=

EAST EUROPEAN SCIENCE JOURNAL

#2 (42), 2019 czesc 2
Wschodnioeuropejskie Czasopismo Naukowe
(Warszawa, Polska)

Czasopismo jest zarejestrowane i publikowane w
Polsce. W czasopismie publikowane s3 artykuty ze
wszystkich dziedzin naukowych. Czasopismo
publikowane jest w jezyku polskim, angielskim,
niemieckim i rosyjskim.

Artykuty przyjmowane s3 do dnia 30 kazdego
miesigca.

Czestotliwos$é: 12 wydan rocznie.

Format - A4, kolorowy druk

Wszystkie artykuty s3 recenzowane

Kazdy autor otrzymuje jeden bezptatny egzemplarz
czasopisma.

Bezptatny dostep do wersji elektronicznej
czasopisma.

Zespot redakcyjny

Redaktor naczelny - Adam Barczuk
Mikotaj Wisniewski

Szymon Andrzejewski

Dominik Makowski

Pawet Lewandowski

Rada naukowa

Adam Nowicki (Uniwersytet
Warszawski)

Michat Adamczyk (Instytut Stosunkow
Miedzynarodowych)

Peter Cohan (Princeton University)

Mateusz Jablonski (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Piotr Michalak (Uniwersytet
Warszawski)

Jerzy Czarnecki (Uniwersytet
Jagiellonski)

Kolub Frennen (University of
Tiibingen)

Bartosz Wysocki (Instytut Stosunkow
Miedzynarodowych)

Patrick O’Connell (Paris IV Sorbonne)

Maciej Kaczmarczyk (Uniwersytet
Warszawski)

#2 (42), 2019 part 2
East European Scientific Journal
(Warsaw, Poland)
The journal is registered and published in Poland. The
journal is registered and published in Poland.
Articles in all spheres of sciences are published in the
journal. Journal is published in English, German, Polish
and Russian.

Articles are accepted till the 30th day of each month.
Periodicity: 12 issues per year.

Format - A4, color printing

All articles are reviewed

Each author receives one free printed copy of the

journal
Free access to the electronic version of journal

Editorial

Editor in chief - Adam Barczuk
Mikotaj Wisniewski

Szymon Andrzejewski
Dominik Makowski

Pawet Lewandowski

The scientific council

Adam Nowicki (Uniwersytet
Warszawski)

Michat Adamczyk (Instytut Stosunkéw
Miedzynarodowych)

Peter Cohan (Princeton University)

Mateusz Jabtonski (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Piotr Michalak (Uniwersytet
Warszawski)

Jerzy Czarnecki (Uniwersytet
Jagiellonski)

Kolub Frennen (University of
Tiibingen)

Bartosz Wysocki (Instytut Stosunkow
Miedzynarodowych)

Patrick O’Connell (Paris IV Sorbonne)

Maciej Kaczmarczyk (Uniwersytet
Warszawski)



Dawid Kowalik (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Peter Clarkwood(University College
London)

Igor Dziedzic (Polska Akademia Nauk)

Alexander Klimek (Polska Akademia
Nauk)

Alexander Rogowski (Uniwersytet
Jagiellonski)

Kehan Schreiner(Hebrew University)

Bartosz Mazurkiewicz (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Anthony Maverick(Bar-Ilan University)

Mikotaj Zukowski (Uniwersytet
Warszawski)

Mateusz Marszatek (Uniwersytet
Jagiellonski)

Szymon Matysiak (Polska Akademia
Nauk)

Michat Niewiadomski (Instytut
Stosunkow Miedzynarodowych)

Redaktor naczelny - Adam Barczuk

1000 kopii.

Wydrukowano w «Aleje Jerozolimskie
85/21, 02-001 Warszawa, Polska»

Wschodnioeuropejskie Czasopismo
Naukowe

Aleje Jerozolimskie 85/21, 02-001
Warszawa, Polska

E-mail: info@eesa-journal.com ,
http://eesa-journal.com/

Dawid Kowalik (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Peter Clarkwood(University College
London)

Igor Dziedzic (Polska Akademia Nauk)

Alexander Klimek (Polska Akademia
Nauk)

Alexander Rogowski (Uniwersytet
Jagiellonski)

Kehan Schreiner(Hebrew University)

Bartosz Mazurkiewicz (Politechnika
Krakowska im. Tadeusza Kosciuszki)

Anthony Maverick(Bar-Ilan University)

Mikotaj Zukowski (Uniwersytet
Warszawski)

Mateusz Marszatek (Uniwersytet
Jagiellonski)

Szymon Matysiak (Polska Akademia
Nauk)

Michat Niewiadomski (Instytut
Stosunkoéw Miedzynarodowych)

Editor in chief - Adam Barczuk

1000 copies.

Printed in the "Jerozolimskie 85/21, 02-
001 Warsaw, Poland»

East European Scientific Journal

Jerozolimskie 85/21, 02-001 Warsaw, Po-
land

E-mail: info@eesa-journal.com ,

http://eesa-journal.com/



COJIEPKAHUE
BNOMOrNYECKNE HAYKN

Sabitova S., Ruide Y., Bakhtiyorov.Z., Massakbayeva.A , Botagoz I.
TREE RING BASED SUMMER PRECIPITATION RECONSTRUCTED FOR SOUTH WESTERN
TIAN SHAN MOUNTAIN IN TAJIKISTAN SINCE 1790-2016......cccitiiiiiiiieieeeeeiiiteee e e e siiietee e e s e seisereeeeeseseienaeeeeeeeas 4

Jlpazaeuyee B.A.
PELUEHNA TEXHONOTMYECKUX 3AOAY CENEKUMOHHOIO NOBbLILWWEHNA YPOMXAEB, BbITEKAIOLWME U3
TEOPUM 3KOIOTO-TEHETUYECKOW OPTAHU3ALMMN KONUYECTBEHHBIX MPUIHAKOB .......ovevvvveececeeeeeeeen 9

Jladymsbko E.N., lleoHoeu4 C.U., KanuHuHa A.H, Cokonuna J1.H.,3a6opoHok U.M., Hoeuk I'". /.
BbIZJESIEHME U XAPAKTEPUCTUKA HOBbIX BbICOKOAKTUBHbIX LUTAMMOB BAKTEPUM POJA
PSEUDOMONAS — NEPCNEKTUBHbIX ATEHTOB BUOJTOTMYECKOTO KOHTPOJIA ...t 17

Babaes M.LU., Mamedoea P.®.
BANAHUE SKOJTOMMYECKOIO COCTOAHUA OKPVH(APOLLI,EM CPELbI
HA BPOXOEHHbBIE MOPOKW PA3BUTUA Y ,CI,ETEVI ................................................................................................. 24

Mycmadgbaeea P.C., A60ynnaeea H.®.
rMAapPoON3 MOJIOYHbIX BEJTKOB MNMPOTEASAMU LULTAMMOB MOJIOYHOKUNC/TbIX
BAKTEPUN N UX TUMOANNEPTEHHDBIE CBOMCTBA ...ttt sttt ettt 27

Krivobochek V.G.,Sttsenko A.P., Vichreva V.A.,
Kostinevich.V.V., Kamardina.N.V.,Ulbasheva.R.D., Statcenko A.P.
ASSESSMENT OF THE SALT RESISTANCE OF FIELD CULTURES.....ouuiii ittt aa e 31

PN3NKO-MATEMATNYUECKNE HAYKN

AlmeHoea I''M., A6dukanukoea I'.A., CapmabaHoe X.A.
CYLECTBOBAHME MHOTOMEPUOANYECKOIO PELLEHMA OAHOM CUCTEMbI MHTETPO-

JNODEPEHLINATIBHBIX YPABHEHMI ... eee e e et s et e eeseeeseeseeseses e seesseeessaeseseseesenanees 34
BapaHoe U.B., ycesa U.A.

K BOMPOCY 06 OAHOM ®EHOMEHE KOMTEKTUBHOM MAMEATMU. ...ttt 38
KogphmaH B. M.

METO/, MAPAMETPUYECKOW WOEHTUDUKALUMN MATEMATUYECKUX

MOZAENEN ITA HA YCTAHOBUBLUMXCA PEMUMAX PABOTDBI ...ovvvieieieceiictereeeeeeeee et sssae e s seae s 45

Chernyayeva T.P., Grytsyna, V.M., Krasnorutskyy,V.S.,

Riedkina A.P., Petelguzov, I.A.,Slabospitskaya Ye.A.

EFFECTS OF FUEL ROD CLADDING TEMPERATURE AND STRESSED CONDITIONS ON HYDRIDE

REORIENTATION .. ttttttttttttttttttttttttetetttttttetttetetetetee ettt ar ettt ettt et ettt et e et te et e et e e e e et e e et et e e e e e e e e e e s e e e e e e e e e e e et e e e e e e nesenesesenenenerene 55



4 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(42), 2019

)|
EESY| |

BNOMOINMUECKNE HAYKN

Saltanat Sabitova *?,
Ruide Yu®?",

Zulfiyor Bakhtiyorov®#,
Assiya Massakbayeval?,
Botagoz Issinal?

1 State Key Laboratory of Environment Change in Arid Lands,
Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences,
818 South Beijing Road, Urumgi 830011, Xinjiang, China.

2 University of Chinese Academy of Sciences,
52 Sanlihe Road, Beijing 100864, China.

3 Laboratory of Introduction and Dendroindication of Plants,
Khujand Science Center, Academy of Sciences of the Republic of Tajikistan.

735714 Khujand, north-eastern Industrial Zone

4 Faculty of Geoecology, Department of Ecology and Environmental Protection,

Khujand State University named after B. Gafurov.
735700 Khujand, st. Mavlonbekova 1.
*Corresponding Author: Yu Ruide, yuruide@sina.com;

TREE RING BASED SUMMER PRECIPITATION RECONSTRUCTED FOR SOUTH WESTERN
TIAN SHAN MOUNTAIN IN TAJIKISTAN SINCE 1790-2016

Abstract: Our study was motivated by insufficient data on dendrochronological studies limited to the north-
western part of Tajikistan due to the lack of access to such a remote part of the country. Current studies in South
Western Tian Shan Mountain have revealed that a reconstruction of climate change based on tree chronologies of
Juniper (semiglobosa and seravschanica) tree species are possible. A 227-year tree-ring chronology was con-
structed and analyzed from cores collected in Shahristan. We presented a reconstruction of summer precipitation
(June-August), covering 1790-2017, which is in good agreement with pale climatic data, and also reflects the main

climatic changes in the study area.

Key words: South Western Tian Shan Mountain, tree-ring chronology, juniper, Shakhristan.

Introduction

The chronology of tree rings has been widely used
to reconstruct climate change during the growing sea-
son over centuries and millennia(Frank et al. 2010;
Foster and Rahmstorf 2011). However, climate infor-
mation in the rings can be analyzed individually to give
an idea of what the climate was in the past and how it
is likely to be characterized in the near future(Fritts
1976). The population history of many tree species in
Europe and North America, compared to other conti-
nents such as Central Asia, is relatively well studied.
There are many studies on the reconstruction of tem-
perature, precipitation, drought, associated with the
width of the ring of juniper trees.

In Tajikistan, interest in dendrochronology was
briefly touched upon by A. V. Gursky in the 30s of the
last century, but it did not have any success(Chen et al.
2015). Later in the same XX century, Soviet scientists
made a series of works on radial growth of trees, in the
XXI century very little research in the field of aridity,
earthquake reconstruction and climatic connections of
ring chronology, and in the Turkestan Ridge there are
also no reconstructions that would explain climatic
anomalies and in order to fill this gap in knowledge, we
studied the changes in the growth of the width of the
annual rings from core, hemispherical juniper (J. Sem-
iglobosa) and zerafshan juniper (J. Seravschanica) tree
trunks from Shahristan, Sughd region, northern Tajiki-
stan. This study is the first of its kind reconstruction

based on tree-ring chronology of 1790-2016, which
also shows wet and dry periods for northern Tajikistan
over 227 years. This study is also important because it
is the first study in this part of the Turkestan Range.

Materials and method

Sampling area

The northern ridges of the Pamir-Alai system are
the Alai and Turkestan ranges, bordering the Fergana
Valley from the south. The duration of drought in the
mountains is much less than on desert plains, only Au-
gust and September are sharply arid. During the expe-
dition work in the autumn of 2016, at an altitude of
2900-3000 m above sea level. m, north-west direction
at an angle of 10-45 ° from Sughd region (TPA 39 ° 34
'-39°40'N /68 °50' - 68 °43'E), Tajikistan, (Figure 1)
of the Pamir-Alay mountains, Shahristan (TPSH), for
the dating and measurement of the characteristics of the
radial growth of wood, cores were taken mainly on 2
radii of 5 mm diameter. In total, 37 cores were collected
from 17 non-rotten or damaged living trees. After being
transported to the laboratory, they were carefully dried,
then they were pasted on a wooden base, and then pol-
ished and polished. For dating, we used the full package
of standard norms (Stokes and Smiley 1968; Fritts
1976; Pilcher 1990). To minimize non-climatic effects
on tree growth, only trees with no injury or disease were
sampled. Tree height ranged from 8 to 12 m depending
on site conditions; the diameter ranged from 144 to 345
cm.
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Figure 1. Map showing the two tree-ring sampling sites and the gridded dataset in Southwest of Tian Shan
Mountain (Tajikistan) and Information about the sampling site

For recording and identifying drop-down and spu-
rious rings, a measuring semi-automatic installation
LINTAB VI was used together with the TSAPWin Sci-
entific 4.80 program with an accuracy of 0.01-0.05 mm.
In order to estimate within which segment of the com-
pared curves the greatest and what is the magnitude of
the possible shift, we used the program COFECHA v
6.06. We used ARSTAN 41d to remove the effect of
endogenous stand disturbances and apply an estimate
of the function of the mean value based on the use of
negative exponents and linear regression. The quality

of the chronology we constructed was based on tradi-
tional dendrochronological indicators — the standard
deviation SD (characterizing the amplitude of the cli-
matic variability of growth), EPS — showing the rela-
tionship of tree-ring chronology to changes in external
climatic parameters, RBAR — average correlation
among tree-ring series, MS evaluating the sensitivity of
chronology to external changes (Cook, E L; Kairiukstis
1990; Opata et al. 2017).
Analysis of meteorological data
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Figure 2. Climate diagram (Tajikistan) interpolated to sampling site from gridded dataset (1950-2016)

Meteorological data has shown that climate of the
study area is characterized by very scarce summer rain-
fall. The gridded monthly precipitation and
mean/max/min temperatures data from near Sampling

area were received with covering the period of 1950 to
2017 (average over 39°00 —40°00 N, 68°00- 69°00 E,)
were received from the Climatic Research Unit (CRU
TS 4.00), East Anglia, UK database (CRU.)(CRU.).
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Mean annual precipitation is 580 mm, with maximum
monthly precipitation in early spring (February, March,
April and May). Summer period (July-August) is a
high-temperature period, with highest maximum tem-
perature existent in July at 25.8°C and coldest month is
January with a minimum air temperature -10.9°C (Fig.
2). At altitudes of 1500-3500 m, the climate has the
characteristic features of the mountain, it is cooler and
more humid in the majority of the territory.
Results and Discussion

Tree-ring growth and climate trends

The summary statistics of the standard chronology
produced by standardization program ARSTAN (Fig-
ure 3). The mean sensitivity (0.274) show low correla-
tion, with significant standard deviation (0.291), these
reflect good responses to the variation of climate (Cook
& Kairiukstis 1990). Mean correlation with master se-
ries is 0.171 (Table 1). Reliable ring-width chronology
spanning 1760-2016 was developed based on an EPS
value >0.85.
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Figure 3. the chronology measurements of samples and their corresponding sample depths at the site (TPA)

Table 1.
Statistics for the standardized tree-ring chronologies used in this study
Type of tree- Mean sensi- Mean cor- Standard signal- expressed EPS>0.85  Corel/tree
ring width tivity relation deviation  to-noise  population number
ratio signal
Junipers 0.274 0.171 0.291 -0.111 -0.125 1760 30/17

Climate response analysis

Figure 4 depicts the significant coefficients for
correlation functions. Coefficient correlation between
standard chronology and gridded precipitation signifi-
cant p<0.001 from the prior June-October period. Fig-
ure 4a shows the correlation between ring-chronology
and instrumental data (temperatures and precipitation)
for the period 1950-2016. The correlation coefficient
between the instrumental average/min/max tempera-
tures and the radial increment showed a positive effect

a)

0,5

I rrec I T mean [T min [l T max

0,4

Correlation coefficient

T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

in January (r<0.320, p <0.01) and negative in Novem-
ber (<0.250, p <0.05), this is probably due to the reten-
tion of moisture, i.e. January, which has a beneficial ef-
fect on tree growth, as it prevents the possibility of
moisture evaporation. We also found good connections
to precipitation in June (0.404, p <0.001), and negative
in October (-0.272, p <0.05), probably due to the limi-
tation of humidity occurring in the middle of the current
season.

b)
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Figure 4. a) The correlation coefficients between standard chronologies of the North Western Tian Shan Moun-

tain with the monthly sum of precipitation, monthly mean/max/min temperatures of the CRU dataset. The dotted

(p<0.05) and dashed (p<0.001) lines indicate significant variables. b) The spatial correlation between tree ring-
width and summer precipitation of CRU gridded date during 1950-2016 (Tajikistan)
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Based upon our correlation estimates is scarce
with precipitation in both points of meteorological data,
positive correlation just in prior January and September
(CRU grid dataset) with average/min/max temperature,
it determines drought area in this part of Tajikistan
(Treydte et al. 2004; Fang et al. 2012). Precipitation
also plays a significant role in causing drought stress
which is demonstrated by higher correlation coeffi-
cients with precipitation than temperature (Opata et al.
2017).

Deficiency of water in the growing season sup-
presses the expansion of tracheids. Also, with increas-
ing temperature, evaporation increases in June-Septem-
ber due to low precipitation, which accelerates water
stress (Fig. 10mubka! MCTOYHMK CCBHUIKM He
Haiigen.6). When the tracheid’s become narrower, the
proportion of the cell wall in the annual ring increases
due to a decrease in the size of the lumen (Pant et al.
2000). In fact, this connection reflects short and intense

rl4

—— Original
—— Reconstructed

F12

r10

Precipitation (mm)

T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020
Year

interactions (high frequency signals) between precipi-
tation and monsoon deposition. These findings suggest
that consistency of climate variations in radial growth
has increased during the latter half of the twentieth cen-
tury due to global warming.

We conducted spatial correlation between our pre-
cipitation reconstruction (Tajikistan) and the gridded
precipitation dataset of HadISST1 (Rayner et al. 2003)
for the period 1950-2016 (Fig. 4b). The good positive
correlations of the summer precipitation reconstructed
related to the CRU grid dataset good connections be-
tween the precipitation in the southern Tian Shan
Mountains and in the remote ocean area. The positive
areas of correlation were found close to the research
area (Chen et al. 2014) and negative in north of Tian
Shan.

Characteristics of reconstruction based on ring
width

=

Precipitatio:

S b2 = o oo

1790 1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 2010
Year

Figure 5. (a) Comparison between original and reconstructed July—September precipitation over 1950-2012
(Tajikistan). (b) Reconstruction of summer precipitation and 10-year simple smoother moving average.

Table 2.
Results of regression model statistics for calibration test results Tajikistan
Year Correlation co- Correlation Reduction of  Coefficient of Sign Durbin-
efficient (r) square (r?) error efficiency test Watson
PV 0.404 0.164 8.368 0.054 18729*  2.073

Based on the results of correlation coefficient an-
alyzes, summer precipitation is most suitable for cli-
mate reconstruction. By calculating the regression rela-
tionship between the TPA chronologies with summer
precipitation of CRU grid data, the precipitation of
these months for the period of 1790 to 2017 was recon-
structed. (Fig. 5b). For the estimated verification of the
constructed reconstruction of the course of these pre-
cipitations, we compared them with the data of instru-
mental observations at the meteorological station for
the period from 1950 to 2016. (Fig. 5a). The results of
the regression dependence were as follows - the corre-
lation coefficient R = 0.404, p <0.001, we also got an
equation for our reconstruction:

Y =-18,8*X+29,11

where Y is the sum of the June-August sedimen-
tary reconstruction and X is the standard chronology.

Results of regression model tests were further em-
ployed to evaluate the statistical fidelity of our recon-
struction model, exceed the 95% confidence level(Ta-
ble 2). The values of the two most rigorous tests of
model validation, the reduction of error (RE) and the
coefficient of efficiency (CE) are both positive, which
indicates significant skill in the tree-ring estimates.
These test results demonstrate the validity of our re-
gression model. On the basis of this model, the local
history of temperature in the study area has been recon-
structed for the period 1840-2017 A.D. (Fig. 5b).

During reconstruction we considered dry and wet
years, years / periods, the table below indicates the ex-
treme years that were found in 1952, 1955, 1958, 1904,
1905, 1910, 1920, 1924 and 1999. Dry periods/decades
with a lower value from the average rainfall were found
in 1860, 1970, 1960, 1980 and 2000. Wet periods/dec-
ades with a higher value from the average precipitation
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amount were found in 1870, 1910, 1920, 1930 and
1940. Year / period characteristics were based on a sed-
imentary reconstruction with a smoothed filter, where
smoother transitions are visible, rather than random
jumps. Periods with long terms means: three wet fifty
years 1790-1849, 1850-1899, 1990-1949, and one dry
period, which fell in 1950-2017.

Spectral analysis and Spatial correlations

High-frequency peaks 1.1-year (95%), 0.9-year
(99%) and 0.5-year (99%) relate to the range of varia-
bility the Western and Tibetan plateaus (Figure
6a)(Pederson et al. 2001). Therefore, these high-fre-
quency cycles suggest that precipitation variability in

— Power spectrum

------- 90% sig. level

""" 95% sig. level
99% sig. level

5x10*
7
4x10*

3x10*

Power

2x10*

1x10%

0,0 0,1 0,2 0,3 04 05
Frequency(cycle/year)

our area of research may have strong associations with
large-scale ocean and atmosphere circulation systems
(Glueck & Stockton, 2001; Allan et al. 1996). But low-
frequency cycles and multi-decade cycles of 78.6-year
(99%), 16.6-year (99%), relate to the total width of the
winter North Atlantic oscillation, which indicates the
influence of these fluctuations on the climate of Central
Asia(Hoyt et al. 1997; Glueck and Stockton 2001).
However, the mechanism of influence of these circula-
tion systems and how they control climate variability in
Tajikistan at different times, is awaiting further study.

)
E
02 0E 30E 40E S0E 60E 70E BOE 90E 100E 110 120E  130E

[ | [ I I [
-06 -05 -04 -—03 -02 02 03 04 05 08

Figure 6. MTM spectral densities of Shahristan precipitation reconstruction. The dash, dash-dot and dotted lines
represent 90, 95 and 99% significance level, respectively. The bold line indicates the null hypothesis. (b) With
the gridded surface precipitation in South Western Tian Shan Mountain data set with reconstructed precipitation

To find the connection between our reconstruction
and the geographical representation. We used spatial
correlation between instrumental data spanned 1950-
2012 (Fig.6b). The positive correlation showed that the
research area is closely connected with east and west of
Tajikistan and in particular South Tien Shan Moun-
tains.

Conclusion

We tend to assume that a mean correlation be-
tween the tree-ring and the summer climate is probably
related to the moisture limitation occurring in the mid-
dle of the current growth season. Although February-
April is the most plentiful season of rain and we didn’t
find any strong and significant correlations. The precip-
itation of Shahristan is low and highly variable and in
warm regions with low altitude and a large interannual
change in precipitation lead to a decrease in both tem-
perature and soil moisture, which leads to a sharp
growth of the tree during the heavy rainy season.

The good positive correlations of the summer pre-
cipitation reconstructed related to the CRU gid dataset
good connections between the precipitation in the
southern Tian Shan Mountains and in the remote ocean
area. These low frequency cycles and multidecadal cy-
cle 78.6-year (99%) relate to the total width of the win-
ter North Atlantic fluctuation, which indicates the in-
fluence of these fluctuations on the climate Asia. How-
ever, the mechanism of influence of these circulation
systems and how they control the temperature variabil-
ity of Tajikistan at different times, awaits further study.
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PEIHIEHHUSA TEXHOJIOT'NMYECKHX 3AJAY CEJIEKIITMOHHOT' O TOBBIINEHUSA YPOXAEB,
BBITEKAIOIIIUE U3 TEOPUU SKOJIOTO-TEHETUYECKOM OPTAHU3AIINA
KOJIMYECTBEHHBIX ITPU3HAKOB

Dragavtsev V.A.
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SOLUTIONS OF TECHNOLOGIC PROBLEMS OF BREEDING YIELD INCREASING, WHICH

ISSUE FROM THE THEORY OF ECO-GENETIC ORGANIZATION OF QUANTITATIVE
CHARACTERS

Annoranus. B nepron 1984-2014 nama nayunas mkoina (k 2017 r. - 35 kanaugatoB u 12 OKTOpOB HayK)
pa3Buiia HOBYIO Teopmo 9KOJIOr0-TeHETUIECKOM OpraHu3alui KOJIMYCCTBCHHBIX TPU3HAKOB. Teopm[ 6a31/1pyeTcsl
Ha OTKPBITUH HOBOI'O SITUT€HETHYCCKOTO (I)GHOMeHa — CMCHBI CTIEKTPOB MPOAYKTOB I'€HOB 11O KOJIMYCCTBCHHBIM
MIPHU3HAKOM TNIPH CMEHE JTMMUTHPYIONETo GakTopa BHemHeH cpenpl. 13 Teopun BeIIM 24 IpHOPUTETHBIX CIIE/-
crBust u 10 HOY-Xay, CIIOCOOHBIX YCTPaHUTh «Y3KHUE MECTa» TPAAUITUOHHBIX TEXHOJIOTUH CCJICKIIMU Ha IIOBBINICHHUEC
YpOxKacB. B craThe onmcansbl OKCICPUMEHTAJIBHO IMPOBEPEHHBIC HA MHOTI'UX c/x KyJIbTypax METOABI dJIMMUHAIIUN
16-TI/I «Y3KHUX MECT» TPATUIHUOHHBIX CCIICKIIMOHHBIX TEXHOJIOTHH TTOBBIIICHUS YpOXa€B U MokKasaHa NEPCIECKTUB-
HOCTh KOHCTPYHPOBAHHUS HOBBIX HMPOPBIBHEIX COPTOB B CeNEKIIMOHHOM (UTOTPOHE, B KOTOPOM MOKHO HCKYC-
CTB€HHO C0O3/1aBaTh JIIO0BIE JUHaAMHUKH J'II/IM-(i)aKTopOB Cpeabl AJid TUIIUYHBIX JICT JII000T0 peruoHa 3eMn.

Abstract. In period 1984-2014 our scientific school (to 2017 year — 35 doctors of sci. and 12 professors)
evolved the new Theory of eco-genetic organization of quantitative traits. The Theory based on discovery of new
epigenetic phenomenon — change of genes products under gquantitative trait when the limiting factor of environ-
ment change. From Theory arise 24 of priority issues and 10 know-how, which can to eliminate the “tight places”
of traditional breeding technologies for rise of yields. In paper described the experimental take for granted on many
agricultural plants the methods of elimination of 16 “tight places” and demonstrate the perspective of creation of
new varieties in Breeding phytotron, in which quite possible to create any dynamics of limiting factors of environ-
ment for typical years of any region of globe.

Kurouesvie cnosa: 3adaqu ycmpaneHus «)Y3Kux mecmy CeleKyuOHHblX MEXHONI02ULL NOBLILUEHUS ypoorcaes,
meopus IKO020-2eHeMUUeCKoll opeanu3ayuu KoJau4ecCmeeHHblx npu3HaKoes.

Keywords: Problems of elimination of “tight places” of breeding technologies for rise of yield, theory of eco-
genetic organization of quantitative traits.
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«lIpumenenue 6uOmMexHoI02UL, GKIIOUASL 2CHHYIO
UHdHCEHepuro,

He  ysenuuugaem - MAKCUMATbHbIE
Hyosicnot 6onee

dynoamenmansvHnvie Hayunvle HPOPLIGHL, eClU
Mbl XOMUM

Hapawueams 8a108yH0 NPOOYKYUIO pacmeHuesoo-
cmeay

(USDA Agricultural Information Bulletin, 2001.

C/x HUugpopmayuonnwiti bronnemenos MCX CILILIA,

ypooicau.

2001)

«Ymeepoicoenue, umo 6uomexwonocusi yckopum
cenekyuro —

eonocnosnoy (E.JI. Boedanosa, Onucenemurxa

MASKOU NULeHUYbI,

Anmamut, 2012, C. 92)

B namu nnHu 3a cyTku Ha 3emie poxxaarorcs 250
000 mimagennes. K 2030 r. HaceneHue 3eMiId TOCTUT-
HeT 8 MipA uenoBek. Eciu arpapun Bcex cTpaH HE CMO-
T'YT 3a 3TO BpeMs yBEJIHYUTh 00BEM pacTeHHEBOIUE-
CKOM MpOIyKIMHU B MHUpE B 2 pa3a, TO Haj 2,5 MIIpJ JIto-
Jlell HaBUCHET yrpo3a rojoaHoi cMepTu. CeronHs Ha
3emuie ronogaroT 1,5 mapa yenoBek. ToJabKo 3a OJUH
2011 r. B ctpanax ATOC 4uciio royofaroIyxX BEIPOCIO
Ha 40 MuH gestoBek, a Bcero k 2012 r. gocturiio 200
MitH (u3 noknana B.B. [Tyruaa sra CAMMUTE ATOC-
2012). ITo narabiM PAO 3a ocneaane S50 JIeT COBO-
KYIHBIH 00beM MHPOBOTO MPOM3BOJCTBA C/X MPOIYK-
IIUH BEIpoC B 2,5-3,0 pasa, a mmomans ¢/X TeppUTOPHIA
3emumn numb Ha 12%. JlanpHeHmmiA pocT ¢/X TeppuTo-
puif B mupe — HeBo3MoxkeH (Otuer ®AO 3a 2014 .
Pum). CeronHs B pa3BUTHIX CTpaHaX arpOTEXHOJIOTHH
JIOBEJICHBI TTOYTH 10 BO3MOXHOTO «IOTOJKa». Jlamb-
Helilee TOBBIIICHNE YPOXKAeB 36PHOBBIX U 3€pHO0000-
BBIX B 3THX CTpaHax Ha 95% 3aBUCHUT OT yIydIICHHS
CEJIEKLIUOHHBIX TEXHOJIOTUH, ¥ TOJIbKO Ha 5% oT ynyu-
meHus arporexsoyoruit. Jxcreptel @AO (B OT4uete 3a
2014 r.) moguepkHynu: « Mupogotii onvim noxasa, ymo
MEXHO2eHHAS! UHMEHCUDUKAYUs pACMeHUe800Cmed He
CnocobHa pewums npobaemy OdibHeluie2o nosviuie-
HUSL ypodcaes, HO NPU SIMOM C83AHA C POCMOM dHep-
203ampam u HapyuieHueMm 9K0JI02UUeCK020 PABHO8eCUs
6 npupooe. I'nobanvHblil Kpuzuc é ¢/x nPoU3BoOCcmee
XXI géexa mpedyem HO80U cmpamezuu — 0uoa02U3a-
UUU pAcmenuesoocmad, m.e. CO30aHUs YCMou4UgbIxX K
abuomuueckum u Ouomuueckum haxmopam cpeovl Ho-
8bIX COPMOB, 2UOPUO0S U BUA0B C/X PACMEHULL.

B cootBercTBHM C 3TOH 0OIIEMHPOBOW CHUTYya-
uueit B PO npuHATH BaXKHbIE JOKYMEHTHI.

1) B Pemenuu Ilpesunuyma Coseta npu [Ipe3u-
Jgenre PO no MojepHU3auy SKOHOMYUKH U HHHOBAIY-
oHHOMY pasButuio P® ot 24.11.2014 nomuepknyto:
«Heobxo0umvim ycnoguem uHHOBAYUOHHO20 PA3GUMUSL
pacmenuesoocmaa 8 P® asnsemcs ucnonv3osamue Ho-
8bIX COPMOB U 2UOPUOOB C/X KYTbMYP).

2) B nocmanuu IIpesunenta PO dexepansHOMy
cobpanuro ot 08.12.2015 yxkazano: «Cosmecmuo c
PAH u npu yyacmuu DPAHO obecneuums paspa-
OOMKY ... RPOSPAMMUL... NO CO30AHUIO OMEYECNBEHHbIX
NOCEBHO20 U NIEMEHHO20 (POHO0BN.

3) B Crparterun HanuoHajbHOH 0e30macHOCTH
P®, yreepxknennoit VYxkaszom IlIpesunenta PD or

31.12.2015, myskr 54, c. 17 otMmeueHo: «IIpodogons-
cmeennas 6esonachocmvy P® ocywecmensemcs 3a
cuem... pazeumus NIeMeHHO20 0eld, CeneKyuu u ceme-
HOB0OCMEA. ... ».

OTH JOKYMEHTBHI IIOJIHOCTBIO COOTBETCTBYIOT
yTBepxaeHuto: «Kmo obnadoaem npooogonvcmeuem,
mom umeem opydcue cuibhee amomHou 6omovl. B
Mupe ecnb MoabLKo 08e PeanbHble CUNbl — CUNA IHEP-
2emu4ecKux pecypcoé u cuia npooo60bCMEUs)
(Oprv bamy, munucmp cenvckozo xo3-6a CILIA 6 ao-
Mmunucmpayuu npesudenma @opoa — 70-e 2o0vt XX 8.)

Dlihopust OT JOCTMIKCHUI TCHHOW WHXCHEPHUU
pacTeHuil HauMHAeT MOHEMHOry yracarb. MHorue
CTpaHBI COKpAIIAIOT IUIOMIAH O TeHHO-MOAU(MUIIN-
posarusiMu (I'M) pacrermusmu. B 2016 1. AprenTuna
cokparmia moceBsl ['M-pactennit Ha 3%, VHnus Ha
7%, Kuraii Ha 24%,

Vpyrsait Ha 7%. B Ucnanuu, Cynane, Mekcuke,
Konym6uu, Beetname, Ilopryranun, banrnanem, Ko-
cta-Puxe, CnoBakuu, Yexuu miomaau ['M-pactenuit
(B kaxxno# ctpane) menee 100 ThIc. ra U He OOHAPYKHU-
BalOT npupamieHusa. PyMmpiHug B 2016 r. mokuHyna
kiy0 'MO-ctpan. 'M-kaprodeib, ycTOHUUBBII K KO-
JIOpPaJICKOMY XYKY, HE BBIPAII[UBACTCS CETO/IHS HUTJIE B
mupe. B 6onmpmmHCTBE cTpaH EBponsl 1 B PO mocessl
I'M-pactennii 3ampemieHsl. Bce Oonee akTyanbHOM
cranosurcs mo3utys J[x. JI. BproGeiikepa: «bosee no-
JI06UHBL HACeNleHUs Hauiell N1000POOHOI 3eMau
umMeem CIUWKOM MAl0 RUWL, U 0ajice OUeHb 2nyHo-
Koe 3Hanue 2ena 0aém Hebdo1buioe ymeuienue 20100~
HbIM 1100AM, HOKA OHO He 8bIPAdNCAENCA 6 KAI0PUAX)
[1]. HosBnsrores u Gonee pe3kue OIEHKU: «I eHHan
UHJICEHEPUA — IMO eOUHCMBEEHHAA (UHIICEHEPUA,
Komopas ne 3naem ceoux 00veKmoe u oeicmeyem
Haooym. «l'eHHbBIIl uHIICEHEP» NO00DEH CEAPUIUKY
WU Pe3UUKY, Ne3yemMy ¢ nepeoerkam 6 Mauumy,
YCmpOIicmeo u Ha3naAueHue KOmopoiu emy Heus-
eecmnoy [2, C.303]. [leiicTBUTENBHO, BHEIPEHHUE I'€H-
HOW MHXXCHEPUHM B PACTEHHEBOJCTBO HAYAIOCh 0€30
BCSIKOTO MOHUMAaHHS 9KOJIOTO-TE€HETHIECKOTO
«yCTPOMCTBa» NMPU3HAKOB NPOJYKTHBHOCTH PACTCHUI
U IIPU TIOJHOM HWTHOPHPOBAHHMU 3KOJIOTO-TE€HETHYE-
CKMX MEXaHU3MOB B3aHMOJICHCTBUS «T€HOTHII-CPEIay,
TOJIKO YIpaBlieHHe KOTOpPhIM (Oecco3HaTeNbHOE WIIN
CO3HATENIFHOE) M ONPEAETIsIeT POCT MPOIYKTUBHOCTH 1
ypOXasi HOBbIX COPTOB PACTEHUM.

Y COBpEeMEHHOTO TPaHCTE€HO3a OYeHb MHOTO ClIa-
ObIX MecT. Bo-nepsvix, OH MOXKET paboTaTb TOJBKO C
OJIHUM T'JaBHBIM T€HOM, 3aT€M C APYT'HM H T.J., HO He
MOXET «IEePeCcakuBaTh» CIIOKHBIE MOJIUTCHHBIE CH-
CTEMBI, YIPABISAIOINE MPU3HAKAMU NPOJYKTUBHOCTH,
Jia ele «OIry>KIaroIue» MoJ| MPU3HAKOM TP CMEHax
JMMUTHPYIOIUX (PaKTOPOB cpelbl. Bo-emopuix, niepe-
Ca)KEHHBII Te€H MOXET «CECTh» B IIO0YI0 XpOMOCOMY U
HE TOJBKO MEXIy TeHaMH, HO ¥ BHYTpb JII000TO TeHa,
YTO MOJKET NPUBECTH K CEPbE3HBIM HAPYIICHHUSIM Te-
HOMa — IIPOJyKTa JUIUTENbHOM 3BOJIIOLUU. B mpembux,
MepecakeHHBIN TeH He MOTINHACTCS «3aMKy KOppes-
LIMi» [IEIOCTHOTO OpraHn3Ma (COOCTBEHHBIE T'€HbI UH-
OYLMPYIOTCS WIH «TJIOXHYT» B 3aBUCUMOCTH OT (ha3bl
pa3BUTHSL, YyXKOH I'eH paboTaeT Bcerja U Be3zie, B JIo-
ObIX OpraHax M TKaHsX OpraHu3Ma, T.e. OH BeJIeT ce0s
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TaK k€, KaK PaKoBas KJIETKa, HE MOJUUHSIOMASACS KO-
MaHJaM LETOCTHOTO OpraHu3Ma). B uemsepmeix, nepe-
Ca)KCHHBII F'€H HE MOXKET MOJHAThH YpOXKal, IOCKOJIBKY
ypoxaii ¢popmupyercs 3¢ddexramu B3anMOICHCTBUSA
«TEHOTHUII-CPENIay, a HE OTACIBHBIMH TC€HaMH. B nsa-
MblLX, «CYIIECTBYIOIINE METOABI TpaHC(hOpPMaIHu pac-
TeHH Mano3((HeKTUBHBI, BUIO- H COPTOCTICHHU(UIHBL,
HIPUBOJAT K CIy4alfHOMY BCTPAaUBaHMIO UY>KEPOIHOM
JIHK B reHOM penunueHTa, HakjIaAblBal0OT OrpaHuye-
HHS Ha KOJIMYECTBO MEPEHOCUMOi nH(pOpMaLuy H T.1.
[TepeGpoc TpaHCI€HOB U3 OJAHOTO COpTa B APYroii Tpe-
OyeT MHOTOKpAaTHBIX BO3BPATHBIX CKpEIIMBaHUN W,
TJIaBHOE, HE SBJSIETCS TEHEeTHYECKH YUCTOH Ipouesy-
poii, mockonbKy BMecTe ¢ uyxepoanoil [ITHK B mpo-
Iecce CIrydaifHON peKOMOHMHAINH MPOMCXOTUT Iepe-
HOC pa3nuuHbIX «kyckoB» JIHK copra-moHnopa... Ilo-
CKOJBbKY 3(QEKTUBHOI Mpoueaypsl BCTPaUBAHUS
TPaHCTEHOB B 3apaHee 3aJaHHBI Yy4acTOK I'€éHoMa He
CyLIECTBYET, TO MAaHUIIYIHPOBaHHE Iake HECKOJIb-
KMMH HEe3aBUCUMBIMU NPHU3HAKAMU U UX KOOPIUHHUPO-
BaHHBII Mepedpoc B COTHU COPTOB IPEBPALIAIOTCA B
JIOTHCTUYECKUI KOIIMap IJIS CENeKIIMOHHBIX KOMIIa-
Hu» [3].

5 mas 1966 r. Ilpesunnym AH CCCP ytBepaun
penienne CeKIMu XUMHUKO-TEXHOJIOTHIECKUX U OHOJIO-
THYECKUX HAyK IO JOKJIaay WiICHa-KOpPECHOHICHTa
AH CCCP H.II. lyounnna «IIpakTudeckne 3aqadqu re-
HETHKH B CEIBbCKOM XO03siicTBe». B pemennn cka3aHo:
«IlepBoouepenHsiMi TIpoOIEMaMH B 00JacTH TeHE-
THKH PACTECHHH. .. IBJIAIOTCA CICAYIOIINE: a) TeHETHYC-
CKHE OCHOBBI T€TEPO3UCa U METO/IBI MTOTyYSHHS BBICO-
KOYPOKalHBIX T€TEPO3UCHBIX THOPUIOB C/X paCTEHHH,
B TIEPBYIO O4Yepeab y MIICHUIBI, KyKYPY3bl, OBOIIHBIX
U TEXHUYECKHUX

KynbTyp; 0) 3aKOHOMEPHOCTH HACJIEJOBAHUS KO-
JMYECTBEHHBIX NPHU3HAKOB, ONPEIEISIONINX HPOIYK-
THUBHOCTb C/X PAaCTEHHH...; B) NaJbHEHIIEe COBEPIICH-
CTBOBaHME METOJIOB OTOOpa B CEJICKIMU C/X pacTe-
HUi». «[lopyduTs JampHEHITyo pa3padoTKy HaydIHBIX
OCHOB HOBBIX METO/I0B reHeTn4eckoil cenexkuuu — MO-
I'en AH CCCP, Ullul" CO AH CCCP, Un-Ty xum. pu-
3uku AH CCCP, NH-Ty renetuku u muronorud AH
BCCP, Un-ty muxpobuonorun AH CCCP, Un-Ty mu-
tororu AH CCCP.» (I'eneruxa Ne 8, 1966. C. 186-
188).

Opnako, u3 Bcex HMMU, Tonpko rpymmoit cubnp-
ckux reraetukoB (M ul' CO AH) u ceneximonepos 8-
n cubupcknx HUMCX, B mporecce BBIMOJHEHUS KO-
ONEpPUPOBAHHONH  MEXBEJOMCTBEHHOW  IPOrpamMMBbl
JUAC (I'eneTnka npu3HaKoB NPOAYKTUBHOCTH SpO-
BBIX NIIeHUI] B 3anaanoi CHOMpH — Ha TEPPUTOPHH OT
VYpana no 3abaiikanes u oT Tromenu 1o Ycrb-KameHo-
ropcka, 1974-1984), [4], Obl1a OTKpBITa HOBAasI CUCTEMa
PEeryisuM pa3BUTHS CBOWCTB MPOTYKTHBHOCTH —
CMEHa CIIEKTPOB IPOAYKTOB TEHOB, IETEPMHHHUPYIO-
IIUX OIWH M TOT K€ NMPHU3HAK MPOAYKTHBHOCTH, TPH
CMeHe JIMMUTHUPYIONIeTo GaKkTopa BHENIHEH cpenbl. Ha
OCHOBE ATOTO OTKpHITHS B Tiepuoz 1984-2014 rr. Hayu-
HOH 1wkosoit B.A. [lparasuesa (k 2017 1. - 35 xanau-
JaTtoB U 12 OKTOPOB HayK) OblIa pa3BHUTa IIPUOPHUTET-
Hast Teopust 2KONOro-reHeTU4eCcKo opraHu3anuu Ko-
audyecTBeHHBbIX npusHakoB (TOT'OKID) ¢ 24-msa

OpPUTHHAJILHBIMU HAYYHBIMH ClIeACTBUsAME U 10-10 ce-
JIEKIIMOHHO MOIIHBIMU HOY-Xay [5,6]. Teopus u e€ me-
MEHTHI BKIIIOYEeHBI B MeXAyHapOIHYIO SHITUKIONE IO
“Basic Life Sciences”, Vol. 8. P. 233-240. Plenum
Press — New York and London [7], B TonkoBsIii ci0-
Baph 10 00IIeH M MOJNEKYISIPHOI OMOIIOTHH, 00IIei 1
NpUKIaIHON reneruke, cenekuuu, JJHK-TexHomorun u
ouonndopmartuke, T. 2. C. 308, [8], B TonkoBsIii cio-
Baph MO0 WHHOBAIIMOHHBIM BOTIPOCAM CEJICKIIUH, CeMe-
HOBOJICTBA M Pa3MHOXCHHS pAacTCHUH (PycCKO-aH-
rimiickuit), CuMdepomnoss, «Z[I/IAPIHI/I», C.122[9],B
Kpatkuii ciioBapp TEpPMHUHOB MO JICCHOH TCHETHKE,
Kpacnosipck, Hayka CO PAH. 2015, (MeTo ¢poHOBBIX
npu3HakoB B.A. Jlparasuena) [10].

[IpemocTaBiM YUTATENIO CaMOMY CYAHTH O CTe-
TIEHN HAy4YHOTO TpopsiBa, mpuBHeceHHOTo TOT'OKII B
TEOPHIO ¥ TEXHOJIOTHH CEJICKITNH, 03HAKOMHB €T0 C HO-
BBEIMH BO3MO>KHOCTSIMH BBICOKHX CEJICKIIMOHHBIX TEX-
HOJIOTHH, co3ganHubIX Ha 6aze TOI' OKII.

IIpodaema 1. Heo6X0muMOCTh CO3MaHHS METO-
JIOB HAJC)KHOW HACHTU(DHUKAIMU JYYIIUX TCHOTHIIOB
M0 MPOJIYKTUBHOCTH IPU UHAWBUAYyAILHOM OTOOpE B
PACIICTUIAIOIIMXCS THOPUIHBIX TOKOJICHUSIX, HAYHHAS
¢ F2 (unu B nukux nonmynanusx). Jo TOI'OKII npun-
OUNHATIbHAS BO3MOKHOCTE OBICTPO# (0€3 CMEHBI ITOKO-
neHni) uaeHTH(GUKAIuN (y3HaBaHUS) TCHETHYCCKU
JMYYIIAX PACTeHUH MO WX (PEHOTHUIAM B PACIICTUISIO-
OIUXCS TEHEePAIIsIX KATeTOPUIESCKH OTPHIIAIACE CIEIy-
IOIIMMHA YTBEPKACHUAMH.

[po¢p. H.IL. Kpenke [11, C. 167] ormedan:
«Hauunas om nepevix cmaouil pazeumus He cyuie-
Cmeyen KOHCHAHMHO 0c00020 henozenemuyeckozo
svipasicenus 0711 MOOUPUKAUUIL U HACTEOCH BEHHBIX
RPU3HAKOG).

Ipod. H.A. [Tnoxuuckwuit [12, C. 5] noouepku-
ean: «/Ina 00Holl ocodu Gecemvicienno onpeoenama,
Kakaa uacmyp eé genomuna 00ycnoeneHa Hacieo-
CHBEHHOCMbIO, A KAKaa — ycaosuamu ycusuu. Iene-
muueckas uHgopmayus, nOaIYYeHHas OOHUM UHOU-
8UOYYMOM, Peanu3yemcs 6 maKkom e3aumooeiicmeuu
C YCIosUAMU HCU3HU, NPU KOMOPOM 00e RpUYUHbL
Heomoenumol Opyz om opyzay.

Ipod. V. Yumesamc [13, C. 350] yreepxnan: «B
RPOOYKMUGHOCIMU O0HO20 OP2AHUIMA HEBO3ZMONCHO
paszoenump 2eHemuyeckue u GHeunue 6030elcmeus
Ha NPUHAKU CO CAGOU HAC1E0YeMOCHbIO, U OMOOp
6 F2 nenaoésceny.

3aB. 1a6. NUllul" CO AH 3.C. Hukopo u coaBTOpbI
[14, C. 300] coxxanenu: «/Jnsa oyenxku cenomuna neoo-
X00UMO 3HAMb GENUUUHY 2EHOMUNUYECKO020 3HAYe-
HUA NPU3HAKA, 00HAKO, Hem Cnocoda omoenums 2e-
HOmunuyeckoe 3HaueHue Om 3IK0J0ZUHECKO20 Ons
Kax#cooil omoenbHoil 0coouy.

Axan. [1.®. Poxumkwuii [15, C. 200] mucan: «®@e-
Homun ocobeii — Mo eOuUHbLI YeI0CMHBLI OPZAHUIM.
O zenomune ocobeil HenocpeocmeenHo, 6e3 ananuza
UX HOMOMCMEa, CYOUms HeO3MOHCHON.

IIpo¢. B.K. Cauenko [16, C. 19] cunran: «Boi-
YIEHUMb HENOCPeOCMEEHHO ONA Kax3coozo op2a-
HU3MA 6UAHUE HA PA36UMUE NPUSHAKA 2EHOMUNA U
cpeobl — He NPEeOCMAaABAACHCA 603MONHCHBIM).
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OKkcnepuMeHTaNbHas OIEHKa 3S(PPEKTUBHOCTH
TPaAWIOHHBIX BU3YalbHBIX OTOOPOB IO (hEHOTUIIAM
mokazana, 9o u3 10 000 oTroOpaHHBIX pacTeHHH C Iyd-
mmMHu GpeHoTHIIaMu (TIpu 0TOOpax Ha (OHE JIEerKoi 3a-
CyXM) TCHETHYECKH IEHHBIM OKa3aJoCh JIHMIIb OIHO
pacTeHue, T.e. TOYHOCTh «y3HaBaHMs» TEHOTHUIIA 110 €T0
tenorumy cocramia 0,0001 [17]. B takux cutryanusx
ciydaiiHbIl 0TOOp MOXKeT ObITh 3 deKkTUBHEE 0TOOpa
o JiyqmuM ¢penorunam. Coszaercs BieyaTIICHHE, YTO
MOCTYJIAThI HIECTEPHIX KPYIMHEHITNX (PEHOTeHETUKOB U
TeHETUKOB — chpaBe;iuBbl. OHAKO, MEpBOE CIEA-
crBue TOI'OKII — npuHmun (OHOBBIX NPH3HAKOB
(II®IT) — TeopeTHyeck U 3KCIIEPUMEHTAIBHO OTBEPT
ot yrBepxkaeHus [18,19] u cozman meToms! ObICTpOit
(6e3 cMeHBI MOKOJICHUI) UIeHTH()HUKAINN TeHOTHITH-
YEeCKOr0 3HAYEHUSI JIF0OOTO IPU3HAKA MPOTYKTHUBHOCTH
Y OTIETBHOM 0COOH B PACIIETIIAIONICHCS OIYJIISIUH C
TouHOCTHIO B 1000 pa3 mpeBpllIatoIe TOYHOCTh Tpa-
JUIIMOHHOTO BU3YaJbHOTO «y3HABAHUA» M€HETHYECKU
1eHHOo# ocoou [20].

Hansneiimee pazsurue I1OII u oTkpsiTHE 7-U Te-
HETUKO-(H3HOJIOTHYECKUX CUCTEM, Je-(haKTO MOBBI-
HIAIOLTNX YPOXKau HOBBIX COPTOB, IIOPOAMIN MIPUHIIUI
pa3HOHAIPaBICHHONW («OPTOrOHAJIBHOW») WICHTU(H-
karun  ([TPM) [21], d9ro mO3BOIMIIO, BO-TIEPBEHIX,
OpIcTpO (0€3 CMEHBI TIOKOJICHH) WACHTU(QHINPOBATH
IUTIOCOBBIC TCHETHUECKHE BKJIAABI KaXKIOH U3 CEMH Te-
HeTHKo-pmuonornaeckux cuctem (I'®@C) B mpomyk-
THUBHOCTH JTIO0OH 0COOM, BO-BTOPBIX, OTKAa3aThCs OT
TPaAUIIOHHBIX HU3KO 3(()EKTHBHBIX BH3YaJIbHBIX OT-
60poB 1O (EHOTHINYECKUM 3HAUYEHHSIM IPHU3HAKOB,
(dTo menmany U AeNar0T BCE CENEKIIMOHEPHI MUpPA yKe B
TE€4EeHHE MHOTHX COTEH JIeT) U, B TPEThHX, UCIOIb30-
BaTh BEJIMYMHBI MPU3HAKOB IPOJYKTHBHOCTH B Kaue-
CTBE CIELHAIBHBIX IBYMEPHBIX KOOPANWHAT, B KOTOPBIX
BCE «IIYMBI» (9KOJIOTHIECKUH, KOHKYPEHTHBIN T€HOTH-
MUYECKUH M KOHKYPEHTHBIH SKOIIOTHYECKUI) CIIBHU-
TafoT TOYKY COpTa IO MOJIOKUTEINEHON JINHUN perpec-
cuy, a HeHHbIH mmocoBoit casur ['AC, nanp. arrpak-
I, - o OTPHIIATEIIEHON (adpdexr
«OpTOTOHANBHOCTHY). [Ipn 3TOM EHHBIN BKIIAJ B ypo-
kait 11000% ['®C «ouunIaercs» OT MACKHPYIONIHX 3¢-
(hexTOB BCEX IIYMOB W MPOSBIAETCA (M U3MEPSIETCS) C
abcomrotHOM TouHoCThIO. [IDIT u [TPU npu ordopax B
JIECHOM CEJEKINH OLIEHHBAIOT B JICCHBIX MOIYJISAIMIX
TEHOTHII JIT000T0 OTMENBHOTO Jepena 3a 3-4 MUH., TO-
I/1a KaK IpH OICHKE 110 CEMEHHOMY MOTOMCTBY OTO-
OpaHHBIX TIO (EHOTHIIAM «ILTIOCOBBIX» JEPEBBEB -
HeoOxoxumo xaath 10-20 ser.

IIpo6nema 2 . HeoOxomumocTh ycTpaHEHUs
OoJIPIINX OMIMOOK METOMOB BH3YaJIbHBIX WHIUBHIY-
ANBHBIX O0TOOPOB (maxe ¢ ucmonb3oBanueM [1OIT u
[1P1) B HETHNUYHBIE TOJIBI JUIl KOHKPETHOW 30HHI Ce-
nexiyn. CeNeKIoHep HCIBITHIBAET B KOJUIEKIIHOHHOM
MUTOMHHKE KOJUIEKIIUIO UCXOIHBIX COPTOB JJISI CEJIeK-
IIUH B CBOEH 30HE MUHUMYM 3 TOAa, HoAOMpas, Mo ero
MHEHHIO, Ty4ImuXx poautenei. Ha 4-if rox oH BeiceBaeT
B MUTOMHUKE THOPUAM3AIMK dTUX POJUTENEH, CKpe-
IIMBAaET UX U IOJIy4aeT CEeMEeHa IT'MOPHIHOTO IOKOJIe-
Hus F1 . Ha 5-it ron oH BeiceBaeT cemena F1 B nutoMm-
HHMKE OTOOPOB U IIPOU3BOJIUT BU3yaJIbHbIE OTOOPHI JIyd-
mmx ¢enorunoB. Ho ecnu rox orOopoB BbLIaICs

HETUNUYHBIM AJIS1 JaHHO 30HBI CENEKLUH, TO JIyUIIyI0
MIPOYKTUBHOCTH TPOSBST APYTHE TCHOTUIIBI, KOTOPBIE
HE AayT B TUIHYHBIC TOJBl MAKCHMAJIBHOTO ypOXKas.
OT00paB WX B HETHUIIHYIHBIH TOJ, CEJICKIIMOHEP COBEP-
IUT OOJBUIYIO OIIMOKY, ITOCKONBKY B THITMYHBIN IO
OTOOpaHHBIE TCHOTHIIBI «IIPOCSAYT», @ UMEIOLINECS B
TOMYJIAIUY JIy9IINe TeHOTHIIBI U1 THITMYHOTO roja —
B OCHOBHOM (T10Cjie OTOOPOB B HETHITMYHBII roj) Oy-
JOyT MOTEPSIHbI, MOCKOJIbKY HEBO3MOXKHO BECh Marte-
puan Bcex cemeit F2 nepeceats B F3, F4 u 1.1. B utore
5 et HanpsHKEHHOM paboTHI CeNeKIoHepa YacTo Mpo-
nanatot Buycryo [4, C. 111]. UIMeHHO 0TOOpEI B HETH-
MUYHBIE TOABI IPUBOASIT K TOMY, UTO COPT, CO3/IaHHbII
B OJTHOH reorpau4eckoil Touke, mocje UCIBITAHNS B
cucreMe l'occoproceTn paiioHHpyeTcs 3a COTHU (H
Jaxe THICAYM) KM OT MECTa €ro BbIBEJCHHUS. Tak B
Hamy JHU B JIeHWHTpaackod oOiacTu paoOHHPOBaH
copt KpacHoypumckas 100, co3mannsrii Ha Ypaie; B
Jluneuxkoii o6actu Bo3aenbIBaiu copTa u3 Oeccol; Ha
Ka3axCTaHCKOM nenuHe u B 3amagHoi Cubupu Bbice-
Banu CapartoBckyio 29, coznannyto B CapaToBe; copT
XapbKoBcKas 46 okkynupoBail Anraii, HO He XapbKOB-
LIMHY; MBeAcKuil copT Panr B 70-¢ roasl 3aHumal
orpomHblie wromaau B TromeHckoit u OMckoi o6ia-
CTSIX. DTO TOBOPHUT O HHU3KOW pa3pelIarmiei crocod-
HOCTH METOJOB TPAAHMIMOHHOW IIOJEBOH CEJICKIHH.
CutyaIys B IOJEBOH CeNEeKINU CeroHs MOI00Ha TOH,
410 OBITa B MPBDKKAaX C IIECTOM: KOTAA CHOPTCMEHBI
TIPBITay B 6aMOYKOBBIMHU IIECTaMH, MHPOBOH PEKOPI
0611 Ha ypoBHE 4-X MeTpoB. HoBbIE XMMHUUECKHE TEX-
HOJIOTHH co3ajiu (pubepriaccoBble HIECThI, © MHPO-
BOM peKop]I cpa3y MOJHSIICS 10 6 M.

OTO y3KO€ MECTO MOXHO yOparb, €ciH IIPOBO-
auTh oT60psI B F2 1 nocnenyronmx nokoneHusax B Ce-
JIEKITHOHHOM (PUTOTpOHE, B KOTOPOM MOBOPOTAMH PY-
KOSITOK MO>KHO JIETKO CO31aBaTh TUIINYHBIC TUHAMUKH
JMM-(aKTOPOB /IS JTI000I 30HBI CEJISKIINN Ha 3eMIle.

IIpodaema 3. OTcyTCTBHE TEXHOJIOT U CENIEKLIMU
Ha TOMeocTa3 yposkas (Ha HOBBIIIEHHE «IUIACTHYHO-
CTW» cOpTa) B psiAy JIET B OJHOHM TreorpauyecKkou
TOYKE WJIM B OZIMH T'0J] B pa3HbIX Toukax. J[o co3manns
TOI'OKII npupona romeocraza ypoxas (ITaCTHYHO-
CTH copTa) ObuTa HeusBecTHA. CeleKIUIo Ha MOBBIIIe-
HHE TOMeocTa3a yposkas BeJld METOJIOM Ipol U omu-
00K (METOIOM «TBIKa») C OTPOMHBIMHU 3aTpaTaMH Bpe-
mean u cpeactB. TOT'OKII pacmmdposana panee
HEU3BECTHBIN 3KOJIOrO-T€HETUYECKUN MEXaHU3M TIo-
MeocTasa ypoxas (miactuaHoctu copta [4, C.172] u
MO3BOJMJIA CO3JaTh NMPHOPHUTETHYI) TEXHOJOTHIO Ce-
JIEKIIIOHHOTO MOBBIIIEHUS IJTACTUYHOCTU HOBBIX COP-
TOB [22].

IIpobsema 4. OTCyTCTBHE TEXHOJIOTHI CENIEKLINU
Ha TOBBIIIEHUE 3aCyXOYCTOHUMBOCTU HOBBIX COPTOB.
Exeromno sxkonomuka P® tepser 7-8 mipa. py6. nz-3a
HEJIOCTATOYHOM 3aCyXOYCTOMYHMBOCTH COPTOB 3€PHO-
BBIX M 3¢pHO000O0BEIX KyIbTYp. T0 XKe camoe Ipoucxo-
IUT U B ApYrux crpaHax. Tak B ABctpamuu B 2003 T.
MIPOU3BOJICTBO IIICHHUITBI M3-32 3aCyXH COKPATHIOCH C
24 no 9 miH. ToHH, wiK Ha 62,5%. TpaauUMOHHbBIE Me-
TOJbl CENEKIUM — MapHble, TUAJUIEIbHBIE U Ipyrue
CXEMBbI CKPEIIMBAHUI M BU3yallbHbIE OTOOPHI Ha (oHE
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3aCyXH — He CIIOCOOHBI MOBBICUTD HACJIEICTBEHHYIO 3a-
CYXOYCTOMYHBOCTb, BKJIaJ B KOTOPYIO BHOCAT MHUHH-
MyM 22 KOMIIOHCHTHBIX HpH3HAKa, KaXIBIH U3 KOTO-
PBIX IE€TEpMUHUpPYETCS YyuciaoM reroB oT 10 go 9 000
[23]. Co3mannsrit B pamkxax TOI'OKII nproputeTHbIi
(heHOTalNMHT MO3BOMNMII CO3/1aTh HOBYIO HEKAaHOHHYE-
CKYIO BBICOKYIO TEXHOJIOTHIO HACJICACTBEHHOTO TIOBBI-
IeHus 3acyxoycroiunBoctd B CenekmoHHOM (uTo-
Tpone [23].

IIpo6aema 5. OrcyrcTBUE 3 PEKTUBHBIX TEXHO-
JIOTHH CEeNeKLIMU Ha TOBBIIIEHUE XOJOJOCTOMKOCTH U
JKapOCTOMKOCTH HOBBIX COPTOB. [IpropureTHbIii GpeHo-
tainuHr, Beime i u3 TOI'OKII, mo3Bosaua co3naTh
HOBYI0O WHHOBALMOHHYIO TE€XHOJOTHIO CEIEKIUH IS
HACJIEJCTBEHHOTO TOBBIMICHUS XOJIOJO0- U KAPOCTOM-
KOCTH HOBBIX COPTOB IPH celeKIuH B CeNeKIINOHHOM
(uTOTpOHE, TOCIEI0OBATEIBHO IOBHIIIAS YCTOHYHBO-
CTH IJIs1 KaXKAOH (pa3el OHTOTeHe3a (Hamp. y MIISHHUIIBI
— 12 ¢a3 onrorenesa), [25].

IIpo6aema 6. OTcyTCcTBHE TEXHOJIOTHI MIpeoso-
JICHUs HEXeJaTeIbHbIX OTPHUIATENbHBIX I€HOTHIINYE-
CKUX KOppessanuil MeXay 3KOHOMHYECKH BaXKHBIMHU
CBOMCTBAMH M NPOOJIEMBI MPOTHO3a MOJI0KUTEIBHBIX
TeHOTUITHYECKUX KOPPEIAINHA MEXIY JIeTKo Halmo1a-
€MBIM ITPU3HAKOM U TPYAHO PETHCTPUPYEMBIM HEBUAN-
MbIM npu3HakoM. TOI'OKII BnepBble BBISICHMIIA 3KO-
JIOTO-TEHETHYECKIE MEXaHN3MBI CIIBUTOB 3HAKOB U Be-
JMYMH TeHOTUIIMIECKUX KOPPEISINI B pa3HBIX cpeax
M CO37Iaia METOABI MMPOTHO3a NX NU3MEHEHHH OT CPezbl
K cpene [26].

IIpo6aema 7. OTcyTCTBHE 3HAHUH O HPUPOAE
TpaHCTpeCcCUi, WX MPOTHO30B U HAIEKHBIX AITOPHUT-
MOB MOJ0OpPa POAMUTENBCKUX Map IS IIOIyYeHHS
TpaHCTpeccuil 0 IPOIyKTUBHOCTH U yposkato. TpaHc-
I'PECCHH — IIIaBHBIM phIYar MOBHIIEHHS YPO)KaeB y pac-
TEHHUI CaMOOIBLTUTENCH. Bo MHOTHX ydeOHHKax reHe-
THKH H3Jaraercs KOMOMHATOPHO-TEHETHYECKast THIT0-
Te3a Npuposl TpaHcrpeccuil: AABB x aaBB = AABB
(B cimydae HampaBJICHHOTO JOMHHUPOBAHUS TEHOTHII
AABB Oyner mpeBpIIaTh 10 MPOIXyKTHBHOCTH JIy4-
it ponutensckuit copt). TOT'OKII oTBepria 3Ty ru-
MOTe3y, He MO3BOJIIONIIYIO CENEeKIHOHEPY MPOTHO3U-
poBaTh BO3HUKHOBEHHE TpaHcrpeccuit B F2 | pacumd-
poBaia HKOJIOT0-TEHETHYECKYIO IpUpPORY
TpaHCTPEeCCHH, Co3/1ama METOIbI IPOTHO3a TPaHCTpec-
CHUH ¥ TEXHOJIOTHH OA00pa POJUTEIBCKUX COPTOB IS
CKpEIMBaHNUsA [26], 9YTO MMO3BOISIET COKPATUTH €XKETOI-
Hble 00BEMBI CKPEIIMBAHNH KaXKAbIM CEJIEKLIEHTPOM (a
ux o0braHo 1000 1 60see) — no 5-10 kpoccos. Ceiiuac
B P® okono 40 cenekueHTpoB, Tak YTO COKpAIlEHUE
o0peMoB ckpemmBanuii B 100 u Oomee pa3 cyme-
CTBEHHO CHHU3MT 3aTpaThl M MOJHUMET 3¢ HeKTHBHOCTH
CEJIEKL[UH Ha TIOBBILIEHNE YPOIXKAEB.

IIpo6aema 8. OTcyTcTBHE 3HAHUH O IPUPOJIE Te-
Tepo3uca y HepEeKPECTHUKOB M CAMOOTIBUIUTENEH 1 3a-
Jlada CO3/IaHMsI HOBBIX aJITOPUTMOB 1TOI00pa map B ce-
nexiyn Ha reteposuc. TOI'OKII noaTeepania MHEHNE
FO.H. BanoBa: «I' emepo3uc — asienue, ne umerouiee
noo coboii zenemuueckoii meopuu. Ono ckopee gu-
3uonozuyeckoe, yem zenemuueckoe. Hu oona xpacu-
6as 2eHeMuUYeCKas meopus 2emepo3uca He yyenena;

odxcuoanusn Ihgexma cemepozuca y 2udbpudoe kama-
cmpoguuecku 10nANUCL, HO INO 3AMATUUEATOCH)
[2, C. 367]. TOT'OKII pacmmudpoBaia SMUTEHETHIC-
CKHH (PKOJIOTO-TCHETUYECKHI) MEXaHU3M JKOJIOTHYC-
CKH 3aBHCHMOTO TETE€pO3HCa, CO37ana HHHOBAIHOH-
HYIO TEXHOJIOTHIO €TI0 NPOTHO3HPOBAHUS U JKCIEPH-
MEHTaJIbHO  JOKa3alla BO3MOXHOCTb  IIOJNyYECHUS
reTepo3uCcHOro 3(h(eKTa Mo MPOLYKTUBHOCTHU Y IPOBOM
mueHnnsl — Oonee 100% or mydmiero poauTens
[27,28]. D10 mo3BOJILET HA 0a3e ITOrO HOBOTO 3HAHMUS
BEPHYTHCS K IPOOJIEMe CO3IaHUs BHICOKOYPOXKAWHOM
THOPUTHOH TMIICHUIIBL.

IIpo6aema 9. OtcyrcTBUE 3HaHUII O HpuUpoe
BAXHEHIIIETO A CENEKLHMH SIBICHUS — B3aUMOJEH-
ctBus «reHoTHI-cpena» (BI'C). BI'C — s3To cmeHa paH-
TOB NPOAYKTUBHOCTH B HaOOpE COPTOB, BBIPAIIMBAc-
MBIX B pa3HbIX Cpeiax (B pa3HbIe FOAbI B OJJHOM reorpa-
(uueckoi Touke, WIN B OJWH IOl B Pa3HBIX TOYKax). B
nepuon ¢ 1905 mo 1918 rr. K. Ilupcon, C. CniupmeH u
P. ®umep [29,30,31] npemioxuam KOIUYECTBEHHBIE
MeTobl («WIMHEHKN») i u3mepenus addexro BI'C
— K03 GHULUECHT PaHTOBOM KOPPESLUK U IBYX(pakTop-
HBI JIUCTIEPCUOHHBIN aHallu3, KOTOPBIE C YCIEXOM
MPUMEHSIOTCS U ToHbIHE. OnHako npupoaa BI'C Obuia
HeusBecTHa A0 2010 r, U, YTO OYEHb MHTEPECHO, HU
OJIHA W3 BETBEH TPAAWIIMOHHON I'€HETHUKH (MEH/IENIEeB-
cKkasi, OmoMeTpudeckas U MOJEKyIsapHas) ¢ 1918 mo
2010 r. He BBIABMHYJIA HU OJHOW TMIIOTE3BI O IPUPOJIE
¢enomena BI'C. M3 TOI'OKII Beimmia rumorte3a 00
sKonoro-reHeTmdeckoit mpupone BI'C, ona Obima skc-
HNEepUMEHTAIBHO MOATBEPIKICHA, TAK YTO CErOAHS IpH-
poxa BI'C mosHOCTRIO paciiudpoBana. IT0 MO3BOJISET
nporuosuposath 3ddextsr BI'C s modbix cpen, a
HPU UHTPOIYKIIMH T€HOTHUIIA B HOBBIE yCIOBUS CPEJIbI
— 3apaHee 3HaTh «IIOPTPET» TaHHOTO FeHOTHIA (COpTa)
B HOBOM Cpejie, 0 €ro AKCIEPUMEHTAILHOTO TIepeHoca
B HOBYIO cpeny[32].

Ipodaemal(. OTtcyTcTBUE METOAOB TOYHOU
OLICHKH 3KOJIOTO-TeHETHYECKOTO ITOTEHIHala MOBBI-
LIEHUsT ypoXkash NPH CKPEIIMBaHWM KOHKPETHOTO
Habopa copTOB MO JuamiensHol cxeme. Ha ocHoBe
TOI'OKII, ucnone3yst OrpoMHBIH OaHK JaHHBIX (TIPO-
rpammsl JIMAC) 3amMepoB NPU3HAKOB MPOTYKTUBHOCTH
(oKOMO 5 MIIH. 3HaY€HWI), CO3/]aHbl HHHOBAIMOHHBIE
QITOPUTMBI KOJMYECTBEHHOW OIEHKH BO3MOXHOTO
HACJICZICTBEHHOTO MPEBBINICHUS ypoXkas OyayImero
COpTa HaJl ypoXKaeM JTydIIero CopTa U3 B3ATOro Habopa
COPTOB JuIsl JMIOOBIX reorpadpuueckux touek [4, C.189-
199].

IIpo6aema 11. HeoOX0MuMOCTh HOBOTO 3HAHHUS
BCEX BO3MOXXHBIX «pBIYaroB)» MOBBILICHHUS ypoxkas B
npouecce cenexkuuud. TOT'OKII nokazana, uro cymie-
CTBYIOT 4 TJIaBHBIX pbIYara IMoBbIMICHUS ypOyKasi HOBBIX
coptoB [33]: 1) Tunm3anusi TMHAMUKH JTUM-(PaKTOPOB
Cpezsl I KaKI0W 30HBI CENEKIUH, U1 TOTO YTOOBI
ITOTOM BOCTIPOM3BOJNTH TUMHYHBIE TUHAMUKN THIHY-
HeIX JieT B CeleKIMOHHOM (DUTOTPOHE; 2) TOYHAs
HACHTUHUKAINSI TeHOTHIIOB NPH 0TOOpax Ha GoHe TH-
MTMYHOM TNHAMUKH JIMM-(akTopoB. (CyliecTByeT ajb-
TepHaTUBa: 100, NIPU CEJEKLUUH B II0JIE, KAATh MPH-
XO0/1a TUIIMYHOTO T'0/1a M HE BECTH OTOOPHI B HETHIINY-
HBIE TOJBI, yTOllasi B OrPOMHBIX O0BEMax cemei
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BTOPOT0, TPETHETO U JIp. HOKOJICHHUH, INOO co31aBaTh B
CeneknnoHHOM (UTOTPOHE TUHAMHKH JIMM-(PaKTOPOB
TUOUYHBIX JIET JJI 10001 reorpapuuecKkod TOUYKA U
TIPOBOIUTE OTOOPHI B QUTOTPOHE); 3) «BBEICHHUE» Iy-
TEM CKpEIIMBaHUHA B KpUTHYECKHE (a3l OHTOTCHE3a
KOHKPETHOTO COpTa - TeHETHYECKIX CUCTEM YCTOHYH-
BOCTH K cTpeccopaM («(hazoBasi CETNEKIH»). ITOT PhI-
yar croco0eH NoAHATh yposkan Ha 20-30%; 4) cusitne
TeHETHYECKUX JIMMUTOB B CYTOYHOM JMHAMUKE (hU3HO0-
JIOTHYECKUX IMpolieccoB. Tak mpoyieHne HOpMatbHON
«paboTh» (U3HOJOTMYECKUX CHCTEM Ha 2 daca B
cytkua nact 3a 100 mHell Bereranmu npubOaBKy OHO-
Macchl, KOTOPYIO aaeT Oojee mosaHecnesnslit (Ha 9 cy-
TOK) copT, T.e. 20-30%. CyMMapHO BO3MOXKHOE KO-
JIOTO-TEHETHYECKOE TIOBBIIICHHE YpPOXKaeB SIPOBOU
nmeHnns! B 3anagaoi Cubupu — 50-70%; B EBponeii-
ckoii yactu P® — 60-80%. B3saTe 3TOT mOTEHIIHAI
MOXKHO TOJNBKO C MOMOIIBI0 CeleKInoOHHOTO (HUTO-
TpoHa [33].

IMpodaema 12. OTCYTCTBHE TEXHOJOTHH OBICT-
poit (6e3 cMeHBI MOKOJIEHUH) OLIEHKH TeHEeTHYEeCKON
(anouTHBHON) AUCTIEpPCHU NPU3HAKOB IPOAYKTHBHO-
ctu. llpuMeHeHHME B CEJIEKIMOHHBIX TEXHOJIOTHIX
[1®II u ITPU no3BossieT 04eHb TOYHO OLICHUBATh '€HO-
TUIIMYECKYI0 IHCIIEPCHI0 TPU3HAKOB TPOAYKTUBHO-
CTH, OIHAKO, 3Ta AWCHEPCHSI HWMEET CIIOKHYIO TpH-
pomy: B Hee BXOAAT 3PPEKTH MeKaIUIETHHBIX B3aUMO-
IecTBUH B JIOKycax  (IOMHHHUpOBaHHE U
CBEPXJIOMHHUPOBaHHE), SPPEKTH MEKIOKYCHBIX B3a-
UMOJICHCTBUH (TTapHBIE AHUCTA3bI - KOMIIEMEHTapHBIH
Y TYTUIMKaTHBIN) U MYJIbTUJIOKYCHBIE dMUCTa3bl. [ eHe-
TUYECKYIO (aTUTHUBHYIO) TUCTIEPCUIO MOPOKAAET U3-
MEHYHMBOCTb TOJILKO aJIMTUBHBIX BKJIaJI0B reHoB. [1o-
CKOJIbKY T€HETHUYECKOE YIyUllIeHHE CaMOOIbLIUTENEH
MPOUCXOJUT TOJIBKO 32 CUET HAKOILICHHUS ITUIFOCOBBIX
AJTUTHBHBIX TE€HOB, TO CEJCKIMOHEPY HEO0OXOAMMO
3HATh HE TOJBKO TEHOTHUITUYECKYIO TUCTIEPCHIO, HO TO-
pa3mo Oonee BaXKHYIO JJIST HETO — FeHETUIECKYIO (af-
mutuBHY10). o mosBienuss TOT'OKII amgmutmBHYIO
JUICTIEPCHIO OIICHUBAIN JTHOO MO0 KOPPEIAIUN «POIH-
TENb-TIOTOMOKY, JIN0O TI0 KOPPEJISIIIAN POJICTBCHHUKOB
(cubBI ¥ TOTYCHOBI). DTH OICHKH TPEOYIO CMEHBI MO-
KOJICHUH, T.e. OOJBLIMX 3aTpaT BPEMEHHU, U TIPH ITOM
HeJIb3sl IPOrHO3UPOBATh YPOBEHb BO3ZMOXHOTO I'€HETH-
YECKOrO MOBBIIICHHS MPOIYKTUBHOCTH Y OyIyIIero
copra. TOI'OKII mpemroxuna MPHUHIUI OBICTPOH
oreHKH (0e3 CMEHBI MOKOJICHUH) aJANTUBHON AUCIIEP-
CHHM TIO CTENCHN «CUMWIIPHOCTH» PEarupoBaHUs po-
JIUTEJILCKUX T'€HOTHIIOB B SKOJOTMYECKOM TIPaJNCHTE
[34], uro MO3BONMMIIO JeNaTh KOJIUYECTBEHHBIE MPO-
THO3BI IPHOAaBOK NMPOAYKTHBHOCTH y Oy IylIero copra.

IIpo6aema 13. OTcyTcTBHE TEOPUU MOCTPOCHUS
ONTHMAJIBHBIX CEIEKIMOHHBIX WHJIEKCOB IUISI Pa3HBIX
JMHAMHK JIMMUTUPYIOUIHUX (aKTOPOB B pa3HbIX 30HAX
cenexmun. 10.A. @unumnuenko [35, C. 38-39] momuep-
kuBal: «Ha ocnoeanuu ceoezo onvima A 0014ceH
npeoocmepeus cex uU3yUAOWUX HAC1e008aHUue KO-
JIUYECMEEHHbIX RPUZHAKOE OM NOJIb308AHUA UHOEK-
camu — eciu He CO8EPULEHHO, MO 8 2PDOMAOHOM DOJIb-
wiuncmee ciayuaes. Tonvko 6 ouenv HemHo2ux cuy-
uaax mMemoo UHOEKCO8 Oaem Heumo 0Oobvuiee, uem

noNb306aHUEe OOHUMU  ADCONIOMHBIMU  GENUYU-
Hamu... B zpomaonom snce odonvwuncmee ciayuaes
npenebpescenue adconIOMHBIMU GETUYUHAMU NPU
GLIACHEHUU X00a HACNE006aHUA MOMCEm Gbl36aAMb
MONBLKO NyMaHuuy u OuuoKu».

OpHako (PU3MONOTH PAaCTEeHHUH M3y4aroT TOJBKO
KOJINYECTBEHHBIE NPHU3HAKN (TCHETHKH €IIe M Kade-
CTBEHHBIE), IPH 3TOM TOJIbKO B BUZI€ MHIEKCOB. lIHTEH-
CHBHOCTh (DOTOCHHTE3a WJIM TpaHCIUpanuu B abco-
JIIOTHOM 3HaU€HHH HE UMEIOT HUKAKOIro CMbICHA (B OT-
JIMYUE OT «MAacChl KOJIOCa» MM «4YHUC]Ia KOJOCKOB B
KoJioce»). PU3HONIOrH pacCUUTHIBAIOT 3TH WHTEHCHB-
HOCTH Ha KJIETKY, Ha €IMHUIY IUIOIAAH JIUCTA, HA eAU-
HUITY MacCHI JIUCTA (CBIPOH WIIH CyXOH), Ha YHCIIO XJIO-
porutacToB u T.n. Ho OTHOIIEHHWE OBYX NMPH3HAKOB —
9TO U €CTh MH/IEKC, 3HAYHUT UCIIOJIb30BAHNE HHACKCOB B
¢usnonorny pacteHUH — OOBIYHAsT M IOBCEMECTHAsS
npouexnypa. Ilouemy >xe HHAEKCHI TP U3YYECHUH TeHE-
TUKU KOJMYECTBEHHBIX MPU3HAKOB MPUBOIAT K «ITyTa-
HUIIE ¥ OIIMOKaM», a UHICKCHI TeX )K€ KOJMYECTBEH-
HBIX, HO ()M3HOJIOTMYECKUX, IPH3HAKOB UMEIOT TIOBCE-
MECTHOE paclpocTpaHeHue, Oonee TOro, 0e3 HHUX
BOOOIIE HEBO3MOXKHO U3y4yaTh (PU3MOIIOTUUCCKHUE TIPO-
necchl?

M3 TOI'OKII Bblnuia HOBasi TEOPHS CENEKLMOH-
HeIX nHAeKCOB (HTCH) [36, 37], koTOpas yBs3ana HH-
(OpPMaTHBHOCTh MHAEKCOB C JMM-()aKTOpaMH BHEII-
Hel cpenpl. Tak, 0TOOp MO «MHAEKCY aTTPAKIUI» - (0T-
HOIIEHHUIO MacChl KOJIOCa K Macce COJIOMHUHBI TIIaBHOTO
cTeOIIsl OTHOTO PACcTeHHUS) NP CENEKIMH MIICHUIBI B
Ceseproit Muauu (Ha ¢GoHE MOJSUBA, ONTHMAIBHOTO
MHUHEPAJIBFHOTO MUTAHUS, ONTUMAIBHONW TeMIIepaTyphl
U OCBEIIIEHHOCTH) OyJeT OTpakaTh TeHETHYECKHE pas3-
nuuns pacteHuit mo xavectsy I'®C aTTpakium, u 0OT-
60p MO 3TOMYy MHJEKCY AACT HOBBIM COPT C HaWIyd4-
IIMMH CHCTeMaMH aTTpakuuu. Ho ecim mbl Oynem Be-
cTH OTOOpHI 1O 3TOMY ke MHIekcy B CapartoBe (Ha
(doHe 3acyxH), TO y TCHOTHIIA, MMEIOLIETO JIydIlne
TeHBI 3aCyX0yCTOHYMBOCTH, NapajuICIIbHO YBEIHIATCS
U «Macca KOJIocay M «Macca COJIOMUHBIY, T.€. «MHJIEKC
aTTPaKLM» OCTaHEeTCs HeM3MEeHHBIM. OTOOp 1o 3 TOMY
uHzekcy B CaparoBe mpUBEAET K MOTEPE CaMBIX LIEH-
HBIX 3aCyXOyCTOHYMBBIX reHOTHIIOB. B Caparose Ha10
BECTU OTOOpPHI 10 TMPHU3HAKY —«MaKCHUMallbHasi 00Ias
cyxast bmomacca pacteHus Ha (poHe cpeHe OBOTHEH-
HOCTH JIUCTheB U cTebst». HTCH nmokasana, 94To B 0f-
HOM cpejie KOHKPETHBIN CeJIeKIIMOHHBIN HHJIEKC MOXKET
JlaBaTh NPEKpacHbIe CENEKIMOHHBIE PE3yNIbTaThl, a B
JpYroii — IPUBOJNTH K MOTEPSIM HanboJee EHHBIX I'e-
HotunoB. HTCH npennoxuna KOHKPETHbIE MHIEKCHI
JUIs. KOHKPETHBIX CPEJl ¢ YUETKUM MPOTHO30M YCIEIIHO-
CTH CEJIEKI[UHU Ha IPOYKTUBHOCTb U ypoKail.

IIpo6aema 14. HeoOxoaumocTs ynemeBIeHUs
CO3JIaHMsI HOBBIX IIPOPBIBHBIX COPTOB. Bee cenekimon-
HBIE KOMITAHUH MHPa POBOAAT SKOJIOTHUECKUE HCITBI-
TaHUS HOBBIX mpencopToB (B P »to memaer I'ocko-
Muccus 1o coproucnsitannio MCX P®). Tak komma-
auts KWS (®PI) ummeer 150 wucnmpITaTenbHBIX
MOJIMTOHOB B 55 pa3Hbix cTpaHax. [Ipeacopt, Hamp. ca-
XapHOW CBEKJIbI, HCIBITHIBACTCS B KaX10W reorpadu-
YECKOH TOYKE He MeHee 3-4-X JIeT. DTO OYEHb OPOro
— CO3JaHKE€ OJHOTO HOBOTO COPTa CaxapHOM CBEKJIBI
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quatest 15-16 ner u ooxomutest B 15-18 mutH. eBpo. B
CeneknnoHHOM (PUTOTPOHE MOXKHO ITOBOPOTAMH PYKO-
ATOK CO3/1aTh TUNYHYIO IUHAMHKY JIUM-(aKTOPOB UL
06011 reorpaduaeckoit Touku 3emir. OObEMBI HCITBI-
TaHUH MOYXHO pe3K0O COKPAaTUThH 0 BpeMeHH (4 Mecsia
BMecCTO 3-4-X JIeT) ¥ 1o 00beMaM (BMECTO ITOJIEBBIX Jie-
JITHOK C ThICA4aMM pacTeHuil nocratodno 100 pacrte-
HUHA (U1 KaXXJOM cpelbl) B BEreTalMOHHBIX COCYIax
CenekIIMOHHOTO (PUTOTPOHA ¢ yOpaHHBIMHU YKOJIOTHYE-
CKUMHU U KOHKYPEHTHBIMH IIyMaMH. JTH HCIIBITAHUS
He OyAyT 3aBUCETh OT CE€30HA rojia M OT JIIOOBIX CIIy-
JalHBIX NapajoKCcOB NMOrojel. CTOMMOCTh 3KOJIOTHYE-
CKUX HCIIBITaHUI B (PUTOTPOHE MOXHO YMECHBLINUTH B
pasbl, TEM CaMbIM CHU3HTh CTOMMOCTb CO3aHHs COpTa
U CYHIECTBEHHO YBEJIMYUTHh KOHKYPEHTOCHOCOOHOCTH
copToB P® Ha MUPOBBIX PHIHKAX.

IIpo6aema 15. HeoOxoanMOCTs HOBBIX TEXHOJIO-
THH U YIPEXKIAIOUIero CO31aHMs COPTOB I Oymy-
IIEro KJIMMaTa, KOTOpblid chOpMHUPYETCs B 30HE CEleK-
un gepe3 10-15 ner. IloTemnenue (kak U moxosona-
HUE) KJIMMaTra Ha 3emiie UOyT HEe PaBHOMEpPHO, a
«raTHaMu». KiMMaToioru co3garoT IMpOTHO3BI M3Me-
HEHUH KIuMara Juis KaXkJIOro «IsTHa». TOJIBKO B ce-
JICKIMOHHOM (DUTOTPOHE MOXKHO CO3/1aTh KJIUMAT, KO-
TophIit Oyzaet uepe3 10-15 metT B JaHHOM peruoHe, U 3a
5-6 ner Ha oHE 3TOTO OyAyIIEro KIMMarta, CO3JaH-
HOTO B (PUTOTPOHE, CKOHCTPYHUPOBATH COPT, UACATBHO
MOJOTHAHHBIN K Oynymiemy kiaumMaty. [loneBas cenex-
UL 3TOTO CAeNaTh HE MOJXKET, T.K. COPT B IIOJIE CO3/1a-
ercst 10-15 mer. IloneBas cemekuus Bcerna OymeT OT-
ctaBaTh Ha 10 neT OT MIEaIBHOTO COOTBETCTBHSA CO-
3/IaHHOTO B M10JIE COPTa M3MEHUBIIEMYCS KIIUMATy. ITO
NPUBOAMT U Oy/ET MPUBOJUTH K OOJBIIMM HeJo0opam
BasioBbIX ypoxaeB. TOI'OKII coznana ¢uroTpoHHBIE
TEXHOJIOTHH YNPEXKIAIONMIETO CO3AaHUS HICATHHO MPH-
CIIOCOOJIEHHBIX COPTOB K OyAyIIMM KJIMMaTaM B JIO-
ObIX TOuKax 3eMIIH.

Mpodaema 16. HeoOXOOUMOCTh TOBBIIICHUS
9KCIIOPTHBIX MEPCTIEKTHB HOBBIX COPTOB, CO3[aBAEMbIX
B CenekipioHHOM ¢uToTpoHe. B CeneknmoHHOM GUTO-
TPOHE MOKHO CO3/1aBaTh THUINWUYHYIO JTUHAMHKY JIHM-
(haxtopoB ans moboi Touku 3emin. CeroaHsi MOYTH
BCE COpTa C/X pacTeHHi, pacTyIlue Ha 3emiie, BbIBE-
JICHbl B TIOJIEBBIX YCJIOBHSIX, IJI€ OUY€Hb HU3KHUH NpO-
et (0,001%) IOCTOBEPHOTO «y3HABAHHS» CaMBIX
JY4UIMX WHAWBUIYaIbHBIX TC€HOTHUIIOB IIPH BU3Yyajb-
HBIX 0TOOpax, KpOMe TOTO, OTCYTCTBYET «(hazoBas» ce-
Jeknus (T.e. CeNeKIMOHHOE YITyUIIeHNE aJlallTHBHOCTH
Ka)kJI0H (ha3bl OHTOTEHE3a), a €CIIN I'OJ1 IPOBEJICHUS OT-
0OOpOB COBMAAET C HETUIMYHBIM TOJOM JUIS JAaHHOH
30HBI CENIEKIINH, TO MPEIBIAYIIHIE 5 JIeT padoTHI CeleK-
IIMOHEpa MOT'YT IpocTo Tporacts. [ToaToMy Bece copra
Mupa, BEIBEJICHHBIC B IIOJIE UMCIOT OOJBIION pe3epB
MOBBIIIEHHS TPOAYKTUBHOCTH [38].

W3 TOI'OKII Bbum (GUTOTPOHHBIE TEXHOJIOTHH
(hazoBO cedeKunu, OBICTPBIE METOIBI HIACHTH(HKA-
IIUH JTyYIIAX TeHOTHITOB IpH 0TOOpax (6e3 CMEHBI 1o-
KOJICHUI), METOABl (PUTOTPOHHOTO YIIPABICHUS JIHM-
(hakTOpamH, «yIapsIOIMMK» 110 Pa3HBIM (a3aM pa3Bu-
THS, TIPOAJICHUE CYTOYHOH (DPU3MOIOTMUECKON aKTHB-
HOCTH pacTeHHH, KOTOpPBIC MOTYT IOBBICUTH ypOXKau
COpPTOB, BhIpalinBaeMbIx cerous B P® na 50-80%.

ITo namemy muenuto umenno TOT'OKII ¢ e€ 24-
M cneacTBUsMU U 10-10 HOy-Xay U SBISIETCS TEM ca-
MBIM «(yHAAMEHTAIbLHBIM HAYYHBIM NPOPBIBOM», O
HEOOXOIUMOCTH KOoToporo mumeT CeabCKOX03si-
crBeHHBI  MHopMarmonnsii  bromteresr  MCX
CIIA (cm. smmurpad).

TOI'OKII — 310 MomHas ambTepHATHBA TEHHOW
WH)KEHEPHH, 0COOEHHO NPHU PEHICHUH MPoOIeMBbl Mo-
BBIIICHUS TIPOYKTUBHOCTU U YPO’Ka€B HOBBIX COPTOB
pacrenuii. B xomnaktHo# ¢opme TOI'OKII u crnen-
CTBUSI M3 HeE TMpeiCTaBJeHbl B NyOIMKAUAX —
[6,39,40,41].

Hoy-Xay BbICOKMX HHHOBAIMOHHBIX TEXHOJIO-
THIl JK0JIOrO-reHeTH4ecKkoro (mojesoro u ¢uro-
TPOHHOI0) yJIy4llleHHs] KOMIOHEHTOB MPOAYKTHB-
HOCTH pacTenuii, Beimenmue us TOIOKIIL.

1. Tunuzanust TUHAMHUKN JTHM-(QAKTOPOB CPEIbI
JUTSL KXKJIOW 30HBI CENEKIH ¥ BU/A PAacTCHUH Ha Oc-
HOBE IIPUOPUTETHBIX AJITOPUTMOB.

2. IIporHo3sl BO3HMKHOBEHHs TpaHCTPECCHi U
METOJIBI MOJI00pa JTYUIINX POAUTEIBCKUX Map Ha Oc-
HOBE pacuI(pPOBaHHON MPUPOABI TPAHCIPECCHI.

3. MeToaB! 3KCIIPECCHON OIEHKH aATUTHUBHOCTU
neiictBust ['OC aiist co3ganus MpeIcopToB U COPTOB.

4. MeTozp!l MPOTHO32a 3KOJIOTHYECKH 3aBUCHMOTO
rerepo3uca U moAa0op poANTEIbCKUX Tap AJ TeTepo-
3UCHOM CENeKINH.

5. Metozp! mporHo3a 3¢ pekToB B3anMoieicTBHSA
«TEHOTHUII-CPE/Ia» C TMOMOIIBIO aNTOPUTMOB aHAN3a
THUINWYHON TUHAMUKH JTUM-()aKTOPOB B OHTOT€HE3E.

6. MeToapl IPOTHO3a T€HOTUITHYECKUX, TeHETH-
YeCKHUX (aJAUTUBHBIX) M SKOJIOTHYECKUX KOPPeIiuil
U ONITUMAJIbHBIE METO/IbI 0TOOpa Ha OCHOBE 3THX MPO-
THO30B.

7. Teopus ¥ HOBBIC NIPUHLMIIBEI IOCTPOCHUS CE-
JIEKIIMOHHBIX HHEKCOB (¢ mo3uruit TOI'OKII), u Ho-
BbI€ METO/IbI 0TOOPA 110 MHJEKCAM C y4ETOM THIIHYHBIX
JMHAMHUK JIMM-(aKTOpOB Cpe/Ibl B pa3HbIX reorpadude-
CKHX TOYKaXx.

8. Meronpl MIACHTH(UKAIMN T€HOTHIIOB 10 HMX
(eHOTHIIaM C TIOMOIIBIO IPUHIUIA (POHOBBIX IPHU3HA-
KOB M QJIFTOPUTMOB «OPTOTOHATIBHOM» UACHTU(UKAIIIH
MO0 KOHEYHBIM (pe3yIbTUPYIOIIMM) IpU3HAKaM U IO
KOMITOHEHTHBIM MPHU3HAKaM Ha pa3HbIX (hazax OHTOre-
Hesa.

9. MeTozpl cO3/IaHUsI CTAPTOBBIX pabOUYMX KOJI-
JIEKITMA CENEKIEHTPOB IS KaKAOH 30HBI CEIECKINH
PO.

10. Meronbl co3aaHus CTEPKHEBBIX KOJUIEKLIUN
(core-collections) B GaHKax TeHETHYECKHUX PECYPCOB
pacTeHuil.

21 ¢epaist 2019 r. 'ockoMHCCHS IO COPTOUIIBI-
tanusaM MCX P® 3apeructpupoBana 1 BBela B peecTp
CEJIEKLIMOHHBIX JIOCTM)KEHUH COpT SIPOBOM MATKOH
mmeHuIs! «I'peranay, CO3AaHHBINA 0 TPHOPUTETHBIM
CEJIEKIIMOHHBIM TEXHOJOTHAM ((EHOTAUITHHT CEMHU Te-
HETHKO-(U3UOTIOTHIECKUX CHCTEM, OTKPBHITHIX M OTIH-
caunbIx B cneactBusix TOT'OKII). Copt «I'penanga» pe-
LIEHO BO3JENBIBaTh B 9-OM KpyNHEHIIEeM ypaabCKOM
PacTeHUEBOJUECKOM PEruoHe, Kyaa BxoasT: 1) bamxu-
pust (okoso 1 MITH rexTap mueHuIs), 2) Yenstonuckas
ob6uacts (1 MuH ra nmenunnpr), Opendyprekast 06;1acTb
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(4 muH ra muenunsl), 4) Kypranckas o6xacts (1 miH
ra nmerHnnpl). Copt «'peHaga» ncmbiTeiBaics B ['oc-
coptocetr ¢ 2016 T. ¥ TOKa3al MOIIHOE TPEBBIIICHUE
MO ypOXKaro, yCTOMYMBOCTH M KadeCTBY HajJ BCEMH
CTaHJAPTHBIMHM COPTAMH, paHEe PAOHMPOBAHHBIMH B
9THX peruoHax. [IpnbaBku ypoxas «['peHams ¢ cyM-
MapHOW IUIOMAM IO/ TIICHUIEH B 9-OM pernoHe
(7muH TekTap) OyAyT aBaTh OKUJIAEMBIN €XKEroIHbIH
3KkoHOMUUEeCKHU# 3 ekt — okoio 30 Mapa pyo.
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ISOLATION AND CHARACTERISTICS OF NEW HIGHLY ACTIVE BACTERIAL STRAINS OF
THE GENUS PSEUDOMONAS - PROMISING BIOLOGICAL CONTROL AGENTS

Summary. Ten new strains of bacteria of the genus Pseudomonas, potential biological control agents, were
isolated from the potato herb. The method of molecular typing proved strain-specific differences in bacterial cul-
tures. Based on the results of the polymerase chain reaction with the genus-specific primers OpriF and OpriR and
phylogenetic analysis, the taxonomic diagnosis of pseudomonads was confirmed. Bacterial cultures are susceptible
to bacteriophages and display antifungal activity against phytopathogenic micromycetes of the genera Alternaria
and Fusarium. Using the analysis of the nucleotide sequences of the 16S rRNA gene, highly active bacterial strains
KaTpl-4, KaTp2-1 and KaTpl-11 were identified as Pseudomonas koreensis and Pseudomonas sp.

AHHoTanust. 13 TpaBsHUCTON yacT KapTodes BhIIeNeHbI 1eCITh HOBBIX IITAMMOB OakTepHii poaa Pseu-
domonas — areHToB GHOIOTHYECKOTO KOHTPOJISl. METOIOM MOJEKYISIPHOTO THITMPOBAHUS TTOITBEPIKIACHBI [IITAM-
Mocneuuduyeckue pasinuus OaKTepHaltbHbIX KynbTyp. Ha ocCHOBaHMM pe3ylibTaToB MOJMMEPa3HOW LEMHOH pe-
akuu ¢ pogocnennpuaasiMu npaiimepamu OpriF u OpriR u punoreneTrnyeckoro aHammsa MOATBEPIKICH TaKCO-
HOMUYECKHH IHUArHO3 IceBIoMOHal. KymeTypsl Oakrepuil 00Nagal0T YyBCTBUTEIBHOCTEIO K OakTeprodaraM u
aHTU(YHraJIbHON aKTHBHOCTHIO B OTHONIEHHH (PUTOMATOTEHHBIX MUKPOMHUIIETOB ponoB Alternaria u Fusarium. C
MIOMOIIBIO aHAJI3a HyKJICOTUIHBIX TocienoBaTensHocTel reHa 16S pPHK BeicokoakTHBHBIE ITAMMEBI OaKTepUit

KaTpl-4, KaTp2-1 u KaTpl-11 uaenrudunuposan kak Pseudomonas koreensis u Pseudomonas sp.
Key words: Pseudomonas, molecular-genetic identification, molecular typing, bacteriophages, antifungal

activity.

Knouesvie cnosa: Pseudomonas, monexyrisapHo-eenemuueckas u0eHmuukayus, MOieKyIapHoe munuposd-

Hue, baxmepuopazu, anmu@yneanrbHas aKmueHOCHb.

Beenenne. Kaprodens sBisseTcst 0HOI 13 OCHOB-
HBIX CEJIbCKOXO03SHCTBEHHBIX KyJIbTyp. M3BecTHO, 9TO
B IIEPUOJ BETETATHMBHOTO PAa3MHOXEHUs KapTodens
HaOoaeTcs NpHCYTCTBHE BO30yanTenel Ooie3Hei
Ha 00TBE B IIEPHO/I BEreTaluy KyJIbTyp U B KIIyOHSIX BO
BpeMs xpaHeHHs. Poct ycroifunBocTr Bo30yuTesnei k
XMMHUYECKHM CPEICTBAM 3alUThl PACTEHUH U OCTOSH-
HbIE BCIIBIIKH 3200JIEBaHUH NPUBOAAT K YBEIMIECHHIO
MPUMEHSIEMBIX 703 XHMHYECKHX IpenapaToB, 4TO, B
CBOIO OYepeb, HHAYIIPYET HOBOE MOBHIIIEHUE yCTON-
YUBOCTH HatoreHoB. [loaTomy i mOBBIIICHHS 3()-
(heKTUBHOCTH PACTEHHEBOJCTBA AKTYaJbHBI TTOIXOJIBI,
MPEIONaraonie UCIOIb30BaHNEe OMOIIOTHYECKHX
CPEICTB 3aIlMThl Ha OCHOBE MHUKPOOPTaHU3MOB —
€CTECTBEHHBIX OOUTaTeNel 3KOCUCTEMBI [1], KoTOphIe
00J1a/1a10T N30MPaTEIbHOCTHIO AEHCTBUS U MO3BOJISTIOT
n30eXKaTh HEeXeaTeIbHBIX U3MEHEHUH B OMOLIEHO3aX,

a TaKKe COXPaHUTH IMOJIE3HbIE CBOMCTBA MPOMYKIIUU.
BoabImMHCTBO TAKMX MUKPOOPTaHU3MOB CUHTE3UPYIOT
pa3iIuYHbIC META0OJUTHI, HHIYIUPYIOIIAE B PACTCHHU
Kackaj 3allMTHBIX peakuuii [2]. Kpome Toro, npu B3a-
UMOJICHCTBUU C PAacTCHHEM OaKTEPHU MOTYT IIOBBI-
IaTh €ro XHU3HECIOCOOHOCTh, TEM CAMBIM PETyIUpPYs
YHCICHHOCTh (puTomaToreHoB. B pesynberare Gopmu-
PYIOTCSI HECKOJIBKO YPOBHEH 3alllUThl, BKJIIOYAIOLIUX
MPAMYIO KOHKYPEHITUIO ¢ (DUTOMATOTeHOM, MPOIYK-
M0 OWOIUIEHOK M aHTHOMOTHYECKMX BEIECTB, a
TaK)Ke MHIYKIUIO COOCTBEHHOIO UMMYHHTETA pacTe-
Hus. OcoOblil MHTEpec MPeACTaBIAIT 3HAO(UTHBIE
Oaktepun [3], oOuTarommue B PacTUTENHHBIX TKaHSX,
YTO JICNIACT UX MCHEE 3aBHCHMBIMH OT BHEIIHUX (hak-
TOPOB. DHAO(PUTHI C KOMIUICKCOM XO3SHCTBEHHO MO-
JIC3HBIX MPU3HAKOB MOTYT CIIOCOOCTBOBATH (hOPMUPO-
BAaHMIO JJIUTEJILHOM 3alIUTBl PACTEHUS OT CTPECCOBBIX
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¢axropos [4]. Baktepuu poga Pseudomonas — ogna u3
Hanboyee M3YYCHHBIX TPYII MHUKPOOPTaHU3MOB C
TOYKH 3PCHUS OOBEKTOB OHMOIOTHYECKOTO KOHTPOJIS
OaKTepHaIbHBIX U TPUOHBIX 3a00JEBAHUI CEIHCKOXO0-
3STUCTBEHHBIX KyJIbTyp. MeXaHU3Mbl aHTarOHHCTHYC-
CKOTO B3aMMOJIEHCTBUS IICEBAOMOHAN M (hPUTOMATOTE-
HOB BKIIOYAalOT CHOCOOHOCTh K CHHTE3Y IIHPOKOTO
CIEKTpa AaHTUOMOTHUYECKHX M POCTCTUMYJHUPYIOUIHX
BEILECTB, KOHKYPEHLIMIO 32 MCTOYHMK IMUTAHUS, d¢-
(dexTuBHyI0 KonoHm3ammoo Qumiochepsr [5-7]. B
CBsA3U C OOJBIIOI BOCTPEOOBAHHOCTHIO OHOMpernapa-
TOB, aKTyaJIeH BOIPOC TOYHOH MICHTUPHUKAIIH BXOS-
IIMX B UX COCTaB MUKPOOPraHU3MOB. [l ycTpaHeHHs
HEJIOCTATKOB KJIACCHYECKUX (PEHOTHUIMNYECKUX METO-
JIOB MACHTU(HKAINH 32 MOCIEAHNE HECKOIBKO JIET CO-
3MaHBl MOJICKYJISIPHBIE METOABl TAKCOHOMHYECKOH
ueHTU(UKAIUN OaKTEePUH Pa3INYHBIX TAKCOHOMMIE-
CKHX TPYII, B TOM 4ucie poxa Pseudomonas. Pa3su-
THE METOJ0B Ha OCHOBE IMOJIMMEPA3HOIN LIETTHOU peax-
1un (I11P) oTKpbUIO HOBBIE BO3MOXKHOCTH JUIS YETKOI
u ObICTpOil MneHTuduKanuu ncesaomMonan [8]. Ymoo-
HbI€ B UCTOJHEHUU METOAWKH Ha ocHoBe [IIIP sBms-
I0TCS allbTEPHATHBOW KJIACCHUYECKUM MHKPOOHOIIOTH-
YECKUM METO/IaM M NPEANOYTUTEIbHBI B Clly4ae HeoO-
XOANMOCTH HEMEUICHHOTO TIOMYYeHUs Ppe3yibTaTa.
MonekynspHO-TEHETHYECKHE METObI TO3BOJIIIOT pe-
IIaTh 331241 WHANKAINHU, OTHOCSIINECS K YKa3aHHOMY
pomy, ¥ TOYHOH BHUI0BOI MACHTH(DUKALINH.

Ilenpro maHHON pabOTHI SBUIIOCH BBIACICHHE W3
TPaBSHUCTON YacTH KapTO(eIs HOBBIX BHICOKOAKTHB-
HBIX IITAMMOB OakTepuii pojga Pseudomonas nepcrek-
THUBHBIX ar€HTOB OMOJIOTHYECKOTO KOHTPOJIS, TAKCOHO-
MHYECKasi XapaKTepUCTHKA U MOJIEKYJIIPHO-TeHETHYe-
cKas HIeHTU(DUKALUSA KYIbTYD.

MaTtepuanbl U MeTOAbI. J[1g BeIeTIeHHs OakTe-
puii 5 T HcCIeayeMoro pacTHTENILHOTO MaTrepHuaa,
MpeIBApPUTEIBHO TTPOMBITOTO JTUCTHIUINPOBAHHON BO-
JIOH, U3METbYaIi ¥ CMEUIMBAJIN CO CTEPHIbHBIMH HOP-
UsMH Msico-ienitoHoro 0ynpoHa (MIIB), mocne gero
JleTIalty pAJ JeCATUKPAaTHBIX pa3BeieHui. bakrepuann-
Hyto cycrensuio (100 mxi) u3 passepenuii 103 — 107
BbiceBaiM Ha MIIb, xyneruBupoBasu npu 28°C B Te-
gyeHue 24 — 48 4. M3onnpoBaHHbIe KOJIOHUH pacceBai
Ha Msico-ienToHHOM arape (MITA) no momyueHus mo-
HOKYJBTYp (HE MEHee Tpex maccaxeil). UncToTy Kyib-
TypBI KOHTPOJIIMPOBAIN BH3YaJTbHO M MUKPOCKOIIHYE-
cku. M3ommpoBaHHBIE OaKTepHUH KyJIbTHBHPOBAIH Ha
MITA u MIIb npu 28°C B Teuenue 24 — 48 4; MuLIeIH-
aJIbHBIE TPUOBI — Ha KapTO(EJILHO-TIIIOKO3HOH *KUAKOH
cpele MpH KOMHATHOM TemmnepaType B TedeHue 72 u.
[IpoBepka aHTHU(YHraIbHON aKTHMBHOCTH NPOM3BOIM-
Jlach METOJIOM JIYHOK [9]. B kauecTBe TeCT KyJIbTyp UC-
MOJIb30BaHbl MUILENNANIBHBIE TPUOBI M3 KOJJIEKIIMOH-
HOTO (oHIa benopycckol KOJUIEKIIMHA HETaTOTEHHBIX
mukpoopraamsmos (BKM): Fusarium graminearum
BUM F-601, Fusarium proliferatum BUM F-602,
Fusarium sp. BUM F-603, Alternaria brassicae BUM
F-621. Mop}osoruto KIeTOK HCCACI0BAIH METOI0M
CBETOBOIM MHUKPOCKOITHH, UCIOJIB3Yst MUKpockor Nicon
Eclipse E2000 (Nicon corporation, SInonwus). [Tpu Muk-
POCKOIMH KJIETOK UCIOIb30BaIM OKpAIIUBAaHUE IO Me-
tony I'pama [10]. MnenTudukanmo MUKpOOPraHU3MOB

IIPOBOAMIIM HA OCHOBE M3Y4eHHs MOpP(OJIOrHYecKux,
KyJIbTYpPaJIbHBIX, (PU3HOJIOT0-OMOXUMHIECKAX CBOMCTB
BBIJICTICHHBIX MHKpPOOPTaHM3MOB B COOTBETCTBHH C
Omnpenenurenem Oaxtepuit bepmku (1997), a taxxe
IIPU TIOMOIIM MOJICKYJSIPHO-TEHETHYECKOTO METOoza
nACHTH(HUKAINN Ha OCHOBAaHWM aHAlM3a HyKICOTHJ-
HOI nocienoBarenbHoCcTH reHa 16S pPHK.

Xpomocomuyto JIHK OGakrepuii BBIICISIH MpH
oMoy HabopoB pearenToB «Jena» (I'epmanms). dis
nposeneHus 1P ucnonp3oBanu mpaiiMepsl U pea-
redtsl npousBoacTea «IIpaiimtex» (bemapycs). AM-
IUIN(GHUKALUIO HYKICOTHAHOW IOCIIEI0BATEILHOCTH
rena 16S pPHK npoBowiy ¢ yHHBepcabHBIMU 9y0aK-
TepUATbHBIMU npaiiMepamu 8f (5'-
agagtttgatcctggctcag-3") u 1492r (5'-
gottaccttgttacgactt-3'), ncmons3ys TeMIepaTypHO-Bpe-
MeHHOH npodms: 95°C — 3 muH (1 muki); 95°C - 30 ¢,
57°C — 30 ¢, 72°C — 1,5 mun (35 mukios); 72°C — 5
MuH (1 nukr). B kauecTBe craHAapTOB A ONpenene-
Hus pasmepa nponykros IIP nmpuMensnu mapkep Mo-
neKynsapHoii Maccel (parmentoB Gene Ruler DNA
Ladder 1Kb Plus («Fermentasy, JIutsa).

Jlnist ouncTKH aMIIuGUIMPOBaHHBIX (parMeHTOB
rera 16S pPHK ucnons3oBanu Habop DNA Extraction
kit («Thermo Scientificy», JIutea). Peakunto cexBeHH-
posanus I[IL[P-pparmentoB rena 16S pPHK mposo-
JuId Ha aBToMatudyeckoM cekBeHatope AE3000 ¢ uc-
MI0JIb30BaHNEM Habopa pearcHTOB JUI1 CEKBEHHPOBA-
uust BigDye Terminator Cycle Sequencing Kit
(«Applied Biosystemsy, CIIIA). [lyis aHanu3a pe3yiib-
TaTOB CEKBEHUPOBAHMA U PEIAKTHUPOBAHUS MOCIIEI0BA-
TenbHOCTEH MpuMeHsun nporpammy eSeq. CpaBHH-
TEeNbHBIM aHaJU3 CEKBEHUPOBAHHBIX (ParMEHTOB Ie-
HOB BBIMOJHSUIM C HCIOJB30BAaHHEM IPOTPAMMEI
BLAST 6a3bl JTAHHBIX GenBank
(http://www.ncbi.nlm.nih.gov/blast.).

Jlist mpoBeneHUsT MOJICKYJISIPHOTO THITMPOBAHUS
reaomuoi JIHK wcnonp3oBamm mpaitmepsr M13 (5°-
gagggtggeggttct-3°) u 1254 (5’-ccgcagccaa-3’).
AMIIIM(GUKaIAIO TPOBOAWIA B ONTHMH3MPOBAHHBIX
YCIOBUSIX ~Ha  aBTOMAaTHYECKOM  TEPMOIMKIIEpE
Mastercycler®pro (Eppendorf) u SureCycler 8800
Thermal Cycler (Agilent Technologies). B pa6ote
UCTIOJIB30BAJIM PEAreHTHl M IpaiMephl MPOU3BOJICTBA
«IIpatimtex» (benapycs). Ha onun oOpaser roToBuin
PEakIMOHHYIO CMECh, coaepxaiyto oydep AM (x10)
i Tag-mommmepaser (2 wmxin), 0,25 wmxin. Tag-
noanMepassbl, 1 MKJI KaXkaoro npaiiMepa (Ipu KOHLEH-
tpaumu 10 pmol/ul), 1 wmxan JHK-matpuusr wu
OoupucTuipoBaHHyo Boxy (15,75 wmkm). OOmmit
00bEeM peakIMOHHON cMmecH cocTaBsm 20  MKIL.
Peakmmio  ammmdukanuun € npadimepom  M13
MIPOBOJMIIN, HUCHONb3Yys CIEAYIOUIMHA TeMIepaTypHO-
BpeMeHHOU npodwis: neHaryparust 3 muH npu 95°C,
39 ko snonranuy — 95°C — 30 ¢, 45°C — 30 ¢, 72°C
— 2 MHuH, J0CTpoiiKa 1ienu 5 MuH npu 72°C; oxnaxie-
uue 10 4°C. Jlng peakuuu aMiumnuKauy C mpaiime-
pom 1254: nenatypanus 3 muH npu 95°C, 39 nukios
snorranuu — 95°C — 30 ¢, 45°C — 30 ¢, 72°C — 1 muH,
Joctpoiika nenu 5 mun npu 72°C; oxnaxaenue no 4°C.

Ammndukanuo HyKIEOTHIHOH 1MocIe10BaTeb-
Hoctu reHa 16S pPHK nposoaunu ¢ ucnons3zoBanuem



http://www.ncbi.nlm.nih.gov/blast
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pozxocrenupUIHBIX npaiiMepoB OpriF (5-
atgaacaacgttctgaaattctctgcet-3) u OpriR  (5°-
cttgcggctggcetttttccag-3’). Peakmmonnas cmech 00be-
MoMm 20 mxi1 comepkana 1 mxir JJHK-matpumer (10-20
HT), 2 MK 10X “AM” Oydepa mis Taq-mommmepassr, 2
MK cmecr THT® (o 2 MM), o | mM kaxzoro mpai-
Mepa, 0,25 mxn Taq-nomumepassl (1,25 ex.). Temmepa-
TYPHO-BPEMEHHOU NMPOoQHIIb aMITHGUKAUU: | UK —
5 muH npu 95 °C; 30 ko — 95 °C — 30 cek, 60 °C —
30 cek, 72 °C — 20 cek; 1 uukn — 5 mue npu 72 °C;
Oxnaxnaenue 1o 4°C.

O6pasist JJHK u nponykTe! [T1[P ananusupoBamu
MmetozioM anektpodopesa B 1,5 % arapo3nom rene c
HCIIOJIE30BaHUEM IXxTAE-0ydepa npu
HAIpSHKEHHOCTH JICKTPUUECKOTo moist 5 B/cM B Teue-
Hun 45 muH. g Busyammsamun JJHK rems oxpamm-
BAJIM PaCTBOPOM OPOMUCTOTO 3THIMS B KOHIIEHTPAIINU
0,05 Mkr/mi. B xaduecTBe cTaHmapTa Uil ONpEaeICHIUs
pasmepa mpoaykros IIIIP npumensnu  mapkep
moJekysipHoit Maccel JTHK O’GeneRuler Mix DNA
Ladder (ThermoScientific). O6pasust mo 3 Mk
cmemmBann ¢ 1 Mk kpacurenss 6x Orange 2D
(ThermoScientific) u mamee 3 MK cMecH 3arpyand B
JIYHKH arapo3HOro Tes.

[Ipn mpenBapuTENHHOM aHANW3€ HYKJICOTHIHOMH
nocnenoBareiabHocTu reHa 16S pPHK ucnonb3oBanu
nporpamMbl BLAST. [lanee HYKICOTHIHYIO TOCIEHO-
BarenbHOCTh 16S p/IHK n3yuaemoro uszosnsita cpaBHU-
BIN C HYKJICOTHIHBIMH IIOCIIEIOBATEIBHCOTIMH TH-
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s e

¥

-"-, e
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TIOBBIX IITAMMOB OJIN3KOPOJICTBEHHBIX BHJIOB C ITIOMO-
mipio nporpammel CLUSTAL W [11] u xoppekTupo-
Bayu. [locTpoeHne QMIIOTeHETHIECKOTO JpeBa MPOU3-
BOAWIM C TIOMOIIbI0 makera mporpamm MEGAG
(Molecular ~ Evolutionary  Genetics  Analysis)
(http://www.megasoftware.net/) ¢ ucnombp3oBaHHEM
meroma Neighbor-Joining Bootstrap. Craructauueckyto
JIOCTOBEPHOCTh BETBJICHUsI OLIEHUBAIN C HCIOJIb30Ba-
HUEM COOTBETCTBYIOIEH (yHKUMH IpOrpamMmbl
MEGAGO6 na ocHoBe 1000 anbTepHATUBHBIX JCPEBBCB.

PesyabTaThl. 113 muctheB U cTebneit kapToderns
BBIJIEJICHBl IITaMMBbl I'PaMOTPHLATENbHBIX OaKTEpH,
00J1alatoIUX YYBCTBUTEIBHOCTEIO K OakTepuodaram
1 aHTU(YHTATHHOH aKTUBHOCTBIO B OTHOIIEHUH (HUTO-
maToreHHsIX TprOoB poxos Alternaria, Fusarium [12].
Hecars mramMMmoB OakTepuii OBUTH HIOCHTH(HUITHPO-
BaHbI Kak mpejcraBurend poaa Pseudomonas. Ha mo-
BEPXHOCTH arapu30BaHHBIX IMHUTATEIHHBIX CPEH IICEB-
JIOMOHAJ[bI 00Pa30BBIBAIN KPYIJIbIC, TIaIKHUE, HETPO-
3payHble KOJIOHHUM OlieHO-KenToro 1Bera. llpum
MHUKPOCKOIMMYECCKOM HUCCIICJOBAHUN HATUBHBIX U (bI/IK-
CHPOBAHHBIX MPENapaToB KIETOK XapaKTepHbI IPaMoT-
PULATCIIBHBIC TTAJIOYKH, MOJABMKHBIC 3a CHET HAJTUYIUA
MIOJISIPHBIX )KI'YTHKOB. [lanouku a3poOHbIe, KaTana3o- u
OKCHJIa30II0JIOKUTEIBHEIE, YTO XapaKTepHO JUIS MIpe.-
craBuTteneit poaa Pseudomonas.

Jns aHanmm3a reHeTHYeCKO TeTOpPOTeHHOCTH HC-
CIIEAyeMBIX IITAMMOB MPOBEICHA CpaBHUTEIbHAS Xa-
PaKTepUCTHKA KYJIBTYyp C HCIOIB30BAHHEM METO/a
RAPD-IILIP (pnc 1)

ffu

co R A R AR A R A R AR R R AR R R AR R
- = H) = » ) = = H) H) = ® = = = H) = =
EQ L T T D O R N I R R R R RO S B . R N |
e =w ®w ®w ™ W W ™ Y ™ W Y ™ T T T T T
GBI B A A S | T il i O iR A il O
Zs T - N S/ S O S - S N/ W SO/ N
=i W - W N - O
"G

=}

Z

L

- A.
- . . . - o -~ —

ooy WO

&ud

., g oy ﬁ' P @

a e “w we

L 3 /

g0 A A AR AR AR A AR A A AR AR A R AR R R R
o = = ® = = = = = = = ) = = = = » -
S T = = = = = = T NN I = Y= N NN N (=
gt m®wm ©® ™™ ® ©W ™® T T W T T W T T T W ©
BeE B M RO % O B BB OB OB O % § o8 T o P
T S - Y S O U - - - D - Y N S F R
o= - w - w N - =]

=)

2z

W

Pucynox 1 .Onexmpogpopeepamma npodykmoe RAPD-IIL[P baxmepuanvHbix u30151mos.

A - npavimep M13, b - npatimep 1254


http://www.megasoftware.net/
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IIpu ucnons3oBanuu npaitmepa 1254 nng ananusa
TEHETHIECKOH T'eTEPOTCHHOCTH IICEBAOMOHAM TIOINTY-
4yeHsl mrammocnennpuaasie RAPD-nipodwmm, comep-
JKaIlye OT TPeX O JBEHAAATH aMIUTUKOHOB Pa3MepOM
~ 200-3500 m.1. [TIpn nposenennu RAPD-IILIP ¢ mpaii-
MepoMm M13 uncno ITLP-pparmMeHToB B PUHTEPIIPUH-
Tax BapbUPYeT OT IIECTH 10 IBCHAALATH, PA3MEPOM ~
250-9000 m.H. DnexTpodoperHueckue MpopuiIn Xa-
PaKTEepU30BATHCh CHEUU(PUISCKUMH HHAWBULYab-
HBIMH aMIUIMKOHAMH, OTJIMYAJIHMCh 10 KOJIMYECTBY U
pasmepy I1LP-npoaykToB, uTO 1M03BONIMIIO UX U de-
PEHIMPOBaTh U BBHISBUTh BHYTPHUBUIOBYIO TE€HETHYE-
CKYIO T€TepOreHHOCTh OaKTepHAIbHBIX IITAMMOB.

Jlnst HOATBEPKACHUS TIPUHAUIC)KHOCTH KYIbTYp
GakTepuii k poxy Pseudomonas 6siti BEIOpaHbI PoIo-
cnenupuansie npaiMeps! OpriF u OpriR, ammmudumm-
pyIoIue y4acToK TeHa jmnonporenHa | y Gaxrepuit
pozma Pseudomonas u marommx aMIUIMKOH pa3MepoM
249 H’.H. [8]. Ucmonb3yst cepeep NCBI Primer Blast u

O'GenRuller
DNA Lader Mix "
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0a3y nannaeix GenBank, Obuta monTBepkIeHa Crielu-
(UYIHOCTD TAHHBIX TIpaiiMepoB k poxy Pseudomonas u
SKCIEPUMEHTANBHO JTOKa3aHa Ha HACHTH(UIPOBAH-
HBIX (HAa OCHOBE aHaJM3a TOMOJIOTHH HYKJICOTHIHOU
mocienoBarensHOCTH TeHa 16S pPHK u pedepeHTHBIX
nocienoBarepbHocTeil  0a3  mamHeIx GenBank wm
Ribosomal Database Project (RDP)) kynbrypax u3 be-
JIOPYCCKOM KOJUICKIIMH HETIATOTCHHBIX MHUKPOOPTaHH3-
MOB. B KauecTBe OTPHUIATEIBHOTO KOHTPOJIS UCIIOJNb-
30Bald KOJUICKIIMOHHBIC KYJIBTYPHI OakTepHil BUIOB
Arthrobacter arilatensis, Chryseobacterium
nakagawai, Bacillus licheniformis, Bacillus cereus,
Bacillus subtilis, B xauecTBe MOJOKUTETBHOTO KOH-
TPOJST  KOJUIGKITMOHHBIE  KYJIBTYpHl  OakTepuid
Pseudomonas koreensis, Pseudomonas argensinensis,
Pseudomonas extremorientalis u Pseudomonas
asplenii. IonyueHHbIE aMIUTMKOHBI MPEACTABICHBI HA
pHUCYHKe 2.

r'ywr:

oW
10,

L
6 7 8 9

Pucynox 2. — Dnexkmpogopecpamma npodykmos amnaupurayuu gppaemenma JJHK 2ena 168 pPHK xonnexyuon-
HbIX KyIbmyp bakmepuii ¢ ucnoiv3zogaruem npaiimepog OpriF u OpriR:

6/1 cnesa — maprep monexynsproi maccol JJHK O °GeneRuler DNA Ladder Mix; 1- ompuyamenshuiii konmpons,
2- Pseudomonas asplenii; 3- Pseudomonas extremorientalis; 4 - Bacillus subtilis; 5- Bacillus cereus; 6 - Bacil-
lus licheniformis;7 - Pseudomonas argensinensis; 8 - Chryseobacterium nakagawai; 9 - Pseudomonas koreen-

sis; 10 — Arthrobacter arilatensis;

B pesynbprare amrumudukaium npaiimepamu OpriF
1 OpriR GbuTH MOTYYeHBI AMIUTHKOHBI Pa3MEPOM OKOJIO
269 1.H. KOJUIEKIMOHHBIX OakTepuii poma Pseudomo-
Nas, 9To COOTBETCTBYET pa3Mepy ydacTKa IeHa JIHIIO-
nporenHa .

[posexnena [P o6paszuos JHK uzonsTos 6akre-
pHi, BBIJIETICHHBIX U3 JIUCTHEB U CTEOIIeH KapTodes, ¢
UCIIONIb30BAaHUEM  pOJOCIIENU(UYHBIX  HpaiiMepoB
OpriF u OpriR. Dnexrpodoperpamma mnpencTaBieHa
Ha pucyHKe 3. B KauecTBe OTpUIIATEILHOTO KOHTPOJIS
ObITM Mcmosib30BaHbl 00pasnbl JJHK GakrepranbHBIX

U30JIATOB, BBIJICJICHHBIX M3 JIMCTHEB U CTEOJIEH KapTo-
¢bens. bakrepun naeHTHOUIMPOBAHBI HAMH paHee Kak
npencrasutenn  pomos:  Arthrobacter, Bacillus,
Chryzeobacterium, Pantoea, Stenotrophomonas wa oc-
HOBAHUU aHaJKM3a JaHHBIX HYKJICOTUAHBIX MOCIEI0Ba-
tenbHOcTell reHa 16S pPHK. Ilo pesynsratam IILP-
a”anm3a ¢ popocnenupuuHbIMH npaiimepamu OpriF 1
OpriR kynbryper: KaTp2-14, KaTp2-13, KaTp2-11,
KaTp2-6, KaTp2-1, KaTpl-12, KaTpl-11, KaTpl-10,
KaTpl-9, KaTpl-4 sBisiroTcst MpeACTaBUTENSIMUA POJa
Pseudomonas.
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Pucynox 3 — Dnekmpogopezpamma npodykmos amnaupurayuu gppaemenma JJHK 2ena 16S pPHK 6axmepuans-
HbIX KVIbMYP, 8blOEIeHHbIX U3 IUCIbes u cmebieli kapmogens ¢ ucnonrvzoganuem npaiimepos OpriF u OpriR.
MNel - maprep monexynspuou maccor JJHK O°GeneRuler DNA Ladder Mix (ThermoScientific), Me 2 - Bacillus
thuringiensis, M 7 - Arthrobacter arilaitensis, /e 8 - Stenotrophomonas rhizophila, M 10 - Stenotrophomonas
rhizophila, M 15 - Chryseobacterium oncorhynchi, M 16 - Pantoea agglomerans; uzonsmer: Ne 3-KaTp2-14,
No4-KaTp2-13, Ne5- KaTp2-11, Ne6 - KaTp2-6, Ne9 - KaTp2-1, Nell - KaTpl-12, Ne 12 - KaTpl-11, Ne-13
KaTpl-10, Ve 14 - KaTpl-9, Ne 17 - KaTpl-4.

Jlis  BBICOKOAKTHBHBIX mTaMMoB KaTp2-1,
KaTpl-11 u KaTpl-4, obnagarommx aHTaroHHUCTHYE-
CKOM aKTHUBHOCTBIO, OIpeeNeHbl HYKJICOTHAHBIE TO-
cnenoBatenpbHOCTH reHa 16S pPHK. ®unorenernue-
CKUH aHalIM3 HYKJICOTHUIHBIX MOCJIEI0BATENbHOCTEH
rena 16S pPHK noka3zan, 4To mtaMmsbl SIBISIOTCS TH-
NHYHBIMH TIpeAcTaBUTeNsIMH poxa Pseudomonas. Ha
(PUIIOTEeHETHYECKOM JIpeBE  HCCIICAYEMBIE IITaMMBbI

pacrpe/eseHbl B pasHble MOJITPYIIIBI MCEBIOMOHA:
mramm KaTp2-1 HaxomauTcs B OJHOW MOATPYIIIE C
npencraBuTeIsIMU Oaktepuit Buma Pseudomonas ar-
gentinensis. lItamm KaTpl-11 3aHnmaer monoxeHue
B [IOJTPYIIIIE C TPeJCcTaBUTENsIME OakTepuii Buna Pseu-
domonas koreensis (puc. 4). TouHast BbIIOBasI HACHTHU-
(buKaIMs JaHHBIX ITAMMOB 3aTPYAHUTENbHA H3-3a Ma-
JIO¥ AJIMHBI CEKBEHUPOBAHHOTO (pparMeHTa.

FPseudomonas__koreensis_LR0O27433.1

Pseudomonas_koreensis_K.C139420.1
Pseudomonas_koreensis_JF496459.1

Pseudomonas_koreensis_MH144250.1
FPseudomonas_koreensis_MH144314 1
FPseudomonas_koreensis_MH144336.1
FPseudomonas_koreensis_MH144337 .1

a7 | Pseudomonas_koreensis_LR027445 1

KaTp1-11

45

Pseudomonas_fluorescens_LR0O27427_1
Pseudomonas_fluorescens_LR027436_1
Pseudomonas_fluorescens_MKO7T2669_1
Pseudomonas_moraviensis_MK240436_1
Pseudomonas_fluorescens_KIU363994 _1(2)
Pseudomonas_fluorescens_KI363994 1
FPseudomonas_koreensis_AF468452 1
FPseudomonas_putida_KC129032 1

KaTpZ-1
Pseudomonas_fulva EU239144 1
FPseudomonas_argentinensis_ EUT23817_1

a8

FPseudomonas_argentinensis_JQ7rF0188.1
FPseudomonas_argentinensis_KY 1947601

87 | Pseudomonas_argentinensis_KY393316.1

Pseudomonas_argentinensis_JX155765.1
Pseudomonas_flavescens_ELUZ221398.1
Pseudomonas_fulva_ EU239145 .1

 —— KaTpl1-4

0,00z

EE= Pseudomonas_koreensis_K.J337669.1

Pucynox 4. Qunoeenemuueckoe opego, nocmpoennoe ¢ ucnoivsosanuem memooa «Neighbor-Joining», ocnosan-
HOe Ha CpasHenul HyK1eomuonwix nociedosamenvrocmeti 16S p/JHK suooe poda Pseudomonas, 6auskopoo-
CMBEHHBIX Ucciedyembim wimammam. L{ugppamu nokazana cmamucmuyeckdas 00CmMo8epHOCMb NOPSAOKA 6emere-
HUsl, onpeoenennas ¢ nomowvto «bootstrapy-anaruza 500 aremepHamusHvix Oepegbes.
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Iramm KaTpl-4 oTHeceH B OTAENBHYIO MOA-
TPYIIy MpeacTaBuTeneit bakrepuii Buaa Pseudomonas
koreensis. Wccrmenyemsie yuactkm JJHK mramma
KaTpl-4 za 99,9% cxoxwu c rerom 16S pPHK mramma
Pseudomonas koreensis KJ937669.1 u3 6a3bl gaHHBIX
GenBank. Ilo pesynprataMm MOIEKyJISIpHO-TEHETHYC-
ckoro uccinenoBanusa mramm KaTpl-4 wnentudumm-
poBan kak Pseudomonas Kkoreensis, a nBa apyrux
wramma: KaTp2-1 u KaTpl-11 xak Pseudomonas sp.
COOTBETCTBEHHO.

HccnenoBana aHTu(yHrajabHash akTHBHOCTH BbI-
JIENICHHBIX [ITAMMOB TICEBAOMOHA B OTHOLICHHUH (u-
TOMATOTEHHBIX TpuOOB pomos Alternaria u Fusarium.
Pe3ynbTaTel HCCICIOBaHMH IPEACTABICHBI B TabmuIe
1. Ycranosneno, uro mrramm KaTpl-4 sBnsercs anra-
TOHHCTOM (PHTOMATOTEHHBIX TpHOOB pomos Alternaria
u Fusarium. Itammer KaTpl-11 u KaTp2-1 mposs-
JSIOT aHTU(YHTAIBHYIO AKTUBHOCTH B OTHOILIEHHU
rpuboB poxa Fusarium.

Tabuuma 1
HHFHﬁHpOBaHI/le pocTa U pasBUTHH MUKPOMMUIIETOB ﬁaKTepHﬂMH-aHTaFOHHCTaMH
ITamm MUKPOMHUIICTOB
" Fusarium gramine- | Fusarium prolifer- . Alternaria brassi-
30JI5T Fusarium sp.
arum atum EVIM E-603 cae
BHM F-601 BUM F-602 BIM F-621
KaTpl-4 1S/* S/ ** [R [ #x IR [ **
KaTpl-11 IR [ ** - - -
KaTp2-1 - S/ ** - -

Ipumeuanue: * — 30na UH2UOUPOBAHUSL POCTNA PUMONAMOLEHHBIX MUYETUATLHBIX 2PUOOS Jencum 6 OUand-
sone 10-30 mm; ** — 40-60 ym; *** —70-100 mm; IR — uzonam uneubupyem pocm muyenus; I — uzonsam uneubu-

pyem cnopoobpazosanue QumonamozeHos.

Brrasieno, uro mram KaTpl-4 uarubupyer npo-
IIecC CHOpPOOOPa30BaHMS M POCT MHULICIIUS MUKPOMHUIIE-
ToB pomos Fusarium u Alternaria. Iltammer KaTpl-11
u KaTp2-1 noaapisrot pocT U pa3BUTHE TPUOHOTO MHU-
LEITHsL.

Takum o6pa3oM, U3 TPaBSIHUCTOI yacTH KapTo-
(dens BBIIENCHBI JECSITh IITAMMOB OakTepuil pona
Pseudomonas. IIpu noMouu MONEKyJISPHOTO TUIIHPO-
BaHMS ITOTBEP>KICHBI IITAMMOCHEIU(PHIECKHE Pa3IIH-
4y OakTepHaNbHEIX KynbTyp. Ha ocHoBanmm 1P ¢
poxocrien(pUUHBIME TIpaiiMepaMu U (HIOTeHeTHYe-
CKOTO aHalIM3a MOATBEPXKICH HX TaKCOHOMHYECKHH
quarto3. Tpu KynmbTypbl OakTepuii 00JIafalOT aHTH-
(hyHrampHON aKTHBHOCTHIO B OTHOIIEHHM (UTOMATO-
TeHHBIX MHIeIHanbHbIX rpuboB. tamm KaTpl-4
unentudunuposan kak Pseudomonas koreensis, a asa
npyrux: KaTp2-1 u KaTpl-11 kak Pseudomonas sp.
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MALFORMATIONS IN CHILDREN

AHHOTal[l/lﬂ. B cTaTbe 1310KeHbl OCHOBHBIE MMPUYUHBI 3aBUCUMOCTHU BPOXKJICHHBIX ITOPOKOB pa3BUTUA Y JIC-
Tel OT COCTOSIHUS OKpYXKarolllel cpebl. IIpuBoasTCa npUMepbl HEraTUBHOIO BJIMSHMS TEXHOJIOIMUYECKOTO IIPO-
rpecca Ha NpoaODKUTEIbHOCTD X KU3HU Y€JIOBEKAa U BOBHUKHOBCHHUE TaK HA3bIBAEMBIX «9KOACCOIUUPYEMBIX 3360-
HeBaHHﬁ)), PacCMAaTprBACTCA XAPAKTEP 3arpsA3HCHUA aTMOC(i)epHOFO BO3yXa BBICOKMMU KOHICHTpAaUsAMHU pPa3-
JIMYHBIX XUMHUYCCKHUX JJIEMCHTOB U COC,I[I/IHGHI/II‘/'I, paccMaTpuBaCTCsd BOIIPOC MACCUBHOI'O KYPCHUS U €0 BJIMSAHHUA
Ha 3J0PpOBbE OKPYKAOMINX, B HaCTHOCTH 6epeMeHHBIX JKCHIIIWH. B 3akmroueHNN oTMEUaeTcs OoCTpoOTa HpO6J'IeMLI
opraHusaluu 1 yuera nporuozuposanus BIIP.

Abstract. The article describes the main reasons for the dependence of congenital malformations in children
on the state of the environment. Examples of the negative impact of technological progress on human life expec-
tancy and the emergence of so-called “eco-associated diseases” are given, the nature of atmospheric air pollution
with high concentrations of various chemical elements and compounds is considered, the issue of passive smoking
and its impact on the health of people around, in particular pregnant women are considered. In conclusion, the

urgency of the problem of organizing and recording forecasting congenital malformations is noted.
Knouesvie cnosa: mymayus, 3K0Ja102uA, np0¢uﬂa1<mui<a, HUKOMUH, namoocus, qu)EKL;uu, nﬂoa, ammo-

cghepa.

Key words: mutation, ecology, prevention, nicotine, pathology, infections, fetus, atmosphere.

Throughout its existence, mankind has constantly
sought to create a more comfortable living environment
through the organization and implementation of the lat-
est technological processes and production, the devel-
opment of the transport network, the chemical, oil re-
fining industry, etc. the planets. Ecological are called
catastrophes that not only take people's lives, but also
lead to quite deplorable consequences for the environ-
ment. As a rule, such disasters are the result of human
activity. After all, the development of modern technol-
ogies, in particular in the energy sector, provides not
only tangible material benefits, but also, if misused, can
lead to horrendous consequences.

The transport and industry used by humans con-
sume a large amount of oxygen from the atmosphere,
and at the same time, the person does not compensate
for the losses and does not comply with the established
standards for the purification of waste before they enter
the atmosphere. Every year at least 1,250 million tons
enter the atmosphere. carbon monoxide, up to 170 mil-
lion tons sulfuric anhydride, 20 million tons nitrogen
oxides, as well as hydrogen sulfide, carbon disulfide,
chlorine compounds, fluorine compounds and many
other harmful chemical elements and compounds [6, p.
117-118].
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Habitat is a complex factor contributing to the
emergence of a variety of pathological processes and
diseases in humans. At the same time, a complex of en-
vironmental factors is extremely diverse, has territorial
features, is determined by the presence of active and
potentially dangerous agents, which can either alone or
in complex interaction with other factors cause disem-
bryogenesis and ultimately contribute to the growth of
common and specific frequencies of congenital malfor-
mations (CMF) in children in areas of high risk.

Pollution is the introduction into the environment
or the emergence of new physical, chemical, informa-
tional or biological agents that are usually not charac-
teristic of it, or an increase in the natural average long-
term level (within its extreme fluctuations) concentra-
tion of the listed agents in the environment, often re-
sulting in negative consequences. Pollution can occur
as a result of natural causes (natural pollution) and un-
der the influence of human activity - anthropogenic pol-
lution, which is usually meant when discussing pollu-
tion problems [9].

Anthropogenic sources of air pollution are:

* burning of combustible minerals;

* operation of thermal power plants;

* exhausts of modern turbojets;

* production activities;

» contamination by suspended particles (during
grinding, packing and loading, from boilers, power
plants, shafts, quarries when burning garbage);

* gas emissions from enterprises;

» fuel combustion in flare furnaces (this produces
the most massive pollutant - carbon monoxide) [9].

The causes of congenital malformations are differ-
ent. This pathology can be hereditary. Most often this
pathology occurs as a result of genetic mutations
caused by the use of alcohol, drugs, exposure to ioniz-
ing radiation and other harmful factors. Congenital
malformations can also be due to various deviations in
the chromosomal sets of the father or mother, as well
as a lack of vitamins in the diet of a pregnant woman,
especially folic acid. There is undeniable evidence of
the negative impact of technological progress on hu-
man life expectancy and the emergence of so-called
"eco-associated diseases." Congenital malformations
(CMF) are recognized by many authors as indicators of
the environmental problems of the environment. Many
researchers have recently increasingly agreed that the
formation of congenital anomalies is multifactorial, and
when studying the risk factor for CMF, along with ge-
netic predisposition, all aspects of parents' lives, includ-
ing the influence of environmental factors, xenobiotics,

occupational hazards of parents, demographic and na-
tional aspects. age, lifestyle, presence of chronic pa-
thology, etc. [1,2].

According to the World Health Organization
(WHO), 4-6% of children with CMF are born in the
world every year, while the mortality rate is 30-40%.
Congenital malformations are leading in the structure
of causes of perinatal mortality. Studies conducted in
different countries showed that the effect of congenital
anomalies on the overall structure of infant mortality is
increasing and that 25-30% of all perinatal losses are
due to anatomical organ defects. Within 1 year of life,
25% of all child deaths are caused by congenital mal-
formations [2].

In the atmospheric air of modern cities there are
hundreds of substances of various chemical classes of
organic and inorganic nature, coming from numerous
sources, as a rule, of anthropogenic origin. The main
sources of harmful substances in the atmospheric air of
cities are motor vehicles and industrial enterprises. At
the same time, it is necessary to take into account that
each urban area has its own specific set of pollution due
to the type of industry in a given territory. Each of these
substances has a specific specificity of action on the hu-
man body [9].

The nature of air pollution is determined by the
high concentrations of dust, carbon monoxide, as well
as lead, benzopyrene, chromium, manganese, iron,
nickel, copper, rubidium, etc. Especially this trend is
observed in the republics of the former Soviet Union
and European countries, where migrants from African,
Arab and Asian countries have rushed in recent dec-
ades. The number of inhabitants of some large mega-
polises has increased almost twice in the last 20-30
years. This leads to a high population density and con-
tributes to the increase in the percentage of vehicles that
pollute the atmosphere with exhaust gas from petro-
chemical processing. According to literature data, all
these substances have teratogenic properties [5].

Gasoline, benzene, phenol, dimethyldioxane,
chloroprene, nitric oxide, ether, chloroform, metals and
their salts, such as calcium chloride, mercury, lead,
manganese salts, widely used in industry and agricul-
ture tsirama, DDT, gentochlora, as well as lead and zinc
whitewash, varnishes, have embryotoxic properties.
Harmful occupational factors are one of the significant
risk factors causing adverse trends in the health status
of working women. The workers associated with expo-
sure to chemical factors at work, the frequency of birth
of a child with CDF is approximately 88 cases for every
1000 newborns. [4, 8, p. 31].

Table 1 lists some pollutants and reproductive
health disorders.
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Table 1.
Substance Violation
lonizing radiation Infertility, microcephaly, chromosomal abnormalities, cancer in children.
Mercury Blindness, spontaneous abortions, deafness, mental retardation.
Congenital malformations, low birth weight, Infertility, spontaneous abor-
Lead . . :
tions, affects the blood circulation and nervous system
Cadmium Low birth weight
Manganese Infertility
Arsenic Reducing the body weight of newborns, Congenital malformations.

Polyaromatic hydrocarbons

Fertility reduction

Chlorine-containing sub-

Congenital malformations, Disruption of the central nervous system, perinatal

stances mortality
Dichlorethylene Congenital malformations (heart)
Benzene Low birth weight, ovarian atrophy

Organic solvents

Congenital malformations, cancer in children

Anesthetics

Low birth weight, tumors in the embryo, infertility

Carbon monoxide

Slows reflexes, weakens mental abilities, causes drowsiness, etc.

Nitrogen oxides

They irritate the lungs, cause bronchitis and pneumonia.

Unintentional inhalation of air filled with cigarette
smoke is called passive smoking. Its danger lies in the
absence of filtration. Among other things, passive
smokers inhale products of metabolism - toxins exhaled
by an active smoker along with smoke. The concentra-
tion of harmful substances in this case is 50 times
higher than that of primary smoke from cigarettes. Pas-
sively pregnant smokers are also at risk. Tobacco
smoke causes oxygen starvation and extremely nega-
tively affects all processes of fetus formation in the
mother. It can cause its prenatal death or miscarriage,
as well as cause congenital deformities, the birth of a
dead or non-viable infant [3].

In the smoker's light portions of tobacco smoke
come after passing the filter, while family members,
employees, neighbors and passers-by are forced to in-
hale it in its original form. Nicotine as a production fac-
tor is found in enterprises associated with the produc-
tion of tobacco and tobacco products, is extremely
widespread in everyday life in the form of smoking,
therefore, is of great social importance. Nicotine has a
versatile effect on the body, because it contains a num-
ber of biologically active substances - methyl alcohol,
pyridine bases, methylamine, ethyl mercaptan, etc. [3].

Children of passive smokers often have weak im-
munity. They are 11 times more likely to suffer from
respiratory infections, prone to the development of
atopic dermatitis. Passive smoking is one of the causes
of sudden death of newborns and children under the age
of 1 year. Feeding an infant in a room where people
smoke has a detrimental effect on its nervous system

[3].

Prevention of congenital malformations includes
two groups of measures: individual, consisting in pre-
venting the birth of a child with any defect in a given
family (medical and genetic counseling), and mass. The
activities of the second group envisage “improving the
environment” (for example, terminating a nuclear test),
thoroughly testing for mutagenicity and teratogenicity
of drugs, herbicides, improving working conditions for
workers in a number of occupations with hazardous
working conditions (employees of nuclear power

plants, radiologists, people working with radioactive
isotopes, etc. [7, p. 54].

Embryopathy is the pathology of the embryo from
the 16th day of pregnancy to the 75th day, inclusive,
during which the formation of the main organs and the
formation of the placenta are completed. The main
types of embryopathy are CDF (congenital malfor-
mations), i.e., persistent morphological changes in an
organ, body part or the whole organism, going beyond
the limits of normal structure variations, leading to im-
paired function. Embryopathy prevention includes a set
of measures to protect the environment, prevent air pol-
lution, water, soil with various chemical compounds
that have a toxic effect, stop testing atomic weapons,
improve the working conditions of workers in certain
professions (working with radioactive isotopes, radiol-
ogists, etc.) limit the use of female labor in hazardous
industries. Individual prevention includes measures to
comply with sanitary-hygienic and moral standards and
exemption from bad habits of future parents, carrying
out recreational activities in the presence of chronic
foci of infections, especially the genitourinary sphere.
When treating pregnant women, it is necessary to avoid
drugs that can adversely affect the fetus. X-ray exami-
nation of pregnant women should be carried out only
for health reasons [4].

Conclusion

Congenital malformations constitute one of the se-
rious problems not only of health care, but also of the
state as a whole, since their treatment, as well as a high
level of disability of children, require huge material
costs and are one of the causes of infant mortality. The
level of air pollution is only one of the risk factors for
the formation of congenital pathology in children. In
most cases, it is possible to establish the multifactorial
nature of congenital anomalies. In this regard, it re-
mains relevant to search for the most informative risk
factors for their formation, allowing to predict the like-
lihood of this pathology and plan preventive measures
to prevent the birth of children with birth defects.

Thus, given the ever-increasing number of new-
borns with congenital developmental pathology, and
mortality from this pathology at different periods of
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life, as well as the existing shortcomings in the organi-
zation of recording and predicting CMF at various
stages, this problem does not lose its severity. Moreo-
ver, the majority of authors point out the need for fur-
ther research in this direction, as well as their early im-
plementation in practical health care.
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HYDROLYSIS OF MILK PROTEINS BY PROTEASES OF LACTIC ACID BACTERIA STRAINS
AND THEIR HYPOALLERGENIC PROPERTIES

Mycmadghaesa P.C.,A60ynnaesa H.D.
cmapwuil 1abopanm, 0oyenm
baxunckuii I'ocyoapcmeennuviii Yuugepcumem,

rmapoJin3 MOJIOYHBIX BEJIKOB ITIPOTEASAMHU HITAMMOB MOJIOYHOKHUCJIBIX

BAKTEPU U UX TUITOAJUIEPTEHHBIE CBOMCTBA

Abstract. The aim of this work was to optimize the hydrolysis of milk proteins by various proteases of lactic
acid bacteria (LAB) and enzymatic hydrolysis of milk proteins for the manifestation of their hypoallergenic prop-
erties. The amount of partial hydrolysates of whey proteins obtained using pepsin in a-LA is 100%, and using
papain in B-LQ is 61.8 £ 4.8%; a-LA-100%. When using thermolysin, trypsin and alcalase in B-LQ and a-LA-
100%, respectively. In neutral and alkaline media, papain, trypsin, alcalase, and thermolysin efficiently cleaved B-
LQ, and under optimized conditions, these enzymes cleaved a-LA. Casein is considered the main source of protein
for the production of hypoallergenic protein hydrolysates. Casein hydrolysis was carried out in 2 stages: protease
hydrolysis with LAB strains and pepsin hydrolysis. As a result, during the fermentation of milk proteins, some
LAB produce biologically active peptides that are relevant in the development and organoleptic, hypoallergenic
properties of fermented milk products.

AHHOTalIl/Iﬂ. L[eJ'II)IO HaHHOﬁ pa6OTBI ObLIa ONITUMHU3alU TUAPOIN3a 0EeJIKOB MOJIOKA Pa3IMIHBIMU IPOTE-
azamu MostouyHoKucibIx O6aktepuii (MKDB) n ¢pepMeHTaTHBHBIN THIposIN3 OSIIKOB MOJIOKA JUIsl TIPOSIBIICHHS UX T'H-
MoaJICPTreHHbIX cBoicTB. KomuecTBO YaCTHYHBIX TUAPOJIN3aTOB CBIBOPOTOYHBIX 0OEeIKOB TMOJYUYCHHBIX C ITPUME-
HeHueM nercuHa B o-LA 100%, a ¢ npumenennem namnauna B 3-LQ 61,8+4,8%; a- LA-100%. [Tpn npumeHenun
TEPMOJIM3UH, TPUIICHH 1 ankanasbl B B-LQ u a- LA-100%, cooTBeTcTBeHHO. B HEHTpaIbHBIX U MIEIOYHBIX Cpeaax
NanauH, TPUIICHH, ajkajiasa u TepMoin3uH 3¢ dexTrBHO pacuieruisut B-LQ, a B ONTUMHU3UPOBAHHBIX YCIIOBUSIX OTH
dhepmenTs! pacternsun o- LA. Kazenn cunraercss OCHOBHBIM UCTOYHHKOM OelTKa JIIsl ITOTyYeHMsI THIIoaIepreH-
HBIX 66J’IKOBBIX TUAPOJIN3ATOB. FI/IJIPOIH/IS Ka3€UHOB IMPOBOANJICA B 2 gTanax: rupoJjun3 nmporeasaMmu mraMMaMu
MKB u ruaponns nerncuHoM. B pesynprarte npu hepMeHTannu MoJI09HbIX 6enkoB HekoTopsiMu MKDB o6pasyrorcs
6I/IOJ'[0FI/I‘ICCKI/I AKTUBHBIC ICTITUABI, KOTOPBIC ABJIAIOTCA aKTyaJIbHBIMHU ITPU pa3pa60TKe 1 OpPTaHOJICITHYCCKUMU,
TUnoaJuICpreHHbIMU CBOMCTBaMH q)epMeHTI/IPOBaHHLIX MOJIOYHBIX IMPOAYKTOB.

Keywords: lactic acid bacteria, milk protein hydrolysis, proteases of LAB, protein hydrolysis optimization,
hypoallergenic milk proteins
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Krouesvie cnosa: monounoxucivie 6akmepuu, 2uopoau3 MorouHslx benkos, npomeaszvl MKb, onmumuszayus
2UdponU3a OeIKos, 2UNOAIIEPLEHHOCTIL MOIOYHBIX OENIKO8

INonHOUEHHAs MUIIA AOJDKHA COAEp)KaTh OCINKH,
JKHPBI, YTIIEBOIBI, BUTAMUHBI U TOJDKHA OBITH Pa3HO00-
pa3Hoil. XKupsl U yriaeBoJibl CYUTAIOTCS UCTOUHUKAMHU
SHEPTUH U B OIPEACICHHBIX MPEAETaX OHH B3aHMO3a-
MeHsieMbl. IX MOXXHO 3aMeHHUTh Oeskamu, HO Oesku
HHUYEM 3aMEHUTH HEeNb3a.

Benku Bxosiue B cOCTaB MOJIOKA IO CTPOEHHUIO,
(PU3UKO-XMMUYECKUM CBOMCTBAM M OHMOJIOTMYECKUM
(yHKIMSAM pa3HOOOpa3HBI U B MOJIOKE B CPEIHEM CO-
JepxuTcs 0koio 3,2% 6Oenka. Kpome Oenka B MOIOKe
COJICPIKUTCS a30THCTHIE COSINHEHUSI HEOEIKOBOTO Xa-
paxTtepa: cBOOOJHbIE aMHHOKHCIIOTHI, TIENTHIBI, MOYE-
BHHA, aMMHaK, ModeBas kuciota [1, ¢. 384]. Uccreno-
BaTEJIH UCIIOJNIB3YsI COBPEMEHHBIE CIIOCOOBI Pa3eTICHUS
U BBIACICHUS OCIKOB YCTAHOBHIIM, YTO B COCTaB MO-
JIOKa BXOJIUT TpH Ipymnmsl OenkoB. [lepas ocHOBHas
rpyIIa 3Ta Ka3euH, cojepKauii 4 ppakuuu: asi, oSy,
B 1 k xa3enH U uX PpparmeHTsl. Bropas rpynna cocrout
U3 CHIBOPOTOYHBIX OEJIKOB [-JIaKTOTIOOYJIMH U O-JIaK-
TOaNb0yMHHA, IMMYHOTJIOOYJIMHOB U QJIbOYMHUHOB ChI-
BopoTku kpoBu [18, c. 105-112]. Kpome Toro, B 3TY
TPYIIY BXOIWT JaKTO(GEPPHH M TaK HA3BIBACMbIC MH-
HOpHBIe Oenmku. Tperss rpymnma 3ta Oenku 000JI0YeK
JKUPOBBIX mapukoB. OHU cocTaBisIOT Beero 1 % Beex
OemkoB MostoKa. V3ydeHmne BTOPUYHOW M TPETHIHOM
CTPYKTYp OEJIKOB MOJIOKA ITOKa3aJjo 4YTO, Ka3eHH B OT-
JUYUA OT OOBIYHBIX TJIOOYJISPHBIX OENKOB IIOYTH HE
COJICPXKUT Oi-CIIMpAJIeH, a 0-IaKToaIb0yMuHa, a B-1ak-
TOTJIOOYJIMH COJEPIKUT OOJIbllIee KOJMYECTBO CHHpa-
JIM30BAaHHBIX y4acTKOB. CTpyKTypa Ka3enHa obecreqn-
BaeT XOPOIIYI0 PaCIIEIUIIEMOCTh Ka3enHa MpPOTEOoJHn-
THYECKMMHU (epMeHTaMH TIpHU IepeBapuBaHUU B
HaTUBHOM COCTOSIHUM O€3 NpeaBapHUTENIbHOM JIeHATY-
pauuu [7, ¢.217-246; 12, c. 587-592; 13, c. 3472-3478].

ITpoyKThI ¢ HU3KNM aJUIEPTEHHBIM MOTECHIINATIOM
Y BBICOKOM NMUTATEILHON IEHHOCTHIO MOXHO ITOJIYYHTh
npu (epMEHTATUBHOM THPOJIN3E OEJIKOBOTO KOMIIO-
HeHTa Monoka [3, ¢. 35; 10, c. 331-334]. I[Ipu moTped-
JICHUU THJIPOJIM30BaHHBIX OEJIKOB AOCTHIAeTCs IOJIO-
JKUTEIbHBIN (pusnoaorunyeckuii apdexr. Iror addhexr
10 CPAaBHEHHIO C HATUBHBIMHU OeJIKaMH ¥ aMUHOKHCIIO-
TaMH JOCTHTAaeTCs 3a CYET JYYIero YCBOSHHS KOpPOT-
KOIIETIOYEYHBIX TENTHIOB B KUIIEYHOM Tpakrte [2, ¢
263-272; 10, c. 331-344].

Jnst numieBoit M dapManeBTHYECKOH MPOMBIII-
JICHHOCTH TIOJIy4EHHE TMIIOTCH3MBHBIX, aHTHMUKPOO-
HBIX, IMMYHOCTHUMYJIMPYIOMINX, aHTU(QYHTAJIBHBIX U C
IpyruMu ddexramMn OHOIOrHYecKn aKTUBHBIX TIENTH-
JIOB, TPEICTaBIsieT ocoObrid wmHTepec [16, c. 3101-
3106]. IIporeonns siBasieTCS BaXKHBIM OMOXUMHYECKAM
MIPOIIECCOM TIPH TOIYYEHUH Pa3IMIHBIX (PEPMEHTHPO-
BaHHBIX TNPOIYKTOB. IIpoTeonuTHyeckas cucTeMa,
yYacTBYIOIIasi B pachajne Ka3ewHa, OOecIednBaeT
KJIETKH HE3aMEHHMBIMH aMHUHOKHCIOTaMU BO BpEMs
pocTta B MOJIOKE M TaKKe MMEET NPOMBIIUIEHHOE 3Ha-
YEHUE 3a CUET Pa3BUTUE OPTaHOJENTUUYECKUX CBONCTB
B ()epPMEHTHPOBAHHBIX MOJIOYHBIX MpoaykTax [12, c.
587-592]. IIporeomuruueckas cUCTEMa COCTOMT M3
BHEKJIETOUHON CEpUH-TIPOTEUHA3bl U TPAHCHOPTHBIX

CHCTEM, CIICIU(UIHBIX AJISI JU-TPUIICITHIOB M OJIUTO-
MEeNTUI0B. MOJEnb NPOTEONUTHIECKOTO ITyTH COCTOUT
u3: -(I) mpoTenHa3bI UMEIONTYIO IMHUPOKYIO CIIeIAPUI-
HOCTb M CITOCOOHOCTH BBICBOOOKIATh OOJIBIIOE KOJIH-
4YeCcTBO paszIMuHbIX onuronentuaos, -(II) Tpancnopra
OJIUTOTIENTH/IOB SIBJISIOIIUXCS OCHOBHBIM ITyTeM IIO-
cTymjieHus aszora B kierky; -(I1II) Bcex nmenTunas pac-
MOJIOKEHHBIX BHYTPUKJIETOUHO. J[J1s1 osIHOTO pacnana
HaKOIUICHHBIX MENTHIOB TpeOyeTcs naeiicTBUE Bcex
nenrtuaas [14, c. 105-110; 15, ¢. 187-221; 17, c. 109-
115]. Uzydyenne ¢u3noIOro-OMOXUMHYECKUX H TIPO-
MBIIIJICHHO IIEHHBIX CBOMCTB MOJIOYHOKHCIBIX OakTe-
puii B yactHocTr Lb.helveticus A7, Lb.paracasei A582,
E. faecalis AN1, E. faecalis A121 u np. sBsieTcs aKTy-
IBHBIM HAIPaBICHUEM HCCIICIOBAHUN TMPHUKIATHOH
OMOTEXHOJIOTUH, YTO CBSI3aHO C IIMPOKUM IPUMEHE-
HUEM MHKpPOOPTaHU3MOB B Pa3IMYHBIX OTPACIIAX MO-
JIOYHOH HPOMBIIUIEHHOCTH, B YaCTHOCTU CBIPOAEIIHH,
IIpU U3TOTOBJICHUU HOTYpTOB M 3akBacok [22, c. 969-
973]. Kak u3BecTHO 6aKTepUH HYKJAIOTCA B HK30TEH-
HOM HCTOYHHKE MENTHIOB M aMHHOKHUCIIOT, KOTOPBIE
00pa3yroTcs U3 OCHOBHOTO OEJIKa MOJIOKA - Iy TEM THJI-
ponmza kazenHa. KasewH pacmeniisiercst OakTepHuaib-
HOH mpoTeas3oil, KOTopas CBsi3aHa C KJIETOYHOM CTEH-
koii. OOpa30oBaBIINECS OJUTONETITHABI MOTJIOMAIOTCS
MIOCPEACTBOM CIEIM(UIECKOTO TENTHIHOTO TpaHC-
1opTa ¥ B AANbHEWIIEM ITOJ ACHCTBHEM Pa3IMIHBIX
BHYTPHUKJICTOYHBIX TENTHAA3 PACHICIUIIIOTCA Ha KO-
POTKOIIETIOUEYHbIE TIENTHABI 1 aMUHOKHUCIIOTHI [13, c.
3472-3478; 20, ¢ 1395-1410; 21, c. 139-155]. I1pu dep-
MeHTanuu kazenHa HekoTopbiMu MKDB o6pazyrotcs
OMOJIOTHYECKN aKTUBHBIE MENTHIBI. DTH MENTH]IBI SIB-
JISIFOTCSL aKTyaJbHBIMH TIPH pa3paboTKe NPOAYKTOB
¢yHKUIMOHATBHON HampaBieHHOcTH (Tabmmmal). Tak
TIETITUTHBIN 1 aMUHOKHUCIIOTHBIH PO(MIIB THAPOIIN30-
BaHHOT'O O€JIKa MOJIOKA OIIpeAeNsIeT OMOJOTHIECKN aK-
THBHBIE, OPTaHOJENTHYECKHE M TUIOAIIEPTreHHBIE
CBOWCTBa (pEpPMEHTHPOBAHHEBIX MPOAYKTOB [6, c. 207-
228; 19, c. 16-20].
MaTtepuaJjbl M MeTOABI

Onmumusayua 2udponusa 6eaK0é MOI0Ka pas-
AUYHBIMU BpOmeazamu. Pacmierienne 6eIKoB-amep-
TeHOB OCYIIECTBIISIOT C HCIIOJIB30BAaHHEM MIMPOKOTO
CIeKTpa npoTea3 — (epMeHTOB Kiacca ruaponas. ['un-
poJia3bl KATANU3UPYIOT THAPOIUTHUECKUI pa3phbIB MeET-
THIHBIX cBs3ell. Cpesin HUX N3BECTHBI (PepPMEHTHI MHK-
poOHOro -ankanasa, HeWTpa3a, TEPMOJIM3MH, XHBOT-
HOTO  -MENCHH,  TPUICUH, XUMOTPHUIICUH U
PacTUTEIFHOTO NPOUCXOK/ICHHS ~TTallauH, OpOMeNaunH,
¢unuH [5, c. 159-203]. Y aTux depMeHTOB pa3inyHbIe
MEXaHU3Mbl KaTaJIMTUYECKOro nedcTBus. M3yueHue
0Cc0oOeHHOCTEH THAPOII3a OEITKOB MOJIOKA CIIeIU(IUe-
CKMMH TIPOTEa3aMH, a TaKKe MPHU COBMECTHOM HX BO3-
JEHCTBUU HANpaBICHO HAa YCTAHOBJICHHE ONTHMAallb-
HBIX TIapaMeTPOB. DTUMH MapaMeTpaMH SBISIOTCS TO-
JydeHHs YaCTHUYHOIO TUAPOIM3aTa C 3aJaHHBIM
MENTUIHBIM COCTaBOM, a TAKXK€ UMMYHOXHUMUYECKUMU
CBOMCTBaMM KaK KOMIIOHEHTA MPOAYKTOB CIIEUATU3U-
poBannoro nuranus [4, c. 209-223; 11, c. 4772-4778].
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Benku KOpoBbEro MoJiOKa HPEACTABIAIOT CO0O0I mep-
BBIIl HCTOYHUK aHTUTCHOB, BCTPEYAIOIIUXCS B 0OJb-
X KOJIMYECTBaX B MiafieHdecTBe. Cpenu 9TuX aHTH-
reroB B-makrornodymud (B-LG), a-makrans0ymud (o-
LA) 1 Ka3eHBI SBISIIOTCS OCHOBHBIMH aJUICPreHaMU B
KOpOoBBbeM MoJtoke [12, c. 587-592].

CorimacHO HCCIEIOBaHMAM 110  ONTHMH3ALMH
YCIIOBHIA TUIPOJIN3a OCHOBHBIX CHIBOPOTOYHBIX OEJIKOB

CEpMHOBBIMHU (@JIKaia3a M TPUIICHH), acHapariHOBOM
(TIeTicH) ¥ MUCTEeMHOBOW (MIAallaWH) MpOTea3aMu, Me-
TaJUTONIPOTEa3aMH (TEPMOIIN3HH ) KOMILIEKCHBIME (hep-
MEHTHBIMH TIperapaTaMy MpPEACTaBICHA CPaBHUTENb-
Hasl XapaKTePUCTHKa COOTBETCTBYIOIIUX YaCTHYHBIX
ruaponn3aTos (Tabmuma 1).

Tab: 1

KosnvecTBO YaCTHYHBIX ruipoJ/in3aToB CbLIBOPOTOYHBIX 0€eJIKOB MOJYYC€HHBIX ¢ IPUMEHECHUEM pa3jiny-
HBIX IIpoTEa3

DepMEHT AJIS TMONYYCHUS YACTUIHOTO THAPO- KosnuecTBO pacciienieHHbIX 0eKoB B ruaponusare, %
JM3aTta B-nr o-71a
[encun 0 100
[Tanaun 61,8+4,8 29,8+4,2
Tepmonusux 100 100
Tpuncun 100 98
Aukanasa 100 100

DepmenmamugeHulii 2uopoIU3 0€1K08 MOJIOKA
KaK nymo ux ZUnoaunepzeHHocmu

IMon neWicTBMEM pa3NUYHBIX TEXHOIOTHYECKHX
MPUEMOB MOJKET OBITH CHIDKEHA aJUIEpPreHHOCTH MO-
JIOYHBIX MPOXYKTOB. J{Is1 MOJEKYJIAPHOTO M3MEHEHUS
QJUIEPTeHHOTO MOTEHIMana OEJIKoB, pa3pymaercs 00-
JaCTh AaHTHT'CHHBIX STUTONOB WIH (GOPMHUPYIOTCS HO-
BbIe. B pesysbrare neHaTypanuu ajuiepreHa odserda-
eTcsl IOCTYI K paHee CKPHITBHIM 3nuTomnam [5, c. 159-
203].

OnmuH W3 myTeil CHWKEHHs aJIepreHHOCTH MO-
JIOYHBIX MPOJYKTOB- 3TO ()ePMEHTATHUBHBIN TUIPOIIU3.

MexaHu3m (epMEHTATHBHOTO KaTallk3a COCTOUT
U3 Tpex IOCIeN0BaTeNbHBIX peakiuid. Bo mepBbIx 00-
pa3yercs KoMmIuiekc Muxasnuca u3 Oenka (cyOcTpara)
u ¢epMenTa. Bropas peakiyst 3To pa3pbIB MENTHIHON
CBSI3M ¥ BBICBOOOXKIEHUS 0JfHOTO enTruaa. Ha mocnen-
HeW CTaJiny OCTAaBIIMICS MENTH OTANsETCS OT (ep-
MEHTa I0CJe HYKICO(pHUIbHOW aTaku, KOTOPYIO OCy-
IIECTBIIIET MOJIEKya BOibI [ 5, ¢.159-203].

KazenH cuMTaloT OCHOBHBIM MCTOYHHMKOM Oelka
JUISL TIOJIyY€HHSI THUIOAJUIEPTeHHbIX OEJKOBBIX T'MIPO-
nu3atoB. [Ipu nmporeonnse Ka3eMHa OCHOBHBIM HEJO-
CTaTKOM SIBJIIETCS HENPUATHBIN BKYC U 3anax. s u3-
TOTOBJICHUS THUIOAJUIEPTeHHBIX MOJIOUHBIX cMecei
TaKOKe MCIOJIB3YIOT THUIPOJIU3aThl CHIBOPOTOYHBIX Oel-
koB. [Ipy BBeIeHHHU B COCTAaB MOJIOYHBIX CMeCeii ChIBO-
POTOYHBIX OEJIKOB HEOOXOAMMO YMEHBIIUTH CO/IEpKa-
HHE apOMAaTHYECKUX aMHHOKHUCIOT [8, ¢. 254-258].

IIpoTeonus ka3eMHOB MPOBOIMIN IO METOAMKE,
onucanHoi Mouecoucou u coast. [15, c. 187-221].
I'maponmzaT Ka3enHOB IITAMMOM, a TaKKe HATHBHBIN
cyOcTpaT, MoJBepray AalbHEHIIeMy THAPOIN3Y TeTl-
cHHOM. ['MApONM3 NMercuHOM NMPOBOAMIIN B T€USHHH |
yaca ipu pH 2.0 u remneparype 37 °C.

Pe3yabTaTsl U HX 00cy:KaeHHE

[NamauH, TpUIICHH, ajKaia3a, TepMOJIH3HH 3 dek-
THBHO paclleIuisieT B-I1akTorio0ynuH B HEHTpaIbHBIX
U LIEJOYHBIX Cpeliax. B onTHMU3MPOBaHHBIX YCIOBHAX
9TH (PePMEHTHI PACIIEIUIAIOT 0-TaKTOATbOYMUH.

[Tpu ruaponu3e B-nakTorao0yJiuHa U (-1aKToaNb-
OyMHHa TEPMOJIM3UHOM MPEAIOIUUTEIEHBIM SBIISIETCS
pH 8. Ipu 70°C 6bina MoxazaHa MaKCUMAJIbHAS CTe-
TIeHb NpoTeon3a. bbita nokasana Beicokast 3 eKTHB-
HOCTH THPOJIN3a CHIBOPOTOYHBIX OEJIKOB ITPH HCIIONb-
30BaHUM TPUIICMHA M aJIKanasbl. Jis momydenust Oen-
KOBOTO  KOMIIOHEHTa C HH3KHM  aHTHUTCHHBIM
NOTEHIMAJIOM SIBJISIETCSl BBIOOP Takux (PEPMEHTOB Kak
TEPMOJIM3UH, TPUTICUH M ankanasa [3, ¢.35-39; 4, c.
209-233].

I'maponu3 ka3eMHOB IPOBOAWICSA B JBa JTama:
THIPOJNN3 MpPOTea3aMy INTaMMaMH MOJOYHOKHCIBIX
OakTepuii ¥ THUAPONIH3 MerncuHoM. IIpoduias mpoTeo-
JIM3a Ha 3Tanax THAPOJIN3a MpoTea3aMH IITaMMa Mo-
JIOYHOKHCIIBIX OaKTepuil U THIPOIIH3a ETICHHOM OBLIO
nokazaHa Ha puc:1. 1234
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| —sman Wl- soman
Puc.1 Ilpomeonus xazeunos npomeazamu wmamma MOA0YHOKUCTbIX bakmepuu u nencurom. Jlunuu 1, 3, coom-
8emMCm8yom KOHMPOJAM, TUHUU 2, 4 2u0poauzamam KazeuHos wmammom MOJ0YHOKUCbIX bakmepuil. | sman —
2UOPONIU3 WUMAMMAMY MOLOYHOKUCTBIX bakmepuil, || sman — cudponuz nencunom.

Kak BUIHO ¢ prCyHKa YaCTUYHBINA THAPOJIN3 B 00-
pa3oBaHHEM OOJIBILIOIO KOJIMYECTBA MENTHIOB IPOUC-
XomuT (nmuHHMA 2) mociie 3 4. WHKYOaluH KIETOK
mramMMa ¢ cyoctparom. [Ipoduip mnentuaoB oTiu-
qacs Il KOHTPOJS U runponusata (iuHnn 3 1 4). B
pe3ysbTaTe TpEeABAPUTENILHBIN THIAPOIN3 Ka3eHHOB
npoTeasaMn IITaMMa MOJIOYHOKHCIIBIX — OakTepuit
yIIydIan uxX nepeBapuBaHKe TENCHHOM.

IMpencraBneno 3¢ ¢GEeKTUBHOCTD MPUMEHEHHUS all-
KaJla3bl, TPUIICHHA WM TEPMOJM3MHA JUIS THIPOJIN3a
HATUBHBIX [-JIAKTOrIOOYJIMHA U O-JIAKTaIbOyMUHA,
00ecTeynBaroINX HOTy4YeHHEe OSIIKOBOr0 KOMIIOHEHTa
¢ colepkaHueM nentuanon gppaxiuu 90,9-98 %.

B pe3ynbraTe 66U OXapaKTepPU30BaHBI THAPOIIH-
3aThl Ka3eMHa M CHIBOPOTOYHBIX OEJIKOB, KOTOPBIE I10-
JIy4€HHBI C MPUMEHEHUEM (EPMEHTOB C Pa3IMYHBIMHU
MEXaHN3MaM{ KaTaIUTHYECKOTO NEHCTBHSA U ITyTEM
(hepMeHTaINM MTPOTEOTUTHUSCKIMH CHCTEMaMHU IIpO-
MBIIIIEHHO-IIEHHBIX MOJIOYHOKHCIIBIX OaKTepuii.

Bb11o 000CHOBaHO COBMECTHOE HCHOJIB30BaHHUE
TaKHUX MMpoTea3 Kak ajkajasbl ¥ TpuricuHa. Mx ucnons-
30BajM JUIsl YBEJIMYEHHs CTEIEHU TMApOJHN3a OCeNIKOB
MOJIOYHOH CBIBOPOTKU U JJIl CHW)KEHHS OCTATOYHOMN
AQHTHTCHHOCTH NPOIYKTOB IIpoTeonn3a. B pesynprare
JUIA TIPOAYKTOB CHEIMATH3UPOBAHHOTO NMUTAHHUSA OBLI
paspaboTaH crocod MOMyYeHUs] YaCTHIHOTO THIPOIIH-
3aTa CHIBOPOTOUYHBIX OenkoB. [l pacmieruieHus: Bcex
0EeJIKOB-aJIIEPTeHOB CIOCO0 IMOJy4YeHHs YacTHYHOTO
THIPOJIM3aTa CHIBOPOTOYHBIX OEJIKOB SIBJISICTCS TIpe-
MMYILECTBEHHBIM.
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ASSESSMENT OF THE SALT RESISTANCE OF FIELD CULTURES

Great damage to global agricultural production is
caused by soil salinity, in which the salt content (mainly
chlorides and sulphates) exceeds 0.25% by mass. On
our planet, 25% of the soil is precisely saline. In the
Russian Federation, saline soils occupy 36 million hec-
tares, which is 18% of the total area of irrigated land.
These soils are widespread in the southeast of the Eu-
ropean part of the country. Significant areas of saline
soils occupy in the Volga region. It is known that the
salinization process is intensified with irrigation of

land. This is a real disaster in the Middle Volga region,
where 6% of arable land is saline and 17% is salted [1]

The most important scientific problem is the de-
velopment of objective diagnostic methods for as-
sessing the salt tolerance of agricultural plants. The
most promising direction for solving this problem is the
improvement of methods for comparative assessment
of salt tolerance, when a plant variety with high salt-
resistance is used as a standard. Moreover, comparative
methods can be used in assessing the salt tolerance of
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plants of close systematic groups, preferably within the
same species.

Methods of diagnostics of salt tolerance of plants
acquire in recent times of great importance in the breed-
ing and seed-growing industries. Moreover, the selec-
tion of seeds of salt-tolerant plants should be carried out
among the forms with the highest yield on saline soils.

A promising direction in assessing the salt toler-
ance of plants is the germination of seeds on saline sub-
strates [9]. However, a significant disadvantage of this
method is that it allows one to assess the plant re-
sistance to plants only during the initial phases of their
development. Meanwhile, for a complete understand-
ing of the process, it is necessary to assess the salt tol-
erance of plants during the whole ontogenesis. The fact
is that salt tolerance in plants varies significantly de-
pending on the phases of their development.

The method of determining the salt tolerance of
plants according to the intensity of chlorophyll destruc-
tion in leaves placed by the petioles in salt solutions de-
serves attention. The basis of this method is the pres-
ence of a stable bond of the "chlorophyll-protein™ sys-
tem in plants with high salt-resistance. Indicator of the
degree of assessment of salt tolerance of plants is the
rapidity of salt spots due to the destruction of chloro-
phyll under the influence of salts. Moreover, in salt-tol-
erant forms, the disintegration of chlorophyll begins
later and proceeds less intensively.

Also known is a microscopic method for deter-
mining salt tolerance, the estimated indicator of which
is the rate and size of the appearance of spots from salt
burns on leaves of plants placed for 30 minutes by
means of 0.1 M sodium sulfate solution. In addition, a
method for assessing salt tolerance has been developed,
which involves counting plasmolized cells after im-
mersing for two hours sections of the epidermis of plant
leaves in a 0.1 M solution of sodium chloride.

Recently, direct and indirect methods for deter-
mining the salt tolerance of plants have been developed,
providing for the assessment of yield and productivity,
the rate of physiological and biochemical processes in
vegetative and generative organs. In this case, the main
indicator of the degree of salt tolerance of a seed plant,
the intensity of plasmolysis of cells, the rate of chloro-
phyll fading in the leaves of seedlings placed in salt so-
lutions [3,5,6]. However, the mentioned methods are
not always objective, since the germination rate, seed
germination depends not only on salt tolerance, but also
to a significant degree on the state of the embryo, seed
membranes, the depth of rest of the seeds, etc. In addi-
tion, some of them are laborious and long-term in exe-
cution.

A widely used method for assessing salt tolerance
for seed germination in salt solutions [3]. The main in-
dicator of resistance in this case is the percentage of
germinated seeds over a period of time from 5 to 15
days in saline conditions compared to water control.
However, the practical use of this method is limited due
to the fact that the mandatory condition for its execu-
tion is a high laboratory yield of seeds. In addition, the
seed used for sprouting should be grown in the same

climatic and weather conditions, which is not always
possible in practice. Along with this, there is evidence
that the amino acid Proline combines protective (in par-
ticular, salt protective) properties with the ability to ac-
cumulate in the vegetative organs of plants under stress,
in particular, salinity [2,4,7.8, ten]. In this regard, the
degree of accumulation of free proline in vegetative or-
gans (seedlings) is proposed by us in the diagnosis of
salt tolerance of cultivated plants.

The purpose of the research is to study the effect
of soil salinity on the content of amino acids (proline)
in the leaves of agricultural crops and to develop a
method for assessing the salt tolerance of plants.

Research methodology. Ten-day seedlings of ce-
reals, cereals, oilseeds, and legumes that were subjected
to stressful effects — salinization — were used as an
object of research.

Preliminary, samples of 50-100 seeds each are
taken from the seed batch of the test plants. Then the
seeds were soaked for half an hour in warm (30 - 35 C)
water and germinated in a thermostat for 10 days in ger-
minators on moist multilayer filter paper at a tempera-
ture of 25 - 28 C. The control sample was germinated
on a bed, moistened with water, and subjects - on a 0.5-
molar solution of sodium chloride. After germination in
seedlings of control and test samples, the content of free
proline was determined by the method of Bates [10].
For this purpose, 0.5 g of plant material was crushed
using a homogenizer, and it can be ground in a mortar
with quartz sand in 10 ml of a 3% aqueous solution of
sulfosalicylic acid. Then, 2 ml of the homogenate fil-
tered through a dense paper filter was mixed with 2 ml
of acid ninhydrin and 2 ml of glacial acetic acid. Sour
ninhydrin was prepared in advance, one day prior to
analysis, by boiling 1.25 ninhydrin in 30 ml of glacial
acetic acid and 20 ml of phosphoric acid until complete
dissolution. The mixture was kept in test tubes for one
hour in a water bath at 100 C. The reaction was limited
to cooling in an ice bath, after which 4 ml of toluene (or
benzene) was poured into each tube and vigorously
stirred for 15-20 seconds until complete bleaching of
the mixture -sie. After 15 minutes of settling, the chro-
mophore (the colored upper layer) was evaluated using
a photoelectric colorimeter (FEC-56M) for the density
of staining. Absorbance was measured on a blue light
filter at a wavelength of 520 nm. Toluene or benzene
was used as a control.

Research results. The content of free proline in
the samples was determined by the standard curve and
calculated in mg% on wet weight. The standard curve
was constructed on the basis of solutions of the factory
preparation of the proline of various concentrations.
After that, we calculated the salt tolerance coefficients,
on the basis of which three groups of plants were dis-
tinguished: highly resistant to salt stress (salt tolerance
coefficients 3.0 and above); medium resistant (2.0 -
2.9); weakly resistant (1.9 and below).

The table shows the results of a comparative as-
sessment of the salt tolerance of field plants of various
systematic groups.
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Traditional method New method -
——— - Solestability
Culture Seed germination in Content of proline, mg% -
: - coefficient
saline control experience

Sunflower 83 14 78 5,6
Barley 80 13 54 53
Sugar beet 76 10 46 4,6
Triticale 84 10 40 4,0
Mustard 71 13 51 3,9
Rye 66 11 31 3,7
Pic 63 15 41 2,7
Oats 62 15 38 2,5
Corn 59 14 32 2,3
Millet 54 13 24 2,0
Peas 46 16 29 1,8
Winter wheat 50 15 26 1,7
Beans ®acomab 43 15 26 1,7
Beans Bo0Ou1 40 14 21 15
Linen 47 13 20 1,5
Sorghum 45 14 20 14
Lupine 38 16 22 14
Buckwheat 42 15 20 14
Soy 36 13 16 1,2

The analysis shows that the content of free proline
in the seedlings of the test cultures and the salt tolerance
factors calculated on its basis allow us to differentiate
test plants in more detail by the level of resistance to
salinity. As a result of the assessment, three groups of
plants were identified: highly resistant to salt stress
(podsoniechnik, barley, sugar beet, triticale, mustard,
rye); medium resistant (rice, oats, corn, millet); weakly
resistant (peas, winter wheat, beans, beans, flax, sor-
ghum, lupine, buckwheat, soybean)

When assessing the salt tolerance of a breeding
material, it is recommended to use differentiator varie-
ties with a known degree of salt tolerance, which will
allow the breeder to carry out culling of weakly re-
sistant lines.
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EXISTENCE OF THE MULTIPERIODICAL SOLUTION
OF ONE SYSTEM THE INTEGRAL-DIFFERENTIAL EQUATIONS

AnnoTtanus: Mccnemyercs cuctema HHTErpo-TudQepeHIHaibHbIX ypaBHeHNH Trutia BoibpTeppa ¢ oneparo-
poM muddepeHInPOBaHHS 10 HAIPABICHUSIM BEKTOPHOTO MMOJIsL. [I0CTpOeH MaTPUIIAHT yIOBIECTBOPSIIOIINI MaT-
pPUYHOMY YPABHCHUIO U MOJYUYCHBI HEKOTOPBIC e€ CBOMCTBA U OLICHKH, CBA3aHHBIC C MHOTOIICPUOANUIHOCTBIO 1O
BPEMCHHBIM TIEPEMEHHBIM. Y cTaHOBIIEHBI JOCTAaTOYHBIC YCJIOBUA CYIIECTBOBAHUA U CAUHCTBEHHOCTH MHOTIOIIC-
PHOIMYECKOT0 MO BCEM HE3aBUCHUMBIM MEPEMEHHBIM PEIeHHs] CUCTEMbl HHTErpo-AuddepeHInaIbHbIX YpaBHe-
HUH.

Abstract: Researched the system of Volterra type integro-differential equations with the differentiation op-
erator by directions of the vector field. Constructed the matricant satisfies the matrix equation and obtained some
of its properties and estimates that are related to multiperiodical in time variables. Established sufficient conditions
the existence and uniqueness of the multiperiodical in all independent variables of the solution system integro-
differential equations

Knroueswie cnosa: mampuyanum, MHoeonepuodulmocmb, pesonbeenma, ﬂc)po, Kowwu, I'pun.

Keywords: matricant, multiperiodical, resolvent, kernel, Cauchy, Green.

IocTtanoBKka mpodJembl. PaccmoTpruM uHTETpo-andhepeHInanIsHoe ypaBHEHHE
T+0
D.u(z,t)= A(z, tu(z,t) + I K(z,t,s,0)(s,o)ds + f(z,t): o))
3 0 ,[.2 RxR™
JIECh Dc :874_ c,a , Ul7,1) - ucxomas BEKTOP-(QYHKIIHSI IEPEMEHHBIX (Z‘,t)e X , C-TmmocTosH-
T
Hbeli M -BekTOD, <,> -3HaK CKalsAPHOrO NpousBelenus, O = 0, +CS = t —C7 +CS - xapakrepucruka onepa-
TOpa DC , A(‘L',t) 31 K(T, t,s, O')- N X N -Martpuisl, f (T,t)- N -BexTop-hyHKIHS.
[Ipeanono:xuM BBIIIOTHEHHBIMU YCIOBUS (9, (())-HepI/IOL[I/I'IHOCTI/I, HenpeprBHOCTH 10 7 € R 1 HempepsIB-

Hoii tuddepenmpyemocru o t € R™

A(T+9,t+qw)=A(r,t)eCS?t’e)(Rme), qeZ™, )
K(r+6,t+qw,s,c)=K(z,t,s,0)e Cg)t’f’s'gf)(R x R™x R x Rm), qeZzZ"™, @)

f(r+0,t+qo)= f(T,t)eCff’t’e)(Rme), qeZ"™, 4)
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m
rae e=(1,..., ) - M -BekTOp, MOKA3aTeNb CTENEHM IIagkocTd mo t = (tl,...,tm), Z " - MHOXeCTBO

LEJOYMCIIEHHBIX BEKTOPOB (| = (ql,..., qm), qw = (qla)l,..., qma)m) - KpaTHBIH NEPHOJ C KPaTHOCTBIO (]

nepuonga = (a)l, wey Dy ), nepuoabl (W, = 0, @y,..., W, - palMOHAIBHO HECOU3MEPUMBIE TIOJIOXKUTEIIbHBIC

MIOCTOSIHHBIE.
[TocTpoeHne KOHCTPYKTUBHBIX METOIOB UCCIIEAOBAHUS 3aa4, CO3aHIe HOBBIX ITOJXO0JIOB PELICHUS TaKUX
3aJa4 I HEKOTOPBIX KIACCOB HMHTErpo-An(epeHINaIbHBIX YPAaBHEHHUH C YacTHBIMH IPOM3BOIHBIMH
aKTyaJIbHbI KaK JJIsl PaCIIMPEHHMs KJlacca pa3pelluMbIX 3aa4, TaK U Ul IPUMEHEHUs] MaTeMaTHIeCKHX METO/IOB.
AHaym3 ucciaenoBanuii m mybaukanuid. Murerpo-auddepeHnnanbsabie ypaBHEHHST BOSHUKAIOT BO MHOTHX
pa3zenax TNpPUKIAJHOM MaTeMaTWKH. Kak W3BECTHO, HCCIEIOBAaHMEM TEOPHUHM HHTErpo-Au(epeHINaIbHBIX
yYpaBHEHHH 3aHMMaliCch MHOTHE aBTOpbL. [IpoOmemaM TeopuMHM NEPHOAMYECKMX W MOYTH NEPHOJMIECKUX
KOJIeOaHMH, YCIIOBHSM CYIIECTBOBAHHUS OTPaHWYEHHBIX, MOYTH IEPHOJUYECKHX U IEPHOAMYECKHX PEIICHUH
MOCBAIICHBI PabOTHI MHOTHX aBTOpoB, oTMeTuM [1-3]. B [4] paccMmoTpeHBI pacmpocTpaHeHHE pPe3yIbTaToB
M.V¥Ypabe Ha cuCTEMBI HHTErPO-AN(PEPEHIINATBHBIX YPaBHEHNH, HCCIIEIOBAHBI MIPEACTABICHUS PEIICHNUS HHTE-
rpo-auddepeHInaNbHEIX YpaBHEHIH depe3 pe30JIbBEHTY sIpa [5], yKa3zaHa poib 3TUX ypaBHEHUHN MPH OTIHCAHIHA
MPOLIECCOB ¢ mocieaeicTBusimu [6], mpuMeHeHre ux B MaTeMarudeckoil 6uonoruu [7]. UccnenoBanus moutu
NEePUOJIMYCCKUX DEIICHUH CHCTEM YpaBHEHHH C KBa3HUICPUOAMYCCKUMH TIPaBbIMH dacTaMH [8], moutH
NEePUOIMICCKHUX PEIICHUI HHTerpo-auddepeHInansHbIX ypaBHeHuit tiuma meperoca [9-10], cymectBoBanue u
MOCTPOEHHE MHOTONEPHOINYECKHX M TCEBIONEPHOIUYECKUX PELICHUH CHCTEM WHTErpo-AndQepeHratbHbIX
YpaBHEHUIA, COJCPKAIINX MPOCTPAHCTBEHHYIO MEPEMEHHYIO paccMoTpersl B [11].
ITocraHoBKa 3aauu. Llens HacTosIIel paOOTHI — YCTAHOBUTH 1OCTATOYHBIEC YCIIOBHS CYIIIECTBOBAHUS U €IUH-
CTBEHHOCTH MHOTOIIEPHOINYECKOTO PEIICHHUSI CHCTEMbI HHTErpo-anuddepeHuansaoro ypasHenus (1).
Hzioxxenne ocHoBHOro Marepuana. [lo usBectHoll mMeToauke [9] mMOCTpoeHHs] MaTpPULAHTA ypaBHEHUS

Dw=A Z',t OIpeieINM MaTpHUIL] Wiz, ,T,t Ha OCHOBE MHTETPAIbHOIO MaTPUYHOI'O YPaBHECHUS
c p puny 0 p p yp

W(ey,2,t)=E + [ Als,t—olr —s)W(zy,5,t — clr — s)His ©

To
¢ equHIYHON [ -MaTpuieit E.

Ha ocnose (2) MaTpuraat W(S, T,t) o0nagaer CBOHCTBOM:
W(S+l9,T+¢9,t+qa)):W(S,T,t)ng?r'f)t’e)(Rx R x Rm), qeZ™.

Pemienne uHTErpaIbHOro ypaBHeHuUs (5) uilieM B BHUJE psla
W(z,,7,t)= E W, (z,,7,1), (6)
m=0

YJICHBI KOTOpOFO HaxoJuM U3 peKyppeHTHLIX COOTHOEGHHﬁZ
WO(TO,T,t)=E ,

W, (z,,7,t) = jA(s,t—c(r—s))No(rO,s,t—c(r—s))ds: j[A(s,t—c(r—s))ds: .

70 To

W, (7,,7,t) = j‘A(S,t—C(z’—s))Nmfl(To,s,t—c(r—s))ds, m=12,....

Zo

HenocpenctBeHHO MOXKHO yOeIUThCS B 20COMIOTHON M PABHOMEPHON CXOIUMOCTH psifa (6).
HUcnone3ys 3amMeny

u(z,t)=W(z,, 7, t\(z,1) 7
W3 YpaBHEHHUS COOTBETCTBYIOIIETO HEOAHOPOJHOMY HHTErPO-TudPepeHIraTsHoMy ypasHeruro (1) nmeem
7+0
D V(z,t) = _[Q(ro 7,1, 8,t—c(z — s)V(s,t —c(z —s))ds ®)

C SIpoM Q(ro 7,1, S, 0') =W*1(2'O T, t)K(r,t, S, G)N(ro ,S, G) .

3amMeTHM, 9YTO Ha OCHOBAHMH yCJIOBU (3) s1po 00J1agaeT CBOHCTBOM JUArOHAILHON MHOTONIEPHOAMYHOCTH

Qzy + 0,7 +0,t+qw,s+0,t +qo—c(r +0)+c(s +0))=Q(r,,7,1,5,t —c(z —s)), ge Z"™.
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MartpunaHT V (T 0r T t) ypaBHEHUs (8) orpeneTuM HHTErpaIbHBIM MAaTPHYHBIM YpaBHEHHUEM
z n+6
V(z,,7,t)= E + _f _fQ(ro,n,t —c(r=n)st—c(z—s)V(z,,s,t—c(r—s))dsdrp- O
To 77

Pemenne ypaBHenus (9) umem Tax:
V (o, t)=S V. (z0,z.t) (10)
m=0

C HavaIbHBIM NpubTIwKeHneM V (’[0 v Tos t) =EuV, (To Ty t) HAXOJIUM U3 COOTHOIIEHHUS

z n+6

Voo, 7t) = [ [ Qg t—c(z —17), 5.t —c(r =)V (70,5, t —c(r —5))dsdrp: M =1 2. (11)

o 77

OtMeTruM, 4YTO SApO HUHTErpo-IuddepeHInaNIbHOr0 YpaBHEHUsI ONpeneNsieTcsl 4Yepe3 PpEeKKypeHTHbIC
COOTHOILIEHHUS.
YcTaHOBIIEHBI CIPaBEIIMBOCTh OLICHOK:

Q. (zo. 7.t —c(z —77),s,t —c(z —5))| < Q,, Q, =const, ...,

Qu(eomt—clr—mhst—ole=s)=Qr T

OTMeTuM, YTO BCE MTCPUPOBAHHBIC spa Qm (Z' 0,77,t —C(T —77), st —C(T - S)) 001a1a10T CBOHCTBOM

(6, a)) -IIEPUOAUYHOCTHU!

Q.(r, +0,nt+qo-c((r+6)-n)s,t+qo—c((r+86)-s))=Q (r,,nt—c(r—n),s,t —c(r —s))-

MOHO TI0Ka3aTh, 4TO P sz (Z’ 0 t= C(T — 77), s, t— C(T — S)) CX0IUTCs aBCOTIOTHO U PABHOMEPHO
m=1

K HENPEPHIBHON (QyHKIUH R(TO, ﬂ,t—C(T —77), S,t—C(T —S)), Ha3bIBAEMOE PE3O0JILBEHTON, KOTOpas IpU

1) =T obpamaercs B sapo Q(Z’O, n,t— C(Z' - 77), S, t— C(T - S)) ¥ YIOBJIETBOPSIET MHTETPAILHOMY ypaBHe-

HHIO

R(z‘o,n,t —C(z‘—n),s,t—c(r—s))= Q(ro,n,t—c(r—n),s,t —C(T—S))+

T n+6
+ j IQ(rO ;1 t—c(z—7n),s,t—c(z—s)R(zy,mt—c(z —77),s,t —c(z —s))dsdn,  (13)
n n
OTMeTI/IM, HEKOTOPLIC CBOMCTBa PE30JIbBCHTHI:

1) R(T 0 t= C(T - 77), S, t— C(Z‘ - S)) YIAOBJIETBOPSIET HHTETPO-THU(pHEPEHITHATEHOMY YPaBHEHHIO (8).

2) Pe3onbBenTa R(Z’ /A C(Z’ - 77), s, t— C(T — S)) ABIIETCS MHOTONEPHOANYECKON (QYHKIMEH:

R(TO +9,T],t+qa)—C((T+9)—77),S,t+qa)—C((T+9)—S))=
=R(z,,mt—c(c—n)s,t—c(r—s)), qez™.

C yuerom (7) umeem U (Z’O , 7, t) =W(T0 , 7, t)\/(TO T, t).

HpeﬂHOJ’IO)KI/IM, YTO MATPULIAHT YpaBHCHUA

DU (0, 7,t)= Ae, U (z0, 2,0)+ [K(rt,s,t—c(e —S)U (0, 5.t —cle—s)ds (14
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¢ yenosuem U (TO ' Tos t) = E pasnaraercs na cymmy
U(z‘o,z',t)=U+(z'0,z',t)+U7(z'0,z',t) (15)

MatpuuHbeX pemrennii U +(Z‘ o7 ,t) u U_(T 0 T ,t) paccMaTpHBAEMOTO YPaBHEHMS, yIOBJIETBOPAIONINE
OLICHKAM
U, (zy,7,t) <567 %) 7, <7, (16a)

U_(zp,7t) 25 ), 7, <1, (16b)

me & =maxisuplU, (z,,7,t),suplU_(zo, 7, )}, 7>k , k =sup|K(s,t —c(z —s)).

Vuaureisas (14)-(16) MOKHO TIOCTPOUTH MaTpHILy ThIa [ prHa B BHIE

G(TO,T,t):{

U+(ro,r,t), T, <7,

—U_(ro,r,t), Ty >T. (16c)

OTtMmeruM, YTO U+(Z'O,T,t) u Uf(Z'O,T,t) KpOME CBOMCTB HEIPEPBIBHOCTU M HENPEPBIBHOMI

muddepeHnmpyeMocTH, 0061a1al0T CBOHCTBOM MHOTOIIEPHOANIHOCTH

U, (z, +¢9,2'+6’,t+qa))=U+(To,r,t)eC(O’O’e)(RxRme),

79,7t

U (ry +6,7+6,t+qo)=U _(z,,7,t)eCL%I(RxRxR"),

7o,7,t

3anmaua. Haiiti QyHKIHIO U(T ,t) YIOBJICTBOPSIONIYIO MHTETpO-auddepeHuanpHoMy ypaBHenuto (1) u
HavyaJlbHOMY YCJIOBHIO

U(z,t)=glt)eCE(R™) an

Pemenne 3agaun Komwu (1), (17) uiem B Buje

u(z,t)=u_(z,t)+u, (z,1), (18)

rue

u_(z,t)=U_(zy,7,)pt —c(z — 7, ) + jU_(S, 7,t —c(z —s))f (s,t —c(z —s))ds (18a)

u, (T,t) =U, (z,, r,t)(p(t — C(z‘ — 7, ))+ jU+ (S, T,t— C(T — S))f (S,t — C(Z‘ — S))ds (18b)

%o

Paccmorpum zBa cinydast i) T 2= T, uii) 7 < 7.
I. B cnywae i) 7 2 7, byHKuHIO q)(t) MOCTapaeMCsl ONPENICIIUTh U3 COOTHOILCHHS

u_(z,t)=U_(z,,7.t)pt —c(z — 7, )) + jU_(S,T,t —c(z —s))f(s,t —c(z —s))ds.

)

I1. B ciyyae i) T < 7, HauankHy!0 QyHKIHIO ONPEJEINM U3 ypaBHEHHS

u,(z,t)=U, (z,,7,t)p(t —c(z —7,)) + _T[U+(s,r,t —c(z—9))f(s,t —c(z —s))ds

Ha OCHOBE HEOOXOMMOTO H JOCTATOYHOTO YCIOBUS MHOTOIEPHOANIHOCTH YMOeT:)kaHOBa-CapTabaHoBa
_ (0) m
u(z'0 - H,t) = u(ro,t) € Cro,t (R x R ) (19)
METOJIOM TIOCJICJOBATECIIFHBIX MPUOIMKCHUHN, HIeM cpenu perieHui (18) MHOromeproandeckoe peleHue
cucremsl (1).

VuuTteisas (16¢), HaliieHHEIE B (— 0, T ) U (To ,+OO) pEIIEHHs] HMEEM:
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u*(z,t) = _j;G(TO sit—cle—s)f(s,t—clz—s)ds @)

[MomyueHHsIii pe3yabpTaT chOpPMYIUPYEM B BHIIE TEOPEMBI.

Teopema. Ecnu svinonnenst ycrosus (2)-(4) u Y 2 oK , mo cucmema unmezpo-ougppepenyuansuvix ypas-
HEHUIL 8 YACMHbBIX NPOU3BOOHBIX C ONepamopom ouggepenyuposanus (1) umeem eOuHcmeeHHoe MHO2ONEPUOOU-

u(mt)|< 21,
4

BLIBO}ILI U MEePCIIeKTUBLI. I[J'IH CUCTCMBbI I/IHTero-I[I/I(l)(l)epeHHI/IaHLHLIX ypaBHeHI/Iﬁ B YaCTHBIX IMPOU3BOI-
HBIX C OI€paTOpOM [[I/I(l)(l)epeHHI/IPOBaHI/IH IO HAalIpaBJICHUAM BEKTOPHOI'O I10JIA, HE COACPIKAIINX MPOCTPAHCTBCH-
HBIX TICPEMEHHBIX TOCTPOCH MATPULIAHT y]lOBJ'IeTBOpSIIOHII/Iﬁ MaTpUiHOMY YPaBHCHUIO.

Haiinensl mpeacTaBUMOCTh MHOTOIIEPUOIUYCCKOTO PEIICHUS paCCMaTpPUBaeMOU HHTETrpo-auddhepeHIuas-
HOU CHUCTEMBI Yepe3 pE30JIbBCHTY A/Ipa, NOJTYUYCHBI PCKYPPCHTHBIC COOTHOIICHUA U OLICHKU. YcTaHOBIEHBI aocTa-
TOYHBIC yCJ'IOBI/IH CyHleCTBOBaHI/IH U CAUHCTBCHHOCTHU MHOFOHGpHOI{H‘I@CKOI‘O 10 BCEM HE3aBUCHUMbIM nepeMeH—
HBIM PpCHICHUA CUCTCMBbI PIHTCFpO-,Z[I/I(i)(i)epeHLII/IaHLHBIX ypaBHeHHfI. 3aMeTI/IM, YTO AOKa3aHHas TeopeMa OCTACTCA
CIpaBeTNBOM, KOTIa MaTpU9IHAast GyHKIWA ['prHA THHEWHOW CHCTEMBI 00JIaaeT CBOMHCTBOM SKCIIOHEHITHATBHOM

yeckoe peutenue (20), yoosremeopsioujee yCcio8uro ‘

JAUXOTOMHUYHOCTBIO.
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ON THE ISSUE OF A ONE PHENOMENON OF COLLECTIVE MEMORY.

bapanoe Hzopy Bumanvesuu

KaHouoam Qu3uxko-mamemamuieckux Hayk, 0oyeHm Kageopvl nPUKiIadHOU MamemMamuxi,
Honckou I'ocyoapecmesennwiti Texnuueckuii Ynugepcumenm.

T'ycesa Hpuna Anamonvesna

KaHouoam Qu3uxko-mamemamuieckux Hayk, 0oyeHm Kageopvl nPUKIadHOU MamemMamuxi,
Jlonckoii I'ocyoapcmeennwiii Texnuueckutl Ynusepcumem.

K BOITPOCY OB OJTHOM ®EHOMEHE KOJUIEKTUBHON MAMSITH.

Summary: An attempt was made to statistical analysis of one interesting effect associated with the collec-

tive memory of large groups of people.
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AHHOTalIl/ISI: HpeaanHﬂTa MOMNbITKA CTATUCTUYCCKOI'O aHaJIM3a OAHOT'O UHTECPECHOI'O 3(1)(1)€KT21, CBsA3aHHOI'O

C KOJUTEKTUBHOH ITaMATHIO OOJIBIINX TPYIIII JIFOICH.

Key words: Statistical analysis, collective memory, polls, Mandella effect.
Knrouesvie cnosa: CraTuCTHIECKH aHATN3, KOJUICKTUBHAS MAMSTh, ONIPOCH, MaHnens! 3¢ dexT.

Beenenne.

Hexotopoe Bpems Ha3ax B HHTEpHETE MOSIBIIIOCH
o0CyXIleHHue OJHOTO MHTepecHOro addekra, cBs3aH-
HOTO C KOJUIEKTUBHBIMH JIOKHBIMH BOCHIOMHHAHHSIMH
OoupiuX rpym Joaei. [TosicHuM cyTh POCTHIM MpH-
mepoM. Crpocure ceds, KTO aBTOp IO3THYECKHX
cTpok: “CHKy 3a pCIICTKOW B TEMHHIIC CBIPOH,
BCKOPMJICHHBIM B HEBOJIE opesl Mojomoi ...” ? Jlep-
MOHTOB, CKaXeTe BBI, W ... ommoOErecs. U, BMecTe C
Bamu, omm6ércss G0IBIIMHCTBO JIFOAEH, KOTOPHIM BrI
3aaIuTe 3TOT BOMPOC. DPGPEKT BHIPAKAETCS B TOM,
YTO OTPOMHOE KOJIMUYECTBO JIOCH 00unakogvim obpa-
30M TIOMHSIT HEKOTOPBIE COOBITHS HE TAKUMH, KaK ceii-
4ac MX ONHKCHIBAET COBPEMEHHAas UCTOpHS. YITOMHUHA-
HHUS 00 3TOM (peHOMEHE BIEpBbIe MOsiBWINCH B 2013
rojy, Koraa o(UIHaIbHO OBLIO COOOINEHO O CMEPTH
Henbcona Mangensi, nepBoro npesunenta KOAP. On-
HAKO THICSYH YEJIOBEK CTaJIM HUCATh B HHTEPHETE, YTO
MpeKpacHo MOMHST, kak Henbcon Manzesna ckoHyacs
B TIopbMe B 80-x rogax 20 Beka, ¥ HUKOTIa He OBLI Ipe-
3uneHToM. [Icuxonoru ObUTH He TOTOBHI K TAKOMY Mac-
COBOMY IIOMEIIATEICTBY, KOTJa OTPOMHOE KOJHYe-
CTBO JIIOACH OTHOBPEMEHHO 3asBISICT OTHO U TO JKE,
0e3 KakoW-T1M00 OYEeBHIHON NPUYHUHBI WM BBITOMBL.
Jarnee, 00HAPYKUITNUCH COMHU ITTA30I0B COBITATICHUS Y
MHOXECTBA JIIOJIEl BOCIOMHHAHUI (IIO-BUINMOMY,
c(OpPMHUPOBABIINXCST HE3aBUCHMO), MPOTHBOPEYAILINX
OOIIEeTTPUHATON HCTOPHH (a TaKKe HBIHEITHEMY IOJIO-
JKEHUIO JIeJ1, KOTJIa peub WAET He MPOCTO O (akTax mpo-
IIJIOr0), MpU4EM BOCIIOMHUHAHHUSI 3TH KacaloTCs He
TPYAHOIIPOBEPSIEMBIX COOBITHI U3 JIMIHOMN UM CeMEi-
HOU (YacTHOW) MCTOPHH, a TeX, KOTOPHIC CUHTAIOTCS
0O0IIeN3BECTHRIMH : HCTOPHYCCKHUX, TeoTrpapuIecKuX,
ACTPOHOMHYECKHX, 300JIOTHYECKUX, AHATOMUYCCKHX,
COOBITHII B JIUTEpAType M HCKYCCTBE, PEUYEBHIX, apXH-
TEKTYPHBIX, XYAOKECTBEHHBIX W JIp. JTO SBICHHE
ObLTO Ha3BaHO “d(derToM MaHmemnsr”.

OcTtaBuUM 3a paMKaMH CTaTbU 00bACHEHUe NPUUUH
JaHHOTO 3(dekTa ncuxonoram. B MHTepHeTe Ha 3TOT
CYeT MOXKHO HAWTH BEPCHH Ha JIO0OH BKYC — OT KOH-
CITUPOJIOTHUECKHX 70 PaHTACTUIECKUX. AXKHOTaK ObLT
MOAOTPET OGHUIHATLHBIM BUICOPOIMKOM COOOIIECTBA
LHC (Bosbmoit Anponnsiii Konnaiinep) CERN “We
are happy at CERN”, B KOTOpOM HMeeTCs U301, TS
HEeKHH y4eHbId geMoHcTpupyet tabimmuku “BOND#1”
u “MANDELA” (Bo3M0XHO, 3TO TPOJUIHHT).

OnHako, Ha mpocTopax MHTepHeTa U B auTepa-
Type He yIaJIoCh HAWTH CKOJIb-HUOYIb AETAIBLHOTO KO-
JUYecme8eHH020 aHaIu3a 3TOro ABIeHN. Bee o6cyxe-
HHSI HOCSIT XapakTep IMOIMOHAIBHOI KOHCTATalluK He-
KOTOporo (hakTa, MPOTUBOPEYAIIETO BOCIIOMHHAHUSAM
0 HéM. B paboTte mpeanpuHsITAa MOMBITKA TPOBECTH KO-
JIMYECTBEHHBIN aHANN3, U TIOHATh, CYIECTBYET JIU 3(h-
(exT Ha camMoM Jerte.

Ananu3 ¢peHOMeHA.

HauHeM ¢ HECKOJNBKHX TpelBapUTEIbHBIX 3aMe-
yanuii. [Ipearnonoxum, 4To UMeeTcst 1Ba He3a8UCUMbBIX

orpoca (Bompoca), Ha KaXKABIH W3 KOTOPHIX OOJIbIIAs
TPYIINa UCTIHITYEMBIX MOXKET JaTh IBa BApHaHTa OTBETa
— Bapuant 1 “Her” unu Bapuant 2 “na”. [loncuuraem
JIOJIF0 OTBETOB “HET” B KaXJOM Bompoce (ompoce).

OGoznaumm eé uepes X; = I; /N, rre i — HOMEp BO-
npoca, ni — 4MCTO OTBETOB “HeT” B | - Bompoce, N —
4meno yuacTHUKOB | - Bompoca. OYEBHAHO, YTO CITy-
yaitHpie BeMUMHBI Xj MOTYT NPHHATH J11000€ 3HAue-
HHE U3 OTPEe3Ka [0,1]

Hackonmbko BelMKa BEPOSTHOCTB TOTO, 4TO Xq
npuMet 3Hadenue 6mmskoe K Xy, €clu monaraTh uto

BOIIPOCHI MEXIy c000i HE COTIacOBaHbI?

VHBIMU CIIOBaMH Ha OTpE3Ke [0,1] CIy4aiHO

BhIOMpatoT JBe Toukn X; u X, . KakoBa BeposATHOCTH

TOTO, YTO PACCTOSTHUE MEXAY HUMU HE MPEB30UALET 3a-
JaHHOTO yHcia & 7 BhIUMCINM BEPOSTHOCTH TAKOTO

COOBITHSA P{]Xl - XZ‘ < 8}, rae 0<e<] we-

Oonbioe yncsio. Ml HAXOAUMCS B YCIOBHAX KIIAaCCH-
4yecKo# “3afay o0 BCTpeue ABYX JHIL’, U IPOCTOE BBI-
YucieHue 1aET HICKOMYIO BEPOSITHOCTb

P{x, —X;| < &}=25—&° @

ITycTs Temeps 4HUCIO YyYaCTHUKOB BCTPEYH PAaBHO
3. Torma Hac MHTEpeCcyeT BEPOATHOCTH CIETYIOIIEro

COOBITHS 83(8) ={‘X1 — XZ‘ <ég M

‘Xl - X3‘ <g M ‘XZ - X3‘ < &}. Tlockonbky

IPOCThIC CO6BITI/I$I, BXOAAIIME B 9TO COCTABHOC COOBI-
THC MPEAIIOJIararoTCs HE3aBUCUMbIMU, TO

P{S.(&)}=Rs—£2)° (©

21.]'[5[ k Y9aCTHUKOB BCTPCYU TaKHUX HCPABCHCTB

2
Oyner Ck , IOOTOMY NOJY4YHM, 4TO

P{S, (&)} = (2= — £2)¢ (@)

U3  dopmyisr
P{Sk (8 )} B 3aBucumocty ot K yObIBaeT OwICTpEE,

4yeM Moka3arenbHas ¢yHkuus. Hanpumep, mis

(3) BHAHO, 4YTO BEPOSATHOCTH

= 0,07 nk=2 (mBa ydacTHHKa BCTpeuH),

seposmocts P{S, (0,07)}=0,1351,

& :0,07 u k=19 (19 y4acTHUKOB), BEpOST-
HOCTh
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P{S,,(0,07)}=0,1351"* <0,3-10 4.

OO0paTuMcs Tenepb K aHAU3y TaHHBIX PealbHBIX
ompocoB. JloctarouHo OonbIIO 00BEM JTaHHBIX
MOXXHO HalTH Ha caifte [1].

Caenem ux B Tabnuiy 1 (komouku 1—4).

Tab6muma 1.

Jannblie no 3¢pdekTy KOLUIeKTUBHON NaMATH 0T 26 cenTaops 2018 rona c caiira [1] (kononku 1 - 4) u pe-
3yJILTATHI 00Pa0OTKH (KOJOHKH 5 - 7).

1 2 3 4 5 6 7
Uucno onpoieHHsx, | Yucio onpoues- Ob1ee 3Hate-
BHIOpaBIIMX BapuaHT | HBIX, BEIOpaBIINX
Howmep 1 (neBepHbIH, cy- Bapuanr 2 (odu- HIHCIIO pe- ) HHe Be- X-MX (X-
BOIIpoca ’ . CHOHJEH- | JUYHHBI Mx)*100%
IIeyeT TOJBKO B BOC- LMaJIbHBIN, MOJ-
TIOMUHAHHSIX) TBEPIKJaEMBbIH) OB X
Pycckuii
a0COJIOTHBIC 3HAYCHUS X; OTKJIOHEHUE
CErMEHT
1 39753 13696 53449 0,744 -0,0221 -2,21%
2 37948 10068 48016 0,79 0,0244 2,44%
3 39474 12893 52367 0,754 -0,0121 -1,21%
4 32695 8515 41210 0,793 0,0275 2,75%
5 43755 4270 48025 0,911 0,1452 14,52%
6 37405 5986 43391 0,862 0,0962 9,62%
7 38275 7069 45344 0,844 0,0782 7,82%
8 38075 8043 46118 0,826 0,0597 5,97%
9 34683 7217 41900 0,828 0,0619 6,19%
10 23449 10583 34032 0,689 -0,0769 -7,69%
11 29510 12380 41890 0,704 -0,0614 -6,14%
12 34103 9418 43521 0,784 0,0177 1,77%
13 26553 9046 35599 0,746 -0,0200 -2,00%
14 19749 6166 25915 0,762 -0,0038 -0,38%
15 26445 10582 37027 0,714 -0,0517 -5,17%
16 25328 8678 34006 0,745 -0,0211 -2,11%
17 27316 10127 37443 0,73 -0,0364 -3,64%
18 24017 12556 36573 0,657 -0,1092 -10,92%
19 8859 4367 13226 0,67 -0,0961 -9,61%
aHIJI.
CETMEHT
20 3020 364 3384 0,892 0,0462 4,62%
21 1706 129 1835 0,93 0,0835 8,35%
22 1942 346 2288 0,849 0,0025 0,25%
23 2126 209 2335 0,91 0,0643 6,43%
24 727 216 943 0,771 -0,0753 -7,53%
25 1686 406 2092 0,806 -0,0403 -4,03%
26 1294 428 1722 0,751 -0,0948 -9,48%
27 1427 232 1659 0,86 0,0139 1,39%

Bompocsl, KoTopble OBUTM TIPEUIOKEHBI PECTIOH-
JIEHTaM, MOXXHO IIOCMOTpeTh B Tabimne 2. Onu
YCIIOBHO pa30UTHI Ha ABE rpymIibl: Bonpock! 1-19 (pyc-
CKHUI CETMEHT) — BOIPOCHI KAaCalOTCsS B OCHOBHOM pyc-
CKOM MTOBCEIHEBHOCTH (TO, UTO HA3BIBACTCS, HA BUIY U
Ha ciyxy). Bonpocst 20—27 (aHTTOS3BIYHBIN CETMEHT)
— 3TO BONPOCH KAacaroIIMeCs aHTJI0-CYOKYyJIbTYpHI.
Kpowme Toro, nocTynHbIe A7 aHaIHM3a JaHHBIE CHIBHO
OTIIMYAIOTCS IO 00BhEMY BBIOOPOK: IS PYCCKOTO Cer-
MeHTa THIUYHEI 006eM ~ 40000 pecrioHACHTOB, s
anrimiickoro ~ 1800. HekoTopsle Bopock! B Tabnuie

2 9yTh COKpAIEHbI HJIM U3MEHEHBI 0€3 TOTEPH CMBICIIA.
OpuruHan MO>KHO IOCMOTPETh Ha caifre [1]. OTmMeTuM,
yro: 1) perucrpanus Ha caiite He TpeOyeTcs, T.€. OTBe-
YaTh Ha BOIIPOCHI MOXKET JIF000i. 2) HET HeoOXoANMO-
CTH OTB€YaTh Ha Ka)kAbli Bompoc. Ecnu yyacTHUK He
yBEpeH B OTBETE, OH MOXET MPOCTO MPOMYCTHTH BO-
MpOC. YUNUTHIBAs 3TH YCIOBHUS M HATMYHE KOMITBIOTEpa
1 HHTEpHETa y OOJIBIIIOTO YHCTIa )KUTENeH CTpaHbl, eCTh
BCE OCHOBAHMSA IIPEIIOIaraTh PENpe3eHTaTHBHOCTH
JIaHHBIX BBIOOPOK.
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Bonpocsl, npeiarapumecst peclioHeHTaM.

Tabmnuua 2.

Bapmanr 1 BapwuanT 2 (npaBuiis-
Howmep Bompoc P o P E P
(HeBepHBIiT) HBIH)
Kax 3By4nT camblii U3BECTHBIN KOMMYHU-
ctideckuil 103yHr? OOpennHANTECh WITH . o
1 . O0bennHANTECH Coennugiitech
Coennnsiitecs?
[IponeTapuu Bcex CTpaH ...
H.C. XpyméB crygan GOTHHKOM B 3aie
2 pym i OBLTO He OBIJIO TaKOTO
OOH 65110 TN HET?
Crommma Wspamns Hepycamum — wim
3 H P Py TenpABuB Hepycanum
TenbABuB?
4 CKOJIBKO YENIOBEK €Xajo B IMMY3HHE Ipe- 4 6
suaeHTa Jx Kennenu 4 v 67
Kak 3Byunr ¢pasza mnoxururened B
5 bubme «KaBkasckas mieHMIay | o
00:47:25 «B moem nome (BCTaBUTh) HE portty
BBIPAKATHCSI»
JKermnoB (Beicomkuil) Mpon3HOCHUT B afipec
6 " " poxa BHJIOK
[apamosa "Hy u ... y Te6s Hlapanos
B coserckom mympTdrmsme «Kak neBe- .
.. | Ilokaraif meHs, GopIa- .
7 HOK W 4epernaxa Ienid mnecHio» Kak msBé- [Noxarait meHs, a?
a-a-a-a-s yepemnaxa!
HOK TIPOCHII Yeperaxy MoKaTaTh ero?
B coserckom MmympTdumsme «Kun-6sm1 | Hy ThI, 3TO0, 3aX011, ecii i
8 . . TwI 3ax01u, eciu 4é.
nécy ¢paza BoIka qg.
9 Ckymentypa «Mseicnmurens» Pomena Bel- | Kymakom ymwmpaercs B | [Tombopoaxom — Ha pac-
rIsigena Tax. .. ? 7100 KPBITYIO JaJJOHb
JleB BO3msDKET psmoM C | Boik BO3mDKET psAmoM C
. srHéHKOM. W He Oymer | sraéakom. W He Oymer
®paza u3 kauru Mcaiin rmasa 11, ctux 6. e YA
10 .. HHUKAKOTO 3712 Ha 3eMJIe, M | HUKAKOTo 3714 Ha 3eMJIe,
Kak BbI €€ momanTE? N .
Oyzner TBICSIUENICTHUI | OynmeT TBICSTUEIIETHUIN
MHP. MHP.
CruxotBopenue «Y3HuKk». «Cnxy 3a pe-
11 IETKOW B TEMHMIIE CBIPOM, BCKOPMIIEH- | JIEpMOHTOB ITymkun
HBIH B HEBOJIE Opell MOIoaoiiy. ABTop?
«EBrenunii Ouerun». KyneroBas ¢pasa.
12 «YeM MeHbIIIE KEHITUHY MBI JIFOONM, TeM | Bombiie Jlerue
(BCTaBUTH) HPABUMCS MBI €i.
OnuH nessb ... (BcTaBuTh) ... MBana [le-
13 AL ( ) A U3 )KU3HH --
HUCOBHYA.
Jiist MOTTOIEXHM U TEX, KTO KOTIa-TO UTPal
B World of Warcraft, ouens nomynspHyro
urpy. Jmns Bac Oymer 3Hakoma (pasza:
«Immolate Improved!!!». Ects oaHO
CMEIIHOE BUJIEO C COTHSIMH ThICSY IPO-
14 cMOTpoB 1po oxgHoro mrpoka World of | BeposTtHOCT BO3MOYKHOCTb
Warcraft, koTopbIii mbITaeTcs J0Ka3aTh
CBOIO TOYKY 3peHHs B Jjiecy (mapke) Ha
cxoake urpoxoB. Ou rosoput: «Immolate
Improved. D10 o3HauaeT, yTo (BCTAaBHTE)
€ro pesucra kpaiine Manay. CioBo?
. . 6e3 pazpoiBa C pa3pBIBOM 110 cepeiuHe
JloroTun HeMelKo# aBTOMOOHIIBHON KOM- pasp basp P
15 nanuu Volkswagen. JIBoiinast V B Kpyre.
BBl oMHHTE €ro Kak ¢ pa3pbIBOM IO Ce-
? ?
penune? Vnn Ge3 pa3peisa’ Das Emissions. Das Emisslons.
. Posnas nunust B F 3aBuTOK B F
Jlorotum  aBTOMOOWJIBHOW ~ KOMITAHUH
16 ®opxa. Ber momante 6ykBy F B Ford c 3a-

BHUTKOM WJIH POBHYIO?
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17

okonannast macta Hyremna (Nutella)?
CylecTBoBaNia  TOJBKO  OJIHOIIBETHAS
(TéMHBIN mOKOMan), JMO0 OBUIa OBYX-
nBeTHas (TEMHBIM M CBETIIBIM IIIOKOJIAT,
3aKpy4YCHHBIE IO CHHPAIIN)

Bolna nByxuBeTHas.

He Op110 ABYX1IBETHOH.

18

Yenoseueckuil yepen u riasHuna. Ecte
JIA B TJIA3HMIAX 32 I1a30M KOCTH?

3a rima3oM HET KOCTH.

3a rima3oM ecTb KOCTb.

19

KomnuectBo IlltatoB B Amepuxe. Bce
YUYWIH Teorpaduio, B COBETCKUX MIKOJIAX.
ITosTomy, ckaxuTe, Kakylo IHU(PY BB
HaBckuAKy nomuute? JInbo undpa Obuia
nérkodd, mmbo — Her. Kakyoo BB
oMHuUTe?

51 wnm 52 WTYKH, 9TO-TO
HEKpyTJIoe.

Uctuuno 50 !

20

Bersicusercs, yro «Madonnay, 31o He
TBOPYECKHH MCEBIOHUM MEBUIIBI, KOTO-
pyto 3Banu Maria Louise Ciccone. A
B3sJIa OHA TSI TOTO, YTOOBI KOHMIUKTO-
Bath ¢ [lepkoBbio. CHUMASK KITHITBI C TO-
pstmmmu kpectamu. Tereps, Okas3biBa-
€TCs, OHA C CaMOro JIETCTBA ObLIa
Madonna Louise Ciccone. Bel 3Haiu, 4To
3TO €€ HACTOSILEE UMsI OBLIO —
Madonna? MazoHnHa - 5T0 €€ UMs WIH
IICEBJOHNUM?

IIceBmoHuM.

Hacrosiee nms.

21

KynbroBas ¢paza u3 puisma Forrest
Gump: «Life IS like a box of choco-
lates», CTAJIA «Life WAS like a box of
chocolatesy». Tenepb 0OHa MOTHOCTHIO MO-
Tepsiia cBoH cMblci. M3HayanbHO OHA ro-
Bopmia, uto «ku3Hbp KAK xopoOka kKoH-
¢deT» (MPeTmoTHOCUT CIOPTIPU3EI), B HOBOH
Bepcuu «okm3Hb BbIJIA kak kopoOka
KOH(eT» (3aKOHYMITACH) XOTS TIaBHBIH
repoit He ymep. Bbl moMHUTE Kak AaH-

Hy10 Gpa3zy?

Life IS like a box of cho-
kolates.

Life WAS like a box of
chokolates.

22

KynbroBas ¢paza [lapra Beiinepa, korna
OH packpsiBaercs JItoKy, CBOEMY CBIHY,
u3 GuibMa «3BE3HBIC BOMHBI. Dnu30/ 4:
MmMnepust HAHOCUT OTBETHBIN yaap» --
«JIroK, 51 TBOM OTEI» U3MEHUIIACh Ha
«Her. 4 TBOM oTeny. Hapt Beiiaep -
JIoky.

JI1oK, st TBOM oTell.

Her, s TBOI OTe™I.

23

B ¢umemax «3Bé3mubie BoitHBD) OBLT poO-
6ot C-3PO, trma 60IbII0T0 30JI0TOTO PO-
60Ta, KOTOpbIe BEYHO JIa3MJI BMECTE C aH-
npounoM R2D2; noxoxum Ha Benpo. Bot
9TH 2 podora. Y3nanu? Teneps, BBISICHS-
ercsi, 4to y xenroro podora — C-3PO
o/IHa HOTa Bcerna Oblna cepeOpsHon. Brr
nomMHuTE €€ cepedpsHoi? JInbo 3T0 A-
ekt Manjensl, 1 00e HOTH BCeTa ObUTH
KENTHIMU?

Her. O6e "Horu - XKéinrele.

Onna Hora - JKénras,
Bropas Hora - cepebpsiH-
Has

24

KynbToBas cuena ¢ akrépom Tomom
Kpy3om u3 punsma «PruckoBaHHBI OU3-
Hecy. ['1e OH BBIe3KaeT U3-3a CTEHHI B
HOCKax, 0eJoi py0allike, v ¢ I0JJCBEYHH-
KOM, TOBOPAYMBAETCS, CHUIMAET OUYKH U
HauuHaeT nets. Ha mpoTskeHun Bcero
¢ubMa oH HocuT 04ukH «Ray Ban
Original Wayfarer». CtangapTHbIi Me-
TOJI, KOT/1a IIPOM3BOJUTENH OUKOB PEKIIa-
MHPYET CBOM TOBAp, a IJIaBHBIM repon

b,

He Obumn, u Genolt py-
Gamku He 060!
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¢duIbMa nostyyaeT Xapu3MaTHUECKYIO
4yepty. Bee BeiurpeiBator. Ouku cranu
MOMYJIAPHBIMU, U HA BcexX nocTepax Tom
Kpy3 nzobpaxkancs BMecte ¢ HUMH. 3a-
MEHa B TOM, YTO OYKHU MPOTIATH H3
CIICHEI, I[BET pyOamku ctaj po3oBeiid. OH
Pa3BOPAUMBACTCS M OUKOB HA HEM HET.
XOTs ThICSIUM NTAPOJUIL, U KOCTIOMOB Y
OOBIYHBIX JIIOJIEH TOBOPAT 00 0OpaTHOM.
bouin ouku Ha Tome Kpyse?

Cepuan «Sex IN the City» (Cekc B 60:1b-
moM 'opoge — oduu. nepeson, mpo-
BEpbTE cevac jke) IpeBpaTmiIcs B «Sex
25 AND the City» (Cexc u T'opon). [Ipuuém
B IPYTHUX SA3BIKAX, 10 CHX ITOP MHUIIETCS
«Cexc B 6ompmoM ropoae». Kak npa-
BHJIBHO?

Cexkc B 6onbiiom ropoze. | Cekc u ropoj.

BcemupHO M3BECTHBII TEPCOHAXK MYJIBT-
¢mreMoB. ['epoit, KOTOpPEIi OBLT cO3AaH
VYonrom Jucaeem — Mukku Mayc. MbI-
IIOHOK ¢ OOJIBIIUMH YIIAMH, JKENTHIX Ta-
MOYKax, KPacHbIX IITaHaX, ONbIX Hep-
yaTkax. Bemomamm? B 4ém 3amena yxe
3neck? Kak Bcerna B Menoyax. Y Hero
ObLTH KpacHble moaTsHkKY, Aa? [lon-

26 TSXKKHU, KOTOPBIE KPEIWINCh K TUM ABYM
OeNbIM IIYTOBHLAM CIIEPEIH U JBYM Oe-
JIBIM ITyrOBHUIAM c3aad. [Ipuaém naxe B
caMoif mepBoi BEpCHUH MBIIIOHKA, YEPHO-
6eoi, ObIIa IyTOBHIIBI CTIEPEAN U C3a/IH,
a MoATSHKKK ObuTH Oernoro nBeTa. Temepsb
CO BCEX PUCYHKOB U MYJIbT()MIEMOB MOJI-
TSKKM Mc4e3nu. BoT nepBblil MynbT-
M. [TonTskkn y Mukku?

Beimn. He 6b11m1.

Crnenyromasi 3aMeHa — COBPEMEHHBIIH
¢nar Benukobpuranuu. Hy, cepbésHo,
KaK MOYXHO TIOMEHSTh yTJIOBBIC JIMHUM Ha
TakHue KOChle M OTOMTHIE OT IeHTpa? Xy-
noxHuK ¢uara okocen? 3 mpumepa. Cra-
pHIit (hirar — BepXHUH PUCYHOK; KaK €ro
MIOMHST MWUIMOHBI, OCTaJlCs TOJBKO Ha
KOMOJIe ¥ CIyYalHBIX YIENeBIIHNX (OTo.
HoBas «mbsiHast n odummanbHas» Bepcust
— B cepennHe. bputaHckuit ¢uar.

27

CHUMMETpUYHbIE TUHUY. CKollieHHBIE K Kpato.

Kosnonku 5 — 7 tabmuipl 1 copepxar pe3yapTaTbl
00paboTKN JaHHBIX OMPOCOB. B KoioHKe 5 Tabmuis! 1

Mpe/ICTaBJICHbl 3HAYEHUS BETUYUH Xi (i =1,,27
) 10711 HEMPaBWIBHBIX OTBETOB B BOIPOCE C HOMEPOM
| . Ecm Ternepb PacCMOTPETh €UIE OJHY CIy4alHYIO
BEJIMUUHY X HEMPEPHIBHYIO U NMPUHUMAIOIIYIO 3Ha-

4YEHUs B IIPOMEXKYTKE [O,l], U CUUTaTh, YTO U3 HEE
MMeETCs BHIOOPKA 3HAYEHUH Xi, TO MOXKHO BBIYHC-

JIMTh TOYEYHBIE OIICHKU X . B xononke 6 mpencras-

JeHo oTkioHeHne Xj — MX , B KOJIOHKE 7 — BEIH-

YpHa (Xi — MX)*].OO%) O0paboTka IaHHBIX

onpoca mo Bompocam 1—19 gaér cpennee

MX=0,765892 u cranapTHOE HCIIPaBICHHOE OTKJIOHE-

uue Oppi =0,0674241. CooTBETCTBEHHO, MO BOIPO-

cam 20—27: MX=0,8462 n O a5
O0cy:xneHne pe3yJbTaToB.
Bunno xopomee corimacue MX mo Bompocam 1—
19 u Bompocam 20—27. HeGopI1oe pacxokKaeHHEe MO-
KET 0OBSICHATHCS MEHBIITNM 00bEMOM BBIOOPOK T10 BO-
npocam 20—27. CrangapTHOE (MCIIPaBIEHHOE) OTKIIO-

=0,065145461.

HeHne Oppy BECbMa Mallo, U COCTABISET BCETO 6,5—

7%. Jlnama3oH NPHHUMAEMBIX X snauenmuit paBeH
(X, — X o ) /(1= 0) *100% =(0,911-
0,657)*100=25,4%, T.e. nopsiaka 3,5 — 4 O . I3y4enune

pacripe/ie/ieHis BeTHIHHBI X' nokassiaer, uto 1o
pacnpeieieHie HalOMUHAET HOPMaJbHOE, MPUYEM BCe
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HaOJo1aeMble 3HaYCHUs YKIIAIBIBAIOTCS B Ooiee y3-
kuit (2 O —uaTepBan ot 0,62 mo 0,93), wem s HOp-
ManbHOTO pacnpenenesus (3 O —untepBain). s Hop-
MaJIbHOTO PAacIIPEAEICHUsI C TAKUMH XK€ ITapaMeTpaMu
uHTepBaN 3 O cocraBisieT npuMepHo 41% (nHTEpBaN
ot 0,56 10 0,97).

Ha puc. 1 npuBeaeHsl ructorpaMmsl AJisi BEIH-
qumsr X (HaKIJIOHHAS 3aJIMBKA), U JJIST TEOPETHYECKON
BEJINYMHBI, KOTOPAasi paclpeneieHa M0 HOPMAIbHOMY

3aKOHY C MareMaTuueckum oxkupanueMm 0,765892 u
cTaHOapTHEIM oTKIoHEeHUeM 0,0674241 (TopH30HTAIB-
Hast 3aiBKa). [1o ropr30HTaN! OTIIOKEH HOMEp HHTEP-
BaJa, 0 BEPTUKAIN aOCOIOTHAsI 4acToTa. BennanHbl
YaCTUYHBIX UHTEpBaNOB paBHbI 0,5 O . lns mocTpoe-
HUsI TUCTOrpaMMBbI B3sTO 10 nHTepBanos. Jlanusle, 1o
KOTOPBIM IOCTPOEHA I'MCTOTpaMMa MpPUBEJICHBI B Ta0-
mune 3. MaTeMaTH4ecKkoe OKHIAHWE TNPHHAIICKHUT
nHTepBaiy Ne5.

i

1 2

w
EN

G

o
~
®

Puc. 1. l'ucmoepammul 0na enudunsl X (HaKNOHHAS 3aTUEKa), U OJi MeOPeMUYeckoll 8eludUHbl, KOMOpas pac-
npeoenena no HOpMaIbHOMY 3AKOHY.

Tabmuma 3.

Tabanna a0COMIOTHLIX YACTOT BEJIHYHHBI X.

H Habnromaemas abconrotnas | Teopepuueckas yactora st
oMep WHTepBaja | [paHUIBI HHTEPBAIOB
YacTOTa BEIMYMHEI X HOPMAJIBHOTO PACIIpEIeIICHUS
1 0,6229746 0 0,6258134
2 0,6566866 1 1,5938237
3 0,6903987 2 3,1612737
4 0,7241107 2 4,8832649
5 0,7578228 5 5,8746887
6 0,7915348 3 5,5040935
7 0,8252468 1 4,0161796
8 0,8589589 3 2,282269
9 0,8926709 1 1,0100594
10 0,926383 1 0,3481396

YV IUBUTENBHBIM SBISIETCS

1) Oounaxosocms JI0KHBIX BOCIIOMHHAHUHN 00,16~
wiux (~40000) rpymm Jroeit 0 HEKOTOPOM (paKTe mpo-
IIIOTO.

2)ITopasutenbHo GU3KUE 3HAYCHHS Genutun X

(cpeonue) onpocos, KaxXyIMXcs HE3aBUCHMBIMHU.
(Ouenp Manoe 3HauY€HHE HCIPABICHHOTO CTaHIAPT-
HOTO OTKJIOHEHH O ~7%). BeposTHOCTH Takoro ciry-
4alfHOTO coBHaAeHMs 1Mo 19 He3aBHCHMBIM BOIIPOCAM
(ecnu paccmaTpuBaTh TONBKO PYCCKHN CEIMEHT) OIle-

~14
HUBaeTCs He Ooiiee YeM 0,3 10 8, coriacHo (3).

3)JIoxHble BOCTIOMUHAHUST QOMUHUPYIOM Y 60b-
wiell, a He y MEHbIIIEH YacTH ONPOLIEHHBIX, a He Ha000-
POT, KaK CIeJoBaJo Obl OXKUIAThb, €CIM HCXOAUTH U3
TOT0, YTO C TEYCHHEM BPEMEHH IaMsITh BOCIIPOM3BOANUT
BOCIIOMHHAHHS XYIKe.

4)bnu3koe 3HAYCHUE CPEIHUX 3HAYCHUU CIydail-
HOM BEeIMYMHBI X ¥ CTAaH/IapTHBIX OTKJIOHEHUH AJIS BBI-
GOPOK IO PYCCKOMY M aHIJIOSI3BIYHOMY CETMEHTaM.

Hesicro, mouemy 3nauenne MX=0,77, a He Ka-
KOMY-TO MHOMY 3Ha4EHHIO.

AHanmu3 JaHHBIX HE OCTABISAET MHOM BO3MOXKHO-
CTH, KaK CJIeNIaTh 3aKII0UEHNE O HAUINIHHA HEKOTOPOTO
CKpbImo2o ¢hakmopa, KOTOPBINA coznacyem pe3ynbTaTsl
OTIPOCOB (B OTCYTCTBHE TAaKOro (hakTopa BEPOSTHOCTH
YHCTO CIy4aiHOro coBmageHuss mo 19 Bompocam

10—147

MEHbLIE YeM , YTO TMPaKTUYECKH HEBO3-
MOXkHO) . OgHAKO, U3YUeHHE MPUPOIBI JAHHOTO (ak-
TOpa BBIXOJNT 32 PAMKH 3TOH CTAaThU.

Cnucok HCIMOJb3YyEMbIX
HCTOYHUKOB l/lH(l)OpMal[l/ll/l:
1. http://lwww.meltingreality.com/effekt-mandeli-
primeri-objasnenija/
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Kogman B. M.

METO/] MTAPAMETPUYECKON UJIEHTU®UKAIIMA MATEMATHYECKHAX MOJIEJIEA
I'TA HA YCTAHOBUBIIUXCS PEXXKUMAX PABOTbBI

Kofman V.M.

PARAMETRIC IDENTIFICATION METHOD OF THE GAS TURBINE ENGINE MATHEMATICAL
MODELS ON THE DETERMINED WORK MODES

AHHOTalIl/ISI. HpOBeZ{eH aHaJIu3 CyHICCTBYIOMINX METOAOB napaMeTqueCKoﬁ I/IL[eHTI/Iq)I/IKaI_[I/II/I MaTeMaTu4dc-
CKHUX Mo,ueneﬁ Fa3OTyp6I/IHHLIX )IBHFaTeJ'Ieﬁ Ha YCTAaHOBUBIIUXCS PEKUMaAX paGOTLI. Hpeanomeﬂ HOBBIHN METOQ
I/I,E[eHTI/I(IJI/IKaHI/II/I. MeTOI[ pa3pa60TaH Ha OCHOBC CUHTC3a TPAAUIIMOHHOT'O METOJ1a U OTHOT'O 13 (l)OpMaJ'H/BOBaHHLIX
METOAOB (METO/Ia HANMEHBIINX KBAAPATOB) U IIPH COXPAHEHUH TOCTOMHCTB 3TUX METOAOB YCTPAHSIET MPUCYIITIEC
UM OTpaHUYCHUSA. B npemiara€MomM METOAC YUTCHBI KOPPEIIAITNOHHBIE CBA3U MEXAY HEU3BECTHBIMU, YTO II03BO-
JBSIET CYHIECTBEHHO YMEHBIIUTH KOJMYIECTBO HEU3BECTHBIX B 3a1a4€ I/II[CHTI/I(i)I/IKaI_II/II/I " IIOBBICUTH (1)I/ISI/I‘IGCKI/II\/'I
CMBICJI ITOJIYy4aeMOT O PCHICHUSA. MeTOZ[ aHp06I/IpOBaH IIpU NPOBEACHNH YUCJICHHBIX SKCIICPUMCHTOB U IPU UACH-
TUPUKAIMA MaTeMaTHIeCKod Moaenu BormoiaaeHHoro ['T/] mo pesymbraTaM ero cTeHmoBBIX ucnblTanuid. ['T/L;
MaTeMaTuuecKass MOJIEb, I/IJIeHTI/I(I)I/IKaL[I/I}I.

There has been carried out the analysis of the existing parametric identification mathematical models methods
of the gas turbine engine on the determined work modes. There has been offered a new identification method. The
method has been developed on the basis of the synthesis of the traditional method and one of the formalized
methods (the least square method) and on condition of preserving the advantages of these methods it eliminates
the limitations they possess. In the least square method there have been considered the correlations between the
unknowns what allows to reduce substantially the number of the unknowns in the identification task and to increase
the physical meaning of the task received. The method has been tested while carrying out numerical experiments
and identifying the mathematical model of the designed gas turbine engine according to the results of the bench

test. Gas turbine engine; mathematical model; identification.

BBEJIEHUE

OmHUM W3 BaXXHBIX MHCTPYMEHTOB, IpPUMEHSE-
MBIX Ha BCEX 3Talax MPOEKTUPOBAHUS, TOBOJKHU U Cce-
PHUIHOTO TPOM3BOJCTBA TAa30TYPOMHHOTO IBUTaTels
(I'TH), sBaseTca ero MaTeMatuueckas moaens (MM)
Ha ycTaHoBuBIIUXCS pexumax. MM I'T/l nossossier
MPOBO/INTH PACUEThl BBICOTHO-CKOPOCTHBIX XapakTe-
puctuk ['T/], hopMupoBaTh MCXOIHBIC JaAHHBIC IS Ta-
30/IMHAMHYECKHX PACUETOB M NMPOEKTUPOBAHUS Y3JIOB
I'THA, mpoeKkTHMpOBaHUS CHCTEMBI aBTOMATHYECKOIO
ynpasnenust ['T/l, mpoBeseHNs pacueToB TeMIIEpaTyp-
HOTO COCTOSTHHS JIeTajieil M pacuyeToB Ha MPOYHOCTS,
IUTAHUPOBAHUS DPA3MUYHBIX BHUIOB HCIBITAaHUH, IHa-
rHocTukU coctosinug ['T/] B mpouecce akcrutyaTaimi.
Dddexrusrocts npumenerns MM I'T]] 3aBucuT ot ee
toyHocTH. [Iponecc noseimenus: TouHoctt MM I'T/]
Ha YCTaHOBHBIIUXCS PEXHMaxX 3a CUET CTPYKTYPHOH
npenTuGukanni MM (BBemeHus B CTpykrypy MM mo-
TIOJIHUTENBHBIX ypPaBHEHHH, yYMTBHIBAIOIIUX (u3nde-
ckue ocobeHHoctu padbouero npouecca I'T/] 6onee BbI-
COKOT0 TIOpsi/iKa) OJM30K K cBOeMy 3aBepiueHHio. [1o-
STOMY Ha MEPBBIN MJIaH BBIXOAUT 3ajjaua MOBBIIICHUS
touHoctd MM I'T] 3a cueT mapaMeTpu4ecKkoil uaeH-
tudukanyu (I11) — 3axava yrouHeHus 1o pe3ysnbraram
ucnsltanuil I'TJl XxapakTepucTuk ero y3ios. B nanHoi
pabote ommcaH MeTO] WACHTU(HKAINK, pa3paboTaH-
HBI HAa OCHOBE TPAIHIIMOHHOTO METOAA YBSA3KH U OJI-
HOTO U3 (POPMATM30BAHHBIX METO/IOB HJICHTH(UKAITUH
(MeToma HaMMEHBIINX KBaApaToB). Pa3zpaboTaHHBIHN
METOJ MPU COXPAHEHUU AOCTOMHCTB CYLIECTBYIOIIHX
METOJIOB MJICHTU(HKALMK YCTPaHSET NPUCYIIUE UM
OTPAHUYEHUS.

1. AHAJIN3 CYHECTBYIOHHUX
METOJ10B HAPAMETPHYECKOU
NIEHTUOUKALIMK  MATEMATHYECKUX

MOJIEJIEM T'TJ HA YCTAHOBUBIIMXCS
PEXKUMAX PABOTHBI

OpmHoli u3 nepBbix pabot mo [T MM I'T/] siBnis-
€TCcd MEeTOJ, TaK Ha3bIBAEMOM TpaJULIMOHHOHN YBS3KH
MM I'TA ¢ pesynpratamu ero ucnsitanuii (b. H. Ame-
JIH,

O. H. ®aBopckuii, LIUAM, 1955 r.). UnerTndu-
kanuss MM B TpagULIMOHHOM METOJAE YBSI3KH OCY-
LIECTBISIETCS. MYTEM PEIEHHs JByX TepMOTra3oJuHa-
MHYECKHUX 3a/1a4 — PsIMOii 1 oOpaTHoii. [Ipu pemennu
oOpaTHOM 3amaduuM MO pe3yibTaTaM 3KCIEPUMEHTa
onpezesiores xapakrepuctuku y3inos I'T. Ilpu pe-
IICHWU TIPSIMOI 3aJadu 10 M IOcjie WACHTHU(UKAINN
MIPOU3BOJUTCS OLeHKa afekBaTHocTd MM I'T]] peains-
HOMY JIBUTATEINIO ITyT€M CPaBHEHMS BEIWYHH PAacCUeT-
HeIx napameTpoB ['TJl ¢ BenMuMHAMHU SKCHEPUMEH-
TaJIbHO U3MEPEHHBIX NapameTpoB. CylHOCTh UIEHTHU-
¢ukanmn MM I'TJl npu Mmerone TpaguLIMOHHOMN
YBSI3KM COCTOUT B pelIeHHH 00paTHOM TepMora3oanHa-
MUYECKOI 3a1a4u (PEIICHUH JUTS KAXKIOH, IIOTyIeHHON
npu ucneitanuax I'TJ] axcriepuMeHTanbHON TOUKH, CH-
CTEMBI OIpenessIomuX (HeIMHEWHbIX anrebpande-
CKMX) ypaBHEHHH, ONHMCHIBAIONIMX (U3NYECKHE IIPO-
neccel, mpoucxopsmue B I'T/T).

KonngecTBo HEM3BECTHBIX B CHCTEME OIIPEesisi-
IOIUX YpaBHEHWH B OOpaTHOW 3amade 3aBHCHUT OT
crnoxkHocty cxemsl ['TJ[ U OT cTeneHu mpenapupoBa-
Hus nporouHoit yactu I'TJ[ mpu mpoBeAeHUM ero uc-
neiTaHuid. CucTeMa OnpeAesSIoNuX YpaBHCHUH B 00-
LIEM BUJIE UMEET BUJ
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¥l (Nizgzr » Nz gaie Xno Fyi )= 00 @

Ve 1
i HOMEp ONPEACISIOIETr0 ypaBHEHHS,
= 2,...,L).
Z — HOMEpa KCIEPUMEHTAIBHBIX TOYEK, B KO-

TOPBIX, HA Pa3IHMIHBIX pexumax padotsl ['T/ mpowms-
BE/ICHO M3MEPEHHE €TO BEIXOAHBIX U PEXKUMHBIX I1apa-

METpOB, Z = (1, 2..... ,Z) ,
N k yei ~ 3KCIIEPUMEHTAIILHO U3MEPEHHBIE IPU

ucneltanusax ['T/] mapameTpbl, BXOIALIUE B CUCTEMY
onpenemsonx ypasnenuii, K = (1, 2.....,K),
N xsx
m safi+

ucnelitanusax ['T/, Bxogsiye B CUCTEMY OINPENEISIO-
IIMX YPaBHEHUI U PaCCUUTHIBAEMEBIE NP UX PEIICHUH,

m=(1 2...,M),

X, — mHemsBecTHble KOODHUIHMEHTH (Tapa-

— mapaMeTpbl, HC U3MCPACMBIC IIPU

MeTpsl) xapakrepuctuk y3moB ['T/, (KIIJ] y3moB, ko-
3¢ GUIHUEHTOB BOCCTAHOBIICHMS ITOJHOTO AABJICHUS B

ysnax u 1.1L), N = (1, 2..... N) .

B cucremy ypaBHennit (1) Taxke BXOIHUT P U3-
BECTHBIX TOCTOSTHHBIX BEJINYMH — IUTOMIa e} XapaKTep-

HBIX ceyeHui B npotouHoit yactu ['T/ — Fd U HEKO-
TOPBIX T€OMETPUUYECKHX PAa3MEPOB 3JIEMEHTOB Y3JIOB
I'TH — bc. KonuuectBo u3MepseMbIx HapaMeTpoB

I'T/] npu npoBeAEHUM €r0 UCIIBITAHUNA OTPaHUUYEHO 110
MPUYHMHE CII0KHOCTH Pa3MEIICHUS JaTIMKOB B IIPOTOY-
Hoit wactu ['T]I, cnoxkHoctu obecniedueHus ux paboTo-
CIOCOOHOCTH B YCIIOBHUAX BBICOKHMX TEMIEpaTyp,

a TakXKe M3-3a BIMSHMA JaTYNKOB HA KOI(DDHUIH-
€HTBI ITIOJIE3HOrO [JEHCTBUS Y3]I0OB M Ha MapaMeTpbl
I'TH. U3-3a orpannyeHuii 1O KOJIMYECTBY U3MEPSIEMBIX
npu ucnbiTanusax I'TJ mapameTpoB cucrema ypaBHe-

Huit (1) sBiIAgeTCS HE3aMKHYTOH, TaK Kak L <
(M +N).

Jlyist 3aMbIKaHus cucTeMbl ypaBHeHuH (1) HeoOxo-
JUMO HAa OCHOBE OIIBITa HH)XEHEpa, IMPOBOJSINETO
HICHTU(QHUKALINIO, ¥ HA OCHOBE Pe3yJIbTAaTOB, TOIyYEH-
HBIX IIPU MCHBITAHUSX OTAENbHBIX y3i10B I'T/I, anpu-
OpHO 33JaThCsS BEJMYMHOW psiia HEM3BECTHBIX KO3(-

(uLHeHTOB (IapaMeTPOB) XapaKTEPUCTHK y31I0B Y io

, TIe j = (l, 2..... ,J) . Torna cucrema ypaBuenuii (1)
HMPUHUMAET BUJ

lPIz(NkZM~ ) Nmz Safiss Kiy yjov Fd’bc)zo (2

yefi

rae Xi — KO3 PHUIHEHTHI (TTapaMeTphl) XapakKTe-

PHUCTHK y37I0B,( HEU3BECTHBIE OCTABIIHECS ITOCIIE BBE-
JIEHUs] B CUCTEMY OIPEIEIIIOIIMX YpPAaBHEHUN anpu-

OpHO 3aJaHHBIX Bemmamu Y jo ), i=@1,2......1),

IpU  3TOM L=M+N-J, :
N=I1+J.

[pu perieHny 3ama4u UACHTH(GUKAIMHA C TOMO-
LIBI0 TPAJAUIIMOHHOTO METOJa YYUTHIBACTCS KOPpPEs-
LHUSI MKy HEU3BECTHBIMH, T.€. MPH OMNPEICICHUU C
TTOMOIIIBIO CHCTEMBI (2) 110 33/TaHHON SKCIIEPUMEHTAIb-
HOW MH(pOPMAIIUU HEU3BECTHBIX MTAPAMETPOB XapaKTe-

L=1+M

pucTuk y3mos X; Mexmy ij u Xj Bcerma BbIsIep-

JKUBAIOTCS OIpeeeHHbIe KOJUYECTBEHHbIE COOTHO-
IIEHUs, 3aJlaBaéMble  CHUCTEMOW  OMNpeAesSIoNINX
ypaBHEHUH (2). DTO SIBJIAETCS TOCTOMHCTBOM TPAJAHIIN-
OHHOT'O MeTo/1a YBsI3KU. [Ipu Hcmob30BaHUU TpaAULIU-

OHHOI'O MCTO/JIa YBA3KH XapaKTCPUCTUKU Y3JI0B Xi MO-

T'YT ONPENEISITHCS KaK HEMMHEHHbIe (YHKIMN OIHOH,
JBYX WJIH TpeX IIEPEMEHHBIX (0e3pa3MepHBIX mapamMeT-
pOB WM KpuTepueB monobwus). Hemocratkom Merona
SIBISIETCST HEBBICOKast 3()(heKTUBHOCTH NPH MOUCKE Ta-

KHX BENM4HH Kodpduuuentos Y j » KOTOpHIC obecrie-

YYBAIOT CXOJAMMOCTb PAaCUYETHBIX M M3MEPEHHBIX IIpU
ucnelTaHuax mnapamerpos I'TJI mpu Beex, cyle-
CTBEHHO OTJIMYAIOIIUXCS, JKCILIyaTallMOHHBIX YCJO-
BUSX U PEKUMAX, UMEIOLIMX MECTO IIPU UCHBITAHUSIX.

INonck k03¢ dUIMEHTOB XapaKTEpPUCTHK y3JI0B Y i B

TPaJUIIMOHHOM METOJIe YBSI3KHM CBOJIUTCA K Iepedbopy
UX BEJIMYHH 0e3 KaKoro-11u0o popMalibHOTO YCIIOBUS U
3aBHCUT OT CTENEHH JOCTOBEPHOCTH HAYAIBHBIX MPHU-

ONMOKEeHMI ij M OIblTa HHXXCHEPpA, HPOBOIAIICTO

HAACHTUPHUKAIIHIO.

B mocnenHee BpeMs B MpakTHKE IapaMeTpHye-
ckoii maentudukamumu MM I'TI monyuwnu pacmpo-
CTpaHEHHE TaK Ha3blBaeMble (OPMaJIM30BaHHBIC Me-
TOJBI: METOJI HanMeHbIuX KBagpatoB (MHK) [1], me-
TOJl HEIMHEWHOro TpOorpaMMHpoOBaHus [2], MeTox
HEeMMHEeWHONW omTtumu3anuu [3], METox ypaBHUBaHHA
[4, 5] a Taxke psin apyrux MetojoB, Hampumep [6, 7].
[pu nposenennu 111 MM I'T/] ¢popmamin3zoBaHHEIMU
METO/IaMH TPUMEHSIOTCS MpsiMasi TepMOTa30IMHAMH-
yeckas 3a7ada ¥ 3ajada ontuMmuzanui. C MOMOIIbI0
TIPSIMOH 3aJjauyl OIIPEACISIOTCS BETMUUHBI PACUCTHBIX
rapaMeTpoB Ha PEeXKHUMax U B YCIOBHSAX, COOTBETCTBY-
IOIIHUX TEM, ITPH KOTOPBIX MPOBOANIICS IKCIIEPUMEHT, a
TaK)K€ PaCCUUTHIBAIOTCS OTHOCHTENbHBIE KOA(HUIH-

entsl Biusaus ON kz/ OX,, mapaMeTpoB XapakTepu-

CTUK y3110B X[, Ha BEJIMYMHBI PACUETHBIX TAPAMETPOB
I'TA. INomy4eHHsle B mpsAMON 3amade Kod(pPHUINEHTHI

BIIMSIHUA U pacueTHble napamerpsl I'T] N kzaafi~ H2

pPEXKMUMax U B YCIOBUAX HCHBITaHHﬁ, a TaKKC€ U3MCPEH-

HbIC P UCHBITAHUAX TTAPaAMETPLL NkZ)’/éﬁ nepega-

I0TCA B 3aJa4y ONTUMHU3AIMH, C TTOMOMILIO KOTOpOﬁ
HaxXoAATCsA MOIIpPpaBKU 8Xn K HEHU3BCCTHBIM Xn, uc-

X0JIs1 U3 0o0ecTeueHus] MUHUMYMa HEKOTOpOU BBIOpaH-
HON (DYHKIUH LIENH, KaK MPABWIO, MUHIMYMa CYMMBbI
KBaJIpaTOB HEBSI30K MEXKAY SKCHEPHMEHTAIBHO M3Me-
peHHbIMH U pacueTHeIMU mapamerpamu ['T/I. IMouck
pewenust npu uaeHTudukanuy B [1, 2] nponsBoaurcs
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OJIHOBPEMEHHO JJISl BCEX DKCIEPUMEHTAIBHBIX TOYEK.
B [3, 4, 5, 6] mouck perieHus MPOU3BOIUTCS CHaYasa
JUISL K&KJOW OTIENBbHON 3KCIEPUMEHTAIBHOM TOUKH €
MOCTIEIYIONTNM 3aKIIIOYUTEIbHBIM, HAIPIMep, MHOTO-
MEpPHBIM PETPECCHOHHBIM aHAJIM30M, IPH KOTOPOM
YTOUHSIOTCSl XapaKTEePUCTHKH Y3JIOB MO pe3yilbTaTaM
WACHTU(QHUKAINN I KaXIOH SKCIIepUMEHTaIbHOM
TOukH [4, 5], MO0 ¢ MOMOIIBIO KaKOTO-THOO JAPYroro
BUJA aHau3a [6], IPU KOTOPOM pacCMaTPUBAIOTCS He-
CKOJIbKO BapHaHTOB pElIeHUs (BapUaHTOB MaTeMaTH-
yeckod mogenu ['T/l) m BeIOMpaeTcs OAWMH M3 HHX.
Hampumep, B Meroje HauMeHbIIMX KBaapatoB [1]
(hYHKIHS [IETTH UMEET BH/T

2

Z N
N~ R n§1(5Nkz/5Xn)5Xn = min (3)

K
F=3
k=1z=1

rae an — UCKOMBIC OTHOCHUTCJIbHBIC IOIIPABKHU K

HCXOIIHBIM BEIHMYUHAM KO3 (HUIIMESHTOB XnO* Pk_

BEca U3MEpPEHUI apamMeTpoB.
[Ipu mpoBeneHNN UACHTHPHUKAIHNNA C MTOMOIIBIO
MeTonoB [1, 2 , 3, 6, 7] Ha 00JIaCTh U3MEHEHMSI HCKO-

MBbIX HCHU3BCCTHBIX Xn HaKJIaJAbIBaAOTCA ABYXCTOPOH-

nue orpanudenus (X, < Xn < Xn max ). Oto

min
O6y0J’IOBJ’IeHO BBIXO0OM HOJ'Iy‘IaeMBIX l'IpI/I pCH.IeHI/II/I BEC-
auuuH X, 3a TPAHHUIBI X PealbHBIX QH3UUECKUX 3HA-

YEeHUI M3-3a HEOOXOAMMOCTH 00eCIedeHUs yCIOBHS,
3a7aBaeMoro (hyHKIMEH IeH, WIN M3-32 BO3MOXKHOH
HEYCTOWYMBOCTH peleHus (HalpuMmep, u3-3a HEKOp-
PEKTHOCTH 3a7auu [§] npu pelieHH CUCTEMBbI JTUHEH-
HBIX ajreOpamdecKiuX ypaBHECHUH).

JlocronHCTBOM (popMasTM30BaHHBIX METOZOB [1,
2] sByseTCS UX JOCTATOYHO BbICOKas 3()(EKTHBHOCTD
C TIO3UINH 00EeCTIeYeHNsI CXOIUMOCTH MEXIy pacder-
HBIMHU U 9KCIIEPUMEHTAIBHO U3MEPEHHBIMH ITPH UCTIHI-
TaHusx napamerpamu I'T/] B pa3nuuHbIX yCIOBUSX U
Ha Pa3ln4HBIX peXuMax. Metoss! [3—6] ABisroTCs Me-
Hee 3()(EKTUBHBIMMU, TaK KaK I10CIIEe TIPOBEICHHS H/ICH-
TUQUKAIMK B KOKIOH N3 KCIIEPUMEHTAIBHBIX TOYCK
HE0OX0MMO TIPOBOJUTHE MHOTOMEpPHBIH pEerpeccHoH-
HBII aHaNN3 JUIsl TOJIyYEHHs CBEJICHUH O XapaKkTepe u3-
MEHEHHSI TapaMETPOB XapaKTEPUCTHUK y3JIOB. XapaKkTe-
puctuku y3n0B I 'T/] sBrsitoTcs B o6mmem ciaydae GpyHK-
UMM WM JABYX IE€pEeMEHHBIX (Kamepa CropaHus,
PEaKTHBHOE COIIJIO), MIIN TPEX IMEePEMEHHBIX (KOMIIpec-
cop, TypOHMHA), a CaMH BETTMYUHBI IEPEMEHHBIX (KpHTe-
pueB moao0us uitu 6e3pa3MepHBIX TapaMeTpoB), OTpe-
JIENSAIONINX PeXUM paboThl y371a, B KaXKA0H 3Kcrepu-
MEHTaJlbHOM Touke pas3nuuHbl. [losTomy  mns
MOTy4eHHs1 0000IIEHHBIX XapaKTEPUCTUK Y3JI0B Ha OC-
HOBE PEe3yJbTaTOB WACHTH(HUKAINHU B OTAEIBHBIX 3KC-
MEepUMEHTANBHBIX TOYKaxX TPEeOYIOTCS HE TOJBKO W3-
BECTHBIE METObI MAaTEeMaTHYECKOW CTaTHCTHKH, HO U
pa3paboTka crieruaIbHBIX METOANK 00pabOTKH U aHa-
nm3a.

OCHOBHBIM OTpaHUYECHHEM BceX (popMan30BaH-
HBIX MeTozoB [IM1 MM I'T/1

[1-6] siBisieTcs npuHSITHE B HUX JOMYLICHHS O He-
3aBHCHMOCTH MEXIY c000i HEM3BECTHBIX (TIOIPAaBOK

6Xn K KO3 pHumueHTam Xn ), YTO IPUBOAMT (TIpH 3a-

JAaHHBIX BEJIMYHUHaX N kzyéﬁ

YacMOM pCHICHHUU KOJHNYCCTBCHHBIX COOTHOIIICHU M

) K HApYIICHHUIO B IIOITY-

MeXy YTOYHAEMbIMHA Kodpduuuentamu X, , 3a1aBa-

€MBIX CHUCTEMOH OIpEeAeNAIONIUX ypaBHEHUM, OMUCHI-
BAIOUIMX (PU3UUCCKUC TMPOIESCCHI, MPOUCXOJAIINE B
I'TA. Ilpu nonymieHuu o He3aBUCUMOCTH HEU3BECTHBIX
CYIIECTBEHHO BO3pAacTaeT BO3MOKHOCTb IOJIYYEHHUS

TIpH PENIeHNH TaKUX COYeTanuit Bemmaun X, , pH KO-

TOPBIX (POPMANBHO OOECTIeYnBACTCS XOPOIIasi CXOH-
MOCTb pacueTHbIX napamerpoB I'TJI ¢ sxcnepumeH-
TaJbHBIMU JJAHHBIMH, HO KOTOpPbIe (pU3NYECKH HE pea-
JIU3YEMBI.

OrpannuyenneM (GpopMaM30BaHHBIX METOJIOB SIB-
JISIETCS TaK)Ke IPUHUMaeMoe B OOJIBIIMHCTBE CIIy4acB
[1-3] nomymieHre 0 MOCTOSHCTBE BO BCEM JKCILTyaTa-
LMOHHOM JAHara3oHe paboThl ABUTATEINs BEIMYMH HC-

KOMBIX TapameTpoB Xy . DTO JeaeTcs ¢ UeNbio Co-
KpallleH!s] KOJIMYecTBAa HEM3BECTHBIX. Tak Kak IMmapa-

MCTpBl XapPAKTCPUCTHUK  Y3JIOB Xn SBJIAKOTCA B

OOJIBIIMHCTBE CIIy9aeB HENWHCHHBIMU (YHKIUSIMHU
JBYX U TpeX NMEepPEeMEHHBIX, TO MPUHITHE MOCIIEIHErOo
nonyuenus: Tpedyet ynpomenus MM I'T/I u mpuso-
JIUT K CHIDKEHHIO KayecTBa UICHTH(UKAIINK.
2. METO/J HAPAMETPUYECKOM
NIAEHTUOUKALIUN  MATEMATHUYECKHUX
MOJIEJIEM I'TJT .OCHOBHBIE MOJIOKEHUS,
YPABHEHMUS U CTPYKTYPHASI CXEMA

Y4uTHIBas TOCTOMHCTBA W OTPaHHYCHHS CYIIIe-
ctByrormx MetonoB [T MM I'T/l, Obuta moctaBiieHa
3amada paspaborate merox [IM MM I'T[, xoropsrid,
SIBISLACH PA3BUTHEM TPAJAWIMOHHOTO METOMA YBS3KU H
(hopMaM30BaHHOTO METOa HACHTUUKAIWH [ 1], mo3-
BOJIsUT OBI 110 pe3yibTaTaM dKCIIepUMEeHTa OoJiee pu3n-
4eCKH 000CHOBAHHO OIPEIEIISTh apameTps (Koahdu-
UEHTHI) XapakTepucTuk y3i0B [ T/] mpu obecnieueHnun
Xopoluel afekBaTHocTH yrounsiemod MM I'T/] peains-
HOMY OOBEKTY.

Jlornueckue NpennocbUIKA MOCTPOSHUS TaKOro
MeToJla mapamerprueckor uaeHrupukanun MM I'T/]
BBITEKAIOT U3 CIEAYIOIIUX PACCYKICHUN.

ITycts npu ucnertanusx I'T/ usmepeno K ero

BBIXOJHBIX MapaMEeTPOB B Z SKCIEPUMEHTATBHBIX
TOYKax Ha Pa3IMYHBIX pekuMax padboTel. Mimeercs co-
otBercTBytomas Tuny I ' T/ 1 ero cxeme cuctema onpe-
JETSIOIMX (HEJMMHEHHBIX anreOpanvyeckux) ypaBHe-
HUH, ONTUCHIBAIOMINX (PU3UIECKUE TPOLECCHI, IPOUCXO-
pamue B I'T/]. TloctpouM Ha OCHOBE CHCTEMBI
OIpeNIeNIAIONINX YPABHEHUH 1BE 3a/1aUH.

1. ObparHas 3ama4da. B 370l 3amave mo Beawyu-
HaM H3MeEpeHHbIX Npu ucnblTaHuAx ['TJl BBIXOAHBIX

napaMeTpoB NkZ?KC " 10 3alaHHbIM almpuoOpHO (Ha

OCHOBC OIIbITa MHXXCHEPA U HMMCIOLIUXCA MpEABaApU-
TCJIbHBIX JAHHBIX IO PE3YJIbTaTaM HMCIBITAHUH OTACIIb-
HBIX y3J'IOB) BCJIMYMHAM HCEKOTOPLIX KOB(l)(l)I/IHI/IeHTOB
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E

(mapaMeTpoB) XapaKICPUCTHUK y310B Y jo » ompenens-

IOTCS BBIXOJHBIC MapaMETpbl ABUIaTClid, HE U3MEpPsAC-

MBI€ [IPU UCTIBITAaHUSAX ( N mz éﬁ*) U MapaMeTpshl Xa-

paKTepucTHK y3m0B Xj B Kak/IOH JKCIIEPHMEHTANb-
HOM Touke. Ilpm >TOM cucTeMa ONpeNEeNSIIOIINX
YpaBHEHHI 1OCIe 3a1aHNs BENUIHUH Y jo fBIAETCS 32-
MKHYTOM:
L=M+N-J, L=1+M.
Cuctema ypaBHEHHI 0OpaTHO 3a7aqi UMEET BUI

2.

2) [Ipsimas 3amada, B KOTOPOIi (110 onpeAeTICHHBIM

B 00paTHO# 3a/1aue XapakTepucTHKaM y31noB Xj M 3a-
JAHHBIM amlpHOpHO ko3¢ duiueHram Y jO) omnpenens-

1oTcs BhIxomuble mapametper I'TI N

N

SZ pacy’ Tae

S pacy™ BbIXOAHBIE TapameTpsl I T/, paccuuTsiBae-

MBIE TIPH PELIEHAH TIPAMOH 3a1a4u, S = (1, . S)

Cucrema ypaBHEHUI UMeEET BUT
¥y, (Ng; aa=» Xi» Yijgr Far Bc) =0 @

me S=K+M,L=S.

OOpatHasi 3ama4a NpeICTaBIsieT coOOW aHajor
o0paTHOW 3agaud TPAAWIMOHHOTO METOJA YBS3KH,
npsimasi — aHasior MM I'TJl nu1st pacuera ero BEICOTHO-
CKOPOCTHBIX U JPOCCENBHBIX XapaKTEPUCTUK B TPaau-
IIMOHHOM M ()OpPMaIN30BaHHBIX METOAAX MICHTU(PHKA-
U,

BrimonHuM penieHne oOpaTHOM 3agaun AT Kax-
JIOM 13 3KCIIEPUMEHTAJIbHBIX TOUEK U OTIPEACITINM Mapa-

METPbI XapaKTEPHCTUK Y3110B Xj; C OJHOBPEMEHHOI
cUCTeMaTH3alueil mapaMeTpoB XapaKTEPUCTHUK Y3IIOB
Xj; TO COOTBETCTBYIOLIMM KPHUTEpUAM TN0J00MH,

OIIPEIETAIOINM PEXKUM PabOTHI Y312, ¥ OocIeIyoIeit
CTaTUCTHYECKOH 00paboTKOM, OTOpaKoOBKOW TIpyOBIX

OLIMOOK M annpoKCHUMalUel XapakTEPUCTHUK Y3108 X
KakK (YHKIHMH HECKOJBKHX MEPEMEHHBIX.
IlogcraBuM XapakTEpUCTHUKU Y370B Xj B IIps-

MYIO 3aa4y U peuInM €€ B Ka)KﬂOﬁ OKCIICPUMCHTAJIb-

HbIC IPpU MMOMOIIU HpHMOﬁ 3aJa4r BCJIMYMHBI pacyCT-

HBIX BBIXOJHBIX ITapaMe€TpPOB NkZ 3af~ C COOTBCT-

CTBYIOLIUMU ITapaMEeTpaMu, U3SMCPCHHBIMU TIPU UCTIbI-

tanmsx N kz yer o0Hapy)XMBacM MEXIy HUMH He-

Ot

(anpuoOpHBIM) 3aJaHHEM BENUYUH Y jo » > KaK cien-

BA3KH. HCBA3KH O6yCJ'IOBJ'IeHI>I HCTOYHBIM

CTBHE, HETOYHBIM OIPEECICHUEM IIPH PELICHUH 00paTt-
HOM 3a/1a41 XapaKTEPUCTHUK y31I0B X; . HeBsasku Taxxke

00YCIIOBJICHBI TOTPEITHOCTHIO0 H3MEPEHHI ITapaMeTPOB
I'T/] npu ucnbITaHUAX U OTPELIHOCTBIO IIPU PELICHUN
CUCTEMBI OINPEACIAIOIUX YPAaBHEHUW B IPSIMOU 3a-
Jade. IlorpemHocTs peneHuss CUCTEMBI ONpPEACIIsIO-
LIUX YpaBHEHUH B PSAMOM 3aJa4e, Kak IpaBujo, MaJa,
He npessbimaet 0,1% u eit MoxHO npeHeOpeys. Ha aTom
9Tame, u3-3a OTCYTCTBHS Kakoro-iubo (hopManbHOTO

YCJIOBHS BEIOOpA HOBBIX 3HaUeHMH Y i’ obecre4nBao-

IIUX BO BCEX IKCIEPUMEHTAIBHBIX TOUKaX MUHUMAJIb-
HOC 3HAYCHHC HEBSI30K, MICHTH(OUKAIUSA C MOMOIIBIO
TPAJULMOHHOTO METOJa VYBSI3KM 3aKaHYMBAETCH.
Cdopmynupyem 3TO TOMOTHUTEIBHOE YCIOBHE.

PacueTHble BETUYHUHBI napaMeTpoB N kz Saf~
TOJTYYCHHBIC ITPHU PCHICHUN HpﬂMOfI 3aJa4u, ABJIAIOTCA

(GYHKIUAMU HE3aBHCUMBIX IIEPEMCHHBIX Y jo ® X,

e Xj = f(yjo),TOCCTL

Niz sane = 1Vio» Xi = f2lyo ). ®

[TosTomMy Hammune HEBS30K (IpW 3aJ@aHHOW TO-
TPEITHOCTH HW3MEPEHHUs] MapaMeTpoB) OOYCIIOBIEHO,
BO-TIEPBBIX, HETOYHBIM arpHOPHBIM 3aJaHUEM BEJH-

yuH Y jo » TIPAMO BIMSIOMUX HA PE3yNLTAT PEIICHUS

HpﬂMOP‘I 3ala4u, BO-BTOPBIX, HETOYHBIM OIPCACIICHUEM

B 00paTHOIi 3a/jaue XapakTEPUCTUK y3J0B Xj M3-3a He-

TOYHOTI'O alIpuOPHOIO 3a/1aHUs BEJININH y JO (KOCBCH-

Hoe BiusiHUE Y jo Ha Pe3yIbTaT pelieHus IpsIMOH 3a-

Ja4yu). YUuThIBas 3TO OOCTOSITENLCTBO, Ha OCHOBE
onpezaeneHus nonHoro auddepeHnnana CIoXHON
(YHKIMH MOXKHO TIOJIyYHTh COTJIAcHO [9] cienyromyro

crcteMy paBHOTOUHBIX (K * Z) yCOBHBIX IHHEHHBIX

HOM TOYKE MpHU Yio = idem . CpaBHuBas nomyueH- S T —
J [ SN I J ( ON OX;
oN kz — Pk > ——kz Syj —+ Pk DINDD kz 12 Syj (6)
i=1{ 8y i=1j=1{_ 3X; Y j
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Sy Yi—VYio
rac y Hl - — OTHOCHUTCJIIbHAA HOHpaBKa K HUCXOOIHBIM BCIIMYUHAM y JO y

i
Yio

kzyen — Nkza‘”+ —
8N kZ = yen an Pk — OTHOCHUTCIIbHBIE B3BCIICHHBIE HEBA3ZKU MEXKAY M3MECPEHHBIMH U
N kzyén
pacyeTHBIMH IapaMeTpaMH,
ON,, OX;, ONy,
OX; oY j oY

HEIM CIIOCOOOM MyTEM PCUICHUSA HpﬂMOﬁ u OGpaTHOﬁ 3a/1a4 B Ka)KJI0M BKCHepHMeHTaHLHOﬁ TOYKC. HpI/IBe,HeHI/Ie

— OTHOCHTCIIBHBIC KOS(i)(bI/IHI/IeHTLI BJIMSAHUSA, ONIPEACTIAEMbIC YUCIICH-

YCJIOBHBIX YPaBHEHHUIT K PABHOTOYHBIM JIOCTHUTACTCSI TyTeM BBE/ICHHS B HUX BECOB H3MEPEHUI Pk [9].
CuctemMa ypaBHEeHHI (6) SBISCTCS MEPEONPEACTICHHOM (YMCI0 YpaBHEHHIA OOJIBINE YHCIa HEM3BECTHBIX 6y j

) ¥ HECOBMECTHOM M3-3a HAJMUUS MOTpemHocTei n3Mepenuil. IIpuHIun pemennus Takol CHCTEMBl IPEAIOoKeH
Jlexxannpom [9], u cocTouT OH B ciexymoueM. Eciu qaHa cucTeMa paBHOTOYHBIX YCIOBHBIX YpaBHEHUH U eciu
HU3MEPEHUs He3aBUCUMBI, OIIMOKH H3MEPEHHUH MOAYNHSIOTCS HOPMAIBHOMY 3aKOHY pacIipeesieHus], OInoKa pac-
yeTa MaJia [0 CPaBHEHUIO C OIIMOKaMK H3MEPEHHH, TO HanboJiee BEpOsITHbIC 3HAUCHHUSI HEM3BECTHBIX OIIPENIEIISATCS
U3 yCIOBUS MUHUMYMa CyMMBI KBaJpaTOB HEBSI30K.

st cuctemsl (6) 3TO yCIOBHE COOTBETCTBYET MUHUMYMY (OYHKIHH IIETH

F =gi [SNKZ—\/P_ki_l(SNkZ/Sy,-)Sy,- —\/P_kzlji(SNkz/SXi)(sxiz/ayj)Syjj (D)

1z2=1 i=1 j=1

Heo0xoaumbIM ycaoBueM MUHUMYMa GyHKIMH (7) sBISETCS

dF -
/({5‘ y )_ 0 (8)

Hocne muddepenmmpoanns Gyukiun (7) , HOTy4IeHUS ypaBHeHHH Bua (8) U X mpeoOpa30BaHUs, IMOITY-
gaeM cucTeMy J HOpPMaTbHBIX YpaBHEHHIA, KOTOpas B MATPUUHOI (hopMe MMeeT BHL

BX=A4 , 9)

rac
0% =| 8y, 8y, dyg ... 8y,
A= § SoNg | D] § Eon,, [ D) § o, | DNl
k=1z=1 % k=1z=1 dy, k=1z=1 oy

byg
21 boo
B: le sz bJS .............. bJJ
2
K Z ON I 6N, OX
bll =3 Y P kz ¥ kz iz
k=1z=1 oy i=1 0X; Oy,

K Z 6Nkz + %: SNkz 6Xiz 8Nkz + EI: SNkz 8Xiz
K=1z-1 oY, i=1 OX; oY, oy, i=1 OX; OYyq
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K Z ON I 3N, OX; ON I 3N, OX;
bjl > Pk kz > kz iz kz 5 kz iz
k=1z=1 8y J i=1 SXi Sy J Syl i=1 8Xi Syl
bj2 — g % 3 8Nkz IZSNkz ‘Sxiz 8Nkz IZSNkz 8Xiz
k=1z= dY j i=1 8X; OYj oY, i=1 OX; OY»
K Z ON I ON, ox
bJJ -3 S P kz kz iz
k=1z=1 oY ; i=1 8%; OY;

IMomygennas cucremMa HOpMaNbHBIX ypaBHEHHH (9) mMo3BoIIsET MOCIE e MPeodpa3oBaHMs K BUILY

X =B7tA

OmpenenuTh Hanbosiee BepOSITHRIE MOTIPaBKU 6y j K anpHOPHO 32/1aBaCMbIM koappuurentam Y jo 1 Aa-

Jeec, ux HauboJee BCPOATHBLIC 3HAUYCHUSA

Yi=Yjo *9Yj Yjo-

IloacTaHOBKa yTOUHEHHBIX 3HAYEHUH y j B 00-

paTHyIO 3a7ady NaeT BO3MOXHOCTh OIPENEIUTh COOT-
BETCTBYIOIIME MUHUMYMY (yHkuuu (7), MaTeMaTHye-

CKHC OXKUAAHUS XAPAKTCPUCTUK Y3JI0B X| B HEJIMHCH-

HOM [MOCTaHOBKE.

Takum oOpa3om, TpejraraeMblii METOJ UIACHTH-
¢uxanuu [10 — 14] coctout u3 Tpex 3aaa4 — 00OpaTHON
W TpsIMOM TEPMOTa30IMHAMUYECKUX 3a/ad M 3a7adu
ontuMm3anyu (0OpaTHOM 3a/auu pelIeHUs OTepaTop-
noro ypasuenus BX = A, unennl kotoporo B u A
Haiifensl u3 ycnosusi (7)). Cenyer OTMETHTh, YTO 00-
paTHas 3ajaya (3a7aya ONTUMHU3AIMK) OTHOCHTCA K
KJIacCy OOpaTHBIX HEKOPPEKTHO (IJI0XO0) MOCTABIICH-
HBIX 3a1a4 [8, 15], perienue KOTOPBIX MOXKET HE o0Ja-
JaTh CBOMCTBaMHU YCTOWYHBOCTH, OJHO3HAYHOCTH W
CYIIECTBEHHO M3MEHSATHCS MPHU MaJIbIX MOTPEIIHOCTSIX
BXOJHBIX JaHHBIX. Tak, B cydae II0X0i 00yCIIOBICH-
HOCTH Matpuisl B

OTepaTOPHOTO  ypaBHEHHUS

BX = A, Korjaa OIpeac/IMTeIib det B OJI30K K

HYJTIO, PEIICHUE MOKET OBITh HEYCTOWYHBEIM. Y CTOM-
YMBOE PEIICHHE HEKOPPEKTHO IMOCTAaBJICHHON 3aJadul
MOJKET OBITh MOJTYYEHO 3a CUeT Iepexojia K YCIOBHO-
KOPpEeKTHOI noctaHoBKe 3agauu [15]. Takoii nepexon
OCYILECTBIISCTCA MYTEM CYKEHHs MHOXECTBa JOIY-
CTUMBIX pelleHUl (Ha3HaueHHeM KOMIIAaKTHOT'O MHO-
YKECTBa PEIICHUH, yIOBIECTBOPSIONIETO YCIOBHIM KOP-
PEKTHOCTH), HAIIPUMeEp, 3a CYET COKPAIIEHHUS TEX UCKO-

MBIX HEM3BECTHBIX Y j» KOTOpbIE HMEIOT 6onpime

KO3 unreHTH B3anMHOW Koppemsauuu [1]. [omyde-
HHE YCTONYMBOTO PELICHHs TaK)KEe BO3MOXKHO 3a CUET
HNPUMEHEHHUS MPSIMBIX METOJIOB €CTECTBEHHOM peryiisi-
pu3au oOpaTHOM 3aja4yM IyTeM H3MEHEHHs IMapa-
METPOB BBIYHMCIUTEIBHOTO aJITOpUTMA (IIaroB 0 apry-
MeHTaM, koJrdecTBa uteparuii) [15]. Cnocob obecrie-
YeHHS KOPPEKTHOM ITOCTAaHOBKM OOpaTHOW 3amayu
BBIOMpAETCS B KK JOM KOHKPETHOM CITy4ae HHANBUIY-
QJIBHO B 3aBUCUMOCTH OT (pU3NIECKON CTOPOHBI pelia-
emoil 3amaun. Cxema pa3pabOTaHHOTO MeEToza TMapa-
METPHYECKOH UICHTU(HUKALUY PUBeIeHa Ha puc. 1.
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NIEHTUOUKALINN

Pa3zpaboTanHblii MeTox OB ampoOHpPOBaH IpH
uaeHTUGUKaud MM BBIMOJHEHHOTO OIHOBAJIBHOTO
I'T/] no pe3ynbraTraM €ro UCHBITAHUN HA HA3EMHOM U
BBICOTHOM CTEHJIaX B IIMPOKOM JAHana30He IKCILTyaTa-
UMOHHBIX ycinoBuid. [lpumenurensHo k stomy [T/
ObuTH pa3paboTaHbl METOAWKHM M COOTBETCTBYIOIINE
MPOTPaMMBbI pelIeHHs NPSIMOi 1 00paTHOH TepMorazo-
JUHAMHYecKuX 3a1ad. Taxoke Obuta pazpaboTana MeTo-
muka u nporpamma «OPTIMA 1y pemeHust cucTeMbl
HOpPMAaITbHBIX ypaBHEeHWH BHaa (9) (3amada onTuMu3a-
1uu), He 3aBucsmas ot tuna u cxembl ['TH. Ipo-
TpaMMBI COCTaBJIEHBI HAa S3BIKE MPOTPaMMHUPOBAHUS
Compagq Visual Fortran Version 6.6.

B mpornecce ucnprrannit I'T/ usmepsmmce 6 ero
BBIXOJTHBIX apaMeTpoB:

I\I_k = (Pv Gc‘)a p;, p;, Gé,Té*) U 4 pexuM-

* *

ubIx mapamerpa ( Pg, Té y Ny Py ). Cpencraa n3me-
pPEeHHI ¥ MOTPEITHOCTH M3MEPEHHS apaMeTpoB COOT-
BETCTBOBAIN TPEOOBAHMAM JICHCTBYIOIINX HOPMAaTHB-
HBIX  JOoKyMmMeHTOB  [16]. Ilpu  mpoBeaeHun
UeHTHUKAUK TPUHAMAJIOCh, YTO Beca W3MEpEHUs
He 3aBUCAT OT pexxnma pabots! I'T/I. Beca namepennii
paccunThIBaIHMCh cornacHo [ 1] mo popmyne

— o2 /o2
P« =oc5/0«k
rae O — CpeHsisl KBaJpaTHIHAs IOrPELIHOCTD H3Me-

peHuA k-ro BBIXOJHOT'O TapaMeTpa,

GO — CpeAHAd KBaJpaTU4Has MOTPEIIHOCTb OJ-

HOTro M3 MmapaMeTpoB, SABJIAOLIAACA HauOOJIBIIIEH IO
CpaBHCHUIO € MOTPCITHOCTAMU HSMepeHI/Iﬁ APYTHUX BbI-
XOAHBIX MTAPaAMETPOB,

BenuuuHbl G| ONpEJETANNCH MO pe3yabTaTaM

CTeH0BBIX HcnblTanui I'T/l Ha 0OCHOBE MHOTOKPAaTHO
MTOBTOPSTIONINXCS U3MEPEHUI. BenInHbBI BECOB M3Me-

peHuit Pk coctasuim 1,0...2,6.

C NOMOIIBIO PEXUMHBIX MapaMETPOB ONPEEIIs-
JIUCh KPUTEPUN MON00US, OTPEENSIONINE PEXXKUM pa-
6otsl I'T/] 1 pexxum paboTsl kommpeccopa. C yueTom
BXOJK/ICHUS BBIXOJAHBIX M PEKUMHBIX ITAPaMETPOB B CH-
CTEMY ONPEIEISIIONINX YPaBHEHUH (KOJMYECTBO KOTO-
peIx coctansger ansa gaasoro I'TH L =37), komuue-
CTBO HEU3BECTHBIX B HUX (ITapaMeTPOB XapaKTEPUCTHK
y310B) paBHO 13. Tak kak HeKOTOpHIE U3 K03 duIeH-
TOB MM ObITH JOCTOBEPHO M3BECTHBI MO pe3yIbTaTaM
MPeBAPUTEIBHBIX J1A00PaTOPHBIX HUCIBITAHUN 3J1e-
meHToB I'T/l U UX BEJIMYMHBI B UCCIIETyEMOM AHara-
30HE PEXUMOB U IKCILTYyaTallMOHHBIX YCIOBHM cOXpa-
HSIOTCSI HEM3MEHHBIMU (TaKuX K03()(OUIIMCHTOB BBISB-
JICHO 5), KOJMYECTBO HEU3BECTHBIX KOA(PPHUIMECHTOB

XapaKTepPUCTHUK y3J10B ( X, ) ObUIO yMEHBIIEHO Ha UX

qUCIIO u N =8 ,
Xn =Mz, Psi» M Me» No» Ay Qe My ). Ko-

JINYECTBO HEU3BECTHBIX mapameTpoB [ T[] (Nm), B

COCTaBHJIIO
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TOM YHCJIC KPUTCPHUCB HO[[06I/I$I u 6e3pa3MepHHx rnapa-
* *

MeTpoB TUE U TU¢y ONPEAENSIONMX PEKUMBI PAOOTHI

Y3JI0B, COCTaBHIIO M =32. Taxum o0pazom, mpu Ko-

JIMYECTBE ONPEACIAIOLUX YPaBHEHUN L =37, xommye-
CTBO B HUX HEHU3BECTHBIX MTApaMETPOB U KOAPPHIIHEH-

TOB XapaKTEPUCTHUK Y3JI0B COCTaBIISAET N+M=8+
32 =40, T.e. KOJIMYECTBO HEM3BECTHBIX Ha 3 €IMHULIBI
0oJbIIe KOJTUYECTBA ONPEAEIAIOMNX ypaBHeHNH. J{is
3aMBIKaHUS CHCTEMBl YpaBHEHHH OOpaTHOW 3amadu B
KadyecTBE allpHOPHO 33aBaeMBIX BEIIMIHUH K03 duiu-

enroB MM Y jo 13 mecna Xp BBIOpaHBI TaKue, Be-

JIMYMHBI KOTOPBIX P PEIICHUHU OTIPECIISIONINX ypaB-
HEHUI1 He3aBUCHMBI IPYT OT JpyTa ¥ IIOCTOSIHHBI B pac-
CMaTpHBAaEMOM  OKCIUIyaTaI[MOHHOM  J[MaIla30He
pa6otsl I'T/I. K HUM OTHOCSTCS IPUBEACHHBINH Pacxo[
rasa gepe3 KpUTHYECKOe CeYeHHe COILIOBOTO ammapara
TypOunsr, Mexanmueckuit KIIJI m xos¢p¢umment B

2
ypaBHEHUH Oafy = 1- aéﬁxé , T.€.

)_/ jo = (Aﬁ’ aéﬁa ni ) , J =3. B pesyaprare ko-

JIMYCCTBO HEU3BCCTHBIX XI , OIPCACTISACMBIX B 06paT-

HOM 3ajade, COCTaBJISICT 5,

* *
Xi = (T]é, Oy Uiy Né s 1]6). Ipu sTOM yKa3aH-
Hble HEU3BECTHBIC HAXOSTCS IIPH PELICHUH 00paTHOM
3371241 KaK (QYHKIUH OT OJTHOM WIIM IBYX TIEPEMEHHBIX
(OT COOTBETCTBYIONINX KPUTEPHEB IMOI00Ws win Oe3-
pa3MepHBIX TapaMeTpoB).

Crnengyer OTMETHTh, YTO IIPU HJICHTU(PHUKALIH
MM storo xe ['T ogauM u3 GpopMaIn30BaHHBIX Me-
TOJIOB, HaIlpuMep, C IMOMOIIBI0 METOJa HAUMEHbBIINX
KBaJpaToB [ 1], mpu IpoYuX paBHBIX yCIOBUAX KOJIHUE-
CTBO HEU3BECTHBIX (KO3()(UIMEHTOB XapaKTEPUCTHUK
Y3JI0B, OINPEEISIEMBIX C TOMOIIBIO 3a/[aull ONTHMH3a-
IIMK) COCTaBMIIO ObI 8 BMecTO 3.

[Mouck pemieHus: mpu NMpoBeNeHUH HIeHTH(UKa-
IIMH OCYIIECTBIISUICS ITyTEM IMOCIIEA0BATEIIFHOTO MaTe-
MaTHYECKOTO 3KCIEPUMEHTA, BKJIIOYAIOIIETO peIIeHNne
oOpaTHOW W TPsIMOW 3a7ad M 3aJadd ONTHMU3AIMU.
[Ipu npoBeneHny HACHTH(OUKALMNA KOHTPOJIb CTEIIEHU
00YCIJIOBIICHHOCTH MaTpPHUIbl B CHCTEMBI HOPMaJIbHBIX
ypaBHeHHH (9) OCYIIECTBISUICS C TOMOIIBIO YHCIA

obycroBnenHocTH Tropunra ( NT ) [1].

Kak moxa3zano B [1], mpu NT < (102103)

TapaHTUPYETCS CXOAMMOCThH TIpoIlecca IMOCHIe0Ba-
TENBHBIX MPUONMKCHUN. AHAIN3 PE3yJIbTaTOB IPOBE-
neHHo# upeHTH(uKanmu MM Beimonsennoro I'T/] ¢
MOMOUIBIO MPEJIaraéMoro MeToja MoKasaj, YTo MNpHu
MEPBOM BapHaHTE PELICHHUs], KOT/1a B KAUeCTBE YTOUHS-
€MBIX K03 puImeHTOB HCIIOJIB30BaINCh

S’jo = (Aé, dapy M ) (uucno TiopuHra mpu

9ToM Ob1I0 paBHO 1000), pemieHne B epBOM MpUOIIH-
JKCHUH OBIJIO HEYCTOWYMBBIM (BEIMUMHBI HAalJAECHHBIX

HCHU3BCCTHBIX y] BBIXOOHWJIN 3a ITPEACIIbI UX PEATIBHBIX

BeNM4MH). J{JIsl MOJIydyeHusl YyCTOWYMBOTO PELICHUs UC-
MOJIF30BAJIACh IIarOBasi CTPATETHsA C IBIDKCHHEM ITy-
TEM UTEpalnii B HAIPABJICHUH, TOTyYCHHOM B IIPEIbI-
nyteM npubmmkernd [ 15]. [Tpu 3ToM HakIagpIBaIHCh
<OKECTKHE» OTPAHWYCHHUS Ha JUAra30H N3MEHEHHS Me-
xanuueckoro KII/. IIpouecce nociaenoBaTeNbHbIX IPH-
OMKEHNH OBLI TIPH 3TOM CXOAALINMCS — BEJIMYHHA
CYMMBI KBaJIpaTOB B3BELIEHHBIX OCTaTOYHBIX HEBSI30K

K Z
H= > 5 (6Nyz)?.

k=1z=1
Mociae  KaxkJIou

paccuuTeIBacMas urepanuu,

YMEHBIIATIACH TI0 SKCIIOHCHTE. Bemnuuna H IocCJiIeC

Tpex npubnmxenuil ymensimunack Ha 34%. [IpuunHoit
HEYCTOWYMBOCTH pEIIEeHUs IPU MEPBOM BapHaHTE BBI-

00pa HEM3BECTHBIX Y | SBIICS HEMPABHILHBII BEIOOP

B Ka4ECTBE OTHOTO M3 TAPAMETPOB ITOTO BEKTOPA — Me-
xanuueckoro KIIJI, kotopslit nMeeT OIM3KUi K MUHYC
enunuiie kodhdurment koppemsiun ¢ KITJ[ TypOuns
U HyJieBble KO3(GHULNEHTHI BIUSHUS HA KOAPQUITHEHT
TIOJTHOTHI CTOPaHMs B KaMepe CropaHus U Ha Kod(pdu-
LIUEHTHI pacxo/ia ¥ CKOPOCTH peakTHBHOrO coruia. Kak

ToKa3aJl aHaJIn3, OMPCACIIUTEIbL MAaTPUIIbI B Ipu Ta-
KOM 3aJaHMM HUCXOJHBIX JOAaHHBIX OYCHb Mall (

det B 1), uto npusozut x moxoit 06ycIOBNEH-

HocTH Matpulibl B u HeycroitunBoctn pemenus. Ipu
BTOPOM BapHaHTE PELICHUs, KOI1a B KaUeCTBE YTOYHS-
eMbIXx  Ko3(p¢uumeHToB MM  HCIIONIB30BAIUCH

Yy jo = (Aé, aéﬁ) , TOPsI0K MaTpuiel B ymens-

mrancs Ha eAWHUIY (BenmuuHa MexaHmdeckoro KITJ]
MIPUHUMAIIACh TTOCTOSHHON M paBHOW pacdeTHOW). B
9TOM CJIy4ae Y)Ke IPH BBIIIOJHEHUH ITEPBOTO MPHOITH-
JKeHHsT 00eCIeUMBAIOCh YCTOHUYMBOE pEIICHHE, IpH
KOTOPOM HalICHHbIC HOBBIC 3HAUCHUS BEJIIMIHH KO-

(GUIEeHTOB Aé, aéﬁ HE BBIXOJIMJIH 32 TPEJENbl X

BO3MOXKHOTO JMara3oHa W3MEHEHHs W obecreunBain
CYIIECTBEHHOE CHIDKCHNE OCTATOYHBIX HEBS30K MEXKITY
N3MEPEHHBIMH M PACUETHBIMH BBIXOJHBIMH ITapaMeT-
pamu I'TH. [Ipu »TOM BelWYMHA ONpEAETUTEINS

det B yBEJIMYUIACH HA JBA MOpsAAKa, a yncio Tro-

puHTa NT cocraisiio 450. [Ipu BTOpOM BapuaHTte

BbIOOpa WIEHOB BekTopa Y jo = (Aé, aéﬁ) Io-
HCK PEUICHMs OCYILECTBISUICS IIPU ABYX pa3IU4YHBIX
Ha4yaJIbHbIX 3HAYEHMSAX IapaMETpOB Aﬁ, aéﬁ IIpu
M3MEHCHHH HaYaJIbHBIX 3HAaYCHUH Y ] o Pe3yJBTAT pe-
IICHUS yXe IPH HEepBOM NPHOIMKEHUH Iomajal B
OJIHy M Ty € 30HY BEJIUYMH HCKOMBIX MapaMETPOB
Ai, aéﬁ ¥ ocTaTounbIx Hebszok H , TIOJIy4E€HHBIX

B MIPEIBIAYIINX BapHaHTaX.

Bo Bcex paccMOTpEHHBIX BEIIIE BApHAHTAX PeIIe-
HUS CBHJCTEIHCTBOM €TI0 HaXOXKACHHUS OBLIO Momaga-
HHE B 30HY MHUHHMAJBbHBIX HEBS30K W W3MCEHECHHE
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HaIpaBJeHUsl IOMCKa B IOCIEIHEM Ilare Mo CpaBHe-
HHUIO CO BCEMH IPEABIAYIIAMH. JTO 00YCIOBIEHO TO-
MaJaHueM B 00JacTh TaK HAa3bIBAEMBIX HE YyIydIIae-
MBIX PEIICHUH, KOTja BETNIHHBI OCTATOYHBIX HEBSI30K
[0 BEIMYMHAM BBIXOIHBIX mnapamerpoB I'TJl craHo-
BATCS OJIN3KMMH K TIOTPEIIHOCTSIM H3MEPEHHS 9THX Ta-
pametpoB. Kak ykassiBaetes B [15], ctpemienne moiy-
4UTh 00Jiee TOYHOE 3HAYCHNE MPUYUHHON XapaKTepu-

CTHUKH (B JaHHOM cJiy4dac Sy_l U, COOTBCTCTBCHHO,

3HA4YCHUC yJ ), OTBe‘laIOHleﬁ 0COOCHHOCTSIM noJjy-

YEHHBIX 3KCIEPUMEHTANBHBIX NaHHBIX, BEJeT K He-
YCTOWYMBOCTH pelieHusd. V3MeHeHne BEeIW4YMH OCTa-
TOYHBIX HEBA30K U BEJIMYHH AIIPHOPHO 337aBAEMBbIX KO-

3¢ dunmrenTon gl jo= (Aé, aéﬁ) B mporecce

NOCICA0BATCIIbHBIX UTCPALIMOHHBIX IAr0B IIPU IIPOBC-
JCHUU I/IZ[eHTI/I(l)I/IKaI_[I/II/I TMOKa3aHO Ha puc. 2.

A,
1,05 — |
L — H — 0,014
S —/oc{)y//
\\ — —— —
— -—— > <—‘/.//H —0,015
S — ¥
1 H=0017
’ e —— H =0,044
0.7 0.8 0,9 1.0 11 a,..

Puc. 2. Pesynemamut noucka pewenus npu uoenmuguxayuu MM I'T/]

ITocne mpoBeneHnsT NACHTU(PUKALIMK U ITOBEPOU-
HOTO pacyeTa Mo NpsIMOH 3afade ¢ MOMOIIBIO YTOYHEH-
Hoit MM I'T]I cpennue aOCOMIOTHBIC BEIUYNHBI HEBSI-
30K 110 TAaKMM MapaMeTpaM Kak TAra, pacxo]l TOIUINBA,
MOJIHOE JaBJICHHE 32 KOMIIPECCOPOM U IOJIHOE JaBiie-
HHE 32 TypOMHON B HCCIIEyeMOM 3KCITyaTallHOHHOM
nuanazoHe padotsl ['T/l ymenbmmucs B 2...3 pa3a —

¢ 1,6..3,6 % 10 0,6..1,2 %). B menbIeli crenenu
U3MEHUIIUCh HEBSI3KU 110 TaKUM IapaMeTpaM Kak pac-
xon Bo3ayxa uepe3 ['T/] u 3aTopMorkeHHas Temmepa-
Typa BO3AyXa 32 KOMIIPECCOPOM, CPEIHHE BETHMYUHBI
HEBSI30K 110 KOTOPBIM IIOCIE HASCHTU(HUKALUH COCTa-
BHJIK cooTBeTCTBEHHO 1,5 % 1 0,3 %.

Kpome wunentudukaimu MM  BBINOJHEHHOTO
I'T] mnpoBeneHbl YHCIEHHBIE JSKCIEPUMEHTHI 110
OIIEHKE BJIMSHUS BEIMYMH BECOB M3MEPEHUH, BINSHUS
MOTPEIIHOCTEH HM3MEpPEHHs BBIXOIHBIX IapaMeTpOB,
BEIMYMH aNpHUOPHO 3aJaBaeMbIX KO3()(UIIHEHTOB

Yy jO Ha pesyibTaThl unenTuukanuu. s nposene-

HUSl YUCJICHHBIX KCTIEPUMEHTOB N3MEPEHHBIEC BBIXOI-
HbIE TIApaMETPhl MPUHUMAIUCH PABHBIMUA WX BEITUYU-
HaM, MOJIYYeHHBIM TP pacueTe MpsSMOM 3a1adyu ¢ UC-
nojp30BaHneM wuaeHTHuIposanHon MM I'THA. B
KauecTBE TMEPBOTO MPHUOIMKCHHUS PacUeTHBIX 3Haue-
HUN BBIXOJIHBIX MapaMeTpOB NPUHUMAINCh UX BEJIU-
YUHBI, TOJYYEHHbIE NPU PELIEHUH MPSMON 3a1auu ¢
ucnons3oBanueM MM I'T]l, «uckaxxeHHOI» cpaBHe-
HUIO C HACHTU(PUIHPOBAaHHOH MM BBIIOTHEHHOTO
I'TH. YcraHOBIEHO HE3HAUUTENBHOE BIUSHUE Ha pe-
3yJbTaT WACHTU(PUKAIIMA H3MCHECHUS BEIHMYUH BECOB

U3MEpEHUs H< BbIXOAHBIX MapamerpoB I'TJl u cmy-

YalHbBIX «IIyMOB» (CIy4allHBIX HOTPELIHOCTEH), HAIO-

JKCHHBIX HAa BEJIMYMHBI M3MEPEHHBIX BBIXOJHBIX Mapa-
MetpoB ['T/I. YcraHOBIEHO, YTO HCIOIH30BaHUE 00-
paTHOM TepMOTra30IMHAMHUUYECKOM 3a1a4u B aJITOPUTME
UICHTH(UKALNY TIO3BOJISET YK€ Ha IEPBOM 3Tale Io-
UCKa PpeIIeHHUs BBIABISTH HEMPABUIBHO BBHIOpAHHBIC
HavaJibHble NPUOIKEHHsI BEJIMYMH allpuOPHO 3a/1aBa-

eMbIX ko3 punuentos Y jO» IPOTHBOpEYAILIX ¢dhuzu-

YeCKOMY CMBICIY, W Ha 3TOH OCHOBE CYIIECTBCHHO
CyXaTb OOJacTh HAYaJbHBIX MPUOIIKEHUH BEITHUUH
anmpHoOpHO 3a/aBaeMbIX K03 dunmentos. [IpoBeneHue
3amaun  upeHTH(uxkannu MM I'TJ npu Breibope

HAyalbHBIX NPUOIMKeHUH Benuyun Y jO B pasiny-

HBIX KpaWHUX TOYKaX OTKOPPEKTHPOBAHHOM 0OJacTH
UX IIOMCKA MI0KA3aJ0 yCTOMYUBOCTh U OJHO3HAYHOCTh
peuieHus.

BbIBO/IbI

1. Pa3paboTtan MeTox mapaMeTpuIecKoil HaeHTH-
¢ukammmu MM I'T]] Ha yCTaHOBUBIINXCS PEXXKUMaX pa-
0O0TbI, KOTOPBIH, 10 CPABHEHHIO C CYIIECTBYIOLINMH
(opMann30BaHHBIMH METOJIaMHM, TO3BOJIIET (332 CUET
BBEICHHUS B MPOLEAYpPY HICHTU(PHKAMKA 0O0paTHOM
TE€pPMOra30AMHAMUYECKOHN 3aauil U ydeTa MpH pellie-
HUY 337291 WACHTH(QUKAIIMN KOPPEIIUOHHBIX CBSA3CH
MEXIy YTOYHSIEMBIMU KO3(dUIIMeHTaMi XapaKTepH-
ctuk y370B [ 'T]I) COKpaTUTh KOJTHYECTBO HEM3BECTHBIX
KO3 GHUIHEHTOB (TapaMeTPOB XapaKTEPUCTHK Y3JIOB),
ONpeAEsAEMbIX IIPU PELICHUH 3aadd ONTHUMU3aLUY,
YTOUHSTH XapakTtepucTuku y3ioB ['TJ[ B HenuHelHON
ITOCTAaHOBKE KaK (PYHKIMHM HECKONBKHX MEPEMEHHBIX,
TIOBBICUTD (PU3NYECKYIO0 000CHOBAHHOCTH MOTYYaeMBbIX
pelieHuil.



54 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(42), 2019 B

L
ESY_|

2. Meron umeeT BBICOKYIO 3(p()EeKTUBHOCTH C M0-
3UNAH 00ecredeH s Mocie HACHTU(UKAIIH CXOAUMO-
CTH MEXIY PacYeTHBIMH M 3KCIIEPHIMEHTAIBFHO H3Me-
perabiMu mapamerpamu ['TII. Meron Oasupyercs Ha
ucnons3oBanm MM obpartHoif u npsmoit TI'3 u 3a-
Jladu onTUMH3anud. Bxosmas B pa3paboTaHHEIN Me-
tox IIM 3amaua onTUMH3AIAHM SIBISIETCS OOIIEH IS
Bcex TumoB u cxem I'T/I.

VenoBHbIE 0003HAYEHUS U HHIEKCHI

P — cuna Taru, Bec usmepenus P — nasnenue,

T — temmeparypa, G — maccossiit pacxox, N — ga-
croTa Bpamenus poropa, T — KIIJ, ¢ — ko>dduru-

€HT CKOpOCTH, L —Ko3ddunueHT pacxona, 4 — npu-

BEJICHHBIH pacxoll, G — KO3()(HUIHUEHT BOCCTaHOBJIE-
HUS [IOJTHOTO JaBJICHUS, T — TOPEHHE, ra3, C — COILIO, K
— KOMIIPECCOop, T — TypOHHa, TOIUIMBO, KC — KaMepa Cro-
paHuUsL, M — MEXaHHIECKHIA, IKC — IKCIICPUMEHTAIbHBIH,
pacd — pacyeTHBIH, * — mapaMeTpbl 3aTOPMOKEHHOTO
HOTOKA.
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EFFECTS OF FUEL ROD CLADDING TEMPERATURE AND STRESSED CONDITIONS ON
HYDRIDE REORIENTATION

Abstract. This paper presents results of experimental research into hydride reorientation and hydrogen
embrittlement, which may occur in the SNF FR cladding at conditions simulating normal and some accident modes
of SNF handling. We performed simulation experiments with examination of how SNF overheat to 450 °C and
stressed condition during loading into a SNF dry storage facility affect hydride reorientation at different hydrogen
concentrations in the dummy claddings. Research was done to study changes in the hydride morphology during
hydride reorientation tests at conditions simulating the handling operations of SNF loading into and sealing in
storage baskets, and accident temperature increase in the SNF dry storage facility during SNF storage. It was
established that at hydrogen concentrations in excess of 170 ppm, hydrogen reorientation in the dummy claddings
during thermal tests begins at tensile stresses exceeding 55-60 MPa. For hydrogen concentrations in the claddings
above 250 ppm, hydride reorientations begin at lower tensile stresses. In the dummy claddings at 66 at4s0°c>70 MPa
and hydrogen concentration above 250 ppm, hydrogen reorientation occurs and the hydride reorientation factor
increases significantly. Thermal cycling at the stage of SNF holding in the SNF dry storage facility significantly
intensifies hydride reorientation. In the claddings at e at 450 °.c=70 MPa and hydrogen concentration of 400 ppm,
thermally cycled three times in the temperature range of 180 °C«»>450 °C, almost complete hydride reorientation

occurs.

Mechanical tests of samples with various hydrogen concentrations xak before tak and after the hydride reor-

ientation tests were performed.

The results obtained and the information search conducted allow a prediction on the risk margin due to SNF
cladding degradation related to the phenomena induced by presence of hydrogen accumulated in the Zr-1%Nb

alloy FR cladding during operation.

Introduction

The management and long-term storage of spent
nuclear fuel is an integral part of the nuclear fuel cycle.
The safety of spent nuclear fuel handling operations
largely depends on the SNF cladding condition. The
SNF dry storage facility commissioned on August 24,
2001 at ZNPP (Zaporozhye NPP) site has considerably
raised the demand for research into the phenomena re-
sponsible for the FR cladding degradation during SNF
handling and long-term storage.

For many years Zirconium-base alloys has been
used for the cladding of the fuel rods and structural
components of fuel assemblies in water cooled power
reactors, like pressurized water reactors (PWRs,
VVER), boiling water reactors (BWRs, RBMK) and
pressurized heavy reactors (HPWRs) [1] Upon comple-
tion of their operation, fuel rods remain internally pres-
surized [2, 3] and retain a number of degrading factors,
such as hydrogen, accumulated during operation [4].

Degradation phenomena induced by presence of
hydrogen in zirconium include:

- hydrogen embrittlement (HE), which is a signif-
icant decrease in ductility caused by hydrogen uptake
[5, 6];

- delayed hydrogen cracking (DHC), which is
gradual crack growth caused by discrete cracking along
the hydrides formed at its tip [7, 8, 9];

- hydrogen redistribution and hydride blistering
(formation of large hydrides in the local hydrogen ac-
cumulation areas) [10].

It is commonly believed that spent nuclear fuel
(SNF) handling is mostly jeopardized by hydride reor-
ientation and increased hydrogen embrittlement effi-
ciency caused thereby [11].

Traditionally, the cladding tube manufacturing
predetermines their proneness to formation of circum-
ferentially (tangentially) oriented hydrides. The poten-
tial for hydride embrittlement of cladding fuel rods may
increase drastically if the hydride platelets are reori-
ented from their normal circumferential to the radial di-
rection of the cladding [12, 13, 14]. Hydride reorienta-
tion can occur as a result heating during the vacuum
drying process in which the cladding temperature can
reach up to 450 °C, causing the hydrides to partially or
completely dissolve. During subsequent cool-down, the
hydrogen in solid solution can re-precipitate as radial
hydrides if the hoop stress caused by the end-of-life in-
ternal pressure of the tangential stress exceeds the
threshold stress level for the formation of radial hy-
drides [15].

By the end-of-life, the fuel rod internal pressure
under the cladding, depending on the initial pressure
(2.0...3.45 MPa), in the PWR rods at a room tempera-
ture is 4 ...6 MPa [2, 16]. The dependence of the end-
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of-line pressure versus burnup (Bu) can be stated as fol-
lows [2]:

P.,4=2.8781+0.0224Bu 1)

where Peng are internal fuel rod pressure at end of
life; Bu is burnup in MW-D/kgU, 2.8781 — mean initial
pressure under the shell (fitting parameter).

According to US NRC requirements, the follow-
ing criteria shall be met to guarantee fuel rod integrity
during SNF handling and long-term storage [16, 17]:

- tangential stress in the fuel rod cladding at 400
°C should not exceed 90 MPag;

- hydrogen concentration in the fuel rod cladding
should not exceed 400-500 ppm.

The amount of hydrogen accumulated in Zr-1%Nb
alloy during six years of operation (70 MW-D/kgU) is
~50...60 ppm and does not exceed 80 ppm; hydrides up

to 80 microns long predominantly are tangentially ori-
ented [18]. Due to such low hydrogen concentration, no
limit was set for hydrogen uptake previously, however
at present a design limit of 400 ppm has been imple-
mented to match U.S. and western design criteria [17,
19].

This paper describes the hydrogen reorientation
tests simulating the temperature mode and stress condi-
tion of Zr-1%Nb dummy claddings with hydrogen con-
centration up to 400 ppm and different scenarios of
SNF handling and storage.

Experimental Procedure

Sample

The cladding used in the present study was non-
irradiated Zr-1%Nb cladding tubes in the delivery con-
dition (finish annealing 580 °C, 3 hours); their main pa-
rameters are shown in Table 1.

Table 1
Main Parameters of the Cladding Tubes Used
Material Chem|_c§| Condition Gra_m SIz€, Texture Dimensions, mm
composition microns
fr=0.586 .
Alloy 0 . _ Outer diameter — 9.13;
£110 Zr-1 wt.%Nb | Recrystallized 3-5 ;;8(3)23 Wall thickness — 0.68

Treatment for Hydride Re-orientation
Hydride reorientation tests were performed on in-
ternally pressurized dummies with Zr-1%Nb cladding

(Fig. 1). The overall dummy length was 112 mm, with
the gas-filled cavity length of 66 mm. The gas (helium)
pressure under the cladding was from 3 to 5 MPa.

Fig. 1 — Pressurized Dummy for the Hydride Reorientation Test

According to the specification, hydrogen concen-
tration in non-hydrogenated Zr-1%Nb (E110) cladding
tubes does not exceed 15 ppm (ppm —part per million);
its standard concentration varies within 4-7 ppm [20].
The dummy claddings were saturated with hydrogen
using a “dry” hydrogenation method at 380 and 420 °C.
Titanium hydride powder was used as the source of gas-
eous hydrogen. The hydrogen concentration was deter-
mined by weighing and using metallographic structure
images (transverse cross-section). The hydrogen con-
centration in the cladding of the hydrogenated dummies
ranged from 60 to 400 ppm.

The test temperature mode was based on SNF han-
dling safety criteria.

The currently assumed safety criteria system of the
Spent Nuclear Fuel Dry Storage at Zaporozhye NPP
(ZNPP) meets the following [21]:

- the fuel rod peak cladding temperature operated
in the fuel assemblies for the normal long-term dry stor-
age in the helium environment is 350 °C;

- for extreme weather conditions and during SNF
handling the temperature may rise to 450 °C for not
more than 8 hours during the entire handling and stor-
age period.

Changes in the cladding temperature of SNF fuel
rods with 1 kW decay heat for long-term storage in the
ZNPP SNF Dry Storage are shown in Fig. 2. The peak
fuel rod clad temperature at the beginning is 349°C
(Fig. 3) and decreases with time. In 5 years this temper-
ature will equal 275 °C, and in 45-50 years it will re-
duce to 180 °C.
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Fig. 2 — Changes in Fuel Rod Clad Temperature during

Storage in ZNPP SNF Dry Storage

The temperature mode during tests simulating
handling conditions (Mode 1) is shown in Fig. 3.

The stressed condition of both SNF fuel rod clad-
dings in long-term storage and dummy claddings dur-
ing tests is described by the following equations:

— P203Dmia , T )

c
0 2t 293

where, o is tangential stress in the cladding re-
spectively; Paos is pressure under the cladding at room
temperature, Dmig and t — average cladding diameter
and wall thickness respectively, T — cladding tempera-
ture (in K).

It should be noted that in these tests the stressed
condition of the dummy cladding changes with temper-
ature according to the Charles law, just like on the fuel
rod cladding during handling and long-term storage.

450 ~
400:
350:
300:
250-‘
200:
150:1
100 ~

Temperature, °C

50

0 ~

EdN ©
Temperature, °C

4 6 8 10 12
Time, hours

Fig. 3 — Temperature Mode during Tests Simulat-

ing Handling (Mode 1) and Tangential Stresses in

the Dummy Cladding during Tests (P293 =3, 4 and
5 MPa)

Changes in tangential stresses in the dummy clad-
dings under pressure of 3, 4, and 5 MPa during tests in
the mode simulating fuel handling and normal operat-
ing conditions are shown in Fig. 3.

Changes simulating the handling temperature
mode and the limiting design-basis accidents included:

- Fuel rod dummy tests under pressure of 3, 4 and
5 MPa in the mode: heating to 450 °C, exposure at
450 °C for 3 hours, cooling to 300 °C; exposure at
300 °C for 1 hour and subsequent three thermal cycles
from 300 °C (temperature after ~2 years of storage) to
450 °C. Exposure in each of the cycles at 300 and
450 °C for 1 hour (Mode 2) (Fig. 4)
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Fig. 4 — Test Temperature Mode with Three Thermal Cycles 300¢»450 °C. Mode 2

- Fuel rod dummy tests under pressure of 5 MPa
in the mode: heating to 450 °C, exposure at 450 °C for
3 hours, cooling to 300 °C; exposure at 300 °C for
1 hour and subsequent five thermal cycles from 300 °C
to 450 °C. Exposure in each of the cycles at 300 and
450 °C for 1 hour (Mode 3).

- Fuel rod dummy tests under pressure of 5 MPa
in the mode: heating to 450 °C, exposure at 450 °C for
3 hours, cooling to 300 °C and subsequent seven ther-
mal cycles from 300 to 450 °C. Exposure in each of the

cycles for 1 hour at 300 °C and 45 minutes at 450 °C
(Mode 4).
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- Fuel rod dummy tests under pressure of 4 and
5 MPa in the mode: heating to 450 °C, exposure at
450 °C for 3 hours, cooling to 180°C and subsequent
three thermal cycles from 180 °C (temperature after
~45-50 years of storage) to 450 °C. Exposure in each
of the cycles at 180 and 450 °C for 1 hour (Mode 5).

- Fuel rod dummy tests under pressure of 4 and
5 MPa in the mode: heating to 450 °C, exposure at
450 °C for 3 hours, cooling to 180 °C and subsequent
five thermal cycles from 180 °C to 450 °C. Exposure in
each of the cycles at 180 and 450 °C for 1 hour
(Mode 6).

- Fuel rod dummy tests under pressure of 5 MPa
in the mode: heating to 450 °C, exposure at 450 °C for
3 hours, cooling to 180 °C and subsequent seven ther-
mal cycles from 180 °C to 450 °C. Exposure in each of
the cycles for 1 hour at 180 °C and 45 minutes at 450 °C
(Mode 7).

Metallographic Examination

The metallographic examinations were done using
the optical microscope “Axio Observer.Alm”. The
metallographic structure images were used to deter-
mine the hydrogen concentration and the hydride ori-
entation coefficient.

The hydrogen concentration was determined by
the area taken by hydrides in the sample transverse
cross-section [22, 23]:

[H]¢(ppm) = [H]s - Fs Pa(l_Fé)"'P’:FS (3)
where: [H]: — hydrogen concentration in the sam-
ple (at room temperature the hydrogen concentration in
the solid solution of a-Zr does not exceed 1 ppm); [H]s
- hydrogen concentration in the &-hydride (17570
ppm); Fs - fraction of the area taken by hydrides (equiv-
alent to the hydride volume fraction); p.. - density of a-
Zr matrix at room temperature (6550 kg/m®); ps - den-
sity of 5-hydrides at room temperature (5650 kg/m?3).
The hydride orientation coefficient was deter-
mined using the formula:

YilLri
=i 4
o Bi(Lpi+Lei) )

where F, is the hydride orientation coefficient, Ly
— is the length of the i radial hydride oriented between

0-45° to the radial direction, and Lg; is the length of the
i" circumferential hydride orientated between 45-90° to
radial direction.

Tensile tests

Short-terms mechanical tensile test of circumfer-
ential samples (outer diameter 9.13 mm, wall thickness
0.68 mm, width 2.7 mm) were performed on semi-cir-
cular supports, 6.0 mm in diameter, at temperature 20
and 350 °C. The active grip motion rate was about
1.8 mm/min. The working length was calculated using
the formula:

L = ~1(Dpmiq — 0.85d,) (5)

where Dniq is the sample average diameter, mm,

do is the support diameter, mm.

The deformation rate 5.7x10% 1/sec.

Results and discussion

Re-orientation of Hydrides

During the tests, depending on the concentration,
the hydrides which initially had a technology-induced
orientation relative to the main directions in products
(for tubes: radially, tangentially, and axially) dissolve
completely or partially, whereas the subsequent cooling
releases hydrides whose orientation is to a significant
degree determined by the active stresses. Hysteresis ex-
ists between the temperature of full hydride dissolution
(TSSD) during heatup and the temperature of their pre-
cipitation during cooling (hydride precipitation re-
quires some subcooling). The hydrogen concentrations
at hydride dissociation temperatures ([H]rssp) during
heatup and at the beginning of hydride precipitation
during cooling ([H]tssp) in Zr-1%Nb alloy (M5) are de-
termined by the equations [24]:

[Hlrssp(ppm) = 84965exp (—*27)  (6)
[Hlrssp(ppm) = 30638exp (—*5)  (7)

where: R — gas constant (8.314 J/(mole-K); T —ab-
solute temperature, K.

The dependence of hydride dissociation tempera-
tures in Zr-1%Nb during heat up (TSSD) and their pre-
cipitation during cooling (TSSP) are shown in Fig. 5.

TSSD
800 -
23 K ) SSP
~
o TssP
92 8004 —— TSSD|
(22 723K
B=}
==
@«
O 4 - 4
9 400
2 I I n v v
v v . .
) 100 200 300 400 500 600
H, ppm

Fig. 5 — Hydride dissociation temperatures (TSSD) during heat up and at the hydride beginning of precipitation
temperatures during cooling (TSSP) in Zr-1%Nb versus hydrogen concentration [H]

The hydrogen reorientation tests in the dummy
claddings under pressure of 3, 4, and 5 MPa (at room

temperature) simulating fuel handling and normal stor-
age conditions in the SNF dry storage was performed
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on the dummies with the hydrogen concentration in Zr-
1%Nb cladding of 170, 250, 320, and 400 ppm. Fig. 9
marks the hydride dissolution and precipitation temper-
atures at these concentrations (I-V), as well as the max-
imum test temperature (450 °C (723 K)). The hydride
distribution in the dummy claddings before and after
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the tests is shown in Fig. 6; the data on hydride orien-
tation (hydride orientation coefficients in the dummy
claddings) is provided in Table 2.
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Fig. 6 — Hydride microstructure in the dummy (Zr-1%NDb) claddings before and after the hydride reorientation
tests in the mode simulating fuel handling in the SNF dry storage (on the right)
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Table 2

Hydride reorientation coefficients in the dummy claddings tests in the mode simulating fuel handling in
the SNF dry storage (single cycle heating to 450 °C, holding for 8 hours and subsequent cooling to room
temperature (according to regime 1)).

[H], ppm | P293, MPa oo at 450 °C, MPa | TSSD, °C TSSP, °C coat TSSP, MPa | Fn
before the i i i 0.04
test
60 3 46 293.72 231.40 32.09 0.05
4 61.3 293.72 231.40 42.78 0.06
5 76.7 293.72 231.40 53.48 0.06
before the i i i 0.04
test
170 3 46 388.70 332.53 38.52 0.07
4 61.3 388.70 332.53 51.36 0.1
5 76.7 388.70 332.53 64.20 0.12
before the i i i 0.05
test
250 3 46 432.48 381.10 41.61 0.14
4 61.3 432.48 381.10 55.48 0.15
5 76.7 432.48 381.10 69.35 0.32
before the i i i 0.06
test.
320 3 46 463.68 416.49 43.86 0.16
4 61.3 463.68 416.49 58.48 0.18
5 76.7 463.68 416.49 73.10 0.48
before the i i i 0.07-0.08
test
400 3 46 494.36 451.96 46.12 0.18
4 61.3 494.36 451.96 61.49 0.23
5 76.7 494.36 451.96 76.87 0.58

The results obtained (Fig. 6, Table 2) evidence that
the dummy tests under the pressure of 3, 4, and 5 MPa
in the mode simulating fuel handling and normal stor-
age conditions do not lead to hydride reorientation in
the claddings with low hydrogen concentration (60 and
170 ppm (Fig. 5)), whose hydride dissociation and pre-
cipitation temperatures are well below 450 °C. This
may be related to low stresses in the dummy claddings
at the temperature of precipitation onset of low-hydro-
gen concentration hydrides. At hydrogen concentra-
tions of 250...400 ppm, with a pressure increase from 0
to 4 MPa, the hydride orientation coefficient increases
only insignificantly, but rises dramatically with a pres-
sure increase from 4 to 5 MPa (Fig. 6, Table 2). Zr-
1%Nb cladding propensity towards radial hydride for-

mation under internal pressure increases with the hy-
drogen concentration growing from 250 to 400 ppm,
which is in good qualitative agreement with the de-
pendence of tangential stress in the dummy claddings
at the hydride precipitation temperature (TSSP) (See
Fig. 5).

For illustration, Fig. 7 shows the dependence of
the hydride orientation coefficient versus tangential
stress at 450 °C for the dummy claddings (Zr-1%Nb)
with a hydrogen concentration of 400 ppm
(TSSP=451.96 °C), tested in the mode simulating fuel
handling and normal storage conditions in the SNF Dry
Storage, as well as in the modes with three, five, and
seven thermal cycles 300»450 °C.
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Fig. 7 — Dependence of the hydride orientation coefficient versus tangential stress at 450 <C in the dummy clad-
ding (Zr-1%) of 400 ppm hydrogen concentration tested in the following modes: Mode 1 simulating fuel han-
dling and normal storage conditions; and Modes 2-4 with three, five, and seven thermal cycles 300450 C

According to the data obtained, the dummy clad- Hydride distribution in the dummy claddings be-
dings with a hydrogen concentration of 400 ppm tested  fore and after the tests in the modes: heating to 450°C,
in the mode: heating to 450°C, exposure at 450°C for  exposure for 3 hours, cooling to 300 °C and subsequent
8 hours and cooling at a rate of ~2 deg./min., the thresh- 3, 5, and 7 thermal cycles of 300<>450 °C is shown in
old hydride reorientation stress is ~55-60 MPa (break-  Fig. 8; data on hydride orientation (hydride orientation
point on the function F,—oe (Fig. 7)). coefficients in the dummy claddings) is provided in Ta-
ble 3.
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Fig. 8 - Hydride microstructure in the dummy claddings (Zr-1%Nb) before and after the hydride reorientation

test in the mode: heating to 450 <C, exposure for 3 hours, and cooling to 300 °C and subsequent 3 (a,b), 5 (c),

and 7 (d) thermal cycles 3003450 €
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Table 3

Hydride reorientation coefficient in the dummy claddings tested in the mode: heating to 450 °C, exposure
for 3 hours, and cooling to 300 °C and subsequent 3, 5, and 7 thermal cycles 300<>450 °C

[H], ppm | P2g3, MPa ce at 450 °C, | TSSD, °C TSSP, °C coat TSSP, MPa | Fn
MPa
3 thermal cycles 300<»>450 °C
before the test - - - - 0.04
80 3 46 317.12 255. 80 33.64 0.06
4 61.3 317.12 255.80 44.85 0.07
5 76.7 317.12 255.80 56.07 0.06
before the test - - - - 0.04
150 3 46 375.64 318.28 37.62 0.092
4 61.3 375.64 318.28 50.15 0.32
5 76.7 375.64 318.28 62.69 0.38
before the test 0.05
220 3 46 417.34 364.16 40.53 0.14
4 61.3 417.34 364.16 54.05 0.38
5 76.7 417.34 364.16 67.56 0.48
before the test - - - 0.06
330 3 46 467.77 421.18 44.16 0.16
4 61.3 467.77 421.18 58.88 0.53
5 76.7 467.77 421.18 73.60 0.73
before the test -- - - - 0.07-0.08
400 3 46 494.36 451.96 46,12 -
4 61.3 494.36 451.96 61.49 0.68
5 76.7 494.36 451.96 76.87 0.82
5 thermal cycles 300«<>450 °C
60 before the test - - - - 0.04
5 76.7 293.72 231.40 53.48 0.07
170 before the test - - - - 0.04
5 76.7 388.70 332.53 64.20 0.4
250 before the test - - - - 0.05
5 76.7 432.48 381.10 69.35 0.52
320 before the test - - - - 0.06
5 76.7 463.28 416.49 73.10 0.79
400 before the test - - - - 0.08
5 76.7 494.36 451.96 76.87 0.89
7 thermal cycles 300<»450 °C
60 before the test - - - - 0.04
5 76.7 293.72 231.40 53.48 0.13
170 before the test - - - 0.04
5 76.7 388.70 332.53 64.20 0.58
250 before the test - - - - 0.05
5 76.7 432.48 381.1 69.35 0.76
320 before the test - - - - 0.06
5 76.7 463.68 416.49 73.10 0.88
400 before the test - - - - 0.08
5 76.7 494.36 451.96 76.87 0.98

Three thermal cycles of 300<>450 °C significantly
increase the hydride reorientation level, with signifi-
cant reorientation taking place in the dummy claddings
with a hydrogen concentration of 150 ppm, whereas in
the dummy claddings with a hydrogen concentration of
250...400 ppm significant reorientation also takes
place during pressurized tests at Pog3=4 MPa.

It should be noted that the hydride orientation co-
efficient is significantly increased by three thermal cy-
cles of 300»450 °C, whereas further increase in the

number of cycles to 5 and 7 (P2g3=5 MPa) causes the
hydride orientation coefficient to grow only insignifi-
cantly (see Table 2 and 3; Fig. 7).

Hydride distribution in the dummy claddings be-
fore and after the tests in the modes: heating to 450 °C,
exposure for 3 hours, cooling to 180 °C and subsequent
3, 5, and 7 thermal cycles of 180<>450 °C is shown in
Fig. 9; the data on hydride orientation (hydride orienta-
tion coefficients in the dummy claddings) is provided
in Table 4.
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Fig. 9 - Hydride microstructure in the dummy claddings (Zr-1%Nb) before and after the hydride reorientation
test in the mode: heating to 450 <C, exposure for 3 hours, and cooling to 180 C and subsequent 3 (a,b), 5 (c),
and 7 (d) thermal cycles 180«»450

Table 4
Hydride reorientation coefficient in the dummy claddings tested in the mode: heating to 450 °C, exposure

for 3 hours, cooling to 180°C, and subsequent 3, 5, and 7 thermal cycles 180<>450 °C
[H], ppm |  Paes, MPa oo at 450 °C, MPa | TSSD,°C | TSSP,°C | coat TSSP,MPa | Fa
3 thermal cycles 180<»>450 °C

before the test - - - - 0.04

50 3 46 293.72 231.40 32.09 0.09
4 61.3 293.72 231.40 42.78 0.08

5 76.7 293.72 231.40 53.48 0.08

before the test - - - - 0.07

140 3 46 368.65 310.71 37.13 0.09
4 61.3 368.65 310.71 49,51 0.1

5 76.7 368.65 310.71 61.89 0.1

before the test - - - - 0.05

270 3 46 441.9 391.7 42.28 0.14
4 61.3 441.9 397.7 56.38 0.09

5 76.7 441.9 391.7 70.48 0.59

before the test - - - - 0.06

320 3 46 463.28 416.49 43.86 0.15
4 61.3 463.28 416.49 58.48 0.73

5 76.7 463.28 416.49 73.10 0.68

before the test 0.07

400 3 46 494.36 451.96 46.12 0.18
4 61.3 494.36 451.96 61.49 0.78

5 76.7 494.36 451.96 76.87 0.89
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5 thermal cycles 180<»>450 °C

60 before the test - - - 0.04
5 76.7 293.72 231.4 53.48 0.12

170 before the test - - - - 0.04
5 76.7 388.70 332.53 64.20 0.38

250 before the test - - - - 0.05
5 76.7 432.48 381.1 69.35 0.42

320 before the test - - - - 0.06
5 76.7 463.28 416.49 73.10 0.58

400 before the test - - - - 0.08
5 76.7 494.36 451.96 76.87 0.82

7 thermal cycles 180«<»450 °C

60 before the test - - - - 0.04
5 76.7 293.7 231.4 53.48 0.11

170 before the test - - - - 0.04
5 76.7 388.7 332.53 64.20 0.38

250 before the test - - - - 0.05
5 76.7 432.48 381.1 69.35 0.48

320 before the test - - - - 0.06
5 76.7 463.28 416.49 73.10 0.59

400 before the test - - - - 0.08
5 76.7 494.36 451.96 76.87 0.92

As in the case of three 300<>450 °C thermal cy-
cles, three 180<>450 °C thermal cycles substantially in-
crease the hydride reorientation level, with significant
reorientation taking place in the dummy claddings with
a hydrogen concentration of 170 ppm, whereas in the
dummy claddings with a hydrogen concentration of
250...400 ppm significant reorientation also takes
place during pressurized tests at P2g3=4 MPa. The hy-
dride orientation coefficient is significantly increased
by three 180<>450 °C thermal cycles, whereas the ef-
fects of further increase in the number of cycles to 5
and 7 (P2g3=5 MPa) is insignificant and ambiguous (see
Table 4).

Mechanical Properties

Mechanical tests were performed at temperatures
of 20 and 350 °C on circumferential samples 2.7 mm
wide, cut out from non-hydrogenated dummy clad-
dings, hydrogenated tube cladding sections 75 mm
long, and dummy claddings with different hydrogen
concentration tested in all the modes described in the
“Treatment for Hydride Re-orientation” section.

Fig. 10 a, b shows dependence of the strength
limit, yield strength, and relative elongation of the sam-
ples cut out from cladding tubes and hydrogenated tube
sections at 20 and 350 °C.

At atemperature of 20 °C, non-hydrogenated clad-
ding tubes have the following parameters: ¢,=40.75
kg/mm?, co.,= 37.5 kg/mm? and $=39.6%. With the hy-
drogen concentration increase to 170...400 ppm:

- the strength limit increases to 45.15...48.3
kg/mm?

- the yield strength increases to 42.2...45.3
kg/mm?;

- the relative elongation decreases, but does not
go below 27%.

At a temperature of 350 °C, non-hydrogenated
cladding tubes have the following parameters:
6u=17.75 kg/mm?, 0,=16.00 kg/mm? and 8=38%.
With the hydrogen concentration increase to 170...400
ppm:

- the strength limit increases to 19.1...21.3
kg/mm?;

- the vyield strength increases to 16.8...19.5
kg/mm?;

- the
40.8...44.2%

relative  elongation increases to
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Fig. 10 — Dependence of the strength limit, yield strength, and relative elongation of Zr-1% Nb (E110) cladding
tubes versus hydrogen concentration. Test temperatures: 20 and 350 T

No temperature mode used in the work led to any
additional hydrogen embrittlement during the hydride
reorientation tests. For illustration, Fig. 11a and 11b
provide dependencies of the strength limit, yield
strength, and relative elongation of the samples cut out
from dummy claddings under pressure (P29:=5 MPa)
after 7 thermal cycles 300«»>450 °C, which caused vir-
tually complete hydride reorientation (F,=0.98), versus
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hydrogen concentration. After testing in this mode at
room temperature, the strength of all the hydrogenated
dummy claddings is slightly higher than of the non-hy-
drogenated ones, and their plasticity virtually does not
decrease below 30%. At 350 °C the strength of the
dummy claddings virtually does not depend on the hy-
drogen concentration and their plasticity is slightly
higher on the hydrogenated dummy claddings.
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Fig. 11 — Dependence of the strength limit, yield strength, and relative elongation of the Zr-1% Nb (E110)
dummy claddings tested with 7 thermal cycles 300¢»450 <C; Test temperatures: 20 and 350 €

Conclusion

1. Upon completion of their operation, fuel rods
claddings retain a number of hereditary degrading fac-
tors, such as hydrogen, accumulated during operation.
Handling operations and long-term storage of SNF fuel
rod claddings created conditions facilitating hydride re-
orientation, which, based on common understanding,
may increase the efficiency of hydrogen embrittlement.

2. Pressurized dummy (3...5 MPa (at room tem-
perature)) with hydrogenated Zr-1%Nb cladding (up to
400 ppm), initially containing tangentially oriented hy-
drides (F,=0.04...0.08), were tested for hydride reori-
entation simulating different scenarios of SNF handling
and storage:

- tests simulating handling operations and subse-
quent normal storage in the SNF dry storage: 450 °C,
exposure for 8 hours, and subsequent cooling at
~2 deg./min;

- tests simulating handling operations and limiting
design-basis accidents with 3, 5, and 7 thermal cycles
300450 °C and 180<«»450 °C.

3. It was established that at internal pressure of 3,
4, and 5 MPa (at room temperature) tests in the modes:
450 °C, exposure for 8 house and subsequent cooling at
~2 deg./min. do not lead to noticeable hydride reorien-
tation in the dummy claddings with a low hydrogen
concentration (60 and 170 ppm). At hydrogen concen-
tration 250...400 ppm in the dummy claddings, with a
pressure increase from 0 to 4 MPa, the hydride orienta-
tion coefficient increases only insignificantly, but rises
dramatically with a pressure increase from 4 to 5 MPa
(up to F,=0.58 at 400 ppm).

4. On the dummy claddings with a hydrogen con-
centration of 400 ppm tested in the mode: heating to
450 °C, exposure at 450 °C for 8 hours, and cooling at
a rate of ~2 deg./min., the threshold hydride reorienta-
tion stress is e at 450 °c #55-60 MPa (break-point on the
function Fr—>o6 at 450 °c).
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4. During spent VVER-1000 fuel assembly han-
dling after 3 years of operation (pressure under clad-
ding ~3.3 MPa), according to the results obtained, the
fuel rod claddings are not expected to have significant
hydride reorientation and, thus, increased hydrogen
embrittlement efficiency.

5. Three thermal cycles of 300«<>450 °C and
180«»>450 °C significantly increase the hydride reori-
entation level, with significant reorientation taking
place in the dummy claddings with a hydrogen concen-
tration of 170 ppm, whereas in the dummy claddings
with a hydrogen concentration of 250...400 ppm sig-
nificant reorientation also takes place during pressure
tests at P2g3=4 MPa.

6. It should be noted that the hydride reorientation
coefficient is significantly increased by three
3004>450 °C thermal cycles. An increase in the num-
ber of 300<>450 °C cycles from 3 to 5 and then to 7
causes an additional increase in the degree of hydride
reorientation (up to 0.98 in the case of thermal cycles
on the claddings with a hydrogen concentration of 400
ppm). Three 180«<>450 °C thermal cycles increase the
degree of hydride reorientation up to 0.89 (on the clad-
dings with a hydrogen concentration of 400 ppm); an
increase in the number of 180«>450 °C cycles from 3
to 7 does not additionally increase the degree of hydride
reorientation.

7. At a temperature of 20 °C, non-hydrogenated
cladding tubes have the following parameters:
6u=40.75 kg/mm?, co.2= 37.5 kg/mm? and §=39.6%. As
the hydrogen concentration goes up to 170...400 ppm,
the strength limit increases to 45.15...48.3 kg/mm?; the
yield strength increases to 42.2...45.3 kg/mm?; and the
relative elongation decreases, but does not go below
27%.

8. At a temperature of 350 °C, non-hydrogenated
cladding tubes have the following parameters:
6u=17.75 kg/mm?, 60,=16.00 kg/mm? and 6=38%. As
the hydrogen concentration goes up to 170...400 ppm,
the strength limit increases to 19.1...21.3 kg/mm?; the
yield strength increases to 16.8...19.5 kg/mm?; and the
relative elongation increases to 40.8...44.2%.

9. No temperature mode used in the work led to
any additional hydrogen embrittlement during the hy-
dride reorientation tests.

A logical continuation of this work is to research
the effects of conditions in which radial hydrides are
formed on the efficiency of hydrogen embrittlement of
the alloy Zr-1%Nb.
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