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SECTION 1. EDUCATION MANAGEMENT AND ADMINISTRATION
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Abstract. This paper is devoted to the analysis of the realization of the subject-and activity-based
pedagogical technology “The International learning coworking for the development of the creative
industries of the Caucasian Mineral Waters Region (from an idea to a startup), realized in Pyatigorsk State
University from 2016 up to present.

Pedagogical technology is a product of the synthesis of the learning technologies and industrial
technologies of building creative industries: coworking is a form of a creative space (the form of the
organization of a business of the sector of the creative industry), whose aim is the scientific-research,
educational and practice-oriented activity of young scholars (undergraduates, graduates and postgraduates)
under the supervision of scholars and practicians-specialists in the sphere of creative economy over the
development of the applied projects of the businesses of the creative sector in the region of the Caucasian
Mineral Waters.

The precondition for the development of the pedagogical technology was the strategy of the digital
economy in Russia specified by the President of the Russian Federation in the Addresses to the Federal
Assembly in 2016, 2017 and 2018.

The topicality of the technology meets the tendencies for the formation of the global learning space
as the assessment by experts of the projects developed in the coworking and their support are secured by the
leading scholars through the use of information communication technologies.

The objective of the pedagogical technology is the creation of the scientific-research learning space
of coworking and its digital version as the project-based networked site of the cooperation with young
researches, teachers-innovators, Russian and foreign scholars and experts.

The pedagogical technology is developed within the use of the method of the comparative analysis
of the design of the coworking spaces in economic systems, sociological studies, business education.
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The result of the conducted analysis was the formation of the key characteristics of the model of the
area of coworking.

It their research the authors make use of the model of conceptual modelling of the learning
polypositional space of the co-organization of the subjects of the scientific and educational process in the
university.

The project-based experiment, described in the paper, has tested the theoretical model of the
learning space of coworking enabling it to secure the satisfaction of the educational and adaptation needs of
the personality of the participants in the space, businesses of the real sector of the economy, the needs of
modern society with the use of the potential of the opportunities of the learning space of the Caucasian
Mineral Waters Region. The model of the learning coworking enable it to form new functional pedagogical
positions, transform the pedagogical activity of the University through the integration of the activity-based
practices with the learning process.

Keywords:_coworking, learning coworking, subject-and activity-based pedagogical technology,
digital competences.

Introduction.

This paper is devoted to the analysis of the realization of the subject-and-activity-based
pedagogical technology “The international learning coworking over the development of the creative
industries of the Caucasian Mineral Waters Region” (from an idea to a startup)”, realized in
Pyatigorsk State University from 2016 to present.

Coworking in the broad scene is an approach to the organization of the work of the people
with different work employments in common space; in the narrow sense it is a physical space, a
collective sense it is a physical space, a collective office - coworking space).

The precondition for the development of the pedagogical technology, analyzed in the paper,
was the strategy of the development in Russia of the economy of the new technological generation-
the digital economy, specified by the President of the Russian Federation in the Addresses to the
Federal Assembly in 2016,2017 and 2018. The solution of this problem requires skilled cadre
possessing the digital competences of the 21st century, among them: critical and creative thinking,
resourcefulness, adaptability, innovativeness, enterprise, emotional intellect. These competences
can be grouped into three blocks, on whose formation and development the learning coworking is
focused.

1. Digital competences- the ability to confidently and effectively use the information-
communication technologies (ICT) in one’ s own work [4, p.28].

2. Resourcefulness and entrepreneurial competences- the ability to translate ideas into
actions through creativeness, innovations and risk assessment, and also the ability to plan and
manage projects.

3. Softskills- the ability to build intercultural networked communication (social and
professional), to learn and develop oneself [1, p 64].
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The key element in the provision of these characteristics of the learning process is the
networked information -learing environment which acts as the site for the creation of the
electronic version of coworking.

Today the global leaning landscape starts forming a new learning space, which in many
respects differ from the formation of the previous model of the post-industrial society as it acquires
new qualitative characteristics.

Today we can speak not just about the learning space but about the world learning space
including all the educational institutions, scientific and pedagogical centers, government and
public educational organizations interacting in conditions of intensive internationalization and
globalization of the sphere of social life.

One more tendency towards the development of the modern system of education is the
support of the processes of putting into the practice of work of educational organizations of new
functional pedagogical positions such as tutor, developer of individual learning trajectories,
moderator of solution of the learning-professional and project-based problems, mentor of projects,
conceptologist, educational analyst, development consultant, coordinator of social practices,
expert in the «image of the future», navigator of educational events and others, that promote the
formation in the learners of the universal skills, abilities and competences and enables them to be
effective in different types of activity.

The listed pedagogical positions enable one to introduce into the work of higher education
establishments technological solutions aimed to discover a universal way of the sociocultural
responsible pedagogical action, one of these being learning educational coworking.

Under the conditions that have taken shape in the system of education what is required is,
the creation of the organizational and educational structure, or the “innovative pedagogical
platform” specializing in the project -based networked development of educational organizations,
on the development of educational organizations, in the development of the «new vision of the
presentand the future” entitled «learning coworkingp.

The objective of the pedagogical technology, analyzed in this paper, is the creation of the
scientific-research learning space of coworking and its digital version as a project-based networked
site for the cooperation between young scholars, teachers-innovators, Russian and foreign scholars
and experts, securing favorable conditions for the development and functioning of the scientific
and entrepreneurial potential of the region’s youth in the sphere of project-based activity relying
on the domestic and foreign experience of the development of the sector of the creative economy,
results of the scientific and scientific and technical developments of the experts -members of the
coworking space.

The educational technology is designed to solve the following applied talks:
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- the formation of the common learning scientific and innovative processes in order to
develop the creative abilities, improve the professional and creative training of young scholars, as
well as build competences to work in the digital economy, improve the forms of the involvement of
young people in research work, scientific activity, socio-economic designing;

- creation and development of the conditions which will provide opportunities for each
young scholar-member of the coworking space to realize their right to the individual creative
development, participation in scientific-research studies and scientific-creative work fill-blooded,
equal and accessible for each in accordance with their abilities and needs;

- provision of the global exchange of experience in the sphere of research and project -
based activity through the involvement in the work of coworking space of prominent domestic and
foreign scholars and experts through the use of distant learning technologies;

-formation of effective research communities of students and professors in universities.

The scientific novelty of the research is the creation of the learning technology realized on
the basis of the “innovative pedagogical platform”, specializing in the project-based networked
and scientific service support of the innovative development of educational organizations entitled
“learnong coworking”. The scientific novelty of the project is conditioned by the tendencies to
develop Russia’s digital economy. Coworking acts a site for the preparation of trained personnel for
the work in the conditions of the digital economy.

Methodological basis of the research.

The pedagogical technology is developed with the use of the comparative analysis of
designing coworking spaces in economic system, sociological studies, business education. The
results of the conducted research was the formulation of the key characteristics of the model of the
learning coworking space.

The authors employ method of the conceptual modelling of the learning polypositional
space of the co-organization of the subjects of the scientific and educational process in the
university.

The analysis of the realization of the pedagogical technology.

Within the framework of this project the authors examine the learning co-working, firstly, as
a subject - and-activity - based technology aimed at the translation of the space of work into the
space of learning and mastering of the way of the creation of an intellectual product and, secondly,
as a trigger of innovative processes in education capable to ensure the activity-based cooperation
between the subjects of the educational process together with the project-based networked
coordination of teachers-innovators considering the optimal use of the intellectual, ethical,
volitional, and anthropological resources of the members of the space [29: 55] [30: 21].
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The learning coworking space is characterized by the flexibility of the organization of the
work space and orientation towards the formation of the microcommunities of the residents of the
space and the attendant inner culture, which is especially urgent in the formation of the teacher-
student communities in universities.

Coworking carries in itself a new image of a multifunctional , cultural and educational,
learning and information business incubator, translating not only the information its experts
possess, but also opinion, idea and attitude to it.

The main principles of the content of the coworking model are:

- openness;

- accessibility;

- infrastructural support of the activity (digital and real);

- horizontality of the links and relationship;

- availability of community;

- sustainable organizatious;

- support of the forms of communication.

The factors of the effective development of coworking as a format of the professional co-
organization of teachers, students, experts:

- support of communication processes;

- diversification of the types of activity;

- designing of internal community:

- transfer of successful social practices;

- priority of project teams over individual workers.

The key peculiarities of designing the learning coworking are:

- space openness;

- planning of the activity-based component of learning;

- designing of the variable personality-based learning trajectories;

- realization of applied technologies to support the subjects of learning;

- use of technologies of networked learning and internships.

The practical aspects of designing the coworking space and the social technologies
essential for its work were developed by D.N. Sukhovskaya in collaboration with the guru of Russia’s
creative industries-president of the association " Center for the development of creative industries"
head of the professional community " Center of the creative industries of St. Petersburg" D. Milkov.

On 28.09.2017 Pyatigorsk State University gave a start to the work of the electronic
version of the creative-innovative coworking space created in the electronic learning environment
edu.pgu.ru. The electronic coworking space offers broad opportunities for the students to carry out
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their own research work, do practical assignments, analyze case-study. The translation of the
coworking space into the electronic form enabled it to expand the number of the participants and to
involve in the work of the coworking students of the distance form of learning.

Over 300 students of PSU participated in the electronic version of the coworking space in
2017. The best projects of the student coworking research groups were presented for the
participation in the International competition of graduation qualification and course papers "Young
leaders-2017", All-Russia competition of research works of students and young scholars
"Contemporary researcher-2017".

Involvement in the realization of the project of international participants was made
possible due to the scientific-research internships of D.M. Sukhovskaya in Chicago , USA in 2016
aimed to carry out research and analytical work in Ryerson library and also the analysis of the work
of Art Institute of Chicago, engaged in training specialists in the sphere of architecture and fine
Arts.

The result of the internships was to get the assent from the American specialists of culture
and creative industries to participate in the work of the targeted coworking learning space as
experts. The work of the experts in the coworking is realized in the form of lectures (webinars) aimed
at the coordination of student projects that take into consideration international experience.

Due to the high efficiency of the work of the coworking space in 2016-2017, rector of the
Pyatigorsk State University, doctor of economics, professor A.P. Gorbunov put forward a
proposal to include it in the structure of the scientific-learning-innovative center "The key
tendencies of the development of the socio-philosophic thought: theory and practice" of the chair
of historical and socio-philosophic disciplines oriental studies and theology and Multilevel
Innovative Academy of Continuous Education of Pyatigorsk State University. Heads of the center-
L.I. Ermakova and D.N Sukhovskaya.

Under the statutes of the scientific-learning innovative center "The key tendencies of the
development of the socio-philosophic thought: theory and practice" of the chair of historical and
socio-philosophic disciplines, oriental studies and theology and the multilevel Innovative Academy
of Continuous Education Ne 63 of 23.11.2017 of the Pyatigorsk State University adopted by rector
A.P. Gorbunov, point 3, section 2 "The main goals and tasks of the scientific-educational-
innovative center" notes, that the coworking space and its electronic version are included in the
structure of the center, targeted at the improvement in the scientific work of the Center of teachers,
students, postgraduates of the University and the use of the results of the research work in the
learning process.

To ensure the work of the electronic version of the creative-innovative coworking space,
D.N. Sukhovskaya, in conformity with the requirements to the electronic leaming resources, has
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developed a teaching -methodological aid "Instruction for the user of the electronic coworking
space (on the platform of the electronic leaming environment edu.pgu.ru)", used in the learning
process. The aid is available in the electronic format in the electronic learning environment of the
"Pyatigorsk State University" and is designed for the remote coworking members (students,
masters, postgraduates doing their internships or studying abroad).

Results.

The pedagogical technology tested on the basis of Pyatigorsk State University enabled us to
conclude that:

1. The coworking space secures the unity of learning, scientific and innovative processes
with the formation and development of the creative abilities of a young scholar's
personality.

Coworking promotes professional and creative learning of young scholars, involvement of

youth in research work, socio-economic designing.

The project will offer young scholars opportunities to try and solve urgent tasks aimed at the
development of the region’s economy and it will also provide opportunities for each young scholar-
member of the coworking space to realize their right to the individual’s creative development.

The work under the supervision of experienced mentors-experts from a number of the
scientific-pedagogical staff or representatives of the real sector of the creative economy will be
directed to all-round development of the members of the coworking space, formation of their
objective self-assessment, development of the skills of work in teams and project groups,
involvement in an organizational and innovative activity.

2. The realization of the coworking project enabled us to involve young scholars in the
development and realization of the projects promoting the development of the economy and social
sphere of the CMW region.

The realization of the project enabled us to scientifically substantiate the need for the
development of the sector of culture and creative industries in the CMW region in order to turn this
economic phenomenon into an important factor of the region’s socio-economic development. The
work of the coworking space is targeted at the solution of the tasks of raising the living standards of
the population, overcoming the economic, social and spiritual crisis of the provincial region.

The experience of the realization of the projects developed in the coworking space should
vividly demonstrate the possibility of the application of the sector of the creative industries as an
additional source of revenues for the population of the CMW district. Today the Russian remote
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territories see the development of the creative economy as one of the effective ways of creating new
jobs for the population.

The most important outcome of the realization of the projects developed in the coworking
must be the sociocultural and spiritual effect due to the activisation of the region’s local creative
resources, increase in the self-assessment of the local communities, appearance of the scientific
approaches to the organization of business of the creative sector of the economy will promote the
change in the degrading traditional structure of the region’s economy.

3 The joint work of students, masters. Postgraduates under the supervision of well-known
domestic and foreign scholars and experts specializing in the problems of the sector of the creative
economy enables one:

- to develop and improve the practices of teaching students, masters, postgraduates the
principles of project-based activity;

- to work out and improve the algorithm of the use of distance learning technologies in the
electronic version of the coworking space;

- to develop the teacher-student-expert communities in universities;

- to multiplicate the practice of the work of the coworking as an example of successful
functioning as a culture, learning, scientific and innovative center of the development of local
communities.

Conclusion.

The adoption and application of the learning coworking technology under study is capable
to a considerable degree to change and form at a new level the region’s learning space, exercise
influence on the economic conditions of the youth, promote the development of the appeal of the
territory from the point of view of project-based activity.

Besides, the presented technology has certain potential for the development of the system
of continuous learning, enables one to develop professional orientation of the youth, build new
competences, exercise influence on the infrastructure and the system of the development of such
an agglomeration as the CMW region that prides itself on considerable intellectual resources and
profound socio-cultural traditions.

In conclusion it needs to be noted, that the pedagogical technology under realization
enables one to use modern learning technologies in a complex in order to achieve the following
results:

- development of the creative and scientific potential of the youth, including the formation
of the competences to work in the digital economy;

- development of the economy of the CMW region and the increase in the region’s
investment appeal;
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- working out of innovative learning technologies aimed at the formation of the effective
scientific and research student-teacher and expert communities in universities.
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SECTION 2. DESIGN AND MANUFACTURING ENGINEERING

UDC 621.797:631.3.02.004

Toigambaev S.K. The choice of the optimization criteria in the simulation production
processes using a fleet of machines
Bbibop KpuTep1eB oNTUMU3ALUK NPU MOAEAMPOBAHUI NPOU3BOACTBEHHbIX NPOLLECCOB C

ACNOAb30BaHUEM NapKa MallUH

Toigambaev Serik Kokebaevich,
Professor of the Department of technical operation
of technological machines and equipment of
environmental engineering, doctor of Russian state
agrarian University - MTAA named after K. A.
Timiryazev.

Toirambaes Cepuk Koknbaesuu,

npogeccop Kapeapbl TEXHUUECKOM

JKCNAyaTaLuu TEXHOAOTMYECKMX MALLUH U
o6opyaoBaHus npupopoobycrpoiictea, Prb0Y BO
PrAY - MCXA umenu K.A.Tumupases.

Annomayusa. Ipobeden Bvibop kpumepuef 1o ONMUMUZAYUY NAPKA MAWLUH NPOU3B00cmBenHbIX
ceAbCKOX03ATiCMBeHHbIX opeanusayuu. Vccaedobana memoouxa Bvibopa kpumepued onmumusayuy napa
Mawiun, 6 cmamve npedcmabaens. MAMEMAMUYecKUe pacuermsl.

KaroueBuie caoBa: Onmumusayus; kpumepuii; mooeaupoBarue.

Abstract. The selection of criteria for the optimization of the Park of machines of agricultural
production organizations. Investigated technique you Bora the optimization criteria of the fleet, the paper
presents mathematical calculations.

Keywords: Optimization; criterion; modeling.

OCHOBHbIM OTAMUMEM METOAOB MMMTALIUOHHOTO MOAEAMPOBAHUA OT OObLIYHBIX UMCAEHHbIX
METOAOB pELIeHUA ABASIETCA NOLaroBoe NPUOAMKEHME K ONTUMYMY Ha OCHOBE PE3YAbTaToB
pacyeToB N0 aArOPUTMY, MOAEAUpYIoLLIEMY paboTy uccaepyemoi cuctembl. Mpu atom pabota no
pa3paboTtke aAropuTMa M NpoOrpamMmmbl ONTUMU3ALMKU BbIMOAHAKTCA Pa3pPabOTUUKOM MOAEAH,
KOTOPbIA BHOCUT Ha KaXAOM 3Tane pacuetoB HeoOXOAMMbIE KOPPEKTMBbLI, U3yyas B Mmpolecce
peleHus NoBeAEHWE OTAEAbHbIX YacTei U CUCTEMbI B LIEAOM, YTOUHAIA UCXOAHYI0 MHGOPMALMUIO,
MeHAS 3HaYeHUs NapaMeTpoB MOAEAU U T. A.

UmMuUTauMoHHOE MOAEAMPOBAHME 3ajay, COAEPXalUMX CAyYalHble NapameTpbl, Ha3blBaloT
CTaTUCTMYECKUM MOAEAUpoBaHUeM. [0 CyTM MeTOA CTaTMCTUYECKOT0 MOAEAMPOBaHUA ABAAETCA
WMUTALMOHHBIM MALLMHHBIM NPOAOMKEHUEM YMCAEHHOTO MeToaa MoHTe-Kapho.
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Heo6x0AMMO OTMETUTb, YTO pacnpocTpaHeHWe METOAOB MMMUTaLMOHHOTO MOAEAMPOBAHMA (
0COOEHHO CTAaTUCTUYECKOr0 MOAEAMPOBAHMUA) UCMbITLIBAET 3HAUMTEAbHbIE TPYAHOCTU . B nepsyto
ouepeAb 3T0 CBA3aHO C upe3BblyaHOW TPYAOEMKOCTbIO peaAu3alun Takux MoaeAnel. ABTopbl [1]
YKas3bIBaloT ABa NyTH AN 06nerueHus paboTbl UCCAeAOBATENA:

1. ucnoAb30BaHKE TEOPUU NAAQHUPOBAHUA IKCNIEPUMEHTA;

2. pa3paboTKa U UCMOAb30BAHUE PA3AUUHbLIX "3BPUCTUUECKUX" METOAOB MOMCKA ONTUMAAbHbIX

pelleHnid, OCHOBaHHbIX Ha GOpMaAU3aLLIUK AEHCTBUI YEAOBEKA, NPUHUMAIOLLETO PELUEHUE.

lpaktMka npoBeAeHUs ONTMMU3ALMOHHLIX PACYeTOB MOKA3biBaeT, UT0 NPU PeLeHUU 3apaud
06bIYHBIMM METOAAMM B PAIAE CAyuyaeB MPUXOAMTCA 3aTpauMBaTb €lle AOMOAHUTEAbHbIE CHAbI U
BpeMA AAl MOCAEAYIOLLEH KOPPEKTMPOBKU Pe3yAbTaTOB AAA NPUBEAEHUA MX K LLEAOYUCAEHHBIM
3HaueHuaM. ECTeCTBEHHO, 3T0 BEAET U YXYALLEHUIO pe3yAbTaToB pacuyeToB. 0COOEHHO 3T0 aKTyaAbHO
NnpuM pacyeTe MNapkoB MAalMH HEOOAbIIMX X03AWCTB, KAaKUMMU ABAAIOTCA  OOAbLIMHCTBO
BOAOXO03IUCTBEHHBIX CTPOMTEALHbIX OpraHu3aumnid. B 0TAeAbHBIX CAyyasx (Hanpumep, Npu peLeHnn
3apauMu "YKAaAKM KpynHorabapuTHbIX rpy30B") pe3yabTaT KOPPEKTUPOBKU MOXET ObiTb AAAEK OT
ONTUMAAbHOTO. AAS TOTO YTOObI UCKAKOYMTL MOAOOHBIE HEMPUATHOCTH, pa3paboTaH psAA METOAOB
LLeAOYMCAEHHOro nporpammupoBanusa  [4; 5]. HeobxoAMMO OTMETUTb, 4YTO NpaKTUYECKOe
NpPUMEHEHWe METOAOB LLIEAOUMCAEHHOTO NPOrpaMMUpPOBaHUA AOATOE BpeMA ObINO 3aTPYAHEHO U3-
3aT0ro, YT0 NOCTaHOBKA AMHEHHOW UAU HEAMHEHOW 3aAauu B LEAOYUCAEHHOW GOopMe 3HAUMTEABHO
yBeAMunBaet ee 00beM W Bbi3bIBAET TPYAHOCTU NPU PEaAU3aLUH.

AHanM3vpys  npUMeEHsiemble  NpPU  MOAEAMPOBaHMM  NPOU3BOACTBEHHLIX  MPOLECCOB
MaTemMaTUuecKue MOAEAU U NPOLEAYPbI UX PELLEHUA, MOXHO 3aKAIOUMTL CAEAYIOLLEe.

CywecrtBylolMe B Hacrtosillee BpemMs MOAEAM, WCNOAb3YIOLME AAA PELUEHUS 3apauu
BEPOATHOCTHOE MOAEAMPOBAaHWE, UMUTALLMOHHOE MOAEAMPOBAHMUE U T.A. HanpaBAeHbl HA PeLleHne
ONTUMMU3ALUOHHbIX 3apau 6e3 HeAOCTaTKOB AMHEHHOT0 M HEAMHEWHOro NpPorpaMMMUpOBAHMUA.
OAHaKO NoKa HeT AOCTAaTOYHO MPOCTLIX U AETKO pearu3yeMblX METOAUK, B KOTOPbIX MPUMEHAIOTCA
nopo6Hble mMoaend. Onu TpebytoT 6oAblOro o6bema NOATOTOBMTEAbHOW Pab0Tbl U CAOXHbI B
peanM3auMuM U He MOAYYUAM AO HACTOALLEr0 BPEMEHM AOCTaTOYHOro pacnpoctpaHeHusi. Mpu
PElEHUA OHW yalle BCEr0 CBOAATCA K 3ajpayaM  AMHEAHOT0 AMO0  HEAMHEWHOro
nporpaMMUpPOBaHus.

Takum ob6pa3om, AAA pelieHUA 3aAaud KOMNAEKTOBAHMA Napka MaliMH NPOU3BOACTBEHHbIX
CTPOMUTEAbHbIX ~ OpraHM3auui  NPEACTaBASieTCA  Haubonee  apeKBaTHO  OTpaXarLwuMm
AEACTBUTEABHOCTb M YAOOHBIM B peaAM3auMW NPUMEHEHWEe MaTeMaTMYeCKOW MOAEeAM C
MCNOAb30BaHUEM HEAMHEWHOro nporpaMmMupoBaHus. Mpu 3TOM AAA YCTpaHEHMA HETOYHOCTEN B
pelleHun peKoMeHAYeTcA NPUMEHEHHWE LeAOYMCAEHHOTO MeToAa, MO03BOAAKOLEr0 M3bexaTb
NOSAIBAEHUA APOOHBIX BEAMYMH MO YNCAEHHOCTW MALIMH B Napke U He0OXOAMMOCTH NOCAeAy MAEH
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KOPPEKTUPOBKM MapKa, 4To, B KOHEYHOM cueTe, MO3BOAAET AOOMTLCA AyylIMX Pe3yAbTaToB
ONTUMU3ALMM.

BbiOop Kputepua OMTMMAALHOCTH [IPH  OMTHMHIAUHH [EPKA MALHH TPOH3BOACTBEHHBIX
Oprann3aLni

MeToAMKH, UCMOAb3YIOILME AN ONMUCAHMA  pPeanbHbIX NPOLECCOB  pa3sAMUHble
MaTeMaTHyecKue MOAEAU, OTAUYAIOTCA U N0 NPUHATOMY B HUX KPUTEPUIO ONTUMAABHOCTH.

B Hanbonee obuiem BuAE KpUTEPUIA ONTUMAABHOCTU UMEET BUA;

E—f(R(PP(),C(P())t) — ext (1)

rae: f- Hekotopas ¢opmMa CBAI3U MEXAY OTAEAbHbIMU COCTaBAAKOLWMMMU Kputepus; A -

pe3yAbTaT, NoAyyaemblid 0T paboTbl 06beKTa, P - BEKTOP NapaMeTpoB 06bekTa, XapaKTepu3yoLmx
€ro coCTofiHue; £- Bpems; C- 3aTpatbl Ha NOAYYEHUE pe3yAbTaTa.

Yuet BpemeHu B ABHOM BUAE NPUBOAUT K AMHAMUUYECKOW NOCTAHOBKE 3aAa4u U YCAOXKHSAET ee
peweHne. Ytobbl u3bexatb 3TOro, AMHAMMUYECKYH) 3apauy CBOAAT K CTAaTUYMECKOW, NMPUBOAA
pe3yAbTaT ¥ 3aTpaTbl K HEKOTOPOMY BpeMeHH 7, BbibpaHHOMY U3 coobpaxeHuit ya00CTBa.

Uckatouas 13 0606LIEHHOrO KPUTEPUS ONTUMAABHOCTH U NPEACTaBAAA 3aAauy Kak COBMECTHYH
OLEHKY ABYX cocTaBasiowMx R U C, MOXHO moAyuyuTb KpUBYHO pelueHun R = f{ C ), Ha KOTOpOi
0Ka3blBaKTCA Bap1aHTbl, HAUAYULLKE NO pe3yAbTaTy 1 N0 3aTpaTtam CpeAU MHOXeCTBa UCCAe AyEeMbIX
BapuaHToB (puc. 1) [1].

KoHkpeTtHaa ¢opma 00061EeHHOT0 KpUTEpUA ONTUMAALHOCTM £, TO ecTb popma CBA3U
pesyAbTaTa C 3aTpatamMu, OnNpeAensieTcA NATbI NMPUHUMNAMM, AeXalluM B OCHOBE CO3AAHUA
CUCTEMBI;

1. Kputepuii npubbiAM - yem 60oAbLLe NPUObIAL, TEM ONTUMAAbHEE CUCTEMA:

E=R—-C - max (Touka 1, puc.1.)

2. Kpwutepuit MakcuMyMa pesyAbTaTa Ha e AMHMLYY 3aTpar:

E = g - max (Touka 2, puc.1.)

3. Kpwutepuit mMakcumyma pesyAbTata npu 3aTpatax He Bbllle 3aAaHHbIX:
E =R - max; C < Cpuy (Touka 3, puc.1.)
4. Kputepuit MUHUMYMa 3aTpat Npu pesyAbTaTe He HWXe 3aAaHHOrO:
E=C->min;R = Rpin (Touka 4, puc.1.)
5. MNpuHuUMN  MakcMManbHOTO  NpUOAKEHHMA  IPPEKTUBHOCTM K  NOTEHUUAAbHO

AocTxumowmy: E = % - max (Touka 5, puc. puc.1.)

Kputepuu, onTumanbHble N0 KaKOMy-AM60 Npu3Haky, He OyAyT ONTMMaAbHbl N0 Apyromy. Aas
Kputepua Tuna" npubbiAM" / Touka 1 / 3Hauenue Y=dR/dC=1 , TaK Kak Touka 1 HaXOAMTCA Ha
HUcnaAaawlLelh BeTBU NPOU3BOAHOW KpUBOW peleHua dR/dC. NONOAHUTEALHOW BAOXEHUE 3aTpat
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ACNpUBOAUT K NOAYYEHUIO AONOAHUTEAbHOTO pe3yAbTaTa AR(AR>AC). B ¢BA3M ¢ 3TUM 3HAYeHUe V=1
paccMaTpUBaloT KaK KPUTUUECKOE, a BCE PELUEHUA NPU Y<I - 3KOHOMUYECKU HeLLeAeco00pa3HbIMM.

B cBA3u ¢ Tem, uto NpU onpeAereHHbIM 00pa3oM BbiOpaHHLIX OrpaHMYEHUAX Touka 4
OKasblBaeTcA AeBee TOYKU 5 ( B 06AACTM 3KOHOMMUYECKH HeLeAeco06pasHbiX peleHul Y < ),
aBTopbl [1] noaaraloT HeXenaTeAbHbIM MCNOAb30BaHUE KPUTEPUEB TMNA MUHMUMYMa 3aTpar WMAM
MaKCUMyMa pe3yabTata.

Kputepuu ¢opmbl OTHOLIEHUSI U GOPMbI OTHOLUEHUS NPUPALLEHUA IKOHOMUUYECKU Hauboree
uenecoobpasHbl. OAHAKO OHW He MOAYYMAM AOCTATOYHO LUMPOKOFO pPacnpoCcTpaHeHUs M3-3a
TPYAHOCTEH MaTeMaTUUECKOW pearu3aLumn peLleHus 3apay ¢ NPUMEHEHUEM ITUX KPUTEPUEB.

FesymTt Kpasas pemenmf R= £(C) N
N
N
3R N
Y=ot N
e 3\
/ | ™~ N
N
| N
: N
/2 N\ R}
N
N
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PucyHok 1. KpuBas peLueHuid B KOOpAUHaTaX " pe3yAbTar - 3aTpatbl”

Kputepuit popmbl npubbLIAM HaUMEHee IKOHOMUYEH B CMbICAE KO3dduuMeHTa Y=dR/dC v Tpebyet
OAMHAKOBOW pa3mepHocTM R U C. OpHAKO BCAEACTBUE CBOEH AMHEHHOW GOPMbI NMPU AUHEHHBIX
3aBucumoctax A U C oT $pakTopoB MOAEAU YAOOEH B KauecTBe LEAeBOM QYHKUMM B 3apauax
AMHEHOro NnporpaMMUpPOBaHHA.

Ha npaktMke HaubOAbLUMI WHTEpEC NPEeACTaBAAIOT OTBEPrHYTbieé C TOUKM 3PEHUS TEOpPUM
KpUTEPUU MAKCUMU3ALMKU pe3yabTaTa NpU OrpaHUUEHHOM 0Obeme pecypcoB U MUHMUMU3ALUU
3aTtpar npy ypoBHe pe3yAbTata He HUXe 3apaHHoro. E.M. KyapssueB [8] xapaktepu3yeT 3TM ABa
NOAX0AA KaK NPMHUMN MaKCUMHU3aLMK 3O PeKTa U MMHUMU3ALMK 3aTpar.
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MepBas ¢opma npepycMaTpuBaeT AOCTUKEHME MAKCUMyMa NOAe3HOro 3dpdeKkra npu AaHHbIX
3aTpatax pecypcoB, a BTopas - MMHUMMU3ALMUIO 3aTpaT PecypcoB ¢ 06A3aTeAbHbIM AOCTHXEHHUEM
3aAaHHOro noAe3Horo apdekra. Mpu HEU3MEHHbIX LEHAX MAaKCUMHU3aLUWa NPUOLIAM paBHOCHAbHA
MWUHUMH3ALMMK 3aTpar.

AsTtopbl [3] BbIABUTaIOT CAeAytOLMe 06wwmMe TpeboBaHUA K napameTpy ONTUMU3ALMU B TEOPUM
NAAHUPOBAHUA IKCNEPUMEHTA, KOTOPbIE TaKKe MOryT ObiTb OTHECEHbI K BbIOUpaeMoMy KpUTeputo
ONTUMAALHOCTH TPU ONTUMMU3ALMK NAPKa MaLWKUH. Kputepuit oNTUMaALHOCTU AONKEH ObITb:

1) 3dPEKTUBHBLIM C TOYKU 3PEHUA AOCTHKEHHSA LIEAH;
2) yHUBEpCAAbHBIM;
3) cratUCTUYECKU IPPEKTUBHLIM, TO €CTb ONPEAEA€HHbIM C AOCTAaTOYHOW CTEMEHbH)
TOYHOCTH;
4) KOAMYECTBEHHDIM;
5) umeloWUM PU3MUECKUI CMBICA, NPOCTLIM U AETKO BbIUNCASIEMbIM;
6) CyLeCTBYIOLWMM AASl BCEX PA3AMUHBIX COCTOAHUNA.
Mpu 3TOM KpUTEPHiA ONTUMAABHOCTU AOAKEH 0TBEYATb CACAYHOLLMM YCAOBHUAM:
1. 6bITb NpeACTAaBUTEAbHBIM, TO €CTb OTPAXaTb FABHYIO LleAb UCCAEAOBAHUN;
2. N03BOAAITb YUMTbIBATb CTOXaCTUYHOCTb MCMOAL3YEMBIX NAPaMeTPOB;
3. 6bITb "KPUTHUHBIM" B BapbUpyeMbIM napamMeTpam, T0 eCTb 3HaYUTEAbHO U3MEHATLCA NpPU
U3MEHEHUU NnapameTpoB;
4. n03BOAATb YUMTbIBATb HEONPEAEAEHHOCTb PSIAA NAapaMETPOB.

TpeboBaHHWe e AMHCTBEHHOCTU KpUTEPHUA (BbIABUTAEMOE OTAEAbHbIMU YYEHbIMU) NPEACTABASETCH
HEAOCTaTOYHO O0OOCHOBAHHbLIM, TaK KaK 3auyacTy0 MMEHHO MHOTOKPUTEPUAAbHbIE MOAEAH
NO3BOASAIOT MNOAYYMTb AYULLME C TOUKU 3PEHUA NPAKTUYECKOTO NPUMEHEHUSA PE3yAbTaThI.

Ha nporsxkeHun psApa AeT nNpU  NPOBEAEHWM UCCAEAOBAHMW NO  MaTemMaTUYECKOMY
MOAEAMPOBAHMIO U ONTUMU3ALUU NPOU3BOACTBEHHLIX MPOLLECCOB U CUCTEM BLIABUIAnCA LiEAbIA PAA
pa3AMYHbIX KpUTEPUEB ONTUMAALHOCTH, KaXKAbIA U3 KOTOPbIX UMEET KaK CBOW NPEUMYLLECTBA, TaK 1
HEeAOCTaTKH.

AHaAM3UPYA mMaTemaTHyeCKUe MOAEAM ONTUMU3aLMU NPOU3BOACTBEHHBLIX NPOLECCOB, MOXHO
BbIAEAUTb CAEAYHOLLUE KPUTEPUU ONTUMAABHOCTH:

1.  MuHumyMm 3aTpaT Ha KOMNAEKTOBaHME NapKa MaLUKH.
MuH1MMyM 3aTpaT Ha BOCCTAHOBAEHME NapKa MaLUWH.
MuWHUMYM KOAMUECTBaA TPAKTOPOB
MuHUMYM 06CAYXMBAOLLETO NEPCOHAAA.
MuHMMYM 3aTpaT Ha NPOCTOM MalLUH U 00LEKTOB.

o bk wbd

MuHMMYM BpeMEHH Ha BbiNOAHEHWe pabor.
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7. Makcumym BbipaboTKM MaLLKH.

Makcumym npubbIAK.
9. MWHUMYM MeXaHM3aTopOB.
10. MuHMMyM npuBeAEHHBIX 3aTpar.
11. U. MuHumym puddepeHumanbHbix ( CyMMapHbIX) 3aTpar,
12. Moaeau ¢ KOMAPOMUCCHBLIM ( MHTErPaAbHbIM ) KpUTEPUEM.
13. MHorokpurepuabHbie MOAEAM.

Buibop Kputepus ONTMMAALHOCTM OCHOBAH Ha LEAec000pa3HOCTU ero NpUMeHeHus B
pacuertax, Ha CTeneHW OTPaXXeHWsl C ero NOMOLLbH PeanbHbIX MPOU3BOACTBEHHLIX NMPOLECCOB, a
TaKke Ha ypobctee cbopa UHGOpPMALUM U NPUMEHEHUS BLIOPAHHOTO KPUTEPUA ONTUMAABHOCTU B
NPaKTMYEeCKUX pacyeTax.

Kputepun MMHUMYmMa CTOMMOCTM Napka MaLlWH, MMHUMyMa 3atpaTr Ha BCE TPaKTOpHble
pabotbl ¥ MMHMUMyMa KOAMYECTBA TPAKTOPOB, HEOOXOAUMbLIX AAA NMPOBEAEHUA KOMMAEKCHOMW
MexaHu3auuu paboT NPUMEHSIAMCb B Pa3AMYHbIX MaTemMaTUueckux Mopensx. o MHeHuio
HEKOTOPbLIX aBTOPOB, 06LLEee KOAMYECTBO TPAKTOPOB - HanboAee 00LLMIA NOKa3aTeAbHbIA KPUTEPUIA U
COCTaB TPAKTOPHOrO napKa, YAOBAETBOPANLWMA MUHUMYMY 3TOr0 KpuUTepua, MNO3BOAUT C
HaUMEHbLIMM KOAMYECTBOM TEXHUKW KOMMAEKCHO MeXaHU3MpOBaTb CEAbCKOXO3AMCTBEHHOE
NPOU3BOACTBO, MCMOAb30BaTb Ha KaXAOW oOnepauuu BO3MOXHO 6onee NpPOM3BOAUTEABHBIE
arperatbl Py HauAyYLLe 3arpy3ke napka U AOOUTLCA NPU 3TOM NPAKTHYECKU HAUMEHDBLUMX 3aTpaTt
TpyAa.

0OAHaKO, CAeAyeT OTMETUTb, YTO B COBPEMEHHBIX YCAOBMAX MUHUMM3auMA 06wero uucaa
MalluH B NMPOM3BOACTBEHHOW OpraHu3auuu npusepet K GOpMUPOBAHUIO Napka MaWWH C ABHbIM
npeobrapaHUeM MOLLHbIX, BbICOKONPOU3BOAUTEAbHBIX, HO M OYEHb AOPOTMX MaLUMH, TPEeOYoLIMX
3HauMTeAbHO 6OAbLIMX 3aTpaT Ha KX JKCNAyaTauMio. K Tomy e MCnoAb30BaHWE MalLMH ¢ Boaee
BbICOKMMM 3KCMAyaTaUMOHHbIMM 3aTPaTHbIH HA BbINOAHEHWE eAMHMUbI pabot (myctb U 6Goaee
NPOM3BOAUTEAbHBIX) OTHIOAb He Bcerpa obecneuMBaeT MUHMMYM 3aTpaT Ha BbINOAHEHME BCEX
paboT, T0 ecTb 3TOT KPUTEPUI HE 0OecneynBaeT ONTUMAABLHOTO PELLEHUSA 3aAaUH.

CyLLecTBYHOT MaTeMaTMYECKUE MOAEAH, B KOTOPbIX B KauecTBe ONTUMaAbHOCTH NPUHUMAIOTCSA
MUHUMaAbHble 06LMe 3aTpaThl Ha NPUOOpPETEHUE TEXHUKK, OAHAKO AONYCKAETCA U UCNOAb30BaHUE
APYrMX KpUTEPUEB, HANPUMEP, MUHUMYMa CyMMapHbIX NPAMbIX 3aTpaT Ha NPOU3BOACTBO paboT.

CAepyeT OTMETUTb, UTO MCMOAb30BaHWE B KauyecTBe KpPUTEpMA ONTUMAAbHOCTM MUHUMYMa
3aTpaT Ha KOMNAEKTOBaHMe Napka MallMH NO3BOASIET NPU HEOOALLLOH 3arpy3ke napka Bblbupatb
HauboAee AelleBble MalUMHbI, YTO NPUBOAUT K 3aKynkaM ManoNpOU3BOAMTEALHOW W MOPAAbHO
ycTapeBLUEN TEXHUKM.
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M3 aHanM3a HCNOAb3YeMbIX Pa3AMYHLIMM MCCAEAOBATEAIMM B MaTeMaTMUECKUX MOAENsX
KpUTEpUEB ONTUMAAbHOCTU, BUAHO, YTO CaMbiM PACNPOCTPAHEHHbIM, XOPOLO pa3paboTaHHbIM W
YAOOHbIM, AiBASIETCA, 6€3 COMHEHUA, KPUTEPUIA MUHUMYMA NPUBEAEHHBIX 3aTpaT Ha NPOM3BOACTBO
pabot, uCNoAb3yeMbll B NOAABASHOLLEM OOALLIMHCTBE MOAENEH.

MpumeHeHWe KpUTepua MUHMMYMa NPUBEAEHHbIX 3aTpaT Ha BbINOAHEHWE paboT no3BoAseT
yyecTb NpPaKTMYECKW BCE CTOPOHbI AEATEALHOCTM MPEANPUATUA, CBA3AaHHbIE C 3KCNAyaTauuen
MaLUKH U BbINOAHEHHBIMU 06bemamu paboTt. K Tomy Xe Kputepuit MUHMMYMa NPUBEAEHHbIX 3aTpat
cBA3bIBaeT uepe3 KO3IGPUUUEHT HOPMATUBHOW 3IOPEKTUBHOCTM KaMUTAAbHbIX BAOXKEHWH Takue
pa3HOpPOAHble 3KOHOMMYECKME NapameTpbl, Kak JKCMAyaTaLMOHHble 3aTpatbl U KanuTaAbHble
BAOXEHMUA.

Mo MHEHUI0 MHOrMX McCAepOBaTeAeid, KPUTEPUA ONTUMAALHOCTU MUHUMYM NPUBEAEHHBIX
3aTpaT Ha BbINOAHEHWEe paboT ABAAeTcA Haubonee 0O0CHOBAHHLIM KPUTEPUEM, AAIOLIUM TNpPH
pelleHnn NpaKTMYeCKUX 3apa4 Hauboaee COOTBETCTBYHOLIME peaAbHbIM NPOLLECCaM pPe3yAbTaThl.

Kputepuik MUHMMYMa NpPUBEAEHHbIX 3aTpaT B HauOOAbLIEN CTENEHU COOTBETCTBYET W
rA06aAbHOMY KpPUTEPUIO ONTUMAAbHOCTM, Bblpaxatowemy 3¢pPeKTMBHOCTb (QYHKLMOHUPOBAHMUA
HapOAHOr0 X03AWCTBA KAK 9IKOHOMUYECKOW CUCTEMbI.

B o6wwem BuAe LereBas GYHKLMA, MUHUMU3UPYIOLLAA NPUBEAEHHbIE 3aTpaTbl HA NPOU3BOACTBO
€AMHULbI TPOAYKLIMM, BLIFAAUT CAEAYHOLLMM 00pa3om:
F=C+EH*K - min (2)
rae C- cebecTtouMoCcTb eAUHULBI NPOAYKUMU; A yAEAbHbIE KAaNUTAAOBAOXKEHHS HA e AMHULY
NPOAYKUMU; £H- HOPMATUBHBIA KOIG~PULMUEHT IPGEKTUBHOCTU KAaNUTAAOBAOXKEHHIA.

Bo3paxeHUa NpoTUB NPUMEHEHUA KPUTEPUA MUHMMYMaA NPUBEAEHHDIX 3aTpaT 3aKAKOUYaloTCA Yalle
BCEro B TOM, YTO OH He OXBaTbiBA€T AOCTAaTOYHO MOAHO KakuUe-AMO0 CTOPOHbI AEATEAbHOCTH
NpeANpPUATHIA, HanpUmep, HeAOCTaTOYHOCTL TPYAOBBIX PECYPCOB, HEBO3MOXHOCTb NPUOOpeTEHUs B
NOAHOM 06beMe XXenaeMoi TEXHUKH U T.A.

MonbITKW yyeta GaKTOPOB, HEe OTPaXaeMblX KPUTEPUEM MUHUMYMA NMPUBEAEHHLIX 3aTtpar,
npeAnpPUHUMAAUCb MHOTUMM UCCAeAOBaTEAIMUA. B maTeMaTUuecKoi MOAEAH YUUTbIBAAUCH 3aTpaTbl
Ha npuBAeUYeHHe pabounx B HaNPSXKEHHbIE NEPUOABI U COAEPXaHUe MeXaHU3aTopoB, NpeAAaraeTcs
AOMOAHMTEALHO YYMTbIBATb MOTEPU ypOXKasd, CBA3AHHbIE C BbIMOAHEHUEM CEAbCKOXO3AWCTBEHHbIX
pabot B AONyCTUMbIE, HO HE HAUAYYLLKUE arPOTEXHUYECKUE CPOKU U T.N.

Pap uccrepoBaTenel OTMeYaeT, YTO0 MCMOAb3OBAHWE NPU pPeLieHUU 3apaud TOABKO OAHOFO
KpUTepus ONTUMAAbHOCTM HEAOCTAaTOYHO U HEOOXOAMM YueT pa3AMYHbIX CTOPOH AEATEAbHOCTH
NpeAnpUATHNA.
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MoxHo, Hanpumep, paccmaTpuBaTb 3aAaqy COBMECTHOM ONTUMMU3aLIUK COCTaBa Napka MaLuMH
U notpebHoCTH B MexaHu3aTopax. lpu 3TOM BBOAMTCA KPUTEPUIA WHTErPaAbHbIX (COBOKYMHbIX)
3aTpar, KOTOpbIA UMEET CACAYHOLLYHO popMYy:
Cy=Ct+E, xKyp*Ey;*xN 3)
rae Cy - KPUTEPUIA MHTErpaAbHbIX NPUBEAEHHLIX 3aTpaT; Cf - NpAMble IKCNAyaTaLUOHHbIE
3atpartbl; £% - KO3OPULUEHT NPUBEAECHUA U3AEPXKEK NPOU3BOACTBA, CBA3AHHBLIX C BAOXEHWEM B
TEXHUYECKHe (OHAbI, NPUBEAEHHbIE K FOAOBOW PasMepPHOCTH ; A - KanuTaAbHble BAOXKEHWS B
MaLIUHbl U ApYrUe TeXHUYECKUEe GOHAbl , CBA3AHHbLIE C UCMOAL30BAHWEM Napka MaluH; £y -
KO3OQULMUEHT NPUBEAEHUA K TFOAOBOM pa3mMepHOCTH U3AEPXKEK NPOU3BOACTBA, CBA3AHHLIX C
OTBAEYUEHUEM TPYAOBBIX pecypcoB; /- ucnoab3yemble TPYAOBbIE pecypcbl (MEXaHM3ATOPbI).
KoadpuuueHT npuBepeHust £ 3aBUCUT OT CPOKOB CAYKObI MaLIMH M YCTaHAaBAMBAETCA U3
BbIpaXEHUS:

, _ Eex(1+EQ™
k™ (1+E)TM-1 “)

rae £x - HopmatMBHbIA KO3GOUUUEHT 3IDPEKTUBHOCTU KanUTaNOBAOXKEHWUH; T, - CPOK
CAYXObI MaLLUH.
Koa¢pduuuent £7% MO aHanorum ( ¢ y4yeToM TPYAOBOro NepuoAa MexaHU3aTOpOB)
yCTaHaBAVMBAIOT U3 BbIPaXKEHUA:
. Egx(1+Ep)™™
H (14E) ™1

rae £y - KO3QOUUMEHT 3QPEKTUBHOCTM WCMOAb30BAHUS TPYAOBBLIX pecypcoB; £, -

()

KO3GOULUMUEHT IPPEKTUBHOCTU WCMOAL30BAHUA OCHOBHLIX MPOU3BOACTBEHHLIX GOHAOB; 7Ty -
TPYAOBOW Nepuop mexaHuszatopos (7y= 40 aet).

MonbiTKK COBMECTHOTO yuyeTa PpasAUuYHbIX KPUTEPUEB ONTUMAALHOCTU MPUBOAAT K
NOABAEHWUI0 KOMNIPOMUCCHbIX (MHTErPaAbHbIX) KPUTEPUEB ONTUMAABHOCTH.

dopmHUpOBaHWE MHTETPAAbHOTO KPUTEPUSA OCYLLECTBAAETCA pPa3AMYHbIMM cnocobamu.
Haunbonee yacto oH GopmMyAupyeTcs B BUAE B3BELLEHHOH CyMMbI, TO €CTb

Y =3k a;+Y (6)

rAe a; - BecoBble KO3OOULMEHTbI /- TO KPUTEPUA ONTUMAAbHOCTU; Vi - /- W KpUTEpUi
ONTUMAAbHOCTH.

Kak BMAHO, B A@HHOM CAyyae 3apjaya CBOAMTCA K OAHOKPUTEPMAAbHOW 3ajaye, a pasnMyHble
AOMOAHUTEAbHbIE YCAOBUA MOXHO YyecCTb MyTeM BBEAECHUA AOMOAHUTEAbHLIX OrpaHuueHui. Mpu
OTbICKAHMM KOMMPOMMCCHOrO MNAAHa B AyulleM CAyyae LWKaAy MOYTEHUA KPUTEPUEB MOXHO
OTbICKaTb HA OCHOBE 3KCMEPTHbIX OLEHOK CNELWAAMCTOB B BHMAE HEKOTOPbIX BECOBBIX
K03bOULMEHTOB; NpH
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CyLiecTBYIOT TaKke M ApyrMe cnocobbl OTbICKAHWSI KOMMPOMMCCHOTO MAQHA C HECKOAbKMMM
KpUTEPUAMU ONTUMAABHOCTH; - "METOA ONTUMAALHOrO KOMMPOMMCCHOIO NPOEKTUPOBAHUA";
METOA MOAYYEHMA KOMNPOMMCCHOrO cybontumanbHoro naaHa (metop WM. HbikoBckoro); -
OCHOBaHHbIW Ha "Teopuu urp" metoa X. K0tTAepa;

- meToA A. M. OHULLEHKO U PAA APYTHX.

E.C. BeHTuenb [6] oTMeuaeT, 4To BbIOOP MHTErPAaAbHOTO KPUTEPUS ONMTUMAALHOCTH Kak B
BUAE "B3BELIEHHOW CymMbl", TaK U B BUAE CBoeoOpasHoi "ApobU" , B uuMCAUTEAE KOTOPOM
HaxoAATCA BeAMUMHbI. YBEAWYEHUE KOTOPbIX XeAaTeAbHOe Hanpumep, AOX0A), @ B 3HameHateae -
BEAMYUHbI , YBEAUUEHUE KOTOPbIX HeXenaTeAbHO (HanpumMep, pacxoAbl), Kak NpaBUAO, HEONIPABAAH,
TaK KaK NpaKTMyecku He u36aBaseT 0T CYOLEKTUBHOCTM NPU NPUHATAM pelleHua. Takou
cyObeKTMBM3M 0COOEHHO BEpOSITEH NpPU PELIEeHUH MHOTOKPUTEpUaAbHbIX 3apau. lMpu atom
NPpUMEHeHMe  MaTeMaTMyecKoro annapata MCCAEAOBAaHMA  ONepauuii Npu  pelleHuu
MHOTFOKPUTEPUAALHBLIX 3aAauy MO3BOAAET, BO-NEPBbIX, pellatb NpAMble 3apayu UCCAeAOBaHUA
onepauui, T0 ecTb AN AHOOOT0 peLeHus X HAX0AUTb 3HaUeHUA noka3satenen apdektuBHoctu W...Wn
, W, BO-BTOpLIX, NO3BOASIET OTCEUBATL 3aBEAOMO HeyAauHble pelleHusi, Co3AaBad MHOXECTBO Tak
Ha3blBaeMbIX 3QPEKTUBHLIX (MAU "napeToBCKUX") pelleHnid. IPpdeKTMBHBIMU (" napeToBCKUMU™)
Ha3bIBalOTCA TaKMe PeLUeHUs 3aAaumn, AN KOTOPLIX He CYLLECTBYET AOMUHUPYIOLLMX PeLLEeHUI.

Kak 0AWH 13 cnoco60oB peLieHns 3apau ¢ MHOTOKPUTEPUAABHBIMU MOAEAIMU MOXHO NPOBOAUTL
npoLeAypy CBEAEHUA MHOTOKPUTEPUAALHOM 3aAaud K OAHOKPUTEPUAAbHOM, 3aKAIOYAIOLLYHOCA B
BblAEAEHUU OAHOTO (TAQBHOI0) KPUTEPUA U €70 NOCAEAYIOLLEN MAaKCUMU3AaLMKU (MUHUMU3ALMK). Mpu
3TOM BCe OCTaAbHble MoKa3aTeAu-KpUTepuU NPeACTaBAAIOTCA B MOAEAM B BUAE OrpaHUYeHuid, To
ecTb GaKTMUeCKH 3apaua NpeAcTaBAdeTcs Kak 00bluHas 0AHOKpUTEPUAAbHAsA MOAEAb. Ele opHUM
cnoco6om NoAy4eHUs: KOMNPOMUCCHOTO PELLEHUA ABASIETCA METOA MOCAEAOBATEAbHbLIX YCTYnoK",
KOTOpbIA 3aKAlOYaeTcsi B cayloleM. CHayana MaKCUMMU3UPYETCA TAABHBbIW KpUTepuil. 3atem
Aenaetca Hekotopas "ycTynka" AN MaKCMMM3aLMW BTOPOro no BaXXHOCTH KPUTEPHA, NPUUYEM Ha
nokKa3aTenb HaKhaAbIBAeTCA CAEAYIOLLEE OTPDAHHYEHHE: OH AOAKEH OblTb He MeHee, 4Yem
onpeapereHHOe 3apaHHoe 3HauyeHue. OTbICKMBAeTCi ONTUMaAbHOE pellieHue N0  BTOPOMY
noKasaTeAal U T.A.

B kauecTBe npumepa MHOrOKpUTEpPUAAbHOM 3aAaul, KOTAA ONTMMaAbHOE pelleHWe HaxoAUTCA
N0 HECKOAbKMM KPUTEPUAM ONTUMAALHOCTH, MOXHO NPUBECTH CAEAYHOLLYI0 METOAUKY. PaspaboTka
MOAEAHU CBA3aHa CO CTPEMAEHUEM "CrAaAUTb MUKK" TOAOBOTO rpaduKa BbiMOAHEHUSA PaboT U Tem
cambim 06ecneuntb Honee paBHOMEPHOE UCMOAb30BAHUE TEXHUKH.

B ocHOBE MHOrOKPUTEPUAALHOW ONTUMMU3ALUU AEXXUT MOAEAb OUKpUTEPUAALHOW ONTUMU3ALIUMU
BUAA:

L=F(X,Y) - min (7)
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CraButcA 3apaua: HAWTU OAHOBPEMEHHO:
minF, = ¥; Y Yo Cijie * Xiji + max (X X Xiji) * B 8)
min ¢ =max,(X; Y ; Xij) 9)
rae F-- ropOBble NPUBEAEHHbIE 3aTpaThl; @ - 06Liee MaKCMMaAbHOE KOAWYECTBO TPAKTOPOB
B OAHOAHEBHOM nepuoAe; AXjx - HEU3BECTHOE CYTOYHOE KOAMYECTBO MalLMH; Cjx - CYTOUYHbIE
3KCNAyaTaLMOHHbIE 3aTpaTbl arperatoB (6e3 0TYUCAEHUI Ha PEHOBALIUIO).
3HaueHue bj ycTaHaBAMBAIOT U3 BbIPAXEHUA:
_ l
bj = C; » (0, + En) + X1y A+ (0 + En) * G (10)
rae X, X;- cooTBeTCTBEHHO 6anaHCOBaA CTOMMOCTb 3HEPTOMALLMUHbI U CEAbXO3MALLHUHBI; /1%7

- KOAMYECTBO MaLUMH TMNa 1, BXOAALLMX B arperar ¢ 3HepromMaluMHouM Tuna jHa /- u pabore; 0y, Oy, -
COOTBETCTBEHHO KO3PUUUEHTbI NOCTOAHHBLIX 3atpaTr ( TO, PEMOHT U T.A.) 3HEProMaliuH H
CEAbXO3MalLLUH.
Mpu pewieHnn 3apaumn yctTaHaBAMBAKOTCA CAEAYHOLLME OFPaHUYEHUA:
1. CyTouHbI1 06be€M PabOT BbINOAHAETCA NOAHOCTbIO:
22 2k Wijie * Xije = 2i 2k Quk (11)
rae Qix- CyTOUHbI 06bem paboTbl / NOAAEXALLMIA BbINOAHEHUIO B NEPUOA A
W ~ cyTouHas npou3BOAUTEALHOCTL MALIMHHOTO Napka Haw /-i pabote ¢ j-i 3HeproMallMHON B
k - # nepunop;
2. HeusBecTHOE KOAMYECTBO arperaToB - HEOTPULATEAbHAS BEAUUMHA:
Xijk =20 (12)

Bo3MOXHO TakkKe MCMNOAb30BaHME B METOAUKE APYIMX KPUTEpUEB, MNO3BOAAHOLLMX
MUHUMU3WPOBATL LEAEBble (QYHKUMM - TEKylux 3atpar, notpebHOCTM B MexaHM3aTopax,
METaMOEMKOCTU U KANUTAAOBAOXKEHHUH U T. A.

Mpu pelweHnn 3apaunm HaXOAAT ONTUMAAbHbIE PELLEHUA NO KaXAOMY U3 KpPUTEpUEB, a 3aTeM
Haxo0AAT KOMMPOMMUCCHbIA NAAH, ABMrascb OT ONTUMAAbHOTO MO OCHOBHOMY KPUTEPHIO
(npuBeAEHHBIM 3aTpaTaM) NA@Ha B HanpPaBAEHUU ONTUMAAbHBIX N0 APYrMM KPUTEPUAIM NAQHOB.

PeweHne MHOroKputepUaAbHbIX 3apau 06blYHO TpebyeT oueHb HOALLIOFO MAacCHBa UCXOAHbIX
AQHHbIX U 60AbLIMX 06LEMOB BbIUMCAEHUI (AdXKe NpU NpeABapUTEAbHbIX NOAcYeTax). B pe3yabtate
3TOr0 MHOTOKpUTEPUaAbHble MOAEAU He MOAYYUAM A0 HACTOALLEr0 BPEMEHM LIMPOKOro
pacnpocTpaHeHus.

AHanM3  npepnaraemblX  PasAMUHBIMM - UCCAEAOBATEAIMM  MaTEMATUUECKUX  MOAEAEH
ONTMMU3aLMK Napka MalUWH NOKasan, 4to Haubonee 000CHOBAHHbIM, AOCTATOYHO AETKO
peansyeMbiM W AAlOWMUM aAEKBaTHble AEHCTBUTEAbHOCTM pe3yAbTaTbl FABASETCA KPUTEpUi
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MUHUMYMa NPUBEAEHHBIX 3aTpaT Ha NPOM3BOACTBO pPaboT, UTo U NO3BOASET PEKOMEHAOBATbL €ro
Npyv NpoBeAEHUN AAAbHENLLIMX UCCAEAOBAHMIA.
BbiBOABI:

OCHOBHbIM YCAOBMEM CHWKEHMSI 3aTpaT Ha IKCMAyaTaLMI0 SIBASIETCA OMTMMAAbHOE KOMMAEKTOBaHWE
CcOCTaBa Napka MalL1H B OpraHU3aLusIX.

YuntbiBasi T0 0OCTOATEALCTBO, UTO B CKAAABIBAIOLLMXCA B HACTOSAILLEE BPEMS IKOHOMMUECKMX YCAOBUSIX
OTAGAbHbIE OpraHU3auMM MOTYT MCTbTbIBATb HEAOCTATOK CPEACTB AN NMPUOOPETEHMA M IKCTAyaTaLMU
Hanbonee 3GHEKTMBHOIA, BbICOKONPOU3BOAUTEALHOM, A, CACAOBATEALHO, U B0AEE AOPOTOi TEXHUKH, a Takke
UMETb 3HAUUTEAbHbIE TPYAHOCTW, CBAI3aHHbIE C HEMOAHOM 3arpy3KO MalUMH, PELEHWEM 3THX U APYTHUX
BONPOCOB MOXXET ObITb CO3AaHWE, Hanpumep, 6a3 MeXaHU3aLMK AW NPOKATHBIX 6a3, HA MEXX03AUCTBEHHOM
YPOBHE peLuatoLLmx npobaemy Hanbonee 3pHEKTMBHOM IKCNIAYaTaLUU TEXHUKN.

MNpeparaemble B KauectBe paboyero MHCIPYMEHTa ANA PeLLEHUS BOMPOCOB KOMMAEKTOBAHUA MapKoB
mawuH MCO meToaMKa pacueta M MateMaTtiueckasi MOAEAb C MCMIOAb30BAHWEM HEAMHEMHOTO LIEAOYMCASH-
HOr0 NPOrPaMMMPOBaHKA NO3BOAAIOT NMPOBOAMTL KaK pacuyeT napka MaliMH AN BHOBb CO3AQHOLLMXCS
OpraHM3auMii, TaK U ONpeAeMTb MapK C YYeToM WMEHLLENCA B OpraHM3auusax TexHuku. Mpu 3tom
onpeAeAcHWe Napka MaLLMH MOXET MPOBOAMTLCA U WA OTAENLHBIX OPraHM3aLWKA, U C YUETOM MEXXO3ANCTBEHHOM
UCTIOAL30BAHMA TEXHUKN.

Pa3pabotaHHas MeToAMKa N03BOAAET 3HAUMTENLHO (Ha 20 - 30 % CoMacHo NPOBEAEHHBIM NPAKIMUECKUM PacyeTaM )
CHM3UTb IKCTVYaTALWMOHHbIE 3apaTbl HA COAEPXAHWE NapKa MalLMH B PEanbHbIX MPOU3BOACTBEHHBIX OPraHM3aLVsX,
IMaBHbIM 00a30M 33 CYETYMEHBLLIEHNS aMOPTU3ALIMOHHBIX OTYUCEHWIA.
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HaunoHanbHbI UcchepOBaTeAbCKUI yHUBEPCUTET « MUIT»

Abstract. Nowadays digital signal processing plays a vital role in communication systems. This
paper presents design solution for all-digital PLL (ADPLL) in which all functional blocks have been
synthesized from standard digital cells. All subblocks of general top level circuit are described in detail. It is
also presents simulation of proposed ADPLL circuit.

Keywords: digital controlled oscillator, all-digital phase locked loop, digital loop filter, phase
detector, standard cell library.

Annomayua. Ha ceeoonsawnuil Oenv yugppobaa obpabomka cuenasa uepaem Baxuyio poas 6
cucmemax c6a3u. B smoii cmamve npedcmabien Bapuanm OnUCAHUSA CXeMbl NOAHOCHIbIO YUghpoBoil
¢hasoBon abmonodcmpoiixu uacmomu (PAIIY), 6 komopotl Bce PyHKYUOHAALHBIT OAOKU CUHIME3UPOBAHDI
6 bubauomexy cmandapmuuix yudpobuix 1emenmob. Bee nodbaoku cxemwt Bepxteeo ypobrs nodpodHo
onucansl. Taioke npedcmabaensl pesysvmams MoOesupobanus cxemol noanocmsio yugppoboi PAITY.

KatoueBoie caoBa: eenepamop c uyugpobvim ynpabaenuem, noanocmuvio yudppobas ¢paszobas
aémonodcmpotixa, yugpoboi nemaeboi gurvmp, dasobuiii demexmop, cmAHOAPMHAA OUOAUOMEUHASA
AvelKa

PasButMe KOMMOHEHTOB W TEXHONOTWI TpebyeT COBEPLIEHCTBOBAHWA METOAOB 00paboTKu
curHanoB. C ymeHbLIEHHEM Pa3MepOB KPUCTAMOB CTaHOBUTCA Bce 6oaee TPyAHOM 3apaueii CTPOUTbL
CAOXHble aHaAOroBble CHUCTEMbl 00pabOTKM CUrHanOB M He noAyyaetca A06UTbCA Tpebyemoit
TOYHOCTH. B CBA3K C 3TUM yBEAMUMBAETCA KOAMYECTBO 3aAay, CBA3aHHbIX ¢ 06paboTKoii uMdpoBoro
CUrHana, Korpa obpabatbiBaeTcA OUMPPOBAHHLIA AHAAOTOBLIA CUrHaA. LiuppoBor maplupyt no
CPABHEHHUID C aHaAOroBbiIM 06AapaeT BeCOMbIMM NpeuMyLlecTBaMM, Hanpumep, npocras
HacTpoWka, 0oAbllas TOYHOCTb M MNPEACKA3yemocCTb, AOCTYMHOCTb LMPPOBOr0 MapLuipyTa,
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He3aBUCUMOCTb OT TEXHOAOTMUYECKMX YXOAOB WU YCAOBMM 3KCNAyaTauuu (Temneparyp, HanpsKeHWn
NUTaHUA U T.A.). Tak AAA paboTbl CO CAOKHOM aHAAOrOBOM CXeMoi TpebyetcA cepbe3Hbld ONbIT U
NOArOTOBKA, B OTAMYMUE OT LUPPOBOM CXeMbl, FA€ B 00wEM MapLlupyte TpebyeTcs AvWb 3apaHue
HE0OX0AMMbIX NapaMeTPOB NPU CUHTE3€E NOAHOCTbIO LIUGPOBOM CXEMDBI.

boictpoe macwrabupoBaHue KMOI TexHOAOTMM NPUBOAMT K YAYYILEHUHD CKOPOCTHbIX
XapaKTePUCTUK, YMEHbLUEHUID MUTAHUA WU YBEAUYEHUID MNAOTHOCTM pa3MeLlLEHUs LUPPOBBIX
3AEMEHTOB, B TO BPEMA KaK aHaAOroOBble CXEMbl CTPAAAIOT OT YMEHbLUEHUA HAaNPXKEHUA NUTAHUA 1
yBeAMueHUsl TOKOB yTeueK[1]. MoaTtomy aHaAOroBbIi CUrHaA CTaparoTcA nepeBecTi B UUGPOBOW U
UCNoAb30BaTh LMppoBYy0 06paboTky curHana. Lupposaa obpabotka TpebyeT TOUHLIA BpEMEHHOM
KOHTPOAb, ANF Yero HE0HXOAMM BbICOKOUYACTOTHBIN TAKTOBbIA CUTHAA.

Cxema QAMY 6bina paspabotaHa A MPUMEHEHMA M MHTErpauuMM B CXemax, rae Tpebyrotea
HECKOAbKO YacTOTHbIX AOMEHOB M He00X0AMMA BbICOKas 4acToTa TAKTOBOTO CMrHaAa AAA ObICTPOW
06paboTKM AaHHbIX. B TakMx cxemax YCAOXHAIOTCA TpeboBaHWUA MO AKUTTEpPY M NO3TOMY
BbICOKOYACTOTHbIA CUTHaA AONKEH 00napatb cTabuabHOCTbIO yactothl. QAMY  dopmupyet
BbICOKOYACTOTHbI# TaKTOBbIA CUTHAA MO 3aKOHY BbICOKOCTAOMALHOTO HM3KOYACTOTHOTO OMOPHOIO
curHana. OHa no3BOASIET YCTPAHWUTL 3AAEPXKKY MEXAY BHEWHUMWU U BHYTPEHHUMMW TaKTOBbIMM
CUrHaAaMM, BbiI3BaHHLIMU 3aAEPXKKOM HA AOTUYECKUX BEHTUASIX U Napa3UTHbIX EMKOCTAX HA LIMHAX
MEeTaMUUYECKOW pa3BOAKM. JTa 3aAepXKa NPUBOAUT K YBEAMUEHUID BPEMEHM  YCTAaHOBKU W
YAEPXaHUA BXOAHbIX MU BbIXOAHbIX CUTHAAOB M SIBAIETCA OrpaHMueHMeM B pa3pabotke cUCTEM C
BbICOKOW TaKTOBOM yactoToi. TpapuumonHo PLL paspabatbiBaeTtc Ha OCHOBE aHAaAOrOBbIX CXEM.
OAHAKO MHTErpauus aHaAOrOBOW CXeMbl Ha MaTpuue C UUPPOBLIMU CXeMaMu MMeeT OOAbLLOH
06beM reHepupyemblX LUPPOBLIX LWYMOB, UTO Bbi3bIBAET NOMEXU HA YNPABAAIOLEM HaNPSHKEHUM
I'YH. Kpome TOro, npu CHWKEHUM NUTAHUA OrPaHUYEHHbIW 3anac HaNPSHKEHUA 3aTPyAHAET
npoektupoBaHue TYH u3-3a orpaHWueHUs HanpsHKeHWUs nepectpoiku Vryne. UToObI npeoponetb
Takue nNpobAeMbl, UCMOAL3YETCA NMOAHOCTBIO UMdpoBas ¢pa3oBas aBTonoAcTporka (ADPLL). Cxema
ADPLL, pean13oBaHHas Ha CTaHAAPTHbIX AOTMUYECKMX BEHTUAAX, AETKO MEPEHOCUTCA Ha ApYrow
NpoLEecC, UMEHT MEHBLLYH MAOLLAAL U OTAMYHO MOAXOAUT AAA NPOEKTUPOBAHMA HU3KOBOALTHBIX SOC,
N0 CpaBHEHWI0 C TPAAMLMOHHOW aHanoroBoi PLL 6aaropaps OTCYTCTBMIO aHAAOTOBbLIX Y3AOB W
MEeHbLUEro noTpebAeHus.
brok-cxema ADPLL npeactaBaeHa Ha pucyHke 1. OHa BKAKOYAeT B cebs uetbipe OCHOBHbIX 6A0Ka,
KoTopble BMecTe GpOpPMMUPYIOT 3aMKHYTYH0 cUcTeMy obpaTHOM cBfA3U. Pa304acTOTHLIA AETEKTOp
(PFD) onpependet pa3aMuma B yactote U ¢pase MeXAYy BXOAHbIM ONOPHbIM CUrHAAOM U BbIXOAHbIM
curHanom. FeHepatop ¢ uudposbim ynpasaeHuem (DCO) BbicTynaeT B POAM BbICOKOYACTOTHBIX
CcUCTEMHbIX YacoB. Liupposoi Gpuabtp (DLF) dopmupyeT ynpaeasiowyo UHCTpyKuuio ana DCO ¢
LLleAbl0 NMOAyYeHUsi HeobX0AMMOro curHana Ha Bbixope. Aeautenb uactotbl (DIV u DIV16) 3apaer
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KO3 PULUEHT YMHOXEHHUA Pe3yAbTUPYIOLLEH YacTOTbl Ha BbIXOAE, OTHOCUTEABHO BXOAHOW OMOPHOM
yacToTbl NyTeM AeAeHUA TakToBOW YacToTbl DCO.

df _unit f_unit
PFD reset 'l reset DLF reset oo
chi_ref W - clcrel - up e Gy e—— - up q<E3O> - - ot coarse_tune<B3:8> cli_deo  —mmm—e— P clk_dco
clk_doo - dn dn 1<83:8> fine_tune<63:6>

dpo_unit

o
:

m reset
reset —EE—-———r DIV16 - reset

div_unit clk_ref
clk_dce

—— clk_div ok doo |

- —
- ¢lk_div
plus |-
Dy minus

n_init<4g>  (—mmm——a n_init<4ie>

PucyHok 1. brok-cxema ADPLL

(®a30Bblii AeTEKTOP CpaBHUBAET a3y BXOAHOTO OMOPHOr0 CMrHaAa M NMOAEAEHHbIA CUrHaA
DCO u BbipaeT curHan owMbKKU, KOTOPbIA NPONOPLMOHAAEH pa3HOCTH ¢pa3. EcAau onopHas yactoTa
0TAMYHA no ¢da3e oT BbIXOAHOW, ADPLL Heo6xoaMmoO COOTBETCTBYHOLIMM 06pa3om NOACTPOUTH
BbIXOAHYI0 yacToTy. Cxema PFD uzobpaxeHa Ha pucyHke 2

VDD a uP

D
Kk REE N
RSTN é ;
VDD /[\ RSTN < DN
D Q

CLK_DCO
E— P

PucyHok 2. Cxema PFD

(ha30Bblil AETEKTOP NOCTPOEHHLIN Ha D Tpurrepax aBAseTc Haubonee pacnpocTpaHeHHbIM U
apdekTuBHbIM. OH paboTaeT No QGPOHTY CUrHAaAOB WU, CAEAOBATEAbHO, MOXET ObiTb AOCTUIHYTO
MrHOBEHHOE KOppeKTUpytoLwee peicteue [2]. 0AHMM BXOAOM AABASIETCA ONOPHAsN YyacToTa, a BTOPbIM
BbIxoAHaA yactota DCO, nopeneHHas Ha peautensx DIV u DIV16. OHM MCNOAL3YHOTCA AAA YCTAHOBKK
u cobpoca D Tpurrepos. Mepuoa BpeMeHu, B TEYUEHHE KOTOPOrO BbIXOAbI Q TpUIrepoB ABAAKOTCA
Aoruueckon 1, nponopuuoHaneH ¢pa3oBom ownbke. Boixop PFD 3aBUCHT KaK OT ¢a3bl, TaK U OT
4yacToTbl CUTHAAA.
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Ecau nepepHunid poHT BbIX0AHOTO curHana DCO onepexxaeT GpOHT ONOPHOTO CUrHaAa, BbIXOA
DN ¢a3oBoro petekTopa yctaHaBAMBaeTcs B 1, noka3biBas, YUTo HE06X0AMMO CHU3UTL yacToty. Ecan
dpoHT onopHoOro curHana onepexaet Bbixop DCO, Bbixoa UP yctaHaBAMBaeTcA B 1, noka3biBas, uto
Heo6xo0AMMO NoBbICUTL YacToTy. 06a BbiIxoAa ycTaHaBAMBAOTCA B 0, KOrAa NeTAs «3alueAKHyAach» U
Ha BbIXOA€ NOAyuyeHa HeobxoAuMas yactota([3].

CuvrHanbl UP u DN noctynator Ha uudpoBoi ¢uabtp. B npeacraBreHHoi cxeme ADPLL
MCNOAb3YyeTCA LMPPOBOKH GUABTP C ABYMA peBEPCUBHLIMU CUeTYMKaMMU. MepBbld UCNOAL3YETCA AN
rpy6oii noactpoiiku DCO 1 nocTpoeH no npuHuuMny Gerywei eAuHULbI. BTopoit ucnoAb3yeTcs AAA
TOHKOW HaCTOWKM M NOCTPOEH NO NpuHLUNY berywen eAMHULbI C HAKoNAeHWeM. B 3aBucumMocTy ot
curHanoB UP u DN cuetuuku cuutalor B npsiMom, AWbo obpatHom HanpaBaeHuu. 06a cueTumka
06HyAsl0TCA, KOrA@ cOAepXuMoe npeBbiwaeT A-1 u B-1. Ctapuuii 1 MAaAWIMIA 3HAuawme OuThI
CYETUMKA TOHKOW MOACTPOMKM MCMOAL3YHOTCA KaK CHUrHaAbl «NepeHoca» AAA CYeTuMKa rpyboi
NoACTPOWKHU[4]. MoAyueHHble 3HAUYEHUA HaA BbIXOAAX CYUETYMKOB MOCTYNAlOT Ha BXOAbI YNIpaBAEHUSA
DCO.

flapom ADPLL aBAsetca reHepatop ynpaBasieMblid uMppoBbiMM curHanamu (DCO). DCO
ABAAeTCA uuPpoBbiM aHanorom IN'YH. OCHOBHOM LieAbO ABAAETCA NOAHOCTLIO UCKAOUHTb aHAAOTOBbIE
y3Abl U NPoOAEMbI NPOEKTUPOBAHUA aHAAOTOBbLIX GAOKOB, MOAYYUTb MOAHOCTBIO CUHTE3UPYEMYH) B
uudposom mapLupyte cxemy ADPLL. Moatomy B npeAcTaBA€HHOM cxeMe ucnoab3yetca cxema DCO Ha
OCHOBE KOAbLEBOro reHepatopa. lpeactaBaeHHas Ha pucyHke 3 cxema DCO Bkatouaet B cebs
KOAbLIEBO# reHepaTop ¢ Habopom cTyneHeu rpydbow 1 TOHKOH NOACTPOMKM

reset
clk_dco
[ coarse_tune<A-1: coarse_tune<1> coarse_tune<0>

fine_tune<B-1:0> nyn nyn ngn

fine_tune<B-1:0> | ’—‘ I I_T?
l

UP | DN delay
cell
| I

PucyHok 3. baok-cxema DCO

interpolator

B cratbe npeactaBAeHa MNOAHOCTbIO pabouas cxema ADPLL, kotopas 6bina pa3spabotaHa
npomoaeaMpoBaHa ¢ nomowpbio Verilog HDL U cuHTe3upoBaHa ¢ UCNOAL30BAHWEM CTaHAAPTHBIX
6ubAHOTEUHBIX fYeeK. Ha pucyHke 4 nokasaHbl pe3yAbTaTbl MOAEAMPOBAHWUA NOBEAEHYECKOIO
onucaHua cxembl B cpepe Cadence SimVision.
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PucyHok 4. Pe3yAbTaTbl MOAEAMPOBAHUSA
nosepeHyecKkoro onucaHua cxembl ADPLL

Ha pucyHke 5 mMoXHO yBUAeTb, uto netan ADPLL «3alieArkuBaeTca» MOCA€ HECKOAbKUX
LIUKAOB.

Mams g Cunor v [ EREERIGIE 3.059,.600n: 3,059, 700n: 3,059,000n |E.E'JE|.‘3EIEII|S |?.EGD.D|JDI'$ |E L0607 00ns |'
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PucyHok 5. «3awienkHytoe» coctosiHue ADPLL

Ha pucyHke 6 npeactaBAeHbl pesyAbTaTbl MopeAMpoBavus B UltraSim cxembl ADPLL
cuHTe3upoBaHHoi B 6ubanoteky KMOI 90Hm. Yactotra onopHoro curHana 5 MIu, BbixopHas
yactota 160Mru (ko3pdULMEeHT yMHOXKEeHUA N=32).
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PucyHok 6. Pe3yabTaTbl MOAEAMPOBAHUA CUHTE3UPOBaHHOM cxeMbl ADPLL
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SECTION 4. TRANSPORTATION ENGINEERING
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CTyA€eHT 4-10 Kypca pakyAbTeTa A3ponopToB U MHXEHEPHO-TEXHUUECKOro 06ecneyeHmns NOAETOB,
CaHkT-lNetepbyprckuil rocyAapcTBEHHbIA YHUBEPCUTET rPaXKAaHCKOH aBUaLMU

HayuHblii pyKOBOAUTEAD

HusamytanHoB P.U., ctapwuii npenopaBatenb kadpeapbl ASponopToB U aBUALMOHHBIX NEPEBO30K,
CaHkT-letepbyprckuil rocyaapcTBEHHbI YHUBEPCUTET rpaXAaHCKOW aBUaLIMK

Abstract. Technological engineering using an information modeling tool Revit allows to create
basic layouts with a graphic description of the technology of airport terminals, guided by the carrying
capacity of the building and Russian Federation’s regulatory documentation.

Keywords: technological engineering, organization of airport activities, technological calculation,
forecasting, airports, aviation, air terminals, Revit.

Annomayusa.  Texnosroeuueckoe — npoexmupobanue — npu  NOMOWU  UHCIPYMeEHMA
uHpopmayuonHozo Modesupobanus Revit nosbossem co30aBamv NPpUHYUNUAAbHbIE NAGHUPOBKU C
epagpuyeckum onucaHueM cxemvl paboms. aspobox3aiol, pykobodcmbysacy NponycKHOU CHOCOOHOCHIBIO
30anus u HopmamuBHoti dokymenmayueil Poccutickoii Dedepayui.

KatoueBvie  cnroBa:  mexnosoeuveckoe  npoexmupobanue,  opeaHudayus — asponopmoboil
OeameayHOCU, MeXHOA02UHEeCKUI pacyem, npoeHo3upoBanie, asponopmol, abuayus, aspoboxsats, Revit.

lepBoHauaAbHbIM 3TanoOM TEXHOAOTMUYECKOTO NPOEKTUPOBAHMA a3pPOBOK3aAOB ABASIETCA
pa3paboTka NpMHLUUNUAABHON CXEMbl TEXHOAOTMYECKOTO 30HUPOBAHUA 3AAHUA N0 30HAM OCHOBHbIX
TEXHOAOTMYECKMX MPOLLECCOB, OCYLIECTBAIEMbIX AAA 0OCAYKMBAHMA NAacCaXupoB BO3AYLIHOMO
TpaHcnopTa pasHbIX KaTeropun. Y)xe Ha 3aT0M CTaAMKU NPOEKTUPOBAHUA ONPEAEAAOTCA OCHOBHbIE
TEXHOAOTHYECKME NapamMeTpbl 00bekTa, (OPMMUPYIOTCA CXeMbl 0OCAYKMBAHWA NacCaXupoB U
06paboTku 6araxa, NPOUCXOAMT AEAeHHWEe a3pPOBOK3ana MO CEKTOpaM NacCaXUpoB BHYTPEHHUX
BO3AYLWHbIX AMHUA (Aanee - BBA) M naccaxupoB MeXAyHapOAHbIX BO3AYLUHbIX AMHUA (panee -
MBA), B TOM uMcAe - aKtyanbHO AnA Poccuiickor QepepaunMu B CBA3M C  NMPUHATLIM
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3aKOHOAATEAbCTBOM - MACCaXMPOB CTPaH TaMOXEHHOr0 COH3a (AA  a3pPOBOK3AAOB,
NpeAyCMaTpMBaKOLWLMX OPraHU3aLMi0 MEXAYHAPOAHbIX BO3AYLIHbIX NEPEBO30K). AT pelleHus
onpeAenoT OyAyLIyH 3KCMAyaTauMi aspOBOK3aAbHOTO KOMMAEKCA M ero HenocpeACTBEHHbIe
nepcnekTMBbl Ha AaAbHelllee pa3BUTHE, KaK aBWALMOHHOIO y3Aa B LUeAOM. [lpaBuAbHas U
rpaMoTHas 3KCNAyaTaLus a3POBOK3aAbHOTO0 KOMMAEKCA Ha MOMEHT €€ OCYLLLeCTBAEHHUS! BAMSIET Ha
CBOEBPEMEHHOe W KOPPEKTHOe UCMOAHEHUE MPOLECCOB Ha3eMHOro 0OCAYKMBAHUA NAcCaXWpoB
BO3AYLUHOTO TPAHCMOPTA U BO3AYLUHbIX CYAOB.

MUHUMU3AUMA WHUMAEHTOB M CAYYaeB HapyLIEHUS TEXHOAOTMYECKMX NpPOLECcCcoB
obcaykMBaHMA naccaxupoB M 06paboTku 6araxa B XoAe 3JKCMAyaTaluMM a3poBOK3ana M
PEeryAmpHOCTb BbINOAHEHUS! BO3AYLIHbIX NEPEBO30K HANPAMYH) 3aBUCHUT OT PELLEeHUH, NPUHATLIX Ha
CTaAMM NPOEKTUPOBAHUA asponopTa, B TOM YUCAE OT TEXHOAOTHUECKHUX PELIEHUH, ONpeAEATHOLLUX
AOTUCTUKY ABWXEHUA NAacCaXUPONOTOKa U NOTOKA baraxa, 30HUPOBAHUE 3AAHUS a3POBOK3AALHOIO
KOMMNAEKCa, U TEXHUYECKYH) OCHALLEHHOCTb TEPMUHAAA HEO6XOAUMbBIM NepeuHeM 060pyAOBaHUA U
mebenu.

OCHOBOI NPOEKTUPOBAHUA a3POBOK3ANOB ABAAETCA NPUHUMNUAAbHAA TEXHOAOTMYECKas
cxema, pa3paboTaHHas C yueToM Pa3AMUHbIX GAKTOPOB, KAK 0OLEKTUBHBIX, TAK U CYObEKTUBHDIX,
U3N0XKEHHBIX B TabAuue 1.

Tabauua 1
dakTopbl, BAMAIOLLME HA Pa3pabOTKy NPUHLUNUAABHON TEXHOAOTUUECKOIN CXEMbI a3POBOK3aAbHbIX
KOMIAEKCOB
daktopbl
ObveKTHBHbIE Cy6bextnBHbIE

MponyckHasa cnocobHOCTb 3AaHUA - MAcCaXMPONOTOK B | PernoHanbHble 0COOEHHOCTH MECTOMOAOXKEHHUS 3AaHNSA
eAMHHULY BPEMEHH

Yuyér TpeboBaHWii  HOpPMATUBHOW  3aKOHOAATEAbHOM | HeobXxoAMMbIH YpoBeHb KOMAQOPTHOro 0OCAYXMBaHUS

AOKYMEHTaL K (3koHoM, KomdopT, 6usHec, VIP U T.4.)
Np1HUMNManbHaA cxema pa3MeLLeHHUA NOMELLEeHNH lNoxenaHus aKcnAyaTaHTa a3poBOK3ana
LlitaTHOe pacnucaHKe (UUCAEHHOCTb NePCOHana) TexHoAorMueckoe o6opypoBaHME, yyacTByloulee B

06cAyKMBAHUM NAccaXupoB M 06paboTku baraxa

BHYTpMO6bEKTOBLIA M NPONYCKHOW pexxum o6bekTa (30HbI | YueT TpeboBaHMiA  OT  rocyAapCTBEHHO-KOHTPOABHbBIX
TpaHCNopTHOM 6€30MaCHOCTH) OpraHoB, BEAYIUX  CAYXOY Ha  TeppuUTOpUU
a3p0OBOK3aAbHOI0 KOMNAEKCa

Mpuctynas K TEXHOAOTMUECKOMY TNPOEKTUPOBAHWUIO a3pOBOK3aAOB NpPWU  MOMOLUM
WHCTPYMEHTA WHGOPMALIMOHHOTO MOAEAMPOBaHUA «Revit» Heo6xoAMMO GpaTb BO BHUMaHUE PAA
NpeuMyLLLECTB NepeA NporpaMMamMu-3KBUBAAEHTaAMK:

e pU NPaBMALHOM W TPaMOTHOM MCMOAb30BAHWM NPOrPpaMMHOro obecneueHus,
«Revit» N03BOAIET CBOMM NOAL30BATEAAM OCYLLECTBAATb 3aAyMaHHbIE UMK UAEH, A
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Aanee, OnepauuMu B HECKOAbKO pa3 ObicTpee N0 CpaBHEHUU C  APYTUMU
nporpaMMamu AN TEXHOAOTMYECKOTO NMPOEKTMPOBaHUA (MPUMeEpP: BCE 3AEMEHTLI
pasmMellaembie NOAb30BaTeAeM BO BPEMSA MPOEKTUPOBAHMUA, 3@ WUCKAHOYEHMEM
AMHWA W 3AEMEHTOB Y3AOB, CTPOATCA Cpa3y B TPeX MAOCKOCTAX, UTO MO3BOAAET
CIKOHOMMUTb NPUAMYHOE KOAMYECTBO BPEMEHH);

e BO3MOXHOCTb CO3AaHMA WAOAOHOB BHAOB, KOTOpPble AAKT BO3MOXHOCTb
NnepBOHAYaAbHO HACTPOUTb HE06X0AUMbIE NapamMeTpbl A 0TOOPAXKEHUSA TEX UAK
UHbIX 3AeMEHTOB, B TOM YMCAE LIBETOBYIO raMmy;

e BO3MOXHOCTb A0OABAEHUA YHUKAAbHLIX TAPaMETPOB TOMY UAM MHOMY SAEMEHTY B
MOAEAW CaMMUM MOAb30BaTeAEeM, YTO MOMOXET YNPOCTUTL HABUraLMIO MO0 MOAEAU U
0T00pa3uTb  HeobXxoAuMY0 UMHPOpMauMld 00 3AeMeHTe AN BbIrPY3KH
cneuuduUKaumin u Tn.;

®  BO3MOXHOCTb NMPUMEHEHUA «CKPUMTOB», CO3AAHHLIX CAMUM MOAb30BaTEAEM, AAA
aBTOMaTM3aLMm1 TOA AW MHOW PaboTbl, BbINOAHAEMOW 00bIUHO BPYUHYHO;

® BO3MOXHOCTb CO3AAaHMA «CEeMEUCTB» (KaTeropum IAEMEHTOB), BHELIHWE W
BHYTPEHHWE XapaKTepUCTUKW KOTOPbIX HAacTpauBaeT caM MOAb30BaTeAb B
3aBUCUMOCTH OT NOTpebHOCTEN;

e BO3MOXHOCTb NPOEKTUPOBAHUA 3AaHUI B HECKOALKO 3Tamnos.

Camoe rnaBHOE NpPeUMyLLECTBO HEYNOMSHYTOE Bbllle - COBMeCTHas pabota. OAuH M3
KAOUEBbIX  KPUTEPUEB MNOYeMy WCNOAb30BaHWe «Revit» Bceli  KOMaHAOW, 3aHATOW B
NPOEKTUPOBaHWU 00bEKTa, NOBbILIAET IGGEKTUBHOCTL U ONTUMMU3ALUIO BCEW PabOTb B LEAOM, T.K.
NO3BOASIET MHXXEHEPaAM, apXUTEKTOPaM, KOHCTpYKTOpaM, TeXHOAOram paboTaTb OTAEABHO B CBOMX
MOAEASIX, «MOAFpYXas» CBA3b C MOAEAAMM CMEXHbIX OTAEAOB, UTO B KOHLE KOHLOB $OpMUpYeT
UTOTOBYIO KAPTUHY pe3yAbTaTa.

AAs npuBepeHHs mpumMepa paspaboTkM TEXHOAOTMUYECKOW CXeMbl a3pOBOK3aAOB C
UCNOAb30BAHUEM MHCTPYMEHTa WHPOPMALMOHHOTO MOAeAMpoBaHuA  «Revit», npeanarato
paccMOTpEeTb a3POBOK3aAbHbIA KOMMAEKC «POWMHO» T. TIOMEHb, KOHUENUUS pasBUTUA KOTOPOTO
AABAAETCA NPEABAPUTEALHO BYAYLLMM pE3YALTaTOM MOEH AUMIAOMHOW paboTbl.
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Tabauua 2
MCXOAHbIe AAHHbIE
Napametp €A. U3MepeHUs
MporHo3upyemblii roA0BOM nacc. / roa 3682000
NaccaX1ponoTok
Knacc asaponopta - [}
061wuii YyacoBoW MUK nacc. / yac 3682
Tun 06cAyXMBaAEMbIX AMHWIA BBA/MBA BBA/MBA
CeKTop BHYTPEHHWX BO3AYLLHbIX AMHUH nacc. / yac 3327
CeKTop MeXAYHapPOAHbIX BO3AYLUHbIX nacc. / yac 491
AMHUH

MoAb3yACb MCXOAHBIMW AAHHBIMM, NPU NPABUMABHOM MPEACTABAEHWM 3KCNAyaTaLMu
TMNOBOI0  A3pPOBOK3aAbHOTO KOMMNAEKCA, MOXHO pa3pabotatb NPUHUUNMAALHYIO — CXemy
TEXHOAOTMYECKOT0 30HUPOBaHUA a3pOBOK3ana. TEXHOAOTHYECKasA CXeMa 30HUPOBaHUA 1-ro ataxa
a3pOBOK3aAbHOIo KoMmnaekca «PowuHo» r. ToMeHb NpeAcTaBA€HA B NPUAOXKEHUU 2.

MponyckHas cnocobHOCTb 3paHMA GOpMUpPYET HEOOXOAMMbIE KOAUUECTBEHHbIE MAOLLAAM
OCHOBHbIX  TEXHOAOTMYECKUX  30H  O0OCAYKMBAHWA,  pPernaMeHTMpyeMble  HOPMaTUBHOM
3aKOHOAATeAbHOM AMTepaTypoil. [lepeyeHb OCHOBHBIX TEXHOAOTMUYECKWX 30H a3pOBOK3aAa
npeacTaBAeH B Tabauue 3. MoaTaxHoe pasmeLieHUe NpeACcTaBAeHO B Tabauue 4.

Tabauua 3
CoctaB U NAOLLLAAU OCHOBHbIX TEXHOAOTMYECKUX 30H a3p0BOK3aAa
TexHOAOTMYECKan 30Ha 06CAYKMBAHHUA Mrowaab, m2
30Ha BXOAHOr0 AOCMOTpa 442
3an BbineTa 3949
3annpuneta 1194
3oHa peructpauuu BBA 898
3oHa peructpauun MBA 570
30Ha NpeAnoOAETHOro AOCMOTpa 587
30Ha nocaenoneTHoro poocmotpa BBA 54
3oHa nocaenonetHoro pocmorpa MBA 51
30Ha TaMO)XeHHOT0 KOHTPOAA Ha BbIAETE 88
30HAa TaMOXXEHHOT0 KOHTPOAS Ha NpUAeTe 102
30Ha norpaHMYHOro KOHTPOAA Ha BbIAETE 241
30Ha NorpaHMYHOro KOHTPOASA Ha NPUAETE 246
3an oxupaHua Boineta BBA 2187
3an oxupaHua Boireta MBA 1213
30Ha noayyeHus 6araxa BBA 587
3oHa noayueHus 6araxa MBA 1494
3oHa 0bpaboTku baraxa BBA 2123
3oHa 06pabotku baraxa MBA 1518
3ApaBNyHKT 202
KomHata matepu U pebeHka 477
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Tabauua 4
MoaTtaxHoe pa3melleHue
lepBbIn 3TaX Bropo#n atax Tpetuin atax
30Ha BXOAHOIO AOCMOTpA 30Ha npeANOAETHOr0 AOCMOTPA lanepeu npuaeta
30HbI perucTpaLmu naccaxupon 3an BbineTa TexHUYecKue NoMeLLEeHHnA
30HbI NoAyueHUs baraxa 30Ha NOrpaHUYHOrO KOHTPOAA Ha | CAyxebHbIe NnOMeLLeHUs
BbiAETE
3an npuneta 30Ha TaMOXEHHOr0 KOHTPOAl Ha | CaHMTapHO-OLITOBbIE NOMELLEHMA
BbIAETE
3an BbineTa 3an oxupanua Boireta BBA
30HbI NOCAENOAETHOTO AOCMOTpA 3an oxupaHua Boineta MBA
30Ha nNOrpaHWMYHOIO KOHTPOAd Ha | KomHata matepu v pebeHka
npuaete
30Ha TaMOXEHHOro KOHTPOAA Ha | CAyebGHble noMeLleHUn
npuaete
30HbI 06paboTKK baraxa TexHuuecKue NnoMelLeHus
3ApPaBNyHKT CaHWTapHO-6bITOBbLIE NOMELLEHUS
CayxebHble nomelLeHus
TexHUYeCKHE NOMELLEHMA
CaH1TapHO-6bITOBbIE NOMELLEHHUSA

OAHOM M3 BaXHbIX 3aAauy TEXHOAOTMUYECKOr0 MNPOEKTUPOBAHMA a3pPOBOK3AaAOB -
OpraHu3auua NocToB AOCMOTpPAa TPaHCMOPTHOW 6e3onacHocTU. Pa3melneHMe BXOAHOW Tpynmbl
COTPYAHUKOB CAYXObl aBMaLMOHHOW 6e3onacHocTH (aanee - CAB), oCyLeCTBASIOLLMX AOCMOTP Ha
BXOA€E B a3pOBOK3aA, B €AMHOM MecTe N03BOAAET ONTUMU3UPOBATL NPOLEAYPY BXOAHOTO AOCMOTpa,
KaK 3KOHOMMYECKHM, TaK U C TOUKM 3PEHUA KOHTPOAA AOCTyNna B CEKTOp CBOOOAHOrO Aoctyna
TpaHcnopTHoW 6e3onacHocTM o6bekTa TPAHCNOPTHOW MHOPACTPYKTYpbl. [pUMep pacnoAoXKeHHUs
BXOAHOW rpynnbl coTpyAHMkoB CAB W TexHOAOrMYeckoro AOCMOTPOBOro 060pyAOBaHus,
He06X0AMMOr0 AAA OCYLLLECTBAEHUS TPOLIEAYPLI AOCMOTpPA, NPEACTaBAEH Ha pUCyHKe 1.

International Conference on The Importance of Research in Science, Education and Technology, April 25th, 2019

SECTION 4. TRANSPORTATION ENGINEERING



https://creativecommons.org/licenses/by/4.0/deed.ru

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials
published - https://creativecommons.org/licenses/by/4.0/deed.ru

-35-

| I | I
| | OBwenoeTynHan 3oHa |

1.45.181 i
|
|

K4
. |

5]

el Je e el

%%m%@ %.g.

—
% % 30Ha BxogHoro

L _ _ _pocMoTpa
| | | | |
1.01.01

==

TaMOYR

1.03.01

e e

PucyHok 1. EAuHan 30Ha BXOAHOTO AOCMOTpaA

O6opyaoBaHue, 3aknaAblBaeMoe B 30HE BXOAHOTO AOCMOTpa, NpUcnocobAeHO AAs
6e3onacHoOro U KOMGOPTHOTrO 0OCAYKMBAHMA NMACCAXUPOB MAAOMOOMAbHLIX FPynn HACEAEHUS -
METaMOAETEKTOPbI ¢ WMPUHOW npoxoaa 1000mMm, U HacTpoikamu A 6e3BpeAHOT0 MPOXOXXAEHHUA
naccaXxumpoB € KapAMOCTUMYAATOPAMU. PeHTreHOTeAeBU3MOHHbIE YCTAHOBKM, PACMOAOXKEHHbIE
cboKy (cneBa, cnpaBa), NpeAHa3HAUYeHbl A AOCMOTPa HerabapuTHOro Garaxa U UMEIOT LIWPUHY
TyHeaa 1000x1000mm.

Bropoii npumep BaXHbIX 3apay TEXHOAOTMYECKOTO NMPOEKTUPOBAHUA - NPUHLMUNUAABHOE
pacnoAcXeHWe NoMeLLeHUiH 3ApaBNyHKTa Ha TEPPUTOPUK a3pOBOK3aAa. [lomelLeHUs 3apaBnyHKTa
a3poBOK3ana AONKHBI pacnonaratbCcA Ha NepBOM 3TaXKe aapOBOK3aAa C BLIXOAOM B 3aA 0XKUAAHHUA U
Ha neppoH. Mpumep pacnoroXKeHUA NOMELLEHUI 3APaBNyHKTa Ha TEPPUTOPUM a3POBOK3AAbHOTO
KOMNAeKca € YydyeToM TpebOBaHMW W NyTAMM ABWXKEHMS MNepcoHana M3 3ApaBnyHKTa B
06wiep0CTyNHYHO 30HY a3pOBOK3aAa U Ha NEPPOH NPEACTABAEH Ha PUCYHKeE 2.
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YcnoBHble 0603HaueHus

. 30paBnyHKT

D 3oHa obpaboTkun Baraxa

. 30Ha NOrpaHUYHOro KOHTPONA

D 3oHa peructpauuun / Beigauu 6a

. 30Ha TaMOXeHHOro KOHTpONA

D 30HbI KOMMEpPLUU
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PucyHok 2. lpuHLMNUaAbHOE pacnoAOXKeHUE NOMELLEHWUI 3ApaBNyHKTa

0606uieHHO, TaKoro poAa 3aAay, KOTOpbie BO3HMKAKT B MOMEHT TEXHOAOTMYECKOTO
NPOEKTUPOBAHUAA, OFPOMHOE MHOXECTBO MU ANl KQXAOr0 aspOBOK3aAa CyLLECTBYHOT Té UAU UHble
TEXHOAOTUYECKHE  pPELLEHUSA. Mpu cTpoUTEALCTBE HOBOrO TEPMUHaAAA (a3pOBOK3ana),
PEKOHCTPYKUMKU a3POBOK3AAbHOTO KOMMAEKCA, KOHLENUMW NPUCNOCOOAEHUA CYLLECTBYHOLLUX
NOMELLEHUH, MNpeXAe BCEro Heob6XOAMMO CCbIAATbCA Ha  TEXHOAOTMYECKUE  pELLEeHus,
pa3paboTaHHble B COOTBETCTBMM C HOPMATUBHO-3aKOHOAATEABHBIMU AOKYMEHTaMU. 3T0 NO3BOAUT
ocywecTBAATb 6e30nacHyl0 U 3QQPEKTUBHYIO IKCMAyaTaUWi0 3AaHUA, KOTOpas MWHUMU3UpYeT
KOAMYECTBO WHLUMAEHTOB UM CAy4aeB HapYLWEHWA TEXHOAOTUYECKUX NPOLECCOB 006CAYKMBaHUA
naccaxupoB 1 06paboTku baraxa.

Mpu npoekTMpoBaHWM A3POBOK3AAbHbLIX KOMMAEKCOB C MOMOLUB)  MHCTPYMEHTa
MHOOPMALMOHHOTO MOAEAMpOBaHUA «Revit», 6Gaaropapsa ero rubKMM HacTpoikaMm, OTKpbiBaeTcs
BO3MOXHOCTb AN Haubonee 3PEKTUBHOW W ONTUMU3UPOBAHHOW pabote no 06bLEKTY
cTpouTenbcTBa. Mcnoab3ys Bce BO3MOXHOCTA U GYHKLMM 3TOH nporpamMmebl, yaactea paspabortatb
Haubonee AeTaAbHOE MNpPEACTaBAEHWE O TEXHOAOTMYECKMX pPELLEeHUsX, NPUHATBIX Ha 3tane
NPOEKTUPOBaHMA a3POBOK3aAa.
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Appendix A

LiBeToBas AereHAa NOMeELLLEHUN

YcnoBHble 0bo3HaveHnA

. 3a4paBnyHKT
D 3oHa obpaboTkn Haraxa

|:| 30Ha norpaHNYHOro KOHTPONS

D 3oHa perncTtpauyuu / Boigaun baraxa
. 30Ha TaMOXKEHHOTO KOHTPONg

D 30HbI KOMMepLUMK

D 30Hbl KoHTpona CAB

D 30Hbl Npuneta / BblNeTa

. Momewenna MNC oCb

|:| MomeweHnsa PCXH

. MomewleHns CAB

. MomelleHud COb

D MomereHua COIl

. MomelweHns ©TC

D MyTW nepemeLleHNs naccaxmpos

D MyTW nepemMeLleHna nepcoHana

D CaHnTapHO-ObITOBbIE NOMELLIEHUA
D CekTop cneymnanbHoro o6cnykMpaHna

D TexHnyeckne nomeLeHns

Appendix B

TexHonorueckasi cxema 30HMpoOBaHUA 1-ro ataxka adpoBOK3aAbHOI0 KOMMAEKCA «POLMUHON T.
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SECTION 5. SPACE ENVIRONMENT AND AVIATION TECHNOLOGY

uDC 622

Gimbitskaya L.A., Gymbitsky V.A. The electric cleaner of dielectric liquids and gases
with vibration isolation
INEKTPOOUMCTUTEAL AUINEKTPUUECKUX KMAKOCTEN U Fa30B ¢ BUOpoU3oAaLIMed

Gimbitskaya Lyudmila Alekseevna,
Candidate of Technical Sciences, Associate Professor,
Krasnodar Higher Military Aviation School for Pilots

Gymbitsky Vyacheslav Ananevich,

Candidate of Technical Sciences, Associate Professor,

Krasnodar Higher Military Aviation School for Pilots

MMm6buukaa AtoaMrna AreKceeBHa,

KaHAMAQT TEXHUYECKUX HayK, AOLIEHT,

KpacHopapckoe Bhbicliee BOEHHOE aBUaLMOHHOE YUUAULLLE AETYUKOB
TMm6buuknii BauecnaB AHaHbeBMY,

KaHAMAQT TEXHUYECKUX HAYK, AOLIEHT,

KpacHopapckoe Bbicliee BOEHHOE aBUALMOHHOE YUMAULLE NETYNKOB

Abstract. this article deals with the problems of purification of contaminated dielectric liquids by
force fields. The necessity of finer cleaning in comparison with the existing methods is revealed and
justified, which will reduce the threat of rapid wear of the equipment, premature clogging of filters of the
main systems, and in some cases - emergency situations. On the basis of the study, the authors propose a
scheme of electric cleaner of dielectric liquids and gases with vibration isolation.

Keywords: precision pairs, engine, pneumatic system, wear, gaps, pollution, dielectric fluid.

Aunomayua. B Oannou cmamve paccMompeHvl  npodAeMbl  OHUCHIKU  3(2PA3HEHHbIX
oussekmpudeckux xKuoxkocmen ¢ NOMOUsbI0 CUAOBLIX dqekmputeckux nosei. Buisbrena u obocrobana
Heobxo0uMocmy 004ee MOHKOU O4UCIIKU N0 CPABHEHUI0 C CYuecmBYIouwuMy cnocobamu, 4mo CHUUM
yepo3y Obicmpoeo usHAWUBAHA annapamypsl, npexoebpementoi 3abubku uavmpob ocHobHbix cucmeM, a 8
0MOeALHBIX CAYHAAX - Hewmamuwlx cumyayui. Ha ocnoBe npoBedenroeo ucciedoBanus abmopamu
npeoaaeaenics cxeMa 2AeKMpooUUCHIUIeAs OUsAeKMpUUeckux uokocmeil u easob ¢ Gubpousossyuerl.

KaroueBuie croBa: npeyusuonnsie napui, 06ueamens, nHebmamureckas cucmema, usHawubanue,
3A30pbl, 3a2PA3HEHUA, OUIAEKIMPUHECKAS KUOKOCHTD.

He cekpert, uT0 HaAEXHOCTb TMAPABAMYECKHMX, TONAUBHbIX, MAaCAIHbIX U MHEBMaTUYECKUX
CUCTEM ABUraTeneid, NPUMEHSiIeMblX B MNPOMBILWAEHHOCTM M Ha TpaHcnopte, B npouecce
3KcnAyaTauuu 0CTaéTcs BCE eLLé HEBbICOKOM.

OAHOM U3 KOHCTPYKTUBHBIX 0COOEHHOCTEH arperatoB TakuX CUCTEM Ha COBPEMEHHOM 3Tane
AIBAMETCA HAAUUME B HUX NPELM3UOHHBIX Nap TPEHUA, MUHUMaAbHbIE 3a30Pbl B KOTOPbIX COCTaBAAIOT
nopsinka 5 Mkm. B cBA3M ¢ 3TMM pabouure XXMAKOCTM M BO3AYX B CUCTEMAX AONKHbI ObiTb BecbMa
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YUCTbIMW. HanvuMe B HMX 3arpsi3HEHWH NPUBOAMT K ObLICTPOMY M3HALIMBAHMIO annapatypbl,
npeXxaeBpeMeHHOH 3abUBKE PUALTPOB OCHOBHbLIX CUCTEM, @ B OTAEAbHbIX CAYYasX - K HeLITaTHbIM
cutyauusam. B ueAix BbIMOAHEHWA NPEABABASIEMbIX BbICOKMX TPEOOBAHUHA K AMINEKTPUUECKUM
XXMAKOCTAM M ra3aMm B cUCTeMax Heobxo0AMMO pa3pabotatb Mepbl N0 NPeAYNPEeXAEHHUI0 3arpA3HEHUI
3TUX peareHToB B NpoLecce NPOU3BOACTBA, TPAHCMOPTUPOBAHUSA, XPAHEHUSA U 3aNPaBKU B EMKOCTH.

BosHuKLIee TeXHUYECKOe NPOTUBOPEUUE MEXAY BO3MOXHOCTAMM CYLLECTBYIOLUMX METOAOB,
Cnoco60B U CPEACTB U BO3pACTalOLLUMU TPEOOBAHUAMM K YPOBHIO UMCTOTLI, @ 3HAYUT U HAAEXKHOCTH
OYHKUMOHUPOBAHUA XMAKOCTHO-Ta30BbIX CUCTEM, YCTPAHAETCA NEepPexoAOM Ha MPUHLUNWAALHO
MHYI0 TEXHOAOTUIO OYMCTKM - TEXHONOTUIO YAAAEHUS YacTuL, TBEPAOW AMCNEPCHOM dasbl U3 NOTOKA
XMAKOCTU MAM Ta3a C MOMOLLbID CUAOBBLIX IAEKTPUUECKUX NMOAEH. YCTPOWCTBA, peanusytoluue 3Ty
TEXHONOTUIO, XapaKTEpPU3YIOTCA PAAOM  CYLLECTBEHHbIX MNPEeUMyLLecTB. 3T0 U BO3MOXHOCTb
obecneyeHns 2-3 Knacca YUCTOTbL. ITO U HUYTOXXHO Manoe rMAPaBAMYECKOE COMPOTUBAEHHME. 3TO U
HU3KasA CTOMMOCTb U3rOTOBAEHUA. A HU3Kaa METaMOEMKOCTb U 3HEProéMKOCTb, Maras CTOMMOCTb
NpoLecca OYUCTKM, BOBMOXHOCTL pereHepauuu OuYucTTeAnd 6e3 AeMoHTaxa M pa3bopku, npocrota
3KcnAyaTauuu, BO3MOXHOCTb WMCMOAb30BaHWA B MOAEBbIX YCAOBMAX AQlOT NpPaBO CuUTaTh 3Ty
TEXHOAOTUIO NPOTrPECCUBHOM.

MpocTeiuiee 0YMCTUTEALHOE YCTPOMCTBO TaKOro TMna npeAacTaBAfeT co60i cuctemy
napameAbHbIX MTAOCKUX IAEKTPOAOB NMPEUMYLLECTBEHHO KPYrAOK GOpMbI B NAAHE, MEXAY KOTOPbIMU
yCTaHABAMBAIOTCA AUINEKTPUYECKUE NPOKAAAKU AAA NMPEeAOTBPALLEHMA KOPOTKOro 3ambikaHua. K
3NEKTPOAAM MOABOAMUTCA BbICOKOE HanpsxeHue, NMPUYEM COCeAHUE IAEKTPOAbI MOACOEAMHEHDbI K
pasHbIM MOAOCAM MCTOYHMKA MOCTOAHHOMO 3AEKTPUUECKOT0 ToKa. MeXay aTUMM 3AeKTpoAaMu
NponycKaeTcA OuMLLAaeMas AUINEKTPUYECKAA XMAKOCTb MAW ra3. Yactuua TBEpAOA AUCNEPCHOM
¢a3bl, Hecywan Ha cebe 3NEKTPUUECKUA 3apsA MAM MOAYYMBLUAS €ro B NpoLecce BXOAA B
3NEKTPOOUUCTUTEAL, MOMAAAeT BMeCTe C TPAHCMOPTUPYIOLEH €€ JKUAKOCTbIO WAM rasom B
MEXINEKTPOAHOE NPOCTPAHCTBO. 3AeCh HAa HeéHAUYMHAET AeMCTBOBATb KOMMAEKC SAEKTPUUECKUX CHA,
B YaCTHOCTM KYAOHOBCKasi, NAaHAEPOMOTOPHaA U Ap. 3a CYET BO3AEHCTBUA ITUX CUA TPAEKTOPUSA
ABWXEHUS YacTULbl UCKPUBAAETCA, U OHA YCTPEMAAETCA K OAHOMY W3 3AEKTPOAOB. AOCTUrHYB
3NEKTPOAQ, vacTMua MOoAyyaeT 3apfA TOro0 JKe 3HaKa, uTo M 3IAeKTpoA. [lop Bo3peicTBMEM
OTTAAKMBAIOLLEH CUAbI, BOZHUKAIOLLEH MEXAY 3apfiAaMMu OAHOIO 3HaKa, YacTMua YCTpeMASieTca K
NPOTUBOMOAOXKHOMY MO 3HaKy 3AEKTpoAy. ITo OyAeT NOBTOPATLCA, NOKA K INEKTPOAAM MOABEAEHA
pasHOCTb MOTEHUMANOB (HANpPsXKEHWe), W uactMua OypeT HaAXOAUTbCA B  MEXINEKTPOAHOM
npocTpaHcTBe. AAA yAepXKaHUA yacTULbl Ha NOBEPXHOCTU INEKTPOAA, UMEIOLLETO NPOTUBONOAOXKHLIN
3apap, N0 CpPaBHEHUID C 3apAAOM  YacTUubl, MOBEPXHOCTb IAEKTPOAOB MOKPLIBAETCA CAOEM
3NEKTPOM3OAUPYIOLLEr0 MaTepuana, Hanpumep CAOA KPacKu.

KOHCTPYKLMK 3AEKTPOOUMCTUTEAEH OTAUYAIOTCA CPaBHUTEAbHOM NpocToToi. OAHAKO y BCeX y
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HUX MMeeTcA 06LMA HEAOCTAaTOK: OHM AMLIEHbl BMOpO3awMTbl. Bubpauun npu pabote arperato
nepeAaloTcs Ha ANEKTPOOUUCTUTEND U YXYALLAKT 3OPEKTUBHOCTL €ro paboTbl, COKpaLLAOT BPEMS €ro
akcnayatauuu. KonebaHus nocTynaT Ha SAEKTPOAbI, HAa KOTOPbLIX OCYLLECTBASIETCA OCAXKAEHUE
3arpsA3HEHW. ITH 3arpA3HEHUA HaKanAUBaIOTCA, TOALLMHA WX CAOSl Ha IAEKTPOAAX yBeamuuBaetes. Mpu
3HAUUTEAbHOM TOALLMHE OCAXKAEHHOTO CAOS 3arpsA3HEHU NOA AeHCTBUEM BUOPALIMOHHBIX KOAeOaHWI
C BbICTYNOB HAYHYT OTPbIBATLCA KYCOUKM 3arpA3HEHUM U YHOCUTLCA MOTOKOM OYMLLLAEMOI XKUAKOCTU MAU
rasa. OHU He 0CAAYT Ha NOBEPXHOCTU IAEKTPOAOB, a OCTAHYTCA B OYUMLLAEMOM NOTOKE, T.€. XXMAKOCTb
WAM Ta3 OCTaHYTCA 3arpA3HEHHBIMU. [103TOMY HE0OXOAUMO 3aALLUUTUTD IAEKTPOALI IAEKTPOOUUCTUTEAA
OT BO3AEWCTBUSA ITUX KOAeOaHUM.

B cBA3K C 3TMM aBTOPLI NpPeAAaralT INEKTPOOUUCTUTEAb AUINEKTPUUECKUX KMAKOCTEN U
rasoB ¢ BubpousonauMed. B npepraraeMom 3AEKTPOOUMCTUTEAE MEXAY BHYTpeHHe#l 60KoBOM
NOBEPXHOCTbIO KOpNyca U GAOKOM 3AEKTPOAOB C AUIAEKTPUUECKUMU NEPEropoAKaMM yCTaHOBAEHA
LMAMHAPUYECKAnA BTYAKA, N0 BCE AAMHE OAOKA IAEKTPOAOB, U3 PE3UHDBI, @ MEXAY KaXAOH KPbILIKOH U
NAQCTMHOW Mo Topuam 6A0Ka 3AEKTPOAOB, BHYTPU KOpyca, PacnoAaraeTcsi KOAbLLO U3 TAKOTO0 Xe, YTo U
BTyAKA, MaTepUana.

Ha pucyHke 1 npeactaBAeH NPOAOALHLIA pa3pe3 INEKTPOOUMCTUTEA AMINEKTPUUECKUX
XXMAKOCTEN U ra3oB ¢ BUOpousondunen. OH cocTouT M3 kopnyca 1 ¢ Kpblwkamu 12 no topuam, B
KOTOpble BBEPHYTbl BXOAHOW 5 W BbIXOAHOM 6 wWTyuepbl. B Kpblllke, CO CTOPOHLI BbIXOAQ,
pacnoAoXeH CTpaBAMBalOLWMA KnanaH 8. BHyTpu kopnyca pacnoaaralotci anektpoabl 2 U 3,
NOACOEAMHEHHbIE K pPa3HbIM MOAOCAM WCTOYHWMKA MOCTOAHHOTO 3AEKTPUUECKOr0 TOKA BbICOKOIO
HanpskeHua. Mexay COCEAHUMM  3AeKTPOAAMM  YCTaHABAMBAIOTCA  NEeperopoaku 4 u3
AUINEKTPUYECKOTO MaTepuana ¢ otBepcTUAMM. Mo Topuam 6AOKa INEKTPOAOB pa3MeLLEHbl MAACTUHBI
10 c oTBEpCTUAMMU U3 AMINEKTPUUECKOTO MaTeprana. MeXxay KaXXAOW U3 ATUX NAACTUH U KpbllwKamMmu 12
pacnoaaratotc ABa BUOPOCTOMKMX KOAbLLA 9, @ MeXAY Koprycom 1 U GAOKOM 3AEKTPOAOB YCTAHOBAEHA
BTyAKa 7, BHYTPb KOTOPOW MAOTHO YCTAHOBAEH OAOK 3neKTPoAOB. MMAactHbl 10 ycTaHOBAEHbI B
KaHaBKax KoneL, 9, KoTopble NoMeLLEHbI BHYTPb Kopnyca 1 A0 cOnpUKOCHOBEHUA NAacTH 10 ¢ 6A0KkoM
3NEKTPOAOB. KoAbLLa BbINOAHEHbI TAKOTO pasmepa, YTo OHW BbICTYNatoT 3a Topubl kopnyca 1. Koraa
KpbllwKW 12 coepuHsloTcA ¢ kopnycom 1, T0 KoAbLa 9 CXMMAIOTCA M CXMMAOT Becb OAOK
aneKTpoAoB. Takum obpasom, mexay 6GAOKOM INEKTPOAOB, Ha KOTOPLIX 0CAXAAKTCA 3arpsA3HeHuUs
U3 OUYULAEMOW CpeAbl, W. KOPMyCOM 3AEKTPOOUUCTUTEAS, B MONMEPEYHOM €ro HanpaBAEeHWUU,
pacnoAaraeTcsi CAOK BMOPONOTAOLLAIOLLET0 MaTepuana BTYAKM 7, a B NPOAOABHOM HanpaBAEHUM
OAOK 3NEKTPOAOB OTAEAEH OT KpbILLEK IAEKTPOOUUCTUTENSA, KECTKO CBA3AHHBLIM C KOPNYCOM, CAOEM
BMOPONOrAOLLAIOLLIET0 MaTep1ana konew, 9.
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PucyHok 1. IneKTpoouucTUTEAL C BUOpOU3OAALMEN

Mpeanaraembld  INEKTPOOUUCTUTEAL C BUOpOM30AAUMeN paboTaer caepylowmm o6pasom.
Kopnyc anektpoouuctutens 1 XECTKO CBA3aH C KOHCTPYKUMEN TEXHUUECKOTO CPEACTBA, Hanpumep
aBTOMOOMAA, HA KOTOPOM OH OCYLLECTBASIET OYUCTKY AUINEKTPUYECKOW CPEAbl OT MEXaHWUYECKUX
3arpA3HeHUit: XKMAKOCTU B BUAE TOMAMBA, HaNpUMep, UAW BO3AyXa B canoHe (kabuHe). Bce konebanus
OT TEXHAUYECKOTO CPEACTBa NepeaatoTea Ha kopnyc 1 anekTpoouncTutens. Ho Ha 6AOK IneKTPOAOB 3T
KonebaHMA HenocpeACTBEHHO He NMepepaloTcs, a NOCTynalT Ha BTYAKY 7 U KoAbLo 9. Tak Kak
NocAeAHWE BbiMOAHEHBI M3 BUOPONOTAOLLIAIOLLETO MaTepUana - Pe3uHbl, TO 3TH KoAebaHUsA ByAyT UMK
racutbCA W He nepepaBatbcA Ha OAOK anekTpopoB. KonebaHus B nonepeyHOM HanpaBA€HWU
3NEKTPOOUYMCTUTEAT OYAyT MOrAOWWATLCA, B OCHOBHOM, BTYAKOW 7 M, YaCTMYHO, KOAbuamu 9, B
NPOAOALHOM )X HanpaBAeHWMM - Koablamu 9. OQuuwaemas cpepa noctynaet, uyepes wryuep 5
KpbIWKK 12, BHYTPb KOpNyca 3AeKTPOOUUCTUTENA, NPOTEKAET Yepe3 0TBEPCTUA BXOAHOM NAacTUHbI 10,
uepe3 HAOK INEKTPOAOB, Uepe3 0TBEPCTUS BbIXOAHOM NAAcTMHbI 10, uepe3 BbIXOAHOM wiTyuep 6. Tak
KaK Ha 3AeKTPOAbI 2 U 3 MOAAHO BbICOKOE HampsXXEHWe C YepeAOBaHWEM 3HaKa, TO Ha HUX Oyaer
NPOUCXOAUTb OCAXXAEHME MEXaHUYECKUX TPUMECEN.

MpeanraraeMblii INEKTPOOUUCTUTEAD AUINEKTPUUECKUX KUAKOCTEH W ra3oB ¢ BUOpOU3OoAILMEN
No3BOASIET OAOKY 3NEKTPOAOB, BHYTPM €ro, He BOCMPUHMMATL KOAeOaHMA € ero kopmnyca, 4To
obecneunBaet 6oree NPOAONKUTEABHYHO PAbOTy IAEKTPOOUUCTUTEAS U BLICOKOE KAueCTBO OUMCTKM
AU3NEKTPUUECKOW CPeAbl.
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