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Abstrad

Thelmportance of pipeline transport safety as experience shows, of course, is in the first place, the safety of
pipeline transport, is caused by a numbefaaftors and criteria required in its reliable operation, all this, and
who identifies the degree of pipeline safety, will be discussed in this article.
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Abstract

The article deals with the types of violations relateterritorial zoning, violations in the adoption of PZZ,
in which cases they can be challenged. The example of violation eptamming regulations on the example ¢
shopping center "Grand" in Novorossiysk is given.
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THE PROPOSED DEVICE FOR CLEANING THE FLAT STAND
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Abstract
This paper introduces an alternative method of harvesting the lodging of standing crop by retrofitting addi-
tional serial header device for its implementation theppsed scheme and the method of calculation of certain
technological modes of its work.
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FEEDING UNIT ON THE BASIS OF GARDEN CUTTERS FA-0.76
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Abstract
The aticle proposes a symbiosis of technological operations, treatment of théraelizone of trees and
application of top dressing to the root zone of perennial plantations presents the technological and hydraulic
schemes of the unit and describes the meoé work.
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Abstract

The article presents the results of field dalgoratory studies, characterizes the properties of ordinary Cher-
nozem Otradnensky district of Krasnodar region, makes a comparative assessment of soil fertility depending on
its use and gives recommendations for soil conservation and restoration.
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BASIC PHYSICAL AND MECHANICAL PROPERTIES FOR CLEANING SEEDS

Abstract

Reception of a qualitative seed material is provided at the expense of technically verified and technologically
optimum executed operations of clearing and sorting for what deeper studying of physicomechanical and hiometric
properties of grain is requirednd also application of new methods of separation.

Keywords grain material, sorting, clearing, physicomechanical properties, biometric properties, photosep-
aration.

Grain heap after threshing is a mixture of cultiis affected not only by genetic characteristics, but also
vated and weeglants, as well as mineral and organiiby the conditions of harvestingganliness, uniformity
impurities. During the cleaning process, the grain heiin size of micre and macredamage.
can be divided into seeds of main crops and was Grain cleaning is performed to isolate impurities
Waste contains both waste from the main crops and lifrom the pile on the one hand, and on the other hand,
litter, namely the seeds of other crops and weeds ehollow, broken and damaged grain of the crop itself.
harmful living impurities. Sorting (fractionation) is carried oub obtain

Grain heap arriving for postarvest processing is high-quality seed material according to the main char-
heterogeneous in moisture and maturity. When harve acteristics- dimensional indicators (width, length and
ing, even in dry weather, it contains mature seeds w thickness), mass, color, aerodynamic properties.

a moisture content of 15 ... 16% and not ripened grait Many modern grain cleaning machines sort and
weeds and pldardebris with a moisture content of up tcclean grain at the same tif#&[3].
70%. Upon eceipt of seeds using fleperiodic batch

To increase productivity, it is necessary to obtaicleaning technologies, two to three cycles are envis-
high-quality seed materidll]. And the quality of seeds aged: first primary cleaning, then one or #tiroe post
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treatment§l][5]. Therefore, the seed material undergoe 2. 1 Ooteddztse [ . 1., vkEd@Odse O [

multiple movements that degrade its quality. Aodgtse 1 . 5. - IOBH®@IswA IS dz' tclz dzts dzd
It is desirable that the grain cleaning machineié slstsoa € d // 1 MmeBteded S j: 1 Ok ydzts

one cycle ensures the purification of seeds whose prf tetsd3" h dzj dedetse s S tsd3tf dzj S MO. wBSte

erties meet the requirements for sowing or food grals j e OdzOd3 | X 1 fiyjtesMmd2 M ts?2 ¢ tsdz

under the conditions of a given productivity, weedinesz yj dz" = ftcj f sHO9 OIsjdzj?2 B dlsse

and allowable amount of waste. Jlsoajlsmilseo jdzdzr 2 1 L OsBh PEHE BO016.
The main methaoslfor sorting and cleaning seed<330-331.

can be considered as follows: cleaning by air flow; se 3. ANBdse, 1.5., dwrmsje .1

aration by thickness and width is not on sieves; sepas d&zOMmMMdWw d ¢ Oydwvw CBtediIBteOL HOIsyYd ¢ ts

tion on triremes in length; separation accordingtotty . 1. dar MmMsje, [ .R. Ceikcdg@detss © /

shapes and properties of their surface; density sortio O dzd § H1d2015.i7] HE@Q.. T1B

and cleaning; sorting by color. 4. szdsOdeso ©, [ . R. s otftsmi

For each of the methods, it is necessary to conduutis iz € Is €cqj dpts[ dzdz’ - ~nOttOCIsjtedmisd ¢
a study of the physicomechanical and biometric proge OB sy j ¢ 5 ¢ OdzO, tsMdzON j dzdztsce ts
erties of the sorted grain and correlate them with tHe©@dsd / [ . R. skdsOdetso © / /1 j fMmils
operating modes of the seed purifiers. [ s dd@018.i = 4ilfy. -7& 5
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STUDY OF PINK GRAPE VARIOUS TABLE VARIETIES UNDER THE CONDITIONS OF THE
SOUTH PIEDMONT ZONE
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Abstract
The paper preents data on the study of agrobiological indicators of igrsge varieties of folk selection in
the conditions of the South Piedmont zone of the Krasnodar Territory. The analysis of the research results showed
that they are fully consistent with the cdrahs of this zone and can be recommended for cultivation in produiction
conditions.
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MELLIFEROUSLY i THE OPYLITELNY DIRECTION AS A FACTOR INCREASES IN
PRODUCTIVITY OF SUNFLOWER
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Abstract
The direction is focused on the removal of bee colonies for the pollination of entomophilous agricultural
cropsi sunflower, which without crogllination practically does nobfm seeds.
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MEASURES TO IMPROVE LABOR PROTECTION AT THE ENTERPRISE
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Abstract

The creation of optimal working conditions and the monitoring of their observance is of great importance in
agriculture. This allowdor as long as possible to maintain high working capacity of workers, based on cancern
for the psychophysiological health of a person. Improving working conditions leads to a decrease in industrial
injuries and occupational morbidity of workers.

Key words: briefings, safe working conditions, injuries, labor protection.

Agriculture is one of the most important sectors acontinued statistics and in 5 months in agricultural or-
the Russian economy, ensuring food security througganizations 8 were killed and 49 employees were seri-
out our vast country, but it is also one of the most daiously injured. It is no secret that workers are more or
geroussectors [1][2]. On average, the level of injuriedess at risk. We believe that it is possible to sigaiftly
in agriculture is almost 2 times higher,along with othereduce the number of accidents by conducting timely
industries[3]. Cases in which persons in managerial psafety briefings[4]. Provide introductory briefings with
sitions decide to save on all the required briefings, hinew arrivals, regardless of their education, primary di-
ing more qualified security professials, often lead to rectly at the workplace before starting independent
less desirable results. Workers are injured, equipmework to be up to date and wargiof all possible dan-
fails, causing damage to the household. Every day, gers and repeated at least once every six months. The
people die in production and more than two hundred aproblem is that there are cases of neglect of the briefing,
injured. In 2016 193 accidents were registered in agand often the employee is invited to "just sign" for
riculture, in 2017there were 22 fatal cases, while 201¢afety precautions and then someone is lucky.
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Occupational safety measures are documented in 5. Frolov V.Yu, Sysoev D.P, Tumanova M.l. Im-
the section in the collective agreement and labor prprovement of thdivestock production efficiency //
tection agreement. V.Yu. Frolov, D.P. Sysoev, M.l. Tumanova /British
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EVALUATION OF WINTER WHEAT VARIETIES FOR RESISTANCE TO THE PATHOGEN OF
EAR FUSARIUM - FUNGUS FUSARIUM POAE
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Abstract

Theresistance of winter wheat varieties to the pathogen of ear fusaumarium poae fungus was studied.
Studies were conducted on an artificial infectious background. The greatest resistance to this diseas¢ showed
variety Tvoretc. The development of fusar on ears of this variety was 32,5 %. Close to him were varigties
Bogdanka and Mironovskaya 808 (35,87,5 %). In other varieties, this figure was 42,57,5 %.
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Key wordswinter wheat, variety, ear fusarium, fungus Fusarium poae, resistance, artificial infectious| back-
ground.
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AN OVERVIEW OF THE MOST HARMFUL DISEASES OF WHEAT, PREVALENT IN THE
TAMBOV REGION
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Abstract

A brief overview of the nsbharmful diseases of wheat, common in the Tambov region. These include| patho-
gens of root rot, snow mold, fusarium grain and,eamvered and loose smut, brown and stem rust, septpria,
powdery mildew. Wheat crop losses from these diseases can rangeOftonY@ %. The need to control the
development of these pathogens using methods of selection for immunity and chemical plant protection js shown.
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FACTOR ANALYSIS OF DATA GROUP VARIABILITY
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¢ nnotation

The article studies the variability of a data group formed from national currencies (tenge and ruble against
the dollar and the euro) and the price of a barrel of Brent crude oil using the dimensional reduction asedhod
factor analysis.
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¢ bstract
The article focuses on the application of supercomputer technologies and applications. Supercomputer tech-
nology and applications (SCT) today has a significant impact on science, industry, andidtg state. They are
not only the most important component, but also form the basis of actual directions of development of many States,
performing an integrating role and providing leadership in global economic competition.
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¢Some supercomput eris- akille thenlack df @gprofriae seftware, and the per-
formation from raw data gathered from data farms oceived high cost of supercomputer access.
the ground or in the cloud. For example, businessescan ¢ Super computer s ar e sophi s
analyze data collected from their cash registers to haipaking the most of them requires expertise; this is par-
control inventory or spot market trends. ticularly critical for highperformance computing be-
But high performance computing has so far recause there is a shortage of the powerful application
mained exclusively the province of an elite cadre of sctools that have accumulated for conventional campu
entists at major universities and federal research labars. Expertise in the handling of numerically intensive
atories and within a few of our largest firms, wherg@roblems is also essential. Because supercomputers
large and complex research initiatives are being puprocess large volumes of data and generate large vol-
sued. Some efforts have recently been ntadieoaden umes of output, users must be skilled in the design of
the supercomputer user base through shared accessadl-gor i t hms and w©.64hpl ex model s
lowing even small users to participate. But these efforts  Supercomputer developers are strong contributors
fall far short of what will be needed if higierfor- to this problem. Vendors focus on achieving ever
mance computing is to become an integral part of thegher levels of performance (for example, more and
industrial ,unsblr astr uct urmerémions of instructions or operations per second)
There are three basic barriers to wider use of stor hightlevel scientific and engineering usessnd
percomputers by industry: the scarcity of appropriatdhey generally provide systems software that is as so-
phisticated as the hardware. But broadening access will
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require greater consideration of how improved perforeering or scientific research, as, for example, in stud-
mance can best be channeled into productive applidas of the structure asubatomic particleand of the
tions by a wide range of users; softeamnust be more origin and nature of the universe. Supercomputers have

use friendly. become an indispensabtool in weather forecasting:
Supercomputers are expensfudly configured Predictions are now based on numerical models.
systems still cost several million dollasich discour- Modern supercomputers use similar chips,

ages many potential users. Specialized facilitie§iemory, and storage as personal computers, but in-

maintenance (often from onsite vendor personnel), optéad of a few processors they have tens of thousands.

erator skills, and endser experience are all required toVhat distinguishes supercomputers is scale. _

take advantage of these complex systems. Chinadés Sunway TaihulLight,
The term “supercomputing” refers to the prothe fastest supercguter in the world, boasts

Cessing of massive|y Comp|ex or dégden prob|ems 10,648,600 cores with a maximum performance of

using the concentrated compute resources of multipfeore than 93,014.6 teraFLOPS. _

computer systems working in gadlel (i.e. a “"super- Even a smaller supercomputer, such as the San Di-

computer"). Supercomputing involves a system workego Supercomputer Center's Comet, has 247 terabytes

ing at the maximum potential performance of any conff memong nearly 4000 times that of a weltjuipped

puter, typically measured in Petaflops. laptop. S
cSupercomputing enabl es Anpthepagvaniage of superapmpytegrs isghgirabil-

data analysis that would be simply impossible, tolly to excel at parallel computing, which is when two or

time-consuming or costly with standard computers, e.gnore processors run simultaneously and divide the

fluid dynamics calculations. Today, big data presentsWorkload of a task, reducing the time it takes to com-

compelling use case. A supercomputer can discover iplete. The US, China, Japan, and theropean Union

sights in vast troves of otherwise impenetrable infoh ave al |l decl ared tawithfirst n

mat i on45] 2, more than 1,000 petaflops of computing paivess the

To develop the supesmputing industry compre- Next big milestone in largscale computing.
hensively, it is necessary to take into account all its  The 54th edition of the TOP500 saw China and the

components, namely: US maintaining their dominance of the listbeit in dif-
* supercomputer systems and high performandérent categories. Meanwhile, the aggregate perfor-
environments; mance of the 500 systems, based on the High Perfor-
* parallel application development technologies; mance Linpack (HPL) benchmark, continues to rise and
* supercomputer codesign technologies; now sits at 1.65 exaflops. The entry level to the list has
* distributed resource infrastructure integratiorfisen to 1.14 petaflops, upom 1.02 petaflops in the
technologies; previous list in June 2019.
* subjectoriented packages and services The number of TOP500 installations in China con-

High-performance computing (HPC) plays an imiinues to rise and now sits at 227, up from 219 six
portant role in promoting scientific discovery, addresghonths ago. Meanwhile, the share of-bked system
ing grandchallenge problems, and promoting socialémains near its atime low at 118. However, syshs
and econoric development. Over the past several dedd the US are on average significantly larger, which
ades, has put significant effort into improving itsowt F ansl ated to a 37.8 percent
HPC through a series of key projects under its nationaerformance. China is close behind with a 319 percent
research and deve|opment program. Deve|opment g@rformance share. However, Compared to six months
supercomputing systems has advanced parallel appli@go. this performance gap has stkuThe June 2019
tions in various fields, along with related softwvareani i st had the US with a 38.4 p
hardware technology, and helped advance technologiate performance and China with 29.9 percent.
cal innovation and social development. ~ The Lassen supercomputer is ranked number 10,

Today‘s Supercomputers can not 0n|y perform Caqiellverlng. 18.2 petaﬂops. Installed at La.Wrence_ !_lver'
culation after calculation with blazing speed, they promore National Laboratory, Lassen fetunclassified
cess vasamounts of data in parallel by distributingcounterpart to the classified Sierra system and _shares
computing chores to thousands of CPUs. Supercomptifte same IBM Power9/NVIDIA V100 GPU architec-
ers are found at work in research facilities, governmefHre. _
agencies and businesses performing mathematical cal- The most powerful new supercomputer on the list
culations as well as collecting, collating, categagzi is AIMOS, which shows up at position 24, turning in an
and analyzing data. HPL result of 8.0 petaflops. THBM-built system is

Some Supercomputers are needed to extract |nfdﬂsta”ed at the Rensselae_r POIyteChniC |nSt|tUte Cer_’lter
mation from raw data gathered from data farms on tHgr Computational Innovations (CCl), and like Summit,
ground or in the cloud. For example, businesses can arerra, and Lassen, it is equipped with Power9 CPUs
alyze data collected from their cash registers to heffid NVIDIA V100 GPUs.
control inventory or spamarket trends. s dMsS dzdlsj tOblzte’ o

Supercomputers were originally used in applica- 1. ¢ dzj $fd jo, ¢ Y ustdojtagdds]idzdz
tions related to national security, including nuclea6 d ~ desdzsedd / 4. 1. odzjSMmijo,
weapons design and cryptography. Today they are atkdS dzts® O 4§ @2d tsteH , 7 125@.1 2 .
routinely employed by the aerospace, petroleum, and 2. fdtétse, ¢. wEZfjCohf! ¢,
automotive industries. In additipnsupercomputers 1sd deH j dz2yd d, ftedd3j dzf dzdj 2094 . r dte
have found wide application in areas involving engil23c.

3. 17 6¢dd0O, . uist FuaSdzBE dgdlsj
/ ¢ . 1T 6 d dz@ 0344 .
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NEW RESEARCH AND DEVELOPMENT IN PHOTONICS AND NANOPHOTONICS
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Abstract

The article analyzes the developmenpbbtonics and nanophotoniesa branch of nanotechnology that
appeared in the early 2000s, which has the peculiarity of discovering new applied possibilities. In addition, the
key domestic and foreign research participants are described and some rethdtsufrent scientific policy are
discussed.
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The rate of growth and spread of nanotechnologyumber of documents, including those addressed to the
(NT) is not only due to the already developed and pldS government, nanophotonics was not included in the
into practice areas (for example, semiconductor or camumber of national technological programs, but was
bon nanostructures), but also appearing again branchestognized as a technologyathensured the develop-
One of them is nanophotonics, which is associated withent of strategic areas such as brain research , big data,
the interaction of light with nanostructured materialsdevelopment of new manufacturing technologies. In
Her appearance as a research front in the early 20QBe promotion of photonics research, the alliances of
coincided with the dominance of NT at the state leveicientific societies with industrial firms began to play
by dozens of states. The driver bEtdevelopment of an increasingole.
nanophotonics was the discovered new opportunities in  Russia almost missed the stage of development of
solar panels and LEDs, medical diagnostics and thenodern computer technology. Separate systems that
apy, for ultrasecure communications, data storage, asere produced for specialized purposes require im-
well as in the military sphere. ported components, and are clearly uncompetitive out-

In this regard, the study of new developmemtd side of military contracts. Thus, it can be notieat in
research in the field of photonics and nanophotonicstise field of photonics in the Russian Federation it is
gaining importance. quite difficult today to move towards the development

In the United States, government support for nanaf blocks for the modernization of modern technology.
photonics and photonics research has a long histoAt the same time, laying the systems of a new architec-
Back in the 1950s research began on lasers, which wéuee, relying on the presencé a certain amount of
funded from defenserograms, and until the 1980s.competencies in quantum and optical technologies, it is
The state was the main source of funding for laser rpessible to enter international cooperation, with the

search. concentration in the Russian Federation of several key
The government 8s i nt e rteclologiesnto sreafe pghe rcdrrespomding @emterp bfo -

tonics appeared only after the start of the global ecoempetence on tirebasis.

nomic crisis of 20082009. Russian scientific developments in new areas, as a

Despite the fact that the importanof the devel- rule, were initially concentrated, primarily in the center,
opment of nanophotonics was reflected in a significa@nd only subsequently spread to the regions. For a long
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time, the main channel for promoting science in the re-  In general, nanophotonics is a fairly young direc-
gions was the institutianof the academic system, buttion, which has many prospects. From a scientific point
since 2006, the main driving force for promoting reof view, this is a lively interdiscimary field that pro-
search has gradually turned into a modernized univefides great opportunities for young researchers to work
sity sector. on different topics, expand their knowledge and explore

According to researchers, universities increasetfTOWer aspects. _
their combined contribution to publications and re- ~ Thus, we can conclude the following. _
search fron5.2% in 20002008. up to 72.5% in 2009 _ Photonics today is one of the Iocomotlves. of inno-
2018 At the same time, the contribution of regional uniative developmenof the global economy. This area
versities increased from 20.4 to 34.7%. The growth wa@s Strong state support in India and China, photonics
especially noticeabl e -aftachnglogy is,activelydgvglepad inpBrazikapdeSoythp 1 o j e
1000 in 2013 (12 of vincrale Afiga. Astiyestate manggement of thgdevelgpmpng of
universities). In general, in the field of nanotechnologyphotonics (tax policy, state orders, export support, sup-
non-capital cities were dominated by Yekaterinburgportfor_domestlc producers, stimulation of investments
Novosibirsk, and Nizhny Novgorod, in which the lead!n the industry, etc.) is carried out in all leading coun-
ing institutes of the SB RAS, the Ural Branch of thdfi€s in the development and production of p_hotonlcs
Russian Academy of Sciences ahd Nizhny Novgo- technologies and products. Lotgym cooperation of
rod Scientific Center of the Russian Academy of Scthe Laser Association with its Chinese ctuparts in-
ences are concentrated. In the development of nanopléeates that China supports the proposed cooperation in
tonics, Krasnoyarsk, Saratov, and Ulyanovsk havde field of nanophotonics and photonics. Given the
good positions. The universities located in them (SF@lobal economic development trends, it can be noted
SSU, UISU) are among the most guative scientific that other BRICS countries will a_Isp be mtere_sted in ac-
organizations. Consequently, the policy of deconcei§€lerated development of higtefficient photonics and
tration of research in the field of nanophotonics ang@nophotonics technologies. The development of mu-
photonics, judging by bibliometric indicators, alreadyfually beneficial cooperation and business ties in the
brings certain results. high-tech mduetry is important for the_geals of the

Today, the RAS ranks third in the global rankin RICS countries, and the prop_osed topic is one of_the
of scientific productivity after the Chinese Academy ofi€W that are actiely developing in all the states of this
Sciences and the National Center for Scientific ReiSsociation. _ _ .
search of France, and two Russian universities are in N general, the Russian Federation has achieved
the first hundred world universities. Moreover, in reduite high international positions in nanophotonics, its
cent years, ITMO has risen to 19th place, aieriy research and development has been integrated into the
Moscow State University (49th place). The Russiaforld, researchers have the opportunityésticipate
Federation remains in the top ten states in scientifié joint works at the forefront of science (for example,
publications on nanophotonics, which proves its suffin the study of the principles of light control using
cient international competitiveness. The citation pahetasurfaces). Nevertheless, Russian research centers
rameters of the works of Russian reskars on this Nhave not been able to obtain the status of central nerv-
topic are not so optimistic. However, they are bettefus system at the intertional level, the number of au-
than citation indicators for nanotechnology developonomous highly cited publications is still relatively
ments in general, which is due, inter alia, to more inte§mall. The practice of formal registration of affiliations
sive international cooperation. in Russian publications is preserved (parte re-

In July 2019, in St. Petersburg, the IV confeeencS € @ar cher s, fihi dden emi grantso
on nanophotonics and metamaterials METANANGIStICS end compl!cates the a_naIyS|s of real scientific co-
2019 was held, which was organized by the staff of tfgPeration. But with all the disadvantages, the study of
International Research Center for Nanophotonics at@e €ffectiveness of scientific activity using biblio-
Metamaterials and the Physics and Technology Facuffetric methods f(_)r e_v_aluau_ng pubhcatlons_ contributes
of ITMO University. In 219, the event brought to- t0 @ reasoned scientific policy and fieemation of an
gether 400 researchers from America, Europe, Africabjective basis for scientific diplomacy.
and Asia. Fundamental research in the field of photon- References )
ics and nanophotonics and businessnted projectsin 1. Editorial (2011)the hidden face of nanopho-
the field of radiefrequency bionanotechnologies, techionics // Nature Photonic¥. 5(7). P. 379. o
nologies and solar energy were discusasavellasthe 2. Nanophotonics: Accessibility and Applicabil-
opportunity to create new collaborations. ity. Chepter 4: Potential military applications of nano-

Researchers are currently working on the develophotonics (2008). https://www.nap.edu/
ment of quantum light sources. Currently, in this aretgad/11907/chapter/6. o
throughout the world you can see a lot of activity. One ~ 3- Terekhov A.l. (2017}heplace of Russia in a
of the key problems is to use quantughtisources, for changing nanotechnologlcal Iendscape I Inter.natlo
example, to ensure the safety of quantum communicaocesses. T. 15 (1). S.T8.Tijssen, R.J.W., Visser,
tions, and to develop optical quantum computing. ~ M-S., Van Leeuwen, T.N. (2002) Benchmarking inter-

The practical application is related to the quanturﬂat|0na| scientific excellence: are highly cited research
distribution of keys (a key transfer method that usg3@Pers an appropriate frame of reference? // Scien-
guantum phenomena to guaranseeure communica- ©OMetrics.V. 54(3). P. 381397.

tion). Thus, a significant contribution in this direction ~ 4. Terekov A.l. (2017) Bibliometric analysis of

Economics of sciencd.. 3 (4) S. 26R274.
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INFORMATION TECHNOLOGIES AS A TOOL FOR MANAGEMENT OF EDUCATIONAL
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Abstract
The role and content of the ICT application method prepared by both teachers and students are discussed.
The articlediscusses the possibility of clearly, accessible and interesting to work out a wide range of issues related
to this article and the synthesis of the studied material, as well as the method of conducting final control and
verification of the results.
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We prove a theorem on the parameters of afirder linear differential translator linking canonical systems

of differential equations and #neorem on the conditions under which the translator implements a differ
isomorphism. It is proved that the differential operators of multidimensional analogues of Laplace transfor
are linear differential translators of a family of canonicgbtems that implement differential isomorphisms.
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[lpennonaraercs, 4YTO BCE  paccMaTpuBaeMble  (DYHKUUU  SIBISIOTCS

2
BEILECTBEHHO  AHAIUTHYeCKUMH B  obmactu Q¢ R U MOryT ObITh

KOMILICKCHO3HAYHBIMU. IIycTh a, b, ¢, A, X, Y , Z U,V , W — KBaapaTHbIC

(pyHKIMOHANIBHBIE MATPULIBI NOPAAKA m ; w, v — BEKTOPHBIE m -KOMIIOHEHTHBIE
yHKUMHM, e=e™ — eAMHMYHAA MaTpuua nopsaka m, o, =0,e", 0,=0.",
0, =0,e" —MaTpUUHBIE ONEPaTOPbI YacTHOro AuddepeHunpoBaHus,

Y Y

v, tav, +bv, +cv= (aw +ad,+b0, +c)v=Pv=0 (1)



(Colloquium - journal @2 6(50),2019/ PHYSICSAND MATHEMATICS 41

— KaHOHMYECcKas cucrema AU QepeHnalIbHbIX YpaBHEHUI. MOXKET 0Ka3aThCsl, YTO

miHeiiHast uddepeHnranbHas 3aMeHa IMEPeMEHHBIX u = (X0, +Yd, + Z)v = av
MEPEBOJIUT PELICHHSI CUCTEMbl YPABHEHUN Pv =0 B PEILICHUS aHAJIOTMYHOM CHUCTEMBI

Pu=(8,,+ad, +bd,+c)u=0. DTO 3HAYMT, YTO M3 PaBEHCTBA Pv =0 CIeIyeT

PaBEHCTBO P(a,v)=0, TO €CTb ONEPAaTOp Pa, OOpPALIAETCS B HyJb Ha PELICHUSX

ypaBHeHUst Pv=0. Jlns nuuerHoro auddepeHumansHoro omneparopa (1.4.0.) P
CIpaBeIMBa JIOKalbHAasg Teopema O Hyisix [1]. IToaromMy nODKEH CylecTBOBaTh

TaKko# 1.1.0. b, =U0d, +V o, + W , 9TO BEPHO PaBEHCTBO 13(1] =b,P . DTO PaBEHCTBO
O3HAYaeT, 4YTO0 OHepaTop a, SABIAETCA JHHEHHBIM U (depeHInaIbHbIM
TpaHcasaTopom ([2], [3]) nepBoro nopsiaka Tumna (JS,P)‘ Onepatop b, Ha3bIBaeTCs
outpancisTopoM ([4]). JlokakeM, 4TO CIpaBeIIMBO CIAEAYIOUIEE YTBEPIKICHUE.
Teopema 1. Ilycth P = 0,y + 00, + 5ay +c, P=0,,+ad, +bd, +c. JLno.

a,=X0,+Yd, +Z MOXKET ObITb JMHEHHbIM JU((EPEHINAIBHEIM TPAHCISITOPOM

TUna (P,P) TOJBKO TOTAA, Korna GpyHKUMK X, Y, Z,a, b, c_ a,b,c COCTABISIOT

PELIEHUE CUCTEMb] YPABHEHUIA:

|f X,=Xa-aX,

I Y, =Yb-bY,

4 —h;-X + X(ba-c)+(Z -Ya), +a(Z-Ya)-(Z -Ya)a=0, (2)
|

|

~ kY +Y(ab-c)+ (Z—Xb), +b(Z - Xb)— (% - Xb)b =0,

[ By aZ, +b7%,+cZ=(Xc), +(Ye), + (@Y —Ya)e+(bX — Xb)e + Ze.

[Ipu 3TOM OUTPAHCIATOP b, UMEET BU:
b2:X0I+Y0y+(XI+Yy+&Y—Ya+l;X—Xb+Z). (3)
Jloka3zareabcTBo. CpaBHeHHE KOA()(UIMEHTOB MpU ONEpPaTopax CTapLIUX
IIPOU3BOJHBIX O,

ud,,, BCHCTEME YPaBHEHHI

Y Y

(0,4 + ad, + b0, + )Xo, + YO, +2)=(Ud,+V0o,+W)@,,+ad, +bd, +c)

NPUBOANT K paBeHCTBaM: U = X , V =Y | b) = X0, + Y0, + W . YMHOKas, HOIyIUM:!
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Pa,=(8,,+d0, +bd, + )X, +Yd, +2)= (2, +a)(0,(X0, +Yd, +2))+

+(b6 +c)(X8 +Ya +Z)—(a +a)(X6 + X0, +Y6 +Y6 +Z5 +7Z,)+

+(b8 +()(Xo +Ya +Z)_(Z‘ +a)(X0 + X0, +Y6 + Y8, +Zo +7Z,)+
+b(X6 + Xy + 0y +¥ 0y +.20,, +7)+0(X6 +¥ay +Z)=

= XgOp + Xyl + Xl F KB e + ¥ 8y ¥ Yl + X8y + ¥ Qg+ 2,0, +

Ty zzy zy 'y vy ywy zyy

+Z0, +Z,0,+ 7, +a(X6 + X0, +Y,0,+¥0, +Z20,+2Z,)+
+b(Xy6 +X0,, +Y 0 +Y6 +16 + Z )+c(xa +Y6 +7Z)=
=X G, + Y0y (X +aX)o,, +(X Xy +aY+bX+Z)6 +iLY, +bY)6 +
+H(PX +2Z, +aZ)o_+ (PY +Z, +bZ)6y ¥ P2 .

b,P=(X0,+Y0,+W)(@,, +ad, +b0,+c)=X0,, +Y0, +
+Xad,, +(Xb+Ya+W)o, +Yb0, +(Xa,+Ya, +Xc+Wa)o, +

vy
+(Xb, +Yb, + Yc +Wb)o, +(Xc, +Ye, +We).

Tak kak ]Sal =b,P, TO TPHUPABHAB KOIPQUIMEHTH NPU OAUHAKOBBIX
OnepaTopax 4YacTHBIX I[POU3BOAHBIX, MOJYYUM CHUCTEMY YPaBHEHUH, KOTOpbIE
CBA3BIBAIOT (YHKLIUH a, b, ¢, a, b, ¢, X, Y, Z,W -

( X,+aX = Xa,

I Y, +bY =Yb,

JX # ¥y +aY+bX+Z Xb+Ya+W,
PX+Z +aZ = Xa, +Ya, + Xc+Wa @)
IPY +7, Yy =Xb, +Yb, +Yc+ Wb,

[ PZ=Xc, +Ye, +We.

Jig Toro 4ytoObl B cucteme (4) m30aBUTBCS OT TMPOM3BOAHBIX BTOPOTO

nopsinka, mnpoauddepeHumpyeM 00e YacTH paBeHCTBA X, +aX = Xa 10

IIEPEMEHHON =, @ 00€ YacTH PaBEHCTBA Y, +bY =Yb npoauddepeHunpyemM Mo

IEPEMEHHOR y: X, +a,X +aX, = X a+ Xa,, Y, + 5yy - z;yy =Y, b+Yb,.
Beipasum nmpousBoaHble X, U Y, Yepe3 NPOU3BOJHBIC [EPBOTO MOPSIIKA:

X, =Xa,-a,X)+(X,a-aX,), Y, =b,-0Y)+(Y,b-bY,), W TOICTABUM
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TOJIyYEHHBIE BBIPAKEHHUS B YPABHEHHUS 1;X+Zy+c;Z:Xa,g,+Ya,y+Xc+Wa,
PY +%,+b% = Xb, +Yb, +Yc+Wb. [lonydum paBeHCTBa:
(Xaz—(IIX)+(XIa—c;XI)+(;XI+I;Xy+EX+Zy+(ZZ=XaI+Yay+X(:+Wa,
~a,X + X,a +bX  +cX + 7, +aZ =Ya, + Xc+Wa,
X,a+bX, +(E-a,)X -Xc-Ya,+Z,+a% -Wa=0; (5)
(Yb, —b,Y )+ (Y,b=bY,)+aY, +bY, +CY + Z, +bZ = Xb, +Yb, +Yc+Wbh,
“bY +Y,bHaY, +cY + 74, +b% = Xb, +Yc+Wb;
QY, +Y,b+(E~b)Y ~Ye-Xb, +2,+bZ -Wbh=0. (6)

3aMeTUM, YTO NpU 3aMEHE B cucTeme (4) YeTBEpTOro M MATOr0 YpaBHEHWMH
ypaBHEHUSIMH (5) U (6), MOTYIUTCS pABHOCUIIbHAS CUCTEMA YPaBHEHUH.

JleicTBUTENIBHO, OT ypaBHEHUH (5) M (6) MOKHO BEPHYTbCS K ypaBHEHUAM
PX +7,+aZ = Xa, +Ya, + Xc+Wa, PY +2,+bZ =Xb, +Yb +Yc+Wb,
N00aByisss  COKpALLEHHbIE  CllaraéMble M CHOBA  MCIOJb3ysl ~ PAaBEHCTBA
X, =(Xa,-a,X)+(X,a-aX,),Y,, =¥, —l;_yY) +(Y,b —I;Yy).

[Ipogomkum mpouecc npeoOpasoBanuil. B ypaBHeHun (5) 3aMeHuUM

MNPOU3BOAHYHO Xy BbIPAXKCHUCM Xy =Xa —aX , NOJYYCHHBIM M3 NIEPBOrO PAaBEHCTBA

cucTeMsl (4). IIpou3BOAHYIO Y, 3aMEHMM BHIDAKEHUEM Y, =Yb —bY , OTYYEHHBIM
U3 BTOPOro paBeHCTBa cuctemsl (4). [Tonyunm caenyronie ypaBHEHMs:

X,a+b(Xa-aX)+(-a,)X —Xc-Ya,+2,+aZ -Wa =
= X,a+0Xa~(a, +bi-)X —-Xc-Ya, + 24, +aZ -Wa=0,
X,a+bXa-hX —Xc—Ya, +%,+a% -Wa=0; (7)
Q(Yb—bY)+Y,b+(C—b)Y ~Ye—Xb, + 2, +b% -Wh =
—aYb—(b,+ab—-c)Y +Y,b—Ye—Xb, + 2, +bZ -Wb=0,
Y,b+aYb-kY —Yc—Xb, +%, +b% -Wb=0. (8)

W3 tperbero paBeHcTBa CUCTEMBI (4) BbIpazuM QyHKUHIO W :
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W =X,+Y,+aY -Ya+bX -Xb+72. (9)
Tak kak b, = X0, +Y 0, + W , T0, 04eBUIHO, popmyia (9) nokasbiBaeT popmyiy (3).

[Toxacrasnss (9) B paBeHcTBa (7), (8) U B mOCIEIHEE U3 PABEHCTB (4), MOJIy4YHM:

X,a+bXa-hX - Xc-Ya, + 7%, +aZ —(X, +Y, +a¥ —Ya+bX - Xb+Z)a =
=—iZX—X(:—Ya,y+Zy+&Z—Yya—dYa+(Ya)a+Xba—Za=o,

—i;X+X(ba—c)+(Z—Ya)_y+(E(Z—Ya)—(Z—Ya)a:0; (10)

Y,b+aYb—kY —Ye—Xb, + 7, +bZ — (X, +Y, +a¥Y —Ya +bX - Xb+2)b =
—Y,b+aYb—kY —~Ye—Xb, + 2, +bZ - X,b-Y,b—aYb+Yab—bXb+Xbb—Zb=
= kY +Y(ab—c)+(Z - Xb), +b(Z - Xb)—(Z - Xb)b =0 (11)

PIZ:Xcz+ch+(X$+Yy+(iY—Ya+l;X—Xb+Z)c,

Uy +aZ, 4075, +c% = Xe, +Ye, + X,c+Y,c+aYe—Yac+bXc— Xbe+ e,

Z,, +aZ, +bZ,+Z = (Xc), + (Ye), + (@Y —Ya)e + (0X - Xb)e + Ze . (12)

PasenctBa (10), (11), (12) coBnagaroT ¢ MOCAEAHUMU TPEMs YPABHEHUSIMHU
cuCTeMBI (2). A mepBble 1Ba ypaBHEHMsI CUCTEMBbI (2) MPAKTUYECKHU COBNANAIOT C
nepBbIMU ypaBHEHUsIMU cucteMsl (4). Teopema 1 nokazana.

[Tycte D — anredpa CKaIspHBIX JTUHEHHBIX OU((EpPEHIUATBHBIX ONEPATOPOB

KOHEYHOro mopsiaka, P,eD, P = ‘Pi]. — MAaTpUYHBIA JI.JI.0. pa3Mepa m xm,
P, =(P,,",P,,) — cTpoka omneparopa P , D™ (P) — HOAMOAYJIb CBOOOIHOTO JIEBOTO
D-momyas D™ ¢ ofOpasyromumu P, =(P,,",P, ), M, — (akropMoayb

D" / D™ (P). uddepeHunanbHbIM rOMOMOP(YU3MOM CHUCTEMBI Pu =0 B CHCTEMY
Pv=0  Ha3pIBACTCA romMmomMoppusm  Qakropmomyas M ; =D" / D™(P) B
¢baxkropmonynb M, = D""‘/ D™(P). Takue roMoMOpPU3MBI  OPOKAAIOTCS

JAUHEHHbIMU I depeHInalbHBIMU  TPAHCHATOpaMd TUNa (P,P), U MOPSAKOM
roMmoMopdu3mMa  Ha3bIBAETCSl  HaUMEHbIIMK  mopsiaok  AuddepeHurnanbLHOro

TpaHCHIATOpa, peanusyromero 31or romomopdhusm ([3], [5]) Cucremsl 1571,=0,
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Py=0 HaspiBalOTCS IU(DPepeHIranbHo  U30MOpGHBIMU, eci M, ~ M .

[CoMomMoppu3M y € hom ;) (M ;5,0 , ) ABIAETCA M30MOPPU3MOM TOTAA M TOIBKO

1

TOT/Ia, KOTA CyIIECTBYET TOMOMOP(U3M 7~ € hom , (9M ;.9 ;) TaKOH, YTO BEPHBI

paBeHcTBa 7 'y =id,, yy”

=id,, IH€ id,, id, — TOXKIECTBEHHBIE OTOOPAKEHMS
My,—>M; U M, > M, coorBercTBeHHO. [losTomy cucrembl Pu =0, Pv=0

aupdepeHIranibH0  M30MOPGHBI  (HAZ KOJBIIOM BELIECTBEHHO AHAJIUTHYECKUX

(yHKUMIi) TOrna ¥ TOJBKO TOrZA, KOTAA CYIIECTBYIOT TPAHCIATOPBI a  a, THUIIOB
(IS,P) " (P,JS) TaKHue, YTO BBIMMOJIHAIOTCSA PaBEHCTBA!

(;(1,1 =e" + /{1:; U ”‘1’; =e" + AP, (13)
rae 1, A — ILLO. pasMepa m xm COOTBETCTBYIOLIEro nopsaka ([3], nemma 3.2).
H3omopdusm y : M p — M ;5 UMEET NOPANOK (v,,v,), CCIIU NOPAIAKH 7 U y ! PpaBHbBI
v, W, COOTBETCTBEHHO, v, . HakoHew, y MMeeT NOpsIoK v , ecnu v, =v, =v ([6]).

B cnenyromeit Teopeme NpPUBOAATCS YCIOBMSI, MPU BBINOJHEHUU KOTOPBIX

JAuHelHble audQepeHuranbHble  TPAHCASATOPHl MEpPBOro mnopsiaka tuma (P,P)

peann3yrot guddepeHnranbHbie U30MOP(PHU3MbI ypaBHEHUNH Pu =0 U Pv=0.

Teopema 2. Tpaucmirop ¢, =X0,+Yd,+Z THNA (f’,P) peanusyer

v pepeHmabHbIi M30MOPQU3M NEPBOro mnopsiaka M ;, — M, TOrAA U TOJILKO
TOrJa, KOTJIa CYyHIECTBYET TaKOM TPAHCHATOP a = X, +Y 0 , +Z THna (P,P), 4to
(YHKUMOHAJIBHBIE MATPULBl X, Y, Z, X,Y.Z, A, A COCTABISIOT pelenue
CHUCTEMBI YPaBHEHHUIA:
XX =XX=0, YY =YY =0, XY +YX =4, XY +YX = 1)
XX, +YX  +XZ+ZX =2a, YY,+ XY +YZ+ZY =2b
- p; ; - p ~ p - 14
XX, +YX +XZ+2ZX = Za, YYy+XYZ+YZ+ZY=/1b| (14)
XZNI+YZNy+ZZ~ = ™ « o, );'ZT +I;Zy +ZF =™ + icJ'

Joka3zarenbcTBo. [Ipumenus Gpopmyssl (13), monydum paBeHCTBa:
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Gma=(X0,+Y0,+2)(X0,+Y0,+2Z)=e" + A("d,, +ad, +bd, +¢),
ag, = (X0, +Y0,+Z)X0,+Y0,+Z)=e" + A(d,, +ad, +bd, +c).

CpaBHEHME pa3MEpPHOCTEW MOKA3bIBAET, 4YTO J.A.0. A WU A JOMKHBI ObITh
(YHKUMOHAIBbHBIMU MaTPULIAMU Pa3Mepa m x m . BbINOIHUB YMHOXKEHHUE, HAlaeEM:
XX0,, +XX,0,+XY0,, +XY,0, +XZ0,+XZ, +YX0, +YX,0,+YYd, +

+YY 0, +YZ0,+YZ +2ZX0, +ZY0, +ZZ =e" + Ad,, + Aad, + Abd + Ac,
XXBpy ¥ XX 0, + XY 0y + XY, 0, + X206, + X7, +¥ XD, +YX 8, +Y VO, +
+YYuau +YZ(7y +YZy +ZX0, + ZY(?y +727 =e™ + /mw +Aad, + /11)6?/ + Ac.
[lpupaBHAB B TOCIEIHUX pABEHCTBAX MATPUUYHbIE KOIPPHUIMEHTHI IpH

OJIMHAKOBBIX MPOU3BOAHBIX, MOJYYUM CUCTEMY ypaBHeHuU (14).
Bcin m =1 u Qyukuuu 7, h=a, +ab—-c, k=b, +ab—c He 0OpAIAKOTCS B

HYJb HA B OAHOM TOuUKe o0nacTu Q, TO ompeneneHsl nmpeodpazoBanus Jlamnaca
HYJIEBOTO U TIEPBOTO MOPSIIKA:

Ly:v>u=2Zv,L:v>u=0,+a)v,L :v>u =(0,+bw, (15)
[TpeoOpa3oBanus (15) nepeBoasT ckalsipHOE ypaBHEHKE BUAA (1) B ypaBHEHUs

Pyu=(d,,+a;0, +b,0, +c,)u=0, Puy=(8,, +a,0, +b0,+c)u =0,

Pou_y = (0, +a,0, +b_,0, +¢_)u_, =0

TOrO K€ THUMA, YCTAHABIMBAKOT B3aUMHO OJHO3HAYHBIE COOTBETCTBHSI MEXKIY
peweHusaMu ypaBHeHust (1) v penieHusiMM npeoOpa30BaHHbBIX YPAaBHEHUMH, U MOTYT
CYLIECTBEHHO YIPOCTUTh UCXOJHOE ypaBHEHUE ([4]).

ITpeoGpa3oBanuss L, cOXpaHAOT (GyHKUMU h W Lk, WHBapuaHtsl Jlammaca
ckajsipHoro ypaBHenus (1). bonee Toro, ecinu B 0JTHOCBSI3HOW 00J1aCTH MHBAPHAHTHI
Jlarutaca KAHOHMYECKUX YPABHEHUI COBMAJAOT, TO OHM NEPEBOISATCS APYr B Apyra
npeoOpa3zoBanuem tvna L,. HakoHew, npeoOpa3oBaHus [, MO3BOJISIIOT MEPEBECTU
CKajsipHOe ypaBHeHMeE (1) B ypaBHEHME TOrO ke Tuma, Ho 0oJiee mpoctoro Buaa ([7]).

[IpeoOpazoBanust Jlanjgaca MOryT CIy)KUTh MPUMEPOM MPUIIOKEHUN 0OLIei

Teopurd auPepeHInanbHbIX TOMOMOP(PU3MOB JIMHEHHBIX OJAHOPOJHBIX CHUCTEM
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avddepenunanpubix ypasHenuii ([2], [3]). CnpaBemusbl paBeHcTBa P,Z = ZP
P -(0,+a)=(0,+a)-P, P -(d,+b)=(8,+b_)-P, KOTOPbIE TOKA3bIBAIOT, YTO
orepaTopsl peodpazoBanuii Jlamnaca SBISIOTCS TMHEWHBIMY (D PepeHINATbHBIMU

TPAHCISATOPAMU THUIIOB (JSZ,P), (ﬁl,P), (JS_I,P) coorBercTBeHHo ([5]). U atm

TPAHCJIATOPbl peanu3yioT AuddepeHIraibHbie U30MOPPU3Mbl YPaBHEHUIH g = 0,
JSIul =0, 15_,u_] =0 u ypaBHeHUs Pv =0 ([6]).

B of0mem cnywae mia cuctem aupdepeHunanbHelx ypaBHeHud Tuma (1)
MOXHO  paccMaTpuBaTh  aHaJorM  mpeoOpa3oBaHuit  Jlammaca, TO  ecTh
mu(depeHInanbHbIe 3aMEHbI BEKTOPHBIX (DYHKIMI, KOTOPBIE 3a1at0TCs (OpMyIaMu:

L,:v>u=2Zv, L

7 1:v—)ul:(6y+a)v,L_l:v—)u_lz(az+b)v
C MaTPUYHBIMKA AU (P(HEPCHIMATBHBIMY ONICPATOPAMU W MATPUYHBIMU QYHKIMAMU 7
a, b. Ilycte h=hy, =a, +ba—-c, k=k, = b, +ab—c — MaTPUYHBIC aHAJIOTH
CKaJIIpHBIX MHBapHaHTOB Jlamnaca. CripaBeIMBhI CIEAYIOUE YTBEP/KICHNUS.

Teopema 3. Ilpeanonoxum, 4To ONPEAEIUTENb MATPUUHON (PyHKUMU 7 HE

oOpamaercs B HyJlIb HM B OJHOW Touke obmactu Q. Torma cymiecTByeT Takas
KAaHOHMYECKAs CUCTEMA YypaBHEHMIA I;Zu = (8, + 650, + I;Zay +c,)u=0, YTO
npeoOpa3oBaHue L, : v — u = Zv INEPEBOAUT CUCTEMY Pv=0 B CUCTEMY 15Zu =0,
PaBeHCTBO JSZZ = ZP TOKa3bIBAET, YTO ONEPATOP YMHOXKEHHS HA (DYHKIMOHAIBHYIO
MaTpHLly Z SIBJISIETCS JIMHEHHBIM IU(PEPEHIIUATBHBIM TPAHCISITOPOM TUIMA (}SZ,P)
C OWTpaHCAATOPOM b, =7 . DTOT TPAHCIATOP peanusyeT auddepeHIranbHbli
M30MOP(pU3M CUCTEM ypaBHEHUN Pv =0 U 15Z71, =l

Ecnu deth,, He oOpamaercss B Hylb HM B OJHOH Touke obmactu Q, TO
CYLLECTBYET TaKas KaHOHUUECKas cucTema ypaBHEHUi
ngul =(0,, + a0, + l;lay +¢)u; =0, uTo TpeobpasoBanue L,: v —u = (9, +a)v
MEPEBOJUT CUCTEMY Pv=0 B CUCTEMY 151u1 =0. CnpaBeaaMBO pPaBEHCTBO

P8, +a)=(d,+a)P, KOTOPOE MOKA3bIBAET, UYTO OMEPaToOp (&, +a) ABIAETCS
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AvHeHHbIM auddepeHranbHbIM TPAHCIATOPOM Tuna (P,P) ¢ OUTPaHCIATOPOM

b,=0,+a. Tpancnarop (é,+a) peanmusyer auddepeHumanbubiii u3oMopdusm

CUCTEM ypaBHEHUN Pu, =0 U Pv=0.
Ecau detk,, He oOpaliaercs B Hylb HU B OJHOM Touke oOmactu Q, TO
CYLIECTBYET TaKas KaHOHMYCCKas cucTeMa ypaBHEHUI

Pu_y=(8,,+a_18,+b 9, +c_Ju_ =0, 91O npeoOpazoBaHue

L,:v—>wu_=(0,+b)y mepeBOAUT CcHUCTEMYy Pv=0 B cucremy P ju_, =0.

CnpaBeuTMBO  PaBEHCTBO é_l(ax +0)=(0, + (; )P, KOTOpPO€ TIIOKa3bIBa€T, 4YTO
oneparop a, = (0, +0b) SBIAETCA JIUHEHHbIM AUPPEPEHUUATBHBIM TPAHCIATOPOM
THUTIA (15_1,P) c OuTpaHCIATOPOM b, =0, +I;. Tpancnarop (0, +b) peanmmsyer
nuddepeHnnanTbHbIN H30MOPHU3M CHCTEM YPaBHEHHI ];_,u_l =0 U Pv=0.
Joxka3arenbcrBo. Ilycth X =Y =0, o, =Z — omneparop yMHOKEHHs Ha
HEBBIPOXKACHHYIO MaTpuuHyro ¢yaknuio Z . Cucrema (2) mNpUHMMAeT BU:
Z,+3,2-2a=0,  Z,+b,Z-2b=0, P,Z=Z, +a,Z, +b,2, +s7 = Zc.
Koaddunuentsr oneparopa ];Z HaxomsATcst 1o Qopmynam: a, = (Za 72 y)Z‘l,

1

b, =(Zb-2,)2"", ¢y =(Zc—Z,, +a,Z, +b,Z,)Z"". ClenosarensHo, ypaBHCHHE

P,u =0 cymectByer. PaBeHcTBO (3) mOKa3bIBAa€T, YTO OUTPAHCIATOP b, COBMAIAET C
OIepaToOpoOM YMHOXEHMsI Ha Matpuily Z . YpaBHeHus (14) Toxxe ya0BIETBOPSIOTCS.
JlelictBuTensHO, ypaBHEHUsS TiepBOi cTpoku (14) moka3eBaroT, uto 1 =A1=0. Ho

TOrJa BTOpas CTpPOKa MPUBOAMT K paBeHCTBaM X =Y =0. IloaToMy paBeHcTBa

TpeTBCﬁ CTPOKHU BBITIOJITHAKOTCA aBTOMATHYCCKH, a4 B T-ICTBepTOI\;I CTPOKE MOABJIAIOTCA

paBeHcTBa ZZ =¢” u ZZ =e¢™ . CnenoBatensHo, Z =27 . JIpyrMMH CIOBaMH,

YMHOXXEHHE Ha HEBBIPOXKICHHYI) MATpUIly Z  TOpPOXAAaeT wu30oMopdusm

o -1, )
Y p, oM ,, a oOparHeli wu3oMopdusm y  IM, > M p, TOpOXKAaeTes

OIepaTopoM YMHOKEHHS Ha 0OpaTHYIO MaTpuLy Z .

[yctb X =0,V =e=¢", 7 =a,a,=(3, +a). Cucrema (2) npuHAMAET BULL;
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k- =h aw+alaz+blay+cla=cy+alc.

> Bab, = Mba>

by =b

[IpeoGpa3zys mocieaHee paBeHCTBO, MOTYYHM PAaBEHCTBA:

a,, +aa, +bay +oa=c, +ac, a, +bay —C, =0, C— a0, —Ca,

a,, + bay + bya —c¢, =ac—aa, —ca+ bya —aba +aba,

(a, +ba—c), =—a,(a, +ba—c)+((b), +ab —c))a, (), =—ahy, +k;;a.

Y

Tak kak hy,, =k-;

.5 » TO TOCIEIHEE DABEHCTBO MOXKHO 3amicath B (opme

(hyy), = —aihy, + hy,a.  CrenoBatenbho, —ay = (hy,a — (hy,),)hy, . Haxomwen, w3

PaBEHCTB kdIb} = hy,, by =b CICAYIOT PABEHCTBA ¢, = (b)), + a;b; — kop =by +ab—h

ba >
¢, = b, + ((hyya — (hy,), Vhyo Yo — hy, . YpaBHeHme Pu, =0 cymectsyer. M3 (3)
CIIElyeT, YTO OMTPAHCHATOpP b, WMMEET BUI b, = 0, +&1), CJICIOBATCIIbHO, BEPHO

PaBeHCTBO I (0, +a)= (0, + &I)P , KOTOpO€ O03HA4Ya€T, YTO ONepaTrop a, = (ay +a)

ABJISETCS TMHEHHBIM 11 (hepeHaIbHbIM TPAHCAATOPOM TUNA (P, P).

[lokaxkem, YTO TPAHCIATOP a, = (0, +a) peanusyer aupdepeHUraIbHbIH

U30MOpGU3M ypaBHEHU Pu, =0 u Pv=0. Eciu B ypaBHenus (14) moacraButh

3HAUYEHUA X =0, Y =e=¢e", Z =a, TO PAaBEHCTBA MEPBOM CTPOKU cuCTeMbI (14)
NpUMYT BUI: 0 =0=0, Y=0u X=4 . X=4. [lo3TOMY OmepaTop a JOJIKEH
UMETb BHIL G = X 0, + 7. Kpome Toro, 10/1%KHbI BbINOJIHATHCS PABEHCTBA! X = i =
3aMeHMB MaTpUUHble YHKUUU A U 2 byHkuuen X , IPUJIEM K CUCTEME YPABHEHUIA:
X, vaX-%i, 7-%6
Xa=Xa, Z=Xb (16)

Z,+aZ =e+ Xc,, XaT+Za:e+X0J|

B nocnenHem w3 paBeHCTB cuctembl (16) crnemaem 3ameny 2 = Xb. B

pe3yjbTaTte IMOJy4YMM  paBE€HCTBA: Xa, + Xba=e+ Xc, X(a, +ba-c)=e,

T

Xhy, =€, X = h,b_a'. Tak kak Z = Xb, ¥ ONHOBPEMEHHO Z = Xb, a X — oOparumas
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MaTpULa, TO JOJYKHO BBINOJHATHCS PABEHCTBO b, =b. DTO PaBEHCTBO YiKE ObIIO
MOJIyYCHO BbILIE B KA4YECTBE OJHOrO M3 YCJIOBUH TOro, 4T0 JI.A.0. a;=(d, +a)
ABJIAETCA JIMHEWHBIM TU((epeHranbHbIM TPAHCIATOPOM TUna (P, P). Omnepartop
a=X0,+Z NPUHUMAET BUIL: a = X (0, +b,) = h; (2, +b).

Jns AByX IpYrMX MAarpuuHbIX KO3()(MLMEHTOB ypaBHEHUS Pu, =0 ObuIM

o = =

IOJIy4YCHbI BBIPAKCHUA: a, = (h,,a — (h,, Yy Yh,, U c = by + ((hy,a — (hba)y)hba o —hy,.
MostoMy Xa, = h,'a, = b\ (h hy ) kit = ah; = bk, ) b, CrpaBemBbl

My O Sl @) = Lba('baa_(lba)y) ba = Gy — ba(Lba)y Yha - Y A

g -1 -1 -1 = -1 |
paBencTBa:  (hy, hy,), = (), = 0= (hy, ), hyy +hyy () s (hyy)y = =l () g, -
- o 5 . -

CrenosatensHo,  Xa, =ahy, +(h,), = Xa;=aX +X,, TO €CTb  YyCIOBHEC
X, +aX = Xa, BpmonHserca. OcTanoch MOKa3aTh, YTO BbINONHAETCA YCIOBUE

7 S oZ =e+ X ¢,. IlpeoOpa3dys TpaByld 4YacTh OSTOTO pPABEHCTBA, TOIYUHM:
e+ X =e+h (b, + (g = (hyg) Dhpa Wb = hyg) = € + iy b, + (a = by, (hy), Yhgy Yo — € =
= b, + ahgtb + (b)), b = (Xb), +a(Xb)=Z, +aZ .  ClelOBATENBHO,  YCIOBHE
Z o 0Z=e+ X ¢, TOXE BBIIONHAETCS. TakuM 00pa3oM, MOKAa3aHO, 4YTO
KO3(hGUUMEHTBI  TPAHCISATOPAa a) = (J, +a) YAOBICTBOPAIOT ypaBHeHUAM (14).
3HAYUT, TPAHCIATOP a,=(d, +a) peamusyeT aupdepeHInaTbHbI H30MOPPU3M
CHCTEM YpaBHEHMI 151ul =0 u Pv=0. IIpu 3TOM 00OpaTHBIif U30MOP(U3M peanusyeTr
ONepaTOp a = h;. (2, +b,) = h (8, +b).

YpaBHeHMe Z o 0Z =e+ X ¢, MOJYKHO WCIIOJb30BaTh MJIs J0KA3aTeabCTBa

paBeHcTBa  hy, =k, . JICGHCIBUTENbHO, cHenaB 3aMeHy Z =Xb,, MOIydHM

YPaBHEHHS: (Xb), +aXb =e+ X¢;, X b+ X (b), +aXb =e+ Xc,. VI3 paBencTsa
X, +aX = Xa, CleayeT PaBeHCTBO aX = Xa, — X . [103TOMY BEPHbI PABEHCTBA:

X0+ X (b)), +(Xa,-X )by=e+Xc, X b +X(b), +Xap - X b =e+Xc,
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X(b), + Xab =e+ Xy, X((0), +ab —¢)=e, X((), +ab —¢)=¢, Xk;; =c.

aby

Be1imie 65110 TMOKA3aHO, YTO CIPABEIMBO PABEHCTBO X1y, = €, TIOITOMY hy, =k, ; .

Ilycte X =e=e", Y =0, Z=0b,a,=(0, +b). Cucrema (2) npuHUMAeT BUA!

koy=h; o by, +a_b, +b_b, +c_b=c, +b_ic TIpeobpasys, momyInm:

by, +ab, +b_jb +c_b=c, +b_c, b, +ab,—c,=b_c—b_p —c_p,

Y

by, +ab, +ab—c, =b_c-b_b - c_b+ab-b_ab+b_jab,

(b, +ab—c), =—b_y(b, +ab—c)—c_b+(a_),b+b_ja_b, (ky), ==b_jk,, +h; - b.

10

Tax kak Fk,,=h; - , TO TMOCJIEAHEEC PABEHCTBO MOXHO 3amnucate B (¢opme

ab ba_,

(k,,), =—b_k,, +k,b. CnenoarensHo, b_, = (k,,b— (k,,),)k., . Hakomen, wu3

PaBeHCTB  k,,=h- a=a_, CIEOyIOT paBeHCTBA ¢ ,=a, +b ,a—k

b—ld—l % ab ?
¢ =a, + (kb — (k) )kpa—k,,. YpaBHeHue P_u_, =0 cymecrByer. U3 (3)
CIIEyeT, YTO OUTPAHCIATOP b, MMEET BUA b, = (0, +b_,). ClleNOBaTEIbHO, BEPHO

paBeHCTBO P_ (9, +b)=(d, +b_)P , KOTOPOE O3HAYAET, YTO ONEPATOP a, = (0, +b)

ABJIAETCS TMHEHHBIM (D epeHIMaTIBbHBIM TPAHCIATOPOM TUNa (P, P).

[lokaxkem, 4TO omepaTtop a,= (0, +b) peanusyer IupPepeHLnaIbHbINI
n30Mop(pu3M ypaBHEHHIA Js_lu_l =0 u Pv=0. B npouecce nokazarenbCcTBa Mbl Ha
3TOT pa3 He OyAeM UCIOJIBL30BaTh TOT YCTAHOBIECHHBIH (DaKT, Omeparop a, = (0, +b)
SIBJIIETCS JIMHEHHBIM Ju((PepeHMaIbHbBIM TPAHCASATOPOM THUIMA (IS_I,P). Eciu B
ypaBHeHus (14) noacTaBuTh 3HAYE€HUS X =e, Y =0, Z =b, TO PAaBEHCTBA MEPBOi
CTpOkU cuctemsl (14) npumyT BUA: X = 0,0=0, Y = 2: Y =24 [ToaTomy oneparop

a JIOJUKEH MMETb BUA a =Y 0, +7 . 3aMEHUB MaTpuuHble QyHKuMM 2 u 1

(GyHKUUMEH Y , IpUIEM K CUCTEME YPAaBHEHMIA:
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Z=Ya_, Y, +bY =vb_ |
Z =Ya, YZ=Yb (17)
Z,+20=c4¥i, Y2, +iZ=crYe

B nocnennem u3 paBeHCTB cuctemsl (17) cmemaem 3amMeHy Z =Ya o

UCIIOJIb3YyEM  PaBEHCTBO Z =b. B pe3yaprare  MONy4yuM  YpPaBHEHHUS:
Yb, +Yab=e+Yc, Y(b, +ab-c)=e, Yk, =e, ¥ =k, . Tak kak Z=Ya_, m

OJHOBPEMEHHO Z =Ya, a Y — 06pamMa51 Marpuna, TO AOJLKHO BBINOJHATHCH

PABEHCTBO a_, = a . ITO PABEHCTBO YK€ ObLIO MOTYYEHO BBIIIE B KAYECTBE OJHOTO 13

YCIOBUH TOrO, YTO JL.JA.0. a; =(d, +a) SBISCTCS JMHCHHBIM TU((EpEHIHaTbHBIM

TPaHCAATOPOM THma (P_,P). Onepatop a=Yd, 6 +7Z  TPUHEMAET BHI:

a=Y0,+Z=Y0,+Ya=Y(d,+a)=k, (0, +a). Tak Kak Z =b, TO DaBEHCTBO

YZ =Yb BbinonHsercs. PaBeHcTBa Y +bY =Yb | U Z_+ 77 =e+Yc_, MOXKHO

UCIOJIb30BATh AJIs1 OHNPCACIICHUS IBYX OCTAaBIIMXCA KOB(I)(bI/II_II/ICHTOB b—l u c_,

YpaBHEHUS P_ju_; =0

by =k ((ky )y + k) = Koy (=g (Ryy) Ky + k) = (b = (k) ks
¢, =Y ' ((Ya), +bYa-e)=Y '(Y,a +Ya, +bYa —e) =
1

—a, +k, (k) a+b(k,)a—e)=a, —(k,,) k. a+k,bk, a)—k, =

=a, +(k,b - (kab)a:)ka_bla —ky =a, + kab(_ka_bl(kab)mka_bla + b(ka_bl)a) — Ky -

CrienaeM B PaBeHCTBE Z,+ ZZ = ¢+ Yc_, 3aMeHbl Z =Ya_,, Z =b . Tlomyanu
ypasHenns: (Ya_,), +b(Ya_)=e+Ye, , Y,a_,+Y(a_,), +b(Ya_)-Yi_  =e .
Bbipasum Y, 3 ypaBHenus Y, +bY =Yb_,. [Tonydanm ypasHenue Y, =Yb_, ~bY .
Ilo>ToMy  BepHsI  paBeHCTBa:  (Ybh_, ~bY)a_, +Y (a_,), +bYa_, ~Yi_ =e,

Y ja,+(@y), —c )=e, Yh o =e. Tak kak B TO e Bpemss Yk, =e, TO

CTIPaBE/TMBO PABEHCTBO k,, = h; -

=1==1
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Abstract

The article deals with one of the scientific directions of the study of child psychology, which is genetic psy-
chology. The creator of this area is Jean PiagatSwiss scientist anghilosopher. The subject of the study| of
genetic psychology is the development and origin of the intellect, the formation of concepts: time, space, object,
etc. Genetic psychology studies children's logic, the child's thinking features, the mechanigmgioé @activity,
the transition of forms of thinking from simple to complex.
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Abstract

The article discusses the approachassessing the stability index of a multichannel radio network under
conditions of destructive impacts. The calculations of the morphological parameters of a multichannel radio com-
munication network are presented.
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Abstract

Thearticle describesa methodfor constructingand usinga superhighfrequencysynthesizefor usein fre-
guencyconversiordevicesusingvolumeacousticwaves.
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Abstract

The article discusses the issue of assessing the differences of measurement results obtained by two different
methods. The criteria favaluation of accuracy of measurement are expectations and standard deviationg of two
measuring methods. Checking insignificance divergence measurement results held hypotheses on the|criteria of
Fisher and Student.
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