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AHHOTAIMSA

Tema marucrepckoii amccepraumm. Pa3zpaboTka ycTpoiicTBa mnepenauu
CUTHAJIOB C BpalllaOMINXCS YacTeH THIpoarperara.

O0bem guccepTalMU COCTaBIsieT 62 CTpaHUIIBI, KOTOPHIE BKIIOYAIOT B ceOs
16 pucynkoB, 3 tabmuiel, 1 Gopmyny, 2 npunoxkerus. CIECOK HCIOJB30BAHHBIX
MCTOYHUKOB BKJItOUaeT B ce0s1 19 HanMeHoBaHMIA.

OO0beKT ucce0BaAHUA: KOHTPOJIb TEXHHUECKOTO COCTOSIHUS BPAIAIOLINXCS
yacTel rujapoarperara.

IIpenmer  ucciieqoBaHMs:  yCTPOMCTBO,  IO3BOJSIOLIEE  IE€pelaBaTh
MH(OpPMAIMIO ¢ BpallaloUIMXCsl YacTel ruapoarperara.

B Marucrepckyto auccepTainuio BXOAAT 2 TIaBbl:

B mepBoif rmaBe MTPOWM3BOAUTCS aHAIM3 JEHCTBYIOIIMX HOPMATHBHBIX
TOKyMEHTOB B cdepe MoHuTopuHra oOopynoBanuss ['DC. IlpuBonutca obmias
uHpOpMaIus O CUCTEME MOHUTOPHUHTa rujgpoarperata. OCyIiecTBIseTCs IOCTaHOBKA
po0JIEMBI, €€ OMHCAHHUE.

Bo BTOpOIi r1aBe onuckiBaeTcs MpeajgaraéMoe yCTpOHCTBO MEPEAauu CUTHAIOB
C BpalalIIMXCs YacTell Tujapoarperara, J3Tambl €ro pa3pabOTKH, BBIOOP
KOMIUTEKTYIOIIUX, MPENoIaraeMblii PeKUM pabOTHI.

KaroueBble cioBa: mnporpamma, ['9C, KOHTpoJuiep, MOHUTOPHUHI, 3a30D,
JaTYrK, OECIIPOBOIHASI CUCTEMA, CBSI3b, KOHTPOIIb, PEKUM, THpOArperar, TeHepaTop,

pOTOp, CTaTOP.



ABTOPE®EPAT

AKTyaJbHOCTh. PaboTy m000r0 MNpPOMBIIIIEHHOTO OOBEKTa HEBO3MOXKHO
MPEACTaBUTh 0€3 MPOBOAMMBIX HAa PETYISIPHOM OCHOBE HAOIIOJCHUN M KOHTPOJIA
napaMeTpoB TEXHUYECKOTO COCTOSIHUS JKCIUTyaTHPYIOMIETOoCsl 00OpyHOBaHUs, T.C.
ero MoHuTopuHra. IIpoBoaMMBINI B Hayajse CBOEro HCTOPHYECKOTO DPa3BUTHUS
KOHTPOJIb ~ TMapaMeTpoB  pabOThl  yCTPOMCTB HA  OCHOBE  IPUMHUTUBHBIX
IPUCTIOCOOICHUN WM K€ OPraHOJENTHYECKH, B HACTOSIIEe BpeMs NPECTaBIISCT
CcOOOM CJIOKHBIM KOMIUIEKC, COCTOAIIMNA W3 MHOXKECTBA TEXHUYECKUX YCTPOUCTB,
OpeIHa3HAYCHHBIX  JUIsl WU3MEPEHUHM, CPEACTB  BBIYUCIUTENIBHOM  TEXHMKH,
IPOrPaMMHOTO 0OeCTIeueHusl, YCTPOHCTB BBIBOA MH(POPMAITUH U ITPOYETO.

['MaposneKTpOCTaHIMKY HE SIBISIFOTCS UCKIOYeHHeM. KOHTposib M OLeHKa
TEXHUYECKOT0 cocTOsiHUA 000pynoBanus ['DC noBoaarcs ¢ Uemblo:

o NOBBIUICHUSI OOLIEro YpoBHS O€30IaCHOCTH MpH  SKCIUTyaTalluu
o0opynoBaHusi  Ojarojaps CBOEBPEMEHHOMY  BBISBJICHHUIO M YCTPaHEHUIO
BO3HUKAIOIIUX JA€(EKTOB,;

o OIpe/eNieHUs] BO3MOXKHOCTH JlaibHEWIIel Oe30MacHOi 3KCIuTyaTaluu
BBIPAOOTABIIIETO CPOK CHY>KObI 000pYy/IOBaHHUSA, IIEJI€CO00pa3HOCTU TPOBEICHUS
BOCCTAHOBJICHHSI €TO SJIEMEHTOB M KOHCTPYKTUBHBIX Y3JIOB;

o pa3paboTKu  pEeKOMEHJAIMi 10  PEMOHTY, OOCIYXHUBaHUIO U
MPOJIOJDKEHUIO JalbHEHIIel paboTel 000pyIOBaHMs, UMEIOMIETO AehEKThI, a TaKXKe
Ha3HAa4YeHMs U BBEJCHUS IPU HEOOXOIUMOCTH CIIELUAIBHBIX MEp MPHU IKCILTyaTaluu,
TaKUX KakK JOTIOJHUTEIbHBIC BUABI KOHTPOJIS, Pa3jiNuHbIe PEKUMHBIE OTPaHUYCHUS,
BHEIUIAaHOBBIM PEMOHT U T.1I.;

o 000OCHOBaHUS MPOEKTOB M0 MOJEPHU3ALNUUA 000pPYIOBaHUsS B IIEJIOM, €r0
OTJENBHBIX AJIEMEHTOB ¥ KOHCTPYKTUBHBIX Y3JIOB.

W3BectHO, 4yTO OoJiblIas 4yacTh THJpoarperata npu padoTe HAXOIUTCS BO
BpameHnd. M XOTs HEKOTOpbIe MapaMeTphl BPAIIAOIIUXCS YacTeld BO3MOMXKHO
NOJIYYUTh (HampuMmep OueHue Baya, JJIEKTPUUYECKHE MapamMeTpbl), OOJIBIIMHCTBO MX
MEXaHUYECKUX XapaKTEPUCTUK HEAOCTYIHBI 7S MTOJTYUCHHUS.
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[IpoBogHas mepemadya MO MOHATHBIM NPUYMHAM HEBO3MOYKHA, MPUMEHEHHE
HIETOYHO-KOHTAKTHBIX ~ CHUCTEM Uil  (UKCAlUM  TOYHBIX  XapaKTEPUCTUK
HeapdextuBHo. [losTOMy akTyampbHa pa3pabOTKa YCTPOWCTBA, IMO3BOJISIONICTO
nepenarb MHQOpPMAIMIO C BpaIAIOIIMXCS YacTed Tujpoarperara OecrpOBOAHBIM
CII0COOOM.

O0BeKT HucceI0BaHUA: KOHTPOJIb TEXHUYECKOTO COCTOSHUS BPaIAIOIINXCS
yacTel ruapoarperara.

IIpeaMer  wMccieOBaHMSI:  YCTPOMCTBO,  MO3BOJISIIONIEE  MEPEAABAaTh
nH(OPMAIUIO ¢ BpallarolIMXcsl YacTel rupoarperara.

Hean padoThi: pazpaboTka yCTpONCTBA NEpeladyu CUTHAJIOB C BPAlAOIIUXCS
4yacTeu ruapoarperara.

OcHOBHBIC 32/1a4U:

1. W3yYCHHE HOPMATHBHOW JOKyMEHTAIlMd B cdepe MOHHUTOPHHTA
obopynoBanus ['0C;
2. U3YyYCHUE  MPAKTUYECKU  MPUMEHSIEMBIX CHUCTEM  MOHUTOPHHIA

napaMeTpoB ruapoarperatos ['9C;

3. pa3paboTka MporpaMMHOTO oOecreueHus s YCTPOMCTBA mMepenayu
CUTHAJIOB C BpalaIOIUXCS YacTeH rujipoarperara;

4, KOHCTPYUPOBAaHUE TMPOTOTUIA YCTPONCTBA TMEpelauyd CUTHAJIOB C
BpAIAIOINXCS YaCTeN THApOarperara;

S. pa3paboTka MpoekTa MPOoBEeACHUs PadOT MO OMPOOOBAHUIO YCTPOMCTBA
Ha 000PYIOBAaHUU THIIPOIIIEKTPOCTAHITUH.

MeToabl HCCAeA0BaHMSI. aHAIW3, CHUHTE3, Kiaccudukarus, o000IeHue,
CHUCTEMHBIN MOJIXO0J, CPAaBHEHHUE, ONPOC LesneBoro nepconana ['DC.

Hayuynas HoBu3Ha. Ha HacTosmumii MOMEHT mepegaya CUTHajJOB C
BpallaloUIMXcs YacTel He Oblia paHee pean30BaHa.

IIpakTHYeckasi HEHHOCTD:

1. Hajuuure 0osiee MOJHOW MHGOPMAIMKM O COCTOSIHUW THUApoarperara mpu

SKCILTyaTalllH;



2. NpUOIMKEHUE K pealu3alid CHUCTEMbl MPOBEACHHUS PEMOHTOB IIO
TEXHUYECKOMY COCTOSIHUIO 000pY/I0BaHNUS;

3. MOBBIIIEHUE HAJIEKHOCTH PabOThl 000PYIOBAHHS;

4, BO3MOKHOCTh 00Jie€ TOYHOI OLIEHKH KauecTBa PEMOHTa BPAIllalOIIMXCS
4acTel TuApoarperara,

S. HAKOIUJIEHUE CTAaTUCTUYECKUX JIaHHBIX O NOBEACHUM BpPAILAIOIINXCS
yacTel B pa3IMYHBIX peKMMax paboThl 00OPY/IOBaHHUS, O 3HAYCHUSX IMapaMeTPOB
IPEIeIbHOTO COCTOSTHUS 000PYT0BaHUS.

Anpobauus padorbl. OCHOBHBIE PE3YIbTATHl UCCIECIOBAHUM, U3JI0KEHHbBIEC B
JUCCEepTaLH, OBbLIIN MPEACTABIICHBI:

o Ha VII Bcepoccuiickoit HaydHO-TIPaKTUYECKON KOH(EPEHIIMU MOJIOJIbIX
YUEHBIX, CHEIUAIKNCTOB, aCUPaHTOB U CTyAeHTOB «[ maposnekrpocraniimu B XXI
Beke», Casgno-lllymenckuit ¢unuan Cubupckoro denepaibHOro yHUBEpCHTETA
(Casnoropck; Uepemymiku 12 mast 2020 r.);

o Ha VIII Bcepoccuiickoli Hay4YHO-IIPaKTUYECKOW KOH(EPEHIUU MOJIOIBIX
VUYEHBIX,  CIEIUAIUCTOB,  AaCIHPAHTOB W  CTYAEHTOB W  IIKOJbHUKOB
«I'maposnextpocranuuu B XXI Bekey, Casno-lllymenckuit ¢uiman Cubupckoro
®denepanpHoro ynusepcurera (CasHoropek; Uepemymku 14-16 anpens 2021 r.);

IMyoimmkanuu. OCHOBHBIE TIOJIO)KEHUSI W BBIBOJBI M3JIOKEHBI B JBYX
nyOJMuKalMsaX B HAYYHBIX KypHalaX U U3JIaHUAX, KOTOPbIE BKIIOYEHBI B NEPEUEHb

peanu3yeMbIX Hay4IHbIX n3aaHui, onpeneneHasix PUHI, ISBN.



ABSTRACT

Relevance. The operation of any industrial facility cannot be imagined without
regular monitoring and control of the parameters of the technical condition of the
operating equipment, i.e. monitoring it. At the beginning of its historical
development, the control of the operating parameters of devices based on primitive
devices or organoleptically, is currently a complex complex consisting of many
technical devices intended for measurements, computer technology, software,
information output devices and others.

Hydroelectric power plants are no exception. Control and assessment of the
technical condition of HPP equipment is carried out in order to:

 improving the overall level of safety during the operation of equipment due to
the timely identification and elimination of emerging defects;

* determination of the possibility of further safe operation of the equipment that
has exhausted its service life, the feasibility of restoring its elements and structural
assemblies;

* development of recommendations for the repair, maintenance and
continuation of further operation of equipment that has defects, as well as the
appointment and introduction, if necessary, of special measures during operation,
such as additional types of control, various operating restrictions, unscheduled
repairs, etc .;

» substantiation of projects for the modernization of equipment as a whole, its
individual elements and structural units.

It is known that most of the hydraulic unit is in rotation during operation. And
although some parameters of rotating parts can be obtained (for example, shaft
runout, electrical parameters), most of their mechanical characteristics are not
available for obtaining.

For obvious reasons, wire transmission is impossible; the use of brush-contact

systems for fixing precise characteristics is ineffective. Therefore, the development of



a device that allows transmitting information from rotating parts of a hydraulic unit
wirelessly is relevant.

Research object: control of the technical condition of the rotating parts of the
hydraulic unit.

Subject of research: a device that allows you to transmit information from the
rotating parts of a hydraulic unit.

Purpose of work: development of a device for transmitting signals from
rotating parts of a hydraulic unit.

Main goals:

1. study of regulatory documents in the field of monitoring of HPP equipment;

2. study of practically applied systems for monitoring the parameters of
hydroelectric units of hydroelectric power plants;

3. Development of software for a device for transmitting signals from rotating
parts of a hydraulic unit;

4. design of a prototype device for transmitting signals from rotating parts of a
hydraulic unit;

5. Development of a project for testing the device on the equipment of a
hydroelectric power plant.

Research methods: analysis, synthesis, classification, generalization,
systematic approach, comparison, interviewing the target personnel of the HPP.

Scientific novelty. At the moment, signal transmission from rotating parts has
not been previously implemented.

Practical value:

1. availability of more complete information about the state of the hydraulic
unit during operation;

2. Approximation to the implementation of the system for carrying out repairs
on the technical condition of equipment;

3. increasing the reliability of the equipment;

4. the possibility of a more accurate assessment of the quality of the repair of

the rotating parts of the hydraulic unit;



5. accumulation of statistical data on the behavior of rotating parts in various
modes of equipment operation, on the values of the parameters of the limiting state of
the equipment.

Approbation of work. The main research results presented in the dissertation
were presented:

« at the VII All-Russian Scientific and Practical Conference of Young
Scientists, Specialists, Postgraduates and Students "Hydroelectric Power Plants in the
XXI  Century"”, Sayano-Shushensky Branch of Siberian Federal University
(Sayanogorsk; Cheryomushki May 12, 2020);

» at the VIII All-Russian Scientific and Practical Conference of Young
Scientists, Specialists, Postgraduates and Students and Schoolchildren "Hydroelectric
Power Plants in the XXI Century”, Sayano-Shushensky Branch of the Siberian
Federal University (Sayanogorsk; Cheryomushki April 14-16, 2021);

Publications. The main provisions and conclusions are set out in two
publications in scientific journals and publications, which are included in the list of

implemented scientific publications, determined by the RSCI, ISBN.
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BBEJAEHHUE

MOHHUTOPUHT TEXHUYECKOTO COCTOSIHUS (CHCTeMa MPOBOJAUMBIX Ha PETYIPHON
OCHOBE HAOJIOACHMH 3a HapaMeTpamMM TEXHMUYECKOIO COCTOSHHUS O0OpYAOBAaHMS,
HaxozsImerocs B paboTe) M KOHTPOJIb COCTOSIHUS OOOpYyIOBaHUS (MEpONPHUSITHS,
OCYILIECTBIISIEMBIE C IENbI0 MOJYYCHHUS NaHHBIX 00 W3MEHEHHMAX NapaMeTpoB U
XapaKTEepUCTUK pabOThl 00OPYIOBaHMS, €T0 SJIEMEHTOB U KOHCTPYKTUBHBIX Y3JIOB B
MIPOIIeCCe DKCIUTyaTallMK) SBISIOTCS HEOOXOAMMBIMH YCIOBHSIMU O€301aCHON W
HAJIe)KHOM paboThl JIIOOBIX OOBEKTOB 3JNEKTPOIHEPIETHKH, B TOM YHUCIE
TUJIPO3JIEKTPOCTAHIIUH.

C MoOMeHTa CBOEro CoO3JaHus, CHUCTeMa MOHHMTOPUHTA HEMPEPHIBHO
pa3BuBaeTcs, Bce OOJbIIE MapaMeTpoB paboThl O0O0OpPYNOBaHUS IOABEPTacTCs
U3MEPEHHUIO U oleHKe. Jro0as cucTteMa MOHUTOPUHTA BKIIFOYAET B CeOsl:

o yCTpOMCTBa H3MEPUTENBHON HH(OpMAIMK, OCYIIECTBISIOIUE cOOp
JAHHBIX O TEXHOJIOTMYECKUX MapaMeTpax KOHTPOJIUPYEMOro oOOpyIOBaHUS B BUJE
aHAJIOTOBBIX, MU(POBBIX, YACTOTHBIX, YHCIO-UMITYJIbCHBIX CHUTHAJOB U TOKa3aHHA
npudOpOB;

o YCTPOMCTBA OTOOpPAKEHUS TOJYYEHHOW H3MEpPUTENbHOU HH(pOpMAaINH,

IPEIOCTABIIAIOIIME 3HAYEHHS [TapaMETPOB B YAOOHOM BHJIE ONIEPATOPY-TEXHOJIOTY;

o YCTPOMCTBA JUIsl PErHCTPAllUd HW3MEPUTENTHbHON HHpOpMAlUU U €€
apXUBHUPOBAHUS;
o YCTPOMCTBA TEXHOJOTUYECKOU CUTHAJIU3aLNH, BBIJIAIOIIME

NpeAyNnpeIUTeIIbHbIE U aBapUNHbIE CHUTHAJIBI MPU BO3HUKHOBEHUH KaKUX-JIMOO
HAapYLIECHUHN B TEXHOJIOTMYECKOM ITPOLIECCE.

B nanHoii pabore ommchIBaeTCsS pa3pabOTKa YCTPOMCTBA, IMO3BOJISIONIETO
peanu3oBaTh CHUCTEMY MOHMTOpPHMHIa 4YacTeid O0O0OpyHOBaHHUs, KOTOpPbIE NpPH €ro
paboTe HaAXOJATCSs BO BpAIICHWU, BKIIOYAIONIYI0O BCE BBINICTIEPEUUCIICHHBIC
MTOJICUCTEMBI.

OcHOBHOM MPOOIEMOI, KOTOPYIO peIIaeT MpeajiaraeéMoe YCTPOMCTBO, SBISIETCS
nepeaada uHGOpMaAIMKU O COCTOSTHUM OTICIBHBIX y3JI0B BPAIIAIOIINXCS YacTel Mpu
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YCTaHOBKE MNpPHOOPOB M JaTUYMKOB HEMOCPEICTBEHHO Ha HHUX. B 3ToM ciyudae
HEBO3MO>KHO IPUMEHUTH Iepelady MMOKa3aHUl B CUCTEMbI cOOpa JaHHBIX KaOeyeM.
Hcnonb3oBaHWe  MIETOYHO-KOHTAKTHBIX  YCTPOWCTB, B BHJIY BO3MOXHOCTH
IpONaJaHus SJIEKTPUUECKON Lenu, A Iepelayd aHAJIOTOBBIX WM JAUCKPETHBIX
curHaioB Hed(pdexTuBHO. VMMEHHO TOSTOMY B HACTOSIIMA MOMEHT KOHTPOIIb
OOJBIIOr0 YKCIa MEXAHMYECKUX MMapaMeTPOB BPAILAIOIMIMXCSA YacTed THpoarperara
HE MOXET OBbITh peajin30BaH BO BPEMs €ro pabOTBHI.

[Ipobnema MokeT OBITH pelieHa NPUMEHEHHEM OEeCHpOBOIHOTO crocoda
MOJIyYEHUS TaHHBIX, KOTOPBIM YEJIOBEUYECTBO IOJIb3YETCSl B OBITY YK€ MHOTHE T'OJIBI,
a MMEHHO — Imepenaya HMH(QOpMalMM BBICOKOYACTOTHBIMH pPaJUOBOJIHAMH, T.€.
texnonorueit WiFi umu Bluetooth.

OmnuceiBaeMoe B TaHHOH paboTe yCTPOWCTBO MOKET CTaTh 0a30i 1Sl CO3/1aHus
MOJIHOLEHHON CHCTEMbl MOHHMTOPMHIA TEXHUYECKOTO COCTOSIHUSI MHOTUX Y3JIOB

Bpalarommxcs yacreu ruapoarperatos ['2C.
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