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NEPCIEKTUBHOCTbH UCHOJIb30BAHUS JIETUPOBAHHOM
CTAJIN COR-TEN IJIAA ITPOU3BOACTBA OIIOP JI3II

K.A. AGapeeB
Hayu. pyk. 1-p TexH. Hayk, goueHT ML.IL. "apudyniun
OI'BOY BO «KI'DVY», 1. Kazans, Pecryonuka TaTapcran
abdreev.kirill@mail.ru

Opno#t u3 ocHOBHBIX mpobsieM omop JIDII sBisercs kopposus. JKenezobeToHHBIE
OTIOPBI UMEIOT XOPOIITYI0 KOPPO3HOHHYIO CTOHKOCTH, OJJHAKO HMEIOT OOJIBIIION BEC, U TUIOXO
BBIJICP)KUBAIOT TPAHCIIOPTHUPOBKY M3-3a CBOoeH Xpymkoctu. JKele3Hple OIOpHI, Ooiiee
NErKrue, MOTYT TOJBEPraThCs pPa3HbIM BHIAM 00paOOTKH, HO OOJbIIE IOIBEPKEHBI
KOpPpO3UH, TOXTOMY TpEeOYIOT OLMHKOBBIBAHUS U TEPUOJUYECKOTO OKpaIllUBaHHUS.
HcnonwszoBanue anajgoros ctaii COR-TEN c noBblmeHHON KOPPO3UOHHOM CITOCOOHOCTHIO
MO’KET YMEHBIIUTH 3aTpaThl Ha oOcyxuBaHue onop JIDII u yBeTMUuTh UX CPOK CIYKOBI.

KaoueBbie caoBa: COR-TEN, koppo3wsi, marWHa, OIWHKOBHIBAHUE,
KOPPO3MOHHOCTOMKAs CTajlb

THE PROSPECTS OF USING COR-TEN ALLOY STEEL FOR THE
PRODUCTION OF POWER TRANSMISSION POLES

K.A. Abdreev
KSPEU, Kazan, Republic of Tatarstan
abdreev.kirill@mail.ru

One of the main problems of power transmission poles is corrosion. Reinforced
concrete supports have good corrosion resistance, but they are heavy, and they do not
withstand transportation because of their fragility. Iron supports, lighter, can be subjected to
different types of processing, but are more susceptible to corrosion, therefore they require
galvanizing and periodic painting. The use of analogues of COR-TEN steel with increased
corrosion ability can reduce the maintenance costs of power transmission poles and increase
their service life.

Keywords: COR-TEN, corrosion, patina, galvanizing, corrosion-resistant steel



[Ipu mpoeKTHpPOBaHKH, BCETIa CTOUT BBIOOP MEXKIy MaTepHaiaMu OIop
JIDIL. XKene3zo0eTOHHBIE - CTOWKHE B OTHOIIEHWU KOPPO3HH U XUMHUYECKOMY
BO3JICHCTBUIO, OJTHAKO OHU UMEIOT 3HAYUTEIBHBIA BEC U BHICOKYIO XPYIIKOCTb.
Takke CTOMT MOMHUTH O BBIKpPAIIMBAHWUU OETOHA B TOBEPXHOCTHOM CJIOC
JXenesnple oOMOpHI B CBOKO  OYepelnb JIETKUE, 4YeM
xene3o0eTonHbple. OHAKO OHU CHIIbHEE IMOABEPIKEHBI KOPPO3UH, B CBSI3U C
CrpemiieHue
CO3JJaHUS CIUIaBa C BHICOKOW KOPPO3MOHHOW CTOWKOCTHIO M JISKUT B OCHOBE
cramu pupmer U. S. Steel.

COR-TEN steel — snermpoBanHasi cTainb ¢ HMOBBIIIEHHONH KOPPO3HOHHOM
cTroiikocThio. OHa UMEET CIIEeIYIONIUI COCTaB.

IpyHTA. oonee

9€M, HX OLNHHKOBBIBAIOT H IICPUOAUYCCKH OKpalInBaroT.

Cocras ctasiu COR-TEN

Mapka C P Mn Cr Si Ni Cu V
Corten 0.12 0,07- 0.205 0,5- 0,25- 0.65 0,25- 0
A 0,15 1,25 0,75 0,55
Corten 0,8- 0,4- 0,3- 0,25- 0,02-
1 4
B 0.19 0,035 1,25 0,65 0,65 0 0,4 0,1

OCHOBHOI1 COCTaB aHaJIOTMUYEH COCTaBY OOJIBIIMHCTBA BHJIOB CTajei,
OTJIMYME JIMIIb B COOTHOILIEHUU MpUMeEcei U coaepxkaHuu gocdopa. Menp B
cocTaBe HeoOXoauma IS ®dochop — He
NPUMEHSIOINKCA B OOBIYHOW HMHCTPYMEHTAJIBHOW CTajdd, HEOOXOIUM ISt

oOpa3oBaHUs  MATUHBI.
KOHTPOJIMPYEMOT'0 OKUCIICHUS. XPOM — TOBBIMIAET CTOMKOCTH OCHOBBI METalIa
K KOppO3WH, HE JaBas prKaBUYMHE MPOHUKHYTH TIyOOKO B OCHOBY MeETalla.
OcranpHBIC TIPUMECH HEOOXOTUMBI 11 (POPMHPOBAHUS OCHOBHBIX CBOMCTB
CTaJIM, TO €CTh JUII YCTOWYMBOCTH K JIFOOBIM BHJIaM JedopMariusm,
BO3MOYKHOCTH MPUMEHCHHSI PAa3JIMYHBIX BHJIOB 00paOOTKH M H3HOCOCTOHKOCTH.
[1]

Takas cramp, TOX BO3ICHCTBHEM BHEIIHEH CpEIbl IMOKPBIBACTCS
OKCUIHBIM CIIOEM, KOTOPBIM HE MPOHUKAET TIy0OXe, TpHU 3TOM obecreunBas
KOPPO3UOHHYIO Oylaromapst

onpenenEHHON KOHLEHTPAMU U paclpeAesieHUIO JIETUPYIOIIUX MaTepUalioB.

CTOMKOCTh  MeTayula. Jlocturaercsas  3TO
OO6Opa3oBaHue 3alMTHOTO CJIOS TMPOUCXOAUT B CpeaHeM B TeueHuu 18-36

MECSALEB, IIPU YEPEAOBAHUM BIAXHOM M CyXou cpenpl. B ycinoBusax
IOCTOSIHHOW BJIQYKHOCTH CTaJlb HE 00pa3yeT 3amuTHoro ciuos. Ilpu Hegocratke

BJIQKHOCTH BO3MOYKCH UCKYCCTBEHHBIN MOJIMB MeTayua [2, 3].
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Cpox ciyx0bl TakOW CTaldd MPU MUHUMAILHOM OOCTY>KHBaHUU MOKET
nocturatb 100 ner. Ilpm »ToM Takue TOBEPXHOCTH HE TpeOyloT
JOTIOJTHUTEIHLHOTO OLIMHKOBBIBAHUS U IEPUOIUYECKOTO OKpammBaHus. [lotepu
CTaJIM TAKOT'O CIUIaBa C TEYCHHEM BPEMEHU PE3KO MaJaroT MPU UCTeUEeHUU 4-X
net. Ecnu B mepBble J1Ba rojia oHu B 2-3 pa3a 0oJbllie YeM Yy OObIYHON CTallu,
Toraa npu ucreueHnu 20-Tu JieT OHU B 7 pa3 MeHbine [3, 4].

Hcnonb3oBanre Takol cTajiv MO3BOJISIET COXPAHUTh BCE MPEUMYILIECTBA
JKEJE3HBIX OIOp, BBIPAXKEHHBIE B YCTOMYMBOCTH K Jedopmaiuu, Xopoluen
00pabaThiIBAEMOCTH W MEHBIIEM Bece, 4YeM jkese300eToHHbie. [Ipu 3TOM
cocTaB, 00pa3ys OKCHUIHBIM CJIOW, 3alUIlaeT BHYTPEHHHN MeTaul OT
arpecCMBHOIO BO3JIEUCTBUS OKpykawomier cpeabl. CTOUT MOMHUTH U O
JIOJITOBEYHOCTU TAKUX OMOP, KOTOpble MOTYT aocturath 100 ser, mputom, 4To
KeIe300€TOHHBIE U METAITMYECKUE OIIMHKOBAHHbBIE CITY>KaT B cpeaHem S0 jerT.
OT0 MOXET MOMOYbh CIKOHOMHTH OOJBIIME CPECTBA HA OOCITYXUBAaHUU U
yctaHoBke HOBbIX omnop JIDII. /lanHas TeXHOJIOTHUSI HAXOAUT MOIMYJISIPHOCTH B
CIIA, rae yxe mpousBoastcs omopbl JIDII u3 cramm COR-TEN. Onnako
ucrnonb3oBanue opuruHaibHo cramu  COR-TEN B Poccum  Oyner
HKOHOMHUYECKHU HEIEJIecOo00pa3Ho B CBsI3H C €€ CTOMMOCThI0. HecMoTpst Ha 370,
B Poccum cymectByroT e€ ananoru, takue kak cranu 14XTH/L, A606. Onu
npaktuyecku He oriaudaroTcs ot ctamu COR-TEN mo cocraBy, omaHako
MPOU3BOSATCS  OTEUECTBEHHBIMM  KOMIIAHUSAMH, HaNpuMep KOMIaHUeH
CeBepcranb, MOATOMY OHM HUMEIOT OoJjiee HHU3KHME lieHbl. Ecim, k mpumepy,
CpaBHUBAaTh TEXHUYECKYIO cTaib C345, KoTopas O4EeHb YacTO HUCIOJIb3YETCS
kak marepuan omop JIOII, co cramsto 14XTHJLL, Torma BTOpas Oyner
obxonutbes Ha 5-15% npemeine, ecau o6e cramu npousBoawinch mo 'OCTy
19903-2015. D10 roBOpUT, HE TOJBKO O TEXHUYECKOW, HO U DKOHOMHUYECKOU
11€JIECO00PAa3HOCTH  HCTOJB30BaHUS TaKUX BHJOB CTalld B  KayecTBE
matepuanios omnop JIDII [5,6].
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IMPOEKTUPOBAHMUME SKCITPECC-OIIPEAEJIMTEJISA MAPKHA
TPAHC®OPMATOPHOI'O MACJIA

AA. A6I[yJ'IJ'II/IH1, J.. CMHpHOBa2

Hayu. pyk. n1-p ¢us.-mar. Hayk, nmpodeccop B.K. Koznos
L2orp0y BO «KI'9VY», r. Kazanb

1 abdullinamirs@mail.ru, 2 smirnovadl22@gmail.com

B cratbe paccMoTpeH mpolecc MPOEKTUPOBAaHUS MPUOOpaA MO OINpPENeICHUI0 MapKu
TpaHchopMmaTopHoro wmacia. B xozme paboTbl CIpoeKTHpoOBaH Kopmyc mnpubopa ¢
NPUMEHEHHEM aJJIUTUBHBIX TEXHOJOIMH. BHYyTpH pacmosiiokeHa Iuiata MUKPOKOHTpOJIIEpa
Arduino Uno, xoTopblii MPOU3BOAUT OOPaOOTKY CHUTHAJIOB, MOJYYaeMbIX OT (HOTOIHOMA.
[IpencraBieHsl pe3yabTaThl pa3pabOTaHHOM MPOTpaMMbl, 3aKIIOYAIOIIEHCs B MOJYYEHUH U
00paboTke curHasia GoToIMOIOM B OIpeIeIEHHbIN IEPUO/] BPEMEHH.

KiroueBblie ciioBa: TpancopMaTopHOE MaCI0, ONTHYECKAs INIOTHOCTh, MapKa Macia,

nporpamma, OornmpeacianuTeCIb.

DESIGNING AN EXPRESS DETERMINANT OF THE TRANSFORMER
OIL BRAND

A.A. Abdullint, D.l. Smirnova®
12K SPEU, Kazan, Russia
L abdullinamirs@mail.ru, 2 smirnovadl22@gmail.com

The article describes the process of designing a device to determine the brand of
transformer oil. In the course of the work, the device body was designed using additive
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technologies. Inside is the Arduino Uno microcontroller board, which processes the signals

received from the photodiode. The results of the developed program are presented, which

consists in receiving and processing a signal by a photodiode in a certain period of time.
Keywords: transformer oil, optical density, oil grade, program, determinant.

OcnoBa »ddexTuBHOM paboThl TpaHchoOpMaTopa 3aKJIIOYaeTcs B
oecniepeOoiftHOM paboTe, HAIEKHOCTH M JOJTUX CpoKax CiayKObl. JlaHHBIE
KPUTEPUHU HAMPSMYIO 3aBUCAT OT TPaHCHOPMATOPHOTO Macia, IPUMEHSIEMOTO B
Ka4yeCTBE OXJIATUTEIIS, U30JIATOPA.

[TpuHiun paboThl MHUKPOKOHTpOJUIEpA 3aKIIOYAETCS B TOM, YTO MYYOK
3€JICHOTO CBETa IMPOXOJMUT Yepe3 MCCIEeIyeMOe Macio U CUYUTHIBACTCS
dboTommoOM, OTIpaBisis JaHHble Ha Muaropmy U oOpabaTbiBas HUX, C
oToOpaxkeHHeM Ha pauciuiee npubopa. C MOMOIIBIO TOJYYEHHBIX JAHHBIX
MO>KHO OTIPEJICTIUTh MapKy Macla.

JlanHast paboTa UMEET JiBa Tarna peain3aluy IPoeKTa:

[lepBbIit 3Tam paboOTHl MOJpa3yMeBaeT MPOCKTUPOBAHUE U CO3JaHUE
kopmyca  (Puc.l), cocrosimero w©3  JOBYX  OTCEKOB, B  CHUCTEME
aBToMaTu3upoBaHHOTO npoekTupoBanus (CAIIP).

NeBbll oTCeK

npasbll OTCEK

naowaap
ANA EMKOCTU C

Puc. 1. Mogens kopmyca B CAITP

B 1neBoMm oTCeke yCTaHABIMBAIOTCA CBETOAMOJ, W3JIyYalOUIUd CBET
JTIuHOM BOJTHBI 520 HM, U (HOTOAMO/, TPUHUMAIOIINNA JTAHHBIA CBET B KAUeCTBE
curHaina. B mpaBom - pacnonoxkena miatra Arduino Uno ¢ OTBOISAIIUMHU
KOHTaKTaMH JJia cBetoauona u ¢ortoauona. Kopmyc mneuartaercs Ha 3D-

7



npuHTepe u3 uepHoro Iiactuka PLA+, koTopbelii 0051a1aeT  BBICOKOM
MIPOYHOCTBIO, JKECTKOCThIO. UEpHBI LBET HE CO3[AET MNPEJIOMIICHHE JIy4Yew,
UCXOJSAIIUX M3 CBETOJIMOAA, YTO CIOCOOCTBYET MPOM3BECTH OO0Jee TOYHBIN
aHaJu3 Macia.

Bropoii sTan paboTel 3akirovaeTcss B NPUHATHM U 00pabOTKe CUTHala
MUKpoKoHTpoJuiepoM. Ha ocHoBe miatel Arduino Uno BBINOJHSIOTCS Bce
pacy€THO-U3MepUTeNbHble  (QYHKIMHU. 3ajgadeil, 3anMcaHHOM Ha  IUIaTe
IporpaMMbl SIBJISIETCSL OIpesielieHne Mapku TpaHchopmartopHbix Macen (TM).
Hcnonb3ys pa3HUIly ONTUYECKUX CBOMCTB, ONTHYECKOM IUIOTHOCTH TM
pean3yeTcs aJrOPUTM ONPEACIICHUS MAPKHU.

B xone 3anucan nepuon ananu3a passslii 100 mumucexkynaaMm. B Hauane
paboTbl, (POTOAMON, BCTPOCHHBIM  HANPOTUB  HCIYCKAIOIIETO  CHUTHAI
CBETO/IMOJIa, HAYHET MPUHUMATHL CHUTHANI HJIuHBI BOJHBL Ddoroauwon Oyxaer
paboTath OAMH NMEPUO/, 3aJaHHBIA B HAYaJIe MPOTPAMMBI.

Puc.2. I'paduk 3aBucuMOCTH 3Ha4eHM curHaina, npeodpasoBanHoro ALII, ot Bpemenu

3a mepuoja MPUHATUS CUTHANIA, JaHHBIE OyIyT CTPOUTHCS B OAWH Tpaduk, B
kotopoMm 1o ocu QOY OyayT oToOpaxaThCsi 3HA4YCHHs, MPEOOpPa3OBaAHHBIE
aHajoroBo-1udpossiM npeodpazoBatenem (ALII) (Puc.2).

Ha pmanHOM »oTame co3manuss TpuOopa, ONPEEISIIONIET0 MapKu
TpaHCQOPMATOPHBIX Macell, aBTOpaMU CMOCIMPOBAaH KOpmyc mpudbopa u
HAMMCaH KO ISl IpreMa U 00paOOTKH CUTHAJIOB CBETOMO/IA, MPOITYCKaeMOTO
CKBO3b EMKOCTbH C KUAKOCTAMHU. [[pOBEICHBI SKCIIEPUMEHTHI, HalpaBlieHHbIC HA
OTpe/eNieHNe 3aBUCUMOCTH TOKa3aHWW OT BIMSHHUS HAa HHUX ECTECTBEHHBIX
nperpajg ¥ BBISBJICHO, 4YTO KOPIYC YepHOro uBera Oyaer Haubosee
OnaronpusTHOM cpefoi Ayt padboTsl mpubopa [1-5].
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JUCCEPTAIlMM HAa COMCKAaHWE YYEHOW CTENEeHM JIOKTOpa TEXHUYECKHX HayK /
lapudymmnr Mapcens [llapudnsnouy. — Kazans, 2014. — 32 c¢. — EDN
ZPJLEZ.
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ONITUMM3 AN CUCTEM MOHUTOPHUHI' A CUJIOBBIX
KABEJIBHBIX JIUHUHA

B.P. AxmantaouHoBa
Hayu. pyk, k.T.H., nonient P.H. bano6anos
OI'BOY BO «KI'DVY», 1. Kazans, Pecnybmka Tatapctan
vakmaltdinova99@mail.ru

[IpoBeneHne peMOHTHO-BOCCTAHOBUTEIBHBIX PA0OT B CHUCTEMax S3JEKTPOCHAOKEHUs
HANPSIMYIO CBS3aHO C HAJCKHOCTHIO UX (PYHKIMOHUPOBaHUsA. J{Jis MOBBIICHHS HAJIEKHOCTU
CUCTEM DOJIEKTPOCHAOXXEHUsT HEoOXOOUMO TMPUMEHHTh psAJ Mep 10 00eCleYeHHUI0
TEXHUUYECKOTO KOHTPOJS COCTOSIHMS H3oiauud. OmgHoW u3 camblX 3(P(EKTUBHBIX CHCTEM
ABIISIETCS OHJIAH-MOHUTOPUHT KabenbHbIX NuHUHM (KJI) B pexxume peambHoro Bpemenu. C
[ENbI0 TMOBBIIICHUSI UX HAJEKHOCTH W oOecreueHUs 0€30MacHOCTH SJIEKTPOTEXHUYECKOTO
nepcoHania.

KiloueBble cJI0Ba: DJIEKTPOIHEPreTHKA, YAaCTUYHBIC pa3pslbl, HAAEKHOCTD

3J'ICKTpOCH8.6)KCHI/I$I, MOHUTOPHHT KaOeJIbHBIX JIMHUHN.

OPTIMIZATION OF POWER POWER MONITORING SYSTEMS
CABLE LINES

V.R. Akmaltdinova
KSPEU, Kazan, Republic of Tatarstan
vakmaltdinova99@mail.ru

Carrying out repair and restoration work in power supply systems is directly related to
the reliability of their operation. To improve the reliability of power supply systems, it is
necessary to apply a number of measures to ensure technical control of the insulation
condition. One of the most effective systems is online monitoring of cable lines (CL) in real
time. In order to increase their reliability and ensure the safety of electrical personnel.

Keywords: electric power industry, partial discharges, power supply reliability,
monitoring of cable lines.

CoBpeMEHHBIE TEHIEHUMU B JJIEKTPOIHEPIeTUKE HANpABIEHbl Ha
JOCTHKEHHE ILeed MO0 MaKCUMalIbHO SPPEKTUBHOMY VICTIOJIb30BaHUIO
IIPUPOJHBIX SHEPrOPECYPCOB, 3AIUMTE OKPYXKAIOIIEH CpEnbl, MOBBILICHUIO
HA/IC)KHOCTHU AJIEKTPOCHAOKEHUS U YIIYUIIEHUIO Ka4yeCTBa 3JIEKTPOIHEPTUH.
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Takum 00pa3oMm, OCHOBHAas 3ajada OIEHKU TEXHUYECKOTO COCTOSHHS
00OpyZI0OBaHUSI HE TOJBKO NPENOTBPATUTh aBapuio, HO W MPOJJIUTH CPOK
HKCIUTyaTallk  3JEKTPOOOOPYNOBaHUS 1O BBIPAOOTKHM peabHOTO pecypca
paboThl, KOTOPBIA 3aKJIAaJIbIBA€T MPOSKTHUPOBUIMK B KOHCTpyKUMIO . JlaHHas
3aJlaya peau3yeTcs IUAarHOCTUPOBAHUEM DIIEKTPOOOOPYIOBaHUS B Ipoliecce
IKCIUTyaTani (B peXUME  peajlbHOro  BpeMEHM). Takue  CUCTEMBI
CBOEBPEMEHHO BBISIBIISIIOT Je(hEKThl Ha CaMbIX paHHUX CTaausiX pPa3BUTHUA,
oOecrieunBas 3G(HEeKTUBHYIO U 0€3aBapUNHYIO SKCILUTyaTal[Mi0 BEICOKOBOJBTHBIX
KaOeIbHBIX JUHUM [1].

Ha ceromnsmHuii 1eHb OAHOW U3 HauboJee COBPEMEHHBIX U
(G ()EKTUBHBIX CUCTEM JIMarHOCTHKU CHJIOBBIX KAaOCIbHBIX JIMHUNA SIBIISETCS
cucrema OWTS (Oscillating Wave Test System), pabora KoTopoi
OocHOBaHa Ha mpumeHeHuu 3aryxaromiero (DAC, Damping Alternative Current)
HampspkeHusi. JlaHHasth — cuctema — pa3paboTaHa  HEMENKOM  KOMITaHHEH
SebaKMT, oagnHako, B HACTOAIIMHA MOMEHT Ha pBbIHKE TMOSBIAETCS BCE
OOJBIIIE YCTAaHOBOK JPYTUX MPOU3BOJIUTENECH, B TOM UKCIIE U POCCUNUCKHX, KaK
Harpumep niepeHocHast yctaHoBka CPDA  (Cable PartialDischargeAnalyzer),
M3roTaBivBaromiascs oredectBeHHOM kommnanuein OO0 «dumpyc» [2].

B xojne ucnipiTaHus JaHHAs CHCTEMa IMO3BOJISIET ONPELISITh BEIUUUHY U
mectopacnionoxkenue  YP, komuuectBo YUP, BemuunmHy — HanpsbKeHUA
BO3HMKHOBEHHUsI M moracanusi UP, a Taxke TaHreHC yria JUAJIEKTPUUYECKHX
NOTEPh B M3OJIAIMH, JIEKTPUUECKYI0 €MKOCTh. Ha OCHOBe 3THUX MapaMeTpoB
MOXHO CJIeJIaTh 3aKJIFOYEHHE O TEXHUYECKOM COCTOSHUU JIMAarHOCTHPYEMOM
KaOeNbHOM IMHUK.

ToExst

AMIUIUTYTHO-(a30BOE pacnpeaeraeHne uMiysiscos YP

OToT MCTOJ TAaKXXC ICPCIICKTUBCH, IMOCKOJIbKY ITO3BOJIACT ITOCTPOHUTDL Ha
€ro0 OCHOBC CHCTCMY MOHHUTOPHHIA TCXHHUYCCKOTO COCTOAHUA H30JIALINU,
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KaOENbHBIX JIMHUM W JAPYTrOro 3JIEKTPOOOOPYIOBaHUS B PEKUME PEATbHOIO
BPEMEHHU.

brnaromapss Takoii cucteMe BO3MOXKEH 3allJIAHUPOBAHHBIA  BBIBOJL
0o0OpyZOBaHUSI M3 OKCIUTyaTallud MJid JaJIbHEHMIIero TECTUPOBAHUS W/WIU
PEMOHTA C MOCJIEAYIOUUM COKpAIIEHUEM BHE3aIHBIX aBAPUIHBIX OTKIIOYEHUHN
U TIepe0oeB B Moj1aue JICKTPOoIHEpruu [3].

HUcrounuku

1. Bnosuko B. II. Yactuunele pa3psasl B JAUATHOCTHPOBAHUHU
BBICOKOBOJILTHOTO 00opynoBanus. — Hoocubupck: Hayka, 2007.

2. 000 J[Iumpyc. "CucremMa KOHTPOJIS H3OJAIUM KaOCNIbHBIX JIMHUN
"CPDA". PykoBOJCTBO 1O 3KCILTyaTanuu'".

3. bensxos, B.B. MoOHUTOpUHT CHUJIOBBIX KaOENbHBIX JTUHUHN C ajanTaiuei
K YCJIOBHSM OKpYXKAIOIIEH cpeapl B peXuMme peaapHoro BpemeHu / B.B.
bensiko, A.B. Mauneries // Dnektpo, 2008. — Ne5. — C. 38 —40.

VIIK 621-313.3

MPSIMOM U PEAKTOPHBIN TYCK ACUHXPOHHOT'O JABUT'ATEJIA
C KOPOTKO3AMKHYTBIM POTOPOM
1 2
A.E. Aroxun , B.B. Makcumos
'ZQDFBOY BO «KI'DVY», r. Kazans, Poccus
1sasha.103362@gmail.com, 2viktor.maksimov.1968@mail.ru

1

B nanHOM Te3uce onuchIBaeTCs 3alMyck acMHXpOHHOro npuratens (A/l), ¢ nuHelHbIM
peaktopom (JIP) m 6e3 Hero, BausHue JIP Ha ynapHble TOKM NpHU 3alycKke U MEpexoj Ha
ycTaHOBUBIIHIICS pexuM padoTel A/l ¢ 3akopaunBanuem JIP Ha npsMoe nutanue aBUraress.

KuroueBrble ci10Ba: aCHHXPOHHBIN JABUTATEllb, TUHENHBIN PEaKTOp, YAAPHBIA TOK.

DIRECT AND REACTOR START OF AN ASYNCHRONOUS MOTOR
WITH A SQUIRT-CLOSE ROTOR

A.E. Anokhin?, V.V. Maksimov?

12K SPEU, Kazan, Russia
1
sasha.103362@gmail.com, %viktor.maksimov.1968@mail.ru
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This thesis describes the start of an induction motor (IM), with and without a linear
reactor (LR), the effect of the LR on surge currents at startup, and the transition to the steady
state operation of the IM with a shorted LR to direct power to the motor.

Keywords: asynchronous motor, linear reactor, surge current.

B nacTosmee Bpemst uccienoBanus padoTel dnekTpudeckoit cetu (IC) mo
ONTUMH3AIMNA PEKUMOB JBUTATEIICH SBISCTCA aKTyaJdbHOW 3amauend. Jlis
WCCJICIOBAaHUSI W TIOBEICHHUS pabOThl OBUT HWCIIOJNB30BAH ACHHXPOHHBIM
JIBUTATEb, IO3BOJIIOIINNA CMOJICIIMPOBATh TPUHIUIBI 3aIllyCKa, BBISBUTH
yIapHbIE TOKA B MOMEHT TEPEXOJHBIX IPOIECCOB M TOKH YCTaHOBHBIIETOCS
pexuva [2]. B manHO#N pabore Ha jaboparopHbix creHmax «[anCen» Obuia
noctpoeHa 1ens (puc.1) [1].

DnexTpuueckas cxema MpsIMOro U peakKTOPHOTrO IMyCKa aCHHXPOHHOTO JIBUTaTeIsI

C KOPOTKO3aMKHYTBIM POTOPOM

IIpoBeneHne HATYpHBIX OKCIHEPUMEHTOB 3aTPYJHEHO B CJIEIACTBHU
OOJBIIMX 3KOHOMUYECKHMX 3aTpaT M OINACHOCTH, BCIEACTBUE YEIOBEUECKHX
¢daktopoB. s 3TOrO CymiecTByer jabopaTopHas MOJENb, MO3BOJIAIOIIEE B
KpaTyaillliie CpPOKM BOCIOJIb30BaThCSA  JIAOOPATOPHBIMM  CTEHIAMU IS
MIOCTPOECHUSI CXEMbl W BBIABICHUE I1APAMETPOB ITYCKOBBIX TOKOB, OLEHKY
3¢ (HEKTUBHOCTH BAUSHUS JIUHEHHOTO peakTopa.

OxcnepuMeHT 1 - BxirodyeHuss u orkimtoueHus japurarens ¢ JIP.
DKcnepuMeHT 2 - 3amyck A/l ¢ TMHEWHBIM PEAKTOPOM U C 3aKopauuBaHueMm JIP
Ha npsMoe nutanue AJl mpu HEyCTaHOBUBIIEMCS PEXUME. DKCIIEPUMEHT 3 -
3anyck A/l ¢ nauHEWHBIM peakTopoM M ¢ 3akopaunBaHueM JIP Ha mnpsamoe
nutanve AJl mpu ycTaHOBUBLIEMCS peXHUMeE. JKcnepuMeHT 4 - 3amyck A/l
Hanpsmytro 0e3 JIP. Oxcmepument 5 - 3amyck AJl ¢ 4acTOTHBIM
npeoOpazoBarenem (M1aBHbId myck A/l).
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XapaKTepI/ICTI/IKI/I ACHUHXPOHHOI'O ABUIaTCIIA IPU IMTPOBEACHHBIX OKCIICPUMEHTAX

lym,A U2,B
Tab.1 Iyct,A | UL,B N,00/Mun
Bkiroy | JIP | oTkirou BKJIIOY | YCT | OTKJIIOY
Okcn.1 | 1,07 - 0,71 0,6 228 113 218 404 1405
Okcrn.2 | 1,05 |0.91 0.47 0,6 228 113 220 114 1444
Okcn.3 | 1,05 | 0,69 0.47 0,6 228 113 220 117 1447
Okcn.4 1,8 - 0,5 0,6 228 114 218 116 1442
Dkcr.5 - - - - - - - - 1500

OntumanbHBIM ~ BapuMaHTOM  TycKa  JaBurartenss  Oyaer:  3amyck
ACMHXPOHHOTO JIBUTATENsl C JIMHEHHBIM PEAKTOPOM JI0 YCTaHOBHUBIIETOCS
pexnma JBUTaTeNs, a Imociie 3akopaunBanue JIP w nuranue pBurarens
Hanpsmyto (cM. Tadnuy) [4].

C ucrnosib30BaHUEM 3TOr0 METOJa IMyCKa JABUTAaTels Mbl J100MBaeMcs
HAaUMEHBIIETO BIMSHUS JJIUTEIBHBIX JUHAMUUYECKUX TOKOB, UTO MPUBOAUT K
YBEIIMUCHUIO CPOKA SKCILTyaTallMy ABUrarTens [3].

HUcTrounuku

1. Kapniemt M.A., Cenuros I1.H. DnekTpuyeckue CTaHIMM U MTOACTAaHLIHAM.
Yenabunck: OO0 «UIIL «Yuebnas Texuaukay, 2015.

2. Xabubynnun, . M. BausiHue OTKIOHEHUH NapamMeTpoB HaNpsLKEHUS
Ha paboty acuxponHoro asurarens / M. . XabuOynnun, A. M. Maknenos //
@dyHIaMEHTalbHbIE W NPUKIAJAHBIE HCCIEAOBAHMS: KOHLEMNTHI, METOJUKH,
HOBAaIWHU: Marepunaner VI Bcepoccniicko ~ Hay4HO-TIPaKTHYECKOMN
koH(pepenuuu, PocroB-Ha-llony, 12—-13 mas 2022 roma. — PocroB-Ha-loHy:
[Tpodmpeccmur, 2022. — C. 290-292. — EDN MPNKJA.

3. Xaduzos, JI. A. TennoBU3MOHHOE AMATHOCTUPOBAHHE KOHAEHCATOPOB
ces3u / JI. A. Xadwusos, JI. . Kamanuea, O. E. Kypakuna // Dnekrpuueckue
CeTH: HAaJEeKHOCTh, O€30MACHOCTh, JHEProcOEpeKEHUE U SKOHOMUYECKUE
acnekThbl : Marepuanbl MEXIyHAPOJAHOW HayYHO-TIPAKTHUYECKOW KOH(EPEHIINH,
Kazanp, 22 anpens 2022 roga / Peaxomnerusi: B.B. MakcumoB (0TB. pe1akTop)
[ np.]. — Kazanb: Ka3zaHckuil rocy1apCTBEHHBIN DYHEPTETUUECKAN YHUBEPCUTET,
2022. - C. 292-297. — EDN PRPOPE.

4. Xunaxes, T. 1. Cucrempl KOHTPOJISI Ka4€CTBA ANEKTPUUECKON IHEPTUH
/ T. M. Xunaxes, . M. Banuymuna, P. M. XalipetauHoB // TuHdypuHCKHE
yreHus — 2021 «dHepretuka u 1udpoBas TpaHchopManusy: Marepuasl
MexayHapoiHOUW MOJIOJIe)KHOM HaydHoU koHpepeniuu. B 3 Tomax, Kazaup,
28-30 anpens 2021 roxa. — Kazans: OOO IIK «Actop u A», 2021. — C. 67-68. —
EDN DLVJOZ.
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MOBBINEHUE HAJEXKHOCTHU U ITPOITYCKHOM CIIOCOBHOCTH
BO3JYIIHBIX JTUHUM DJEKTPOIEPEJAY

J.B. ApXI/Il'IOBl, P.H. MyxaMf:T>I<aH013.2
L2pIBOY BO «KI'DY», . Kasaus
L2dimka.ceaser14@gmail.com

B cratbe paccMOTpeHa ICPCIICKTHBA IMOBBIIICHUA HAACKHOCTU BO3AYIIHBIX JIMHUAM
QJIICKTpOIICpCaauu IIpu IIPUMCHCHUHU ITPOBOJOB HOBOI'O ITIOKOJICHHUS.
KaroueBbie cioBa: mpoBoaa, BO3AYHIHBIC JIMHUHU 3SJICKTPOIICpCAAYn, HAACKHOCTD,

KOMITO3UTHBIN MaTepuall.

INCREASING THE RELIABILITY AND CAPACITY OF OVERHEAD
POWER LINES

D.V. Arkhipov, R.N. Mukhametzhanov?
12 KSPEU, Kazan, Republic of Tatarstan
1'zdimka.ceaser14@gmaiI.com

The article considers the prospect of increasing the reliability of overhead power lines
when using new generation wires.
Keywords: wires, power line, reliability, composite material.

CTpeMUTEeIbHBIN POCT MOTPEOICHUS DIIEKTPOIHEPTUN CTABUT aKTYyaTbHbIN
BOIIPOC O YIYYIIEHUH TMPONYCKHOM crocoOHocTH BJI M ux HageKHOCTH,
pa3pabOTKM W TNPUMEHEHHE TIEPEOBBIX KOHCTPYKTHBHBIX  PEIICHH,
COOTBETCTBYIOIIETO ChIPh U TEXHOJOTH. VCroiap30BaHNE HOBBIX MAaTEpUATIOB
U ONTUMHU3UPOBAHHBIX KOHCTPYKTHUBHBIX PEIICHUI aKTyaJlbHO B CBSI3U C
HEO0OXOIMMOCTHIO MacITabHOU PEKOHCTPYKIINHU AIEKTPOCETEBOU
UHOPACTPYKTYPBI, CpPOK  CIyxkObl KOTOpoi mpeBbimaer 40-50  mer.
Hcnonb30BaHWE COBPEMEHHBIX MPOBOJOB, COXPAHSIONIMX CBOM CBOWMCTBA MpH
JUTUTEIIbHON DKCIUTyaTallii TPU BBICOKUX TEMIIepaTypax, 0COOCHHO aKTyaJbHO
B TIPOOJIEMHBIX aBApUMHBIX U TIOCIICABAPUNHBIX PEKUMAaX IKCIUTyaTallluu, KOTaa
M0 OCTABLIMMCSI JINHUSIM MPOTEKAIOT 3HAYUTEIbHBIE CUIIOBBIEC IOTOKH.

[TpoBo/1a HOBOTO TTOKOJICHHSI PA3TUYHBIX THUIIOB POCCUUCKON pa3pabOTKH.
Ha nanHbIif MOMEHT pa3paboTaHa W MPUMEHSETCS CEepHUsl CTATCATFOMHUHUEBBIX
poBosioB Mapok ACT u ACk2y poccuiickoit kommanuu OAO «Kupckabenby.

15



ACT — mpoBOA, COCTOSIIIMM M3 CTAIBHOTO CEPJIEYHHUKA IOBEPX KOTOPOTO
HAaKpy4Y€Hbl  KOHLIEHTPUYECKMMH TOBUBAMHU aJIIOMHHHUEBBIC IPOBOJIOKH U3
TepMocToiikoro ciutasa Al-Zr [3].

B ACK2y cepaedHHK CAENAaH U3 CTAIBHBIX MPOBOJIOK TpaneleuIaIbHON
GbopMBl C IMHKOATIOMUHHUEBBIM TOKpBITHEM. [IprMeHEeHHE BBICOKOMPOYHOM
CTaJbHOM TPOBOJIOKH IIO3BOJISIET TOBBICUTH MEXAHUYECKYH0 MPOYHOCTH
MPOBOJIOKK M TEM CaMbIM yMEHBUIUTH IPOBHCAHUE IIPOBOJIOKH TPH
PEKOHCTPYKIMU cyliecTByomux BJI, CHU3UTh BEpOSTHOCTH OOpBIBA TPOBOJIOKHU
B pe3ysbTaTe CTUXUUHBIX Oe/CcTBUM. Mcronb3oBaHue MPOBOJIOB JAaHHOW MapKH
BEIET K CHWIKEHHIO KOJIMYECTBA OINOP IIyTEM YBEJIUYECHUS MEXKIAY HUMHU
pacctosgHMs. OTH TMpoBoAa OJKcruryatupyrorcss Ha Ttpex BJI 35-110 kB,
npuHajexamux OAO "Kuposanepro", a takxke Ha BJI 500 kB [Jonckas ADC -
bopuno (Enenxas).

B nacrosimiee Bpems B Poccuiickoit denepanuu takxe pazpadaThiBaroTCs
BBICOKOTEMIIEPATYPHbIE KOMIIO3UTHBIE MPOBOJA, AHAJIOTUYHBIE H3BECTHBIM
nposojaM mapku ACCC npowusBojicta komnanuu LAMIFIL (CILA), koTopsie
TAK)K€ YK€ HAlUIM I[PUMEHEHUE B psAJIE CETEBBIX KoMIIaHuM Poccuiickon
@epnepanuu[2]. ['71aBHBIM MaTepUaioM COCTABHOTO CEpPICYHUKA SIBISETCS
BBICOKOIIPOYHOE YIJIEPOJHOE BOJOKHO M SIOKCHIHOE CBS3YIOIIEE TOPSYEro
OTBEpKACHUA. [ 3amuThl cepAeYHMKA COCTOSIIETO W3 YIUICIUIACTHKA OT
TOKONIPOBOJAIIEH YacTH U OOpa3oBaHUSI TaJIbBAaHUYECKON  KOPPO3UHU
MPUMEHSIETCS M30JIMpYroniee MOKPBITHE u3 CTEKJIOIJIACTHKA.
DNEKTPONPOBOASAIIAS COCTABIISIIONIAS MPOBOJIA BKIIOYAET B C€0s MPOBOJIOKH
TpanenueBuaHor0 mnpoduns u3 craBa ZTAL, ycroiideBOro K BBICOKHUM
TeMIiepaTypam, u umeeT Koddduiuent 3anoanenus, okoyo 0,95[1].

PesynbraTel ucneiTanuit pazpadborannoro B Poccun nposoma tuna HTLS.
[IpoBoa nuametpom 24,7 MM C BBICOKOIPOYHBIM YTJIEPOJHBIM CEPACYHUKOM
nuaMmeTpoM 9,1 MM, cedeHrneM TOKONPOBOIAIIECH YaCTH U3 aTIOMOLIMPKOHUEBOTO
crutaa 400 MM2 COBMECTHO CO CHENHMAIBHO pPa3pabOTaHHOW JIMHEHHOU
apMaTypoy (HaTsHKHbIC U MOJAEPKUBAIOIINE 325KUMBI).

[TokazaTemu uccnenoBanuii mpooga HTLS B cpaBuenuun ¢ AC 400/64
IIPUBEJICHBI B TaOJIHIIC.

Xapakrepuctuku npoogoB AC 400/64 u HTLS

XapakTepHUCTUKH ITPOBOJA AC HTLS Pesynbratel  cpaBHEHUs
400/64 OCHOBHBIX

XapaKTEpUCTHK, Yo

CeueHue TOKOITPOBOIAIIEH YacTH, MM | 390 390,4 +0,1%

CeueHue cepAeUHHKa, MM 64 65 +1,5%
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JuameTp npoBoga, MM 27,7 24,7 -10,8%

MexaHudeckass IpOYHOCTh Ha pasphiB, | 129 170 233 +31,8%
H 183
Macca 1 kM ipoBoJia, KT 1572 1204 -23,4%

[IpenenbHast TOKOBasi Harpyska Ipu

JIONYCTUMOM Temneparype, A

70 °C 860 1090 +26,7%
90 'C 1053 | 1310 +24,4%
150 C - 1802 +71,1%
KonuuectBo onop Ha 5 kM BJI 16 13 -18,7%
TemmeparypHbIid koo dunument | 12 1,95 -83,7%
JMHEWHOTO YIJIMHEHUS CepACYHHKA,

10% 1/°C

TemnepaTypHblii koo Punument | 19,2 17,2 -10,4%
JUHEWHOTO YUIMHEHHS MPOBOJA, 10'6,

1/°C

[Torepyu Ha mnepemarnuueBanue npu | 5,1 OTCYTCTBYIOT | -

SKOHOMHYECKOM IJIOTHOCTH TOKa, % OT

OCHOBHBIX ITOTEPH

IIpr cTpoWTENBCTBE HOBBIX M PEKOHCTPYKLIHHM OKCIUIyaTHUPYEMBIX B
naHHbli MoMeHT BJI, ucnonb3oBaHHE COBPEMEHHBIX MPOBOAOB 00JIaJAOIIUX
YIIYYIIEHHBIMH XapaKTEPUCTUKAMU B CPaBHEHMHM C IpoBoAamu Mapku AC Benet
K TIOBBILIEHUIO TIPOMYCKHOM CIOCOOHOCTM JIMHUM W TOBBILICHUIO €€
HAJIC)KHOCTH.
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O.C. AtpamieHko 1, S1L.IO. beumnakua 2, J.C. TynpunHcKkuit 3, 0.0. AxmenoBa 4
12 kT BoarI'TV, r. Kambimun, Poccust
Lolgapasmenko@yandex.ru, yarush3@gmail.com, >tulchinskyl6@yandex.ru , *“Ahmedova-
olga@mail.ru

Nmeromumecss METOAbl TUATHOCTUKH BBICOKOBOJIBTHBIX M30JISITOPOB, HE CMOTPSl HAa CBOIO
MOMYJISIPHOCTD, SIBIISIIOTCA HE caMbIMU 3(P(GEKTUBHBIMU. B 3TOM HampaBlIeHUU YIbTpa3ByKOBas
nedeKTOCKONHs MPEeCTaB/IsIeT HauOOMNbIIe MHTEepeC BBUAY CBOEH OoJblel Haa&KHOCTH O
cpapaeHnio ¢ Y® u HK-kontporem. B ornuume ot HuX VY3-medeKTOCKOMHS MO3BOJSET
oOHapyXuBaTh JAePEeKThl Topa3io pabine. OgHaKO €€ MaKCUMaNbHON 3((HEKTUBHOCTH MOXKHO
JTOOUTHCS BHEJPUB €€ B aBTOMATHU3WPOBAHHYIO CUCTEMY MOHHTOPHHIA COCTOSHUSI U30JIATOPOB.
B HOBOIT MeTOIMKE MITaHUPYETCS co3/laHue 0a3bl JAaHHBIX U BHEPEHHE UX B HEHPOCETh, KOTOpas
CMOKET CUTHAIM3UPOBATh O BO3HUKIIUX Je(eKTax.

KuroueBble cjioBa: gedexT, MOJIMMEPHBIA H30ISTOP, YABTPa3BYK, moBpexaeHue, UK -

JMarHocTuka, Y @-nuarHoctika, pekyppeHTHas HeiiponHas cets (PHC).

AUTOMATION OF DIAGNOSTICS OF HIGH-VOLTAGE INSULATORS
BY NON-DESTRUCTIVE ULTRASONIC TESTING

0.S. Atrashenko *, Ya.Yu. Bylinkin 2, D.S. Tulchinsky ® 0.0. Akhmedova *
1234 KTIVSTU, Kamyshin, Russia
Lolgapasmenko@yandex.ru, yarush3@gmail.com, tulchinskyl6@yandex.ru , *Ahmedova-
olga@mail.ru

The available methods of diagnostics of high-voltage insulators, despite their popularity,
are not the most effective. In this direction, ultrasonic flaw detection is of the greatest interest
due to its greater reliability compared to UV and IR control. In contrast, ultrasound flaw
detection allows detecting defects much earlier. However, its maximum efficiency can be
achieved by introducing it into an automated system for monitoring the condition of insulators.
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In the new methodology, it is planned to create a database and implement them into a neural
network that will be able to signal the defects that have arisen.

Keywords: polymer insulator, damage, IR diagnostics, UV diagnostics, recurrent neural
network (RNN).

DNEKTPUYECKUE M3OJISITOPBl  SIBISIIOTCS  JUAJIEKTPUUECKUM  3JIEMEHTOM
ANEKTPOYyCTaHOBKUA. OHU TpelHa3HA4YeHbl I DJICKTPUUYECKOTO OTICICHUS
KOHCTPYKIIUH OT TOKOBEAYIIUX yacTeld. B kauecTBe qUANEKTPUUECKOro MaTepuraia
MCIOJIB3YETCS CTEKIJIO0, MOJIMMEP UK KepaMuka. [1].

B mporecce skcrutyaTaniud M30STOPOB, Y HUX Pa3BUBAIOTCS Pa3IMYHbIC
nedeKThl, MPUBOISIINE K PA3IMYHBIM aBAPUUHBIM CUTYAIUsIM, B CIEJCTBUU YETO
IMPOUCXOIUT OTKItoueHue mnorpedutencii. K mnepBoHadaibHBIM — JnedexTam
OTHOCSATCA TOBEPXHOCTHBIE TpPEIIMHbI, BHIOOUHBI. [lepeyBrakHEHHbIE WM
3arpsi3HEHHbBIC YYACTKH TOXKE OUYEHb CUIILHO BJIUSIIOT HA COCTOSIHUE U30JISTOPA.

J1J1st U30JIITOPOB M3 BHICOKOTIOJIMMEPHBIX MAaTEPUATIOB XapaKTEPHBI 1€(PEKTHI
BHYTpPH MOJIMMEPHOTO MaTepHalia B BUJE MOJIOCTEH MUKPO U MaKpoO-pa3MepoB 0e3
BBIXOJIa WJIM C BBIXOJOM Ha IOBEPXHOCTb, 00pa30BaHUE TpeKa Ha MOBEPXHOCTH
000JIOYKH TO/1 BO3ICCTBUEM YAaCTHUUHBIX Pa3psIOB, a TAKKE XPYIKUN U3TI0M [2].

CymiecTByIOT pa3iu4Hble METOJbl KOHTPOJS U30JATOpoB. KOHTaKkTHBIE
METO/Ibl, B OCHOBHOM TMPUMEHSIIOTCSI MIPU OTKJIIOYCHUHN HAMPSOKCHUS] Ha Y4acTKe
JIDII. Takue MeToIbl IPEACTABIISIOT OMACHOCTH JJIsI pabodero mepcoHania. [3]

Meroapl AUCTAHIITMOHHOW JTUArHOCTUKH, TaKue Kak yiabTpaduoyeToBas |
nH(ppakpacHas 1edEKTOCKOINUs, He CMOTPS Ha CBOE MOMYJSAPHOCTh, YCTYMAIOT B
CKOpPOCTH OOHapyxeHus Jedexra yibTpa3ByKOBbIM jAedektockornaMm. OHH
3¢ (HEKTUBHBI JIMIIIb HA MOCIEIHUX CTATUAX pa3BUTHA Je(eKTa U BKIIOYAIOT B ce0s
BECOMBIC TPyA03aTpaThl, BKItOYas B ceOs HaéM Opuraapl U OOJIBIITOE KOJIUICCTBO
BpEMEHHU, KOTOpoe Opurajza 3aTpaTUT Ha MOUCK AedekToB. Tak ke HEKOTOphIe
npubopsl YO®- u UK-nmuarHocTukyn He TpenHa3HA4YeHbl JJISi THEBHOTO BPEMEHU
CYTOK. ABTOpaMu ObUT MPOBEJEH SKCIEPUMEHT MO OOCJIEIOBAHUIO M BBHISBICHUIO
MEePEMEIIAIONIETOCsS YaCTUYHOTO paspsga IO TOBEPXHOCTH MOJUMEPHOTO
u3ossitopa ¢ nomonsio UK-aumarnoctuku u caenad BbIBOJ O HEdPPEKTUBHOCTU
JAHHOTO METO/Ja, TAaK KaK paclpeielieHue TEeMIepaTypbl 10 MOBEPXHOCTH
U3MEPSIEMOTro 0OBEKTa HE TIO3BOJISIET BHISIBUTH JTAHHOE SIBIICHUE.

[lepcrieKTUBHBIM ~ HAMpaBJIEHUEM  PA3BUTHS  JUATHOCTUKU,  SIBISCTCS
BHEJIPEHUE METOJa YJIBTPA3BYKOBOM Je()EKTOCKOMHH, KOTOPBIA IO3BOJIUT
OoOHapykuTh AedeKT Ha pPaHHEW CTaAUU €ro Pa3BUTHSA, U TOCICIYIOIIEH ero
aBTOMATH3allMM, TaK KaK CYIIECTBYIOIIUE Takue MPUOOPH Y 3-KOHTPOJI,
WCITOJIB3YIOIIHMECS CIIeNUATBLHBIMU OpHUragaMu Jisl JUArHOCTUKH O0OpYIOBaHUS,
BCE enl€ HEIOCTaTOYHO XOpOHIM. ABTOMATHU3alUs MOHMTOPUHIA COCTOSTHUSA
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U30JISITOPOB CHUBHUT TPYJ03aTpaThl HAa JUArHOCTUKY W, YTO HE Majo BaXHO,
UCKIIIOUUT 4esoBeueckuil Qaxrop. [loaToMy e€ pasBuTue sBisieTcss HambOojee
MEPCIEKTUBHBIM HAIIPABJICHUEM B YIYUILIEHUN SHEPTOCUCTEMBI.

ABTOpamu Obljla MCCIIEIOBaHA 3aBUCUMOCTh YPOBHSI CHUTHajla BO BPEMEHH
JUTSL U30JIATOPOB M3 PA3HBIX MATE€pUaOB, U MOCTPOEHBI IpapuKU. IKCIEPUMEHT
MoKa3zaJl, 4TO JaXe MPU BO3HUKHOBEHUM YACTUYHOTO TMEPEKPHITUS BO3HUKAET
U3MEHEHHE YPOBHS CHUTHaNA, KOTOPBIM yBEIMYMBAETCS [0 MAaKCUMAaJIbHOTO
3HAYEHUS NP TIOJIHOM TIEPEKPHITUH.

B ycnoBusax pa3BuUTHS TEXHOJOTHMH TUArHOCTUKH, OCHOBaHHOW Ha cOope u
aHanu3e OosbluxX JaHHBIX (big data), manbHENIero MPOrHo3UPOBAHUS COCTOSTHUS
Ipy TMOMOINM MAIIMHHOTO OOYyYeHHs, Jy4llle BCEro MOAXOAUT METOJ HXO-
cocrosinuii (ESN), Tak kak oHa UMeeT XOpOIIHii 00BEM KPaTKOBPEMEHHOU MaMsTH
[4]. Jusd MOBBIIEHHUS] ONMEPATHBHOCTU JUATHOCTUKH WM TMOJYYEHUS PE3YJIbTAaTOB
mpeajiaraeTcsi Co3/1aTh COOTBETCTBYIONIME Oa3bl JAHHBIX U MPEJOCTABUTH HUX
PEKYPPEHTHBIM HEHPOCETSIM C OOpaTHOM CBS3bIO JIJIi BOCIPOU3BEIACHUS IEI0N
MOCJICIOBATEILHOCTH peakiuii [S].
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OI'PAHUYEHUE IEPEHAIIPSOKEHUSA HA OBOJIOYKE KABEJIA C
IHOMOIIBIO SKPAHHBIX OITH

N.®. barpmun
Hayu. pyk. kana. nea. Hayk, noueHT B.M. bynarosa
®I'BOY BO «KI'DVY», r. Kazanp
ilias-0000@mail.ru

B  nmanHOli  paboTe  paccMOTpPeHBI  BOINPOCHI  OOECleueHHs  OTpaHUYCHUS
nepeHanpspkeHuss Ha obosouke kadenmss ¢ momonrsto OITH. Chenanbl BBIBOJIBI M JAaHBI
PEKOMEH/IAIIH.

KiroueBble cjioBa: xaOenbHas JMHUS, OTPAHMYMTENb IMEPEHAIPSKEHUS, W30JIALINS,

MNEPCHAIIPAKCHUC.

LIMITING OVERVOLTAGE ON CABLE JACKETS USING SHIELDED
SURGE PROTECTORS

|.F. Batrshin
KSPEU, Kazan, Russia
ilias-0000@mail.ru

This paper deals with issues related to the limitation of overvoltage on the cable sheath
using surge arresters. Conclusions are drawn and recommendations are given.
Keywords: cable line, surge protector, insulation, overvoltage.

CoBpeMeHHbIE KaOelnbHBIC JMHUU YacTO MCHOJIB3YIOT OJHO(a3HbIE
Ka0enu, KOTOPhIE COCTOSIT W3 JKHJIbI, U30JISIIUN, METHOTO dKpaHa M OOOJOYKH.
[ToMmuMO 3amMTHl TJIABHOM W3OJSAIMU, Takue Kabemu TpeOyoT 3alluThI
00O0JIOYKH OT TMepeHaNpsHKEeHUH, KOTOphIE MOTYT TMOBPEAUTh OOOJOYKY U
IIPUBECTH K IONAJaHUIO Bjiaru B Kabenb. B Hacrosmee Bpems misi OOpHOBI €
TOKaMH U TMOTEPSIMU B dKpaHax KaOemel UCIOIb3yIOTCSl CXEMBI OJJHOCTOPOHHETO
3a3eMJICHUS SKPAHOB WJIM TPAHCIIO3UIIMH KPAHOB (CM. PUCYHOK), UTO MMPUBOIUT
K HEOOXOIMMOCTH 3alllUThl O00OJOYKH OT TnepeHanpsokeHuid. [losTomy
WCIOJIB3YIOTCS SKpaHHble  orpaHuuutTenu nepeHanpsbkeHuss  (OITH)
YCTaHABIMBAIOIMIUECS B HE3a3€MJICHHOM KOHIIE OJKpaHa WM B  y3Je
TPAHCIO3UITMU SKPAHOB U pa3MemarTcs B KoHIeBbix kopoOkax KK-OITH wmm
kopoOkax Tpancnosunuu KT-OITH.
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6)

8)

OcCHOBHBIE CXEMbI COCTMHCHUS U 3a3eMJICHUS 3KPaHOB OJHO(A3HBIX CHIIOBBIX Kabeneh 6—
500 xB: nBycroponHee 3azemiieHue (a), OAHOCTOPOHHEE 3a3emiieHue (0), TpaHCTIO3UIIUS

9KpaHoB (B)

OIlH, ycranaBnuBaeMble JJig 3allUThl  OOOJIOYKM  Kabeyist OT
MepEeHANPSKCHUH, JTIOJKHBI COOTBETCTBOBAThH ONPEAECTICHHBIM
XapakTepUCTUKaM, TaKUM KaK MaKCUMajlbHOE pabouee HampsiKeHUE W
sHeproeMkocTb. HecMoTpsi Ha TO, YTO TOJIIMHA OOOJOYKH KaOemnsh OJUHAKOBA
I Pa3HBIX KJIACCOB HAMNPSIKEHHS M COCTAaBISIET Mopsiaka S5-6 MM, s €e
3alIUTHI OT IEPEHANPSKEHUN MOKHO ncnosb3oBaTh OITH knacca 6 kB.

['maBHas u3ossMA Kabens MeXay KWION U 3KkpaHoM 3anuiaercs OITH
COOTBETCTBYIOIIETO Kiacca Hamnpsbkenus (6 1o 500 kB), ycTaHaBirBaeMbIM 110
KOHIIaM Kabess y ero koHueBblx MyQT. HezaBucumo ot Hanuuus cuiioBbix OITH
M0 KOHIIAM KaOenpHOW JIMHUHU, BCErJa HEOOXOIMMO 3allHuiiaTh O00JOUYKY
kabenst skpanHbiMu OITH, koTopbie MOMKHBI OBITH pa3MelIeHbl B y3j1ax
TPAHCIO3UIMHU 3KPaHOB. BaxkHO oTMeTUTHh, 4TO 3KpanHbie OITH Bcerna momxHbI
OBITH KJ1acca HanpspkeHus 6 kB. [1].

OIIH He npegHa3HayeH [Jis OTPAHWUYEHUS MOBBIICHUN HANPSIKEHUS
MIPOMBIIJIEHHOW YaCTOTHI, @ €0 OCHOBHOE NIPEAHA3HAUYCHUE - 3aAIUTa U30JIALNN
000py1I0BaHUSI OT UMITYJILCHBIX MEPEHANPSHKEHUH.

B  xonueBbix kalOenpHbIX KopoOkax (KK-OIIH) wu  xopoOkax
tpancno3uimu  (KT-OIIH) ycranaBnuBaercss OIIH, KOTOpBIM BBHITOJHSET
GyHKUMM 3alIUThl  O0OJIOUYKM Kalenss OT TPO30BbIX MU KOMMYTAIIMOHHBIX

MepEeHaNpPsDKeHUH, TepeIaroluxcs TyAda C TJaBHOM wu30suuu Kademns. s
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OTIPEJICIICHHS XapaKTEPUCTUK OTPAHUYUTENS TIEPEHANPSHKEHUN, KOTOPBI OyeT
UCIIOJIB30BAThCSA  JJIl  3alIUThl  M3O0JIAIMM JKpaHa Kabemns, HeoO0XOoauMo
YUUTHIBATh JIBA OCHOBHBIX KpUTEpHs: OOECHeueHHe HaJIe)KHON 3alllUThI
M30JMLMM DKpaHa OT TPO30BBIX M KOMMYTAlIMOHHBIX IEPEHANPSHDKEHUN H
rapaHTUPOBAHUE HAJIEKHOM pabOThl CaMOro OrpaHUYUTENS B HOPMaIbHOM
pPEXKHUME U B CIIydyae KOPOTKUX 3aMbIKAaHUM B CETH.[2].

[Ipu npoknagke kaOeNbHBIX JUHUN O000JI0YKAa YacTO MOABEPraercs
MEXaHUUYECKUM MOBPEXKIACHUAM. B CBS3M C 3TUM, CXEMBI 3a3€MJICHUS SKPAHOB
BBIOMPAIOT TakKUM 00pa3oM, 4TOOBI MPU KOPOTKOM 3aMbIKaHWU HaIpsiKEHUE,
HAaBOJIMMOE Ha JKpaH, He mnpeBblmasio 5-7 kB Ha wacrore 50 I'm. Oto
HarpspKeHue 0e30macHo Kak Juisi obosouku kabenst, Tak u juist OINH xmacca 6
KB, KOTOpBIIl JOJDKEH BBIAEPKUBAaTh €r0 Ha MPOTSIKEHHH BCErO CpOKa
9KCIUTyaTaIuu, cocransrorero 30 net. [3].

Takum oOpazom, 11 oOecnedeHus 3aIuThl 000JIOYKH OJHO(pA3HBIX
kabenell OT TEpEeHANpsHKEHUW HEOOXOJUMO  HMCIOJIb30BaTh CXEMBI €
OJIHOCTOPDOHHUM  3a3€MJIEHUEM OHKpPAHOB WM TPAHCIO3UIUENA DKPAHOB,
HE3aBUCHUMO OT CXEMbl 3alllUThl TJABHOW W30dsAUMU. [ 3Toro cruemyer
ucnonb3oBaTh OIIH kitacca nanpspkenust 6 kB ¢ sneproemkoctsio 2-3 k/[x/kB.
Ucnonp3oBanue OIIH ¢ HMKHUM KJIacCOM HAaMpsDKEHUS WM 00Jiee BBICOKOM
PHEPrOEMKOCTHIO MOJKET BBI3BATH MPOOJIEMBI TP MOHTAXE M aBapusiX IpH
AKCILTyaTaluu.
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CPABHUTEJIBHBIN AHAJIN3 BBICOKOOMHOI'O 1
HU3KOOMHOI'O 3A3EMJIEHUS B CETSX 6-10 KB
C PE3UCTHUBHO-3A3EMJIEHHOM HEUTPAJIBIO

H.B. byrycos
Hayu. pyk. 1-p ¢u3.-mar. Hayk, npodeccop B.K. Koznor
®I'BOY BO «KI'DVY», r. Kazanp
lloyoll3@gmail.com

B cratee paccMOTpeH CpaBHUTENbHBIM aHaIu3 BBICOKOOMHOTO ¥ HH3KOOMHOIO
3azemyieHuss B ceTsax 6-10 kB ¢ pe3ucTuBHO-3a3eMJIEHHOM HeWTpanbio. OnucaHbl
0COOCHHOCTH pabOThI CUCTEM 3a3€MJICHHUSI.

KuioueBble c10Ba: pe3uCTUBHO-3a3eMJICHHAs] HEHTpasib, BHICOKOOMHOE 3a3E€MIICHHE,

HHU3KOOMHOC 3a3€MJICHUC.

COMPARATIVE ANALYSIS OF HIGH IMPEDANCE AND LOW
IMPEDANCE EARTHING IN 6-10 KV NETWORKS WITH RESISTIVE-
EARTHED NEUTRAL

N.V. Butusov
KSPEU, Kazan, Russia
lloyoll3@gmail.com

The paper considers a comparative analysis of high and low resistance earthing in 6-10
kV networks with resistance-grounded neutral points. The features of earthing systems
operation are described.

Keywords: resistive grounded neutral, high impedance grounding, low impedance
grounding.

Br16op cnioco6a 3a3emiieHusi HEUTpaiau B ceTsax HampsbkeHuem 6-10 kB —
UCKJIFOYUTEIbHO BaXXHbI BOIPOC MPH MPOECKTUPOBAHUU U IKCILTyaTallUH
(pexoHCTpyKIMK). Pexxum 3a3emMieHuss HEUTpaiu OMNpENeseT: TOK B MECTe
3aMbIKaHUS, TIEPEHANPSHKEHNS Ha HETIOBPEXKACHHBIX (ha3axX, CXeMy MOCTPOCHUS
pENEeHON  3allUThl OT 3aMbIKAHMM HA 3€MJII0, YPOBEHb M30JSALIMHU
ANIEKTPOOOOPYIOBaHUs, BBIOOp orpaHuumtenss nepeHanpspkenuin (OITH) ms
3alUTBl  OT  TEpeHanpsDKeHH, OecrmepeOOMHOCTh  DIIEKTPOCHAOKEHHS,
0e30macHOCTh MepcoHaa Mpu 0 JHO(GA3HBIX 3aMbIKaHMsIX [1].
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CucreMbl 3a3eMJIEHMSI C HHU3KHUM CONPOTUBICHHEM W  CHUCTEMBI
3a3€MJICHHSI C BBICOKMM COIPOTUBJIEHUEM SIBISIFOTCA IMOAMHOKECTBAMH
pe3uCTOpoB 3a3emieHus HeuTpasu. (OCHOBHOE pa3ivuve MEXAY HHUMHU
3aKJII0YAeTCsl B UX HOMHUHANE M (DYHKIMSX, KOTOPbIE OHM MOTYT BBIIIOJHSTH B
3aBUCHUMOCTH OT UX HOMHUHAJIA.

CucrteMbl 3a3eMJICHHS] ¢ HU3KUM COIPOTUBJIECHUEM NPEAHA3HAYCHBI IS
OTKJIIOYEHHUS] CHUCTEMbl B TEYEHHE OIPEJCICHHOIO0 BpPEMEHH (HOMHUHAN).
BONBIIMHCTBO PE3UCTOPOB 3a3€MIICHUSI HEUTPAIIM PACCUUTAHBI HA OTKIIFOUCHHE
B TeueHue 10, 30 wimm 60 cexkyHa. OObIYHO 3TO JaeT BpeMs IS IJIABHOTO
OTKJIFOYEHHUS] YYBCTBUTEIHLHOTO 00OPYIOBaHUSA BO H30€kKaHUE TMOBPEKICHHUS,
OTOBeIIas OMMKANUIIYIO 30HY 3BYKOBBIM CUTHAJIOM.

CucrteMbl 3a3eMJICHUS C BBICOKAM COIMPOTUBIICHUEM MPEAHA3HAUYECHBI TS
MOJIJIEP>KaHusT HEMPEPBIBHON pabOThl CUCTEMBI 0€3 MepephIBOB. 3aMbIKaHUE Ha
3EMJII0 MOXET IMPUBECTHU K MHOTOYaCOBOMY IPOCTOIO, B PE3YIbTATE KOTOPOTO
BO3HHUKHYT OOJBIINE JCHEKHbIE moTepu. JlJIs BCeX CHUCTEM 3a3eMJICHHUS C
BBICOKMM COTPOTUBJICHUEM YCTAHOBIIEH PEXUM pPaOOThl «HEMPEPHIBHBINY,
KOTOPBIN HE ONPEEIAETCS BPEMEHEM.

B [nononHeHne K OrpoOMHOMY MPEUMYIIECTBY, 3aKIIOYAIOLMIEMYCS B
MPENOTBPAIICHUN JIIOOBIX TMPEPhIBAHUNM, CHUCTEMBbl 3a3€MJICHUSI C BBICOKUM
COMPOTHUBJICHUEM CIIOCOOHBI MOJJIEPKUBATH MHOMXECTBO TOJE3HBIX (DYHKIIHIA.
[TOCKOJIBKY CHUCTEMBI 3a3€MJIEHUSI C BBICOKUM CONPOTHUBJIEHUEM OTHOCHUTEIBHO
HU3KuM ToK (SA unmu 10A), oH crmocoOeH UCIOIb30BaTh UMITYJIBCHYIO CUCTEMY,
MOMOTAIOIIYI0 OBICTPO OOHAPYKUTHh TOYHOE MECTO 3aMBIKAHHUS Ha 3EMIII0 U
YCTPaHUTh MPOOIIEMY.

Y cucteMbl 3a3emMyIeHUSI C BBICOKHMM COINPOTUBIECHUEM €CTh OJIMH
HEOOJIBIIION HEIOCTATOK: MOIEP)KKA OU€Hb BHICOKUX HarpsikeHul (Boie 1 kB)
MPUBOJUT K 3HAUYUTEIIbHOMY YBEJIMYEHHIO 3aTpaT. Eciii Bbl 3aMHTEPECOBAHBI B
MOJJICP)KAaHUKM  HEMPEPHIBHON pPabOThl W HWCIONB30BAHUU TOJBKO (DYHKIIHIA
CUCTEMBbI 3a3€MJIEHUSI C BBICOKHM COIPOTUBJIEHUEM, Bbl MOXETE HCIOJIb30BATh
TpaHchOpMaTOp 3a3eMJICHHSI HEUTpau B COUETaHWU C HUMHU [2].

CpaBHeHHE pa3IMYHBIX PEKUMOB PadOThI HEHTpaIn

Helitpans, 3a3emiieHHast Helitpans, 3a3emiieHHast
Pexxum paboThl HeWTpanu yepes pe3ucTop yepes pe3ucTop
(HM3KOOMHBI) (BBICOKOOMHBIH)
Toxk 3aMBIKaHUS Ha 3EMITIO cpeaHui OYEeHb HU3KUHI
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BBI,Z[CJ'IGHI/IG OHCPIrun B MCCTC

BBICOKOE Huskoe
HOBPEXICHUS
YpoBeHb IIEPEXOIHBIX . .

. HU3KHAN Husknii
nepeHanpsHKeHu i
OnacHocTb HOBPEXKICHUS
HE BBICOKas HE BBICOKasi

000opyI0BaHUs
BepositHOCTB OBICTPO

BBICOKast OYCHb BBICOKAs
OTIPENIEIUTH MECTO MOBPEKICHHS
B03MOXHOCTh ~ HENpEepbIBHOIO
3JIEKTPOCHAOKEHUS HU3Kasi OYCHb BBICOKAs
noTpeburenei

OUYCHb HU3Kas (OYEHb
Yacrora BO3HHUKHOBEHUS HU3Kast (PEIKO BOSHUKAIOT
. PElIKO BO3HUKAIOT
MOBPEXICHUNA TIOBPEXKICHHS )
TTOBPEXKICHMS )

BeiBog ~ obopymoBaHus — mpu MI'HOBEHHBIH BBIBOJ €CThb BO3MOXHOCTb pabOThI
3aMbIKaHUM Ha 3eMJTI0 000py0BaHUs IIPY 3aMBIKAHUHU Ha 3EMITIO
OnacHOCTh BOSHUKHOBEHHS JTyTH

CpeaHsis MunuManbHas
NIPY 3aMBIKAHUW HA 3EMITIO
[TorpebHOCT, B 0OCITYXKUBAaHUU

. HET Her

HEeUTpamm
YUyBCTBUTEIBHOCTh  PEJICHHOMN

JTydqias OtnuyHas
3aIIHATHI
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VJIK 621-311

HCCJIEJJOBAHUE BJIMSAHUS EMKOCTHOM COCTABJISIIOIIEN
HA CUTHAJI ITPA TPO30BOM INEPEHAIIPSI)KEHUU HA
BO31YIIHOM JIUHUU DJIEKTPOIEPEJIAYN

H.B. byrycos
Hayu. pyk. 1-p ¢u3.-mar. Hayk, npodeccop B.K. Koznor
®I'BOY BO «KI'DVY», r. Kazanp
lloyoll3@gmail.com

B cratbe paccMOTpeHO BIHMSHUE €MKOCTHOM COCTaBJISIONICH HA CUTHAJ IIPU TPO30BOM
NEepeHanpsHKeHUH Ha BO3AYIIHOM JmHuU snektponepenaun (BJIDIT). BJIDIT u rpososoit
UMIyIbC OBUTM CMOAENUpOBaHbl B mporpamMmHoM obOecnieueHun PSCAD, mnomydensl
OCHMJUIOTPaMMBbI HAIIPSHKEHUI HA y4acTKaX CETH.

KuroueBble ciioBa: ygap MOJIHUHU, TPO30BOE NEpEHAIPSHKEHNUE, EMKOCTb, BO3IYIIIHAS

JIMHUA SJICKTPOIICpEaAaqm.

STUDY OF THE INFLUENCE OF THE CAPACITIVE COMPONENT
ON THE SIGNAL DURING LIGHTNING OVERVOLTAGE ON
OVERHEAD POWER LINES

N.V. Butusov
KSPEU, Kazan, Russia
lloyoll3@gmail.com

The paper considers the influence of the capacitive component on the signal during
lightning overvoltage on an overhead power line (OPL). The overhead power line and
lightning pulse were modeled in the PSCAD software, and oscillograms of voltages on
network sections were obtained.

Keywords: lightning strike, lightning overvoltage, capacity, overhead power line.

HccenenoBanue rpo30BOro NepeHanpsHKEHUs SBISIETCS BAXKHBIM, TaK Kak
I'PO30BBIE Pa3psiAbl MOTYT BBI3BIBATH BEICOKOE HAIIPSKEHUE HA JJIEKTpoIepeaaye
U pacOpeleuTeNbHbIX JIMHHUSAX, YTO MOXET MPUBECTH K  pa3pbIBY
AJIEKTPUYECKUX JIMHUM, TOBPEXKIECHUI0O O0OpYIOBaHUS UM  IPEPHIBAHUIO
aneKTpocHa0keHus [1].

Monnusi, Kak (Qu3MUYEecKoe SBIEHUE, COOTBETCTBYET HMITYJILCHOMY
UCTOYHUKY TOKa, KOTOPBI MpPEICTaBIseT COOOW MOCIeNOBATENbHbBIN pa3psl
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OTNPEJEIICHHOTO0 KOJUYEeCTBA DJIEKTPUYECTBA 3a KOPOTKUH TMPOMEKYTOK
BpeMeHu. Daktuueckas (opma CUTHaja JOBOJHbHO M3MEHUMBA M BKIIIOYAET B
cebst KpyTod (POHT 10 MaKCHUMaJIbHOW aMIUTUTYIbI, 32 KOTOPBIM CIEAYyeT
JUIMHHBIA ~ YMEHBIIAIONIMICS  XBOCT JJIMHOM B  HECKOJBKO  JIECSITKOB
MUKpOCeKyH. JJs 1eneit pacueToB nepeHanpsbkeHusl BaKeH TOJIBKO OOJIBIION
TOK, MPOTEKAIOIINKA BO BpeMsi 00paTHOTO xo1a. B TeueHue sToro nepuoja 010
oOHapy>keHO, 4YTO (QopMa BOJHBI MOXET OBbITh MpeJCTaBIeHA JJIBOMHOU
HKCIIOHEHTOM BUAA:

—ot —pt
ITestzl(e —eP )

3Hauenuss |, o W B TNPUBEICHHOIO BBIIIE YPaBHEHUS MOTYT OBITh

OmpeNeNieHbl IS UMIYJbCHOW BOJIHBI, €CJIM W3BECTHBI 3HAUCHUE TPeOHS U
BpeMs 70 TrpeOHs U BpeMs JI0 MOJIOBUHBI ocelaHusi Ha xBocte. CTaHIapTHas
dbopma cuTHaJIa HANpPSHKEHMS, UCMOJIb3yeMas MPU HCHBITAHUSX Ha BBICOKOE
HarnpsbKeHue, uMeeT Gopmy BOIHBI 1,2*50 MUKpPOCEKYHJ, YTOOBI YYUTHIBATH
caMble CypoBbIe yciaoBusa. @opMa BOJHBI MPOCTOTO TPO30BOI0 pa3psiaa MOKET
OBITH MpEJICTaBJICHA CICAYIOIINUM 00pa3om [2]:

| =1,02. |1-[exp(—laooo-t)—exp(—4,4-1o6 t)}

Jlns MoiemupoBaHMS JIMHUK Mepeladd 1 yJ1apa MOJTHUH HCIOIh30BAJIOCH
nporpammuoe odecrieuenue (I10) PSCAD, npumeHsiach 4aCTOTHO-3aBHCHUMAs
Mozenb ¢a3. M3omsaTopbl Ha ormopax MpeacTaBiIeHbl eMKOCTIMH. Kak n3BecTHO,
yaap MOJHHUHM MOXET TOoNacTh 3a OJWH pa3 TOJbKO B OAHY W3 TPEX (as.
CrnenoBaTelbHO, TOK TPO30BOTO pa3psija MoaaBayics TOJIbKO Ha oaHY a3y ((pasza
C). PaccmarpuBaemas cxema wmoxaemupoBanus JIOII 1o  wmccnenoBaHus
I'PO30BBIX NTEPESHANPSIKCHUH IIpeACcTaBeHa Ha puc. 1.

[—
0.000024 [uF]
i
00024 [uf
)
i
[T
—
0.0004 [uF]
i
0.0 !
i
004 [uF]

Puc. 1. Cxema monenuposanus JISII u ynapa monuuu B [10 PSCAD
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Mopnenu pacnpeneNeHHbIX JHHUNA Tepenayn paboTaloT 1O MPHUHIIUAITY
Oerymux BOJH. Bo3MyleHne HampspKeHUs OyIeT pacmpoCTpPaHSAThCS IO
MIPOBOTHUKY CO CKOPOCTBIO €T0 pacmpocTpaHeHHs (OJIM3KOM K CKOPOCTH CBETA)
710 T€X IMOp, TIOKa OHO HE OTPA3UTCS WIIM TIOTJIOTUTCS B KOHIIC JIMHHH.

[Tocre BBITIONHEHUS CUMYJSIUN C Pa3IMYHBIMH €MKOCTSIMH, MOJIydacM
rpaduky ocIyIorpaMM HarpsikeHusi B koHie ydactka JIOIT ywepe3 1 kM Ha
noBpexaeHHon daze C puc 2.

Mogenb 13 NATK CErMEHTOB C EMKOCTbIO B KaXXJoM COejMHEHUN CerMeHToB
10000
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0 ! ! L
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—U 4epes 1000 M BJ1 (1 n@ - 5 CEerMeHToB) U yepes 1000 M BJ1 (6 N® - 5 CErMEHTOE)
——U 4yepes 1000 M BT (25 N® - 5 cerMeHToB) U 4epes 1000 4 BN (100 n® - 5 cermeHTes)

Puc. 2. OcimuinorpaMmMsl HanpsbkeHud B uepes 1 kv BJI

N3 puc. 2 BUIHO, YTO EMKOCTHOM XapakTep BIUSIET HA 3a/1€PKKy CUTHANA,
MIPU YBEIMYEHUN EMKOCTH YBEIUYMBAETCS 3aJIepKKa CUTHAJIA.
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KNCJIOTHOE Y1UCJIO TPAHC®OPMATOPHOI'O MACJIA U
CIIOCOB EI'O OITPEJAEJIEHUA

AA. BaneeBl, T.A. MyCTa(iJI/IHZ, J.M. BaJ‘II/IyJ'IJ'II/IHa3 , B.K. Kosnos®
L234prBOY BO «KI'9VY», r. Kazanb, Poccus
1.23489534960746@mail.ru

B nanHoO# paboTe, OCHOBaHHOW Ha aHAJIM3€ OTECYECTBECHHBIX HCTOYHUKOB JIUTEPATYPHI,
NPEANPUHIUMACTCS TOTBITKA TMPEICTABICHHUS OOIICH XapaKTePUCTHKH KHUCIOTHOTO YHUCIIa
Maciia, IPUMEHSIEMOT0 B MacCJIOHAMOJIHEHHOM 3JICKTPOTEXHUYECKOM 000PYIOBAHHH, & TAKKe
uHpopmaIu 06 OCHOBHOM JIa0OPATOPHOM CIIOCOOE €T0 ONPECIICHHMS.

KarwueBble ciaoBa:  3HepreTuka, 3JCKTpOOOOpyHOBaHHE,  TpaHchoOpMaTop,

TpaHC(l)OpMaTopHOG MacJ10, KUCIOTHOC YHCJIO.

ACID NUMBER OF TRANSFORMER OIL AND METHOD OF ITS
DETERMINATION

AA. Valeev', T.A. Mustafin® ,D.M. Valiullina®, V.K. Kozlov*
234K SPEU, Kazan, Russia
123489534960746@mail.ru

In this paper, based on the analysis of domestic literature sources, an attempt is made
to present the general characteristics of the acid number of oil used in oil-filled electrical
equipment, as well as information about the main laboratory method for its determination.

Keywords: power engineering, electrical equipment, transformer, transformer oil, acid
number.

OO111eM3BECTHO, YTO OCHOBHBIM Ha3HAYeHHEM TPaHCHOPMATOPHOIO Macia
B DHEPreTMKE IMPUHATO CUWATATh pPEAIU3ALUI0 B  COOTBETCTBYIOIIEM
MAacCJIOHANIOJTHEHHOM CHJIOBOM 00OpYA0BaHUU TaKUX (PYHKIIMM KaK OXJIaXKIEHUE,
raleHue Tyrd M JJIEKTpUYecKas M30JSIUs. DIEKTPUUYEeCKHe U (PU3NUYECKHUE
CBOMCTBA TpPaHCHOPMATOPHBIX HM3OJSALMOHHBIX MAacel XapaKTepHU3yHOTCs
pa3IMYHBIMM  TOKa3aTeasiMH  OOeCHeueHHsT HAJACKHOCTM U KayecTBa
IKCIUTyaTallMl DJIEKTPOTEXHUUECKOro obOopyaoBaHus. CTOUT OTMETUTh, UTO
YIOMSIHYThIE CBOMCTBa 3aBUCAT OT MAapOK Macjia U C TEYEHUEM BPEMEHH B
npolecce KCILTyaTaluu yxyamatorcs. Hanpumep, B ciiydae HarpeBa macen J10
TEMIIepaTyp, MPEBBILAOIMINX HOPMY, IMOCJIEIHHE OPraHMYECKH pa3iararoTcs.
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Takoe pasnokeHHe CONMPOBOXKAACTCS OOpa30BaHUEM KHUCIBIX COCAMHEHU,
ra30B, BOJIbI U OTpaXkaeT Ha4aso MPOIEeCcCOB U3HOca o0opynoBanus [1-3].

KiroueBbim OKa3aTeaeM KauecTBa  M30JSLHUOHHOIO Macia,
MPUMEHSIONIETOCS] B MACJIOHANOJIHEHHOM OO0OpY/IOBAaHUM, SIBIISIETCS €O
kucinoTHoe yucio (KY), paccMoTpenuio oOmieil xapakTepUCTHUKUA KOTOpOH, a
Takke crnocoba ero ompeaereHus MOCBsIIaeTcsl Hacrosm@as paboTa.
AKTYyaJqbHOCTh HAIMCAHUsl CTAaTbU OOYCJIOBJICHA HAMYMEM HE3HAYUTEIHHOTO
KOJIMYECTBA HAYYHBIX MyOJMKAIMI HA PYCCKOM SI3bIKE Ha 0003HAYEHHYIO TEMY.

B Hacrosmee Bpemsa mno 3HadueHuto KUY wuccrmenoBarenu ONpenesistOT
CTETNIEHb CTApPEHUS Macja U OLIEHUBAIOT CPOK ero ciaykO0wl. [Ipu crapenuun macio
CTaHOBUTCS 00Jiee BSI3KMM U TEMHEET, B HEM 00pa3yloTCs HU3KOMOJICKYJISIPHBIE
KHUCIIOTBI, KOTOPBIE CIOCOOHBI Pa3pylIUTh H3OJSAIMOHHYIO COCTaBIISIONIYIO
OOMOTOK ¥ BbI3BaTh HAyaJo KOPPO3HMOHHBIX TIPOIECCOB B MeTaliax,
NOrpykeHHbIX B Hero. lloatomy BaxkHo oTmetuth, 4yTOo KUY pacter c
MOBBIIIEHUEM OKHCJIEHHOCTH Macja, T.€. MPU €ro CTAPEHUH U YXYyAIICHUH
ToKazartesei H30JIIIMOHHBIX CBOMCTB [4, 5].

KY kak kauecTBEHHBIH TMOKa3aTedb COCTOSHUS TpaHC(HOpMaTOPHOTO
Macjla HE PEOKO BBISABIIOT C TMOMOIIBIO METOAAa TaK Ha3bIBa€MOIO
COKpAlIEHHOI'O0 aHaldu3a, KOTOpPbIA, MOMHUMO BCEro MPOYEro, MO3BOJSET
OTIpPEJICIUTh BHEUTHUN BHUJI U IIBET Maciia, TPOOMBHOE HAIPSIKEHUE, HATHYNE
MEXaHMUYECKUX TPUMECEN, TeMIEPATYPy BCIBIIIKH U 1p. [6].

ConepxaHue pa3IMYHbIX KUCIOT OPraHUYECKOW MPUPOJIbI Yallero BCEro
BBISIBIIIIOT ~ JTaOOpPaTOpHO C  TIOMOIIBIO  ompeneiaeHus: BenuuuHbl KUY,
BBIPAKAEMOI'0 KOJIMYECTBOM HYXHBIX [UJI HEWUTpadu3alud MUUIUTPaMM
ruapokcuga  kamus (KOH), koTopele conmepkarcss B OJHOM TpaMMe
TpaHchopmatopHoro Macia. McciaemnoBarenbCKo-dKCIEPUMEHTATBHBIM TyTeEM
ONpENIENIEHO, YTO MPEAEIbHBIM 3HAYE€HUEM JUIsi PacCMAaTPUBAEMOIO THIIA
AJIEKTPOOOOPYIOBAHUS SIBIISCTCA ABAAINATh MITh COThIX Mummurpamma KOH/T.
Ha npaktuke yamie Bcero HaOMIOMAETCS JOBOJHHO HEBBICOKAS KHCIOTHOCTD,
KOTOpasi TMPaKTUYECKHM HE OKa3blBA€T HUKAKOIO BIMSHUA HAa HHbBIC
XapaKTEPUCTHUECKUE TOKa3aTean TpaHCHOPMATOPHOTO Maciia, OJHAKO TIpH
ATOM SIBJISIETCA BaKHBIM KPUTEPUEM, OTPAXKAIOIIMM HAYaJl0 €ro CTApeHHS.
[Tomyuennsie pesynbTaThl omnpenenenus KUY, npessimatomue 0,5 mr KOH/r
TOBOPSIT O MOTEHUUAIBHBIX PUCKAX BO3HUKHOBEHHUS PE3KUX H3MEHEHUM €ro
CBOMCTB ¥ HEOOXOIMMOCTH Peallu3aIlii MEPOIIPUSTUH TI0 €TO 3aMEHE.

BaxxHo ymoMsiHyTh, 9YTO B TpaHCPOPMATOPHOM Macje HEPEIKO
COZIepKaTCsl TaK Ha3bIBAEMbIE BOJIOPACTBOPUMBIE KHUCJIOTHI, MaKCHUMaJlbHas
KOHIICHTpAIUsl KOTOPBIX — YETBIPHAAIATh THICAYHBIX Muumarpamm KOH/r
Macia. B peanbHbIX Cilyyasix MPEBBIIICHUE YKA3aHHBIX 3HAYCHUUN U MPEJEIbHbIX
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nokazarened KY wnHabmomaercs peako. OTOT MO3UTUBHBIA  MOMEHT TIO
OOJBIIOMY cuUeTy OOYCIIOBJIEH TE€M, YTO MHOTHME POCCHICKHE U 3apyOeKHbIC
TpaHchOpMaTopbl CHAOXKEHBI TEPMOCU(POHHBIMU (PHIIBTPAMU, COJEPKAIIUMHU
cuiMkaresb. TakuM oOpa3oM, Heb3sl HE BBIIETUTh TOT (akT, 3HaueHue KUY B
Macje TpaHC(OPMATOPOB SIBISIETCS BAXKHBIM KPUTEPUEM HEOOXOIMMOCTH
3aMeHbl  ajicopOeHTa B TepMOCU(DOHHBIX (PuUIbTpaX U  IOKa3aTeleM
7 PEKTUBHOCTH pereHepauu HeTenpoyKTa.

[Iporiecc AMArHOCTUYECKOTO HCIBITAHUSI IO OIIEHKE COCTOSHUS Maclia
3aKJII0YAETCsl B TUTPOBAHUU KHCIIBIX COCIUHEHUN He(PTenmpoayKTa C MOMOIIBIO
cnuptoBoro pactBopa KOH u cooTBeTCTByIOIIEro NBETHOTO WHAMKATOPA
cormacHo mpaBuiaaM ['OCT 5985-79. B skcnepuMeHnTe oTOMpaeTcss mpoda
00BEMOM OT MATUACCATH 0 CTa KyOMYECKHX CaHTUMETpoB. B uHyI0 KOIOy
KOHUYECKOM (OpMBI HAJIMBAETCA MATHIECAT KyOWYECKUX CAHTUMETPOB
BOCBMUECATUIISITUITPOLIEHTHOTO 3THJIOBOTO CIHUPTA, KOTOPBIA KHUISATUTCS 0
AT MUHYT. B mnonydeHHbI cnupTt 1g00aBISIOT OKOJIO JIBaALIATA MATH
KyOMYEeCKUX CaHTUMETPOB MHJAMWKaTopa (KaKk TMpaBWIO, HUTPO3ZHMHOBOIO
JKEJITOr0) U HEUTPAIU3YIOT B COCTOSIHUM OCTBHIBAIOIIIEH TOpsiUYei TEMIIEPATYPHI C
MOMOIIbI0 TIOCTOSIHHOTO TEepEeMEIIMBaHus COUPTOBbIM pactBopom KOH 1o
MOMEHTA, IOKa JKEJITasi OKpacka He CMEHUTCS Ha 3€JIEHOBATYIO.

Uto kacaercs HerocpeAcTBeHHO ompenencHus KU tpanchopmaTopHOro
MacJiia, TO HOArOTOBJIEHHBIN MO BBIIEIPUBEACHHON HHCTPYKIIMU TOPSAYUNA CIIUPT
HAJIMBAIOT B KOJIOY C UCTIBITYEMBIM HepTenpoaykToM. CoaepKkuMoe mocaeaHe
KUISITUTCS TISITh MUHYT C OOpaTHBIM XOJOJIWJIBHUKOM W TPU HENPEPHIBHOM
nepemenBanuu. [lonydeHHYI0 CMECh TUTPYIOT BBIIIEYKAa3aHHBIM criocobom. B
cllydae TOJy4YeHHUs 3€JICHOBATOro okpaca TuTtpoBanue pactBopom KOH He
OCYIIECTBJISICTCS, TaK KaK 3€JIEHBIM I[BET TOBOPUT 00 OTCYTCTBUM B Macie
HEO0OXOMMOMN KHCIIOThI OPTaHUYECKON TTPUPOJIBI.

He ©peaxko B mpoliecce  KayeCTBEHHO-OLIEHOUYHOTO  HCIIBITAHMS
TpaHCHOPMATOPHOTO Macjiaa BO3HUKAIOT COMHEHHUS B MCTUHHOCTH TOJYYCHHBIX
nokaszarenerd KY, KoTopsle yCTpaHAOTCS IyTEM HCIOJb30BAHMS CIELHUAIBHOTO
WHIUKATOpa «mienoyHo romyooir 6b». B ompemenennn KY  Takke
3aJIEUCTBYIOTCSI MaTeMaTH4eCKue (OpMyIibl, TPOMUCAHHBIE Y€TBEPTOM ITYHKTE
roCyJapCTBEHHOTO CTaHaapTa. B ciywae, eciam cpemHee apudmMeTHYECKOE
3HAQUEHUE W3 JBYX IMapajuielIbHO MOJIYYEHHBIX pE3yJbTaTOB OTKJIOHEHO OT
HOPMBI, TO KQUECTBO Macja MOXHO CUMTAaTh HEYJAOBJIETBOPUTEIbHBIM. B ciyuae,
KOT/Ia TIOJIYY€HHOE 3HAYEHUE MPEBBINIACT OJIHY AecaTyio mmuturpamma KOH/T,
HEO0OXOMMBI IOMOJHUTEIBLHBIE UCTIBITATEIILHBIC TIPOLICTYPhI, HAIIPABICHHBIC HA
BBISIBJICHHE B MAacJjIe MUIAMOBBIX YacTHIl [7].
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CnemyeT TOMYEpPKHYTh, UYTO TaK Ha3bIBa€MbIe  TPATUIIMOHHBIC
7a00paTopHbIE METOABI KOHTPOJA TpoO Macia BechMa TPYIOEMKH U
BpEMS3aTpaTHBI, a TaKKe XapaKTepU3yITCS HEOOXOAUMOCTHIO HATUYHS
CYIIECTBEHHBIX MaTEpPHAIBHBIX PECYPCOB, B CBS3H C YeM B IOCJICIHEE BPEMsI
aKTyalTu3UPyeTCsl MPaKTHUKa PacpOCTPaHEHUs] HOBBIX CIIOCOOOB OIpeIeICHHUSI
KayecTBa TpaHCPOPMATOPHOTO Maclia, HalpuMmep, Takux, Kak LudpoBbIe,
BU3YaJIbHBIE METOJBI WJIM CIEKTPOCKONHSI B BUAWNMOW U YIbTpa(HOIETOBOM
obmactsax crekrpa [8—10].

Takum oOpaszom, ompeneneaue KU sBiseTcss BaKHEHIIMM 3Tarom
OTIpPEJICTICHUS] COCTOSIHUSI M OIICHKM KayecTBa Macia, HCIOJIb3yeMOro B
MaCJIOHAMOIHEHHOM 3JIEKTPOTEXHUYECKOM 000pyaoBaHuK. IMEHHO BBISIBICHHE
3HaueHuid KUY mo3Bossier yueHbIM OoJiee JETaIbHO OINPENCNsITh CTENEHb
CTapeHMsI U OKUCJIEHHOCTH 0003HAYEHHOTO TUIa HE(PTENPOAYKTa, TOBCEMECTHO
AKCILTYaTUPYEMOTO B COBPEMEHHOM SHEPTeTHKE.
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PO.JIb OBJIAYHBIX TEXHOJIOT' U B OBJIACTH
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B nanHolt pabote paccMaTpuBaeTCs MCIOJIb30BaHHE 00JAUHBIX TEXHOJIOTHI U CHCTEM
yIOpaBJICHUs] HMHTEUICKTyanbHbIMU cuctemamu (Smart Grid). BeineneHsl J10CTOMHCTBA
JTAHHBIX TEXHOJIOTUH, KOTOpbIE MO3BOJIAIOT ONTHMMU3UPOBATH U aBTOMATU3UPOBATh PabOTy
00BEKTOB HJIEKTPOIHEPTETHKH.
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THE ROLE OF CLOUD TECHNOLOGIES IN THE FIELD OF
ELECTRIC POWER
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This paper discusses the use of cloud technologies and intelligent systems
management systems (Smart Grid). The advantages of these technologies that allow
optimizing and automating the operation of electric power facilities are highlighted.

Keywords: cloud technologies, distribution networks, electric power facilities,
management, digitalization.

B nacrosimee Bpemsi Kaxkaas SHEpPreTHYECKas KOMIAHUS CTPEMHTCS K
U(PpoBU3aAIMK CBOCH AEATEILHOCTH, UMEHHO IMOATOMY TMPOIIE HCIOJIb30BaTh
00JIayHbIE TEXHOJIOIMH 3aMECTO CEPBEPOB.

HaGnromaercss  TeHaeHuus, 4YTO  HUQPPOBBIE CETH  CTAHOBSTCSA
HEOTHEMJIEMOMN YaCTH SHEPIeTHUECKOW CUCTEMBI. JTa TEHICHIMs CIIOCOOCTBYET
pocty nonyssipHocTd npoTokosia MOK 61850. /JaHHBIN NMPOTOKOJ MPUMEHUM K
CHUCTEMaM aBTOMATHU3aluu MOACTaHIMi. OH OOBSICHSET MPOIECChI, TpeOyeMble
JUISL  OpraHM3ali 4 NOpOTeKaHUM  OoOMEHa  JAaHHBIMH  MEXIY
MHUKPOIIPOLIECCOPHBIMU YCTPOMCTBAMH HAa CaMOM MOJACTAaHIIMU U MPUBS3aHHBIM K
HEW CUCTEMaM.

PaccMmoTpum KitoueBbie 0COOEHHOCTH JJAHHOTO CTaHAapTa:

o Kananbel cBsizu ocHoBanbl Ha 0Oasze Ethernet ¢ marucrpanbHbIMU
JUHUSMUA BBICOKOM TPOMYCKHOM CIMOCOOHOCTH [jIsi Haubojee ObICTpOi
nepeaadn u o0paboTku HHGOPMAIIHH;

. [[Inpokuit CIEKTp COBMECTUMOCTH YCTPOKMCTB, YTO YIPOIIAET COOp
U oTnpaBky un@opmanuu [1].

OO0yiauHple TEXHOJIOTMM B JIaHHOM Clly4ae MpeJHa3HauYeHbl s
pactpennst GyHKIIMOHaANA «IU(PPOBOI MOICTAaHIIUWY, TAKUX KaK: OTMpeeIcHIe
MECTOIOJIOKEHUS TOBPEKACHHUS; HAXO0KICHUE U CUTHAIU3ALIMS TOBPEKIECHHOIO
y4acTKa JIMHUM 3JIEKTpOIepeay; KOHTPOJIb 332 KAYECTBOM JJIEKTPOIHEPTUU U
CUTHAJIM3AIMS 00 OTKIIOHEHUSX; HAIOMUHAHUE U OMOBEIICHUE O TEXHUYECKOM
oOcCIy>KMBaHUM TOJICTaHIIMK Tiepconaniom (Puc.1).

Puc.1. CtpykTypa 006Ja4HBIX TEXHOJIOTHI [2]
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HyXHO yuyuThIBaTh BCE YCTPOMCTBA MO PACIPEICIUTEILHBIM CETSIM C
paznuyHoOM KoH(uUrypanuen, oOMeH nHGOpMaIK Yepe3 00JauHble CTPYKTYPHI
TaKXKe SBJISIETCS IOCTOMHCTBOM TEXHOJIOTHM JTaHHOTO BUja [3].

BaxHBIM 3]IEeMEHTOM SIBJISIETCS BO3MOXHOCTh 00€CTeueHUs HaJAeKHOCTU
JUIsT OOBEKTOB 3JIEKTPOIHEPTreTUKU. VIMEHHO MO3TOMY HEOOXOJMMO YACHSThH
ocoboe BHHMMaHME O€30MAaCHOCTUM JAaHHBIX, KOTOpble 00padaThIBAOTCA
aBTOMATHUYECKU M XpaHsaTcs B oOiake. IlpumeHeHue 00JauyHBIX BBIYMCICHUN
MIOMOKET 00€CTICUNTh OBICTPO U KAaYECTBEHHO 00paboTaTh 0OJIbIITNE KOJUYECTBA
unpopmaruu (Big Data) nmns aBromaTmzanuu oOpaOOTKH JaHHBIX JIHOOBIX
00BeMOB B c(epe IHEPreTHUKU. DTO MO3BOJUT pEIIaTh BOMPOCHl Pa3TUYHOU
CIIOHOCTH, TaKH€ KaK: BBICOKOCKOPOCTHas o0paboTka TmoJlydaemMou
uHopMauu OT O0OBEKTa AJIEKTPOIHEPTETUKHU; CIIOCOOHOCTh paboTaTh C
Pa3HBIMU YCTPONCTBAMHU U BUJIaMU JTAHHBIX.

Ecnu onenuBath MepCrneKTHBBI Pa3BUTHS JIAaHHOTO HAIpaBJICHUS, TO
MOKHO CKa3aTh, YTO B O0JIACTH DJIEKTPOIHEPTETUKH OOJAYHBIC TEXHOJIOTHH
HaWAyT IPUMEHEHUE:

— B palioHHBIX TUCTIETYEPCKUX YMPABICHUIX, KOTOPhIE CMOTYT Haubosee
CTPYKTYPUPOBAHHO coOupaTh HWHGOPMAIIMIO O COCTOSHUU TIOJCTAHIIUU U
OCYIIECTBJISATH YIPaBIEeHNE MOAKOHTPOIBHOU IJIEKTPUIECKOUN CEThIO;

— B pacuérHpIX INEHTpax MOCTaBIIMKA SJEKTPOIHEPTUU — OOJIAYHBIC
TEXHOJIOTUM TIO3BOJIAT cOoOUparh WHMOpMAIMi0 OBICTpEE IO CPaBHEHUIO C
TPaIUIIMOHHBIMHU CIIOcO0aMu cOopa TTOKa3aHUH.

[TogBois UTOTH, MOKHO CKa3aTh, YTO OOJIAYHBIC TEXHOJOTUU SIBIISIOTCS
MEPCIEKTUBHBIM HAMPABICHUEM Pa3BUTHUS NU(PPOBU3AINHN AIIEKTPOIHEPTETUKH,
ATO TIO3BOJISIET CO3/IaBaTh OTPOMHYIO 0a3y MH(popMaIuu B JETKOW JOCTYITHOCTH
MOJIb30BATEIS.
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PA3PABOTKA ITPOI'PAMMHOI'O KOMIIVIEKCA «SMART
PLANNING» AJIS1 @®OPMUPOBAHUA I'PAOUKOB PEMOHTA
IJIEKTPOOBOPYIOBAHUA

M.C. Bonkos
OI'bOY BO "bpI'V", r. Bparck, Poccus
mediatordallona@mail.ru

Hayu. pyk. kana. TexH. Hayk, noueHt T.H. SIkoBkuHa

OnmHUM W3 BaKHBIX AaCHEKTOB MpPU IUIAHUPOBAHMHM PEMOHTHBIX pabOT SBISETCS
¢dopmupoBanue rpapuKoB MpoBeAeHHUs] peMOHTOB. C y4eToM BO3HMKHOBEHHs /1€(EKTOB U
BHEITAHOBBIX pabOT TOMOBOM TIpayKk PEMOHTOB MOXKET IIpPEeTepIieBaTh MHOXKECTBO
u3MeHeHUH. J[1si yCKOpeHMs MHpOIIECCOB CO3JaHMS M KOPPEKTUPOBKM IUIAHOB, a TaKKe
HEJIOMYIIEHUsI OIIMOOK NpHU IUIAHUPOBAHWM PEMOHTOB MpEJIaraercsi HCHOJIb30BaTh
pa3paboTaHHbIN porpaMMHBIN KoMmIuieke «Smart Planning.

KiroueBble cioBa: IUIAaHUPOBaHME M TPOBEJEHHE PEMOHTHBIX pPaboT, rpaduku

PEMOHTOB, KOPIIOPATUBHBIC CUCTCMBI YIIPABJIICHUA.

DEVELOPMENT OF THE SOFTWARE COMPLEX "SMART
PLANNING" FOR FORMING SCHEDULES OF REPAIR WORKS

M.S. Volkov
Bratsk State University, Bratsk, Russia
mediatordallona@mail.ru

One of the important aspects in the planning of repair work is the formation of
schedules for repairs. Given the occurrence of defects and unscheduled work, the annual
repair schedule can undergo many changes. To speed up the processes of creating and
adjusting plans, as well as to avoid mistakes when planning repairs, it is proposed to use the
developed software package "Smart Planning".

Keywords: planning and carrying out repair work, repair schedules, corporate
management systems.
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CBOEBpEeMEHHOE MJIAHUPOBAHKUE MPOBEJICHNS PEMOHTHBIX pabOT 0OBEKTOB
DHEPreTUKHU SIBJISETCS HEOTHhEMJIEMOM YacThl0 O0OECHeueHHs] HaJIeKHOCTH
paboTbl HE TOJIBKO JJIEKTPOTCHEPUPYIONIETO MpEANpUITHs, HO U BceH
HYHEPTrOCUCTEMBI B IIEJIOM.

[Tognepxanue pabOTOCHOCOOHOTO COCTOSIHUSI 3IJIEKTPOOOOPYI0BAHUSA,
BOCCTAHOBJICHHME  €r0  3adBJICHHBIX  MPOU3BOJUTEIEM  XapaKTEPUCTUK,
oOecrieyeHne BO3MOXHOCTH pabOThl B HOMUHAJBHBIX MapaMeTpax JOCTUTaeTcs
3a cueT MPUMEHEHUS CUCTEMBI MIaHOBO-TIpeaynpeauTenbubix peMoHnToB (I1I1P),
IJIaBHBIM TIPUHIIMIIOM KOTOPOM SIBJISIETCS PEMOHT OOOPYOBaHUS /10 Hayaja ero
MHTEHCUBHOTO M3HOCA. [1]

TpeOoBaHusa K OpraHU3alMM, IJIAHUPOBAHUIO U MPOBEJCHUIO PEMOHTOB
OOBEKTOB 3JIEKTPOIHEPTETUUECKOW CHUCTEMbl YCTAaHABIMBAIOTCS MPaBHIIAMU
TOwuP. [2]

[InanupoBaHue peMoHTa 000pyAOBaHUS BKIIIOUAET B ce0s1 pa3paboTKy:

1) mepcneKTUBHBIX TPaUKOB peMOHTA (COCTABIIAIOTCS Ha 5 JIET BOEpen);

2) TONOBBIX TIpaUKOB (COCTABISIOTCS HAa OCHOBAaHUHU TMEPCHEKTUBHBIX
TJIaHOB);

3) MeCAUYHBIX IJIAHOB PEMOHTOB (YYUTBHIBAIOT KOPPEKTUPOBKU T'OJJOBOTO
rpaduka o npoa0HKUTEILHOCTH IPOBEICHUS PEMOHTOB U €T0 CPOKAX).

Haubonee TpymoeMKUM TMpOIECCOM SBISETCS CO3JIaHUE TOJIOBOTO
rpajguka pemonta (I'P), Tak kak npu ero GopMuUpoOBaHHH HEOOXOIUMO
YUYUTHIBATh MHOKECTBO (PAKTOPOB: COBMECTHBIM BBIBOJI OOOPYIOBAaHUS C
HEOOXOAMMBIM JIII PEMOHTa OOBEKTOM [JIsi obOecredeHus Oe30MacHOoro
BBITIOJIHEHUS pa0OT Ha HEM, BOBMOXHOCTh CHM)KEHHSI TEHEPUPYEMOM MOIITHOCTH
B 3asBJICHHBIN TEpHOJ, OOecredeHue aBapuiHONW TOTOBHOCTH OOOpYJAOBaHMS,
BO3MOXKHOCTh  BBITMIOJHEHUSI TpeOyeMbIX 00beMOB pabOT MOAPSTHBIMU
OpraHu3anusMu  (3arpy’KeHHOCTb Tpaduka), pa3pelieHHas COBOKYyITHas
JUTUTEIIbHOCTh PEMOHTOB OCHOBHOTO O0OPY/IOBAHMS CTAHIIMM ¥ MHOTO€ JIPYTOE.

[Tpu 3TOM ¢ KOppekTHpoBKamMu B MecsuHbIX [P, romoBoit rpadmuk MoxeT
npeTepreTb  CUJIbHBIE  W3MEHEHHS, HampuMep, TpPH  BO3HUKHOBEHHH
BHETIAHOBBIX pabOT, KOTOPhIE HEOOXOAUMO YCTPAHSITh B IEPBYIO 04Yepelb. ITO
BJICYET 32 COOOW BEPOSITHOCTh HEKOPPEKTHOTO COCTABJICHUS 3asBOK HA BBIBOJ
000OpyZI0BaHUSI B PEMOHT, MPU KOTOPHIX OJWH U3 OOBEKTOB MOXKET COBIACTH C
JPYTUM, JTHOO «BBIMACTHY» U3 rpaduka cCoBceM. B 3ToM cilydae MOKHO TIOJTyYHUTh
CUCTEMHYIO aBapHIO CO CMEIIEHHUEM OajlaHca TeHepUpyeMOoW U TOTpedsieMoit
MOIIIHOCTEH OO0 aBapUHBIM BBHIXOJ W3 PabOTHI OOOpPYAOBAHHS H3-3a €T0
KPUTUYHOU BHIPAOOTKH OCTATOYHOTO pecypca.
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Bo u3bexxaHue BbIIENIEPEUUCICHHOTO MpeajiaracTcsi aBTOMaTU3UPOBATh
MPOLIECC COCTaBJIEHUS U KOPPEKTUPOBOK TpaUKOB PEMOHTA MPU TMOMOIIH
pazpaboranHoro aBropom nporpammuoro komiuiekca (I1IK) «Smart Planningy.

IIpu namucanum IIK «Smart Planning» yuuThIBanmach BO3MOKHOCTH
WHTErpalliy MPOrpaMMbl B UMEIOIIMECcs KopriopaTuBHbIe cucTeMbl yueTta (KCVY)
«1C: IIpenmpusitue» [3]. C 3Toi 1eNbIO MPUIOKEeHUE HanucaHo Ha C-1mojo0HOM
s3pike - C++03; B kavectBe xommuistopa nog OC Windows wucmonib3oBaH
Microsoft Visual C++12 [4]. CrannaptHoW OuOaroTekoi BeicTymaeT STLPoOrt
[5], yto mo3BonuT IIK paboraTh Ha pa3HbIX MIaThopMax, a TakkKe H30EKATh
MIPOTrPAaMMHBIX OITMOOK, MOJYYUTh BO3MOKHOCTh OTJAJKUA U TUATHOCTUPOBAHUS
CJIy4aeB HEMPaBUILHOTO MCIOJIB30BAHUS KOMITUJISITOPA.

st monHoM uHTerpanuu B cymectBytomue KCY Obl1 MCIONB30BaHBI
TOTOBBIC «JIBIDKKM»: aCCNt st moctpoeHus ydera, bIS mms wucnomHenus
BCTPOCHHOTO sI3bIKa. Peanu3aiueii ajiokaropa namMsTi BeicTymaeT nuke.

B oubnmoreky I1IK «Smart Planning» nanubsie 06 00beKTax, TpeOYIOMMX
pEeMOHTa, BHOCATCS IOCPEJICTBOM  HCIIOJIb30BAaHUS  YHU(DUIIUPOBAHHBIX
nepcnektuBHbix [P, 4Yro mo3Bosser OTKa3aThCsl OT PYYHOrO BBOJA
uHopMalMu M OMMOOK TMpH TOJOBOM IUlaHupoBaHuu. Ha pucynke 1
MPEACTaBICH TpUMEP YHUPUIUPOBAHHOW (POPMBI MEPCHEKTUBHOTO Trpaduka
PEMOHTa OCHOBHOTO 000PY/I0BAHUS CTAHIIUH.

1. rpadmia ama
=i | | npuBazkk K GebanoTee;

1) TO - Tex. ofcn.;

A Bemaes e 2) P - pemont

NOAOMEHWE
AL
HeBoIHowEG!

2. Hammenosanne obopynosanns o
npuenzkn Kk OwbnroTexke:

1) TA - ruppoarperat;
2) T - rpanchopuarop;
(WA

IL Th [ C
HX NOCAE0BaTEMHCTH.

ITPC ThH) MEHee 40 MoryT
NepacTAETLECA APOrPaMMOR NpH
MOCTPOSHAN rpadmia.

N —— Tpebyer TOMHOre THIOBOTC HANKCIHAA ANA NPHBAZKEH K BnbnroTexe,

ans npreazkn Kk GwbnnoTexe

HanMEHOBANNE BALA PEMOHTA:
1) KPK - HOPOTHA KANMHTANBHDIRA PEMOHT;
ML

Puc. 1. YaudumnupoBanHas popma nepcrneKTUBHOTO rpapuka peMoHTa

K xpansmumcsa B 6ubimnoTeke 00beKTaM peMOHTa MPUKPEIJICHBI YCIOBUS
JUTSl IPOBEJIEHUS TUIIOBBIX padOT, KOTOPBIE COCTABIISIOTCS 3apaHee UHKEHEPAMHU
[ITTP 1 MakcUMaabHO IIMPOKO OXBATHIBAIOT KaXIbli OOBEKT PEMOHTA: B KAKOE
BpeMs roJ1a peKOMEH]IyeTCsl TPOU3BOAUTH PEMOHT, CKOJILKO BPEMEHH TpeOyeTcs
Ha MPOBEJICHUE TUIIOBBIX KAIlMTAJIbHOIO U TEKYIIETO PEMOHTOB, MAKCUMAJIbHOE
€AVHOBPEMEHHOE CHI)KCHME MOLIHOCTH CTaHUUHM, BO3MOXKHOCTb WIH
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HEBO3MOKHOCTh BBIBOJIA HECKOJIBKUX CEKIIMH CHUCTEM IUH B PEMOHT U MHOTOE
npyroe. Ilpm 3ToM ycnoBusl aAensaTcs Ha 2 CTymeHu: l-as CTymeHb -
o0si3aTeNbHBIC YCIIOBUA, 2-asi CTYNEHb C YCIOBUSAMH, OT KOTOPBIX MOXKHO
orcTynath. Tak Kak B OMOJMOTEKE XPAHWUTCS OCHOBHAS DJIEKTPUUYECKas CXema
DJIEKTPOCTAHIIMK B BUJE JIOTUYECKUX OOBEKTOB, COCIMHEHHBIX MEXKIY COOOH,
nporpaMMa OOBEIMHSET BCE YCJIOBHS, OMPECIICHHBIC 3apaHee HHKCHEPHBIM
COCTaBOM, M HayMHACT BAapUATHBHOE IOCTPOCHHE TpapuKOB (MaKCHMAaIbHO
BO3MO)KHasi BapUATUBHOCTH MPH OTKIOHCHWH OT YCJIOBHU 2-OU cTymenu). M3
BCEl BApUAaTUBHOCTH BhIOMpaeTcs rpadik ¢ HAMMEHBIINM YHCIIOM OTKJIOHEHHMA
Y BBIBOJIUTCS MOJIB30BATEIIO B BUJIE CETEBOTO rpaduka.

[Ipumep rpaduka ¢ MHUHUMaAIbHBIM OTKJIOHEHHUEM, COCTaBIIEHHBIM C
nomotpto [1IK «Smart Planningy, npuBeseH Ha pucyHke 2.

|

Puc. 2. HpI/IMep HUTOTOBOI'O I‘pa(bI/IKa C MUHHUMAJIbHBIM OTKJIOHCHHUECM OT 3aJaHHBIX YCHOBHﬁ

B cdhopmupoBanHoM rpaduke, KaKIblii OOBEKT PEMOHTa MOXKHO
CKOPPEKTHPOBATh BPY4YHYIO. TOr/1a TaHHBIA PEMOHT aBTOMATUYECKH YXOAWT B
ycioBus 1-oit crynenu u I'P orctpanBaeTcst y>ke 110 HOBBIM TaHHBIM.

Jlnst ymoOCTBa HCMONB30BaHUS CETEBOTO Tpaduka OH MOXKET OBbITh
MIPE/ICTABIICH C pa3OMBKOM MO MecsiaM (PUCYHOK 2) U 1O JHSAM (PUCYHOK 3).
Jlnst Bu3yanu3alMyd pa3HbIX BHUJIOB PEMOHTHBIX palOT, JMUHEHHBIE TpaduKu
OTIIMYAIOTCS APYT OT JApyTa MO IBETaM.
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Puc. 3. UtoroBsiii rpaduk ¢ pa3OMBKOM 1O THSIM

Ucnonb3oBanue IIK «Smart Planning» He TOJIBKO YCKOpPSET MpOIEcC
dbopmupoBaHus TrpadUKOB, HO M HCKJIOYAET BO3MOKHOCTh OIIUOOK IpHU
IJJAHHPOBAHUM PEMOHTOB, YTO HAIpPSMYIO IIOBBIIIACT HAJACKHOCTh PaOOTHI
AJICKTPOSHEPTETUUECCKUX  MpPEANpUusTul. B manpHedieM nOpu  MOJHOHU
unrerpanuu ¢ KCY mpeanpustuii y IIK OymeT BO3MOXHOCTh aBTOMATHYECKH
BCTaBJIATh B ['P BHEIIaHOBBIE PEMOHTHI M3 JIEKTPOHHOTO KypHalla J1e(eKTOB,
KOHTPOJIUPOBAaTh HCIOJHEHUE PEMOHTOB dYepe3 mnojkpemienne k KCY
YHU(PUIUPOBAHHBIX (DOPM aKTOB O BBHIMOJHEHHBIX padoTax (y»e HCIOJIb3yeTCs
B KCVY) u dopmupoBats rpaduiku ¢ yueToM HEUCTIOJIHEHUS PadoT.
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INPUMEHEHMUME BIIJIA MYJbBTUKOIITEPHOI'O TUIIA ITPHU
OCMOTPAX JUHUM DJEKTPOIEPEJAY

I.C. BOpO6beB1, M.III. FapI/I(i)yJ'IJ'II/IHZ
L2orp0y BO «KI'9VY», r. Kazanb
1’2Iedok.ne.holodok@gmaiI.com

B nannoil pabore paccMOTpeHBl MEPCHEKTHUBBI MPUMEHEHHUS MYJIbTUKONTEPHBIX
OEeCUIIOTHBIX JIETAaTeIbHBIX allapaToB AJisg O0CIeOBaHUS COCTOSHUS BO3AYUIHBIX JTUHUUN
anekTponepenau (JIDI). JlaHbl pekoMeHAlMM MO HCIOJB30BAHUIO MYJIbTHKONTEPHBIX
anmnapartoB 175 KOHTpouisa coctosiHus JIDII.

KiioueBble ciioBa: OeCnHUIIOTHBIC JIeTAaTENIbHBIE —allllaparhl, MYJIBTUKOIITED,

O6CJ'I€I[OBaHI/I€ BO3YLIHBIX JIMHUHA QJICKTpOIICPCad, BbIABICHUC HGQ)CKTOB.

USE OF MULTICOPTER TYPE UAV FOR SURVEYING POWER
LINES

D.S. Vorobyov?, M.S. Garifullin®
12K SPEU, Kazan, Russia
1’zledok.ne.holodok@gmaiI.com

In this paper, the prospects for the use of multicopter unmanned aerial vehicles for
examining the conditions of overhead power lines (TL) are considered. Recommendations are
given on the use of multicopter devices for monitoring the state of power lines

Keywords: unmanned aerial vehicles, inspection of electric power facilities,
inspection of overhead power lines.

B cBs3u ¢ TeM, uTto OT momydaemoil mHpopmaruu o cocrosHun JIOII
3aBHCHUT HAJEKHOCTb 3JEKTPOCETEBOTO XO34WCTBA, NEPCOHAT BBIHYKICH
peryJiipHO TPOU3BOJAUTH BHU3YaJbHBIH OCMOTpP JMHUU. OH MNPOBOAUTCS HJIs
OLIEHKH TEXHUYECKOTO COCTOSHUM BCeX OOBEKTOB CETH, JUIsl BBISBICHMS
nedeKTOB U TMOBPEXKICHHUM, (pOopMUpOBaHUS TpauKa pa3iIMuHBIX PEMOHTOB.
TpagunoHHble METOIBI OCMOTPAa paHee I[IHUPOKO MPUMEHSIINCh BBUAY
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OTCYTCTBUSI aJbTEPHATUBHBIX METOJOB, B TPYAHOJOCTYIIHBIX YCJIOBHUAX
TpaJUIIMOHHbBIE METOJIbI HEA(P(HEKTUBHBI U 3aTPaTHHI [1].

B nanno#i crarbe paccMoTrpum npuMeHeHue bnJIA Tuma MynbTUKONTEp
JUISl TUAaTHOCTUKUA TEXHUYECKOTO COCTOsSHUS Bo3ayuiHoW JsuHuu (BJI) u ee
AJIEMEHTOB B XOJE€ BHEOYEPEIHBIX M IUIAHOBBIX OCMOTPOB, PEMOHTHBIX H
aBapUitHO BOCCTAaHOBHUTENIbHBIX Pa0OT. JlMarHoctuka ¢ 60pTa MYJIbTHKOMNTEpA
MIPUMEHMMA JJIs PELICHUS CIEAYIOIMMNX 3a0a4:

. Omnpenenenre oOIIEro TEXHUUECKOTO COCTOSIHUSI BBICOKOBOJIBTHOM
JIMHUY, BBISIBJICHUE 1€(DEKTOB U MOTYyUYCHHBIX MOBPEKICHUH .

. OrnpeneneHve HapylIeHUI 10 HOpMaM 3Kcruryatanuu BJL

. OrnpeneneHue HapylIeHUH B OXpaHHBIX 30HaX BOkpyr BJI [2].

BapuanTtel mpumeHeHus: OECMUIIOTHBIX JIETaTENbHBIX almapaTtoB Ha s
OCMOTpa BO3/YIIHBIX TUHUN MOTYT BBITJISIACTH CICTYIOIIMM 00pa3oM:

. JI7s1 BBINOJIHEHUS KOMILIEKCHOW JUArHOCTUKU Ha MPOTSIKEHHOCTH
KOPOTKOI'O0 y4acTKa BO3AYUIHOHM JIMHHWH, TaK K€ MOTYT MCIOJIb30BaThCsl BIJIA
MYJIBTUKONITEPHOTO THUMA. B ciyyae yBenwueHUs [JIMHHBI 00CIIeTyeMOro
yuyactka BJI B cuity cepbe3HbIX OrpaHUYE€HUN BO BPEMEHU U JAJIbHOCTH I10JIETA
KBaJIPOKOITEPa, HEOOXOAMMO UCTIOIB30BaTh Apyrue TUbl briJIA.

. JIns1 BBISIBIIEHUS HAPYLIEHUN B CO3/IaHHBIX OXPAHHBIX 30HAX BOKPYT
BJI, oOnHapyxeHuss BaHmamoB W (uKcallud HAa BHUIEO HMX MPOTHUBOMPABHOM
NESATEILHOCTH HAIMpPaBIECHHON MPOTHUB AJIEKTPOIHEPTETUUYECKUX OOBEKTOB TaK
K€ MOT'YT HCHOJIb30BaThCs bIJIA MyJIbTUKONTEPHOTO THUIIA.

. NHxkeHepHO-TEeXHUYECKUH  TEepPCOHAN, PEMOHTHBIE  OpUTaibI
OCHAIIIAIOTCS MYJbTUKONTEPAMU JUIsl pEHICHUs COOCTBEHHBIX JIOKAJIBHBIX 33724
(cM. pucyHok). B Xxoxe mimaHOBBIX M BHEIUIAHOBBIX ocMOoTpoB BJI, mpum
BBITIOJIHEHUH aBAPUHHO-BOCCTAHOBUTENBHBIX pabOT  (HampuMmep: BEPXOBOM
ocmotp BJI, BeisBieHne noBpexaennii Ha BJI ocoOeHHO Ha TPYIHOAOCTYITHBIX
ydacTKax 3a00J0YE€HHON WM TPYIHOIPOXOIUMOM MECTHOCTH );

HNHxeHepHO-TEeXHUYECKHIA MTepCOHAT HaOII0aeT 32 MPUMEHEHUEM MYyJIbTHKONTepHOTro briJIA

B XOJI€ TIJIaHOBOM auarHoctuku BJI ¢ ncnonb3oBaHUEM a3pOCHEMKHU
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Pexomennyercs pUMEHEHUE MmynbTUKONTepHbIX ~ BmJIA  Ha
NPEANPUATUIX DJIECKTPOIHEPTETUUECKOTO KOMIUIEKCA JUIsl CHUXKEHHUS OOIIei
ce0ECTOMMOCTD €KETOHBIX IEPUOINYECKUX OCMOTPOB OIPECICHHS COCTOSHUS
Tpacc BJI, s BbIsSIBIIEHUS CAEAYIOMUX BUOB HAPYIICHUH:

— CKJIaJMPOBaHUS B OXpaHHOU 30He BJI pa3nuuHbIX MaTepuanos;

— HaJIM4YUSI C KParo MPOCEKU JIEPEBHEB, KOTOPBIE YIPOKAIOT MaJIEHUEM
B cTopoHy BJI unu pocToM BETOK Ha HEJOMYCTUMBIE JIJIsi ’TOTO 30HbL;

— MNOATOIUVICHUS] BOJOM B OXpaHHOM 30HE MO Tpacce BO3IYIIHOMN

JUHUU; — TPUCYTCTBUS Ha OMOpax THE3J NTUIl, [MOCTOPOHHUX

IPEAMETOB;

— HaIM4us 00pbIBa (Pa3HBIX MPOBOJIOB JIHMOO TPO303aALUTHOTO TPOCA;

— W3MEHEHHS] CTpEeIibl MpPOBECa, pacCcTOssHUSA OT mpoBojga BJI no

3eMJId, JO0 TepeceKaeMbIX OOBEKTOB, M-y (a3zaMu 70 HEJOIMYCTUMBIX

3HAYCHUM;

— HaJIM4Msl pa3pylieHus crekia win dhapdopa B U30JI4ATOpaX;

— HaJM4yusl CKOJIOB Ha TapejKax H30JATOpa, MOBPEKACHUE TIIAa3ypH,

dapdopa, cTekia, ciieI0B OIUIABJICHUS, MEXaHUYECKUX TTOBPEKICHUM.

[TonBonss wWTOrKM, MOKHO CKa3aTh, YTO BO3MOXHOCTb YCTAaHOBKH
o0opyaoBaHus BuAeo GUKcAIMN Ha MyJIbTUKONTepHbIe briJIA, MaHEBPEHHOCTb,
CIIOCOOHOCTh MPHUOIMKATHCS K OMACHBIM JJISl JKU3HU YEJIOBEKa M >KUBOTHBIX
o0OBeKTaM, TOBOPHUT, YTO HEOOXoAuMo paccmartpuBaTh brJIA, kak
MEPCIEKTUBHBIA CIMOCOO0 JAMATHOCTUKU DJIEKTPOIHEPTETHUECKOTO XO3SIMCTBA.
O¢ddextuBHocTh TpuMmeHeHuss bnJIA 1o cpaBHEHHIO C TPAAUITMOHHBIMU
METO/JaMH OCMOTpa JHEPreTUYECKUX OOBEKTOB TPEJCTaBIeHA M JOKa3aHa,
npudeM 3(GGEKTUBHOCTh  YBEJIMYMBAETCS C YCTAHOBKOM  CHEIUATBHOTO
obopynoBanus ayisa ocmotpa BJI [3].
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CUCTEMA AHAJIN3A BUBPAIIMOHHBIX CUT'HAJIOB JIA
JAUATHOCTHUKHU COCTOAHUA CUJTOBBIX TPAHC®OPMATOPOB

K.E. B0p06LeBal, B.B.Makcumop?
L2OrBOY BO «KIMY», 1. Kazans
L2Kksenial.19@mail.ru

B paGote paccmoTpeHa cuctema aHaliM3a BUOPALIMOHHBIX CUTHAJIOB JJIs IUArHOCTUKU
COCTOSTHUS CHJIOBBIX TpaHcopmaTopoB. [Ipu mpoBeneHnn aHann3a BUOPAIIMOHHBIX CUTHAIOB
pa3IMyYHbIX 00pa3IoB TpaHCHOPMATOPOB, ObLIIA HCIIONIH30BAHA CUCTEMA OIICHKU COCTOSHUS B
COOTBETCTBUU C MPAKTUYECKUMH TPEOOBAHUSIMHU.

KiloueBble cjoBa: BuOpanuu, TpaHchopmarop, UacToTa, aHalU3 CHTHaja,

pe3CpByap, CCPpACHHUK, OUCHKA COCTOAHUA, TUAI'HOCTHKA.

VIBRATION SIGNAL ANALYSIS SYSTEM FOR DIAGNOSING THE
CONDITION OF POWER TRANSFORMERS

K.E. Vorobyova®, V.V. Maksimov?
12K SPEU, Kazan, Russia
L2Kksenial.19@mail.ru

The paper considers a system for analyzing vibration signals for the possibility of
diagnosing the state of power transformers. When analyzing the vibration signals of various
transformer samples, a condition assessment system was used in accordance with practical
requirements.

Keywords: vibration, transformer, frequency, signal analysis, reservoir, core,
condition assessment, diagnostics.

CunoBoii  Tpanchopmarop —  KM3HEHHO  B@XHBIM  KOMIIOHEHT
AIIEKTPUUYECKONW CeTU. BBIXOM €ro M3 CTpos MOXKET TMPUBECTH K CEPhE3HBIM
HKOHOMHUYECKUM TIOCIIEICTBHSIM, a TAK)KE OTPUIIATENILHO CKa3aThCsl HA HACKHOCTH
AIIEKTpUYecKoit ceTH [1].

OrneHka COCTOSIHUSL CUJIOBOTO TpaHchopMaTopa C TIOMOINBIO aHajH3a
BUOpaIuii pesepByapa moidydnsa OOJBIIION HWHTEpec. 3a/iaya 3aKIovacTcs B
U3yU4eHUH W DPa3pabO0TKe HAJCKHBIX METOJIOB, KOTOPBIC ITO3BOJIIOT CHCTEME
aHATM3UPOBaTh HHMOPMAIIMI0O W3 COOpAaHHBIX BHOPAIMOHHBIX CHUTHAIOB H
COTJIACHO WM OIPENENIATh JaHHBIE O COCTOSHUHM TpaHcopmaropa. MexaHusm
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BUOpanuii TpanchopMaTopa HAaCTOJIBKO CIIOKEH, YTO Ha PE3yJIbTaThl BIUSIOT HE
TOJIKO BXOJHBIC TMapaMeTpbl, TaKUe KakK HampsbKeHUe, TOK U TeMIlepaTypa, HO
TaK)Ke M caMa KOHCTPYKIIUs 006opyaoBanus [2].

CornacHo uccnenoBaHUsIM, YacTOTa BpalleHHUs OOJBIIMHCTBA JABUraTesiei
yCTaHOBJICHa Ha (UKCHUPOBAHHOM HHW3KOM 3HaueHUH (00br4HO 1000 oO6/MuH myst
MaclIsiHBIX HacocoB). TakuMm 00pa3oMm, dacToTa BHUOpallMU — OXJIAXKAAIOIIAX
YCTPOMCTB HE COBIAJIAET C YACTOTOM KOJIeOaHUM cepieyHrKa U OOMOTKH [3].

I'maBHOM npuunHOM KOJIeOaHU cep/IeUHNKA — SIBJIEHUE MarHUTOCTPUKIINH,
KOTOPOE SIBJISIETCSI CBOMCTBOM (heppOMarHUTHBIX MaTepuaiioB. [Ipu 3Tom siBieHuw,
MaTepualibl MEHSIOT (GOpMy M pa3Mep B MarHUTHOM Tiojie. B ocHOBHOM uacToTa
BUOpaIuM CepeuHNKa B JBa pasa MpeBbIIIaeT 4acToTy 3HeprocucteMsl (50 I').
Takum o0pa3oMm, aMIUIMTyAa BUOpAlMM OCHOBHOM YacTOTHI MPOMOPIIMOHAIBHA
HaAIpsDKEHUIO B KBagpare. [10CKOIbKY MarHUTOCTPHUKIUS SBIISIETCS HEJTMHEHHBIM
SIBJICHHEM, UHTyLIUPOBAaHHAsI BUOpAIIMS COJIEPKUT JPYTHe TapMOHUKH [4].

Oodomotka BH

i
r

O6motka HH TI0TOK MATHHTHOH yTEIRH

Puc.1. MarauTHbIe CHITBL, ISHCTBYIOIIIE HA OOMOTKH TpaHCPOpMaTopa

Ecmu tpancdopmarop HaxomuTcs MOA HArpy3KoW, TO MarHUTHOE IIOJIe
yTeUKHU B 6ake TpaHchopMaTopa BhI3BIBACTCS KOHIICHTPHUUYECKUMHU OOMOTKaMH, KaK
noka3aHo Ha puc. 1. [lockonbKy TOK peacTaBIseT cOO0M MOYTH CHHYCOUIATLHYIO
BosiHY (50 I'1r), yacTora snekTpoMarHuTHOM cribl coctapisieT 100 I

Jlsist oToOpaXkeHus! JeTaneld CUTHAJIOB BUOpAIlMU BBHIOPAHBI J1Ba TUITMYHBIX
TpanchopmaTopa. OMHUM U3 HUX SBJSIETCS UCIIPABHBIN TpaHCHOPMATOp, KOTOPHIN
paboTaeT BCEro HECKOJIBKO JIET, a JApyro TpaHchopmarop ¢ CUIBHBIMHU
nedopmarmsiMu 0OMOTOK [5].

CornacHo Teopuu, BUOpaIUsl CEp/IeYHUKA CBsI3aHa C TOKOM M HaNpsHKEHUEM
COOTBETCTBEHHO. TakuMm 00pa3oM, BHOpaIUH, TMOJTyYEHHBIE M3 Pa3HBIX MECT,
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JOJDKHBI  MMETh CXOXHE XapakTepucTuku. Puc. 2 u puc. 3 TmOKa3aHbI
CpeIHEKBaIpaTUYHbIC 3HAUEHUs BUOpaimu it AByX TpaHcdopmaropoB (¢ 8:00
ytpa 110 8:00 Beuepa). i1 4eTKOTO OTOOpaXKEHUS PE3yIbTATOB BHIOPAHBI TOJIBKO
TpU MecTomnoiokeHusl. OYeBUIHO, YTO TEHIEHIMS BHOpallMd aHAJOTUYHA, U
BUOpaIus KojeOaHusl He3HAYUTEIbHA JJIs 37J0pPOBOT0 TpaHchopmaropa.
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Puc. 3. Iloka3zarenu BuOparmu tpaHchopmaTopa ¢ CUIbHBIMU JlepopMalusiMi 0OMOTOK

B xone pabotel, ObLI IpOBENEH LENbId Psiji SKCIIEPUMEHTOB, Ha OCHOBE
KOTOPBIX OBUIM TIOMY4YEeHbl BHUOPAIMOHHBIE CHUTHAIBI PA3UYHBIX 0O0pa3loB
TpaHcopmaTopoB.  bbuta  mpeanioxkeHa — cucteMa  OLIGHKM — COCTOSIHUS
TpaHncopMaTopa B COOTBETCTBHHM C MPAKTHYECKUMH TPEOOBaHUSIMH, U
MOPOrOBBIMU 3HAUYEHUSIMU, KOTOPBIE OINPEIEISIOTCS Ha OCHOBE CTaTHCTHMUYECKHX
nanubix. [locne ananm3a Bcex JaHHBIX MEXKTY COOOM, ObLI chenaH BBIBOJ, YTO
BUOpalys OT MCIIPaBHOTO TpaHc(opMaTopa SIBISIETCS NEPUOJMUECKUM CUTHAJIOM,
a 3HauMMOe 3HaueHue 4acTtoThl ipu 3ToM — 100 ['u. OgHako MTOBBIIIIEHHAS
BUOpalysi COAEPKUT HE TOJBKO BBICOKOYACTOTHBIE TapMOHHUKH, HO TaKkKe
JEMOHCTPUPYET IUIOXYI0 CTallMOHAPHOCTh B paccMaTpUBaeMOil BpEeMEHHOM
obnactu.

Ha naHHBII MOMEHT OMNMCaHO JHWIIb MPEIBAPUTEIBHOE HCCIEIOBAHNE
BUOPAIIMOHHBIX CHTHAJIOB ISl OLIEHKH COCTOSHHUSA TpaHChopMaTopoB. UToObBI
NOJy4uTh Oosiee MOAPOOHYI0 HHGOPMALIMIO aHalN3a CHUTHAJIOB, HEOOXOIUMO
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MPOBECTH JONOJHUTEIIFHOE OOCIIEIOBaHUEe M pa3padoTaTh BCIIOMOTATEILHOE
o0opyI0BaHue.
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HCIIOJIb30BAHUE YCTPOMCTB KOMIIEHCAIIMA PEAKTUBHON
MOIITHOCTH JIJISI HOBBINIEHUA TPOITY CKHOM
CIIOCOBHOCTH NNEPEJAIOHIUX 9JIEMEHTOB CETH

J1.P. FaJm;IMOBl, B.B. Makcumos®
L2OrBOY BO «KT DV», r. Kazanb, Pecniybnuka Tatapcran
L2gallyamovdinarl@gmail.com

IlokazaHa BO3MOYKHOCTb MCIIOJIB30BAaHUS YCTPOMCTB KOMIIEHCAlMM pPEaKTUBHOMN
MOIITHOCTH Ul yBEJIMYEHHE MPONYCKHOM CHOCOOHOCTH JIMHMHA OJIIEKTponepefayn u
YMEHBIICHUS IOTEPh B CHJIOBBIX TpaHC(HOpMATOpax.

KiroueBble C€JIOB: KOMIIEHCATOPHl PEAKTUBHOM MOIIHOCTH, CHMIJKEHUE IIOTEpb,

TOKOBasl HAarpy3Ka, JINHUS JEKTpoIepe1aun, CUIIOBOI TpaHchopMaTop.
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THE USE OF REACTIVE POWER COMPENSATION DEVICES TO
INCREASE THE TRANSMISSION CAPACITY OF THE
TRANSMISSION ELEMENTS OF THE NETWORK

D.R. Gallyamov?, V.V. Maksimov*
L2KSPEU, Kazan, Republic of Tatarstan
L2gallyamovdinarl@gmail.com

The possibility of using reactive power compensation devices to increase the capacity
of power transmission lines and reduce losses in power transformers is shown.

Keywords: reactive power compensation, current loading, power transmission line,
power transformer, loss reduction.

B03MOXHOCTM JIMHHMM 3JEKTpOIEpenayd OTPAHUYEHBl HX IMPOITYCKHOMU
CIIOCOOHOCTBIO, IO/ KOTOPOM TOHMMAeTCs MaKCHUMallbHasi MOIIHOCTb
BO3MOXKHAasi K Iieperadye ¢ Yy4YETOM TaKUX 3aJI0KEHHBIX TEXHUYECKUX
OTPaHUYEHUM KaK:

- CTATUYECKOU U TUHAMHUYECKOU YCTOUUUBOCTH;

- IOIIyCTUMOMY HarpeBy NpOBOOB;

- MAaKCHUMaJIbHBIM YPOBHSIM HaIpPSKEHHS IO KOHIAM JIMHUI;

- MUHUMAaJIbHO nonyctumoMy KII/I nuunuy;

- IOMyCTUMBIM TOKaM KOMMYTAIIHOHHOW anmnapaTypbl

N3BectHo [1], dYTO HEZOCTATOYHOCTH MPOMYCKHOW CIOCOOHOCTH
OTZIEJIbHBIX JIMHUI 3JIEKTPOIepe/laur, OTPaHMYHUBAIOIIAS BbIAA4y MOILIHOCTH KakK
B HOPMAJIbHBIX, TaK U B aBapUITHBIX U MOCICAaBAPUUHBIX PEKUMAX, €CTh OJIHA U3
OCHOBHBIX TIPOOJIEM COBPEMEHHON OTEYECTBEHHOM 3HEpreTuku. B paborte [2]
MPEMIOKEHO PEXHUM, B KOTOPOM HaONIOIaeTCsd PABEHCTBO MOIIHOCTEH
AJIEKTPUYECKOTO ¥ MArHUTHOTO TIOJIEM Ha3bIBaTh COAJIAHCUPOBAHHBIM TIO
pEaKTUBHON MOIIHOCTU. OYEBUIHO, YTO B 3TOM CIIy4yaud CHUCTEMA MEPEXOIUT B
PEeXKUM  NEpPEeJayd  HaTypajJbHOW  MOIIHOCTH, KOTOPBIM  MNPaKTHYECKU
HEJIOCTIKUM M SIBIISIETCS TEOPETHUYECKUM, YTO BJICUET 32 COO0H HEOOXOAMMOCTh
B MPOBEJECHUN TEXHUYECKUX MEPOMNPUITHA O TEHEpallud WIW MOTPEOICHUIO
neUIUTHON WM W30BITOYHOW PEaKTUBHOW MOIIHOCTH COOTBETCTBEHHO, UTO
pPErJIAMEHTUPOBAHO CHEIUATU3UPOBAHHBIMU HOPMAaTUBHBIMH JOKYMEHTAaMHU.
Pocculickas NpOMBIIUIEHHOCTD BBIITYCKAET PAJT 3JEKTPOTEXHUYECKUX YCTPOUCTB
KoMmneHcauun peakTuBHOM wmomHocTd (YKPM) ¢ 1enbio  BBIIOJTHEHUS
BbIIIIEyKa3aHHbIX TpeboBanuii. [lo ¢usznyeckum mpuHIMNamM pabOThl JaHHBIE
YCTPOWCTBAa J€NAT HAa CTAaTUYECKME W dJeKTpoMmamuuHHble. Kpaiine
BOCTpPEeOOBaHbI B TOCIEAHUE TOABl YCTAHOBKH, CIIOCOOHBIC KaK TEHEPUPOBATH,
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TaKk ¥ TOTPEONIATh PEAKTUBHYIO MOMIIHOCTb. Oco00 cpeau HUX BBIIEISIOTCS
cucrembl CTATKOM u PM Ha 6a3ze YIIP [3].

Hnst ounenku BiausHug YKPM Ha mnapameTpbl 3JeKTpoceTH ObLIU
MPOBENCHBl PACUEThl PEXKUMOB Topojickoro Mukpopaiiona 10/0,4 B,
MokazaBiKe, 4yTo ycraHoBka YKPM mnpuBOAST K yMEHBLICHHIO MOTEPh Ha
nepeaady dJEKTPUYECKOW OHHEprud B  TpaHchopmaTopax MOJCTAHIUSAX.
Harnsinabeie pe3ynbpTaThl pacd€TOB MOKa3aHbl HA THCTOTPAMME HA PUCYHKE 1:
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Puc. 1. U3menenue noreps aktuBHOU MottHocTH B KTII (kBT)

KpOMe TOr'0, YCTaHOBKA YCTpOﬁCTB KOMIICHCAIl U1 peaKTHBHOﬁ MOIIMHOCTH
TAKKC IMOBBIIIACT IIPOIMYCKHYIO CIIOCOOHOCTH JIMHHM QJICKTpoIICpcaadu, 4YTO
ITO3BOJISICT MCITOJIB30BaTh Ka0EIU C MEHBIIINM CEUYEHUEM (CM. pHC. 2)

s 91,36

80 8534 86,42

70

60
50 |
40
30 i
20 i !
10 i
0 |
LTTI-TIT2

LTTI-TII3 LITII-TI14

B C yeranoproii VKPM 7 bes kommencanms PM

68.65
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Takum oOpa3zoM JomoJHUTEIbHBIE (UHAHCOBBIE BiOkeHUS B YKPM
MO3BOJIAIOT CHU3UTh M KAIUTAJIbHBIE 3aTPAaThl HA OCTAJIbHBIE 3JIEMEHTBI CETU U
HKCILTYyaTallMOHHbBIE U3JIEPKKU TIPU padoTe.
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HCCJIEJOBAHUE U UCITBITAHUS KABEJIEM, ITPOJIOXKEHHBIX B
TPYBAX

JL.3. FaTaynJmHal, A.X. CaGutos?
L2ore0y BO «KI'9VY», r. Kazans, Poccus
L2leysan25.07@mail.ru

B nanHO# cTathe paccMOTpEHBI OCHOBHBIE NPUYMHBI BbIXOJA KaOENbHBIX JTUHUNA U3
CTpOsl, MCIBITAaHUS OOOJIOYKH, KOTOpbIE MPOM3BOJAT MoOcjie MNPOKIaAKd W MoHTaxka KII,
pacckasbIBaeTcs Mpo MOJIMMEpPHbIE TPYObl U TOKOMOUCKOBBIE TpYOs! -OMIT .
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INVESTIGATION AND TESTING OF CABLES LAID IN PIPES
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This article discusses the main reasons for the failure of cable lines, shell tests that are
performed after laying and installing the CL, tells about polymer pipes and current-seeking
pipes -WMD.

Keywords: cable lines, polymer pipes, search tube -OMP, cable sheath

N3-3a cBOMX BBICOKUX AUAICKTPUUCCKUX CBOMCTB IIUPOKO UCIIOIB3yEMbIC
CEroJIHs TOJIUMEpPHbIE TPyObl HE MOTYT HAJACKHO TECTHPOBaTh Kabelu u
OoOHapyXUBaTh BO3MOXKHBIC TOBpeXaeHUs. HeoOxXoaumbl  TEXHUUYECKHE
peleHusl Il PErUCTPAlMKM MOBPEXKICHUN Kaleas M TOYHOTO ONpEIeIICHHS
Mecta nopexaeaus (OMII).

Hauboinee kpymnHbie 2JEKTPUUYECKUE COCAUMHEHUS MEXIY MOTPEOUTEISIMU
HHEPTUU U UCTOYHUKAMU SHEPTUU BBITIOTHIIOTCA C MOMOIIbIO Kabemneit. OObIYHO
TO CHUCTeMa MapalielbHBIX Jpyr Jpyry kaOened, MydpT u Kpemexei.
[ToBpexxneHue pgaxke B caMOM MaJlol CTENEHH 4YpeBaTO KaK MHUHUMYM
AKOHOMHUYECKUMHU TToTepsamu [1].

[TogaHHBIM OCHOBHBIX 3JIEKTpOceTeBbIX Kommanuii Poccum (puc. 1),
OCHOBHBIMH TTpU4YrHAMH 0TKa30B KJI siBisiroTCs:

1) Hapy1iieHne TEeXHOJIOTHH MOHTaXa.

2) Hapymienne TEXHOJIOTMM MOHTa)Xa, BJIUSHUE MOCTOPOHHUX JIUIl U
MOHTa>XKHUKOB.

3) DKcIuTyaTalliOHHBIC OIHOKH.

4) Bo3zeiicTBre MPUPOJIBI U 3aBOJICKHE Ae(DEKTHI.

B [loBpexaeHus B X0/ MOHTa¥a
H CTPOHMTEILCTBa

B [lospexjenus, BhI3BaHHbIE
BO3/IEIICTEHEM NOCTOPOHHHX
JIMI ¥ CTPOMTEIBHBIX
OpraHM3aHit

IToBpexkneHus, BLI3BaHHEIE
NPHPOAHBIMH BO3IEHCTBHAMH
H oIMMOKaM# SKCIUTYaTauH

n 3aroackoit 6pak

Puc. 1. ITpuuunst Beixoga kabens u3 crpos [3]

B Hacrosmiee Bpems, dYTOOB Kak MOXHO ObICTpee OOHApYXKHUTh
MOBPEXKICHUS, TIOCIIC TIPOKIIAJIKK U MOHTa)Ka Ka0Oessl B TeUEHNE OJTHON MHUHYTHI
MPOBOJIUTCS WCTIBITAHWE OOOJIOUKH BBINIPSMIICHHBIM HampsibkeHueM 10 kB B
COOTBETCTBHUH C HHCTPYKIMSIMHU TIPOU3BOIUTENS KaOesl, Kak OMMCcaHo B [2]. DTo
UCIIBITAHUE WMEET CMBICH, KOTJa Kabelb HaXOAWTCS B HEMOCPEICTBEHHOM
KOHTaKTe C 3eMJIell U MECTO TMOBPEXKICHUS O0OJIOYKH MOKHO MPOBEPUTH HA
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HaJIM4KMe OTKJIOHEHMH, TaK KaK TOK OT HCIMBITATEIbHOW YCTAHOBKU TEUEeT
HEIMOCPEJICTBEHHO B 3eMJit0. B Hacrosiee Bpemsi OOJIBIIMHCTBO KaOelbHBIX
KaHAJIOB MMEIOT CTEHKHM M3 TMOJUMEPHBIX TPYO C BBICOKUM BJIEKTPUUYECKUM
COMpPOTUBIIEHUEM, a KaOenu U30JIMpOBaHbl oOT 3eMiu. W  cepbe3Hbie
NOBPEXJIeHU Kabeled B Takux TpyOax HE MOTYT ObITb OOHapyXeHbI C
TTOMOIIIBIO UCTIBITAaHUN 000J109KH (pHC. 2).

Puc. 2. cnibitanus kabens B 00b1uHO# TpyOe [3]

MNoasonser onpefenuTbs U HAUTYU
noBpexaeHus obono4kn Kkabens

Puc. 3. Ucnerranus kadens 8 OMII-tpy6e [3]
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Jlis oOHapy)KeHUsl W JOKaJTW3aluy MOBPEXKIACHUA 000J04YeK Kabesei B
TpyOax Oblna pa3paboTaHa crieluaibHas TOKOMOMCKOBasg TpyOa - OMII, He
UMEIoIasl aHaJOroB KakK Ha POCCHHCKOM, TaK W Ha 3apyOeKHOM pBHIHKE.
OCHOBHOM 1€IbI0 TaHHOM pa3pabOTKH SIBIIAETCS MOBBINICHUE HaeKHOCTH KJI
3a CYET CBOEBPEMEHHOTO BBISIBIICHUS MTOBPEKICHUIA 000T0UKH KaOes.

HoBoe mokoneHne TpyOOK TIO3BOJSET OOHAPYKHUTHh TMOBPEIKICHHS
obomouek Kkabeseil, TPOTOKEHHBIX B TPYyOKaxX, W OMNPEICIUTh WX TOYHOE
MECTOIIOJIO)KCHHE Ha 3Talle MPUEMO-CAATOYHBIX HCTBITAHUH, YTO 3HAYUTEIHHO
COKpaIllaeT BpeMs U 3aTpaThl HA PEMOHTHO-BOCCTAHOBUTEIbHBIE PAOOTHI. DTO
CBSA3aHO C TEM, YTO IPU HCIBITAHUSAX OOOJOUKH Kalenss Ha TOCTOSHHOM
HanpsbkeHun 10 kB TokomouckoBass Tpyba - OMII He mnpensTcTByeT
MIPOXO’KJICHUIO UCIIBITATEILHOTO TOKA Yepe3 MOBPEXKIACHUE OOOJOUKH U Jajee
yepe3 CTEHKY TpYOKHM B OKPYKAIOIIMM TPYHT, HE3aBUCUMO OT TIIyOUHBI
3aneraHus JTMHUM (puc. 3).

Takum oOpazom, Giiaromapsi BO3SMOKHOCTSIM JIOKAJTU3alUKA MOBPEKICHUN
Ka0ensi, UCHOJIb30BAaHUE TOKOMOUCKOBBIX Tpyd - OMII mo cpaBHeHuo c
MOJIUMEPHBIMU TPyOaMu TO3BOJISIET DJEKTPOCETEBBIM KOMIIAHUSAM HE TOJIBKO
CBOEBPEMEHHO PEMOHTHUPOBATh Kabelll Ha 3Tare CTPOUTETHCTBA M UCKIIOUUTH
BO3MOKHOCTh BBIX0JIa U3 CTPOsI KaOEIbHOU JTMHUHM BO BPEMS DKCIUTyaTalluu, HO
U COKpaTUTh O00BEM PEMOHTHO-BOCCTAHOBUTEIBHBIX PAa0OT U YMEHBIIHUTH
NepephIBLI B padOTE JIMHUU.

HUcrounuxu

1. CamapxanoBa, P. M. Meroapl IUarHOCTUKKM MECT TMOBPEKICHUSA
kabenpubix JuHMA / P. WM. CamapxanoBa, [I. M. Bammymmna // XVI
Bcepoccuiickast OTKpbITass MOJIOJIGKHAS HAYYHO-TIPAaKTUUECKas KOH(EpEHITUs
«Jlucrieryepuszaiys v yrpaBjieHUe B dJIEKTpodHepreTukey, Kazanb, 20-21 okTs0ps
2021 roma. — Kazanp: OOIECTBO ¢ OrpaHUYCHHOM OTBETCTBEHHOCTHIO
"Nznarenscko-nonurpadudeckas kommanus "bpur", 2022. — C. 207-208. — EDN
ZFEEDH.

2. CTO 56947007-29.060.20.071-2011. CunoBbie kaOelbHBIC JUHUH
HanpspxerreM 110-500 kB. Ycnosust co3nanus. Hopmer u Tpe6oBanust. 2011.

3. XamroB B. P. IloBbimienue HagexHOCTH KaOenel, MPOJOKEHHBIX B
TpyOax / B. P. XanmutoB // HoBoctu OnekrpoTexauku. — 2019. — Ne4, — C. 118 —
119.

54



VIK 621.315.1

KOMINVIEKCHAS CUCTEMA MOHUTOPHUHI'A I'OJIOJIETHO-
BETPOBbBIX HAI'PY30OK HA BO3AYHIHBIX JIMHUAX
IJIEKTPOIIEPEJIAYHN

JL.3. FaTameHHal, A.X. CaGutos?
L2ore0y BO «KI'DY», r. Kazanb, Poccus
12leysan25.07@mail.ru

B HaHHOﬁ CTAaTbC IPCACTABJICHBI PE3YJIbTATHI pa3pa6OTKI/I YCOBepmeHCTBOBaHHOﬁ
CUCTEMbI KOHTPOJISA TOJIOJICAHBIX W  BETPOBBIX HAIPY30K Ha BO3AYIIHBLIC JIMHHUU
SJICKTporepcaad € HUCIIOJIb30BAHUCM JATYMKOB BC€Ca WM IMPCAJIOKCHA KOMINIICKCHAA CUCTCMaA
KOHTPOJIA O6paSOBaHI/I5{ roaoJjcaa.
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JIOKALIMOHHBIN MOHUTOPUHTI, BO3AYHIHBIC JIMHUU JJICKTPOIICpCaaun

INTEGRATED SYSTEM FOR MONITORING ICE AND WIND LOADS
ON OVERHEAD LINES
ELECTRICITY TRANSMISSIONS

L.Z. Gataullina®, A.H. Sabitov?
12 KSPEU, Kazan, Republic of Tatarstan
12 |eysan25.07@mail.ru

This article presents the results of the development of an improved system for
monitoring ice and wind loads on air power lines by means of weight sensors and proposes a
comprehensive system for monitoring ice formation.

Keywords: ice, ice formation, weight sensors, location monitoring, overhead power
lines

JIns  TOBBIIEHWS ~ HAAECKHOCTM  DHEPrOCUCTEM B YCIIOBUSAX
rojojen000pa3oBaHus 1eJIeco00pa3HO MPUMEHUTh KOMIUIEKCHYIO CHCTEMY
MOHUTOPHHIA, COYETAIOIIYI0 MOHMTOPHHI C IOMOIIBIO BECOBBIX JAaTYUKOB U
JIOKAllMOHHBIA MOHUTOPVHT .

MOHUTOPUHT C TOMOIIBIO BECOBBIX JATYUKOB HEOOXOAMM IS
OTIpe/IeNICHHS Beca JibJla 3a ONpeAeIeHHBIH TPOMEXYTOK BpeMeHu. Mupopmarius
U3 3TOW CHCTEMBI AHAJIU3UPYETCS U MCIOJB3YETCA Ui ONPEACICHUS PEeKUMA
IUTaBIIEHUS (CXeMa, TOK U BpeMs maBieHus ). [locTel MOHUTOpUHTA Jiba OyIyT
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YCTAaHOBJICHBl HAa y4YacTKaX BO3AYIIHOW JMHHUH, TJI€ BEPOSTHO 0Opa3oBaHME
abaa. CUCTEMbl MOHUTOPHHIAa MECTONOJIOKEHHS OyAyT BHEIPEHBI Ha pse
BO3JIYIIHBIX JIMHUM, OXBATBIBAIOIIMX OIPEACIICHHYIO reorpaduyueckyio 30HY,
OTPAaHUYEHHYIO PEKUMOM TUIaBKH Jibaa [1].

[TpuHUIBE pabOTHl KOMITJIEKCHON CUCTEMBI.

1. Huadopmamus ¢  pallOHHOM  METEOPOJOTMYECKON  CTaHIUU
aHAJM3HUPYETCS W TOCBUIAIOTCS CUTHAJbl, WHULIHUHUPYIOIIUE ONPOC CUCTEMBI
JIOKAIIMOHHOTO MOHMUTOPHUHTA MpHU CpadaThIBAHWU MApaMETPOB TEMIIEPATYPHI,
BJI&YKHOCTH U BETPA.

2. U3 cucrteMbl MOHUTOPHUHIAa Ha MECTE MOCHUIAETCA CUTHAJ O Haydale
oOpa3oBaHus JibJ]a U €ro reorpaduyecKoM HampaBiICHUU. ITOT CUTHAII SBJISETCS
HACTPOMKOW MO YMOJYAHUIO Uil HWHULUUPOBAHUS ONpPOCA  CHCTEMBI
MOHHUTOPHUHTA C TOMOIIBIO JaTYMKA BECa.

3. Jlatuuk Beca ompenensieT pexuM IaBieHus. CUTHan JaT4vKa Beca
nepenaerca «ucneruep» OWK nma ykazaHus aucneTdepy OpraHHM3aldd
TIJIABKHU.

4. Ilo OKOHYAaHWM OTTEIENN CUCTEMA MO3WLMOHUPOBAHUS MPEIOCTABUT
uHdopmaIuo 006 OTCYTCTBHUH JIb/A.

ANTOPUTMBI, 3amKcaHHble Tpaduuecku, MOTYT OBITH MPEACTABICHBI B
BUE OJI0K-CXeM (CM. puc.).
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[IpumeHeHne 3THX ABYX METOJIOB MOHUTOPHHIA IMOBBIIIAET YPOBEHb
VOPABISIEMOCTH,  HAOJIOJAEMOCTH M IPOTHO3UPYEMOCTH  Ipoliecca
roJ0Jie[000pa30BaHus Ha BO3IYIIHBIX JIMHUSX AJIEKTPOIEepEeaayu.

PazpaboTka cucteM KOHTpOJS TOJIOJEAHO-BETPOBOM Harpy3ku Ha BJI ¢
UCIIOJIb30BAHUEM BECOBBIX JAaTYMKOB OTJIMYAaeTCs NpUMEHEHHeM OoJee
COBPEMEHHOMU 3JIEMEHTHON HHPPACTPYKTYphI U TeM, uto uHpopmarms or CKI'H
nepeaaeTcss U 0ToOpaXkaeTcss HEMOCPEJACTBEHHO B CTAHJAPTHOM IIPOrPaMMHOM
koMmIiekce  «Jlucmeruep»  anekrtpocereBoil  kommanun  OUK  Ge3
IPOMEKYTOUHBIX CEpPBEPOB cOOpa, MPUEMHBIX MOJEMOB M JIOTIOJHUTEIHLHOTO
nporpaMmmMHoro obtecrneuenus. OTIUUMEe 3aKII0YAETCS B TOM, YTO MH(pOpMAIIUS
nepeaaeTcss U 0ToOpaXkaeTcsi HEMOCPEJCTBEHHO B CTAHJAPTHOM IPOrpPaMMHOM
KoMILIeKce «JlucmeTdep» 3JIEKTPOCETEBOM KOMIIAHUU 0€3 MPOMEKYTOYHOTO
cepBepa cOopa, MPUEMHOTO MOJIEMa WM JOMOJHUTEIHHOTO MPOrPAMMHOIO
obecnieueHus [3].

[Ipemaraemass  MHTErpUpPOBAHHAs  CUCTEMA  KOHTPOJISL  TOJIOJIENa
XapaKTEPU3yeTCsl HCIOJIb30BAHUEM KakK JIOKAJbHOIO, TaK M B3BEIIECHHOIO
METOJIOB KOHTPOJISL TOJIOJEAHOW HArpy3KH, YTO YBEIWYMBAET 30HY KOHTPOJIA
CKI'H u cHM»KaeT norpemHoCcTH U3MEPEHHUIA.
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YCTPOMCTBO JJIsI MOHUTOPUHT' A TEXHUYECKOTI'O
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B nmanHoM Te3uce paccMaTpuBacTCA BO3MOXKXHOCTDL HCIIOJIb30BAHUA YCTPOﬁCTBa JJIA
MOHHUTOpPHUHI'a TCXHUYCCKOI'O COCTOAHUA BJIB PEXKHUME PCAJIbHOI'O BPECMCHHU.

KiaroueBble ciioBa: YCTpOfICTBO, MOHUTOPHHT', BO3AYIIHBIC INHUU.

DEVICE FOR REAL-TIME MONITORING OF THE TECHNICAL
CONDITION OF THE OVERHEAD LINE

G.R. Gubaydullin
KSPEU, Kazan, Russia
mrgumarka7@gmail.com

This thesis considers the possibility of using the device for monitoring the technical
condition of overhead lines in real time.
Keywords: device, monitoring, overhead lines.

3abnmaroBpeMeHHOE OOHapyKeHue MPUYHH AePEKTOB M aBapuil, a TaKxKe
KOHTPOJIb 3P dekTuBHOCTH padOThl JInHUM 3MekTponepenaun (JIDII) sastores
BAXHOM  3aJayeid Uil TOBBIIMIEHUS  HAJEKHOCTHA UM DKOHOMHUYHOCTH
anekTpocHaOkeHust. OceHHe-3UMHHM TTEPUOJT SABJISIETCS CIIOKHBIM TSI OCMOTpPa
BO3AYIWIHBIX JuHUIM 3nektporiepenay (BJI). [loroansie ycnoBusi 3HAUUTENBHO
TOBBIIIAIOT BPEMsI 3aBEPIIICHHE PEMOHTHO-BOCCTAHOBUTEIBHBIX padoT [1].

HetictByronue JIDII B Poccuiickoit denepanini He UMEIOT COBPEMEHHBIX
CIIOCOOOB MOHUTOPHHTa B PEXKHME pPEATHbHOTO BPEMEHM, YTO SBISETCSA
CJICICTBUEM YBEIMYCHUS MTPOIOJDKUTEILHOCTH IMTOMCKA M YCTPaHEHUS Ae(EKTOB.
B HpIHEIIHEE BpeMsi OCHOBHBIM crtocoOoM oreHku coctosaust JIDIT sstores
BU3YaJIbHbIE OCMOTPBI, KOTOPBIEC BBIMIOJHAKOTCS MNEPCOHAIOM IIPU BbIC3JAX.
Jannubii Thn oueHkn BJI sBisercs ycrapeBIIMM M HENPUTOAHBIM, H3-3a
CYObEKTHUBHBIX BH3YyaJbHBIX OIICHOK II€pCOHAala, a TaKXke HeNpaBUILHOTO
BbIOOpAa MapaMeTpoB, IO KOTOPbIM  OLEHUBAKOT  COCTOSIHUS  JIMHHM
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anektponepenad. I[lpm Hammumm cucrem auarHoctukun BJI mHorme aBapum
MOXHO TmpeaoTBpamath. IIpoGiema OTCYTCTBHUS COBPEMEHHBIX CHUCTEM
MoHutopunra BJI u, kak cineactBue, METOAMK HHTEPHPETALMU PE3YIHTATOB
MOHHUTOPHHTA JI0 CHX MOp OCTaeTcsl He pemeHHou [2]. OmHako ycTpoHCTBO ISt
MOHUTOPUHIa TEXHUYECKOro coctosiHus BJI B pexnme peanbHOro BpPEMEHH
MOXET 3apaHee YBUAECTh MNPHUYHUHBI, MO KOTOPBIM JIMHUSA JJIEKTPONEpEaaun
MOJKET BBINTH U3 CTPOSI U TIPEAOTBPATUTH aBapHio Ha JTuHUY [3].
VY cTpolcTBO UMEET CeAyIomui (PyHKITMOHAI:

L OIIPCACIICHUC MCCT U XaPAKTCPa KOPOTKOI'O 3aMBbIKAHUS

L KOHTPOJIb I‘OHOJIéI[HO-HBMOpOI’)GBBIX OTJIO)KCHHﬁ;

L OIIPCACIICHUC MCXAHNYCCKUX HAI'PY30K Ha ITPOBOJA,

L (bHKCHpOBaHI/Ie BBICOKOYACTOTHBIX 3JICKTPOMAI'HUTHBIX KOMMYTaHHﬁ;
L BBIAIBJICHUC BaHAAJIBHBIX ,Z[GﬁCTBPIﬁ;

L OTIIpaBKa YBGI[OMJIGHI/Iﬁ 0) I[C(l)GKTaX B I[I/ICI'IGT‘IepCKI/Iﬁ ITYHKT.

YCTpOUCTBO AJIsi MOHUTOPUHIA TEXHUUYECKOro coctosiHus BJI B pexume
pEaTbHOrO COAEPKUT: NATYUKU YCKOPEHUS, TEMIIEPATyphl, BIAXHOCTHU, TOKa,
MOZYJIb HaBUTaluu, MOIynb peructpauuun BU DOMMU, mukpornponeccop, B
pueMorepeaTIiK, OJIOKa MUTaHUS, HAKOMUTEIh AJIEKTPOIHEPTHUU, a TaKXKe
aHTUBaHJATbHBIA MOAYJh B BUJIE JaTYMKA BUOpAIHii 1 MUKPO(dOHA.

[Ipubop pabotaer cneaywomum o6Opazom. HWHpopMmanus o Hauvame
roJiojie[000pa3oBaHrs Ha MPOBOJAX OIMpPEACNACTCS JaTYMKaMHU TEMIIepaTyphl U
BJIQXKHOCTH, 0O0pabaThiBaeTCs YIPABISIOMIUM MHUKPOIPOIIECCOPOM M 3aTeM
nepenaeTcs Ha IUCIETYEPCKU MyJIbT.

st ompenenenust mpoBuca (azHOTO TPOBOJA W JJIS HAJIEKHOCTH B
YCTPOMCTBE HCHOJIB3YIOTCS AaTYMKH yCcKOpeHus. CHrHaiabl NOCTYyHarT K
MHUKPOIIPOLIECCOPY, T/I€ CPABHUBAIOTCS C 3aJI0)KEHHBIMU 3apaHee B MPOrpaMmy
BEJIMYMHAMU M TMOCTYNAlOT B [PUEMOINEPENAaTUuK, U 10 paJdOoKaHaIy
nepeaeTcs Ha IUCIETYePCKU MynbT [4].

Monyns peructpaniuu BU OMU ¢duxcupyer BU OMU ot paspsnos,
TaKXe BMECTE C JJAaTYMKOM TOKa omnpeneistoT oopsiB, K3, 033, nposoaos BJI u
OTCIICKHMBAIOT MX pacnpoctpaHenne 1o BJI, a Takxke OCYIIECTBISIIOT
nokanu3aiuto npojaetoB BJI ¢ nedexramu [5].

brox muTanus muTaeTcs OT OTOOpPa MOIMHOCTH C AJIEKTPOCTATUYECKOMN
COCTaBJISIFOIIEN 3JIEKTPOMArHUTHOTO TOJISI, ITUTAsl AIEKTPOIHEPTUEN YCTPOUCTBO
JUJIi MOHUTOPUHTA TEXHUYECKOTro cocTosiHusA BJI B pekuMe peanbHOro BpEMEHH
M HAKOMUTENb JJIEKTPOIHEPTHH. OHEprus, 3alaceHHas B HAKOINUTENe, B
TaTbHEHIIEM MOXKET OBITh WCIIONB30BaHA IS JJIEKTPOCHAOKEHHSI CXEMBI
yCTpOMCTBA MPH MEPeOOSAX C FICKTPONUTAHUEM [6].
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Takum 06pazom, yCTPOUCTBO SISl MOHUTOPUHTA TEXHUYECKOTO COCTOSIHHS
BJI B pexkume peanbHOr0 BpEMEHHU MO3BOJIAET 3apaHee BBIABISTH Je(EKThl Ha
BJI, a Takke MOXET KOHTPOJIMPOBATH M TiepenaBaTh HWHOOpPMAIMIO Ha
JUCNIETYEPCKUN MyJbT, YTO 3HAYUTENIBHO TMOBBIMIAET 3(P(HEKTUBHOCTH U
HAJIC)KHOCTb AJIEKTPOCHAOKEHUS.
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YJK 621.316.1

CPABHEHME CXEM COEIMHEHUSA OBMOTOK
TPAHC®OPMATOPA 10/0,4 KB B MATLAB SIMULINK

A.OD. 3I/IaHFI/IpOBl, n.N. BaXI/ITOBZ, A.X. Caburos®
L23GIBOY BO «KI'DV», r. Kazanb, Pecnyonuka Tarapcran
1zinaydar@mail.ru, %ilsafwah16@mail.ru, ®sabitov_ah@mail.ru

B craree mpuBeneH pe3ynbTarT CPaBHEHHS CXEM COCAMHEHHS OOMOTOK «3Be3la —
3B€3/la C HyJIEM» U «TPEyroJbHUK — 3Be3la C HyJeM» IPH CHMMETPUYHBIX |
HECHMMETPHUYHBIX Harpy3Kax.

KiroueBble cj10Ba: CHIIOBOM TpaHC()OPMATOp, DIEKTPOIHEPreTHYECKas CHCTEMA,
pacrpesiesuTeNbHAsS CEeTh, HECHMMETPHYHAS HArpy3ka, CHMMETPHYHAs Harpyska, cxema
coeaunenuss obmoroxk, MATLAB Simulink, wucrounuk mnurtanus, TpaHchopmMarop

HaIIPsAXKCHUA.

COMPARISON OF 10/0.4 KV TRANSFORMER WINDING
CONNECTION DIAGRAM IN MATLAB SIMULINK

A.F. Ziangirov?, I.I. Vakhitov?, A. Kh. Sabitov®
123K SPEU, Kazan, Russia
1zinaydar@mail.ru, %jlsafwah16@mail.ru, 3sabitov_ah@mail.ru

The article presents the result of comparing the connection schemes of the windings
"star - star with zero" and "triangle - star with zero™ for symmetrical and asymmetric loads.

Keywords: power transformer, electric power system, distribution network,
unbalanced load, symmetrical load, winding connection diagram, MATLAB Simulink, power
supply, voltage transformer.

CunoBoit TpanchopMatop SBISETCS OJHUM W3 TJIABHBIX DJEMEHTOB
AIEKTPOIHEPTETHUECKOMN CHUCTEMBI, KOTOpas npeaHa3HaYeHa TUTSt
peo0pa3oBaHus MCKTPUIECKOTO TOKA OJHOTO HAMPSIKEHUS B IPYroe C LEIbI0
CHWKEHHSI TOTEeph IMpU TNepeAade »dICKTPUUECKOM HSHEprud Ha JajdbHUE
pacctostaus. CaMbIMU PacTIPOCTPAHEHHBIMU SIBISIIOTCS TpaHchopmaTtopsr 10/0,4
KB, KOTOpbI€ yCTaHABIMBAIOTCS B paclpeeTuTeNbHbIX ceTsax [1].

OnHuM W3 TOPUYMH MOTEPh BJEKTPOSHEPIHH, a TaAKKE YXYALICHUs
KQueCTBAa BBIXOJIHOIO HAMPSKEHUS, SIBISIETCS PEXKUM HECUMMETPUYHOM
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Harpy3ku. M orpoMHO€E BIMSTHUE HA 3TO OKa3bIBAET CXEMa COCAMHEHUSI 0OMOTOK
Tpancdopmaropa [2].

Tpanchopmaropsr 10/0,4 kB MOryT M3roTaBiIuMBaTLCA CO CIACAYIOITUMH
CXeMaMH COEIMHEHUS OOMOTOK:

- 3Be31a — 3Be31a ¢ HyaeM (Y-Y));

- TPEYTOJIBHUK — 3Be371a ¢ HyJieM (A-Y));

- 3Be31a — 3ur3ar ¢ nynem (Y-Zo) [3].

Jliist onpenienieHust 3aBUCUMOCTH HamlpsbKeHUs OT Harpy3ku B cetu 0,4 kB
ObLTa KCIIOJIb30BaHa mporpamma s MmoaenupoBanus MATLAB Simulink. B
Hell OblJa TMOCTPOCHAa CXema paclpeiesTeIbHON ceTh, B KOTOpOH ObuIH
3JI0KEHBI CIEAYIONINUE FIEMEHTHI (CM. pUCYHOK 1):

- Tpexda3zubiit uctounuk nutranus 10 kB wactoroit 50 ['m;

- CWJIOBOM TpaHCcPoOpMaTop HAMNPSIKEHUS C HOMHUHAJIBHONW MOIIHOCTBHIO
250 kBA u ¢ koadduruentom tpanchopmanuu 10/0,4;

- K Kaxzon ¢aze (daza «A», dhaza «B» u daza «C») noaxmtoueHs! mo 10
noTpeOuTENeH, pacCTOSIHUS MEXITY KOTOPbIMU cocTaBsitoT 100 wm;

- U3MEPUTEIIbHBIE TPAHCPOPMATOPHI HATIPSHKCHHUS.

) Ufn —Iv—il“

PEIHDE HANPAREEE

o E Hadane
unf—» (]

TNureiiHoe HaNpARKEHNE
B vEriane

B KOMLE

Ltk | TIMHERHOE HANPANEHE
EEEEE— L

A
B
o e | DEIHOE HATIPRKEHHE
N | & KoHLE

[0
BOMbMETDOR

2 H ]
. !
l 10 noTpefuTanan,
Conlinuows 1004 B ] paccTasHWe My koTopsitM 100 w
250 kBA ¥ (7.2 CONPOTUNEHWE TvMIIe My
= noTpefrTanami 0,025 Owm)

Kawnan chasa norpefnrens warmoseHa
no 3, 5u7sBr

Puc. 1 Cxema pacnpenenurenbroit cet B MATLAB Simulink

[TpoBenu cpaBHeHUe (Da3HBIX HAMPSDKEHUN HA BBIBOJAX TpaHcdopmaropa
NIpU COSAMHEHUH €T0 OOMOTOK «3Be37a — 3Be3/1a C HyJeM» U «TPEYrOJbHHUK —
3Be€37a C HyJIeM» MpPU HECUMMETPUYHBIX M CHMMETPHUYHBIX Harpyskax (MpH
HECUMMETPUYHBIX ~ Harpy3kax (azy «A» Harpy3uwiau TOTpeOUTETSIMU
MOIIHOCTHIO MO 3 KBT xaxawiid, dhazy «B» — o 5 kBT, ¢azy «C» — no 7 xBT;
OpU CHUMMETPUYHBIX Harpy3kax Bce (a3pl 3arpy3wid HOTPEOUTEISIMU
MOIITHOCTBIO 10 5 KBT) [4].
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®dazHble HanpshxeHus, B ®asHble HanpsxeHus, B
HecuMmmeTpuyuHan Harpyska CummeTpuyHan Harpyska

300 - rpysKa 250
1 daza "A"
250 - | t0.323798 —Daza "B" |1 " 200 Lx.g.;zz:.g tJ; -;9?'28524 Ls.gg:]aasm
- oy T ety "] nese a 4 b 22 c 2 3
o 200 t 3.49639 —®aaza "C"| 4
= Ub 223.609 g
% 1 6.10541 % ®aza "A"
% 150 Uc 182.089 ¢ w
5 3 100 A———
% 100 tI:U _®aaa -rc-.
g
50 5
O A ‘ : A O . > C L
0 2 4 6 8 10 0 2 4 6 8 0

Bpems (c) Bpewms (c)

Puc. 2. ®a3nbie HanpsHKEHUS HAa BRIBOAAX TpaHc(opMaTopa MpH CXeMe COeAMHEHHS] 0OMOTOK

«3BC31a — 3BC3/1a C HYJICM»

N3 rpaduka HanpspKeHH NPU CXEME COeIUHEHUsT OOMOTOK «3Be3fa —
3Be3/la C HyJieM» (CM. PUCYHOK 2) BHUJIHO, 4YTO (pa3HbIC HANPSIKEHUS TMPU
HECHMMETPUYHBIX Harpy3kax cwibHO pasHsarcs (Ua=263 B, Ub=224 B,
Uc=182 B), Torna kak JOMyCTHUMbIC 3HAYCHHUS HAIPSHKCHUH COCTABIISIOT B
npomexytke 198-242B [2]. OpHako Tpu CHUMMETPUYHBIX Harpys3kax
HaIpsHKeHUs: TpuOau3uTenbHO paBHbl 220 B.

IIpu cxeme coeMHEHUS] OOMOTOK «TPEYroJIbHUK — 3BE€3/1a C HyJeM» (CM.
pucyHoK 3) Bce Tpu ¢a3Hble HAPSDKEHUS MPUOIM3UTENTHHO paBHbI (221-223 B)
U HaxoAsATCs B JOMYCTUMBIX IMpeAesax W MpU HECUMMETPUYHBIX, W TIpH
CUMMETPHUYHBIX Harpyskax [5].

®da3Hble HanpsxeHus, B ®a3Hble HanpshkeHus, B
HecummeTpuyHasa Harpyska CumMmeTpuyHan Harpy3ska
250 1 : : : : 250 : :
1 0.190455 1 2.37483 4.5 t 0.999162 13.50603 1 6.00247
om 200 | va222902 | ub 222283 'Uc 2257915 m 200 Ua 222.092 Ub 222,097 Uc 222.089
Q)— nAnN 05
S 150 RARE Z 150 "
g = da3za "B" g daza "A
3 100 |——®aza"C’ & 100 —base'd
: : ", n
@® % =—=®a3za "C
= 50 50
0 ‘ 0 ; : . :
0 2 4 6 8 10 0 2 4 6 8 10

Bpewms (c) Bpewms (c)

Puc. 3. ®a3nbie HanpsHKEHUS HAa BBIBOAAX TpaHc(opMaTopa MpH CXeMe COSAMHEHHUS] 0OMOTOK

«TPEYroJIbHUK — 3B€3/1a C HYJIEM»
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IIo pe3yiibTaTaM MOACIMUPOBAHHA MOKHO CACIHATbL BBIBOJA O TOM, 4YTO
CcXeMa COCIMHCHUA 00MOTOK «3BC31a — 3BC3a C HYJICM» IIPUMCHHUMA TOJIBKO
IIpu CUMMCTPHUYHBIX HAI'Py3KaX, B TO BPpCM: KaK CXEMa «KTPCYI'OJIbHUK — 3BC3d C
HYJICM» YHHBCPCAJIbHA MW MOXCT IIPHUMCHATCA IIpU CHUMMCTPHYHBIX U
HCCUMMCTPHUYHBIX HAI'PY3Kax.
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BU3YAJIbHOE UCCIUIEJOBAHUE XAPAKTEPUCTHUK
TPAHC®OPMATOPHOI'O MACIJIA

9.P. I/IKcaHOBal, J.M. BaJ‘II/IYJ'IJ'II/IHaZ, B.K. Koznos®
L23GIBOY BO «KI'DV», r. Kazanb, Pecny6siuka Tarapcran
123g)viraiksanova@list.ru

Llenp paboThl cocTosIa B AaHAIW3€ COCTABISIIOIIMX MOTPEIIHOCTH HM3MEPEeHUN
KOOpJMHAT I[BETHOCTH JBYMsI crocobamu. JIis CHIDKEHUS TOTPEIIHOCTH W3MEpeHUi
KOOpJMHAT IIBETHOCTU TPEOOBAIOCh HE TOJIBKO KAueCTBEHHO OINUCAaTh U KOJIUYECTBEHHO
OILICHUTH BCE COCTABIIAIOIINE, HO M Ha BceX ¢oTorpadusix BbIOpATh OJMHAKOBBIC 110 pa3Mepy
¥ MECTOPACIIONIOKEHHUIO TOUKH s onipeaeneHus koopaunat RGB.

KuroueBble ciioBa: TpaHchopMaTopHOE Macjio, BHU3YaJbHBIM CIOCOO, KOOPIUHATHI

OBCTHOCTHU, CPCIAHEC OTKIIOHCHHUC.

VISUAL RESEARCH OF TRANSFORMER OIL CHARACTERISTICS

E.R. Iksanova®, D.M. Valiullina?, V.K. Kozlov®
123K SPEU, Kazan, Russia
123g)viraiksanova@list.ru

The purpose of the work was to analyze the components of the measurement error of
chromaticity coordinates in two ways. In order to reduce the measurement error of the
chromaticity coordinates, it was necessary not only to describe and quantify all the
components qualitatively, but also to select points of the same size and location in all photos
to determine the RGB coordinates.

Keywords: transformer oil, visual method, color coordinates, average deviation.

Tpancpopmaropraoe wmacio (TM) sBasieTCST OCHOBHBIM 3JIEMEHTOM
CTaOMJILHON pabOTHl BBHICOKOBOJIBTHBIX CHJIOBBIX TpaHCHOpPMATOpPOB, Ja U
AJIEKTPOIHEPTETUUECKUX CcucTeM B menoM. Jlerpamanmss TM  okasbiBaer
3HAQUUTEJIbHOE BIUSHUE HA CPOKHM M YCIOBUSl JKCIUIyaTallud, I[O3TOMY
pPacCMOTPUM aHaJU3 Macja BU3YaIbHBIM criocoOom [1-2]. Jlyisg 3Toro B MEPBYIO
ouepesb HEOOXOIUMO ONPENETUTh KOOPAWHATHI I[BETHOCTH C HAWMEHbIICH
MOTPEIIHOCTHIO.
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B nanno#i pabote 1715 MccaeAoBaHus OBbLIN UCIIOJIB30BAHBI 15 pazmuyHbIX
ob6pasinoB TM u 4 HCTOUHMKA CBETa: 3€JICHBIN, KPACHBIM, (PHOJICTOBBIN, OCIIbIN.
OnbIT TPOBOAMIICS COTJIACHO CXEME, IPEACTABICHHON HAa PUCYHKE.

Kiopeta c

MacIoM ITerTD Hauamno

‘ HcTouHHK CBETA

IIy4oK cEeTa

Tabmauua 1

OcaerieHue 3eIeHbIM CBETOM (HAYAJIO)

CpepgHee apmcbmemqecr(oe Qvcnepcus CpepgHee KBagpaTuyeckoe

No 3HaYeHue OTK/NIOHEHWEe
R G B R G B R G B

1] 238,25 237,50 78,75 96,92 307,00 | 1984,92 9,84 17,52 44,55
2| 241,25 219,00 54,25 84,92 1405,33 | 4301,58 9,22 37,49 65,59
3| 24525 233,25 112,75 116,92 354,25 | 3688,25 10,81 18,82 60,73
4 127,25 184,75 32,75 | 2810,92 | 1807,58 | 556,92 53,02 42,52 23,60
5[ 158,50 180,00 22,50 | 3913,67 | 2839,33 | 461,67 62,56 53,29 21,49
6| 131,50 205,50 48,50 | 6217,67 | 1508,33 | 2293,67 78,85 38,84 47,89
7| 201,50 221,25 66,00 | 201500 | 1046,92 | 5068,67 44,89 32,36 71,19
8| 214,25 224,25 67,50 | 1154,25 | 569,58 | 4179,00 33,97 23,87 64,65
9| 234,00 244,00 123,00 588,00 136,67 | 8267,33 24,25 11,69 90,92
10| 241,25 228,75 76,00 64,92 216,25 | 2766,00 8,06 14,71 52,59
11] 214,00 226,50 54,75 | 2004,67 | 685,67 | 7230,25 44,77 26,19 85,03
12| 199,50 224,50 80,25 | 3531,67 | 711,00 | 7303,58 59,43 26,66 85,46
13| 211,25 214,00 3500 | 1117,58 | 686,00 | 1896,67 33,43 26,19 43,55
14| 58,00 151,50 17,75 848,67 | 3065,67 | 701,58 29,13 55,37 26,49
15| 125,25 182,50 34,25 | 6456,92 | 929,67 | 1460,92 80,35 30,49 38,22

B nepBom ciyyae KaXIbli YYAaCTHHK IO CBOUM (OTO OIpEAeni
koopauHatel RGB B Tpex Mecrax: Hauasne, cepeirMHe W Ha 3KpaHe. Bce
YYaCTHUKH ONpENeIsiid KoopauHatel B mporpamme Nel [3]. EquHCTBEHHOE, YTO
MOIJI0O HEMHOT'O OTJIMYaThCAd — 3TO Pa3Mep M PACIOJIOKEHHE TOYKH, Ha MECTE
KOTOPOM HaxOoAWIHCh KoopauHathl. Jlasee mpousomeén cOop KakabIM
Y4aCTHUKOM  HcciefnoBaHuss  koopauHar TM  wm pacyér  cpemgHero
apu(pMETUYECKOTO 3HAYEHHUSA, JUCIEPCMU U CPEIHEro KBaJpaTUYHOIO
OTKJIOHEHUA. Pe3ynpTaTel omnpeAcneHuss 3HAYEHUWW B Hayajle Jyya I[pHU
MPOIYCKAHUM Y3KOHAMPABIEHHOIO 3€JICHOTO CBETa MPUBEACHBI B Ta0uIe 1.
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Bo BTOpoM cnydae omuH uenmoBek moiayuums doTtorpadum co Bcex
Tele(OHOB M CaMOCTOSATENIBHO OMpEaeInusl KOOPJAMHAThI IBETHOCTH. 3aTeM
TaKke MpoBesl HEOOXOAUMBIE pacdyeThl. B 1aHHOM cilydae pa3Mephl TOUEK ObUIH
oauHakoBblie. KoopamHatel I1BeTa oOmpeneisuiMck B nporpamme Ne2 [4].
Pe3ynbTaThl mpuBeAEHBI B TAOIHIIE 2.

Kak M0XHO 3aMeTUTh, PU MPOBEJACHUHU UCCIETOBAHUS BO BTOPOM Cilydae
3HAQYCHUS MOJYYArOTCS ¢ MEHBIIEH MOTPENTHOCTRI0. DTO MOXKET OBITh CBSI3aHO C
BHIOOPOM OJHOTO pa3Mepa U MECTOPACIOJIOKEHHEM TOYeK, B KOTOPBIX
OTPEICIISIIUCh KOOPJIMHATHI IIBETHOCTH.

Tabnmia 2.
OcgelileHHE 3€JICHBIM CBETOM (HAYAJIO)
CpepaHee apudmeTnyeckoe ucnepons CpepaHee KBagpaTUyeckoe
No 3HaYeHue OTK/IOHEHMWe
R G B R G B R G B

1| 208,75 195,00 30,00 2136,92 | 4246,67 840,67 46,23 65,17 28,99
2| 238,75 213,00 52,50 580,25 | 3318,00 | 2605,67 24,09 57,60 51,05
3 | 245,25 232,00 81,00 140,92 438,67 2271,33 11,87 20,94 47,66
4 95,75 117,25 23,50 1188,92 | 684,92 193,67 34,48 26,17 13,92
5 112,25 132,00 15,75 4968,25 | 2802,00 202,92 70,49 52,93 14,24
6 | 110,50 154,50 13,25 4372,33 | 3341,67 92,92 66,12 57,81 9,64
7 | 163,50 181,00 27,25 3349,67 | 2030,00 514,25 57,88 45,06 22,68
8 | 207,50 216,25 54,75 2025,67 | 1322,25 | 2677,58 45,01 36,36 51,75
9| 228,25 222,00 37,50 436,25 471,33 2 345,67 20,89 21,71 48,43
10| 216,75 198,75 28,50 422,92 692,25 931,00 20,56 26,31 30,51
11| 180,00 192,00 39,00 1748,67 | 2131,33 | 4450,00 41,82 46,17 66,71
12| 161,75 178,75 27,00 726,92 1175,58 983,33 26,96 34,29 31,36
13| 173,00 164,50 21,00 50,00 8,33 944,67 7,07 2,89 30,74
14| 54,75 137,00 30,50 156,25 678,00 661,67 12,50 26,04 25,72
15| 58,25 136,00 19,25 740,92 | 2094,67 395,58 27,22 45,77 19,89
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B pabore paccMorpeHa I(PPEKTHBHOCTh MPUMEHEHHS  CHMMETPUPYIOIIAX
tpanchopmatopoB 3Ul pupmsr BLOCK.
KawueBble  cjioBa:  CUMMETpUPYIOIIME  TpaHC(HOPMATOPBI,  HECHMMETpHS,

CaMOCHUMMETPUPOBAHUEC, ITIOTECPU MOIIIHOCTHU.

EVALUATION OF THE EFFICIENCY OF THE SYMMETRY OF 0.4 KV
NETWORKS

M.V. Kazka',A.M. Makletsov®,Kyu Kuok Vyong®, S.0. Kaminsky’
1234K SPEU, Kazan, Republic of Tatarstan
Inesnacomec97@mail.ru, >mac.am@mail.ru, 3chuong.nute@gmail.com,
*wolf19980202@gmail.com

The paper considers the use of a symmetrical transformer 3UI by BLOCK.
Keywords: symmetrical transformers, asymmetry, self-symmetry, power loss.

Cummetpupyromnuii  TpaHchopMaTop — 3TO DIEKTPUUYECKUN ammapar,
MpEIHA3HAYCHHBIA JI1 YMEHBIICHUS HECUMMETpUu (a3HBIX HAMPSHKEHUH |
TokOB B Tpexdaszapix JIOII, mpuBoxsmield K AOMOTHHUTEIBHBIM MOTEPSIM
DIIEKTPOIHEPTHH.

Ha pucynke 1 mnpencraBieHa cxeMa BKIIOUEHHS TpaHCPOpPMATOPOB
3UI/BLOCK [1], no3Bossitomux ocymecTBiasaTh 100%-oe cuMMeTpupoBaHUe
(ba3HBIX HAarpy30K, MOJHOCTHIO HCKJIIOYAIOIIEe IOMOJHUTENbHBIE MOTEPH OT
HECUMMETPHUU TUX HArpy3okK [2].
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Puc.1. Cxema cetu 0,4xB ¢ cummerpupyromumu tpanchopmaropamu CT: 1,2. — Homepa

onop JIDIL; Z1, 722, Z3 — ognodazHble HArpy3Ku

HpOI/ISBCI[eM pacucT BCIIMYHMHBI CHHIKCHHUA JOIIOJTHUTCIBHBIX IIOTCPb
QJICKTPOIHCPIUU C IIPUMCHCHUCM IIPOTIPaMMHOTIO oOecreyeHus [3], OIIPCOCIIAA

2 2 2
o+ +1;

ko3 ueHT Hecummerpuu 1o ¢dopmyne: K. = , TJIe B YHCIIATEIIE

2
I
yKa3aHbl (Da3HbIE TOKH, a B 3HAMEHATEJIE — CpeIHee 3HAUCHUE ITHX TOKOB.

PesynbpTaThl pacueroB 3amucaHpl B Tabnuile 1 W TpeacTaBiICHB Ha

rpaduxe puc.2.

PacueTtHbie NnapaMeTpbl HOPMAJILHOT O PEKHUMaA

K 0013 | .0053 | .0125 | .0228 | .0353 | .0496 | .0730 | .0999 | .1328
WA | g0 | 42 | 351 | 281 | 21 | 139 | 068 | 94 | 23 | 49
o) | 480 | 489 | 489 | 489 | 489 | 489 | 48,9 | 489 | 48,9 | 489
i | 49 | 557 | 625 | 692 | 759 | 52 | 89.1 | 956 | 02.1 | 085
hi(A) 19 | 37 | 56 | 14 | 93 | 11 | 29 | 47 | 065
AP | ysr | 478 | 533 | 630 | 781 | 963 | 185 | 447 | 750 | 093
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/ dP(Br)

o000 MNoTepu aKTMBHOM MOLLLHOCTHM
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1.0013 1.0053 1.0125 1.0228 1.0353 1.0496 1.0730 1.0999 1.1328
KHc

Puc. 2. ITorepu momnoctu B JIDII npu pazHoii cTeneHn HECUMMETPUU HAarpy30K

O6mee notpebdienne cocrapiseT npuMepHo 80 kBT, U3 KOTOPBIX OKOJIO
6-8 kBT - motepu Ha yudactkax JIOII. [loTepu u3-3a HECUMMETPUHU JOCTUTAIOT
1636 BT, yT0O BUIHO U3 JAHHBIX, IPE/ICTABICHHBIX HA pUC.2.

Tpancpopmaropsl 3Ul uckio4arOT moTepu OT HECUMMETPHUH, OJHAKO,
npu cobctBeHHOoM KIIJ[, paBHOM 98%, BBI3BIBAIOT JOMOJIHUTEIBHBIC MOTEPH,
okoio 1500 Bt, d4Yro mnpakTUYECKH pPABHO COKOHOMIICHHOM 3a CUeT
CUMMETPUPOBAHUS 3JeKTpodHepruu. [loaTomy 3(phHeKTUBHOCTh MPUMEHEHHUS
paccMaTprBaeMOW CXEMbl CUMMETPUPOBAHUS JOJKHA ONPENENIATHCS C YUYETOM
JIPYTUX MOJIOKUTEIBHBIX CBOWCTB 3TOW CXEMBI:

® VCKJIIOUCHHE BEPOSITHOCTHBIX (PMHAHCOBBIX PUCKOB M3-3a BBIXOJA U3 CTPOS
AJIEKTPOIIPUEMHUKOB TMOTpeOUTeNell Tpu HEU30EKHBIX IEePEHAIPSKEHUSX,
BBI3BAaHHBIX OOPBIBOM HYJICBOTO TMPOBOJA B CETAX C HECUMMETPUYHBIMU
Harpy3Kamu;

® T[IOBBIINICHWE OE30MaCHOCTH KU3HENEATCILHOCTH TMOTpeduTeneil mpu
YKa3aHHbBIX NIEPEHANPSKECHUSIX;

e moBbimieHHEe  AIPGEKTUBHOCTH  (PYHKIIMOHUPOBAHUS  TpeX(a3HbIX
CUMMETPHUYHBIX TIOTPEOUTEINCH;

® TIOBBINICHNE HAJISKHOCTHU AJICKTPOCHAOKEHUS TOTPEOUTENCH;

® [TOBBIIIICHUE KaYeCTBA AIEKTPOIHEPTHH.

KoppekTHblii  yder  BBIICNEPEYUCICHHBIX  CBOMCTB  COCTaBJISIET
OTIICIbHYIO OOJNIBIIYIO 3aJady, CBSI3aHHYI0O CO cOOpOM 3HAaYUTEILHOTO
KOJIMYECTBA CTATUCTUYECKOTO MaTepuana W MCIOJIb30BaHUSI BEPOSITHOCTHBIX
METO/IOB.
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B pabore paccmarpuBaeTcss MCIOJIB30BaHUE pacClpe/ieIeHHOW TI'eHepaluud BO BCEM
MHpe, B 4acTHOCTH B Poccuiickoit denepanunu, [uis CHIXKEHHUS Tapu(pOB Ha AIIEKTPOIHEPTUIO
U TIOBBILIEHUIO He3aBUcUMOCTU. llpeacraBienbl apxurekTypsl cucteM MicroGrid ans
yIpaBJIEHUs] paclpesie]IeHHON reHepanueil OT BO300HOBISIEMBIX HCTOYHHUKOB JHEPrUH C
YeThIpbMsI OCHOBHBIMH TuUmamu cereid. [lomguepkuBaeTcst BaXHOCTb  TIIATEIBHOTO
paccMOTpeHHsT KOMIIOHEHTOB CE€TH M (DU3MYECKOr0 pACHOJOXKEeHHUs NpuU pa3paboTke
3 PEKTUBHON U HAIEKHOHN nporpammsl yrpasieHust MicroGrid.

KiroueBble cjioBa: ceTu, pacrnpesieieHHas TeHepalusi, apXUTeKTypa CeTei,
MicroGrid.
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MICROGRID NETWORK ARCHITECTURE

S.0. Kaminsky?*, R.N. Mukhametzhanov?, M.V. Kazka®, N.N. Khamidullin*
1234 SPEU, Kazan, Republic of Tatarstan
lwolf19980202@gmail.com, *ruustem@yandex.ru, *nesnacomec97@mail.ru,
*feniks.nafis@mail.ru

The paper examines the use of distributed generation worldwide, particularly in the
Russian Federation, to reduce electricity tariffs and increase independence. MicroGrid system
architectures for managing distributed generation from renewable energy sources with four
main grid types are presented. The importance of careful consideration of grid components
and physical location in designing an efficient and reliable MicroGrid management
programme is highlighted.

Keywords: networks, distributed generation, network architecture, MicroGrid.

Bo Bcem Mmupe Britouas Poccuiickyro (enepainuio uaeT yBelUYeHUE
pacrmpe/iefieHHON TeHepalMi, YTO BO MHOTHUX CJIy4yasx I1O3BOJISIET MOMHUMO
HE3aBUCUMOCTH BO MHOTHX CIIy4asX CHHU3UTh CTOMMOCTh TapudoB Ha
anektposHepruto [1]. Cucrembr MicroGrid mpenHa3HadeHbl A YIPABJICHUS
pacnpelneNeHHON  TeHepalued, CBA3aHHBIX C POCTOM  HCIIOJIb30BaHUS
BO30OHOBJISIEMBIX ~ MCTOYHMKOB dHepruu. [lpm  co3maHum  mporpammsl
ynpasiaeHust st MicroGrid Ba)KHO yYHTBIBATH CETEBBIC KOMIIOHGHTBHI M HX
dbu3nIecKoe pa3MeIieHue, 4Toobl ooecneunTh dhdekTuBHYI0 padoTy. CeTeByto
apxutekTypy MicroGrid MOXHO pa3e/iuTh Ha YeThIpe OCHOBHBIX THMA [2,3]:

° AstoHoMHas cetb MicroGrid,
o Cetb MicroGrid ¢ mapamienbHbIM peKUMOM padOTBHI,
° [Tpomeimiennas cets MicroGrid,

o Asapuiinas cetb MicroGrid.

[Tornumanue >TUX pasnuyHbIX THMOB ceTell MicroGrid MOXeT momMoub B
BBIOOpE HAWTYYIIIETO BapHaHTa YIIPaBICHUS I KOHKPETHOU apXUTEKTYPHI.

ABtonomuas cetb MicroGrid — 3T0 aBTOHOMHAs SHEPrOCUCTEMA,
paboTaromas HE3aBUCHMO OT OCHOBHOM CETH. OTH H30JUPOBAHHBIC CETH
OOBIYHO HAXOJATCS B OTHAJICHHBIX paliOHaX C OTPAHMYCHHBIM JIOCTYIIOM K
IEKTPUUECKOM CETH M O00ECIEYMBAIOT DJIEKTPOIHEPrUueii HeOombIe hepMbl U
coobmiecTBa.  ABTOHOMHBIE ~ MHUKPOCETH  OOBIYHO  MOJArarOTCs  Ha
BO30OHOBJISIEMbIE HWCTOYHHUKH DHEPTUM, TAaKWE KaK COJIHEYHAsT DJHEPrusi Hu
DHEPTUs BETpa, a 6arapen u reHepaToOPhl UCIOIB3YIOTCS B Ka4eCTBE PE3EPBHBIX
HMCTOYHUKOB DHEPTUU. DTH CETH PabOTAIOT B HM30JUPOBAHHOM PEKHME, UYTO
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O3HAYaeT, YTO OHM CaMOJIOCTATOYHBI M HE 3aBUCAT OT BHEUIHMX HCTOYHUKOB
sHepruu. JlaHHas apXuTEKTypa npejcTaBicHa Ha pucyHke 1.

Harpyzka

"\, >

Pacnpep,eneHHaﬂ
redHepayna

Puc. 1. UzonupoBannas cets MicroGrid

MicroGrid ¢ nmapamieabHbIM peKUMOM paboThI [4,5] — 3TO ceTh, KOTOpas
paboTaeT COBMECTHO C OCHOBHOM DJEKTPUYECKOM CEThI0O U  MOXKET
MEPEKITI0YaThCA B U30JUPOBAHHBIA PEXUM B CiIydae cOOEB B CETH. DTH CETH
OOBIYHO HAXOJATCA B paiioHaX C OOJIBIIUM KOJIMYECTBOM paCIpeeICHHON
reHepalid U TO3BOJISIOT PETYJIHPOBaTh BHIPAOOTKY AKTHUBHOM W pPEaKTHUBHOM
HHEPrUr BO BpeMs paboThl. JlaHHas apXUTEKTypa IpeICcTaBlieHa Ha PUCYHKE 2.

InekTprUYecran
CcETh — Harpyaxa

L ;_/ Iy M—

(")
2

PacnpenenedHas
reHepaums

Puc. 2. Cets MicroGrid ¢ mapasuiensHbIM PEKHUMOM PabOThI

[MpombinuienHas mukpocetb MicroGrid — 310 ceTh, KOTOpas MOXeET
paboTtaTh nUOO0 B W3O0JHUPOBAHHOM pEXKHUME, JIMOO TMapajuieibHO C OCHOBHOM
ANEKTPUUECKON CEThI0. DTH CETU OOBIYHO MCHOJIB3YIOTCS JJIA MUTAHUS TPYIIIbI
IPOMBINIJICHHBIX O0OBEKTOB, M B HUX YacTO MPeoOIaaaroT Ta30TypOMHHbBIC WITH
ra30MoOpUIHEBbIE YCTAHOBKH.

PacripefjeneHHzn Pacnpenenentan
reHepauna redepalms
i —
|'/ ., ./ _p. \'.

\J \U /
A

\
b

, |

o o
=le———

)
T Harpyasa ] Harpys«a

SNerTprYeckan

caTh -
— O

Puc. 3. IIpomsiniernas cetb MicroGrid
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ABapuiinas cetb MicroGrid npegHazHaueHa Jjisi oOecrieueHus Hepruei
KU3HEHHO BaXXHBIX HArpy30K B aBapUHBIX CHUTyalMsX. JTa CETh MOXKET
paboTtaTh TMOO B COYETAaHMH C OCHOBHOW CETHIO, JMOO B HW30JIMUPOBAHHOM
pexume. OH HCHONB3YEeTCS TOJIBKO MPU OTKIIOYEHUH SJIECKTPOIHEPTHUU UITU
JIpyroil aBapuiHOW CHUTyallud, W €ro OCHOBHAs (YHKIHS 3aKITI0YaeTCs B
O00ECNIeYeHNH TOTO, YTOOBl KPUTUYECKH Ba)KHBIE HArpy3kd OCTaBaJHCh
3alUTaHHBIMHU.

B 3akimoueHne Ba)XKHO OTMETHTD, YTO BXKHO TTOHUMATh Pa3INIHBIC THITBI
ceteii MicroGrid, mmsg Toro 4ToObl OMNpPEAEIUTh HauboJee IMOAXOISAIIYIO
nporpaMmy yHpaBJICHUs] Il KOHKPETHOW apXuTekTypel cetu MicroGrid.
OddexTuBHas u xgeiicTBeHHas paboTa mporpammel ympasienus MicroGrid
3aBUCUT OT TIIATEIBHOTO PACCMOTPEHUSI CETEBBIX KOMIIOHEHTOB M UX
busnueckoro pazmenieHus. [loaromy oueHb BaxHO pa3pabaThiBaTh IPOrPAMMBbI
ynpasienuss MicroGrid ¢ MOJHBIM MOHUMAaHUEM XapaKTEPUCTUK U TPEOOBAHMIA
CETH, YTOOBI 00ECIIEYUTh ONTUMAIBHYIO MPOU3BOIUTEIHLHOCTD U HAJIEKHOCTD.
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TOMOJIOTUU CETEM MICROGRID

C.O. KaMHHCKI/Iﬁl, P.H. MyxaMeT)KaHOBZ, M.B. Ka31<a3, H.H.XaMI/II[ynJ'II/IH4
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“feniks.nafis@mail.ru

B sTo0li cTatbe paccMaTpuBaIOTCS paziauyuHble TUMBI Tonojoruit MicroGrid, BkiIrodas
raJIbBAHUYECKN YaCTUYHO U MOJIHOCTBIO Pa3BsA3aHHBIE, C Pa3pbIBOM CETH IIEPEMEHHOIO TOKA U
coyeraHue 3TuX Ttomnojoruid. Tum tomonorum MicroGrid BnMsSeT Ha aNrOPUTMBI,
UCTONb3yeMble JuId yhpaBleHus ceTblo. [lpu npoextupoBanuu cucrem MicroGrid
HEO0XO/IMMO YYUTBIBATh TEXHUYECKHUE BO3MOXHOCTH, OTPAHUYEHHUS MO 3alLUTE U MPABOBBIE
paMKH, CBSI3aHHBIE C CUCTEMaMU ynpasieHus cetssMu MicroGrid.

KuiroueBble ciioBa: cetu, pacrnpe/eieHHas reHeparus, Tomnojorus cereit, MicroGrid.

MICROGRID NETWORK TOPOLOGIES

S.0. Kaminsky?, R.N. Mukhametzhanov?, M.V. Kazka®, N.N. Khamidullin*
1234K SPEU, Kazan, Republic of Tatarstan
1wolf19980202@gmail.c0m, 2ruustem@yandex.ru, 3nesnacomec97@maiI.ru,
“feniks.nafis@mail.ru

This paper discusses the different types of MicroGrid topologies, including
galvanically partially and fully decoupled, AC split, and a combination of these topologies.
The type of MicroGrid topology affects the algorithms used to control the network. When
designing MicroGrid systems, the technical capabilities, security constraints and legal
frameworks associated with MicroGrid network management systems must be considered.

Keywords: networks, distributed generation, network topology, MicroGrid.
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Cetu MicroGrid npuoOpetaroT Bce OOJIBIIYIO MOMYJISPHOCTh Onarogaps
HAJeKHOMY U THOKOMY paclpefesieHuIo JJeKTposHepruud. OpHoil U3
BOKHEUIUX XapakTepucTuk ceteil MicroGrid siBnsieTcs: €€ TOmoJIOTHsI, KOTopast
OKa3bIBAE€T CWJIHHOE BJIMSHUE Ha aJTOPUTMbI IPOrPAMMBbI YIpaBIeHUs paOOThI
MicroGrid, oOecrieunBas CTaOUIIbHYIO paboty reHepaluu u
sHepronorpedsnenust [1]. B a3Toll  CBsA3M  aKkTyallbHBIM  TIPEJICTABIIAETCS
BBIJICJICHHE OCHOBHBIX BHUJIOB TOIOJIOTMM MHKPOCETEW, Ha OCHOBAaHUU KOTOPBIX
B JaJIbHEHUIIIEM MOXXHO OCYHIECTBJISATH KOHGUTYPUPOBAHUE U MPOCKTHUPOBAHUE
cerert MicroGrid o KOHKpeTHbIC 3a1auH [2].

Hcrounnku pacnpeqeeHHOW TeHepaly MOTYT IMOJKII0YaThC K CEeTH
pasnmuuHbiM  oOpazoM. Ha pucynke 1 mpeacTaBieHbl JIBa BapuaHTa
MOJKITIOYEHUS, KOTOPBhIE, COOTBETCTBEHHO, (POPMUPYIOT JBA BUJA TOMOJOTHU:
raJIbBAaHUYECKM YACTUYHO pa3Bs3aHHas (CIEBa) U TallbBAHUYECKH IMOJHOCTHIO
pasBsizaHHas (CrpaBa) Mo MepeMeHHOMY TOKY [3].

" e ) o = o )
SnekTpuueckan L:z / Harpyska  QneKTpudeckas Harpyaka

ceTL cemn

(M)

| 4 DC rexepayua

DC rexepaums

Puc.1. Tononaoruu MUKpOCETH ¢ YaCTUYHOW U TIOJTHOW raJIbBAHUYECKOM pa3BsI3KOM 1O

[IEPEMEHHOMY TOKY

Kpome TOro, pacmpeneiieHHbIE TE€HEPATOPbl MOTYT IOJKIIOYAThCA B
pa3pbIB CETH NEPEMEHHOTO TOKA - PUCYHOK 2.

CETL

> U Iz? > ! e
3nekTpusieckan \@—> ! H > (LZ' x )[le ( i /' :r
A arpyasa  3Jnexrpudeckas | Harpyaka
O

DC reHepaumn DC renepauua

Puc.2. BapuaHTbl TOIIOJIOTMM MUKPOCETH C Pa3pbIBOM B CETH IEPEMEHHOIO TOKA

OTnauyne TpeACTaBICHHBIX TOMOJOTHM, KaKk BUJIHO W3 pUCYHKa 2,
3aKJII0YAETCS B TOM, - Ha KAKOM YPOBHE HaIpsIKEHUSI - BHICOKOM, WM HU3KOM
MPOUCXOJUT MOJKIIOUCHUE K CETH paclpeieIeHHOM renepaiuu [4].

CymiecTByeT TakXke BaApUAHT COBMELIEHHUS, PEICTABICHHBIX HA PUCYHKE
2 TOMOJIOTUH - PHUCYHOK 3, KOTOpbIH HocuT HazBaHue “KoHdurypamms c
TPEXCTYNEHYATON TrajlbBAHUYECKON Pa3BI3KOM .
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Srierrrpr;@-ﬂ> N w E Harpyska
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DC reHepauus DC reHepauusn
Puc. 3. Konduryparnus ¢ TpexcTyneH4aTol rajibBaHUYECKON Pa3BsA3KOM

[Toxokxre BOMPOCHI €CTh W TP TMOAKITIOUCHUU 3apsSIHBIX CTAaHIUNA K
NEKTPUUECKUM ceTsiM [6,7]. B 3aBUCHMOCTH OT OIOKETa CTPOUTENIHCTBA U
YCTaHOBKHU paclpeie]ICHHON reHepalii, He00X0UMOCThIO €€ TalbBAHUYECKOM
Pa3Bs3KU JUOO OT HArpy3KH, JTUO0 OT INEKTPUUECKON CETH U T.J., IPUHUMACTCS
peleHre o BeIOOpe Tomojorun ceTu [5]. Peanbnas Tomomorus cetu MicroGrid
MOKET SBJISITHCS COYETAHUEM BCEX PACCMOTPEHHBIX BapuaHTOB. [Ipu sTOM, Kak
yKe€ OBLJIO OTMEUYEHO BBIIIE, BHJ KOHKPETHOW TOIMOJIOTHMH OYJET OKa3bIBaTh
BIIUSIHUE HA aJITOPUTMBI ITPOTPaMMBbI YIIPaBJICHUS BCEH CETHIO.

OddexruBHoe ymnpasienue cersMu MicroGrid 3aBUCUT OT NMOHMMAaHUS
TUTIOB TOMOJIOTUH CETH, HX KOMOWHAIMI U peajbHO BBIMOJIHEHHBIX
KoH(purypanuii. Pa3paboTuuku MOJDKHBI CO3/1aBaTh MPOTPaMMHBIE PEIICHHS,
KOTOpble OyAyT ONTHMU3UPOBATH YIMpPaBICHUE OJHEpruerd u 00ecrneunBaTh
ctabunbHyto padoty MicroGrid u a5eKTpuyYecKoi ceTu.

BricTpanBaTh anroputmbsl pabOThl CUCTEM paclpeeJICHHOM TeHEpaliK U
MIPOTrPAMMHBIE PEIICHUS HYKHO C YY€TOM Pa3JIMYHbIX BAPUAHTOB MOIKIIOUCHUS
pacnpeneneHHoi reneparnui. Heo6xoqumMo y4uThIBaTh MpU pa3padOTKe CUCTEM
MicroGrid orpaHW4eHHs TEXHUYECKHX BO3MOXKHOCTEH CHCTEM YIPAaBICHUS
AJIEKTPOIHEPTUEH B HACTOAIIEE BpeMs, TOCTYMHOCTh U (YHKIIHOHAIHHOCTD
3alllAT HAa OTU YPOBHU HAMNpPSOKEHUS, a TakKe BOMPOCHI, CBSI3aHHBIC C
3aKOHOJIATEIHLHOM 0a30M.
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ONPEJEJEHUE MAPKU MACJIA IO IBETOBBIM
KOOPJIUHATAM

AA. KOpHI/IKOBal, O.E. KypaKI/IHaZ, B.K. Kosinog®
L23GIBOY BO «KI'DV», r. Kazanb, Pecnyonuka Tarapcran
L2platonovaanje@yandex.ru, *kozlov_vk@bk.ru

B nanHoil paGoTe omuchIBaeTcs METOJA OINpEAeNeHUS MapKu TpaHcHOpMaTOpPHOTO
Macia, a Takke Obljla YCTaHOBIIEHA 3aBUCHUMOCTb MEX]y I[BETOBBIMU XapaKTEPUCTUKAMH U
MapKoi maca.

KialoueBble ciaoBa: TpaHchopMaTOpHOE Maclio, Mapka Macla, KOOpJIUHAThI

OBCTHOCTH.

DETERMINATION OF THE BRAND OF OIL BY COLOR
COORDINATES

A.A. Kornikova', O.E. Kurakina?, V.K. Kozlov®
123K SPEU, Kazan, Republic of Tatarstan
L2platonovaanje@yandex.ru, *kozlov_vk@bk.ru

This paper describes a method for determining the brand of transformer oil, and also
established the relationship between color characteristics and brand of oil.
Keywords: transformer oil, brand of oil, color coordinates.

OCHOBHBIMHM 3JIEMEHTAMH BJEKTPOIHEPIEeTUUECKUX CUCTEM SIBIISFOTCS
CWJIOBBIE TpaHcopMaTopbl, a MX OOBEMHOW COCTaBHOW YaCThIO SIBISETCS
TpaHchopmatopHoe Macio [1].

Tpancpopmaroproe Macio - 3T0 OUMIIeHHAs HEPTh, MOJlydaemasi myTemM
IUCTWIISIUMKM,  kumsimee 1npu  Temreparype  300-400°C.  TexwHonorus
MPOU3BOJICTBA Macjia 3aBUCUT OT MecTa JOObIYM HE(PTH, KOHUEHTPALMH U
coAepXKaHUM B HEMl pa3HbiX npumeceit [2]. CaemoBaTenbHO, Macjia HUMEIOT
pa3Hble DJIEKTPUYECKUE U (PUBMKO-XUMHUYECKHUE CBOMCTBA M, KaK CIEACTBUE
paznuuue B 1BeTe. LIBeT Macna 3aBUCUT Kak OT €ro MapKH, TaKk U OT BPEMEHU
€ro SKcIulyaTanuu B TpaHncpopmarope. CBexee Macio 0OBIYHO MMEET CBETJIO-
XKENTBHIA OTTEHOK. B mpoliecce sKcmilyaTaluu Macjio TEMHEET U MpuoOpeTaeT
TEMHO-KOPHUYHEBYIO OKpacKy. l3MeHeHue IBeTa Macia MPOMCXOAMUT IOA
BIIMSIHUEM HarpeBa U 3arpsi3HEHUS] CMOJIaMU U ocagkamiu [3].

lenpto nmaHHOW pabOTHI SBISETCS OMPEICNICHUE SKCIUTyaTallMOHHBIX
CBOMCTB Macell M0 UX I[BETOBBIM Xapakrepuctukam. C MOMOIIBIO KOOPAHHAT

IBCTHOCTHU MacCjia MOKHO OIIPCACIINTb MAPKy Macjia U €ro YUCTOTY.
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Ha nmnepBoM »srame wuccinegoBanus Oblia coOpaHa  OJoOK-cxema,
MO3BOJISIONIAsE  OMPENEIUTh KOOPAMHATHI IIBETHOCTH H3OJSLMOHHBIX Mace.
ABTOpamu ObLTH HcclieoBaHbl 19 00pa3ioB TpaHChHOPMATOPHBIX Macel MpU UX
00srydeHnn OenbiM, (PUOJIETOBBIM U 3€JIEHBIM I[BETOM.

Ha Bropom »srtame mnpousBomuioch cHsAtue RGB-koopaunat (Red-
KpacHblii, Green- 3enénbrii, Blue-cuauii) ¢ moMoOIIbI0 CHEMAIBHON OHJIANH
nporpammbl  Get-Color. JlanHBIE KOMAaHIBI BBITIOTHSIINCH TIPH  TTOMOIIH
WHCTPYMEHTA «IIUAIIETKA», KOTOPBHIA HMMEET (PYHKIUIO YCPEAHCHHS IIBETa H
npuBeieHbI B Tabmuie 1.

Tabmuna 1
BusyanpHoe npeacTaBIeHne IBETOBOM XapaKTEPUCTHKH B 3aBUCUMOCTH OT MapKH Macia
Ne npoOb1 | Mapka macna | Kucnornoe Ocgemienue Ocgerienue
YHCII0 ¢buonaeTOBBIM 3€JICHBIM
mr KOH/r I[BETOM 1BETOM
B cepenune B cepenune
U3Iy4YeHus U3Iy4YeHUs
RGB RGB
1 I'K(BI) 0,002
2 ['K(BI) 0,002
5 'K 0,001
6 'K 0,001
11 I'K 0,006
13 I'K 0,004
16 I'K 0,001
17 I'K 0,004
20 I'K 0,017
8 TKn 0,009
9 TKn 0,0014
3 T-1500 0,0069
4 T-1500 0,007
7 T-1500 0,014
12 T-1500 0,004
18 TCn 0,04
19 TCn 0,003
14 TCn 0,002
15 TCn 0,0021
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CrnenaB aHanu3 MO MOJMYYEHHBIM JaHHBIM, MOKHO BBIACIIUTDH JIMAIa30HbI
RGB 3HaueHuii s pa3HbIX MapoK TpaHC()OpMATOPHOTO Macia, TAE SICHO
BbIpaKkeH auana3zoH mapku ['K:

Tabnuua 2

RGB koopauHaThI 17151 pa3IMYHBIX MapOK Macel

Koopmunatet RGB | OcBenienue ¢uoneroBsiM 11BeToM |  OcBelieHHe 3eJIeHbIM IBETOM
Mapka 'K OcrasnbHbie Mapka I'K OcrasibHbIe
mapku(T-1500, mapku(T-1500,
Tkm, Tcm) Tkn, Tc)
R 0-3 0-31 5-124 130-214
G 124-195 22-118 92-167 171-212
B 244-255 31-213 3-5 5-8

Tak ke SBHO NPOCMATPUBAIOTCS PA3IUYMUSA LBETA B 3aBUCUMOCTH OT
Mapku Macia. Mapka ['K npu ocBemieHun (QprogeTOBbIM LIBETOM HUMEET CHHE-
rosryoble okpacku. OcTanbHble MAPKH UMEIOT TEMHO-CHHHE, TEMHO-()HOJIETOBBIE
U TEMHO-3eJeHbIe OTTEHKU. [Ipu ocBemennu 3enenpiM nBeTom Mapka ['K umeer
3€JICHBIE OTTEHKH, a OCTaJbHbIE MapKh HMMEIOT CBETJIO-3E€JIEHBIE, CBETIIO-
KOpPUYHEBBIE LIBETA.

Ha ocHOBe JaHHBIX pe3yJbTaTOB aBTOpaMHM OblIa YCTaHOBJIEHA
3aBUCUMOCTh KOOPJMHAT IBETHOCTH OT MAapKH TPaHCPOPMATOPHOTO Macia, C
MOMOIIBI0O KOTOPOM MOXKET ObITh pa3zpaboTaHa METOAMKA OMpPEACIICHUS MapKh
TpaHC(HOPMATOPHBIX Mace.
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IHOTEPU MOIIHOCTH HA KOPOHY B BO31YHIHbBIX JIMHUAX
IJIEKTPOIIEPEJAYHN C UBMEHEHHBIMHU ®OPMAMMU
ITOBEPXHOCTHU ITPOBOJ0OB

P.A. KceHO(bOHTOBl, J.B. Kyz[I/IHOB2
Hayu. pyk. ctapmmuii npenogasarens P.Y. ["aseeBa
L2orp0y BO «KI'93VY», r. Kazanb
Yrodion.ksenofontov.2001@mail.ru, >mr.zIbvf123@mail.ru

[TpoekTupoBanue snekrpuyeckux cereit 110-500 kB Ha 6a3e mpoOBOIHUKOB U3 HOBBIX
KOMIO3UIIMOHHBIX MAaTepUaJIOB C MW3MEHEHHBIMH (OpMaMu MPOBOJOB, MO3BOJISIOIINX
YBEJIMYUTh TOKOHECYIIYIO CIIOCOOHOCTb, U MPOJOJIKUTEIBHOCTh CPOKa CIY>KOBI SBIISETCS
aKTyaJIbHOM HayYHO-TEXHUYECKOH 3a7aueil MOBbIIEHUS 3HEProdpEeKTUBHOCTH nepenayn. B
paboTe mpuBeleHa OIEHKAa YMEHBIUICHHs MOTepbh MOIIHOCTH Ha KOpoHy ceTsix 110-500 kB
[IPY BHEJIPEHUU MTPOBOJIOB C U3MEHEHHBIMU (DOpMaMHU.

KiroueBble cioBa: BO3YyIIHBIE JUHUU OJJEKTporepenaydd, (HOpMbI MOBEPXHOCTH
MPOBOJIOB, MOTEPU MOIIHOCTH Ha KOPOHY, KOA(P(GUIMEHT TIaAKOCTH, HAMPSHKEHHOCTh MO,

pannyc pOBOJHUKA.

POWER LOSSES TO CORONA IN OVERHEAD POWER LINES WITH
CHANGED WIRE SURFACE SHAPES

R.A. Ksenofontov?, D.V. Kudinov?
12 KSPEU, Kazan, Russia
rodion.ksenofontov.2001@mail.ru, 2mr.zlbvf123@mail.ru

The design of 110-500 kV electrical networks based on conductors made of new
composite materials with modified wire shapes, which make it possible to increase the
current-carrying capacity and service life, is an urgent scientific and technical task of
increasing the energy efficiency of transmission. The paper presents an estimate of the
reduction in power losses in the corona networks of 110-500 kV when introducing wires with
modified shapes.

Keywords: overhead power lines, wire surface shapes, corona power losses,
smoothness coefficient, field strength, conductor radius.
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Bo3zaeiictBue KOpOHBI Ha BO3IYIIHbIE JIMHUM OKa3bIBAE€T HETATUBHBIN
s dexT Ha npoBoaa. KoponupoBaHue npoBoAOB MPUBOIUT K TOMY, YTO MPOIIECC
OKHUCJICHHSI TOBEPXHOCTHM TMPOBOJOB YycUIIMBaeTcs. B Takom ciaydae Mbl
CTJIKUBAaeMCsl C JBYMS KIIOUYEBBIMU MpPOOJIeMaMH — YMEHbIIIEHHEM
kodpdunmenta mnonesHoro aevctus (KII) nuaui smekTporepenad U ux
YMEHBIIEHUEM Cpoka J3Kciuryatauuu. [lpu stom kopona Ha BJI sBisercs
UCTOYHUKOM paauonomex. CylIecTBYIOT HECKOJIbKO CIOCOOOB pEIICHHUS
CYLIECTBYIOIIMX Tpo0JeM — Tak, HampuMep, s BO3AYIIHBIX JIMHHUMA
HarnpsbkeHueM 10 220 kB Bo3geicTBHE KOPOHBI MOXHO 3aMETHO YMEHBIIHUTh
MIOCPEACTBOM TOTO, UTO MPU COOPYKEHUU U TPOCKTUPOBAHUH BO3AYIIHbIX JIOII
MPUMEHSIIOT MPOBOJIA, JUAMETPBI CEYEHU KOTOPBIX MIPU 33IaHHOM HaIPSIKEHUU
ONPEACISIOT MEHBITYIO HANIPSXKEHHOCTD dJIEKTprUueckoro noys. [1,2].

Haubonee cuibHOE BO3ACMCTBHE KOpPOHA OKa3blBA€T HA JIMHUIO TPU
nomnajiaHu  aTMOCHEpPHBIX OCAaTKOB  BO BpeMs NMAaCMypHOH U JOXKIJIMBOM
norojpl. B Hacrosiiee BpeMsi HAUUHAIOT NPUMEHATh HOBBIE KOHCTPYKIIHUH
MIPOBOJIOB JIJII BO3MYIIHBIX JIMHUWA BBICOKOTO HampspkeHus. OHu 0051agaror
pAIOM  MPEUMYIIECTB 1O CPaBHEHHID C [IUPOKO  HCMOJIb3yEeMbIMU
TPAAULMOHHBIMA TPOBOJAMU: BBICOKON 3JIEKTPONPOBOJHOCTBIO; BBICOKOM
MEXaHMYECKON TMPOYHOCTHIO; YCTOWYMBOCTBIO K BBICOKMM TEMIEpaTypaM;
MajbiM  KOI(PQOUIMEHTOM TEMIIEPaTypHOTO YIJIUHEHUS, YCTOWYMBOCTHIO K
CTapEHUIO U BO3JICHCTBUIO OKPYKAIOIIEH CPEbl.

[lenpto uccnenoBaHus SIBJISIETCS aHAIU3 IMOTEPh MOIIHOCTH HAa KOPOHY
IpU TNPUMEHEHUM NPOBOAOB BJI HOBBIX HMHHOBAIMOHHBIX KOHCTPYKLIHM.
IIpoBoa HOBBIX KOHCTpYKUM 11 BJI moka He Halum mupoKoro NpuMeHEHUs
M3-32 UX BBICOKOM CTOMMOCTH, HO B OTHENbHBIX CIy4asX WX HCIOJIb30BAHUE
SKOHOMMYECKHU ONPaBJIaHHO.

[Ipumenenre MPOBOIOB HOBBIX KOHCTPYKIIMMA C M3MEHEHHBIMU (hopMamMu
MOBEPXHOCTH  MPOBOJIAa  TO3BOJUT  TMOBBICUTH  AHEProdp(HEKTUBHOCTD,
HAJSKHOCTh  anekTponepenayn [3,4]. Uem Oonee rmamkas MOBEPXHOCTH
MPOBOJHUKA, TEM  MEHBIIMA  paguyc  OOECIeunBaeT  HMCUE3HOBECHHE
KOPOHUPOBAHUS. [Ipennaraercs HCIIOJIb30BaTh WHHOBAI[MOHHBIE
BBICOKOX((hEKTHBHBIE MPOBOJIA C YIYUIIEHHOW TIaJIKOCThIO mpoBoaa m. Jlis
npoBojioB ACCC: 0,9 — 11 IpoBOJIOB C BHEIIHUM NOBHUBOM M3 9-10 mpoBoJIOK
u nquameTpoM 15-19 mm; 0,95 — 1 mpoBOJIOB ¢ BHEIIHUM ITOBHBOM n3 10-12
MPOBOJIOK U auameTrpoMm 20-26 mMm; 0,98 — i MPOBOJOB C BHEIIHUM ITOBHBOM
u3 13 u OonbIlie MPOBOJIOK U quaMeTpoM cBbIlie 26mMM. Jlst mpoBomoB AAAC-
Z: 0,9 — nyist mpOBOZIOB C BHEITHUM MOBHUBOM 13 §8-10 MPOBOJIOK U THAMETPOM
15-19mm; 0,95 — st mpoBOJOB ¢ BHEIIHMM MOBMBOM U3 10-12 mpoBoJioK U
nuametpoM 20-22mm; 0,98 — nig mpoBOJOB C BHEIIHUMM MOBUBOM U3 13 u
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OoJbIIe MPOBOJIOK M JUaMeTpoM cBbiie 23MM. B kauecTtBe TecTUpyeMbIX

Mojiesielt OBLITH pacCMOTPEHBI BO3AYIIHbBIC JTUHUN Hamnpspbkenuem 110, 220, 330,
500 B, BbIMOMHEHHBIE MPOBOJAAMH MapOK HOBOro mnokojeHusi: AAAC-Z —
INIaJKUM  KOMIIAKTHBIA TMPOBOJA C MPOBOJOKAMU  Z-00pa3HOTO MpOQuiIs
BHEIIHUX IPOBOJIOK; ACCC — r1magkvii KOMIAKTHBIA TPOBOJA C
TpanenueugaIbHbIMUA ~ KWiIaMH. Pe3ynbTarel HCCIENOBAaHUA U PacueToB
OoTOOpake€HbI Ha TUCTOTpaMMax (CM. pUCYHOK):

BT = 3
P
P —
W ACCC-Z m=0,5
W ACCC M=, 95
ACCC-Z M=, 98
110 220 330 500

Us, kB

AP kAT PR
I I T

]
(1]

|
[ )

I'ncrorpamma ymMeHbIIEHHs TOTEPh HAa KOPOHY MpoBo10B Mapok AAAC u AAAC-Z o
OTHOIIEHHUIO K NPOBOY € KpyriibIMu ceueHussMu Mapku AC nis Hanpsbkenuit 110 kB, 220
kB, 330 kB, 500 kB.
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AJITOPUTM OJABOPA BAPUAHTOB CHUKEHMS IVIATEXKEH 3A
3JEKTPOHEPI'UIO JJIA IPEANPUSTUNI

M. U. Jlammasosa®, M. 111. FapH(bynHHHz
L2ore0y BO «KI'DY», r. Kazanb, Poccus
'marina_lashmanovaa@mail.ru, °g_marsels@mail.ru

B Tesuce ocBemiaercs mpoOieMaThka BBICOKMX II€H Ha DSJIEKTPOSHEPTHIO s
KOMMEpPUYECKUX M MPOMBIIUICHHBIX Mpeanpusatuii B Poccun. PaccmaTpuBaroTcsi OCHOBHBIE
OPUYMHBL POCTa II€H Ha JJEKTPOIHEPrHI0, CTPYKTypa (QOPMHUpPOBAHUS II€H Ha PBIHKE
aMekTpodHeprun. B paboTe mnpeacTaBieH alropuTM, KOTOPBIM IOMOTaeT OMNpeesIuTh
CYILIECTBYIOIIME BapUaHThl CHU)KCHMS IUIATEXKEH 3a JIIEKTPOIHEPTHI0 AJs MPEANpUsATHH,
OCHOBBIBASICh Ha UX MHJIMBUIyalIbHBIX XapaKTEPUCTUKAX PAOOTHI.

KitoueBble cJIoBa: PBIHOK JJIEKTPOOHEPTMH W MOIIHOCTH, IEPEKPECTHOE

CY6CI/II[I/Ip0BaHI/IC, POCT LICH HA 3JICKTPOSHCPIUI0, HCPBIHOYHBIC Ha,[[6aBKI/I.

ALGORITHM FOR SELECTING OPTIONS TO REDUCE PAYMENTS
FOR ELECTRICITY FOR BUSINESSES

M. I. Lashmanova®, M. Sh. Garifullin®
L2KSPEU, Kazan, Russia
'marina_lashmanovaa@mail.ru, °g_marsels@mail.ru

The thesis highlights the problem of high electricity prices for commercial and
industrial enterprises in Russia. The main reasons for the growth of electricity prices and the
structure of price formation in the electricity market are considered. Algorithm which helps to
determine the existing options for reducing electricity payments for enterprises, based on their
individual characteristics of work is presented in the paper.

Keywords: electricity and capacity market, cross-subsidization, growth of electricity
prices, non-market mark-ups.

B Poccum Ha phIHKE OJJIEKTPOIHEPTUH W MOIIHOCTA HaOMIOAaeTCs
TEHACHIUA poOCTa II€EH Ha DJIEKTPODHEPIUI0 I KOMMEPUYECKHUX U
MPOMBIIUIEHHBIX MPEANPUATAN. BBICOKHE IIEHBI CEPHE3HO OrPAHUYUBAIOT
pa3BUTHE OW3HECA, MPEMSITCTBYIOT POCTY MPOMBINIJIEHHOTO MPOU3BOJCTBA H
OKa3bIBaIOT HETATUBHOE BIMSAHUE HA YKOHOMUKY CTPaHbI B 11eJioM [ 1].

[lena Ha ONTOBOM PBIHKE 3JIeKTpo3Hepruu u moiHoctu (OPOM) coctout
M3 JIBYX 4YacTell — IUIaTE€X 3a MOUIHOCThH (MiaTa 3a TOTOBHOCTh CTaHIUU K
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paboTe) M CTOMMOCTH JJIEKTPOIHEPIHH (peasibHO BBIPAOOTAHHBIX KHJIOBATT-
yacoB). Kpome TOro, mnorpeOuTeNM OIUIAYMBAIOT YCIYyTU MO Mepenaye
ANEKTPOIHEPTUH (ceTeBOM Tapu(), cOBITOBYIO Haj0aBKy U UHGPACTPYKTYpPHBIC
mwiatexxu  [2].  TexHuueckue mnapaMeTpbl MOJKIIOUEHHUS  TOTPEOUTEINs
ANEKTPOIHEPTUM M XapakTep MOTpeOJeHUsT  BIUAIOT HA  3HAYCHMUS
MEPEUUCIECHHBIX KOMIIOHEHTOB I[E€HBI.

OCHOBHOIl ~TPUYMHOM BBICOKMX II€H Ha DJIEKTPOIHEPTHUIO IS
npeanpusatuii B Poccun, B mepBylo ouepedb, SBIAETCS IEPEKPECTHOE
cyOocuaupoBanue (caepxuBaHue pocta TapudoB s HacenmeHus) [3, 4].
Crnenyromieil MpUYMHOM, KOTOpasi BIUSIET Ha (HOPMUPOBAHHE KOHEUHOM IICHBI,
SBJIIETCS OTUIATa IPOMBIIIUICHHBIMU MPEIPUATUSIMUA U OU3HECOM HEPHIHOYHBIX
HaJ0aBOK, K KOTOPBIM OTHOCAT: Hag0aBKH K II€HE 3a MOIIHOCTb HOBBIX
TEIJIOBBIX AHEProodsokoB, ADC, BUJ, cranmuit B Kpeimy u Kanununrpasne mo
MEXaHU3My J0roBopoB moctaBku MorHoctu ([AIIM), a Takke HagbaBKU Ha
camkenue Tapudon Ha [lansHem BocToke [2].

BrlmenepeurcieHHble UCTOYHHUKM POCTa I€H Ha AJIEKTPOIHEPTHIO
HEBO3MOYKHO JIMKBUUPOBATh, TAK KaK OHM SIBJISIOTCS HEOTHEMIJIEMOW YaCThIO
CTPYKTYpPBl 3JIEKTPOIHEPIeTUKU, BHEIpEHHBbIE pedopmamu panee. CHUKEHUE
MEPEKPECTHOTO CYOCHUAMPOBAHMSI M OTKa3 OT HEPHIHOYHBIX HaJA0aBOK Tpedyer
nepecMoTpa BCeH CHUCTEMHOM pedopMbl ONTOBOTO PHIHKA, YTO SIBIISAETCS
3aTPyAHUTEIIBHBIM JUIsl PETYJIUPYIONTUX OPTaHOB B 00JIACTH DJIEKTPOIHEPTETUKH
Ha JaHHBIM MOMEHT.

[ToMuMO paccMOTpPEHHBIX TMPUYUH BBICOKUX Tapu(oB, HEOOXOIAUMO
OTMETHUTh, YTO TMOTPEOUTENTh HE BCETJa HCIOJIb3YEeT ONTUMAIBHYIO CHCTEMY
MOAKITIOYEHUSI M OIUIaThl AJIEKTpodHepruu. Jljis pemieHus 5TOoN  3a7auu
pa3paboOTaH  alrOpUTM,  KOTOPbIK  Ja€T  BO3MOXHOCTH  OIPEIEIHUTH
CYIIIECTBYIOIIME BapHaHTBhl CHIDKCHMSI ITUIATEXKEW 3a DJIEKTPOIHEPTHUIO s
MPEANPUATANA, YIUTHIBAaSI UX TEXHUYCCKUE XAPAKTEPUCTUKHU, PEKUM U yCIOBUS
paboThI, MPAaBOBBIE OCOOEHHOCTH PHIHKA AJICKTPOIHEPTUH U MOIITHOCTH.

AnTOopuTM mTpencTaBieH B BuAe OJoK-cxembl (puc.l, 2), Omaromaps
KOTOPOW PpAaCIO3HAIOTCS ONTHUMAJIbHBIE CHOCOOBI CHWKEHUs Tuiatexein. C
MOMOIIBIO AJITOPUTMA €CTh BO3MOXHOCTH MOA00paTh ISl KaKI0ro OOBEeKTa
MPEANPUATAS CHOCOOBI, OCHOBBIBASCH HA CIEAYIONUX HWCXOIHBIX JIaHHBIX
O0OBbEKTa: MaKCHMaJibHasi MOIIHOCTh OOBEKTa; CTaTyc TeKylleld COBITOBOM
opraHu3anuu; Tapu(HBIM YpPOBEHb HAMNPSIKCHUS HA TpPAHHUIE C CETEBOU
OpraHu3alliei; CTaTyC OpPTaHMU3aIluU, K CETSIM KOTOPOM MPUCOCAHMHEH OOBEKT;
pexxuM paboThl 00BEKTa (IHEBHOM, KPYIJIOCYTOUHBIN); TEKyIias ILieHa (eciu
IpOAaKy MPOU3BOJUT HE3aBUCHUMAsi SHEProcObITOBAas KOMITAHUS) UM LEHOBAs
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Kateropusi 00beKTa (€Ciau MPoAaxKy MPOU3BOJUT rapaHTUPYIOIIUNA MOCTABIIHUK),
HaJIM4YKE raza Ha TEPPUTOPUH OOBEKTA.

CoanagaaT TH ¢ au
T {ETREANGH B MNITeNET,

Cnpasscum. auryn raymy|
(=570 ¥z, 7090000 KB
A naqaA 2 sed

oL,
|onnasemum. gy rpyy| =)
)

oo
(BTG REL ETO- 10000
A NGOATH 13 sl

Puc. 1 Anr OpUTM n01160pa BApHUAHTOB CHUKCHUA IUIaTeXxen 3a OJICKTPOOHCPIUIO JJIL

MpEANPUATHI
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Puc. 2. AJIFOpI/ITM r[oz[60pa BAapHUaHTOB CHUKCHUA ILUIaTeXKEHN 3a QJICKTPOIHCPIUIO AT

NpeanpusATHI (TIPOIOJIKEHNUE)

Hcnonb3yeMble cokpalieHus B OJ10K-CXeMe:
CO — cereBas opranuzanus

OCK — sHeprocObITOBasE OpraHU3aIHs]

I'Il — rapanTUpyrOMUI TOCTaBLINK

K — nenoBas kareropus

NBC — uHoii Bagenen cetu

YH — ypoBeHb HalpsiKeHus

ITY — npubop yuéra

P— makcumanbHast MOIIHOCTH 00bekTa (KBT)

CH2 — cpennuii ypoBeHnb Hanpspkenus (6-10 kB)
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Taxum o0pa3zom, B Xo7ie pabOThI C AITOPUTMOM MOTYT OBITH MPEATOKEHBI
IIPEIBApUTEIbHBIE  BO3MOXKHBIE  BApUAHTBl  CHIJKCHMs  IUTIATEXEH  3a
DJIEKTPOIHEPTHIO: IEPEXOJ] Ha HamOOJee BBITOJHYIO LEHOBYIO KaTeropulo,
cMeHa Tapu(HOM TPYMIBI IO MAKCUMATbHONW MOIIIHOCTH, BO3BPAT MEpEIUIaThl (B
XOZI€ YCTAHOBJEHHUS OIIMOOYHOTO TapU(PHOrO YPOBHS HANPSIKEHUS WIH
BEJIMYMHBI HAYMCISEMBIX MOTEPh B CETSAX) M YCTAHOBJIEHUE BEPHOI'O YPOBHS,
CMEHa ypOBHS HANpsOHKEHUs TpPH  TEpPeHOce TpaHMIbl  OaTaHCOBOM
IIPUHAIEKHOCTH € ceTsAMH, nepexon Ha OPOM, CTpOUTENbCTBO PO3HUYHOU
re”Hepanuu. Ilocie mogdopa CyniecTByOMUX BApUAHTOB, C IOMOIIBIO PaCUETOB
onpezensieTcss HauOoJee BBITOJHBIM BapHaHT JIMOO KOMIUIEKC MEpPONPHUSTHIA,

CCJIN ITOABJICTCA BO3MOXKHOCTD ITPUMCHCHU A HCCKOJIBKUX CIToco00B.
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METO/bI 3AIIIUTHI  OBOPYJIOBAHUE BA3OBBIX COTOBBIX
CTAHIIUHA U PAJIMO OBBEKTOB OT I'PO30BBIX
NEPEHAIIPSI)KEHUI

n.C. MaﬁopOB1 b.A. 3aKI/Ip0B2
Hayu. pyk. JI.P. I'aitnyninna
OI'bOY BO «KI'DVY», Pecn. Tarapcran, r. Kazans, Poccus
lilya_mayorov_03@mail.ru, okhri20051@yandex.ru

B cpeannx mmpotax Poccun rposoBasi aktuBHOCTH paBHa 40-60 - rpo3 B roa, a 3To
3HAYUT, YTO KAKIYIO CEKYHAY BO BPEMs IPO3bI IPOUCXOIUT TpH MoiHMH. [1o cocTosiHuio Ha 1
ssaBaps 2020-ro KOJUYeCTBO 0a30BBIX M PATUOCTAHIIMKN CcoCTaBisuIo npakTudecku 800 ThIC.,
YUUTHIBAS 9TOT (aKT, BEPOSTHOCTH ONANAHUS B HUX MOJIHHH J0CTaTouHO Bemuka [1, 2].

3amuTta 0a30BBIX COTOBBIX CTaHIMA H  paguo OOBEKTOB OT TPO30OBBIX
MEepeHAIPSHKeHUI, a Tak)Ke 3alluTa MepcoHalla sBISETCS aKTyallbHOHM 3amadell obecriedeHus
HAJIEKHOCTU U 0€30MacHOCTH (PYHKIMOHUPOBAHUS CeTel CBSA3H U 000pyI0BaHUS.

B pabote paccmarpuBaercs, KaKk MOXHO 3alllUTUTh 0a30BbI€ COTOBBIE CTaHIMU U
paano oOBEKTHl OT TPO30BBIX MepeHanpsoKkeHuil. Kakue BUABI 3alIUTHI CYIIECTBYIOT U KaKUe
U3 HUX Hanbosee 3(pPeKTUBHBIE.

KuroueBble  c1oBa:  CTaHIMS, COTOBBbIE  CTAaHLUMM,  METOJbI,  3alIUTa,

panuornepenaroIye.

PROTECTION AND EQUIPMENT OF BASE CELLULAR STATIONS
AND RADIO FACILITIES FROM LIGHTNING OVERVOLTAGES

.S. Mayorov?, B.I. Zakirov?
12K SPEU, Kazan, Russia
Yilya_mayorov_03@mail.ru, okhri20051@yandex.ru

In the middle latitudes of Russia, thunderstorm activity is equal to 40-60
thunderstorms per year, which means that three lightning strikes every second during a
thunderstorm. As of January 1, 2020, the number of base and radio stations was almost 800
thousand, given this fact, the probability of lightning hitting them is quite high [1, 2].

The protection of base cellular stations and radio facilities from lightning
overvoltage’s, as well as the protection of personnel, is an urgent task to ensure the reliability
and safety of the functioning of communication networks and equipment.
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In work, will consider how it is possible to protect basic cellular stations and radio
facilities from lightning overvoltage’s. What types of protection exist and which of them are
the most effective.

Keywords: station, cellular stations, methods, protection, radio transmitters

1. ba3zoBble COTOBBIE CTAHIINU

bazoBbie coroBbie craniuu (BC) MOryT OBITH 3alIMIIEHBI OT IPO30BBIX
NepeHanpsLKeHU  pa3iMyHbIMM -~ MeToJaMu M oOopyaoBaHueMm.  Hinke
MPUBEIACHBI HEKOTOPbIE OCHOBHBIE METO/IbI 3a1IUTHI BC OT ITpo30BBIX pa3psaoB:

1) YcranoBka MoHHME3anUThl: MOJHHE3aIUTa MO3BOJIsIET 3aUTUTh bC
OT BBICOKOBOJIbTHBIX HMMITYJIbCOB, KOTOpPbIE BO3HUKAIOT TP  TI'pO3ax.
MosnHuezammra  BKJIIOYaeT B ce0s  3a3eMiIAIoIIMe  [poBoJa |
MOJIHUCTIPUEMHHUKH, KOTOpbIE TMPUBOJSAT BBHICOKOBOJIbTHBIE HWMITYJIbChl Ha
3eMIII0, 3alllMIIas TEM CaMbIM 000pyOBaHUE.

2) MHcnonwp3oBaHue 3alIUTHBIX pPa3beMOB W (PWIBTPOB: 3alllUTHHIE
pazbeMbl U PUIBTPHI TOMOTAIOT 3alUTUTE 000pynoBaHue bC OT MOBBIIIEHHOTO
HaIpsHKEHUS,, KOTOPO€ MOXET BO3HUKHYTh IPU Tpo3ax. OTH YCTPOHCTBA
MpeI0TBpaIIalOT TPOHUKHOBEHUE TPO30BBIX UMITYJILCOB B 000pYAOBaHUE.

3) PerynspHoe TexHHMueckoe oOchykuBaHHE: PeryisipHoe TexHUYEcKoe
0OCTy>KMBaHHUE TTO3BOJISIET BBISBIATh U YCTPAHITH MPOOJIEMBI C 000PYyI0BaHUEM
BC, xoTOpBIe MOTYT MPUBECTHU K MOBPEKACHUIO OT TPO30BBIX NIEPEHANPSKEHUN.

4)  Hcnonp3oBaHHWE  TMOJBECHBIX  MOJHUEOTBOMOB:  I[loaBecHbie
MOJIHU€OTBOJIbI MOTYT HCIIOJIb30BaThCA [JISl 3alllUThl BBICOKUX AHTEHH OT
OpSAMBIX yIapOB MOJHUU. ODTH YCTPOWCTBAa YCTAaHABIMBAIOTCS HA BBICOTE,
OJIM3KOM K BEPIIMHE AaHTCHH.

5) Ucnonb3oBanne CUCTEM aBTOMATHYECKOTO TepekiitoueHus: CUCTEMBI
aBTOMATHUYECKOTO TMEPEKIIFOUCHUsI TO3BOJISIOT aBTOMATHYECKH OTKIIOYATh
obopynoBanue bC OT aekTpuUecKoil ceTh MpU OOHAPYKEHUH IOBBIIIICHHOTO
HAMPSHKEHUS WA JIPYTUX MPOOJIEM, CBI3aHHBIX C TPO30BBIMH Pa3psIIaMH.

2. Papuonepenaroniyie ycTporcTa

3amura paauonepearIX yCTPONUCTB OT TPO30BBIX IMEpEHAIPSKECHUN
OueHb BaKHA /I oOecreueHrs uX 0e30MacHOi paboThl M MPEAOTBPAICHUS
MOBPEXKJICHUN, BBI3BAHHBIX paspsaaMud MOJHUN. BOT HECKOIbKO CmocoOoB
3aIUTHI PAIUOTIEPEIAIONINX YCTPOMCTB OT TPO30BBIX MEePEHATPSIHKCHUI:

Momnuuesammra. Kak Mbl yrnmoMuHamu paHee, MOJIHME3aluTa — 3TO
CHUCTEMa, KOTOpas 3allUIIaeT OT MepeHANpPsDKCHHM, BO3HHKAIOIIUX BO BpeMs
rpo3bl. YCTaHOBKAa MOJIHHE3ANTUThI HA PAJHOIEPENAIOIIee YCTPOUCTBO MOXKET
3HAYNTEITLHO YMEHBIIUTh PUCK MTOBPEXKICHUS 000Dy T0BAHMUS.

91



Pa3zmemienne yctpolicTB Ha Oe3omacHoM BbicoTe. Panuomnepenaroiee
o0opy/ioBaHUE JOJKHO OBITh pa3MeElIeHO Ha 0e30MacHOM BBICOTE, KOTOpas
MHUHUMM3HUPYET PUCK MOMAAaHUsI MOJIHUU. IJTO MOKET BKJIKOYATh YCTAaHOBKY
o00Opy/IoBaHUsI HA BBICOKUX OAalllHSIX WM MayTaxX, KOTOPbhIE COOTBETCTBYIOT
HOpMaM U TpeOOBaHUAM O€30TaCHOCTH.

PerynspHoe TexHuueckoe oOciyxuBaHue. PerynspHoe TexHHUUYECKOe
oOCIy’)KMBaHME U TMpoBepka OOOpYJIOBaHUS MOTYT TOMOYb BBISIBUTh U
YCTpPaHUTh TOTEHIHUAJIbHBIE MPOOJIEMbI, KOTOPbIE MOTYT BO3HUKHYTh H3-3a
I'PO30BBIX MTEPECHANPSKEHUMN.

Hcnonb3oBanue BJICKTPOCTATUYECKUX Pa3pAIHUKOB.
DIEKTPOCTAaTHUECKUE PA3PSATHUKH MOTYT OBITh MCIIOJIB30BAHBI ISl 3aIUTHI OT
pa3psiIoB  MOJHHUM,  KOTOpPblE  MOTYT  BO3HMKHYTh Ha  aHTEHHax
pagronepeaaroIero yCTpOMCTBA.

Jng  3ammThl  paguolNepeNarolnX — YCTPOMCTB ~ OT  T'PO30BBIX
MepEeHANPSDKEHUM BaKHO MCIIOJBb30BaTh MPaBUIIbHOE 3a3emieHue. CylecTByeT
HECKOJIPKO BHOB 3a3€MJICHHS, KOTOPhIE MOTYT OBITh MCIOJIb30BaHbBI JJI ATOM
Henau: 3a3emiieHHe QyHIaMEHTa, IIyOOKOe 3a3eMIICHHE, 3a3eMJICHHE Yepes
METAJUIMYECKUE KOHCTPYKIIMHU, PAIUATIBHOE 3a3EMJICHUE.

Baxxno yOeauThcs, 4YTO 3a3eMIISIIONIEE YCTPOWCTBO COOTBETCTBYET
TpeOOBaHUSIM U HOpMaM OC30MAaCHOCTH H TPABHJIBLHO TOJKIOUYCHO K
I'PO303alTUTHBIM YCTPOUCTBAM U pauoNepeaaroneMy 000pya0BaHUIO.

OTKpBITOE PACIIONIOKEHHE MOOMIIBHBIX PAIUOMAUT JeIaeT UX ySI3BUMBIMU
JUIS IPSIMBIX  YJIapOB MOJIHMH. Y Japbhl MOJIHHHM IOOJIM30CTH MOTYT BBI3bIBATH
CKa4YKM HAIPSDKEHUS U Mapaan30BaTh CUCTEMBI.

Eme oawH BaXHBIM acleKT — 3alMTa TMEpPCOHaNa, PabOTaroMIEero C
CHUCTEMOM, BO BPEMS I'PO3HL.

ITonBenem uTor BceMmy BhIlIecKazaHHOMY. B paboTe paccMOTpEHBI BUIBI
3aIATBI  0A30BBIX COTOBBIX CTAHIMH W Paao0 OOBEKTOB OT TIPO30BBIX
nepeHanpsbkeHui. BaXXHO  OTMETMTh, 4YTO — 3alqUTa OT  T'PO30BBIX
NEepPeHANPSDKCHU  SIBIISIETCS  CJIOKHBIM ~— TIPOILIECCOM,  KOTOPBIA  Tpedyer
CIIeIIMaJIbHBIX 3HAHUM U OTIBITA.

Henw3st BBIIETUTH, UTO KaKOW-TO crioco0 3 (eKTHUBHEE BCEX OCTAIBHBIX,
BEJIb KaXK/IbIi U3 BUJOB 3a3€MJICHUS UCTIOJIB3YIOTCS B Pa3HBIX YCIOBUSIX, HIIH K€
OHHM MEXJy cO00¥ BCe B3aMMOCBs3aHbI. [Ipu OTKIIIOUEHNUH OT CHUCTEMBI OJTHOTO
W3 BHUJOB IOBBIIIAETCS BO3HUKHOBEHHE aBapuilHON cutTyaruu. OpHako aJis
3alIUTHl PAAUOIIEPENAOIINX YCTPOUCTB OT IPO30BBIX MEPEHANPSKEHUN CaMbIM
3¢ (EeKTUBHBIM SABIISIETCS 3a3eMJICHHE (PYHIAMEHTa, TaK KaK OH MPEJOCTaBIsSET
HU3KUW UMITIEJIAaHC 3a3€MJICHHSI i TPEOYeT MEHBIIINUX 3aTpaT Ha YCTAaHOBKY, YeM
JIPYTUE BUJIbI 3a3€MJICHUSL.

92



HUcrounuku
1. XKypunan AdIndex, crarbs «PamuoBenianue B Poccuu: coctosiHue u
HEPCIIEKTHBBDY [ DNEeKTpOoHHBIN pecypc]. Pexxum gocryma: - https://goo.su/LaVin
(mara obpamienus: 05.03.23).
2. Crarbst «OmpeneneHne SKOHOMHUYECKOH I1e1ecO00pa3sHOCTH MOHTa)Xa
MOJTHHUE3AITUTHl 0a30BOI CTaHIIMM COTOBOHM CBs3M» [DIIEKTPOHHEIN pecypc].
Pexxum nocryna: https://goo.su/ulVLSH (nata o6pamenus: 05.03.23).

YK 621.314.21

INEPCIHHEKTUBBI IPUMEHEHUSA COBPEMEHHBIX PASPABOTOK B
SHEPTETUYECKOM OTPACJIN

J.B. Maanl, O.E. KypaKHHa2
L2orp0y BO «KI'9VY», r. Kazanb
Y2machan-dasha@mail.ru

B cratbe MpeACTaBJICHO CPaBHCHUEC BBICOKOBOJBTHOI'O O60py,Z[OBaHI/I$I — MAacCJIsIHBIX U
9JICTA30BBIX CHUIIOBBIX TpaHC(I)OpMaTOpOB " 3JICTAa30BbIX U BAKYYMHBIX BBIKJIFOYATENIE — C
JanbHEUIIen HepCHeKTHBOﬁ HX COBCPIICHCTBOBAHUA U TPUMCHCHUS.

KiroueBble ci10Ba: CHIIOBEIC TpaHC(i)OpMaTOpLI, BBICOKOBOJIBTHBIC BBIK/IHOYATCIIN,

9JICra3, BaKyyM, Macjio.

PROSPECTS FOR THE APPLICATION OF MODERN
DEVELOPMENTS IN THE ENERGY INDUSTRY

D.V. Machan®, O.E. Kurakina?
12K SPEU, Kazan, Russia
l'zmachan-dasha@maiI.ru

The article presents a comparison of high-voltage equipment - oil and gas-insulated
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Bce Oomee  akTyasibHOW ~ CTaHOBHUTCS  mpobiieMa  OOHOBJICHUS
00OpyIOBaHUSI PHEPTETHUYSCKON CHCTEMBI, T.K. HaXOJMSIIUECS B IKCIUTyaTaI[HH
amnmapaTtl W YCTAaHOBKHM HE COOTBETCTBYIOT OOHOBJICHHBIM ITOBBIIICHHBIM
TpeboBanmsIM Oe3zomacHOCTH W 3¢ dekTuBHOCTH. [losTOMYy B Hare Bpemsi Bce
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qarie HaXxoIsAT NPUMEHEHHE WHHOBAIMOHHBIM pa3paboTKaM, MPEeBOCXOSIINM
3aMEIIEHHYIO TeXHUKY M0 BXKHBIM JIJIsI SHEPTETUUYECKONM CUCTEMBI TTapaMeTpam
[2].

Ha coBpemenHomM »dTame pa3BUTHS HayKa JaeT BO3MOXKHOCTH
COBEPIIICHCTBOBATh PHEPreTUUCCKHUE YCTAHOBKU U BBOJMTH MX B AKCILTyaTaIHIO
Ha JJTMTENIbHBIC CPOKH. Tak B CBSI3M C MCUEPIIABIIMMCS PECYPCOM MOJI 3aMEHY
MomnajaeT Bce OOJIbIlIee KOJIMYECTBO MACISHBIX CHUJIOBBIX TpaHC(POpMATOPOB Ha
AJIETa30BbIE U BAKYYMHBIX BBICOKOBOJIBTHBIX BBIKJIFOUATEJICH Ha AJIeTa30BhIC.

Omeraz — mecturopucras cepa — HMEET BBICOKOE MPOOHMBHOE
HaIpsHKEHUE, YTO 00ECIIEYMBACT BHICOKYIO DJIEKTPUUYECKYIO IPOYHOCTh JAHHOTO
raza. OTHU KadyecTBa SIBISIOTCS OCHOBHBIMHM JIOCTOMHCTBAMHU HAMOJIHUTES,
MIPUMEHSEMOTO B BHICOKOBOJIBTHOM 000py10BaHuu [3].

K He MeHee BaHBIM CBOICTBaM ra3a MOKHO OTHECTH HeroprodyecTb. [Ipu
MPUMEHEHUU MAacCIsHBIX TpaHchopmaTopoB MpodieMa MokKapoOE30NaCHOCTH
pemanach MyTeM YCTaHOBKHM IMPOTHUBOIOXKAPHOTO OOOPYAOBAHHMS U CTOYHBIX
KaHaB JIsi cOopa macna. [Ipu mcnosb30BaHUM 3i€ra3oBoro TpaHchopMaropa
JAHHBIMHU MEPAMH MPEJOCTOPOKHOCTH MOXKHO MPEHEOPEYb.

Macino MeHee CKHUMAaeMoO, IO3TOMY IIPU BO3HHUKHOBEHHHM JYyTH €ro
pacIIMpeHre MOKET MOBJIeYb 3a COOOW HapyIIeHHE TePMETHUYHOCTH KOpITyca
TpaHchopmaropa, 4YTo MPUBEAET K JalibHEeIeMy B3pbIBY. [lpu cxatum snerasza
BO3HUKAET MEHBIIIEE IABIICHUE, HE CO3JaBasi YTPO3bl TEPMETUYHOCTH.

B03MOXHOCTh yTHIM3AIMK TEIUIa MyTEM YCTAaHOBKHU TETIOOOMEHHHKOB
JUTIsl 000TpeBa MOMEIIECHUSI PUCYTCTBYET TOJIBKO Y 3JIETa30BbIX YCTAHOBOK, UTO
JTA€T BO3MOKHOCTh TIOCTPOMKH TIOJICTAHIIMMA TI0JI 3€MJIEHM, a Ha3eMHOHU
TEPPUTOPHUH MOXKHO HANTH O0Jiee palmoHaIbHOE TPUMEHEHHE.

KoHcTpykiun ¢ mnpuMeHeHueM »3Jieraza UMEIT 0oJjiee KOMIAKTHbIE
pa3Mephl, TMOCKOJIbKY HET HEOOXOIMMOCTH B PACIIUPUTEIBHBIX Oakax H
yCTpOHCTB cOpoca u30bITOYHOrO AamieHus. [loMmuMo 3TOro, Ta3, OYEBHIIHO,
JIerdye mMacjia — Macca TEXHUKH YMEHbBIIIAETCsl B HECKOJIBKO Pas3.

YTunuzanus — Ta303amoJIHEHHBIX  TpaHcpopMaTtopoB  olseryaercs,
MOCKOJIBKY OCOOYI0 TPYIHOCTH CO3JAa€T WCIIOJIH30BAHHOE MACi0, KOTOPOE
HEBO3MOKHO KCIIOJIB30BaTh MIOBTOPHO [4-5].

I'excadropua cepbl UMEET MOBBIIEHHYIO IITYMOU3OJISIIIUIO, YTO MPUBEET
K CHI)KCHHIO IOyMa OT MarHUTOCTPUKIMM — Ooinee Tuxoil pabore
TpaHchopmartopa.

Cpenu BBICOKOBOJIBTHBIX BBIKJIFOUATENICH MPeo0Iiafaroiiee KOJIMIeCTBO
anerazoBbie. OHUM MMEIOT MEHBIINN 00BEM M MAacCy IyrOracUTENIbHBIX Kamep,
OJIHAKO, B CBSA3M C BPEJAOHOCHOCTBIO [ YEJOBEKa IpPU €ro HarpeBaHUH,
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YCTAHOBKH OOOPYIYIOT Pa3IUYHBIMU YCTPONCTBAMH MPEIOCTOPONKHOCTH H
KOHTPOJIs1 0€30MaCHOCTH, YTO YBEIIMUYMBAET 3aTPATHI.

Bakyym ©Oonee Oe3omaceH B OKCIUTyaTalldd, HO YyCTyMmaeT B
AIEKTPUYECKOM MPOYHOCTH 3Jierazy. BakyymHbIe BBIKIIOYATEIM UMEIOT 0oJiee
MPOCTYI0 KOHCTPYKIIMIO, 00JIee JIelIeBoe 00CTyKUBAHNE.

K memocTaTkam 3jera3oBbIX YCTaHOBOK MOKHO OTHECTH BO3HHKHOBEHHE
KOMMYTAITMOHHBIX TEPEHANPSDKEHUN TPU OTKIIOUYCHHH MajblX HWHIYKTHBHBIX
TOKOB, YTO BPEJOHOCHO JIJIsl IBUTATENIEH ¢ TIOHMYKEHHOU U30JISIITUEH.

[To mnponaenaHHOMy aHaJIM3y MOXHO CJejaTh BBIBOJ O TOM, 4TO
BBICOKOBOJIbTHBIC YCTAHOBKH C HCIIOJIb30BaHUEM BakyyMa 0o0Jjiee MepCreKTUBHBI
B IUTaHE OE€30MacCHOCTH W MPOCTOTE SKCIUTyaTallud, OHU IMOCIY>XaT OTIMYHOM
OCHOBOM JyIsl OOHOBJICHUSI DHEPreTHUUeCcKoro obopyaoBaHusa. OIHAKO CIEAyeT
OTMETUTh HEOOXOIMMOCTh CHHIKEHHUSI 3aTpaT Ha UX MPOU3BOJICTBO. ECTEeCTBEHHO
pellIeHrEe 3aMEHbl YCTAaHOBOK BO MHOTOM 3aBHUCHUT OT 3aKa34yuKa: MPeArouTeT JIn
OH JICIIEBbIC M HEHAJIC)KHBIC aIlllapaThl WM JK€ PEIIUTCS Ha 00Jiee BBICOKYIO 1O
CTOMMOCTH YCTAHOBKY, HO TMPEBOCXO/IIYI0 IO Ka4eCTBY C JajJbHEHIITUM
aKIICHTOB Ha 0€30MMacHOCTH dHepreTudeckoi cetu. K Tomy e ydeHble caennaiu
MHOJKECTBEHHBIE  pacyeThl 10  CPOKY  OKYIIAaéMOCTH  BaKyyMHOTIO
BBICOKOBOJIETHOTO OOOpYJIOBaHUS € YYETOM CPEAHEro CTaTUCTHYECKOTO
KOJIMYECTBA HEHUCIIPABHOCTEM M aBapuidi W TIPUILUIA K OMNPEICICHHOMY
pe3ysbTaTy, I[IOKa3bIBAIOIIEMY, YTO 3aM€Ha MacCJsSHbIX YCTaHOBOK Ha
BaKyyMHBIC MPUBEICT 3aKa3UMKOB B 00Jice€ SKOHOMHYECKOE IOJIOKEHHUE Uepes
omnpeAeIeHHbIN MpoMeXyTOK BpeMeHH [1]. OTcroaa BUAHO, UTO XapaKTEPUCTUKU
BAaKyyMHBIX BBICOKOBOJIbTHBIX BBIKJIIOUATeNIed oOecreyaT WM JIaIbHCHUIIYIO
MIEPCIICKTUBY TMPUMEHEHHUS, OJIHAKO, JUIS JTOTO HEOOXOAUMO MPHUIIOKHUTH HE
MaJIO YCUJIUM B IPOEKTUPOBAHUY YIIYUILICHUH KOMMYTAIIMOHHBIX aIllapaToB.
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the features and advantages of the object of study under consideration.
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HanéxxHocTh 21EKTpUYECKOW CeTH BO MHOTOM 3aBHUCHUT OT BO3JYIIHBIX
auHANA. Yame BCcero HEMCHPaBHOCTH M aBAapUM BO3HMKAIOT HAa H30JATOPAX.
CocTostHME W30JATOPOB HA JIMHUAX JJEKTpoIlepenad SBISETCS OJHUM U3
KITIOYEBBIX YCIOBHM HaAE&KHOCTH pabOThI ceTu. Jlaxe HeOObIIINE MOBPEKACHUS

96



Ha M30JIATOpaX MOTYT MPHUBECTH K MpoOiemaM B paboTe BO3AYUIHBIX JIMHUN
(BJI) 1 251eKTpO3HEPreTUUECKON CUCTEMBI B IIEJIOM.
BriienmiM OCHOBHBIE IPUYMHBI BBIXO/IA U3 CTPOSI U30JSITOPOB:

o HecBoeBpeMeHHas ynuCTKa, BbIsIBIICHUE J€()EKTHBIX;

o Hapyienve TeXHUKU TPAHCHOPTUPOBKU, MOTPY3KU-PA3TPY3KH U
XpaHEHUS,

o OTcyTCcTBHE TMPOBEAEHHBIX AJIEKTPUUYECKUX HCIBITAHUN TIepen
YCTaHOBKOM Ha JIMHUIO;

o Crapenue maTepualia u3oJsTopa;

o KimmmaTtuyeckuii ypoBEHb M30JISITOPA HE COOTBETCTBYET PEAIbHBIM

YCJIOBUSIM 3KCILTyaTaluu.

BaxxHo oTrmeTruthb, 4TO BBIsIBIIEHHWE JACPEKTOB 70 W TIOCIe BBOJA B
AKCIUTYaTallMl0 H30JISITOpA WIPacT BaXHYK pOJb U IO3BOJISIET COKPATUTH
MepPEePhIBbI OTKJIIOYEHU BO BpEeMsi aBapUHHOTO pekuma padbothl cetu. Cpeau
OTKa30B H30JIATOPOB €CTh TPU KATETOPHUM: 3arpsA3HEHUE, yTeuKa TOKa WIIU
npoOoil. [[ns yBenuueHus pecypca HEOOXOAMMO IMPOBOJIUTH IMEPUOIUYECKHIA
MOHUTOPHUHT COCTOSIHUSI KaXIOT0 H30JSTOpA U MPUHUMATh COOTBETCTBYIOIINE
MEpHbI 1JIsl YCTPAHEHHSI HEKPUTHYECKUX HeucrpaBHocTel [1].

[Ipu yBnaxHEHUU Ha MOBEPXHOCTU U30JSATOpa O0OpaszyeTcsi MpOBOSIIAsS
cpena. HepaBHomepHOe pacrpeneneHue BOAbl W BIAXHOCTb 3arpsi3HEHUN
BBI3BIBAIOT HEOJAHOPOJAHOE pAaCHpelesieHue TpagueHTa HanpsHKEHUs 10
MOBEPXHOCTU. B MecTax ¢ BBICOKUM TpPaUEHTOM HAIMPSHKEHUS BO3HUKAIOT
MOBEPXHOCTHBIE YACTUYHBIC pa3psiabl, UYTO MPUBOTUT K (HOPMHPOBAHUIO
HEIPEPHIBHOTO TPOBOJISAIIETO CIOS B O0JACTSIX BBICOKOTO HAMpPsHKEHUS. ITO
BBI3BIBACT yBeIWUYeHHWE Toka yTedku. OOpa3oBaHHE YACTUYHBIX Pa3psAIoB H
MpPOTeKaHWE TOKa YTEYKH OOYCJIOBJICHO HArpeBOM, MPHUBOMASIIEMY K
00pa30BaHUIO JIOKAIBHBIX CYXUX 00JacTeil C BHICOKOOMHBIM COTPOTUBIICHUEM U
BO3HUKHOBEHHUIO TMPOBOASIIMX YYACTKOB. Pa3psiibl W JOKaJIbHBIA Harpes
CIIOCOOCTBYIOT YCKOPEHHOMY CTapeHHIO Marepuana u3oysropa. [{ukmudHoCcTh
OMMCAHHOTO Mpolecca MOPOKIAET SPO3UI0 MOBEPXHOCTH u3oJATropa. [lpu
YBEJIMYEHUH KOJUYECTBA HEPOBHOCTEH TMOBEPXHOCTH HAKOIJIEHHE B HHUX
3arpsA3HEHUN YBEJIMUMBAETCS, U CTAPEHUE U30JISITOPA YCKOPSAETCS.

IIpy HarpeBaHMM NTPOUCXOJUT CTAPEHHE MaTepuaia AUIICKTPUKA
U30JISITOpA, TU SBJICHUS] OOYCIIOBJIECHBI YCKOPEHUEM XWMHUYECKHX IMPOIECCOB.
CHIKEHUE KOHTAKTa B THPJISHJIE M30JATOPOB M B MECTaX €€ MOAKIIOUCHUS K
TOKOHECYIIIUM MOBEPXHOCTSIM TAKK€ MPUBOJUT K UX HArpeBy W OTPUIATEIBHO
CKa3bIBAETCS HA PECYpPCE U30JISITOPA.

PaccMoTpeHHbIE TPUYUHBI JErpajialiii  U30JATOPOB IMOJATBEPKIAIOT
HEOOXOJIMMOCTh OIICHMBATh OCTAaTOYHBIM PECypc M MPOTHO3UPOBATH BPEMsI
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Ciyk0bl M30JsTOpa. ECiIM MecTOHAaxXxoXXIIeHHE CEeTH SKOJOTHYECKH YHUCTOEe, a
TaK)K€ HET PE3KUX CKAUYKOB Harpy3KH, TO MOXHO CHENATh BBIBOJ, YTO H3O0JISITOP
MPOCIYXKHUT MPOAOJDKUTENbHbIA CpoK. (Celyac HHEPreTU4eCKUe KOMITAaHUH
CTpEeMSTCS K MPUMEHEHHMIO HEpa3pyIIaloIIUMX METOJOB KOHTPOJS H30JSIUU U
COCTOSIHUSL M30JATOPOB. B xoae ananuza uccinenoanniit AO POC «BocTounble
AIEKTPOCETU» HU3MEPEHUI TOKOB YTEUKH HOBBIX M OBIBIIMX B JKCIUTyaTallUH
TUPJISH] U30JISITOPOB, COCTOSIIIUX U3 3-X MOJBECHBIX CTEKJISHHBIX M30JIATOPOB
tunia [IC120b. BpisiBIeHO, YTO TOK YTEYKHA 3aBUCUT OT CPOKa CIY>KOBI
U30JISITOPOB. Y M30JISTOPOB C AKCIUTyaTanuen 6onee 10 met Tok yreuku B 1,25
OombIlle, YeM Yy HOBBIX. A €ClM CpaBHMBATh HOBbIE W TPUALATHICTHUE
U30JISITOPBI, TO pa3HUIlA TOKAa YTEUYKH B JBa paza Oombiie. Takke BaxHO
OTMETHUTb, YEM BBIIIE MPHUIOKEHHOE HAMpsKEHUE, TeM OoJiblie OyAeT TOK
YTEUKH M JIEKUT TMPAKTUUYECKH B JMHEHHOW 3aBucuMocTH. Heobxommmo
CHW)KaTh TOKH YTEUKH, 3TO HYXXHO [IJII TOTO, YTOOBl CHU3UTH pa3psiaHbIC
XapaKTEPUCTUKU H30JSATOPOB (CM. puc.). Ecinu ypoBeHb M30JSIIUN TIepecTaéT
COOTBETCTBOBAaTh KJIMMATHYECKUM  YCJIOBHUSIM, TO BO3HHUKA€T BBICOKAA
BEPOSITHOCTh TEPEKPBITUS U3OJSAIUU, a YK€ TMpu padouMx 3HAYCHUSIX
MPWIOKEHHOTO  HAmpsDKEHUST  HEOOXOAMMO  NMPUHHUMATh  MEpPbl  JUIS
BOCCTaHOBJICHHSI HEOOXOIMMOTO YPOBHS U30JISIIUU.

MKA

ok yreukmn

Ipuaoxennoe nanpsxenne, kKB

3aBHCHMOCTH TOKa YTCUYKH OT NPHUIIOKCHHOI'O HAIIPSIPKCHUA IJId PA3HBIX 11O CPOKY

9KCILTyaTalluu U30JIATOPOB
JlanHO€ peleHre MO3BOJIMT CO37aTh HE TOJBKO 0a3y MaHHBIX TEKYIIETO

COCTOAHHA HU30JIATOPOB, HO MW OIPCACINTb PpPa3JIMYHBIC B3dUMOCBA3HU H
3aBUCUMOCTH, TAKKXC AHAJIM3UPOBATH IIOJIYUCHHBIC JAHHBIC. OT10 obecrneunT
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IIOBBINICHHYIO TOYHOCTB OLCHKH COCTOAHUA H30JIITOPOB JIMHUUA
QJICKTpoIICpcaay.
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KioueBbie caoBa: aHau3, JIMarHOCTHKaA, XUMHUYECKHH COCTaB,

Xpomarorpaduyeckuii aHamus.

DIAGNOSTICS OF TRANSFORMER OIL USING DISSOLVED GAS
CHROMATOGRAPHY

A.M. Mingazov*, M.S.Garifullin?
12K SPEU, Kazan, Russia
1.23zat. mingazov.2002@mail.ru

In this paper, the method of transformer oil diagnostics, such as chromatographic
analysis of dissolved gases, is analyzed. The problems of dielectric diagnostics and the
features of this method are determined.

Keywords: analysis, diagnostics, chemical composition, chromatographic analysis.

YtoOmt o0ecreuuTh HaJJIeXKAaIIYI0 paboTOCITOCOOHOCTh
MACJIOHAMOJHEHHBIX alMapaToB HEOOXOIUMO MPOU3BOIUTH KOHTPOJb KauyecTBa
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TpaHchopMaTopHOro Mmacia. B mpaBuiax ycTpoicTBa 3JIEKTPOYCTAHOBOK H
npaBuilaX TEXHUYECKOM HSKCIUTyaTallud JJIEKTPOYCTAHOBOK MOTpeOuTeneit
pPErIaMeHTUPYIOTCS HOPMATHUBBI KauyecTBa, TNEPUOJUYHOCTH U  OOBEMOB
ucneiTannii. B cootBerctBun ¢ ['OCT HeoOXoauMO paccMOTpeTbh OCHOBHbBIC
TpeOOBaHMUsI, IPEABABIIEMbIE K MacIaMm:

L BJIGKTpO(i)I/IBI/IIIeCKI/Ie CBOMCTBA — BBICOKasAa QJICKTpUYICCKaAs
IMPOYHOCTD U JJICKTPUICCKOC COIIPOTUBJICHUC, MAJIBIC TUIJICKTPHUICCKUC ITIOTCPU;
L DOU3UKO-XMMHYECKHUE CBOMCTBA — MHMHHMAaJIbHas BA3KOCTD,

3¢ (HEeKTUBHBIN TEIIOOTBOJ, CTaOUIBLHOCTb, CIOCOOHOCTH PACTBOPSTH BOIY,
HU3Kas IJIOTHOCTh, MHEPTHOCTh K MaTepuaiam amnmnapara [2].

OcHOBBIBasICh Ha 3TH TpeOOBaHUS, BBIJCISIIOTCS J1BAa BUa aHAIM3a Maca:
IOJIHBIA M COKpallE€HHBIM. B pamkax wuccienoBaHus pPAacCMOTPEH IOJIHBIN
aHaJIM3 TPAaHCPOPMATOPHOT'O MACTIa, B YACTHOCTHU, XpoMaTorpaduyecKuil aHaaus3
pactBopéHHBIX Ta3oB (XAPI). Meroguka ciaykuT s OOHapyKEHUS
NOBPEXJEHUH W JehEKTHBIX KOHCTPYKTHBHBIX Y3JIOB, a Takke TBEPIOM
AIEKTPOU3OJISIMY, YYUTHIBAET PACTBOPUMOCTh Ta30B, HMX COJIEpKaHUE B
razoo0pa3zHoil ¢aze W B Macie. AHamu3 pacTBOPEHHBIX Tra30B OCHOBAH Ha
MPUHYUTEILHOM W3BJICUYCHUHM Ta30B, PA3JCICHUM WX [UJIS  OIpeCIICHUS
KOHIIEHTpaIluu Kaxnoro. lLlenpio m3MepeHui SIBISIOTCS DKCIUTYyaTallHOHHBIE
bakTophl, BIUSIONMIME HA KOHIIEHTPAIIMIO PACTBOPEHHBIX B Macje Tra3oB.
dakTopaMy MOXHO Ha3BaTh: W3MEHEHHWE HArpy3ku TpaHc(hopmMaTopoB;
nerictBue 6ombpmux TokoB K3; moHamomHeHHE MaclsTHOTO pe3epByapa JAPYTUM
WIM TaKuM >K€ BHUJOM Maclia; HU3MEHEHHE CKOpOCTH cTapeHuss wmacia. K
CO’KaJICHUIO, ATOT aHaJU3 HE OTPAXKAeT KAYeCTBO M COCTOSIHUE CamMOro maciia
[3].

B xome ananm3a HEOOXOIMMO BBIICTUTH JBE TPYIIbl J1ePEKTOB:
TEPMUYECKOTO XapakTepa (Habmogatorcs ra3el — 3tiiieH CoHy, metan CHy, sTan
C,Hg, CO u CO,); anexrpuueckoro xapakrepa (Bomopoxa H,, anermmen C,H,)
[4].

N3 npannbIX Tpynm AePEeKTOB MOXKHO cjaelarth BbIBOA, 4To XAPT
MO3BOJISIET OOHAPYKUTH MEPETPEBbl TOKOBEAYIIUX COCTUHEHUN U OCIa0JICHHE
KOHTaKTa MEXIy y3JaMu, AeheKThl TBEPAOW H3OJSAIUN U DIICKTPUUECKHE
pa3psiasl B Maciie.

Bri6pan o0wekt, mojexamuit XAPI: aBrotpancdopmarop AT/IILITH-
200000/220/110. Mexny dazamu «A» u «B» TpanchopmaTopa MpoU30ILIO
3aMBIKaHUE OTCJIBHBIX IUIACTUH M3-3a MOMaJaHus] METALNTUIECKON CTPYKKH Ha
BepxHee spmo. OTMeueHo oOuiabHOE BhimeneHue razon: C,H,;, CH,u C,Hq. Ha
ocHoBanun PJ[ 153-34.0-46.302-00 MOXHO CHPOTHO3MPOBATh TEPMHUUECKHIA
nedexT B Auana3oHe BbICOKHX Temmepatyp [1].
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418°G,

Puc.1. JlokaneHbIi HarpeB BepXHel yacTu TpaHchopmaropa

TernoBU3MOHHBIA KOHTPOJh TMOKa3al 00JacTh HAarpeBa BEpPXHEW 4acTu
o0BeKTa. AKyCTHUECKUN METOJ yKa3ajd Ha MarHutonpoBoj daszer «B» (Puc.l).
[Tocne yuCTKU BEPXHETO sipMa W CJIMBA Maclia pPe3yJbTaToB HE HabI0/1aoCh,
CJIEICTBEHHO, CTpY’>KKa OITyCTWJIach HUXE W Tpu Harpyske Oosee 50 MBA
BBIJICIISIIOCH BhIACIeHUE Ta30B (Puc.2).

AR

Puc.2. [IpeBbliieHre KOHLIEHTPALIUY T'a30B HaJl TPAaHUYHBIMH 3HAYEHUSMU OT BPEMEHU
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Ha ocHOBaHUM MOJYyYEHHBIX TAHHBIX MEPCOHAJIOM IMPUHATHI CICAYIOLINE
penieHus: TpaHchopMaTop HYKHO IKCIUTyaTUPOBATh C MOJHOCTHIO BKIFOUEHHOMN
CHUCTEMOM OXJIQXKACHUS; OTPAaHMYEHUE MAaKCUMaIbHOM Harpy3ku 110 70 MBA.

[logBonst WTOTH, MOMKHO CKaszaTh, YTO XpoMaTorpaduyeckuil aHaau3
pacTBOPEHHBIX razoB MIO3BOJISIET ONPENEIATh HEHUCTIPABHOCTHU
ANEKTPOOOOPYI0BaHUS U BOBpEMS MPEANPUHUMATH HEOOXOIUMBIE MEPHI.
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OIEHKA KAYECTBA TPAHC®OPMATOPHOI'O MACJIA
IHOCPEACTBOM ITPOBEPKH ITAPAMETPOB

A.M. Munrasos®, M.I11. FapI/I(i)YJ'IJ'H/IHZ
L2pIBOY BO «KI'DY», . Kasaus
1.23zat.mingazov.2002@mail.ru

B  nmamHoii paboTre paccMOTpeHO J1Ba MeToJa  OMpeeNieHHuss  KauecTBa
TpaHcPOPMATOPHOTO Macia: Hu3MepeHUue aOCOpOIMOHHBIX XapaKTePUCTHK W aHaIu3
Pa3IMYHBIX CIEKTPOB TOKOB MOJISPU3ALIHH.

KiioueBble cjioBa: TpaHchOpMaTOpHOE Maclio, CHEKTPhl TOKOB, MOJSIPU3ALINS,

Ka4yCCTBO, ITIOKA3aTcCIIn.

EVALUATION OF TRANSFORMER OIL QUALITY BY CHECKING
PARAMETERS

A.M. Mingazov*, M.S.Garifullin?
12K SPEU, Kazan, Russia
1’zazat.mingazov.2002@mai|.ru

In this paper, two methods for determining the quality of transformer oil are
considered: measurement of absorption characteristics and analysis of various polarization
current spectra.

Keywords: transformer oil, current spectra, polarization, quality, indicators.

JI51st TOTO, 9YTOOBI COXPaHATh PabOTOCIIOCOOHOCTh YHEPTOCUCTEMBI JTF000H
CTpaHbl HEOOXOIMMO oOecreunBaTh O€3aBapUiHYI0O U OE€30TKa3HYH padoTy
CHJIOBOTO 000PY/TIOBaHUS, B YaCTHOCTH, TPaHC(HOPMATOPOB.

Ecnu oOpaTuThCs K CTaTUCTUYECKHM JaHHBIM, TO OKOJIO TOJIOBUHBI
obopynoBanusi Poccuiickoit ®deneparuu mMeeT OTpabOTKY CBBIIIE CBOETO
MACMOPTHOTO CPOKa JKCIUTyaTallid, a eIié YETBEPTh MOCTENEHHO MOIXOIUT K
KOHIly Ccpoka paboTel. Ho Ha camom pene M0CTaTOYHO TPYIAHO CYIUTH O
pealbHOM  TEXHUYECKOM COCTOSIHMM  JJIGKTPOOOOpYIOBaHUA, T.K. €r0
(bu3MYEeCKuil M OCTATOYHBIN PECYPC HE ONPEICIICHBI.

BaxxHo BBIIETUTH TPOOJIEMY: CYIIECTBYEeT HEOOXOIUMOCTH CO3JaHUS
METOJ/IOB, CIOCOOHBIX OIICHMBATh OCTATOYHBIA PECypC OCHOBHBIX CHIIOBBIX
anmapaToB — TpaHcpopMaTopoB. BodbmMHCTBO TpaHCPOpMaTOpPOB 00JaAAIOT
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MaCJISHBIM OXJIQXKICHUEM C PA3IMYHBIMU MOJIUMDUKAIUAMU: TPUHYIUTEIHLHOE
BO3JIYIIHOE OXJIaxK[eHue W uupkyisius macia (L) u ap. OcHoBbiBasich Ha
['OCT 16110-82 cuurTaercs, 4YTO CpPOK CIYXObl JIFOOOTO  CHJIOBOTO
TpaHchopMaTopa ONpeesieTcss COCTOSHUEM TBepAoM n3osauun. OHa SBiIseTCs
JIOCTaTOYHO  YCTOMYMBOM  M3OJSIHMOHHOW  CPENOM IO  CPAaBHEHHUIO C
TpaHchopMmatopHeiM MacioM. Ho wMacio cocraBisger OOJBIIYIO 4YacTb
U30JISIIUOHHOTO TpoMekyTKa. [loaToMy HYKHO YYMTBHIBATH KaK COCTOSIHHE
AIEKTPOTEXHUYECKOTO KapTOHA, TaK U TpaHchopmMaTopHOTO Macna [2].

Jist  ompeneneHuss  COCTOSIHUSL — TpaHC(OpMATOpHBIX — Macel  Kak
JTUAJIEKTPUKOB HCIIONB3YIOT CIACAYIONINE MapaMeTpbl KOHTPOJS SJICKTPUUECKUX
napamMeTpoB: COMPOTUBIICHUE; KOIPPUIMEHT AUAIEKTPUUYECKON abcopOumu,
000011IeHHbIN MHACKC TOJIAPU3AINH, BUJI CIIEKTpa TOKOB Moyispu3auu [1].

Onupasice Ha  TOKa3aHUST  COMNPOTHBICHHS U KOADPUIMEHT
JUDJICKTPUUECKOM  abcopOIMu  MOXXHO —JleJlaTh  3aKJIIOYEHUsT O CTEICHH
YBIQKHEHUS U 3arpsi3HEHUs AMAJIEKTpUKa. Yale BCEero >KUIKUM AUIEKTPUK
MOJET COJIepKaTh Takue rasel kak: atwieH (C,H,), metan (CHy), stan (CyHg),
CO u CO,, Bogopon (H;) u anerunen (C,H;). McnbiTanus Ha omnpejeneHue
kodpdunmrenta adbcopOUMKM  TPOBOAIT  OJHOBPEMEHHO C  H3MEpPEHUEM
COTPOTHUBJICHUSI M30JSIIUUA U paccuuThiBaloT 1o dopmyde (1), roe Rg u Ris —
BEeIMYMHA CONMPOTUBIEHUA, 3adukcupoBanHas mnocine 60 u 15 cekyHa
COOTBETCTBEHHO:

k, = 60513 (1)
® R
15

Ucxons w3 wu3MepeHWil MaHHOTO KOX(G(GUIMEHTa MOXKHO CYIUTh O
3arpsA3HEHHOCTH Macja Tra3amu, COAEpXKallMXCs KUIKOM JIUIJIEKTPUKE
TpaHchopmaropa, U MPUHUMATh COOTBETCTBYIOIIME MEPhI B 3aBUCUMOCTH OT
MOJTy4yaeMbIX Mokazatenen [4].

PaccmoTpum rpaduku CIEKTPOB TOKOB MOJISIPU3ALIAU
TpaHchopmaropHoro wmacia mnpu Hanpspkeauun B 500 B u  omHOpogHOM
anektpudueckom mone (Puc.l). Wcxoas w3 gaHHBIX TpaUKOB MOXKHO
HAOIOMaTh, YTO YEM BBIIIE TOK MOJSPU3AINUMU, TEM BBHIIIE WHTCHCHUBHOCTH
mpoiieccoB mossipu3anuu. Ha ocHoBe 3TUX TpadUKOB MOXKHO TOJYYHUTH
uHOPMAITUI0O O XapakKTepe U CTPYKType YacTHIl, KOTOpPhIE€ YYacCTBYIOT B
nporecce.
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Puc.1. I'paduk criekTpoB TOKOB MOJsIpU3aIK TpaHChopMaTOpHOTo Macia [3]

[TonBonss wTOrH, CHEAYET OTMETUTh, YTO B TMPOLECCE H3MEPEHUS
COTPOTHUBJICHUS U30JIALIMM MOKHO paccuuTaTh K03 GhUIIMEHT abcopOuu U npu
BBIIBJICHUM  OTKJIIOHEHWWA  JIOMyCTUMBIX  TIOKa3aTeledl  MPOU3BOJUTH
JOTIOJIHUTENbHYIO JIMATHOCTUKY WM MNPUHUMATh COOTBETCTBYIOIIME MEpPHI B
3aBUCUMOCTH OT MOJTYYEHHBIX JAHHBIX.
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OITPEJAEJIEHUE BJIATI'OCOAEPKAHUA TPAHCOOPMATOPHOI'O
MACJIA

.M. Muneranues
Hayu. pyk. 1-p ¢us.-mar. Hayk, npodeccop B.K. Koznos
®dI'bOY BO «KI'9VY», r. Kazans, Poccns
minegaliev.1998@mail.ru

B nmannoi pa60Te IPOBCACH aHAJIU3 IMPHUMCHACMBIX Ha CETOJHSIIHUN JIEHh METOJIOB
OIIPCACIICHUA BJIAroCOACpPKaHUA TpaHC(bOpMaTOpHOl"O Mmacia. HepeqncneHH HCOOCTAaTKU,
KOTOPBIC MOT'YT IOBJIMATH HAa TOYHOCTH ONPCACIICHHUA BJIAI'A. ITocraBiena 3agaua p33pa60TKI/I
HOBOI'o M€Troaa u npnﬁopa JIA KOHTPOJIA BJIAroCoOACpKaHHA TpaHC(l)OpMaTOpHOl"O Macia, C
IIOMOIIBIO KOTOpOﬁ MOJABUTCA BO3MOXHOCTb PCIIHUThL CYIICCTBYIOMIUC HCIOCTATKHU
MMPUMCHACMBIX METOJOB.

KaroueBbie cjioBa: TpaHC(I)OpMaTOpHOG Macilio, MCTOABI JNarHoCTUKH,

BJIaroCoJiCp:kaHuc.
DETERMINATION OF TRANSFORMER OIL MOISTURE CONTENT

I.M. Minegaliev
KSPEU, Kazan, Russia
minegaliev.1998@mail.ru

This paper analyzes the methods used today for determining the moisture content of
transformer oil. The disadvantages that may affect the accuracy of moisture determination are
listed. The task of developing a new method and device for controlling the moisture content
of transformer oil, with the help of which it will be possible to solve the existing
shortcomings of the methods used.

Keywords: transformer oil, diagnostic methods, moisture content.

BaxxapiM mOKa3aTeneM KadecTBa TPaHC(POPMATOPHOTO Macia SBISETCS
Biarocojiepkanue [1-4]. Bmarocogepxanue — 3TO OAMH W3 MapameTpoB
TpaHCc(HOPMATOPHOTO Macja, ONPENSNSIONUX €ro KadecTBO. JlaHHBI mapamerp
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SBJISIETCS OJIHAM M3 HauOoJiee KPUTHUECKUX, 32 KOTOPHIM BENETCS TIIATEIbHBIN
KOHTpoJib. [lpum »skcrutyatanmum — TpaHchOpMaTOPHOrO Maciia B CHJIOBOM
00OpYJIOBAHUM DJIEKTPOIHEPTETHUECKUX CUCTEM JIOMYCKAETCs MIPUCYTCTBUE BIIaru
nopsanaka 10 rpamm Boabl Ha TOHHY Macha [5]. [loaTomy aHanmu3 Biarocoaep KaHus
Macia € MOCIEAYIOIIEH OLEHKON BIArocoAep M aHUs TBEPION H30JSALUUU HUMEET
OrPOMHOE 3HAU€HHWE Ui ONUCAHMSI COCTOSIHUSA DJIEKTPOOOOPYIOBAHUA — U 3TO
COCTaBIISICT TJIABHYIO II€Jb aHalM3a Maclia paboTaromiero o0OpyJoBaHUSI Ha
COJIEP’KaHUE BOJIBI.

CymiecTByeT  JOCTaTOYHO  OOJIBIIOE  KOJMYECTBO  Pa3IUUHBIX
JUAarHOCTUYECKUX METOJIOB, IO3BOJIAIOIINX KOHTPOJIMPOBATH KOJIUYECTBEHHBIE
U KayeCTBEHHBIC MapaMeTphl HAIWYMS BJIard B 0Oakax MAacJIOHAIMIOJHEHHOIO
o0opynoBaHusl. OTU METOJbl TO3BOJISIOT C JIOCTATOYHOH, HMHOIZA Jlaxke
HECKOJIbKO ~ M30BITOYHOM  TOYHOCTBIO  OOBIYHO  JIOBOJBHO  ONEPATHUBHO
OIpEeENATh HEOOXOAUMBIE TApaMETPhI BIaroCOACpKaHMSL.

OnpenensirolmyuMy HeA0CTaTKaMU OOJIBIIMHCTBA ATUX METOJOB SABJISIOTCS:

— HeBo3MOXKHOCTB IIPUMEHECHUA TaKoro JUArHOCTUYECKOTO
o0opyaoBaHus Ha padoTaronMx TpaHchopMaTopax B peKUMe OHJIAMH.

— Takoe o0OopynoBaHHE dallle BCEro PAacCUYUTaHO Ha MCIOJIb30BaHHUE B
7a00paTOPHBIX YCIOBHX, @ HE B JKECTKUX YCIOBUSX IKCIUTyaTallMd OTKPBITHIX
pacnpeneNUTENbHbBIX ITOACTAHIUN.

— JlocTaTO4HO ~ 4acTo CTOMMOCTb ~ TakOro  JUAarHOCTUYECKOIO
00OpyZIOBaHUSI 3HAYUTENIBHO TMPEBBIIIAET TOT JIMMHUT, KOTOPBIH MOTYT
MO3BOJIUTh ce0e 3KCIUTyaTHPYIOIIME OpTraHu3allii, MPUOOPETAIIINE CHUCTEMY
MOHUTOPHUHTA TpaHC(HOPMATOPHOTO 00OPYTOBAHUS.

[ToaToMy B peanbHON MPAKTUKE HAXOAAT IPUMEHEHUE TOJIBKO T€ METOJIbI
KOHTPOJISI BJIArOCOJIEP>KaHUS B Macje, KOTOPhIE HEIOPOTH U MOTYT paboTaTh B
COOTBETCTBYIOIIIMX JKECTKMX YCIOBHAX. TOYHOCTH OTHUX METONOB, IO
71a00paTOPHBIM MEpPKaM, MOXKET MOKa3aTbCsl KOMY-TO HEJOIYCTUMO HU3KOH, HO
JUIS. TPOBEJICHUSI CPABHUTEIILHOIO MOHUTOPUHTA ITApaMETPOB Maciia B IIPOLECCe
DKCIUTYaTallMM Yallle BCEro OHA OKA3bIBAETCS JOCTATOYHOM.

[TpropureTHo# 3amaueit sBISETCS pa3pabOTKa HOBOTO METO/a M Mpubdopa
JUTSL KOHTPOJISI BIIArocoiepkaHusi TpaHC(HOpMaTOPHOTO Maciia, YyBCTBUTEILHOTO K
CBSI3aHHOM U OMYJIbITMPOBAHHOMU BOJE.
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THE ADVANTAGES OF ULTRASONIC FLAW DETECTION AS A
METHOD OF FAULT DETECTION IN ELECTRIC POWER SYSTEMS
AND NETWORKS
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KSPEU, Kazan, Russia
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A theoretical analysis of the technology of using fault detection tools in electrical
installations is carried out, its economic efficiency is also considered, and the main
advantages of an ultrasonic detector are presented.

Keywords: power system, efficiency, malfunctions, electrical networks, electrical
system, electrical equipment

HeucnpaBHocTH 371€KTpOOOOPYAOBaHUS MOTYT CO3/7aTh YCJIOBHS MOTEPHU
AJIEKTPOIHEPTUN TIpU €€ paCTIPEICIICHUH, MPUBECTH K IMOJTHOMY MPEKPAIECHUIO
paboThl BCEHl HSHEPrOCHUCTEMBI, YTO SBJSETCS HEMOCPEJCTBEHHON yIrpo30i
0€30MacHOCTH Ha MPEIINPUATUAX: TO MOXKET HE TOJBKO CEpbEe3HO PAaHUTh HIIU
JaXe TPUBECTH K JIETAJbHOMY HCXOJIy paOOTHUKOB, HaXOISAIIUXCS B
HETMOCPE/ICTBEHHON OJIM30CTH, HO W TMOBPEAUTH OOOpPYAOBaHHUE, OTKIIIOYHUTH
Mo/Iauy JJICKTPOSHEPTUH M BBI3BATh MPOCTOM B TEUCHHUE HECKOJIBKUX JTHEH,
MOBJIMATH Ha OJIM3JISKAIIYIO JICKTPUUISCKYIO ceTh [2, 3].

TexHuueckue UCIBITAHUS U TEOPETUUECKUIN aHaU3 I€MOHCTPUPYIOT, UTO
NepUOIMYEecKasi ~ JUArHOCTUKA  DJEKTPOYCTAHOBOK  C  MPUMEHEHHEM
YJIBTPA3BYKOBOTO JETEKTOpPa CIHOCOOCTBYIOT CBOEBPEMEHHOMY BBISBICHHIO
HEUCIIPABHOCTE B DJEKTPUUYECKUX CETAX U CHCTeMaX, TEeM CaMbIM
mpenoTBpalias aBapuilHbie CUTyaruu (BO3MOXKHO u30exkanue no 30% motepu
SHEPIruM MyTeM ycTpaHeHus yTeuku [3]). 1 uMeHHO yJnbTpa3ByKOBOM JETEKTOP
nokasaJi ce0st kak Hanbosee 3pGEeKTUBHBIM HHCTPYMEHT MPU MOUCKE YTCUKH.

Metoa Takoro KOHTPOJIS 3aKJI0YaeTCs B BOZMOXXHOCTH MPOHUKHOBEHUS
BBICOKOYACTOTHBIX BOJH B META/NI U OTPaXKEHUS OT TOBEPXHOCTH ITyCTOT,
TPEIIMH U JPYTUX HECTUIONTHOCTEH.

CeromHsi MHCTPYMEHTHI TAaKOTO THIMA IMPOJIOJDKAIOT HAXOJUTh IIMPOKOE
NpUMEHEHHE B 3apyOeXKHBIX  AJIEKTPOIHEPTETHUECKUX  KOMIIAHUSX.
CoBepIIeHCTBYETCSI pa3HOOOpa3ue MoJIeie YIbTPa3BYKOBBIX JIETEKTOPOB M MX
GyHKIIMOHAT, HAMpUMEpP, HACTPOWKa YacTOTHI, KOTOpas TENeph JOCTYIMHA B
OONMBIIMHCTBE MoOeNel. OTa (YHKIHUS CYyIMIECTBEHHO CHIDKAeT (OHOBBIC
IIIYMOBBIE TIOMEXH, TapaHTHUPys OECHpPEIeACHTHYI0 TMPOCTOTY JCTEKIINH
HapyIIEHUW Pa3HbIX TUIIOB.
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[Ipyu jAMarHOCTHMKE TMOCPEACTBOM  YIBTPA3BYKOBOM  J1€(PEKTOCKONUU
OoOHapy>KHUBaeTCsl IIUPOKUHN JTHANa30H COOEB B ANEKTPOIHEPIETUUECKUX CETSX,
KOTOpbI  BKJIOYaeT B ce0s 4YacTUYHBbIC pa3psiibl, Jyroodpa3oBaHUe,
HEUCITPaBHOCTH CUJIOBOTO TpaHchopMaTopa, MOBPEKICHNUE KaOeIbHBIX JTMHUH,
U3HOC TMOJIIMITHUKOB T€HEPATOPOB U AJIEKTPOMOTOPOB, TPEIIMHBI B CILIOIIHBIX
MaTepHuaax.

VYAbTpa3ByKOBOM KOHTPOJIb HE TMOBPEKIAET HCCIEAYEMbIEC AIIEMEHTHI.
Bo3MokeH KOHTpOdb W3AEIUN U3 pa3sHOOOpa3HbIX MarepuaioB. C MOMOIIBIO
yIBTPA3BYKOBOTO  KOHTPOJS ~ MOXKHO  O4Y€Hb  TOYHO  OMNPENEIUTh
MEeCTOHaXOXxAeHHe edexTa.

Kpome TOro, MOXXHO BBIICIUTH BBICOKYIO CKOPOCTh, MOOWIBHOCTH
UCCJICIOBAHUS YJIBTPA3BYKOBBIM JI€(DEKTOCKOTIOM TpPU HHU3KOH CTOMMOCTH H
OTMETUTHh O€30MaCHOCTh I uejoBeKka (IO CPaBHEHHIO C PEHTTEHOBCKOU
nedexrockonueit [1].

[ToMUMO BBIIEYTIOMSIHYTOTO HEOOXOJUMO OTMETUTH €Ill€ OJHO BAKHOE
MPEUMYIIECTBO HHCTPYMEHTOB THUIIA YIBTPA3BYKOBOIO JAETEKTOPA, COCTOSIIECE B
TOM, 4YTO Onarojaps BHEIPEHUIO COBPEMEHHBIX TEXHOJOTHH YJIbTPa3BYKOBas
JIMArHOCTHKA JIEKTPOYCTAHOBOK MOJICTAHIIUNA U MPEIIPUITHI TPOU3BOIUTCS HA
0€30MacHOM PaCCTOSTHUU OT BHICOKOBOJIBTHBIX DJIEMEHTOB CUCTEMBI.

Takum oOpa3zoMm, yIbTpa3BykoBasi Je(PEKTOCKOMHUS  OOECIeUrBaACT
3HAUUTEIbHYI0 DKOHOMMIO DHEPTMM M O€30MacHOCTh 3a CUeT OOHApY>KECHUS
yT€UEK U HEUCIIPABHBIX DJIEMEHTOB. AHATU3UPYEMbI METOJ] Ja€T BO3ZMOXKHOCTh
MPOBEICHUS] KOHTPOJIS U3/CNIUN U3 Pa3IMYHbIX MAaTepUaJOB, HE TTOBPEXIas UX,
BBICOKOTOYHOTO  OTMpEIEICHUS] MECTOHaXOXAeHUs jAedekra, oOecreueHus
BBICOKOM CKOPOCTH, MOOMJIBHOCTH HCCIIEIOBaHUS MPU HU3KOW cTtommoctu. Ho
OJIHUM U3 TJIABHBIX MPEUMYIIECTB CTOUT OTMETUTH O€30MMACHOCTD JJISl YeJIOBEKA.
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VIBRATION METHOD OF POWER TRANSFORMER DIAGNOSTICS

A.R. Miftakhov
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This article discusses the vibration method of diagnostics of transformers and
autotransformers. The main factors that influence the general characteristics of vibration
vibrations are described. The advantages of the diagnostic method are revealed.

Keywords: technical diagnostics, transformer, vibration vibrations, vibration
frequency, monitoring systems

[Iponnenue cpoka SKCIUTyaTallud dJJIEKTPOOOOPY/OBAaHUS B CBSI3H C
HPKOHOMHUYECKON CHUTyaIleil, KOTOPYI0 Mbl HaOIIOJa€M CETOJHS B DHEPreTHUKE,
SABIISICTCS HEOOXoauMor Mepoi. TexHuueckas IMAarHOCTHKA HaIlpaBJICHa Ha
MOWCK M aHAJIN3 BHYTPEHHUX MPUYMH HEUCIIPABHOCTH 000OpyaoBaHus. Pemenue
3a]a4d = T10  OIICHKE TEXHUYECKOTO COCTOSIHUSI  DJIEKTPOTEXHUYECKOTO
00OpyZIOBaHUSI DJIEKTPUYECKUX CETe B 3HAYUTEIBHOW MEpEe CBS3aHO C
BHeNpeHUEM I(G(EKTUBHBIX METOJOB HMHCTPYMEHTAIBHOTO KOHTPOIS H
TEXHUYECKOM JTUArHOCTUKH [2].

Jlaxxe HecMOTps Ha TO, 4YTO CYHIECTBYET MHOXECTBO METOJO0B
JTMArHOCTUKN TpaHC(HOPMATOPHOTO OOOpYAOBaHUS, [aHHAS TEMa OCTAETCs
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aKTyaJIbHOU IO PSAAY MPUYUH: OTCYTCTBUC YHHBEPCAIBHBIX KPUTCPHEB OIICHKU
TEXHUYECKOTO  COCTOSHHUS  DJIEKTPOYCTAaHOBOK, CKOPOCTh  Pa3BUTUSA M|
pacmpocTpaHeHuss B HUX Je(EKTOB, CIIOXXHOCTH IpoIiecca MPOTHO3UPOBAHHMS
OCTaTOYHOTO pecypca 000pyT0BaHHS.

Pe3ynpTaThl MCClIeIOBaHUN yCTaHABIMBAIOT, YTO BHUOPAIIMOHHBIA METO/I
JTUArHOCTUKH  TpaHC(OPMATOPHOrO  00OpYyIOBaHHMS  0OJagacT  PSAIOM
MIPEUMYIIECTB 10 CPABHEHUIO C APYTMMH. MeToa yao0eH TeM, YTO MO3BOJISICT
UACHTUGUIIMPOBATh Je(EeKThl TOoJ paboumM HampsbkeHueM. Ha mpakrtuke
MIOCPEJICTBOM BHOPAITMOHHOTO OOCJICAOBAHHMS MOXKHO OIICHHUTh COCTOSIHHE
dbyHIaMEHTa CHJIOBOTO OOOpPYAOBAHHUS, CHUCTEMbI OXJIAKICHUS W MACISTHBIX
HAcOCOB, Ka4eCcTBa MPECCOBKU 0OMOTOK TpaHchopMaTopa U MarHUTOPOBO/IA.

Pabora cumoBoro TpaHcopmaTopa CONMPOBOXKIACTCS BHOpaIHCH,
BBI3BAHHOW Pa3IMYHBIMH MCTOYHHUKAMH, KOTOpas MOXKET ObITh 3a)UKCHpPOBaHA
Ha pa3HBIX YaCTOTaX B Pa3HbIX MECTaX JICKTPOYCTAHOBKHU.

B nopmanpHOM pexkume (QYHKIIMOHUPOBAHUS OCHOBHBIM HCTOYHHUKOM
BUOpanuu SBJISIOTCS OOMOTKAa M MarHUTOMNPOBOJ. BuOparmoHHBIC KoJeOaHUS
pacmpocTpaHsoTcs 1o  Oaky TpaHcopmaropa, TiepedaBasch — depe3
TpaHcpopMaTOpHOE MAaCIO M DJIEMEHTHl KOHCTPYKIUH. YUTOOBI BBIACIHTH
BUOpallMi  MarHUTONPOBOJAa M OOMOTOK B OOIIyl0  BHOPAIMOHHYIO
XapaKTepUCTHKY TpaHcpopmaropa, CcIeayeT TMPOBOAUTH HM3MEPCHHE B
Harpy304HOM PEXHME W B PEKHME XOJIOCTOIO XOfa: IMOCKOJbKY B PEXKHME
XOJIOCTOTO XOfa JJICKTPOAMHAMHUYECKHE CHJIBI B OOMOTKax TpaHchopmaTopa
MPaKTUYECKU  OTCYTCTBYIOT, TO  3a(pUKCHpOBAHHBIC  XapaKTCPHCTUKH
BUOPAITMOHHBIX KOJIeOaHUI OyayT MPEACTaBIATh MO OONbIIEeH YacTH BUOpAIUIO
MarHuTonpoBoga. B pexume Harpy3ku B  XapaKTepUCTHKE  OyayT
MIPUCYTCTBOBAThH 00€ COCTABJISIIOIIKC.

JleficTBME  OXJ@XKJAIONIUX BEHTHUISATOPOB W  MACISHBIX  HACOCOB
COTIPOBOKJIAFOTCS BUOPAITUSIMH HU3KOHM 9acTOTHI. [[eTamu HeOoIbIoro pasmepa,
KOTOpbIE HE CBS3aHBI C MArHATOIPOBOJAOM M OOMOTKAMH BBI3BIBAIOT
BHOpallMOHHBIC KOJICOAHHWS BBICOKOM 4YacTOThl. BuOpaius oOMOTOK B
HCITPAaBHOM COCTOSIHUU HE SIBJIIETCS CYIIECTBEHHOM, OJTHAKO TIPH OTNPEICIICHHBIX
nedexkTax, BO3HUKAIONIMX B TPOILECCEe OJKCIUTyaTallud, €€ 3HA4YCHHE
MHOTOKPATHO YBEIIMYUBACTCS.

KonTtpons anexkTpoobopynoBanusi Ha ©0a3e BHOPAIMOHHOTO METOJa
(GYHKIIMOHATBFHOW JHArHOCTUKHA OOECIeYMBaeT BBIJICJICHUE WH()OPMATHUBHBIX
COCTABIIIONIMX M3 H3MEPSAEMOI0 CHTHAJIa M PETUCTPAIlldi0 MOMEHTOB
MIPEBBINICHUS] MU TTOPOTOBBIX 3HAYCHMH. [IpeBhITIIeHNE TOPOTOB OMPEACIIIECTCS
KaK HEHWCHpPaBHOCTH dyieMeHTa. (COBpEMEHHBIE CHCTEMbl MOHHUTOPHWHTA
MO3BOJISIOT YK€ HE TOJBKO KOHTPOJIHMPOBATH BEIMYMHBI TAPAMETPOB, CPABHUBAS

112



UX C TMOPOTOBBIMU 3HAYEHHUSIMHU, U BBIBISATH TEHJEHLUUU HX H3MEHEHUS BO
BPEMEHU, HO W TPOrHO3UPOBATH BpEMs, KOIJIa OHU JIOCTUTHYT MOPOTOBBIX
3HaueHui [1].

B0O3MOXXHOCTH  JTMarHOCTMYECKUX CHUCTEM OIpPEACNSIIOTCS BbIOOpPOM
JMAarHOCTUYECKOT0 CUTHaja U MeToAa KOHTpojs. CurHan BUOpAIMK COJNEPIKUT
JIOCTATOYHYIO JMArHOCTUYECKYI0 MH(OPMAIUIO, ¢ MOMOIIBIO KOTOPOM MOYKHO
OOHapyXuThb NedeKT, BUA U TrIyOuHy 3TO JedeKTa, ONpeaesuTh MPOTHO3 €ro
pa3BUTHSL.

Takum oO0Opa3oM, Ha OCHOBAHUM BBIIIEU3IOKEHHOTO MOXHO CJI€NaTh
BBIBOJ O TOM, 4YTO  KOHTPOJIb 3HAYeHUW BUOpalMM, BO3HUKAIOUIEH B
TpaHchOpMaTOPHOM  OOOpYAOBaHWM, SBJISETCSs OAHUM U3  Haubosee
BBICOKOI(P()EKTUBHBIX METOJOB OLIGHKH COCTOSIHUS TPECCOBKH OOMOTOK H
MarHuTONPOBO/A CUJIOBOrO  TpaHchopMmaropa, KOTOPBIM  IeIeco00pa3Ho
UCIIOJIB30BaTh C JPYTMMH CIIOCOO0AMHM JUArHOCTUPOBAHMS, TaKUMHU Kak
yIbTpa3ByKoBasi Je(EKTOCKONHMs, aHalu3 TpaHCcHOpPMATOPHOTO Macia W
uH(ppakpacHas TepMmorpadus.
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B cBs3M €O ClOXUBLIEHCA B IOCIEAHUM TOJ HeraTuBHOW 1 Poccuum
MEXIYHAPOJIHON TOJUTUYECKOH OOCTAaHOBKM IO OTPAaHWYEHHUIO JOCTyNa K
MHOCTPAHHBIM CIEIUATU3UPOBAHHBIM MPOTPAMMHBIM MPOAYKTaM, aKTyaJIbHOU
CTAaHOBHUTCS 3ajjaya MO pa3pabOTKe JOCTYMHBIX MATEMAaTUYECKUX PEIICHUN.
Bo3moskHOe perieHre mo pacdery 0KHJAaeMOro MOTPEOJICHHS AJIEKTPOIHEPTUH
MOYHO OTPa3uTh B CTPOrOM METOJUKE MPOTHO3UpOBaHu4 [ 1].

B kauectBe o0OBEKTa UCCIEAOBAaHUA PACCMOTPEHO TOTpeOJieHHE
anexktpodHeprun B (uimane AO «CeteBas kommnanus» «Emalyxckue
AIEKTPUUYECKUE CETHU». 32 pacu€THhIC JAHHbBIC MIPUHATHI IOMECSYHbIC 3HAYCHUS
noTpebneHHon anektposneprun 3a nepuon 2017-2020 roxpl, rpaduyecku
MPEJICTaBJICHHBIC HA PUCYHKE:

+—2017 rog, KBty ~#=2018 roa, kBru 2019 roa. kBru 2020 roa, kB1y
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I'paduxu notpednenus snextposnepruu B MYII «Enabyxckue 3eKTpudecKie CeTh» 3a

nepuoa 2017-2020 ronos
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BxoanpiMu pacu€THBIMU JaHHBIMH SIBIISIIOTCS 3apUKCUPOBAHHBIE 00BEMBI
NOTpeONCHUST AJIEKTPOSHEPTUM 32 TMPOUIEAIINE JI0 OIEHKM TpH Toja,
obosHagaembl Kak Egay, Eigo) Eggy). OueBnano, uro Tpedyercs ydé€r u
KJIIMMAaTUYECKUX XapaKTePUCTUK YKA3aHHOrO TNepuoja BpemeHu. [Ipu stom
JIOCTAaTOYHO OYJET Y4YWUTHIBATH CpEJHEMECAYHbIE TEeMIepaTyphl BO3ayXa B
IAHHOM BPEMEHHOM OTpeske — tig.s), lig2), lig1). IIpemmaraemsiii anroputm
pacu€Ta JOJKEH YYMTHIBATH M HENPEABUIAMMBIC OTKJIOHEHHS MOTPEOICHUS
AJIEKTPOIHEPTUH OT YCPEAHEHHBIX JIMHEWHBIX 3HAYEHUH B  CIIEJICTBUE
CITy4alHBIX COOBITHUM.

[Ipoananu3upoBaB NaHHbIE PHUCYHKA, MOXHO 3aUKCHpOBaTh, UYTO B
deBpane 2018 roma HaOmogaeTcss TMpPEBBINIEHHE O00beMa MOTpeOIeHUs
ANIEKTPUUECKOM IHEPruu 1o oTHoleHuto K despaio 2017 roga. [Ipu stom yxe
B cuenytonieM 2019 romy mpowusoimien BO3BpaT AHEPronoTpedsieHus K
YCPEAHEHHBIM 3HAUEHUEM, YTO CBUJIETEIBCTBYET O CTOXACTUYECKOM XapaKTepe
3adukcupoBanHoro B 2018 rogy 3HaUCHUHU.

B pabore [2] mpuBeneHO ypaBHEHHE PETrpecCHH, KOTOPOE IO3BOJISET
MIPOBECTH KOPPEKIUIO TPEXJETHUX 3HAYCHUN SHEPronoTpeOsIeHus ¢ y4&Tom
KJIIMMAaTUYECKOTO0  TEMIEPATypHOrO BJIMSHUSA, IMOJIYYUB TakKuM 0Opa3oMm
MPOTHO3HBIE 3HA4YEHUSI OOBEMOB TMOTPEOJCHUS DJIEKTPOIHEPTHH 3a MapT,
ampenb, Mai, HIOHb, WIOIbL M JekaOpb. PaccuntanHoe Ha 3TOM JTare
IpEeANoIaracMoe 3Ha4eHHe IEKTPONoTpeOaeHus B utojie Bz ucnonbsyercs s
MIPOTHO3WPOBAHUS JIAHHBIX TI0 COCTOSIHUIO Ha SHBaphb, (heBpaib, OKTIOph U
HOSIOpb, pazyMeeTcs, ¢ KOPPEKIMeH Ha CTATUCTUYECKUE JTAHHbIE TOTPEOICHHS B
9TH MECAIIbI 3a Mpouutblid roj. [lomoOHbIe onepalis MOBTOPSIETCS UKINYECKHUE
JI0 OKOHYAHMS MPOTHO3UPOBAHUSI MOTPEOJICHUS HJIEKTPOIHEPTUU 32 aBTYCT H
CEHTSIOPb.

HecoMHEHHBIM MPEUMYIIIECTBOM MPEIIaracMoOil METOJIUKHU SIBISIETCS TOT
dbakT, YTO YPOBEHHb JETANU3AINMH pacdyeTa HE TpeOdyeT MpPUMEHEHUs
CIEIUAIN3UPOBAHHOTO TMPOTPAaMMHOTO obecreueHus. Pacder MoOXeT ObITh
MPOU3BEAECH KAaK C MOMOIIBIO MPOCTEUIIETO KAJIBKYJIATOPA, TaK U IPU MOMOIIH
0a30BBIX (DYHKIHSIX JIEKTPOHHBIX TAOIUIL JIFOOOTO O(DUCHOTO PETAKTOpA.

AHalIU3 JUTEPAaTypPHBIX UCTOYHUKOB [2, 3] MOKa3bIBAE€T, YTO CETEBBIC
OpraHU3allid UCIOJb3YIOT MPEUMYIIECTBEHHO SKCIEPTHBI METOJl OLICHKU
DHEPTrONOTPEOICHHS, KOTOPBIA WUMEET PSJi HEJOCTATKOB, 3aKJIIOYAIONIAsCS B
TOM, YTO HPOTHO3 OCYUIIECTBIAETCS COTPYJHHKAM OpraHU3aluu, KOTOPBIH
WCITIOJIB3YET JIUIb CBOW JIMYHBIN MPO(ECCHOHANBHBIN OMBIT, TOATOMY MPOTHO3
MOXET TMOJYYUThCS HEIOCTOBEPHBIM, C HEIOCTAaTOYHON TOYHOCTHIO U
COMHEHHUSIMU B OTHOIIIEHUU HEMPEB3ATOCTH IKCIEPTA.
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Takum O6p8,30M, MNPUMCHCHHUC MOJIA IIOJIYUCHUA IIPOTHO3HBIX OICHOK
HOTpe6JI€HI/ISI QJICKTPOOHCPTUHN ABTOMATHU3HPOBAHHBIX I/IH(bOpMaHI/IOHHI)IX
CpCACTB IMOBBIIIACT CKOPOCTh U NOCTOBCPHOCTL PACUCTOB, YMCHbBIIIAA IIPpU 3TOM
BO3MOKHBIC YPOBHH IIOTPCHIHOCTHU.
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PABPABOTKA AJITOPUTMA OLHEHUBAHUSA COCTOSHUA
PACHPEJIEJIUTEJIHOM CETHU IO JAHHBIM OHJIAWMH
MOHHUTOPHUHI'A IOTPEBJIEHUA

A.A. HI/IFaJ'II/IHl, III.P. HXI/IHZ, N.®. F'annes®
L23HIBOY BO «KI'9VY», r. Kazanb
Lartempigalin@mail.ru, *reventon.201223@gmail.com, galievi.f@list.ru

B crathe KpaTko U3NMOKEHA KOHIIEMIMS pa3padaThiBa€MON HHTETPUPOBAHHOU
skcriepTHO# cuctembl quarHoctuku (MDC/I) obopynoBanus pacupenenutenbHoi cetu (PC)
10/0,4 xB, a Taxxe mpeacTaBlIeH aJrOPUTM OLIEHWBAHUS COCTOSIHHS peallbHOM Harpy>KeHHOM
CEeTH 1O JaHHBIM OHJIAH MOHUTOPHHTA BCEX TOUEK OTIMYCKa (MOTPeOIeHUs) dICKTPUUECKOM
sHepruu. [lpeasioKeHHBI anroOpuTM SIBISETCA METOAMYECKOM OCHOBOM MOIYINsl pacyeTa
PEKUMOB CETH aHAIIMTUYECKOTO KOMIUIEKCca dKcrepTHOM cuctemsl (basbl 3Hanuit).

KuroueBble cjioBa: aqroputM, pacupeeiauTeNbHas CeTb, MOACIMPOBAHUE DPEKUMA

CECTH, I/ITepaI_II/IOHHHﬁ METOM.

116



DEVELOPMENT OF AN ALGORITHM FOR ASSESSING THE STATE
OF THE DISTRIBUTION NETWORK BASED ON ONLINE
CONSUMPTION MONITORING DATA

A.A. Pigalin®, Sh.R. Yakhin? I.F. Galiev®
123K SPEU, Kazan, Russia
Lartempigalin@mail.ru, *reventon.201223@gmail.com, galievi.f@list.ru

The article briefly outlines the concept of the developed integrated expert diagnostic
system (IEDS) for 10/0.4 kV distribution network (DN) equipment, and also presents an
algorithm for estimating the state of a real loaded network based on online monitoring data of
all points of supply (consumption) of electrical energy. The proposed algorithm is the
methodological basis of the module for calculating the network modes of the analytical
complex of the expert system (Knowledge Base).

Keywords: algorithm, distribution network, network mode modeling, iterative
method.

B pamkax pazpabotku kouuenuuu MICJ] obopynoBanus PC Ha ocHoBe
TEXHOJIOTUM  HMCKYCCTBEHHOTO  HMHTEIJIEKTa C  1eJblo  3(PHEeKTUBHOM
IKCIUTyaTalli OOBEKTOB AJIEKTPUUECKUX CETEH OCYIIECTBISETCS WHTErparlus
CYIIECTBYIOIUX ¥ JIOMOJIHUTEIBHBIX ToAcucTeM odduaiH u  OHIIAWH
MOHUTOPUHTA PEAIbHBIX OOBEKTOB CXEMBbI AeKTpocHaOxkeHus: (C3J) B enuHyIO
cucremy cbopa, 0o0paOOTKHM, aHaIW3a JAHHBIX M TPUHATHS PEIICHUH. OTO
MO3BOJIUT B PEKUME PEAJTbHOIO BPEMEHU MPOU3BOJUTH OLIEHUBAHUE COCTOSHHS
PC u ontumu3upoBaTh pEKUMBI MOTPEOJIECHUS O TMapamMeTpaM HaJleKHOCTH,
YPOBHSIM HANPSHDKEHUHN U MTOTEPSIM JIEKTPOIHEPT U H.

Haydnast 3Ha4uuMOCTh COCTOUT B pa3pabOTKE METOIUKHU, aJTOPUTMOB U
pacyeTHBIX  TNPOrpaMM I ONTHUMHU3AIMH  MECT  aBTOMATHYECKOTO
cexknuonupoBanusi PC 10 kB ¢ oHnaiiH KOHTpoJieM CE30HHOTO MOTpEOJICHHS,
y4e€TOM JIOMyCTHUMOTO CpPOKa OKYMaeMOCTH MEPONpUATHA Ha duaepax (ux
1esecooopasHoctr) [1] mo KputepusiM: MUHUMAJIBHBIX MOTEPh U CYyMMapHOTO
HEJIOOTITyCKa DJJIEKTpOodHepruu (ymiepOa) mpu 0OecreyeHuu HOPMATUBHBIX
MoKa3aTtesiel HanpssKeHus B Toukax otnycka 0,4 kB [2].

AHallM3 CTPYKTYphI, XapakTepa Harpy3oK, CpEICTB U3MEPEHUH U
perynupoBanus HanpsbkeHuit cxem PC 10/0,4 kB mpenmnonaraeTcsi BHIIOTHHUTH
Ha OCHOBE JIBYX 3aKOJIBIIOBAaHHBIX (DUIEPOB, MUTAIOIMINUXCS C Pa3HBIX IIEHTPOB
nutanus 10 kB, obmeit npotsxenHocThio JIDII okono 25 kM. (puc. 1). lanubie
OOBeKThl HaxonsATcsi Ha Oamance ¢Qumuana AO "CereBas kommaHus"
[TpuBomkckue anekrpudeckue cetu ([19C). Ha mannom stame dhopmupyrorcs
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Pa3aciibl pCHHHHOHHOﬁ 0a3ml JAaHHBIX W PACUCTHBIC MOAYJIHW AHAIIUTHYCCKOI'O
KOMIIJICKCa BKCHepTHOﬁ CHUCTCMBEI.

Puc. 1. Dnexrpudeckas cxema pacnpenenutesnbHoi cetu 10 kB

Ha nawanpHOM 53Tame peanu3anuud MPOEKTa HEO0OXOAUMO pa3padboTath
QITOPUTM  pacyé€Ta yCTaHOBUBIIMUXCA peXUMOB (YP) pa3oMKHYTBIX H
3aKOJIBLIOBAHHBIX (PUAEPOB C JAPEBOBHJIHOM CTPYKTYpOW U pacupeeraeHHON
BJIOJIb JIMHUM Harpy3KOu JJIsl OLIEHKH COCTOSIHUS CETH.

Crpykrypa o0paboTku paHHbIX B mporpaMMmHoMm komiuiekce (I1K)
BBITIOJIHSETCS 1O CIEYIOIIEMY aIroputmy (puc. 2):

Termingt

PK
P

| Lina
PK | Elsmant D
K | Yadant D

Element
PH | Elmment 1D
PR | Variont 1B

22

Group_in Vatleesl_ D Flag_vasian!
BusbarType 10 Ecabtation_|10 Flag_Linalyz
EcoFiel_ID LinaTys
Typ 10
Flag_Typ_10
q

Puc. 2. CtpykTypa 06pabotku nanusix B [1K
Tomonorust ceTM OMUCHIBAETCA C TOMOIIBK  TaOJUIBI  Y3JI0B.
TCpMI/IHaHBHBIG Ta6JII/IHBI MMPUCOCANHAIOT 3JICMCHTHI Y3J1a U OTBETBJICHUS K
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Y31y W WCIONB3YIOTCS JUIsI TIOCTPOCHUS BCEHl Tomosioruu ceTtu. [lanee
CO3/IAIOTCS JaHHBIC MOJICIIN CETH U TIPOBOAUTCS MX aHAJH3.

WcxonubiMu TaHHBIMU U1 pacdyeTa YP sBIsSitoTCS cxema 3JeKTPUYECKUX
COCTMHCHUI M €€ TapaMeTphl: 3HAYCHHsI COMPOTUBJICHUA W TIPOBOJAUMOCTEH
9JIEMEHTOB; MOIIHOCTH Harpy30K WJIH UX MPO(UIH, MOJyYeHHBIC B PealbHOM
BpEMEHU; 3HaUeHUsI HanpsbKeHud Uy, (Ha mmHax [1C).

Pacuer VP 3akimiouaercst B onpeneeHul HIDKECISAYIONINX MapaMeTpOB:
TOKOB B BETBSIX; HANPsDKEHUH B y3JlaX; MOIITHOCTEH B Hadaje M KOHIE yUYaCTKOB
CEeTH; IMOTEPh AICKTPOIHEPTUHU B HIIEMEHTAX CETH.

PaccuurbiBaercs ToK nuauu |, 10 hopmye:
Sp

=P
P \/§'UH0M
rje Sp — MoJiHas MOIIHOCTh yyacTka, [MBA].
Taxxe B pacueTrax yYUTHIBACTCS 3HAYCHUE NMOTEPh HANIPSDIKEHUS B IMHUHU
AU,, m nmaeTcs OlLEHKAa €ro BEJIWYHHBI, €CIM OHO IPEBBINIACT JOMYCTUMOE
3HaueHne [3]. i pacuera 1moTepb HAINPSOKEHUS ydacTKa JIMHHOW L,
npuMeHsieTcs popmyra:

AU, =3 - Ly (o - COSQ+ X -sin o)
e o ¥ Xo — YAEIbHOE aKTUBHOE U HHAYKTUBHOE COPOTUBICHUS, [OM]; ¢ —
yrou cisura (a3 Mex1y CHIJION TOKa U HANPSKEHUEM.
I[IK oOecneunBaer pacuer YP wmeronom «Herotona-Pagcona» c

KOJInuecTBOM utepaiuii He 6osee 200, 4TO MO3BOJISIET MOJYUYUTh PE3YJIbTAThI C
3aJJaHHON TOYHOCTEIO.
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METO/JbI HIONCKA HEUCITPABHOCTEM KABEJIBHBIX INHUH B
T'OPOJICKOM CPEJIE

1K.I[. PasxuBuna, ’B.B. MakcumoB
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1razzhivina_karina@maiI.ru, 2yiktor.maksimov.1968@mail.ru

B nmanHOM Te3nce pacCMOTPEHO HECKOJIBKO METOJHMK MOUCKA TOBPEXKICHUN U MPOYUX
HeHcHpaBHOCTEH KaOenpHBIX JHHUI. Beinenena HamOonee (yHKIMOHaNIBbHAs M IpOCTas
METOJIMKa — UHIYKIIMOHHBII METOJI MOUCKA IIyOMHBI M ONPEEIICHUs] TPACKTOPUH 3aJIeTaHus
Ka0eJs B IpyHTe.

KonioueBbie cioBa: kaOenbHbIC JIMHUH, HEHUCIIPABHOCTH, TUArHOCTHKA ITOBPEKIACHUH,

TpaCCUPOBKaA, TpaCCOHOI/ICKOBHﬁ KOMIIJICKT.

METHODS OF TROUBLESHOOTING CABLE LINES IN AN URBAN
ENVIRONMENT

'K.D. Razzhivina, 2V.V. Maximov
12K SPEU, Kazan, Russia
lrazzhivina_karina@maiI.ru, 2yiktor.maksimov.1968@mail.ru

In this thesis, several methods of searching for damages and other malfunctions of
cable lines are considered. The most functional and simple method is identified — the
induction method of depth search and determination of the trajectory of the cable in the
ground.

Keywords:cable lines, malfunctions, damage diagnostics, tracing, traceroute Kit.

B cBs13u ¢ HapacTaloummMu TeMIaMu JIeKTpU(PUKAIIIN U BO3PACTAIOITIMHU
Harpy3kamu Ha JHEPreTUYECKUE CUCTEMBI HEPEIKO BO3HMKAIOT ITOBPEKICHUS
WIM HEUCHPABHOCTH KaOeNbHBIX JHUHUNA. VIMEHHO TO3TOMYy akTyaJbHO
UCIIOJIb30BaTh OECKOHTAKTHBIE METOJIbl TOWCKA IMOBpeXAeHUs JuHuil. Emé
pa3MyHble HEUCIIPABHOCTH BO3HMKAIOT MPH PA3IMYHBIX PEMOHTHBIX paboTax, B
YAaCTHOCTU IIpM PACKOINKaX KOMMYHHKALMA CIy4aeTCs HENPEIBUACHHOE
MOBPEXJACHUE KOMMYHHKAIUi, B TOM 4Hclie KaOeiabHbIX JIMHUK. CylliecTByer
HECKOJIbKO BHJIOB HCIIOJHEHHMs, Ha JAHHBIM MOMEHT CAMBIMHU IONYJIAPHBIMU
ABIsAOTCA  TpEX(asHble ¢ OyMa)KHO-TIPOMUTAHHOW M3OJSIIMEH W CHIMTHIN
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MOJIMATHIICH, T.K. TIEPBBIN SIBISETCS KJIACCHMKOM, a BTOPOM 00J1ajlaeT HEeIIoXou
MIPOYHOCTHIO U IIEHOM.

Bo Bpemss peMOHTHBIX pabOT JJOBOJBHO YacTO BO3HHUKAIOT Ciy4yau
CIIy4yalfHOTO 3aJIcBaHMsI CTICITEXHUKOU CTaporo Kaldess U B HEU3BECTHOM MECTE
OH TIOJIYYWJI HEWCIPaBHOCTh. VIMEHHO aJi1 3TOro HEOOXOIUMO PacCMOTPETh
pa3IMYHbIC METOJIbI TTOMCKA HEUCIIPABHOCTEW KaOeNbHBIX JTMHUN: UMITYJIbCHBIM
U HUMIOYJbCHO-TYTOBOM  METOA;  METOJ  €MKOCTHOTO/K0JIe0aTeIbHOTO
3apsaa/paspsaa; TeTAeBOW METOJ; HWHAYKIIMOHHBIM METOMd;, aKyCTHYCCKHM
METO/I.

B kauectBe 0OBEKTa MCCAEAOBAHUS BBICTYNMWJI HHAYKIIMOHHBIA METO/I.
JlaHHbII METO/I [IPEAIIOJIaraeT OIPEACIIEHHOE obopyoBaHue:
TPaCCOMOUCKOBBIA KOMIUIEKT, OCHAIIEHHBIN HAYITHUKAMU U AJIEKTPOMArHUTHOM
AHTEHHOM (CXO0X C aKyCTHMYECKHM); T€éHEepaTop 3BYKOBBIX YACTOT U CaM KaOelb.
Jlnst ycrienmHoN TUarHOCTUKY HEOOXOJAMMO HAWTH JBa KOHIIA Kalens, ¢ OJHOM
MOJKIIOYAeTCsl TEeHEepaTop 3BYKOBBIX YacTOT, a C JIpyroil 3a3eMJcHHE.
TpacconouckoBsiii komiiekt Ycnex KBU 400 nmeeT BO3MOKHOCTH MEHSATH
JIMANa30H 4YacTOT, YTO IO3BOJIAET HCIIOJIb30BaTh KaK aKyCTHUYECKUH, TaK H
WHIYKIIMOHHBIM METOJT OJHOBPEMEHHO (CM. pHC.).

ypOBeHb CurHana

h 7
T MuHVManbHbI
Q’g’ curHan
PN
CurHan > MUMHMUMAanbLHOoro CwurHan > MUHUMansLHOro

MHAyKIMOHHBIN METO/T C TEXHUKOH OIpeIeNICHUs TITyOHHBI 3aJeTaHus

B xone paboTel uccrienoBaTeneil BBISBIEHO HECKOJBKO 3aBHCHUMOCTEH:

ONTUMAJbHBIA TOK HArpy3Kd OT TeHepaTopa Ha Kabenb 3BYKOBBIX YacTOT:
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12-14 A; moATBEpKJACHO HAJUYUE SKPAHUPYIOIIUX JJIEMEHTOB B Tpacce;
CTPYKTypa TpYHTa BIUSICT HAa CUTHAIL.

OTMe4yeHO, 4YTO TPOEKTHAs JIOKYMEHTallus HE  COOTBETCTBYET
JEHCTBUTEILHOCTH, a MPOQIIN MIJIOTHOTO OYPEHHUS HE OTPAKAIOT HACTOSIIIIYIO
rIyouHy. B HEKOTOpBIX ciydasx TiyoumHa Obuta Onu3ka K Mpoduito, 3TO
MOKAa3bIBAET, YTO MOTPENTHOCTH MMOKa3aHU MpuOOpa JOBOJBHO HECYIECTBCHHA
[1-3].

[TonBoas WTOr, MOKHO CKaszaTh, YTO HWHIYKIIMOHHBIA METOJ O0JamacT
JIOBOJIGHO IMTUPOKUM CIIEKTPOM TIOMCKa KaOeIbHON JWHUHU, OT OMpPEACICHUS
TPAaCKTOpPUM 3ajJeraHus U TJIyOUHBI, 1O OIpeACIeHUs TOYHOTO MecTa
HEUCIIpaBHOCTH KabOens. [Ipu momomnu JaHHOrO METOoJa MOXHO COKpPATUTh
SKOHOMUYECKHE pacXoibl, T.K. pa3pylIaeTcs MEHbIIE CYIIECTBYIOIICH
uHPpacTpyKTyphl. VMIMEHHO MOATOMY NMPUMEHEHHE TAHHOTO METOJAA SIBIIACTCS
aKTyaJIbHBIM B paMKaX MOMCKA MECT MOBPEKICHUI.
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MOJEPHU3AILIUSA DJIEKTPUUECKUX CETEN

K. . PaS)KI/IBI/IHal, B.B. Makcumos®
L2pIBOY BO «KI'DY», . Kasaus
1kristina_razzhivina@maiI.ru, 2yiktor.maksimov.1968@mail.ru

B HaHHOﬁ pa60Te paccMOTPEHBI OCHOBHBIC CIIOCOOBI  ITOBBIIIEHUS HagCXHOCTH
3J'I€KTpOCH36)KeHI/I$I, OCYIICCTBIIICMBIC BCJIICACTBUC MOJACPpHHU3AINU SHGKTqueCKOﬁ CCTHU.
I[aHO OIIMCaHUC TCXHHNYCCKHUM MCPOIIPpUATHUAM, IIOBBIIIAOIINM HaOgCXKHOCTD.
HpO&H&HHBHpOBaHH IIJTFOCBI 1 MUHYCBI MepOHpI/IHTI/Iﬁ, HauoboJIee YacTo BCTPCHANOIIUXCS Ha
IMPAaKTHUKE, CACJIaHbl BbLIBOJbI 00 3(1)(1)6KTI/IBHOCTI/I PAaCCMOTPCHHBIX MCTOJOB, a4 TAKIKC HX
BJIMJIHHHN Ha z[aaneﬁmee Pa3BUTHEC JICKTPHUICCKUX CeTeH.

KaroueBble ciioBa: QJICKTPHUUYCCKUC CCTHU, MOJACPHU3AIIUA, I_II/I(prBbIe TCXHOJIOI'HH.

MODERNIZATION OF ELECTRIC NETWORKS

K.D. Razzhivinal, V.V. Maksimov?
12K SPEU, Kazan, Russia
lkristina_razzhivina@maiI.ru, 2yiktor.maksimov.1968@mail.ru

This paper discusses the main ways to improve the reliability of power supply, carried
out as a result of the modernization of the electrical network. A description is given of
technical measures that increase reliability. The pros and cons of the measures most
frequently encountered in practice are analyzed, conclusions are drawn about the
effectiveness of the considered methods, as well as their impact on the further development of
electrical networks.

Keywords: electrical networks, modernization, digital technologies.

YPpOBEHb TEXHHUUYECKOTO COCTOSIHUSI DJIEKTPUUYECKHUX CETEM BBICTYyNAET
OJIHUM W3 OCHOBHBIX ITapaMETPOB OIICHKH JHEPreTHYECKON OTpaciau 0ol
CTpaHBbl.

Pa3zBuTHE 5KOHOMUYECKON M COLMATIBHON COCTABJISIONIMX KU3HU CTPAHBI
MO/IPa3yMEBaeT YBEJIWYCHHUE TMOBBIIICHUE SJICKTPONOTPEOJICHNS, a 3HAYUT H
YBEIMYCHHUE BBIPAOOTKHU AJIEKTpHUECKoi sHepruu. OaHaKo M3HOC U CTapeHHE
00OpyZIOBaHUSI B JIAaHHBIX YCJIOBHSX MOTYT TMPUBECTH K BBIXOAY W3 CTPOS
DHEPrOCUCTEMBI. OTO 3HAYWUT, YTO PA3BUTHE DSJEKPOCETEBOM  OTpaciu
HEOOXOJIMMO CYUTaTh NPHOPUTETHBIM KaK I  DJICKTPOIHEPTETHUCCKUX
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KOMIIaHWM, TaK W JUIi CTpaHbl B 1II€JIOM, a BOMNPOC MOJAEPHU3ALINHI
AIEKTPUUYECKUX CETeH OCOOCHHO aKTyaJIeH CeTOIHS.

Ilensr MoJepHM3ALMU DICKTPUUYECKOM CETH, NPU €€ HECOOTBETCTBUU
YCTAHOBJIEHHBIM HOpPMaM, SIBJISIETCSI COKPAIIICHHUE KOJINYECTBA OTKIIOUCHUN U UX
MPOJOIKUTEILHOCTH. [Ipn 3TOM BBIOOpP OOOPYIOBaHMS, €ro KOJIMYECTBA H
MECTa YCTAaHOBKM ONHUPAETCS HAa HOPMHUPOBAHUM YPOBHS HAJEKHOCTH IPU
HAaNMMEHBIIUX YKOHOMUYECKHUX 3aTpaTax.

K TexHuueckuM mepaM TMOBBIIMICHUS HAACKHOCTH AJIEKTPUYECKON CEeTH
OTHOCHUTCS:

- UCIIOJIb30BAHUE DJIEMEHTOB CETH, M3TOTOBJICHHBIX M3 YCOBEPIIICHCTBOBAHHBIX
MaTepHuanioB (KOMIIO3UT);

- CEKI[MOHUPOBAHWE JIMHUM, C TIOMOIIbIO YCTAHOBKH JOIMOJIHUTEIIbHBIX
BbIKTIOUaTesnel ¢ AIIB, aBTOMaTHYeCKUX OTICIUTENIEM W pa3beIUHUTEICH;
- pe3epBUpPOBAHUE, UCIIOJIH30BAHUE OOJIBIIETO KOJUYECTBA TPaHCPOPMATOPOB C
JIBYCTOPOHHUM IMUTAHUEM;

- npobsieane  kpymnHbix noacranmuii  10/0,4 kB, pasmenbHOe mnuTaHue
IIPOMBIIIJICHHBIX U OBITOBBIX ITOTPEOUTEIICH.

PazbepeM HEKOTOpPbBIE U3 MEPEUUCICHHBIX MEPOIIPUSTUH.

JIoOWTBCS TIOBBIIIICHUS HAJEKHOCTH DJIEMEHTOB JJICKTPUUYECKOM CETH
BO3MOKHO IIyT€M H3TOTOBJEHHUS MX W3 BBICOKONPOYHBIX MaTEPUAJIOB,
WCIIOJIb30BAHUSI TPOBOJIOB C TOBBIMIEHHON MPOMYCKHON CIOCOOHOCTHIO,
00JIErYeHHBIX IMOJ3EMHBIX Kalesel, CaMOHECYIUX H30JUPOBAHHBIX IPOBOJIOB
(CHII) [1].

OnHUM W3 TEPCHNEKTUBHBIX HAINpPaBJIICHUN SBISIETCS HCIOJb30BAHUE
MOJIMMEPHBIX (KOMIIO3UTHBIX) OmMop W u30isITOpoB. Ilpu 3TOM nmaHHBIC
JUHEHHBIC SJIEMEHTBI COOTBETCTBYIOT HEOOXOJMMBIM CBOMCTBaM. Takum Kak
BBICOKas yJieJIbHAsg TMPOYHOCTh, BBICOKAs 3allUIIEHHOCTh OT OKpPY’KAroIIeH
Cpeabl, BBICOKHE H3OJISIIIMOHHBIC CBOMCTBA (NMPOOMBHAS HAIPSHKCHHOCTh HE
menee 30 kB/Mm).

Takke BaXHBIM MEPONPHUATHEM SBISICTCA pas3JelIiCHUe Ha CEKIUU
BBICOKOBOJIPTHBIX JIMHMI. [IpenmyliiecTBaMu JAHHOTO PEIICHUS SBIISIIOTCS
COKpAIllCHUE MPOTSHKEHHOCTH JIMHUHM, OTKJIOYAeMOM IpU HEHUCHPaBHOCTH.
HauGonee BO3MOXHBIM siBIsieTcs cekimoHupoBanue cetu 10(6) xB. Ilpwm
pa3/elieHNH JIMHUM, B Hayaje KaXJOW CEKIUH YCTAHABIMBAETCA CIECLHAIBHOE
CEKIIMOHUPYIOIIEee 000PYI0BaHKE, OTKIIOUAIOIIEE MOBPEKICHHBIC YUaCTKH, TIPU
TOM HE HapylIas HOPMaJIbHOW palbOThl OCTaIbHBIX CeKluid. Beibop Mecrta
YCTAaHOBKHA  CEKIMOHUPYIOIIUX  almapaToB  OOYCIaBIMBAETCS  YCIOBHEM
MaKCHUMAaJIbHOTO COKpAIleHus yiepoa OT BbIXoja U3 paboThI CETH.
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PesepBupoBanme — MeponpusaTHe, MO3BOJISIFOIIECE UCKITIOYUTh HETOOTITYCK
ANEKTPUUECKOM SHEPrUuu. DTO MEPOIMPHUSITUE AA€T BO3MOXKHOCTH MPOBOAMTH
IUTAHOBBIE PEMOHTHBIE pabOTBI H  OTKIIOUEHUS 0e3 00ecTOYMBAHWS
oTpeOUTENCH.

[ToMUMO WCTHONB30BaHUS TEXHUYECKHX CIIOCOOOB, MOJCPHHU3AINIO
BO3MOXKHO MPOBECTH MyTeM IU(POBHU3AINH dJICKTpoceTeil. DyHIaMEHTATLHBIM
DJIEMEHTOM [U(POBON CETH SABIACTCA HWHTEIUICKTyajbHas CHCTEMa YydeTa
DIIEKTPUIECKONW SHEPTUH, KOTOpas OTBEYACT 32 MOHHTOPHHT M JTUAaTHOCTUKY
CHJIOBOTO O0OpYyIOBaHUS, KOHTPOJIb KauecTBa AJIEKTPOIHEPTUH, 00BEMa YCIYT,
MPOTUBOABAPUNHYIO 3amuTy. K HMHTEIIEKTyalbHbIM CETSAM MPEIbABISIOT
clieyomue TpeOOBaHUs: CaMOBOCCTAHOBJIEHHUE TOCIE COOEB, 3alIUIIEHHOCTb
OT KHOEepyrpo3, CIIOCOOHOCTh MOJICTPAUBATHCA O] TOTPEOUTENS, TOCTYITHOCTh
JUIsL HOBBIX ToTpeOuTeneil. JlaHHOe pelieHue TMO3BOJIUT MOTPEOUTENIM
YIPABJISITH SHEPTONOTPEOICHUEM B PEKUME PealibHOTO BpeMeHu [2].

PaccMmoTpeHHbIe CIOCOOBI MOJIEPHUBAIIMH JICKTPUUECKONU CETH SIBIISIOTCS
aKTyaJIbHBIMU U HAa CETOIHSIIIHUM JIEHb U UMEIOT BO3MOXHOCTH JIOMOJIHATH JIPYT
JIpyra, TEM CaMbIM TOBBIIIAs HAJIEKHOCTh U CTAOMJIBHOCTD AJIEKTPOCHAOKEHUS.
[IpoBenenHoe wuccineoBaHUE JOKa3bIBa€T, YTO HA CETOAHSIIHUN JICHb
CYIIIECTBYIOT peajbHbie BO3MOXHOCTU MPOBEJACHUS MOJCPHU3AINH, TIPUYEM HE
TOJIBKO 32 CYET MCIIOJIh30BaHMUSI HOBBIX MATEPHAJIOB, HO M 3a CUET BHEAPCHUS
HOBBIX pENICHUH B 00JIACTM HANEKHOCTH TIEpeladyd ¢  PaclpeeICHHUs
AIIEKTPOIHEPTUHU.
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APXUTEKTYPA HEMPOHHOM CETH JJIsI UHTENIPETALIUU
PE3YJBbBTATOB XPOMATOI'PA®OHUYECKOI'O AHAJIM3A
PACTBOPEHHBIX I'A30B
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L23oprB0Y BO «KI'DVY», r. Kazans, Poccus
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B Te3uce mnpemiokeHa apXHUTEKTypa CHUCTEMbl JTUArHOCTUKU HEUCIPABHOCTEH
CHJIOBBIX TpaHC(HOPMATOpPOB Ha 0a3e XpoMaTorpaguueckoro aHaln3a PacTBOPCHHBIX T'a30B
(XAPT') u uckyccrBennsix Heliponnbix cereir (MHC). ChopmupoBanHas HelipoHHas ceTh
MIOMOJKET IPOBECTH HEOUCBUIHBIC CBSI3H, MKy (QU3NKO-XUMHUUCCKUMH TTapaMeTpaMy Maciia
u nokazanussMu XAPI', nin oneHuTh myMoBoi 3G QeKT ¢ oHNIaiH-xpomarorpada BO MHOTOM
UMesl PETPOCIICKTUBHBIC JIaHHBIC 110 KJIFOUEBBIM MapaMeTpaM MX HHTEPIIPETAIUS U PEIICHHUE
3aJ]auu MIOCTPOCHUS M W3BJICUCHHs 0OJiee TOYHBIX PE3yJIbTaTOB U KiIacCU(PUKAIUK TEPEKTOB
cTaHeT OoJiee SIBHOH ISl BBITIOJTHEHUSI.

KuroueBble cioBa: xpoMmarorpaduieckuii aHamu3 pacTBOPEHHBIX Ta30B, HEHPOHHBIE

CeTH, KiIaccupuKaIus 1eQeKToB.

NEURAL NETWORK ARCHITECTURE FOR INTERPRETING THE
RESULTS OF CHROMATOGRAPHIC ANALYSIS OF DISSOLVED
GASES

S.F.Rakhmankulov}, M.S Garifullin?, .A.R. Gizatullin®
123K SPEU, Kazan, Russia
shamil74000@mail.ru °g_marsels@mail.ru 3caff.tatapduk@gmail.com

The thesis proposes the architecture of the system of fault diagnosis of power
transformers based on chromatographic analysis of dissolved gases (DGA) and artificial
neural networks (ANN). The formed neural network will help to make non-obvious
connections between the physical-chemical parameters of oil and DGA readings, or to assess
the noise effect with online-The chromatograph interpretation and solution of the problem of
constructing and extracting more accurate results and classification of defects will become
more obvious.

Keywords: chromatographic analysis of dissolved gases, neural networks,
classification of defects.

126



B sHepreruueckux cuUCTEMax BCETO MHpa CIOXKWIACh CUTYyallUs, KOrja
CpedaHMii Bo3pacT Hauboyiee JOpOoro OOOPYAOBaHUS MMOACTAHIIMM — CHIIOBBIX
MacJIOHAIOJIHEHHBIX TpaHchopMaTopoB— Bo BcEM mupe npesbimiaet 30 net [1]. B
ATUX YCJIOBUSAX HEOOXOAUMO pa3pabaThiBaTh HOBBIE MOIXOAbl K OILEHKE U
NPEIUKTUBHONW JUArHOCTUKU TpaHC(HOPMATOPHOTO 3yeKTpoobopyaoBaHus. B
HACTOSIIIee BpeMsl XpomarorpapuuecKuil aHalli3 pacTBOPEHHBIX B Macliie ra3oB
(XAPI') sBnsercs oOmHMM W3 HaWOoJieeé 3HAYUMBIX JUIS  OOHApY)KCHUS
3apOXK/IAIONIUXCSA B CUJIOBBIX TpaHchopMaTopax edeKToB Ha paHHeH cTaauu [2].
OU3NKO-XMMUYECKHE TapaMeTpbl TpaHC(POPMATOPHOTO Macia camMu 1o cede
ABJSIACH BECOMOM METPUKOM B ONPEIEICHUHA COCTOSIHHMSI Pa3BUBAOLIMXCS
neeKToB, SBHO BIUSAIOT W Ha pe3ynbTatel XAPI, HO B Kiaccuueckoi
MHTEpIpETaIlMi JaHHOTO aHaJM3a HAa HUX HE JIeNaloTcs momnpaBku. OueBHIHO,
CYIIECTBYET HEKas HENUHEeWHas CBA3b MEXKIY  (PU3MKO-XUMHYECKUMHU
napameTpamu Macia u pesynbratamu XAPI'. UToObl yCTaHOBUTH JaHHYIO CBSI3b
HEOO0XO0MMO 00pAaTUTHCS K PETPOCIIEKTUBHBIM JAaHHBIM, TIOCKOJIbKY Oyiarojaps ux
HAIMYUIO MOKHO TIOCTPOHUTH €CIM HE YETKUE MAaTEeMATUYECKHE MOJIENU BIIUSHHUS
buznko-xumuueckoro ananmsa Ha XAPI', 1o, mo kpaiiHe mepe, BBIBECTH HEKYIO
dbopmy baileca mo TmoKazaHHWSM JAHHBIX M MPOBECTH Kpocc-aHamu3. [lpu
OTCYTCTBUHM JIaHHBIX 00 aBapusix MOXKHO OOy4YUTh HEHUPOHHYIO CETh
BOCIIOJIb30BABIINCh TEXHOJIOTUEH pa3METKH JAHHBIX IO XapaKTepy SKCIEPTH3HI,
T.6. CO CTOPOHBI OLEHKM pa3Iu4HbIX METpUK. [[0 COOTHOUIEHUSIM MOYXKHO
BBICTABUTH CTEMEHb pPHCKAa WM IIIaHCA Pa3BUTHS Kakoro-nmubo nedexra.
Hcnonb30BaB MHOKECTBEHHBIE METPUKH M METOIWKU JUIsI KPOCC-BaJIMJAINH,
BO3bMEM CIICIYIOIINEe METOJIUKH: Metoa cooTHomeHui JlopHenOypra, Meron
cootHomenut  Pomxkepca, Meton Tpeyroiabhuka oBansa [3].  Hwmes
PETPOCIIEKTUBHBIE JAHHBIE U HKCIEPTHBIE METKH IOJy4YaeM JaHHbIC B BUJIE,
N300paKEHHOM Ha pPHUCYHKeE 1.

Perpocrextira

XAPT

BKCHEPTHBIE METEH

J\ |
! ! !

Metoz Mopentypra Metog Poxrepca Meton Mroraxa

Puc.1 Pa3meTka peTpocneKkTuBHbBIX JaHHbIX XAPT
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brmarogaps naHHbIM pasMETKaM MOXXHO TaK WIA HHAYE PEIIATh 3aJauy
KJaccu(UKalMd METOJIaMU  KpOCC-BAIMIAIIMUA  PA3IMUHBIX METOJUK OLEHKHU
cocrossHus nokazareneit XAPIT [2]. [nst 5TOro MOKHO HCIOJIB30BaTh METOJIUKY
HEHPOHHBIX ceTed. B HameM ciydae palMoHaIbHO HCMOJIb30BaTh AJITOPUTMBI
HEHPOHHBIX CETed C KOHTPOJUPYEMBbIM OOYUYEHHEM Ha OCHOBE aJIropuTMa
JleenOepra-MapkBapaTa. JlaHHBIN aaropuT™M TPEOYET Tropas3io MEHBIIE UTepaIuit
JUIsl KOHBEPI€HLIMHA IO CPABHEHUIO C HEKOTOPBIMA METOJAMH, YTO JEJIAET €ro
ONTUMAJILHBIM JIJISl IMATHOCTUKU CHUIIOBOTO TpaHchopmaTopa Ha ocHoBe XAPI. B
JAHHOM CITy4ya€ NPHUMEHEHHS IISITh OCHOBHBIX HPEIBAPUTEIBLHBIX Ta30B IS
JTIMarHOCTUKY CUJIOBBIX TpaHcpopmaropos: areruieH (CoHy), atan (CoHg), sTrien
(C;Hy), yrapusriit raz (CO), yrrekucisiii ra3 (CO,), Bogopon (H,) n metan (CHy)
BbIOpaHbl B KAueCTBE BXOJHBIX XapaKTEPUCTHK. TOIMONOTHs KiacCU(UKALUU U
paboThl HEHPOHHOM ceTu OyneT UMETh 4 CJod, JABa U3 KOTOPBIX OYAYT CKPBIThIC
CIIOM OJIMH BXOJHOM M OJUH BBIXOJHOM C HETOCPEICTBEHHOM Kiaccudukaiuen.
[lepBbIil CKPBITHIA CIIOM — 3TO (PU3MKO-XMMUYECKHE NapameTpel. BTopoi —
BCTPOCHHAs JeTaiau3alys, a UMEHHO J1-D4 (YacTHuHbIe pa3psalbl ¢ PA3IUYHON
nonet uHTeHcuBHOCTH), T1-T4 (Tepmuueckue nedeKThl C PpazIMyHONU J10JIeH
uHTeHcuBHOCTH), DT (paspsanbii u Tepmudeckuit aedekr). Bes tomomorus
MPE/ICTAaBJICHA HA PUCYHKE 2.

DHIHEO-XHMHYIECKHE
C2Ho6, C2H4, CO EeTATHIaAIHT o
; s IapaMeTPEl a COCTOAHHA

BxoaHEIe | -Brit CEDBITEIR CI0 2-H CEPEITEIH ClToH
napaMeTrpel C2ZH2, P ECTPOEHHAA KJE&CCIIC]_)I’H\'HHIM

CO2, H2, CH4 IetekToR

Puc. 2 Tononorus HeMpOHHOM ceTH [is KiaccupuKaiuu 1eeKToB

brnaronapss jaHHOM TOIOJOTMM HEMPOHHOW CETM MBI MOXKEM MPE/ICTABUTH
3aBUCUMOCTh XAPI' OT (PU3MKO-XMMHUYECKOTO aHajin3a KaKk HEKU HaWBHBIN
0alileCOBCKMI  KJIACCU(PHUKATOP, KOTOPBHIA TMOKAKET CTENEHb KOPPEISAIUU
napaMeTpoB, Ha 06a3e TeX PEeTPOCHEKTUBHBIX JaHHBIX, KOTOPHIE UMEIOTCSI B HAIlIEM
pacnopsKEHUH 110 MapKy TpaHC(hOpMAaTOpPOB.
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AKYCTUYECKHUI METO/J ONPEJEJEHUS MOBPEXKIEHUN
U30JSIINM KABEJLHBIX JIUHU

‘AP Caruros, 2A.P. AxMeTOB
Hayu. pyk. n-p TexH. Hayk, noueHt M.II. lapudymiun
L2orp0y BO «KI'9VY», r. Kazanb
127222208@yandex.ru

B ,HaHHOﬁ pa60Te pacCMOTPCHO HNPHUMEHCHUE AKYCTHUYCCKOI'O MCETOHAA B Ka4YC€CTBC
MCTOJa OIIPCACIICHUA MECTa ITOBPCIKIACHUA KaOeJIbHBIX JIHHHUH B I‘OpOI[CKOﬁ cpeac.
KiroueBblie ciaoBa: MecTo MOBPCIKACHU, KaOebHas JINHUA, TOPOACKHC 3O0HBI,

HU30JIAIHA.

ACOUSTIC METHOD FOR DETERMINING DAMAGE TO THE
INSULATION OF CABLE LINES

!AR. Sagitov, A.R. Akhmetov
12K SPEU, Kazan, Russia
127222208@yandex.ru

In this paper, the application of the acoustic method as a method for determining the
location of damage to cable lines in an urban environment is considered.
Keywords: the place of damage, cable line, urban areas, insulation

B cBsI3M ¢ ycTapeBaHUEM AIEKTPUUECKUX CETEM M3-3a MPEBBILIEHUS CPOKA
SKCIUTyaTallMl U POCTa HArpy3ok Ha kabenbHyto juHU0 (KJI) mepuoauyecku B
TOPOJCKUX 30HAX MPOUCXOIST aBapuu, CBA3AHHBIE C NPOOOEM H3OJISALHUH
kabenss. VIMEHHO Jfs  OTBICKAHHMSA MeCTa MOBPEKICHHUS HCIOIb3YIHOTCS
pa3IuYHbIe METOANKHU ONPEIEIEHUS MECTA TOTEHIIMAIBHOTO MPOOOSI.

Cy1miecTByeT MHOKECTBO Pa3IUUYHbIX METOJIUK, OCHOBAHHBIX Ha IIyCKaHUU
AIIEKTPOMArHUTHOTO HMMIYJIbCa, IMPOMYCKa TOKAa C BBICOKOM YacTOTOW NpH
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MOMOIIA TE€HepaTopa 3BYKOBBIX YaCTOT, IPUMEHEHHE BBICOKOBOJIbTHBIX
KOHJICHCATOPOB JIJISI HAKOTUJIEHUSI SHEPTUU U BbIJAYM MOIIHOTO MUMITYyJIbca. DTH
METO/IbI OTIpe/IeTICHUS MECT MOBPEKACHUHN KaOEIbHBIX JIMHUMN JCIATCS Ha:

° OTHOCUTENbHBIE — HMIYJbCHBIM, KoJie0aTeIpHOIO paspsja,
MeTIEeBON, EMKOCTHOM;

° AOCOIOTHBIC — aKYCTHUECKUN, MHTYKITMOHHBIN, HAKJIATHON paMKH.

PaccMoTpuM aKyCTUUECKHIT METOJ ONPEACICHHUS MECTa IOBPEXKIACHUS.
JlaHHas MeToAMKa OCHOBaHa Ha (DOPMUPOBAHHHM MCKPOBBIX Pa3ps0B, KOTOPHIC
COIIPOBOXJAIOTCS MOIIHBIMUA 3BYKOBBIMH HMMITYJIbCAMUA TPU 3TOM YpPOBEHH
CONPOTHURJICHUSL JIOJDKEH OBITh He Oosiee 5 kOM. MMIynbCc HOCHUT Xapaktep
MOCTOSTHHOTO TOKa, TaK KakK OT IEPEMEHHOr0 TOKa 3apsjia TEHEPUPOBATHCS HE
Oyner.

['enepaTtop € BBICOKOBOJIBTHBIM KOHJECHCATOPOM M IIOJKJIIOYEHHBIM K
HEeMy TpaHC(OpMaTOPOM C BHITIPSMUTENIEM CO3AaET UMITYJIbC, KOTOPBIM MOJaéT
JYyTOBOM pa3psi yepe3 BCIO KaOCNbHYIO JIMHHUIO U OoOpa3yeT B MeECTe MpoOos
M30JIALMH XJIONOK. [1] JlaHHBIN 3ByKOBON MMITYJIbC YKa3bIBa€T HA MECTO MPOOOS
kabemss. HeoOxomumo OTMETHTh, YTO paccMaTpUBaeMbIi METOJ[ I03BOJISET
BBISIBUTH MHOKECTBO ITOBPEIKACHHIM, TAKUX Kak (CM. TaOIIHILy):

Ne Bubl noBpexkIeHNAM [TpobuBHOE HanpskeHue, kKB
1 OpnnodaszHoe 3aMbIKaHUE (C pa3HBIM 0, ot 1 o 50 (mpu 3ambIBarOIIEM
NEePEeXOAHBIM CONPOTUBJICHUEM npoboe)
MexayhaszHoe ¢ 3aMbIKAaHUEM JIBYX JKUJI Ha
2. 0, ot 1 1o 50
000JI0YKy
3. PacTsixka (a3, mpo0oii Ha 06osouky KJI VcnbiTarenbHoe (M3 macrnopra)

Jlo ucnpIraTenbHOTO Yepe3
4. Pacrsxenue ogHoM, 1ByX Ui Tpex (a3 PpACTSDKKY Ha 3a3€MJICHHBIE KUJIBI
KJI

3ambikanue xuiabl Ha 006010uky KJI 10 kB ¢
5. Ot 1 10 20

HSOHXHHeﬁ M3 CIIUTOTI'O ITOJIMITHUIICHA.

OOpBIB OHOM, ABYX MITU TPEX KUJ, C

3aMbIKaHUEM WU 0e3 3aMbIkaHus a3 Ha
6. . Ot 1 no 20
o6onouky mnu 3xpad KJI ¢ uzonsmueit u3

CIIMUTOTO ITOJIMOTHUIICHA.

HyxHo 00patuTh BHMMaHWE, YTO aKyCTHUYECKUM METOJ] HE IO3BOJISIET
OOHApPYXUTh TPUUHTU U N€PEKTHl U30JISIIIUU, KOTOPbIE HE MPHUBOAAT K MPOOOIO
n30Jsuu [2].
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JlaHHBI METOJ TPHUMEHHM B TOPOACKOW cpene, T.K. OH IO3BOJSET
ONPENETSATh MECTO TMpOo0O0sI MpPH TOMOIIM aKyCTUYECKOTO MHUKpodoHa,
MOJIKJTIFOUEHHOTO K YCWJIMTENIO ¢ BU3YyaJIbHOW M 3BYKOBOW WHIWKAIIMEH MUHYSI
NPENIATCTBAS B BHUAC KaOelb-KaHAIOB, TPYO M TPOYHMX DSKPaHOB, HO IMPH
00JbIION TIyOMHE HAOIIOAAIOTCS MPOOJIEMBI CO CIBIIIUMOCTBIO (CM. pHC.).
Takxe CTOUT OTMETUTh, aKyCTHUECKHWA METOJ IO3BOJISIET COKPATUTh O0BEM
paspymiaeMoil HHQPACTPYKTYPHI B CEMUTEOHBIX 30HAX.

—

AK)’CTHWBCKOQ none

MecTo nospexaeHus

Teopernueckas cxema pabOThl aKyCTHUECKOTI0 METO/1a /Il OOHApYKEHMs MecTa

MOBPEXICHUS KaOeIbHOU TUHUH [1]

[ToaBoas uToru, MOKHO CKa3aTh, YTO JAHHBLIA METOJ SBIISCTCS HamOOJCe
YHUBEPCAIBHBIM CPEIM BCEX CYIIECTBYIOIIMX METOJUK, TaK KaK OH oO0JajaeT
OOJIBIIMM OXBAaTOM TMOBPEXACHUN MpPU JOCTATOUHO OOJIBIIOM TEPEXOTHOM
COIIPOTHUBIICHUM.
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AHAJIN3 DKCILTYATAIIMOHHOM HATEXAKHOCTH BAKYYMHOI'O
N JIEI’'A30BOI'O BBIKJIFOYATEJIA 6-10 KB
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B nanHoii paboTe nmpuBeeHbl OCHOBHBIE TEXHUUYECKUE XapaKTEPUCTHKH BaKyYyMHOTO
U 3JIEra3oBOro BhIKIIOuUaTened HampsbkeHueMm 6-10 kB. IIpoananu3upoBaHbl 0COOEHHOCTH
JKCITyaTalliu JAHHOTO BUAa OOOpyHOBaHUS, BbIACIEHBI MPEUMYIIECTBA M HEIOCTaTKU
Ka)KI0r0 U3 BUJOB PACCMOTPEHHBIX BbIKIIOYaresneil. CrenaH BHIBOA O HAJEKHOCTH KaKOTO
U3 BBIKITIOYATENeH.

KiroueBble cii0Ba: BakyyMHBIH  BBIKJIIOYATENb, OJETA30BbI  BBIKIIIOYATEINb,

HAACKHOCTD, SJICKTPOCUTIOBOC O60py,HOBaHI/IC.

ANALYSIS OF OPERATIONAL RELIABILITY OF VACUUM AND SF6
CIRCUIT BREAKER 6-10 KV

11.1. Samigullin, 2V.V. Maksimov, *A.N. Kurbanova
123K SPEU, Kazan, Russia
1Samigilnur200901@mail.ru, 2viktor.maksimov.1968@mail.ru,
3albinka_kurbanova@inbox.ru

This paper presents the main technical characteristics of vacuum and gas-insulated
circuit breakers with a voltage of 6-10 kV. The features of operation of this type of equipment
are analyzed, the advantages and disadvantages of each of the types of circuit breakers
considered are highlighted. The conclusion is made about the reliability of each of the
switches.

Keywords: vacuum circuit breaker, SF6 circuit breaker, reliability, electric power
equipment.
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Ha cerogusmHuii JI6Hb OCYIIECTBISETCS IPOM3BOJICTBO IIHPOKOIO
CIIeKTpa KOMMYTAIlMOHHBIX ammapaToB. Pasznmuuue ngaHHOTO O00O0pYAOBaHUS
3aKJII0YAETCs B MaTepualie U3rOTOBJICHUS, SKCITyaTallMOHHON HaJIe)KHOCTH.

Haubonpiiine u3MeHEHHS B Pa3BUTHUU DJEKTPOOOOPYAOBAHUS MOXKEM
YBUJIETh CpEIU KOMMYTAIIMOHHBIX BBIKIIOUatesei. OCHOBHBIM OTJIIMYUEM
SABJISIETCS WM3MEHEHME Jyroracsimied cpeasl. [maBHas 3agadya  JaHHBIX
KOMMYTAITMOHHBIX arperaToB — cpadaThIBaHUE IIPU KOPOTKOM 3aMbIKAHUH.

[Tokazarenb HaAEKHOCTH DJICKTPOOOOPYIOBAHHUS MOXKHO OMNPEACIIUTh
MyTEM TM0JICUueTa YacTOThl BBIXOAA M3 CTOs (OTKa3za) JAaHHOTO OO0OpYAOBaHUS.
Taxke MaHHBIM KPUTEPUH MOKHO OIPESIUTh CYMMAapHBIM NMPOpPabOTaHHBIM
BPEMEHEM J10 OKOHYATEJIHOTO BbIX0/a U3 cTpos [1,2].

Jl1st mpoBeICHUS CPaBHUTEILHOTO aHAIM3a ObLIA BRIOPAHBI BBIKIIOYATEIIH
cpeanero HanpspkeHus Mapok BB/TEL-10-1600 BakyymHbIit u LF si1era3oBaiid.
HoMunanpHbIe TapamMeTphl: HOMUHAJIBHOE HanpsikeHue 6-10 kB, HOMUHaTBHBII
tok 1600 A [3.4].

TexHudyeckre XapakTepUCTUKH JIaHHBIX BBIKJIIOUATENIe IMPUBEJCHBI B
TadIuIe.

TexHUyeckue XapakTepPUCTUKU BBIKIIIOYaTeNel (BaKyyMHBIN U 3JIETa30BbIi)

TexHuueckuil mapamerp BBITEL-10- LF
1600

Usou, KB 10 6-10
Usian pas., KB 12 16

liows A 1600 1600

liom. oremonenms.s A 25 25-31,5

HauansHoe 3 dekTuBHOE 3HAUCHHE TIEPHOANIECKOM cocTaBIIsIIONIeH 64 25
AMITUTYIHOE 3HAYEHHE, KA 25 64

IIpenenpHLIM TOK TEPMUAYECKON YCTOMYUBOCTH (1 IIPOMEXYTKA
P P Y (s mpomency 30(t=3¢) | 25 (t=4 ¢)
BpEMEHH), KA

CoOcTBEeHHOE BpEeMsI OTKITIOUEHHS BBIKITIOUATEIS C IPUBOJIOM, C, HE

0,015 0,048
Oonee
Bpemst oTkITIO4YeHUs (10 MOracanus JIyry) BBIKITIOYATENS C TPHBOJIOM, C,
0,09 0,07
He Oojee

CoOcTBeHHOE BpeMsl BKIIOYECHHUS BBIKIIIOUATENS C MPUBOJIOM, C 0,07 0,065

MunuManbHasi 0eCTOKOBas ay3a IIpH aBTOMaTHYECKOM ITOBTOPHOM 0.3

- i)
BkioueHun (AIIB), ¢
Macca BbIKIrOuaTess (6€3 BEIKATHOTO DJIEMEHTA), KT 40 30...605

MexaHn4ecKuil pecypc BBIKIIOYATENS, KOJI-BO IUKIIOB 50000 50000
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B pesynbpraTe aHanu3a nmojgyyeHsl Cleyouue JaHHbIe: YUCIO0 COCTaBHBIX
yacTel KOMMYTAllMOHHOM KaMmepbl (Bakyym. — 22, aneras. — 52); 4YHCIO
MOJBWKHBIX YacTed (Bakyym. — 9, aneras. — 24); 4uCIIO MOJBMXXKHBIX YacTei
Jyroracsiei kaMepsl (BakyyM. — 2, ajeras. — 24); 4ijio KOMMYTaIiil B pexKuMe
K3: (Bakyym. — 30-400, snera3. — 10-50); uncno koMMyTanuii B HOpMaJIbHOM
pexume: (Bakyym. — 1o 30000, smeras. — qo 10000); mepuoa TEXHUUYECKOTO
obcmyxuBanus (net): (Bakyym. — 10-15, amera3. — 5-10), mepuoau4HOCTH
TEKyIIero pemMoHrta (mecsim): (Bakyym. — 1 pa3 B 2 ropga, sieras. — 12),
IEPHOAMYHOCTD KalMTaIbHOrO peMoHTa (J1eT): (Bakyym. — 10, sneras. — 4-8).

B pe3ynbTare aHajamn3a C/IeJIaHbl clenyronme BBIBOJIBL:

- MEXaHUYEeCKasi, JKCIUTyaTallMOHHAs JIOJITOBEYHOCTh BBIIIE y BaKyyMHBIX
BBIKJTIOUATEIICH;
- PEMOHT, MPOBOJIUMBIN Kaxbli ToJ coracHo rpaduxy [IIIP, nis BakyyMHBIX
BBIKJIFOUaTeeil He TpeOyeT BBIMOIHATH PEMOHT IIOJMCOB, YTO COKpallaeT
PEMOHT JaHHBIX KOMMYTAI[MOHHBIX arperatoB M JelaeT ero MeHee
TPYJ03aTPaTHBIM B CPABHEHUH C PEMOHTOM 3JIETa30BbIX BBIKIIIOUATEIICH.

Takum oOpa3oM, BakyyMHbIE BBIKJIIOYATEIM HMMEIOT  3aMETHOE
MPEUMYIIECTBO B CpPAaBHEHUU C DJJIETa30BBIMH, YTO TOBOPUT O OOJBIIECH
MEPCTIEKTUBE UX JATbHEUIIIETO Pa3BUTHSIL.
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Hurmartzsiros, [. P. A6apammuTos, O. E. Kypakuna, O. B. BopkyHos // 3ameTku
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obpamenus: 06.03.23).
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INPUMEHEHUME BOJIbTOJJOBABOYHbLIX TPAHC®OPMATOPOB B
HUMU3KOBOJIBTHBIX CETAX
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dotov291299@gmail.com, vorcunov_oleg@mail.ru

B nmanHoii  paboTe  paccMaTpuBaeTCs ~— NPUMEHEHHE  BOJIBTOH00aBOYHBIX
TpaHcGOpPMATOPOB B HU3KOBOJIBTHBIX ceTax. OmnpeneneHbl (PyHKIMH, THUIBl KOHCTPYKIHH U
CIoco0bl YCTaHOBKHU BOJIBTO100aBOUYHBIX TpaHchopmaropos (BAT).

KiarueBble cioBa: BOJIBTO00aBOYHBIA TpaHCHOPMATOP, HU3KOBOJIBTHBIC CETH,

CTa6I/IJ'II/ISaI_II/I${ HAaIpPsKCHUS, KOHCTPYKTHBHBIC 0COOEHHOCTH.

APPLICATION OF VOLTAGE-BOOSTING TRANSFORMERS IN
LOW-VOLTAGE NETWORKS

'R.E. Sattarov, %0.V. Vorkunov
L2KSPEU, Kazan, Russia
dotov291299@gmail.com, vorcunov_oleg@mail.ru

In this paper, the use of voltage-boosting transformers in low-voltage networks is
considered. The functions, types of construction and methods of installation of voltage-
charging transformers (VDT) are determined.

Keywords: voltage-boosting transformer, low-voltage networks, voltage stabilization,
design features.

Ha pgaHHBII MOMEHT TOCTaBIUMKH D3JIEKTPOIHEPTUU CTPEMSTCS K
MaKCUMaIbHOU J(PGEKTUBHOCTH U OecrepeOOWHOCTH Tiepenadyd  dHEPTrHH
norpedurento. IMeHHo 1o 3TuM npuynHaM HEOOXOAUMO CJIEIUTh 32 KaUeCTBOM
ANeKTpo3Hepruu. CaMbIMHM Ba)KHBIMH ITOKA3aTESIMU KauyeCTBA 3JEKTPOIHEPIHU
SBIISIIOTCS: YaCTOTa — B HOPMAJILHOM PEKUME OTKJIOHEHHs MoryT ObITh £0,1 I'L,
KPaTKOBPEMEHHbIE OTKJIOHEHUs MoryT ObiTh +0,2 ['n; HanpsokeHue —
OTKJIOHEHHE TONMYCTUMO Ha £5%; CHHYCOMIaJIbHOCTh — OTKJIOHEHHE JI0ITyCTUMO
Ha £5%.

Jlnst  HamOombielt  HamEXHOCTH  DJICKTPOIEpeaaud  PEeKOMEHIYEeTCs
CTaBUTH BOJIbTO100aBOUYHBIE TpaHcopmaTopsl B cetu 0,4 kB (Puc.1). B ocHoBe
JAHHOTO YCTPOMCTBA JIEKHUT MPUHLMUII ABTOMAaTUYECKOI'O PErYyJIMPOBAHMS
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HaIpsHDKEHUST TpPU  TIOMOILIM 3JIEKTPOHHOTO OJI0Ka, KOTOPBIM aHaIU3UPYEeT
YPOBEHb BBIXOASAUIETO HanpsokeHUss [l1]. MOXHO BBIACIUTH HECKOJBKO
noctonHCcTB mpuMeHeHust BJIT B ceTsix: maHHbIN TpaHchopMaTop — YCTPOMCTBO
MHOTOKPATHOT'O UCTIOJIb30BaHUs, IPU PEKOHCTPYKIUU CETE MOKHO YCTAHOBUTh
Ha JpYrol y4yacTOK C TMOAOOHBIMH TPUYMHAMH YCTAHOBKH; BBICOKas
OTEpPAaTUBHOCTb PEArvpoBaHUsl HA MpeTeH3uu notpeduTens — MoHtax BT
3aHUMaeT He OoJiee 4 YacoB; BOJIBTO/I00ABOUYHBIN TpaHCHOPMATOP MO3BOJISET
MPOU3BOIUTH PETYIUPOBKY HAMpsLKEHUs! 0€3 O0IBIIOro KOJWYECTBA BIIOKEHUHN
U CTPOMTENIbCTBA TMOJACTAHINKM; He TpeOyeT TPYJOoEMKOTO OOCITYyKUBaHMUS,
pEeryaupoBKa HANPSHKEHUS OCYIIECTBIISIETCS O€3 pUBJIeUeHUs epcoHana [2].

| - BOMIYINBAR AJGHHH AWEKTPOREPEIEE
2 = paapHIHIKH
3 fieiin MLl BOLTOAOR ARG

f - BouerogodasoseHl TREHCORMETD

7= MONTORHEE METLAMIKOHCTIYKLIE

% OIMJHER INTANTE
]

Puc.1. MonTaxkHast cxema BoJibTo100aBoyHOr0 Tpancopmaropa Ha BJI 0,4 kB

Ha ocnoBe wuccnegoanuii BJI-0,4 Nel ot TII 2838 ¢.1 TIC 110/10
«IIpoHck» Psa3aHckoif o00jacTu aBTOpaMH BBISIBJIEHA TMOJb3a BHEAPEHUS
BOJIbTOI00AaBOYHOTO TpaHcopmaTopa W MPOAHATU3UPOBAHBI PE3YNIBTATHI
3aMepOB YPOBHSI YCTAaHOBHMBIIIETOCS OTKJIOHEHUS HANIPSDKEHUS B MPOIICHTAX JI0
nocie ycraHoBku BT y camoro ornanénnoro notpedurens (Puc.2 a,0).
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a0 i | | 1 i 1 15 1 1 1 1 1 | i
2105 2003 02.05.2003 01052013 04053013 05.05.2013 o60s.2003 M oy 403013 05102003 06.10.2013 07.10.2013 AHN

Puc.2. 3MeHeHne ycTaHOBUBIIIETOCS] OTKJIOHCHUS HANpsbKeHust: a) 10 yctaHoBku BJIT; 0)
nocie ycraHoBku BJIT

AHanu3upys noixydeHHble TpadHKu, MOXKHO 3aMETUTh, YTO NMPUMEHEHUE
BAT B »>JeKTpUYecKOd CETH CHOCOOCTBYET YMEHBLIEHUIO OTKJIOHEHHIA
Hanpspkenus. Jlo ycranoBkm BJIT ammimryna nocrurama 45%, a mocie
yctaHoBkH 10% B Xyauiem ciryyae, Ipu BKIFOYEHUN MOILTHOM HAarpy3KH.

Yaie Bcero BobTO00aBOYHBIE TPAHCPOPMATOPHI OCHAIAIOT MACIISTHBIM
OXJIAXKIEHUEM B repMeTHYHOM HcnosHeHuu. BT ycraHaBnuBaeTcst B pa3pbIBbI
JMHUAWA DJIEKTPOIlepeay, C HapyKHOW YCTAHOBKOM WM JUIMTEIBHBIM PEKUMOM
paboTel B ymepeHHOM kiaumare. Taxxe Henb3s ctaBuTh BJIT Bbrme 1000
METPOB HaJ YPOBHEM MOps, 3AMPEIICHO 3KCILUTyaTUPOBATh BO B3PBIBOOMACHBIX
OKPYKAIOIIMX U XUMUYECKH OINACHBIX CPEAax.

[TogBons UTOrH, MOXKHO CKa3aTh, YTO MPUMEHEHHE BOJBTOJ00aBOYHBIX
TpaHC(OPMATOPOB HE pEIIAeT MOJHOCTbIO BO3HUKAIOUIME MPOOJEMbI B
HU3KOBOJIbTHBIX ceTsAX. HO mpu 3TOM MNO3BOJSET MOBBICUTh CTAOMIBHOCTD
HaIpsKEHMS B JIMHUU JJIEKTpOIepeaay.
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ITPOBJIEMA ITOBBIIIEHUA KAYECTBA ITPOI'HO3UPOBAHMUAA
INOTPEBJIEHHMS DJIEKTPOOHEPI'MU B PECITYBJIMKE
TATAPCTAH

AA. CyBopoB.l, E.H. I[OJ'IMaTOBZ, P.H. MyxaMeTmaHOBg, P.P. Canuxos”
L234prBOY BO «KI'9VY», r. Kazanb, Poccus
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Jlannast paborta 0a3upyeTcsi Ha aHaldW3e OTEYECTBEHHBIX HAYYHBIX MYyOIUKALUNA U
npelcTaBisieT coboi 0030pHYIO CTaThiO, MOCBAILIEHHYIO MpOOJeMe IMOBBIIICHUS KadyecTBa
MPOTHO3UPOBAHUS MOTpebieHus: siekTposHeprun B Pecnybnuke Tarapcran, koropas B
HACTOAIIEE BpeMsi SBJSETCS aKTyalbHOM MO TNpPUYMHE MPOHUKHOBEHUS PHIHOYHBIX
OTHONIIEHUH BO Bce cdepbl daeKTpodHepreTuku Pd u akTUBHOMY pOCTY IOKasaresei
ANEKTpOnoTpedIeHNs B 0003HAUEHHOM PErvoHe.

KiloueBble  cjioBa:  3JIEKTPO’HEPreTHKA,  AJNEKTPONOTpeOleHHe,  Harpyska,

IMPOrHO3UPOBAHUC, IIJIAHUPOBAHHUC, HOTpC6I/ITCJ'II/I.

THE PROBLEM OF IMPROVING THE QUALITY OF ELECTRICITY
CONSUMPTION FORECASTING IN THE REPUBLIC OF TATARSTAN

A.A.Suvorov', E.N.Dolmatov?, R.N. Mukhametzhanov®, R.R. Salikhov*
234K SPEU, Kazan, Russia
1.234artyom.suvorov01@mail.ru

This work is based on the analysis of domestic scientific publications and is a review
article devoted to the problem of improving the quality of electricity consumption forecasting
in the Republic of Tatarstan, which is currently important because of the penetration of
market relations in all spheres of the RF power industry and the active growth of power
consumption indicators in the region.

Keywords: power industry, power consumption, load, forecasting, planning,
consumers.

Ounepretuueckuii cektop PT sBnsercs 6a3oBoil oTpacibpio s Bcei
SKOHOMHUKM  perroHa. OT  3TOro  CEKTOpa  HANpSIMyK  3aBUCHUT
KOHKYPEHTOCTIOCOOHOCTD U pPEHTa0eIbHOCTh POU3BOICTBEHHO-
MIPOMBITIUICHHBIX TPeanpusiTuii cyobekta P®D, a, COOTBETCTBEHHO, W OOIIMIA
YPOBEHb COIMAIEHO-D)KOHOMHYECKOTO pa3BUTHS PecnyOnmku, Ka4ecTBO JKU3HU
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HaceseHus. B mpoiiecce cBoero pyHKIIMOHUPOBAHUS XO3SIMCTBYIOIIHNE CYOBEKTHI
AIIEKTPOIHEPTeTUUECKOro cekTopa B TaTapcrane, kak W B 1einomM B Poccum,
HAXOJATCA TOJI BJIMSHUEM JIBYX CpEA: TEXHOJOTHYECKOW M PBIHOYHOU (CM.
pUCYHOK 1),  KOTOpble  Ba)XXHO  YYHUTBIBaTh MPU  MPOTHO3UPOBAHUU
aeKTponoTpebeHus B peruone [1].

Ten-inmzt:rmm cpeda - lfers U OO berms PCB
Caspory- wnererecrie o\, | 085 ommotazs o
- MO, [
; PlE ZADRTIO0 MERI — Plrioraa KOs boHmLDa
- HeRDudyaisree 2paguxu (3wepzockaixaouos - Mpednoxenue b CRpge puskd
podoms: nompedumened QpeaMUFaLILA — Konsypenmene pospeeuue
- (i ar;f ,c::f mﬂm wpynwoe npednpusmue) cyTBexma parka
~Cmpamezus GUYHKLLOHEOGaHS
— GO bers INEKMPONOTMDEIAEHUR crexHsy CYDBexmol prrwn

Puc. 1. Bo3aeiicTBre TEXHOIOTHNYECKON U PHIHOYHON CPE/Ibl HA IPEAIPUITUS

AIIEKTPOIHEPTETUUECKOTO ceKkTopa [1]

ITo cBoeil cyTH MPOrHO3UPOBAHUE MOTPEOICHUS IIEKTPUUECKON SHEPTrUU
BHE 3aBHCHMOCTH OT TE€PPUTOPHAIBHOTO pacronoxenus IO9C peamusyercs ¢
MOMOILbIO TPUMEHEHUSI Pa3TUYHBIX UHCTPYMEHTOB U CPEICTB, Oa3UPYIOMINXCS
Ha aHaJW3€ PETPOCINEKTHUBHON JIWHAMUKHM HArpy30K M BIIMSIONIMX Ha HeEe
(GakTOpoB, M OCHOBBIBA€TCSI HA BBIBICHUH CTATHCTHYECKOW  CBS3H,
MO3BOJISIIOLIEH C HMCIOJIb30BAaHUMEM amlNapaTHO-IPOrpaMMHOTO 00eCcTeueHHUs
CTPOUTH HEOOXOAUMBIE TPOTHO3HBIE MOJIEIH.

CoBpeMeHHOE  peleHue  3aJady [0  TOBBIIMICEHUIO  KayecTBa
MPOTHO3UPOBAHUS MOTPEOJEHUSI 3JIEKTPUUYECKOM SHEPIMH OCHOBBIBAETCA Ha
onepaTUBHON U 3DPekTUBHON 00pabOTKe OOIBIIIOT0 MHOXKECTBA UHGOPMAIIUH,
KoTopass B  oredecTBeHHbIXx JOOC  mocTymaer cO  CIEIUAIbHBIX
aBTOMAaTU3UPOBAHHBIX UH(OPMAIMOHHO-U3MEPUTETBHBIX CUCTEM
KOMMEpUYECKOro ydera »sJjekTposneprun (manee: ACKYD) ¢  Haimmuuem
COOTBETCTBYIOIIEH (DYHKIIMH, CTPYKTYpa KOTOPBIX MPEACTABICHA HA PUCYHKE 2
[2]. Takas cutyarus HaOmogaercs B PoccuM ¢ MOMEHTa BCTYIUICHUS €€
HHEPreTUKU Ha MyTh HUGPOBU3ALMUUA U MUHTEIJIEKTyaIM3alliH, T.€. BCEIO OKOJIO
Tpex aecsaTwieTuid, a B Pecnybnmuke Tatapctan — BoBce He 0oJiee OJHOTO
JECATUIICTHS.
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Puc. 2. Ctpykrypa ACKYD ¢ dyHKIuei nmporno3upoBanus norpedierus 39 [2]

B mnacrosmee Bpems B PernoHambHOM JIHCHETYEPCKOM  YIIPABICHHUU
sHeprocucteMbl PT 11 NOpOrHO3UpOBaHMSI MOTPEOJICHUSA AIEKTPUUECKOM
DHEPIUM NPUMEHSAIOTCS NPOrpaMMHO-AIapaTHble KOMIUIEKChl Tumna «HCID»
(MepapXv4ecKUMe CHUCTEMbI NPOTHO3MpOBaHMs). [l 3amad  omnepaTuBHOIO
KPAaTKOCPOYHOT'O IPOTHO3MPOBAHUSA B JNHUCIETYEPCKUX ILEHTPaxX YCTAaHOBJIEHA
nporpamma «KoHconb mporHo3a mnoTpedsieHHs», KOTopas pacCUUTHIBAET
IIPOTHO3 Ha YeThIpe yaca Brepea. [Ipu mporHo3nupoBaHuu 3JI€KTPONOTPEOICHUS
¢ nomompo «MCII» B DO3C pernoHa yuuTBIBAETCA BIUSHHE Kak
MeTe0(aKTOpOB, TaK M 3aiBOK KPYNHBIX MOTPEOUTENIEH AIEKTPUUECKOM
sHeprun. B PJIY Tarapcrana, kak 1 B ApyruxX yNpaBICHUSAX HAIIEW CTPaHBI
peanu30BaH CIEUUABHBIA SHEPrETUYECKUM KaJIEHaph, B KOTOPOM IPOIHMCAHBI
BCE OpUIMaIbHbIE PA3THUKHA U 0COOBIE NIaThl, HACTYIVICHHE KOTOPBIX TEM HIIU
MHBIM 00pa3oM MOJKET MOBJHUATH Ha HArpy3Ky. MeTeoposIorHuecKue JaHHBIE
BHOcATCA B [IK «AC Meteo» [3].

IIo MHEHHIO HCCenoBaTeNe, HHTETPAIbHBIE IPOTHO3bI, KaK IMOKAa3bIBAET
ONBIT UX HCIIOJIb30BaHUs B UHBIX pernoHax P®, OTKpBIBAIOT IyTH MOBBIIIEHUS
TOYHOCTH TPEANONOXKEHUH o OyaymemM coctosHuu o0bekTta IO2C wnm
mpoIiecca, peaqn3yeMoro B HEM, 3a CUET TaKOW ChenualbHOW (YHKIIMH, Kak
KOppekiusi ommbOok [4]. DTumm ke aBTOpaMu TIpU  TPOTHO3MPOBAHUHU
noTpebneHus snexkTpudyeckoil sueprun B PT mpennaraercst y4uTbIBaTh JOJIO
NoTpeONeHUsT SHEPTrUuru TypOOreHepaTtopamMu, KOTOpas OTHOCSTCS K JaHHBIM O
COOCTBEHHBIX HYXJax craHuuu. HMccnegoBatenu mnpoOJeMbl MOBBIILIEHUS
KauecTBa 3JeKTponoTpedienus B PecnyOnuke mpeasiaraloT paccMaTpuBaTh €e
KKl 3HEpropaiioH 000CO0JIEHHO, TOCKOJIbKY MOCIEIHUE OTIMYAIOTCS APYT
OT JApyra IO XapakTepy Harpy3ku U METEOpPOJIOTHYECKUM YCIoBUAM. JlaHHas
KOHLIENIMS BHEAPEHUS METOAWKM WHTETPAIbHBIX IPOTHO30B HA JIaHHBIM
MOMEHT HaXOJUTCA Ha 3TAle TEOPETUUYECKUX MCCIECIOBAHUM U HE pealM30BaHA
Ha MPAKTUKE [S].

Uro Kkacaercs METOAMK IOBBIIIEHUS KayecTBa IPOrHO3UPOBAHMS
AJIEKTPONOTPEOIEHHs], KOTOPhlE K MOMEHTY HAIMCAHHUS HACTOSIIEH paboThI
ObUIM IIPOBEPEHBI B AucCIIeTYEPCKOM LieHTpe PT Ha mpakTuke, TO 34€Ch ClaeayeT
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OTMETUTh HCCJEIOBaHUS MATEMaTUYECKOM MOJENH OBITOBOTO MOTpeOIeHuUs
AJIEKTPOIHEPTUU B 3aBUCUMOCTH OT BHEMIHMX (DaKTOPOB. YUEHBIMU pPETrHOHA
OBLIIM HalIeHbl COOTBETCTBYIONMINE KOI(PPUIIUEHTHI 3aBUCUMOCTH OT MOTOHBIX
u3MeHeHui. [[ns BbIIENeHUsT BEJIMYMH HArpy3Kd OT OBITOBBIX MOTpeOUTENei
UCITOJIb30BAIMCH JJAHHBIE CTATUCTUKU 1O 00IIEMY MOTPEOJIECHUIO, MOTPEOICHUIO
KPYIHBIX TPOMBIIUICHHBIX MNPEANPUITHMA, AJIEKTPOCTaHIUNA (B TOM 4YHUCIE Ha
cooctBeHHble HYXbI) B mpenenax: KTOL-1, KTOL-2, KTOILI-3. B kauectBe
KPUTUYECKUX IMapaMeTpOB OBUIM B3ATHI: TEMIIEpATypa OKPYXAIOIIEH Cpe.bl;
00Ja4HOCTh; BeMMYMHA OocaakoB B KazaHu. YueHbIMU Takke HCIOJIb30BAJICA
apxuB  mapametpoB  «MCII». HccnemoBarensiMu  ObUTM  TMOJTYYEHBI
MaTeMaTuyeckue Kod(PUIUEeHThI, KOTOPhIE TIOCIIe UX YCPEAHEHHS 00ecreqin
BO3MOXXHOCTh IOCTPOCHUSI JIMHEHMHON KpPHUBOM 3aBUCUMOCTH HPOTHO3HOTO
noTpebneHuss oT (akTOpoB, BIUSAIOMMUX Ha Hero. (OO0o3HaAYeHHasT MOJEIb
ceroaus ucnosbizyercs B PIIY Tarapcrtana [6].

Takum o0pazom, mpoOsemMa MOBBIIICHUS KayecTBa MPOTHO3UPOBAHUS
noTpebieHus ekTposHepruu B PecnyOnuke TaTapcTaH sBASETCS aKTyalbHOM
U B HACTOSIIEE BPEMs UCCIEIYETCS YYEHBIMH U SHEPreTUKaMU PETHOHA KaK B
TEOPETUYECKOM, TAK U B MPAKTUUECKOM MPUIIOKEHUU.
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B nmanHOli pabore mnpuBeAcH CnocoO0 00pabOTKH  pe3yJbTaTOB H3MEPCHHM
XapaKTePUCTHK TPaHCPOPMATOPHOTO Macia, ONPEICIAEMbIX M0 KOJOPHUMETPHUECKOU
cucTeMe.

KiroueBble cioBa: TpaHchOpMaTOpHOE Maclo, KOJOPUMETPUYECKas CHCTEeMa,

¢dororpadupoBanue

PROCESSING OF MEASUREMENT RESULTS OF
TRANSFORMER OIL CHARACTERISTICS

S.P. Sukhanoval, D.M. Valiullina?, V.K. Kozlov®
123K SPEU, Kazan, Republic of Tatarstan
Lsveta.sukhanova.99@mail.ru, 2va|iuIIinadiIiya@maiI.ru, 3kozlov_vk@bk.ru

This paper presents a method for processing the measurement results of transformer
oil characteristics determined by the colorimetric system.
Keywords: transformer oil, colorimetric system, photographing

Konopumerpuyeckas cucreMa — COBOKYITHOCTh HOPMUPOBAHHBIX YCIOBUI
u3MepeHul 1eta. B pe3ynbrare HBETOBBIX U3MEPEHUN OMPEACNIAIOTCS 3 Ynciia
no 1BeroBoi cucreMe RGB, koTopbie Ha3pIBatOTCS LIBETOBBIMH KOOPAHHATAMH,
MIOJIHOCTBIO ONpEeEHAIOIUMU LBET npu HEKOTOPBIX CTpOro
CTaHJApTU30BAHHBIX YCIOBUAX €r0 paccMoTpeHus [1].

Jlnst aToro wmccienoBaHus ObUla CcOOpaHa YCTAHOBKA, TO3BOJISFOIIAS
ONPEJEINUTH LIBETOBBIE XapaKTEPUCTUKU Macna[2].
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Jlanee mpouCXOAWT MpaBWIBHOE M TpamMoTHOE (ororpadupoBanue 15
00pa3ioB TpaHC(POPMATOPHBIX Macesd, ¢ Pa3IUYHbIM 3HAYCHHUEM KHCJIOTHOTO
qucia, y3KOHAMPaBICHHBIM 3€JICHBIM, KPACHBIM, (DUOJIETOBBIM U OEJIBIM I[BETOM.
doTtodukcaruio mpod Maces OCYIIECTBIISIN YeTBEPO HE3ABUCHMBIX YUaCTHUKOB
AKCIIEPUMEHTa Ha CBOM COOCTBEHHBIEC Telle(OHHBIE KaMephl pa3sHbIX MapoK U
KadecTBa.

OnpeneneHue 1BeTa OCYIIECTBISIETCS BHU3YyajdbHO, 3TO MNPUBOJIUT K
MOTPEIIHOCTH, 00YCIIOBJIEHHONW CYOBEKTUBHOCTHIO BOCIIPHUATHS LIBETA Pa3HBIMU
monbpmu. [ToaTomy npoBoauM 00pabOTKY pe3yabTaTOB M3MEPEHUN B JiBa 3Tara
[3].

[lepBoiit 5Tan. Ha nmepBoM 3Tare KaIplii U3 YYaCTHUKOB HCCJICIOBAHUS
caM 1o cBouM ¢oTorpadusM OIpeaessia IIBETOBbIE XapaKTEPUCTUKH 00pa3IioB
Macen. Macmtab Touek, UX pacrojokeHue, nporpammy ompexaenenus RGB
XapaKTePUCTUK YYACTHUK BBIOMpaJI MPOU3BOJIBHO. Jlamee Bce YyYaCTHUKH
OOMEHSJTUCh CBOMMHU pe3yJIbTaTaMu [IJIi HAaXOXIACHUS CpPEIHHX 3HAuYCHUH,
BBIYUCJICHUS TUCTICPCUH M TIOTPEITHOCTH. Pe3ybTaThl IpuBeIeHBI B TabauIie 1.

Tabmuua 1
OcBellEeHNE 3€JIEHBIM CBETOM
B navane B cepennne Ha sxpane
e Jucnepcust LIBET Jucnepcus 1BET Jucnepcus 1BET
pOOBI
R G B RGB R G B RGB R G B RGB

1 9,84 17,52 44,55 7,76 11,93 31,31 12,73 19,74 26,25

2 9,22 37,49 65,59 40,90 72,11 22,78 29,49 22,20 15,51

3 10,81 18,82 60,73 18,57 46,96 29,33 35,48 21,79 27,10

4 53,02 42,52 23,60 -I 56,51 58,27 17,33 21,41 13,14 24,04

5 62,56 53,29 21,49 58,61 51,81 14,25 30,27 26,57 32,21

6 78,85 38,84 47,89 59,31 54,17 36,14 47,18 23,00 42,36

7 44,89 32,36 71,19 39,25 27,11 38,09 20,54 17,02 35,75

8 33,97 23,87 64,65 58,23 45,85 36,84 38,10 22,98 45,21

9 24,25 11,69 90,92 23,14 30,03 50,81 32,83 16,89 49,79

10 8,06 14,71 52,59 38,61 42,07 34,78 11,05 22,08 60,48

11 44,77 26,19 85,03 47,51 35,22 100,38 21,33 14,64 50,96

12 59,43 26,66 85,46 45,42 34,29 46,54 34,12 13,65 43,80

13 33,43 26,19 43,55 50,74 49,81 24,03 33,89 16,92 37,40 i
14 29,13 55,37 26,49 40,07 66,58 10,55 57,84 18,93 58,02

15 80,35 30,49 38,22 30,47 33,54 18,06 33,59 17,69 66,88
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Bropoit sran. Ha BTOpOM 23Tame KaXapld Y4YaCTHUK MCCIECHOBAHUSA
0oOMeHsuICs ¢ APYTUMH cBOMMU (poTorpadusiMu oOpa3iioB Macell, T.€. y KaxJaoro
osto 4 Bapuwanta Qotorpaduit 15 oOpasmoB macen. Jlamee Kaxapld cam
ompeneNsil KOOPAUHATHI IIBETHOCTH BO BCEX YETHIPEX CIlydyasx, MOCUUTAI
JUCIIEPCHIO U MOIYYWII CIeAyIolre pe3ysbTaTthl. B aTOM ciiydae, onpeneneHue
RGB xapakTepHCTHK OCYyIIECTBIILIIOCH B nporpamme Gradients.App, Miomaasb
TOYEK U UX PACIOIOKEHUE YCTAaHABINBAJIOCH MPOrPaMMOI OJIMHAKOBO Y BceX 4-
X BapuaHToB. Pe3ynbTaThl pacueToB NpUBEACHBI B TAOIHIIE 2.

[Ipoananu3upoBaB MOJy4YEHHbIE pe3yJabTaThl IO JBYM BapHaHTam
pacyeTa, MOXKHO CKa3aTh, UTO B 1I€JIOM BO BTOPOM BapHaHTE JUCIIEPCHUS MEHBIIIE
[0 CPaBHEHMIO C TMEPBBIM BapuaHToM. M3 »TOro cnemyer, 4ro BO BTOPOM
BapUaHTE TOYHOCTH MOJYUYECHHBIX PE3YIbTAaTOB BHIIIIE.

Tabmuna 2
OcBellEHHE 3€JIEHBIM CBETOM
B navane B cepenune Ha skpane
Ne Jucnepcnst IBET Jucnepcust IBET Jucniepcust IBET
pOOBI
R G B RGB R G B RGB R G B RGB

1 46,23 65,17 28,99 14,97 16,71 41,81 32,69 19,87 41,92

2 24,09 57,60 51,05 50,57 74,49 21,06 ‘ 36,71 18,83 39,61

3 11,87 20,94 47,66 33,03 7,68 36,30 - 20,32 20,52 39,35

4 34,48 26,17 13,92 33,89 24,78 15,15 ‘ 20,71 18,79 15,22

5 70,49 52,93 14,24 66,91 57,90 11,93 *‘ 21,17 24,34 28,19

6 66,12 57,81 9,64 62,22 64,55 10,34 ‘ 20,82 22,08 12,31

7 57,88 45,06 22,68 55,51 46,93 41,44 26,37 17,92 38,60

8 45,01 36,36 51,75 45,71 39,35 35,96 22,31 44,63 16,54

9 20,89 21,71 48,43 12,97 21,24 46,61 30,26 24,12 32,18

10 20,56 26,31 30,51 32,98 33,57 37,15 26,14 21,55 20,90

11 41,82 46,17 66,71 47,40 44,92 52,23 23,29 15,45 37,97

12 26,96 34,29 31,36 25,86 26,00 23,01 17,34 11,36 32,85

13 7,07 2,89 30,74 32,53 30,40 39,20 17,82 24,06 37,62

14 12,50 26,04 25,72 21,70 28,44 13,50 22,35 31,80 13,88

15 27,22 45,77 19,89 15,38 32,72 25,37 19,51 26,35 36,98

[Tpoananu3upoBan BCE HCCIIeIOBAHUS 00pasIioB Macel

KOJOPUMETPHUUCCKUM METOJO0M, ITPUXOJUM K CIICAYIOIIHNM BbBIBOAAM:
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- (ororpadupoBaTh HEOOXOIUMO C OJMHAKOBOTO PACCTOSHUS, YTOOBI
COXpPaHUTh MacIITao;

- HCOOXOAMMO MTPOU3BOIUTE (hoTOorpadrpoBaHE UCCIICAYEMbIX 00pa3IoB
MaceJ1, MaKCHUMaJIbHO COXPAHMB M MEePe/iaB UX PEabHBIN IIBET;

- HacTpauBaTh (oroarnmapar HeEoOXOAuM TakuM oOpa3om, YTOOBI MpHU
dukcanuy pe3yabTaTOB Ha HUX HE OBUIO BCIIBIINICK, 3aCBEYMBAHMS M TPOYUX
MCKaXXAIOIINX I[BET SIBJICHU;

- 00paboTka pe3yabTaTOB M3MEPEHUH JODKHA MPOU3BOAUTHCS B OTHOU
mporpaMMe ¢ COXpaHeHUEM MaciTada JyIs MOJTy9eHUS KOPPEKTHBIX 3HAUCHUH.
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THE STUDY OF TRANSIENT PARAMETERS DURING A SINGLE-
LINE FAULT

I.R. Tukhfatullin
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iskander.tukhfatullin@mail.ru

Calculation of transient signal parameters to determine the mechanisms of its
formation.

Keywords: PSCAD, transient signal, RLC-parameters, period of free oscillations,
time constant.

OnpIT 3KCIUTyaTalluM JJICKTPUUECKUX CEeTel ToKaszayl, 4TO HauOOoJbIas
JIOJISl ICHEXKHBIX MOTEPh MPUXOJUTCS HA aBaApUM B PACIPEICIIUTEIbHBIX CETSX,
oOnafaronMx HauOOJNbIIEeH MPOTHKEHHOCThIO U Pa3BETBIEHHOCTHIO. [loaTOMy
UCCJIEIOBAHUE MEXaHU3MOB (hOPMHUPOBAHUS CUTHAJIOB MEPEXOJIHOTO Ipoliecca
MPEJICTABISECT HAYYHO-TIPAKTUYECKUI UHTEPEC.

Hac npuBnekno cnenytomee: B. A. Illyun B crarbe [1] BBIABUHYI
TUIO0TE3y, YTO MO TMepuojaM CBOOOJHBIX KOJIEOAHMA MOXHO OIPEICIHUTh
paccTosiHue 10 MecTa ojHOo(a3zHoro 3ambeikanus Ha 3emutro (O33) B TpexdaszHoii
ceTd. Mbl pelmunau MNpOBEPUTHh 3Ty THUNOTE3Y, CMOAECIUPOBAB JIMHHUIO C
pacrpeneneHHbIMu apameTpamu B nakere PSCAD.

3amaya JaHHOM CTaTbU — OTO TIOCMOTPeTh Ha (opMy cuUTHaIA
MEePEXO0JIHOTO Mpollecca ¥ KaKuM 00pa3oM OH (OpMHPYETCS.

Hnst paccmotpenust Mmozaenu (33 Oblla cocTaBlieHa MPOCTEHIas
onHo(da3Has cxeMa ¢ pacupeIeICHHbIMH TTapaMeTpaMHy JUIMHOM 5 KM, KOTOpasi B
JajapHeHIeM Oyner AomojaHAThcsa. Hanpspkenue uctounnka nutanus — 10 kB.
Bpemsa kommyranmn — 0,045 c. BHyTpeHHssI MHIYKTUBHOCTH paBHa HYIIIO,
aKTUBHOE COMPOTUBJICHUE KpailHE MaJIO.

0km 1.25km 2.5km 3.75km 5 km

T T Lo T reakerl
—HE——2—F “ 5 D e S

A 7N AT
Bl TLinel B2 TLine2 B TLine3 Bt Tline4 0.005 [ohm] - £33

Puc. 1. Ilpocreiimas monens O33 myst onHODA3HOM TUHUAN

bbumn mosydeHsl OCHMIUIONPAaMMbl TOKA M HaNpPsDKEHHs, U3MEPEHHBbIE B
pa3ubix MecTax (lu) mpu 3aMbIKaHUU HA 3EMITIO B KOHIIC JIMHUU.
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Puc. 2. OcriumorpaMMa HampsKeHHs Puc. 3. Oconnorpamma ToKa

CreHepupoBaHHBIM B MECTE  3aMBIKAHUS  CKAayOK  HANPSDKEHUSA
pachpocTpaHsAeTcsl 10 Hadaia JIMHUW U oTpaxkaeTcs ¢ koaddunuentom -1 [2].
OTpaXeHHBI OT Hayajga CKadyOK HaIpsHKEHUS PACHPOCTPAHAETCS N0 KOHIA
JUHUM, TNI€ TaKXKe oTpaxaercs c¢ kKodpduuueHntoM -1. J[BoiiHOe H3MEHEHUE
NOJIIPHOCTH  Oerymed BOJIHBI CKauka HanpsKeHUs W MHTepdepeHuus
MIOCJENAOBATENPHOCTH  IMAJAOIIMX W OTPAXKEHHBIX  BOJH  BBI3BIBACT
(dbopMHpOBaHUE TMOCIEIOBATEILHOCTH HMIYJIbCOB, CKBAXKHOCTh KOTOPBIX
U3MeHsieTcs OT 1 10 OECKOHEYHOCTH B Pa3HbIX TOUKAX JIMHHH.

BinsHue MexaHu3ma JHCHEPCMM TPU  PAacHpOCTPAHEHUM  CKayka
HaIpsKEHUS npeoOpa3yer ITOCJIEA0BATEIBHOCTD VMITYJIbCOB B
KBa3UCUHYCOMAAIbHBIN  curHan. llepuong chopmMupoBaHHBIX — KOJeOaHMIA
OnpeensieTcs: ABYKPATHBIM MTPOOEroM JITMHBI IMHUU U COCTaBIsAET 34 MKC.

[ToronHble TapaMeTpbl HCCICAYEeMOW JMHUU COCTaBisIoT Lo =2,54
MIua/km, Cy =7,7 u®/xkM, Rg=6,4 Owm/xkm. Ilpu nnunHe JIuHHM 5 KM €€
MHTErpajibHble MHAYKTHBHOCTb M €MKOCTh paBHbl L=12,7 mI'H, C=38,5 H{.
[ToncranoBka 3Tux BeauyuH B (Gopmyiny TomrcoHa MO3BOJISIET ONPENEIUThH
HeKuil mepuoj kosneOanuid paBHbl 133,23 MKC, 4yTO TpuUMEpHO B 4 paza
MIPEBBIIAET CMOAEIUPOBAHHYIO BEINUHHY.

[Ipn mMuHMManbHOW MiMHE JNUHUU B 0,1 KM IPSAMOYTOJIBHBIA HMITYJIBC
Oyner MeHbllle HCKaxaTbca. [losBisieTcsi BO3MOMXKHOCTH  PacCMOTPETH
MOCJIEA0BATENBHOCTD UMITYJIBCOB TtepuoaoM B 0,8 Mkc. IlomydeHnsl cienyromue
OCIIUJIIOTPAMMBI.

AHanu3 kojebaHui mokasal cieayroliee:

® BOJIHOBOE COINPOTHUBIICHUE JINHUU OTIPEIEIACTCS KaK KOPEHD
OTHOLIEHUS MOTOHHBIX MHIYKTUBHOCTU M €MKOCTH JMHUU U IPUMEPHO PAaBHO
588 OM. AMmuntyaa kojiebaHU ToKa paBHa (ha3HOMY HANPSKEHUIO B MOMEHT

KOMMYyTalluyi ACJICHHOMY Ha BOJIHOBOC COIIPOTHBJICHHEC JIMHHHW, I1IOCKOJIBKY
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OpOCOK TOKa MpH 3aMbIKAaHUHM paBeH 25 A. DTO COOTBETCTBYET BOJHOBOMY
COMPOTHUBJICHUIO OJAHONPOBOIHOM nHun: 14xB/25A=560 Om);

o MOCTOSIHHASI BPEMEHHU 3aTyXaroNMX KOJEOAaHUM KaKIbIM MEPUOI0M
U3MEHSET CBOE 3HAUYCHHE, YTO OOYCJIOBJIICHO BIUSHUEM MEXaHU3Ma JTUCIIEPCHUH,
uckaxamomuMm (opmy konebanuil. Ha puc. 4 mnpencraBiieHa 3aBUCUMOCTD
BEJIMYMHBI TIOCTOSIHHOM BpEMEHHM OT JUIMHBl JIMHUM W HOMEpa IMepuoja.
PacueTHoe 3HaueHue ISl JTaHHOM BEIMYMHBI 4Yepe3 (OpMySy OTHOIICHHS
WHIYKTUBHOCTH K YJBOCHHOMY CONPOTHUBJIEHUIO NTUHUU 1987 MKC mpUMEpHO B
10 pa3 mpeBbIlIaeT CMOJCIUPOBAHHYIO BETUYMHY, YTO OOYCIOBJICHO HEYYETOM
BIIMSIHUSL CONTPOTHUBJICHUS 3EMJI