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AHHOTAIUA

Tema w™arucrepckoii auccepranuu. Pa3paOoTka nNpoTOTHIA BBIXOJHOTO
KacKaJa >SMYJISITOpa BBIXOJHBIX CHUTHAJOB JJIsi MHPOBEPKHM MHUKPOIPOILIECCOPHBIX
3aIIuT.

O0Bem auccepranuu coctaBisgeT S0 CTpaHUIl, KOTOPHIE BKIIOYAIOT B ceOst 26
pucyHkoB. CIIHCOK HCHOJIb30BaHHBIX HCTOYHMKOB BKjIouaer B cebs 10
HAaMMEHOBaHUM.

B marucrepckyro nuccepTaiyio BXOIAT 3 IIaBbI:

B nepBoii rnaBe MNpPOM3BOJAUTCS aHAIW3 MOJICIM C HCIOJIb30BAHUEM
PEBEPCUBHOTO CUETUMKA, TOCTOMHCTBA U HEJJOCTATKH, HACTPOMKA, OTIBITHI.

Bo BTOpoil riaBe MpOM3BOAMTCS aHAIU3 MOJCIM C Hucnoiab3oBanuem I[[AII,
JIOCTOMHCTBA U HEIOCTATKH, HACTPOIKA, ONBIThI, U3MEPEHUSI.

B Tperbeil ryaBe TPOM3ZBOJAUTCS aHAIU3 MOJIEIM C HCIOJIBL30BAHUEM
yckoperHoro MM, nocToMHCTBa M HEIOCTAaTKH, HACTPOWKA, OIBITHI, U3MEPEHHUS
OMUCHIBAETCS pa3paboTka MPOrpaMMHOI0 KOMILJIEKCa.

KiroueBbie ciioBa: AMynsSITOp i TPOBEPKA MHUKPOIPOUECCOPHBIX 3aIIUT,

amyasatop, COMTRADE, aBapuiiHbIii CUTHAI, KOMITIEKC TSl poBepku P3A.
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ABTOPE®EPAT

Marucrepckas pabora o teme «Pa3paboTka cXeMbl BBIXOJIHBIX KacKajoB
AIMYJIATOPA AaBAPUIHBIX CUTHAJIOBY

AKTYaJIbHOCThH TEMBI:

MopenvpoBaHue aBapUUHBIX  IPOLIECCOB, MPOBEACHUE  KOMIUIEKCHOTO
TECTUPOBAHUSI CUCTEM PEJICHHON 3alUThl U aBTOMATHUKH SIBIISIETCS Ba)XHBIM KakK B
IPOM3BOJCTBE, TaK W B ydeOHOM mporecce. [IpoBepka 3yIeKTpOMEXaHUYECKHX U
MHUKpPOIIPOLIECCOPHBIX 3alIUT, TpeOyeT HCHBITATENIbHOIO 000pYyI0BaHUS OOJIBLION
CJIIOHOCTH. B pellleHnn NaHHBIX 3a]lady B HACTOSIIEE UCIOJIb3YIOT MCIBITATEIbHBIC
KOMILIEKChl, HanpuMep Takue kak PETOM-51, nocToiiHo 3apekoMeHoBaBIIuE ceOs
B TEUYCHHE MHOTOJIETHEH OSKCIUTyaTallud Ha Mpou3BojcTBe. Ho nisi mpoBeneHus
UCIIBITAHUN B JTAOOPATOPHBIX YCIOBHUSX B HEOOJBIMMX yUEOHBIX TpyMIax, MOKYIKa
UCIIBITATENIbHBIX KOMILUIEKCOB MOXET OKa3aThCsl HEOIMpaBJaHHOM, TaK KakK IEHbl Ha
o0opy0oBaHUE HAXOATCS B mipeaenax ot 150 Teicsu 70 2,5 MUJUTMOHOB PYOJICH.

I[To »Toit mpuurHEe OBLIO MPUHATO PEIICHUE O Pa3padOTKE YCTPOMCTBA, KOTOPOE
OyZeT SMyJIMpOBaTh TOKA W HANPSDKEHHUS HEOOXOIUMOM BEIMYUHBI, MOJCIUPOBATH
peanbHble aBapuUiiHbIE CUTHaNIbl (3allUCaHHbIE paHee B AJIEKTPOYCTAHOBKAxX), H
UMUTHUPOBATh BO3MOXHBIE CHUTyallUd B J1a0OpaTOPHBIX YCIOBHSIX, a TaKxke s
BBITIOJIHEHUS PA3JIMYHBIX TPOBEPOK U UCIIBITAHHIM.

eab padoThI:

Coznanue SMysITopa aBapUHBIX CUTHAJIOB.

OcHoBHBbIE 337]a4H:

Pazpabotats anroputm npeodpazoBanus hopmata COMTRADE

Pa3paboTka cxembl yrpaBiaeHHUsI

PazpaboTka cumoBoil CXeMbI

[IporpammupoBaHre MUKPOKOHTPOJIEpA

COopka u otnaaka mpudopa

MeTtoa uccjie10BaHUA:
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B mpomecce Hay4HOro HcciIeoBaHHS ObUIM  MPUMEHEHBI
UCCJIEIOBAHNS TIPAKTUYECKOTO, TEOPETHUYECKOrO TAK M SMIIMPUYECKOTO XapakTepa.
beimn  HWCHOJIB30BaHBl ~ METOABl  AJITOPUTMUPOBAHUSA,  MIPOrPaMMHUPOBAHMS,
COCTaBJICHHSI CXEM M pacyeToB 000OIIEHHS, CTATUCTHUECKOTO U JIp.

Hay4yHast HOBM3HA!

bon nipeaioxkeHbl HOBbIE AITOPUTMBI TPeoOpa30BaHUs aBAPUITHBIX CUTHAJIOB
samrcaddbix B (popmate COMTRADE B aBapuiiHble CHUTHaIBI B BHJIE TOKOB H
HalpsOKCHUM, HOBas JIOTMKA YHOPABICHUS W YHUKAIBHBIA MPOTrPaMMHBIA  KOJ
VIOPABJICHHS C MOMOIIbI0 MUKPOKOHTPOJUIEPA, CXEMa HCIBITATEIbHOTO KOMILIEKCA
1151 (GOPMUPOBAHUSI TAHHBIX aBapUIHBIX CUTHAJIOB.

Anpo0auus pe3yJibTaTOB padoThbI:

OcHOBHBIE pe3yJbTaThl HUCCIEAOBaHUI, M3J0KEHHBIE B JHUCCEPTAlUH, ObUIH
MIPEACTABIICHBI:

- "Ha VI Bcepoccuiickoli Hay4YHO-TIPAKTUYECKON KOH(EPEeHIIMH MOJIOIbIX
YYEHBIX, CIEIHUATUCTOB, acmupanToB U CcTyJaeHTOB «[ MIPOSJIEKTPOCTAHIIMNU
B XXI BEKE» (p.n. Uepemymku, 2019 r.).

- Ha VII Bcepoccuiickoif Hay4YHO-NPAKTUYECKOW KOH(PEPEHIMU MOJOJIBIX
YYEHBIX, CIIEIMAIUCTOB, aciupanToB U cTyaeHTOB «[ MIIPOSJIEKTPOCTAHIINN
B XXI BEKE» (p.n. Uepemymiku, 2020 1.).

- Ha VIII Bcepoccuiickoil HayyHO-NPAKTUYECKOW KOH(PEPEHIIMH MOJIOIbIX
YYEHBIX, CIENUAIUCTOB, acnupaHToB U cTyAeHTOB «[ MMJIPOSJIEKTPOCTAHIINN
B XXI BEKE» (p.n. Uepemyuiku, 2021 r.).

- Ha XVII MexnayHapoaHoid KOH(GEpPEHIMH CTYAECHTOB, ACIHPAHTOB H

Moutobix yueHbix «IIpocnext CBoGomHbIH - 20215
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ABSTRACT

Final qualifying work on the topic " Development of the output stage scheme
of the alarm emulator»

Relevance of thetopic:

Modeling of emergency processes, conducting complex testing of relay
protection and automation systems is important both in production and in the
educational process. Testing of electromechanical and microprocessor protections
requires testing equipment of great complexity. In solving these problems, test
complexes are currently used, for example, such as RETOM-51, which have proved
themselves worthily during many years of operation in production. But for
conducting tests in laboratory conditions in small training groups, the purchase of test
complexes may be unjustified, since the prices for equipment are in the range of 150
thousand to 2.5 million rubles.

For this reason, it was decided to develop a device that will emulate the
currents and voltages of the required value, smulating alarms, and ssimulating all
possible situations in the laboratory, as well as to perform various checks and tests.

An alarm emulator for testing microprocessor protections is a device that will
generate currents and voltages similar to those issued from current transformers and
voltage transformersin area-world environment.

One of the standards for recording darms is currently the COMTRADE data
format.

Pur pose of the work:

Creating an aarm emulator.

Main tasks:

Develop a COMTRADE format conversion algorithm

e Development of the control scheme
e Development of the power circuit
e Microcontroller programming

e Assembly and debugging of the device

5
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Resear ch method:

In the process of scientific research, methods of research of a practical,
theoreticd and empirica nature were applied. Methods of algorithmization,
programming, drawing up schemes and calculations of generalization, statistical, etc.
were used.

Scientific novelty:

New algorithms have been proposed for converting COMTRADE into alarms.
New control logic and unique microcontroller control program code. Creation of a
test complex for generating emergency signals

Approbation of theresults of thework:

The main results of the research presented in the dissertation were presented:

- at the VI All-Russian Scientific and Practical Conference of young scientists,
specidlists, postgraduates and students " Hydroelectric power plants in the XXI
CENTURY "(R. P. Cheremushki, 2019).

- at the VII All-Russian Scientific and Practical Conference of young scientists,
specialists, postgraduates and students " Hydroelectric power Stations in the XXI
CENTURY "(R. P. Cheremushki, 2020).

- a the VIII All-Russian Scientific and Practica Conference of young
scientists, specialists, postgraduates and students "Hydroelectric power stations in the
X X1 CENTURY" (R. P. Cheryomushki, 2021).

- at the XVII International Conference of Students, Postgraduates and Y oung
Scientists" Svobodny Avenue-2021»
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BBEJAEHUE

[IpeacraBieHHoe B JaHHOW CTaThe MCCIEIOBAHUE MPOAOHKAET CEpUI0 padoT,
MOCBSIIEHHBIX Pa3pabOTKE BBIXOAHBIX KACKaIOB SMYJSTOpPA aBapUIHBIX CHUTHAJIOB
JUTSL IPOBEPKH MUKPOIIPOLIECCOPHBIX 3aIUT HalKMCcaHHbIe aBTopamu: Asemacos [1.B.
u Jlayoepom A.Jl., mox pykoBoacTBoM Bosommmnaa A.M.[1,2,3,4,5].

OMyJSITOp aBapUIHBIX CUTHAJIOB IS TIPOBEPKH MUKPOIPOIIECCOPHBIX 3aITUT
MIPEICTABIIAECT CO00M yCTPOICTBO, KOTOpoe OyaeT (GopMUPOBATh TOKU U HAIPSKEHUS
moI00HbIE TeM, KOTOpPBIE BBIJAIOTCS C TpaHC()OPMATOPOB TOKa M TpaHCHOpPMATOpOB
HaIpsDKEHUs B peasibHOM oOctaHoBke. OIHMM M3 CTaHAAPTOB 3allMCH aBApUKHBIX
CUTHAJIOB B Hacrtosimiee Bpemsi sBisgercs ¢opmar ganHeix COMTRADE. 3Oto
OOIIETIPUHATHIA (OopMAT PETUCTPALMU OCIIIIJIOTPAMM TEPEXOJHBIX MPOIECCOB B
HEprocucTeMax. IToT ¢opMar MpejcTaBieH JByMs (aillaMu C OJUHAKOBBIMU
UMCHAMH, HO pa3HbIMU pacmupenusmu (Hampumep ¢07.cfg u g07.dat). daiin
koHurypauun (cfg daiin), comepkamuii mapaMeTpbl YCTPOMCTBA M YCJIOBUSL MPU
KOTOpbIX Obla chopmupoBaHa ocuwuiorpamma u Qaitn nanaeix (dat daiin),
KOTOpbIN mipeAcTaBisier co0oit ounapusiid wiu ASCII daitn, ¢ HopMaIM30BaHHBIMU
3HAUYCHUSAMH TMapaMeTPOB KAKIOTO KaHalla B KaXJIblH MOMEHT BPEMEHU HM3MEPEHHUS.
B pazpaboraHHOM yCTpOWCTBE MPUMEHSETCA AIrOpUTM IpeoOpa3zoBaHus (dopmara
COMTRADE omnucannsriii JlJayoepom A.J1.[2], B paboTe MBI OyieM HCITOJIB30BaTh €I
PE3YNBTATHI IS TaTBHEHIIIETO MOICTUPOBAHUS aBAPUITHBIX CUTHAJIOB.

Jlisg 3amaHusi mapaMeTpoB W CBS3H C OMYJSTOPOM, a TaKXKe YIPaBJICHUS
nporeccamu GOpMUPOBAHUS TOKOB U HANIPSDKEHUST HEOOXO0IMM MUKPOKOHTpoJuiep. B
pellicHHH JaHHOM 3aJayd peIeHO ObUI0 HCIOoJb30BaTh miatdopmy Arduino wu
nporpaMmMubIid koMiuieke Arduino IDE.

beimn pazpaboTtanbl 00IIME CXEMBI, MPOTPAMMBbI YIIPABIEHUS SMYJISITOPOM U
npeoOpa3oBaHus aBApPUMHOTO CUTHAN U1 JaJbHEWIEHd MOoJadyd Ha YCTPOWCTBO,

KOTOpoe OyZeT (opMUPOBATH TOKU U HATIPSDKCHHUSI.
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amyssTopa. Hike mpuBoAsSTCS pacCMOTPEHHBIE BapUaHThl pa3padOTaHHBIX MOJIETIEH,

OHpO6OBaHHI>IX B XOJIC OIIBITOB U B UTOI'C IIPUBCACHHBIX K CI[PIHOﬁ MOACIIN HpH6opa.
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3AKJIIOYEHUE

[IpoBeneHbl aHaIW3 W HCHOBITAHHWA TPEX BApPUAHTOB CXEM HMYJATOpa
aBapUMHBIX CUTHAJIOB. bbUIM BEIOpAaHbI HEOOXOAMMBIE KOMIIOHEHTHI, COOPAHbBI CXEMBI
OPOTOTUIIOB JUIsl TPOBEPKM MX HAa COOTBETCTBHE 3aJaHHBIM TPEOOBAHUSIM.
Pa3pabotan anroputM © mporpaMMHas dYacTh Ha KoHTpoiuiep Arduino Uno,
YIOPABJSIIONIME JIOTMYECKOM M CHJIOBOM 4YacTAMHM 4Yepe3 BBIXOJHBIE KacKaJbl
AMYJIATOpa aBapuilHBIX cuUrHaioB. CoOpaH OKOHYATENbHBIA BapUaHT MPOTOTHUIA
AMYJIATOpPAa W TPOBEACHBI J1A0OPATOPHBIE HCHBITAHUS, TMOJITBEPAUBIIUE €O

paboTOCTIOCOOHOCTh M COOTBETCTBUE ITOCTABIICHHOM 3a1a4e.

39
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