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ABTOMATHU3AINNUA U YIIPABJIEHUE TEXHOJTOI'MYECKUMH
MMPOOECCAMMU U ITPOU3BOJCTBOM

Kpyrosoii A.H. ABTOMaTH3UpOBaHHOE YIPABIECHUE ABUTATEISIMU MOCTOSHHOTO
TOKa B YCIIOBUSIX TOBBIIIEHHOTO THAPOCTATHUECKOTO AABICHUS

Kapaos A.I'. IIpoGiiembl, pecypchl M aJbTEpPHATHUBBI ITOATOTOBKH MarucTpoB
HMHHOBAI[MOHHOTIO IPOEKTUPOBAHUS TEXHUKU U TEXHOJIOTUIl

MOJAEJIUPOBAHUE TEXHUYECKUX CUCTEM
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3amopénos M.B., Konn B.fl., 3amopénoBa /I.B., BaagumupoBa E.C.
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ABTOMATHU3UPOBAHHOE YIIPABJIEHHUE JIBUT'ATEJISIMHA IOCTOSAHHOI'O TOKA B
YCJIOBHUAX NOBBINEHHOT'O THAPOCTATHYECKOI'O TABJIEHUSA

Kpyrosoit A.H.

Annomayusn. Ilpu ynpagienuu Osueamensimuy NOCMOIHHO20 MOKA 6 YCIOBUAX NOGbIUEHHOZO
2UOPOCMAMUYECK020 OAGNIeHUs BO3HUKAEN 3a0ayd YCMPAHEHUsl 6PEOH020 8030eliCmEUs Cpedbl NOPYICEeHUs,
0COOEHHO MOPCKOU 600bl, HA pabouue snemeHmbl npusoda. OOHUM U3 6APUAHMOE peuleHus MOl 3a0ayu
AGNAEMC  pasmeweHue 0gueamens 6 HelUmpaibHou cpede, HANpumep, 2luyepuHe ¢ UCHOIb308AHUEM
KoMReHcamopos oasnenus. Tpu nocpysicenuu Ha 6oavuiue 21yOunbl memMnepamypa cpedbl MOXCen UsMeHAMbCS
ROUMU 6 OeCsIMb Pa3, NPU IMOM 6A3KOCIb IUYEPUHA USMEHAEMCS 8 HeCKOIbKO PA3 U CYUeCBEHHO GIUsAem Ha
MEXAHUHECKYIO XaPAKMePUCmuKy 0sueamenst. J[ns KOMReHCayuu usMeHeHUsl 8a3K0CMHO020 MPeHUst npediazaemcsl
UCNONL308AMb  3AMKHYMYIO CUCIEMY De2yIUPOSAHUs ¢ OMPUYAMeEbHOl O0OPAMHOL C813bI0 N0 CKOPOCMU,
KOMOpas Noguluiaem HAnpsjicenue, Npukiaobléaemoe K SAKOPHOU yenu npu YeauteHul 6s3K0CMHO20 MpPeHUs.
Bouinonneno modenuposanue npoyeccos, NpouUCXoosmyux 8 npusooe u paspaboman aiopumm  Cucmemvl
VAPAGIEHUSL.

Knrwuesole cnosa. ﬂeuzameﬂb NOCNMOAHRHO20 MOKa, zudpocmamuquKoe daeﬂeﬂue, 3AMKHymas cucmema,
6A3KOCMHOE mperue, y2n06asi CKopocmas.

Kpyeosoui Anexcandop Hukonaeeuu, xano. mexu. Hayk, Ooy., atpp krugovoi@mail.ru, Poccus,
Cesacmononb, CesacmononbCKuil 20Cy0apCmeeH bl YHUGepCUmem

AUTOMATED CONTROL OF DC MOTORS UNDER HIGH HYDROSTATIC PRESSURE
A.N. Krugovoy

When controlling DC motors under high hydrostatic pressure, the problem arises of eliminating the
harmful effects of the immersion environment, especially sea water, on the operating elements of the drive. One
solution to this problem is to place the engine in a neutral environment, such as glycerine, using pressure
compensators. When diving to great depths, the temperature of the medium can change almost ten times, while the
viscosity of glycerol changes several times and significantly affects the mechanical characteristics of the engine.
To compensate for changes in viscous friction, it is proposed to use a closed control system with negative feedback
on speed, which increases the voltage applied to the anchor chain when the viscous friction increases. Modeling
of processes occurring in nature is performed and the algorithm of the control system is developed.

Key words: DC motor, hydrostatic pressure, closed system, viscous friction, angular velocity.

Krugovoy Aleksandr Nikolaevich, candidate of technical sciences, docent, atpp krugovoi@mail.ru,
Russia, Sevastopol,, Sevastopol State University



IMPOBJIEMBI, PECYPCBI 1 AJIBTEPHATHUBBI IIOJAI'OTOBKHU MATUCTPOB
WHHOBAIIMOHHOI'O ITIPOEKTUPOBAHUS TEXHUKU U TEXHOJIOT Ui

Kapnos A.T.

Annomayusn. Ilpeocmasnen ananuz npobiem, pecypcog, 0030p U CpasHeHue 00paA308amenbHbIX
npocpamm u Onvima NOO20MOBKU UHIHCEHEPHLIX KAOPO8, MAUCMPO8, ACNUPAHMOS8, CHOCOOHBIX ONEPAMUBHO U
ahPexmusHo BKIIOUUMBCA 8 NPOYECCHbl NPOEKMUPOBAHU U BHeOPEHUSI UHHOBAYUOHHOU MEXHUKU U MeXHOL02UU 8
VCAOBUAX COBPEMEHHOIl  BbICOKOMEXHONOSUUHOU NPOMBIULIEHHOCMU U Ou3Heca Nepuood UHMEHCUBHO20
PA36epmMul8aHUs. COBPEMEHHOU NpoMbluLIeHHOU pegomoyuu. Kauecmeennoe obyuenue u npaxmuxa npumeHeHus
KOMNBIOMEPHO20 NPOEKMUPOBAHUS U MOOEIUPOBAHUS, 8 Npoyecce NPUMEHEHUs. NepedO0BbIX NPOMbBIULTIEHHbIX
mexnonoeuti (IIHT), donxcrno Ovime opeanuuecku OONOIHEHO YMEHUAMU U HABBIKAMU NPUMEHEHUS NPOSPAMMHBIX
npoOyKmos, 06ecneyusarouux demMomMamu3ayuio npoYeccos 2eHepayuu U300pemamenbckux uoell.

Knrouegvie cnoea. Bvicokomexnoaio2uunas npomMuluLieHHOCHb U busHec, nepedoguvle NPOU3B00CEEHHbLE
MEXHON02UU, KOMNbIOMEPHBIN UHMCUHUPUHS, KOHYENM UHHOBAYUOHHO20 NPOEKMA, Yupposbie MoOeau uzoeiuil u
npoyeccos, NpopvIeHbIE UCCIEO08ANUS, JHCUSHEHHDLI YUK NPOEKMA, MPEeHUH2e Npoyeccos cenepayuu uoet, cogpm
1000EPIUCKU U30OPEMAMenbCKO20 MbIUUACHUSL.

Kapnos Ammon I'eopeuesuu, x.m.H., Ooyemm, antkar38cam@gmail.com, Poccus, Cesacmononw,
Cesacmononbckutl 20Cy0apcmeenHvlil YHUSepCumenn.

CHALLENGES, RESOURCES AND ALTERNATIVES PREPARATIONS MASTERS OF INNOVATIVE
DESIGN OF TECHNOLOGY AND TECHNOLOGIES

A.G. Karlov

The analysis of problems, resources, a review and comparison of educational programs and the
experience of training engineering personnel, masters, graduate students who are able to quickly and efficiently
get involved in the design and implementation of innovative engineering and technology in the conditions of
modern high-tech industry and business during the intensive deployment of modern industrial revolution.
Qualitative training and the practice of applying computer-aided design and modeling, in the process of applying
advanced industrial technologies (PPT), should be organically supplemented with the skills and abilities of using
software products that automate the generation of inventive ideas.

Keywords: high-tech industry and business, advanced manufacturing technologies, computer
engineering, concept of an innovation project, digital models of products and processes, breakthrough research,
project life cycle, training of processes for generating ideas, software support for inventive thinking.

Karlov Anton Georgievich, Ph.D., the senior lecturer, antkar38cam@gmail.com, the Russian Federation,
Sevastopol, Sevastopol state university.



ONITUMAJIBHOE NEPEHOCHOE IBUKEHUE OBBEKTA C YIIPYTUMHU CBA3AMHU
Boxonckuii A.1., Matictpumua M.M.

Annomayusn. Vccnedosanvl Konebauusi 00beKma ¢ KOHEUHbIM YUCIOM cmenenel c800600bl npu
PEBEPCUOHHO CKOHCMPYUPOBAHHOM ONMUMANLHOM YIPAGICHUU NEPEHOCHBIM OBUNCeHUEeM (3 MUHUMATIbHO
B03MOJICHOE 8PEMsL) U3 UCXOOHO20 COCMOSIHUSL ADCOIOMHO20 NOKOsL 8 KOHEUHOe COCMOsHUE ADCOIIOMHO20 NOKOSL.

Knrwouesste cnoea. l[lepenocrnoe u omuocumenvHoe 08udiceHue, ynpyauii noogec, mpu cmenexu c0000ul,
KOHCmpyupyemoe ynpasierue, ONMuUMaibHoe 08udicetue, NepeHOCHblll U OMHOCUMENbHbI NOKOUL.

boxonckuii Anexcanop Hsanosuy, 0-p mexu. nayx, npog., bohon.alex@mail.ru, Poccusa, Cesacmonony,
Cegacmononbckutl 20Cy0apCcmeeHtblil yHUueepcumenn,

Maiicmpuwun Muxaun Muxaiinosuu, kano. mext. Hayk, 0oy., mihail.maystrishin@gmail.com, Poccus,
Cesacmononb, CesacmonoibCKuil 20Cy0apCmeeHHblIL YHUgepcumen.

CONSTRUCTION OF MANAGEMENTS BY MOVEMENT OF OBJECTS
A.IL Bokhonsky, M.M. Maystrishin

Designed new types of optimal controls are compared by criteria - energy intensity, principle of operation
and energy-action with other known controls. It is shown that purposeful design of controls does not exclude, in
some cases, a decrease in energy for its implementation

Key words: optimal control, energy intensity of controls, principle of action, principle of energy action,
deformable object, achieving absolute rest.

Bokhonsky Alexander Ivanovich, doctor of technical sciences, professor, bohon.alex@mail.ru, Russia,
Sevastopol, Sevastopol State University,

Maystrishin Mikhail Mikhailovich, candidate of technical sciences, mihail. maystrishin@gmail.com
Russia, Sevastopol, Sevastopol State University.



MOJIEJJMPOBAHUE MPOIECCA ®YHKIIMOHUPOBAHHUS OBJAYHOM CUCTEMBI
XPAHEHUSA JAHHBIX METOJIOM TPAEKTOPUI

3amopénos M.B., Kot B.1., 3amopénona /[.B., Bnamumuposa E.C.

Annomayusn. Paccmompen npoyecc QyHKyuonuposanus obraunoll cucmemvl xparenust oannvix. Ilpu
UCHONBL308AHUY MEMOOd MPAEKMOPULl NOCMPOEHA NOLYMAPKOBCKASE MOOelb 00pabomKu 3anpoca Ha 3anuch
Odannwvix makou cucmemou. Hatioenvl ¢hynxkyuu pacnpeoenenuss epemer npebvi8anusi CUCMeMbl 8 COCIMOSHUAX C
yuemom noemopHvix nonaoanuu. OnpedeneHvl @QYHKYUs pacnpeoenenus, MamemamuiecKoe O0XdCUoaHue u
OUCnepcust CIYYAUHOU GelUYUHbL — BPEMeHU NOIHOU 06pabomxu 3anpoca Ha 3anucb Oanuvix. IIposederno
cpasHeHue pe3yibmamos MOOeIUpOB8anUs ¢ pe3yIbmamamit, NOJIY4eHHbIMU N0 Meopeme 0 CPeOHEHCMAYUOHAPHOM
8pemeHu npedbI8aAnUs CUCTEMbL 8 HOOMHOICECTNBE COCMOSHUI.

Knrwouesvie cnosa. Obraunas cucmemvl XpaweHusi OAHHbIX, NOIYMAPKOBCKASL MOOENb, Memoo
mpaexmopuil, PYHKyus pacnpeoeienus.

3amopénoe Muxaun Baoumosuu, k.m.n., ooyenm, zamoryonoffl@gmail.com, Poccus, Cesacmonony,
Cegacmononbckutl 20Cy0apCcmeeHnblil YHUBEPCUmen.

Konn  Baoum  Axoenesuu, o0.m.H., npogpeccop, v _kopp@mail.ru, Poccua, Cesacmonony,
Cesacmononbckutl 20Cy0apCcmeenHvlil YHUSepCumenn.

3amopenosa [apva BuxmoposHna, xamno. mexwu. Hayk, 0oy., zamik@ukr.net, Poccus, Cesacmonony,
Cesacmononbckuti 20Cy0apcmeenHulil YHUsepcumem

Braoumuposa Enena Cepeeesna, cmapwuii npenoodagamens, Poccus, Cesacmononn, Cesacmonoavbckuii
20Cy0apCcmeeHHbLIl YHUBEpCUmen.

MODELING THE PROCESS OF FUNCTIONING A DATA STORAGE CLOUD SYSTEM BY THE
TRAJECTORY METHOD

M.V. Zamoryonov, V.Y. Kopp, D.V. Zamoryonova, E.S. Viadimirova

The process of functioning of a cloud storage system is considered. Using the trajectory method, a semi-
Markov model for processing a request for data recording by such a system is constructed. The distribution
functions of the residence times of the system in states taking into account repeated hits are found. The distribution
function, the mathematical expectation and the variance of a random variable — the time it takes to completely
process a request for recording data — are determined. The simulation results are compared with the results
obtained by the theorem on the average stationary time of a system’s stay in a subset of states.

Keywords: cloud storage systems, semi-Markov model, trajectory method, distribution function.

Zamoryonov Mikhail Vadimovich, Ph.D., Associate Professor, zamoryonoffl@gmail.com, Russia,
Sevastopol, Sevastopol State University..

Kopp Vadim Yakovlevich, Doctor of Technical Sciences, Professor, v_kopp@mail.ru; Russia, Sevastopol,
Sevastopol State University..

Zamoryonova Darya Viktorovna, candidate of technical sciences, docent, zamik@ukr.net, Russia,
Sevastopol, Sevastopol State University.

Viadimirova Elena Sergeevna, Senior Lecturer Russia, Sevastopol, Sevastopol State University.



AJITOPUTMBI TEXHUYECKOT' O 3PEHUA JJIA YIIPABJIEHUSA IBUXKEHUAMUA
AHTPOIIOMOP®HbBIX MAHUITYJIATOPOB

Kpamaps B.A., [Tytur A.H., Tokapes JI.A., Kabanos A.A.

Annomayusn. B cmamose paccmampusaomcs cCoOomuouletus 0Jis pearusayul aizopummos mexHuuecKo2o
spenus. Ilpoananusuposan Kiaccuyeckuti noOxXoo K peuleHuro 3a0auu KOMHblomepHoz2o 3peHus. Paccmompen
NnOOX00 K peuieHuto 3a0ayu 80CCMAHOBNEHUS HeU38eCMHO20 8PAUjeHUs U CMeWeHUs HA OMKAIUOPOBAHHOM
usobpaosicenuu. Ilpusedeno peutenue 3a0a4u MPUAHSYIAYUU, UCNOTL308AHHOU NPU NOCMPOCHUU AN2OPUTNMO8
cucmembvl mexHuyeckozo 3penus. Onucano peuieHue 3a0auu Kambposxu cmepeoxkamepsi. Ilpusedeno onucanue
npeonazaemvix anOpUMMo8 MEXHUYECKO20 3peHus Ol peuwenus 3a0ay NAAHUpOBAHUs MPAEKMOPUU OBUICEHUS
3aX86aMHO20 MOOYISL NPU CO2NACOBAHHOM YNPAGICHUU OBUNCEHUSMU AHMPONOMOPDHBIX MAHUNYAMOPOE.

Knrouegvle cnosa. Texnuueckoe 3penue, NIGHUPOBAHUE MPAEKMOPUU, KATUOPOGKA CmepeoKamepbl,
coenacosannoe dgudicenue, AHmponoOMop@OHbIL MAHURYIAMOP.

Kpamape Baoum Anexcandposuy, 0-p mext. Hayk, npogpeccop, kramarvi@mail.ru, Poccus, Ceséacmonony,
Cesacmononbckuti 20Cy0apCcmeeHnblil YHUBEPCUmen.

Ilymun  Anexcandp  Huxonaesuu, umnoicenep HOIL] «Mexamponuka u  podOOmomexuwuxay,
alexputin.dev@gmail.com, Poccus, Cesacmonons, Ce8acmononbcKuil 20Cy0apcmeeHtblil YHugepcumen.

Toxapes [lenuc Anexcanopoeuu, KanO. mexH. HayK, 0oy., Bedywuil wnayumeii compyonux HOI]
«Mexamponuka u  pobomomexnukay tdanis@yandex.ru, Poccus, Cesacmononv, Cesacmononvckuii
20¢y0apCmeeHHbLIl YHUGEpCUmen.

Kabanos Anexceii Anexcamoposuu, kano. mexu. Hayk, ooy., oupekmop HOI] «Mexamponuka u
pobomomexnukay, kabanovaleksey@gmail.com, Poccus, Cesacmonons, Ce8acmononsCkuil 20Cy0apCmeenHblil
VHUBepcumen.

TECHNICAL VISION ALGORITHMS FOR SOLVING THE PROBLEMS OF TRAJECTORY
PLANNING OF THE END EFFECTOR MOVEMENT FOR THE COOPERATIVE CONTROL OF
ANTHROPOMORPHIC MANIPULATORS

V.A. Kramar, A.N. Putin, D.A. Tokarev, A.A. Kabanov

The article considers the problems of development of algorithms for technical vision. The classical
approach to solving the problem of computer vision is analyzed. An approach to solving the problem of recovering
unknown rotation and displacement in a calibrated image (Prespective-n-Point problems) is considered. The
solution of the triangulation problem used in the construction of the algorithms of the vision system is given. The
solution to the problem of calibrating a stereo camera is described. A description of the proposed algorithms and
methods of technical vision for solving the problems of planning the trajectories of the gripping module with the
coordinated control of the movements of anthropomorphic manipulators is given.

Key words: technical vision, trajectory planning, stereo camera calibration, coordinated movement.

Vadim Alexander Kramar, Doctor of Engineering sciences, professor, kramarv@mail.ru, Russia,
Sevastopol, Sevastopol State University.

Alexander Putin, Engineer, REC “Mechatronics and Robotics” alexputin.dev@gmail.com, Russia,
Sevastopol, Sevastopol State University.

Denis Alexander Tokarev, Ph.D. tech. Sci., Assoc., Leading Researcher, REC “Mechatronics and
Robotics” tdanis@yandex.ru, Russia, Sevastopol, Sevastopol State University.

Kabanov Aleksey Alexandrovich, Ph.D. tech. Sci., the Head of REC “Mechatronics and Robotics”
tdanis@yandex.ru, Russia, Sevastopol, Sevastopol State University.



PEIIEHME NPSAMOM 3AJAYM KHHEMATHUKH J1JISI AHTPOIIOMOP®HBIX
MAHUITYJIATOPOB

Kpamaps B.A., Kpamaps O.A, ITytua A.H.

Annomayusn. Axkmugnoe gneopenue aHmponoOMOPQHLIX MAHUNYASMOPO8 mpebyem pa3pabomKu HOBbIX
no0xX0008 U Ad0anmayuy Cywecmsylowux nooxo008 K nocmpoenuio ux ynpaeienus. OOHUM U3 BAICHEUWUX
n00X0008 56IeMCsl pewleHue NPsSMoll 3a0a4u KUHEMAMUKY mpeoyioweti nNOCmpoeHus KUHEMAMUYeCcKol cxembl
MAHURYNIAMOpA U ONUCAHUE €20 C NoMOwblo nooxooa [lenasuma-Xapmenbepea. B cmamve npugooumcs
cucmemamuyeckoe npedCmasieHue YKa3auHbix 6ONPocos.

Knrouegvte cnosa. Aumponomop@uviii MaHunyIsamop, npsmas 3a0aua KUHeMamuKu

Kpamape Baoum Anexcanoposuu, 0-p mexu. nayx, npog., kramarv@mail.ru, Poccus, Cesacmonony,
Cegacmononbckuti 20Cy0apCcmeeHnblil yHUGepcumenn,

Kpamape Onee Anexcanoposuu, kramarv@mail.ru, Poccus, Cesacmononv, Cesacmononbckuii
20cy0apcmeeHHblil yHugepcumenn,

Ilymun Anexcanop Huxonaesuu, alexputin.dev@gmail.com, Poccus, Ceeacmonons, Cegacmononbckutl
20¢y0apcmeeHHblil yHugepcumen,

SOLUTION OF THE DIRECT PROBLEM OF KINEMATICS FOR ANTHROPOMORPHIC
MANIPULATORS

V.A. Kramar, O.A. Kramar, A.N. Putin

The active introduction of anthropomorphic manipulators requires the development of new approaches
and the adaptation of existing approaches to the construction of their control. One of the most important
approaches is to solve the direct kinematics problem requiring the construction of a kinematic diagram of the
manipulator and to describe it using the Denavit-Hartenberg approach. The article provides a systematic
presentation of these issues.

Key words: anthropomorphic manipulator, the direct task of kinematics.
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SKCIIEPUMEHTAJIBHOE OIIPEJEJIEHUE YT'JIA CABUT'A ®A3 MEXY
KOJIEBAHUAMMU ABYXKOMIIOHEHTHOI'O BUBPOIIPUBOJA

Kpucrane M.T'., I'openosa A.1O., Cypukos A.A.

Annomayusn. Jlnia obecneuenus CHAOMNCEHUs MEXHOIO2UYECKO20 000pPYO008aAHUs Npeomemamu
nPOU3800CMEA UCHOIL3VION 3A2PY304HbLE YCMPOUCMEA ¢ UGPONPUSOOOM, PEATUIYVIOWUM DIUIURMUYECKULL 3AKOH
Koaebanuti paboue2o opeana. Omom 3aKOH NOIYHAIOM 3d CYem CMeWeHUs Ha HeKomopull Gazoswvliil yeol
BEPMUKANLHYIO U 20PU3OHMANLHYIO cocmasisiowue Konebanutl. /s nomyuenusi MAKCUMAIbHOU CKOPOCHU
MPAHCROPMUPOBAHUSL NPEOMENOE NPOU3BOOCINEA MPeDdYemcsl pewums 3a0aiy NIaHUPOBAHUSL IKCIMPEMATbHO20
IKCHEPUMEHINA ¢ MPeMS YaKmopamu: amMniumyobl 6epMUKAIbHbIX U COPUSOHMATLHBIX KOACOAHUU U Yena cOsuea
mexncoy Humu. Ilpunem npednodicena oOpuesuHaIbHAs MemoOUKa onpeoeienus 3mozo yeid.

KnaioueBble cioBa. 3arpy3o4Hoe YCTpPOMCTBO, BHOpPONpPHBON, yroi caBura ¢asbl KoyeOaHHH,
IUITAHUPOBAHKE 3KCTPEMATIBHOTO SKCIIEPUMEHTA.

Kpucmane Mapk [pucopvesuu, 0-p mexn. uayk, npod., crysmar@mail.ru, Poccus, Bonreozpao,
Boneoepaockuil ecocyoapemeennviil mexnuyeckutl yRugepcumem

Topenosa Aca Opvesna, kano. mexH. Hayk, doyenm, asya.gorelowa@yandex.ru, Poccus, Boneozpao,
Boneoepaockuii eocydapcmeenuviii mexHuuecKull yHusepcumem

Cypuxos Anexceil Anopeesuy, baxanasp, cmyoenm, vstu.atp.student@gmail.com, Poccus, Boneozpao,
Boneoepaockuii eocydapcmeenuviii mexHuuecKull yHusepcumem

EXPERIMENTAL DETERMINATION OF A PHASE SHIFT ANGLE BETWEEN VIBRATIONS OF A
TWO-COMPONENT VIBRATOR

M.G. Kristal, A.Y. Gorelova, A.A. Surikov

To ensure the supply of technological equipment with production work pieces, feeding devices with a
vibratory drive that implement the elliptical law of the labour body vibrations are used. This law is obtained by
shifting the vertical and horizontal components of the oscillations by a certain phase angle. To obtain the maximum
speed of transportation of production work pieces, the task of planning an extreme experiment with three factors
was solved: the amplitudes of vertical and horizontal vibrations and the angle of shift between them. Moreover,
an original method for determining this angle is proposed.

Keywords: feeding device, vibratory drive, phase angle of oscillation, planning an extreme experiment.
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AHAJIMTHNYECKOE MOJEJIMPOBAHUE ITPOLECCA ®YHKIIMOHUPOBAHUA
3BOJIIOIMOHUPYIOIIEN CUCTEMBI TP KAYECTBEHHOM U3MEHEHUH
XAPAKTEPUCTHUK EE 9JIEMEHTOB

3amopénoB M.B., [Tuuyrosa T.b.

Annomayusn. B cmamve paccmompena 380IOYUOHUPYIOWAsT CUCMEMbl, 8 KOMOPOU KA4eCmEeHHO
UBMEHSIOMCsl Xapakmepucmuku ee onemenmos. Ilpuseden epagh makoti cucmemvl 015l HEOSPAHUYEHHOO
Koauyecmea coCmosHull, a makice cucmema ouggepenyuanvuvix ypasuenuti Koamozoposa 0ns onpeodenenus
seposimuocmeti cocmoanuil. Ilpueeden epagh cucmemst, 060pyoosaHue 6 KOMOPOU umeem uemvipe Cmaouu
ycmapesanus, cocmaegnena cucmema ougpgepenyuanvhvix ypasnenuti Koimozoposa, a makowce nonyuena
cucmema ypaswenuti 01 onpedenenus unanvubix eposimuocmeil. Ilposedeno moderuposanue npoyecca
DYHKYUOHUPOBAHUSL IBOTIOYUOHUPYIOWE CUCTHEMDL.

Knrouesvie cnosa. Mapkosckas mooensb, 260TI0YUOHUPYIOWAS CUCTEMA, (DUHATbHbIE BEPOSMHOCTU,
ypasHnenus Koamozoposa.

3amopénos Muxaun Baoumosuy, kand. mexH. Hayk, ooyeum, zamoryonofflwgmail.com, Poccus,
Cesacmononw, Ce8acmononbCKkuii 20Cy0apCmeeH bl YHUBEpCumen

Tluuyeoea  Tamwsna bopucosna, maeucmpanm, Poccus, Cesacmononb, Cesacmononbckuil
20Cy0apcmeenHblll yHusepcumem

ANALYTICAL MODELING OF THE PROCESS OF FUNCTIONING OF THE EVOLUTING SYSTEM
AT THE QUALITATIVE CHANGE OF CHARACTERISTICS OF ITS ELEMENTS.

M.V. Zamoryonov, T.B. Pichugova

The article considers an evolving system in which the characteristics of its elements change qualitatively.
A graph of such a system is given for an unlimited number of states, as well as a system of Kolmogorov differential
equations for determining state probabilities. A graph of the system is presented, the equipment in which has four
stages of obsolescence, a system of Kolmogorov differential equations is compiled, and a system of equations for
determining the final probabilities is obtained. The modeling of the process of functioning of an evolving system
is carried out.

Keywords: Markov model, evolving system, final probabilities, Kolmogorov equations
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HNCCIEJOBAHUE TIHEBMATUYECKOI'O TIPEOBPA3OBATEJIA TUIIA «COILJIO-
HPUEMHBIIA KAHAJI»

Bacrotenko A.I1., Bomommaa H.A.

Annomayusn. IIpueoosmces anarumuieckue 3a8UCUMOCIU, ONUCHIBAOWUe pabomy npeobpazosames
«CONNLO-NPUEMHDBIT KAHAL» CXeMa YCMAHOGKU U Pe3yIbmanivl IKCHEPUMEHMATbHO20 UCCAEO068AHUS CIAMUYECKUX
Xapaxmepucmux NHeGMAMUIecKo20 npeobpazoeameiss Muna «CoOnI0 — npuemMHvlll Kauaiy. /s obecneuenus
00CMOBEPHOCIU  IKCNEPUMEHMANLHBIX OAHHbIX 6 CXeMe IKCNEPUMEHMANbHOU YCMAHOBKU UCHOIb3YIOMCSL
BbICOKOMOUHbLE CPEOCMBA UMEPEHUll, 6 HaACMHOCMU 00pasyosvle Manomempuvl kiacca mounocmu 1.0 u
usmepumenvHas eonoska meoenv.l MU (noepewnocmo usmepenus 2,5 mrm, eapuayus noxazanuii £0,5 mrm).
IIpueoosmesa  sxcnepumenmanbuble 3A6UCUMOCIU P, = f(x) oasneHus 6030yXa 6 NPUEMHOM KaHaue

npeo6pa306ameﬂ}1 om 3aszopa x Mewcdy mopyamu conia u npuemMHoco KaHaia u oana OYeHKa coomeemcmeus
meopemu4ecKux u IKCNnepumernmdailbHblx 3asucumocmeit P, = f(x), 3HAYeHUll npﬂMOﬂuHeﬁHblx yuacmkos u

nHesmamudecKkux nepedamotmblx OMHOWEHUIL.

Knrouesvle cnoesa. 1/I3Mepenue, ConﬂO—anEMHblﬁ Kanan, npe06pa306ameﬂb, cmamuveckast
xapakmepucmuka, cxema, IKCnepumenmaibHas yCmaHoeKd.

Bacromenxo Anexcandp Ilasnosuu, x.m.H., doyeum, APVasutenko@sevsu.ru, Poccus, Cesacmonony,
Cegacmononbckutl 20Cy0apcmeennblil yHusepcumen
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RESEARCH OF PNEUMATIC CONVERTER TYPE "NOZZLE RECEIVING CHANNEL"
A.P. Vasyutenko, N.A. Voloshina

Theoretical dependences are described that describe the operation of the “nozzle-receiving channel”
transducer, the installation diagram, and the results of an experimental study of the static characteristics of the
pneumatic transducer of the “nozzle-receiving channel” type. To ensure the reliability of the experimental data,
the experimental setup uses high-precision measuring instruments, in particular, standard gauges of accuracy
class 1.0 and a measuring head 1 MIG (measurement error 2.5 um, variation of readings + 0.5 um). The
experimental dependences of the air pressure in the receiving channel of the converter on the gap x between the

ends B, = J(X) of the nozzle and the receiving channel are given, and the correspondence of the theoretical and

experimental dependences, the values BC =f(x) of straight sections and pneumatic gear ratios are estimated.

Keywords: measurement, nozzle-receiving channel, transducer, static characteristic, circuit,
experimental setup.
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AHATOMUWYECKH ATAIITUPYEMBI PAHOPACIHIUPUTEJID JJI5
MAJIOMHBA3UBHOT'O BEPTEBPOJIOI'HYECKOI'O OIIEPAITUOHHOT' O BMEINIATEJIBCTBA

ITamkos E.B., Kaguana M.U.

Annomayus. Ilpoananuszuposanvl GYHKYUOHATLHBLE 603MOICHOCHIU KOHCMPYKYUL paHopacuupumenet
pAoa  U3BECMHBIX NPOU3BOOUmeNnell MeOUYUHCKO20 000pYO0SanUs, NPUMEHAEMbIX NPU  MATOUHBAZUBHBIX
onepayusix Ha NO360HOUHUKe (8epmebponoeus). Bvisenenvl nedocmamiu, cydcaiowue ux (QYHKYUOHATbHbLE
B03MONCHOCIU U HAOdedHcHOCmb pabombl. ODOCHOBAHO NPUMEHEHIUe PA3MEWAEMbIX 8 PAHE CMEHHbIX TONAMOK,
CHAOIICEHHBIX CePNOBUOHBIMU OKHAMU, YEETUUUBAIOWUX NA0WA0b paboUell 30Hbl, UCHOIb3YeMOU OJIsl 86004 8 PAHY
XUPYPSUYECKO20  UHCMPYMEHMA, d  MAaKxce  VIyYUaiowux  GU3YalbHOCMb — HAONIOOeHUs 3d  X000M
8epmMedPONOUYECKO20 ONEPAYUOHHO20 eMewamensemed. Ilpusedeno onucanue OpucUHATLHOU KOHCMPYKYUU
panopacuiupumens, CHaOICAEMO20 PA3IUYHBIMU NO (hopMe CMEHHBIMU JONamKam, HOKA3aH — Cnocob ezo
VCMAHOBKU HA XUPYPSUHLECKOM Cmoe.

Knwuesvie cnoesa. Paﬂopacmupumefzb, eepme6p0ﬂ02uﬂ, CMEHHble JIOnamKu, Mexanusm noeopoma
JIOnamok.
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20Cy0apcmeenHblll yHusepcumenm

Kanunun Muxaun Heanosuu, K.m.H., doyenm, pykogooumenv epynnvl HUJI «Dxcnepumenmanvhvie
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ANDANATOMICAL ADAPTABLE RETRACTOR FOR MINIMALLY INVASIVE SURGERY
VERTEBROLOGICAL

E.V. Pashkov, M.I. Kalinin

The functional capabilities of the designs of wound expanders of a number of well-known manufacturers
of medical equipment used in minimally invasive spine operations (vertebrology) are analyzed. Disadvantages
that reduce their functionality and reliability are identified. The use of removable blades placed in the wound,
equipped with Crescent-shaped windows , increasing the area of the working area used for inserting a surgical
instrument into the wound, as well as improving the visual observation of the course of vertebrological surgical
intervention, is justified. The description of the original design of the wound expander, which is equipped with
different shaped removable blades, is given, and the method of its installation on the surgical table is shown.

Keyword: the retractor, vertebrology, replaceable blades, the mechanism of rotation of the blades.
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OIIEHKA BO3JENCTBHS HA YEJIOBEKA SJIEKTPOMATHUTHOI'O U3JIYUEHUSA
CBEPXBBICOKOM YACTOTHI METO/IOM I'A30PA3PSIJTHOM BU3YAJU3ALIMA

3amopénosa /1.B., I'yrauk C.A., 3amopénos 11.M.

Annomayuna: B ceasu ¢ sospacmarowjum KOIUYeCmM8OM NpuOOpPo8, U3NYYAOUUX 8blCOKOUACHOMHbLE
97eKMpOMazHUMHble KOAeOaHUs, 803HUKAEM NPoOieMa OyeHKU 8030eliceus Ha 4el08eKd INeKMPOMACHUMHO20
usnyHeHus ceepxevicokou uacmomvl. Paccmampueaemca memoo eazopaspaonoll eusyanuzayuu Kaxk cnocoo
OYeHKU 8030elicm8Usl NIeKIMPOMASHUMHO20 U3YYeHUS C8ePXBbICOKOU Yacmomyl Ha Yenoseka. Ilpusedena cxema
9KCnepuMeHmanvhol ycmanosku. Ilposodamca sKkcnepumenmsl HA 08X 00OPOBONbHBIX UCHBIMYEMbIX, U
OYEHUBAEMCS BIUSIHUE DNIEKMPOMASHUMHO20 U3TYYEHUSL CEEPXBLICOKOU YACMOMbL 8 KANCOOM IKCHEepUMEHME.
IIposooumcs ananuz noay4eHHvIX pe3ynomamos. Pezynbmamul 6030elicmeus 91eKmpoOMaAcHUIMHOZ0 U3TYYeHUs]
CBEPXBBICOKOU HACIOMbL HA YeL08eKA NPeOCMABIeHbl 8 8UOE KPY208bIX OUASDAMM.

Knrouegvle cnosa: 2a3opaspsaonas eu3yaiuzayus, RIOMHOCMb NOMOKA dHepaul, uzypel Jluxmenbepea
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VHUGepcumem

3amopénos Hnvsas Muxatinosuu, cmyodeum, ilia.zamoryonov@gmail.com, Poccusa, Cesacmononbckuti
20Cy0apCcmeeHHbLIL yHugepcumen

EVALUATION OF HUMAN INFLUENCE OF ELECTROMAGNETIC RADIATION OF ULTRA HIGH
FREQUENCY BY THE METHOD OF DISCHARGE VISUALIZATION

D.V. Zamoryonova, S.A. Gutnik, I.M. Zamoryonov

In connection with the increasing number of devices emitting high-frequency electromagnetic waves, the
problem of assessing the human exposure to ultra-high frequency electromagnetic radiation arises. The gas-
discharge visualization method is considered as a way of assessing the effect of ultra-high frequency
electromagnetic radiation on a person. The experimental setup is shown. Experiments are conducted on two
subjects, and the effect of ultrahigh-frequency electromagnetic radiation in each experiment is evaluated. The
analysis of the results is carried out. The results of exposure to ultra-high frequency electromagnetic radiation on
humans are presented in the form of pie charts.

Keywords: gas discharge visualization, energy flux density, Lichtenberg figures
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O®OPMHUPOBAHUE KAPTBI OHEHKW NTHTEHCUBHOCTHU BEI'ETAIIUU C IPUMEHEHUEM
HEYETKOI'O AHAJIM3A

CanmanoB ©.M.

Annomauyusn. Ilpednacaromes 06a HeuémKkux nooxoda K KOIUYECMEEHHOU OYeHKe (QOomOCUHmMemuiecKu
AKMUBHOU OUOMACCHL ¢ YETbI0 (POPMUPOBAHUS KAPMbL OYEHKU UHMEHCUBHOCHIU PACMUMETbHOCU U/UNU PACRO3HABAHUSL
opyeux 06vekmos npu omcymemeuu eecemayuu. /s uoeHmugurkayuu GyHKYuu pacuéma 6ecemayioOHHO20 UHOEKCA
UCRONIb3YEeMCsl HeUEMKO-MHONCCCMECHHBIL AHANUS OMPAXNCEHULl 6 KPACHOM U ONUMNCHel UHPPAKpACcHOU 06aacmsx
ONIEKMPOMASHUMHO20 CNEKMPA.

Knwuesvie cnoea. BecemayuouHwili UHOEKC, MYIbMUCNEKMPATbHOE OMpaAdceHUue 00beKmos, Heuémkoe
MHOJHCECTNB0, PYHKYUA NPUHAOTEHCHOCTNU, HEUEMKUL 8b1800.

Canmanos @yao Myxmap oaenvl, dokmopanm, fuad.salmanli@sinam.net, Asepbationcan, baxy, Hncmumym
cucmem ynpasnenusi Hayuonanvnoii Axaoemuu Hayxk Azepbaiioscana.

FORMATION OF A MAP OF VEGETATION INTENSITY ASSESSMENT USING FUZZY ANALYSIS
F.M. Salmanov

Two fuzzy approaches are proposed for the quantitative assessment of photosynthetically active biomass in order
to form a map for assessing of vegetation intensity and/or recognition of other objects under absence of vegetation. To
identify the function for calculating the vegetation index, a fuzzy-set analysis of reflections in the red and near infrared
regions of the electromagnetic spectrum is used.

Key words: vegetation index, multispectral reflection of objects, fuzzy set, membership function, fuzzy
conclusion.
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