevpb_\u_ \lhhhZh \ k_\_jghc qgzZklb \hBvhhfdZjghgZlgh
dZevpb _\2017] x]b”*jhdZj[hgdlkdhb_\u_ i_j\h]hhlhkZc Zd\ZIh
jbb Baf_g_gb_ Ibiz fh]leh jijhmehvdidf g_gby mkeh\bc \h*hh([f
g \hkklzZzgh\é¢blgbyhobfbqg_kdbo ijhp_kkh\.\ \h*Zo ijm~Z
<h~hjh”~guc ihdzZazl_ev ih”\_j g agZqbl_evguf dhe_[Zgh:
]hAZk \ujzZz _gguf fZzdkbfmfhlh ébgibffmfhf \ oheh”~gu<ch&uahg
ijm~"Zheblhs_ehaqgy_"g_f aZ i_jbh” gZ[ex®_gbckhkéhiggbgZ |G
eB586 jbk3) hklz\Zykv \ ij_ ~ eZo ghjfu “ey \hAh_fh\ ahgu kf
e_kh\ “ 10lh Baf_g_gby S+ | _kgh k\yaZgu k ijhp_kkZfb nhlh
lZzddZd ijb ihlj_[e_gbb m]e_dbkeh]h ]ZazZ \h”ghc jZKIbl_evghkl:
xlky bhgu HkB8evgh]h hkgh\Zgby qlh kf_sZ_ | dzZj[hgZlIgh_ jzZ\gt
\h \ klhjhgm s_ehqghc j_Zdpbb b h[jZah\Zgby dZj[WgZIh\ b [bc
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dh d dhgpnm \ _ebgbgZ SG kf_klbezZkv \ klhjhgm dbkeuo \h™ (
\hjblv h ih\ur_gghf kh”_j Zghlx bhghb G 1] \ ~g_\gu_ qZku

e _|hf \ \h™_ |Jm’\Z "A\'mhdbkv m]Je_jh”"Z g_ [ueZ h[gZgm _gZ Kh’
Ih\ khklZ\beh [he _ ]b’\jtla%ﬂmfg]Z’lﬁkrthl\ IkI\_gdgh Dz
[hgZlgZy s ehqlgdhﬂ{da\h 8 f# wd\ 3Af

gZM
6 R PA \%Hzo\iﬁﬁHi;H\

—p

JbB.<_ebgbgzZ \h*hjh*gh]h\ilhdgavZ dhiezZ\hd
\ 2017 1]
Fig. 3. Hydrogen ion concentratiomthe Poplavok pond in 2013017

| jfZglZgzZlgZy hdbkey fhklv k\b” | _evkl\mx\dZy h kh”_j°
e_]Jdhhdbkey_ fuo hjlZzgbq_kdbo \_s_kI\ \ ] \ plehf [he__
Ajm]lb_ JH» 4 _ebqgbgZ oZjzdl_jb&m MNkyglkdhz&hhl\_kI\m_| heb]h
f ahlmfhaguf \h M) fAaf I~ _evgu_ f _kyphdI¥g[]jmkl, fEjl

D xih\ur_ggZyykd). Ihkdhevdm \h*"h_f g [hevrhc fEehc Jem][b
[ kijhlhgguc _klhklI\_ggZy kihkh[ghklv d kZfhhgbsZgbx kgb g
wdhkbkl _fZ hg_gv gmldh j_Z]bjm_| gZ ex[u_ \g_dgh _ij\tha”_ ckl\
\_ " ggZymevib\Zpby h[bevgh_ \uizbBglgb”mdkbyd lgh\uo \b”h\
<p_eyo hghbkhdz hl \h~*hjhke_c b ij_~hI\jZs_gby _]h [ukljh]h w\
\Zgby \ k_gly][j_ ] \\h~h_f aZimklbeb hkih[*igpo Theklheh]k
gylu_~ ckl\by g_ hdZaZeb h'b”rZ_fh]lh j_amevlZIlIZ KZqbgZy k
ihfhsvx ki_pbZevghc-ZZnbplub azgbfzZz Iky F;M ©=btYhl_ogbd?
fbfh k[hjZ ih\_joghklgh]BE]fmkHjkj_azZ | p\_Imsb_ \hrihjhkeb gZ
[bg_ ~h f

Dbkehjh”rgu_ mkeh\by \ + 11 [eZ]hijbylgk dhgp_gl
ehjh~"Z g_ himkthZezk#3®*~fZ \ dhgp_ e 1Z+gZqzZé ihki gb

rzez f] ~ jbk "hklb]lJgm\ agZgbl_evgh]lh i_j lgdkds _gby *h
Z\Imkl_ < ] aZ bkdexfiZybkh~ZjlZgb_jZkl\hj_ggh]h dbke
jhrzZ gb™_ g_f \ ] dzZd \IZpgkbeXliglhgdh kbl _evguo ihdZaZl e\

glh fh™ | Julv k\yazZzgh k [he__ \ukhdbfb |I_fi_jZImjzZfb \h~u b \h
f g b e Ihf ] \h*u ijm”~Z Jueb gZkus _gu dbkehjh?hf gZ mjh\c
100 < ] Z[khexlgh_ kh”_j°Zgb_ dbkehjmg*rZ adfutgh gb _

Amsb_ ]Jh”u < bxg_ b Z\lmkl_kdezZ”u\Zebkv g _[eZ]hijbylgu_ dl
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\by kh agZqgbl_evguf g_ 1f96k84s gb oZjmr_gb_f ju[hofayckl\ _
guo ghjfzZlb\h\ b fl e khhiI\_IkI\_ggh

14,00 -
13,00
12,00
11,00
10,00 |
9,00 |-
8,00 |-
7,00 |

6,00
5,00 %_‘
400 AL AN AN AR AN,

Q

[TepMaHraHaTHasA OKHCISIEMOCTE, MrO/anm?
NN NN

NN NN NN NN NN NN NN NN NN NN NN NN NN NN

I 1III -I-V V VI -X}H VIII IX X XI XII
Mecsair
#2015 o2016 m2017
Jbk | jfZglZgZlgZy hdbkey fhklv f]H Af

Fig. 4. Permanganate value, mgO7dm

K_ahgghklv \ oh”_ jZkl\hj_ggh]h dbkehjh”"Z gZjmr_gZ hkt
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EZ[hjZlhjgu_ bkke_"h\Zgby ihdZazZeb qlh kh® g Zgb_ [bh]
lh\ \ \hiym~EhieZ\hd \uoh”bl azZ ij_"~_eu”glyjfia[b\dhaycklI\ _
guo \h~h _Ifthdavdh ih Zahlm Zffhgbcghfm b Boedhgph§s$|Zdpbb
\ur_ beb [eb&dDb [hevrmx qZklv ]|h*Z

Kh” jZgb_ h[s_]h "~ _e_aZ ihklhyggh kms jkthhfglgt* ij \urz
\Zggu_ agZq_gby {he A\ k_gly[j_ ] glh \_jhylght h[mkeh
e _gh aZiheg_gb_f dhleh\bgu ijm~"Z ih"& fgudiné&éhtMZ\fDpihtk jbk

"ey \h” g_I\_jlbgguo hleh  _gbc \ hZebklbg]kXyaddguo k e _

gbdh\ufb h[jZzah\Zgbyfb oZjzdl_jgh ih\ur_gghaZkh™ j"Zgb_~

JKemezo obmee, MmrFe/mm?
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Fig. 6. Total iron, mgFe/din

Dhgp_gljZpbb Zffhgbcgh]h ZahlzZ \ ijm”m [uebg\k_]*Z \ukl
ly[j_ ] [he__ N ~f] b ijzdlbg_kdb \_kwe \lghcgd jbh~
2017] hgb ~hklb]zZeb fZzdkbfmfz WIh ihal\hey_ | ozZjzdl_jbah\Zlv
aZljyag .glgbh wlhf gZb[heMr@y gljZpby Zahlz Zffhgbcgh]h kh\iZz
kzfuf \ukhdbf agzZq_gb_f S+ \hethihdkbhquibklehbzffhgbcgh]h ZahlZ
aZ kgn\_ebqg_kgby j"Zghfybzdz I|jZz\bevgh_ \gmljb]lh~h\h_ jzkij_*»
gb_ gZjmr_gh

Dhgp_gljZpby gbljblh\ jbk [uezZz g _agZgbl_gvghc b dhi
| _j\Ze_ * %1i4b wlhf ihglb hAbgZdh\u_ a@®p85 fgd byf) +
gZlex"Zebkv \ fZjl_ bxg_ k_gly[j_ ghy][j_ ] I 1jZdlbqg

ahgu ]h*zZ < +hif_]Jd[ge__ iez\guc oh” dhgp_gljZpbb gbljblh

Ih\ur_gb_ dhgp_gljZpbb bhgh\ Zffhgby b gbljblh\ h[uggh m
k\_ " aZl]jyag_gb_ Z ihkdhevdm \ ijm”~ g_ ihklgniZxblk evkdhi
ayckl\ -gghh\u_ beb ijhfure_ggu_ klhggu_ \h~u fh'gh ij_"ihel
glh ijbkmlkli\b_ [hevrbo dhebq_klI\ bhgh\ Zffhgby k\yaZgh JeZzZ\
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< [he__ ijhoeZ”ghf ] nhknzZlh\ h[gZjm _gh_aZzZf_Igh [h
ahgghf oh” -edb4dzlylqg _leb\Zy aZzdhghf_jghklv g_ ijhke_"b\Z _Iky
fZdkbfmf Jnbdkbjm_Iky \ bxe_ dZdFigh\h fbd_jZevgh]h
nhknhjzZ [ueh jZkMNKZ _ghglh kh\iz~Z | k Th~h\uf bthg'b kmhlbh f
ehjh~rZ jhylgh ZghfZebb \ k_ahggWlk®h™ jeBEgbd h[tykgyxlky
h[s_c ijbgbghc < k_ahlggucndlkfhhjZz nhkhzZdhg_ Ibibgguc
_]h kh™_j"Bgbgv gbaglhohbBbblky \ ij _~ eZo 3 f1J ~f

ljm”~ lhiezZ\hd koh™ k ~jm]bfb \h~"h_fzZfb DZebgbg]ljZz™*"Z g_
fhjnhf_ljbqg_kdbf ijbagzZdzf gh b ih I_jfbg_kdhfaft bde_~h\hfm j
jheh]brjhobfbq_kdbf ihdzlZ{®).eyf

LZ[ebpZ KjZ\g_gb_ ]Jb”jhobfbq_kdbo oZzZjzdl_jbklibd \h~h_fh\
\ ] IZpbhgguc [12]18]h"
Table 2. Comparison of hydrochemical characteristics of some waterbodies llocated

Kaliningrad during the growing season
[jm~ , . . :
. Ha jh [jm~ [jm~ [jm~
'hdZazl_| :ui?nj[h DZjih\kd |_ez\kd R_gne| Ihiez\h
Fbg_jZeba| Kj_"gy Kj_"gy| Kj_"gy| Kj_"gy Kj_"gy
@ _e_ah h]
YA~ 0,05 0,36 0,09 0,06 0,23
JZKkI\hj_gd
dbkehjh? 7,79 8,12 8,73 7,83 8,77
f] ~t
| jfZg]ZlgZz
gZy hdbkq 9,62 12,70 7,51 6,73 8,37
fhklv f]H |
Gfl]’ | ‘A$ u 0,01 0,05 0,02 0,00 0,01
cahl Zffhagl
guc f]1°n 0,39 0,28 0,22 0,19 0,37
Nhknhj nBH
Ih\ £]J3n¢ 0,01 0,03 0,01 0,01 0,03

Wlh hkh[_ggh dalgdqhgfthypo jZebaZpbb
dbkehjh~z J[ebadhé dih\&f “"dghc dhgp _gljZpbb ZahlB zZffhgbcg
gZs_ kj_"g_c gh bgh]~Z ih\ur_gghc \ _eblddd3]. hdldkey fhklb
koh~klI\h 1b~jhobfbg_kdhph jl TbABjthilg_dhlhjhc h[sghklb ijh
[e_f J]hjh*"kdbo \h.khy&lZ\gguo k g_mklhcgb\uf j _dj_Zgpbhgguf b
kiI\_gguf bo bkihevahXZjpd kihklmie_ _gb_f \ \h~h_fu ba[ulhggh]h
dhebq_kI\Z hj]JZzgbq_kdbo \_s_kI\ k \h~hk[hjgh]h [Zkk _cgZ gl
kdhc dmevimjhc Jhith Zg b |

kj_"g_c dhgp_gljZy

A:DEXQ?GB?~?
G _kfhljy gZ Ih qglh [jZz*bpbhggh ijb[j_"gu_ I _jjblhjbb j_d
eyxlky gZb[he__ p_ggufb ~ey bkihevah\Zgby bo \ ]jZ~hkljhbl_e
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g _gb_ g _[hevrbo \hAh_fh\ \ kh\j_f gguo ]hjh*Zo \hafh ghklb t
gby "h kbo ihj gqZzklh hdZau\Zxlky g_~hhp_g_ggufb

>Zggu_ khpbheh]bg_kdbd ihdgBeh\zZx|l qglh "bl_eb jhkkb
kdbo Jhjh~h\ hijghHeyfm azZ]jyag _gby \h"h_fh\ d gbkem kZfuo Zd
Fgh]lblhjh Zg_ ihez]zxl qlh \h~h_fu |j_[mx| f_jhijbjplbc ih hqgbk
agZxl k\hx hI\_IklI\_gghklv aZ bo khklhygb_ b*hlegdtzxl qlh
mqZkI\h\zZIv \ f_jhijbylbyo ih hojZzg_hdjm Zxs_c¢ kj_"u

Mkbeby g9gZijZz\e _ggu_ gZ ha”hjh\e_gb_ b [eZ]hmkljhcklI\h
Ah_fh\ ijb\h”~yl d hg_gv ohjhrbf j_amevlZIZf ij_\jZsZy bo \ md
eZg™rZnlh\ b baex[e_ggu_ f &IZZekMwdd ihdZaZeb qlh ih \k_
jZkkfhlj _gguf ]br"jhobfbq_kdbf ozZjzd!l_jbklhd&Z\Ykd*u ijm~Z
b ]l hdZzaZebkv [he__ qgbklufll dggZdzZem i_jbh”Z \hkklZgh\e
gby wdhkbkl_fu ihke_ j _dmevib\Zpbb < ] mf_gkrbeZkv \_e
gZlghc hdbkey fhklb kgbabebkv dhgp gljZpbb nhkinhjZ nhknz:
gbcgh]h glblhigh\ -~ e azZijhbkoh”bl ihkl_i _ggh_ dhfie_dkgh_ Kk
hgbs_gb_ \h~h_fzZ WIh k\b”"_ | _evkl\m_1| h iheh bl_evghf j_am
ijh\_~ gghc \ Gh ez fhjnhf _|jbg_kdbo hkh[_gghkl\le kgb  _ggl
"hh[f_gZ b \hajZklZxs_c¢ j_dj_Zpbhgghc gZ]jmadb \h~h_f [ukl]j
"hklzZlhqggh [hevrh_ dhebqg_ kI\R _Isj]Kiggbly KkidBbo gh \ "bgZfbd _
baf g gby ]b”jhobfbg_kdbo ihdzZaZl e c \ ]

AfbgbkljZpbyf jhkkbckdbajb hnhftbjhgEZbwdheh]bq kdhc
iheblbdb b \uiheg _gbb “he]lhkjhgguo wdheh]bq_kdhbw ijh]jzff |
kfzljb\zlv f_jhijbylilhyNhj " Zgbxj_ Z[beblZpbdbduo h[t_dhh\ Kk
s _kl\mxsbo \ g _[eZ]hijbylguo mkeh\byo Jhjhrkdhc kj_~u hkhJ[_
b \h~h_fh\

lijb ih~[hj_ \b~h\h]h khkigyZadju[e\lgyby fh\ ke Om | \
[bjZlv \bMuf _j ggh |j_[h\Z]l _evgu_ d dZq_kl\nAhhbu gZ<jbf |
ba[_"Zgb_i_j 1j_\Z \h~u e_Ihf b [ukljh]h azZjZklZgby ijb[j_"guc
jZklbl _evghklvx g_h[oh”bfh ih~A~ _j"b\ZIv \ f_~ gguc i_jbh” Jen
[_i_1Z2 g_ f_glf =

KIBKHD BKIHEVAH<:GGUO EBL?J:LMJGUO BKLHQGBDHC<
1. =m[bg ; DZebgbg]jz™ \ a_jdzZe_ :klZlbknhlhldyp c ;Zelb

kdbc ZevfZz®Zebgbg]jZ" <« H# 78.
2. DZebgbg]jz~rkdzZyl/l hG&arkdihmeyjgZy wgpbdehi_~by ©<h?

Jhkkbb2& >We dljhgguc j_kmjk@ URL: £ https://water-
rfru J _]JbhguBJhkkbb DZebgbg]jZz"kdZ¥Bh[eZkhyjZs gby
11.01.2019).

3. Fbrhg<s F NmgdpbhpZeviblp kdZy deZkkbnbdgpby ijm~h\
ljZevghlh Q _jgha_fvy < F Fbrhg < _klgbd <hjhg_"kdh]h ]h
mgb\_jkbl _1Z K _jby = _h]jZnby20683.hiwdh#&h]b32. +

4. Pmibdh@z:. Ijh[e_fu [eZ]hmkljhckI\Z fZeuo ]hjh~ kdbo \h~h
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6. ;m]jZgh¥” K >bgZfbdZ b mkeh\by jZa\blby nblhieZgdlhg
lhiez\hd ] DZebgbgljz® \ HK]Jh/mjZgh\Z ERabpdZy
G: PmibdH\Zhjgbd Ijm~h\ <k _jhkkbckibjiZzdlbgg mkodghc _dhgn
j_gpbb fheh”uo mg_guo ZkibjZglX)]tbgktdme¢ lglngheh]bq_kdbc
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AN APPROACH TO CALCULATION OF SPECIFIC WORK OF MATERIAL
DAMAGE DURING FISH CUTTING

0. V. Ageev, V. A. Naumov, Ju. A. Fatykhov, N. V. Samoylova

lhdZzazgz zZdIimZeéeghkiMb dhfie_dkz fzIl_fzZlbg_kdbo fh"_
ihal\heyxsbo jZkkgblzZlv m”_evgmx jZ[hlm ijb j_aZgbb ju[l
hij_~_e_gby dhwnnbpb_glZ ihe_agh]h ~_ckl\bVhewadf gglZjghl]h
\ujZ _gb”ey\ugbke _gby [_ajZaf_jghc m”_eyfHdjonrjHlyu
fur_gqguo \hehdhg Knhjfmebjh\ZgZ fh”*_ev jZkqg_lZ mdZaZggh
mijm]hf \uju\_ \hehdgZ k [hevrht rkidjtibhklZxgby Hij " e gZ
m~ _evgZy jZ[hlZ \yadh]h jZaju\Z ijb [hevrhc kdhjhklb j_ aZi
fzl _fZlbq_kdzZy fh” _ev ihagb&eXswdayZafmpgn”® ewvxgZ[h|m
g_h[ohtMMxfgZ mijm)}o¢u\ \hehdgZ ijb g_ hg_gv [hevrbo kdhjhl
JZkkgblggjzafZym™ _ewpZ[hd\yadhjbaju\vhehdgZ ijb g_ hqg_gv
fZeuo kdhjhkQywke gguf f_Ih~hf hijaZ\bkigihklbjZaf_jguo
m” _evguo jZ[hl mijm]h]h \ujulZ b \yadh]h jZaju\l\Z hl [_ajZaf_
A_nhjfbjh\ZdwklZgh\egbh k jhklihf [_ajZaf_jghajlkiokglhk kol
g _ebg _cgh_ m\ [elmgZgb jghc m” _evghgaphhliujZzajuhz
"hklb _gbb fZdkbfZevgh]h a&aj@ad_jghy m~_evghc jZ[hlu jZajmr_¢
khhi\_lkl\mxs_]h oZjzdl_jghc [_ajZafihighahkdhjkfklpZ \yadh]h
jZaju\Z gZ mijm]bc \uju\ \hehdgZ |Ijb wihf k "Zevg_crbf jhklhf
kdhjhklb [_ajzZzaf_jgZy m”_evgZy jZ[hlZ mijm]h]lh jZajmr_g
g _fhghlhggh IjbwfedklbqghXklbjbz8z fzdkbfZevgu_
agZg_gby m~_evghc jZ[hlu jZajmr_gby khklZ\eyxl
b "hklb]zxlky ijb odpZdéj¥efupdkdh jhkd,0982; 0,0549; 0,0331;

ijb wihf fbgbfZevgu_ agZq_gby [_ajzZaf_jghc m”_evghc j.

\ujulzZ khklzZ\eyxl b ~hklb]Zxlky
[ _ajZzaf_jghc kdhjhklb khhi\_IklI\_ggh K m
f ju weZklbgghklb fZIl jbZez flZAkB&ZZyonZy eangjZ[hlz
jZajmr_gby b fbgbfZevgdyjmEipiZ\ujul\Z kms_KkI\ _ggh kgb Zxlk
Lzd _ k jhklhf f_ju weZklbgghklb mf_gvrZ_I|ky agZqg_gb_
[ ajZaf_jghc kdhjhklb ijb dhlhjhc \yadbc jZaju\ kf_gy_Iky mijn

ju[Z \hehdgh_qgZy ldZgezZgbZajmr_gbh" jZ[hlZ
j_heh]lbyadhmijm]hklv
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The paper shows the relevance of the development of a complex of
mathematical models that allows calculating the specific work when cutting fish in
order to determine the coefficient of efficiency of an elementary knife. An expression
has been obtained for calculating the dimensionless specific work of muscle fibers
destruction. A model for calculating this value for elastic fiber tear with a high
deformation rate has been formulated. The specific work of viscous laceration at high
cutting speed has been determined. A mathematical model for calculating the
dimensionless specific work required for elastic fiber tear at not very high speeds has
been obtained. The dimensionless specific work of viscous laceration of the fiber at not
very low speeds has been calculated. The dependences of the dimensionless specific
works of elastic tear and viscous laceration on the dimensionless strain rate have been
determined by a numerical method. It has been found that with an increase in the
dimensionless velocity, there is a nonlinear increase in the dimensionless specific work
of viscous laceration. When the maximum value of the dimensionless specific fracture
work, corresponding to the characteristic dimensionless speed, is reached, the viscous
laceration changes to elastic fiber tear. In this case, with a further increase in the
dimensionless velocity, the dimensionless specific work of elastic fracture changes
nonmonotonically. With the values of measures of elasticity 3; 5; 8; 12 the maximum
values of the specific work of destruction are 0.0694; 0.0417; 0.0262; 0.0173 and are
achieved with a characteristic dimensionless speed values of 0.0982; 0.0549; 0.0331;
0.0218, while the minimum values of the dimensionless specific work of elastic tear are
0.05761; 0.02714; 0.01279; 0.00641 and are reached at dimensionless speed values of
0.248; 0.217; 0.187; 0.161 respectively. With an increase in measures of elasticity of the
material, the maximum value of the dimensionless specific work of destruction and the
minimum value of the work of elastic tear reduce significantly. Also, with an increase in
measures of elasticity, the value of the characteristic dimensionless speed, at which a
viscouslaceration is replaced by an elastic tear, decreases.

fish, fiber, muscle tissue, cutting, damage, knife, work, rheology, viscoelasticity
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Kh\j_f_ggh_ jZa\blb _ julhi_j_jZ[Zlu\Zxsbo ijhbal\l
hfmkeh\eb\zZ | \hajzZklzxsb_ |j_[h\Zgby d wnn_dlb\ghklb 1| _o
ijhp_kkzZ j_aZgby kujvy WIlh ij_~ihezZ]Z | khdjZs_gbZ wg_j]_Ib
h[jZ[hldm ih\ur_gb _ dzq_klI\Z ]hlih\h]h ijhA"mdlz m

ijhba\h~bl_evghklb kgb  _gb_f IZeeh_ _fdhklb \u[h]j jZpbhgZe
j_aZgby ijbf_g_gb_ baghkhklhcdbo gh ¢ k Zglbnjbdpbhgguf
kh_"bg _gb_ j_"msbo hj]jzZzgh\ k f _oZzZljhggufb mkljhckI\Zfb
f jhijbylby lh\ur_gb _ wg_jlhwnn_dlb\ghklb mdZazZgghl]h
ij_"mkfzljb\z_I ij_"~_\k_]h kgb _gb_ kbe khijhlbj\le_gbc \ha
jZa™_e_gbb fZl _jbzZezZ gZ qgkKé&lB mxshd_ebkamipurhklb  _gby
ihklZ\e gmheb

Aih\ur_gb_ dhwnnbpb_glZ ihe_agh]lh ~_ckl\by gh"Z

Aijbf _g _gb_ "\modjhfhqgh]lh h[hx~hhkljh]h gh Z b gh Z [
lizg;c

Ahilbfbazpmhkjfu ijhnbey ;gh >z

Al _hf _ljbg_kdmx ljZgkmh]jéZpdZxlhqdb
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Adbg fZlbg_kdmx ljZgkmh¢iZ pEZxhqgdb

Al _hf_ljbg_kdmx b dbg _fZlbg_kdmx jljZyknd jid]pbkb
e_a\by

Aijbf _g_gb_ “~bkdh\h]h gh Z h[_ki_gqb\Zxs_]h ]_hf_ljbq
dbg _fzZlbqgq_kdmx ljZgknhjfZpbx nhjfu ijhnbey

Aijbf _g _gb_ gh>Z k nb]lmjghc djhfdhcnbjhulbfbéadpbx

Abaf_j _gb_ fhjnhf_ljbg_kdbo iZjzZf_ljh\ kujvy b \u[hj jZpb!
kihkh[h\ ih~rZgb fZl_jbzZeZz ijb j_aZgbb

A ijbf_g _gb_ k_j\hijb\h~rZ ~ey ijb\_~ gby gh'Z \ ~\b _
Z\IhfzZlbg_kdh_ j _]Imebjh\Zgb_ fhf_glZz gzZ \Ze_ k_j\h™\b]ZI_
mijZ\e_gb_

A\ul[hj jzpbhgZevghc kdhjhklb j aZgby b zZ\IhfZlbg_kdh_ j
kdhjhklb gh Z mklzZzgh\e_ggh]h gZ k_j\hijb\h"_

GZjy™m k hif_qgq_ggufb \ur_ ij_"mkfzZljb\Zxlky "~hihegt
f jhijbylby ih ih\ur_gbx wnn_dlb\ghklb ijhp_kkZ j _aZgby ju[u
highkylkw[hj jZpbhgZevguo agZq_gbc kdhjhklb im2zg@b fzZIl_jb
ihr"Zpghij ~ e gb_ jZpbhgZevghc kl_i_gb miehlg_gby kujvy i
m\_ebqg_gb_  “he]lh\_qghklb e _a\by b ;]lhkgbagglbhklhcdhk
r_jhoh\Zlhklb ih\_joghklb j_"ms_kigb hjdBgZ fZkku ; e_a\by
mijhs _gb_ wdkiemZlZpbb j_ "ms_]h mjbkidgkhdlke gmhmkeh\bc ~"ey
i _j_aZlhqgdb; gih\wr _gb_ mgb\_jkZepgfhlgibgb  fgh]l]he _al\bcguo
j_"msbo mkljhckI\ b *j

<Z guf ihdzZazl e f o0ZzZjzZdl_jbamxsbf wnn_dlb\ghklv ijhp_
yley |Iky dhwnnbpb_gl ihe_agh]h ~_ckl\by we_f_glZjgh]h g
hij_~ e _gby lj_[m_Iky jZkg_| m”_evghc jZ[hlu jZajmr_gby fur_
julu G_kfhljy gZ p_gghklv ba\_klguo im[etbj[dBpdguco Z 1Zd°
wdki_jbf_glZevguo j_amevlZIlh\ \ gZklhys__ \j_fy g_"hklZ
| hj Ibgq_kdbc ih*oh” iha\heyxsbc hij_ "~ eblv mdZaZggmx \_
h[jZzahf jZajz[hldZ dhfie_dkz fzl_fz)bdxksdmo \hre'fhegleklv
jZkkqgblzZlv m~ _evgmx jZ[hlm gjddjohrbdg Y“rehyh fZl _jbZeZzZ
ij_"klz\ey_| kh[hc ZdImZevgmx hljZke_\mx aZ~Zgm

FZI_fZlbg_kdh_ fh~ _ebjh\Zgb_ ijhp_kkBEdInjZadgby A
gZijz\e_gb_ \ jzfdZo dhlhjh]mbhhdpebdh\Afg gv jZ[hl \ Jhkkbb b
aZ jm[_ M Boisly, S. Schuldt, M. G. Kaestner, Y. Schneider, H. Rohm, G. Arnold
J. Kowalewski [1, 2] bkke_~h\Zeb j_azZgb_ fykguo ijh*mdlh\ mkl
wfibjbg_kdb_ az\bkbfhklb f_""m kbezZfb khijhlb\e_gbc ijb
\hehdgbklh]h fzZzl_jbzZezZ b kdhjhklvx "\b"_gby gh Z ijhZgZebat
ml]eZ aZlhgdb e _a\by gz izZjzf_lju mdZAtkkasdd |4 iijjin\p ek k Z
ihAjh[gh_ |_hjwldkih jbf_glZevgh_ ihhpaogkkdd _j aZgby jZaebqguo
ibs \uo fzZl _jbZeh\ bkke_ _"h\Ze hilbfZevgu_ m]eu aZlhqgdb j_°
h[h[sb\ j_amevlZlu \ djmig_cr_c fhgh]jZnbb ih |_f_ j_aZghb
ijh~"mdImW\ Spagnoli, M. Terzano, R. Brighenti, F. Artoni, P. Stahle [5, 6]
ijhzgZebabjhk\eb Ij ,gbZdhghf_jghklb ijhp_kkZ j_azZgby \yadhm
fZl _jbzZeh\ ijh\_eb kjzZ\gbl _evguc ZgZeba mkbelbc hl aZzgby \
j_"bfguo izZjzf_|jh\ < bkk&.-R.DabgbhB. Ummlein, K. Wegener [7]
jZajZ[hlZeb fh”_ev ~ey jZkqg_|Z mkbebc kdhevays ]h j_aZgby
fZ1_jbzB.&S. Ogunsina, A. |. Bamgboye [8Z kkfZIjb\Ebbu jZajmr_gby ijb
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h[jZz[hld_ jZklbl_evguo ibs_\uo J.ijlcadodsks) T. Jekki
W. B aszczak, S. Konopka, J. Fornal, W. Rghi > @ bamqgZeb \ebygb_kljmdImj
k\hckI\Z jZzklbl_evgh]h kujvy gZ kbeu khijhlb\e_gbc ijb h[jZ[hl
S. M. Goh, M. N. Charalambides, J. G. Willams @ ijb\h”*ylkyevIZIlu
bkke "h\Zgbc ih j_aZgbx kljmggufb j_ "msbfb hj]J]ZzgzZfb LZzZd
j_aZgby ihk\yé&[klhyl evgmnyebdZpky Vandenberghe, M. N
Charalambides, I. K. Mohammed, B. D. Ketelaere, J. D. Baerdemaeker, J. Clags
‘\IhjuB. S. Sridhay K. Sommer[12@ bkke_~h\Zeb f_Ih"hf dhg_gqguo we _f
ijhp_kku jZajmnyaldyhmijm]bo ijh mdlh\ k jZaebgghc dhgkbk
H. J Holl, M. Meindlhumer, V. Simader, D. Schnurer, A. Brandl \ [13] baeh beb
j_amevlZlu ih \b[jZpbhgghfm j aZgbx fZl _jbZeh\ Kt jZaebqguf
j_heh]bq_kdbfb k\hcklI\zZfb

< ij_"r_kl\mxsbkke ~h\zgblthjhY14] ihemq_g dhfie_ dk
fZl_fZlbgq_kdbo fh”_e_c ithal\heyxsbo jZkkqgblzlv Dbgl_j\Ze
gZklmie _gby \yadh]h jZajul\Z b mijm]Jh]h \uju\Z \jgE\bkbfhklb
j_heh]bq_kdbo k\hcklI\ fur_qghc IdZybnbjkjh\fzdgby | "mshbf
hjlzghf JZajzZ[hlZgu fh”"_eb hibku\Zxsb_j_ "bf jZajmr_gby
dhlhjuc o0Zjzdl_jbam_lky \g_aZigh \hagbdr_c ihklhygghc
fZl _jbzez 1j_"klZ\e_gguld@®@ jighlfZbbqg_kdb_ fh~_eb \ jZaf_jgh
[_ajZaf_jghc nhjfzZo hljz  zZxl nbabg_kdb_ azZdhghf_jghklb
jZajmr_gby fur_gguo \hehdhg ju[u \ m"h[ghc "ey bkke_ "~h\Zgby

< klzlv> @ ihemqg_gu fzl _fZlbq_kdby hipkZebyby kbe
ihe _agubijhlb\e _gjbc j_aZgilbls \uo ijh mdlh\ < im[pbdZpbb
ij_~eh _g ih”oh” d hilbfbazZpbb nhjfu ijhnbey gh Zh”ey j_aZg
djbl_jbx fbgbfZeéwgehg ~gh]lh khijhlb\e_gby

J:KQ?L M>?EVGHC J:;HLU H;T?FGH=H J:AJMR?GBY FUR?QG
<HEHDHG I1JB J?A:GBB

GZ hkgh\lamewhN14] hij_~_ebf m~_evgmx jZ[hlm h[t_fgh]
jZajmr_gby dhlhjmx g_h[oh”bfh kh\ _jrblv “ey 1ij_h”~he_gby
\yvadhmijm]bo kbe khijhlb\e_gby ij_iylkl\mxsbo ijh*hevghfm |
_"bgbp_ h[t _fZ \hehdgZ GZijy _gb_ b hlghkbl_evgZy " _nhj
yleyxlky i_j_f_ggufb b fh]lml [ulv ij_~klZ\e_gu \ \b”"_ nmgdpl
Lh]*Z m”_evgmx jZ[hIm h[t_fgh]h jZaymb~gbWhip2Zibe §gh]h
bgl_ljZez

t ..
Ay 330 g °C
0 dt 1~ Zf2
1"ty i bgl_j\Ze \j_f_gb jZajmr_gby k gZqZeVhéhdbidbjh\Zghb
df i we_f_glZjgh_ hlghkimlresmphgb Yh&hdog@Zijy _gb_ \
\yvadhmijm]hf \hehdg _
< \ujz _gbb\_jogbc ij_~_e bgl_]jbjh\Zgby y\ey_Iky gZbf_gv
Amo bgl_j\Zeh\ \j_f_gb mijm}ygIh\wadgh\ldh jZajuy\K mqg_Ilhf
j_amevlZlh\ [Z4|]h\IUJjZ~‘_gb_ azZ\itke f*mxs f \b~_ ijbgbfZy \h
\gbfZgb_ gZqZevghty, mkedyyD:

(: 1)
1
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3518 7v* 3 36~/ K4
0 ©2514 25 EZ 13
~ ~ a . O-
36 /2 K v e B0 B i 1%y
~ 4
25E "Ep B 15 - © K iy
°f§_8 4 %E_O“El”KA“t 2BGRT? 2B KT . - .
= 3 exp 1.@F
0@57a © Ey E° Eo B Eo B
E ~K4~ t~cr§“‘3 _ _ _ .
36 E§ 5V4”3..t~ 2 T2 T 1@
25"Ep E° 15 o & ®o1 1
36E; KV Bty iy = '
i o e fy T 101,
~ 514 3 2
25"Ey E°1; & o1 )
1" _Ey i flgh\_gguc fh”mev mijm]hklb fZl_jbZezZ fh"mev

Ey i aZiZa”u\Zxsbc \ukhdhweZklbgguc ; g nEgAEMifmjlhklb
weZklbqggkklbbhwnnbpb gl "bgZfbq_kdhc \yadhkkldhfjhlklIpZe Z

A nhjfbjh\Zdpyl iheh\bggZy rbjbgZ: \hehdeZt 0
Eo Bt 1 ep1

"ebl _evguc fh"mev ;mf&rm]EQk—/l(—&"tcr i [_ajzaf_jgh_ \j_fy
jZajmr_gbghdRg4dhf_glZ gZqZeZ »_nhjfbjh\Zgby

<\ A f [_ajzaf_jgmx kdhjhklv "_ﬁthjf\—/bj—h—\—%byb
Ia (EO 1)

\ujZabf m”_evgmx jZ[hIm jZajmr_gby q_j_a [_ajZaf_jgmx kdhjh
BE K GIEE RS B @

Ay

(2)

Ay = exp toy Tty 1 1.
25°Ey, E°14 K 8@ 3 2 e LG
2 =4 =4 T3 2
30 EG % ~§ for  lor I exp ty "ty 1 1.
25°Ep E; 8% 3 2 o .

hildm~Z ke_"m_| \ujZz  _gb_ "ey [_ajZaf_jghc m” _evghc jZ[hlu
~ =4 =3 =2 :
AW2536E+~E§El~p‘w v N;% tc_3r tc_2r ep ty Ty 1 1;- (4)
AgZq_gb_ [_ajzaflighieZ \j_jZajnr_dby min tgo o
hij ~ ey kikife ZKighinmi_f qbke _ggh]lh j_r_gby kbkl_fu ljZgkp_g*
mjzZ\g_dblk "klZ\ek A\ \NujZz" gh "ey ihemq_gby [ag@didgafbghc
\_ebqbép
Fh~ _e4 ihalhey_ | gbke_ggh bkke_ "~h\Zlv aZ\Eb,krbehklv \_eb
[ ajZzaf_jghc kdhjhklb ~ nhjfbjh\Zgby_ hehlhmdkhhgh k\hckl\
fZl _jbzeZz
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ljb hqg_gv [ukljhf mijm]hf jZajmjb ghpm]hf \uju\_ k hg_gv
[hevrhc kdhjhklvx j_azZgby b hqg_gv fZeum agXgngbyd[hlm
khlezkKhhafh gh ijb[eb _gglkegZaohlxsbf h[jZahf

o 36Es K v
AW - 5.4 u
25°E, E ° 12
=4 F3 2 =2 §3 0
§tcrO tcrO tero g tcﬂ tcrO ~
U. ™ & tq0 »lgo 11
(g €1 3 2 « 1 1273 17 3
’ (5)
2 ~4A~4 8r4 T3 -~ a =2 73 o
36 E§ "K' V ~_§tcr0 tro oo o o0 tero o 1 1
25°E B°13 8%1 3 2 « 2 6 yp i
6 ES KRV 4 83
N 5 -4 Tcro T~ 1
25"Ey E;° T3 & €1 2

lhAkIZ\b\ 5 \ujZ _gbiyg la \/5E1~E0 B Yo p,
im[ebdZz[pdlpbf _f

6 E2 K v* 8l, .[5E "By E Yo . .8 3

25°E, E °12 @‘(NV\/ 37/ : G i

2~V02r0 ~_§ 3 1

3'Ep Bt dEp1 :

1" Yo @ mijm]lZy khklZ\eyxsZy ij_~_evgh]h gZijy _gby \ \heh

K mq_lhf \ujz' _gb_ "ey [_ajzaf_jghAimvwr2gght jZ[hlu
kemqzZ_ijbf_| \b~"

Al

(6)

0 257160 -8 3
) :

= 1. (7)
54E; &1 @

< k\hx hg_j_~v \ kemqgZ_ \yadh]h jZlkkdh)EKijb j[heedrghyg b
fZehc \ukhdhweZklbgghc khklZ\eyxs_c ij_~_evgh]lbgZijy _gby

[ _ ajZaf_jgmx m”_evgmx j\haflmgiZdjb[eb’ gghkeZouhtxsbf
h[jZahf

6 EE KV 4 83

e 1, (8)
25°E, E 214 0 e i
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ihemqgbf

ALy,
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K mq_IHfujz  _gb_ ~ey [_ajzZaf_jghc m~Apagher jZ[hlu
ke "mxs_f:\b"_
AL, 22 "02;1 ~-§? 1., (10)
54~/ & €1 ?
Highr _gb_ [_ajZaf_jguo m”_evguo jZ[hl mijm]h]h b \yadh]
Aor A% AL \hafh gh hij_»bablw 0)

_ ¥
A()l ~cr0 ’ (11)
V1 “ep1 172

hildm~Z \b~gh qlh [_ajZaévigpZdy jZ[hlZ ijb mijm]hf \uju\_ k hq
[hevrhc kdhjhklvx fh™ | [ulv dZd [hevr_ khhl\_Ikl\mxs_c jZ[hlu
jZaju\_ k hqgq_gv fZehc kdhjhklvx [zZd b f_gvr_ __ >Zggh

[_ajZaf_jguo m~_evguaZ\pkhll hl djblWigPw:s b f_ju
wEklbgghklb fZlegbZeAZklghklIB4oljW¥1 3 beyy 2 mdZaZggu_
[_ajzaf_jgu_ m~_evgu_ jE[htm jRhitye 1.

Hij_~_ebf [_ajZaf_jgmx m~_evgmx jZ[hlm g _bdoh”~bfmx
\uju\ \hehdgZ ijb g_ hq_gv [hevrbo kdhjhk\hydZgghZ kegibqZ _
ijbf_1 \b~

- 8¢4 {3 2 :
Ag GH-—40 ©0 0 on g T 1 1 12
Wt<§~60132chrOcr0 ) (12)

]"_ﬂro hij_ "~ ey bkyke gguf f _Ih~hf ijb azZ”~Zgguo agZq_c
kdhjhkWkh f_juweZklbqgghkllbjbZey ~ebl_evghlh fh mey mijm]lhkll
[ ij_~_evghlh gZijYeably \ujZz _gbx® g_ khklZ\ey_I| Ijm~Z
ijhba\_klb i_j_ jZkq_lu gZ nZdlbg_kdmyx kdkhhk\vlkl\apgsmy x
_Cc m”*_evgmx jZ[hIm jEgjmjo glbyjm]hf \uyjuVjbgbfZy \h
\gbfzgiba\_klgu_ j_heh]bg_kdb_ dhgklZglujujur_lgglkcg, IdZgb
E. A

Hij_~_ebf [_ajZaf_jgmx m~_evgmx jZ[hlm g_h[oh”*bfmx
jZaju\ \hehdgZ ijb g_ hg_gv fZeuo kdhjhklyo4 KZabr Ihf \ujzZ " _¢
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1" &n hij_"_ey dikike_gguf f_Ih~hf ijlnomdyZ2ig aib,ye,,
[, Y%i1. HI \ujZ _gby 1Zd _ g_keh ' gh i_j_clb d m~_evghc |Z
jZajmr_gby ijb \yadhfApZdZwW\ nmgdpbb nZdlbg_kdhc kdhjhklb j_
V. AgZq_gb_ o0Zjzdl_jghc [_ajzZzaf_jghcVgdhjhkifs 1,azZgby
jZa™ _eyxsh[eZklb \yadh]h jZajul\Z b mijm]h]h \uju\B/\\hafh gh i
j_amevlZl_ qbke_ggh]lh j_r_gby kbkl_fomjj¥Ypkpbgraghgguo\ gbo

~

tcrO Fcrl i:::r01 kf klZ[lléb]).

J?AMEVL:LU

AZ\bkbfhklmjZzaf jguo m~_evglg AplhHl [_ajzaf_jghc
kdhjhkW¥b bah[jZabf gZ ]jZnbd_ ihdZazZgghf gZ gb _ijb\_~_ggh
LhgdZfb gZ "Zpgohdd_ hif_cpoddg_gby jZ[hlu ijb o0ZzZjzdl_jghc
[_ajzaf_jghc kdhjhklbvyj_aZglhy'bdZ ihkljh_gby ]jZnbdZ gz W
ke "mxsZy

1. IjbgbfzZxlky hij_~ e _ggu_ A jabogbegdklbgghklb fZl jbzZez
& “ebl_evghlh fhrmey/mijmihéviguo gZij¥o 9k

2. ljbgbfZ_lky I_dms__ [a@ffdafihghc kdhjWiglbdhlhjh_
hif_gZ_Iky ih hkb Z[kpbkk ]JjZnbdZ AgZq_gb_ odhzkklihghc [_aj
Vop dZd hlf_q_gh \ur_ hij_"~_ey_Iky qbke_ggh iml_f j_r_g
mjzZ\g_gbft \ujz" _@0y21)\ jZz[hl_ > @

3. Qbke _gguf f Ihthfr* ey Iky | _dmsbc [_ajZaf_jguc bgl_
\j_f_gb \yadh]h jigajZhI\_IkI\mxsbc aZz*Zgghc |I_dms_c [_ajZa
kdhjhkib

4. 1'h agzZq_gppttyy \ khhi\_Iki\bb k \ujzZz13ghudbkey_ Iky
| dms__ agZq_gb_[_ajzZaf_jghc m”~_evghc Mhlmhklyplﬁ_h]h jZaj
hif_gzZ_Iky ih hkb hj*bgZzl ]jZnbdZz

5. Ebgby ]jZnbdz khhI\_IkI\mxsZy,&@@\,bkbjfrhbdllby A h
0Zjzdl_jghlh agZq_gby Zjimf_glzZ [_apgaf_jghc kdhjhklb

6. ljbgbfz_Iky ~Zevg_cr__ | _dms__ agZq_gb_ [_ajZaf_jgl
V !Vor.

7.Qbke:gguf f ITh~hf hij_~ ey Iky [_ajZaf_jguc bgl_j\Ze
mijmlh]lh \uido.Z

8.1h agzq_dbpfyo \ khhi\_Ikl\bb k \ujZ2 gugbkey_Iky
| dms__ agZq_gb_[_ajzaf _jghc m”~_evghc j,&,ﬁyhldhmhjm_lh]h \ujt
hif_gqZ_Iky ih hkb hj*bgZzl ]jZnbdZ

9. EbgbyjZnbdzZ khhlI\_Ikl\mxsZy a&@[\ikbﬂd”il(rhblky “h
dhg_qgh]h agZqg_gby
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J _amevlZlu gqbke _ggh]h fh”_ebjh\Zgby gZ W<F ihdZau\zZxl
[ _ajZzaf_jghc kdijhklb f_kbh ebg_cgh_ m\_¢bajZed _jghc
m” _evghc jXyhtbh]h jZa@M.\Zjb "hklb" _gbb fZdkbfZevgh]h agZqg_g¢
[_ajZaf_jghc m”_evghc jZ[hlu jZajmr_gby khhI\_Ilkl\mxs_]h
[_ajzaf_jghc kdpqhikhbkoh”bl kf_gZ \yadhlh jZaju\Z gZ mijm]bc
\hehdgz Ijb wlhf k ~Zevg_crbf jhklhf [_ajZaf_jghc kdhjhklb
m~_evgZy jZ[hlZz mijm]h]hﬂ,bZ@jaTﬁng'gj/ky g _fhoghdEZggke
kgb Z_Iky “~hklb]Z_| k\h_]h fbgbfzdvf§héh agirqedplgp\Z_I|ky
LZdbf h[jZzahf gZ ]jZnbd_ bf_xlky y\gh \ujZ‘_gg@W,fbgbfmfu j
khhi\_ITkl\mxsb_ hij_"~ e gguf agZq_gbyf [bajZzaf_jghc kdhjhkl

Arg. 4y
0.08
0.06 I:‘/ ——
0.04 ;
0.02 S~ 3 ]
[ ——— e ——1
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Jbk AZ\bkbfhklv [_ajzZzaf_jghc m~_evghc jZ[hlu jZajmr_gby
[_ajZaf_jghc kdhjhklgh_jZZebyguo agZq_gbyo f_ju weZklbqggh
(¥, Yo/ V%1 3): iep 3 &1 5 &1 8 & 12
Fig. Dependence of the dimensionless specific work of filament damage on the
dimensionless cutting speed for different values of the elasticity measure

(61 Yo/ Y1 3 éo1 3 €1 5 €1 8 €1 12

Khl]eZzkgh jbknpbgdmj weZklbgghklb fZdkbfZevgl
agZg_gby m~_evghc jZ[hlu jZajmr_gby khklZ\eyxl
b "hklb]zZxlky ijb agZq_gbyo o0zZjzdl_jghc [_ajZaf_jghc kdhjhkll

ijb wlihf fbgdy[ZeygdafZymm”_ewgZ[hlmmijm]h]h

\uju\Z khklZ206€§$7610,027140,012790,00641b “hklb]Z_Ilky ijb agZq_gbyo
[ _ajZzaf_jghc kdopagl®,217; 0,187; 0,161khhl\_IklI\_glgtkmghd
beexkljbjm_| qglh k m\_ebqg_gb_f f_ju weZklbhpdghé&ldy fZl_jbZe.
[ _ajZzafZygn”_emngZ[hl4dZajmr_gby b fbghfizdhgznijm]h]h
\ujul\Zz kms_klI\_ggh kgb Zxlky Lzd _ k jhklhf f_ju weZ
mf_gvrZ |Iky agZq_gb_ oZjZdl_jghc [_ajZaf_jghc kibkjhklb ijb
jZaju\ kf_gy_I|ky mijm]bf \uju\hf
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lj_ "eh”  _g |_hj Ibg_kdbc ih*oh”™ d jZkq_IpZanpmregglc jZ[hl
\hehdhg fur_qghc I1dZgb ijb j_azZgbb dhjhyuklbihZglZe a
dhwnnbpb_glZ ihe_agh]h ~ _ckl\by we_ f _glZjgh]l]h gh Z k mq_Il
j_heh]bq_kdbo k\hckl\ fZl_jbzZezZz b kdMjiKIgph\re[jg[kleb guc
g_fhghlhgguc ozZhkdgh\gad\bkbfhd{l ajZaf_jghc m”_evghc jZ[hlu
jZajmr_gby fzZIl _jbzZzez hl [_ajzZaf_jghc kiglnjhEldebjg@azagby
agZg_gbyo f_ju weZkDhofge kditkzl _fZlbq_kdbo fh”r_e_c¢ 7~Z_|
\hafh ghklv gZmggh h[hkgh\ZggOdhgkljmdlengzjzf lju
j_"msbo hj]bdbfbjalj_"bfguizjzf_Ilju ijhp_kkzZ k p_evx ih\ur_gby
wnn_dlb\ghklb i_j\bgghc h[jZ[hldb ju[u
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OBTAINING COLLAGEN AND HYDROXYAPATITIS FRACTIONS FROM FISH
SCALES

V. I. Vorobyov, E. V. Nizhnikova

JZajZ[hlZzg kihkh[ ihemqg_gby njZdpbc dheeZ]_gZ b ]b"jh
ju[v_c gq_rmb dhlhjuc aZdexqZ _|ky \ ke YWmk& "fmubjjhdig m x
h[jZ[hlZgdmpZkI\hjkh”® j°Zs f ibs_\mx khev b ihsu{mx kh”"m
grmx \ukmrb\IZkjygbf \ha”“mohfK~hh fZkkh\hc ~heb \ezZ]b g_ [h
e %, "Ze__ baf_evddkhdhkdhjhklighf baf_evqgbl_ev ijh~he bl
ghklv baf_evdxgbfyag h[ fbg k h~gh\j_f gguf bebfihke_ "mxsl|
k_iZjbjh\Zgb_f ihemq_dghfc gbrkb f j gZ "\ _njZdpbb dheeZ]
\mx \hehdgbklmx b ihjhrdh\mx Jb”jh#kblgafbilhhmfx hij_ A
e _ghlglh \ukmr_ggZy b baf_evq_ggZy \ _kl_KkI\_gghf khklhyghbtk
ldZglwf | gZbf _gvrbc jZaf _j qZklbp \ "fZzizaHdf bl yhe
r_ijb wlhf gZklbpu \u]Jey?yl dZd njZz@3zZglbggierdiggImjbjh
\ZggZy dheeZzZ] _gh\Zy IdzZzgv fh | [ulv baf_evgq_gZ gZ ]hjZa”"h
jbg_kdb_ gzZWKlbgpu ff 1j_~klZ\e_g h[sbc obfbg_kdkxc khklzZ\ \c
gZy dZevpbc b nhknhj ihemqg_gguo njZ&pbcZdid[w .&kZgazdgnd
Hij_ ~ e _gh qlh fZzkkh\Zy "hey \uoh”Z njZdpbc baf_evqg_gghc |
ju[v_c g_rmb aZ\bkbkujvywb~4dh obfbqg_kdhbhjkhkéZbi e
ghklb ijhp_kkZ baf <awdegbh®h qglh k mf_gvr_gb _f jZah jZ gZklbp
gZ_fuo njZapbebgb\Z_|ky fZkkh\Zy “hey \ gbo dzevpby b k
gh gZkuigzZy fZzkkzZ 1I1hdzZazZgh qlh hkgh\guf dhfihg_glhf \hehd
(jZaf_j qZklbfg b [he__ yl\ey I|ky [_ehdzZkkr\eZ] *dey dhlhjh]h

[he _ Z ihjhrdh\hc jzZaf_j qzZklbp tahkZf_¢gb"jhdkbzZizZlbl k
fZkkh\hc "phree ¢ %.
ju[vy g_rmy ju[guc dheeZ] g ]Jb”jhdkbZzZizlbl | _ogbq_kd

| _ev ibs_\Zy ~h[z\dZ

A method for obtaining collagen and hydroxyapatite fractions from fish scales
has been developed. The method consists in the following: fish scales are washed with
water and treated twice in a solution containing edible salt and baking soda, then scales
r are dried with hot air (up to 8tC) until the mass fraction of moisture is not more than
10%, then it is crushed in a high-speed grinder (grinding duration 0.1-5 minutes, 36000
r/min) with simultaneous or subsequent separation of the resulting mixture into at least
two fractions: fibrous collagen and hydroxyapatite powder. It has been experimentally
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determined that collagen tissue, dried and crushed in its natural state, has the smallest
particle size in the range of 0.1 mm (100 microns) and more, while the particles look
like fiber fragments. Partially denatured collagen tissue can be crushed into much
smaller spherical particles (less than 0.1mm). The general chemical composition (in-
cluding calcium and phosphorus) of the obtained fractions of fish scales of pike perch
and sazan is presented. It has been determined that the mass fraction of the yield of
crushed and separated fish scales fractions depends on the type of raw material, its
chemical composition, as well as on the duration of the grinding process. It has been
revealed that with a decrease in the particle size of the resulting fractions, mass fraction
(%) of calcium in them and, accordingly, the bulk density, increase. The work also
shows that the main component of the fibrous fraction (particle size 2.5 mm and more)
is protein (collagen) mass fraction, which is more than 70%, and powder (particle size
0.1 and less)- ash (hydroxyapatite) with mass fraction of over 62%.

fish scales, fish collagen, hydroxyapatite, technical filler, food additive

<<?>?7GB?

?° _]lh”~gh \ ijhp_kk_ jZa”_edb ju[u h[jZam_Ilky g_kdhevdrF
lhgg ju[v_c gq_rmb dhlhjzZzy \ gZklhys_  \j fy fZeh \hklj_[h\Z¢
hdjm Zxsmx kj_“m b ihwlhfm \ hkgh\gAfiphhaXhékl\NkyfZeh
j_glz[_evghc dhjfh\hc ju[ghc fmdb Dhebq_kI\W®O,50%b khhi\_lk
fZkku ju[u khklhys_ ¢ \ hkgh\ghf ba dheeZ] gZ b ]b”jhdkbZi
KljmdImjZ g_rmb h[uggh bf__| "\Z ddekHg)u djg “kdBte gguc
dzd ijz\bejbklZeedbBjhdkbzZizlblZz b ijhba\hevgh hjb_glbjh\Zg
dheeZ] gh\bdbdgzZfib \gmlj _gd&ih&lhysbc ba ieZklbgqgZluo kljmdlr
dheeZ] _gh\uo \hehdhg k jZaebgg hZ &b aigvikfhklv d] [bh
] _gghlh ]b”*jhdkbZizZlblZ hdh&hR: eb”™hjeuelh ijhfure_ggh]h
ijhba\h*"k\RR\_cpZjby b Yihgby kbgltDhdZ&K®Rhhkgh\gu_
ihlj [bl _eKR: X'gZy Dhj_y BajzZbev <\b”m [bhkh\fh klbfhklb [l
]h ]b~rjhdkbzZigkdbkighc IdZgvx ghlegi\gltvc h[eZKkivixkihevah
\Zgby y\eyxlky ljz\fZlheh]by hjlhi_~by j_dhgllkhddib\gZy objr
lheh]blyd dzZzd ihdjulu_ bf bfiezZzglZlu g_ \uvuau\zZx!| j_FZdpbb hillhj
eZ"Zxl kihkh[ghklvx ZdIb\gh k\yau\Zlvky KdZa'virpikdhgyghklighc
ijhp_kk j_]1_g_jZpbb b j_AlghfZplb*jhdkbZizZlbl ijbf_gy_
ky dZd dhfihg_ g,/ nd¢e mféphZxsbo kljmdIimjm dh b gZih&gbl_ev Kkl.
Ilhj b wimevdadkif] Ibg_kdbo kj_"klI\ khkiZégy;:b hdghema
_lky dZd ibs _\Zy "h[Z\dZ \ W&dZkbeb&hEHZ dhgkbkl _gpbb fhjh"
ghlh fhehdZ b gZibldh\ gZ ]h hkgh\_ ju[gh]h nbek ju[ghc b
lu khmkh\ oe_[h[mehqgguo dhg”bl_jkdbo b fmqguo ba”_ebc
| _klZz kb”jz b [_aZedh]hevguo gZibldh\ Klhbfhklvhu[gh]h dh¢
"gy f_g_ "he@aZKRd] "ey ibs_\hpbjpo0oha 000 +ey f
"bpbgkdbo ij_idpAhX*hee&lhbl ]br"jhebah\Zgguc dheeZ] g ~_eZ
[2. ITh hp_gdzf d jughldhjkdh]h dheeZ] gZ hkgh\gu kgZzZijz\e_ gl
ihevah\Zgtfpkt Ibg,kBZy\Zy ijhfure_gghklv b ijhballh?*kl\h gZib
dh\ *klb]g | . felgeeKR: ijb wlhf kj_~g_]h”~h\hc | _fi jhklZz
(CAGR) khklZ\bl% [3@ Ju[vy q_rmy ij_"~klZ\ey | h[t_fdgkuc b ~ _r_\i
lhggbd kujvy “ey ju[gh]lh dbkeeZdglglh bb"jhdkbhFi Zdbba
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\ukhdmx ~h[Z\e_ggmx klhbfhklv b ih\ur_gguc kijhk \ jZaebqg
ijhfure_gghklb qglh kihkh[kI\m_| baukdZghx gth fjtZea | Kofitbl d |
_fe_fuo kihkh[h\ bo ihehmkag hdgby nglz

F:L?JB:EU B F?LH>U BKKE?>H<:GBY

H[t _dlZfb bkke_"h\Zgbc y\eyebkWwmZiddE & 6 kidd&¥gZ
g _ogg\ ijhp_kk_jZa”_edb jdpujhk_%kIlgby klZeb bkiulZl _evgZy e
[hjZlhjby HHH ©DZebgbg]jZ*kdbc bkiulZl_evguc p_Bblj2 b eZ[hj
g _kdhc obfbb DZebgbgljz*kdh]h Jhkm~Zjkl\_ggh]h 4 _ogbg_kd
(D=LMHij_~_e_gb_ obfbg_kdh]h khklz\Z bkke_~m_fuo h[jZaph
ehkWkhhI\_IklI\bb kh ke_"mxsbfb f_Ih"Z%by DvewdKI|]dgp
hggh_kh\ht "ey bjz ]jZ\bf_ljbq t*kdbyg \ezZ]b b, &hrefh
Z[khj[pbhogZgljhf_IjbAey dZevpby ki_dljhnkhiftnfed[Bygh\h
dbkeuf Zffhgbijbkmlkl\bb b gido tkgthevnblZ gZéppynhtknhjZz

J?AMEVL:LU B H;KM@>?GB?

Ba\ _klgu_ kihkh[u ihemqg_gby dheeZ] gZ b ]Jb”jhdkbZiZlbl.
rmb hkgh\@guj_"~\Zjbl_evbghgbkld_ hl hjl]Zzgbqg_kdbo ijbf_k_c b i_
\h”_ \ jZklI\hjbfh_ khiklkhygbhsb dbkehl s_ehqg_c w\k dlbg_kdbc¢
IN\hjbl_e_c¢c n_jfl\gkhdbo ~"Z\e_gbc IbfrjjkZiimke_"mxséqf jZ
N e gb f gZ njZdpbb p_gljbnm]bjh\Zgb_~ hkzZ " gb_  ~"bZebe¢
N, bale _qgq fobheeZ] gZ b ]Jb"jhdkbZiZlbk2 bav gZlkinhGgé*hih
gbl _evghc hqglbkhdha\h b\zZglkmf[ebfZpbhlgegB¥Y kiuebl _evgZy
kmrdZz k' b]JzZgb_ \ fmn)ekwghcevxqihemqg_gby \ukmr_gghc ]Jhlh
ijh~mdpdd. >

ljbf _g _gb_ agZgbl _evguo h[t_fh\ ijhfulgqguézZzdidtdhkl! c
ehl s_ehqg_c jzZkl\hjbl_e_c b ™MjpHlhgdiMysbph]lhklZ2bcghklv
wg_jlh_fdbkMebl _evghklv | _ogioejhpgkkédyZqgbl _evghZih\ur
x|l klhbfhklv JThlih\hc ijh"midjdBgbgqbhz_| bo bkihevah\zZgb_ \ ijhfu
e _gguo fzZzkrlZ[Zo

Mgblu\Zy ih\ur_gguc kijhk b \ukhdmx ~h[Z\e_ggmx klhbfhlk
]h dheeZ]_gZ b [bh]_ggh]lh Jbg4hdXhzZ{#Zlbbbfbb D=LM [ueb ijh
\_ "~ gu bkke_"h\zZgby |j4pjZéhlZg Bihkh[ ihemqg_gby dheeZzZ]_g
]brjhdkbzizIblZz gZoh”blky \ klZ~NbilhaegxsbZgbhw ebqgblv bo
dhgp_gljZpbxjaddpbyo fbgmy wlzZi i_j_\h"Z ju[v_c g_rmb \ jZk
khkihydlbhkihevamy nbabg_kdb_ kihkh[u h[jZ[hldb baf _evqg_gb_
gb_ \ukmrb\zZgb_ qglh agZgbl_evgh khdjzZzszZ_| ijh”he " bl_evgh
kilhbfhklv 1hlh\hc ijh~mdpbb Djhf_ Ih]lh ij_"eh _ggkic kihkh[ il
rbjblv kn_jm ijbf_g_gby ihemqg_gguo dheeZ] _gh\uo njZdpbc

ljb jZajzZ[hld_ kihkh[Z bkoh”"beb ba Ih]l]h qlh hkgh\gufb d
ju[v_c g_rmb y\leyxlky dheez] g k_f_ckl\h nb[jbeeyjguo [_ed
gbl_\brgmx kljnbd]m}phdkbZiZlbl [bho¥phZesbcky \ Zfhjnghc
beb djbklZeebq_kdhc nhjf_ \ \b”A_ ihjhrdZ lehlghklv dheezZ]_g
ey_| Z 1b~jhdkbZizZlblZz dZévpibkyghk\gh dhebqg_kl\h dhlhjh]l
kh~_j"blky dhklghf k&®_ Bkoh”y ba Zjobl_dlhgbdb bZobfbqg_kdh’
\Z \ukmr_gghc g_rmb [ueh k~_eZgh ij_~iheh  _gb_ h \hafh ghkl|
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hkgh\guo njZdpbc nbabqg_kdbfb kihkh[Zfb baf_etnghgb_ b k_i.
kiI\mxsbfb agZgbl_evghfm kgb  _gbx klhbfhklb ]Jhlh\hc ijh*mdpbl

Kmsghklv kihkh[Z ihemqg _gby njZdpbc dheezZ] ZZ b ]b”"jh
dexqZ Iky \ Ihf qlh ju[vy g_rmy hgbsZ _Iky hl hijil]Zghqg_kdbo ijt
jbjh\Zgghf [ZjZ[Zg_ fh_qghc\pl gjlgiom]b fbg IjhfulZy q_rmy
h[jZz[Zlu\Z _1ky \ kf_kbl_e_ k “h[Z\e_gb_f ibs_\hc kHeb ibs_\h¢

e_ghéw”rZ \' I _q_gb_ fhjipfw\zl_Itky ij_kghc \h~hc Ihke_ ijhfu\ldl
g_rmikh\lhjgh h[jZ[Zlu\dxghf jZkI\hj_ k “h[Z\e_gb_f ibs_\hc khe
kh~u g_f_g__ folgl* *"ganx I\ _nrxgzZklv ijhfxiNg _kghc \h

"hc Hqgbsnxgg rmxukmrbXEijb ihfhsb ]Jhjyg_]h \ha“moZ ~h kh”_j°
gby fZkkh\hc "heb \ezZ]b g_ij[hehqlbl_eVugWRso), IZd dZd ijb
\eZ ghklb [he_\hajzklz | \_jhylghklv h[jZah\Zgby de__h[jZagh]
dhfdzedZlurzdjre _baf_evq_gbb \ke_~kl\b_ i_j_oh”Z qZklb dh
ijb gz]j_\_lj_gb_f \ ijbkmlkl\bb \h~u \ \h~*hjZkl\hjbfuc ]Jexlbg
ky hkgh\hc ju[gh]h de_y qlh ijb\h~bl d hklZgh\d_rmeb \u\h”"m
"h\Zgby <ukmxgggmbaf_evqgXxVukhdhkdhjhklghf baf_evqgbl_e_
k_iZjbjmxljzdpbhghjmixlihfhsb \ha“mrgh]lh k_iZjZlhjZ beb kbl k
emq_gb_fih f_gvr_c f_j_ ~\mo njZdpbc dheeZ]_ghbthc \hehdghb
ZiZlblh\hc ihjhrdh\hc

Hiulguf iml_f [ueh hij_~ e _gh gqglh baf_evq_ggZy ju[vy q
Ablky \ \b”_ ihjhrdzZ kqgzZzkfophf ff fdf .bljo ghevr_f
jZaf_j_ qzZklbp hgz bf__| \b” dhjwldbo6l\\hjehdhlky ~Zggufb
Aim]lbo bkke_ _"h\zZgbc J~_ ihdZazZgh qglh \ \ukmr_d&dghc b baf_
kiI\_gghf khklhygbb dheezZ] ggm\thgvdZoghzaf_ j gzZklbp ~hklb]Z_
100 fdfb[hevrljb wlihf gZklbpu \u]ley”yl dZd njzZ]f _glu \hehdhg C
N gZlmjbjh\ZggZy dheezZ] _gh\Zy IdZgv fh™ _| [ulv baf_evq_gZ
f_edb_ kn_jbq_kdb9lgzZklbpu >

=b~jhzZizZlbl [bhfbg _jZe \ _kl_kI\_gguo kljmdImjZo gZoh’
dijbklZeebq_kdhf khklhygbb k jzZaf_jhf gzklbh® fdjifo[lé]lpbabl_evgh
ihwlhfm njZdpby baf_evq_gghc ju[v_c g_rmb k jZad_jhf qZklbp
ij_"klz\ey | kh[hc \ hkgh\ghf ]Jb”rjhdkbZzZizlbl Z Iz& _ qgZklbqgc
\Zyguc dheeZ] g h[jZamxsbcky \ ijhp_kk_\ukmrb\Zgby ]hjyqk
ijb djzldh\j_f gghf gZ]j_\_ kujvy aZ kqg_I| |Ij_gbwbitb bmf_evqg_g
jhrdz

KhleZkgh wlhfm [kiekhpdjZ[hlZgu hiulgu jZazjblglguo
njZdpbc hgbs_gghc b \ukmr_gghc q_rmb kZaZgZ b km~zZdZz

Wdki_jbf_glZevgu_ ~"Zggu_ \uoh”"Z%fZ\lgkhghdhhbebdZ b
gZkuighc fZkK, baf _evg _gguo \ | _g_gb_ fbg b (KbilZibjh\Zggu
njZdpbc \ukmr_gguo iZjlbc q_rmb KZ&Zigkkhth&kmh2digh\eZ]b
hi\_IkI\_ggh %h \ayluo \ r_klbdjzlghc ih\ijhjgklizive _gu \
[Z[e 2.

Ba 1Z[e \brgh qlh gZkuigZy fZkkZ ihjhrdh\hc ]b”jhdk
njZdpbb ff b f_ g gZ ihjy*hdkZdazZg \ZaZ #H&raZd
hlebgZ_Iky hl \hehdgbklhc dhefdZq [®hle\hc ijb wlhf fZkkh\Zy ~he
\uoh”Z njZdpbc ijb h~rgbo b I_o "~ izZjzf _|jZzo bafggvq _gby |

glh k\yazgh k \bAhf kujvy b _Jh obfbq_kdbf khklZ\hf
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LZ[ebpZ<uoh” fZkkh\hc AhgebkuigzZy fZkKz b] Wf_rgbc \b~

b&d evg_gguo \ | _qgfbgg b k_iZjbjh\Zgguo KkblZ njZdpbc \ukmr_
iZjlbb g_rmb kZazgZ k fZkkh\heo (6haejZdg\ey lib\lhjghklv

Table 1. Yield of mass fraction (%), bulk weight (gRrand appearance of crushed

within 3 min and separated (sieve) fractions of a dried lot of zazan scales with a mass
fraction of moisture 7.4 % (6-fold repetition)

FZkkh\Zy "hey \uoh”Z njd KjA~ .
Nja g__ GZZklu <g_rgbg
pby | 1 2 3 4 5 6 | agzq ngk)k/' \b A
ghb, % I
b 1 f; 120 | 149 | 133 | 16,0 | 160 | 16,0| 147 | 0551 lhjhrhd
] Kf_kv iH
0,125 jihrdz b
o 260 | 21,3 | 28,9 | 220 | 30,0 | 300 | 264 | 0125 | 1iiqpp
ehdg9Zlu
<hehbg
251F |\ 6501 638 | 57.8| 620 | 540 | 540| 589 | 0048 | KludZlh
b [he] h[jZagu
fZ1 jbzy
<ukm L\_j~ 2oy
r_ggz 100,0 0,065 | JgmlZyZi
g_rm kibgdZ
LZ[ebp.Z<uoh”™ fZkkh\hc “heb gZkuigZyb fekkiZgb ¢ Kb~

b&d _evq_gguo \ |_qfbgb k_iZjbjh\Zgguo kblZ njZdpbc \ukmr_g
iZjlbb g_rmb km~ZdzZ k fZkkh\he&o (6hAckjZdg\2y Jih\Ihjghklv

Table 2. Yield of mass fraction (%), bulk weight (gRrand appearance of crushed

within 3 min and separated (sieve) fractions of a dried lot of pikéhpsrales with

a mass fraction of moisture 7.4 % (6-fold repetition)

Nj 2 FZkkh\Zy “"hey \uoh”"% njZ Kajg_gg GgZZM; <g_rgb
pby 1 2 3 4 5 6 gb_‘% F7 KK 3 \b~
f ;f t 33,7 | 34,0 | 350 | 354 | 34,7 | 334 34,4 0,593 lhjhrhd
] Kf_Kv i
0195 jhrdzZ b
e 40,8 | 425 | 410 | 39,6 | 39,8 | 424 41,0 0,226 dhjhlidh
ff
\hehdg
\Zlu
<hehbdg
25ff b kludZlh
he | 255 | 23,5| 24,0 | 250 | 255 | 24,2 24,6 0,040 h[jZagu
fZl _jbz
<ukm L\_jrZy
r_ggZz 100,0 0,102 bah]gm
g_rm] ieZklbg
NjZdpbyy rmb km~zZdZ hl Nh ff "hihegbZkevgh baf_

fogb njZdpbhgbjh\ZeZkvhembz gb_f fZkkm\iZdpbeb  ff
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b f_g495%\ \b~_
\bA_

ihjhrdz b khhI\_IkI\_ggh njZd®ksh \ =+
fyldh]lh \hierhodg Z

Wdki_jbf_glZevgu_ ~Zggu_ h[s_]h obfhqg kg hpdz&hkbz\Z
nhknhjBEaf_evg_gguo \ |I_qg_gb_ fbg b jZa”_e_gguo \ha“mrgh
njZdpbc \ukmr_gghc q_(\mphiZalzZzpz Z |Zzd _ bo \gj_fgbc \b"
klz\e _g \ 3Z.e

ff

LZ[ebp&g_rgbc \b® Z 1Zd"_ h[sbc obfbqg_kdbc lzZkdZpbt Ihf gbk
b nhknhj baf_evg_gguo \ |I_qgq_gb_ fbg b jZa”_e bgguo \ha"m
njZdpbc \ukmr_gghc g, ,%nb kZazgZz

Table 3. Appearance, as well as the general chemical composition (including calcium

and phosphorus) of dried sazan scales crushed for 3 minutes and separated by air, %

FZkkh\Zy ~"hey <uoh?”

NjZdplh \eZ L njZzdpb <g_rgbc \b/

1z [_ehl "bj| ahel KZ| J %
P_ezy L\_j~"Zy bah]j
q rmy 74 | 540 | 1,1 | 29,0| 7,1 |45 100,0 ieZKklbgdZ
;he <hehdgbRldlh

£ 1 46 | 810 | 0,7 | 115 34 | 3,9 58,8 h[jZagtZl bz

i , Kf_kv ihjhrd

6.5 | 354 | 0,7 | 51,9 |14,1| 47 27,1 dhjhidh]h \he
2,5 ff

\Zlu

"-9-1 64| 264 | 08 627|171]37| 141 lhjhrhd

LZ[ebpZ<g_rgbc \bN Z 1Zd _ h[sbc obfbq_kdbtz&wgbz\ b\ | q
nhknhj baf_evqg_gguo \ | _d&d gba™ efbgguo \ha”“mrghc k_iZjZph
njZdpbc \ukmr_gghc g_#nb km~"zZdZz

Table 4. Appearance, as well as the general chemical composition (including calcium

and phosphorus) of dried pike perscales crushed for 3 minutes and separated by air,

%

FZkkh\Zve % <uoh?
NjZdpl| \eZ e njZdph <g_rgho”
17 [ _eh “bj| ahel KzZ| J %
P ez L\ _j~Zy bah]g
q rm) 87 | 399 | 26 | 504 | 19,1| 49| 100,0 ieZKlbgdZ
;he | <hehdghbRklalh
1 92 | 714 | 3,7 | 224 | 65 | 3,8 24,6 h[jZag®tZl jbZ
HI I
Kf_kv ihjhrdz
’\fhf 74 | 36,4 | 2,3 | 53,8| 145]| 3,9 41,0 ih1dh]h \he hzilgl
F—%f—- 69 | 257 | 24 | 635| 17,4|3,7| 344 Ihjhrhd
Ba 1ZBe \b”~gh qglh ijhpolyNZjZdpbc dhjj_ebjm_| k bkoh”rguf

obfbq_kdbf khklZ\hFzZKkigjwyny KZ&BE§Zj ZsZy

\aijbu

p_kk_baf_evq _gby b k_izZjzZpbihhotih\hdumjizdpbb Z q
rmy km”~rZdzZ kh”_j"ZasdAgwgZeh]lbqgh bf__| \uoh®d wlhf k
mf _gvr_gb f jZzaf jZ qZklimp_ rejzgp\@Zb Iky kh” _j"Zgb_\ gbo dZev
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<uoh”™ njZdpbc azZ\bkbmk&d\bchijh\_~ gby ijhp_kkZ baf_ev
gby b k_izZjbjhBadbgvqg gb_ \ukmr_gghc ju[v_c g_rmb fh | hki
eylvky h~gh\j _f ggh beb k khkgjZmpixsc k& ihemqg_gb_f \hehdgbKkl|
b ihjhrdh\uo njZdpbc

Wdki_jbf_glZevgu_ ~Zggu_ ijhp_kkZ baf_evq_gby ijh™h
h[jZz[hldb =+ fbg h] fbg b k_iZjbjh\Zgby kblZ k m~Ze g
\hc njZdpbb ju[v_c g_rmm"Dbe[ gby \ ijhp_kk _ijh[}K[B\dbgu
\ 1Z[8,6.

LZ[ebpZ&uoh” njZdpbc \ukmr_gghc ju[v_c g_rmb km”ZZdzZ fZkkh

b 87%)\ijhp_kk_ __ baf_evqg_gby z/fblwg b k_iAjbjh\Zgby
kblz k m~Ze_gb_f ihjhrdh\hc hjgadmbdb\ oh” _

Table 5. Yield of dried pike perch fish scales fractions (mass fraction of moisture 8.7 %)

during its grinding (5 min, 36000 r/rm) and separation (sieve) with removal of the

powder fraction during processing

<] fy h[jZ[hidb fbg
3

1 | 2 | Z | 5
NjZdph FZkkZ gZqZevgh]lh hl[jZapZ ]
100.0 78.0 61.0 49,0 41,0
T 1 % ] % ] % ] % ] %
f ;f bl 200l 204 | 140 | 187 | 100 | 169 | 60 | 128 | 60 | 120
0125
- 300| 398 | 310 | 413 | 200 | 330 | 120 | 256 | 6,0 | 12,0
2’[5hf(‘; b |390| 308 | 30,0 | 400 | 2900 | 492 | 200 | 61,6 | 290 | 76,0
H[s 237
1152Y1980| 100 | 75 | 100 | 59,0 | 100 | 47,0 | 100 | 41 | 100

LZ[ebpZuoh”™ njZdpbc iZjlbb \ukmr_gghc ju[v_c q_rmb km~"Zd.
"hey \eZ]®7 %) \ ijhp_kk___ baf_evq_gby + [ fidogy hi
b k_iZjbjh\Zgby kblZz

Table 6. The yield of fractions of a batch of dried pike perch fish scales (mass fraction

of moisture +8.7 %) during its grinding (H min, 36000 r/nm) and separation (sieve)

<j_fy[jZ[hldibg

1 | 2 | 3 | 4 | 5
NjZdph FZkkzZzqZevahjbapgZ
100,0
] % ] % ] % ] % ] %
1 2 3 4 5 6 7 8 9 10 11
O’fl f; b 18,0 | 180 | 27,0 | 27,3 | 33,0 | 34,7 | 34,0 | 358 | 38,0 | 40,4
O’]];f’S 420 | 420 | 420 | 424 | 370 | 38,9 | 36,0 | 37,8 | 350 | 37,2
25ff b
(he 40,0 | 40,0 | 30,0 | 30,3 | 250 | 26,4 | 25,0 | 26,4 | 21,0 | 22,4
l:r[nSfoBZ/ 100,0| 100 | 99,0 | 100 | 95,0 | 100 | 95,0 | 100,0| 94,0 | 100
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Ba IZ[® \b”gh qglh \ ijhp_kk_ baf_evg_gby bnk iZjbjh\Z¢
r_gghc iZjlbb ju[v_c gq_rmb km~ZdZ k m~Ze_gb_f fhjlnrdh\hc nj.
f_g \ diprZ[hldb fbgkmffzZjgzy fZzkkh\Zy "hey m”~Ze _gghc njzZd
kIZ\bﬁ&] \ Ih \j_fy dzd [_a m~Ze_glbyhf_,Ihlffhg_g b
| _j\Ze \j_f _gb h[j@phldbg k m~Ze _gb_f b + fbg [_a m"Ze
jhrdh\hc andpbb ] \hehdgbklZy dheeZ]ffgh\fhyen|Zdpby
baf _gyezZkv ih fZkk _

<g_rgbc \b” dheeZ]_gh\hc \hehdgbklhc njZdpbb ff b |
jhrdh\hc JbrjhdkbzZizZlblh\hc njZdpbb ff b f_g__\g_rmb km’
e _g gZlbk

Jbk.<g _rgbc \b” dheeZ]_gh\hc \hehdgbklhc njZdpbb ff b [
jhrdh\hc ]brjhdkbzizlblh\hc njZzdpbb ff bf g __ qg_rmb |
Fig. 1. Appearance of collagen fibrous fraction (2.5 mm or more) and pow@ered h
droxyapatite fraction (0.1 mm or less) of pike perch scales

l[jh he bl_evghklv baf_evq_gby bklbjzZzgby \eby | gZ k\hc
fhlh \hehdgbklh]h dheezZ] _gh\h]lh fZl_jbzZeZzZ kl_i_gv ~_kldhklb
kljmdImju gZkuigZy fZkkzZ ihjbklhklv ~bki_jkgpklkh”~ebgZ \he
hi\_1kI\ _gghu[dZ gZijZ\e _gby _Jh ijbf_g_gby

<g_rgbc \b” \hehdgbkluo njZdpbc kf_kb \ukmr_gghc g_rm
ju[ km~rzZd kZaZg e_s dZji dZjzkv iehl\bkd. ~j ij_"klzZ\e_ g ¢
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Jbk.<g _rgbc \b” ihemg_gguo njZdpbc kf_kb \ukmr_gghc q_rml
ju[ km~rzZd kZaZg e_s dZji dZjzkv iehl\z
Fig. 2. Appearance of the obtained various fractions of a mixture of dried scales from
various types of fish (pike perch, sazan, bream, carp, crucian carp, roach)

<hehdgbklu_ dheezZ]_gh\u_ njZdpbb b bo kf_kb \aylu_ \
khhighr_ghliydbihjhrdh\u_ ]b2jhdkbZiZlblh\ufhimEZdpbk b
ihevah\AgdzZqg_kI\_ ibs_\hc "h[Z\db \ oe_[h[mehqguo b dhg”~bl_
ebydykguo ju[guo ihemnZ[jbdZlZo fhj_ijhmdlZo fhehgghdbk
kh~ j"Zsbo gZibldZo
LZd _ \hehdgbklu_ njZdpbb b bo kf_kb fh]lmmjifief gylvky c
gucl_ogbqg_kdbc gZihidgbleeguo ijbgZz~e_ "ghkl_c b]ljmr_d f_[.
nbevljh\ dzZd ihebdhfghugc gl dhfihablh\ iZzkl djzkhd ie_ghd i
Ibc d_jzZfbdb bfieZglh\ IdZg_c¢c [mfZ]b
Ih*mrdZ k gZlmjZevguf gZihegbl_ e fbbkZaZngpzd xloy*ZdZ
ff b [heij_~klZ\e _gZ g.Z jbk
lhjhrdh\u_ ]b”~jhdkbZiZlblh\u_ njZdpbb 1Zd _ figml [ulv bk
gu dZd gZimjZevguc |_ogbg_kdbc gZihegbl_dh\dhmhjablh\ iZk
djzkhd ie_ghd ihdjulbc d_jzZfbdb bfiezglh\ ih\yahd
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JbB. Ih*mrdzZ k gZihegbl_e_f ba lo_kZreihg hd'zZhy [B,B ff)
Fig. 3. Pillow filled with pike perch and sazan scales (fraction more than 2.5 mm)

<U<H>U
JZajZ[hlZg wnn _kdhk\gluchemaqjgtdpbc \hehdgbé&lh]h dh
eZ]_gZ b ihjhrdh\h]h ]b”rjhdkbzZizZlblZ ba ju[v_c g_rmb
2. Bkke_"h\Zg h[sbc obfbg_kdbc khklZ\ \hehdgbkluo b i
njZdpbc ju[v_c g_rmb
Hij_~ e _gu \hafh ' gu_ gBkjih\evagth\y gby njZdpbc
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KH<?JR?GKL<H<:GB??ILMJIU 1J?K?J<H< BA K?EV>B
'LE:GLBQ?KDHC < F:CH@PAEHCGHC A:EB<D?

NK DZjg__\@& Fevr \kdZy :gbkljZIh\Z

IMPROVING THE RECIPE OF ATLANTIC HERRING PRESERVES
IN A MAYONNAISE-JELLY FILLING

F. S. Karneeva, M. N. Al'shevskaya, Q. Anistratova

Khe_gZy juifhZyndployj_k_j\u ba k_ev”~b ZleZglbg_kdhc y\e:
l[jZ"bpbhgguf ijh mdlhf iblZgby gZk_e .gd4deb¥dZc\ kjj&gy\Zo
fh™ | khklzZz\eylwnl h[s f&kku hgZ gZoh”blky \ "brdhf khklhygbb
ijZ\beh g_ mihlj_[ey_Ilky \ ibsm Kjhd Jh~rghklb ij_k_j\h\ az\bl
0jZg_gbylhjlh\uo k_lyo IZdhc ijh"mdb K[ fj_JjZkhj") fK
JZajZ[hjdZz_ilmju aZeb\db ]Zjfhgbggh khqg_IZxs_ckyih \dmkm |
[hc iehlghc dhgkbkl _gpbb kemkghklggdh\ol evgufb | _ri_jZI
jZfb 0jZg wey |ky Zdim2eyghec _gby wlhc az~Zgb \ azqg_KkI\_ klj
jhh[jzah\Zl_ey \u[jZg "_eZlbg hKdglkhygc &kg@my beeZZeb\dZ k "h[Z\e
gb_f IZdbo dhfihg_glh\ dzZd IhfzZlgZy iZklZ b debygtty Bkke -
dbkehc kj_~u h[jZamxs_cky \ j_amevlZl_ \g_k_gby IhfZlghc iZ
aZeb\db \uy\beh mf_gvr_gb_ ijhqghklb k m\_ebq_gb_f kh~_j°
iZkluH[hkgh\ZgZ fZkkh\Zy "hey% _ichal\hged xsZy h[jZag\ZIv ijh
guc klm~_gv \ ijhp_kk_ ojZzg_gby ij_k_j\h\ ijb mkeih\gh iheh bl
jZImjZe_ImklZpbhggZy hp_gdZ ij_k_j\h\ ihal\hebeZ hij_"_eblv
kh~ _j"Zgb_ Ihfzlghc iZklu 10%h HhhkghZg kjhd Jh~rghdklb ijh”Am
lh\ + kml < |I_qgq_gb_ ~Zggh]lh \j_f _gb g_ [ueh W&gblAjh ijbkmll
ghihdZazZl _evguo -idklelh\ggdwuo b iZlhibdjguwg]Zgbafh\ ZIlhdzZa
| ev DF:N:gF g_ ij \ukbe 2a1¢ZmH@bl[sZy dbkehlghklv ijh mdlZz
\'l_q_gb_ kjhdZ ojZg_gby baf_gyeZkv g_agZigbl eZphghjhklz\Z
fZlb\guo agZqglagdbjZ[hl4gp_ilmhpZl _ogheh]bBgkokdgb]hlh
e _ghy k_j\h\ \ fZchg_aghghc azZlebB\VWz\e gb_f IhfZlghc iZklu b
g_kghdzZ ijh_dl I_ogbqg_kdhc “hdmf_glZpbb

ij_k_j\u k_ev”rv ZleZglbq_kdzZye fZghy aaZzggb\dZ ijhgghklv
aZeb\db kjhd ]J]h”ghklb

Salted fish products and preserves from Atlantic herring are the traditional food
in our country. The filling in the preserves can make up to 35% of the total mass in a
liquid state and as a rule people do not eat it. The shelf life of preserves depends on the
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storage conditions. In retail chains, such a product is stored at temperatures of +5+20C.
The development of a filling recipe that is harmoniously combined in taste with salted
fish, a dense consistency for preserves with conditionally positive storage temperatures
is relevant. To solve this problem gelatin was chosen as a structure-forming agent. The
basis for the development of the recipe was mayonnaise filling with the addition of
components such as tomato paste and garlic. The study of the influence of the acidic
environment formed as a result of the tomato paste on the strength of the filling revealed
a decrease in strength with an increase in the content of tomato paste. The mass fraction
of gelatin in the formulation of 3.5% is justified, which makes it possible to form a
strong jelly during the storage of preserves at conditionally positive temperatures. The
tasting evaluation of preserves allowed us to determine the optimal content of tomato
paste in the product which is 10%. The shelf life of the products is justified in 15 days.
During this time, no sanitary-indicative, conditionally pathogenic and pathogenic m
croorganisms were detected. The CMAFANM index did not exceed the value of 2 * 105
CFU / g. The total acidity of the product during the shelf life changed slightlyeand r
mained within the standard values.

A recipe and technological scheme of preserves in mayonnaise-jelly filling with
the addition of tomato paste and garlic, a draft of technical documentation have been
developed.

preserves, Atlantic herring, mayonnaise-jelly filling, filling strength, shelf life

<<?>?7GB?

GZ k_]h~rgyrgbc *_gv ij_k_j\u y\eyxlky ithimeyjguf ijh”*mdlh
j_Zebam _I|ky \h \k_o IhjHgdthdghklyidklyymii_ aZdmkhqgguo Ih\Zjh\
ljZ"bpbhg@ewy gZk_e _gby gZr kegkljzglumdlihegbl _evghc dme
gZjghc h[jz[Wlhb h[fmkezZ\eb\Z_| bo \hklj_[h\Zgghklb Rbjhdbc
f gl ij_k_j\h\ h[_ki_qb\Z Iky bkihevah\Zgb f jZaebgguo \b”~h\
miZdh\hd b aZeb\hd

ljhba\h~kI\h ij_k_j\h\ ba jZa”_eZgghc knleer"b nribea_Imrdb
dmkhqgdh\ k ijbf_g_gb_f jZaebgguo \dphkj\kilob‘egZde b\ghaijZ
e _gb_ikke ~gb_ Mz "pZlv e |

Ba\_klgh qlh aZeb\dzZ \ ju[guo ij_k_j\Zo B35 _lhkhklZ\eylv
hifs_c¢c fzkku >h[Z\e_gb_ khmkh\ b aZeb\hd ihavHely | j_]me
ZihfZlbq_kdb_ k\hckI\Z Jhlh\h]h ijh*mdl4]_XbbhZzdkdmx]ib [bheh
]bg_kdmx p_gghklv Ke_ "~h\Zl| jgagh[hZdZmZevgldznju NZdhc aZeb
dbdhlhjzZy fhl]eZ [u iheghklvx mihlj _[eylvky \ ibsm

GZ "Zgguc fhf_gl \ ijhfure_gghklb "ey ijhba\h”kI\Z ij_k_j\t
bkihevamx!| jZaghh[jZaguc ZkkhjlkhngdhaZ ébdbhd dZelvguc
fhjdh\guc qg_kghqguc I|hfZlguc ]hjgbgguc kf_lZgguc fZchg_
\bgguc mdjhiguc k “h[Z\e_gb_f oj, ggmdldyhhjrd alze b
db ebfhggZy y[ehqggZy [jmkgbggZy g _jgbqgZy keB\h\Zy b 7]
Ibabjh\Zggh_Z@kekKh>\j f g f ij_"~ihgl_gb_ ihlj_[bl _& c¢c d aZeb
f gy _|ky.1)bk
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GZ jbk \brgh qlh k ] ihlj_[bl_ev mklhcgb\h khojzZgy
ihgl _gby d aZeb\dzZf gZ hkgh\_ fZkeZ G _agZqgbk _&wdgh mf_gvrb
hg_aguf aZeb\dzZf gh aZlh \hajhk d aZeb\dzZf ba IhfzZlh\ > @

Bkoh”"y ba \ur_baeh _ggh]h p_evx bkke "h\Zgby yleyel
kiI\h\Zgb_ j_p_ilmju ij_k_j\h\ ba k_ev”"b ZleZmglbg_&dhc \ fZch:
aZeb\d_ k "h[zZ\e_gb_f IhfZlghc iZklu

49
50 a4

39

29

. 2
1 1
N B
2013 2019 2020

BGZ hkgh\_ wWFkehg d&ylzhyfZlgEyhjgbqgdd) e cyg2ym]Z

Jbk lj_"~ihqgl_gby j_kihg”_glh\ \ hlghr_gbb \b”"Z aZeb\db \
Fig. 1. Respondents' preferences regarding the type of filling in preservers

>ey “hklb” _gby "Zgghc p_eb gm gkduemXsbhegybtZqgb

1. Bamqglkbygb_ dhfihg _glh\ aZeb\odlbfdg rkddidlizgh
e _ilbg_kdb_ ozjzdijhbkildldb

2. H[hkgh\ZIv kjhd ]Jh~ghklb ij_k_j\h\ & fcgchhag aazdeth\d
"h[zZ\e_gb _f IhfZlghc iZklu b q_kghdZ

3.JZajzZ[hlZlv j_pbilmjgheh]bq_kdmidhkba\bmkI\Z ij_ k_j
\h\ ba k_ev”b ZleZglbg_kdhc & fdhcg a&Zetb\d  k ~h[Z\e_gb _f |
fzlghc iZklu b q_kghdzZ ijh_dl I _ogbgq_kdhc “hdmf_glZpbb

F:L?JB:EU B F?LH>U

< dzZq_kI\_ hkgh\gh]lh kujvy ”“ey ijhba\h”kI\Z §j_k_j\h\ \
"_e_cghc azeb\d_ k "h[z\e_gb_f IhfZlghc iZklu [udZ bkiheval
eZglbg_kdzZy ih dzZqg_klI\m khhlfhYEinysEZy ?:WK LJ
LK b =HK10-2014 obfbqg_kdkih&klzZz\ "bj9, 2% [_ehd =
16,3 fbg_jZevgu_\_86kIA\Zkkh\Zy ~he 04 ®B)b =+

<k_ bkihevam_fh_ kujv_ \ ijhp_kk_ bkke_"h\Zdbc khhl\_Ik
\Zgbyf ghjfZzlb\ghc b | _ogbg_kdhc “hhYmf_glZpbb IZ[e

94



GZmgguc mjgZe ©Ba\_klby D=LM?2 « ]

LZ[ebhZ j g _gWwnjfZibYtyhogbqg_ KkKdhanf_ glHhpkbjv
Table 1. List of normative and technical documentation for raw materials

GZbf_gh\Zgb_ \kihfh]Z

> ckl\mxsZy "hdmf_glZ

fZl jbZeh\
KZoZjeuc =HKL -2015,L JL K021/2011
FZchg a —HKL -2012,LJ LK
LhfZlgzy izZklZz =HKL -2017,LJ LK
Q_kgkd "bc =HKL J -2013
Il j_p g_jguc fhehluc =HKL -91

Il _j_p "mrbkluc

=HKL ,62-2016

Bf[bjv fhehluc

=HKL ,62 -2016

Ebkl eZ\jhkmohc =HKL -81
Kheibs_\Zy =HKL J -2018

<h"Z =HKL J -98 K¢bG2.1.4.1116-02
@_eZlibg_\hc =HKL -2017,LJ LK

- _gahzl gZljby —HKL -2014 LJ LK/2012

Ihkhe kujvy ~ey
gZkus_gguf hoezZ ~ _gguf

ijh\_~ gby bikkms” k\¥Xeybecky
Imaemqgguf -idikfh ktinfe \\hf jZkI\hj _

ijfj\Zggu

ijb |_fi_jzImj 2) fk’h ~"hklb _f@kkh\hc hetb \ fur_qgghc IdZghb
ju[u( “0,5) % [4. Bkke ~h\Zgby ih h[hkgh\Zgbx fZkkh\lbc ~heb

i p_ilmjgkRkIZ\Z ijh\h" bedk\

K wlhc p_evxijhuyébh\e gu

< k fZkkh\hc “he_c25;eZlbg%
beb m\ _ebq _gby YXx&ak\@bh u Ijhgghklvh|\jZapZo hij_~ eyeb gZ

ijb[hj_ <Ze_glz

>ey h[hkgh\zZgby fZkkh\hc ~heb
ij_k_j\h\ ba k_ev”b ZlezZglbqg-"k&ha dhitzalZzghbgd h
ij_"klz\e _ggafkihhdpehr _gb -drbkehqdh\ khe _ghc k_ev”b

jZapu
p_ilmjzf

f_.ggh
Ijb h[jzapzlaZeb\dp p_ilmjz

IlhfZlghc iZklu[[ueb

"hklb]ZezZzkv aZ kq_I| mf_gvr_gl

ijblhl

d aZeb\d_ khi6bZzB89eh dZg_kI\_dhgljhevgh]h h[jZapZ jZkkfZljb
fZchg -aglk _cgZy adeb\@B[Z\e _gby |IhfZlghgZaZpueb ] _|j
f Ibggh mdmihj_gu \ ihebf_jgmx ied&|Bdbedkohzimbevghc

dzf_j_ ijb |_fi_jZItm)jfK

LZ[eb2ZJ p_ilmju h[jffZxply\ -agle _cguo aZeb\hd
Table 2. Recipes for samples of mayonnaise-jelly fillings

Ghf_jj_p_ilmju
Bglj_"b_glu D Iy 1 5 3
ljhev

1 2 3 4 5

KZoZj 5,50 5,50 5,50 5,50
FZchg_a ©ljh\zZ&y%Zewds 40,95 38,25 36,75 35,25
LhfZlgZy izZklZz + 5,00 10,00 15,00
Q_kghd + 3,00 3,00 3,00
| j_p g_jguc fhehluc 0,11 0,11 0,11 0,11
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HdhgqZgb _
1 2 3 4 5

| j_p ~mrbkluc 0,24 0,24 0,24 0,24
Bf[bjv 0,11 0,11 0,11 0,11
Ebkl eZ\jh\uc 0,24 0,24 0,24 0,24
Khev 3,50 3,50 3,50 3,50
<h~Z 55,77 | 50,81 4731 | 43,81
@ ezZlbg 3,50 3,50 3,50 3,50
GZljbc [ _gahcghdbkeu 0,11 0,11 0,11 0,11
<uoh” k mq_IRhI_jv 1 41503 | 11003 | 110,03 | 110,03
jhaeb\

< ihemq_gguo h[pdppZeydlh]l]Zghe ilbgq_kdb_ b nbabdh
obfbq_kdb_ ihdZazl_eb ijhqghkldkidertigphkihfsimkq_|_gZ
mmkgmx dbkehlm fZkklhémx jChaxZeb\db

>ey h[hkgh\Zgby kjhdZdjihmgifEEb ijb]hlh\e_gu h[jZapu
ij_k_j\h\ \ fZchg_a@ghghc aZeb\d_ k ~"h[Z\e_gb _f IhfZlghc iZklt
p_ilmk_ 1ZJ]e khhighr_gbmkhfgdh\ khe_ghc k_ev”b d aZeb\¢
klZ\ey6bh 35 lhemq_ggu_ h[jZapujbjEdgfbhejpzInij “) fK \
| g _gb kin< ijhp_kk_ hij_"mjgZee ilbqg_kdb-obfbgbdtdb b
fbdjh[bheh]bqgq_kdb_ ihdzZazl_eb

Hjl]Zghe_ilbg_kdb_ ihdzZaZzZlikbjAayAplyl&Zlgghc rdZe_ ~
kiZpbxb]lhlh\e_gguo h[jZaph\ ij_k_j\h\ ijh\h*beb gZ dzZn_"j_ |
ijhAmdlh\ iblzgby DZebgbg]ljZz*"kdh]h JThkm~Zjkl\_ggh]lh I_ogbq_
| _1.Z

Kh~_j zZgb_ fZzkkh\hc “heb oehph&lph\gjdiby* eyweb
khhi\_IklI\bb k =HKL h[smx dbkehlghklv ijlbkjgfh\jkq_kdbf
f ITh~hf khleZkgh =H2014.

>ey hij_~ e gby ijgdghblihgZe qil&Zzklbdh\mx 1ZZm ]Z]
jblgu_ jZaf_ja o Hfkh fe aZebmkbzZgzZ\eb\Zeb gZ hkgh\Zghb_
ijb[hjz bigpX_joghklv kimiydplhgdZo himkdzZeb ]jb[h\brgmx gZkZ
fZkkhc ] ke_~hf jzZ\ghf_jgh ih~"Z\Zeb gZ]jmadm ~h fhf_glZ jz

Dhebq_klI\h f ahnbevguo Zadmegw ad-byghwjh[guo fbdjh
hjl]zgbafh\ DF:N:gF hij_"_eyeb ih =®8K[Zdl_jbc ]jmiiu
dbr_gguo iZehidh & HKL -2012, Saureustih =HKL -2012, v.
parahaemolyticust ih =H KI&O/TS 21872-1-20 kmevnblj_“mpbjmxsbo deh
kljbrbcik =HKL -2014, Salmonellatih =HKL -2012, Listeria mono-
cytogenes + ih =HKL - Ajh™™b b ie_kg_\u_ Jijlbb[eHKL
10444.12-2013.

J?AMEVL:LU B H;KM@>?GB?
GZ i_j\hf wlzi_ bkke_"h\ZahZ[hugdppy ilmpZeb\dB
hkgh\_ fZchkg "&afz\e_gb_f IhfzZlghc iZklu ]JZjfhgbggh khqg_IlZxs
\dmkm k khe_ghc k_ev~rvx ZAe&giblg) kdhdkezq_ klI\_ kljimdImjhh
jZah\Zl_ey \u[jZg _eZlbg iha\heyxsbc ihemqgblv ighlguc kim’
e_gguo |_ogheh]bgq_kdbo mkeaXleyddhG dijfibgk gk gz \
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Ba\_klgh qlh gZ ijhp_kk kim~g_ h[jZah\Zgby [hevrh_ \eby
pH kj_~u AZklm~g \Zgb_ gzZb[he__ wnn_dlb\gh ijhl_dzZ | ijb
[ebadbo d bahwe_dljbd5k&lhgkihhggh qglh dhfihg_glu \oh”ysb_
j_p_ilmjm jZajZ[hlZgg,ukghbZeb\adZgGghb 5j0(bahwe _dljbqg
kdZy lhqdZ ~_eZlbgZ kBR%ZYey ihwdifngh\j f_ gjdhhh~behkyv
h[hkgh\zZigbkkh\hc “"helZlbgZz \ aZeb\d_ ~ey ihemqg_ghy ijh"mdlZ
fZevgufb kljmdjmigh]bq_kdbfb k\[BtkI\Zfb

Baf_g_gb_ ijhqfghddig -agk _cghc azZ@BE\eb j_p_ilmjZz
<« 2) kfZkkh\hc “he_c "_eZlbd®dZ % khhI\_IkI\_igghklZ\e_gu \
| Z [.€3.

LZ[ebhd amevhaiu j giblygghkibchg -aglke cgafeb\db
Table 3. The results of measuring the strength of the mayonnaise-jelly filling

Kh” j"Zgb_ "~ _eZlbgZz ljhgqg HkG
2,5 % 0,77 “
3,5% 1,06 “

4,5 % 1,08 “

Ba "Zgguo3lZhegh k”_ezZlv \u\h”® qlh jZagbpzZ \ ijhgghklb k
h[jZapZo k fZkkh\hce Zhlej2¢b4,5 % *hklh\_jgh bf_ | [ebadb_agZq
gby Ke_"h\zZl _evgh y\ey |ky g _p_e_khh[jZaguf m\_&bq_gb_ fZl
IbgZhe__ gq_f \ khklz\_ j_p_ilmju tZchgcggb aZeb\hd ~ey ijh
ba\h”~kI\Z ij_k_j\h\ ba kezZ[hkhe_ghc k_ev”b

Hjl]Zghe ilbg_kdZy hp_gdzZ h[jZkphAchjg-Kaghhtgufb
aZeb\dgfbrklZz\egd@Zjbk

DZd \bbgitbk2, gZb[he__ \ukhdbfb hjl]Zghe_ilbg_kdbfb ihdZa.
h[ez”"Z_| hiulguc k[[™4dZpe_gb_f aZeb\db ik P, p" ilkfh”" _

"Zgb_ IhfZlghc iZklu KiObZ¥&ygduc h[jZa_p ij_k_j\h\ oZjZdl_jba
\ZekgZb[he__ ]Zjfhgbgguf \dmkhf b ZjhfzZlhf g_agZgbl_evguc
fzlghc iZklu hsmsZeky keZ[h b g_ \u™_eyeky
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Fig. 2. Organoleptic evaluation of preserves samples

Nbabdbfbg_kdb_

ihdzazl _eb bkke ~ij_kug\hA[jBaph\
klZ\e ghZ[e.

LZ[ebpNbabobfbq kibdZazZlijek j\h\

Table 4. Physicochemical indicators of preserves

. H[jZa_p
IhdZazl e >%‘g‘\k'b\f
—9Y Dhgljhel Hiul <1| Hiul <2 | Hiul <3
1 2 3 4 5 6
H[sZy
dbkehlghkl o
\i_j_kq_ % 0,07 “0,05 | 0,11 “0,05| 0,17 “0,05| 0,20 “0,05
gZ mdkmk °
dbkehlm
iG + 6,10“0,1 | 59601 | 53201 | 4,93“0,1
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<

HdhggzZgb 4!

1 2 3 a 5 5
Fzkkh\zy A R ) “ “ “

NaCl, % HI ~h 5501 | 5901 | 6101 | 6401
lihaghkev * 1,23 1,21 1,08 0,86 *

Ba IZ[ebpu \b”gh qglh \k_ h[jZapu khébkkhdb&ehhghklb
gZoh”ylky \ “himklbfhf klzg”~Zjlhf "bzZiZahg_ hilbfzZevgu_ ihlj
nmgdpbhgZ4deogheh]bg_kdb_ ihdZazl_eb \ ij_k_j\Zo ba fZehkhe
"hklb]zZxlky ijb bkihevah\Zgbb \ j_p-iilmjcdchgZedidb "~ e
Ibgz \ dhebqg_klb IhfZlghc izklukhhl\_IkI\_gdlggzZy jnp_il
jZ aZeb\db [ueZ YepjZ9Zevg _crbo bkke_ "h\Zighck kh \Z geowyx
kjhdz Jh~ghklb ij_k_j\h\

Baf_g_gb_ hj]l]Zghe_ilbg_kdbo ihdZayghp kkijokZphgby
ij_"klzZ\e_gh @®Z jbk

DZd \b”gh ba ijhnbeh]jzffgdjijbhly‘ugbb \k_]1h kjhdZ o0jZg
gby \ mkeh\byo iheh bl_evguo |I_fi_jZImj khojZgyeb ~h\hevgh
e_ilbg_kdb_ ozjzdl_jbklbdb b ijZzdlbqg_kdbbgdekaf gibefbh
kbkl_gpbb b \g_rg_]h \b”"Z aZeb\db < ijhp_kk_ DjZgbgby ijhbk
] ey dhlhjh_\ujZz Zehkv \ \u®_e _gbb g_agZqbl_evgh]h dhebqg.
\_ joghklb b miehlg_gbb kim~gy jbk

< ijhp_kk_ ojzZg_gby ij_k_j\haf\ g hybyunbbbd_kdbo b
j_heh]bq_kdbo ihdzazl_e_c dhfihg_glh\ lijljlbpjXh\ egdih &
azZlvky gz ihlj_[bl_evkdbo k\hckl\Zo ]Jhlh\h]h ijh"mdlZ Ba\_Kl
AN _ckli\b_f mdkmkghc dbkehlu [_edb ju[u gZklbggh ]b~*jhebamxlIl
ky gh \ Ih " \j fy ih\Zj _ggZy khev " _e47]l fykh ju[u ~_klqg_

=jZnbd baf_g_gby dbkehlghklb ij_k_j\h\ \ ijhp\kk_ 0jZg_
e_g gZ4bkhldm~rzZ fh'gh k~_eZzZlv \u\h” qlh dbkehlghklv h[jZap]
m\ _ebqgb\Z _Iky g _agZqgbl_evgh \ ijhp_kk_ ojZg Iplhgfb gZoh”"b
"bziZzahg_ k#).lZ[e

Ba jbkmgdzZ \b~rgh qglh \ ijhp_kk_ o)Zgklgd y*mj__kh f\\j\

f gghf ~"bzZiZghgghklv ~ e _cghc aZeb\db m\, abphbwighiky qlh
k\yazgh kh klzZj_gb_f ]_ey \ ijhp_kk_ o0ojzZg_ogbfb hjREpehzk m_Iky
e _ilbg_kdhc hp_gdb
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KZgblzjfbldjh[bheh]bqg_kdb _
g _kdhc \ fZchgeaghhc aZeb\d_k "h[Z\e_gb_f IhfZlghc iZklu

ihdzazl_eb ij_k_j\lb\ ba k_ev~?
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Fig. 4. Changes the acidity of preserves during storage
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Fig. 5. The graph of the change in the strength of the mayonnaise-jelly filling during
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LZ[ebpZ KZg¢fblZjjgilbheh]lbg_kdb_ ihdzZazl_eb ij_k_
0jZg_gby
Table 5. Sanitary and microbiological indicators of preserves during storage
>him
IhdZazl _ev| klbfugd lhemqgq_ggu_ “"Zggu_
mjh\ |
5- 10- 15- 20- _
DF:N:gF DH? ] Gz—loLhE Nhg kmld| knmdb| kmld| kmld
2,010° [ 3,010° | 2,910° | 3,010° | 3,710°
l1Zlh]_ggu_ fbd
]Zgbafu \ I|hf
kZevfhg_eeu 1 25 G_ mklzZgh\le_gu \ ]
imkdZxlky \
ijh*mdpbb ]
Listeria  monocytogene
g_ "himkdZxlky 25 G_ mklzZgh\e_gu \ ]
ijh*mdpbb ]
:Zdl_jbbjmiiu bkd
r-gguo iZehq_|{
ebnhjfu g_ "B 0,01 G_ mklzZgh\le _gu \ ]
xlky \ fzZkk_ dj
pbb]
S. aureusg _ “"himk:
ky \ fzkk_ ijh? 0,1 G_ mklZgh\e _gu \ ]
]
Kmevnblj ~“mpb,
sb_ dehklpb”d |
AhimkdZxlky \ 0,01 G_ mklzZgh\le _gu \ ]
ijh"mdphb
V. parahaemolyticys
DH? ] g _[he | 100 F_9__
Zjh b DH? ] ¢ 5 102 F g
Iee_k_gb DH? ] 50 F g

[jh\_~_ggu_ bkke_"h\Zgby ijh~_fhgkljbjh\Zeb qglh gZ ijhly

kjhdZ o0jzg_gby fbdjh[bheh]bqg_kidbk jhd\ZaZb hetb e biv

klbfuo
a_j\z hij_
[Z\e_gb_f IhfZlghc iZklu
(472 f K
lh j_amevlZIzZf

" e_cghc aZkbAdbz\e gb f
N"ey ij_k_j\h\ ba fZehkh&).ghc k_ev”™b

ijhba\h~kl\Zz
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bkke_ "~h\Zgbc

[ueZz

ij_"~_6Zohkgh\Zgbb ihemg_gguo ~Zgguo k mg_Ihf dhwnr
N_e_g kjhd JTh~rghklb ij_k_ j\é\c\ghzchgehbyd_ k ~h
dhlhjuc kijBlZ\bie jZlknl ojZg_gby

jzajz[hlzgZ
IhfZlgtoc lidkgheh]bq _kdZy ko fZ
ibk

_p_ilmjz
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IIpueM ceIpba
Caxap. colb, N Y Y Y
Tepelr yep- Bona Kenatuu MaiioHes. YecHOK
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CMemmHBaHHE

Jbl.L_ogheh]bq_kdZy ko_fZ ijb]hlh\e_g@by dZc hagZ ead\ld b
Fig. 6. Technological scheme for the preparation of mayonnaise-jelly filling

<U<H>U

Bamqg_gh \ebygb_ IhfZlghc iZebibgZ kdbabwhhj]Zghe _ilbq
kdb_ ozZjzdl_jbklbdblhtZmddh qlh hilbfZevgu_ ihlj_[bl_evkdb,
dZzazZl_eb \ ij_k_j\Zo ba fZehkhe_ghc k_ev”b ~hklb]Zxlky ijb
j_p_ilmj_ fZchg eagghc aZeb\db "~ _eZdbl®hWZZIghc iZk%u
khhi\_IklI\. ggh

H[{hkgh\Zg kjhd ]Jh~ghklb fgckhg\fagk cghc azZzeb\d_ k ~h
[Z\e_gb_f IhfZlghc iZzklu b gq_kghdzZ dhlhjuc khkjZhey_|I kml
0jZg_ghYy2 fX

GZ hkgh\Zgbb ijh\_~_gguo bkke][Z&)\Z[dbEZgkugZp _ilmjZ
ijblhlh\e_gby ij_k_j\h\ ba k_ev”b ZleZglbqg ekddgcht fazZcehtp\dagh
k "h[zZz\e_gb_f IhfZzlghc iZklu b q_kghdZ <uyle_gh qglh gZb[he
yley |Iky "h[zZ\e d¢bfZlghc iZklu b"_eZlbgz
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KIBKHD BKIHEVAH<:GGUO EBL?J:LMJGUO BKLHQGBDH<

1. KZelzglBZK Kh\j_ f ggu_ | _g”~_gpbbkijkbghtrt’idihZm
pbb ba Jbrjh[bhglh\ G K KZelZgh\Z F < ;eZ]hlgdB\h\Z <
]h JThkm~ZjkI\_ggh]h I _ogbq_kdh]201thgb\ jkiKl 174, +

2. KfZ]b,gZz< Bkihevah\Zgb_ aZeb\hd khmkh\ b 2Zjgbjh\ ijb
kI\_ ij_k_j\ghc ijh"me&pkfz]bgZ < _klgbd DzZfgzZlkdh]hglhkm~ZjklI\
ghlh I _ogbqg_kdh]h mgR013.kb| |1ZiK+ 62.

DZjg, NN\ZK Bamq_gb_ baf_g _gbc ijhbkoh”ysbo gZ jugc
ju[ghc ijhAmdpbb b ij_k_j\h\ DZebgbg]ljZz*kdh]h j_]lbhgZz N
F G:evr_\kdZy Bggh\Zpbb \' | _ogheh]bb ijh*md2B20a~hjh\h]h
9,,, F_""mgadjh/@elbckdfhjkdhehjm@z hdly)ljyfZl_jbzZeu =
DZebgbgPp20. +tK 8t

cevr_\kdZyG H[hkgh\Zgb_ kihkh[Z ihkheZ k_ev”™b ZleZg
mkeh\byo fZeuo ijhbR\BMNEVr \kdZy< HgbkljzZlh\Z < _klghbd
DzfqzZlkdh]h ]Jhkm~Zjkl\_ggh]lh | _ogbqg_kdd02h s#mxgbi._ kbl 1Z +
K 1%

5. <hxpdb KDmjk dheehb?ghcKdb fkinxpdbEhkd\zZb O
fby1975.+£512 k

6. :cf_khg Ibs_\u_ aZ]mklbl_eb klZ[bebaZlhju Ib ]_e_h[jZa
: :cf_khg_j k Zg]le ihyz) abfr gZmd FEdZjh\&ZK Zg-d|
Il I _j[mj] B> ©ljhn_kkby?2 k[Alandmeson.Food stabilisers, thicke
ers and gelling agerjts

Exd W Dhgk_j\Zglu \ ibs_\hc ijhYWExddgh¥Xlb]j
i j kg _fihrj NZMobf gZmKEnjhght\KzZgdl | _j[mjFBHJI>
1998. +256 k >/*FN ( &KHPLVFKH /HEHQVPLWWHONRQVHUYLHL
Springer Berlin Heidelberg, 199%273 p.].
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.. Dhrdb,gZE :evr_\kdbc

TECHNOLOGICAL IMPROVEMENT OF APPLE CIDER RECIPE USING WILD
FRUITS AND BERRIES OF THE KALININGRAD REGION

. Koshkina, D. L. Alshevskiy

| j_jZ[hId¥hcklI\ _gguo j_Fogmgddh\ b y]h® \ Zedh]Hevgu_ gZik
db k p_evx bo khojZg_gby gZ [kjghd brebl elwgugby J]Zkljhghfbq
kdhljzaghh[j2ye\ey Iky ljZ"bpbhgghc li2DaddbdhagzZaz”bazjh?
ehkv b klZeh jZza\b\Zlvky \ibwbb\keékKI\hZedh]hevguo gjmdlh\uo \
guo gZibldhHij_~ e _ggZy f_klghklv bf__ | «kAHx gqipe dlB &alm
aZ\bkbfhklb hl ijbphMebdZzIibq_kdbo mkeh\bjon*hazZldzl ~ey
\ha” _eu\Zgby GZ k_]Jh~rgyrgbc ~ _gv \ dZ "“hikkcnHdgfibffheZq kdhc a
ky ozZjzdl_jguc ¢Zyhg khjlh\ b \bAh) IZdbylmghkv ihgylb_ ©Z
dhl]hevgu_ ihykz2a X' ghc ?\jhi_ k\hckl\_ggh jPagbjiigeh \bgh”"_
gzZy ?\jhiz ij_bfms_KkI\_ggh i_j jZ[ZIlu\Z_ | y[ekdEZfdAbgh b kb
ij_"klz\e glgixdvb ij _"eh  _gh g_kdhevdh wdki_jbf _gllZevguo | _|
ehggh]lh kbk"Kihevah\zZgb_ f “bdhjZkimsbo ieh~h\ b y]h® Z bf_
rbih\gbdZ h[e_ibob b dZebgu < dZ ~hc ba j_p_ilmj mklZgh\e
hij ~ eyxsb_ ijbgz~e_"ghklv dhg_qgqgh]lh ijh*mdlZ d dZIl_]hjbb
dzZd dbkehlghklv kh” _j Zgb_ kibjlZz b kZozZjZhR|ZiWkI¥4 g_dhlh
oh"bez88®h ijb "halhe_gguo =HKI% [2]. Dbkehlghklv khhl\ _
kI\h\ZeZ ghjf_b khklZ\bezZ ¢d_Z idh_ kh”~]j*Zgbx kZoZjZ agZq_g
dhe_[exlky hl Biix gb gb_ agZq_gby o0ZjzZdl_jgk "ey khkl:
"h[zZz\e_gb_f h[e_ibob kukbokllb_ggu gZibldzf k kbjhihf dZebgu
bokhklz\_ >ey hp_gdb hj]l]Zghe_ilbg_kdklblmevad¥agd e c b
[ZeevgZy kbkl_fz Eb~"bljaedslgfdbibldb k [hevrbf ijhp_glhf kbjhi
dZebgu b rbih\gbdz glz [jZ\rb_ \ kj_~g_f ih [Zeeh\ b gZib|
k fZeuf kh”_j Zgb_f h[e_iboh\h]h k@pBe)Z+\ Kk[tzlel&X _

y[ehdb kb”j dZebgZ h[e_ibozZz [Zelbckdbc rblih\gbd Ibljr
ghklv kh”_j Zgb_ kibjlz kh”~_j Zgb_ kzZozjz j_p_ilmjz [jh _gl

Processing of regional fruits and berries into alcoholic beverages in order to pr
serve them for a longer period and increase the gastronomic variety is a traditional pra
tice. Humanity has been developing the production of wines and low-alcohol fruit wine
drinks. With the development of the mankind, different types of fruit and berry bases
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have become common to certain territories, depending on the natural and climatic con-
ditions and labor costs for cultivation. As a result, today in each climatic zone a specific
set of varieties and types of cultivated crops has been forttad is where the "alco-
hol belts" concept takes its beginning. Winemaking culture varies in southern Europe
quite dramatically, while central Europe predominantly processes apples into wine and
cider. Within the scope of this research, several experimental recipes for apple cider
have been developed using wild fruits and berries, namely briar, sea buckthori and v
burnum. Special indicators were established to confirm that the final product can be
considered "cider", such as acidity, alcohol and sugar content. Strength of some compo-
sitions reached 8-9%, while the permitted GOST 31820 was 6% [2]. Acidity was within
acceptable range: at least 4 g / dm3, and in terms of sugar content, the values range from
5.8 Brix to 24.8 Brix, the lower values appeared to be common for samples with added
sea buckthorn, high values were mostly seen in samples with viburnum syrup in their
composition. To assess organoleptic characteristics, a 50-point system was used. In the
end, samples with a high percentage of viburnum and briar syrup (50 and 7586) hav
scored the highest - an average of 47 points, and the sample with a low content of sea
buckthorn syrup in the composition (25%) scored 43 points.

apples, cider, viburnum, sandthorn, briar, titrated acid, alcohol content, sugar
content, recipe, brewing

<<?>?GB?

L_ g™ _gpby b jZa\blb_ \bghg_ ehheg vidcdhh \b g h]jkZ *aylitin]iZ
kljzg fbjz k\b"_|_éewvkh¥m gllh khklzZ\ b kljmdImjzZ Zkkhjlbf_glzZ f_
"ey m~h\e I\hj _gby \hajhkrbo nbabheh]bg_kdbo ihM_[ghkl_c c
guc kijhk gZKWwatzg g_ lhevdh kikbphgkVmd kdbfb nzZdlhjzfb
gh b ke]lg_fghnbezdlbg_kdbfb k\bcilbl§Zfbc p_gghkihx Ih
fmgZ[ex”Z |ky mklhcqgb\Zy aZbgl_j kh\X gighkiyZehvdyjmoZlbgy o
b kb~j_ hkh[_ggthoktklelz\\ ijbkmlklI\mx! ijbjh~rgu_ ¢hdithg_glu k
\ujZ _ggufb hj]Zghe _ilbkdhk &b

>ey ihemq_gby gZb[he__ \ukhdbo \dmkéhqgghilhdKbZjZe c
emqr_ \k_]h bkihevah\Zlv dmiZz® g _kdhevdbo yhébd k@jleZl evc
[ue dbkeuf b |I_jidbf Z kgBjdbftb fy]dbf 1Zd \dmk [m~_| gZb]
k[ZzeZgkbjh\Zgguf < DZebgbg]ljZz*"kdhfebpeZKibsbdzZkijZgZo
ihoh”_c debfzZlbg_kdhc dzZjlbghc Z |dvajZXksZfedgdda
ebgguo khjlh\ ihkdhelvdimj&limhZ j_~dh ih”gb®2Zf Kk wuYh
[8]. < k\yab k MlkbmirZjk|bZZelbdb hkh[_ggh EbI\Z m" _ ~Z\gh Zd
jZa\b\zZxIl k_dlhj njmdlh\uo \bg b njmdlh\uo keZ[hZedh]hevguo
dZzd kb”~j b imZj_ :edh]hevgu_ gZibldb ba f_klguolajimdlh\ b y]
g_lhevdh f_klgh_gZk_e_gb_ bo m\hdylgk kd k[ hicml\m jgotkjl2i

Lzd _ ke_mmmhflygmlv =_jfZgbx_»_jZevguc hdjm]k=_kk_g
djmig_crbf ]Jhjh~"hf NjZgdnmjlhf ]~ _ gZ ijhly  _gbb e | Ijz
ijhba\h~yl g _dj_idh_ fy]dh_ y[ehggh_ \bgh gZ&XmW3%s_ _ky ih”"
K D I#].

= _jfZzgby dzZd b ljby¥eybbkd ©ib\guf2 JThkm~Zjkl\hf h~gzZdh

_ihf_rZednkgh\Zlv b jZa\blv k_dlhj [he__ fy]dbo b [eZ]hjh~gu

g
ba j_]bhgZevgh]h kujvy
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K_]lh~rgy ke_"m_1| h[jZlblgz\gbfhd4b \ DZebgblyeZkkdhc
gZ[ex"Z _|ky Zdlb\gh Z]Jja)btbre gghjhie dkZ ] h[sZy
iehsz”~v kZ~h\ bgl_gkb\gh]h Ibiz \ hkgh\ghf yTehfghuo khklz\
]he Igbo y]l]h*gbdhibkhfgbdh\ ieh*h\uo b y]h*8838d45mevIimj

‘kkhjlbf_gl ijhrmdepBEggh]h \b*"Z kujzyd\ FZkkljZgbqg_g
hkh[_ggkeb j_gqv b”_| h ijh mdlZo ba rbih\gbdzDad4djebgu b h[e_
\behbo i_j jZ[Zlu\ZkéZ~hklb beb khdh\u_ gZibldb Z Ibibggu_
gZevgh magz\zZ_fu_ ijh mdlu j_p_ilmju dhlhjuloujpklgzgh\Zgu gz ~
db_dZd Zedh]hevgu_ hlkmlklI\mxl

LZdbf h[jZphdjzZz[hldZ j_p_ilmj \bgguo gZibldh\ gZ hkgh\_ |
gh]l]h y[ehqgh]h_kWwidZZ ZdImeeani®ZZjy jZa\b\KyB]jhmhfur
e_gghfm dhfid?_dkw wdki_jbf_glZ y\ey |ky \uy\e_ghy hilbfZev¢
p_gljZpbb \ghkbfuo gZImjZevguo kbjhih\ ba ~“bdhjZkimsbo ieh
"hklb _gby b”_he¢Nogihoe ilbg_kdbo-bbhibbgbklhbo ozZjzdl_jbklbd
glh\ k\hx hq,jfi™wvie _qv \ hkjggaewWwlbyijhba\h~kI\Z j ]bhgZevguo
keZ[hZedh]hevguobgZMldh)\ZklImsboDdhedwylbyg]jZ*kdhc h[eZklb

H:T?DLU B F?LH>U BKKE?>H<:GBY

< dzZqg_kI\_ h[t_dIZ bkke_~h\Zgbygmenelpmld[hXgh ighb
jZklzZxsh DZebgbg]ljzrkdhc h[edkdth yl[2dhbb h[e_iboZ [Zelbckdt
rbih\gbd b dzZBkighevah\Zebkv bf_ggh ~“bdhjZ&ynisle_ e\btu
gh]lh \uy\e_gby ihl _gpbZeZzZ jzklklgihld AkI\hkdjevh LJ LK
ljb ijh\_~ _gbb wdki_jbf_glzZ \ khklZ\ "h[Z\eBiewin"jlheb fZjdb
rzZ, khhi\_Tkl\mxshL K

| j\hgZqgZevijghihezZ]Zehkv hkgh\u\Zlv bkke_ ~h\Zgby gZ i
ylh~ghf \bg_ ijhba\_"* gghf ba “bdhjZkims _]h kujvyd HA*gZdh \i
Ilhj bkke_~h\Zgby j_r_gh [ueh kdd4j[fHbjabZlIviueb ihklZ\e gu
h[jZapu \bgZ ba h[e_ibobihdgdedgu[ehqguc. kiw®j gb_ ijh
oh”"beh \ ki_pbZevghc kl_deygghc _fdhkely k[]bkijhegZd blyjHhf
ghgZijz\e _ggh]h \uoh”Z m]e_dbkdHE][HK)]ZaZ ba |Zju

LZ[ebhd_p_ilmeh~hWh”rglibg
Table 1. Recipe of fruit and berry wines

Dhfihg_gl <bgh <bgh <bgh Y[ehqgg!

j_p_ilmju d| ba rbih\gl ba dZel ba h[e i kb"j
leh”™u rbih\gbd] 3 + + +
Y]h~u dZebgu + 3 + +
Y]h”u h[e_ibob + + 3 +
Y[ehqguc khd + + + 20
>jh" b 0,07 0,007 0,007 0,01
KZo-4j khd 1 1 1 2
<h~Z iblv_\Zy 3 1 1 +

Ilh hdhgqZghthlh wlziz [jh[ugdbyih®]hlh\e _gZ 1Z{Z b \dmkh
ZihfZlbq_ ] ~b_glu 2Z[keh”u b y]h~u ijhlbjZeb khd hl 'bfZekt
ijhp_"b\Zeb F_a]lm aZeb\Zeb ]Jhjyg_c \h~hc ~"h[Z\eyeb kZoZj
kez[hf dbi_gbb + fbg azZI"H hkKmbo Z2d&lhzZ\ely&buc khd
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LZ[ebpZ J_p_ilngphAdibkh kdbo bg]j_"~b_glh\
Table 2. Recipef flavor ingredients

Dhfihg gl Kbjhi Kbjhi Kbjhi

j_p_ilmju | ba rbih\gbd ba dZebd ba h[e_ibo
leh”™u rbih\gl 0,450 + +
Y]h~u dZebg + 0,450 +
Y]h~u h[e _ib + + 0,450
KZo4j khd 0,350 0,350 0,350
<h”~Z iblv_\Z 1 1 1

<h \j_fy \lhjhlh wlZiz [jhehgithyklZ\e gh wdkylylyf_
IZevguo h[jZaghp ilmj_ 3KpdezZkgh |_ogheh]bq_kdb6.ko fzZf jbk

LZ[eb®»ZJ p_ilmjZ wdki_jbf_glZevguo h[jZaph)\
Table 3. Test sample recipe

Ghf_jj_p_ilmju

Dhfihg_g|

j_p_ilmju 0 1123 |4]|5]6 7 8 9

dhgljhj

Y[ehqggh_ K 100 75|50 25| 75| 50| 25| 75| 50| 25
Kbjhi h[e i + 25|50 | 75| £ | | + + | =+
Kbjhi dZeb + +| | | 25|50| 75| = | %
Kbjhi

rbih\gbdz + | | | £| £| x| 25|50 75
<k _1]h 100 100| 100| 100| 100| 100| 100| 100 | 100| 100

lh ijhr_klI\bb gdmlzeky 1j_Ibc dwdZgdpre _gby Z~h|j

"b\Zgb_ HJ[jZapu jZaebeb \ [m]_evgu_ [mluedil _I"Hgh]h p\_IZ
j_qv ijh~mdl hl ijyfuo kheg_gguo emgqgklc ll\hrjxd j [hiphy a
px gZibldZ I1h”jh[gh wlZiu [jh  _gby ij_"KlZ\e_gu \ IZ]e

LZ[ebpZVIZiu b j_"bfu [jh  _gby
Table 4. Fermentation stages and modes

WIlZiu H[jZapu ljh*he bl_evgl L_fi_jZIm
[jh™ _gby kml f K
1 2 3 4
1 H[e iboh\h_ \b 5 20 “

<bgh ba dZebg 5 20

<bgh ba rbih\g 5 20 “

Y[ehqgqguc kb"]j 5 20 “
2 H[e iboh\h_ \b 14 17

<bgba dZebgu 14 “

<bgh ba rbih\g 14

Y[ehgqguc kb?"j

gZihegbl_eyfb 7 !
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HdhgqgZgb
1 2 3 4
3 H[e_iboh\h_ \b 20 “
<bgh ba dZebg 20 “
<bgh ba rbih\g 20 “
Y[ehqguc kb?"j 20 “

LZdbf h[jZplhdh ihem®B lgiulguo h[jZaph\ qgZklv édhlhjuo ij_
klz\e _gZ g jbk

JbK.H[jZapu bkke_~h\Zgby
Fig. 1. Test samples

lh hdhgqZgibbb gby [ueb kgylu [Zah\abfhdakdh "*Zggu_
ij_"klzZ\e_ggu_ .¢gb. jkKkh"_ jZgb_ kZoZjhau hh_2H&yeh62
2173-2013 [6] fZkkh\mx dhgp_gljZpbx IbljmiluoHdKALK e{2013
[77 "~ey baf_j_gby ijb[ebabl_evgh]h kh”~_j Zgby kibjlZz bkiheva
dZibeeyjguc

Hp_gdm \dmkzZ p\_1Z b ZjhfzlZ ijh\h~beb hj]Zghe_ilbq_k
ijbf _g gb_f ki_pbZevgh jWoapZlélZgg

J?AMEVL:LU BKKE?>H<:GBY B H;KM@>?GBY

| _j\hkl_i_gdktke ~h\Zgbx ih~\_jlebkv ~jh{jbkR). ]jb[u
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JbR.Axrjh " _\Zy de_IldZ hlihgdhhgdmsgpn "~ _\u_ de_Idb
k"hg_jgbfb rjzfzfb
Fig. 2. A xyeast cell (branching out a child cell); B/east cells with child markings
(scars)

Fbdjhkdhiby ihdZzazezZ qlh kmob_ ~jh™ b ij_~klZ\eyx| kh[h
]ib[u \b3accharomyces cerevisiae [8].
Kh” j7Zgb_ kZoZjz \ h[jZapZo 3hdZaZgh gZ jbk

T 1 9,2
3 A 19,6
O 8,4
- @O #(!
"B | 05 T # &
s (5|
T IIOIIIm 6,8 :
@i o*( & !
<
c | | 14,8 oY% #*5
© [ ] 13,0
. [IIIIIo 6,2
3 ] 10,6
©p | 1 24.8
o3 [ ] 10,0
Y [ommmm
F
0,0 5,0 10,0 15,0 20,0 25,0 30,0
A 5 Rk £

JbRB.>bZ]jzffZ kh™_j Zgby kZoZzZjzZ \ dhg_qghf ijhAmdl_ \ azZ\b
hl dhebq_kI\Z \ghkbfh]h(AR2bhghlgftZkku gZibldZ khklzZ\ey_|
\dnkh\hc dhfitBgtb@! hl fZkku gZibldZ khklZ\ey | \dmkh\hc dhfih

C 75 hl fZkku gZikHHIZ\ey | \dmkh\hc ODhRfgbhgligl
gb k g_f g_ kf_rZggu_ h[jZapu \bgZ b y[ehqgh]h kb"jZ
Fig. 3. Final product sugar content (in relation to the amount of flavor fillexcadd
(A £25 % of flavor filler per volume; Bt50 % of flavor filler per volume;
C £75 % of flavor filler per volume; Dtpure samples of wine and apple cider)
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Kh]l]ezZzkgh ihemqg_ggufh*Zgdwfb kZoZjz \ h[jZapZo k h[e_i
mf_gvrZ_Ilky ijb m\_ebq_gbb dhgp_gljZpbb kbjlgiz gZjb ih\ur_gl
pbb kbjhiZ rbih\gbhdZ b dZebgu m\_ebqgb\ZkZby X dlogipg gljZpby
ghf ijh~mdl_ LzZd _ ke_"m_I| h[jZIblv \gbfZgb_ gidhdhgljhevgu
Amdl ]~_ Kk[jZ b\ZeZkv dZebgZ [_a kf_rb\Zgby k y[ehhgguf kmk
\hf dhebq_kI\_ \ghkbfh]h kZozZjz \ gZqzZe_ [jh _gby \ blh]h\hf |
"Zgb_ kZozjz ih kjZ\ign]bpbx k[jZapZfb [hel0 BgZ =

GZ jbkij_~klzZz\e_gh dhg_qgqgh_ kh”_j"Zgb_ Zedh]hey \ ijh~m¢

[%]
TA
]
- @O #(!
o B By # &
Bi*(&!
<
1 *
© c oY # 5
3
O
b
F
0,0 2,0 4,0 6,0 8,0 10,0

o#!l( (#=U 9

Jbl. >bZzZ]jzffZ kh™_j"Zgby Zedh]hey \ JThlh\uo h[jZapZo \ aZzZ\I
hl dhebq_KkI\Z \ghkbfh]h (A k2bRghlgfZkku gZibldZ khklz\ey |
\dnkh\hc dhfilBgt5Pohl fZkku gZibldZ khklZ\ey | \dmkh\hc dhfih
C+7/5%hl fZkku gZibldzZ khklzZ\ey_| \dmibhxhbkdhgith& gl f

g_ kf _rZggu_ h[jZapu \bgZ b y[ehggh]h kb"jZ
Fig. 4. Final product alcohol content in relation to the amount of filler addletP6 %
of flavor filler per volume; B+50 % of flavor filler per volume; CG:75 % of flavor
filler per volume; D +pure samples of wine and apple cider)

Kzfuf dj_idbf ba ij_"klZ\e_gguo h[jZaph\ y\ey\ Iky gZiblh
e _gghc h[e,bgldh[hjhl gzZbf g _ dj_idbf ihemqgbebkv gZibldb |

< ij_"klzZ\e_gguo "Zggubdjbkhrebq_kl\h Ibljm_fuo dbkehl
\'i_j _kKlggZ y[ehggmx
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moO #(!
aBY # &
gl *( & !

6 A

oY% # * 5

T(&6 &1,

0,0 2,0 4,0 6,0 8,0 10,0
T -#(/&(-1=8 | %

Jb.>bZz]jzffZz kh~_j Zgby Ibljm_fuo dbkehl \AhtPB% o h[jZapZo
hl fZkku gZibldZ khklzZ\ey | \dmiBhx50c dhfidgkwlgZibldZ kh
klZ\ey | \dmkh\hc d&&irbg hglfZkku gZibldZ khklzZ\ey | \dmkh\h
dhfihg_DIlxgbklpugb k q_f g_ kf_rZggu_ h[jZapu \bgZ b y[ehqggh]
Fig. 5. Test sample titrated acids content diagramx2A % of flavor filler per volume;
B 50 % of flavor filler per volume; G75 % of flavor filler per volume; Dtpure
samples of wine and apple cider)

lhdZazldékehlghkik  pulvg f_g 40 J~f, q_frihhll\_
ki\mx\k _h[jZzapt~rgzZzdzf lghplhgZb[hevrdlckehlghklvx h[ez"Z |
gZiblhd k "h[Z\e _gghc h[e_ibohc qlh [ueh h'b”Z flZz \_~v \ h[
gb_ hjlZzgbqg_kdbo dbkehl dhe_[e_I%y\fh ' Amfy dEZd \ dZebg_
Ibljm_fubkehkhhklZ\eyx!| fZdkb%ni.

>Ze_ _ [ueb kgylu i_j\u_ hjl]Zghe_ilbg_kdb_ ijh[u ]hlh\uo
HdZaZehkv qlh fhghijh"mdl h[ez”~"Z | baebrg_ kbevguf \dmkhf
eb[h "ebl_evgzZy \u”_j 'dZ ]Jhlh\h]h \bgZ eb[h dmiZz" J_r_gh [u
gZ dmiZ bjh\Zgbb |_f kzfuf zZ~Zilbjmy yjdb_ \ghhku khbdbo ieh
lezkgh ij_~ihqgl_gbyf kj_~g_klZlbklbg_kdh]h ihlj [bnh_ey Hibjz
g _ggu_ j_amevlZlu J[ueZ jZajzZ[hlZgZ | _ogheh]bg_KdZy ko fZ
1Zs_ggh]h y[ehqgljbk&b"jZ

GZ aZdexqbl _evghf wlzZzi_ bkke ~h\Zgbc [ueZ jBajZ[hlZgZ
pZ "ey hp_gdb ]Zjfhgbqghklb b dzZqg_kI\Z ijh~madlid EZIZd _ dhe
jbpZ \dmkh\ b ZjhfzZlh\ kb”~jZ dhlhjZy ihfh]l]eZ ihke_bhijhkZ hij_
jmxsb_ b yjdb_ \dmku dZ *h]h ba h[jZaph)\
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ljb ijh\_~ _gbb hj]JZghe ilbg_kdhc hpugdbydabhikiaphtb _
iZjzZf_ljulzd \g_rgbc \b™r Zjhfzl \dmk | _e_kghklvZkbihke \dm|
ihevah\ZgZ mijhs_ggZy |Z[ebpZ hjl]Zghe ilbg_kdbo iZjzf_Ijh\
hp_gdb ij_~klZ\bl_eyfb jZaguo k&tZdkptkewghgdyjZapu fhleb
gZ[jZlv [Zeeh\ j_amevIZIlu ij_"klZ\e _gu \ IZ][e

> ImklZpbhgghc dbéethkkjpbreh  gh jZaeh blv gZb[he__ m~Z
\dmkh\u_ khqgq_lZgby ih dhe ]Jkm ZjhfzZlh\ >

LZ[eb®ZJ _amevliZlu hjl]Zghe _ilbg_kdhc hp_gdb
Table 5. Organoleptic test results

Ghf_j h[jZapZ 1(2]3[4][5]6]7]8]9]0
<g_rgbc \bA 5(/4|4/4|5|5[3|5|5]|5
jhizl 13|10 7 | 13| 9 [ 10| 8 |12 15| 14
<dmk 14|10 9 | 13| 17| 18[12|15| 15| 14
Ihke _\dmkb_ 8/5|5|6|9|10/ 59|97
BIh]h 40|29 25|36 40| 43| 28| 41 44| 40

GZ jbkij_"~klz\e_gu “"Zggu_ j_amevlZlh\ hj]l]Zghe ilbg_kdhc

50
45
40
35
30
25
20
15
10

I # &

BA BB @CaDb

Jbk >bZz]jzffZ blhlh\uo j_ameviZlh\ hj]Zghe_ilbg_kdhc
(A £25 hl fZkku gZibldzZ khklzZ\ey_ | \dmikhib0dhfihg_gl
hl fZkku gZibldZ khklz\ey | \dmlithxtec dhfiBigkwlgZibldZz
khklZz\ey | \dmkh\hc BRidbgluplb k q_f g_ kf_rZggu_
h[jZapu \bgZ b y[ehqgqgh]h kb"jZ
Fig. 7. Final organoleptic score diagram &5 % of the weight of the drink
is the flavor component; B50 % of the weight of the drink is the flavor component;
C #5 % of the weight of the drink is the flavor componenttpure unmixed samples
of wine and apple cider)
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DzZzub~rghgbk7, kZfufimrZggutimkh\ukibg_1Zghbkiideb

xh[jZa<p

xh[jZapu5 b6

xh[jZapu8 b9

xh[jZa<®

Baf_g_gby nbablbdg_kdbo ihdZmgZdbghe  m~Zqgguo \dmkh\uo
khqg_ IZgblc g _gb_f \jihd@aZgu g& jbk

25 0 25 5
20 A\ 20 \

\\‘\ —#—HKWCNOTHOCTS, \\ —8— HUCNOTHOCTS,
15 r/am3 15 rfam3
\.\ Ankoronb, ® ‘\"\‘ Anxorone,
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\ —#— HWC.NOTHOCTb, \\< —#—HWCnoTHOITh,
15 rinm3 15 .-\\‘\_“ rfom3
\ Ankorons, Ankerone,
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JbB.Baf_g_gby nbabldg_kdbo ihdZazl_e_c k 1_q_gb_f \j_f
Fig. 8. Change of physicochemical parameters over time

Nbabolbfbg _kdb_ ihdZazl_eb kh \j f g _f f_gyebkv h 'brZ_
kI\h kibjlZ \ ijhAmdI_ ihkl_i_ggh mkZeZjiEghnkZehXv Kh
A j;“Zgb_ dbkehl /fh e kguih \hajzklZeh Z ihki&” ihreh gz

<U<H>U

Ih blh]zZf ijh\_~ gghc jZ[hlu ihemqg_gu ke :“mxsb_j amevlz

1. <uoh” gbkluo g_ kh~_j 'Zsbo y[ghggdhdb kbmkéddZaZeky
fZe b wdhghfbg_kdb grygujddmigh\u_ bg]j_~b_glu ihgmgwebkyv
Zdlb\gyfhza[zZz\e_gb_ bo \ y[ehqghf kmke_~ _eZ | ijh~*mdl ijby
lj [e_gbb

2.Bkke_"my h[jZapu hk¢ ™nedsdb nbbbldg kdb_ ~Zggu_

xkh” j*Zgb_ kZoZjz \ h[jZzapZo \Zjvbjm® | hl A h ] ~f

xkh” j*Zgb_ Ibljm_fuo dbkehl dhe [e_Iky \ ~bz}Zahg_ hl

xkh” _j"Zgb_ kibjlZz \ h[jZapZo kil Z¥ey |
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Dz ~Zy ba “h[Z\hd \ghkbeZ k\hb hkh[_ggu_ hll_gdb \ g:
[Z\e_gbb kbjhizZ rbih\gbdzZ ~_]ImklZlhju hsmsZeb \dimk b azizZzo
l]h ~ fZ k_@§Z>h[zZ\dZ dZigbgrd\ZeZ fdmikkc kfhjh*bgu e _kguo
ylh® baxfzZ Jhjvdbdkd_pdbacz ~~ hdzZaZezZkv Z]j_kkbXghc "~Z _
euo \ghkbfuo dhgp_gmXkpldkbZezZzkv _~dZyhsliink&leg@dkx hj oh
\Zy 1hj_qv Z |1zd _ Zjptaimkalulo

4. GZb[he__ m~ZdguZghle _ilbg_kdhc Ihgdb aj_géy hdZaZeb
"mxsb_ h[jZapu

X khg_1Zgb _ y[ehggh]h kmkeZ b h;fe _iboh\h]h kbjhi.

X khg_1Zgb _ y[ehggh]h kmkeZ b kbjhiZz dZebgu kh
yl[ehggh]h kmkeZ b kbjhiz dZebgu

x khq_lZgb_ y[ehgqgh]h knklbgBdiZ rbih\gbdZ khqg_lZgb_

y[ehgqgh]h kmkeZ b kbjhizZ rbih\gbdZz

x dhgljhevguc h[jZa_p [_a .h[h]ZIbl_e_c

Mqgblu\Zy ihemqg_ggu_ ~Zggu_ b Ih qglh hgb*A\EdVvr_c Kkl _i_
jyxl ihklz\e_gguf p_eyf b az~rzZqzf fh gh ]Jh\hjblv hZkms_klI\_g¢
e_ijh_dlbjm_fh]lh ijh~mdlZ < gZklhys_ _ \j_fy hkgh\ghc azZ"~zZ
lhevdh bah[j_| _gb_ gh\uo I _ogheh]bc gh b bkihebah\Zgb_ \k _«
\uo j_kmjkh\ “ey m~h\e_ I\hj_gby ihlj_[ghklb gZk_e gby Z bf
j_p_ilmj b \u\h” gZ jughd gh\uo \dmkh\uo khq_IlZghbc

KIBKHD BKIHEVAH<:GGUO EBL?J:LMJGUO BKLHQGBDH<

1. FzZd=h\,_|gljbd.Wj \g__ \bgh ihbkdb bklhdh\ Vbgh]jZ*Zjk

1Zljbd WZd=h\_jg Jh[_jl = /FhiggklihdBar\h ©ljbgklhgkdbc
Mgb\ jkb.l£3G04.
2. =HKL -2015.Kb”ju H[sb_ | _ogbg_kdb_ mkeh\by

3. >hjhr_gdhG Mklhcgb\hklv ieh”h\uo b ~ _dhjZlb\guo jZKkl
| fi_jZImjguf klj_kkhjzf ~bZ]JghklbdZ b imlb ih\@®r>9gby fhgh]j
jhr _gdh <GAZoZjgmd PBZdkbfgb\jzkgh”~Zj Dm[Zgkdbct=:M

k

4. Wcohjg Y[ehqgh_ \bgh gZ imlb d dmevIikKj\WkbrhjgZke "bx
II' NjZgdnmijlkdbc ."m#gZ020 >We_dljhgguc j_knjRI@ +
https//www.journal-frankfurt.de/journal_news/Kultur-9/Bundesliste-des-Immateriellen-
Kulturerbes-Das-Stoeffche-auf-damegzum-Kulturerbe-36119.html *Z1Z h[jZs
gby .
5 Blh]b jZza\blby :ID j_]bhgzZ \ ]h~m >We WREhgguc j_km
http://mcx39ru/operativnaya-informaciya/itogi-razvitiya-apk-regiona * Z1Z h[jZs
g b y29.04.2021).

6. =HKL ,62 -2013 Ijh"mdlu i_j_jZ[hldb njmdlh\jb h\hs_c
njZzdlhf_ljbg_kdbc f_Ih” hij_~_e_gby jZkl\hjbfuo kmobo \_s_kI\

7. =HKL -2013. Ijh"mdpby Zedh]hevgZy b kujv_ ey __ ijhba
f Ih~u hij_~_ e gby fZkkh\hc dhgp_gljZpbb Ibljm_fuo dbkehl

8. ;Z[v_\Z IB;bheh]by ~jh]l'Bcl ;Z[v_\E X Q _jghk
Fhkd\Z Lh\Zjbs_klI\h gZmqgguo2006~#Zgbk DFD
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9. Ex Jhg] K_g Obflkihkidbcdeh”~h\ h[e_ibobEX Dhig] _

K & 2-c F_""mgZjh*guc kbfihabmf ih ;EfjgZime_Gh\hkb[bjkd
GBBKK K 128 +130.

10. Dhrdb,gZ F_Ih*"bdZ lkpghgllsc gbke_gghc hjl]Zghe ilbg_kd
hp _gdb dZqg_kI\Z gZImjZevgueglgughkbjhjEfhsba ~“bdhjZkimsbo
ieh"h\ b ylh"DhrdbgZ E> :evr_\kdbc_klgbd dhgehc* gZzmdb
we _dljhgguc gZmqgguc202hjg£e30 2We dljhgguc j _WRLjk@ =+
http://vestnikmolnauki.ru/3-30 *Z1Z h[jZs 51b302).
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HP?GD: ;27AHI:KGHKLB FYKGUO |:RL?LH< H;H=:S:?FUO
;?EDH<HBG?J:EVGUF DHFIE?DKHF BA <LHJBQGH=H JU;GH=
KUJVY =HJYQ?=H DHIQ?GBY

D : Kl izgh\ZZE"Zebgh\Z

SAFETY ASSESSMENT OF MEAT PATE ENRICHED WITH PROTEIN-MINERAL
COMPLEX FROMHOT-SMOKED SECONDARY FISH RAW MATERIAL

K. A. Stepanova, L. S. Baydalinova

JZkkfzljb\Z |Iky \hafh ghklv j ZebaZpbb gZklbggh [_ahloh
]bb ijhba\h”kI\Z dhgk_j\h\ ©Rijhlu \ fZke_2 gZ [Za_ julhi_j_jZ
ij_"ijbylbc DZebgbg]jZz"kdhkdiZ[eeZkIbwnn_dlb\ghklv b [_ahizZzkgl
ijbf_g_gby [_-ddb\hZevgh]h dhfie_dkzZ ;FD imlemZ”jfh]h
| _jfhebazZ ]J]heh\ dbevdb ]hjyq_]h dhiq_gby ”"ey h[h]Zs_gby fy
Hij_ ~ e _gZ nmgdpbhgZevghklv ;FD dihekhby | Eglkkh\Zy ~hey
dZevpby b nhknhjzZz \ ;FD khklI%\lelyhI\_TkI\ _ggh JZkkhgblZgu
N j7Zgb_ dZevpby b nhknhjZ b bo khhlghr_gb_\ fykghf izZrl_|_
[ edhRfhg_jZevguf dhfie _dkhf <\ _~ gb_ wlhc "h[Z\db \ fykgu _
dhebq_kI\_ih\urz | kh”~ _j Zgb_dZevpby \ gbo hl kmlhqggh
_Jh ihlj_[e_gby \i_j kq_I|_gZ ] ijh~mdlzZz b H_Kiegb\Z | hi
mk\h_gby hjl]Zgbafhf khhlghr_gb_ dZevpby b nhknhjZ >hdZa
h[h]Zs _ggh]h fykgh]lh izZrl _1Z ih kh”_j Zgbx [_ga Z ibj_gZ gh
dhiqg_ghc ijh"mdpbb >ZgZ j dhf_g~Zpby ih ~himkjlbdgEfm mjh\g
\ ;FD ¢_ [he__ fl] d] Kjhd Jhrghklb iZrighZdbfbifdh\d_ k
_jgufb k\hckl\Zfb k mqg_Ihf dhwnnbpb_glzZ j_a_ j\ZfiklgtklZ\be k
Imj_ o0jZg_gbywK “G_ \uy\le_gh agzZqgbl_evgh_\ebygb_;FD gZ
fbdjh[ghc h[k_f_g_gghklb b khhiI\_IklI\_ggh gZ kjE& Jh*ghklb 1
guo h[jZaph\ izZrl_1Z \ kjZ\g_gbb k dhgljtlef gg¥bpbhaghu \h
fhghfm m\_ebq _gbx kjhdZr]htgaHkgldbjm \gkhdZy \ _jhylghklv
g_khhl\_Ikl\by fykgh]h kujvy fbdjh[bheh]bq_kdbf ghfzZzlib\zf q_
fh m~_eylv k_jv_agh_ \gbfZgb_ ijb hjl]ZgbaZpbb ijhba\h”*klI\Z fy

[ edhflhg _jZevguc dhfie_dk dZevpbc nhknhj fykghc
[ _ga Z ibj_g fbdjh[bheh]bq_kdb_ ihdzZzazl_eb [_ahiZzkghklv

The paper considers a possibility of implementing a partially waste-free tech-
nology for the production of canned fod8prats in oil on the basis of fish processing
enterprises in Kaliningrad. It shows efficiency and safety of the use of the protein-
mineral complex (PMC), produced by hydrothermolysis of the hot smoked head sprat,
for the enrichment of meat products. Functionality of PMC has been determined by the
content of calcium. The content of calcium and phosphorus in PMC is 6.5 andk4 %, r
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spectively. The content of calcium and phosphorus and their ratio in meat pate, enriched
with a mineral complex of a protein-mineral complex have been calculated. Introduction
of this additive into meat products in the amount of 5 % provides an increase it the ca
cium content in them (37 % of the daily intake in terms of 100 g of product) and pro-
vides an optimal ratio of calcium and phosphorus for absorption by the body. Safety of
the enriched meat pate has been proven in terms of benzo(a)pyrene content, which is
standardized in smoked products. A recommendation has been given for the maximum
permissible level of benzo(a)pyrene in PM€ho more than 0.016 mg / kg. The shelf
life of pate in a package with low barrier properties, taking into account the reserve co-
efficient, was 12 days&W D VWRUDJH WHPSHUDWsXeEdA nB kigni zK 7KH
cant effect of PMC on the change in microbial contamination and, accordingly, the shelf
life of experimental pate samples in comparison with control samples. Recoaymend
tions are given for a possible increase in the shelf life of the pate. A high probability of
non-compliance of meat raw materials with microbiological standards has been found,
which must be given serious attention when organizing manufacturing of meat products.
jrotein-mineral complex, calcium, phosphorus, meat pate, benzo(a)pyrene, m
crobiological indicators, safety

<<?>?GB?

ljb kharZgbb b j ZebaZpbb | _ogheh]bc dhfie _dkghc [_ahl
[hidb ju[gh]h kujvy gZ i_j\uc ieZg \u”\b]JZ Iky \hijh&k h \hafh ¢
hiZzkghklb ibs_\h]h bkihevah\Zgby ijh"mdpbb ba ju[guo hloh?”
kemqzZ_\ dZqg_kI\_ h[t_dlZ bkke_~h\Zgby \u[jZgu lgloh”u dbev
gby dhlhju_ ihemqgzZxlky ijb ijhba\h”klI\_ dhgk_j\h\" ©Rijhlu \ f
guf ijb wlhf y\ey Iky \u[hj Zkkhjlbf_glZ ijh*mdpbbZ dhlhjmx f
sZlv p_ggufb dhfihg_glZfb \lhjbggh]h ju[gh]h kujvy

;hevr_ iheh\bgu jhkkbckdh]h jugdZ dhgk_j\h\ IbiZ ©ORijhlu
azZzgbfzxl ijhba\h~bl_eb DZebgbg]jZz"kdhc h[eZkld HHHHHH ©JD ©/
©Jhkdhg?2 HHH ©;:JK2 H:H ©OFZfhgh\kdbc ju[hdhgk j\guc dhf]
©;Zelnbrlj_cr® HHH ©=eZzZ\ijh*mdIl& 1j_~ijbylbyfb jh]lbhgZ \uin
e_ luk mkeh\guo [ZghdZ&RijhNukmldb bfehget\ 1h~"
Meh\ [Zelbckdhc dbevdb az iNukek™Mg'hh_ ke kl cqzk klZ[bevgh ~_
"blky gZ hif_Id_ luk |\ 1h™ Ijb\wdhfgh\bekly ijhfuk_e dbe
db dzZkibckdhc hJudgh\_gghc < ] __ meh\ khklZ\be luk
j_dhf_grh\Zgh d \ueh\m m" _ luk | dbevdb DZkibckdh]h fhjy :

JZkkqgblZgh qlh \ ijhp_kk_\ujZ[hldb ju[guo dhgk_ j\h\ IbiZ
fZzke_2 \ DZebgbg]jZz*kdhc h[ezZklb azZ ]1h™ gzZdzZieb\zZ_Ilky [h
hloh"hYhiehd o\hklh\uo ieZ\gbdh\ > @ WIhl ihdZazl_ev fh  _| m\
\f_kl_ k jhklhf ijhba\h”"kI\Z aZ kq_I| dbevdb DZkibckdh]h [Zkk_c

lh | _ogheh]bb khg@ZZdgghc*j ibs \hc [bhl_ogheh]bb N=;HM
©D=LM?2 iml_f h[jZ[hldb hloh”h\ rijhigh]lh ijhba\h~kI\Z ]b”jhl_
kihkh[hf ihemqgzZxl-fbgdhAbvguc dhfie_dk ;FD > @ =heh\u d
]hjyg_]h dhig_gby ih”\_j]Zxl ]Jb”~jhl_jfhebam k ihkegZ2mxsbf jZ
l[jb njZzdpbb ijhl_bgh\uc jZkl\hj “bjhdnix emjkdpbjZevguc
hkz"hd Ba ihke_"g_]h ihke_ \ukmrb\Zgbhg btkemegza hl\dqg ;FD
gZfb \ dZq_kI\_ h[h]ZsZxs_]h dhfihg_glZ j_p_ilmju
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;FD hlebgZ Iky ih\ur_gguf kh”_j"Zgb_f fbg_ jdkelkguo \_s_ k
ghc IdzZgb ju[ \ q,ZkZglvipbynhknhjZ Khjedhk§hg”ZphbJ f
2.3.1.2432- > @ kj_%kgvnwqgqgZy ghjfZz dZevpby 7~ey q_eh\ _dZ kh
1000f] Ijb wlhf gZ _1h mk\hy_ fhklv [hevrh_ \ebygbx hdZau\Zxl
sb_\_s_kI\Z \blzfbg '"fajgkchjz 1Zzd _ kh”_j Zigb bjh\edh\
ijh~mdl_ HilbfZevguf ey mk\h_gby y\ey_ |ky khhlghr_gb_ dZe
fZlgby \ jZpbh@:0,5 [4].

H[t_dlhf "ey h[h]Zs_gby \u[jZgZ fykgZy ijh"mdpby fZkkh\h
gby fykghc iZrl_|I ;FD ijb*Z | iZrl_Im ibdZglguc \dhmklth ZjhfZIl
b ihalhey | k[ZeZgkbjh\ZIlv ih\ur_ggh_ kh”_j"Zgb_ nhknhjz \ fy

BaaZz ijbkmlkl\by \ hloh~Zo dbevdb ]hjyq_]h dhiq_gby dh
ihg_glh\ \dexqZy ihebplzdbbhlblgdtkdb_ m]e_\h hjhMm [:M
ghevgkh "bg bbbk g_ fh]lml [ulv bkiRewah\Zgd[hldb gZ dhjfh
\mx ijh*mdpbx ihwMhfjhZzxlky mlbebazZpbb qglh y\ley Iky wdhghf
wdheh]bg_kdb g _[eZ]hijbylguf nZdlhjhf

GZb[he__ ba\_klguc \ukhdhVhakbgauwcibj_g dhllhjuc h
eZ™"Z | k\hckl\hf [bhZddmfmeypbb hdZau\Zy ijb wihf "hdZaZgq
b fmlzZz]_ggh_ ~_ckl\b_ gZ "b\hlguo b h]jZgdg _qoghBhdizzazggh _
lj_ ~ evgh ~“himklbfu_ dhgp_gljZpbb [_ga Z ibj_gzZkKE ijh*mdlZo

gZ\eb\Z_1 | _ogbqg_kdbc j_lezf_gl LZfh ' _ggh]h khxaZ LJ LK
hizkghklb ibs_\hc ijh~mdpbb& g_[hedhiqg_ghfd pi[x b g_ [h
e fEdhklZevghc ibs_\hc ijh*mdpbb bkdexqZy ki_pbZeba

ijhA"mdlu iblZgby

GZ |I_jjblhjbb JhkmeézZgkl\ ?\jZabckdh]h wdhghfbg_kdh]h |
ibs_\Zy ijh*mdpby gh\h]h \b”"Z ih*e_"bl JThkm~ZjkI\_gghc j_]bkl
Amj_ ih~I\_j "~ _gby khhI\_Ikl\by I_ogbq_kdbf j_Jezf_glzf Ke_"I
[Zdhc ijh~mdpbb h[yazl_evguf y\ey_ Iky ijh\_~_gb_ bkke_"h\Zg
Ibq_kdbf b nbablkldg_kdbf ihdZzazl_eyf hij_~_e_gb_ Ehhl\_Ikl\by
gbyf Jb]b_gbg_kdhc b fbdjh[bheh]bq_kdhc [_aMiZ\leghb Z 1Z
kjhdh\ JThrghklb ijh"mdpbb < gzZklhys_c jZ[hl_ jZzkkkzZIljb\Zxlky
ke_"h\Zgby h[h]Zs_gguo fykguo iZrl_Ih\ ih mjh\gx [_ga Z ibj_
hizkgh]lh dhglzfbgzZglz \ dhiq_ghc ijh"mdpbb fbdidbhih baf_g
eh]bg_kdhc h[k_f_g_gghklb \ ijhp_kk_o0jZg_gby h[jZaph\ izrl_I

P evbhkke "h\Zgby y\behkv kha~Zgb_ ~hdZaZl _evghc [Za
ijbf_g_gby ;bkaD]lheh\ dhig_ght jdlpevbhbiylogh]h izZrl_IZnb 7|
]bo ibs_\uo ijhrmdlh\ ijb kh[ex”_gbb I|j_[h\Zgbc [_lahiZzkghklb
j_gguo | _ogbqg_kdbfb j .]lezZf_glZfb

>ey "hklb” _gby p_eb j rZebkv ke _"mxsb_ azZ”~Zqgb

tih”~\_j"~_gb_ nmgdpbhgzZevghc Zdlb\ghklb ;FD \ gh\hf \b”

tmklZgh\le_gb_ khhiI\_lklI\by jZajz[zZlu\Z_fh]lh izZrl_1Z Ij_[h)\
fZIb\guo "hdmf_glh\ ih kh~_j Zgbx [_ga Z ibj_gZz

tmklZgh\le_gb_ kjhdZ ]h”ghklb fykghlh izZrl_|Z h[h]ZsZ_1
]Jhehdbevdb ]hjyq_]lh dhilebgmypy ;FD gZ klZ[bevghklv izZrl_1Z \
p_kk_o0jZg_gby gZ hkgh\Zgbb ihdZazl e _c fbdjhljbheh]bqg_kdhc
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F:L?JB:EU B F?LH>U BKKE?>H<:GBY
>ey wdki_jbfijgJEIZ\eb\Zeb dhgljhevgu_ b wdki_jbf _glZev

\g _k_gb_f FD h[jZapu iZrl_Ih\ >habjh\dZ ;FD [ueZ mklzZgh
gZ hkgh\_ hjl]Zghe _ilbg_kdhc hebfddb kdmd abkke ~h&azZgbc h[jZ
ph\ izZrl_Ih\ k "hazfb ;FD hl ~h ha].fzkku izrl_1Z

< j_p_ilmjm h[jZaph\ iZrl_IZ fy@bxdZeibq_gv -puieyl
[jhce_jh\ bo dh"m \ dzZq_KkI\_ "bjh\hJh]dbZbhgmyglZh[Z\dm =
;FD ba ]J]heh\ dhiq_ghc dbevdb Z 1Zd _ \kihfh]Zihddmgh_ \dmkh
h[jZamxsb_ dhfihg_glu Ih klzg*ZjltbhahdZ§gtéy ;FD b h[jZaph)\
iZrl_Ih\ hij_~_eyeb hj]Zghe_ilbgokflbg krmtbabdhdzZzazIl_eb fzZkkh
\mx*heXXh”~u "bjZz [_edZ b fbg_jZevguo \_s kI\ b fbdjh[bheh
[ ahizkghklv \ khhI\jIkh\Wgkyfb | _ogbqg_kdbo j_]lezZf _glh\

H[jZapu iZrl_Ih\ ijb]hlZ\eb\Zeb ke _"mxsbf h[jZzbBhf NZjr be
jh\©Zgghlh fykgh]lh kujvy b ~jm]b_ dhfihg_glu j_p_ilmju kf_rb\Zz
f evgZeb iZrl_Igmx fZkkm |_fKnpZkhjZib ] \ ihebf _jgu_
dhgl _cg_ju dhlhju_ i_j djul\Zeb nhev]hc b azZdju\Zeb djurdZz
iZrl _Ih\ izkl_jbah\Zeb \ iZjh\hc kj_~_ \I1_q_gb_ fibg hoeZ 7.
\Zeb gZ 0jZg_idgike "emxblkke "h\Zgbc

< p_eyo ih~\_j '~ _gby nmgdpbhgZevghklb ;FD \ g_f hij_~
N j7Zgb_ dZevpby ih =8BK@DhjfZ dhf[bddhhfgbdhjfh\ln_ k
jv_ F_Ih”u hij_~_ e _gby chbhd&wnhhxeih =HKL + ODbhjfz dhf]
dhjfz dhf[bdhjfh\h_ kujv_ F_Ih” hij_~_e_gby kKhhj"Zgby nhk
ghr_gby dZevpby b nhknhjz \ izZrl_|I_ mklZgZ\eb\Zebkv jZkq_lgl

< ;FD b ]heh\Zo dbevdb ]hjyghjh dheagyelybikh” j Zgb _
[ ga Z ibj_gZ ih NJ [7@ 9Z [Za_ EZ[hjZlhjgh]h Ip_gljZ ©:le
GBJH?2 GZ hkgh\_ ihemqg_gguo “"Zglkghd jZX&lgblu\gahz ibj gz \
iZrl |

ljb mklZgh\ekjdhhllz ]h”rgihktMmdlZ fbdjh[bheh]fodh&kkdbf
\ dZq_kI\_ dhgljhevgh]h h[s_ijbgylh bkihevah\Zlv ichdZaZl_ev
ebg_kl\h f _ahnbevguo Zwjh[guo b nZdmevlZlb\gh ZgZwjh[guo f
ih =HKL * ©ljh"mdlu ibs_\u_ F_Ih”u hij_~ e _gby dheb
ahnbevguo Zwjh[guo b nZdgZewjlhldoughfbdjhhjl.Zgbafh\?2

< gZgZe_ o0jZg_gby ey hl®*_evguo h[jZaph\ iZrl_Ih\ ijh\h"t
gZ gZebqgb_ kZihhlZgdh evghc bimkéhygihc fbdjhnehju ;=DI
[Zdl_jbb ]jmiiu dbr_qghc S$@pehylgecbbcubaureusih =H KL747+

©ljh"mdlu ibs \u_ F _Ih”u \uy\e_gby b hij_~ e _gby dhebg
jbc ]jmiiu dbr_qguo iZehg_d dhebnhjflyuoHKAd|_ POX2 2
©F Ih~u \uy\e _gby b hij_~ e _gby dhebqg_kI\Z dhZ]lmeZahiheh"
ehdhddh\ b 6WDSK\ORFRFFXV DXUHXVa Dhgljhev iZlh]_gghc
]hlih\hf ijhAmdl_ g_ ijh\h~beky

ljb mklZgh\e_gbb klZ[bevghklb b fbdjh[bheh]bg_kdhc [_ah
| 1Z gz i_j\hf wlzZi_ jZ[hlu hij_"~_eyeb [_ahizZzkghkivmdhfihg_glh
ju h[ez”"Zxsbo \ukhdhc kl_i_gvx jbkdZjhtykZZpudé_ lgddZmj b
;FDih ihdZazl_eyf DF:N:gF b ;=DI

KZfuc jZkijhkljZg_gguc kihkh[ mklZigh§é kbt k lbjjind Z
\Zgbijh*mdlZ ijb o0jZg _gbb \ dhgljhebjm_fuo mkeh\byo dhlhju
j_Zevgu_ mlogBEgbytby ZebakphimdlZz Ijb wihf g_\hafh gh ihegh
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klvx \hkijhba\_klb j Zevgu_ mkeh\by h[jZs_gby ijh"andpbb \ k\\
am_fhklvx kbImZpbc \ jhagbqgghc Ihj]Jh\el. b m ihlj_[bl_e_c >
>ey wdki_jbf_glh\ Jueb ih”]hlhle_gu ke_"mxsb__ h[jZapu

tfykghc iZrl_| h[h]Zs_gguc ;FD

tdhgljhevguc h[jZza_p fykgh]h izZrl _1Z [_a “h[Z\e_gby ;FD

tfykghc izZrl_1 ijhfure_ggh]h ijhba\h”~kI\Z ijbh[j_I_gguc \
\hc k. Ib

< dzZq_KkI\_ h[jZapZ ijhfure_ggh]h ijhba\h"kI\Z ke \u[jZg i
ghc ©l_q_ghqgqguc? dzZl_]hjbb ; ijb]\WZ\e[\lhgfqurd¥? \NhebZfb

ghc h[hehgd_ k “\mo klhjhg aZdj_ie_ggh]h Zexfbgb_\ufb kdh[Zz

] k azy\e _gguf kjhdhf Jh~rghklb kmi

ljb mklZgh\e_gbb kjhdh\ Jhrghklb h[jZapu iZrixlZ ojZgbeb
sbo mkeh\byo ijb |I_fi_jZImegK fihghbkKZevgupb H_fi_jZImj_

K \ wdklj_fZevjpub # jZImj_ oK* AZfhjh  _ggu_ h[jZapu \
|_g_gb_ bkke_"~h\Zgby g_ ih™\_j]J]Zebkv baf_g_gbyfjzljb wdklj_f
Imj_ iZrl_lu bkihjlbebkv \klmg bgpueb kgylu k “"Zevg hcr_]h bkke
\Zgby IThwlhfm \ klzZIv_ ijb\h~ylky Ihevdh ~Zggu_ 1ihemqg_ggu
iZrl _Ih\ \ hilbfZevguo mkeh\byo ijb I _& jZImj_ “

GZ hkgh\Zgbb bghkhfizdpdpdhbbamqg_gbb Zkkhjlbf_glzZ izZrl
[h\\ Thjlh\hk_Iblue\u[jzg ij_"iheZz]Z_fuc kjhd ]Jh~rghklb h[h]Zs_g
iZrl_1z M Ah kml H[jZapu dhgljhebjh\Zeb ih fbdjh[bheh]bc
dZzazl_eyf \ gZqgqZeb @jZlg fgHlm\ | _q_gb_ f_kypZ

J?AMEVL:LU BKKE?>H<:GBY
< 1ZJe ijb\_~_g obfbq_kdbc kARKIgh]JhZdhfehg glZ |
p_ilmju iZrl_Ih\ [Ffbedhjphevghc nmgdpbhgZevghc “h[Z\db \dex
N j7Zgb_dZevpby b nhknhjzZ \ g _c

LZ[ebpDObfbg_k&bh&lZ\edhfhg_jZevgh]h dhfie_dkZ ba ]Jheh\ dbe
Ihjyag_]lh dhiq _[6lby

Table 1. Chemical composition of the protein-mineral complex from hot smoked sprat
heads, %

H[t_dI <ez]| . _eh| @bj| Ahe] ca | P

;_edhfbg jZevguc dhfl 10,9 539 | 16,1 | 18,6 6,5 | 4,0

NmgdpbhgZevgZy "h[zZ\dZ oZjZdl _jbam_Ilky ih\ibbr_gguf kh”"
g_jZevguo \_s_klI\ ba dhlhjuo [he__ iheh\bgu aZgbfzZxl dZevpb
mdZaulZ | gZ gZebgb_ agZgbl_edghgd \heb kihklghc >jm]mx ih
eh\bgm fbg_jZevguo \_s_kI\ ihjy~rdZzK, Mn, kehMyZNa y k| |
oh”ysb_ba fur_qghc [99.Z2gb ju][

< 1Z[e ij_"klZ\e_qgu jZkq_Ilu khhlghr_gby dZevpby b nhkr
iZrl | g_ h[h]Zs_gghf ;FD 24zZdbZ[¢Zkqgzxlu ey iZd _1Z h[h]
s_ggh]lh ;FD khhiI\_IkI\_ggh
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!_Z[epr Khhilghr_gb_ dZevpby b nhknhjzZz \ dhgljhevghf
'Il'azbrlelz_Z.I 'Zl'he ratio of calcium and phosphorus in the control meat pate
Dhfihg_glu| FZkkh\Zy DZevpbc Nhknhj
j_p_ilmju ey dhfihg]| f] 1 f] 1 ] 1 ] ]
\Vj_p_ilml kujvy| izrl 17 kujvy| iZrl_1;
d] d]
| _gq_gv ]h\y v 39 15,0 59 268,0 104,5
Fykh puie- gd 30 14,0 4,2 160,0 48,0
[jhce_jZ
FmdZ ir_gbqog 18,0 0,9 86,0 4,3
Fhehdh kmoh 1155,0 35,0 920,0 27,6
h{_a"bj_ggh_
Emd j_iqZluc 7 31,0 2,2 58,0 4,1
Dh Z dmj 10 34,0 3,4 230,0 23,0
;mevhg dmjbg 20 3,0 0,6 27,0 54
FZkeh ih~khe 6 + + + +
gh_
Khev ibs _\Zy 15 + + + +
Ki_pbb 0,2 + + + +
Blh]h 52,2 216,9
Khhlighr_ G&P_ 1,0:4,2
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LZ[ebpZz Khhlghr_gb_ dZevpby b nhknhjzZ \ h[h]Zs_gghf ;FD f
Table 3. The ratio of calcium and phosphorus in meat pate enriched with PMC
Dhfihg _glu| FZkkh\Zy DZevpbc Nhknhij
j_p_ilmju | ey dhfihg| f] 1 ] I fl I fl ]
\j_p_ilm| kujvy| iZrl_I] kujvy| iZrl_I]
d] d]
| _g_gv ]h\y'v 38 15,0 57 268,0 101,8
Fykh puie- gd 28 14,0 4,0 160,0 45,0
[jhce_jZz
FmdZ ir_gbqg 5 18,0 0,9 86,0 4,3
Fhehdh kmoh 3 1155,0 35,0 920,0 27,6
h[_a bj_ggh_
Emd j_iqZluc 6 31,0 2,0 58,0 3,5
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HdhgqZgb_ |Z]e

Dhfihg_glu| FZkkh\Zy DZevpbc Nhknhj
j_p_ilmju ey dhfihg| f] 1 ] 1 ] 1 ] ]
\Vj_p_ilml kujvyl izZrl 17 kujvy| iZrl_1;]
d] d]
;FD 5 6500,0 325,0 4000,0 200,0
Dh Z dmj 10 34,0 3,4 230,0 23,0
;mevhg dmjbg 23 3,0 0,7 27,0 6,2
FZkeh ih~kdhe 5 + + + +
gh_
Khev ibs _\Zy 15 + + + +
Ki_pbb 0,2 + + + +
Blh]lh 376,7 411,4
Khhlighr_ G&P_ 1,0:1,1
IlhdZazgh qlh \\_~ _gb_ \ izZrl_|I FD ihal\hey | ijb[ebab

r gbCaP d hilbfZevghfm ~ey mk\h_gby hj]J]Zgbafhf khhlghr_gbx
dzdh\{jZzapZo [_a ;FD b ijhfure_ggh]h ijhba\h”?kI\Z ~Zggh_ khhl
klz\ey | ihjyrdZz ljb wlhf \Z"gh qlh mihlj_[e_gb_ h[h]Zs _gc¢c
dhebqg_kI\_ ] \ kmldb kihkh[gh h[_ki_gkk\Wlkqgghcf ghjfu
ihlj_[ghklb \ dZevpbb

;hevrmbj_\h]m m ijhba\h”bl_e_c¢ b ihlj_[bl_e_c¢ \vau\zZ _| \_]
ij_ \ur_gby ~himklbfh]h mjh\gy [ ga Z ibj_gZ \ dhig_guo ijh
hij_~_e_gbb \hafh 'gh]lh mjh\gy [_ga Z ibj_gz \ fykghf izrl_I_
gh ijh\_"* g I _hj_Ibq_kakZc higglg\dgbb ghjf mklZgh\e _gguo |_o
kdbf j_lJezf_glhf LZfh _ggHh]h KRAX20Z1. >himklbfuc mjh\_gv

[ ga Z ibj_gZ \ dhig_ghg_ jlHe % f1 d] \ jzajzZ[Zlu\Z_fhi
iZrl | _gt [he_ . f] d]

Ijb ]b~jhi_jfheba_ ]heh\ dhig_ghc dbevdb \uoh™ ;FD khklZ'
dz hl bkohAghlh kujvy ;_ga ZgipZ kb hjbefyfiky \_s

kiI\hf b keZ[h jZzkI\hjbfuf \ "bjZo \ k\yab k q_f hkgh\gzZy _]h fZk
FD d#ehlgmx gZklv hklZxsmxky ihke_jZa”_e _gby njZdpbc ih
]b”rjhl_jfheba_ ]Jheh\ dbevdb ]hjyq_]h dhig_gby LhZ*Z |I_hj_Ib
gb_[_ga Z ibjEFBZR gh h b~ZIlv g_ [hd] d]

ljb -ghf kh”~_j Zgbb ;FD \ j_p_ilmj_ iZrl_IZmlphj_Ibq_kd|
\ gV ga Zibj_gz \ g _f fh | khklzZ\eylv g_ [he__ f] d]

Hij_ ~ e _gb_ kh”~ _j Zgby [_ga Z ibj_gZ 9Z [Za_ EZ[hjZIh
©:leZzglGBJH?2 ihdZaZeh ke_"mxsb_ j _ameviZlu \ ]Jheh\Zo dbe
g _gby _]h fl] dl Z \ ;FO d] LZdbf h[jZahf ~Zggu_ ihemqg
gu_ jZkqg_lguf iml_f ih”I\_j2"bebkv wdki_jbf_glZevgh ljb |
[ _ ga Z ibj_gZ \ bkihevam_fhc ~h[z\d_ \ ij_~_eZo iz f] d] h[h
[ I [m~_| khhI\_IklI\h\ZIlv mklZgh\e _gguf ghjfZzghfmhiZ&kghklb ih
aZl _ex g_ [he__ f] d]
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ljb ijh\_jd_ fbdjh[bheh]bq_kdbo ihdzZzazl_e_c fykgh]h kujwv
gh ij_\ur_gb_ \ hl* _evguo h[jZapZo DF:N:gF 10'dH?2 HPmjbghc
ijhlb\ ghjfZlb\gh]¥ DHR ] \ fyk_ pujhopdZzZ °@AH? ] ijh
b\ ADH? ] H[gZjm  _gu IZd _ ;=DI \ ]- [fyhkce pjZie Hyd Z
fykghlh kujvy g_ khhiI\_IklI\mxs_]h |j_[h\Zgbyf fbdjk[bheh]bqg_
ghklb \ "ZevgZ¢hlc ijbrehkv hldZazZlvky >ey wdki 4bf_glZ bki
ehkv fykgh_ kujv_ ~jm]h]h ijhba\h”bl_ey ijhr_~r__ IsZl _evgh_
b [eZ]lhihemqgihdjhpbheh]bq_kdbf ihdzZzazl_eyf [_ahiZkghklb

Fbdjh[bheh]bgq_kdb_ ihdZazZl_eb ;FD b fykguo dhfihg_glh\
\Zgguigbh ih~]hlh\d_ dhgljhevguo b wdki_jbf_glZevguo h[jZaph
hdZaZebkv ke "hZfsebfb

LZ[ebpZbdjh[bheh]bqg_kdb_ ihdatazkgditkklgh]h kujvy b ;FD
Table 4. Microbiological indicators of the safety of meat raw material and PMC

Dhebqg_klI\h f_ahnb

H[t_dlI Zwjh[guo b nZdmey
bkke ~h\Zgb ZgZwjh[guo fbdjhhj] ;Zdl_jbb ]jmii
DH? ] dbr_gghc iZeh
NZdlbg_k GhjfZlb\g
agZq_gt agZq_gk
Dh Z dmjbgZy A> A° G_ghjfbjm_|I
Fykh puie- gdZ ~3 ~4 o
[ihce jZ A A G_ h[gZjm _gl
;_edhfbg_jZevg A5 ~5 N
dhfie dk A A G_ hlgzjm _gu

Fbdjh[bheh]bg_kdb_ ghjfZib\u [_ahiZkghklb iZrl_Ih\ mkl:
| ogbq_kdbfb j ]ezf glzfb LZfh  _gglh]hKo21Kiogxh Z b

LILK ©H [_ahizkghklb fykZ b fykghc ijhA~mdpbba ij 7k
| Z k5.

LZ[ebpZz Fbdjh[bheh]bg_kdb_ghjfZlb\u [_ahizZkghklb izrl_IZ
Table 5. Microbiological safety standards for pate

IlhdZaZzZl _eb >himklbfu_ mjh\gb
Salmonella G_ "himkdZ_ Iky \
Listeria monocytogenes G _ "himkdZ Ilky \
DF:N:gF DH? ] A3
;=D G _ "himkdZ Ilky \
Staphylococcus aureus G_ "himkdzZ_ Ilky \
Kmevnblj "mpbjmxsb_ dehk G_ "himkdZ_Ilky \

K mg_Ihf wibo ghjfZzlb\h\ b hp_gb\Zeb fbdjh[bheh]bq_kdb
iZrl _Ih\ ijb hilbfZevguo mkeh\byo \' I _g_gb_ ij_"itheZ]Z _fh]h b
lhijhba\h”*bl_e fJh/hglklilZ[e
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LZ[ebpBaf_g_dbdjh[bheh]bg_kdbo ihdzZzazl_e igr]_ahiZkghklb
ijhp_kk_ 0jZ9g hgllyfZevguo mkeh\byo

Table 6. Changes in the microbiological indicators of the safety of pates during storage
under optimal conditions

H[t_dlu ljh~"he bl _evghklv 0jZg gk
thdzazll pye an\zg[ 0 5 10 15 20
Fyld(ggf”:i\r,l_ A2 A2 A2 A3 |4 AS
DF:
Nzgr | HIhlzs_gaule | gz g2 )z a2 A
DH? ] ghc izZrl_I
[Zrl _I ijhfureg_| A2 Bkke_"h\Zg A3 A3
ghlh ijhba\h” ijh\h~"bebk
Fykghc iZrl |
_D] dhgljhev G_[h
L H[h]Zs_ggulkc gZm
g_ "hkm he izrl 1 |
dzZ_ Iky ) 9 Q}Zr_ -9u
- IZrl_| ijhfure_ ]
ghlh ijhba\h” >Zevg _crb_ bkke_7h
Fykghc iZrl_| g_ ijh\h*bebkyv
?éﬁghy'oco dhgljhev | G h
ALFEUS, HUﬂZsngum ‘me
. ghc iZrl | _gu
g_ “hkdm
47 Ik { 1Zrl_1ijhfure | ]
—1*Y 1 ghlh ijhba\hA

< gZqZe_0jZg_gby ih ihdZzaSdphglpdoceud duteuh [jZapu
iZrl_Ih\ khhiI\_IlklI\h\Zeb fbdjh[bheh]bq_kdtdd gl ¥4 b baff ut
g_ h[gZjm  _gu \ ] h[jZzaph\ ihwlhfrwlg@ZZo6Zkeklge c¥boZgb ih
wlbf ihdzZazl _eyf g_ijh\h*behkyv
>ey gZ]ey”*ghklb j_amevlZlu hij_"~_e_gby h[s_c fbdjh[ghc
kilb izrl_Ih\ \ ijhp_kk_ ojZg_gby ij_~klZ\e_gu \ \b~_ ]jZnbdZ |b
Fbdjh[bheh]bq_kdZy klZ[bevghklv h[h]Zs_gglZ]ke fykgh]h iZ
"BZkv \ |_gq_d&bnlhke_ wlh]h agZzq_gby fbdjh[bheh]bqg_kdbo ihd
\hajzklzZxl KhleZzkgh FMD> @ dhwnnbpb_ gl j_ a_j\Zb?ey ijh*mq
kh kjhdhf Jh~rghklb ~h kmB.Khkd Bfely[jZ&apifd J[h*ghklb h[h
1Zs _ggh]lh fykgh]h iZrknkZ ntq |Ihf dhwnnbpb_ _dhemm gyd
\ oh”_ wdki_jbf_glZ ~"Zggu_ iha\heyx| aZdexm@bjdv hglha\\_"*_gb
\Z | kms_kI\ _ggh]h \ebygby gZ ojZgbfhkihkh[ghklv h[h]Zs gguc
ljhba\h~kI\_gguc h[jZza_p iZrl_1Z \ | _g_gb_ \k_]h kjhdZ
kml khojzZgye k\hx klZ[bevghklv mjh\ _gv _]h hék f g gghk
DF:N:gF g_ \uoh”be azZ ij_~_eu ghAfzlb\z +
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Jbk Baf_gfbggh[ghc h[k_f_g_gghklb iZzrl_Ih\ \ I_qgq_gb_ kjhdZ o
Fig. Changes the microbial contamination of pates during the shelf life

KjzZ\g_gb_ h[h]Zs_ggh]lh izrl_1Z k iZrl_Ihf ijhbd\h*klI\_ggh
db ihdZazZeh qlh ag\edplylglevagtz ojZgbfhkihbksh[\ghklvjd”m
IZzhdZau\lZ_| mizdh\dZ dhlhjZy “he 'gZ aZsbsZlv _]h hl \g_rgbo
k _1h~rgyrgbc ~_gv bf__Iky rbjhdh_ jZaghh[jZab_ miZdh\hgguo
bkke_ "m_fuc izZrl_| ijhfure_ggh]lh ijhba\h?ki\Z kh kjhdhf ]Jh~g
[ue miZzdh\zZg \ fghlhkehcgmx | _jfhmkzZ~"hggmx ihebZfbrgmx h]
[ZIhggbdZ k "\mo klhjhg azZz ZlhllhdEaffbghZdwdy mliZzdh\dZz
eZ"Z | \ukh[&g¥b jgufb k\hcklI\zZfb b ij_~hojzgy_ | ijh~mdl hl ih\l
h{k_f_g_gby fbdjhhjlzgbafzfb b ij_"~_\j_f_ggh]h hdbke_gby e
iZxl | _jfhmkzZ~hqgghc ihebzZfbrghc h[hehgd_ ihebijhibe_gh\u_ ¢
dhjimkm dhlhjuo \ ijhba\h?klI\_gguo mkeh\byo ~hihegbl_evgh
Zexfbgb \Zy nhev]Z < mkeh\byo wdki_jllzidlylZijik kts\ Zkgd bb | v
nhev]bjh\Zgghlh i_j_djulby [ueh g_\hafh gh \ k\yab k q_f g_ n
“hklZlhqghc ]_jf_lbgohiiibe _Beb _gb_ \hafhkghdh”~ghklb
ijhA"mdlz

>hihegbl_evgh_ m\_ebqg_gb_ kjhdh\ ]Jh~rghklb iXxrl_Ih\ fh" _
i_q_gh ih~A[hjhf hilbfgewdhb iZzkl _jbaZpbb miZzdh\Zggh]h ijh~md
lzd _ \\_~_gb_f \ khklz\gEj\bj@Axdbo "h[Z\hd dhlhjm_ bkiheva
xlky ijzdlbg_kdb \h \k_o h[jZapZo iZrl_Ih\ ijhfure_ggh]h ijhba\

<U<H>U
Bkke ~h\Zgb_ h[h]Zs _gguo fykguo iZrl_Ih\ ih ihdZaZl_ ey
klb kh~_j Zgb_ [_ga Z ibj_gZ b fbdjh[bheh]bg\l\ky\belmzZjzdl_jb
glh fykgu_ iZrl _lu h[h]Zs _ggu_ ;FD ba ]J]heh\ dbevdb Jhjyg_]h
oh”~h\ ijb ijhba\lYkdk_j\h\ ©ORijhlu \ fZke_2 KkhhlI\_[K\mxI Ij_[h\
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yfLILK ©H [_ahizkghklb ibs _\hc ijh"mdpbb?2 Bkihevah\z
dhebq_kI\_ hl fZzkku iZrl_Ih\ ih\urZ_| kh”_j"Zgb__dZevpby \
gb\Z | khhilghr_gb_ dZevpby b nhknhjZ gZ mjh\g_ _ glh i
dhf_g"m_fuf ghjfzf > @ dzZkh \\jZdyeh]bqghf iZrl_|_1I[_a ;FD kh
ghr_gb_ dZevpby b nhknhjZ jZ\gh <\_ " gb_\ fykghc iz
ebq_KkI\_ d ]h fZzkk_ iha\hey | ih hj]Zghebiblmg kidkbbdf nbab

fbdjh[bheh]bqg_kdbf ihdzZk&Z?_e¢yAgbx [_ga Zhbp\gZblv ijh
Amdpbx KkhhlI\_IklI\mxsmx ghjfzZlb\guf |Ij_[h\Zgbyf [_ahiZkghklb
gb_ izZrl_1Z \ dhebqg_KkI\_ ] \ kmldb h[_ki_dab\Emlhgght]lhg__
ghjfzlb\zZ ihlj_[e_gby dZevpby Kjhdb ]Jhrghklb h[h]Zs_ggh]h f\
b ZgZeh]bggh]h izrl_1Z [_a ;FD g_ hlebqzZxlky b khklZ\eyxl
f_ g"m_fhc | _fi_jZImj_ ojZg_gby “ fK k mg_IpZdhwnnbpb_c
KlZ[bevghklv ijh~mdlzZ fh | [ulv m\_ebqg_gZ ijb blkvhevah\Zgb!
kdhc mizdh\db k \ukhdbfb [Zjv_jgufb k\hcklI\zZfb Z 1Zd" _ ihkj_
gby dhgk_j\bjmxsbo ~h[zZ\hd Kms_klI\_ggh_ \ebygb_gZ o0jZg
1Zd"_ hdZau\zZxl mkeh\by iZkl_jbaZpbb fbdjh[bhehkbqg_ kdh_ [e€
gh]lh kujvy b kzZgblZjgh_ khklhygb_ ijhba\h~kl\Z

KIBKHD BKIHEVAH<:GGUO EBL?JBIKMHRUW® D H <

DZkibckdzZy dbevdzZ klzZg | kujv_f "ey ijhba\h”~kI\Z rij
kem [Z <GBJH + >We dljhgguc j_kmjkuRL: +
http://vniro.ru/ru/novosti/kaspijskaya-kil-ka-stanet-sgm-dlya-proizvodstva-shprot
("Z1Z h[jZs _gby

?"bgu_ ghjfu hloh”h\ ihl_jv \uoh”Z Jhlh\hc ijh*mdpbb
kujvy ijb ijhba\h”kI\_ ibs_\hc ijhmdpbb ba fhjkkiblodBE*jh[bhglF
=hkdhfju[heh\kI\h Jhkk&®b c. +

F_a_gh\X H_jki_dlb\u ihemqg_gby b bkihevah\Zgby ijhl_
\Ilhjbggh]h ju[gh]H KujYy F_a gh\Z < klgbd F_""mgZjh~*ghc Z
oheh”201& +« K18,

Ghjfu nbabheh]bg_kdbo ihlj _[ghkl_c \ wg_j]lbb b ibs_\u«
"ey jZaebqguo ]jmii gZk_e_gby Jhkkbckdhc N_”~_jZpbb F_Ih~]
NZpbbFhRkd\Z N_~ jZevguc p_glj ]b]l]b_gu b wib” _fbheh]bb Jhk
iz + Kk

:b]Zeb _\; :D \hijhkm h izZlh] _gghf ~ _ckl\bdzfiZgazZibj gz
livagbl _ey hdjm Zxs_c¢ kj_"u ;h[abjZeb :\<: KbglxjbgZz
AF ;byr_\ZzZ <_klgbd200B.at M(24). + K 21,

Kl_iZzgh\Z: DH[h]Zs_gb_-ifywklghgguo iZrl_Ih\-[_edh\h
fbg jZevguf dhfie_dkhf ba \lhjbggh]h ju[gh]KIKkiWgh\Z D
EK ;Zc”"Zebgh\z < _klgbd fheh”_"ghc gZmdb we_dljhgguc g
2019.+ « >We dljhgguc j_WRLjkli@p:/vestnikmolnauki.ru/wp-
content/uploads/2020/01/Stepanova- SGI1 ~ZI1Z h[jZs_gby.

F IhA"bdZ \uiheg_gby baf_ j gbc fZkkh\hc "heb [_gaZib]
\uo ijh*mdlZo ijh*h\hevklI\_gghf kujv_ ibdhWhd ®thkEddZo
wnn_dlb\ghc "b~rdhklghc ojhMNJh]jZnbb K\b” | _evkl\h
< 30- hl
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8. Kl _e_ J Kjhd ]h”ghklb ibs_\uo ijh~mdlh\ jZkq_I| b b
J Kl_eKzgdl |l _j[mj] Ijhn_kkby k %

g _\Z <: KjZ\gbl_evgzZy \ -k4dgok4dgdZzy hp _gdzZ fykZz
jZaebgguo ju[ k_f_ckI\Z k_ev” _\uo ih ihdzZaZzl;jeyfy dZgq_ KklI\Z
Bggh\ZpbhggZy20Bmd Z 18+ +K 1¥6.

KZgblzwgih~ fbheh]bg_kdZy hp_gdZ h[hkgh\Zgby kjhdh\

mkeh\bc o0jZg _gby ibs_\uo iphkddkZh\ Nz~ jZevguc kp_glj =h
kZzgwib”rgzZ”ahjzZ Fbga”jzZ\Z Jhkkbb +
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G: HKGH<? >B:=J:FFU J:KIHE:=:?FUO FHSGHKL?C

<N; e,®< Dhjhldbo

ASSESSMENT OF THE OPERATING MODES OF A SHIP SERVICE DIESEL
GENERATOR BASED ON CAPABILITY DIAGRAM

V. F. Beley, K. V. Korotkikh

:gZeba wdkiemZlZpbhgguo j_"bfh\ km”~h\hdZaeZed!|jlgkhZgpb
azZzqZklmx hgb jZ[hlzZx] k [hevrbfb j_ZdIb\gufb \dZpthadzfb W
kgb  _gbx zZdlb\ghc fhsghklb kbgojhggusda[hlg \Kihfjm\zl_e
guo km”~h\uo "ba_e_c¢c gZ "he_\uo gZ]jmadZb\uglhggpuAjZdl_jbar
m~ _evguf jZkoh”"hf DidgebkE\ ggZy jhpbodzZjZ[hlu km~*th\uo ~
a_e€vg_ jZlhjh\ hkgh\u\zZz |ky gZ jzZkkfhlj_gbb ~bZz]jZffu fhsghk
klZ\eyxs_c aZ\bkbfhklv jZzkihezZ]Z_fhc zZdlbjghdlbhgghklb
ijbf_j_ ~bal ev jZlhjzZ miZjkgh]lh [@Pbdbha_grlihdZ ai
g_ljzkihez]lZ_fhc fhsghklb kbgojhgghpgy |JiZpeglZdglyjzo j_"bfh\
jZ[hlulthkljh_gb_ ~bZz]jzffu jZkidhfdBphkic\uiheg_gh gZ hkgh\_
ZgZetw&4zdl_jbbllbdgbg_kdbo kXbgoutwggh]lh ] _g_jZlhjZz b \kihfh
1Z1_evgh]lh Mbaneylhy*Zahg h]jZgbqg_gby findphddig_gb_ ih
gZ]lj_\m h[fhldb \ha[mhfflglwy klZIhjZz km~h\h]h kbgojhggh]h ]_g
jZ hljZzgbg_gb_ fhsghklb ih I _ogbg_kdbf \hafh ' ghkdyf \kihfh]Z
a_ey ih mkeh\byf h[_ki_q_gby klZlbg_kdhc mklIhb§b\hklb ijb
g_"h\ha[m '~ hh¥gbg _gb_ih fbgbfZevgh "himklbfhfm Ihdm \ha]
GZ hkgh\_ ZgZebaz ihkljh_gghc "bZz]jzffu fE§lghplkt_€&bTij_~_ e _ g
ahghzdlbhgb j_ZdIbtghsghklyf km~kblglJ®jhgghlh ] _g_jZlhjz "ey
dZ "hc ba h]ljZzgbqgbl_evguo Ilhg_d ~"bZz]jzffu jZkiith&Zjliz _fuo fhsc
~gu m]Jeh\u_ b kbgojhgbabjmxsb . 0djhdZjhkidld\b bamq gby
dhfie_dkZ \azZbfhk\yaZgguad'bjZ}yjZgbe jZkihez]zZ_fuo fhsghkl_c
\_dlhjguo ~bZz]jzff m]eh\uo b kbgojhgbabjmxsbo o0ZjzZdl _jbklbc¢
] g jZlhjZz b I_ogbq_kdbo izZjzf_Ijh\ \kihfh]ZIig2vigth]bdZba ey =
"bfh\ jZ[hlu km~h\ue] "pajzdiajh\ qglh fh _| [ulv bkiheAZah\Zgh gZ
"byo ijh_dlbjh\Zgby b wdkiemZIZpbb km”~h\uo wg_j]_Ibg_kdbo

km~rh\Zy we dljhklZgdby jajeddlb\gZy b | Z&dlb\gZy fh
ghklb gZijy _gb_ Ihd 7~bZz]jzffZz jZzkihezZ]Z_fuo fhsghkl_c

$Q DQDO\WLYV RI WKH RSHUDWLQJ PRGsHoWwsRHatVKLSfV F
they often operate with large reactive loads, which leads to a decrease in the active
power of synchronous generators, and operation of auxiliary marine diesel engines at
fractional loads, which is characterized by increased specific fuel consumption.i-A qual
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tative assessment of the operating modes of ship service diesel generators is based on an
examination of the capability diagram, which represents the dependence of the available
active power on the reactive power. On the example of the diesel electric-power gener
tor of the sail training barque "Kruzenshtern", calculation of the available power of the
synchronous generator for various operating modes is shown. Constructiorcapaie
bility diagram is based on the analysis of the characteristics and technical data of the
synchronous generator and auxiliary diesel, taking into account a number of power lim
tation zones: limitation on the heating of the field winding and stator winding ofdhe m
rine synchronous generator; power limitation according to the technical capabilities of
the auxiliary diesel; under the conditions of ensuring static stability when operating in
under-excitation mode and limitation on the minimum permissible excitation current.
Based on the analysis of the constructed capability diagram, the operating range for the
active and reactive power of the ship's synchronous generator is shown; angular and
synchronizing characteristics are plotted for each of the limiting points of the capability
diagram. As a result, based on the study of a complex of interrelated solutions: the ¢
pability diagrams, vector diagrams, angular and synchronizing characteristics of the
synchronous generator and the technical parameters of the auxiliary diesel engine, an
assessment of the operating modes of marine diesel generators is given, which can be
used at the design and operation stagekKdf S fV HOHFWULF SRZHU SODQW
ship { ®ectric power plant, diesel-generator, active and reactive power, voltage,
current, capability diagram

<<?>?GB?

GZ klz~bb ijh_dlbjh\Zgby Z \ "ava\kgeowZliZpjb km~h\uo
we_dljhklzZzgpbc \Z'gh bf_Iv dZg_kI\_ggmx hp_gdm b_"bfh\ jZ[h
a_<€vg_jZlhjh\ ijb jZaebqguo agZq_gbyo Zdlb\guo b j_Zdlb\g
Ke ~m_| hif_Iblv j_Zdlb\gu_ gZ]jmadb km~h\uox wg_ dljhklZgp
\urzZx!l Zdlb\¢u. LZdZy hp_gdzZ fh | [ulv ihemq_gZ g hkgh\_ Zc
ie_dkzZ \azZbfhk\yazZgguébg]jzfdocjzkihez]zZz fuo fhsghkl_ ¢ \_
lhjguo ~bZzZ]jaffeh\uo b kbgojhgbabjmxsbo ozZjzdl_jibklbd ] _g_
| ogbg_kdbo izjeihih}zZl _evgh]h "ba_ey

HKGH<G Q: KLV

>bz]ljzffz jzZkiheZzZ]lfhsfookl _cba -gvg_jZlhjh\ ij_"klzZ\ey |
kh[hc azZz\bkbfhklv Zdlb\ghc fhsghklb hl j_zZdla\pha_gjbypZaebq:
dhwnnbpbflgpdg@hklb\bihegy_I|ky gZ hkgh\_ ZgZebal wZjzdl_jbklt
gbg_kdbhdzZazl _ kbgojhggh]h ]_g_jzZlhjz K= b \kihfh]Zl_evgh]h
\_dlhjguo *bZ]jzff K= b jy*Z h]jZgbqgl2].evguo mkeh\bc

Ozjzdl_jbklbdZ ohehklh{hZ[eh " kkilF ihal\hey_ | hp_gblv
gZkus_gb_ fZ]lgblghc p_ib km~h\h]h K= k __ ihfhskk fh'gh ihk
gmx "bZ]jZffm
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LZ[ebpzZzGhjfZevgZy o0Zjzdl_jbklbdZ ohehklh]h oh”Z km”h\h]h
] g _jzZlhjz \ hlghkbl_evg®Bp _"bgbpZo >
Table 1. Normal idling characteristic of a marine synchronous generator in relative units

3]

It 0 03040507091 12| 13| 14| 15|20

*

E, {0,025/ 0,41) 0,545| 0,664]0,84/0,96]1]1,067|1,093] 1,109| 1,135| 1,19
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/ // HD A
0,2 =
/ If*
A4 >
h.
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JbKL.OZjzdIl_jbklbdb km~hih]lyh _1Bbhj@wazZ\bkbfhklv
kbgojhggh]h bgmdlb\gh]h khijhlb\e _gby h[fhldb klZIhjZ ih ijh
hl ThdZ \ha[m>X) =ft)); 2 +aZ\bkbfhklvKwhlKiIhdZ \ha[m "~ _gby

"ey g_gZkus_gghc3fZghpiwevgZy o0ZjzZdl_jbklbdZ ohehklh]h oh
4+0ZjZdl_jbkljbadhZaghiphldhegBfudZgby

Fig. 1. Characteristics of a ship service diesel generathdependence

of the synchronous inductive resistance of the stator winding along the longitudinal axis
on the excitation current {x= f(If)); 2 +dependence of the SG EMF on the excitation
current for an unsaturated machinet®ormal idling characteristic; £characteristic
of a three-phase short circuit
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GZ kmr"ZadkiNevamxlky kbgojhggu _
KG b Ibih\-LD=KK
k gZklhlhc \jZs_gby
Ihkljh_gb_

<

AbZ]jZtfu

=fFhis g h k|

vXx hl

~h
[3].
jZkihez]zZ_fuo fhsghkl_c \uiheg_gh

h{

] g _jZlhju k_jbc FKD
d<l|

gZijy _gb_f
fbg

kmAh\h]h A“bag ejZIhjZ wdkiemZ|bNirmK f@ThjngZ_ gl Zj[e2),
[ebadh]h ih 0Zjzdl_jbklbd-ZG2d KZ[BKD

LZ[ebdZ ogbq_Rdggkm”h\hlly_ jZIbSEM 46.2 L6 [4
Table 2. Technical characteristics of the LSAM 46.2 L6 ship generator [4]

5 QZKINI[

Lbi K= b az\h~kd| Ug g % ViZs_gb| "2 | Ig KOS 3gnt
h[ fbg

LSAM 46.2 L6 116394/4 | 390 | 150 | 1500 |271| 152 0,8

ljh~"he glz[.e
Continuation of table 2

B*g’\mdlb\gu*_ khljhjﬂn\_e*_gby . Hf HDA h
Xd ! Xq X1 —
1,996 0,98 0,077 0,02 0,59

LZ[eb3Z ogbqg_kdb_ oZjzdl_jbkIKdbKKEX02HN\B] h
Table 3. Technical characteristics of the ship SG MSK-102-4 [3]

U P QZklhl " Bg"mdlb\gu_ K

Lbi K= 9 9 1 \jZs_gb % Kos 3 Ib\e gty

< d<l H f = * .

h[ fbg Xo © | Xq X1
FKB102-4 | 400 | 150 1500 0,02 0,8 1,92 | 0,98 | 0,076

OZjzdl_jbkibdZ dhjhldh]h aZfudpgZy jbkljhblky k mq_Ihf
\ujZ" _gby
R &
Au?

]" lqazmklZgh\b\rbcky lhd Ij _onZagh]h dhjhldh]h aZfudZgb
\ha[m ~_gby j@ghdibhdZevghfm gZzZijy _gbx ih ozZjzdl_jbklbd_ oh
oh~zZ H[g.

<dZlZehjZw\_~ gh g_gZkus_ggh_ agZq_gb_ kbgojhggh]h b
]h khijhlb\e _gby h[fhldb klZIhjZ ih h”Aheggth kb _ Ikl\m_|
gZklb ozZjzdl_jbklbdb ohehklh]h oh”Z K= ijb IhdZo dha[m ~_gb)
q_gby ~h I jbk JZkg_lu kbgojhggh]h bg”mdlb\gh]lh khijhlb\e
fhldb klZlhjz ih ijh*hevghc hkb ijh\h~ylky bihijbdj2Z " ggb X
1Z[eAb gZ jbidjb\Zy

7% u
Ae”

T.UL 2)
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LZ[ebsZAgZqg_gby kbgojhggh]h bg"mdlb\gh]h khijhlb\e_gby h[f
K= ih ijhrhevghc hkb

Table 4. Values of the synchronous inductive resistance of the SG stator winding along

the longitudinal axis

B 0,125 0,25 | 0,35 | 04 05 | 075] 10 | 125] 15 | 1,75 | 2,0

Xd 1,996] 1,996| 1,996| 1,944| 1,898 1,791| 1,694| 1,545| 1,381 1,232] 1,103

>hklh\_jghklv jZkq_Ih\ ih nhjfme | _f hghkghbZdgEjhldhf

azfudZgbb DA gZ azZ'bfzZo h[fhldb kIZIhjz bf__I -f_klh lhev
jZafZ]gbqb\ZxsZdpby ymWpyK - gZ\h~bfZy \ h[fhld_ klZlhjZ
VL 0 E UL i ToxE TUL £V TY 3)

i X ibg"mdlb\_gh_ khijhlb\e _gb_ jZkk_ygby h[fhldb klz
Xaa *kbgojhggh_ bg"mdlb\gh_ khijhlb\e_gb_ j _Zdpbb ydhjy K=
hkb

lZ~_gb_f gZijy ' _gby gZ Zdlb\ghf khijhlb\e_gbb h[fhldb k
ij_g_[j_1Z_f \\b m _]h fZeuo a®.Zq_gbc IZ]e

Dzd ba\, kbggojhggh_ bg~mdlib\gh_ khijhlb\e_gb_ h[fhldb Kl
ih ihi_j_gghoghkbzZdibg_kdb g_ azZ\bkbl 5. gZkus_gby >

<_dlhjgZy "bZK@&fZ\h]hL.SAM 46.2 L6 116394/4kljhblky "ey
ghfbgzZevghl]h jl; JaEZl,Uj gne 1, cos3yn= 0,8k mqg_lhf \ujzZ@) gby
jb k).

Tgaofli ‘0 E E+E" E_FHT'E fapk (4)

]"xs tgZkus_ggh_ agZq_gb_ kbgojhgghlh bg”mdib\ghlh Kkt

h{fhidblZlhjz K= ih ijh*hevghk hEp§. jbk

Mleh\Zy oZjzdl_jbklbddijgbx_| aZ\bkbfhklv we_dljhfZ]gblg
fhsghklb Ris hl m]JezZ gZ])jmadb

--LII7|I4IOEJ4IE—IE7—6FEFSGIOEJtE’ (5)
2l T, £ T T a
]" Eo tW>K bg” mpbjm_fZy \ h[fhld_ klZlhjZ ifR&]l.f \ha[m™”~_g
K mq_lh*f __ ihkljh_gby \ hIgrlkbl_e\igubjb_’gkhgb;)Zev@hf
gZijy _gbbhgni=U; K= b ihklhygkltonst \ujzZ  _gb) ijb
gbfz 1 \b~
0, %’ 5 45 .
i L?UIOEJE Egglﬂ?\AéTU,IOEJtE (6)
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-l . & (% |ra*

JbKR. < _dlhjgzZy ~bz]jzffz Xme"hWdhjZlhjZ k y\ghihexkghc
dhgkljmdpb _c jhlhjZ k mq_Ihf gZkus_gby fZ]gblghc p_ib b
ijb ghfbgZevghf dhwnnbpb_gdos 3hisdl8klb
Fig. 2. Vector diagram of a ship service diesel generator with a salient-pole rotor
design, taking into account saturation of the magnetic circuit and operating
at the nominal power factor (c&om = 0,8)

Djbl_jb_f klZlbgq_kdhc mklhcgb\tkjBlhpza yéey |by dhwnn
pb_gl kbgojhgbabjmxs_cPfthsgjadbgblu\Z _fuc ih \uUBrk _gbx
mqg_I|hf nhjfM el ZgZeh]bb k jZkq_Ihf we _dljhfZ]@b3lghc fhsghklb

L2 % ok o E IS F2p 1 2KOtEA )
€] 6 ey (S]]
v U

0 Y5 S 5 :

o1 Lyl ?KOE E4W£4G | ?KOtES (8)
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JbIB. AZ\bkbfhklv we _dljhfZ]gblgPRg; fthdghkéE gZ]jmadb

db\zZy khklZz\eyxsb_we _dljhfZ]gblghc fhsghklb djb\u_
aZ\bkbfhklv dhwnnbpb_glZ kbgojhgbaPimxk=c jfhlsdgEZkib ]h
KFR ¥n3 hl mlezZ gZ](diaiay

Fig. 3. Dependence of the electromagnetic pow&})(ﬁ’n the load angle J (curve 3);
electromagnetic power components (curves 1 and 2); dependence of the synchronizing

power factor (§, RI WKH 6* RSHURNVEIOQ ondhie VWdd dn&lé)3
(curved)

<uiheg_ggu_ jZkg_lu b ihkljh_ggu_ oZjzZdl _jbklibdb iha\he
d ihkljh_gbx ~bz]jzffu jZzkihez]Z_fuo fhsghkl_c¢c km”~h\h]h ] _g._
©Djma_grl_jg2? jbkkljh_gb_\uiheg_gh k mg_Ihf f Ihébdb ijb\_
\ jZ[h[2]. < k\lyab k hkh[_gghklyfb \uoehkghflh 2fjZelVgpuc *
a_e€evg_jZlhj 081 1XW]IDKU]JHXJH $* /;( bf__ | h]ljZgbc

fhsghklv ~bZ]jzZzffm kIRhbf ey <4].>

>bzljzfkhklhbljpazahg hljZzgbg_gby f8]s gWkhb aby,u
YE,EF, FJ jbkd). Ahd¥® +th]jZgbg_gb_ ih gZ]j_\m h[fhldb \ha[m ™~ _gb
hij_ " e _gby dhlhjhcLbdjhlbdky jy” ijyfuob ®® D D O P
@ gbke_ggh jZ\guo;h#j1,426in Dijb wdkiemZIlIZpbb \ “Zgghc ahc
K= bf_ | [he__ abadbdhlghr_gbghfibgZevgafmdqg gbxb ihg
"_ggh_ agzZq_gb fhisgegkdi®; gnr b 1hdZ k1ZIhjzZ \kezZakaby_
gb\Zxs ]Jh ~ ckl\by j_ZdpbgAydhjyZgbqg _gb_ ih gZ]j_\m h[fhldb
klZlhjg= h~rgzZdlazbahafh ghkl_c ~aggZy ahgZ g_ \eby | gZ jZ[h
K= AWgEZ+h]jZzgbq_gb_ fhsghklb \Weafhkihlchrba efyhs
ghklv *"ba_ey h]jZgbq_gZ & ghtbgZe KgPera 590 PjgnF
0,72h _ b ij_"~klzZz\e_gZ \ \b~_ ]hjbahglZevghkc*bbyhbdi Ihqdb
th]jZgbg_gb_ ih mkeh\byf h[_ki_qgq_gby klZlbqg_Kkdhc Kklhcgb\hl
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\' j_"bf_ g _"h\ha[mlfbgfy |ky qglh ij_~_ e fhsghkjblugZz

rZz_ | gZljmadm ijb wlhf ~_ IThd_(Wha[m ~“hgby>himklbfu_
gZ]jmads j_"bf_ g _~h\ha[m ~_gby h]jZgbqBkZxdkyhdjjbAhc
e_gby dh'bﬂh¢hq_db|]hb|ky jy/\ I]y\ﬁ/ml\, W2W2‘, W3W3\, W4W4\,
WsWs', WeWs', WeWs', W/W7  gbke_ggh jZ\guo (©m]h?jnming4 +
hljZgbq_gb_ ih fbgbfZevgh ~“himklbfhfm ljjodmqg\hla[mh&flgby
guo hldehg _gbc iZjzf _Ijh\ hl hKkdgxggwydebqgzy i _j fZJgbgb\
gb¥= jZ[hlzZxskygh *h\ha[m ~_migbifu\Z_Iky h]jZgbq_&b_ ih fbg
fZevgh “himklbfhfm Ihdm ghamh2@gby IhdzZ \ha[m "~ _gby ijb
ohehklhf oh_ b ghfbgZevghf gZijy _gbb

G_nh\ha[m '~ _gb_p I h. I_j_\ha[m ~_gb

U L I =1]gh¥=const
0,1 If* = [f.max® = const
U /
U 08 = o
0.1 E M /{\,\
oy N T
U
U | |
| 0,6 — ‘
0,1 Vi
* =
| o5 S I x
U < =
/ | = o
[ 9= \ =l @
n o
/f N “| B
3= | s
’ g h 36,869 o
/ - = <
Vi e e g 2 a
/ —= ‘
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A= i ! c0s3=0
/(/ b | Q
| | I | | | | | | J| | |
L (e} 1 J [ [ i I | | | | [ c [ ['o T 1z h
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0,2/xd*=0,119 Qlght
1/xd* = 0,596 Q]max
1/xq* = 1,02

Jbk.>bZz]jzffZz jzkihez]Z_fuo fhsghkl_c mgh)jBlhjZba_ev
Fig. 4. Capability diagram of a ship service diesel generator

GZ jbk ijb\_~ gu m]Jeh\u_ b kbgojhgbabjmxsb_ o0zZjzZdl _jbk
hljZgbgbl_evgu®, My, B F, J) (b k4).
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Jbls. M]leh\bb_kbgojhgbabjmxsb_ ozZjzdl_jbkdb dblhjza_ev
"ey Ihg_d ahg h]ljZzgbq_gby \ khhI\_Ikl\bb k "bz4)jzffhc fhsghk
Fig. 5. Angular and synchronizing characteristics of the diesel-generator for points of
restricted zones in accordance with the capability diagram (fig. 4)

GZ jbknPggey *fZdkbfZevgZy jZza\b\Z _fzZy fhsghklv km~h\h]h
l_g_jZIlMA& -+~ _ckl\bl_evgZy fhsghklv kmpftghlibgZevguc
mlhe gZ]jmasik\KebgbgzZ klZlbqg_kdhc i_j_]jm Z_fhkkbo km~h\h]¥t
1_9_jzZIB]Z
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:gZeba "bZz]jzffu jZkiheZzZ]Z _fuo fhsghkl d lkgm{aA\hjjd ~"ba_e
ihal\hebe hij_~_eblv agZgq_gby Zdlb\ghc b j_ZdIb\gua fhsghkl.
[Zah\uo |hgdZo b klZlbg_kdmx mklhcgb\bklv km~h\h]h K= 1Z]

LZ[ebp.ZAgZqg_gby Zdlb\ghc b j_Zdlb\ghc fhsghkl _c g h]jZgbqgbl
dZo gZ ~bz]jzff_ jzZzkihez]zZ_fuo fhsghk}t]cgkmZhijzkhh) *ba_ev
Table 5. Values of active and reactive power at limiting points on the capability diagram

of a ship service diesel generator (fig. 4)

LhgdZ g| :dlb\gZz J_ZdlIb\ J bt jz[hl AgZq_gb
"bZ]jzff | fhsghkl fhsghkl| ~-, 0 1<% kIZlbq_kd
jzkihez]z| K=P, K =Q, ] ki i lim Z_fl
fhsghkl Ke| h _ h ~9_ 0419 TkmAn\hh
D 0 0,831 | i _j \ha[m A] 0
Y 0,72 0,647 | i _j \ha[m A] 2,11
M 0,72 0 i j_ \ha[m 7| 1,72
E 0,72 0,196 | g _~h\ha[m / 1,73
F 0,198 0543 | g _~h\ha[m / 1,67
J 0 0,477 | g_~h\ha[m / 0

lhemq _ggu_ aZ\bkbféaklth IjDE qgqj _al\ugZcgh \Z gh bkihe
ah\zZlv gZ klZz~byo wdkiemzZIZpbb km~gZgb\ujd kph*l\lbjh\Zgbb

A:DEXQ?GB?

<klzZlv_ "hg@ZgdZ j_"bfh\ jZ[hlu km~™i\go jZbljheav hkgh
\ZggZyZ ZgZeba_ dhfie_dkZ \azZbfhk\yaZgguo j_r_dbc ~bZ]jzZ:
_fuo fhsghkl _c¢c \ _dlhjguo ~bZz]jzff m]eh\uo b kbgojhgbabjmxsl
klbd ]_g_ja4ddhljZzogbg_kdbo izjzf_ljh\ \kihfh]z] gdtaghih_Iba_ey
[ulv bkihevah\Zgh gZ klZ”~byo ijh_dlbjh\Zgby b w@kbdemzZIlZpbb |
g_kdbo mklZgh\hd

KIBKHD BKIHEVAH<:GGUO EBL?J:LMJGUO BKLHQGBDHCc<

1.; e,& N Ih\ur_gb_ wnn_dlb\ghklb km "m\y&Inhha\ az
kg_I| bkihevah\Zgby p_gljZebah\Zgghc kbkl_fu dffthfsggkZpbb j_=
klh < N ; e_c Ba\_klby DZebgbg]jZz~rkdh]h Jhkm~Zjkl\ _ggh]
mgb\_jkb20Z9. +< 54. +K 145A53.

2. < _ljh\e B J_"bfu we _dljhh[hjm~h\Zgby we dljbg_kdbo
mq_[ ihkh[bB <<Iljh\ ;E;udh\Z B< Dexq_gh\Bd\hkb[bjkd
Bah G=LN01&. £ Kk

3. Kijz\hgqgbd km~h\h]h we: dtdllhdgbdZ Km~h\h dwe_
l[jhh[hjm~h\Zdbh” j "B=DblzZz_Zdha” i_j_ jZhibE_gbgljz”"
Km~2hkljh_gb _ k +

4 L _ogbg_kdb_ o0ZjzZdl_jbklibdb ©Djma_grl_jgZ&>We dljh
J_"bf ~hklnhitds://mktravelclub.ru/blogs/bark-kruzenshterr>Z1Z h[jZs_gby
11.06.2021).
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5.1bhljh\kddEcF We _dljbg_kdb_ fZrbgu mq_[gbd “ey | _ogkt
E F Ibhljh\kdBc ba” klI_j_hiiEighbg]j¥yg jlby K
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H[sb_Ij_[h\Zgby

@mjgZe im[ebdm_| hjb]l]bgZevgu_ g _him[ebdh\Zggu_ jZg_
m~h\e _I\hjyxsb_ djbl_jbyf \ukhdh]h gZmqggh]lh dzZq_KkI\Z ih gZm
gbyf _kl_kKHgdHmbgu_ b fzl_fzZlbqgq_kdb_ [bheh]bg ckdb_ b k_.
kil\_ggu_ | _ogbg_kdb_ wdhghfbg_kdb_ gZmdb ijhfure_ggh_ j
kr"Zgb klzl_c¢c \ j_ "azZdpbx &£ kypZ “h \uoh”Z "mjgZeZ udo\ k\_12 1]j.
ohnZz n_\jZey fZy Z\IxKlZijbg&dXfiyu  klZlvb ijhoh?yl ijh
\_jdm kbkl©fhatbieZ]bZzZl|?2

< j_""Zdpbx "mjgzZeZ Z\lhju ij_"klZ\eyxl

tjZki_qgqZldm jmdhiitbkibkZggmx \k_fb Z\lIhjzZfb b __ we_dlIljf
\_jkbx L_dkl jmdhibkb “he g iheghklvx khhI\_IklI\h\Zlv |_dkln
\ZjbZglZz

+\g _rgxx beb \gmlj _ggxx j_p_gabx “"hdkjlZogrAadighf
[eZgd_ aZ\_j_ggmx ih”*ibkvx b i_qZlvx mg_gh]lhlk* dj_I1Zjy kh
ibkv j _p_ga_glZlhzaad\hjyx “~he ghklv aZ\_jyxs_ ]h nZfbeby jf
gbkeh?2 ;eZgd j p_gabb fh 'gh kdZqgZlv gZjkadtle m@BL\Zjkdd 1Z
bggh\Zpb®dZmqguc mjgZe? J p_ga_gl “he g y\eyl¥ky ijbagZzZg
ebklhf ih | _fZlbd_j_p_gabjm_fh]lh fZl _jbZeZhkebfrdbo\ ll_ao gb
e | im[ebdZpbb ih | _fZlbd_j p_gabjm_fhc klZlvb

twdki_jlgh_azZdekqg_g&lvx!l i _gb k_dj _Ighklb k\_~ gbc kh
N jTZsbokklZIgbgh]lhjh~rgblmiukeZlv we _dljhgghc ihqlhc

< N"Zevg_cr_f k Z\Ihjhf aEdexgabltkyguc ~b]hhhhjj
eylkydl i _j ~"Zeghb_fdgmdhibkb

H[t _f klZlvb
Hit_f klzZlkbklz\ey | hl \hkvfb ~h q KiyogdpdlbdklZz
\dexqgZy jbkmgdb I1Z[ebpu b kibkhd ebl_jZImju

KljmdImjz klZlvb

+<\_ "~ gbkhklhygb_ ijh[e_fu azZ”Zqb bkke_ 7~hi\hgby ih p_
ibkgufb [md\Zfb d_Jev ribml g_ “bjguc

tHkgh\gZy gqdkkiZgh\dZ az~Zqb f_|Ih~u b j _amevlZlu bkke
bo h[km " xgiphibkgufb [md\Zfb d_Jev ribnl h[ugguc Hkgh
gZklv j_dhf_g”m_Iky jZa[b\Zlv gZ jZa™ _eu k gZadvoZdghyfb hljZz
N_i7Zgb_

+ AZdexq_gbu\h?*¢tijhibkgufb [md\Zfb d_Jev grjbnl h[u
guc

KhklZ\gu_ gqZklb klZlvb b ihjy*hd bo ke_"h\Zgby
1.Bg” _dk mgb\ jkZevghc " _kylbqghc deZxKbhbsdZpbhb
ky \ e_\hf \_jog_f_a]elkimijhibkgufb [md\zZfb d_Jev ribnl
hfugqguc
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Q_j_a h”bg bil p\géjmza\Zgb_ klZjlWibkgufb [4nd\
fbd_Jev ribnl hjugguc

Q_j_a h”bg bidl g\gHejrhagbpbZeu b nZfbeby b Z\IhjZ h\
d_Jev ribnl hjugguc

Q _j_a h~bg bidl p\géjmzZza\Zgb_ klZlvb gZ Zglebckdhf ya
d_ijhibkgufb [md\zZfb d_]Jev ripnl g_"bjguc

Q_j_a h”bg bidl _g\geéjmgbpbZeu b nZfbeby b Z\lhjZ h\
gZ Zglebckdhf ydaulev ribnl g _).bjguc

Q_j_a ™"\Z bgl_j\ZeZ k hlkindgghlZghly ]evt ribnl
hfugguc keh\h ©:gghlZpby2 g_ mdZau\Z_Iky

J dhf_g”m_fuc h[t_f ZgghlZpbb + agZzZdiz\ + k

ij_sZ_Iky bkihevah\zZlv “hkeh\guc |_dkl ba klzZlvb \h ba[_"Z
gZa\zZgb_ jzZ[hlu Z 1Zd _ 1Z[ebpu ]jZnbdb b \gmBgEZedklh\u_ k
g_ ih\lhjy Iky gZa\Zgb_ klZlvb ZgghlZpby g_ jadigp\lzy Iky gZ .
"he gZ [ulv iheghp_gghc b bgnhjfZlb\ghc g_ kh”_j Zlv h[sbo |
kh~ j"Zgb_ klZlvb b j _amevliZlu bkke_"h\Zgbc kljidh ke "~h\Zz
Ivb Ke_"m_| ba[_]Zlv bkihevah\Zgby \\h”"glurag ke A\h b jhlh\
njZa gZijbf_j ©zZ\lhj klZlvb jZk&kfzZyjb\ghlih®g_jdb\Zlv ebqgguc
\dez” Z\IBKdhjbqg_kdb_ kijz\db _keb hgb g_ khklZ\Byx|l hkgh\g
gb_ "hdmf_glZ hibkZgb_ jZg__ him[ebdh\Zgguo jZ[hl b h[s_b:
gby \ ZgghlZpbb g_ijb\h~ylky < | _dkl_ ZgghlagH&lgbdar "m | ijk
keh\zZ ba |I_dklz klzZlvb ba[_]Zlv keh ' guo madpZdéb <\hdlg@ydhgk'
gZklv fbgbfzevgz f_klh bkke_ _~h\Zgby mlhqggy_ |ky ~h h[eZklb
j_amevlzZlh\ kh”_j"bl dhgdj_lgu_ k\_~ gby \u\h”u j _dhf_g~Zp
imkdzZ |ky \\_~ gb_ khdjZs _gbc \ ij_ ~ eZo Zgdkkl\paBf ihgylb _
gyxl gz Z[[j_\bZImjm ba khhI\_Ikl\mxs_]h dbte@a RAZIKyd\ \
iheghklvx khdjzZs\ gdbdh[fiZo ~Ze__ bkihevam_Iky Ihevdh khd
Qbkebl _evgu_ _keb g_ y\leyxlky i_j\uf keh\hf i _j "Zxlky pbr
bkihevah\zZIlv Z[[j_\bZImju gZijbf_j gZa\Zgbc mqj_"B _gbc [_a
keh'gu_ we f glu nhjfZlbjh\Zgby gZijbf_j \ _jogb_Zb gb ' gb_
| _Thjbg_kdb g_ “himkdzZxlky \klzZz\db q_j_a fapx\OKbhdle? agZzZc
agZd fy]Jdhlh i_j _ghkzZ 2Z\lhfZlbq_kdbc i_t hhlkakzpXIvAdZd _gb)
©]jz™~ K2 \ Zgl]ebckdhfdzAajégayl +

K gh\hc kkjtihdblmihf 7DEdexq_#u_ kekAzZljhqghc q_j_a
aZiylma_Jlev ribnl h[daggkb\ njZazZz ©Dexq_\u_ keH\Z2 g_ mdZ
ky lhqdhgp g_ RlIZ\blky

Q_j_a ™"\Z bgk_h\KeZihf ZgghlZpby gZ Zglebckdhf yaud_
d Jev hfugguc keh\h ©:gghlZpby2 g mdZaul\Z_Iky

G_"himklbfh bkihevah\zZgb_fZrbggh]h i_j \h~zz \f_klh ~_

iylhc bkihevam_ |ky lhqdZ <k_ jmkkdb_ Z[[j AbdmpdZ j "Zxlky
ghf \b»_ _keb m gbo g_I| mklhcgb\uo ZgZeh]h\ \ Ziklyebckdhf y
<LHWTO N:HFAODb I i ;_aebqgu_ dhgkljmdpbb i_j_\h”ylky k b
\Zgb_f iZkkb\Z

K gh\hc kkihhdkimihf 7DEdexq Au_ keh\Z gZ Zglebckdhf
yaudkh kljhgghc g_j_a aZiylmx d_Jev ribpnjBarq®@De dmjkb\
g \u_ keh\za g mdzZau\lZ _ |ky Ilhqgdyz \ dhgp_ g_ klzZ\bl
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Q_ j_a ™"\Z bgk hWWEEZihf ¢kl klZldb Jev \dexgZxshbc
\ k_[y h[yaZl_evgu_ kljmdImjgu_ we_ f _glu KIf_evlgsddmjz klzZl
ihevah\zZlv \ |_dklZo ndjfhbgadb b ijhgb_ bkdmkkl\_ggh \klZ\e_
gu_ kbf\heu

Q_j_a ™"\Z bgl_j\ZezZ ihke_ |_dklzZzkkbhEhub bikikpewdhm
\Zgguo ebl_jZImjguo bklhighibkigufb [md\zZfb d_Jev ribnl
h[fugguc Kibkhd ebl_jZImju \ gZmgguo im[ebdZpbyo h[yaZl_e
ih =HKAL1-2003 ©;b[ebh]jZznbqg_kdZy azZibkv ;b[ebbkjZnthbqg_ kdh_
H[sb_ Ij_[h\Zgby b ijZ\beZ kbkKIELeJgby? ©;b[ebh]jZnbq
kdZy kkuedZzZ 1IjzZz\beZ khklzZ\e_gby? Kibkhd ebl_jZImju ~he _
pblbjm_fu_ b mihfbgZ_fu_ \ I_dkl_ jZ[hlu <IlkelwidihdE\dpxqZxlky
[hlu gZ dhlhju_ Z\lhj kkuezZ _Iky \ I _dkl_ Bklhgghkgdbf \ kibkd_ e
jmxlky b jzkihez]zZxlky \ ihjy*d_ bo mihfbgzZgbwlbjlhddkl_ \ ihj:
gby >ey jZaf_s_gby klzlvb \ f_""mgZjh~ghc [Za_ $JULV ih |
nZdlhjzZz jm[jbdb |j_[m_Ilky g_f_g__ k_fb bRheqglhidpdlvkj_"b g
azZjm[_"gu_ Z\lhju

H[jZapu hnhjfe_gby kibkdZ bkihevah\Zgguo ebl_jZImjguo bklh

Fhgh]jZny
]\ < =fmahiZkkZ bjkdb_ km~Z \ \h_gguo dhgnebdlZo
< < ]+DZebgbg]JZ"\hBNa4‘HM <IH ©b=LM?3 k +
2. ,moZgh\kdbc Fh*"<ebjh\Zgb_ g _ebg _cguo kbklbf \ keh gu
ngbq_kdbo kj_~Zo fhgh]j< ;moZgh\kdbc K < B\Zgh
X B G_qZKZXgdll_ j[mj] Ba~Zl_evkdbc p_glj GBM BkFH

Dgb]z
Dablb h”ghilho Z\lIhjh\
Jha grlFcgF F |hhdbfbaZpbb ijh dlguo oZjzZl_jbklbd hj
"bc jul[heh\kI\Z fhgh]j JhaFgf. £®dZebgbg]jZz® N=;HM <IH
©D=L,M®3.* k
Gh\bdh\Zz : F Mgb\ jkZevguc Wwehyhjibg_ kdbc
F Gh\bdh\Zz G ? Gh\bdh\ BhkdVA]WKbdhghfbdzZ k +

D ]b[he _|j o Z\lhjh\
J_eblbb fbjz ihkéyb_ih~rZ\ZI_e ¢ Y G RZih\ >b *j@
Kzgdl 1l _jimj] IbI_j ket

Dgb]lb g_ bf_xsb_ bg*"b\b mZevguo Z\lhjh\ ih” j ~"Zdpb_
K[hjgbd azZ”~Zq ih nbabd_ mq_ | ihkh[b_  "ey \mah\
K F 1Z\eh2Z &Ra” =2BRhkd\Z <ukrZy r@bez k

KIZIlvy \ ° mjgZe_
l1.LhedzZq_\Z <dbygb_ [Zjv_jguo nzZdlhjh\ gZ klhcdhklv ij_k
H< LhedZqg EZ G_oZfdbg R _g”_jxd Ju[gZy ijhfure_gghklv
2006. £« 2. +K 1446.
2. ;Zc"Zebgh\Z | HkiKdlb\u bkihevah\Zgby jZklbl_-evguo Zglk
ebl _e_c¢c "ey kIZ[bebaZpbb ]b~rjheblbgglkdbighlp hkkinkeblijeiZ
jZ1Zo ihebg_gZkus_gguo “bjguo dbkehl KE <K :gZ2¢hgebmgh\z
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Ba\_klby DZebgbg]jZz*"kdh]h J]hkm~ZjkI\ nggh\hjkbo2pij+kdh]h
< K af.

KiZzlvy \ we_dljhgghf "mjgzZe_

1.; ehmk @GzZ]fzZzlbq_kdZy j ZebaZpby dhffmgbdZlb\guo klj
dhgnebdlghf "bkdmjk_ G : ;_ehmk Fbj ebg]\bkdbdb b dhff
l[jhgguc gZmgguc mpAPde =+ X >We dljhgguc j_kmjk@ +
85/ KWWS ZZZ WYHUOLQJXD E\ UX DUFKLYH B B KW
15.12.2007).

2. Hj_oh\ BK=bi_jl_dklh\uc kihkh[ hj]ZgbaZpbb WjlimZevghc
ghklb K B Hj_omR_klgbd Hfkdh]h Jhkm”ZjklI\_ggh]h Ib_"Z]h]bqg_Kk
\_jkbl_1Z we_dljhgguc gZmqgguc "“m\Weedljkgguc j_kmjk@ +
URL: http://www.omsk.edu/article/vestnik-omgpu- S G | nNZIZ h[jZs_gby
10.01.2007).

KIZlvy him[ebdh\ZggZy \ k[hjgbdZo gZmqgguo Ijm~h\ \mah\ f.
dhgn_j _gpbc b k_fbgZjh\

1. :\A__\Z “?:bhjZaghh[jZab_ iZjZablh\ ju[ b __ hkh[_gghkl
k cg_ <bkebgkdh]h aZeb\Z ;Zelbckdh_ Phj: ?\?ha&bfh\VZ_ \Z
K D AzZhkljh\gEk\Zh&Zmq bgidhgn n_\j fZk jbZeu

DZaZgv K  56.

2. :e_dkzg”jh\ | XBaf_j_gb_ ~bgzZfbg_kdhc I\_jrhklb Iblzgt
kiez\h\ X | :e_dkzZg”jh\ Bggh\Zpbb \ gZmd_ 201BjZah\Zgbb
XI F_""mgZj g9gZmqg -dhgn gl lj -e_Ibx \ukr ju[hoha
h[jZah\Zgby \ Jhkkbb \ q N_" j :]1_olkNehHM ja[Heh\kl\m
©D=LMDZebgbg]jZ® N=;HM <IH ©D=Q MaK+ 32 +

>bkk_jlZzpby beb Z\lhj_n_jzl "bkk_jlZpbb
1. >Zgbeh\ =DZzZd °~_ J[ulv" «*"WkZg” wdhg 05d2.t0d/
>Zgbeh\ = _ggZ”bc |I_Ijh\BO kB = 1K
2.FZgbeh\ :Dkh \bgh\zI" Z\lhj_n "bk « dzZ@M34pb”™ gZmd
| FZgbeh\ :e_dk_c <eZ”bfbjh\blgkdAXB + Kk

| j_\h~gZy dgb]Zz

1. K_ [_o_cL<hjby hj[bl h]jZgbgq_ggZy azZ”~ZqZ lji_o |_e <
i j k Zdleh”™ j_~ G >m[hrbgFhkd\Z GZmdZ k +
[Victor G. Szebehely. Theory of Orbits: the Restricted Problem of Three Bodies.
New York : Academic Press, 1967

2.> cl D «=\_"~ _gb_ \ kbkl_fu [ZzaD®Zgguol i_j kZg]le
Fhkd\Zbevyf2006. £1328 k [Date C. J. An Introduction to Database Systems.
8th ed. Addison-Wesley, 20031024 p.].

1ZI _glgu_ “hdmf_glu
Lj_onZaguc Zkbgojhgguc we_dljbg_kdbc ~\b]JzZl_ev izl Jh
;. ey \N LZrdbgh\ :Pue_\A@ = a Z yl&09.11;
him[27.03.13.;xe <« i . k
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KIZg”™Zjlu
=HKL J + BgnjZkljmdImjzZ fZehf_jghillhehehlZ HJ[s
" _gby gZp klzZzg”rZjl Jhkkbckdhc N_~ jZpbb ba™c hnbp m
kiI\b_ IjbdzZzahf N_"_j Z]_glkI\Z ih I _og j_]lmebjh\Zyglbx b f_ljhe
] < -kl \W_o A N j\u NZ1Z -0d- A jZajZ[ HHH
©L_oj_qgk_j\Pk2KIZg”*Zjlbgnhjf 1IV,7ct

Kkuedb gZ \k_ ijb\_"*_ggu_ \ kibkd_ ebl_jZImjaZ bklhqgbdl
dexqZxlky \ d\z~jzZlgu_ kdh[db g7;[bfl8, 25 ek &+ |_dkl_
_klv ijyfZzy pblZlZz aZdexq_ggZy \ dZ\uqdb |h h[yw@ZgZevgh ~h.
kljZzgbpzZz g9Z dhlhjhc wlZ pblzlZ gZoh”blkpd_pW@Ejgpbffhf bklhqg
> k Klkauedb gZ g_him[ebdh\Zggu_ jZ[hlu b jZ[hlu_gZoh”ysb_
gZlb g_ ~“himkdZzZxlky

12.Q _j_a kljhdm ih Rilgdhd ebl _jZImju gZ eZlbgbp_ ~he _g
haZ]eZ\eefgrerces ijhibkgufb [md\Zfb d_Jev rybbjzZig[ugguc
ebl_jbjh\zlv kibkhd ebl_jZImju fh gh Z\lhfzZlbg_kdb azc™
http://translit-online.ru/b gZkljhb\ i_jz\lo; c: y; o: \k_]NA; p: ts
s : shchh w: e(ljZzgkebl _jbjmxl lhevdh ihke_ hnhjfe_gby kibkdZ il
JjZap.m

H[jZapu hnhjfe _gby kkuehd

Fhgh]jZznby dgb]Zz
1. Shorygin A. A.Pitanie i pishchevye vzaimootnosheniya ryb Kaspiyskogo
marya [Diet and food relations of fish in the Caspian Sea]. Moscow, Pishchepromizdat
Publ., 1952, 268 p.
2. Latyshev V.N. Tribologiya rezaniya. Kn. 1: Friktsionnye protsessy et r
zanii metallov[Tribology of Cutting, Vol. 1: Frictional Processes in Metal Cutting].
Ivanovo, Ivanovskiy Gos. Univ., 2009.

KIZIvy \ "'mjgZe _

1. Zagurenko A. G., Korotovskikh V. A., Kolesnikov A. A., Timonov A. V.,
Kardymon D.V. Tekhniko-ekonomicheskaya optimizatsiya dizayna gidrorazryva plasta
[Techno-economic optimization of the design of hydraulic fracturiNgftyanoekho-
zyaystvp2008, no. 11pp. 5457.

2. Sokolov L. I. Pitanie sibirskogo osetra Acipenser baerii Brandt r. Leny [Diet
of the Siberian sturgeon of the river Lendpprosy ikhtiologii 1966, vol. 6, iss. 3 (40),
pp. 550560.

Klzlvywe_dljhggimfijgzZe _

Ivanova A. E. Problemy smertnosti v regionakh Tsentral'nogo federal'nogo
okruga [Problems of mortality in regions of the Central Federal Ok®gfsial'nye
aspekty zdorov'ya naselenjya 2008, no. 2, available at:
http://vestnik.mednet.ru/content/view/54/30/ (Accesse&eptember 2008).
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KIZlvy him[ebdh\ZggzZy \ fZl _jbZeZo dhgn_j _gpbc

Usmanov T. S., Gusmanov A. A., Mullagalin I. Z., hMunetshina RJu,
Chervyakova A. N Sveshnikov A. V Osobennosti proektirovaniya razrabotki
mestorozhdeniy s primeneniem gidrorazryva plastatjFesof the designof field
development with the us# hydraulic fracturing]Trudy 6 Mezhdunarodnogo Simpoziuma
3Novye resursosberegayushchie tekhnologii nedrawaifeaya i  povysheniya
neftegazootdachi >3URF WK ,QW T7HFKEnBrgy S&WmyS SubsbiH Z
7THFKQRORJLHV DQG WKH ,QFRISHIPW Q@) , BIGAYIRIRBRIZDD DQG *DV

>Sbkk_jlZpdAlhj _n_jzZI

1. Turkovskaia O. V.Biologicheskie i tekhnologicheskie aspekty mikrobnoy
ochistki stochnykh vod i prirodnykh ob"ektov ot poverkhnostno-aktivnykh veshchestv i
nefteproduktov. Diss. dokt. biol. nalsological and technical aspects of microbial pu-
rification of sewage and nature objects from surface-active substances and oil products
Dis. dr. biol. sci.]. Saint-Petersburg, 2000, 360 p.

2. Dolganova N. VRazrabotka ekologicheski chistykh tekhnologiy belkovykh
kormovykh produktov na osnove vtorichnykh resursov. Avtoreferat diss. dokt. tekhn.
nauk [Development of ecological pure technologies of protein feeding products on the
basis of water resources. Abstract of dis. dr. sci.]. Saratov, 1997, 54 p.

l_j_\h~gdygb]Zz
Timoshenko S. P., Yound D. H., Weaver W. Vibragiwoblems in engineering™4
ed. New York, Wiley, 1974. 521 p. (Russ. Ed.: Timmsko SP, lang D. Kh., Uiver U.
Kolebaniya v inzhenernom dele. Moscdashinostroenie Publ., 1985, 472 p.).

1ZI_glgu_ “hdmf_qglu
Belyaev E. F., Tashkinov A. A., Tsylev P. N. Trekhfaznyy asinkhronnyy e
ektricheskiy dvigatel' [Three-phase asynchronous electric motor]. Patenindz
2011138279/07, 2013.

Klzg~Zjlu
State Standard 8.586005. Method of measurement. Measurement of flow
rate and volume of liquids and gases by means of orifice devices. Moscow, Standartin-
form Publ., 2007. 10 p. (In Russjan

Q_j_a ™"\Z bgl_j\ZeZ blgmhjdZjpby h[ &\bjijhilkk
gufb [md\zZfb d_J]ev ribniQhfjuggogl_j\Ze ih p_gljim ~Z_Iky k

"mxsZy bgnhjfREblyeby bfy hlIlg@\K\Bdmjkb\mMfZze  ijyfhc
ribnl # klh jZ[hlA[[j_\bZImjm jZkrbnjh\Z|vgZmdpy* kIl _i _gv
mq_gh_a\Zgb_ /Hmaighlelw \k_o “"Zgguo d_Jev lhg&lz \ dhgp _

\blky | _e_nhg emqgr_ fh[bevguc hklZzlky \ j_~"Zdpkb ngm _g gZ
j_™Zdlhjz \hagbdgml!l \hijhk®Q ifh_h dlglimj\Ze ih p_gljm bgnhjfZpk
"m[ebjm_I|ky gZ Zglebckdhf yaud_
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H[jZa_p
BGNHJF:PBY H; :<IOHJ

| _Ijh\ B\Zg B\Zgi\bgbgbg]jZ"kdbc J]hkm~ZjklI\_gguc | _ogbqg_Kk
mb\_jkbl_I ~hdlhj I _ogbq_kdbo gzZzmd ijhn_kkhj az\ dzZn_"]j
b oheh”bevguoEabgetrov@maiktu | _e -33-456

Petrov Ivan IvanovichtKaliningrad State Technical Universjtpoctorof Technical
Sciences, Professdfiead of the Department of Food and Refrigeration Machines;
E-mail: petrov@mailu

Dm e _\Z ?ebaz\_1Z k;fgaNg&Zkdbc n_"~_jZevguc mgb\_jkbl_| bf_
BffZgmbezZ DZglZz ] DZebgbg]jz® ZkibjZgl dZn_"ju fZrbgt
b | _ogbq_kdboEkhektiIrotfa@bku |_e -39-654

Kuzhleva Elizaveta Petrovnalmmanuel Kant Baltic Federal University (Kaliningrad);
Post-graduate student; Department of Engineering Science and Technical Systems;
E-mail: roza@bk.ru

ljZ\beZ hnhjfe _gby jmdhibk _c

tnhjfzZzl [mfZ]b

thjb_glZpby dgb 'gZy

tihey k\_jom ke \Z KfijX\gbam ki

+]1ZjgblmjbnlZTimes New Roman;

+d_ ]edl2;

tZ[aZp k hlkImihf 7DE

+f_"kljhgguc bgl_hZegZjguc

tijb gzZ[hj_ | _dklz

f g_ "himkdz_Ilky ijbf_gylv klbeb ijb nhyghjkblAgbb |_dklZ
f g gby \ rZ[ehg beb kha”z\ZIlv k\hc ey nhjfbjh\Zgby | _dklZ
i_j_™ agZdzZfb ij_ibgzZgby ijbf_gylv ex[u_ jZajy®db keh\

¥f g _h[oh”bfh keh\Z \gmljb Z[aZpZ jZa”_eylv h~gbf ijh[_
|_dkl [_a ijbgm~bl_evguo i_j_ghkh\ mklzZgh\blvgBE\tdmizZzlbq_kd
i _j_ghkh\ imlv f _gx K?J<BK : ih"f _gx YAUD : imgdl J:KKL:C
1?7J?GHKH< : ihklz\blv ]Zehgdm \ hidju\r_fky hdg_ ®@zZ\lhfZlbqg_
gh\dZ i_j_ghkh\a

LZ[ebpr aZ\bkbfhklb hl _  jzaf _jz ihf_szZxl ih~ |I_dklhf \
\i_j\u_ "ZgZ kkuedZ gZ g__ beb gZ ke _"mAgycitfijBgbyp _ >hin
[Z[ebpm \*hev "ebgghc klhjhgu ebklzZ ijb wlhf gmfbjmxl| ZjZ[k
]ljiZnu b kljhdb i_j\hc gqZklb IZ[ebpu Keh\h ©LZ[ebpZ? mdZau\Z
\Z [_a hlkimiz gzZ” i_j\hc gZklvx 1Z[ebpu ihke_ "k jZ klZ\yl
ijhibkghc b~ | gZa\Zgb_ 1Z[ebpu I|lhgdm \ dhdp gaklykbz\yl gZ~
ibrml ©ljh~he _gb_ IZiebpflbdv dzZd ihelk mghzazgb_f ghf_jZ
|Z[ebpu LZ[ebpZ "he gZ [ulv \klZ\e _gZ Z\IhfZlbg_Kdb g _j_a
\blv IZ[ebp&Za\Zgb_|Z[ebpu "m[ebjmx| gZ Zg]ebckdhf yaud_ i
gZa\Zgb_f b gZh[hjhl _keb klZlvy gZ Zg]eblakldhj. yaud_ LZJ[el
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Jbkmg@bimkdzZxlky Ilhewvdhea jghldb_ \uiheg_ggdu_ kj_"klI\
fb dhfivxl_jghc ]jZnbdb beb kdZgbjh\Zggu_ kdZgbj\Zggu_ g_
i_qZlu\zZlv gZ eZa_jghf beb kljmcghf ijbgl [Jjulv Y\oKmgdb\ fh]ml
| _dkl klZlvb beb \uiheg_gu \ \b”_ hI*_evguo ]jZnbq fkdbo nZce
kemqZ_ g _h[oh”"bfh mdZzZazlv f_klh jZkiheh _glhgypbkmdlkzZ gZik
ibkb ihke_ zZ[azZzpzZ \ dhlhjhf hg \i_jUbk nbiHfbgZ<kkyjbkmgdhb
"he gu [ulv ijhgmf_jh\Zgb bk b bf _Iv ih*jbkmghqgu_ ih”iblk
Ghf_j jbkmgdZ b ih*jbkmghqggZy ih”*ibkv jZkihe@QFkaxkkgbih” jbkn
jbkmgdZ "m[ebjmx| gZ Zglebckdhf yaud_ih~gghkkpBif gZa\Zgb _
eb klZlvy gZ Zglebckdhf figud_ UObgdZ \ dhgp_ ih*jBkmghqghc
ibkb g_ klZ\blky

<k_ h[hagZq_gby gse¢bgmdckdhl\_IkI\h\ZIv h[habdZq_gbyf
kil Nhlh]jZnbb "he " gu [ulv k» _eZgu k ohjhr_]1h g 4ZIb\Z dhg!
IlIvx Kkuedb gZ \k_ jbkmgdb \ |I_dkl_ h[yaZl_evfhbhe REjbgZ jbk
[ulv [hevr_ rbjbgu ihehku gZ[hjz | _dklZz

?keb \ klZlv_ h”bg jbkmghd beb h*gZ IZ[ebpZ hgb g_ gmf

G_ "himkdZzZ_Iky aZzdzZgqgb\zZIlv klZlvx jbkmgdhf beb [Z[ebp _

<k_ jbkmgdb b IZ[ebpu “he gu [ulv jZkiheh _gu ih p_gljm
gZ[hjz

Nhjfmewk_ nhjfnmgezybjzZxlky \ nhjfmevghf j_~Zdllhj_ gmf_jn
ky 9gZ gbo “he gu [ulv kkuedb \ | _dkl_\ djm]JewphkdlkpdZo Nh
hi* _evghc kljhdhc ihke_ kkuedb k hlkimihf ~\Z LzZ\ Ghf_j nhjf
dimJeu_ kdh[db b \ujz\gb\Z _Iky \ijZz\h 1Ijb gZ[hj_ nkhjfme j_dh-
ihevah\Zlv ke_"mxsb_ d_]eb rjbnlh\ dhkwgddghltg2_ dle +
dbc bg” _dkdfmiguc kbf\heftedbc kbf\he =#ZjgbImjZ rjbnlz
7LPHV 1HZ 5RPDQ >ey gZ[hjzZz fZl_fZlbg_kdbo nhjfgne bkiheva
kdhlh Zenz\blz k\_leuc dmjkb\ ]j_g_kdh]h Zenz\blZz k\_leuc
]hibg_kdbc rjbnl k\ _leuc ijyfhc Bg” _dku nhjfme h[hagZqg_g
eZlbgkdh]h Zenz\blz gz[bjhxtfdklddh\we f_glz Z ch[hagZqg_
gu_ [md\Zfb jmkkdh]h iZyefuZ\bjlznbtht, £t2*ebgZ jZafindih
"hqgZy kdhjhklv KhdjZs_ggu_ h[hagZqg_gby nbabqg_kdbo \_eb
j_gby d<lI N f kWP lewuf ijyfuf [ _a Ilhg_d QbkezZ b ~jh[b \ nhjf
"he ' gu [ulv gZ[jZgu k\_leuf ijyfuf rjbnlhf Iljyfuf rjbnlhf gZ[bj
I1Zzd"_ g _dhlhju_ fZI_fZIbqg_kdb sinhtgh mg¥Z mingdogst log, det,
expb | 7~ <_dlhjgu_ \_ebgbgu ke_"m_I| h[hagZqgZlv “bjguf d
gZ"kbf\hevghc qgjlhec I _j ghk \ nhjfmeZo "himkdZ _ Iky ~ _eZlv

hg_j_"~v gZ agZdZo a ' b 7] YZ\hHjmxbbqg «j ~yZtagZdZo
keh _gby b \ugblZgby + \githlkeg Zdgxxmigh\Vbgbylhkh]h
dj_klz 1 | _j_ghk gZ agzZd_ ~_e_gby g_ "himkagzZdkygzZFzI_fZz

dhlhjhf jZajul\Z _Iky nhjfmeZ ijb i _j ghk_ h[yaZl _evgh “he g |
gZqZe_ \lhjhc kljhdb 1Ijb i_j_ghk_ nhjfme g_evay hl*_eylv \uj
"Zsb_ky ih” agzZdhf bgl _]jZzeZz eh]zZjbnfz kmffu ijAba\_" gby
dh\ G _[hevrb_ nhjfmeu g_ bf_xsb_ kZfhklhyl_evgh]h agZq_g
\gmljb kljhd | _dklZ GZb[he__ \Z gu_ nhjfmeu \k_ gmf_jh\Zgc
|Zzd"_ ~ebggu_ b ]Jjhfha”db_ nhjfmeu kh”_j Zsb_ ag@Zdb kmffbj
\_ N~ _gby b I i gZ[bjzx!l hI®"_evgufb kljhdzZfb HI[b\dZ ~h b it

nhjfmehc \ wihf kemm@dIk\ <f_klh \ujz' _gpydh6~rg m_Iky
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ibkzlv Zz E HI» evgu_ we f glu fZl _fZlbg_kdbo nhjfme \ug_|
gZ[bjzZxlky ih ijb\_~ _gguf \ur_ ijzZ\beZzZf ijyfhc rjigpihcnhjfme _ :
ribnl \ I _dkl_ dmjkb\ \ dmjjfkibé \ + dkl_

Obfbg_kdb_ kbidAgeKX gZ[bjzxl ijyfuf rjibnlhf >ey gZ[hjZ
j_dhf_g~m_Ilky bkihevah\@lem windod! h |

?"bgbpu nbabqg_kdbo Reebobd ijb\h~blv \ f ""mmyZjh~ghc k
kil _f KB ih =HK-L =KB ?”bgbpu \_ebgbg

<k _ Z[[j_\bZNmljudkl _~he gu [ulv jZkrbnjh\Zgu JZaj_rZxlky
h{s _ijbgylu_ khdjZs_gby gZa\Zgbc fbjfbgbladlmo klnbf&@l dZlbq
kdbvo ebqgbg

We dljhgguc \ZjbzZgl fZI_jbZeh\

L_dkl klZzlvb j_n_jZlu dexq_\u_ keh\zZ b k\_~_gby h[ zZ\I
sZxlky \ hrghf nZce_ FZl _jbZeu “he'gu [ulv hnhjfe_gu k ijl
kj _"klI\ OLFURVRIW 2IILFH jZkrbj_gdoc | >dekyl hi\h] M Aagkxe Z
bgnhjfZpbb ih*hc”ml ex[u_ we_dljhggu_ ghkbl_eb

J_"Zdpby "mjgZeZ hklz\ey_| azZ kh[hc ijzZ\h ijhba\h”blv kh
b j "Zdpbhggu_ baf_g _gby jmdhibkb

KIZlvb g_ khhI\_IklI\mxsb_ \ur_i_j _qgbke_gguf |j_[h\Zgbyf
]ml [ulv \ha\jZs_gu Z\lhjm Zf 7~ey ~hjZ[hldb

Jmdhibkb klZl_c ijbgyluo d im[ebdZpbb 2zZ\Ihjzf g_ \ha\jZz

Im[ebdZpbb klZl_c¢ [_kieZlgu_ Jmdhibkb klZl ¢ khljm~g
<IH ©D=LM?2 gZijzZ\eyxlky \ j_~Zdpbhggmx dhee_]bxb " mjgzZeZzZ ih
yf gZmdgh~"bqg_kdbo k_fbgzZjh\ dzZn_"j <k_ klZlvb ijhoh”yl h]
\g_rg__ beb \gmlj_gg__ j_p_gabjh\Zgb_ :\lhj kZfhklhyl_evgh
ki\_ fh™ I ij_~klzZ\blv \ ghf_j g_ [he__ h~ghc klZkwb gXIZIvb in
jmkkdhf beb ZglebckdhiZghpd g gmf_jh\ZIlv

Nj_k j_"Zdpbb
] DZebgbg]jz® Kh\_lkdbc ijhki_dl
DZebgbg]jZz”"kdbc JThkm~ZjklI\ _gguc | _ogbq_kdbc mgb\_jkl
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