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"PASPABOTKA YCTPOMCTBA JIJIsI HEIPEPBIBHOI'O KOHTPOJIS TEILIOBOI'O
COCTOSAHUA QJIEKTPUYECKOI'O OBOPYJOBAHUA"

I. OBIIEE OIIMCAHUE TEMBI U IIOCTAHOBKA 3AJTIAY

1.1. IIpoGJeMbl M AKTYyaJbLHOCTDH MCCJIeI0BAHUS

OKcIuTyaTalusi  CWJIOBBIX — 3JIEKTPOIHEPreTHMYECKMX  YCTAaHOBOK, B TOM  4YHCIE,
BBICOKOBOJIbTHOTO 000pyaoBaHus (0T 6 KB u Bblle), HEBO3MOXKHO 0O€3 BHEIPEHUS CPENICTB
OTEPATUBHOM OIEHKH TEXHHYECKOTO COCTOSHHS JIEKTPOOOOPYAOBAaHUS HETMOCPEACTBEHHO NpHU
paboTe 1oj HarpsKEHUEM.

1.2. AKTyaJIbHOCTH HCCJIeIOBAHUS

M3BeCTHO MIMPOKOE MPUMEHEHHUE TEIIOBU30POB JJIsl OLIEHKH TEXHUYECKOI'O COCTOSHHS
AJIEKTPOOOOPYI0BAHUS 10/ HATIPSKEHUEM Ha OJICTAHIUAX. DTOT METO/1 BO3MOKEH ITPU HAIUYUU
OTKpPBITOr0 (BU3YyaJIbHOTO) JAOCTYNa IpPH HCHBITaHUAX. BO MHOTMX ciyyasix COBPEMEHHOE
BBICOKOBOJIbTHOE O0OPY/JIOBAaHME 3aKJIOYEHO B MeTaIMueckue KomiuiekTHble suyeiiku (KCO —
Kamepbl cOOpHble OAHOCTOpoHHEro oOciuyxxuBaHus (IIpunoxenue Puc. 1)) 3akpbiThle as
OJIOKMPOBKH OT JOCTyNa Ipu paboTe MOJ HampsHKEHHWEM, TaK YTO BH3YAJIbHBIA KOHTPOJB C
npuMeHeHneM mratHo MK-kamepbl HCKITIOUEH.

C npyroit cTOpoHbI, IPUMEHEHHE COBPEMEHHOI'0 TEIIOBH30pa cTOUMOCThIO oT 0,5 110 5
MJIH. pyOJiell Ha BBICOKOBOJIBTHBIX IMOACTAHIMAX MPOU3BOAUTCS SMU30AMUYECKH (1O rpaduky
TEXHUUYECKOT0 OOCIyKMBaHHUs), Harpumep, 1-2 pa3a B roj, Tak, 4YTO HENPEPHIBHBIH KOHTPOJIb
(bakTHYECKU HE MPOU3BOIUTCS.

Jns pemieHust npoOaeMbl ONEPaTUBHOTO KOHTPOJS OTBETCTBEHHOI'O 3JEKTPUYECKOTO
00opy0BaHus (CHUIIOBBIE TpaHC(OPMATOPHI, BHIKIIOUATENN U APYroe) Kilacca HanpsikeHus Ooee
6 kB HeoOxomuma  pa3paboTka naTyMka — H3BELIATeNs, KOTOPbIM OyleT HEeNnpepbIBHO
PEruCTpUpPOBAaTh TEMIIEPATYpHBIM pEXUM KOHKPETHOro ycrpoiictBa ¢ mnomompro HMK-
MUKPOKaMEPBHI, CONPSKEHHOM ¢ BUIEOKaMEPO.

1.3 TIpenmerom wucc/ieioBaHus sBIseTcs NpoOieMa TUarHOCTUKU TEXHUYECKOTo
COCTOSTHUSI 000pYyIOBaHUSI.

1.4. O0BbeKkTOM HCC/Ie0BAHMSA JATYHK JUCTAHIIMOHHOIO KOHTPOJI TEMIIEPaTyphI.

1.5. Hean uccjie1oBaHUA

[enbro uccnenoBanusl ABISIOCH: CO3JaHUE JAECHCTBYIOUIETO AATYMKA — M3BEILATENS IS
HEMPEPHIBHOTO KOHTPOJISI TEMIEPATYPHOTO pPeKUMa 3IIEKTPOIHEPTETHUECKUX OOBEKTOB, B TOM
YHClie, HaXOIAUINXCA B 3aMKHYTOM IIPOCTPAHCTBE, HAIPUMEp, KOMIUIEKTHBIX sueiikax (mkadax),
B KOTOPBIX TETJIOBU3MOHHBIN KOHTPOJIb C IIOMOIIBIO CTAIlMOHAPHBIX MPUOOPOB HEBO3MOXKEH.

1.6. 3agauu ucciaeroBaHus



3ajauaMu UCCIeOBaHUS SBIISITUCH:

-aHaJIU3 JIUTEPATYPHBIX TaHHBIX;

-CO3JIaHUsl IaTYMKa JAUCTAHIIMOHHOTO U3MEPEHUs TEMIEpaTyphl HA OCHOBE MOPTATUBHOMN
NK-kamepsr;

-pa3paboTKa IPOrpaMMHOI0 O0ECIIEUEHU;

1.7. KpaTkoe onucaHue NpoBeeHHbIX HCCIeI0BAHMI

B mpouecce paboThel co37aHO YCTPONUCTBO ISl HEMIPEPHIBHOTO KOHTPOJIS TEMIIEPaTyphbl
oOpexkta Ha ocHoBe Mmoxayieil MK-kameprl, WEB-Buaeokamepsl a1 3axBara peabHOTO
M300paxeHusi, MUKPOKOHTpOJIIEpa JIsl 00pabOTKH JaHHBIX, a Takke DBM s BU3yalu3anuu
MOJIy4eHHOU nH(pOopMaLuu.

1.8. OcHOBHBIE HAYYHbIE THIIOTE3bI

BeraBuHyTa rMnoresa o ToM, 4ro:

-COBOKYITHOCTh METO/I0B 00pa00TKU MH(OPMAIIUU U CPEJICTB KOHTPOJISA MTO3BOJIUT CO3/1aTh
YCTPOMCTBO JIsl AUCTAHLIMOHHOTO KOHTPOJISl TEMIIEPATYPbl 00BEKTOB, B TOM YHUCIIE, HAX OIS IIINXCS
B 3aMKHYTOM IPOCTPAHCTBE.

1.9. MeToabl peaau3anuu runoTe3bl

B xoze uccnenoBanuii IpUMEHSIIUCH CIIEAYIOLUE METObIL:

-pusnyeckue, PU3NKO-MaTeMaTHIECKHE;

-ONTUYECKHUE;

1.10. OGopynoBanusi Ajsl peajn3aluu rumnoTe3bl

B npomecce cosmanus nmartumka ucnois3oBaiuck  WEB-kamepa, HK-kamepa,

MHUKPOKOHTPOJIEP, YCTAaHOBKA AJIs anpoOrpoBaHus padboTsl gatunka (IIpunoxenue Puc. 11, 12).

Il. IJMATEPATYPHBII AHAJIN3



2.1. O01mue NPUHIUNBI PETUCTPALMHA U KOHTPOJISA TeMIepaTyphl

YcrpolicTBa, € TOMOIIBIO KOTOPBIX TUCTAaHIIMOHHO U3MEPSAETCs TeMIlepaTypa HOBEPXHOCTH
TeJ MO0 COOCTBEHHOMY ONTHYECKOMY (TEIJOBOMY) M3JIyY€HHIO, B 1I€JIOM, HAa3bIBAIOTCS
NUPOMETPAMHU U TETIOBU30PAMHU.

B mocnennee BpeMsi, NUPOMETpPaMU HA3bIBAIOTCS NPUOOPHI, C TMOMOLIBIO KOTOPBIX
OLIEHUBAETCs JIOKaIbHasl TEMIIEPaTypa B BbIIEJICHHOM 00JaCTH OBEPXHOCTH.

[TupomeTpbl, Kak MPaBUJIO, BBINOJIHAIOTCS Ha OCHOBE MHPO3JIEMEHTOB WM Ha OCBHOBE
¢doronprueMukoB((poToIMOI0B), B KOTOPHIX BOSHUKAET MUPOIJIEKTpUUecKUil 3 (heKT — mosiBienue
3apsaa Ha JUAJIEKTPUKE Ipu ero HarpeBanuu UK-uznyyenuem.

TennoBuU30pb! (TEIVIOBU3MOHHBIE CHCTEMBI) XapaKTEPU3YIOTCS TE€M, YTO € MX IOMOIIbIO
BO3MOYKHO CKaHHUPOBAHUE MPOTKEHHBIX IOBEPXHOCTEH, TEM CaMbIM JOCTUraeTCs BU3yallu3alus
TEIIOBOT'O MOJISl IOBEPXHOCTH U €r0 IMPEJICTABICHUE B BUJIE TEIJIOTPAMMBI.

2.2. O0mue cBegeHUs 0 MPUOOPAX /Il JTUCTAHIIMOHHOTO H3MePEHHs TeMIepaTyp
Hupomemput

[TupomeTpsl — MasiorabapuTHbIE, OTHOCUTEIBHO JeIIeBble MPHUOOPHI ISl AUCTAHIIMOHHOIO
U3MEPEHUs] TeMIIepaTypbl B BBIOpAHHON 00JacTH MOBEPXHOCTH. BHEHmIHMIA BHI HHpPOMETpa
puBEsEH Ha puc. 1.

Tennoeu3zop

TennoBU30p — CHOXKHBIM ONTOINEKTPOHHBIA MpHUOOp, (GYHKLIUEH KOTOPOro SBISETCS
BU3yalM3alUsl TEIUIOBOTO IO IOBEPXHOCTH, KOTOpas IOMajaeT B IOJ€ 3PEHHUS
TEIUIOBU3MOHHOTO TIpUEeMHUKa, o00paboTKa, XpaHEeHHe, Iepenaya HHPOpMaluu B BUJE
TeriorpaMM Ha OBM co cnenuann3upoBaHHBIMU IporpamMmamMu. BHEIIHUN BHUI TEIIOBU30pa
IIPUBEJIEH Ha puUC. 2.

2. 3. O0uue cBeleHNs 0 XapaAKTEPUCTUKAX ONTHYECKUX NTPUOOPOB

OCHOBHBIMU TE€XHHYECKMMH IapaMeTpaMu TEIUIOBU30POB SIBJSIOTCS: MHUHHMAaIbHO
oOHapy>KMBaeMOe IMPEBbIIIEHUE TEMIIEpaTypbl; YacToTa CMEHbl M300paxeHuit; Qopmar

I/I306pa)KeHI/I$I; I10JIC 3pCHUA U ApYruc

Ilone 3penus u meHogenHoe none 3peHus.

YCTpOHCTBO TEMJIOBU3MOHHOTO KOHTPOJII M CONPSDKEHHasT HUM BUJIeOKamepa
HampaBlIeHbl Ha HCCIEAYeMYyl0 O00JacTb 3JEKTPUYECKOro OOOpYJOBaHUS, OXBaThIBas
OIpeIeTICHHYIO TuTonia b npocrpancTsa (IIpunoxenue puc. 3).

ITpu ¢pukcupoBaHHOM yrile 3peHus (P B 3aBUCHUMOCTH OT yjayneHus L obopynoBaHus or

KaMepbl IPOU3BOAUTCS aHAIHU3 00JIaCTH.



HK-kamepa ¢ukcupyer uH(ppakpacHOe H3Iy4YeHHE 3aJaHHOM obnactu (opMupyer
[[BETHYIO KapTy TEIJIOBOTO IOJIs (TEIUIOrpaMMy) B NMUKCEIBHOM Buzae B ¢opmare 16x4, rae
BBIOpaHHas IBETOBAsl raMMa CBs3aHa C MHTEPBAJIOM ompeaeneHHbIXx Temmeparyp ([Ipunoxenue
puc. 4).

Ilonem spenuss FOV (field of view) Ha3biBaeTcst OrpaHU4eHHbII IUIOCKHN YTOJI IO
BepTHKaIN Wwin 1o ropusoHTanu (IIpunoxenue puc. 4).

[None 3penust (MHAYE, Y201 3peHus yeor 0030pa, Yol 3peHuUs, Yol 8U3UPOBAHUS, Yell080e

npoCmpancmeo) ONpeAeIaeTcs pa3MepPOM MaTPULbl IPUEMHHUKA.

3navenus FOV u IFOV moryT ObITh pacCUUTaHBI C YU€TOM AKCIIEPUMEHTAIBHBIX TAHHBIX
(IMpunoxenwue Puc. 9, 8) cneayronmm 00pazoMm.

KonuyecTBo ropu3onTanbHbIX nukceneit pasHo 16. B none 3penus (IIpunoxenue puc. 9,
8) nomanaet nuHeiHbIN pasmep X1, paBabiid X1 =17,5 cm. C ydgerom TOro, 4T0

FOV = X/L (pan)
UMeeM:
FOV1 =17,5/20 = 0,8 pax = 53°,

Ananornuno (Ilpunoxenue puc. 10) B mosie 3peHHs MOMAIAET JUHEHHBIA pasmep X2,

paBHbI X2 = 32 cM, clie10BaTeNbHO,
FOV2 =32/40 = 0,875 pax = 45°,

Takum oOpaszom, 3mauennme FOV yctpoiictBa nexut B mpemenax 45 © -55° uro
COOTBETCTBYET MACIOPTHBIM TaHHBIM Kamepsl MLX90640.

Menosennuiii yeon spenuss IFOV (instantaneous FOV, IFOVmeag - mpoctpaHcTBeHHOE
paspelieHue: ) OnpeaessieTCsi OTASIbHBIME MpueMHbIMH TUTomaaKamu (IIpunoxenue puc. 8 ).

Pacuer nmokasweiBaert, uto 3Hauenue |FOV papHo:

IFOV =1 cm/20 cm = 0,05 pax =0,05x57 =2,8°.

Menosennoe none 3peHus CKAaHHPYIOIIETO TEIUIOBU30pa ompenensercs (OKYyCHBIM
paccTosiHueM 00BbEKTHBA TEILIOBU30pa U pa3MepoM npuemHou rioriaaku MK-npuemuuka.

C yderoM TIONYYEHHBIX JaHHBIX MOXKHO TIOJaratb, 4YTO TIPU PACCTOSHHUH
L =1 M npu mrHOoBeHHOM yrie 3penus IFOV =3° =0,05 paxg ¢ moMoOmIpI0 MPeICTaBICHHOTO
YCTPOMCTBA MOXKHO pa3iinyaThb OOBEKTHl C JMHEHHBIMU pa3mepamu Ooinee 5 cM. IToro
JOCTaTOYHO, YTOOBI JTUATHOCTHPOBATH TIEPErPeB OTIEIBHBIX DIEMEHTOB JJICKTPUUECKOTO

060py2l0BaHI/IHI HapyYIICHHBIX KOHTAKTOB, IIIHH, KaOeJbHBIX KAHAJIOB U T.II. .

I1l. DkcnepuMeHTaIBbHASA YaCTh



Coznano yctpoiicTBoM Ha ocHOBe Moaynen MIK-kamepsl, WEB-Buneoxameps! 11 3axBara
peasbHOro M300pakeHHs, MUKPOKOHTpoJulepa Ui oOpaOOTKM JaHHbBIX, a Takke DBM nmns
BU3YaJIU3aL1H [10Jy4eHHON HH(OpMALIHH.

VYCTpONCTBO TEIVIOBU3MOHHOTO KOHTPOJS M CONpSIKEHHass C HHUM  BHJIEOKamepa
YCTaHABJIMBAIOTCS U HAMIPABIIAIOTCS HA UCCIIEYEMYIO 00J1acTh 3JIEKTPUYECKOT0 000pyI0BaHMs, B
ToM umcie, B 3amMmkHyToM mpocTpancTBe KCO (Ipunoskenue Puc. 5.), oxBaThIBas OnpeaeacHHYIO
o0acTh ¢ yueToM ontuueckux napamerpos MK-kamepsr.

HK-xamepa ¢ukcupyer uH(ppakpacHoe H3ITydeHHE 3aJaHHON oO0iacTH U (GOpMHPYET
[BETHYIO KapTy TEIJIOBOTO MO (TepMOrpaMMy) B NMHUKCEIbHOM BuAe B ¢opmare 16x4, rioe
BbIOpaHHAas 1IBETOBAsi raMMa CBsI3aHA C MHTEPBAJIIOM ONPEAEICHHbBIX TEMIIEPATYP.

Tepmorpamma TerioBoro mojis OOBEKTa HaKJIaAbIBA€TCS Ha BHUICOU300pakeHUe
uccieyeMoi 001acTy, MOJIy4€HHOE C TIOMOIIbIO BUJEOKAMEPBI, TAK YTO MOKHO aHAJIU3UPOBATh
TEIJIOBOE COCTOSIHUE OTJENIBbHBIX YCTPOUCTB MM Y3JI0B MIPOTSYKEHHOTO JIEKTPO3HEPIE€TUUECKOTO
o0BeKTa.

ITonyyennas unpopmanus oopadaTbIBaeTCs ¢ UCHOIB30BAHUEM AJITOPUTMOB MAIIUHHOTO
3peHuss B pamKax pa3zpaOoTaHHOro mnporpammHoro oOecnedenus. Ilpu 3TOoM peanusyercs
HaOJI0IeHNE 32 pacpeeTICHHEeM TeMIIepaTyphl B 3aJJaHHOM 00J1aCTH WIIM KOHKPETHOM OOBEKTE U
IIPOU3BOJUTCS aBTOMAaTUUECKU aHainu3. [lomyueHHble JaHHBIE CPAaBHUBAIOTCS C ATAIOHHBIMU U
Ha OCHOBAHHUH PACXOXIECHUHN BBISBIISIFOTCS TEMIIEPATYPHBIE AHOMAJIUH.

[IpoBeneHbl UCHBITaHUS AATYUKA - U3BELIATENS M OLEHEHBl €0 OCHOBHBIE TEXHUYECKUE
napaMeTpsbl.

Onucanue pa3padoTku

Co3aano ManorabapuTHOE aBTOHOMHOE YCTPOMCTBO JUIsl AMArHOCTHKH TEXHUYECKOTO
COCTOSIHUS DJIEKTPUYECKOI0 000py10BaHUSI.

OOmuit BUJ U CTPYKTypHasi CXeMa almapaTHON yacTH pa3pabaThlBaeMOro ycTpoicTBa
NPECTABJIEHbI B IPUIIOKEHUH HA pUCYHKaX 6 1 7.

CrpykrypHast cxema coctouT u3: moayneir WEB-kamepsi(Logitach 1920x1080) u MK-
kamepsi(MaccuB mukcenei 16x4), coequuéHnpix yepe3 USB-mopT ¢ meHTpaibHBIM MPOIIECCOPOM
MHUKpoKoHTpoJsuiepa. [lonyuennas nngopmariust o0pabdaTbIiBaeTCs C UCIOIb30BAHUEM ANTOPUTMOB
MaIlmHHOTO 3peHus. [Ipu 3ToM peanuzyercss HaOMIOIEHUE 3a paclipe/ieieHUeM TeMIIepaTyphl B
3aJaHHOW 00JacTH WJIM KOHKPETHOM OOBEKTe U TPOM3BOJAUTCA AaBTOMATHYECKHI aHau3.
[TosryueHHbIe JaHHBIE CPAaBHUBAIOTCA C 3TAJIOHHBIMU U HA OCHOBAHUU PACXOXICHUN BBISBIISIOTCS
TEMIIepaTypHble AaHOMAJIMM, a TaKXKe CTPOUTCS TeruorpamMma B paspaboranHom WEB-
npunoxxernu ([Ipunoxenue Puc. 8).

Jlst ampoOaniuu paboTsl maTynka Oputa co3gana nmurtanust KCO. B cxeme mpeaycMoTpeHo



BKJIIOUEHUE DJIEMEHTA, TEMIIepaTypa KOTOPOIO BO3pacTacT MpU MPHWIOKEHUHU HAINPSHKEHUS
(Bapucrop). Takum 00pa3oM ycTaHOBKaA IO3BOJIIET KOHTPOJIMPOBATh TEMIIEPATypy HE TOJIBKO Ha
OTKPBITBIX 00BEKTaX, HO U B 3aKPHITOM KOPITyCE.

Y. BeIBOABI

B mpomecce paboThl co3maH  ICUCTBYIOIIMMA JaTYUK HEMPEPHIBHOTO  KOHTPOJIS
TEMIIEPATYPBI, XapaKTEPU3yeMbli KOMIAKTHOCTBIO, BO3MOXKHOCTBIO YCTaHOBKHM B 3aMKHYTOM
IPOCTPAHCTBE Ul OLIEHKH TEIJIOBOTO COCTOSHUS YCTPOICTB HEMOCPEICTBEHHO NP paboTe MoJ
HAIpPsDKEHUEM, MO CTOMMOCTBIO 10 CPaBHEHHUIO C IIPOMBIIIJIEHHBIMU TEIIOBU3MOHHBIMU
KaMepaMmH.

VYcTaHOBKa JATYMKOB - H3BEILATENEH HAa OTKPBITBIX BBICOKOBOJBTHBIX IOJCTaHIMAX,
3aMKHYTBIX PpaCHpPElCIIUTEIbHBIX IIUTAX KCO noxacraHuuii, COBpPEMEHHBIX CYIOB C
BBICOKOBOJIBTHBIM 00OpYJOBaHHEM CIOCOOCTBYET TIOBBIIICHUIO HAAEKHOCTH, OJJIEKTPO- U
10Kapo0e30MacHOCTH IEKTPOIHEPTETHUECKIX OOBEKTOB.

PaGoumii mporoTMm  gartyMka -  M3BEIIATENd  HOJYYMJ  BBICOKYIO  OLIEHKY
3eKTpo3HepreTuyeckux komnanui, B Tom uyucie [IAO PMCK Cesepo-3anaga «Komsnepro»,
[TyOnuunoe akuonepHoe obmectBo «Poccuiickue cetu» (ITAO «Poccetu») — omepaTopos
JHEpreTnyeckux cerer B Poccum.

ITosydeHbl pexkoMeHauuu 1)1 BHEAPEHU JaTUNKa — U3BELIATENs B IPOU3BOICTBO.

Y. Anpo6auusi padoThl
ABTOp NPECTABIIAT Pa3IMUHbIEC 3TAIlbl U PE3YJIbTAThl padOTHI HA AHTJIMHCKOM U PYCCKOM
A3bIKaxX Ha pa3IM4HbIX KOH(pepeHusx B . Mypmancke, Mockse B nepuog 2015-2018 rr.
PaboTta Obuta npencrabneHa Ha CTyeHUECKOW HayYHO-TEXHUUYECKONH KOH(pEpEeHIIMH B Mae

2019 rona Ha pycCKOM M aHIJIMICKOM S3BIKAX.

Y. bubanorpadpus
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Puc. 6. O6muii Bu1 yCTaHOBKH
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° visualizeTemperaturesCamera

Puc. 7. CtpykTypHas cxema yCTaHOBKHU

1 detected objects with high temperature

Puc. 8. Terumorpamma Harpetoro oobekTa (x11= 1 cm; L1 =20 cm)




° visualizeTemperaturesCamera = O X

2 detected objects with high temperature
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Puc. 9. Tepmorpamma aByX HarpeTbix 00beKTOB (x11 = lcm; X12 = 0,3 cm, L =20 cm)

© visualizeTemperaturesCamera - O X

1 detected objects with high te mperature

Puc. 10. Temnorpamma HarpeToro oobekTa (x21=1 cm; Lo=40 cm)
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Puc.11. BHemHuit BU yCTaHOBKHU JJIs anipoOaIuy JaT4uKa

A)Bun cnepenu; b) Bua cepxy



TIIJIAH UCCJIEJIOBAHUI

OcHOBHBIE MEPOIIPUSITHUS

Cpoku

[Iponoxkenue uccae10BaHUM.

W3yuenne TeOpeTUYECKOro MaTeprana.

stHBapb 2019

Pa6ota ¢ UK-kamepoii.

®deBpalib-MapT

Pa3zpaboTka nmporpaMMHOT0 0OeCTICUECHHS. 2019
BricTynnenue Ha CTyieHUeCKOi Hay4HO-TEXHUYECKON Amnpens 2019
KOH(epeHIIHH.
[Iponoikenue ucciaeqoBaHmit Anpenb 2019

Pabota ¢ ycTaHOBKOI.

W3yueHne TeopeTH4ecKoro Marepuana.

Maii-urons 2019

[ToaroroBka k KoH(pEpeHIUN

Agryct 2019

BricTymiieHre Ha ropoCKoi KOH(pEepeHINN

Centsi6ps 2019




