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CEKIUS Ne7
WHHOBAIIMHU B DJIEKTPOSHEPTETHUKE,
SJIEKTPOTEXHUKE U DJEKTPOTEXHOJIOTUSIX

3ABUCHUMOCTD I[IOTEPb MOIIIHOCTH B DJIEKTPUUECKOI
CETU OT HECUMMETPUU HAITPAXEHUA

Aiicuna T.X., bapaakosa K.A. (K9JI-171), ComunoB A.T".
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY
E-mail: epp@kti.ru

[Ipobnema obecriedeHust KadecTBa dIEKTpHUecKor 3Hepruu (33) B
CHCTEMaX JJIEKTPOCHAOKEHUS! TPOMBINUICHHBIX NPENNpHUATHI MPOAO-
’KAaeT OCTaBaThCS aAKTYyaJIbHOM U OJHOW M3 BaXKHEHIIMX, ONMPEAETISIOMINX
Ha/ISKHOCTh U 3()()eKTHBHOCTH AneKTpocHaOkeHus: noTpeduTeneit. [1o-
HIDKEHHE KadecTBa 3JeKkTpudeckoil seprun (KD) mpuBoaut k Hapye-
HUIO CIIOKHBIX TEXHOJIOTHUECKHX IPOILIECCOB, CHIKEHHIO KayecTBa BbI-
MyCKaeMoW MPOAYKINH, YMEHBIICHUIO TPOU3BOANTEIBHOCTH pabounx U
T.J. DTO TaK Ha3bIBaeMas TEXHOJOIMYECKas COCTABJISAIONMIAs SKOHOMHYE-
ckoro ymiepba ot nonmkenus KO. Ho ectsb emé u ayekTpomMarHuTHas
COCTaBJIAIONIAs, KOTOPAsl OMPEAEISAETCS CIeAYIOIUMU (haKTOpaMu:

* BO3pacTaHueM 1oteps I09;

* CHIDKEHHEM HaJE&KHOCTH DIIEKTPOCHAOKEHUS;

* YMEHBIIIEHUEM JTOCTOBEPHOCTH yuéTra 2.

Otcroga BUAHO, 4TO ToKazarenn KO HemocpeacTBEHHO BIUSIOT HA
9HeprodHEeKTUBHOCTD, KOTOpasi B CUCTEMAax 3JIEKTPOCHAOKEHHsI Ompe-
JeNAeTCsl YPOBHEM MOTEPh AJIEKTPOIHEPTHUH.

B ucrounuke [1] mpencraBieHbl pe3yabTaThl HCCIEIOBaHUM, Ha-
MpaBJICHHbIE Ha OIpENeNeHNE BIMSIHHUS HECUMMETPUH HalpsLKEHUH
Tpéx(]a3Hoil cucTeMbl Ha BEIMYHMHY MOTEPh MOIIHOCTH B DIIEKTpHUE-
ckoii ceru. [IpuBenéH aHanM3 HEraTUBHBIX (AKTOPOB, BHI3BIBAEMBIX
YXyIIIEHNEeM KauecTBa IEKTPHUUECKON SHEpTHH.

Bo3HNKHOBEHNE HECUMMETPUHN TOKOB U HAIIPsDKEHUH B TpEXPa3HOi
3JIEKTPUUECKOI CETH MPUBOAUT K MOSBJICHUIO JIOTTOIHUTENBHBIX T10-
Tepb MOIIHOCTH OAP. Jlns monTBep kAeHNs AAHHOTO MPEIION0KEHHUS
paccCMOTpPUM CXEeMY MPOCTOMH IIenH, MPEACTaBICHHYIO Ha pucyHke 1[1].



Puc.1 - Cxema mpocroii cera

IIpyn onuHakoBOM NepenaBaeMoOil MOIIHOCTH IIOTEPU MOIIHOCTU B
CHMMETPHYHOM pekuMe OyayT paBHbI 3I°R, a IIpH HECHUMMETPHYHOM —
5I°R [1]. Takum 06pa30M, HECUMMETpHs TOKOB B TpExdasHoOil Lemu
MOXET MPUBECTH K CYIIECTBEHHOU MOTepe 3HEProdpHEeKTHBHOCTH MPH
nepeayde 3JIEeKTPOIHEPTUH.

JUig OLleHKH BIMSHUS HECUMMETPUU HalpsKeHHs Ha IMOTepU MOLI-
HOCTH B JIWHUM 3nekTponepenaun (JIDII), uccnenosarenu [1] nmpoenu
moaenupoBanue B cetu 110 kB ¢ npoBomamu AC-150. J{munbl nuHuit
npuHUManuch paBHBIMH 10 kM u 50 KM, Harpy3ka Mexnay ¢aszamu B
KOHIIE JTMHHUH MpuHUMaiack paBHoi 10+j5 MBA. Harpyska npu mone-
JUPOBAHUH 3a/1aBAJIACh B BHJIE HEM3MEHHBIX OTOOPOB MOIIHOCTH M CTa-
THYeCKuX Xapakrepuctuk Harpy3ku (CXH). PesynmpTathl mpencrasie-
HBI B Tabnuie | 1 n3o00paxkeHsl Ha pucyHkax 2 u 3 [1]. Bennuuna AP
orpeniensaach Kak

SAP = AP — AP®),
e SAP™ — noTepu MOLIHOCTH IPH HAIMYMY HECHMMETPHH;
AP® _ [0Tepy MOIHOCTH B CUMMETPUYHOM PEKUME.

Tabnuna 1- Pe3ynbTaThl pacueToB JIOMOJHUTEIBHBIX TIOTEPh aAKTHB-
HOI MOIITHOCTH NP Pa3INYHBIX BapUAHTaX HATPY3KU

Bremsss HecumMMeTpus HecuMmMeTprynast Harpyska

CXH OTGOpPBEI MOITHOCTH CXH OTGOpPBEI MOITHOCTH
kou, % | AP, |8AP, | koy, % | AP, [JAP, |koy, % | AP, |SAP,|koy, % |AP, |SAP,

kBt |kBT kBt |kBT kBt |kBtT kBt kBt

0 830 | 0 0 999 | 0 0 830 ] 0 0 |1002] 0O

1,96 |814,4|-15,6] 2,19 |1027| 28 | 0,84 | 850 | 20 | 1,15 |1063| 61

4,27 |797,2|-32,8| 4,8 [1062| 63 | 1,68 |910,6/80,6| 2,3 [1254] 252

8,37 |768,11-61,9| 6,82 |1097]| 98 | 4,18 | 1330|500 | 6,32 |3190|2188

- - | - To48 [1150[ 151 - - - - - |-
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Puc.3 - 3aBUCUMOCTH JOIMOJIHUTEIBbHBIX MOTECPh, BISBAHHBIX HeCHMMeTpHCﬁ, oT k2U

Ha ocHOBaHWH TONyYEHHBIX PE3YJIHTATOB ABTOPHI CAETATH BHIBOJ O
TOM, YTO BEIWYMHA JOMOJHUTENBHBIX TIOTEph OAP U XapakTep 3aBHCH-
mocreit SAP = dAP(kyy) 3aBucAT OT crioco0a co31aHuss HECUMMETPUU U
peXUMa y371a Harpy3KkH. IIpu HaJMYUK BHEIIHEH HECHMMETPHH, CO3/Ia-



BaeMOIl pe3UCTUBHOW HArpy3koi, 3aBucumMoctb OAP = 6AP(kyy) sBis-
ercsl IPAaKTHUYECKH JIMHEWHOU. Eciim HeCUMMETpUsl CO3aeTCs pas3iuy-
HBIMH Harpy3kamu mo ¢aszam, TO AaHHas 3aBHCUMOCTb CTaHOBHUTCS
6u3Ko# K KBaapaTHuHOi SAP = SAP(K ).

OTH BBIBOJBI TIOATBEPIKAAET U aHAIMTHYECKOE BHIPAKEHUE, CBS3HI-
BaroIlee JOMOJIHUTEIbHBIC TOTEPH aKTUBHOW MOIIHOCTH OAP ¢ ko3dh-
(UIMEHTOM HECHMMETPHUH 10 00paTHOM MOCIeN0BaTENbHOCTH Koy.

2 2
UF.HOMkZ UR

APy ~ ==, (1)

rj1e APy~ TOMONTHUTENbHBIE TOTEPH AKTUBHON MOMHOCTH, UZ 10 —
HOMMHAJIbHOE (a3HOe HampsvkeHue, k3; —KOd(OUIMEHTOM HECHM-
METPHH HAaIpsDKEHHUS MO0 OOpaTHOM TMOCIIeI0BATENbHOCTH, aKTHBHOE
CONMpOTHBIEHHE, Z2 —MOJy/b TOJHOTO CONMpPOTHBIEHHS MPSAMOH Mo-
ClIeIoBaTeNbHOCTH JHHUHU dnekTporiepenaun (JIOI), R — aktuBHOe
conpotusienue JIDII.

Ananu3 mpoBoauiics npuMeHuTenbHo K JIDI, moaxirouéHHOM K uc-
TOYHUKY CHMMETPUYHOrO HampsbkeHus. Hecummerpus HanpsokeHUR
cO3Ja€Tcd Harpy3KaMH B KOHILIE JIMHUH.

[lpu Harpy3kax, 3aJaHHbIX HEU3MEHHBIMH OTOOpaMH MOIIHOCTH,
HaJM4ue HECUMMETPUH HaINpSHKEHUS MPUBOAUT K BO3SHMKHOBEHHUIO He-
CHMMETPHH TOKOB (pHc.4) 4TO, B CBOIO OY€pEb, BEI3BIBACT YBEIHUCHHE
[IOTEPb AKTUBHOW MOIIHOCTH.
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Puc.4 - 3aBucuMocTb TOKOB (a3 oT K03(hPHUIHEHTa HECUMMETPUH
10 00paTHOM MOCIEA0BATEIBHOCTH




Bce npoBenéHHbIE HCCIENOBaHUS: MOJCIMPOBAHUE U aHAJIUTHYE-
CKHE pacdeThl MOATBEP)KIAl0T, YTO HECUMMETPHS HANpsKeHUs TpEX-
(azHOl cHCTEMBI IPUBOJUT K YBETHUCHHIO MOTEPh MOITHOCTH B 3JIEK-
Tpuueckor ceru. [loaToMy pacuer AONMOMHUTENBHBIX MOTEPh AKTUBHON
MOIITHOCTH, BBI3BaHHBIX OTKJIOHEHHEM ITOKazaTelel KauecTBa 3JIeKTPH-
YEeCKOM SHEPTUU OT HOPMATHBHBIX MAPaMETPOB, MPEACTABISIOT 0COOBIN
nHTepec. be3 aTuX 3HaueHU 3aTpyAHUTENBHO NMPOU3BECTH IMpEIBaAPH-
TeNbHBIE pPacdyeThl IKOHOMHYECKOW 1eneco00pa3sHOCTH MPUMEHEHHS
MEpONPUATUI IO TOBBIIIEHUIO KaYecTBa NEKTPUUECKOI 3HEpTHH.

B 1emsix CHUKEHUS OTeph 3JIEKTPOIHEPTUU U BBHIOJTHEHUS TPpeOo-
BaHWU HOPMATHBHBIX JIOKYMEHTOB IO IMOTEPSM M KadecTBY 3JIEKTpO-
SHEPTUU HEOOXOJMMO MPOBEEHHE TEXHUIECKUX, METOJUUECKIX H Op-
raHU3aIlOHHBIX MEPOIPUSTHH.

BriBozbI:

1. DKOHOMHMYECKHH yIIepO OT CHIDKEHHS KauecTBa DIIEKTPUUECKON
SHEPTUM COCTOUT M3 TEXHOJOTMYECKOW M 3JIEKTPOMAarHUTHOW COCTaB-
nsronmx. IlepBas cBsi3aHa ¢ TeM, 4TO CHUIKEHHE KadecTBa dJIEKTpHUe-
CKOM 3HEpruM MOXKET MPUBOJUTH K HAPYLIEHUIO CIIOKHBIX TEXHOJIOTH-
YEeCKMX IPOIIECCOB, CHMKEHMIO KadyecTBa BBIMYCKaeMOMl MPOIYKIIHH,
YMEHBILICHHIO TPOU3BOAUTEILHOCTH Pa0OYMX MEXaHH3MOB, JJIEKTPO-
MarHMTHas COCTABIISIOIIAs ONpenessieTcs BO3pacTaHUEM IOTephb dJeK-
TPODHEPTHH, CHIKCHHUEM HaJI&KHOCTH JIIEKTPOCHAOKEHHS U YMEHb-
LIEHHEM JIOCTOBEPHOCTH Y4ETa 3JIEKTPO3HEPTUH.

2. BennuuHa [OMONHUTENBHBIX MOTEPh MOIIHOCTH 3aBUCUT OT CITO-
co0a co3aaHusl HECHMMETPHH M peXuMa y3iia Harpy3ku. [Ipu Hannunn
BHEIIHEH HECHUMMETPUU, CO3AABAEMONM PE3UCTUBHOM HArpy3KH, 3aBU-
CHUMOCTB JIOTIOJIHUTENBHBIX TMOTEPh MOIIHOCTU OT Kod(hduiueHTa He-
CHMMETPHH TI0 OOpaTHOM MOCIENOBATENbHOCTH OJHM3Ka K JIMHEHHOM.
Ecnu Harpyska coznaérest pa3iuuHBIME Harpyskamu 1o ¢asam, To oTa
3aBHCHUMOCTh CTAHOBHTCS OJNM3KOH K KBaJIpaTHUHOH.

Cnucok JIMTepaTyphl:
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norvu. CuctemMHsIi aHanm3. MonenmupoBanue.- 2017- T. 56, Ne4, C. 207-217.

2.3akaprokuaB.I1.,KprokoBA.B.,YepenanoBA. B.IHTemiekTyabHBIETEXHOIOT HHyTIpa
BIICHHSIKA9ECTBOMAIIEKTPOIHEpruH: MoHOorpadms Mpkyrck : IPHUTY, 2015. - 218 c.

3. XKexenenko U.B., Caeuko 0.JI., Topmmamu A.B. BnusHue kadecTBa 371€KTpo-
SHEPrUH Ha COKpAIEHNE CPOKa CITY)KOBI M CHIDKEHHE HaJIe)KHOCTH HIIEKTPOoOOpyIoBa-
Hus // Onexrpuka. Ne 3. 2008. C. 14-20.
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BJIIMAHUE HECUMMETPUU HAIIPSO)KEHU A HA YCIIOBUA
OKCIUTYATALIMN 9JIEKTPOOBOPY IOBAHUA

Aiicuna T.X., bBapaakosa K.A. (K3JI-171), ComiunoB A.T".
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY
E-mail: epp@kti.ru

[IpoBeaeHHbIE B pa3aMUYHBIX SHEPTOCHCTEMAaX HMCCIEIOBaHUS IMOKa-
3aJIH, 9YTO Ka4yeCTBO MOCTaBIIeMOH aieKkTprueckoit aneprun (KD) 3aBu-
CHUT HE TOJIbKO OT mpousBoauTensd. Kak mpaBuiio, HanpshKeHrne Ha LIH-
HaX AJIEKTPOCTAHIIUI HE COIAEPKUT UCKAKEHUNM OCHOBHBIX ITOKa3aTesnei
kauecTBa Anekrpuueckoit sueprun (I[IKD). Ilepenaroniye cetr 00BIYHO
HE BHOCAT KaKUX-JIMOO CYIIECTBEHHBIX WCKa)KCHHH HANpsDKEHHS IO
stum [1K3. Haunbonpme npoGiiemMbl, B TOM 4Hcie U MO TpeOyeMbIM
MaTepuaIbHBIM 3aTpaTaM, BO3HUKAIOT C TaKUMH XapaKTepUCTHKaAMHU
KD, xak HECUMMETPHS U HECHHYCOUIANBHOCTD HATpsiKkeHust [1].

OcCHOBHBIMM BHHOBHMKaMM yxynmieHus KO nmo HecumMmerpuu u He-
CHHYCOHJIATBHOCTH SBIISIOTCS MOTPEOUTENH, TeHEPUPYIOIINEe TOKH 00-
paTHOM W HyJIEBOW TMOCIEIOBATEIbHOCTH, TOKM BBICIIMX TapMOHUK,
pacIpoCTpaHsIOIIUXCS TI0 Bcel ceTu. TeM caMbiM OHU yxyamarnT K3
Ha IIMHAX APYTHX MOTpeOHTelNell, YTo BhI3BIBAET MPETEH3UN CO CTOPO-
HBI OCTaJBHBIX MOTpeOUTENe K DIIeKTpOocHAOXKAloIIel opraHu3alu,
orBeyvaroreii 3a KO B Touke npucoenuHenust morpedurens [1].

Ucnonb3oBanne 23, He oOTBevarouieil HOPMATUBHBIM 3HAYEHUSAM
[NIKD, Moker mpHBECTH K yYMEHBLICHHIO CPOKa CIIyXOBbI, K TOJOMKE
ANEKTPOOOOPYIOBaHU, K OpaKy MpOW3BOJICTBEHHOW MPOAYKIHU H JPY-
THM TIOCJICICTBUSIM, B pE3yJIbTaTe Yero MoTpeOUTeNb MOXET MOHECTH
3HAYUTEIIbHBIC 3KOHOMUYECKHUE ITOTEPU U MaTepUAIIbHBIN yiepo [2].

HerarrBHoe BrvisiHEE Ha KaueCcTBO D3 OKa3bIBAIOT OTPEOUTENH C He-
JUHEHHBIM XapakTepoM Harpyskd [3]. B mocrmemnee BpeMsi HENMMHEHHBIE
AIIEKTPONPUEMHUKHN BCe OOMNbIlIEe MECTO 3aHUMAIOT B COCTaBE HArpy3KH
HAa MPOMBIIUIEHHBIX MPEANPUATHSAX U B PACTIPEAEITUTEIBHBIX CETAX.

B XuimbIx M OOIIECTBEHHBIX 3/aHUSX TAKKE YBEIMYMBACTCS OIS
MPUEMHUKOB C HEIMHEHHBIMH BOJBT-aMIIEPHBIMH XapaKTepUCTHKaAMU
(BAX), Takux Kak: MepCOHANILHBIC KOMITBIOTEPHI, CEPBEPHOE 000PY10-
BaHWE, CHCTEMbl KOHIUIIMOHMPOBAHUI, Ipyroe oOOpymOBaHHE, WC-
MOJIB3YIOIIlee [Tl MUTaHUS CBOEH CHCTEMBI YIPaBJIEHHS BBINPSIMUTENb-
Hble ycTpoiicTBa [2]. HecumMmeTpuuHble peKUMBI HAPSKEHUH B DJIeK-
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TPUUECKUX CETSIX MMEIOT MECTO TakXe B aBapHMHBIX CUTyallUsX MpU
00pbiBe (ha3bl WIM HECUMMETPHYHBIX KOPOTKHX 3aMbIKaHusx. [Ipu He-
CUMMETPUHM HaIpPsDKEHUN B 3JIEKTPUYECKUX MallMHAX IEePEMEHHOro
TOKa BO3HMKAIOT MarHUTHBIE I10JI, BPAILAIOIINECS HE TOIBKO C CHUH-
XPOHHOM CKOPOCTBIO B HAIPABJIEHUU BpaLICHUsI POTOPa, HO U C JABOM-
HOM CUHXPOHHOW CKOPOCTBIO B IIPOTUBOIOI0KHOM HaIPaBJICHUH.

W3 Bcex mpHuBEAEHHBIX MPUMEPOB MOXKHO CAENATh BBIBOA, YTO pado-
THI TI0 00ECTIEYCHUIO KAUeCTBA DIIEKTPHUYECKON SHEPTUH B COOTBETCTBHU
¢ TpedoBanusmu ['OCT 32144 - 2013 [4] Ha ceroqHSIIHUN JCHb SBJIS-
I0TCSI aKTYaJIbHBIMHU U TPEOYIOT OBICTPOTO ¥ PaBUIBHOTO PEIICHUSI.

Kak moka3pIBaloT pe3ysibTaThl MOCIEIHUX W3MEPEHHUH, NMpOBENEH-
HbIe C IOMOIIBI0 MPUOOPOB KOHTPOJIS KayecTBA DIIEKTPOIHEPTHUU U
npuBeACHHBIE B [2], ceifuac HanboJee 4acTO BCTPEUYAIOTCS HAPYILICHHS
HOPMATHUBHBIX TpeOOBaHMH MO KOdPPUIMEHTaM n-i TapMOHUYECKOW
cocrasysoniell Hanpsukenus Kyp) ¥ HECUMMETPUM HANpPsHKEHHS I10
HyJieBOl nocnenoBaTenibHocTd Koy (pucysku 1 u 2).
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Puc. 1. Pesymprats! mmepenuii [TKD (xommdaecTBo cirydaeB mpeBbIIeHNs TpeboBa-
uuii [OCT 32144-2013, %»
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KU[3)  KUIS)  KU(11) KU(13) KU[15) KU(21) KU(27) KU(33)
Puc. 2. Inarpamma nipessrmenuii TpeboBanmiit 'OCT 32144-2013 mo xoaddumm-
€HTY N-0if TapMOHUYECKOH COCTABIIAIOIIEN HAanpskeHUs Ky 1718 pa3IuyuHbIX 3HaYe-
HUil n

Jns yxazanasix mokasarenein KO cornmacuo OCT 32144 - 2013 yc-
TAHOBJICHBI CIEAYIOIIME HOPMBI: 3HaUeHHe KOd((dUIIMeHTa HECUMMET-
pUU HANPsDKEHUN 110 HYJIEBOU IocienoBarenbHocTH Koy B Touke nepe-
Jla4M 3IEKTPUYIECKON SHEPTUH, yCpelHEHHbIE B MHTepBaie BpeMeHu 10
MUH, HE JOJDKHBI MPeBHImATh 2 % B TeueHue 95 % BpemMeHu UHTEpBaja
B OJIHY HEJIENI0; 3HaUeHHE Kod((QUIIMEHTa HECUMMETPHH HATPSDKEHUIA
1o HyJeBoW mocienoBaTelnbHOCTH Koy B TOUKe mepenayu 3eKTpuye-
CKOI1 dHeprum, ycpelHeHHbIe B HHTEpBajie BpeMeHu 10 MUH, HE JTOMXK-
HbI peBbInath 4 % B Teuenue 100 % BpeMeHU MHTEpBana B OJIHY He-
nento [4].

Bce anexTponpreMHUKN MPOEKTUPYIOTCS M M3TOTOBIIAIOTCA B pac-
YeTe Ha OlpeJielIeHHble HOMUHAJIbHBIE AJIEKTpHUecKue napamerpsl. [lo-
3TOMY OTKJIOHEHMs Moka3ateneil KD or HoOpMupyembIx 3HaueHHi
YXYIIAOT YCIOBHUS JKCILTyaTaluu 3eKTpoobopynoBanusi. OCHOBHOE
BIIMSIHWE HECUMMETPUHN HAMPSHKEHUS OMUCHIBAIOTCS CIEAYIONIUM o0pa-
30M [5]:

1.ITorepn B nuHuUAX anekTponepenad. [lepenaun snexkTposHepruu
M0 JIMHMSIM 3JIEKTPONepeaadyd HU3KOro HalpshKeHHs B HECUMMETpUY-
HOM p&KHMME BeIET K 3HAUUTEIBHOMY YBEIMYEHHIO MoTeph. J(aHHOe
yTBEpKJIEHHE TOJTBEPKIAAECTCA CpaBHEHHEM IOTeph Ha HarpeB CUM-
METPUYHOIO0 U HECUMMETPHYHOro pexumoB. Ilorepu sHepruu Ha Ha-
TPEB B CHMMETPHYHOM pEKUME TpeX(Pa3sHOil ceTHm MOKHO OINpeIesnTh
o opmyue:

AP=IA2-rA+IB2-rB+IC2-rC=3121, (D
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TOTJIa KaK IPY HECUMMETPUYHOM PEKUME MTOTEPU PABHBI:
AP=I1A2-rA+(IB—AD)2-rB+(IC—AI)2-rC. (2)
PesynwpTaTh! pacuera npuBeneHs! B Ta0mie 1.

Tab6nuna 1 —Pe3ynberaThl pacuera noreps B JIOI

Pexum Ia, A Iz, A Ic A ITorepu, kBt
CuMMeTpHIHBII 600 600 600 1080
HecnmMeTpransi 645 570 585 1083,15

[Ipumeyanue: akTHBHOE CONIPOTUBIIEHUE JIMHUM IIPUHATO PAaBHBIM |
OM, 11 yIPOIICHUS pACUETOB.

Pe3ynbraThl pacueroB, mpeACTaBlIeHHbIE B Ta0uuIle 1, TOKa3bIBAIOT
yBEIMYEHHE NOTEph B JIMHUAX Ha HAarpeB NPH HECUMMETPUYHO 3arpy-
JKEHHBIX (pazax

2. JlonogHUTENbHBIE TOTEPH MOIIHOCTU. 3BeCTHO, YTO HECHMMET-
pUs HalpsDKEHUS BCET/Ia BBI3BIBACT JIOMOIHUTENBHYIO TIOTEPI0 MOLTHO-
ctu B cucteMe. Yem Bbilie KOOQGUIIUEHT HECUMMETPHS HANPSHKEHUS,
TeM OOonblIe paccenBaercss MOIIHOCTb. JTO O3HA4aeT Oojiee BHICOKHE
cyeTa 3a 3JIeKTPO3HEPTHIO.

3. Cooit neuratens. B obmem crnyyae Tpexdas3Hblil 1BUraTeNb, MU-
TaeMbIii CHMMETPHYHBIM TpeX(a3HbIM HANPSHKEHUEM TOJBKO C MPSIMOH
[IOCJIENOBATEIBHOCTBIO, CO3/1a€T TOJIBKO KPYTSAIIUNA MOMEHT C NPSIMOR
MOCTIEI0BATENbHOCTRIO. J{OMONHNUTENbHBIE TOTEPH HU3-3a HECUMMETPHHU
HanpshKeHUs OylyT HarpeBaTb OOMOTKH JBHTATENs, MOTYT IPUBECTH K
paspyleHHI0 U30JSIHA OOMOTKH W, BO3MOXKHO, B KOHEYHOM HTOTE
NPHUBECTH K OTKa3y aBwraTens. HampspkeHue oOpaTHOM mocienoBa-
TEIbHOCTH, BBI3BAHHOE HECHMMETpHEN HampsDKEHHs, CO3IaeT MPOTH-
BOIOJIOKHBIA KPYTSAIIMA MOMEHT M HPUBOJUT K BUOpallMKd U IIyMY
nsurarens. Hecummerpus HanpspKeHUST MOXKET Jake IPUBECTH K OTKa-
3y JIBUTATE.

4. CHIXeHue KU3HEHHOTO IMKIa. Bricokne TemmnepaTypsl, IPEBbI-
HIarolie HOMHHAJIbHOE 3HAUEHHE YCTPOMCTBA, 3HAYUTEIBHO YMEHb-
LIAI0T CPOK CIYXKOBI YCTPOWCTBA M YCKOPSIIOT IIUKJI 3aMEHBI YCTPOUCT-
Ba, a TAKXE 3HAYMUTENIbHO YBEIMYMBAIOT 3aTPaThl HA IKCIUTyaTalUIO U
TEXHUYECKOE 00CITy)KHBaHHUE.

5. HeucnipaBHOCTh pene. BpICOknid TOK HYJIEBOW MOCIEI0BATENIBHOCTH
BCJIEICTBHE HECUMMETPUH HAMPSHKEHUST MOXKET MPHUBECTH K HAPYILIEHUSAM
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paboThl pernie WM YMEHBUIMTh YYBCTBUTEIBHOCTh HA3€MHOrO pesie. JTO
MOXKET TIPHBECTH K CEpbe3HBIM IpoOiIeMaM 0e30MacHOCTH B CHCTEME.

6. Herounoe usmepenne. OOpaTHasi U HyJeBas IOCIIEIOBATEIbHO-
CTH HECHMMETPHUH HanpsDKEHUH MM TOKOB OyIyT MPUBOIUTH K HETOU-
HBIM M3MEPEHUSIM CO MHOTMMH BHJIAMH CUETYHKOB. HerouHoCTh M3Me-
PEHHBIX 3HAYEHHI MOXKET MOBJIHATH HA MPUIOAHOCTh HACTPOEK W KO-
OpAVHALUIO CUCTEM PEIECHHON 3aIUTHL.

7. BingHue Ha BelIpsaMuTend. HapylmieHue CUMMETPUH Takke OT-
pHUILIATENFHO BIUSET Ha PabOTy MHOTO(a3HBIX BBINPSIMHUTENEH, TaK KaK
B BBINIPSMUTENAX MPOTEKAIOT pa3IMyHble TOKH M KaK pe3ynibTaT JOIyC-
TUMasi MOIIHOCTh BBINPSIMHUTEINSI YMEHBIIAETCS, TaK KaK HE BCE BBITIPA-
MUTEIH OKa3bIBAIOTCS 3arPyKEHHBIMH.

8. Cooit Tpanchopmaropa. Tpexda3Hoe HaNpsHKEHUE C BBICOKUM
K03 (pULIMEHTOM HECUMMETPUU MOXKET MPHUBECTH K TOMY, YTO IOTOK
BHYTPH cepJeyHHKa TpaHcdopmaropa OyaeT HECHMMETPUYHBIM. DTOT
HECHMMETPHYHBIH MOTOK BBI30BET JOMOIHUTENBHYIO MOTEPIO Cepacd-
HUKA, IOBBICUT TEMIIEpaTypy OOMOTKH M MOXKET Jake NPUBECTH, B TA-
KEIOM clydae, K OBPEKICHUIO TpaHCPOopMaTopa.

Taxum obpa3zom, mi1st obecriedeHust moTpeduTeneil BHE 3aBUCUMOCTH
OT MX THUIIA U PoJia JACATEILHOCTH JICKTPUYSCKON IHEprueit Tpedyemo-
ro KauecTBa HEOOXOIUMO OCYLIECTBIIATH MEPUOINICCKUH MOHUTOPHHT
W KOHTPOJb OCHOBHBIX IOKa3aTelell KauecTBa HANPSDKEHHsS, a TaKKe
PETYJSIpHBIA KOHTPOJIb MPaBWIBHOCTH MOJKIIOYEHUsT TOTpeOuTenen
JUISL ONIEPATUBHOTO IPUHSATHS TEXHUYECKUX MeEp.
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CHUCTEMA TUATHOCTUKU 1 KOHTPOJIA
KOMIUIEKTHBIX PACITIPEJIEJIUTEJIBHBIX YCTPONUCTB C
DJIETA30BOU M3OJISLIMEN

AcmonoB A.Jl. (KIJIC-161), Arpamenko O.C.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Brenpenue noacrannuii ¢ 3ierazoBou uzonsanui B Poccun Hekoro-
poe BpeMs TOPMO3HIIOCH M3-32 BBICOKOW CTOMMOCTH OOOPYAOBaHUS M
CTPOUTENBCTBA, OTCYTCTBHS KBaTH(PUIMPOBAHHOTO TEXHUYECKOTO Tep-
COHaJIa, CIOKHOTO MOHTaa, MCKITIOYAIOIIEero CBapHbie pabOThl BHYTPH
Monayns u T.4. Ha ceronsst pa3BuTHE TEXHOIOTUN U KOHKYPEHLUS Cpe-
JIM TIPOM3BOJMTENCH CHU3WIM CTOMMOCTh O0OpYIOBaHUs, U, KaK IMOKa-
3ajia MPaKTHKa, padoTaTh ¢ COBPEMEHHBIM 000pyJ0BaHHEM OKa3aioch
ropasJo Ipouie.

Cucremamu guarHoctuku U kKoHTpons (C/AK) momKHBI KOHTPOIH-
poBaThCs cieaylomue mapaMmerpsl ooopyaoBanust KPYJ[1]:

- TJIOTHOCTB 3JIera3a B OTCEKax 3JIEra3oBbIX SYEEK;

- OTZIENIBHO JIaBJIEHHE U TEMIIepaTypa B OTCEKaX 3JIETa30BBIX SUEEK;

- BEIMYMHA YAaCTHUYHBIX Pa3psloB JIOOBIMH METOJaMH (aKycTHYe-
ckumM, snekTpuueckum, CBU-cucremoii u T1.11.);

- BEJIMYMHA MEXaHUYECKUX UMITYJIbCOB (aKYCTHUECKHMH JaTYHKaAMH);

- JJaHHBIE TI0 KOMMYTallUOHHOMY PECypCy BBIKIIIOUATENs SYEHKHU C
OIpeieNIeHNEeM BEIMUNHBI IPOTEKaeMOro TOKa K.3. U pacuyeToM KOMMY-
TallMOHHOT'O pecypca;

-JIaHHBIE [0 MEXaHUYECKOMY PECYpCY BBIKIIOUATENS C ONpPEIeNeH -
eM paboToCOCOOHOCTH IPUBOJIA;

- JaHHBIE O COCTOSHUH MPHUBOOB IO MapaMeTpaM CKOPOCTH U X0J1a;

-IaHHbIE O BKJIIOYEHHOM M OTKIIIOYEHHOM COCTOSIHUM BBICOKOBOJIBT-
HbIX anmapaTtoB KPYD;

- TOKU B (pazax ¢ MOMOIIBI0 H3MEPUTEIILHBIX TPAaHCPOPMATOPOB TO-
Ka SIYEeKH;

- HamnpspKeHHWs Ha COOpPHBIX IMMHAX C MOMOIIBI0 HM3MEPHUTEIBHBIX
TpaHc(hOpPMaTOPOB HANIPSIKEHHUS.

OnHUM U3 KOHTPOIUPYEMBIX NapaMeTpoB 00OPYAOBAHHUS SIBIISETCS
BEIMYMHA YaCTUYHBIX Pa3psiioB JIOOBIMH METOIaMH (AKyCTHYECKUM,
anexktpuueckuM, CBY-cucremoit u 1.11.).
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YacTuuHBIA paspsii — 3TO HMCKPOBOM pasps], O4EHb MAaJICHbKOU
MOIIHOCTH, KOTOpBIA 00pa3yeTcs BHYTPH H3OISLUH, WIH Ha €€ IOo-
BEPXHOCTH, B 00OPYIOBaHUU CPEAHETO U BBHICOKOTO KJIACCOB HAIpshKe-
Hud. C TeyeHHeM BpPEMEHHM, MEepUOJUYECKH IMOBTOPSIOUINECS YacTHUY-
HbIE pa3psjbl, pa3pyliaeT U30MIALNI0, IPUBO/IS B KOHEYHOM UTOTE K €€
po0oto.

B HacrosIiee Bpems Ha NMpakTHKE NMPUMEHSIOTCS J1Ba METO/a peru-
CTpaIlK YaCTHYHBIX pa3psaoB B u3oisiiuu KPYD — akycrtuueckuit u
3JeKTpoMarHuTHHIN. OCHOBHOE pa3inuue 3aKI04aeTcsl B UCIOIb30Ba-
HUU JAaTYMKOB M DJIEKTPOHHOH amnmaparypsl, pa0oTamomed B pasHBIX
JMana3oHax YacToT — HH3KOYaCTOTHOM U CBEPXBBICOKOYACTOTHOM
(UHF). Meron Ha OCHOBE aHalli3a YaCTUYHBIX Pa3pslioB B M30JISIUH,
3apeructpupoBannbix B CBU (UHF) auama3one 4actot, siBJsIeTCS Hau-
Oonee YyBCTBUTENBHBIM B 3()()EKTUBHBIM CIIOCOOOM JTMAarHOCTHKH Jie-
(eKTOB B BBICOKOBOJIBTHOW HU3OJISIIHH.

[Mpubop «PDAnalyzer HF/UHF» B xommuiekramun «GIS-DM»
MpegHa3HavyeH i MOCTOSSHHOIO MOHUTOPUHIA TEXHUYECKOI'0 COCTOS-
HUS U30JISIIHM DIIEra30BOr0 000PYA0BAHHS U APYTOro BHICOKOBOJIBTHO-
ro 00OpyAOBaHus 1O pabouuM HampspkeHueM. OnpeneicHue TeXHU-
YECKOI'0 COCTOSIHMSI M3OJISIIIMM OCYILECTBIISIETCS HAa OCHOBE PErucTpa-
LMY, U aHaJ13a WHTEHCHBHOCTH M paclpesieNeHns UMITYJIbCOB YacTHY-
HBIX Pa3psI0B.

Jnst perucTpaniy YaCTUYHBIX Pas3psiioB B DJIEra30BOM 00OpYAOBa-
HUU UCTIONB3YIOTCS AaTIuKU «ACS» u «AES».

BricokouyactotHblit gatunk mapku «ACS» mpexacraBmser coboi
3JIEKTPOMAarHUTHYIO aHTEHHY, KOTOpas BCTpauBaercs BHYTPbh 3JIera3o-
BOro obopynoBaHus. J[aT4nk JAaHHOTO TUIa OOBIYHO MOHTHUPYETCS Ha
BHYTPEHHEH CTOPOHE KpBIIIEK YK€ UMEeoLXcs B KoHCTpyKiun KPYD
TEXHOJOrMYeCcKHX JIIOKOB. OOBIYHO MOHTAX 3THX AATYUKOB BBITIONHS-
€TCsl Ha 3aBOJI€ — IPOU3BOIUTEINE IEra30BOro 00Opy10BaHUs, Ha 3Tale
€ro M3rOTOBJIEHMS.

«BHemHui 1aT4NK YaCTUUYHBIX pa3psnoB Mapku «AES», koTopslii
MOHTHpYeTCsl Ha BHemHel moBepxHoctn KPYD, B 30He cThIKa JIBYX
TpyOUaThIX KOPIIYCOB MEXAY CO0O0M Yepe3 M3OSMUOHHYIO MPOKIaIKy
(insulating spacer), OJHOBPEMEHHO BBINOJIHSIONIYIO POJIb BHYTPEHHET'O
MOJIIeP>KUBAIOIIET0 BEICOKOBOJIBTHOI'O U30JIATOPA.

CBU-ceHcophl, ycTaHOBJIEHHBIE Ha BCEX KOMIUIEKTHBIX pacIpere-
JUTENBHBIX YCTpOHCTBax ¢ anerazoBoil nzomsiueid (KPYD), perucrpu-
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PYIOT TIOSIBJICHHE YaCTHYHBIX Pa3psoB U IEPElal0T CUTHAJBI Ha OJIOK
ontrueckoro npeodpaszosanus (BOII), rae oHM ompenensoTces u mpe-
oOpasytorcs B udpoByro popMy nepes nepenadei B mkad OCHOBHOTO
obopynosanus (Puc. 1).

“ CBY-CEHCOPEI
¥
: /
[ Y
<

LWKA® OCHOBHOIo
OBOPYAOBAHUA

Ve

BNOK ONTU4ECKOro
MPECEPA3OBAHUA (BEOM)

Puc. 1 — OcuoBHeIe 35meMenTsI cuctemsl DMS PDMG-R

K usmeputensHomy mpubopy cuctembl «GIS-DM» Tarxke Moryt
OBITH MOJKITIOYEHBI JATYMKH YaCTUYHBIX pa3psamoB Mapok «CDR-S» u
«RFCTy, mmtoc, mpu HEOOXOUMOCTH, JaTYUKU TEMIIEPATyphl. ITO Ja-
€T BO3MOXXHOCTh OJIHUM YHHBEPCAJIbHBIM H3MEPHTENBHBIM MPUOOPOM,
JOTIOJTHUTENBHO K KOHTponto KPYD, KoHTponupoBaTh YacTUYHBIE pa3-
PSABL B M3OJSIMU BBICOKOBOJIBTHBIX KaOEIbHBIX JIMHHUM, TOAKIIOYEH-
HbIX K sdeiike KPYD. [lpu 3TOM MOXHO pErucTpupoBaTh peQIIeKTO-
rpaMMBbl paclpoCTpaHEHHsI UMITYJICOB OT YACTUYHBIX pa3psiioB BAOIb
KaOeJIbHOM JIMHUY, YTO JaeT BO3MOXKHOCTH JIOKAJIM30BaTh MECTO BO3-
HUKHOBeHUs fehekta B paboratomieM kaberne.

Baxxusim noctounctBoM «GIS-DMy sBisiercst UCIonb30BaHUE MPO-
IrPaMMHOTO O0€CIEUeHHUs, O00JaJaIero Ha0OpOM CIEIHAIBHBIX
GyHKIUH.

1. Tlo3BossieT MPOBOJUTH JOMOJHUTEILHYIO U(PPOBYIO 00pabOTKY
3apEruCTPUPOBAHHON MH(GOPMAIUH C HEbIO elle Oonee AP eKTUBHON
OTCTPOUKH OT ITOMEX.

2. OcymecTBIATh HE MPOCTO perucrpanuio Hamuuus YP B uzomns-
LMY 3JIETa30BOr0 00OPYIOBaHMSA, HO M OMPENENsATh THIT U CTEIEeHb pa3-
BUTHS eheKTa B H3OISALIUH.

Cucrema npousBoaut coop nmanueix YP or CBY-cencopos, ycra-
HoBNeHHBIX Ha KPYD, u ormpaBnser nHdopmanuio st aBToMaTHye-
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CKOM MHTEPIPETAIMH U aHAJIM3a C TIOMOIIIBIO TATCHTOBAHHOTO BBICOKO-
a¢dexruBHOrO MporpaMmuoro odecnedenus (Puc.2).

PRPD  Monwan PRPD 52 00:00:59 | Pacnpesencrne 30 | PD-Cloud || PD-Expert  /loxayya paspaaos s KaGenHoil amin

AsTOMaTHueCcKMil aHanMs
[ Monnas PRPD 3a 00:00:59

Kawan 1

YPe B6/TU3M BbIC 0 3/1eKTpoaa
UcTounmk: Kanan 1

Tb: AGHHBI AedeKT onacen
.2 3,21MBT (99% OT 06LYEN MOWHOCTH)
0,045 8

99%

Onucanne: JedeKT Takoro TMna BO3HWKAET B TOM
c/yyae, KOraa Ha BbICOKOBO/ITHOM
3/1EKTPO/IE NMEIOT MECTO rEoMeTpUIecKhe

i AedeKTbl (N0Ka/bHbIEe BLICTYMbI, OCTPbIE
315° 361 Kpas, "yrbl').

Puc. 2 - Pe3ynpTaThl aBTOMaTHIECKOH ANarHOCTHKH 110
BEIOpaHHOMY H3MEPEHUIO

Bce 3T0 mo3BOMNSET AMATHOCTUPOBATDH MOSIBICHUE U U30€XaTh pas-
BUTHS Ae(EKTOB Ha paHHEH CTaJuH, a TAKKe JErKo U d3PPEKTUBHO OT-
CIICKHUBATh COCTOAHHE CHCTEMBI HU30JIALHNU KPVD B Teuenne Bcero
BpPEMEHH €€ IKCILTyaTall1H.

B pamkax peanuzyemoit B OAO «PCK EDQCy» mporpaMMmsl cuinamu
OAO «DnekrpocerbcepBuc EHOC» mpoBoaMTCS yCcTaHOBKa CHUCTEM
MonuTopuHra B guimainax OAO «PCK EDSC» MB3C Bocroka, MOC
Cesepo- 3amayma, MOC llenTpa Ha o0bektax KPVYD. Jlons BeICOKO-
BonsTHOrO oOopymoBanus OAO «DPCK EDCy», ocHameHHOTo cpenct-
BaMH aBTOMAaTHU3UPOBAHHOTO JIMATHOCTHPOBAHUSI COCTaBISIET BCETO
24,7 % ot 0o0IIero yuciia KOMILIEKTHBIX 3JIETa30BBIX PACHPEACIUTEb-
HBIX YCTPONCTB.

Cnucok JMTepaTypsl:
1. CTO 56947007-29.240.35.184-2014 — «KoMIIIEeKTHBIE pacrpeeInTeIbHbIe
YCTpOICTBA C 3JIera3oBoi M3osuel B MeTaumdeckoi odbonouke (KPY3) 110 kB n
BhImIe. OOIIMe TEXHUIECKHE YCIIOBUS.
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BAPUAHTHI PEAJIM3ALIUY T'BPUIHBIX HAKOIIUTEJIEM
DJIEKTPUYECKONM SHEPTUN HA BA3E AKKYMYJISITOPHBIX
BATAPEN U CYTIEPKOHJIEHCATOPOB

Bapaakosa K.A., Aiicuna T.X. (K2JI-171), ComunoB A.T".
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Boael TY

B nacrosimiee Bpemss B Poccum HaOmonaercst riio0alibHOW TEHIEH-
LUU YBETMUEHHsI IO BO30OHOBIISIEMBIX MCTOYHUKOB Heprun (BUD)
B 0011eM 00beMe reHepupyroIuX MolnHocTel. Bee Oosee pacnpocrpa-
HEHHOW CTaHOBUTBCS MpaKTHka mpuMeHeHuss BUD nns snexktpocHal-
XKeHUs 00BEKTOB YIAIEHHBIX OT LEHTPaTN30BaHHOH IHEPrOCHUCTEMBI
WM B KayecTBE PE3EPBHOI0 MCTOYHMKA MUTAHUA Ui MOTpeduTenent
MepBOI WM 0c000i KaTEropuy HAJSKHOCTH JeKTpocHa0kenus [1].

CymectByer OONbIIOE KOMUYECTBO HAKOMUTENEH 3JEKTPHUUECKON
sHepruu (HDD), ornuuarommxcs Mo BUAY B KOTOPOM XPaHHUTHCS dHEP-
T'HH, BpEMEHH XpaHeHHs, 00beMY 3armacaeMoil SHEPTHH U CKOPOCTH 00-
paTHOro mpeoOpa3oBaHusl sHeprur. OAHA U3 CaMBIX HIMPOKO HCIIOJb-
3yeMbIX TexHojoruii HOD kak B MpOMBIIIEHHOCTH, TaK U B OBITY, SIB-
nsiercst akkymyasitopaeie 6atapen (AKB) [1].

Haubonee momynsipabIM celiuac ABIstOTCs TUTHH-MOHHBIE (Li-lon)
akkymynsatopel. [IpeumymectBamu Li-lon akkymymnsaTopoB sIBISIFOTCS:
BBICOKas IJIOTHOCTh HaKaIUIMBaeMOW SHEPTHH, HU3KOE BBIXOJHOE CO-
MPOTHUBIIEHUE, YTO MO3BOJISECT HA MUKAX HArpy3KH OTAaBaTh MOTpeOH-
Tenmo OonplIylo MomHocTh. Ho um mpucymm u HemoctaTku. [Ipu He-
MPaBWJIBHOM 3aps/ie ¥ HKCIUTyaTallui aKKyMYJIITOPBl MOT'YT BOCILJIaMe-
HATBHCA U naxe B3peiBaThed. K Tomy ke, mpumenenne AKb B kauecte
HDD ans cucremsl snekTpocHadkeHus Ha ocHoBe BUD umeer psn cy-
LIECTBEHHBIX HeMocTaTkoB. Tak, pexxum pabotsl AKB mpu ckaukoo0-
pa3HOM HM3MEHEHHE TOKa 3apsaKH/paspsiKd, BBI3BaHHBIA MepHOIUYE-
CKUMU KoJieOaHUil reHepupyeMoii MomtHoctd BUD, sBisercs He onTH-
MaJbHBIM W BeIET K 3HAYMTENFHOMY YMEHBIICHUIO CpPOKa CIYXKOBI
AKBDB [2]. Taxxe CTOUT OTMETUTH OTPAHUYCHHOE KOJIUYECTBO IIUKIIOB
3apsaku/paspsaku AKB u HeoOxomumocTs 3aBbiieHust eMkocT AKB
JUISl BO3SMOXKHOCTH pa0OThl MEXaHHW3MOB C MPOIOKUTEIBHBIMH PEKH-
MaMH Mycka. B cBs3H ¢ 5THM BO3HHKAaeT HEOOXOIMUMOCTb 3aMEHbI MIIH
nononaenust AKB npyrumu HOD, koTopble ObI MOTJIM PELIMTH AAHHYIO
npobiemy. [IpuMepoM TakHX 3JIEMEHTOB MOXKET CIY>KUTh HOBBIA THII
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SHEPTrOHAKOMHUTENBHBIX ANEKTPUIECKUX KOHJIEHCATOPOB - KOHACHCATO-
POB C JBOWHBIM AJIEKTPUYECKUM CIIOEM, TAKXKE HA3bIBAEMBIN CyIep-
KOHJICHCATOPOM, YIBTPAKOHIEHCATOPOM WM HOHUCTOPOM.

CynepKoHIeHCATOPBl - ATO YCTPOWCTBA, HAKOIUIEHHE JIIEKTpUYe-
CKOW SHEPTUM B KOTOPBIX MPOMCXOIHUT OyiaroAapsi 3apsily JBOWHOTO
3JIEKTPUYECKOr0 cJios. JIBOMHOM 3JIEKTPUYECKUM CIIOM MOYKHO pac-
CMaTpHBAaTh KaK KOHAECHCATOp C ABYMS OOKIaJAKaMHU, EMKOCTh KOTOPOT'O
MPOMOPIIMOHAIbHA TUIOIIAH OOKJIAJ0K M OOpaTHO MPOIOPIIMOHAIIbHA
PacCCTOAHUIO MEKAY HHUMMU. Enaro;:[apsl TOMY, 4TO paCCTOSIHHUEC MCKIY
3apsKEHHOM MOBEPXHOCTBIO MPOBOJAHMKA (M3 KOTOPOTO M3rOTaBIIMBa-
IOTCSI DJIEKTPOJIbl) U CIIOEM HOHOB OYEHb Mallo (M3MepsieTCsl aHrCTpe-
MaMH), a BeJTMYMHA MMOBEPXHOCTH MPOBOJHHUKA (HAIIPUMEpP, aKTUBHUPO-
BanHOro yriisn) gocruraer 1500...2000 M°/r, eMKOCTh YTONBHOTO SIIEK-
Tpona mMaccoit 1 r moxer coctaBnath 100...500 @. [3]

Tak kak, B OTJIMYME OT JUTHUM - HOHHBIX aKKyMYJIATOPOB, B CYIEp-
KOHJACHCATOpaX HET OKUCIUTCIbHO-BOCCTAHOBUTECIBbHBIX peaKuHﬁ u
HWOHBI HE JOJDKHBI HUKYZA BCTPAUBATBHCS, 3apsliKa U paspsiKa Mpoxo-
JISIT HAMHOTO OBICTpPEE, a CaMu yCTPOICTBa OoJiee TOJTOBCUHBI[4].

Ha ceromgusiHuii 1eHbh OCHOBHAsl CTaBKa B OBICTPOM HAKOILICHHUU
SHEPTUU ClleNlaHa Ha CYMepKOHACHCATOphl Ha ocHOBe rpadeHa. ['paden
- 3TO JBYXMEPHBIA KPUCTAJUI YIJIEPOZA: €r0 CJIOW TOJIIMHOM BCETO B
OIMH aToM. BriepBble 3TOT MaTepHal CMOIJM CHHTE3UPOBAaTh (PHU3MKH
Amnnpeii I'eiim 1 Koncrantun HoBocenoB u3 MaHuecTepckoro yHUBEp-
CUTETa U MPOBENIN CEPUI0 dKCTIepuMeHToB, B 2010 roxy oHM TOTydnIN
3a cBou onbiThl HoOeneBckyro mnpemuto. ['paden obmamaer BhICOKOM
MMPOYHOCTHIO, TCIUIOIIPOBOJHOCTBIO U HaH6OHLHI€I7[ IOABHUKHOCTBIO
AIIEKTPOHOB CpPEIM BCEX HM3BECTHBIX MarepuaioB. [aBHas ocoOeH-
HOCTb CYNEpKOHAEHCATOPOB (MOHUCTOPOB) - OUEHb BBICOKAs CKOPOCTh
3apsiia U paspsija, HO 1O TUIOTHOCTH 3apsiia OHU OUIYTHMO YCTYHAloT
TPaIUIMOHHBIM aKKyMmynsTopam. Mcnonb3oBaHue rpadeHOBBIX 3JIeK-
TPOJIOB MO3BOJISIET CEPHE3HO MOBBICUTH 3TOT MOKA3aTeNb, XOTS M B 9TOM
CIIy4ae KOHJIEHCATOPhl YCTYIIAKOT COBPEMEHHBIM JIMTUN-UOHHBIM aKKy-
mynsaTopaMm. Kak npaBuiio, Takue HOHHCTOPHI UMEIOT INIOTHOCTh DHEp-
run 15-35 B1*4u/Kr - npuMepHO, KaKk y CBUHIIOBO-KUCIIOTHBIX Oatapei.
Jlyumme naGopaTopHble 00pa3ibl 3TUX KOHAEHCATOPOB Celdac CIio-
COOHBI 00eCTIeYnTh TUIOTHOCTh dHEprun okojo 83 Br*u/kr. Teopernue-
CKH BO3MOXKEH POCT €llle MPUMEPHO BIBOE, HO COBPEMEHHBIE JINTHIA-
HMOHHBIE aKKYMYJIATOPHI YK€ CE€M4ac UMEIOT IJIOTHOCTb SHEPTUH CBBI-
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me 200 Br*u/kr. HoBasi KOHCTPYKIIMS CYNEpPKOHJEHCATOpa, MPeyIo-
xeHHas cnenuanuctamu u3 Nanotek Instruments Inc. (CLIA), umeer
ANIEKTPOJIBI, COCTOSIIME U3 TpadeHa ¢ MPUMECSIMH TMOBBIIIAIONIET0 MPO-
BOJMMOCTh aleTwieHa u cBasyroulero Bemecrsa PTFE. B kauectse
3JIEKTPOINTA MCIOIB30BAIOCH BEIIECTBO, U3BECTHOE B 3JIEKTPOXUMHHU
kak EMIMBF4. [TogpoGHast cTpykTypa rpa)eHOBOTO CyNEepKOHACHC Ca-
Topa IpuBezeHa Ha puc. 1 [5].

= oo P

| PTFE | Stainless steel plate | PTFE] I

] Current Collector
-+

Electrode
Electrode

Mylar

Current Collector

Stainless steel plate =

Puc.1 - CrpykTypa rpageHOBOro CynepKoHAeHcaTopa
B paGote [1] Obu1 mpoBeaieH aHanu3 pamuabix HOD mno cnenyro-
MM OCHOBHBIM TIapaMeTpaM: BpeMsl 3apsJiKd, BpeMs pa3psikH,
yaenbHasi SHepPTUs, yAelbHash MOIIHOCTb, KOJMYECTBO LIMKIIOB 3apsi-
KU/pa3paaku u 3PEeKTUBHOCTD 3apsAKH/pas3psiiku. Pe3ynbraTel 1aHHO-
r'o aHaJIM3a PUBE/ICHBI B Ta0mwmiie 1.
Tabmuna 1 — AHanmu3 pa3JIM4YHBIX HAKOIUTENCH 3JIEKTPUYSCKON

SHEpPTrUH

IMapametp AkkymynsTopssle | CyHepKOHICHCATO- KonnencaTopst
Oarapen pBI

Bpewmst 3apsina 1-54 0.3-30c 10°-10°¢c

Bpewms paspsina 0,3-34 0.3-30c 10°-10°¢c

VYnenbHas  3HEprus. 10 - 100 1-10 <0,1

(xBt-9/KkT)

KomudaecTBo ko 1000 > 500000 > 500000

VYnensHas MOIIHOCTB <1000 <10000 <10000

(Bt/kr)

DddexruBHOCTE  3a- 0.7 -0.85 0.85-0.98 >0,95

psina/paspsia

CpaBHuTenbHBIN aHaM3 paznuuHblx HOD mokasbiBaeT, uTo cymep-
KOHJICHCATOPHI 3aHUMAIOT MPOMEXYTOYHOE MOJIOKEHUE MEXKAY XUMH-
YECKUMHU UCTOYHUKAMU DIIEKTPHUUECKON SHEPTUN M OOBIYHBIMH KOH/ICH-
caTopaMH.

[MpuHin paboTel KOMOMHUPOBAHHOTO HAKOMHUTENS DIIEKTPUIECKON
SHEPTUU 3aKII0YaeTcsi B TOM, YTO B MOMEHT PE3KOro, KpaTKOBPEMEH-
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HOT'O TIpoBaJia BeIpabaThIBAEMONH MOLIHOCTH WIIM YBEIHUYEHHS MOTPEO-
JIIEMOM MOIIHOCTH CYHNEPKOHAECHCATOPHBIA MOAYJIb KOMIIEHCUPYET
JaHHBIN MPOBaj, a B MOMEHT PE3KOro, KpaTKOBPEMEHHOT'O YBEIHYEHHS
BbIpa0aTHIBAEMOW MOILIHOCTH HJIM YMEHBIICHUS! MOTpeOIsieMoi MoIl-
HOCTH CYIEPKOHJIEHCATOp 3aIacaeT dHEPrHi0, TEM CaMbIM YCTPaHSIOT-
Csl KPaTKOBPEMEHHbIE M3MEHEHUs HANpsDKEHUs MUTAIoNIed ceTH. AK-
KyMYJISITOpHBIE OaTape, B CBOIO OYepelb, UTPAOT POJIb OCHOBHOTO
HaKOMUTENS 3JIEKTPUYECKOW SHEPTHH, pearupyrouero Ha JOJroBpe-
MEHHbIE M3MCHEHHs HalpsDKeHHsS MuTaromeid cet. TakuM obOpaszom,
JlaHHAs CHCTEMa MO3BOJISIET COUeTaTh B cede JOCTOMHCTBAa 000MX HAKO-
NUATENEH DIEKTPUYECKOM HHEPruu. DBICTPONEHCTBUE U BBICOKYIO
YIENbHYI0 SHEPruI0 CYNEPKOHJICHCATOpPa CO CTAaOWJIBHOH MPOAOIKU-
TEJIBHOMN paboTON aKKyMYJIITOPHOU OaTtapen.

Knaccudukanms BU0B rHOpHIHBIX HAKONHUTENIBHBIX CUCTEM Ha 0Oase
AKBD u cynepkoH/1eHCaTOPHOI0 MOJTYJIsl TIpe/icTaBjeHa Ha pucyHke 2 [1].

Puc. 2 —-Knaccudurkarms BuIoB THOPHIHBIX HAKOIMUTENBHEIX ciucTeM Ha 6aze AKB
1 CYIEPKOHACHCATOPHOI'O MOAYJIsL

I'uopunnasie HO9, Ha 6aze AKB u cynepkoHeHCaTOPHOTO MOMYJIS
MOT'YT OBITh 3 OCHOBHBIX THIIOB, Ka)IbIii U3 KOTOPBIX MMEET pa3iny-
Hble BapUAHTbI UCIIOTHEHMUS:

* IaccuBHas cuctema (puc 2a);

* IOJyaKTHBHAs cuctema (puc 20, B, T);

* aKTMBHas cucteMa (puc 21, e, X);

[NaccuBHas cuctema MpeACTaBIIsIeT cOOOH MapajuieTbHOE COeArHe-
Hue AKbB u cynepkoHieHcaTopa ¢ HEMOCPEICTBEHHBIM MOJIKIIOYEHUEM
K Harpyske (cM. pucyHOK 2a). OCHOBHBIM HENOCTaTKOM MAaCCHBHOM
CHCTEMBI SIBJISIETCS TO, YTO paclpeseneHne Toka Harpy3ku Mexay AKb
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A CYIIEPKOHIEHCATOPOM OIPEAEHAETCS IOJIHBIMA CONPOTUBIIEHUIMU
JaHHbIX 3JIEMECHTOB. Tak xe HAIIpsAKEHUEC Ha 3JICMCHTaX JOJIPKHO OBITH
PaBHBIM B JIF000M MOMEHT BpeMeHU. ECiiu HanpspkeHUe CYIepKOH ICH-
caTopa CHU3UTCA Ha 3HAYUTCIbHYIO BCIMYMUHY 11O CPAaBHCHUIO C Ha-
npsbKeHreM OaTaped, TO uepe3 CYNEpKOHJIEHCATOp MOHIeT OOoMbImon
TOK, YTO OTPaHUYHMBAET KOIUYECTBO DHEPTHH, KOTOPOE MOKHO BBICBO-
00JMTh U3 CYIIEPKOHIEHCATOPA.

[NonyakTHBHOHM cHcTeMa MpeacTaBisieT co0OM mNapajuleNbHOE CO-
ennHenne AKB u cymepkoHIeHcaTopa C HCHOJIB30BAHHUEM OJHOTO
DC/DC - nmpeoGpa3zoBares.

Cy1iecTByeT TpH BUJA MOITYaKTUBHBIX CUCTEM:

* mapasuieNibHasi OJTyaKTHBHAsI CHCTEMa - TPeo0pa3oBaTellb MEXIy
HArpy3Koi 1 HICTOYHHKOM (puc 20);

* MOJlyaKTUBHAsl CHCTEMa CyNepKOHJAeHcaTopa - mpeodpa3oBaTeb
MEKAY Harpy3koil M CyHepKOHAECHCATOpOM, Oarapes MOJKIIOYEHA IO0-
CIIeIOBATENbHO K Harpyske (puc 2B);

* MONTyaKTHBHAs cucTema OaTapen - mpeodpa3oBaTellb MEXKAY Ha-
rpy3Ko# 1 OaTapeeii, CyrepKoHIeHCaTOp MOJKIIOYEH MOCIe 0BATENHHO
K Harpyske (puc 2r).

Bnaronaps ucnonszosannto DC/DC - npeobpa3zoBaTens JaHHBIN Ba-
PHaHT MO3BOJSET CHHU3UTH TpeOyeMoe HampsbKEHHe CyINepKOHJeHca-
TOPHOI'0O MOAYyJid, TEM CaMbIM ONTHUMU3HNPOBATH IMapaMETPbI BI)I6I/Ipae-
MOI'0O MOAYJIA IO HAIIPSAKEHUIO U CMKOCTH.

B akrtuBHOl cucteme mia coequnenuss AKb u cynepkonaencarop-
HOT'O MOZYNA ¢ Harpy3kod ucmonbsyercsi Heckonbko DC/DC - mpeo6-
pa3oBareei.

Cyme(:TByer TPpU BUJd AKTUBHBIX CUCTEM!

* mapajieibHas aKTHBHAs CHCTeMa —IpeoOpa3oBaTellb MKy Kax-
neiM HOD u Harpyskoit (puc 2:x);

* aKTHBHAs CHUCTeMa OaTapen —IpeoOpa3oBaTelib MEXIy Harpy3Koi
u Oatapeeii, U OaTapeeii U CynepKoHIeHCaTopoM (puc 2¢);

* aKTHBHAsl CUCTEMa CYNEPKOHAEHCaTopa —peodpa3oBaTeb MEXIY
HArpy3KOi U CyNEepKOHIEHCATOPOM, CYNEpKOHIEHCATOPOM M OaTapeeit
(puc 2n).

He cmotps Ha To, YTO aKTHBHAS CUCTEMa SIBJIsIeTCsl Hanboliee A0po-
TOCTOSIIMM BapHaHTOM B CBsizu mpumeHenneM neyx DC/DC - npeo6-
pasoBarteneii, JaHHas CUCTEMa IMO3BOJISIET KOHTPOJIUPOBATH TOKH, Ha-
MpsDKEHUS U CTeneHb 3apsaa HOD BXoagmux B cucTeMy, a Takxke Io-
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3BOJISIET peaIM30BaTh HAKOOJIee ONITUMAJIBHBIC AJITOPUTMBI YITPABJICHUS
rubpuaaeiM H30.

BriBonpl. B pesynbrate nmpoBeneHHOr0 aHalIW3a pa3inyHBIX TOMO-
soruit cxem rudpuanoro HOD na 6aze AKD u cynepkoHaecaropa ObUIO
BBISIBJICHO: 1. JIJ11 TIOBBIIICHUS HAJIEKHOCTH PAOOTHI AJIEKTPOTEXHUYEC-
ckoro komiuiekca ¢ BUD HeoOXoamMoO MpPHUMEHEHHUE CHUCTEM I1OBBI-
Iarouux BpeEMsI aBTOHOMHOM pa6OTI)I, B Ka4€CTBE KOTOPBIX uenecoo6-
pa3HbIM siBJIsIeTCs ucnoib3oBanre HOD Ha 6a3ze AKDB u cynepkonaeca-
TOPHOrO MOJYJisA.2.BEIOOp CTPYKTYpBI M MapaMeTpOB 3JIEMEHTOB THO-
punHoro H3D crnemyer mpoBOAUTH UCXOS U3 KOHKPETHBIX XapaKTepu-
CTHUK OJJICKTPOTCXHUYECKOI' O koMiuiekca.3.Haunboiee MMpeANnOYTUTEIIb-
HBIM BapHAaHTOM CXeMbl THOpUAHOrO HOD sBsSeTcs akTUBHAS cXeMa C
ucnons3zoBanueM neyx DC/DC - mpeoOpa3oBareneii.
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YHUKAJIBHBIE TEXHOJIOI'MU B OBJIACTU CO3JAHUA
HAKOITUTEJIEM DHEPT' MM DJIEKTPOXUMUNYECKOT'O
TUITA

Bapnakosa K.A., Aiicuna T.X. (K2JI-171), ComunoB A.T".
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B nacrosmee BpeMst B Poccun CTaHOBSITCSl akTyallbHBIMHU TI€PCIIEK-
THUBBI MCIIOJIb30BaHUS HAKOMHUTENEH YHEPTUM B SHEPreTHUYECKUX yCTa-
HOBKax Ha BO300HOBIISIEMBIX UCTOUHMKaX 2Heprun (BUD).

HakomuTenu 31eKTpUYecKOil HEPrMH MOXXHO YCIOBHO pa3JelUTh
Ha TPH TPYIIBI: MEXaHMYECKHE, XUMUYECKUE U dIIeKTpuieckue. K HuM
OTHOCSITCSL CJEAYIONME OCHOBHBIC THUIIBI HakomuTened sHeprum [1]:
ruIpoakkymyaupytomue snekrpocraniuun (CADC), HakomuTenu Ha
ckatoM Bo3ayxe (HOCB), poropHble HakomuTenu (MaxOBUKH), JIEK-
Tpoxummuueckue akkymynsaropsl (Lead-Acid, Li-ion, NiCd u T.1.), mpo-
TOYHBIE DIIEKTPOXUMHUECKHE aKKyMYJSATOPHI (TOIUIMBHBIE DJIEMEHTHI),
€MKOCTHBIE HAaKOMHUTENW (KOHJASHCATOPbl M CYINEPKOHIEHCATOPHI),
CBEPXITPOBOJJHUKOBbIC MarHWTHBIE HAKOMUTENN (MarHUTHBIE aKKyMYy-
nsitopel SMES).

Haubonee mmpokoe npruMeHeHHe B Ka4eCTBE HAKOMHUTENEH SHEprun
B DIEKTPOIHEPTETHUECKHX CUCTEMaxX HaXOIAT JIIEKTPOXUMHUECKHE
AKKyMYJISITOpBl. KONMM4ecTBO TaKMX THIIOB aKKyMYJISITOPOB ITOCTOSIHHO
yBenuuuBaercsi. Ho ais Hakonurteneld, BBIPABHUBAIOIIUX SHEPTOINO-
TpeOieHre, OOBIYHBIE CBUHIIOBO-KHCIOTHBIE aKKYMYJISITOPBI HE MOIXO0-
JAT [2]. DTO CBSI3aHO ¢ MaJIbIM KOJIMYECTBOM IIUKIIOB 3apsiia-paspsia, a
TaKkxke HeOOXOAUMOCTBIO 00CTY)KUBaHUSI AKKYMYJISITOPOB (ITPUXOAUTCS
PETYJISIPHO JOIMBATh JUCTHILIMPOBAHHYIO BOAY M3-32 UCIIAPEHUS DIIEK-
TPOJIUTA).

B comHeuHBIX 37EKTPOCTAHIMAX HEOONBIIOH MOIHOCTH MPUMEHS-
IOTCSl TaK Ha3bIBaeMbIC TENEBbIE aKKyMYJSTOPHl. B HUX 31eKTponuT
HaXomuTcs He B opMe KUAKOCTH, a B GopMe renst. Takue akKyMydis-
TOpBI HE TpeOyIOT OOCTY)KMBaHUS. YHUKAILHBIM MPEUMYILECTBOM Te-
JIEBBIX aKKYMYJIATOPOB SIBIISIETCS UX BO3MOXHOCTH PabOThI MIPH HU3KHUX
(o -15°C) Temnepatypax.

Bonee coBepmieHHbIMU SIBISIIOTCST HUKeNb-KaamueBbie (NiCd) akky-
MyJsiTopel. OHM HaZ@KHBI M 00ECIEeYMBAlOT COXPaHEHHE OONBIIEro
KOJTMYECTBa DHEPIHH B MeHblIIeM oObeme. Tem He MeHee, Al HaKOH-
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TeNell SHepruH, CTIAKHUBAIOIIMX MHKH MOTPEeOJICHUs B CETH, JAHHBIE
AKKyMYJISITOPBI HENPUTOIHBI M3-32 SIPKO BBIpaKeHHOTo «3(dexTa ma-
MsTH». [Ipy HemomHOM paspsiie U TOCIEAYIONEM 3apsiie eMKOCTh aK-
KyMmyJisiTopa cHmKaercs. TpeOyeTcst HOHOCTBIO pa3psKaTh aKKyMyJIsi-
TOp W MOTOM 3apsbkath ero a0 100%. bonee mpoaBHHYTBIE HHUKENb-
merammoruapuansie (NiMH) akkymynsaTopsl 00damaroT Oonbliel em-
KOCTBIO, «OQ(EKT MaMsaTH» B HUX MEHee BBIPaXKEH, HO BCE-TaKH TpH-
CYTCTBYET.

Haubonee momynsipabIM celiuac ABIstOTCs nUTHH-MOHHBIE (Li-lon)
AKKyMYJISITOPBL. VX akTHBHO cefiyac MCMONB3YIOT B HAKOMHUTEINSX, YC-
TaHABJIMBAEMBIX HETIOCPEJICTBEHHO Y TTOTpEOUTENEH, a TaKkKe B KIIIoUe-
BBIX MecTax ajekrpocetd. [IpemmymectBamu Li-lon akkymymnsaropos
SIBIISIIOTCS: BBICOKAs TNIOTHOCTh HaKallJIMBaeMOH SHEPTUHU, MAJbIA ypo-
BeHb «d(peKTa maMsiTH», HU3KOE BBIXOAHOE COMPOTHBIICHHE, YTO TO-
3BOJISIET Ha MUKaX HArpy3KH OTAaBaTh MOTPEOMTENIO OONBIIYIO MOII-
HocTh. Ho uM mpucymm u HemocTaTku. [Ipy HenmpaBWILHOM 3apsiyie U
SKCITyaTallid aKKyMYJSITOPbI MOTYT BOCIUIAMEHSTHCS M JIaXKe B3PbI-
BaTbed. JIuTuil - ype3BpIYailHO TOKCHYHBIA XUMHYeCKUU 31eMeHT. K
TOMY JKe, 3a11achl JIUTHS B MUPE OTPaHUYEHBI, yKe B ONMKaiIiee BpeMs
MOXET BO3HHUKHYTh HEXBaTKa 3TOro Meramia. B Hactosiiee Bpems
MHOTHE Pa3paboOTYMKH BEPST, 4TO OyaylHe aKKyMYJIATOPBI CTaHYT
UMETh COBCEM JIpYyrylo (OpMy, CTpOSHHE W XHUMHYECKHH COCTaB MO
CPaBHEHUIO C JIMTUI-UOHHBIMU. OHM CUMTAIOT, 4TO OyayIiee 3a rpade-
HOBBIMH aKKyMYJISITOPaMH.

B 2004 romy pycckue yuennie Koncrantun HoBocenoB u Aunpapeit
[etim, pabotaronue B ManuectepckoMm yHuBepcutere (Manuectep, Be-
JUKOOPHUTAHHUS) CMOTJIM MTOJMYYUTh Tpad)eH Ha MOUIOKKE OKCHIA KPEM-
HUS. DTO ObUIa CTAOWIIbHAS JBYMEpHas IUICHKa, OJaroaps CBsI3U ¢ TOH-
KUM clioeM okcuja (muanexrpuka) ['padeH mpencrasisier coOoit cioi
aTOMOB YIJIepo/ia TONIIMHON B OJJMH aToM (B MHJUTHOH pa3 TOHBIIE JIHC-
Ta Oymaru), pactolloXeHHBII B TeKCaroHaJbHOW perieTke (B BUE IIec-
TUYTONBHUKOB) (puc.l). YdueHbIMH ObUTH M3MEPEHBI MapaMeTphbl TUICHOK
yIJIepo/a, TaKKe Kak 3JISKTPUIecKasi IPOBOUMOCTh, 3 dekt I1lyOHuko-
Ba-jie ['aaza, u apdexr Xomna. Hosocenor u ['elim nonyuunnu 3a 3T Tie-
penoBbie pabothl B 2010 rogy Hobenesckyro npemuto [3].
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Puc.1 — I'padenoBast ruiéaka

I'paden siBasieTcsl caMbIM TOHKUM MaTepPHalioM, HU3BECTHBIM YeIOBe-
Ky, TOJIIIMHOW B OJIMH aTOM, a TAaK)KE HEBEPOSTHO MPOYHBIM - IPUMEp-
HO B 200 pa3 npounee crainu. Kpome Toro, rpadeH sSBiseTcs OTIUYHBIM
MPOBOAHMKOM TeIJia U JEKTPHUYECTBA M 00JIaZiaeT WHTEPECHBIMHU CIIO-
coOHOCTSIMM TIorJIoNIeHus cBera. ['padeHoBbId c10l MOXKHO TpercTa-
BUTH, KaK OJHY MOJIEKYTy, B KOTOPOH 3JIEKTPOHBI Oe3 mperpaj mepe-
JIBUTAIOTCS MEXK]Y €€ TpPaHUIAMH - TaKUM 00pa3oMm, rpa)eHOBBII Mpo-
BOJIHUK CIIOCOOEH MPOBOIUTH AJIEKTPUIECTBO MPAKTHUECKH O€3 MOTEPb.
I'paden — nerkuii, on Becut Beero 0,77 MUIITUTpaMMa Ha KBaJIpaTHBIH
Mmetp. [lockonbKy 310 oauH 2D-JIKCT, OH UMEET caMylO BBICOKYIO IUIO-
maas TOBEPXHOCTH M3 Bcex MaTepuanioB. JIucTel rpadeHa rubkue.
I'paden sBisieTcs odeHb PACTIKUMBIM KPUCTAJIIOM - €0 MOXKHO pac-
TaHYTH 110 20% OT NepBOHAYAILHOTO pa3Mepa, He pa3duBas. Mimeainb-
HBII TpadeH TakKe OYeHb HenpoHUIaeM. Jlaxke aTOMBI refusi He MOTYT
MpONTH Yepe3 Hero. OH TakKe CUUTAETCS 3KOJIOTMYECKH YHUCTBIM U YC-
TOWYHMBBIM, C HEOTPAHHYEHHBIMH BO3MOXKHOCTSIMH JIJISi MHOT'OYHCIICH-
HBIX puMeHeHni. [10 yTBep>KIeHNI0 MHOTHX yUYEHBIX, TpadeH 3To Ma-
TepuaJl ¢ HEOrPaHMYEHHBIM TOTEHIIMAIOM U MOXET OBbITh MHTETHPOBaH
MPaKTUYECKH B JIFOOYIO OTpacib [4].

CpaBuutensHo HenaBHO Graphenano, kommanus u3 Mcnanuu, mpo-
JEMOHCTPUPOBAJIa IPOTOTHI IpadeH-MONUMEPHOr0 aKKyMYJIsITOpa 00-
Ja/IA0Iero YHUKaJIbHOM CIIOCOOHOCTHIO - TpebyeMoe BpeMsi ero 3apsi-
Ja B 3 paza MEHBIIIE, YeM JJIsl TUTHI-MOHHBIX aKKyMYJIsSTOpOB [4].

I'padeHOBBI aKKyMynsTOp TaKOro K€ Beca KaK JIMTHH-MOHHBIH
(mpu 200 B1/4 Ha 1 kr Beca) umeet ynensHyto eMkocth 1000 Bt/4. Ta-
Kas OaTapes ycTaHOBJIEHHas, HarpuMep, B aBTomoouie Tesla Model S
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crocoOHa yBenmnuuTh ero npoder ¢ 334 km o 1013 kM Ha ofHOI MOA-
3apsike [4].

B xommnanuu Graphenano paszpaboramu akkymyisitop Grabat (puc.2)
[4]. Tlo ycrpoiicTBy rpad)eHOBBIC aKKyMYJISITOPbI HAIIOMUHAFOT JIUTHH-
MOHHBIE, HO BMECTO rPpa)UTOBOrO CIIOS BHCILpCH rpadeHoBeblii (puc.3) [4].

CenapaTop @
‘o%% A
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MosAcHeHue:

® yrnepos (rpagu) [ i

anekTpoAUT
OKobansT (8 conm)

® uTuin ~» 3apsp
(O Kucnopon (8 conn) < paspsa

Puc.2 — I'padenoBsrit akkymynsitop  Puc.3 — Yerpoiterso Li-lon akkymymsitopa

Emkocts 2,3-BonbToBoro Grabat orpomua: okomo 1000 Br-u/kr.
Jnst cpaBHEeHUs, y TyYIIHX 00pa3loB JINTHIH-HOHHBIX aKKyMYJISTOPOB -
Ha ypoBHe 180 Bt-u/kr. Pa3paboTunku yTBEp:KIaroT, YTO aKKYMYJIATOP
3apspKAETCsl BCEro 3a HECKOJIBKO MUHYT - CKOPOCTb 3apsIKA/Pa3psaKy B
33 pasa Bblllle, YeM y JUTHI-UOHHBIX. [padeHoBBIC OaTtapen MeHee
TpPOMO3JIKHE, YeM MX JIUTHH-MOHHBIE aHaJIOTH: Macca Irpa)eHOBOrO aK-
KyMYJISITOpa BJBOE MEHbILIE MAacChl JUTUH-HOHHOTO. M 4TO He Malo-
BaYKHO, TaKhe OaTaper He MOTYT B30pBaThes [4].

I'paden obecrieunst 3HAUMTENBHO YAYUIICHHYIO yISTbHYIO €MKOCTb
¢ OecrperieIecHTHON 00paTUMON IMKJIMYECKON CTa0MIIbHOCTBIO B TEUEC-
Hue 3000 oOpaTUMBIX LUKJIOB 3apaa W paspsiia Jake MpH OYeHb BbI-
COKMX pexumMax Toka 1o 1280 mumamiep.

AXKyMyJIATOpBl Ha OCHOBE rpadeHa OBICTPO CTAHOBSTCS COIOCTa-
BUMBIMH 110 3()(HEKTUBHOCTH C TPaJUIIMOHHBIMU TBEPAOTEILHBIMU aK-
Kymyssitopamu. OXHIaeTcs, YTO MUPOBOW PBIHOK Irpad)eHOBBIX aKKYy-
MyJsATOpoB K 2022 romy gocturHeT 115 MUIUTHOHOB J0MIApOB, YBEIH-
YUBIIUCH B cperHeM Ha 38,4% B TeueHue MporHo3upyeMoro nepuoja ¢
PBIHKOM C J10x0a0M oKoio 38% [4].

IlIBenckue uccnenoBarenu uz Chalmers wuayr nanemie. OHU cMe-
HIMBAIOT TpadeH U cepy Ui HOBBIX JIMTHEBO-CEPHBIX OaTapeu, Teope-
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THYecKasi MIOTHOCTh SHEPTHH KOTOPBIX MPHUMEPHO B ISITh pa3 BHIIIE,
YeM y JIUTUN-HOHHBIX.

B Poccun pazpaborka rpadeHOBBIX aKKyMYJIATOPOB CBs3aHa C HC-
IIOJIB30BAHUEM MAarHusi, KOTOpPbI JOJDKEH 3aMEHHUTh JUTHH. Poccuii-
CKHE€ Yy4YEHBbIE CUUTAIOT MPHUOPUTETHHIM HaIpaBJIEHUEM INpPUMEHEHHE
rpad)eHOBBIX U3ENHUH B aBTOMOOHIIECTPOCHUH, BETPSIHOW MM COJTHEY-
HOM SHEPIeTHKE.

Poccuiickue ydeHble NMpeAiOKUIN yCTaHABIMBAaTh KaToJl, CAeIaH-
HBII W3 TUIMEPOKCUIAMPOBAHHOTO TpadeHa. AHOA AOIKEH COCTOSTH
MOJTHOCTBIO M3 4YMCTOro MarHusA. OH CTOMT HAMHOI'O MEHbIIE JIUTHS.
OTO BelIecTBO HE MMEET HEIOCTATKOB, XapaKTEpHBIX Ui JIUTUA. Ha-
MpUMep, Ha BO3yX€ JIUTUH HauMHAET MOIIHYIO PEaKIIHIO C BOJIOH, U OH
OYCHb CIIOXKEH JJIs yTWiIM3anuu. MarHueBblid aHO/I IIPUJIaeT TaKkou Oa-
Tapee OONBIIYI0 DHEPreTUYECKYI0 eMKOCTh. KOMITO3UIUST CTaHOBUTCS
JiellIeBiie, MEHbIIE HarpeBaercs akKyMYJSITOp M yMEHbIIAeTcs omac-
HOCTb BO3TOPaHMSL.

Taxum 00pa3oM aBTOPBI MPEANONAralmT, YTO 32 TpadeHOBBIMH aK-
KyMYJISITOpaMH CTOUT Ooublioe Oyayiee. MHXeHephl NMbITAlOTCS CO3-
JaTh aKKyMYJISTOpP, MOIIHOCTh KOTOPOro OyAeT HaMHOTO MpPEBHIIIATH
BCE MMEIOLIECd, COBpeMEHHbIe aHajoru. IIpuyeM CTOMMOCTh Takux
YCTPOMCTB OYJeT ropasjo JIelieBie. DTO HauOoJiee MepCHeKTUBHOS
HalpaBJieHHe, KOTOPBIM 3aHUMaloTcs yuéHble Poccun u KpymHble MU-
POBBIE JI€PKaBHI.
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AHAJIM3 YCTPOUCTB YIIPABJISEMBIX CUCTEM
OJIEKTPOIIEPEJAYM TIEPEMEHHOI'O TOKA

Bopoauna ILB. (K3JI-161), Engumona O.H.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B HacTosAlIeC BPEMs BO3HHKIIU 06’beKTI/IBHI)Ie MNpEANIOCBUIIKA  JIJIA
pa3BUTHA dJIEKTpOdHepreTuky Poccun 21 Beka Ha HOBOM TEXHOJIOTHYE-
CKOI OCHOBE, XapaKTEpPU3YyIOLIEH Iepexo]] K HOBOMY TEXHOJIOTHYECKO-
My YKJIaJy pa3sBUTUS MHUPOBOH SKOHOMMKHU IIYTEM CO3/IaHUS UHTEIIEK-
TyaJIbHOW 3HEPrOCUCTEMBI C AKTHMBHO-aJJalITUBHON JJIEKTPUYECKOU Ce-
TBHIO, Ha3bIBaeMOM 3a pyoesxom Smart Grid («yMHBIE CETHY).

AKTI/IBHO-aZ[aHTI/IBHaH CCTh — 3TO COBOKYITHOCTH HOZ[KJHO‘IéHHLIX K
TCHEPUPYIOIIUM HCTOYHUKAM M HOTpe6I/ITeH$IM CUHTCIUICKTYAJIbHBIX)
YCTPOWCTB — JIMHUN 3JIEKTpoIepeaadn, rmpeodpa3oBaTesieii 3JIeKTpo-
SHEPruH, KOMMYTAllHOHHBIX alllapaToB, YCTPONCTB 3AIUTHI U aBTOMA-
TUKH, COBPEMCHHBIX I/IH(I)OpMaHI/IOHHO-TCXHOHOI‘I/I‘IGCKI/IX u ynpas-
JIAIOmX CUCTEM, MCTOUYHHUKOB I'€HEpAllU, B TOM YHCJIC HUCHOJIB3YIO-
IUX BO30OHOBIISIEMYIO 3HEPTHIO, — CHaOXCHHAas pacrpeneiéHHON
CHCTEMOM MOHUTOPUHTAa M aBTOMATHYECKOTO YIPaBIEHUS pacipere-
JIEHHBIMU TEXHUYESCKUMH CpeACTBaMMU.

Ota cucreMa BbIIAET MH(DOPMAIMIO O TEKYIIEM COCTOSIHUU 000PYII0-
BaHMs1, OpraHn3yeT aJANTHBHYIO PEaKIHI0 CHCTEMBI B PeKUME PeasbHOrO
BpPEMEHH Ha Pa3MuYHble BO3MYILECHUS, 00ECTICUnBasi TEM CaMbIM HaIEK-
HOe SHeprocHadkeHne noTpeduTenei, SHeprodPQeKTHBHOCTL U YCTOWYH-
BOCTb (DYHKIIHOHMPOBAHUS SIIEKTPOIHEPT€TUIECKUX CUCTEM B IETIOM.

CunoBble yIpaBisieMble yCTPONCTBA aKTMBHO-aJIaNITHMBHBIX CeTel
UTPAIOT PEIIAIONIYIO POJIb B PEATM3alMU 3TOH TEXHOIOTHH Ha MPAKTH-
ke. IX MOXHO pa3lenuTh Ha CIEAYIOLIME OCHOBHBIE TPYIIIbI, MPE.I-
CTaBJICHHBIC B TaOwmIIe 1.

Tabnuua 1 — OcHOBHBIE IPYIITBI YIPABISEMBIX CUCTEM DJIEKTPOIIe-
peaady NepeMEHHOro TOKa

Hazpanue [IpenHasHaueHue
VYerpoiictBa  pe- | IlpennasHaueHsl Ui HOAJECPXKAHUS YPOBHEH HANpsDKEHUS B
TyITMPOBAHUS anekTprdecknx ceTsx 110—750 kB, ympaBnenust mepeToxaMu
PEaKTUBHOMI MOIIHOCTU MEKIY 3HEProCUCTEMAMH, HOBBILICHUS MPOILYCKHOMN
MOIIHOCTH criocoonoctr JIDII, MOBBIIEHNsT CTATHYECKON M JTUHAMUYECKON
YCTOMYMBOCTH SHEPrOCHCTEM.
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HasBanue IpenHa3HaueHe
VYerpoiictea Ipenna3HaveHbl JUIsi M3MEHEHHS COMPOTHBIIEHHS DJIEMEHTOB
PEeryIHpPOBaHU CEeTH, U3MEHEHMSI TIPOITYCKHON CIIOCOOHOCTH CETH, B TOM UHCIIE

apaMeTpoB CETH

YBEIUUECHHS BIUIOTH JIO OTPAaHMUYCHHUS [0 HArpeBy Oe3 Hapyle-
HUSL YCJIOBUH YCTOWYHMBOCTH, TepepacrnpesieNieHus] IOTOKOB
MOIIHOCTH IO MapaJijIeIbHBIM JIMHUSM TPU U3MEHEHUH PEeKUM-
HOM CUTYaIuu.

VYerpoiictBa
TIPOJOJIBHO-
MTOTIEPETHOTO
BKITFOYCHUS

OOecreunBaOT 3aaHHOE PETYIHPOBAHHE BEIMUYMHBI U (as3bl
BEKTOpa HAIMPSDKCHHUS B MECTaX MX MOAKITIOUCHHS 3a CYET 3TOro
yIIpaBJICHHE MOTOKaMH MOIIHOCTH.

VYerpoiictBa  or-
paHUYCHUS TOKOB
K3

[penna3HaveHs! a1t orpaHndeHns ypoBHei TokoB K3 u coxpa-
HEHMs KMBYUYECTU DICKTPOIHEPIETHUECKUX CHCTEM C BBICOKOM
IUIOTHOCTBIO HATPY3KHU.

Haxkormrenu
JIEKTPUUYECKOI
SHEPTUu

BeInonHsioT psix GyHKIMA: BEIpaBHUBaHNE rPaQUKOB HArpy3Ku
B ceTH ,00ecriedenne B coueTannu ¢ ycrporicrBamu FACTS mo-
BBIIICHHUS TPEICIIOB YCTOWYMBOCTH SHEPrOCHCTEM U HArpy3KH,
obecrieueHue OecriepeOOWHOro MUTaHUS 0CO00 BaXKHBIX OOBEK-
TOB, COOCTBEHHBIX HYXKII JICKTPOCTAHIIMII M MOJICTAHIIMI, IeMII-
¢upoBaHne KoIeOAHWIT MOITHOCTH, CTaOMIM3AIMIO PaOOTHI Ma-
JIOMHEPLHOHHBIX JICLCHTPAIN30BAHHBIX UCTOUYHUKOB 3JICKTpHYC-
CKOW DHEpruu.

ITpeobpa3zoBarenu
poza Toka

IpennaszHayeHs!: 11 COrTIaCOBaHHON paOOThI AMEKTPHUECKHX CeTeil
MEPEMEHHOTO M MTOCTOSIHHOTO TOKA B CIy4asX MX COBMECTHOTO HC-
TIOJIB30BAHUST; IS COIVIACOBAHMUA pabOThI CeTel ¢ pa3IMUHON YacTo-
TOM NEKTPUUYECKOTO TOKA, B TOM YMCIIE IIPU BO3HHUKHOBCHHU aBa-
PUIHBIX CHTYallii, ¥ BOCCTAQHOBJICHHMS SJIEKTPOCHAOKEHHUS IOCie
JIMKBHZIAIAY HAPYIICHUH; JUIS TIOBBIICHHS TIPOITYCKHON CIIOCOOHO-
CTH JIEMEHTOB CETH, COJIEPIKAIINX «CIIa0bIey» CBSA3HU.

Taxkum 06pa30M, HCITOJIB30BAHUEC CO3JaHHBIX YCTpOI\/'ICTB COBMECTHO C
MH(POPMALMOHHBIMU TEXHOJIOTMSMH  TIO3BOJIUT HAyaTh IMO3TAITHYIO
MpaKkTHYeCKyro paboTy mo cozaanuto Smart Grid. Buenpenne unresniex-
TyaJbHbIX MHTEPAKTUBHBIX TEXHOJIOTUI B PA3BUTHE IEKTPUUECKON CETU
(TEeXHOOTUHN UHTEIUIEKTYaIbHON CETH) TOJKHO SIBUTHCSI OJTHUM U3 BaXK-
HBIX HaIllpaBJICHUH B 00IACTH SHEPTETUIECKON MOMUTHKH Poccuu.

Cnucok JMTepaTypsl:

1. OCHOBBI COBPEMEHHOM SHEPTETHKH: B 2T / TOA OOIIEH pelakield wi.- Kopp.
PAH E.B. Ametucrosa.-4-¢ u3a.-M.: MDU, 2008.

2. H.W. Bopomnaii. IHTeIIeKTya IbHBIC JIEKTPOIHEPTeTHIECCKUE CHCTEMBbI: KOHIIETI-
1M1, COCTOSIHHE, MEPCHEKTHUBEL. - Www.transform.ru.

3. Grid 2030: A National Version for Electricity’s Second 100 Years. Office of
Electric Transmission and Distribution, United State Department of Energy, July 2003.

4. European Smart Grids Technology Platform: Vision and Strategy for Europe’s
Electricity Networks of the Future. European Commission, 2006.

5. Hingorani,Narain G Understandung FACTS.IEEE Press 1999.
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BbIEOP PALTUOHAJIBHOI'O HAITPAXKEHU A
B HEXOBBIX CETAX

Borukos B.B. (K2JI-161), baxtuapos K.H.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Jna pacripeneneHuss 3JIEKTPOIHEPTHH B JJIEKTPUUECKUX CETAX Iie-
pemeHHoro Toka A0 1 kB moryr mpumenstbca HanpsikeHus 380 u
660 B. Hanpsxenue 380 B momy4usio mumpokoe pacnpocTpaHeHHe Ha
MPOMBIIUICHHBIX MPEANPHUITUAX ¢ OombmmM uucioM JJ[ mamod u
cpenueit momrHOocTH (70 200 kBT) [1]. JlocTOMHCTBOM NaHHOTO HAmps-
YKEHHUS SIBJISIETCS] BO3MOKHOCTh COBMECTHOT'O MUTAaHUS CHIJIOBON U OCBE-
TUTENbHOW Harpy3ok. OjHako, NMpU HCHOIb30BaHUM JTAHHOTO Kiacca
HalpspKEHUST YBEIMYMBAIOTCS MOTEPU MOIIHOCTH, 3JIEKTPOIHEPTHUH,
HanpsDKEHUs,, 0COOGHHO B MPOTSHKEHHBIX CETSIX, a MpH HaJIWYMKd Ha
npennpustun D) momHocThi0 200-630 kBT mosiBisieTcss HEOOX0U-
MOCTh B MCIOJIb30BaHUM Hamnpsbkenus 6 kB. Ho aTo noporoit Bapuant.

[ToaToMy ocTtaércsi BapuaHT ¢ 3aMEHOM BBICOKOBOJBTHHIX JJ] Ha
HU3KOBOJIbTHBIE. BO3HMKAIOT albTepHATHUBBI:

3 mommocteio 630 xkBt, 800 xBt, 1250 kBT, paccuntansl Ha
Oosbiie paboure TOKM U Oombive TokM K3 — mutaroTcss HOMUHATb-
HbIM HanpsbkeHueM 0.38 kB.

Ecmu gannsie D/ mo 630 xkBt, 800 kBt, 1250 kBT 3anuTath Hampsi-
xenueM 0.66kB, To paboune Toxkn U Toku K3 cHmzstes B 1.73 pasa.
Hanpsoxkenue 660 B ucnonb3yercst st pacrpeaeneHus dIeKTpodHep-
THH Ha TIPENNpUATHIX ¢ OOJBIION YJeTbHOH MIIOTHOCTBIO JIEKTpHYe-
CKMX HAarpy3ok, KoHIeHTpanueid momHocteidr 200 — 600 kBT ¢ 60mb-
UM YHCIIOM 3JIeKTpojaBurareiieli. B Takom ciydae, 1enecooOpa3Ho
cogyeranue 660 B ¢ nepBuYHBIM HOMUHAJIBHBIM HanpsbkeHnneMm 10 xB.

[Ipu npumenenuu Hanpsxerus 660 B, B3amen 380 B cnenyer yun-
THIBaTh HUKEU3II0KEHHOE.

Ha nanpsokenune 660 B He MOryT OBITH TIEpEBEICHBI JIIOMUHECIEHT-
HbIe CBETHJILHHKH, JIAMITbl HaKaJMBaHUs, THPUCTOPHBIE TpeoOpazoBa-
TENIU 3JEKTPONPUBOJIOB, MHUTaeMble HampsbkeHueM 380 B, ycraHoBku
KUWII u aBTOMaTHKH, CpeAcTBa aBTOMAaTH3alMM, UCIOTHUTEIbHBIE Me-
XaHU3MBI, 35iekTpoasuratenu 1o 0,4 kBt u np.
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Heo0xoauMocTh YCTpOMCTBa IS OJHOrO 00BbEKTa CeTeil HampshKe-
Huem 660 u 380 B nenaer npumeneHue HampspkeHus 660 B manoad-
(EKTUBHBIM.

B nepsyto ouepens HanpspkeHue 660 B pekoMeHyeTcsl IpUMEHSITh
JUIl BHOBb CTPOSILIMXCSI OOBEKTOB, XapaKTEPU3YEMBIX CIIEIYIOIMH
MpHU3HAKAMHU:

— TOSIBJIEHHE BO3MOYKHOCTH OTKa3a OT COOPYXEHHs pa3BETBICHHOM
ceru 380 B;

— 70 YCIOBHSM IUTAHUPOBKH LIEXOBOTO 00OpYIOBaHHWS TpENNpHU-
ATHUS, TEXHOJIOTHU WJIM OKpY)Kalollel Cpeibl TPYAHO WM HeNb3sl Npu-
6mu3uTh nexosbie TII k OI1. Paccrosaue ot TII mo anekrponpueMHuka
MIPH 5TOM YBEIUYHBACTCS, U CTAHOBUTCS HEOOXOAUMBIM TSI CHUKEHHS
MOTEpPh JJIEKTPOIHEPTUHU MPHHSATH MOBBHIINICHHOE HANpPsDKEHHUE pacipe-
JlenuTeNnbHOM ceTn 660 B;

— BBICOKasl yJieNibHAsl TUIOTHOCTh 3JIEKTPUYECKHX Harpy30K M 0O0Jb-
LI0€ YUCIIO 3JIEKTpoIBUTaTeNel B quana3one MomHocter 200 — 600 kBr.

[IpenmymiecTBa mpruMeHeHHH HanpspkeHuit 660 B.

[pomyckHast cocOOHOCTh ANEKTPUUECKON CeTH HampsbkeHreM 660
B moBerimaercs B 1,73 pasa, moTepu DIIEKTPOIHEPTUHM TPU HTOM
YMEHBLIAIOTCS B 3 TIPU TOM e pacxoje MPOBOJHWKOBOTO MaTepuarna,
47O U npu Hanpsixenuu 380 B.

YmMmensmienue Toka B 1,73 pasa npu HanpskeHun 660 B mo3somsier
MOBBICUTH MpPENENbHYI0 MOIIHOCTh H3TOTOBIsIeMbIX JBuratenei: 500
kBT u Gonee. [To cpaBHenuto ¢ apurateiasiMu Ha 6 kKB Takoii e moml-
HOCTH, nBuratenu HampsokeHueM 660 B nemerne Ha 40...60% u ux
K.II.J. moBbIaercst Ha 1,5...2,0% .

CHmwxkenne TokoB K.3. obneryaer ycioBust TEPMUYECKON U TMHAMH-
YEeCKOH CTOMKOCTH AIIEMEHTOB CHCTEM DIIEKTPOCHAOXKEHUS. ITO MO3BO-
JISieT IPUMEHSTH Oosiee MOIIHbIE TpaHc(opMaTops! s 1exoBbIxX TII.

YBenuuenue paauyca nerctBust nexoBbix TII, mpumepno B 1,73
paza, Mo3BoJIsieT Ha 1-2 CTYNEHU MOBBICUTH €IWHUYHYIO MOIIHOCTH U
MOYTH B 2 pa3a yMEHBUINTh YMCIIO LEXOBBIX TPaHCPOPMATOPOB.

[Ipumenenue Hampsikenus 660 B crnepxuBaercst MOBBIIIEHHON
CTOMMOCTBIO U OTHOCHTEIBHBIM Je(QHUIMTOM amnmaparypbl yrnpaBleHUs
W 3alIMTHI HA 3TO HaIpsDKeHHE (YCIOBHUS TallleHWsl AYT'H 3HAYMTENBHO
TsDKenee Ha HanpspkeHue 660 B, uem Ha Hanpspokenue 380 B).

Henocratku nanpsokenus 660 B:
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— HEoOXOAUMOCTh Pa3JebHOTO MUTAHHUS CHIIOBBIX U OCBETHUTENb-
HbeIx OII;

— MOBBIIIEHHAs CTENEeHb OMACHOCTH MOPa)KEHUS AIEKTPUIECKUM TO-
KOM.

[Mpumenenue HanpspxeHus 660B 11s 11eX0BOro 3IeKTPOCHAOKEHUS
JOJDKHO OBITH TEXHHUKO - IKOHOMHYECKH 00OCHOBAHHO.

BriBozbI:

Hampsokenue 660 B pekomenayercst IpUMeHSTh B CIEAYIOMINX CITy-
qasax:

— €CJIU TI0 YCJIOBUSAM TeHIUIaHa MPEeInpUsITHSI, TEXHOJIOTHH U OKpY-
JKarolel cpelbl He MOXKET OBITh OCYIIECTBIICHO OPOOJIEHUE IEXOBBIX
MOJCTAHIMA U MPUOIIDKEHNE K [IEHTPaM MUTAEMBIX UMHU TPYIN 3JIeK-
TPONIPUEMHHUKOB. B CBSI3M C 3THM HMEIOT MECTO NPOTSHKEHHBIE CETH
HanpsbkeHreM 10 | kB. K Takum oTpaciisiM OTHOCSTCS: yroiabHast, Hed-
TAHAd, P NPEANPUATHN XUMUUECKON MPOMBILUIEHHOCTH;

— Tpu OONBIIMX TUIOTHOCTSAX HArPy3KH M MOIIHOCTH IIEXOBBIX
Tpancdopmaropor ceeimie 1000 kBA, npu kotopeix Toku K3 Ha BTO-
PUYHOH CTOpOHE BO3PACTAIOT JIO BEIMYMHBI HEOMYCTUMOH AJIs1 000py-
JIOBaHHUA U amlapaToB Ha HampspkeHue 10 1 kB;

— B COYETaHUM C NEpBUYHBIM HampsbkeHueMm nexoBbix TII 10 kB.
Henocrarkamu Hanpspkenus 660 B sBnstores:

- He0OXOMMOCTb Pa3/IeIbHOT'0 TUTAHUS CUIIOBBIX U OCBETUTENBHBIX
3JIEKTPOIIPUEMHHUKOB;

- TIOBBILIIEHHAS CTENEHb OMAaCHOCTH 3JIEKTPOYCTAHOBOK Ha Harps-
)enue 660B;

- YCJIOBUSI TallIeHus] TyTY 3HAYMTEIIBHO XyXKe, ueM Ha Hanpsbkenun 380 B;

- HelleNeco00pa3HOCTh MPUMEHEHUS HamnpspkeHus 660B B mammHo-
CTPOUTENBHOM, JIepeBO00padaTHIBAIOINEH, JIETKOH U JIp. OTpAacieii, rie
UMEETCSl MHOTO MENKHX PacCpelOTOYCHHBIX Ha HEOOJBIIONW TEPPHUTO-
puu OIL.

Cnucok JMTepaTypsl:
1. Omonesa I'.H. DnexrpocHaOkeHne MPOMBIIIIIEHHBIX IPEIIPUATHH 1 TOPOIOB:

yaebnoe nocooue / I'.H.Ononesa. — M: U] «DOPYM»: UHOPA-M, 2017.— 416 c.
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AHAJIM3 YACTOTHOU XAPAKTEPUCTUKU
JNDJIEKTPUKOB

Bunorpanos B.A. (K9JIC-161), Konefikuna T.B.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

[lpu crapeHnyn M WM3HOCE PHEPTrETHYECKOTO O0OPYAOBAHHS COBpE-
MEHHBIE 3JIEKTPOIHEPTETHUECKHE CUCTEMbI CTAIKUBAIOTCS C CEPhE3HbI-
MU po0JieMaMH, TaK KaK OTKa3bl B pad0OTe, PEMOHT | MOTeps MPUObLIN
MOT'YT TIPUBECTH K 3HAYHMTENBHBIM H3JepkKkaMm. Tpanchopmaropsl —
OJIHa W3 BaYXHEHIINX COCTABISIOMINX dHEProcucTeMsl. IloTpebHOCT B
HAJAEKHBIX IUAarHOCTHYECKHX METOAaX CTaBUT BENYIIMX DJKCIEPTOB
BCEro MUpa Tepen HeoOXOIMMOCTHIO OLICHHBATH HOBBIC TEXHOJIOTHH,
KOTOpBIC YBEIWYMBAIOT HAJEKHOCTh M ONTUMH3UPYIOT HCIOIB30BAHUE
9HEpPIOCeTH.

CocrosiHMEe M30MALNWN — OCHOBHOM MMOKa3aTellb HAJAEKHOCTH (DyHK-
LUOHUPOBAHUS CUJIOBBIX TpaHC(OPMATOPOB, TeHEPATOPOB, Kabeneld u
apyroro o0OpyIOBaHUSI BBICOKOTO HampsbkeHus. Tpancdopmaropsl c
BBICOKMM BJIarocojep>kaHueM He MOTYT BBIICPKHUBATh BBICOKHE Ha-
TPY3KH, HE MOJBEPrasch PUCKy. BHICOKOBOJIBTHBIE BBOABI M KaOenu c
BBICOKMM 3HAUCHHWEM TaHTEHCa yriia TUAJIEKTPHUECKHX MOTeph M30Is-
LMY TIPH BBICOKOW TEMIIepaType MOTYT MOJIYYHUTh TOBPEXACHHS H3-3a
«TerIoBoro mpobdos». C Apyroil CTOPOHBI, TAKKE OYEHb BaKHO BBISB-
JSITh «XOpOIIKE» eANHUIIBI B cTaperolleM napke odopyaoBanus.  [lo-
OaBIIeHHE TOJIBKO HECKOJIBKUX JIET IKCIUIyaTalluu K 0KUJaeMOMY CpPO-
Ky CIyKOBI TpaHchopMaTopa WM Kabensi — 3HaYMTENbHAs SKOHOMHUS
3aTpart Ajisl SHEPreTHYECKOH KOMITaHHH.

CaMpblil pacrpoCTpaHEHHBIA CIIOCO0 JMATHOCTUKU U3OJSAIUU — 3TO
M3MEpPEHHE eMKOCTH M TaHreHca jaenbta npu 50/60 ' Oto craHmapt-
HOE UCTIBITAHUE, TPOU3BOMMOE BCSIKUI pa3, KOTAa BOZHUKAeT He00X0-
JMMOCTh M3YUEHHsI CBOMCTB W3OJSIIHMU. BONBIIMHCTBO TECTOB BBIMO-
Hstotes npu 10 kB u paboueit TemnepaType, HO MPOBOAATCS MCIIBITA-
HUS ¥ C TIEPEMEHHBIM HaIPSDKEHUEM, a TaKXKe UCTIBITAHUS, T TAaHTeHC
JieTbTa U3MEPSETCS B 3aBUCHUMOCTH OT TeMITepaTypbl. AHalIU3 OCHOBBI-
BaeTcs Ha CTATHCTHYECKHUX JIAaHHBIX (TMONyYEHHBIX paHee) U COMOCTaB-
JICHUY 3HAYEHUH, [TOJIyYEHHBIX Ha 3aBOJe. Tak Kak CBOMCTBA U30JSLUU
3aBHCAT OT TEMIIEPaTyphl, KOMIIEHCALIUSI TEMIIEPATyPHBIX BO3ACHCTBHIA
JOJDKHA MCTIOIBb30BATHCS I U3MEPEHHI NP TeMIepaType, He paBHOU
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20 °C, uTo 00BIYHO JOCTUTACTCS IPU MCIIOJIb30BAHUN TAOJIMYHBIX 3HA-
YeHUIl TONpaBKH Ha TEMIIEpaTypy AJs ONMpeleleHHBIX KIAcCOB YCT-
poiictB. IlepBblil HHCTPYMEHT AJI1 U3MEPEHUS YACTOTHOM XapaKTEpHU-
cruku pudnektpuka (UX/I) B ycnmoBusiX dKCIUTyaTally Uit TpaHchop-
MaTOpPOB, BBICOKOBOJIBTHBIX BBOJOB M KaOelnei ObUI UCIIONB30BaH B
1995 r. C Tex mop MHOT'OKPAaTHO BBIMOJHSIACH OLEHKA JaHHBIX METO-
JIOB; HampuMep, MO JaHHBIM HECKONBbKHX MEXKIyHApOIHBIX JOKJa-
JIOB/TIPOEKTOB, H3MEPEHUS XapaKTEPUCTHKH JTUDIIEKTPHKA BMECTE C MO-
JeTMpOBaHUEM HM3O0JSIMN — HanOoliee MPEANOUYTHTENbHBI METO H3-
MEpEeHHs BIarocojiepkaHuss OyMa>KHOW HM30JSIIMM B CHIIOBBIX TpaHC-
(dhopmaTopax.

B wucneitanmax UXJ[ wu3MepsrOTCS €MKOCTb W TaHTE€HC JIEib-
Ta/k03unmenT paccesnus. [IpuHINIT W3MEpEeHNs U HACTPOWKa OYCHb
MOXO0XKU Ha TpaJMIIMOHHBIE UcTbITaHus nipu 50/60 ' ¢ Tol pa3HuIei,
4TO WCTONB3yeTcsl Oonee HU3KOoe HampsokeHue maMepeHus (200 B) u
4TO CBOWCTBA M3OJALUN M3MEPSIIOTCS B IIMPOKOM JIHAMa30HEe 4aCTOTHI
(o6bruno oT 1 K[ o 1 MI'1) BMecTo u3aMepeHus Ipu 4acTOTe CETH
50/60 I'm.

L
L
W

ral Rt b
FLRALAN

']

=
1l

e B l' o
o ]

i
]
¥

E 9
E 9

I

L 3

| e |

Puc. 1 — Cxema n3mepennit UX]]

Pe3ynbTaThl OOBIYHO MPEACTABISIOT KAaK €MKOCTh W/WIIM TaHTEHC
JeNbTa B 3aBHCHUMOCTH OT 4acTOThl. CxeMa M3MEepeHMil Moka3aHa Ha
puc. 1. O6pa3upl kpahT-OyMaru ¢ pa3InIHbIM BJIArOCOACPKAHUEM ObI-
JIU TIPOAHAJIM3UPOBAHKI TIPU Pa3HBIX TeMIlepaTypax. Takke aHaJIU3UPO-
BaJIUCh PE3YJIbTAThl U3MEPEHHUI JIJIsi CyXOH OyMaru ¢ BJIarocojep KaHu-
em <0,5 %.
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Hcnonb3oBanue meroga UYX/JI 1uist OLEHKH TEMIIEPATYpHOU 3aBUCHU-
MOCTH Ha OCHOBE U3MEPEHUN IIPOBOAMIINCH TOJIBKO IIPU OJHOU TeMIle-
patype. Kak mnokaszanm pe3ynbTaTbl 3KCIIEPUMEHTOB, pPAacCUMTaHHAs
TeMmIepaTypHasi 3aBUCHMOCTb XOpPOIIO COIJIACYyeTcsl ¢ JeHCTBUTENBHO
M3MEpEHHBIMH 3HAUEHUSIMH TaHTeHCa JIENbTa.

N3mepeHne 4acTOTHOM XapaKTEpUCTHKU AUDIEKTPUKA — 3TO METOA
WCTIBITAHUS U IUATHOCTHKH O0IIEro cocTossHUs u3onsuuu. Ilo cpaBHe-
HUIO C TPAJUIIMOHHBIMYM M3MEPEHUSIMU TaHreHc neibra npu 50/60 Iy
usMepennd YX /[ uMeroT ciienyromne NperuMyIiecTBa:

1.  cmocoOHOCTH BBHIMOJIHUTH WHAMBUAYAIBHYIO MTONPABKY HA TEM-
nepaTypy U3MEpeHHOro 3HaueHus TanreHca jenbra 50/60 I';

2.  crmocoOHOCTh OLIEHUTH BIIArOCOAEPKaHUE MPOIMUTAHHOW Mac-
oM OyMa)KHOW H3OMSIMH B CHJIOBBIX TPaHCPOPMATOpax M BHICOKO-
BOJIbTHBIX BBOJIAX;

3. cmocoOHOCTBH OLIEHUTDH 3HAYEHHE TAHTEHCA JIENbTa P padouei
TeMIiepaType Uil OLICHKH PHCKa HeoOpaTHMOro OTKasza B cilydae Tel-
JIOBOT'O TIPOOOS;

4.  crmocoOHOCTh MCCIIENOBATh YBEMUYEHHE TAHTCH A JelbTa 13-3a
AKTUBHBIX COCTABIISIONIHX.

CBoiicTBa M3OMSMH UMEIOT OONIbIIOE 3HAYEHHE sl ONpeeeHus
COCTOSTHHSI SHEprocucTeMsl B IenoM. Hanmnune nadopmanyu o ee co-
CTOSIHUU MOMOTaeT M30exaTh BO3MOKHOTO HEOOpaTUMOro OTKas3a, Ol-
pPEeNENNUTh «XOpPOIIKME» €IWHULI M NPUHATH PEIIEHHWE O MPaBUIHLHOM
Tex00CITy>)KUBaHHUH, YTO MO3BOJISIET OTCPOUYHUTD 3aTpaThl HA HHBECTHPO-
BaHHUE U, KaK CIIEICTBUE, COKOHOMUTH 3HAUHUTENIbHbIE CPEJICTBA.

Cnucok JIMTepaTypsl:

1. PykoBoactso IEEE nmo quarHoCTHYECKUM MOJEBBIM UCTIBITAHUSIM JIEKTPOIHED-
FeTHYECKUX almapaToB; 4acTb | «MacIOHAIONHEHHBIE CHIIOBBIE TpaHC(HOPMATOPBI,
perymsatopsl n  peakroper”, IEEE 62-1995. [Onexrponnsnii pecypc]  //URL:
http://rastaktavan.com/UserFiles/Download/IEEE%20guide%20for%20diagnostic%20f
ield%20testing.pdf (Jlata oopamenns 20.10.19)
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AHAJIN3 DOOEKTUBHOM CUCTEMBI JIMATHOCTHUKH
BBICOKOBOJIbTHOI'O OBOPY IOBAHU A

Botsakoga IL.U. (K3JI-161), Ex¢umona O.U.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B mocnennue rogpl OBICTPO Pa3BUBAIOTCS PA3TUYHBIC METOJIBI Har-
HOCTHKH 3HEPreTHYeCKOr0 000pYAOBaHHS, KaK CHIIOBOI'O, TaK U KOM-
MYTHPYIOLIET0, ¥ 000pYAOBaHUS YIPABICHUS U 3aIIUT. AKTYyaJbHOCTh
Pa3BUTHS AUATHOCTHYECKHX METOJIOB OMpPEAEsieTCs] Ype3BhIYaliHO BBI-
COKOW CTOMMOCTBIO PHEPTETHUECKOro 000pya0oBaHUs U emle OoyblIei
CTOMMOCTBIO TIPSIMBIX M KOCBEHHBIX ITOTEPh, BO3HUKAIOIINX B CIIydae
BbIX0Ja 000pYyJ0BaHUs U3 PaOOTHI.

[Ipu 0OBsCHEHNH MPHYHMH BBIXO/IA U3 CTPOSI HOBOT'O AJIEKTPOOOOpY-
noBanus (D0) OOBIYHO HAYMHAIOTCS WCCIICIOBAHHS BEPOSTHBIX DKC-
TUTyaTaluoOHHBIX (DaKTOPOB, KOTOPBIE MOTYT OBITH PUYMHONW MOBPEXK-
NeHnit BHOBb ocBanBaeMoro Tuna J0. Ho, kak npaBuio, NOBpEXISHHS
B MPUPa0OTOYHBINA NMEPHOA CBSA3aHBI C HAPYILIEHHEM TEXHOJOTUU H3TO0-
TOBJIEHHS O0OOPYAOBaHMs, a TIOBPEXKIEHHUS B IpOIECcCce IKCIUTyaTaluu
CBSI3aHBl C KOHCTPYKTHBHBIMH HEIOCTATKAMH, MPUBOSIIMMH K TIOSIB-
JICHUIO W Pa3BUTHIO JIeEKTOB M3-32 HEPACUECTHBIX DKCILTyaTallMOHHBIX
BO3JelcTBAil. B KOoHeyHOM cuere, BCE 3aKaHUYMBaeTcs HEe OCOOEHHO
apUIIMpyeMbIM H3MEHEHHEM TEXHOJIOTHH HM3TOTOBJICHHUS WM CaMOW
KOHCTPYKIIM HOBOT'O amnmapara.

Heo6xoauMo mpu3HaTh, YTO MOJOOHBIM I'PEHIUT HE TOJIBKO OTeye-
CTBEHHAs MPOMBINUICHHOCTh, HO W 3apyOexkHas, B ToM umcie u D0,
BBIMTYCKaEMO€ HAIIMMH KOMITAHUSMH IO 3apyOEeXHBIM TEXHOJIOTHIM
[1]. OcobeHHo yauBIIsSIeT BHEIPEHUE alNapaToB ¢ KOHCTPYKTUBHBIMHU
nedexramu, KOTOpbIE He SBISIFOTCS MPEANoiaraeéMbIMHE, a MOJITBEPKIe-
HBl HCCIICIOBAHUSMH pEajibHBIX anlapaToB, Pe3yJAbTaThl KOTOPBIX
OnyOJINKOBaHbI, MPEACTABICHBI TEXHUYECKOMY PYKOBOJCTBY | aBTex-
yhpasieHuss MUH3HEpPro.

OmnbITOM DKCIUTyaTallid M HMCCIEAOBAHMSIMU Ha peaibHbIX TpaHC-
¢dhopmatopax Toka (TT) ¢ U-o0pa3noii oomotkoii (tuna TOKH-330 mnu
TOYM-330) nokazaHo, 4YTO Takoe UCIOTHEHHE OOMOTKH caMo I10 cebe
SIBIISIETCS] KOHCTPYKTUBHBIM AeeKToM [2—-5].

[Tpu nporexkannu Toka K3 mepBuuHas oOMOTKa cMeliaercs, co3/a-
Bas MOIIHbIC MEXaHHYECKUE YCUJIHSI Ha €€ U3OJSIHIO, YTO MPUBOIUT K
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MECTHBIM HEOJHOPOIHOCTSIM, B KOTOPBIX YBETHUUBAIOTCS TUIICKTPH-
gyeckue norepu. COOTBETCTBEHHO, B JallbHEHIIEM B STOM MECTE YBEIH-
YHBAETCS BBIENICHUE Tellla, TeMIepaTypa OyMa)KHO-MacIsTHOM H3011s-
1MW JIOCTUTAET TeMIIepaTypbl aecTpykiuu 1emutroiio3sl (7> 280 °C) u
MPEBBIIIAET €€, HAaUWHACTCS MOXKEITeHHE U CIIeKaHUE M30JIALUU B TO-
XOXKYI0 Ha OaKemuT KOMITO3UIUIO, KOTOpast 3aTeM oOyTriuBaeTcs U Mpo-
HCXOJIUT TEILJIOBOM MPOOOiA.

Yacruunsie paspsasl (UP) mpu 5TOM OTCYTCTBYIOT, HO U3MEHSIETCS
¢dopma Toka uepes mzonsiui. CKOpoCTh pa3BUTHS Je(heKTa 3aBUCUT B
OCHOBHOM OT TeMIIepaTyphsl OKpykatouieli cpeapl. [Ipu ogHOBpemeH-
HOM BO3JICHCTBUH BCEX TETIJIOBBIIENSIOMNX (DAKTOPOB:

— TeMmImepaTtypa oKpyxkatolei cpensl B TeHu (7> 25-30 °C);

— Harpes OT COJIHEYHOM pajuanuu;

— HarpeB OT TOKa Harpy3Ku;

— HarpeB OT JAWDJIEKTPUYECKUX TMOTEPh NMPH JONYCTHMOM YPOBHE
HanpsDKeHUs, AeeKT OT MOMEHTa TMOSBJICHUS JI0 TIOBPEXACHHS B JKC-
ITyaTaluy pa3BUBaeTcs 3a OAUH Mecdll [1].

beumn npoBeaenst ucnbiTanus 1T tuma TOYM-330 Ha crenae
HUUIIT [4], xorma Bce TEIUIOBBIACISIONNE (PAKTOPBI JEHCTBOBAIM
HEMpepbIBHO (B IKCIUIyaTallil TeMIlepaTypa CHIIKAeTcsi B HOUHBIC Ya-
cbl). [edexr B m3omsiun Beex ucnbityeMblx TT tuna TOYM-330 pasz-
BUBaJICS 3a IMONTOpHI-ABE Henenu. B pesymbrate pasButusi nedekra
nporopenu 4 u3 14 koHaeHcaTOpHBIX 00KIamoK. [Ipu u3mepenusx tg &
nipu Upcn = 10 kB m3omsiiiuu TT ¢ Takum edexToM BenuunHa tg 0< tg
Onoem = 1,2 %, tipu sTOoM tg 6 3aBucHT oT Hamnpsbkenus {tg o = f(U)},
nosTomy BhisiBiieHHEe TT ¢ momoOHBIMIE(pEKTOM BO3MOXKHO TOJIBKO Te-
TUTOBU3UOHHON JWArHOCTHKON MM M3MEpeHHsAMH tg O mon pabounm
HanpsbkeHneM. AOCOIIOTHO TakKe pasBuBatoTcs aedekts B TT anano-
rugHoi koHCcTpykumu Tuna IMB 330-550 xB.

TerutoBusnonHas quarHoctuka TT Bcex KiacCOB HANpSKEHUH SIB-
sisiercst HanOosee A((EKTUBHBIM METOJIOM JMAarHOCTUKU [6], Tak Kak
pa3paboTaHa Ha OCHOBE HMCCIICJIOBAHUS JCHCTBHUTEIBHBIX MPHYUH MO-
BpeXIEeHHI 000pymoBaHus. Bce ocTambHbIE METOABI SIBISIOTCS BCIIO-
MOTaTeIbHBIMU U CIYKaT ISl ONpe/esIeH s XapakTepa U CTeleHu pas-
BUTHS eheKTa, BHISIBICHHOTO TEMJIOBU3MOHHOM JJMarHOCTUKOM.

Pa3zpaborka m1000r0 MeToja JUArHOCTHKHU JIOJDKHA HAUYMHATBCS C
YCTaHOBJICHUS JCHCTBUTENBHBIX, a HE MPEAINOojaraeMbIX MPHYMH I10-
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BpeXICHU 000pYyJOBaHUSI M XapaKTEPUCTHK, KOTOPbIE U3MEHSIOTCS C
HayaJloM pa3BUTHs JieeKTa.

AXTyaJapbHOCT METOAA JTUATHOCTHKH OMPEAEISIETCSl ero CIOCOOHO-
CTBIO BBISBIISTH OMAacHbIe Ne(EKThl, pa3BUTHE KOTOPBIX MPUBOIHUT K
noBpexeHusM J0, 3KCITyaTUPyeMOro B Hacrosiiee Bpems. boib-
HIMHCTBO MyOJMKalMi MO METoJaM JAWArHOCTUKH, B TOM YHWCIIE U T10
UYP, He COAEPKUT ITUX CBEJICHUN — aBTOPHI JIUIIb OIUCHIBAKOT YCTPOM-
CTBO pa3pabOTaHHBIX MMH NPUOOPOB M MPUHIHMIIBI UX padoTel. [Ipu
9TOM BHE UX TIOJISI 3PEHUSI OCTAIOTCS OTBETHI Ha BOMPOCHI, Kakue Jie-
(eKThI OomacHbI JUIsl JUArHOCTUPYEMOro OOOpYIOBaHUS U yAaeTcs JIu
WX BBISIBUTH MPEUIaraeMbIMU YCTPOHCTBAMHU.

Pa3Butue moboro MeToaa AMArHOCTUKU COCTOUT B TOM, YTOOBI BBI-
SIBUTh OMAacHbIC JePEeKThl Ha PaHHEH CTaJUH, YTO MO3BOJIUT MPOH3BO-
JUTEISIM yCTPaHUTh MX MPUYMHBI TpHU u3roroBieHnn D0. DTo BO3-
MOYXHO TOJIbKO MPH BHEAPEHUU CHCTEMBI HEMPEPHIBHOTO, & HE MEpUo-
JIMYECKOTO KOHTPOJIA.

[IpuBeneHHBIH BbIlIe TpUMep (HOPMHUPOBAHHUST METO/IA TUATHOCTUKH
onacubIX gedexroB m3meputenbHbix TT 330-750 kB moiaHOCTBIO COOT-
BETCTBYET BCEM JTalaM Pa3BUTHUSI TMArHOCTHUKH, TaK KaK B PE3yJIbTaTe
Obuta paspaboTaHa MpocTeiias cucTeMa HelpepbIBHOIO KOHTPOIS
M3OJIIIUA C HWCIOJb30BAHHEM OOBIYHOrO IHU(POBOro perucrpaTopa
aBapuitnbix mponeccoB (LIPAII), nmanpumep «HeBa», «llapma» wnm
TOOBIX Apyrux [7].

D¢ dextuBHas muarHoctuka 0 MokeT ObITH pa3zpadoTaHa TOJIBKO
HA OCHOBE MCCIICIOBAHHMS ICHCTBUTENBHBIX MPUUUH NoBpexaeHus D0,
YTO SIBJISICTCS CJIOXKHOW HAyYHO-TEXHUYECKOW MPOOJIeMON, KOTOPYIO
MOXXHO M HY)KHO pelllaTh pacueraMu, MOACITUPOBAHUEM U DKCIIEPUMEH-
TaMU Ha JISHCTBYIOIIEM 000pyI0BaHUH.

OcHOBHBIMH NPUYHHAMH TOBpekAeHUH DO ABISAIOTCS HepacueTHbIE
9KCITyaTallHOHHbIE BO3JICHCTBHUS, KOTOPbIE BOZHUKAIOT Ha Pa3MUHBIX
sTamax pa3pabOTKH, W3TOTOBJIEHHS, MOHTaXa W SKCITyaTanud. B
OOJNBIIMHCTBE CIy4aeB HepacUETHBIE BO3JCUCTBHS 3aKIIabIBAIOTCS IPU
pa3pabotke D0 ¢ KOHCTPYKTHBHBIMH HEOCTATKAMU WIIM MPH Hapylie-
HUU TEXHOIOTuM n3roronienus 0.

OcHoBHas 3a/1a4a AUATHOCTUKHU — MPEAOTBPATHTh TOBpexIeHne D0
n3-3a JIepeKTOB, CBSA3aHHBIX C KOHCTPYKTHBHBIMH HEJOCTATKAMHU WJIH
HApyIIEHHEM TEeXHOJIOTMW H3TOTOBIICHUS, M TIOMOYb B YCTpaHEHUH
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JTHUX HEJOCTATKOB Ha dTare U3roToBiIeHUs D0, 4TO UCKIIOUUT HEOOXO0-
IUMOCTB IUArHOCTUKH Takoro DO.

Pa3BuTHe MAarHOCTHKYU JIOJDKHO MCKITIOYUTH MEPUOIUYECKYIO JHar-
Hoctuky D0 ¢ BeiBogioM DO u3 paborel. HeoOxoaum nepexos Ha cuc-
TEeMY HelpepbIBHOrO KOHTPOJIs Beero DO 1o perucrpaiuu YP u Tokos
Jutst BbisiBJicHHsT DO ¢ Pa3BUBAIONIUMCS 3JISKTPUYECKUM WA TEIUIOBBIM
npoboeM ¢ perucrpanueil TokoB. JlmarHoctuka ¢ BeiBogoM D0 u3 pa-
0OTBI JIOJDKHA MPOBOJUTHCS TOJBKO JUIsI BBISBJICHHUS XapakTepa U CTe-
MeHU pa3BUTHs Ae(eKTa, 3apEeruCTPUPOBAHHOIO CUCTEMON HEIpephIB-
HOW namarHocTHKH. HeoOXoanMo mepecMoTperh HOPMbI HCHBITAHHUIH
30, UCKITIOYUB U3 HUX UCTBITAaHUS TOro D0, B KOTOPOM HE MOSIBISIOT-
sl OrmacHbIe Ie()EKThI B MPOIIECCE €ro IKCIUTyaTallMi UM CAMOKOHTPO-
JIUPYIOIINECS aTmapaThl.
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OLIEHKA COCTOAHUA U ITPOAJIEHME CPOKA CJIYXBbI
CUJIOBBIX TPAHC®OPMATOPOB

I'padosckas F0.A. (KQJIC-161), Konefiknna T.B.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B Hacrosimee BpeMsi Ha dHeprompeanpuatusix Poccum pabortaroT
okosio 20000 enuHMII CHIIOBBIX TpaHc(HOpPMAaTOpOB, aBTOTpaHchopma-
TOPOB U IIYHTUPYIOIIMX PEAKTOPOB (1ajiee TpaHC(HOPMATOPOR) KJIACCOB
HanpspkeHus 110 kB u Boie. 13 Hux 6omnee 40% sxcnmyaTupyroTcs 25
1eT u Oomble.

He cmotrps Ha pasnuuHble MOAXOABI K aHAJIN3y aBapUIHOCTH, Ha
pa3nuyHble BpeMeHa BBIOOPOK M pas3HbId MapK TpaHCPOpPMATOPOB, OC-
HOBHBIE BBIBOJIBI I10 BCEM TPEM MCTOYHUKAM MOTYT OBITH CAENaHbI OJ-
HU U Te Xe: Hauboiee MOBPEKIAEMBIMU Y3J1aMH TpaHc(HOpMaTopoB
SIBIISIIOTCS. BBOJBI, OOMOTKH M PETYIATOPBI HamnpshkeHus. [IpakTinuecku
OTCYTCTBYET MOBPEXKICHHS TPaHCPOPMATOPOB MO MPHUYUHE ACPEKTOB
MarHMTONpoBoAa. B mocienHne roap! MpakTHUECKH HET MOBPEXKIEHUH,
CBSI3aHHBIX C MOTEepel JMHAMHYECKOW YCTOWYMBOCTH OOMOTOK. Ilo
JAHHBIM JIOCTATOYHO BBICOKUU IPOIEHT MOBpexacHUul (okoiao 25%)
CBSI3aH C HETpaBWIbHBIMU JAEHCTBUSAMH NepcoHana. [Ipexae Bcero, 3To
HEYAOBJIECTBOPUTENbHAS JKCIUTyaTallus TpaHchopMaTopa M HEKA4YecT-
BEHHBII peMoHT. [IpoBeaeHne pEeMOHTHBIX paboT Ha «CTaphIX» TpaHC-
¢dopmaTopax cTaHIAPTHBIMA METOAaMHU 0e3 HaJUIeKalleld JMarHOCTUKA
Y YTOYHEHUS TEXHOJIOTHH BOCCTAHOBIJIEHUS XapaKTEPUCTHK, 3a4acTyIO
OKa3bIBAeTCsl HE TPOCTO OecIioNe3HON TpaTol JIeHer, HO JIaXKe BPEIHON
MPOLEYPOi, MPUBOAALICH K CHUKCHUIO HAaJISKHOCTH TpaHchopmaro-
pa.

OnHO M3 BaXHBIX COCTABJISIONIMX MOBBIIIEHUS IKCIUTyaTallMOHHON
HAJKHOCTH TpaHCc(OPMATOPOB SBIsIETCS OOBEKTUBHAS OICHKA CO-
CTOSIHHS W peasibHBIH Tepexof] OT PEMOHTOB MO «HapabOTKe pecypcay
Ha PEMOHTBI «I10 COCTOSIHUION.

OOmenpru3HaHHO, YTO TAaKOH Mepexol MOKET OBbITh pearu30BaH
TOJIBKO MPH HAJIMYUU BO3MOYKHOCTEH TOCTOBEPHOTO ONpENEeNneHns TexX-
HUYECKOTO COCTOSHUSI OOOPYAOBaHMS, B TOM YHUCIE B MPOILECCE €ro
KOMITJIEKCHOTO 00CIIEeZIOBaHUS, KOTOPOE MODKHO pemaTh HECKOIBKO
3a/1a4, TAaKUX Kak:
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1. BriaBrienne Hambosee BEpOSTHBIX MECT IMOBPEKICHUS TpaHC-
¢opmaTopa Ha OCHOBE aHanm3a Je(EeKTOB, BCTPEUABIINXCS HA TPaHC-
¢dopmaTopax aHaJIOTHYHOTO BUIA;

2. OneHka COCTOSHHS TBEPAOH M30MALMU (YBIaKHEHHE, 3arpsi3He-
HUE, AeCTPYKLHUA);

3. OueHka COCTOSHUS MarHWTHOM cHcTeMBbl (TpeccoBKa, MOTEpH,
W3OJISIIIHSI DIIEMEHTOB OT 0aka u T.11.);

4. OreHKa MEXaHHMYECKOT'0 COCTOSHHS OOMOTOK (IpEeccoBKa, Jie-
¢dbopmanum);

5. Ouenka xadecTBa TpaHC(POpMATOPHOTO Macia;

6. OLleHKa CUCTEMbI OXJIAXKICHUSI, OUMCTKH U 3all[UTHI Maclia;

7. Onenka CoCTOSIHHS BBOJIOB;

8. OleHKka COCTOSHHUS PEryIsITOpOB HANPSKEHHS U KOHTAKTHOM
CHCTEMBI.

[epen obcykaeHnEM PEMOHTHBIX BOIIPOCOB HEOOXOIUMO MOSCHUTD
MO3HMIIMI0 OTHOCHTEIFHO Te3Kca O BPEAHOCTH HCIIOIB30BaHUS TpaJu-
LUOHHBIX TEXHOJIOTUH JUIsl PEMOHTA CTapbIX TPaHC(HOPMATOPOB:

Bo mepBbIX, BO3JEHCTBHE BBICOKMX TEMIIEpaTyp M TJIyOOKOro Ba-
KyyMa MPHBOAUT K YACTHYHOH moTepe OymMaroi CTeneHH MoJimMepH3a-
nuu. [lpu sToM CHMXKaeTcs MexaHHUYecKas NPOYHOCTh Oymaru W
YMEHBIIACTCS U 0€3 TOr0 HEBBICOKHI OCTATOYHBINA PECypC;

Bo-BTOpBIX, CylIKa CTapoil N30JSLUMN A0 YPOBHEHN BJIarocoAepKaHus
Mmenee 0.5%, (4To peraaMeHTHPOBaHO TPEeOOBAHUSMU HOPMATHUBHBIX JI0-
KYMEHTOB JJIsl HOBBIX TpaHC(OPMATOPOB), IPHBOIUT K OXPYMUMBAHUIO
Oymaru. [Ipy nuHaMuUYecKMX BO3ACUCTBUSAX B IPOIECCE JabHEHINEH
SKCIUTyaTaluy TpaHcopMaTopa XpyHKOCTb OyMaru MOKeT 00EpHYThCS
ee OCBIIIAHNUEM C MOCIIETYIONIMM MPOOOEM HIH TIEPEKPBITHEM;

B-Tperpux, mnpeccoBka OOMOTOK, COJCpKAIIUX CTapyro Oymary,
YaCTUYHO YK€ MOTEPSBUIYI0 MEXaHUYECKYIO TPOYHOCTD, 10 3aBOJICKHX
YPOBHEH TaK e MOXKET MPUBECTH K €€ MOBPEXKICHHUIO C TOCIIEAYIOIIH-
MU TIPOOOSIMH WJIH TIEPEKPBITUSIMH;

B-ueTBepTHIX, CylIKa cTapod M30MsIHMK 0e3 CMBIBA 3arps3HEHU
(4TO He MpeayCMOTPEHO, HOPMATHBHBIMU JOKYMEHTaMHU) MPUBOIUT K
YXYIIICHUIO H30JSALUOHHBIX XapaKTEPUCTHK, BCIEICTBHE «3aTlCKaHUs)
3arpsi3HEHHUI Ha NMOBEPXHOCTU H30siuU. Hepeaxo ¢ Takumu TpaHC-
(dhopmaTopaMu MocIe MPOBEACHHUS PEMOHTA CITyYaroTCsl aBapuH;

B-nisaThIX, mpu 3arps3HEHUMM TpaHCpopMmaTopa yriepoaom, obpa-
3YIOIIMMCSI OT TOPEHHsI AyTH B KOPOTKO3aMKHYTOM KOHTYpE, MCIIOJb-
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30BaHME 3aMKHYTOH CXeMBbI 0OMBIBa ¢ QUIBTPaMH Jaxe 3-5 MUKPOH He
MO3BOJISICT YIAIUTh MEIKOIUCIIEPCHBINH YTIIepo/l, KOTOPBIH PasHOCHUTCS
OoT MecTa oOpa3oBaHMs MO BceMy Oaky, 3arpsi3Hss msomsiiuio. [Ipu
3TOM, UMEET MECTO yXY/IICHUE H30JIIIUOHHBIX XapaKTEPUCTHK U YBe-
JMYNBAETCS] BEPOSTHOCTH aBAPHU.

HakanyHe peMoHTa Ha TpENNpPUATHH pa3BEpTHIBACTCS MOOHIbHAS
($u3NKO-XMMHUYECKast JIabopaTopus, a B cliydae HEOOXOIUMOCTH 3JICK-
TpoTexHH4ecKas Jabopatopusi. Ha peMOHTHYIO MJIOMIAKY 3aBO3UTCS
YCTaHaBJIMBACTCSI TEXHOJOTMYECKOe O00OpYy/OBaHME JUIS TaKeIa>KHBIX
pabort, CYIIKH U pereHepalyy U Jera3aliyi Maciia, MaclomoaorpeBare-
JIM, YCTAHOBKH JUISI CYIIKH M TIOATOTOBKH COPOEHTOB, MPHCIIOCOOICHHS
JUTS TIPOBEJICHMsI 0OMbIBa aKTUBHOW 4yacTu TpaHcgopmaropa. [Ipu pe-
MOHTE 00s3aTeIbHO KOHTPOJIMPYETCS BIArOCOACPKAHHME CUIIMKAreds,
MOJTrOTOBICGHHOTO ISl TEPMOCH(OHHBIX W BO3JYXOOCYIIUTEIBHBIX
¢unbTpoB. OOMBIB U CYIIKa W3OJISIUH SBJISIETCS BaYKHEHIINM KOMIIO-
HEHTOM PEMOHTa TPaHCPOPMATOPOB CO 3HAUUTEIBHBIM CPOKOM CITYXK-
Obl, a TaK)KE MMEIOIIMX YBIaKHEHUE U 3allIaMIICHHUE.

B Hactosiiee BpeMsi KOMIUIEKCHBIE THAarHOCTHYECKHE 00CIienoBa-
HUS WU MCIBITAHUS BCE Yallle UCIIONB3YIOTCS Ul OLIEHKH COCTOSHHS
CHJIOBBIX TpaHc(OpMaTopoB, aBTOTPaHC(HOPMATOPOB M HIYHTUPYIOIINX
PEaKTOpOB, OMNpEAENCHUS] XapakTepa M YPOBHsS pPa3BUTHs JieeKToB
BCEX CHCTEM M Y3JIOB 3THX JJIEKTPUUYECKUX MamuH. [[ns ycrnemHoin
peaju3aiyyi OCHOBHBIX 33/1a4 KOMIUIEKCHBIX JAWArHOCTHYECKUX oOcie-
JOBaHUI TpaHc(HOpPMATOPOB, KaK MPABUIIO, HCIOIB3YETCS CIEAYIOIast
nporpamMma pabor:

1) aHanM3 aBapHHOCTH M XapaKTepPHBIX Ae(EKTOB JaHHOTO THIIA
TpaHcopmaTopa;

2) ocMmotp TpaHchopmaTopa U cOop TexHudeckor mHpopmanuu (o
pexXUMax paboThI, HArPY3Ke, YPOBHIX TOKOB K.3. M pabodero Hampsike-
HUS, OCOOCHHOCTSIX OKCIUTyaTalliH, MOTPEOUTENsX, KIMMaTHYEeCKHX
YCIIOBUSIX, 3aTPSA3HEHHOCTH aTMOC(EpHI U Ip.);

3) aHamM3 TEXHUYECKOH JIOKYMEHTAIlMH M PE3yNIbTaTOB JKCILTyaTa-
LIUOHHBIX U3MEPEHUI;

4) mpoBeneHHE JIEKTPUYECKHX M3MEPEHHH Ha OTKIIOYEHHOM
TpaHcdopmarope (tg aenpra U R usonsimm 0OMOTOK U BBOJIOB, COIPO-
THUBJICHUE OOMOTOK MOCTOSSHHOMY TOKY, TIOTE€Ph X.X. U COMPOTHBIICHHS
(HampsDKEeHUs) K.3. U Jp.);
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5) MOArOTOBKA M BBIMTYCK TEXHHMYECKOTO OTYETa, B KOTOPOM IPHBO-
JATCSL Pe3yNbTaThl OOCIEIOBAaHMs, aHAIM3 TOJYYCHHBIX PE3YJIbTATOB,
3aKJIIOYEHUE O COCTOSIHMU TpaHchopMaTopa U PEeKOMEHIAIMHU 110 Jajb-
HEWIIel dKCIUTyaTallui U TEKYILEeM THarHOCTHYECKOM KOHTPOJIE, a MpH
HEOOXOIMMOCTH — 00BEMY M METOJIUKE IIPOBEICHUSI PEMOHTHBIX pa0OT.

dopmupoBanue 6a3bl TaHHBIX aBAPUHHOCTH M XapaKTEPHBIX Je(eK-
TOB OCHOBAaHO Ha CTAaTUCTHKE OTKa30B (aBapwii) TpaHc(opMaTopoB, a
TaKKe Ha pe3yJbTaTax JUAarHOCTHMYECKMX OOCIIEIOBaHUI M PEMOHTOB
TpaHc(hOpMaTOPOB.

B 3akmoueHue ciieyer cka3ath, YTO CTOMMOCTh KOMILIEKCHOTO 00-
clleloBaHMs cocTaBisier MeHee 1% croumMocTd TpaHcdopMmaTopa, a
CTOMMOCTh HamOoJiee CloxHOro pemonta He Oonee 10%. OnTumaib-
HBIA BBIOOP PEXMMOB pEeMOHTa (KOHIIEHTpAIMs MPHCAJ0K, YPOBEHb
BaKyyMa, WHTEpBalibl 0OMBIBA, BAKYYMHPOBKH M HarpeBa) MO3BOJISIET
BOCCTaHaBIIMBaTh TpaHCcPoOpMaTopel gaxe ¢ 35-45 JNETHUM CpPOKOM
ciy0bl. A BO3pacTt TpaHcdopmaropa Oosee 50 JieT ciieayeT npu3HaTh
npenenbHbIM, TP KOTOPOM JalibHEHINas IKCIUTyaTalusi CTAaHOBHTCS
HEOIPABAAHHO OIACHOM.

Cnucok JIMTepaTypsl:

1. B.B.CwmekanoB k.1.H.- PAO «EQC Poccuny, A.Il.JJonun k.1.H., H.®.IlepmmHa
— HIIO «Texnoceppuc-OnekTpo». OlEHKa COCTOSHUS ¥ TPOJJICHHE CPOKa CIYXKOBI
CHJIOBBIX TpancdopmaTopoB [OnexTponHsbIit pecypc] !l URL:
https://silovoytransformator.ru/stati/ocenka-sostoyaniya-i-prodlenie-sroka-sluzhby-
silovyh-transformatorov.htm (mara obpamenus: 25.03.2020).

AHAJIN3 OIIBITA ITPUMEHEHM A 9JIET A3OBbIX
KOJIOHKOBBIX BBIKJIFOUATEJIEN

Kuranosa A.A. (K9JIC-161), Koneiikuna T.B.
Kamviwuncxui mexnonoeuueckuii uncmumym (unuan) Borel TY

B Hactosmiee BpeMs B 3apyOKHBIX IHEPTOCHUCTEMAax OOJBIIUHCTBO
MPUMEHSEMBIX BBIKIIIOUATENEed BBICOKOTO HAINPSKEHUS] — 3JIEra30BbIE.
K coxanenuro, B 0T€4ECTBEHHON SHEPreTUKE BHIKIIIOUATEIH 3TOTO TUTIA
MOKa HE HAIlUIM IIMPOKOI0 MPUMEHEHUA.
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Kak wu3BectHo, miectudropucras cepa SF6 — aneras, oTHOCHUTCS K
(QJICKTPOOTPULIATCIIBHBIM) T'da3aM, IOJIYYUBHIMM TaKO€ Ha3BaHWUE H3-3a
CIIOCOOHOCTH MX MOJIEKYJI 3aXBaThIBaTh CBOOOJHBIE DJIEKTPOHBI, TIPEBpa-
AasACh B TSHKEIIBIC U MaJIOIIOABHUIKHBIC OTPULIATEIIbHO 3apAKCHHBIC HOHBI.

JyroracutenbHasi ClOCOOHOCTH 3jera3za B 4—4,5 pasa BbIllie, YeM
BO3/IyXa IPH COMOCTABUMBIX YCIOBHUSX. DTO MPEUMYIIECTBO OOBSIICHSCT-
Csl PazIMYMAMH TeTUTOQU3NYECKHX CBOMCTB 3jlera3a M Bo3ayxa. Kanan
cronba Oyrd B anerase o0JiafiaeT MEHBIIMM TelyIoCoepKaHueM 10
CPaBHEHHIO C BO3JyXOM U BBICOKOH CITIOCOOHOCTBIO dJIerasa 3axBaThlBaTh
CBOOOIHBIE DJIEKTPOHBL. B pe3ynbrare KOIMUECTBO HOCUTENEH TOka —
CBOOOJIHBIX JIEKTPOHOB — B CT0JI0€ AYrH BCIEICTBUE 3TOT0 YMEHBIIIA-
ercsi, OanaHC MX MOXKET cTaTh OTPHLATENBHBIM U JyTa racHeT. SIBieHue
3axBaTa JIEKTPOHOB OCOOCHHO OJArONPHITHO CKA3bIBACTCSI TIOCIE TIepe-
X071a TOKa 4epe3 HyJIb, BCIEICTBHE Yero 3JIera30Bble BHIKIIOUATENN MaIo
YYBCTBUTCIIbHBI K YaCTOTC BOCCTAHABJIMBAIOMICTOCSA HAIPSKCHUA. Kaxk
MOKAa3aJIM UCCIISIOBAHMUS, B DJIera3e MpakTHYECKU JI0 eCTECTBEHHOTO I1e-
pexoia ToKa uepe3 HyJb HE MPOMCXOAWT pa3pylIeHHs KaHaia cTonda
JyTH, 00Jaaromero BHICOKOH MPOBOJMMOCTBIO. DTO HCKIIOYAeT BO3-
MOKHOCTB ITOSABJICHUA HepeHaHp)DKeHI/Iﬁ IIpy OTKIIFOYCHUUN HEHAIPY>KCH-
HBIX TpaHCc(hOPMATOPOB M JIMHUM dJIEKTpONepeaay.

VYuuTeiBas BeIIECKa3aHHOE, CPEIH IOCTOMHCTB BBHIKIIFOUATENEH diie-
ra30BOr0 THIIa MOYKHO OTMETHTH CIIEyIOIIee:

® BO3MOXKHOCTH YCTaHOBKH B DJIEKTPOYCTaHOBKaX KakK 3aKpBITO-
r0, TaK U OTKPBITOrO MCIIOJHEHUSI MPAKTUYECKH BCEX KIIACCOB
HAMPsDKCHUS,

e MPOCTOTA U HAJEKHOCTh KOHCTPYKIIHH;

e  0OJBIIONH KOMMYTAIIMOHHBIN pecypc KOHTAKTHOW CHCTEMBI;

e  HEIuIoXas OTKII0Yarollasi CHOCOOHOCTB;

e  BBICOKasi CKOPOCTb CpabaThIBaHUS;

e  B3PBIBO- U MTOXKAPOOE30MACHOCTH;

e HcOombIMe TabapuTHBIE pa3Mepbl U Macca (B HECKOJIBKO pa3
MEHBbIIE MacIITHOTO BHIKITFOUATENS).

Kak u mo6oe ycTpoiicTBO, BBIKIIIOYATENh UMEET U HEJJOCTATKH:

e  BBICOKHE TPEOOBAHUS K Ka4eCTBY dJIerasa;

e IIPUMEHEHHE CIENUAIBHON amnmnaparypsl s IEPUOAUYECKOrO
00CIyXKMBaHHA KOMMYTAIIHOHHOTO amnapaTa;

e oOpa3oBaHHe B Tpollecce SKCIUTyaTallid BpPEIHBIX JAJS opra-
HH3Ma YeJI0BEKa BEIIECTB — (PTOPHJIOB.
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HecMoTpst Ha HEKOTOpBIE HENOCTAaTKH, HJIEra30BbIi BBIKIIIOUATEINb
SIBJISIETCS JIOCTOMHOM 3aMEHOM MacISiHBIX M BO3AYLIHBIX KOMMYTallM-
OHHBIX almnapaToB.

B 2019 rony Komnanus ABB npencraBuia KoJOHKOBBIM BBIKJIIOUYa-
tens LTB 145 kB AirPlus kotopsiii sBisiercst 9k0-3¢)()eKTHBHBIM pe-
LIEHUEM JJIS 3JIEKTPO3HEPreTHYECKON OTPACIH.

Kononkoesii Beikatouarenns ABB LTB AirPlus ucnons3yer raszo-
BYIO CMeCh Ha ocHOBe yriiekucnoro raza (CO2) B kauecTBe HM30JISIH-
OHHOM M JyroracutensHon cpensl BMecTo SFo.

Beikirouarens LTB AirPlus ckoHcTpyupoBaH Juisl 3aluThl 3JICK-
TPUUYECKUX CETeH M MPEeNOTBPAIeHHUs NepedoeB ¢ 3JIeKTpOocHa0KEeHnEM
W CIOCOOCTBYET CHIDKEHHIO BPETHOT'O BO3JEHCTBUS Ha OKPYKAIOIIYIO
cpeny.

LTB AirPlus ymenpmaer nouru Ha 100% noTeHunan riodaibHOTO
norervienus (I1T'T1), mo cpaBHEHHIO ¢ BJIera3om.

OcHOBaHHBI Ha 3apEKOMEHJIOBABIIEH Ce0Sl TEXHOJIOTHH BBICOKO-
BOJIbTHBIX BbikItouateniei ABB, LTB AirPlus oGmagaer mpeBocxo-
HBIMH XapaKTEPUCTUKAMH C COXPaHEHUEM TeX JKe rabapuToB.

Texnomorust AirPlus — 3To HemaBHee JOMONHEHHE K HAIIEH 9KO-
3¢ (EeKTUBHONW BBICOKOBOJIBTHOM MiaTdopmMe M HOBBIM IIar K CHIKe-
HUIO BO3JICHCTBUS Ha OKPYXaKIIYyI0 cpely. B npoekrax mno Bcemy mMu-
PY MBI yXe BHEAPWIN Pa3lNuHBbIC DKOJIOTHYECKH Oe30macHble pele-
HUSI, TAKHE KaK KOJOHOKBBIC BHIKIIOUATENHN Ha Hampsbkenue 72,5 kB u
KPY3 na 170 B.

TexHosorus Takke A0CTyIHA JJIsl BBIKIIIOYATENle-pa3beAMHUTENEH,
rae GYHKUIUS pa3beIWHUTENS WHTETPUPOBAaHA B BBHIKIIOYATENb, UYTO
obecrieunBaer BBICOKYIO HAJI©KHOCTb OOOPYAOBaHHSA M HSKOHOMHIO
npoctpancTBa. Beikmouatenn ¢upmbr ABB Ha cerogHsmumii 1eHb
HMMEIOT HEOCTIOPUMBIE IPENMYIIIECTBA:

* AirPlus umeer nmorennuan riodansHoro norerieHus (GWP) <
1 mpotus 23 500 mns SF6;

» [lourn 100% cumwkenne GWP mo cpaBHEHHIO C OOBIYHBIMHU
BBIKJTIOYATENSIMH;

»  MacmrabupyeMoCcTb TEXHOJIOTHIA AyroralieH s 1 U30JSIHH OT
3JIEKTPOYCTAaHOBOK CPEIHEr0 HAIPSHKEHMSI K BBICOKOBOJIBTHBIM;

= JlepcrnieKTHBHOE pelleHHEe, OTBEYAIolee M3MEHEHUSIM MpPHUPO-
JIOOXPAHHOI'0 3aKOHO/ATeNbCTBRA;
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* (OCHOBBIBAaETCS Ha 3apPEKOMEHJIOBABIICH Ce0Sl TEXHOJIOTHUHU BbI-
COKOBOJIFTHBIX BBIKIIOUaTeneir ABB.

Cnucok MTepaTypsl:

1. Nttelectro. Komonkossriii Beiktrouarens ABB LTB AirPlus/ [DnekrpoHHsIi pe-
cypc] // URL: https://netelectro.rw/articles/abb-Itb-airplus/ (mata oOpameHwus:
25.03.2020).

2. Crynomenusl, Dnera3oBeie BBIKIIOUarenw/ [DnekTpoHHEIN pecypce] // URL:
https://studopedia.su/11_14480 elegazovie-viklyuchateli.html (mata  oOparieHust
26.03.2020).

3. elektridestwo, Dnera3oBblif BeIKITIOUaTens. [IoHATHE, IPUHIUIT pabOTHl M KOHCT-
pykums/ [DnexrpoHusiid pecypce] // URL: https:/elektri4estwo.ru/elektrooborydovanie/
22-elegazovii-vikluchatel.html (mata obpamenus 25.03.2020)

OIITUMM3ALIMA TOUEK ITOTOKOPA3JIEJIA
KOJIBLIEBOM CXEMBI DJIEKTPOCHABXEHU S

3enuna O.A., Tuxonun C.H. (K3JI-171), llleBuenko H.IO.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

[Ipu sxcnmyaTanuy pacnpeaeauTenbHbIX ceTell Hanpsbkenue 35-220
KB B 3aMKHYTOM pexuMe MOTOKOpacIpeieleHne MOXKET OTJINYaThCs OT
SKOHOMHYECKH BBITOJHOTO 110 KPUTEPHUIO MUHUMYMa MOTEeph aKTHBHOM
MomHocTH. [Ipy moBpexaeHnn nuHUM Bbicmiero HampspkeHust (BH)
MEX]y ABYMS COCEIHMMM MOJCTAHIMSAMHU BCSl TPaH3UTHAs MOIIHOCTb
HAYHEeT MPOXOAMTH Yepe3 TpaHchopmatop T, ceTh HU3MIETO HAIPsDKe-
nust (HH) u 3atem uepe3 tpanchopmarop T,. cHOBa B ceTh BBICHIErO
HampsDKeHUs. A Tak Kak MPOMycKHas crocobHocts cetd HH B He-
CKOJIBKO pa3 Huxke, yeM cetu BH, u3-3a 3Toro mpowusoiaer ux mnepe-
rpy3ka. U3 atoro cienyer, 4yTo AJs MOBBIIIEHHUS HAJIE)KHOCTH B 3aMK-
HYTOH CETH IO KOHIIAM Ka)KAOTO Y4acTKa HY)KHO OyJeT ycTaHaBJIMBaTh
BBIKJTIOYATENM, YTO 3HAYUTENbHO YBEIMUYUT 3aTpaThl Ha CO3/aHUE U
IKCIUTyaTalMIO JIMHUH.

Jna omperneneHuss ONTUMAlIbHBIX TOYEK Pa3MBIKaHUSA 3aMKHYTOW
CeTH HEOOXOIUMO TMPOU3BECTH PACUET MOTOKOPACIpEACIeHUs IS
pasHBIX PEXUMOB PabOTHI IEKTPUUYECKOH ceThn. TOouKod MOoTOKOpas-
Jiefla Ha3bIBaeTcs y3el, MOJMyYarol[il MOTOKM MOUIHOCTH OT Pa3sHBIX
uctoynukoB. [locne ompeneneHus TOYKH MOTOKOpasfena, MPOU3BO-
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JHUTCS pa3MbIKaHHE B TOYKAaX, B KOTOPBIX HaONOJaeTcs HauMEHbIIHH
[IOTOK MOLIHOCTH.

Ha mpumepe xombiieBoil cxeme puc 1. ompenenuM ONTUMAIBHYIO
TOYKY pa3MbIKaHUsI CETU 110 KPUTEPHI0 MUHMMYMa aKTMBHOU MOIIHO-
cti. HaM W3BECTHBI aKTUBHBIE CONPOTUBIICHUS BCEX YYaCTKOB 3JIEK-
TPUYECKOW CETH, MOLIHOCTH B y3JaxX HArpy3KHd, JUIMHBI ydyacTkoB. Ha-
npsoxerus o kontam cetu Uy = U, = 110 xB.

T ep 4 7 8 7 6 855 1
rL68 | r-462 ret62 r-667

75,3+5.01 B124336 754221
Puc. 1- Ucxonnas cxema
p_ 2D

ITo dhopmymne 2l ONpeNeiieM MOTOK MOIIHOCTH Ha TOJ0B-
HOM Y4acTKe:

P, - 15,3-(37+37+85,5)+13,12-(37+85,5)+7,5-85,5 21,36 MBm

60+37+37+85,5
[No ananornuHoi hopMyJie BEIEM pacueT sl PEaKTUBHOW MOIIHOCTH
0. - 5,01-(37+37+85,5)+3,36-(37+85,5)+2,21-85,5
o 60+37+37+85,5

ITorokn MOIIHOCTEM Ha OCTaJbHBIX YYacCTKaX pPAacCCUUTHIBAEM I10
nepBomy 3akony Kupxroga.

Jlns akTUBHOM MOIITHOCTH

P4_8 = P1_4— P4: 21,36-15,3 = 6,06 MBT.

ns peakTMBHON MOIIIHOCTH:
Q5= Q14— Q4= 6,38-5,01= 1,37 MBap.

[TonHas MOILIHOCTh HA y4acTKaX CETH:
S14=21,36 +j6,38 MBA; Sg6=-7,06-j1,99 MBA,;
S45=16,06+j1,37 MBA; S¢;=-14,27 —j4,12 MBA.

=6,38 Msap

DNEKTPUYECKYIO CETh, MPE/CTABICHHYIO Ha PHC. | MOXXHO Pa30MKHYTh
B TOYKa a, b, ¢, d. HaumyummmM MecTo pa3MbIkaHHs [0 KPUTEPHIO MUHU-
MyMa TIOTEPh MOIIIHOCTH SIBIISIETCS TOUKA MTOTOKOpassena § (puc.2).
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/ y 8 6 7
t— A R—

21364537 | 61137 712 14,2744, 12

[ JSS

15,3507 13124336 754221

Puc. 2- Cxema ¢ ONTUMAaIbHBIM pacrpeacacHueM MOIMHOCTHU

Ho omna mwmrtaercs ¢ AByX CTOpOH. I103TOMY JIOTHYHO Pa3OMKHYTH
CCTh Ha Y4aCTKE C MCHBIIMM IOTOKOM MONIIHOCTHU, NPUMBIKAIOIINM K
y3iy 8, T.e. B Touke b (puc. 3).

O

21364637 | 64137 712 14,2744, 12

15,3501 B12vy336 754221

Puc. 3 — Cxema ¢ pa3MBIKaHHEM CETH B TOUKE b

1
AP, = 10 -4.68+13.54°-4.61+21.36” -4.61) =0.34 MBm
UToOBl IPOBEPUTH SBIAETCS JIM TOYKA b ONTHMATBHBIM MECTOM JIJISI
pa3MBbIKaHUs, TOOYEPEIHO PaccUUTaeM MOTEPH B TOUKAX a, ¢, d.
Crnyyail pasMblkaHHd B TOuke ¢ mpexactaBiieH Ha puc 4. Ilorepu
MOIITHOCTH 6yzLyT PaBHBI:

AP = 10 ——(29,64%-4,68+13,54 -4,61+7,81%-6,67) = 0,44 MBm
/ o4 y 6 o 6 7
I |
2136+637 | 61137 712 14,27444,12

15,3501 1B12+336 754221

Puc. 4. — CxeMa ¢ pa3MBIKAHUEM CETH B TOUKE C
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HOTepI/I MOIIHOCTHU B TOYKE C 6OHLHI€ 4YEM IpH pasMbIKaHUH B TOY-
ke b (0,34<0,44).

AHaJOrMyHbple pacueTsl MPOBOAUM IPU pa3MbIKaHMM B TOYKax a
(puc 5) u d (puc 6).

102 (16,1°-4,68+29,63 -4,61+37,45° -4,61) = 0,97 MBm

“1

7 4 6 7/

21364637 | 6Ml137 712 142744, 12

BI501  B12336 754221
Puc. 5— Cxema ¢ pa3MBIKaHHEM CETH B TOYKE &
1
110?

AP, (37,45%-4,68+21,36° -4,61+7,81%-4,61) = 0,74 MBm

c 6 a 7

Ot— ‘lg O

2136637 | 614137 712 14,274,172

15,3+5.01 B12+336 754221

Puc. 6 — Cxema ¢ pa3MbIKaHHEM CETH B TOuke d

BbIBOA: 110 KPUTEPUIO MUHUMYMA MIOTEPh AaKTUBHOW MOIIHOCTH OII-
TUMaJIGHON TOYKOW pa3pbiBa CETH SIBIAETCS TOYKa b. SABISIOTCS MHHU-
ManbHbIMU. OZIHAKO, HA MPAKTHKE HEOOXOIUMO YUUTHIBATH U3MEHEHHE
Harpy3ku Kak B TEYEHUHU CYTOK, TaKk U B TeueHUH roja. CiieoBaTeNbHO,
BMECTO KpPUTEpHS MHUHUMyMa IIOTE€Ph MOLIHOCTH IIPU ONTHUMHU3ALHAU
TOYEK MOTOKOpaszena Oonee MpaBUIbHO PYKOBOJICTBOBATHCS KPUTEPHU-
€M MHHHMYMa MOTeph AMeKTpodHeprur. OOBIYHO ONTHMH3ALHUIO MPO-
U3BOJAT IIOCE30HHO, HECKOIBKO pa3 B IOf,.

Cnucok JIMTepaTypsl:
1. Tepacumenko A.A., ®emun B.T. [lepenaua u pacrpesieiieHne dIEKTPHIECKOM
sreprun: y4. [Tocobme.— Poctos Ha J{ory 2006.— 720c.

52



KOMITEHCAILIUS PEAKTUBHOM MOIIIHOCTH
B CETAX HU3KOI'O HAIIPAXKEHUA

3y6 A.C. (K9JI-161), baxtuapos K.H.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

[pobnema kommneHcanuu peakTrBHOM MoriHocTH (KPM) Bo3HUKIa
OJTHOBPEMEHHO C MPAKTUYECKUM HCIIOJIb30BaHHEM IEPEMEHHOr0 TOKa,
MOCKOJTBKY TIepesiaua HeoOXomquMOH ist pabOoTHI 3J1EKTPOYCTaHOBOK peaK-
TUBHOM MorHocTH (PM) siBisieTcss 0/THOM M3 OCHOBHBIX COCTABJISFOIIMX
TEXHOJIOTUUECKUX MTOTEPh 3JIEKTPOIHEPTHH B CETSX AIIEKTPOCHAOKEHHS.

B snektpudeckuii ceTsx, copepKanx KOMOMHUPOBAHHYIO HArpy3-
Ky, TIOJIHAs MOIIHOCTb, MOTpediisieMasl OT CETH, CKIIAJBIBAETCS U3 aK-
TUBHON MOIIHOCTH, COBEPIIAIOIICH MOJIE3HYIO paboTy, ¥ PEaKTHBHOMN
MOILHOCTH, PacXxOQyeMON Ha CO3JJaHHE MAarHMTHBIX IOJIEH M CO3Jar0-
1Iei IOTOTHUTENBHYIO HarPY3Ky Ha CHUIIOBBIC JIMHUU MMUTAHUS.

3HAUNTENBHYIO YacCTh 3JIEKTPOOOOPYIOBAHHS JIFOOOTO NPEATIPHSITHS CO-
CTaBJISIIOT YCTPOMCTBA, 00S3aTENbHBIM YCIOBUEM HOPMaBHON paboThI KO-
TOpBIX SABIISIETCS CO3JIaHNE B HUX MArHUTHBIX TOJIEH, a UMEHHO: TpaHcop-
MaTopbl, ACHHXPOHHBIE ABUTATENHN, HHAYKIMOHHBIE TIEYH U MPOYUE YCTPOK-
CTBa, KOTOpbIE MOKHO OOOOILIEHHO OXapaKTepu30BaTh KaK «UHIYKTHBHAS
Harpy3ka». ['opa3fgo pexe MpUMEHSIOTCS YCTpOWCTBA, 3aacarolie 3Hep-
THIO, KOTOPBIC MOYKHO 0000IIIEHHO CUNTATh EMKOCTHOM HArpy3KOH.

CooTHoIIIeHNE MEXAY MOJTHOU M aKTUBHOU MOIITHOCTBIO, BEIPAXKEH-
HOE Yepe3 KOCUHYC yIila MEeXKIy UX BEKTOpaMH (COs(), Ha3bIBaeTCs KO-
3¢ PUIHEHTOM MOIIHOCTH.

Hannyne peakTHBHON MOIIHOCTHU SBIISIETCS MapasUTUPYIOMNM (ak-
TOpPOM, HEOJArOMPHUATHBIM JJIS CETH B 1IeI0M. B pesynbrare 3Toro:

*  YBEIMYMBAIOTCS PacXOfbl Ha 3JIEKTPOIHEPTHIO;

* MPHUXOOUTCS TUIATHTH WTpadbl 32 CHWKEHHE KayecTBa 3IEKTPO-
SHEPTUU MOHMKEHHBIM KO3 (HUIIMEHTOM MOIHOCTH

* BO3HHUKAIOT JOMOJHHUTENBHBIE MOTEPU B MPOBOJHHKAX BCIEACT-
BHE YBEITUYEHUS TOKA;

* yBeIMYMBAaETCs HArpy3Kka Ha TpaHC(HOPMATOPBI U KOMMYTAIIHOH-
HYIO anmnaparypy, TAKHM 00pa3oM, CHUXKAETCS CPOK MX CITYKOBI

* yBeIMYMBAETCS Harpy3Ka Ha MPOBOAA, KaOelH - IPUXOANUTCS HC-
MOJIb30BaTh OOJBIIETO CEUCHHUS;
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* OTKJIOHSETCS HaNpsDKEHUE CETH OT HOMUHANA (ITaJIeHHE HAPSDKEHUs
W3-32 YBEIWYEHUS PEAKTUBHOM COCTABIISFOLICH TOKA MUTAIOMICH CeTn).

* YBEIMYMBAETCS YPOBEHb BBICIIMX F'APMOHHUK B CETH

[Ipu aynute 31eKTpUUECKON paclpeaeNnuTeIbHOW CeTH UM CErMeHTa
ANEKTPUUYECKOH CETH, HaXOJIIerocss B 0anaHCOBOM NMPHHAIICKHOCTH
MOTPEOUTENST MOXKET HCHOIb30BATHCS, KaK KOI(DGHUIMEHT MOUIHOCTH
COS(, OIpEACNAEMbI OTHOLICHUEM AaKTUBHON MOIIHOCTHM K IOJIHOU
MOIIHOCTH, TaK U KOA(QQUIIMEHT PEaKTUBHON MOLIHOCTH tg(, YHCICHHO
PaBHBINM OTHOLIEHUIO PEAKTUBHOM K aKTUBHON MOIIHOCTU. BMmecTe ¢ Tem
Tabsuia 1 JeMOHCTPUPYET HETOCTATOYHOCTh KO3(UIlMeHTa MOIITHOCTH
COS( A5l TOYHOM OIIEHKH MOTPEOHOCTH B PEAKTHBHOW MOIITHOCTH.

Tabnuua 1— 3nayenue peaxTuBHOW MomHocTH (PM) B mporenTax
OT aKTHBHOH MOIIHOCTH TPH Pa3HbIX 3HAYEHHIX KOA(P(PHUIHEHTOB
MOIIIHOCTHU COS ¢
cosep | 1,0 10,99 | 0,97 095]092]087]085] 08 | 0,7 | 0,5
tge 0,0]0,14|0,25] 0,33 10,43 0,55] 0,6 |0,75] 1,02 | 1,73
PM% | 0,0 | 14 25 33 43 55 60 75 102 | 173

W3 nannbIx TaObmunel 1 BUOHO, YTO Ja)Ke MPH BBICOKMX 3HAUYCHHSX
kod(punmenta mMomHocTH cos@=0,95 AMeKTponpueMHUKAMU 3JIEKTPHU-
YEeCKOM CeTH MOTPeOIIsIeTCs] peaKTHBHAS MOITHOCTD BeNMU4YMHON B 33% OT
AKTUBHON MOIIHOCTH, a Y)Ke NpH 3HaueHuH Kod(duieHTa MOIIHOCTH
cos@ = 0,7 00beMbI TOTPEOJIIEMON aKTUBHOW M PEAKTUBHOW MOIIHOCTH
cpaBHuBatoTcs. [losToMy Oosee 11e1ecoo0pa3HO BBIMOIHATH OIICHKY
pacrpeneyuTeNbHON ceTH (CerMeHTa CceTH) B OaJlaHCOBOW MPHHAIJIEHK-
HOCTH MOTpeOuTeNs 0 KO3(QGHUIMEHTY pEaKTHBHOW MOLIHOCTH tg(, MO-
Ka3bIBAIOIIEMY PEAIbHBIN OalaHC AKTUBHON U PEAKTUBHON MOIIHOCTH.

Oco0eHHOCTH KOMIIGHCAIIUM PEAKTUBHOM MOILIHOCTH B CETSAX Ha-
npsokennem 6.3-10.5/0,4 xB.

enecooOpa3HOCTh KOMIICHCAIIMH PEAKTHBHOW MOIIHOCTH AJIS TO-
TpeOHTENsT MOKHO paccMaTpuBaTh, KaK B TEXHUYECKOM, TaK U 3KOHO-
MHYECKOM acrlekTax. B ciydae moakimodeHus: moTpeduTens K pacmpe-
nenutensHol cetn 6,3 (10,5) kB koHIEHCATOpPHBIE YCTAHOBKM MOTYT
WHTETPUPOBATHCS Ha TMOJACTAHLIMU B 0alaHCOBOW MPHHAIJICKHOCTH
AIIEKTPOCETEBON KOMIIAHMH M TOT/Ia MOTpeOUTENh OyAeT UMETh YHUCTO
TEXHUYECKYIO BBITOAY OT KauecTBa MOITy4aeMOH 3JIEKTPOIHEPTHH.
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Pa3muuaroT IeHTPaTn30BaHHYI0, WHIAWBHUIYAIbHYIO W TPYIIIOBYIO
BHJIbI KOMIIEHCanui (puc. 1).

WnanenayansbHaa KPM pynnoesas KPM LenTpanusosannan KPM
T T i
PYHH PYHH PYHH

Pr-1 Pr-2 PM-1 PN-2 PM-1 L Pr-2
1 LT [T [T] & [T
§61 08l Ll L $66T 444
MIKY-T M2KY2  M3KY-3 M4KY-4 M1 M2 M3KY-1 M4 MS MéKéy M1 M2 M3 M4 Ms Meé

Puc. 1- Bungbl koMneHcammit

B kauecTBe HCTOYHMKOB PEAKTUBHOM MOIIHOCTH Ha MPOMBIILIEH-
HBIX TPEANPHUATHIX Yallle BCEro MCIONb3YIOT KOHAEHCATOpHBIE yCTa-
HoBkH (KPM mim YKPM), ecnu peakTHBHAsE MOIIHOCTh HOCHUT MHIYK-
TUBHBIA XapaKTep U PEAKTOPHI, €CIIU PEAKTUBHAS MOIIHOCTh — EMKOCT-
HOTO Xapakrepa.

[Ipu ycranoske KPM 6,3 (10,5) kB (umu YKPM 6,3 (10,5) kB) Ha nm-
Hax PY 6,3 (10,5) kB mpeanpustus, nin Ha mmHax PY nexoseix TII 6-
10/0,4 kB, mmmnHax nepeuuHbIX 1exoBbix PIT 0,4 kB, a Takxke Henmocpencr-
BEHHO Y 3JICKTPOIPHUEMHHKOB, IMOTPEOUTENH OyJIeT UMETh, KaK TEXHHYEC-
CKYIO, TaK 1 9KOHOMHUECKYIO BBITO/Y 3a CYET BO3MOKHOCTH HCIIOIB30Ba-
HUsI aKTUBHOW MOIIHOCTH B OOllee TOJHOM OOBEME U COOTBETCTBEHHO

CHMIKCHUA 3aTpaT Ha <(6aJIJIaCTHy}O» PCAKTUBHYIO MOLIHOCTD.
Cnucok JIMTepaTypsl:
1. Kapuun B.B., Cunspom. B.T JlokansHass KOMIIEHCAIUS PEAKTHBHON MOITHOCTH
B CEJILCKUX pachpeenuTenbHeix ceTsx 0,4 kB// DnekTpoobopymoBaHue, SKCIUTyaTa-
s 1 peMoHT. 2014, Nell. C. 21-24.\\
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UCCJIEJOBAHUE CTATUYECKOM ITPOYHOCTU KPBIILIKH
OJIEKTPOABUI'ATEJIA 4A250S B T-FLEX CAD

Kanes A.HU., Xamokuna A.C. (K9JI-181), UBamenko A.Il.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Lenbs Moeit paboThl sIBISIETCS UCCITIEIOBAHUE KPBIIIKK JJIEKTPOIBH-
raTess Ha MPOYHOCTh C ONpejelicHueM JieopMaIuii, KOTOpble BO3HU-
KalOT OT JEWUCTBUS YCIJIMS B OMOpax Basia. DJEKTPOABUTATENh CEPUU
4A, c paccTosgHHEM OT OMOPHOM IUIOCKOCTH /10 OCH Bajia paBHbIM 250
MM, TO €CTh UCCIEAYyeM OJIHY U3 ero pasHoBupHocterd 4A250S. Dmek-
TpoaBUTaTenu 4A OOIICTPOMBIIUICHHOTO UCIIOJHEHHSI COOTBETCTBOBA-
U o0IMM TPeOOBAaHUSAM M TMPEIHA3HAYCHBI JUIS HOPMAJBHBIX YCJIO-
BMH JKCIUTyaTallil (IBHTaTeIX OOIIENPOMBIIUICHHBIE). DTO Tpexdas-
HBIC aCHHXPOHHBIE SJICKTPOJBUTATENIN C KOPOTKO3AaMKHYTHIM POTOPOM
U paccuuTanHble Ha dactory 50 I'1, umetonme crenens 3ammrtel P44
i [P23.B kaxaoM 3JeKTpOMOTOPE €CTh JBE BAKHBIX pabOYMX JeTa-
yu: potop u ctatop (puc. 1). OHU 3aKITIOYCHBI B 3aIUTHBIA KOXKYX. Jli1st
OXJTXKJICHUS TTPOBOJTHUKOB OOMOTKH Ha Bajly pOTOpa YCTaHOBJICH BEH-
TUIIATOP.

Puc. 1 — KoHCTpyKImst 1 cocTaBIsIONINE MIeKTpoABUTaTests cepun 4A [1]

KoHcTpykimu cTaTopoB paccMaTpUBAEMBIX JIEKTPOJBUTaTEIeH HU-
YEM HE€ OTJIMYAIOTCS OT CTPOEHUA ATUX JETAJIEH B IPYTHX THIAX DJIEK-
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TPOMOTOPOB, PabOTAONMX B CETSX MepeMeHHOro Toka. CepleyHHUKH
cratopa, MpelHa3HAYeHHOro Iyl paboThl MpH Tpex(da3HOM HampsbKe-
HUH, pacronaratoTcs o kpyry noxa yriom 120°. Ha Hux ycranaBimBa-
FOTCS OOMOTKH U3 U30JIMPOBAHHON MEIHOM MPOBOJIOKH OIPEIeIEHHOTO
CeUEHHs], KOTOpbIE COSUHSIIOTCS TPEYroJbHUKOM WK 3Be310i. KoHCT-
PYKLIMSI MarHUTOIPOBOJIA CTaTOpa KECTKO KPEMUTCS Ha CTEHKax IM-
JUHAPUIECKOr0 KopIryca.

W3yunB KOHCTPYKLHMIO 3JIEKTPOABUTATENS, MO OOMIEAOCTYITHBIM
yepTexaM B HHTepHeTe Oblia mocTpoeHa 3-D Monens nepenHeid Kpbiii-
K (TMOAIIMITHUKOBOT'O HIUTa T03. 3, CM. puc. 1) aneKkTpoaBuraTemns
4A2508S, ucnonesyst nporpammy T-FlexCAD (puc. 2).

2470
#2220
2470

BLL5

Puc. 2 —3-Dmopens u 2-Dacku3 nepeaHe KpBIIKH (TIOIIHITHIKOBOTO IITUTA)
anekrponsurarens 4A250S

C moMoIbI0 BCTPOEHHOTO MOAYJS JUIsl MHXKEHEPHOr'o pacuera Ha
CTaTHYECKYIO MPOYHOCTh METOJIOM KOHEYHBIX 3yieMeHToB T-Flex Ana-
3 B nporpammy T-Flex CAD Obuim onpeneneHsl HalpsbKeHHe U Jie-
¢dopmanum B kpeimke. Ha pacuérHoit mopenu (puc. 2 cripaBa) nokazaHa
cuna F - 9To cuia, Bo3HMKalomas oT peakiuuu B nandax Bana. Peakiym
— 3TO YCWJIHS, KOTOpBIE€ BO3HMKAIOT OT JEHCTBYIOIIMX HAarpy3oK B
ANIEKTpOJBUTATENE (BpaIlAIOIIdii MOMEHT M KOHCOJIBHOE YCHIIME Ha
Bajly) Ha ONOpHBIE TOBEPXHOCTH Baja. [lo pacueram Bana JaHHOE
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ycunue F pasao 1647H. Ilpu 3agannu Harpy3ok B pacdeTHOM Mojerne
YYUTBIBAJIIOCh, YTO CHJIa JCWCTBYET Ha ONOPHYIO IOBEPXHOCTh
MOJIIMITHAKA Bajla MO OCH, MPOXOJAIIed HOPMalbHO K MPOIOTBHON
ocu Baia. Tarke YYMTBHIBAJIOCH 3aKpEIJIEHHE KPBIIIKH B KOpIyce
QJICKTPOABHUTATCIIA IO OTBEPCTUAM I KPCIICKHBIX 6OHTOB. KpI)IHIKa
npu padoTe HUCHBITHIBAET JedopManii BHEIEHTPEHHOTO PaCTSIKEHUS
(cxartus) ¢ gedopmanueit CMATHS.

B X0A€ MPOYHOCTHOI'0 aHalin3a JIs1 KPBILIKH, H3TOTOBJIICHHON U3
ceporo uyryHa mapku CU15 ObUTH MONTYYEHBI CISIYIOIINE HATPSIKSHHUSI

(puc. 3)
Japaya_1 [MpoyHocTe]
HanpsweHHs aKBMBAneHTHEle, MNa
MacwTad nepamawyasin: 1447 80

1427

1249

107

08932

0714

05343

0.3877

01795

001 306

Puc. 3 — HanpsixeHus B KphbIIIKe

VY cTaHOBNIEHO, YTO HANpPSKEHUs, BOSHUKAIOIIKE B NepeHEN KPhIII-
Ke HeBbIcokue, nopsika 1,5 Mlla, ot ycunmii 1647 H. Ciy:xeOHOe Ha-
3HaYeHUE KPBILIKH — 3TO (PUKCAIHS BpAILAIOIErocs Baja B OCEBOM Ha-
MpaBJICHUH U UCKIIIOUEHHE ero CMEUIeHUH B paJlaibHOM HaIlpaBIEHUU
Mo JeficTBHEM Harpy3okK, a Takke BOCIPHHHMaHHE BHOpaIUil OT Basa,
Cle10BaTeNbHO, UCXO U3 €€ Ha3HAuYeHUs MOXKHO BBIIBUTBH, YTO OHA
JIOJDKHA OBITh JOCTaTOYHO MACCHBHOM, MPOYHOM U KECTKOW. Pacuerom
MOJITBEPKACHO, YTO TaK U €CTh.

Tarxke B xoAe paOOTHl ObLIM OMpeneneHbl e opMaluu, KOTOphIe
coctaBuin 0,0047 mMm. BeisiBrieHO, 4To Haubosee Harpy>xeHHOE MECTO
y KPBIIIKH — 3TO CTEHKA I0J{ OTIOPHOM MOBEPXHOCTHIO MOJAUIMITHUKA B
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HanOoJiee HIDKHEH ee Touke (puc. 4, KenTo-OpaHkeBas o0NacTh B 3e-

JICHOH 30HE).

3agaya_1 [MpouHocTs]
MepeMelleHna, MoAYMb, MM
MacwTa6 nepemelleHnii: 1447.80

0.004794
0.004185
0.003596
0.002896
0.002387
0.001798
0.001184

0.0005983

Puc. 4 — Jlepopmanuu B KpblIike

HpOBeIUI HUCCIICAO0BAaHUC, TTOTYUYUIIN JIOCTATOYHBIN 3amac IMPOYHOCTHU
1 )KCCTKOCTHU IO CTATUYCCKUM Harpyskam.

Cnucok IMTEPaTYphI:

1. ACHHXPOHHBIH JBHIraTelb C KOPOTKO3aMKHYTBIM POTOPOM [DJIEKTPOHHBIN pe-
cypel- Pexnm JIoCTyTa: https://www.asutpp.ru/asinxronnyj-dvigatel-s-
korotkozamknutym-rotorom.html (mara o6pamenns 10. 04. 2020 rom)

2. Omnextponsurarenmn 4A, 4AM [OnekrpoHHBI pecypc]- Pexum mocryma:
http://electronpo.ru/electrodvigateli-4a-4am (mata obparmenus 10. 04. 2020 ron)
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OB30P ABTOMATUYECKUX YCTPOMCTB JJI
YIIPABJIEHUA OCBELIEHMEM

Kpusoxuxun M.C. (KIJIC-171), Atpamenko O.C.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY
Ten.: 8(906)406-87-17,; E-mail: maks.kr.0l@mail.ru

Pacxon snekTposHepruy Ha el OCBEIEHUS MOXKET OBITh 3aMETHO
CHIDKEH JIOCTIDKEHHEM ONTUMalIbHOH paboThl OCBETHUTENHHOH ycTa-
HOBKH B KaX/Iblii MOMCHT BPEMECHU.

CymlecTBYIONNI  aCCOPTUMEHT ~ aBTOMATH3MPOBAHHBIX  CHUCTEM
ynpasienus ocsenieHreM (CYO) nenurcst Ha TpH KJiacca:

1) CYO cBeruibHUKA - TPOCTEHIIAs MajJorabapuTHasl CcTeMa, KOH-
CTPYKTHBHO SIBJISIFOIIASCS YACTHIO CBETHUIIHUKA U YIPABJISIOMIAS TOIBKO
Ju00 OTHOM TPYIIION HECKOIBKUX OMU3JICKALHMX CBETHIILHHKOB,

2) CYO mnoMelieHus - caMOCTOSITENIbHAS CHUCTEMa, YIPaBJISIONIas
OJTHOW WJIM HECKOJIbKMMH TPYIIaMU CBETHUJIBHHKOB B OJIHOM WJIM He-
CKOJIBKHX TIOMEIICHUSX.

3) CYO 3xanHus - LEHTPaIM30BaHHAS KOMITBIOTCPU30BaHHAS CUCTE-
Ma ympaBJIeHHs, OXBAaThIBAIOLIAs OCBEIICHHE U APYTHe CHCTEMBI 1eN0-
T'0 3[JaHUs UM TPYIIIBI 31aHui[1].

B 1npou3BOACTBEHHBIX 3/aHUSAX, KOTOPHIC, KaK IPABHIIO, HUMECIOT
OOJIBIIINE OKHA WJIM CBETOBBIC (DOHApU HA KPBIIIE, CAMBIM OINTHUMAJIb-
HbIM pEIICHHEM OYJeT YCTAaHOBKA CBETOJUOJHBIX CBETUIHLHUKOB,
UMeIHX QYHKIHIO PETyIHNPOBAaHUSI CBETOBOTO MTOTOKA MO MPOTOKOY
1-10B, a 3nauut U noTpedIsieMoil MU MOIHOCTH (puc.1).

ABTOMATH3MPOBAThH TAKYIO CUCTEMY OCBEHICHUSI MOKHO C TIOMOUIBIO
natankoB ocBemeHHocTH K2110 wam K2111, mognepkuBammux mo-
CTOSIHHBIH YpPOBEHb OCBEIIEHHOCTH B paboueid 3oHe. KoHTpomnep
K2000IT ¢ momomipto ¢oromaturka K2100 nsmepsier ypoBeHb €CTECT-
BEHHOT'O COJIHEYHOT'O0 CBETA M aBTOMATUYECKH 30HAJHHO BKIIOYAET WIIH
OTKJIIOYaeT JJMHUU UCKYCCTBEHHOT'O OCBEIIEHHS B 3aBUCHMOCTH OT MX
YIAJICHHOCTU OT OKOH (pHuc.2).
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Puc. 1 - HpI/IHI_II/IH YIpaBJICHUSA OCBCUICHUEM B IPOU3BOACTBECHHOM 3/IaHUN

| | | \@
! l ol
| &8 —®
| I 1 ® |
P e e sl

MpoussoacTaEHHOE 3naHne

Puc. 2 — CrpykTypHast cxema yrpaBJIeHHEM OCBEIEHNEM TIPOH3BOICTBEHHOTO
KOpITyca ¢ aBTOMaTU4ECKUM 30HAJIbHBIM OTKIFOUCHHEM B 3aBUCHMOCTH OT YpPOBHSI €C-
TECTBEHHO! OCBELICHHOCTH

K2150 — matuux «Tpu B OTHOMY: OUH NaTYUK — TPH BBIXOJA

1. Beixox pene 30A — juist yrpaBieHHUs OObIYHBIMHA CBETHIILHUKAMU;

2. Bbixon 1-10B i mimaBHOTO peryiavpoBaHus CBETOBOTO MOTOKA B
npenenax 2-100%;

3. coeuMadbHBIA BBIXOA Ui TIOAKIIOUEHUS JaTyMKa K CHCTe-
M€ OXpaHHOM curHanusanuu wim [P-kamepam. IIpu nmomomu 310ro Bul-
X0/Ia JaTYMK TakkKe MOXKET OBITh MOIKIIOYEH K aBTOMATH3MPOBAHHOM
CHCTEeMe YIIpaBJICHUS.

IIpu orcyrcTBHM B 3THX 30HaX JIFOACH WM aBTOTPAHCIIOPTA OCBE-
IIEHHE MOXKET paboTaTh WJIM B SKOHOMHUYHOM pexume — 10-15% ot
HOMMHAJIBHOTO 3HAYEHHUS, €CIM MCIIONb3YIOTCS JMMMHpYEMbIEe CBe-
TUIBHUKY WK OyzaeT oTkimodeHo. [Ipu Qukcanum ABMKEHUS MOIL-
HOCTh OCBEUIEHMs IJIaBHO YBEIMYUTCS /10 HOMHHAJIBHOTO 3HAYEHHS

100% (puc.3)
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72m

Puc. 3 - 3ona gyBcTBHTENBHOCTH Matunka K2150 mpu ycranoBke Ha creHe ((ukca-
[IUS] TIEPEIBIKCHUS YelIOBEKa)

[Ipumep ycranoBku aatunkoB K2150 B mpom3BOACTBEHHOM 37jaHUH
Ha CTEHE U MOTOJIKE MIPEJICTaBIICH Ha puc. 4.

Puc.4 - YrpaeneHne ocBelieHHEM U OXpaHa 00BEKTa ¢ MOMOMIBI0 naTunkoB K2150

ABTOMATH3MpOBaHHAs CHCTEMa YIpaBleHUsl ocBelleHHeM Econex
Smart s ynpaBiieHust ocBellieHueM 1exa nosposser (Puc.5):

- Py4HOE PEeryJIupoBaHHE OCBEIIEHHOCTH Ha pabounii MecTax;

- QBTOMATHYECKUH y4eT PUCYTCTBHE JIIOACH B OCBELIAEMOM IIOMeE-
HICHUH (BKITIOUYEHHE B TIPUCYTCTBUH JIIOAICH );

- aBTOMaTH4ecKoe 00ecreueHue MOCTOSHHOM OCBELIEHHOCTU Ha pa-
00unX MecTax ¢ y4eTOM HHTEHCHBHOCTH €CTECTBEHHOTO CBETa;

62



- yIpaBJICHHUE OCBEIICHUE COTJIACHO BPEMEHHBIM TpadukamM (CyTou-
HBIM, HEJIETHHBIM U T.11.);

- YUeT JJIEKTPUYECKOH SYHEPTUHU U TTapaMETPOB JJIEKTPUUYECKOH CeTH;

- coxpaHeHHe U 00paboTKa CTATHCTHYECKHX JAaHHBIX (PEKHMOB pa-
OOTBI CUCTEMBI, AaBAPUIHBIX PEKUMOB U T.11.);

- CHHXpOHHU3alusd U YIIPaBJICHUC OCBETUTEIILHOMN YCTAaHOBKH U TEX-
HOJIOTMYECKHX TPOIECCOB;

- BKJIFOYCHUC U BBIKIIIOUCHHEC HAPYKHBIX CBETUJIBHUKOB IMOJIHOCTHIO
WM TI0 TPYIIaM, TUCKPETHOE HIIH TUIABHOE PEryIMPOBAHUE MX CBETO-
BOT'O TIOTOKA.

fpowbogcmbersent yax AT fipousfodemberment yex NZ

Tpousfiodemberati yex N7 Huenemepckos Tpousfodembernant yex N%
Puc. 5 — Makcumanbras ACYO Econex Smart

[TocTosHHBIN POCT IEH Ha dHEPTrOpecypchl BHIHYKIAeT MOTpeduTe-
Jiei uckath Oosee 3 eKTUBHBIE pelIeHus: B 00JacTH dHEprocoepeke-
HUS IS COKpAIICHUs U3JepKeK. B OonbIMHCTBE Cilydasx 3HAYNTENb-
Hasl 0Nl TIOTPeOIsIeMOl AIIEKTPOIHEPTHMH HA MHOTHX MPEANPHSTHAX
MIPUXOJIUTCS Ha OCBELIEHHUE.

Haunbonee 3peKTUBHBIM METOIOM DKOHOMHHU DIIEKTPOIHEPTUU SIB-
JIieTCsl MOJIEPHU3AIINS CYIIECTBYIOIIMX OCBETUTENBHBIX YCTAaHOBOK C
3aMeHoi TpaanuonHbix Jamn (JHAT, APJI) Ha npombIlieHHBIE CBe-
TOMO/IHbIE CBETUIIbHUKN U BHEJIPEHHEM COBPEMEHHOM aBTOMAaTHU3HUpPO-
BAHHOM CHCTEMBbI YIIPABJIEHUS OCBEILIEHUEM.

Cnucok MTepaTypsl:
1. Tyropo, M. M. OCHOBBI CBETOTEXHHUKH ¥ HCTOYHHUKH CBeTa. YdeOHoe mocodne
/ M.M. I'yropos. - M.: DHeproatommsaar, 2014. - 384 c.
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AHAJIMTUYECKUI OB30P COBPEMEHHBIX .
CUCTEM MOHUTOPUHI'A BO31YIIHBIX JIMHNI

Jlurauépa E.A. (K9JIC-171), Ilanacenxo M.B.
Kamviuuncxui mexnonoeuueckuii uncmumym (¢unuan) Boael TY

[Ipupoansie GakTOpbl U SBICHUS, NEHCTBYIOUIME Ha 3HAYUTENBHO
W3HOIICHHBIC BO3JYIIHbBIE JIMHUU 3JiekTponepenaun (nanee BJI), ¢ ka-
KJIBIM TOZIOM OKa3bIBAIOT BCE OOIblee BIMSHUE Ha X YCIEIIHYIO DKC-
IIJIyaTalHuIo.

[Tpu 5TOM, KaKk MOKa3bIBaeT MPaKTHUKa, T€ JMHUHU, KOTOpBIE 000py-
JIOBaHbI YCTPOHUCTBAMHU OOHAPYKEHHUS BO3JCHCTBHI, O0bCAMHEHHBIX B
cucremy (T.e. cucteMoii MoHuTOpuHra BJI), B 3HaUWTEIbHO MEHBIICH
CTETEeHU TO/BEPKEHBI Pa3pyLIEHUsIM OT «HEMPEABUACHHBIX» PUPOA-
HBIX BO3JICHCTBUM.

[log MOHUTOPUHTOM BO3YIIHBIX JIMHUM TTOHUMAETCS CHEHATBbHO Op-
raHW30BaHHOE, CHCTEMATUUECKOe HAOIIO/ICHHE B peallbHOM MaciuTade Bpe-
MEHH 3a TOJI0JIETHO-BETPOBBIMH, TEMIIEPATYPHBIMU U JIPYTMMHU BO3JIEICT-
BusimMu Ha BJL, ¢ 11enb10 UX OLIEHKH, KOHTPOJIS U IporHo3upoBanus [1].

B Hacrosiee BpemMsi Ha pbIHKE YCTPOMCTB, IOJIyYHBIIHX PacIpo-
ctpaneHue B cersx 35-500 kB, ycroifunBOoe MONOXKEHHE 3aHHUMAIOT
YCTPOMCTBA, PUHIMIT OOHAPYKEHUsT BO3ACHCTBHH, KOTOPHIX OCHOBaH
Ha IpSIMOM HM3MEpPEeHHH Macchl MpoBoja. M3 HuX yaiie Bcero BcTpeya-
FOTCSl yCTPOMCTBA C OAHUM CHIIOM3MEPUTENIbHBIM TATYMKOM Ha KaXIyro
¢azy. I10 ObUTH OHU M3 MEPBIX YCTPOICTB.

K nocTomHCTBY maHHOrO BHJAa YCTPOMCTB MOXKHO OTHECTH JIHILb
TOJIBKO MUHUMYM U3MEHEHUI BHOCUMBIX B KOHCTpykuuio BJI, neicr-
BUTENBHO, B LIEMNOYKY «TpaBepca-THpIITHAA-IPOBOA» A00aBISETCS CH-
JIOU3MEPUTENBHBIN JaTYMK, K KOTOPOMY MpeabsBIseTcs TpeOoBaHUE
MPOYHOCTH: YCHJIME Ha Pa3pbIB JOIDKHO OBITH HE MEHEe YCHIIUS Ha pas-
pBIB camoi apMatypsl BJIL.

K HenmocTaTkaM OTHOCHTCSI HH3Kasi BEPOSATHOCThH MPABHIBHOTO 00-
HapyxeHus otioxeHuit 40-50%, Gonpiuas HETOYHOCTH B ONPeeNICHIH
CKOpPOCTH HapacTaHHs OTJIOKEHUH M Kak pe3ylbTaT — HEBO3MOKHOCTh
OIpeieNieHns] BpeMEeHH JUId Hayaja IPUHATHS Mep 10 YAAJIEHUIO OTIIO0-
XKeHul (COOpKM CXeM IUIaBOK), YTO MOXKET MPHUBOAUTH K HEBEPHOU
OLICHKE OMAaCHBIX CUTYallMii, U COOTBETCTBEHHO, JHOO K HEHYKHOU
J1aBKe, MO0 K paspymenuto BJL.
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Ha cmeny npensiaynyM MosBHIIMCh YCTPOWCTBA C JBYMS CHJIOW3-
MEpUTEIbHBIMH IATYNKaMH Ha a3y, KOTOphIe YCTaHABIMBAIOTCS MEX-
Iy TpaBepcoil OMOphl U THPISHJIAMHU U30ISTOPOB HA PACCTOSIHUH JIPYT
OT JJpyra paBHOM JUIMHE TUPJISHABI H30JIATOPOB C TATYMKOM, a HHKHUE
KOHIIBI TUPJISTH]T COEIMHEHBI MEXIy cO00i MapHUpHO, 00pa3yst Y- Win
V- 00pa3Hyro MOIBECKY MPOBOAA.

BeposTHOCTH TPaBHIBHOTO OOHAPYKEHHSI OTIIOKEHUN JaHHBIM YCT-
porictBoM joxoautT 10 90% (Tmpu 3amoiHeHHBIX TaOIMYHBIX 3HAYCHH-
ax). Ilpu Takoli BEpOSATHOCTH ONpEAETCHUs HaU4YUsl OTIOKEHHH, C
OOJBIIION TOYHOCTBIO ONPEAENAIOTCS CKOPOCTh X HApacTaHHs U BpeMs
0 Havajia COOpKHM CXeM IUIaBKM OTJIokKeHus. [lomumo »toro, Y-
oOpa3Has TojBecKa MPOBOJOB, Onaromapst Oojiee MKECTKOMY IOJBECY
MPOBOJIA, CHIKAET TAKOe SIBJIEHUE KaK «IUISICKa IPOBOOBY.

K ocHOBHBIM HemocTaTkaMm, IO KOTOPHIM TakWe YCTpOWCTBa He
MOJTYYMJIH IIUPOKOr0 MPUMEHEHUS! OTHOCITCS HEOOXOAUMOCTh KOHCT-
PYKTHBHOTO BMEIIATENbCTBA B TpaBepcy (YCTPOMCTBO AOMONHUTENb-
HBIX TOYEK JUIsl KPEIUIeHNs JJaTYMKOB) WM €€ 3aMeHa.

Takum o6pa3om, U MOCTPOeHHs cucteM MoHuTopuHra BJI ¢ BEI-
COKOW BEpOATHOCTHIO MPAaBHIBHOTO OOHAPYKEHUS BO3/AEHCTBUI, HEOO-
XOIMMBI TaKHE YCTPOMCTBA, KOTOPBIE coueTanu Obl B ce0e TOCTOMHCTBA
000MX BapUAaHTOB M B HHUX TaKKe OTCYTCTBOBAJU OBl MEpEeUHCICHHBIC
BbIIIEe HeocTaTku. Kak ofMH M3 BapHaHTOB, paCCMOTPHUM YCTPOWCTBO
oOHapyXeHUs! OTJIOKEHHH ¢ JaTunkaMu KpeHa, paspaboranHoe KTU
(pumman) Bonr' TV [2].

OnvH U3 AaTYMKOB KPeHa M3MepseT HaKJIOH TUPIISHIBI U30ISTOPOB
BA0Ab ocu BusupoBaHua BJI. I[lo ero mokas3aHusIM OOpPENEHSAIOT pac-
IIpefereHue OTI0KEHUN B aHKEpHOM Iposnére BJI, yTo nomoraer Jjryd-
e «yBUJETH» KapTHHY NPHUPOIHOTO SBJIEHUS M MPEJOTBPaTUTh BO3-
HUKHOBEHME aBapUUHON CUTYalLlUH.

Kpome Toro, mo mokaszaHusM JaTYUKOB KpPeHa, MOXHO OINPENENNUTh
BO3HUKHOBEHUE «IPEABECTHUKA» TUISICKU MPOBOJIOB U 3a0JaroBpeMeH-
HO MPHUHSATH MEPHI 110 €€ MPEOTBPAIIEHUIO.

Takum 00pa3oM, Mbl IMEEM YCTPOMCTBO, KOTOPOE HE TOJIBKO C BhI-
COKOI BEpOSITHOCTBIO OMpeneNnseT HalIUYhe OTIOXKEHUI Ha ImpoBojax
BJI, HO onpenensier U pacnpeneneHue OTI0KEHUN BIOJIb IIPOBOJA aH-
kepHoro mponéra BJI, a takke He TpeOyeT BHeCEHUs HM3MEHEHUH B
KOHCTpyKLut0 Tpasepc BJL
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B Hacrosiee BpemMs yxe NMpOU3BEICHbI UCIIBITAHUS YCTPOHCTBA 00-

Hapy>XEeHUS OTJIOKEHHM C TaTYMKaMU KpeHa.
BriBoIBI:

1. BBeaenue st TUPIISHIIBI H30ATOPOB JATIMKOB KPEHA TTO3BOJISET
OTIPEIEUTh HAKIIOH TUPJISTHABI H30JIATOPOB BO BCEX IIOCKOCTSIX, IIPO-
UCXOAAIMi 1100 1OoJ| BO3JCHCTBHEM BeTpa, JIMOO OT HAKIIOHA Teja
onopel. B ciay4yae HakiIoOHA TUPISHIBI U30JSTOPOB IO BO3ACUCTBHEM
BeTpa MOXKHO OMPEENIUTD C MOMOIIBIO ATUX JATYMKOB U JATUUKA CUIIBI
BETPOBYIO HArpy3Ky.

2. BBeneHnue maTuyMKOB KpeHa IS TENa OMOPHI AET BO3MOXKHOCTH
OTIPEICUTh HAKJIOH OMOPHI TAKXKE BO BCEX ITIOCKOCTAX, YTO MO3BOJISIET
BBIICIIMTH U3 OOIIETO YIiia HAKJIOHA YTOJI HAKJIOHA TUPJISHIIBI U30JISTO-
POB 1O eiicTBHEM CHIIBI BeTpa. [Ipu 3TOM yMeHbIIaeTcs KOJIHM4eCTBO
JIOXKHBIX CpabaThIBAHUN yCTPOMCTBA.

Cnucok IMTepaTypsl:

1. TManacenko M.B., Bpeikun JI.A. // O630p UCIIONB3yEeMBIX YCTPOICTB OOHApY-
JKEHHUS OTJIOKEHHH JUIsl CHCTEM MOHHUTOPHHIA BO3IYLIHBIX JHHHUIT 3JIEKTponepejauu. —
Boznymasie muarm. —2012. - Ne3. — C. 79-82.

2. CucTeMbl MOHUTOPUHIa BO3IYLIHBIX JIMHHH dekTporepeaaun. [TaHaceHko M.
B. CommaoB A. I'. 3onorapes U. A. // DnexrposHepreTrka riazamu Moioaéxu — 2017
: marep. VIII mexmyHap. Monon€xHOH Hayd.-TexH. KoH®. (r. Camapa, 2-6 OKTSIOps
20171). B3 1. T. 1/ otB. pen.: E.M. IlInmkos : Vol. 1 / ®I'BOY BO «Camapckuii roc.
TexH. yH-T», AO «CHCTEeMHBI onepaTop eIMHON SHepreTndeckoi cucremsl», [TAO
«Poccern» [u np.]. - Camapa, 2017. - C. 345-348.

AHAJIN3 OIIBITA ITPUMEHEHN A KITACCA
HATIPSKEHNA 20 KB B PACITPEJEJIMTEJIBHBIX CETAX

Jlurauena E.A. (K9JIC-171), Atpamenko O.C.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

IMox cucremolt areKTpocHAOXKEHUsI TOpojia MOHUMAETCSl COBOKYII-
HOCTb JJIEKTPHYECKMX CeTed BCEX HAMpPSHKCHUH, pacloiOKEeHHBIX Ha
TEPPUTOPHH TOPOAA M TpeJHAa3HAUCHHBIX ISl JIEKTPOCHAOKEHUS ero
norpeduTenel. Paznuyaror 3J1eKTpOCHA0XKAIONIME CETH HANPSHKEHUEM
35-110 kB u pacnpenenutensubie cetu Hanpstkenuem 0,38 u 6-20 kB.
Ocoboro BHAUMaHUS TpeOYIOT CTPYKTypa M TOMOJIOTHSI CETU CPEIHEro
HanpsbkeHus: 6-20 kB, TOCKONBKY OHM MaKCHMalIbHO MPUOJIMKEHBI K
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MOTPEOUTENI0 U UMEIOT OOJNBINYI0 MPOTSHKEHHOCTh 1O CPAaBHEHHIO C
MarucTpaJbHBIMHU CETSAMHU.

Jns muTaHus MoTpeOUTeNel, pacloNoKeHHbIX Ha TEPPUTOPUH TO-
POAOB, CO3AIOTCS CIENUATBHBIC AIEKTPUYECKUE CETH, UMEIOIINEe Xa-
pakTepHble oco0eHHOCTH. Cpean HUX: BBICOKAS IIIOTHOCTh dJIEKTpHYe-
CKHX Harpy3ok (oT 5 mo 15-20 MBT1/kM2 B HeHTpaslbHBIX pailoHaX To-
POJIOB); OOJIBIIOE KOJWYECTBO MOTPEOUTENCH, PaCONOKEHHBIX Ha Or-
paHUYEHHOH TEPPHUTOPHH; BHICOKAs CTOMMOCTH 3€MJIM TIOJ 3aCTPOHKY
[1C, PII, TII Beicokue TpeOOBaHUS K HAJCKHOCTH U KaTCTOPHUIHOCTH
ANIEKTPOCHAOKEHHS TOPOACKHX IOTPEOHTENeH; HENpPEephIBHBIM POCT
anektponorpednenus (1-2% B rom), TpeOyrOUHMA CHCTEMAaTHYECKOTO
Pa3BUTHA DIIEKTPUUECKHX ceTeit (puc. 1) u ap.

CerojiHsi CyIIECTBYIONIME B OOJBIIMHCTBE TOPOJOB KaOelbHbIC U
BO3/YIIHBIC JIUHUU dJIeKTporiepeaay HanpspkeHuem 6 (10) kB momHo-
CTBIO HCUEpIaJK CBOM pecypc, B TOM YHCIIE H MO MPOIYCKHOM CI1oco0-
HocTu. U xenanue nepenaTh Mo HUM OOJBIITYIO WIIH XOTs Obl OJIU3KYIO
K HOMUHAJIBHOW MOLTHOCTH 0OEpHETCsl yBEMUECHHEM YHciia TIOBPEXIe-
HUW W aBapuil ¥, KaK CJICJACTBUE, YACTBIMU MEePeOOSMHU B 3JIEKTPOCHAO-
KEHUU TOTPEOUTENCH.
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CoopyxeHHe JOMOTHUTENbHBIX HEHTPOB MUTAHMS U paclpeneny-
TENBHBIX TOACTAHIMKA C HEOOXOIUMBIMH JIMHUSMH 3JEKTporepenay
MOTJIO OBl PelNTh MPOOJIEMY, OIHAKO B OOJBIIMHCTBE KPYITHBIX TOPO-
JIOB, B KOTOPBIX M HAOIIOJaETCsI aKTHBHBIA POCT AIIEKTPONOTPeOIeHus,
IJIOTHAs 3acTpoika W MMeIolrecs KOMMYHHUKAIMU IIPOCTO HE JAr0T
BO3MOKHOCTH YCTaHOBKM TPaHC(OPMATOPHBIX MOACTAHIMN W pacrpe-
JETUTENbHBIX TTYHKTOB, MPOKJIAAKH JOMOJHUTENIBHBIX KaOeNbHBIX WU
BO3JYIIHBIX JIMHUM 3JeKTporepenad. Bo3HUKaeT 3aMKHYTBIM KpYT:
AIIEKTPOdHEPTHsI HEOOXOIMMa, OHA BBIPAOATHIBACTCSI, HO JOCTABHUTH €€
710 TIOTPEOUTENS MO CYIIECTBYIOMINM JIMHHS HEBO3MOXKHO, & COOpYKe-
HUE HOBBIX HE MPEJICTABIISIETCS BO3MOMHBIM.

[lepeBon anexTpuueckux cerell cpepHero Hampspkenus ¢ 10 na 20
KB mo3BonuT nepelTé Ha Ooniee BBICOKHU YPOBEHB AJIEKTPOCHAOKEHHS
TOPOJICKUX NOTpeOuTeNel, YBEIMUUTh MPOIYCKHYIO CTIOCOOHOCTh pac-
MpeaeNnTeNbHbBIX CeTel Kak MUHUMYM B 2-2,5 pa3a B Ipeaenax Toi ke
TUIOIIA/I TEPPUTOPUHU, COKPATUTH KOJIHYECTBO TpaHCHOPMATOPHBIX
MOILHOCTEH, MOBBICUTh KAYECTBO JJIEKTPUYECKOW IHEPIUU U HAJEK-
HOCTH (PYHKIIHOHHPOBAHHSI CUCTEM 3JIEKTPOCHAOKEHHS.

B HekoTOphIX cilydasix SKOHOMHYECKH IIeJIeco00pa3Ho B mpolecce
peanu3anyyi MEporpHATHH 00eCleunTh MpUMEHEeHHe 000pyJOBaHUS U
MaTepHasoB, O3BOMSIONINX paboTaTh B ABYX YPOBHsIX HamnpsbkeHust 10
n 20 xB.

Hanpspxenue 20 kB mmmpoko ucnonb3yercst B crpaHax EBpocorosa u
CILIA B nameii ctpane 20 kB Obl10 BBEZIeHO B CTaHAApT eIlle B Havaie
60-X TO10B, OIHAKO MCTOPUYECKH LIMPOKOr0 MPUMEHEHUS He MOIy4H-
10. OTedecTBEHHOW DHEpreTuke Obun Orke HampsokeHus 6, 10 u 35
kB.

OTtmeuaercs, 4TO B HACTOALIEE BPEMs B MUpPE yXkKe JECITKH CTpaH U
PErMOHOB MCIONB3YIOT HampsbkeHue 20 kB kak cpeaHee HampsikeHHe
pacnpenenuTenbHbIx cereil. B 1948 1. BhepBhie ObUIM MCIIOIB30BAHbBI
y4acTKH ceTed 3toro HanpsbkeHus B CoennHeHHbIX LlltaTax AMepuku,
Opannuu u ['epmannn. Haunnas ¢ 60-x rogoB 20-ro cToneTus nmepexon
Ha HanpsbkeHue 20 kB Haganu u MHorue eBponeiickue ctpansl — Mra-
nus, Asctpus, bonrapus, Ilomsma, Benrpus u 1.4. (80% muiomanu
Bceil EBpornbl). B HacTosiiee BpeMsi CeTH TaHHOTO HAIpPSKEHUS! aKTHB-
HO HCNONB3YyIOTCA U B cTpaHax Asum, Bkmtouass Kurail, Kopeto, Taii-
BaHb, Cunramyp u T.1. [loBcemectHo Hanpsixerue 20 kB ucnons3yercs
B OuHIAHIUM 1 DCTOHUU.
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Bo MHOrux kpymnHeHIux ropoaax Mupa, HalpuMep B HEHTPAIbHBIX
paiionax Ilapmxka, ¢ OONBIIONH MIOTHOCTBIO 3aCTPOMKH HCIOJIB3YIOT
MOJCTAaHIIMKM TIyOOKOr0 BBOJA C BTOPHUYHBIM HampsbkeHuem 20 kB.
OnHako yrmpaBlieHHE 3JeKTpHUecKuMu ceTsimu [lapruxka ormeuaer, 4to
OTCYTCTBHE TBEpPJOTO IUIaHA 3aCTPOMKH KHUJIIBIX PAlOHOB, a TAKKE OUe-
PEIHOCTH OCBOEHUS M XapakTepa MpeAlpHATHH, pa3MellaeMbIX B MPo-
MBILIUICHHBIX 30HAX, CO3/Ia€T TPYAHOCTH TPH PAa3BUTHH pacClpeieiu-
TenpHOM cetn 20 kB.

B Hacrosimee BpeMst pa3paboTaHbl U pean30BaHbl IPOSKTHI CETeH U
nojcTannuil Ha Hanpsbkenne 20 kB.

1. Moncranums 110/20/10 kB «Cutu» LleHTpanbHBIX 3JeKTpHYe-
ckux cerelt — punuana OAO «MOICK». Pacnpenenurensrast cets 20
kB nauana passuBatbcs ¢ 2002 1. (BBog IIC 110 kB "Curu-1"). s
cTpoutenbeTBa cetu 20 kB mpuMeHsieTcss caMoe COBpeMeHHOe 000py-
JoBaHKe: KabenbHbIe TMHUH C U30JSHEH U3 CHIMTOTrO MOJUAITUIICHA U
MajorabapuTHOe OOOPYIOBaHUWE B PACHPEACITUTEILHBIX U COSIUHU-
TEJBHBIX MYHKTaX C 3JIera3oBoil 00 BakyyMHOW m3onsnued. B ceru
20 kB neiictByer 26 PII, nporsxennocts [IKJI cocraBusier 152 km, a
UX CpemHsis JuHa - 4,3 KM.

2. Toncranmus 3akpeitoro tumna «bemopycckas» 110/20/10 kB,
npeAHa3HadeHHas sl 00ecreueH st JIEKTPOIHEPTUEH )KUIIOTO MUKPO-
pationa MockBbsl Ha XoabiHCKOoM Tone. [Ipumepom omopHoit cetu 20
KB sBisiercs cxema 3JIEKTpPOCHAOXKEHUs! KOMILJIEKCHOM BBICOTHOM 3a-
cTpoiiku XOIBIHCKOTO OIS ¢ 00mIelt Harpy3koi oosee 80 000 kBA.

3. Ilpoekr crpouTenbcTBa BO3AYIIHO-KaOenbHOH nuHuM 20 kB or
nonctaniuu 110/10 kB «Cuneropse» no c¢. Ycrb-Llunema. Ilpoekt
BKITIOYAET B ce0sl CTPOMTENBCTBO MOYTH 9 KM BO3AyLIHOM JnHMiA 20 kB
Ha jieBoM Oepery [leuopsl, pekoHcTpykuuoo 6 kM guHuu 10/20 kB Ha
npaBoM Oepery u mpokiiaaky kabenbHoi nuHuu 20 kB mo aHy pexu
(peamuzanust punranmom MPCK Cepepo-3amnana «Komusaepro»).

[IpenmymiecTBa Ooee BEICOKHX KIACCOB HAPSIKEHUS ISl KPYITHBIX
TOPOJCKUX CETEW OYEBU]IHBI.

OnHako, PEKOHCTPYKIHS CYNIECTBYIOUIMX 3JEKTPHUECKHX CETeH ¢
LENbI0 CHI)KEHHSI TIOTEPh AJNEKTPUYECKOH SHEPTUU SKOHOMUYECKU HE
BBITOJHA. PEKOHCTPYKIIMIO HEOOXOANMO MTPOBOIUTH TOJILKO B TOM CITY-
Yae, eclii CYHIECTBYIOIINE CeTH (PU3NUECKH M3HOIICHBI, HE YIOBJIETBO-
PSIOT BO3POCIINM BJIEKTPUYECKUM Harpys3kam, U He CIIOCOOHBI obecrie-
4uTh TpeOyeMble YPOBHH HANIPSHKEHUS B Y3JIaX DJIEKTPUUYECKON CETH.
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[Ipumenenue Hanpsixenusa 20 kB B pacnpeneauTenbHBIX CETSIX MO-
3BOJIUT TiepeiiTh Ha Oojiee BHICOKUH YPOBEHb AJIEKTPOCHAOKEHUS TO-
poackux motpeduteneil B Poccum, yBenn4UHMTH MPOMYCKHYIO CIOCo0-
HOCTh KaK MUHUMYM B 2—2,5 pa3a 1o cpaBHeHHIO ¢ ceTaMu 6—10 kB B
npefenax TOH K€ TepPUTOPUH, COKPATHTh KOJIMYECTBO TpaHchopma-
TOPHBIX MOIIHOCTEH, IMOBBICUTH Ka4E€CTBO AJIEKTPOIHEPIMU U HAJEXK-
HOCTh (DYHKIIMOHUPOBAHHUS CHCTEM 3JeKTpocHaOxeHus. [IpumeHeHnro
cereit 20 kB ¢ ucnonp30BaHMEM HHHOBAIIMOHHBIX TEXHOJIOTHIA (KOMITO-
3UTHBIE MAaTEePUaIbl) MTO3BOJAT 3aMETHO YMEHBIIUTh 00BEMBI TIPOKJIA-
K1 KaOenbHBIX JUHUH. Mcrons3oBanrne ManorabapuTHBIX THITOBBIX PI1
u TII BrICOKOW 3aBOACKOM TOTOBHOCTH NMPUBEAET K YMEHBIIEHUIO UX
CTOUMOCTH.

Cnucok JMTepaTypsl:
1.JIockyroB, A.A. O6 >¢dpdexTuBHOCTH NpuMeHeHHs HanpspkeHus 20kB s pac-
TIpeAeNUTENBHBIX deKkTprudeckux cetel / A.A. JlockyroB // Bennkne pexun-2012: Ha-
YUHBIH KoHrpece 14-ro MexayHap. HaygHO-TIpoMmsIml. (opyma / H. Hosropon, 2012. -
C. 294-297.

BECITPOBOIHAS ITEPEJAYA DJIEKTPUYECTBA

Menbuuk A.O. (K2JIC-181), /Kypasaesa H.B.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY
E-mail: zhuravleva@kti.ru

Kak u mobas cdepa mpons3BoACTBa, SIEKTPOIHEPTETUKA CTPEMHUTCS
MHWHUMU3NPOBATL 3aTpaTbl B CUCTEMbI 3J1€KTpOCHa6)KeHI/I$I. boapmas
JIOJIS1 KAIIUTAJIOBJIOKEHUN TIPUXOJUTCS HA IMPOBOJHUKOBYIO IPOAYK-
LU0, IOATOMY M3y4YeHHE TEXHOJIOrMi OeclpOBOIHOM Mepefadyn dJIeK-
TPUUCCTBA ABJIACTCA OUYCHDb aKTyaJ’H:HOfI.

[on GecripoBOHOM Tepeaayeii EKTPUUECKON SHEPTUH IOHUMAIOT
crmocob mepenadu 6e3 MCIONB30BaHUSI TOKOMPOBOISIINX 3JIEMEHTOB B
JJIEKTPUUYECKON Lenu. becnpoBonHas nepepada SHEPruM B KadecTBE
AJIBTCPHATHUBLI NI€pCAayru MU PpaCHpCACICHUA DJSJICKTPUUCCKUX HI/IHI/IfI,
BIIEpBbIC ObUIA TpEIOKEeHa M MpoAeMoHCcTpupoBana Hukomoit Tecna.
B 1899 roay Tecna mpe3eHTOBaN OECIPOBOAHYIO Mepeiady Ha MUTaHUS
I10JId JIIOMUHECIHICHTHBIX JIaMII, PACIIOJIOXKEHHBIX B ABAALATU MIATH MU-
JIIX OT UCTOYHUKA ITUTAaHUS 0€3 UCIOb30BaHUs MPOBOAOB [1].
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Ha ceropHsimHuii eHb CYIIECTBYET HECKOJBKO CIIOCOOOB Oecrpo-
BOJIHOM TIepe/iauu SHEPTUU:

1) Yepes karymku. becipoBonHas mepegada dJIeKTpUYecTBa Oas3u-
pyeTcsl Ha TaKOM SIBJICHHH, KaK 3JIEKTpoMarHeTusMm. Eciu  B3sThH 1B
KaTYIIKH U3 METaJUIMYEeCKUX MPOBOJOB M OAHY U3 HUX MOAKIIOUUTH K
HWCTOYHUKY TOKa, TO BOKPYI KOTOPOH BO3HHKHET MAarHUTHOE IIOJIE.
Bropas karyiika, BocpuHUMAsi 3TO TI0J€, WHAYIUPYET B CBOCH 00-
MOTKE BTOPHUHBIN 3JIeKTpudeckuii ToK (pucyHok 1). Korna B ucrounu-
KE MUTaHUS U3MEHSETCA CUJia TOKa, MarHUTHBIA MOTOK Ha BTOPOM Ka-
TyIIKe U3MeHseTcs aBToMatuuecku. [Ipu aToM Oymer Bo3uukath D/1C
Y OHa OyJIeT HANPSIMYIO 3aBUCETh OT CKOPOCTU U3MEHEHUS TOr0 MOTO-
ka [2]. [JaHHbIH cIOCOO MMEET psiji HEJIOCTATKOB, OTPAHUYCHHASI MOIII-
HocTh, Manbld KII/I, mepenaua Ha mamible paccTosHus. B mocmegHux
pa3paborkax yuénbix u3 CIIA u IOxuoit Kopen mpuMeHsIHCh Mar-
HutHO-pe3oHaHcHbIe cucteMbl CMRS u DCRS. Kopeiickas TexHomo-
T'Us OKa3ajiach 00Jiee COBEPIIICHHOM.

Puc. 1 — Cxema GecripoBOTHOM Tepeadn 3JIeKTpHUeCTBa Yepe3 KaTyIIKH

VY aanock nepeaaTh JISKTPOIHEPTHIO Ha 5 MeTpoB. biaromaps KoM-
MaKTHBIM JUTMONBHBIM KaTymkam DCRS, MOXXHO 3amuTaTh BCEX MOTpe-
ouTenell B MOMEIICHUH CPEIHUX pa3MepoB 0e3 mporooB [3].

2) Ilepenaua ¢ MOMOIIBIO JIA3€PHBIX cuCcTeM (PUCYHOK 2). Bmumy
TOr0, YTO MCKOMAEMbIE PECYPChl MOCTEIIEHHO UCCAKAIOT, BCE OOJbIIee
BHUMAHUC YACIIACTCA aJIbTCPHATUBHBIM BapyuaHTaM U OUCBUAHOMY HUC-
TOYHUKY Herncuyeprnaemoi snepruu — CoHILy.
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IHEPTOBAOK
ABHIATEAD:

AKKYMYAATOP

- /’
NPHEMHOE YCTPOACTBO
(COAHEMHAR BATAPES)
CEHCOPBI
HANPABAEHHS
MCTOYHHK
SHEPTHH
A AA3EPA
Il;‘l\’:i‘::;:; st HCTONHUK AYHA
_——
3AEKTPONE- KOHTYP AA3EP
PEAAY OXAANKAEHHA

Pucynok 2 — JlazepHsrii crioco6 nepemady SHEPTUn

[lepenaya sHEeprum na3epHbBIM H3IYYCHHUEM CTaJKUBAeTCs C He-
CKOJIbKMMH TPUHIMIHAIBHBIMEA TpyAHOCTSMH. [lepBas cBs3aHa c 3¢-
(EeKTHBHOCTBIO TEPBUYHOTO TpeoOpazoBaHus u3nydeHus: ComHna B
KOT'€pEHTHOE JlazepHoe u3nydeHue. A Bropas ynupaerca B KIIJ[ mepe-
Jla4y SHEPTUU M3 KocMoca Ha 3emutro. [1o mepBoii mpobiieMe HaMeTHIICs
nporpecc: yueHsle u3 SJnoHun cooOmmimm o npeoOpa3oBaHUK YHEPTHH
Connna B m3nydenue nasepa ¢ KI1/, pasusim 42%. Ho nepenaua snep-
MM Ha TOBEPXHOCTh COMPSDKEHA C PSIOM 3ajad, KOTOpbIE C TPYIOM
MOAJIAI0TCA pelieHuio [4].

3) MukpoBonHOBoe u3nedeHune. KoHuennus OecnpoBOJHON mepe-
Oadyu SHEPIruru MHUKPOBOJIHOBBIM H3JIIYYCHUEM IMOACHACTCA (I)YHKHI/IO-
HaJbHOH OJ0K-cxeMoit (pucyHok 3). Ha mepenatoleil CTOpoHe UCTOY-
HUK MUTaHUs IpeoOpaszyeT SHEPTUI0 B MUKPOBOJIHBI, KOTOPbIE KOHTPO-
JIUPYIOTCS 3JIEKTPOHHBIMU yIpaBisieMbIMH cxemamu. Ilepenaromas
aHTEHHa HW3Ty4aeT MOIIHOCTh PaBHOMEPHO 4epe3 CBOOOIHOE Mpo-
CTPAaHCTBO K aHTeHHE. Ha npreMHON CTOpOHE aHTEHHA IPUHUMAET Iie-
penaBaeMyr0 MOIHOCTh W Mpeodpa3zyeT MUKPOBOIHOBYIO MOIITHOCTH B
MOIIHOCTh MOCTOSHHOTO ToKa. [lepeqaya ocyiiecTBisieTcs Ha 4acToTe
2,45 I'T'u wmm 5,8 [T, Hpyrue Bapuantsl yactoT — 8,5 [T, 10 I'T u
35 I'Tu. Camas Bbicokast 3heKTUBHOCTh 0KOJI0 90% nocTUrHyTa Ha
ygacroTe 2.45 I'T [5].
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Puc. 3 - Hepenaqa OHCPruu Mpu oMoy MUKpPOBOJIHOBOI'O I'€HEpATOpa

[IpenmymiecTBa GecripoOBOAHON Mepeaayn SHEPTUA MUKPOBOJIHOBBIM
W3IY4YEHHEM B TOM, YTO CIIOCOO TIOMHOCTHIO YCTPaHSET CYIIECTBYIOLIHE
kabenu JIDII BBICOKOrO HANMpsOKEHHS, BHIIIKK M MOJCTAHIMH MEXKIY
TeHEPUPYIOILEH CTaHIIMEeH U MOTPEOUTENSIMU U 00JIeT4aeT COeANHEHHE
ANEKTPOTeHEPUPYIONIMX CTAHIIMK B TI00aIbHOM MaciuTaoe.

Crnoco6 umeer 6omblie cBOOOAB BEIOOpa MPUEMHHUKA M MEepenaT-
yukoB. Jlaxke MOOMIIBHBIC TIEpeNaTYUKU U MPUEMHUKH MOXXKHO BBI-
Opatb ans 3ToH cucTteMbl. [loTepu mepenadm SIBISIOTCS HE3HAYH-
TeTbHBIMH B OECIPOBOJHON Mepenaye >HEPruu, Mod3ToMy 3¢ dek-
TUBHOCTBH 3TOTO CIoco0a 3HAYMTENHHO BBINIE, YeM MpoBonaHas. He-
JOCTATKaMH 3TOTO CIOco0a SIBIAIOTCS OOJbIIME KanuTaJlbHbBIE 3a-
TpaThl Ha MPAKTUYECKYI0 peaNH3aluIo Mepeaadynd 3HEPTHH MHUKPO-
BOJIHOBBIM H3iy4deHHeM U nHtepdepenuns CBY c cymecTByromumu
CUCTEMaMH CBSI3H.

Ha cerogusmnuii geHb psj MepeaoBbIX (UPM 3aHATHI pa3padOTKOM
0ecnpOBOIHBIX HMCTOYHHMKOB TMHTAHHs, KOTOPBIE CMOTYT CHa0XaTh
AIIEKTPOdHEPTrHel Bcex MOTpeduTeNel B mpeenax oIHOro NoMeIeHHUs.
B nepcrnekTuBe mosiBIeHHE TPAcC, COCTOSIIMX M3 paaa OecrpOBOIAHBIX
WCTOYHUKOB DJIEKTPUYECTBA, KOTOPHIE CMOTYT O0ECIEUnTh MepeMelie-
HUE JIeTaTeNbHBIX amnapaTtoB Ha OonpliHe paccTosHUs. PaspabaTsiBa-
FOTCSL TIPOCKTHI CO3aHUS JICKTPOMOOMIICH, KOTOpbIe OyayT NepeaBH-
raTbesi 0 AOPOKHOMY MOKPBHITHIO ¢ TOKOMPOBOAOM, KOTOPBIH HHYIU-
PYET 2IeKTPUUECKH TOK B MOTOpe TpaHcrnopTa. C MosBICHUEM HOBBIX
MaTepHajoB, yCOBEPIIEHCTBOBAHHBIX MPUOOPOB M HM300peTeHuil Oec-
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MPOBOJIHAS TIepelada JICKTPOIHEPTUU B HETATIEKOM OYIIyIIIeM OXBAaTUT

BCC C(l)epbl JACATCIBbHOCTH YCIIOBCKA.
Cnucok NCTOYHNKOB:

1. bBecrnpoBomnas mepemada 3IeKTpHUecTBa [DNIEKTPOHHBINH pecypc]. — Pexum
nmoctyma:  https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%
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[Onextponnsrnii pecypc]. — Pexumm moctyma: http://electrik.info/main/fakty/673-
besprovodnaya-peredacha-elektroenergii-trudnaya-istoriya-stanovleniya.html (mara
obpamienus 16.04.2020).

5. BecnpoBoxmHas mepenada SHEPrUM MHKPOBOJIHOBBEIM H3JI€UEHHEM [DIEKTPOH-
HeIW  pecypc]. — Pexwmm  gocryma:  https://beelead.com/peredacha-energii-
mikrovolnovym/ (mata obpamenus 16.04.2020).

COBPEMEHHBIE TEXHOJIOI'MU ITOBBIIIEHNA KAUECTBA
DJIEKTPORHEPTUU B METAJIJIYPTMYECKOM OTPACJIA

Muxaiiaun C.O., I[lexteneBa B.P. (K3JI-161), IlleBuenko H.IO.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Merannyprudeckie MpeanpusaTHs OTHOCATCS K Haubojee SHepro-
€MKOH OTpaciM MPOMBIIIIEHHOCTH, JOJS MOTPEOJIeHHsI KOTOPBIX CO-
crapmsier okosio 30% ot Bcell BhipabaThiBaeMoid dyekTpodHeprun. He-
NuHeWHas Harpy3ka Ha HuUX gocturaer 80-90% oT MOILIHOCTH BcCero
3N1eKTpoobopynoBaHusa. KOHTpOIb KauecTBa 3JIEKTPO3HEPTUU Ha JaH-
HBIX MPEANPHUITUSAX SBISIETCA aKTyaJIbHOH MPOOJIEMOi dJIeKTpodHepre-
TUKH ¥ UMEET BaXKHOE HAPOAHO-X 035 HCTBEHHOE 3HAUCHHE.

Llenb paGoTHI 3aKIIIOUAETCS B IPOBEAECHUN aHAIN3a OCHOBHBIX ITOKa-
3aTenell KauecTBa 3JIEKTPO’HEPIMU Ha METAJUTyprHuecKHUX 3aBojax M
paccMOTpEHUU COBPEMECHHBIX TCXHOHOFI/Iﬁ, HaIllpaBJICHHBIX Ha HUX
YIy4IlIEHUE.
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OCHOBHBIMM NIPHUYMHAMH CHUXEHHS KauecTBa DO SBIIAIOTCS: HECU-
HYCOUJANBHOCTh HANpsDKEHHS, HecuMMmeTpus TpéxdasHoil cucTemsb
HaNpsDKEHUH, KoieOaHus M OTKJIOHEHHs HanpspkeHuid. Beé 9To okasbl-
BaeT CYIIECTBEHHOE BIIHMSIHHE HA HAASKHOCTh U 3P PEKTUBHOCTh (DYHK-
LUOHUPOBAHUS CUCTEM JIEKTPOCHAOXKEHUSI.

Haunbonee MOIIHBIMU MOTPEOUTENIMH HA METALTYPIrHUECKHUX MPE-
MPUATUIX SBJSIOTCS CBEPXMOILHBIE TYTOBBIE 3JIEKTPOCTAJEIIaBHIIb-
HbIE [1€4YM, MOIIHbIE MPOKATHBIE CTAaHBI, 3JIEKTPOCBapKa, 3JIEKTPOHHbIE
BBIIPSIMUTENBHBIE yCTpoiicTBa. OHM MMEIOT HENMHEWHBIN, HECHMMET-
PUYHBINA U PE3KOIIEPEMEHHBIN XapakTep Harpy3ku [1].

Hanpumep, ycnoBus paboThl IyroBbIX Iedei, paboTalonmx ¢ He-
CTaOMIIBHBIM TMOTPEOICHHEM PEaKTUBHOW MOIIHOCTH MPHUBOAUT K BO3-
HUKHOBEHHIO OTKJIOHCHHMIA, TIPOBAJIOB U KoJieOaHUU HampspkeHus (3¢-
¢ekt duukepa), a TaKkKe K HCKAKEHHIO ()OPMBI KPUBBIX TOKA M Harmpsi-
KEHHUSL.

CylIlecTByeT psiJi TEXHUYECKUX PEIICHUMH, CIIOCOOCTBYOIIUX MOBBI-
LIEHHIO KauyecTBa 3JIEKTPOIHEPTUH.

Cpenu HUX MOYKHO BBLIENIHUTD CIETyIONIe:

1. TMopxiroueHre UCTOYHUKOB MCKAXKEHHUA DD K cersM 0ojiee BbI-
COKOI'0 HOMHHAJIBHOI'O HaNpsKEHHUS.

2. VBemnuenne MmorHoctd K3 Ha mmuax ucrounnka BI' u Hecum-
METPUU HaPSKEHUS.

3. PazgenbHOE NUTaHNE CIIOKOMHBIX U PE3KONEPEMEHHBIX Harpy3oK.

4. CHWXEeHHS CONPOTHUBIIEHHS MUTAIOLIEN CETH.

5. PaumonanbHOE pacnpeneneHue onHo(a3HbIX HArPy30K.

6. Hcmonb3oBaHue JOMOMHUTENBHBIX YCTPOWCTB, OOecreuynBalo-
IIMX OCNa0JIeHHE BBICIIMX TapMOHUK M KOMIICHCAIMIO PEaKTHBHOM
MOIIHOCTH [2].

Ha meramnyprudeckux HpeanpUATHSX HCHOIB3YIOTCS CIENyIOIINe
YCTaHOBKHU:

1. CoBpeMeHHBIE CTaTHYECKHE KOMIICHCATOPHI PEAKTUBHOM MOIII-
Hoctu (CTK).

2. OuIbTPOKOMIEHCHUPYIOIUE YCTPOICTBa, MpeIHAa3HAUYEHHBIE IS
ociablieHusI TApMOHUK TOKa, CO3/IaBaeMbIX IedaMH (BEHTHJIbHBIC Mpe-
oOpasoBarenu, bataper KOHICHCATOPOB U JIp).

CTK umerotT 10CTaTOYHO IMIMPOKOE PACIIPOCTPAHEHUE HAa METAILIYp-
THYECKUX MPEINpUATUSAX, T/Ie €CTh JYTrOBbl€ CTaJeIIaBUIbHBIE TEUH,
paboratomiye B UMIYJIbCHOM pekume. [logximouenrne JaHHOTO MOTpe-
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outens K 001eil SHEPTOCUCTEME MPUBEAET K OOJIBIIOMY MOTPEOICHUIO
PEaKTUBHONW MOIIHOCTH W TeHepalluy BBICHIMX rapMmoHuk. [InaBHas u
TOYHAsl KOMITEHCAIUsI PEaKTUBHOW MOIIHOCTH OCYIIECTBISETCS THUPH-
CTOPHO-PEaKTOPHON TpymNIoi. ABTOMaTHYecKas CUCTeMa YNpaBJIeHUS
IIO3BOJISIET U3MEHSTh yroil 3axuranus TPI, T.e. BeNM4YMHY MHJyKTUB-
HOH COCTaBJISIOLIEH HATPY3KU. Y CTAHOBKA TaKUX KOMIIEHCATOPOB NAET
BO3MOYKHOCTb MOKIIOYEHUSI METAJTyPrHUECKOro 3aBOjia C YHEPTrocHc-
TeMe ¢ HelocTaTOYHOW MomHocThio K3 6e3 yxyameHnus paboTel aApy-
rUX dHepromnoTpeouTenei [3].

Emé ogHuM ycTpOHCTBOM, 4acTO HCHOJIb3YEMBIM JJISl MOBBIIIEHUS
KadecTBa DD W COSQIEPCIEKTHBHO MPHUMEHITH (HIBTPOKOMIICHCH-
pytomume ycrpoiictBa. Ha ocHoBanuu ombiTa skcityatanmu OKY B Ha-
crosiiiee Bpemst kKak B Poccuu, Tak W 3a pyOeKOM MPHIIUIA K BBIBOLY,
410 HeoOxomumMo npuMeHaTh OKY TONBKO KOCBEHHON KOMITCHCAIIMH
WHJIMBUIyaJIbHO HA KaXXJOW TYyroBOM Meyu. ITO CBSA3AHO C TEM, YTO
OHO MMeeT MeHbIllee BpeMs 3ama3/blBaHusl CpadaThIBaHM, OONbIIMN
MPOLIEHT CHW)KEHHS KoIeOaHWH HaNpsHKeHWH, TMIaBHOE peryaupoBa-
HUE, OTCYTCTBHE OPOCKOB TOKA MPHU PETYJIMPOBAHHH, & CIIEIOBATENBHO,
Oosiee HaIExHO B paborTe.

K, %
N | Tsue
60 f/
————| T=10Mc
= /Z/ ™ | s
e
AT | T~

20 40 60 80 100% Kg

Puc. 1. Kone6anus Hanpsokernit @KY KOCBEHHOI KOMITEHCAITUH

[MpuBenéHubie Ha puc. | 3aBUCMMOCTH CHIDKEHHS KOd(P(UIIMEHTa
KonebaHuii HampsokeHust KSUOT cTenmeHW KOMITEHCAllMW PEeakTHBHOM
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momHocTH KQu Bpemenu Ts 3amazapiBanus OKVY mokasbiBaioT, 4TO
®OKYVY kocBenHoi komrencanuu npu T3=0,01 Moxer cHUXaTh KoJieha-
Hust Ha 55%, a OKY npsmoit kommeHcaruu, umetonuii T3=0,02 ¢ —
TObKO Ha 20%.

Hwuzkoe kauecTBO 3JIEKTPOIHEPTUH CHUKAET IOCTOBEPHOCTH €€ yué-
Ta, IPUBOAUT K YBEIMUYCHHUIO MOTEPh B CHJIOBOM OOOPYJIOBAaHWH, CHH-
YKEHHIO CPOKa CITYKObI U30JISIIIMK U, COOTBETCTBEHHO, CHIDKEHHIO CPOKa
(YHKITMOHUPOBAHUS AJIEKTPOTEXHUYECKOT0 00OPYOBAHHMSI, YTO OIpe-
JEeNseT HU3KYI0 HANEKHOCTh NpeanpusaTuil. Be€ aTo npuBoguT k yBe-
JIMYCHUIO HKCIUTYaTAIlMOHHBIX M3/ICPIKEK U Ce0SCTOMMOCTH MPOAYKIIUH,
CHIDKEHUIO €€ KOHKYPEHTHOCITOCOOHOCTH.

Takum 00pa3oM, TOBBIIIEHHE KAYECTBA JIEKTPOIHEPTHH CIIOCOOCT-
BYET IMOBBIIIECHUIO 3()()EKTUBHOCTH MPOU3BOJICTBA, MPUBOJISA K CHIKE-
HUIO 3aTpaT M YBEIMYEHHUIO €r0 JIONIM Ha phIHKEe. B OCHOBE NaHHOrO
MOJIX0Ja JIGKHUT BBIOOP MHOTO(YHKIMOHAJIBLHOTO YCTPOWMCTBA U HC-
MOJIb30BAHUSL COBPEMEHHBIX TEXHOJIOTUH, CIIOCOOCTBYIOIIMX CHIKE-
HUIO HEJOOTIyCKa M Opaka MpPOIyKI[MH, MUHUMH3AIMU IITpadoB 3a
HCKa)XKCHHE KaueCTBa JIEKTPOIHEPTHUU BO BHEITHEH CETH.

Cnucok MTepaTypsl:

1. KadecTBO 3IEKTPOIHEPTHU B CETSAX ODICKTPOCHAOKEHHS METAJUTypPTrHUECKHX
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2. Casuna H.B., Kosnosa T.C.., YmnpaBieHHe KaueCTBOM JICKTPOIHEPTHUHU B CHC-
TeMaX 3JIEKTPOCHAONKECHUS METAJUTyPTUYECKUX MPEINPUSITUH B PHIHOYHBIX YCIIOBH-
sax//Becrauk UT'DY. — 2012 r. — Beim. 6

3. Barun I'. S, JlockytoB A. b. HccrnenoBanne pexuMOB paOOTHI MOIIHBIX CTa-
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OB30P TEXHOJIOI' M1 LIUdPOBOM TPAHCPOPMAIMH

Opaos K.HM. (KQJIC-181), /Kypasaesa H.B.

Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY
E-mail: zhuravleva@kti.ru

Bo wucnonnenne yxa3oB Ilpesunenta Poccuiickoit ®enepauun
or 09.05.2017 Ne203 «O Crpateruu pa3BuTHs UHPOPMAIIMOHHOTO 00-
mectBa B Poccuiickoit ®enepanmu Ha 2017 - 2030 roms» u OT
07.05.2018 Ne 204 «O HaMOHATBHBIX IENSIX U CTPATETUUYECKUX 3a]1a-
yax pa3Butus Poccuiickoii denepanun Ha nepuon ao 2024 roma», B
KOTOPBIX OIPE/CIICHbl HAIIMOHAJILHBIC 1EJI U CTPATErHYCCKHUE 3aJIa4uu
paszButus Poccuiickoit @eneparnuu Ha nepuon 10 2030 roxa, a Takxe
pacnopsikenust [IpaButensctBa  Poccuiickoi ®denepauun oT
28.07.2017 Ne 1632p, yrtBepxkpaatomieronporpammy «lludposas
skoHomuka Poccuiickoit @eneparumny, [TAO «Poccern» paspaborana
konuenius «{udposas Tpanchopmanus 2030»[1].

[Mporpamma nmdpoBoii TpaHCHoOpMaIMK BKITIOYAET B Ce0sl OIICHKY
YPOBHS TEXHOJIOIMYECKOTO OCHAIICHHS U BHEAPCHHUE PA3JIMYHBIX ITU(-
poBbIX TexHoJIoruil. Ha cerogHsAmHnil 1eHb NPUMEHSIOTCS CIEAYIOLUE
U POBBIE TEXHOJIOTUH:

1) Undopmarnmonnbie cucTembl yrpaBieHus. K HUM OTHOCAT
ADMS-cucremsl ¢ nogaepxkoi ¢pynkunonana: SCADA, DMS, EMS,
OMS, GIS, AMI, WFM, 6azupytoluecs Ha MOJIEIb CETH C MPOIIECCO-
pom tomonoruii. Ocodyro MOMyIAPHOCTh B TIOCIIEAHEE BPeMst OTYIHITH
SCADA-cucteMbl, TO3BOJISIFOIINE OCYIIECTBIIATh AUCTIETYEPU3ALIUIO U
cOOp TaHHBIX B AaBTOMATU3UPOBAHHOM PEKUME.

2) LHudpossie noacranuuu (pucyHok 1). B ocHoBe naen nudpooit
MOJICTAHIIMY JICKUT TEXHOJIOTUS B3aUMOJICHCTBHSI MEXKIY OCHOBHBIM
CHJIOBBIM 000OpPYZIOBaHUEM, CHCTEMAaMHU 3aIUThI, U3MEPEHHUS U MOHUTO-
pUHTa, KOHTPOJIS U TUArHOCTUKHU, & TAKIKE CHCTEMaMK BU3yaJIU3alluu U
JICIIETYEPCKOrO YIPaBJICHHMsI, TOCTPOCHHAsI ¢ MaKCHMMAJIbHO BO3MOX-
HBIM MPUMEHEHHEM BBICOKOCKOPOCTHBIX HU(POBBIX c0cO00B 0OMeHa
JMaHHBIMU M KOMaHjaaMu. [lonydaembie TMpU STOM MPEUMYIIECTBA
BKITIOYAIOT Pe3KOe MOBBIIICHHE HAOII01aeMOCTH pa0dOoThl 00bEKTa, OIl-
THMU3AIHIO MPOIECCOB YIPABJICHUS U MHTErPALMIO UX B UHTEIIICKTY-
AJIBHBIC CUCTEMBI YIIPABJICHUS JICKTPUUYCCKHUMH CETSIMH (B TOM YHCIIEC,
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«SmartGridy), MOBBIIIIEHHE KOMITAKTHOCTH 3HEPrO00bEKTOB, CHIKEHHE
3aTpaT Ha KaOeIbHO-TIPOBOIHUKOBYIO MPOAYKINIO U MOHTaXKHBIE Pabo-
ThI, TJIyOOKYI0 aBTOMaTHYECKYIO TUArHOCTUKY paboThl 000pYI0BaHM,
MPEIOTBPAIIAIONIYI0 OOJBIIYI0 YacTh aBapUIHBIX CUTYyallMil Ha IOJ-
craHnuu [2].

Crpykrypa “LindpoBon nogcranuu”

Kawans cusan ¢ CO LAY,
Cepsep Cepsep ihiviel calii el

NOACTaHUUN NoACTaHUUK APM pexypHoro

(ocHoBHO#) (pe3epBHbIN)

flovansHas coth HOACTANIH

iluma npoyecca MK 81850.8.10.2

KoHTponnepb!
NpOTUBOABaPUAHON
aBTOMaTUKU

Undpossie Uudposbie

WnTennekTyanbHble
KOHTpOnneps!
Aveex

TpaHcdopMaTopb! TepMUHanbI
TOKa ¥ HanpsxeHus peneﬁuov‘l 3aWuTbI

Hinna cBopa gannnix MOK 60-870-5-104

Mpu6opb! KoHTpONS
KayecTsa
3NeKTPO3Heprun

Pervctpatopb! Koxtponneps!
aBapuiHbIX [AMarHoCTUKN
npoueccos o6opyaoBaHms

pioness Yerpoiictea

TenemexaHvuku

M3MepuTenbHble
npeobpa3zoBarenu

Puc. 1 — Crpykrypa ¢ poBoii TOICTaHIINH

3) CucreMbl aBTOMaTH3AIMK TPOIIECCOB JMKBUIAIMKM aBapHil BO3-
IYHIHBIX (KaOeNbHBIX) ceTe. DTO MPEUMYIIECTBEHHO pacipeencHHas
aBTOMATH3AIM BO3MYIIHBIX CETEH C MPUMEHEHHWEM aBTOMATHYECKUX
MIYHKTOB CEKIIMOHUPOBAHUS, YMPABIAEMbIX pPa3beIUHUTENCH U WHIU-
KaTOPOB KOPOTKOTro 3ambikaHus. lleHTpanu3oBanHas (C MpUMEHEHHEM
WHIMKATOPOB aBapUMHBIX COOBITHII) aBTOMATU3AIUs KAOCIbHBIX CETeH
¢ unrerpanuer B ADMS-cuctempl. ABTOMaTHU3MPOBAaHHAS CHCTEMA
ynpasnenus «JlukBuganus nocnenctsui aBapuity (ACY JIIIA) —sT0
KOMIIJIEKC ammapaTHBIX M IPOrPAMMHBIX CPEACTB, MpeAHA3HAUYCHHBIX
JUISL YIIPABIICHUS PA3TUYHBIMU MPOIIECCAMU B PAMKaX TEXHOJIOTHYECKO-
o Mpoliecca, MPOU3BOICTBA, MPEATIPUITHUS.
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4) VHTennekTyanbHble CUCTEMBI y4eTa U SHEprOMOHUTOPUHTA. DTO
cuctembl AUMC KYD (AMI) wu uHTEIIeKTyalbHbIe MPUOOpPHI ydyera
AIEKTPOSHEPTHH, CHUCTEMBbl SHEPrOMOHUTOPHHTA Y3JI0OB HArpy3kKh Ha
rpaHunax OaxaHCOBOW NMPHHAUISKHOCTH M y3JlaX Harpy3KH cereil c
WHTerpanueidl B cOOTBETCTByomMe 3anaun ADMS- cucrem. ABToma-
TU3WPOBaHHAS CUCTEMA y4yera 3JIEKTPOIHEPTUU COCTOMUT M3 TPEX YPOB-
Hell (pUCYHOK 2):

Cetveasn, cbbiToBanA
opraHusauma

Cense

APM
WHXeHepa

Mpnbopsbi yueta

ANNC KY3
Pucynok 1 — Ctpykrypras cxema AUVIC KYD

- IIepBbIil ypOBEHB — CUETUUKH 3JIEKTPOIHEPTHUHU.

- Bropoii ypoBeHb BKJIIOUAET B cesi yCTpOHCTBa cOOpa U mepeaadu
nauubix (YCII). YCII[ moxer nepeaaBaTh JaHHBIE O MOTpeOJICHUE
AIIEKTPOSHEPTHH C UCIOJIb30BaHWEM CETH MOOMIIBHOTO omepartopa. To
ectb B nanHoM citydae Y CII/] Bemmonusier pynkuuo GSM — monema,
NI C UCIIOJb30BAaHUEM HMHbBIX KaHaJIOB CBA3U (OHTI/IKO — BOJIOKOHHBIX
cerelt u T.1.).

- Tperuii ypoBeHb BKIIIOUAET B ce0si CepBep M MPOrpaMMHOE 00ec-
Me4yeHue s o0paOOTKM JIaHHBIX, IMOJy4aeMbIX C NpHOOpPOB ydera
AIIEKTPOIHEPTHH.
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5) TexHONOruu MCKYCCTBEHHOro MHTeiekTa. OCHOBHBIC Hampas-
JIEHWsl IPUMEHEHUsI UCKYCCTBEHHOTO MHTEJIEKTa B SHEPreTHKE B Ha-
CTOsIIIIee BpeMS MOXXHO OOBEINHUTH B TP TPYIIIHL:

- 3aJ1a4M MIPOTHO3MPOBAHUS (MCIIOJIIE30BAHHE AJITOPUTMOB HUCKYCCT-
BEHHOTO WMHTEJUIEKTa Uil MPOTHO3UPOBAHMS BHIPAOOTKM M MOTpedie-
HUS SHEPTHH, ONTUMHU3AIMK PaOOTHI 000pYyI0BaHUS H TIP.);

- 3aJ]auMl MOBBIIIEHUS SHEPTod()(HEKTUBHOCTH (B YaCTH MOHUTOPHH-
ra JaHHBIX O (PAKTHYECKOM PHEPronoTpedIeHNN );

- 3aJ]a4d HMHTEJUICKTyanu3anuu (00paboTka pe3ysbTaTOB MOHHUTO-
pHHTa COCTOSTHHSI DHEPTeTHUYECKUX 00BEKTOB, ATOPUTMBI (PYHKIHOHH-
POBaHUS KYMHOT'O» JIOMa, yIIpaBJIeHUs1 Harpy3Koi u mp.) [3].

OyHKIIMOHATFHO TPUMEHEHHE HCKYCCTBEHHOTO WHTEIUIEKTa ITO/I-
pa3aensioT Ha 9 OCHOBHBIX TPYII: METOJIbI YIPABICHHS;, «MAIMHHOE
3pEHUEY; «paclpeeNeHHbI WHTEIEKT»; 00paboTKa ecTeCTBEeHHOrO
SI3bIKA; TPEACTaBJICHHS 3HAHWN M JIOTMYECKUX CYXKICHUH; TUIaHUpYe-
MoO€ IOBEJeHNE; MPEAUKTHBHAs (IPOrHO3HAs) aHAIMTHKA; POOOTH3a-
1ust; 00paboTka peueBoii nHpopMmaimu [4].

Haunbonee npuMeHseMBIMU B 3JIEKTPOIHEPTETHUKE SIBISIFOTCS TEXHO-
JIOTHM MAalIMHHOTO OOydYeHMsI U MallMHHOTO 3peHus. [locreneHHo Ha-
OupaeT MOMYJISPHOCTH MPUMEHEHHE POOOTOB, HAMpUMep, AJIS AUATHO-
CTHKH W 00CITy>KUBAaHUS BEICOKOBONBTHBIX JIDIT.

Cnucok JIMTepaTypsl:

1. Konmemms «udposas tpancopmarms 2030» [DnekTpoHHBIH pecypc]. —
Pexnm JIoCcTyma: https://www.rosseti.ru/investment/
Kontseptsiya Tsifrovaya transformatsiya 2030.pdf (mara obpamenus 16.04.2020).

2. lludposeie moncraHimK [DNEKTPOHHBIN pecypc]. — Pexum mocryna:
https://setavt.ru/tsifrovye-podstantsii/ (mara oopamenus 16.04.2020).

3. YcranoBka u BHenperne AUMC KYD [DnektponHslit pecypc]. — Pesxxum moc-
Tyna: https://www.energo-konsultant.ru/sovets/ elektrosnabgenie/
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OLIEHKA D®®EKTUBHOCTHU ITPUMEHEHUW A ITPOBOAOB
HOBOI'O ITOKOJIEHM A HA BOJIBIIINX ITEPEXOJJAX BJI
YEPE3 BOJJHBIE ITPEI'PAIbI

IMexTenea B.P., Muxaiiiun C.0. (K3JI-161), IlleBuenko H.IO.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B Hacrosiiee Bpemst 0cCOOCHHO aKTyalbHBIM SIBIISIETCS] BOITPOC PEHO-
Balli¥M JIEHCTBYIONIMX JJICKTPUYECKHX CETEeH, CPOK CIYKOBbI KOTOPBIX
yxke mnpesbliaer 40-50 ner. AHaiau3 MEXJIyHapOJHOTO U OTEYECTBEH-
HOT0 OIbITa MOKa3bIBaeT, YTO B crpoutTenbcTtBe BJI 1enecoobpasHo
MPUMEHEHNE COBPEMEHHBIX THUIIOB MPOBOAOB, 00JIaAIOMINX yIyUIlIeH-
HBIMM XapaKTepUCTHKaMH MO CPABHEHMIO C IMPOBOIAMHU TPAJUIIMOHHON
koHcTpykiuu tuna AC [1]

Lenbio naHHON paboTHI ABIsieTCsl pa3paboTKa BapHaHTOB OONBIINX
nepexozoB BJI 110 kB depe3 BoaHble nperpajsl ¢ onpeieneHneM Hau-
Oonee PKOHOMHUYHOTO BapHaHT .

Kmumatuueckue ycnous: 11 paiton mo Berpy, Il paiton mo romo-
nény. I'pyHT OCHOBaHUS - MATKOIUIACTUYHBIA CYTJIMHOK.

[IpemnoxkeHo paccMOTpeTh TpY BapHaHTa BBIMOIHEHUS Iepexona
BJI 110 kB o6meit npotsbkéaHoctbio 800 M. Bricota 6epera — 30 m.

[Ipu 3amaHHBIX KIMMATHYECKUX YCIOBHAX, BBHIOpaHA cxema Iepe-
xoma K-II-I1-K ¢ mpumenenuem omop I111220-1/79 u3 yronkoBoro u
JIUCTOBOTO MpoKaTa W KOHIEBbIX omop K220-2+5. Bricota omopsl
[I1220-1/79 cocrarnsier 79,5 M, BbICOTa JO HUMXKHEW TpaBepChl -17 M.
Bricota omopst K220-2+5 cocrasmsier 24,5 M, BBICOTa JJ0 HIDKHEH Tpa-
Bepchl -17 M

IIepBeIil BapHaHT: C MCIOIB30BAHUEM CTAJIEAFOMUHEBOIO MPOBOAA
AC 240/32.

Bropoii BapuaHT: ¢ UCMOIB30BaHHEM KOMIIAKTHPOBAHHOTO ITPOBOAA
C yCHJIEHHBIM cepaedHrKoM Mapku ACK2y 240/ (mpou3BOACTBa KOM-
nannu «Kupckabenb», Pocens).

Tperuil BapuaHT: C UCIOJIB30BAHUEM KOMIIAKTUPOBAHHOI'O IIPOBOJA
C YCHJIEHHBIM cepiedHrKkoM Mapku ACCC™ (mpon3BojIcTBa KOMIAHUU
«Lamifil»).

[Mpoox ACk2y oOmajmaer psjaoM MPEUMYIIECTB 1O CPaBHEHHIO C
npoBosioM AC. OH o0ecrieunBaeT CHIXKEHUE BETPOBBIX HATPY30K, UMe-
€T MEHBUIYI0 BEPOATHOCTh HAJMIAHHS CHera W OOJBIIYI0 MeXaHHue-
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CKYIO TIPOYHOCTB, YTO YMEHBIIAET CTpenbl mpoBeca. CyIecTByeT BO3-
MOYKHOCTh YBEJIMUYEHHUS PACCTOSHHUS MEXKJY OINOpPaMM, YTO MO3BOJIHUT
YMEHBIINTh KOIUYECTBO NPOMEXYTOUHBIX onop Ha BJI, a, cinenosa-
TENBHO, COKpalaer (UHAHCOBBIE W BPEMEHHBIE 3aTpaThl Ha MPOCKTH-
pOBaHME U CTPOUTENHCTBO [2].

IIpoBoxn ACCC™ ¢ KOMMO3UTHBIM CEPFEUHUKOM HMEET BBICOKYIO
MIPOYHOCTh, MEHBIIINE CTPENHI MPOBECa, TAKKE MPETOCTABIISAT BO3MOXK-
HOCTh YBEJIWYUBATH JJIUHBI MPONETOB JIMHUU. 3a CYET HCIOIb30BaHUS
THOPUHOTO KOMIIO3UTHOTO MaTepHalla ¢ BBICOKONPOYHBIMH KapOOHO-
BBIMH HHTSMH, 32 CYET OCOOBIX CBOWCTB KOTOPOIro OOECIIEUUBACTCS
MUHUMAaJbHBIN MPOBUC MIPOBOJA NpH Harpese [3].

JlanHbIe U1 CpaBHUTENHHOTO aHAIN3a pacCMaTPUBAeMbIX BApHAHTOB
MpHUBEACHBI B Ta0M. 1.

Tabnuna 1 — Xapakrepucruka nepexosa

HanmenoBanue En. IIpoBona
H3M. AC ACK2y ACCC™
240/39 240/39 245
Jnamerp npoBona MM 21,6 19,6 19,53
Bec mpoBona KI/KM 952 954 749.8
udp omopsr [1I1500-1/100 [111220-1/79
OO6mast BeicoTa M 112 94
OITOPBI
Beicora omopsr 1o M 100 79
HIDKHEN TPaBepChI
Macca onopst T 214,55 75

MexaHuyeckuii pacyér MpOBOJIOB M TPOCOB OONBIIMX MEPEX00B
IIPOU3BOAUTCA C YYETOM KPUTUYECKUX MPOJIETOB MPU Pa3HBIX COYETa-
HUAX KIUMaTHYecKUX yciaoBHH. CaMbIM TSKEIBIM CUMTACTCS PEXKHM,
Korjia MpoBOJa MOKPHITHI TOJOIEAOM U C YCUJICHHON BETPOBOM HArpy3-
koi. CTpena mpoBeca ompeselieHa B COOTBETCTBUH [4] ¢ Teopueil 1ern-
HOM JIMHUU.

Hanpspxenue B m000i ToUKe MPOBOJa BO3HHUKAET TOJIBKO 32 CUET
PaCTATMBAIOLIETO YCUJIUS, HAIIPAaBJIEHHOTO IO KacaTeIbHOW K KPHUBOH
MPOBUCAHUS MPOBOJA B OTHX TOUYKaX, M HAXOAUTCA U3 ypaBHeHHS (1).

c vl 1 1 o
G_ﬁSh%m:GM_E_E(t_tM)' (1)
Ym 20Mm

&3



rzie 6, G, — HalpsDKeHHEe M JIOMyCTUMOE HampspKeHHE B MaTepHhalie
MPOBOAA WJIK TPOCA B OJHOM M3 M3BECTHBIX PEKHMOB COOTBETCTBEHHO
(paccMaTpUBaIOTCA PEKUMBI MAKCHMAJIbHBIX HArpy30K, MUHUMaJIbHOH
TEMIIepaTypbl U CPEAHETOIOBBIX YCIOBUH);

Y — yIenbHas MeXaHW4ecKas Harpy3ka OT IeWCTBHS COOCTBEHHOTO
Beca, COOCTBEHHOTO Beca M ToJIojiesia, COOCTBEHHOIO Beca, royojena u
BETPA;

Yu — TO K€, COOTBETCTBYIOIIASI H3BECTHOMY PEXHMY, MPUXOSIIASICS
Ha eIUHHILY JUIMHBI U eIUHHILY TUIOMIAH MOMEePEYHOro CEYeHUs Mpo-
BO/IA;

B, o0 — KO3 PUIKEHT YyIpyroro yAJHHEHHS U TEMIIEPaTypHOTo pac-
HIMPEHUS;

t, ty — TeMmimeparypa, XapaKTepHasi s pacCUMTBIBAEMOI'0 MM HU3-
BECTHOT'O PEXKHMA.

Crpena npoBeca MpoBOJia ONPEAEISETCS U3 BRIPAKEHHS:

p 2t @)
800
Pe3ynbTaThl CPaBHUTEIHHOTO aHAIN3a PAaCCMATPHBAEMBIX BAPHAHTOB
cBelléM B Talu1. 2

Tabnuua 2. Pe3ynbTaThl CpaBHUTEIBHOTO aHAIN3A

HaumenoBanue En. IIpoBona
napameTpa mwm. | AC240/39 ACK2y ACCC245
240/39

Crperna npoeca M 106,95 85,16 70,3

JlnuHa mpoBoja Ha M 4326,45 4280,17 4254,64

repexojie

Bec nmpoBona Ha iepexoze T 4,12 4,08 3,19

CroumocTh 1 M mipoBOzIa TBIC. 0,178 0,356 0,712
pyo.

CTorMOoCTh TIPOBOJTA Ha MTEPEXoIe TEBIC. 770,11 1523,74 3029,3
pyo.

CMeTHas CTOMMOCTH CTPOHTEITb- MUIH. 39,39 17,02 18,53

CTBa MEpexo/ia C yIeTOM CTOH- pyo.

MOCTH OTIOp

BriBosel: [Ipumenenne npoBosoB HoBoro nokoneHus tmmna ACk2y u
ACCC™ Ha Gonbiux nepexofax BJI 110 kB uepes Boanbie mperpapi,
MO3BOJISIET YMEHBIIHUTH BBICOTY OMOPHI ITepexojia Ha 18 MeTpoB, CHU3HUTH
e€ maccy ¢ 215 10 75 T ¥ COKpaTUTh CMETHYIO CTOUMOCTh CTPOUTENIbCTBA
Ha 54, 9% 1o cpaBHEHUIO ¢ mpuMeHeHueM mpoBogaa AC.
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SOOEKTUBHOCTD ITPUMEHEHUW A U30JIAALUN C
CUJIMKOHOBOM XXHUJKOCTBIO B CUJIOBBIX
TPAHCOOPMATOPAX

IHonomapenko E.A. (K9JIC-161), Konefikxuna T.B.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Iupokoe nprMeHeHne TPaHCHOPMATOPOB C KUAKUM JUIIICKTPHUKOM
CBSI3aHO C PSIIOM MX MPEHMYILIECTB Mepeil CYXMMHU TpaHC(POpMaTopamu.
Kak m3BecTHO, OCHOBHBIM HEJOCTATKOM TpaHC(OpMAaTOPOB, 3arOHEH-
HBIX MHHEPaJbHBIM MAaclIOM, SIBJISCTCS UX MOXKapOOMacHOCTh. JTO 3Ha-
YUTENBHO YCIIOXKHSECT HMIMPOKOE NMPUMEHEHHE JAHHBIX TpaHchopMaro-
POB. AJBTEpHATHBOM MAacily CIYXHT CHIMKOHOBas TpaHCOpMaTOpHast
KuAKocTh. CHIMKOHOBAS )KUIKOCTh OOBIYHO MCIOJNB3YETCsl IS MOXKa-
PO- M DKOJIOrH4eckr Oe30macHbIX TpaHc(opMaTOpOB; IS 3aMEHBI IKO-
JIOTHYECKH OTACHBIX JTUAJICKTPUKOB (COBTOJN) B pabOTAIONIMX TpaHCPOp-
Maropax; /Ui 3aMEHbl MUHEPAIBHOrO Maclia B MACIISHBIX TpaHC(opma-
TOpaXx C IENbI0 TIOHMKEHUS HX MNoXkapoornacHocTH. CHIIMKOHOBas
tpancdopmaropras xkuaxoctb COOIKCUII-TCXK - aTo oxnaxaaromast
JIMDJICKTPUYECKas HKUAKOCTh IS 3aIllOJIHEHUsSI MACISHBIX TpaHcdopma-
TOPOB U JAPYroro o00py0BaHHs, KOTOPbIE JOJKHBI padOTaTh PH OYCHb
HHM3KHX ¥ BBICOKMX TEMIIepaTypax M OCOOCHHO B TEX CIlydasix, KOrja
TpeOyercsi BRICOKasi TepMOCTA0MIBHOCTh M HAMMEHEE HU3KOE 3HAUCHUS
TeIUIa, BBIIEISIEMOro Mpu cropaHni. CHIIMKOHOBAs YKUIKOCTb PACIIHPSI-
eTcsl CHJIbHEe MUHEPAIBHOIO Maclia WM JHUAJIEKTPHKA COBTOJN, HO 3TO
pacuMpeHre YacTUYHO KOMIIEHCHUPYETCS CHOCOOHOCTBIO CHITMKOHOBOW
KHJKOCTH TIOTJIOATh OoJbIIee KOJMYECTBO Ta3a. BpeMs Cyliku cuim-
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KOHOBOM >KuAKOCTH 1pH Temnepatype 45°C He 1omKHO npeBbiiaeTs 20
gacoB. OOBIYHO MPOU3BOAMTENN TPAHCHOPMATOPOB C KHUIKHUM CHITUKO-
HOBBIM JWAJIEKTPUKOM TPUMEHSIOT Te€ JK€ METOJAbl BaKyyMHO-
TeMIIepaTypHOH OOpaOOTKH CYXHWX W HACBHIIICHHBIX JKUAKOCTBIO OOMO-
TOK, KaK W T€, 4TO pa3paboTaHbl sl TpaHCHOPMATOPOB, 3aIOTHIEMBIX
MUHEpaJIbHBIM MacyioM. PaBHOBeCHE MEXIYy COCTOSHUEM BIIAXKHOTO BO3-
nyXa ¥ TpaHc(OpMaTOPHOH CHIIMKOHOBOM KHUJKOCTH 3aBHCHT OT BJIAX-
HOCTH BO3/yXa U cofepKaHHe BOAbI B KUAKOCTH. CyXoil BO3ayX cIoO-
coOcTBYeT 00€3BOKMBAHUIO COJEpIKAlleld BIary >KHJIKOCTH, BIIaXKHBIH
BO3IyX NO0aBIISICT Biary B OOC3BOXKCHHYIO KUAKOCTh. CHIIMKOHOBas
TpaHcopMaTopHasi KUAKOCTh OTIMYAETCS OT MHUHEPAIILHOTO Macia U
cunrernyeckoro IIXb nuanekrpuka Tuna COBTOJI TEM, YTO OHA MPEA-
CTaBJIAeT COO0H XUMUYECKH OJJHOPOJHOE BEUIECTBO, & HE CMECh, COIEP-
Kalllyl0 HEKOTOPOEe KOJIMYECTBO OTHOCHUTENIBHO JIETYYHX KOMITOHEHTOB.
Omna cymiecTBeHHO 0oJiee TEPMOYCTOHYMBA 110 CPAaBHEHHUIO C YIOMSHY-
TBIMH JIBYMS KHJIKOCTAIMH. B pe3ynbraTe sKCcrepuMeHTa OTKpBIThIE CO-
CyZbI C ABYMS KHJIKOCTSMH TOJBEPTaliCh CTAPEHUIO B TEIUIOBON BaHHE
npu temrieparype 160°C B Teuenue 500 gacoB. B pe3ynbrate BUAHO, YTO
MpoIIeCC CTapeHUs BBI3BIBAET OOJNBIIOE MCHAPEHNE W OKHCICHHE MUHE-
paibpHOTO Macia (K KOHITY MCIBITAaHUSI OCTAETCs TOJHKO TEMHBIN IITaM).
C CHIIMKOHOBOM >KHMJKOCTBIO HUUYEro HE MPOUCXOAUT - IPU3HAKU HCIIa-
PEHUSI U OKHCIEHHS OTCYTCTBYIOT. XOTsl TpaHC(HOpPMATOpHAs KUIKOCTh
HE TOJBEpraeTcsi MOJ00HBIM TeMIlepaTypaM, MOMyYeHHbIE Pe3yIbTaThl
CBHU/IETEILCTBYIOT O JIYUIIUX XapAKTEPUCTHKAX CUIMKOHOBOM KHIKOCTH.
MuHepallbHOE Macio OBICTPO YJIETYYHBACTCS U OKHCISIETCS IPH TeMITe-
parypax ceoime 105°C. Oxucnenne npuBoAUT K (HOPMUPOBAHUIO MHO-
YKECTBa HEXKENATENbHBIX MPOAYKTOB paciaia. ITH NMPOAYKThI CHIDKAIOT
JM3JIEKTPUUECKHE CBOMCTBA M3OALMH M MPUBOAIT K KOPPO3UH METal-
noB. M3BecTHO, 4TO MMeeTcst 1Be POPMBI paciajia CHIMKOHOBOH YKHJIKO-
CTH: TEMJIOBOE pa3jiokKeHHe U OKHciIeHue. TeroBoe pa3inokeHne CHIIu-
KOHOBOM >KHMJIKOCTH HauMHaeTcs pu Temrnepartypax cbiie 230°C. [Ipu
TakuX TeMIlepaTypax JUIMHHBIE MOJMMEPHBIE IETTOYKH HAYMHAIOT MEA-
JIEHHO pachajathcs ¢ 00pa3oBaHuEeM Ooliee JIeTy4ero HUKINIECKOro CH-
JIUKOHOBOT'O MaTepuana. OKUCIIEHHE CUIIMKOHOBOM XHUIKOCTH MPOUCXO-
JUT O4eHb MEIJICHHO IpH Temrepatypax cBaiiie 175°C. [Ipu okucnennn
CHJIMKOHOBAs! JKUAKOCTH MOJIMMEPU3YETCSI C HEMPEPHIBHBIM MOBBIIIEHHU-
€M BS3KOCTH JI0 Te€X IOKa He 3acTbIHET. [Ipy 3amonHeHnn CHiIMKOHOBOH
XKHIKOCTBIO TpaHCOpMAaTOpa, HAMOIHEHHOro MPEKAE MHHEPATbHBIM
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MacJioM, B YCTPOHCTBE BCET/Ia OCTAETCS ONpeeNIeHHOE KOJIMYECTBO Mac-
na. Jlo ompeneneHHO# CTENEeHH 3TO OCTATOYHOE MAacjio MOXKET PacTBO-
PHUTHCSI B CHIIMKOHOBOH TpaHC(OPMaTOPHON >KUAKOCTH M MOXET TOHH-
3UTh XapaKTEPHYIO I/ Hee TEMIIEPATYPY BCIBIIIKY U TEMIIEPATYPY BOC-
TIaMeHenust. VccnenoBanust MOKa3bIBalOT, YTO MAKCUMAIIBHBI YPOBEHb
3arpsisHeHus B 3% JIOMyCTUM, TOTJa Kak, OOJIbIliee COJCpKaHUE Maclia
MMPUBOJUT K 3HAUYMUTCILHOMY NAACHUTIO 3HaYEHU I TEMIICPATypbl BCIbIII-
KW U BOCIIJIAMEHEHM S CHIIMKOHOBOM KHUAKOCTHU. Takue TexHOIOrHUECKHE
MpUEeMBl, KaK TPOMBIBKA APEHUPOBAHHOI'O Oaka CHUJIMKOHOBOM KHIIKO-
CTBbIO IMCPCA OKOHYATCIIbHBIM 3allOJIHECHUEM, MOI'YT MHWHUMH3UPOBATH
KOJTMYECTBO OCTATOYHOI'O MUHEpaIbHOro Macia. ONbIT MOKa3bIBaeT, YTO
3aHOBO 3allOJIHEHHBIE TPAHCPOPMATOPHI, B KOTOPBIX MPEKIE MCIIOIb30-
BaJIOCh MUHEpAJIbHOE MAcCIio, MOT'YT JIOCTUTHYThH 00Jice moxapoOe3onac-
HOI'0 CTaTyCa TOJILKO IIPpU YCJIOBHUU 3HAYUTCIIbHBIX yCI/IJ'[I/II\/'I 10 yAaJICHUIO
OCTaTOYHOTO MUHEPAJILHOIO Maciia u3 Oaka. M3BecTHO, YTO TpH HU3KUX
YPOBHSIX TOKA TOAJCPKUBATH YTy B CUJIMKOHOBOH TpaHc(hOpMaTOPHOH
KUJIKOCTH TPYAHO. [Ipo0oii CHIMKOHOBOM TpaHC(HOPMATOPHON JKUIKO-
CTH NPUBOJUT K MTHOBEHHOMY (DOPMHPOBAHUIO MEXIY IBYMs 3a(pHKCH-
POBaHHBIMH 3JIEKTPOJaMU TBEpABbIX BemiecTB. COCTOSIIIMNA U3 JBYOKHCH
KpEMHHUsSI U YTIIepoJia «MOCTHK, YACPKHUBACTCS JKEIe00pa3HO KHIIKO-
CTBIO, KOTOpasi 00pa3yercss B 3a30pe MEXKIY dJIEKTPOJaMH. XapaKTepH-
CTHKH 3TOT'0 «MOCTHKA 3aBHCAT HEMOCPEICTBEHHO OT NCXOIHOM MOJBO-
JIMMOW SHEPIHU TOKa MepBOHavaibHOW Ayrd. OOBIUHO Jyra racuTcs, H
BBIJIETICHUE T'a3a CHU)KAETCS WIIM TTOJTHOCTBIO MpeKpataercs. B yciaoBusix
oOpa3oBaHus Jyru, 0ObEM Ta30B, O00pa3yloUIMXCs B CHUIMKOHOBOH
TpaHC(OPMATOPHON KHUIKOCTH aHAIOTHYEH TOMY, YTO HAOIIOIAeTCsl ISt
MuHepanbHoro Macia. OH cocrtaBnsier npuMmepro 50 mi. Ha 1 kBt/cex
JUTSL JIGKTPUYECKOM JIyru B Tipeenax a0 2 kBt/cek. Jlist anekrpudeckoit
nyru Oonbiiedt MmomHocTy (6onee 50 kBT/cek.) 00beM BHIIEISIEMBIX Ta-
30B TPH TaKOW JIyre coctaBisier npumepHo 50 mutpoB Ha 50 xBt/cek.
Ot JaHHBIC MMOKAa3bIBAIOT, YTO MHPUHIMIIBI, UCIIOJB3yEMbIC IIPHU KOHCT-
pyupoBaHHH TpaHCc()OpPMaTOPHBIX 0aKoB, MpETHA3HAUCHHBIX JIsI MUHE-
pajbHOTO Macia, MOKHO MPUMEHSTh W MpPU KOHCTPYHPOBAHWUHM TPAHC-
(hopMaToOpHBIX 0AKOB JUIS CHIIMKOHOBOM KUJIKOCTH. Pe3ynbTaThl cpaBHU-
TENFHOTO aHaNM3a MOKa3bIBAIOT, YTO B CiIydyae MUHEPAIBHOIO Macia B
AOOIMOJIHCHUE K BOJAOpOAY, H2, BBIACIIACTCA 3HAUYUTCIBHOC KOJIHMYECTBO
anermiena, C2H2. HMcciaenoBanus IOKa3bIBalOT, YTO BHICOTA IIJIAMEHH
MpY TOPEHHUHU YTIIEBOJOPOJIOB B 2,5 pa3a MpeBbIMIACT AUAMETp IIpH JiHa-
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Merpe Oaccelina Oomee 1.2 merpa. CKOpPOCTh TOpPEHHS CHIMKOHOB
YMEHBIIIACTCS C YBEIIMYCHUEM pa3mepa OacceiiHa. BricoTa miaMeHu yc-
TaHaBJIMBaeTcs Ha 3HadeHuu ot 30 g0 60 cM mpu jguamerpe Oaccelina
okono 1.2 merpa. [locne BocmiameHeHUs! CHIIMKOHOBAsI TpaHC)OpPMATOp-
Hasl KUAKOCTh JOCTUTaeT MaKCUMAJILHON YCTaHOBUBIIIEHCS CKOPOCTH BbI-
JIETICHUST TEIUIOTHL. JTO MHKOBOE 3HAYECHUE COXPAHSACTCS B TCUCHUE He-
CKOJIbKUX MUHYT, a 3aTeM yMEHbIIaeTCs. [ opsIuii yriieBoopos 0ObIMHO
BBIJISNISIET MAaKCUMAJILHOE TEILIO JI0 TeX TOp, IOKa BeCh HE BBHITOPUT. 11u-
KOBO€ 3HAUEHHE BBIJCISEMOr0 MPH TOPEHUHW TEIUIa MCIONb3yeTcs IS
OLIEHKU MOTEHLMAJILHOM OITacHOCTHU. IIMKoBOe 3HadeHue I CWIMKOHA B
10 — 18 pa3 HMXke cpeHero 3HaueHus Ui yriieBoJaoponoB. s cuniko-
HOBOW HJIKOCTU C YCHJICHHEM IIOTOKA BHEIIHErO TeIla BBIICICHUE 00-
IIEro Teria yBeIUYUBaeTcsl Majio. JTO 03HAYaET, UTO YIIEBOIOPOIbI CIIO-
COOHBI YCHJIMBATh, & CUJIMKOHOBAS XHJIKOCTh CIIOCOOCTBYET STOMY B Ma-
JIOW CTENEHU M MPAKTUYECKU €€ BKJIAJ BOBCE OTCYTCTBYeT. JIpIM mpu To-
PEHHH CHJIMKOHOBOH TpPaHC(OPMATOPHOH KHUAKOCTH OOBIYHO B 3-5 pa3
MEHEe TUTOTHBIN, YeM 3TO UMEET MECTO JJIsI BHICOKOMOJIEKYIISIPHBIX YTJie-
BOZIOPOZIOB. JIBIM COCTOMT M3 KOPUYHEBO-CEPBIX YACTHUII, MPAKTUYECKU
MOJTHOCTBEO COCTOSIIIMX U3 aMOp(hHOM AByokucH KpeMHus. CKOPOCTh BbI-
JKUTAHUSI KUCIIOPOJia TIPU MCHBITAHUSIX C TOM K€ IJIOTHOCTHIO JIbIMA CO-
crasnsier 600 n/mMuH. CUIMKOHOBasI TpaHC(OPMATOpPHAs JKUIIKOCTh 00ma-
JIaeT TPUEMJIEMON COBMECTUMOCTBIO ¢ OOJIBIIIMHCTBOM MAaTepHajioB, UC-
MOJTB3YEMBIX B TpaHC(OpMATOpax, 3aMOIHAECMbIX CHHTETHUSCKUM JTUDJICK-
TPUKOM COBTOJI MJIM MUHEPAIBHBIM MacioM. TakuM 00pa3om, peumMyIiie-
CTBa JIAHHOTO BUJIA M3OJISIMH B CHJIOBBIX TPAHC(OPMATOpPAX HE BHI3BIBACT
COMHEHHM, T.K. TaKkue TpaHc(HOpPMATOPbl UMEIOT 0oJiee BBICOKYIO TEPMO-
CTOHKOCTB, IO’Kap00e301acHOCTb U 3PPEKTUBHOCT.
Cnucok 1uTepaTrypbl:

1. B.B.CwmekanoB k.1.H.- PAO «EQC Poccuny, A.I1.JJonun k.1.H., H.®.I[lepmmnaa
— HIIO «Texnoceppuc-OnekTpo». OlEHKa COCTOSIHUS M TPOJUICHHE CPOKa CIYXKOBI
CHJIOBBIX TpancdopmaTopoB [OnexTponHsbIit pecypc] ! URL:

https://silovoytransformator.ru/stati/ocenka-sostoyaniya-i-prodlenie-sroka-sluzhby-
silovyh-transformatorov.htm (mara o6pamenus: 25.03.2020).
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AHAJIN3 SODPEKTUBHOCTU ITPUMEHEHUA
MHHOBAIIMOHHBIX TUITOB ITPOBOJOB

Caiingnep S1.C. (K2JI-161), Eandumona O.H.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B nacrositiee BpeMs axkTyalleH BONPOC MOHMCKA IMyTEH MOBBILICHHS
3Hepro3()eKTUBHOCTU 3JICKTPOCETEBOr0 KOMILIEKCA, OJIHUM U3 KOTO-
PBIX SIBIISIETCS WCIOJIb30BaHWE MHHOBAIIMOHHBIX MPOBOJIOB, HMEIOIINX
JMyYIre XapaKTepucTHKH, 4eM mpoBoaa AC: obecnedeHue OoiblIeH
MPOIYCKHON CHOCOOHOCTH, MEXaHWYeCKOH MPOYHOCTH, YCTOWYHBOCTH
K BBICOKHM TEMIIepaTypaM, CTapEHUIO U arpeCCUBHBIM BO3IEHCTBHIM
CO CTOPOHBI OKPY>KaIOMIEH cpefbl.

BaxXHBIM MOMEHTOM TpPH HCIONB30BAaHUHM IPOBOJOB MEHBIIETO
JMaMeTpa sBJISIETCSl PUCK POCTa MOTeph Ha KOPOHY U ypoBHs myma. C
LIEJIBI0 TPOBEPKH 3TOM MPOoOIeMbl OBUIH MPOBEEHBI 4 UCCIICIOBAHUS.
Ha nepBom sTame ans uccienoBanus KOpoHOOOpa3oBaHus (PUCYHOK 1)
B KauecTBE OCHOBBI JUISI CPABHEHUS B3ATHI JIBA MPOBOJIa OJHOTO AUaMe-
Tpa — 18,8 MMm. Beero B skcnepumMenTe ydactsoBanu 4 nposoaa: AC
150/19, AC 185/29, ACBII/ACBT 197/55, AC 240/32. HUcnsitanus
MIPOBOJIMJIMCH B COOTBETCTBUHU ¢ pekoMeHaanusamMu MOK 61284.

5 30
25

== AC150/19

20 == AC185/29

ACBN197/55
e AC240/32

100 120 140 160 180
HanpseHne BOSHMKHOBEHNA KOPOHI, KB

Konu4ecTso oMaroB KOPOHHOTO paspsiaa, W
o

Puc. 1 - 3aBUCHMOCTD KOJIMYECTBA OYaroB KOPOHHOT'0 paspsia OT HPUIIOKECHHOI'O
HalpsOKCHUA

YcTraHOBNIEHO, UTO LIS TPOBOJOB OIMHAKOBOrO auamerpa (18,8 Mm)
HalpshDKEHNE BOSHUKHOBEHHSI KOPOHHOTO paspsiga Ha mpoBoxe ACBII
197/55 mpouzBonctea OO0 «Dueprocepsucy (142,2 kB) Ha 5,7% BbI-
1Ie HAPsDKEHUS] BOSHUKHOBEHUSI KOPOHHOT'O pa3psifia Ha MPOBOJIE Map-
ku AC 185/29 (134,5 xB).
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ITo pesynbraTaM CpaBHHUTEINBHBIX HCIBITAHUN IPOBOAOB PAa3HOIO
mnamerpa AC 240/32 (21,6 mm) u ACBII 216/33 (18,5 mMm) Ha-
MpsbKEeHE BO3HUKHOBEHHSI KOPOHHOTO Pa3psiaa OJMHAKOBO.

IIpy »>TOM JUIMTENBHO JOMYCTUMBIA TOK CPAaBHUBAEMBIX ITPOBOJOB
omnyaercs 3HauntensHo: AC 240/32 — 510 A, ACBII/ ACBT 216/33
— 689 A (t = 70°C, BbIcOKOIIpOYHOE HcHoidHeHue), U 1040 A (t =
150°C, BBICOKOTEMITEPATYPHOE UCTIONHEHHUE).

HenocpencTBeHHBIM BIMsSHUEM BeTpa Ha pabOTy BO3 AYIIHOW JTH-
HUH SIBJISIETCS €T0 JaBJICHHE Ha TIPOBOJIA, TPOCH! U onopkl. Kpome Toro,
co3JaBasi TIONEePEeYHyYI0 Harpy3Ky Ha MPOBOJIa U TPOCHI, BETEP YBEINYH-
BaeT MX HaTsbkeHue. [1osgBasioTcs Takke JOIOJIHUTECIIbHBIC I/I3FI/I63IO-
HMe yCHJInsl Ha omnophl. /laBreHne BeTpa MOXET BbI 3BaTh MOJIOMKY H
MaaACHUEC OIOp C BBIPBIBAHUEM HEAOCTATOYHO IMPOYHO YKPCIJICHHBIX B
rpyHTe pyHIaMEHTOB.

[IpuBeneHHbIE HHMXKE peE3yJbTATHI, OE3YCIOBHO, TOBOPAT B TOJB3Y
3amenbl AC Ha ACBII/ACBT na ctapsix BJI.

IIpoBoaunock CpaBHEHME B3aMMOJECICTBUS BETPA pa3 JIMYHOM CKO-
poCcTU C NMpoBOAaMHU C pPa3JIMYHBIM KOHTYPOM IIONI€ PEUYHOro CEYCHUA,
HO Onu3koro muamerpa: ACBIT 128/37 u AC 120/19; ACBII 230/32 u
AC 240/34; ACBII 277/79 u AC 240/56. PaccuntanHas BerpoBasi Ha
rpy3Ka OTJIMYaercs OT HOPMAaTUBHOW BETPOBOI HArpy3KH Ha MPOBOJA U

H o
TPOCHI PW , onpenensgemoil o I[1Y3-7, Tak kKak He yYUTHIBAIOTCS U3-

MEHEHHE BETPOBOTO JABJICHHsI MO BHICOTE B 3aBUCUMOCTH OT THUIA Me-
CTHOCTH, BJIMSIHUE JJIMHBI NPOJieTa Ha BETPOBYIO HArpy3Ky, HEpPaBHO-
MEpHOCTh BeTpoBoro jaasiieHus mno nposery BJI [1]. UcnonszoBanue
TAKOTO, «OUUIIEHHOTO» OT BJIMSHHUS Pa3IUYHBIX, HE 3aBUCALIMX OT
KOHCTPYKIMH NPOBOZa (haKTOPOB, MO3BOJSIET OOIEEe YETKO OIpENeTUTh
BKJIa/I KOHTYpa Mpo BoJa B U3MEHEHHE BETPOBOI HAarPY3KH.

BerpoBoe naBneHue, neHCTBYyOIIee Ha MIPOBOJA, M PACIpEeICHUE
CKOPOCTH B BO3IyLITHOM IOTOKE MOCIE O0TEKaHUS CTaleaTtOMUHUEBBIX
npoBozioB TunoB AC no I'OCT 839 u ACBII (CTO 71915393-TV 120-
2012) ¢ ceuenreM amIOMHHES 0K0JI0 230 MM 10 Ka3aHO HA PHCYHKAX 2
u3.
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Puc. 2 - BerpoBoe naBneHue, AeHCTBYIOIIEe Ha MPOBOAA TP CKOPOCTH BeTpa 60
M/c (paifon 1o Betpy I): a) AC 400/64; 6) ACBII 477/66
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Puc. 3 - Pacnipenenenye ckopocTeil B BO3TyITHOM ITOTOKE ITPU CKOPOCTH BeTpa 25
M/c (paifon mo Betpy I): a) AC 120/19; 6) ACBII 128/37

[IpoBencHHBIE HCCIEIOBAHMS TTOKA3AIIH

- 3¢ HeKTUBHOCTH MPUMEHEHUS COBPEMEHHBIX BBICO-
KOTeMIiepaTypHbix mpoBojoB Mapku ACBT B anekTpoceTeBOM KOM-
miekce (MOMy4eHbI JaHHBIC 110 Mpe JISBHBIM Harpy3kaM, COKpalleHUH
TEIUIOBBIJICIICHNS 1 HAMATHUYEHHOCTH B MPOIIECCE IKCITyaTaI|H );

- JUTsl IPOBOJIOB OJIMHAKOBOI'O JHaMeTpa HanpsKeHUe BO3HUKHOBE-
HUs KOPOHHOI'0 paspsga Ha nposojae ACBII Beilie HanpsHKeHHs BO3-
HUKHOBEHMSI KOPOHHOTO pa3psijia Ha npoBoje Mapku AC;

- OTHOCUTCIIHOE  CHUXXCHHME  HAMarHMYEHHOCTH  BBICO-
koTemreparypHoro nposoja ACBT B cpaBHeHuu ¢ npoojgom AC co-
crasiser 3-10%.

[onmyueHHBIC pE3yJIbTAThI TIO3BOJISIOT CJENIATh BBl BOJ O I[€1eC000-
Pa3HOCTU MPUMEHECHUsT MHHOBAIMOHHBIX BBICOKOTEMIIEPATYPHBIX MPO-
Bos10B (AOBT) B ciyyasix, Korja HeOOX0UMO CYIIECTBEHHO TTOBBICHTh
TOKOBBIC HAIPY3KH, HE YBEIIMYMBAs CEUCHUS, a TAKKE B PaliOHAX C BbI-
COKMUMH 3HAYCHUSIMHU TEMIIEPATyPhl OKPYKAFOIIEH Cpebl.
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B cBoto ouepens, comocraBumasi ctoumocth AC u ACBT/ACBII
MpU MHOTO()aKTOPHOM CPaBHUTEILHOM aHAJIU3e IIPHU BBIOOPE MPOBO/I-
HUKa HE MPUBOAUT K POCTY 3aTpaT MPU PEKOHCTPYKIIMH U CTPOUTEIIb-
ctee BIL

OxoHomuueckuii ekt ot mpumenenus nmposogoB ACBT mpu pe-
KOHCTPYKITMM DJICKTPHYECKUX CETeH JIOCTUraeTCs 3a CYET CHIDKEHUS
MOTeph Ha KOPOHY, YBEIMYCHUE MIPOJIETOB, YTO CHUXKAET OOIIYIO CTOH-
mocTh BJL.

Oco6ennoctu koHcTpykiu ACBII/ACBT cHMXalOT Harpy3kud Ha
Bce ayieMeHThl BJI pu 3ameHe mpoBoia Ha CTapbIX OMOpaX, YBEJIUYHU-
Bast pecypc BJI. YuuteiBas TOT (akT, 4TO CYIIESCTBYIOIINE HA JaHHBIN
momeHT JIDIT HaxopsTes B SkciTyaTaruu ooee 25-40 et u ucuepna-
JIM CBOHM pecypc, 3aMeHa WX Ha HOBBIC KpaiiHe HeoOxonuma. B pacuere
Ha 1 kM nipoBoja ceru 110 kB mns Bonrorpajackoit 001acTv TUCKOHTH-
POBaHHBIN CPOK OKYMAeMOCTH 3aMEHBl CTAHJIaPTHOTO MPOBOJA HE Mpe-
BBINIAET 5 jer [2, 3].

[MpumeHsiemas TEXHOJIOTHS TUIACTUYECKOM nedopmariuu obecreun-
BaeT KOMIUIEKC IMPEUMYIIECTB, OTMEUYCHHBIX TexHuueckuMm CoBETOM
ITAO «Poccern»:

- yBenu4eHue ko3¢ uIreHTa 3anoiMHeH s TPOoBOIHUKA 10 92-97%,
3HAYUTENIbHOE YBEIWYEHUE MPOYHOCTU TUIOMIAAN CeYeHHs, Oe3 yBemu-
YCHUS TUaMeTpa;

- CHWXXCHHUE a’popnHaMuueckod Harpysku (20-35%) u camonora-
HIeHHE KoJleOaHuit;

- CHWXeHue rojojienoodpasoBanus (25-40%) u CHUKCHUE B HE-
CKOJIbKO pa3 KCILTyaTaIl[MOHHOW BHITSKKH ITPOBOTHUKA.

Cnucok MTepaTypsl:

1. I'ypesuu JI., Jlanenko B., IIponuues /., TpynoB M. MonenupoBanue 31eKTpo-
MarHUTHBIX HOTEPh B CTAICATIOMUHHEBBIX IMPOBOAAX Pa3IMYHOW KOHCTPYKIHMH //
Dnexrpodneprus. [lepenada u pactpenenenue, 2014, Ne 5(26). c. 68-71.

2. Jlomapes B.B., O6pasmoB F).B. O0 0c0OCHHOCTSIX COBPEMEHHBIX W30-
JIMPOBAHHBIX MPOBOOB IS BO3 JAYLIHBIX JIMHUI JekTponepenaqn / Kabemu u nposo-
na, 2014, Ne 6 (349), c. 9-15.

3. KypesaoB B.H., CynmranoB M.M., ®okun B.A., Tumamosa JI.B. MunO-
BallMOHHBIC BHICOKOA((EKTHBHBIC MPOBOIA VIS JIMHUN BJIeKTponepenadd // DHeprus
emuHOU cetH, 2016, Ne 4(27). C. 70-78.
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PEIIIEHUE BOITPOCOB DHEPT OCBEPEXXEHU S
HA TIPEJIITPUSATUH C TIOMOILBIO KOMITEHCALIMU
PEAKTHUBHOM MOIIHOCTU

Cnupuaonos JI.U., Hlenkun C.A. (K3JI-181), Comuunon A.T'.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

[To olleHKamM OTEYECTBEHHBIX M BEAYIIMX 3apYOEKHBIX CIelHaiu-
CTOB PEUIUTh BOMPOC DHEProcOCpEKEHHsI HAa MPEANPHUSITHA U CHU3UTD
Harpy3Kky Ha 3JIeKTPOCETh MOYKHO C IMOMOIIBI0 KOMIIEHCALIUN PEeaKkTUB-
Hoit MomHocTH (KPM). B Hacrosimee Bpemss KPM siBisiercst akTyanb-
HBIM M HEMAJIOBAKHBIM ()aKTOPOM TO3BOJISIONIMM YIIYUIIUTh KAYECTBO
3JEKTPUUYECKON SHEPIUH.

PeaktuBHas momrHocTh (PM) B 3HEprocucreme yxymmaer eé pabo-
Ty, TIOBBIIIAET TOTEPU B CETAX, YBEUYMBAET MaJIeHHE HaIpSKEHUS.
Tak e yBenmu4UMBaeTCs pacxo]| TOIIMBA HA AJIEKTPOCTAHLUAX MPH 3a-
rpy3Ke TeHEepaTOpOB PEaKTUBHBIMM TOKaMH. PEakTHBHBINA TOK JOMOJ-
HUTEIBHO HarpyKaerT JTUHHUU dJIEKTpoliepeaad, YTO MPUBOAUT K HE0O-
XOAMMOCTH YBEUYEHHs CcedeHMs MpoBojaoB. [loaromy kommeHcanus
pEaKTUBHOW MOIIHOCTH HEOOXOIUMa Ha BCEX NPEANPHITUAK IS
yaydiienus sHeprocoepexenus. B cBssu ¢ atum 23 HosOps 2009 roxa
locynapcrBennoit nymoit P® npunsar denepanbublii 3akon No261 «O0
SHEProcOepeKEHNH W O TOBBINIEHMH JHEpreTHueckoil 3(¢eKTHBHO-
CTW», KOTOpBI MOApa3yMeBaeT MOBBIIICHHE 3HEProdddekTuBHOCTH
Bcex morpedureneii [1].

Buner KPM 3aBucar or tuna Harpy3ku. Ecnu Harpyska cetu Heus-
MEHHa UM MMeeT MHJYKTHBHBIN XapaKTep, TO MCIONb3YETCs Heperyiu-
pyemas komneHcanus. Eciu 3HaueHne peakTHBHON MOITHOCTH MEHsET-
csl B TE€UCHHUE JHA, TO B 3TOM Cllydae HEOOXOANMO NMPUMEHSATH PeryJin-
pyemyto komrieHcanuwoo. [Ipu Takom BHAE KOMIIEHCAIlMM PEAKTUBHOM
MOIITHOCTH TpHUMEHsSeTcs aBTOMaTH4yecKasl peryJiipoBKa, KoTopas J10c-
TUTaeTCs MPUMEHEHHEM CIIeUaIbHBIX HUPPOBBIX perynstopoB KPM.

[Ipu snexTpocHaOXKEHHM MOIIHBIX MPOMBIIUICHHBIX MOTpeduTenei
WK OOJNBIIMX JKUJIBIX KOMIUIEKCOB, IPUMEHSIOT HU3KOBOJIBTHBIN U BBI-
COKOBOJIBTHBII COCOOBI KOMITEHCAlIMM PEaKTUBHON MOIIHOCTH. TodYka
MOJIKJIIOUYEHHS] KOHAEHCATOPHOW YCTAHOBKM OIpeNeNnser, Kakas 4acTh
ceTu OyJIeT pasrpyKeHa OT peakTUBHONW MOITHOCTH. OCHOBHBIE CITOCOOBI
KOMITEHCAIIMX PEaKTUBHON MOITHOCTH MPEICTaBICHbI HA pucyHke 1 [2].
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Puc.1 — CnocoObI KOMITEHCAITIH PEaKTUBHON MOIITHOCTH
a — BEICOKOBOJNIBTHBIH criocod KPM; 6 — rieHTpann30BaHHBIH HU3KOBOJIBTHBIH CHIO-
c00 KPM; B — rpymmoBoil HU3KOBOJIETHBIH crtoco0 KPM; T — MHIUBHyaTbHBIH HA3ZKO-
BOJIBTHEIH criocod KPM;

Ha puc.la npencrapiieH BICOKOBONBTHEIN crioco0 KPM. Tlpu naH-
HOM croco0e KOMITIEHCHPYETCS peakTHBHAs MOIIHOCTh B 00IIeH ceTH
BHE MPEINPHUATHS, HO B CETH BHYTPH NPEANPHUITUS U Ha TpaHCc(opma-
TOPHOHM TMOJCTAHIMHM PEAKTHBHAS MOIIHOCTh OCTaETCs. DTOT CIOCO0
KOMIIEHCAIIUY T03BOJISIET UCIIOIb30BaTh MEHbIIIEe KOIUYECTBO JI0POro-
CTOSIIIUX KOHJIEHCATOPOB.

HuskoBonbTHBIH criocod KPM (puc. 106-11) mo3Bosisier pa3rpy3uth OT
PEaKTUBHOW MOILIHOCTH TpaHc(opMaTOpbl MOJICTAHIIMK 110 HU3KOH CTO-
pone. Bri6op Buga KPM 1o Hu3KOW CTOPOHE 3aBHCHT OT KOJUYECTBA U
XapakTepa Harpy3Kd Ha MpeAnpusTud. [IpM HU3KOBOIBTHOM CIIOCO0e
KPM pazmuyaror: unauBuayansHeiid Metog KPM (puc 1r), rpymmoBoit
meron KPM (puc. 1B) n uentpanuzoBanubiii Meron KPM (puc.106).

NunuBunyansueiit Metoqn KPM B OCHOBHOM TIpHMEHSICTCS Ha Ma-
JIBIX TIPOM3BOJICTBAX, I'/Ie TIOCTOSHHO 3a/1eHICTBOBAHO HEOOIBIIOE YUCIIO
aNeKkTpoaBurareneid. B sToM ciydae K KaXkIOMY 3JIEKTPOABHUIATEINIO
MOJKIIIOYAETCS CBOM KOHJIEHcAaTop WM Oarapes KOHAEHCAaTOpOB
(puc.1r). Jannsii merogq KPM mno3Bossier M30aBUTh OT PEaKTHBHOW
MOIITHOCTH BCIO CETh BBIIIE PEAKTUBHOM Harpys3kd, HO B TOXKE BpeMs
TpeOyeT HauOOoNbLIero KOMUYecTBa KoHAeHcaTopoB. Korma Ha mpen-
MNPHUATUA UMeeTcs OONBIIOE YHCIOM HCTOYHHKOB PEAKTHBHOM MOLIHO-
CTH, MOIITHOCTb KOTOPBIX MEHsETCS B TeUeHHe paboduero THs, TO TOr/a
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MCIoNb3yercs win rpynmnoBoir Metos; KPM (puc.1B) win nieHTpanuso-
BaHHBII MeTox KPM (puc.10) ¢ aBTOMaTH4ECKOH peryiInpoBKOH.

Takxum o6pa3om, pakTopamu, BIUSIIOIMMH Ha TIPUHATHE PEIICHUS O
BbIOOpE criocoba KPM, sBISIOTCS: KOJUYECTBO U PEXKUM pabOTHI HC-
TOYHUKOB PEaKTHBHOI MOIIIHOCTH, a TaK)K€ COBPEMEHHbIE TEXHUUECKHE
cpenctea KPM.

K rtexunueckum cpenctBaMm KPM oTHocaTcs cremyronue BHJIBI
KOMITEHCHPYIOIIMX YCTPOWCTB: KoHAeHcaTopHbie Oatapen (KbB), cun-
XpOHHBIE JIBUTATENN, BEHTHUJIbHBIC CTATHUECKHE MCTOYHWUKU PEaKTHB-
Hoii MorHOCTH (MPM).

Haubonbiee pacnpoctpaHeHre HA MPOMBIIIICHHBIX MPEATNPHITHIX
MOJMYYMJIM CTaTUYECKWe KOHJEHCATOPbl M KOHJAEHCATOpHBIE OaTapen
(KB). Konnencatopbl u3roToBisitoT Ha Hampsbkenwe 220, 380, 660,
6300 u 10500 B B omHOa3HOM U TpEX(PazHOM HUCTIOIHEHHHU LTS BHYT-
peHHel M HapyXHOW ycTaHOBKM. KOHIEHcaTophl, MpUMeHsSeMble IS
KPM, uMeIoT psig MpEeuMyLIECTB 1O CPaBHEHUIO C JIPYTUMH BUAAMH
KOMIIEHCHPYIOIIUX YCTPONCTB: HE3HAUMTENbHBIE YJENbHBIE IOTEpU
aktuBHOM MorHocTH 110 0,005 kBT/kBap, OTCYTCTBUE BpaIIarOIIUXCS
yacTel, MPoCTOTa MOHTaXka M SKCIUTyaTalluM, OTHOCUTEIHHO HEBBICO-
Kasg CTOMMOCTb, Majas macca, OTCYTCTBHE IIyMa BO BpeMsi paboThI,
BO3MOYKHOCTh YCTAHOBKHM OKOJIO OTAENbHBIX Tpymm Ol u T.1.

K HemocraTkaM KOHICHCATOPHBIX Oatapeil OTHOCSTCS: TOXapo-
OIaCHOCTh, HAJIMYME OCTATOYHOTO 3apsja, MOBBIIIAIONIEr0 OMACHOCTD
npHu OOCITY>KUBAHHUW; YYBCTBHTEILHOCTh K TIEPEHANPSDKEHUSM U TOITY-
KaM TOKa; BO3MOKHOCTb TOJIbKO CTYIIEHYATOr0, a He IUIABHOT'0 Peryiu-
poBaHusi MomHOCTU. KoHeHcaTopel, Kak MpaBuilo, coouparotcs B Oa-
tapeu (KB) 1 BeImycKaroTCsl 3aBOAAMHU DJIEKTPOTEXHUYECKOW TTPOMBIII-
JIEHHOCTH B BUJIC KOMITJIEKTHBIX KoMITeHcupyrommx ycTpoiictB (KKVY).

Cunxponnsle neuratenu (CJ), ucronbp3yemble Ui KOMIIEHCAIIUH
pPEaKTUBHONW MOUIHOCTH, 1O cpaBHeHHIO ¢ Kb HMeoT BO3MOXHOCTH
IJIABHOTO PETYJIMPOBAHUS TEHEPUPYEMOU PEaKTUBHOM MoOIIHOCTH. MxX
HE/IOCTaTKOM SIBJISIETCS TO, YTO aKTUBHBIE MOTEpU Ha IeHEpUpPOBaHUE
peakTuBHON MomHOcTH it CJl Oonbire, yem s Kb, Tak kak 3aBucsT
oT KBajpara reaepupyemort momnoctu C/l. Kak npasuiio, B cucremax
ANIEKTPOCHAOKEHHS MPOMBILIIEHHBIX npeanpustuii Kb komnencupyior
PCAKTUBHYIO MOITHOCTh 0a3ucHOW (OCHOBHOI) YacTH Tpa)uKOB HArpy-
30K, a C/] cHWXAIOT, TJIaBHBIM 00pa3oM, MUKH HArpy30K rpaduka.
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PasnoBugnocteio CJ1 siBistorcst cuaxponnbie kommnencatopsl (CK),
KOoTOopble TpeAcTaBisiioT coboit CJI obnerd€HHOM KOHCTpYKIMU 0e3
Harpy3ku Ha Baiy. B Hacrosmiee Bpems Boimyckarorcs CK MOIIHOCTBIO
Boie 5000 kBap. B psane cnydaeB CK ncnonb3yroTcs [l yaydlleHnus
rokaszaTesyiell KayecTBa HaNpsHKEHUS y MOIIHBIX 3JEKTPONPUEMHHUKOB
(BI1). K snextponpuéMHUKaM, KOTOphIE HMEIOT pPE3KOMepeMEHHYIO
yIApHYIO Harpy3ky, OTHOCATCS 3JIEKTPOAYTOBBIE I€4YM, MPOKATHHIE
CTaHbI U T.II.

B cersix ¢ pe3konepeMeHHOM ylapHOM Harpy3KoW Ha HaIlpsKEHUU
6-10 kB pekomeHyeTcst MpUMEHEHNE He KOHACHCATOPHBIX Oatapei, a
CHEeUAILHBIX OBICTPOICHCTBYIONIMX UCTOYHUKOB PEAKTUBHON MOLIHO-
ctu (UPM), KoTOpbIE JTOMKHBI yCTAaHABIMBATHCS BOJIM3M TAKUX DJIEK-
TPONPUEMHHUKOB.

BeIiBoA: CcyliecTByeT HECKOJIBKO CIOCOOOB KOMITEHCALUH PEaKTHB-
HOI MOIIHOCTH Ha NPEANPUATHH. J[11s1 BBIOOpa KaKoro-To U3 yCTPOWCTB
cienyer OoJee AeTalbHO U3YUUTh TpaduK HATPY3KU MPENIpUsATHS, pa-
00Ty npeodpa3oBaTENbHBIX YCTPOHCTB (HAJHMUUE BBHICIIMX TAPMOHUK), a
TaKXKe CXeMY JJIEKTpOCHaOKeHHsI mpeanpuarus (Tae 1einecoodpasHent
pa3MecTHTh KOMIIeHcaTop). Takum o00pa3oM, IS MPOMBIIUICHHBIX
MpeanpuaTuii, oOCHOBHBIMH DI KOTOPBIX SBJISAIOTCS aCHHXPOHHBIE TBU-
ratenu, JJsi KOMIIEHCAIlMW PEaKTUBHOW MOLIHOCTH HauboJee IIeneco-
00pa3Ho HCIOIB30BaTh OaTaper CTATHYECKHX KOHJIEHCATOPOB. JTO MO-
3BOJIMT MOBBICUTH K03 durment momuoctu ¢ 0,7-0,75 1o 0,93-0,99 u
CYIIECTBEHHO MOBBICUTH HEProd3PPeKTUBHOCTH NpeanpusaTHs [3].

Cnucok JIMTepaTypsl:

1. XKwmseB [I.A., bamenés M.U., Xunse A.A. CpaBHeHHE U aHAIN3 YCTPOICTB
KOMITEHCAITUH peakTHBHON MorrHocTH // COBpeMEeHHAs: TEXHUKA M TexHoioruu. 2017.
Ne 7 [Onexrponnsiii pecypc]. URL: http://technology.snauka.ru/2017/07/13714 (narta
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Ob30P METOJIOB IIOMCKA MECTA TIOBPEXXIEHUAA
BO3AYIIHBIX JIMHWU 3JIEKTPOITEPEJAYN

TutoBa MLE. (K3JI-161), Ex¢pumona O.U.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B nacrosiiee Bpemsi BeIcOKHE TpeOOBaHHUS K HaJIGKHOCTH M Oecrepe-
OOWHOCTH 3JIEKTPOCHAOKEHHSI IPOMBIIUIEHHBIX TpeanpusTuii. [loaTromy
MpeoTBpallleHne WM ObICTpoe OOHApy)KEHHE MOBPEXKICHHUS B CETAX
AJIEKTPOCHA0OKEHNS SIBJISIETCS BAXKHEHIIICH 3a1auei Jyist UX 00eCIIeueHusl.

Bo3ayurasie TMHUY, ©UMEIOIINE OONBIIYIO TPOTSKEHHOCTb, SIBIISIOT-
Csl HaMMEHee HaJeXHBIMU dJIEMEHTaMU 3Heprocuctemsl. Onpenenenne
Mecta moBpexaeHus (OMII) sBiseTcss CIIOXKHOW TEXHOJIOTMYECKON
orepanuell 1 Mo JUIMTENbHOCTH MOXKET cocTaBisaTh A0 10 % oT Bpeme-
HU BocCTaHOBJIeHUs Bo3ymHON JIDII. [1]

[Iprurnamu noBpexnennit Bo3nymHbx JIOII sBnstoTcsd chemyromue
(aKTopeI: MepeHanpsHKeHUsIMA, U3MEHEHUSIMUA TeMIIepaTypbl OKpY)Karo-
el cpeibl, ICHCTBIEM BETpa, TOJIONEAHBIMUA 00Pa30BaHUSMH Ha TPOBO-
nax, BUOpalyei, «IUISICKOI» MPOBOIOB, 3arPsI3HEHNEM BO3/IyXa.

Ha BhIsBNEHME M ycTpaHEHHE NMPUYHUH OTKIIOUEHUS, KaK MpaBHIIo,
TPATATCSI 3HAYUTENBHBIE PECYpPCHI, Pa3pabaThIBAIOTCS M BBHITIOIHSIOTCS
MPOrpaMMBbI MOBBIIIEHUS HAAEKHOCTH, CHUKEHUS aBApUHHOCTH U T.1.

Meroast OMII MOkHO KiIacCH(pUIMPOBATH HA BHICOKOYACTOTHBIC H
HU3KOUaCTOTHBIC; Ha TUCTAHIIMOHHBIE U Tomorpaduieckue. [2]

HaunGonee ObICTPO MOXHO OCYIIECTBUTH aucTaHiionHoe OMIT nu-
HUM - U3MEpPEHNne paccTossHus OT KoHIoB JIDII 10 MecTa moBpeKIeHUsI.
OnHako MpW 3TOM TOYHO yKa3aTb MecTo moBpexaeHus (MII) xaberns
HEBO3MOXHO: BO-TIEpPBBIX, paccTrosiHue Ha Tpacce KJI ormeuaercs B
MIaHe, TOrJa Kak B JCHCTBUTEIBHOCTH KaOelnb HE JISKUT B OJHOU
IJIOCKOCTH, BO-BTOPBIX, €0 YKJIAIBIBAIOT 0€3 HATATa, «3MEHKOoM». [3]

Tonorpaduueckuii meroxa - 3to OMII HenocpencTBeHHO Ha Tpacce
kabernss. Meros mo3BOJIIET yCTaHOBUTH McKoMoe MII ¢ TOYHOCTBIO HE
HIDKE +3 M, HO ero mpuMeHeHne TpeOyeT mepeMelaTses Mo Tpacce co
CrenuaNbHON anmapaTypoil. bosee nenecooOpa3Ho MCHosb30BaTh 00a
MeTO/Ia: CHavaja AWCTAHIMOHHO HaiiTh y4actok ¢ MII, a 3arem Toro-
rpadM4ecKy YTOYHUTh MECTO IMOBPEXKICHUS KaOesIs Ha TOM yJacTke. [2]
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Puc. 1 — Cxema knaccudukarmu MeronoB OMIT

Ha pucynke 1 mpencraBieHa oOmas kiaccu(uKalus METO0B
OMIL. IlpuHsTOE MpH TOM TOApa3feieHne MO YacToTe 00yCIOBICHO
HNPUHLUIINAIBHBIM Pa3JIMUMEM 3JIEKTPUUYECKUX IIPOLECCOB B MPOBOJAAX
1 Ka0ensx B CyHIIECTBEHHO OTIMYHBIX YaCTOTHBIX.

K BBICOKOUACTOTHBIM METOAAM OTHOCHUTCS TOJBKO YacTh AMCTAHIIH-
oHHbIX MeTon0B OMII. Ilpexne Bcero paccMOTpUM HMITYJIbCHBIE Me-
TOABI, NPUHIUI JEHCTBUS KOTOPBIX OCHOBAH HA M3MEPEHHM WHTEpBa-
JIOB BPEMEHH PACIpPOCTPaHEHUs 3JIEKTPOMArHUTHBIX BOJIH (MMITYJILCOB)
10 yJacTKaM JTUHUH. [3]

WMnynbCHBIA METO/ 3aKJIF0YAETCSl B TOM, YTO B KaOelbHYIO JINHUIO
MOCBIIAKOTCS AIEKTPUUECKUE HMMITYJIbChI, KOTOPBIE, PACIpPOCTPaHSAsACH
10 JINHMM, YaCTUYHO OTPaXkaroTCi OT HEOJHOPOJHOCTEH BOJIHOBOIO
CONPOTHUBIICHUS U BO3BPAILAIOTCS K MECTY, OTKyAa Obli mocnaHsl. [1o
BpEMEHH TNPOXOXKICHUS WMIYJbca J0 HEOJHOPOAHOCTH U OOpaTHO,
KOTOpO€ IPONOPLUOHAIBHO PACCTOSIHUIO 10 HEro BBIYHCISAIOT pac-
CTOSIHME. MOXHO OIPENEIUTh PACCTOSHHUE 10 MeECTa IOBPEXKICHUS,
00pBIBa KUJIBI, JUTUHY KaOeIs.

JIokanMOHHBIM METOI OCHOBaH Ha U3MEPEHUHN BPEMEHH MEXKIY MO-
MEHTOM IIOCBUIKY B JIMHUIO 30HJUPYIOLIErO AIEKTPUIECKOr0 UMITYJIbCa
Y MOMEHTOM BO3BPAILEHUS €ro nocie orpaxenus or MIL

JIokannoHHBIE U3MEPEHUST MOT'YT BBIIOJIHATHCS C IIOMOIIBIO aBTO-
MAaTHYECKUX WM HEABTOMATUYECKUX YCTPOUCTB. IlepBble HCIONB3YIOT-
cs Ha BJI, Haxomsmmxcs noj pabounm HanpsbkenueM. Ha KJI mpume-
HSIETCSL HEABTOMATUYECKasl JIOKALUsL.

BosHOBBIE METO/IBI OCHOBAaHBI HA TOM, YTO IIPH MOAY€E HA JINHUIO BbI-
COKOT0 HalpsDKEHUs! B MECTE MOBPEKICHHS TPOUCXOJUT MPoOOH U B JIU-
HUU BO3HUKAIOT BOJIHOBBIE IIPOLIECCHL, KOTOPBIE MOKHO UCIIOJIB30BATh JUIS
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n3mepennii. C 3Tol 1enbio PUKCHPYIOT MOMEHTHI ITPUX0/a (PpOHTOB BOIH
C MOMOIIBIO CYETYHKOB Ha 000MX KOHIIAX JMHUH WM Ha OJJHOM U3 HUX.

HuszkouacToTHbIE METOBI BKIIIOYAIOT B ce0sl Kak TUCTAHIMOHHBIE
(metneBble, EMKOCTHBIE, IO TIapaMeTpaM aBapUITHOrO pexuMa), Tak U
tornorpaduyeckue (MHIYKIHOHHBIE, KOHTAKTHBIE) METOABI. [4]

ITerneBoit Merox OCHOBaH Ha U3MEPEHUU CONPOTHUBIICHUS TOKY KU
kabenst. McronbayeTcst Ipy OnpezielieHud MecTa MOBPEKICHHS 3allUTHOH
TUTaCTMAcCOBOM M30MAIMU. TOUHOCTB ONMpeenieHus] pacCTOSHUS 10 MecTa
MOBPEX/ICHNS HEBEJIMKA U COCTABJISIET OKOIO 15% u3mepsieMoi JUTHHBI.

EMKOCTHBII MeTO[ BO3MOKHO HCIIOIB30BATh MIPH OOpBIBAaX KUJ Ka-
Oensi. PaccTosiHue 10 MecTa 00pbIBa OMPENEISETCs 110 3HAYCHHUIO 3Me-
penHoit emxoctu xun KJI. i3MepeHre mpoBOAXTCS ¢ MOMOIIBIO MOC-
TOB NEepeMEeHHOro Toka. [Ipy MEHBIINX CONPOTUBIEHUSIX TOYHOCTh U3-
MepEeHus NaJaeT HIKe TOMYCTUMOr 0 3HaYeHHs.

[Mapamerpamu aBapuiiHoro pexuma (IIAP) Ha3pBaroT TokM W Ha-
npsbKeHus1, n3MepeHHsle Bo Bpems K3. Yale Bcero ucnonb3yores Ux
COCTaBJISIONINE HYJICBOW WM 00PATHOM MOCIEIOBATEILHOCTH.

U3 Tonorpaguueckux MeToJj0B HanOolee pacHpOCTPaHEHHBIM SIB-
JIAE€TCSl UHIYKIUOHHBIN.

NHAYKIMOHHBIM METOJ, MOMCKAa OCHOBAaH HAa KOHTPOJIE MAarHUTHOI'O
MOJIsl BOKPYT Kabernsi, KOTopoe co3AaeTcs MPOTEKAOIM 10 HEMY TOKOM
OT CHeLHaM3UPOBaHHOr0 reneparopa. OneHrnBas ypoBeHb MarHUTHOTO
noJst, onpeaensitoT Hannure KJI u riayOuny ee 3aneranus, a 1mo xapaxre-
Py U3MEHEHHS U YPOBHIO TOJIS ONPEAENSIIOT MECTO MOBPEXKIACHUSA. DTOT
METOJl TPUMEHSIETCSl sl HEMOCPEACTBEHHOTO OTHICKaHHA Ha Kaberne
MECT MOBPEXACHUS MPU MPo0oe M3OJSIUH KU MEXIy cOOOH MM Ha
«3EMITI0», 00pBIBE C OIHOBPEMEHHBIM MTPOO0EM H30JISALMN MEKAY JKUJIa-
MU WIN Ha «3EMIIIO», JUIS ONpeNeNieHUs] Tpacchl Kalemsi U TIIyOUHBI ero
3ajIeraHusl, TS ONpeieNICHNs] MECTOTIONIOKEHHS COSTUHUTENBHBIX MY(T.

K KOHTakTHBIM METOAaM NPHUHAMISKAT aKyCTHUECKHE, MOTEHIHU-
aJbHbIE U AJIEKTPOMEXaHUYECKHUE.

AKycTHYecKnii METOJI TOMCKa OCHOBAH Ha IPOCITYIINBAaHUH HaJl Me-
CTOM MOBPEKACHUS 3BYKOBBIX KONeOaHWH, BOSHUKAIOUINX B MECTE I10-
BPEXJICHHUSI B MOMEHT MCKPOBOT'O pa3psijia OT 3JIEKTPUUECKUX UMITYIIb-
COB, TIOCBUIAEMBIX B KaOEIbHYIO JIMHUIO.

[NoTeHmanbpHBI METOJl TOMCKA OCHOBAaH Ha (PUKCAIIUM Ha TOBEPX-
HOCTH TPyHTa BJOJIb TPAcchl 3JEKTPUYECKUX MOTEHI[HMAJIOB, CO3/aBae-
MBIX MpOTeKatommMu 1o obonouke KJI B 3emiie Tokamu.
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DneKkTpoMexXaHHYeCKhe METOBl  MPENyCMaTpUBAIOT  (DUKCALHIO
ycunui, Kotopsie Toku K3 co3maroT B JaTdMKax, PacloNOKEHHBIX
BOJIM3U JINHUH.

Bce Meronbl opreHTUPOBaHBI JIMOO HA CETH C M30JIMPOBAHHON HEHi-
TpaJIbIo, JINOO HA CETH BBICOKOTO U CBEPXBBICOKOI'O HAIPSKCHUS SHEP-
rocucteM. [Ipu »Tom He moctaTouno BHuUMaHus yneneHo OMII B cersix
HanpsbkeHrueM 110 kB cucTeM MpOMBINIIEHHOTO 3JEKTPOCHAOKEHMUS,
XapaKTepU3YIOLINXCs, B OTIUYME OT CeTell IHEepProcucTeM, mpeobiasa-
HHUEM KOPOTKHX JUHHM. [5]

Cnucok JIMTepaTypsl:

1. MonensHO-3KCTIepUMEeHTANTbHOE 00HAPYKEHHE JIOKAIIOHHBIM METOIOM ITOBPEXKIe-
HMIT Ha MPOBOJIAX BO3IYIIHBIX JIMHUI 3nekTporiepenady / B.A. Kacumos, P.I'. Munysms,
10.B. INnckoBankuit, 2.}0. AGymnassHoB / DnekTpocs3b. — 2019. —Ne 4. — C. 102-108.
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3. JIMCTaHIIMOHHOE ONpeJeNICHHe MEeCTa MOBPEKACHMS B PACIpeAeNIUTEIbHBIX Ce-
TSX METONOM cTosunX BoiH / B.A. Bypuesckuii, JI.B. Bnagumupos, B.H. T'oproHoB,
B.A. OmierkoB // Omckuii HayqHbIi BecTHHK. 2009. Ne3.0.168-171.

4. TTIporpaMMHBIH MOZYITH pacdeTa pacCTOSHHUS 10 MECTa IIOBPEXKICHIS Ha BO3TYIIHBIX
ymansx. Texamyeckoe ormcanue. @HOKB 422231.406TO HTLL «OCAH» 2007r.

5. Xomenkerko H.C. O630p MeTOmOB ompeseneHus MecTa HOBPEXKICHUS B CETSIX
pasmI4gHOro Kiacca HampsbkeHnst // HayaHoe coobmectBo crymeHTtoB XXI cromerns.
URL:https://sibac.info/archive/technic/4(51).pdf (mata obpamenus: 16.04.2020)

NNPUMEHEHUME TEXHOJIOI'MU CBEPXITPOBOJUMOCTHU
B OJIEKTPOMAILIMHOCTPOEHNHA

Tuxouun C.H., 3enuna O.A. (K9JI-171), llleBuenko H.1O.
Kamviwuncxui mexnonoeuueckuit uncmumym (¢unuan) Borel TY

AKTyaJIbHOM 3ajaueil 371eKTPOIHEPTeTUKU OCTAeTCs CHHYKEHHE I10-
TEPh B 3IEKTPOIHEPIETUUECKON CHCTEME, UMEHHO 3TOI0O I103BOJIIETCA
JNOOUTHCS IPUMEHEHHNE TEXHOIOTHH BBICOKOTEMIIEPATYPHOM CBEPXIPO-
BomumocTH (BTCII) B pa3iu4HBIX 3JIEKTPOYCTAHOBKAX, B TOM YHCIIE H
reHepaTopax.

[Mpumenenue cepxnpoBonHukoB (CII) mo3Boisier co3gaTh CHH-
XpOHHBIE TEHEPATOPHI MEPEMEHHOTO TOKa, 00Jaalole BBICOKOH 3¢-
(DEeKTHBHOCTBIO U MOIIHOCTBIO MIPU OTHOCHUTENBHO HEOONBIINX pa3Mme-
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pax u macce. KIIJI CII renepatopoB MoxeT mpeBwimath 99%, mpu
3TOM TOTEpPH, THUIHYHBIC JUIS OOBIYHBIX T'€HEPATOPOB, COKPAILAIOTCS
MUHUMYM B Ba pa3a. [I[ppMepHO BO CTONBKO XK€ pa3 yMEHbBIIAIOTCS
rabapuThl M BeC MamMHBIL. Takoro cokpamieHuss B 3 QHEKTUBHOCTH,
pasmepax M Macce ynaércsi JOCTHYb Jake HECMOTpsi Ha HeoO0XOo.Iu-
MOCTb WCHOJNB30BAaHUSI KPUOCHCTEMBI JUIs OXJIAXKIICHUS CBEPXIIPOBO/I-
Huka. JlomomautensHeiMu npenmymiectBamu CII reHepaTopoB sBIIS-
I0TCsI TIOBBIIIIEHHAS CTA0MIBLHOCTh PabOTHI MPH UCIIONB30BAHUH B JIEK-
TPUUYECKUX CETAX M OOJIbIIAs JOJITOBEUYHOCTb.

Cpok ciry:k0bl 0OBIYHBIX TeHepaTopoB orpanuieH 30-40 rogamu us-
3a CTapeHus U30ISUN OOMOTOK MO JeWCTBHEM BBICOKOH TeMIepary-
pBL. DTOT HEONATONPHUTHBINA (PaKTOpP MOTHOCTHIO OTCYTCTBYET Y KPHO-
renHbix CII yerpoicTs.

AwmepukaHckue ydeHbie poaHanusupoBanu padory BTCII renepa-
TOpa AIEKTPOCTaHINK MOIIHOCTBIO 250 MBA B oaHoii u3 pabot. Jomns
KPHOOXJIQXK/ICHUsT BBIPOCIA, HO BCE OCTajbHBIE TOTEPU, 3HAYUTENHHO
cokpaTuiuch. Eciu reHepaTop Ha OCHOBE MEAM MMEET OMHUYECKYIO I0-
Tepto okono 500 kBt, To oObIYHAs oMHuecKas MOTeps, JACeHHasl Ha
pacxoj MOIIHOCTA Ha OXJaxJeHHue, KoTopbid paBen 80 B1/Bt, maer
MaKCHMAaJILHO JOIYCTUMYIO IIOTEPIO Ha OXJIaxaeHue 6,25 kBr.

H Bearing & seal

100% ’ﬁ;}d m Cryocooler
90% ﬂ m Excitation stationary
80% ‘ u Rotor winding
70% windage
o m Rotor surface
60% ' windage
50% ’ m Blower windage
40% ’ m Rotor I'R
30% ' ® Rotor surface
0,
20% ' m Stray without rotor
10% ’ surface
0% T e Stator I°R
e R » Stator core

HTS o
Puc. 1 — CpaBHeHue moTeps B 0OBIYHOM T'€HEPATOpE M TCHEPaTOpe C MPUMEHEHUEM
BBICOKOTEMIIEPATYPHOI CBEPXIPOBOAUMOCTH.
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OTO YHCIO SBISETCS OTIMYHBIM 3HAYEHHEM e NPpUMCEHCHU A
CBEPXIIPOBOJTHUKOB Ha IMMOCTOSHHOM TOKE, U, MIOX0XKE, OHO Mpeiaraet
yz[06HLII71 IOAXOJ ISt JOCTUIKEHUS JIYYIIUX PE3YJIbTaTOB.

Takum oOpa3om, noesienne KI1J| npencrapiiser co0oi BBICOKYHO

obocHoBanHoCcTh TexHonoruu BTCII B Potope TypOorenepatopos.
Cnucok JIMTepaTypsl:

1. High Temperatures Superconductors (HTS) as Enabling Technology for subs-
tainable Mobility and Energy Efficiency // IEEE Council on Superconductivity URL:
https://snf.iceecsc.org/sites/ieeecsc.org/files/documents/snf/abstracts/ Arndt—
RP91_annotated.pdf (mara oopamenus: 01.04.2020).

AHAJIN3 BJISIHNS KOHCTPYKTHUBHOT'O MCTIOJITHEHMA
BO3AYIIHBIX JIMHWU SJIEKTPOITEPEJAYN HA
[IPOITYCKHYIO CIIOCOBHOCTH DJIEKTPUYECKON CETU

Tuxouun C.H., 3enuna O.A. (K9JI-171), llleBuenko H.IO.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

KoHcTpyKTHBHAS 4YacTh BO3AYIIHOW JIMHUHM DJIEKTPOIEpENadyH Xa-
pakTepu3yeTcs TUIIOM OIop, [UIMHAMH MPOJIETOB, Ta0apUTHBIMU pa3Me-
pamu, KOHCTpYKLHeH (a3 U KOTHYECTBOM H30ISTOPOB [1].

[Ipu pacuere pexxuma pabOTHI DIEKTPHUUECKONW CETH BO3AYyLIHAS
TpexdasHasi JIMHUS IEPEMEHHOT0 Toka HanpsbkenueM 220 kB u Bbime
MOXeET OBITh IPEACTaBICHa CXEMOW 3aMEIeHUsI C COCPEIOTOYEHHBIMU
napamerpamu [1-o0paznoro Buaa (puc. 1).

Puc. 1 —cxema 3aMCIICHUSA BO3L[yI.HHOI>1 JIMHUU SJICKTPOIICpEIavn
AXTHBHOE CONPOTUBIIEHNE BO3AYIIHOW JIMHUH, O0YCIIOBIIEHHOE Ha-
IPEBOM TMIPOBOJIOB, BCIEJACTBHE MPOTEKAHHS JJIEKTPUYECKOrO TOKa,
3aBUCHUT OT MaTepuasia IpOBOJHUKA, €0 JJIUHBI U CEYEHUS.

/
R=p—,0m/xm (1)
F
rac p — YACIBbHOC CONIPOTUBJICHUEC ITPOBOJHUKA, OMMMZ/KM,
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0 — anmHa TMEME, KM; F— cedeHue, MM .

NHIyKTUBHOE CONPOTUBJICHUE BO3AYIIHON OMNPENENSIETCS WHIYK-
TUBHOCTBIO (a3 MO OTHOIICHHIO K 3eMJIe M B3aUMOMHIYKLIHEH MEXIy
MPOBOAAMHU M 3aBHCHUT OT B3aMMHOI'O PACTIOJIIOKEHHs (a3, pacCTOSHHS
MeXIy (pazamu v quaMerpa nmpoBoja.

D
X, = 0,144lgi+w,0ﬂ4/w\4
r, m 2)
Dcp =3 D12D13D23 3)

rae D, — cpenHereomerpuyeckoe paccTosHue Mexay (aszamu, M;

I, — DKBUBAJICHTHBII paanyc (as3bl, M; m— YUCIIO MPOBOJIOB B (hase.

PacrionoxxeHre nMpoBOJIOB HA OMOPE MOXKET OBITh TOPU30HTAIBHBIM
WJIM TPEYTOJIbHBIM (pHuC. 2).

A1 T T T
@) Q

D,5 D 12 D 23

\ :; |

Dy3 \5 D 13
Puc.2 — Pacnionoxxenne mpoBooB Bo3ayniHeIx JIDII Ha omopax:
a — TPEeyroiabHOE; O — TOPH30HTATIHHOE
[TonHOE MOTOHHOE COMPOTUBIICHHE MPOBOJIA:
Zy =R, + jX,,0m/ xkm.

VYoienvHas akThBHas NpoBoAMMOCTb BJI, yuWuTBIBa€T BIMSHUE KO-
poHHoOro pas3psina, CM/KM:

6=, ®
rne AP , — yaenbHbie (Ha 1 kM mmuabl BJI) morepu akTHBHOM
MOIITHOCTH Ha KOPOHY.
EMKocTHas mpoBOAMMOCTD TMHUU OTPEENAeTCs TOKaMH CMELIeHHS
3a CUeT 3JEKTPOCTATUYECKOTro MOl JHHHUU (Mexay (azaMu U MO OT-
HOILIGHUIO K 3emiie). BenuunHa ynenbHOW €MKOCTHOM MPOBOAMMOCTHU

ONpEACIIACTCA U3 BhIPAXKCHUA:

bozﬂ.lo‘écmw.

" (6)



BonHoBOE conpoTuBieHuE:

Zy=4,Xy/by,0m %

HatypanbHas MOIIHOCTH (TPOITyCKHAS CLIOCOOHOCTD JIMHUH):
2
Pnam =U /ZB,MBm (8)

HOM

Hcxonuble naHnble: HOMuHaimbHOEe Hampsbkenue BJI 220 xB, 3
paiioH no rostosieny u III o BeTpy, JIMHUS IPOXOAUT 110 HEHACEIEHHON
PaBHHHHOW MECTHOCTH, Ta0apHT JINHUH -7 METPOB.

K paccMmotpenuio mpemiokeHo 9 BapuaHTOB KOHCTPYKTHBHOI'O HC-
nonaenust BJI (tabn. 1). [IpeqyioxkeHo Tpu THUNAa METaNTUYECKUX MHO-
rorpanHbix onop [1IM-220-1(c pacnonoxeHrnem NpoBoJIOB 110 CTOPOHAM
Tpeyronbauka); 2MI1500 (¢ ropru30HTaIBHBIM PACIIONOKEHUEM TPOBO-
noB); I11 (Tuma «pymKa» ¢ TOpU3OHTAIBHBIM PACHONOKEHHEM MPOBO-
JI0B). XapaKTepUCTHKA BAPUAHTOB KOHCTPYKTUBHOTO BhIMONHeHUs1 BJI
npezacTaBieHa B Tabdi. 1.

Tabmuna 1 - BapuanTtsl koHCTpyKTHBHOTO BeinonHenuss BJI -220 kB

Ne Tun onopst | Bei- | K-Bo Mapka, Jua- | Macca | PucyHok onopst
BapH- coTa | pac- | CedYeHHe MET, | IPOBO-
aHTa OImo- | INEM. | TPOBOJA, MM na,
pel | a3 MM KI/KM

MeTtaysinyeckasi MHOTOTpaHHast onopa, 1 nenHasi TMHUS, IPOBOA
Pacnosno:keHbl 10 BepIIMHAM PaBHOOEIPEHHOT0 TPEYTr0JIbHUKA

1. IMM-220-1 | 26,3 - AC240/39 | 22,4 937
2. - AC 400/51 | 26,6 1490
3. 2 ACI120/19 | 15,2 | 2x937

MeraJjinuecKkass MHOTOTPAHHAs 01I0Pa, 1 HenHast JUHUSA, IPOBOJA PACIOJIOKEHbBI
TOPU30HTAIbHASA MO/IBECKA POBO0B

4 2MII500-78 | 33,15| - AC240/39| 22,4 937
5 - AC 400/51 | 26,6 1490
6 2 ACI120/19 | 15,2 | 2x937

Metannudeckas MHOI'OrpaHHasi onopa Tuna «promMKa, mnpoBoaa pacnoj0KeHbl ro-
PU30HTAJBbHAA MOABECKA MPOBOA0OB

7 m 28,4 - |AC40/39 22,4 937
8 - |AC00/51 26,6 1490
9 2 |ACI120/19 15,2 | 2x937

TR

[Toronnsle napameTps! ¢a3bl, pacIEIIEHHON Ha JiBa IPOBO/A.
OKBHUBAJIEHTHBIN paauyc MpoBoJa:

raksnp —_n rnpan—l , MM, (9)
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AKTHBHOE CONPOTHUBIIEHUE:

Ry

P

Ry

- s

2-F

WHyKTUBHOE CONIPOTUBIICHUE:

X, :0,144lg[

D,,

rnp

Om | km.

(10)

j+o.016/2,om/m (11)

PacuerHble XapaKTepUCTUKH BapuUaHTOB KOHCTpykuuil BJI mpen-
CTaBIICHbI B TabmuIe 2.
Tabnuua 2 — Pacyernble xapakreprctiukn KoHCcTpykimid BJI 220 kB

HOM MOABECKOW ITPOBOJIOB.

BJI 220 kB na 26% — 28%.

sreprun: y4. [Toco6ue.— Pocros Ha J{ory 2006.— 720c.

, Twmn on- 6
! = MapKa npo- _ Dcpa T, X0, b(): 10 PHaT!r
-3 9 BOJA BECKHTIPO= 1 ™ Om/iem | OM/kem| C/iem Zo OM| L A MBT
BOJA
1 AC 240/39 7,6 10,12221 0,426 | 2,66 |400,04| 610 | 120,99
2 | AC400/51 7,6 10,0733 0,411 | 2,76 |385,58| 860 |125,52
3 | 2AC 120/19 7,6 | 0,122 10,324 | 3,54 |302,43|390x2| 160,04
4 AC 240/39 i 11,310,1222] 0,451 | 2,51 |423,79| 610 | 114,21
AC 400/51 11,310,0733| 0,436 | 2,60 |409,33| 860 | 118,24
6 |2AC 120/19 11,3 0,122 {0,349 | 3,28 |326,18|390x2| 148,38
7 | AC 240/39 7,510,12221 0,425 | 2,67 |399,25| 610 | 121,23
8 | AC400/51 7,510,0733( 0,410 | 2,77 |384,79| 860 | 125,78
9 | 2AC 120/19 7,510,122 10,323 | 3,55 |301,64|390x2| 160,46
BriBoIBI:

HawnGonpieit mpornyckHoOH CrocoOHOCThIO 00J1a1aeT BapHaHT ¢ Me-
TAJUIMYECKOM MHOTOIPAHHOM OIIOPOM THUIIA «PIOMKa» C TOPU30OHTAJIb-

Pacmiennenne as3pl Ha 1Ba MPOBOJA TO3BOJSIET, HE YBEIUYHBAs
CyMMapHOE cedeHHe TPOBOJIOB, YBEIUYUTh MPOMYCKHYIO CIIOCOOHOCTH

Cnucok JIMTepaTypsl:
1. Tepacumenko A.A.,®emun B.T. Ilepemaua u pacmpenesicHHe IEKTPHIECKOM
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HOBBIINEHWE SHEPTOOP®EKTUBHOCTH
PACTIPEJEJIMTEJIBHBIX SJIEKTPUYECKNX CETEU

Tuxouun C.H., 3enuna O.A. (K29JI-171), llleBuenko H.IO.
Kamviwuncxuii mexnonoeuueckuit uncmumym (¢unuan) Borel TY

OnHUM W3 TPHOPUTETHBIX HAMpPABICHUH B JJEKTPOIHEPIETUKE SB-
JISieTCsl TIOBBILICHUE SHEProdeKTUBHOCTH MPHUMEHSEMBIX TEXHOJO-
ruid, 000pyIOBaHUS M COKpAllleHHE TEXHOJIOTHYECKHX MOTepPh AJIEK-
TPUYECKON SHEPTHH B dJIEKTPUUECKUX ceTsax [1].

BeIcokuii ypoBeHb IOTEPH B MIEKTPUUECKUX CETSIX SBISETCS OJHOU
W3 OCHOBHBIX NMPUYMH CHW)KEHHSI HX SHEProdQGeKTUBHOCTH. bonbiryio
nomo (1o 30%) B HUX, COCTABIAIOT OTEPH B TpaHcpopmaTopax. B PO
o011Iee KOMMYECTBO paclpeleuTeNbHbIX TpaHC()OPMATOpOB COCTaBIIS-
er Oonee yeM 4 MiH. mTyK. [103TOMY OCOOEHHO aKTyalbHBIM CTaHO-
BUTCS BOIPOC CHUKEHUS MOTEPh AIEKTPOIHEPTHH B paclpenenuTeb-
HBIX TpaHchOpMaTopax.

B pabore paccmaTpuBaroTCsi BOSMOKHOCTH TOBBIIICHUST YHEPTOd (-
(EeKTUBHOCTH PACIPEACNIUTENBHBIX JIEKTPHUECKHX CeTel 3a cYeT Mo-
JICpPHU3AINN TPaHCHOPMATOPOB.

ITotepu B Tpancdopmarope AP,, cnaratorcs uz noreps APx3 B 00-
MOTKaxX (HOTEpU KOPOTKOI'0 3aMBIKaHWS) W MOTEPh XOJIOCTOTO XOJa
APy (Ha mepeMarHMuuBaHUE CEepJICYHUKA).

APTp =APK3 2+APxx. (1)
rjae f ko3 UIMEHT 3arpy3ku TpaHchopmaTopa.

PaCCMOTpI/IM BO3MOYKHBIC ITIYTU CHHXXCHHA IMMOTEPbL MOIIHOCTU B
TpaHchopmaTopax:

HOTepI/I B MAarHuTOIIpOBOAC CHUKAIOT 3a CUCT MPUMCHCHUA:

— IIMXTOBKH IO TEXHOJIOTHH step-lap;

— BUTbIX MAarHUTHBIX CUCTEM TEXHOJIOI'HU Unicore;

— IINIOCKO NIMXTOBAHHBIX MarHUTHBIX CUCTEM,

—KOM6I/IHI/Ip0BaHHI)IX MaramTHBIX CUCTEM,

— JJIEKTPOTEXHUYECKOMN CTAIU C OPUCHTHPOBAHHBIMH 3€pPHAMH;

— aMop(QHOH CTaJH.

[Torepu B 00OMOTKaX CHMXKAIOT 32 CYET U3TOTOBIICHUS HX:

— U3 MEIH;

— U3 aJJIOMUHUEBOH (DOITBIH;
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— U3 CBEPXIPOBOJHMKOBBIX MaTepHAIIOB.

MuHCKUl 35eKTpoTeXHuYeckuil 3aBosi uM. KozimoBa ocBous BbI-
MyCK DHEprocOeperarommx TPaHCPOPMATOPOB TEPMETHYHOTO HCION-
HeHHs1, 0e3 MaclopaclIMpuTeNel ¢ MarHUTONPOBOIOM U3 AJIEKTPOTEX-
Hudeckoi cranu [2]. [lanHble TpaHCHOPMATOPHI UMEIOT HU3KHE ypO-
BEHb IMOTEPh XOJIOCTOTO XO/Aa U KOPOTKOTO 3aMBbIKaHMUsI M CHUYKEHHBIN
YpOBEHb KOPPEKTHPOBAHHOHM 3BykoBOHl MomHoctH. Ha puc. 1 mano
CpaBHEHHE MOTepb MOIIHOCTH B TpaHcdopmaTopax TMI u TM mpu
ko3 duruente 3arpy3ku Kz=0,7.

:
6 6.692
5
4
3 ™TI'11
2
1
0

Puc. 1 — ITorepu MomHOCTH B TpaHcdopmaTopax, KBt

Iorepu xomocroro xoma y Tpancdopmatopos TMI33 Huxke Ha
38%, a obmme norepu Ha 14% 1O CpaBHEHHIO C TPaHCPOPMATOPOB TH-
na TM.

Hawubonee nmepcreKTUBHBIN MyTh CHUKEHHS 3aTpaT Ha MPOU3BOJICT-
BO M JKCIUTyaTallMI0 CHUIIOBBIX PacIpeleUTENbHbIX TpaHC(HOPMATOPOB
— 3TO NPUMEHEHUE MAarHUTOMPOBOAOB U3 aMOP(HBIX (HAHOKPUCTAILIH-
YEeCKUX) CIIaBOB, IPU ATOM olecrieunBaeTcs Ooiee 4eM MSITUKpPaTHOE
CHIDKEHHE TIOTEPh XO0JIOCTOr0 X0Aa TpaHc(hOopMaTOPOB MO CPABHEHHIO C
TPaJMIIMOHHBIMH MArHUTOIIPOBOJAMU W3 AJIEKTPOTEXHUYECKOH CTalH
[3]. TpanchopmMaTopsl ¢ MarHUTONPOBOAOM M3 aMOP(HBIX CIIJIABOB
OBIBAIOT CyXHE U MACIISHbIC.

Cyxue TpanchopMaTophl ¢ cepaeuHrkoM u3 amopduoii cramu TCIIA
(TC3JIA) ucnosnb3yroTcsi Ha O0bEKTaX, OCOOCHHO YYBCTBUTEIBHBIX K
MOTEPSIM ~ DJICKTPORHEPTUH (COTHEYHbIC SJIEKTPOCTAHIMH, Y/aJCHHBIC
ABTOHOMHBIC OOBEKTBI W T.I.). Pe3ynabTaThl CPaBHHTEIBHOIO aHAIN3a
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cyxux TpancdopmaropoB ¢ ymtoi nzomsuuer (TJIC, TCIJT ), c Bo3-
nyuiHo 6apbepHoit m3omsipelt (TC) u ¢ cepreyHrKoM U3 aMopgHOii cTa-
mu TCJIA. 1o moTepsiM X0JI0CTOro X0/1a IPEACTaBIICHbI Ha pUC.2.

/1//
2,5 = 3 P
7
o -
15 7
1 /,/ ///
/'//
0.5 7~
A
5

Puc. 2 —Ilotrepu xomoctoro xona, KBt

[orepu xonocroro xona y Tpanchopmatopa TCJIA Hinke Ha 76%,

O6mmue notepu MolHOCTH Ha 35%, yem y Tpanchopmatopa TC.

B pesynbraTe mpoBeqeHHBIX UCTIBITAHUI ONBITHOrO 00pasna Macis-
Horo TpexdaszHoro Tpancpopmatopa TMI'24-400/10-Y1 ¢ BUTbIM Mar-
HUTOMPOBOIOM M3 aMOp(HOro cijiaBa ObIJIO BBISIBIEHO, YTO MOTEPH
XOJIOCTOTO X0J]a B CEpPACYHUKE CHU3WIMCH B YETHIPE pa3a Mo CpaBHe-
HUIO C TpaHc(OpPMAaTOPOM C IIUXTOBAHHBIM MarHUTONPOBOIOM U3
OOBIYHOMH 3JEKTPOTEXHUYECKOH CTaH.

CpaBHHTENBHBIE TTAPAMETPBI CHJIOBBIX PacIpeleUTeNbHbIX TPaHC-
¢dopmMaTopoB c cepleuHUKOM 3 amopdHbIXx MaTepuanoB (AC) u u3
00bruHO# cranu (DC) npencraBieHbl B Tabmuie 1.
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Tabmuna 1- CpaBHUTENbHBIE MapaMerpsl  TpaHc(OPMAaTOPOB
ATMI, TM u TMI'

100 KBA 250 KBA 400 KBA 630 KBA,

Iotepn,
Br

2C [TMI'33 | AC 3C |TMI'33 | AC 3C |TMI'33 | AC 5C | TMI 33 AC

Noaoctoro 300 | 217 | 64 | 580 | 425 | 128 | 830 | 565 | 161 [1200| 696 | 238

xoxa, Bt

Koporxoro 1700 | 1591 | 16173100 | 2955 |3129 [ 4400 | 4180 |4457(6200| 6136 | 6353

3aMbIKaHAs, BT

O6mme motepu, Br | 1133 [ 997 | 856 [2099 | 1873 | 1661 [2986 | 2613 |2345 (4238 | 3703 | 3351

CHE:KeHHe NOTeph 12% |-240
o, 2% (-24%
MOIIHOCTH Ha, %

- | -11% [21%) - | -12% [-21%) - | -13% | -21%

Pacuer skoHOMHUYECKOH A(PPEKTUBHOCTH MOKa3ai, 4TO TpaHcop-
matopel ATMI' skoHomuunee TtpaHcpopmatopoB TM Ha 26%, a
TMI'33 1 12% [4].

BreiBonpl: Hanbosiee MEepPCIeKTUBHBIM MATEPUAIIOM ISl M3TOTOBJIC-
HUST MarHUTOITPOBOJIOB PaCHpPEIC/IUTEIbHBIX TPaHC(HOPMATOPOB SBJIS-
ercs amopdHas ctamb. OTOT MaTepHal JaeT BO3MOXHOCTh CHH3HMTH
MOTEpHU XOJ0CTOro Xoa Ha 75-80% .

Cnucok JMTepaTypsl:

1. Tonoxenne OAO «Poccetm» 0 EnuHON TEXHHYECKOW TIONUTHKE B DIIEKTPOCE-
TeBoM Komruiekce/Omoopena Cosetom mupekTopoB OAO «PocceTm» (IIPOTOKON OT
23.10.2013 Ne 138). Omobpena u BBeneHa B aeiictBue CoBerom ampexTopoB OAO
«DCK ESC» (mpotokomr ot 27.12.2013 Ne 208), 2013.

2. Cunosle MacistHBIe TpaHchopmaTopsl MOT3 mm. Koszmoa. Katamor. URL:
https://metz.by (nmara obpamenus: 27.03.2020).

3. Cyxume Tpanchopmaropsl. Karamor mpomykmmm OHCOHC. URL:
https://ensons.ru/images (mara oopamenus: 27.03.2020).

4. Muxaitmun C. O., lllesuenko H. 10. Anamus 3HEproddGeKTHBHOCTH pacmpe-
JIETUTENBHBIX TpaHchopMaTopoB // DHEprodpGeKTUBHOCTH M HHEProde30macHOCTh
npon3BoacTBeHHBIX nponeccos (DII1I1-2019): r. Tomesarti: TT'Y, 2019. - C. 207-211.
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UCCJIEJOBAHUE CTATUYECKOM ITPOYHOCTU BAJIA
OJIEKTPOABUI'ATEJIA 4A250S B T-FLEX CAD

Xanwknna A.C., Kanes A.U. (K3JI-181), UBamenko A.IL.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Henbs Moeii paboTHI SBISETCA UCCIEOBAHUE Balla JIEKTPOJBUTATE-
Jii Ha CTaTUYECKYI0 MPOYHOCTH C OMpeAeNieHUEM HaIpsOKEHUH U Je-
(hopmaruii, KOTOpble BO3HUKAIOT OT JCHCTBHS YCHUJIMI Ha STOM Bally.
DNEeKTpOBUraTeNb cepur 4A, ¢ pacCTOSHHEM OT OMOPHOM TUIOCKOCTH
JI0 ocH Bajia paBHBIM 250 MM, TO €CTh MCCIEyeM OJIHY U3 €ro pasHo-
BuaHocTert 4A250S. DOnekrpoasuratenu 4A 0OLIECTPOMBIILIEHHOTO
HCITOJIHEHHSI COOTBETCTBOBAIM OOIIMM TPEeOOBAaHUSIM M IPeAHA3HAYCHBI
JUTSE. HOPMaJIbHBIX YCIIOBHH 3KCILTyaTalluu (JBUTATEIN OOIICIIPOMBIIII-
JICHHBIE). DTO Tpex(a3Hble ACUHXPOHHBIE JICKTPOJIBUTATEIIU C KOPOT-
KO3aMKHYTBIM POTOPOM U paccuuTaHHble Ha yacToty 50 ['11, umeromnme
crenenpb 3amuThl [P44 nnu IP23. B kaxxnom ayekTpoMoTOpe ecTh /Be
BaXXHBIX pabovmx Aeranu: poTop u cratop (puc. 1). OHM 3aKIIOYEHBI B
3aIIUTHBIA KOXKYX. JJsi oXiask/ieHusl IPOBOJIHUKOB OOMOTKH Ha Baiy
poTOpa yCTaHOBJIEH BEHTUIIATOP.

Puc. 1 — KoHCTpyKImst 1 coCTaBISIOIINE SMIeKTpoABUTaTess cepun 4A [1]

KoHcTpykinu cTaTopoB paccMaTpUBAEMBIX JIEKTPOJBUTaTEICH HU-
YEM HE€ OTJIMYAIOTCSA OT CTPOEHUA ATUX JETAJIEW B IPYTHX THIIAX DJIEK-
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TPOMOTOPOB, PabOTAONIMX B CETSIX MepeMeHHOro Toka. CeplaeyHHKH
cratopa, MpelHa3HAYeHHOro Iyl paboThl MpH Tpex(da3HOM HampsbKe-
HUH, pacronaratoTcs o kpyry noxa yriom 120°. Ha Hux ycranaBimBa-
FOTCS OOMOTKH U3 M30JIMPOBAHHON MEIHOM MPOBOJIOKH ONPEISIEHHOTO
CeUEHHSsI, KOTOpbIE COSUHSIIOTCS TPEyroJbHUKOM WK 3Be310M. KoHCT-
PYKLHUSI MarHUTONPOBOJA CTAaTOpa XECTKO KPEMHUTCS Ha CTEHKax IH-
JUHIPUYECKOTO KOopIyca.

W3y4nB KOHCTPYKIIMIO 3JIEKTPOJABHraTeNisl, MO OOIIEAOCTYITHBIM
4yepTexxaM B MHTepHeTe Obla mocTpoeHa 3-Dmopnens Bana (mmos. 2, cM.
puc. 1 snextponsurarens 4A250S), ucnonn3ys mporpammy T-Flex
CAD (puc. 2).

Puc. 2 — 3-Dmopens Bana snekrpozasurarens 4A250S

DcKu3 Balia ¢ pa3MepaMH MpeACTaBleH Ha puc. 3.

Es]

5 g ‘_"I 58

]

|

]

]

|

]

|

|

1

|

!
'¢'3'5 1
480

265

g 72 58

884

Puc. 3 — 2-Dacku3 Bana snexrpojsurarens 4A250S

C moMoIpi0 BCTPOEHHOTO MOAYJS JUIsl MHKEHEPHOr'o pacuera Ha
CTaTHYECKYIO0 MPOYHOCTh METOJIOM KOHEYHBIX 3yieMeHToB T-Flex Ana-
qmu3 B nporpammyT-FlexCAD Obutn ompejeneHbl HaNpsDKEHUE W Jie-
¢dopmarun B Bany. Ciy)xeOHOe Ha3HAUYCHUE Bajla — 3TO Ieperada Bpa-

111



LIAIOIIEro MOMEHTA, BOSHUKAIOIIEr0 OT BpallleHHs CepJIeYHHKa POTOpa
C KOPOTKO3aMKHYTBIMU OOMOTKaMH B 3JICKTPOMArHUTHOM TIOJIE, & TaK-
YK€ BOCIIPUATHE Harpy3oK OT JeTajed, YCTaHOBJIEHHBIX Ha Baly — 3TO
MydTa, CepACUYHUK POTOpa ¥ BEHTHIIATOP. Ban npu pabore uCnbITHIBA-
er aedopmanmu KpydeHus ¢ u3ruboM. B pacuerHol Mojenu y4uThiBa-
JIUCh Harpy3KH: Bpallaroniuii MOMEHT 10 BeluuuHe paBHbIA 47 Hwm, a
TaKke KOHCONBbHOE ycmine o BenuumHe paBHoe 2201,4 H, xoropoe
BO3HUKAET OT MY(DThI 3aKPEIVICHHOW Ha BHIXOJHOM KOHCOJILHOM y4Ya-
CTKe Baja auaMeTpoM 65 MM u anuHod 140 MM, Harpy3Ku OT BEHTHIIS-
TOpa HE yYUTHIBAJIHUCH, BCIEACTBHE MX MaJocTH. Taike MpH pacuere
BaJla YYUTHIBAJICS BEC CAaMOT0 Bajla M BEC CEpJIEYHHKA POTOpa C KOPOT-
KO3aMKHYTBIMH OOMOTKaMHU.

B xoze mpodHOCTHOrO aHain3a Bajia ObUTH MOMYYEHBI CIEAYIONINE
HanpsbkeHus (puc. 3)

3apaya_1 [MpovHocTk]

HanpsxeHns 3KBUBaneHTHble, MMa
Macwraé nepemelweHmii: 3123.19

2376
I 079
17.82
14.85
+ 11.88

2916

5.948

2.9 ||L ! ‘ll

0.01291
Puc. 4 — Hanpspxenus Ha Bairy anexrpoxsurartens 4A250S

YCTaHOBIEHO, YTO HANPSDKEHUS, BOSHUKAIOIIME HAa Baly HEBBICO-
kue, nopsnaka 24 Mlla.

Taxxe B xo1e pabOThl OBUIM ONpPENENeHbI JehopMaIuu, KOTOPBIC
cocraBuin 0,02 MMm. BrisBiieHO, uTO HanboJiee HArPYKEHHOE MECTO Y
BaJla — ATO MECTO, TJ¢ IIeHKa Balla TIEPEXOJUT B KOHCONBHBIA y4acTOK
BBIXOJTHOT'O KOHIIA Bajia TuaMeTpoM 65 MM u aimuHoit 140 MM (puc. 4).
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3apaya_1 [MpovHocTs]
MNepemeweHns, MOAYNb, M
MacwTaé nepemeweHuin: 3123.19

1.953E-05

1.808E-05

1.664E-05

1.52E-0%

1.376E-05

1.23E-05

1.087E-05

9.428E-08 "I. ! \

T.986E-08

Puc. 5 — Jlehopmarmu Ha Bary anekrpoasuraterst 4A250S

[IpoBens uccnenoBanue, MOMTYUUITU JECITH KPATHBIN 3amac mpovHo-
CTH TI0 CTATUYECKUM Harpy3KaM, HalpsbkeHus He mpeBbiimaiot 24 Mlla,
a neopmaruu HaxoasaTcs B npenenax 0,02 mwm.

Cnucok uTepaTypsi:

1. ACHHXPOHHBIH JBHIaTeib ¢ KOPOTKO3aMKHYTBIM POTOPOM [DJIEKTPOHHBIN pe-
cypcel- Pexxum nocryma:https://www.asutpp.ru/asinxronnyj-dvigatel-s-
korotkozamknutym-rotorom.html (mrara o6pamenns 10. 04. 2020 rox)

2. Omnextpomsuraremn 4A, 4AM[OnexkTpoHHBII pecypc]- Pexum pmocryma:
http://electronpo.ru/electrodvigateli-4a-4am (mata obparmenus 10. 04. 2020 ron)
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OB30P MHTEJUIEKTY AJIBHBIX CUCTEM HEITPEPBIBHOI'O
MOHUTOPHHI'A BBICOKOBOJIbTHBIX KABEJIbHBIX JIMHUI

Yepauun A.O. (K2JIC-172), Arpamenko O.C.
Kamviuuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

[Ipu co3naHum COBpEMEHHBIX CUCTEM DIIEKTPOCHAOKEHHS C UCTIOJb-
30BaHMEM BBICOKOBOJBTHBIX KaOEIbHBIX JHMHHUH BCE Yalle MpeAroyTe-
HHE OTAaeTcs KabesiM ¢ M30JsIred U3 CiMToro noiaudtuinena — CI10,
MeXKIyHapoaHoe o0o3HaueHue takux kabeneit «XLPE» (Cross Linked
PolyEthylene).

OCHOBHBIM 3KCILTyaTAlIMOHHBIM OTiHureM kabeneit ¢ CI1D uzonsiu-
el OT MacIOHATIONHEHHBIX BHICOKOBOJIBTHBIX KaOemel ¢ n3omsnuei Oy-
Mara — Macio SIBJISETCS TO, YTO OOJBIIMHCTBO BO3HUKAIOIIMX B HHUX Je-
(heKTOB, SIBIISIOMIMXCS] OMACHBIMH, Pa3BUBAIOTCS 3a CPAaBHUTENBHO Kpart-
KHH [Teproj] BpeMEHH, OT HECKOJIBKUX MECSIIEB, 10 HECKOIBKUX JAHEH.

[IpoBenenne mnepHOAMYECKUX AWATHOCTHYECKHE HWCIBITAaHUA Ka-
6enpHbIX muHUN ¢ CIIO m3omsuueld He obecreynBaeT HEOOXOIUMOTO
YPOBHS HaJIS)KHOCTH DJIEKTPOCHA0XKEHHS MOTpeOUTENeH.

CHWXKeHHe aBapHUHOCTH pabOThl KaOENbHBIX JIMHUA BO3MOXKHO
TOJIBKO 3a CUeT BHEIPEHHS B JKCIUTyaTallMI0 CHUCTEM HEMpEephIBHOTO
MOHUTOPUHTA, KOTOPbIE MOTYT KOHTPOJIHUPOBATH COCTOSHHE H3OJISIUH
KaOeJIbHBIX JIMHUH B PEKUME PEaTbHOTO BPEMEHH.

Cucrema MOHUTOpHMHTA TEMIIEPATYpHBIX PEKUMOB  PabOTHI
KaOeJIbHBIX JIMHUH C HCTIOIh30BAHUEM ONTHYECKUX BOJIOKOHHBIX JTMHUN

Onruueckoe BONOKHO NMPH M3MEHEHHH TeMIIepaTypbl MEHSET CBOH
cBoiicTa. [Ipn 001yueHn ero UMITyJIbCOM Jia3epa B HEM BO30YKIatOTCsI
(OTOHBI, KOTOpBIE TEHEPUPYIOT CBOU MMITYJIbChI, OTIMYHBIE TI0 YaCTOTE
OT YacTOTHl BO30YKJAIOIIETr0 Jiazepa, MEHbILHE 10 YacTOTe Ha BETUYH-
HY, CBSI3aHHYIO C TEKYILEH TeMIIepaTypoi ONTHYECKOTO BOJIOKHA.

JlazepHbIil ICTOYHUK M3MEPHUTENLHOTO MPUOOpa MOCHIIAET B OMTH-
4ecKoe BOJIOKHO MMITYJIBC, KOTOpPBIA BO30YyXAaer KoiebaHus BO Bcex
ydacTKax KOHTPOJIHUPYEMOTo KaOems, 1 HIMEHHO 3TH KOJIeOaHHUs TOCTY-
naer oOpaTHO B NPUEMHHUK — aHAJIM3aToOp crekTpa. [lomydeHHslii, yc-
JIOBHO TOBOPSI, OTPAXKEHHBIH CHT'HAJI, B 3aBUCUMOCTH OT OTHOCHUTEIBHO-
T0 BpEMEHHU MPHUX0Aa UMIYJIbca (OTHOCUTENFHO MEPBUYHOTO UMITYIIbCa
OT UCTOYHUKA), OMHCHIBACT TEMIIEPATYPHOE COCTOSTHUE OMPEAEIEHHOT0
ydacTKa KOHTpoiupyeMmoro kaoemns (Puc.1).
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Jlasep
M3mepuTensHoe

OMNTOBOJOKHO B Kabene

IMpremMHuk

Puc. 1. - Onruuecknii MOHUTOPUHT TeMITepaTyphl KaOeTbHON JINHNH
peructparop «<ASTRO E54»

OnToBonokoHHas cucremMa MoHMTOpuHTa «ASTRO» mpennaznaue-
Ha JJIsl HEMPEPhIBHOTO KOHTPOJISI TEMIIEPAaTyphl HArpeBa CHIIOBOTO Ka-
Oenst. CucteMa BKITIOYAET JTATYUK M3MEPEHUS TEMIIEpaTyphl U MprOop-
peructparop Uit 00pabOTKH M MHTEPIIPETallNy AaHHBIX MOHUTOPHHTA.

[TonoXUTENPHBIM aCIEKTOM HCIONB30BaHMSI CUCTEM MOHHTOPHHTA,
MpeAHa3HaYeHHBIX U paclpee]eHHOro KOHTPOJIsl TeMIIepaTyphl Ka-
OeNbHOW JIMHUY, SBJSIETCS BO3MOXKHOCTh TOYHOTO OIpEJENICHHsI MecTa
Mpo0osi MOCJie aBapUIHOTO BBIXOJa KaOelbHOW JIMHUM u3 cTpos. Ha
WUTOTOBOM TpaduKe pacrpeneNeHns TeMIepaTypsl aBapuiiHONH KaOeib-
HOW JIMHUH TIOCIIe 30HBI MPO00si OyIeT MOTHOCTHI0 OTCYTCTBOBAThH WH-
¢dopmanus o Temmneparype, Tak Kak B 3TOM MECT€, COBMECTHO C CHIIO-
BBIM Ka0erieM, MPOU30UJIET pa3pylIeHHE M ONTHYECKOTO BOJIIOKHA —
pacnpeneneHHOro AaT4nKa TeMIIepaTyphbl.

Cucrema TMarHOCTUYECKOT'0 MOHUTOPUHTA KaOENIbHBIX JIMHUN Ha
OCHOBE PEruCTpallly ¥ aHAIN3a YACTHYHBIX Pa3psioB B U3OJSIHU
Jnst perucTpanyii YacTUYHBIX Pa3pagoB B Pa3IUYHOM BBICOKO-

BOJILTHOM O0OPY/ZIOBaHHH MOTYT OBITH MCIOJIb30BaHBI IEPBUYHEIC JIAT-
YUKH W PEruCTpHUpyIolIasi anmnapaTypa, paboTalonye B Tpex pasiud-
HBIX JTHalla30Hax 4acToT:

- AxyctHueckuil M yJIbTpa3BYKoBOW amama3oH yacToT US,
10 300 kI'm.

- BricokouactoTHbii nuamna3zon vactor HF (BY), or 150 [y mo
30 MTI'L.

- CBepxBbIcoko4acToTHBIN anana3od yactor UHF (CBY), ot 100 mo
1500 MI'w.

Haunbonee >¢(dexTHBHBIM SBISETCS TUATHOCTHYECKOE 00O0pYHOBa-
Hue, paboTatoriee B BeicokouactoTHoM (HF) nuamnazone yacTor.

Cucrema monutopunra mapku «CDM-30» (Cables Diagnostics
Monitor, 30 Channel) nmpemHa3HaueHa i TOCTOSHHOTO KOHTPOJIS
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TEXHUYECKOr0 COCTOSIHUS U30Jsauu 10 30 (45) kaOenbHBIX JMHUN 6 +
10 kB nox pabo4unM HanpspKeHHEM.

CranmapTHasi ciCTeMa MOHUTOPUHTA KaOENbHBIX JIMHUN BKITIOYAET:

- [Ipubop B 3ammTHOM mIKady, CO CBETOINOJaMHU Ha JUIEBOH MaHe-
mu (Puc. 2).

- HaGop nepBHYHBIX JaTYMKOB YACTHYHBIX Pa3PsIOB .

- CurHanbHbIe KaOeu JUIs JaTYMKOB JUTMHOM 10 15 MeTpoB.

Puc. 2. - Bremmnwnii Bun nH60pa mapku «CDM-30»

s 6onee 3 (HEeKTUBHOrO KOHTPOJISE KaOeNbHBIX JIMHUN, IIPOBOIHU-
MOT0O B PEXHME pPEabHOTO BPEMEHH, UCIOIb3yeTCsl JBEHAIaTH Ka-
HajbHadg cucrema «CDU-12». Ona npenna3zHadeHa A7l HEMPepbIBHOTO
KOHTPOJIS TEXHHYECKOTO COCTOSHHUSI M30MALUU N0 12 KaOeTbHBIX JIH-
HUll mox pabounM HampspkeHueMm a0 110 kB, pacnonoxeHHBIX Ha Of-
HoM oObekTe (KPY).

[Tpu momomm cuctembl «CDR» peanuzyercss MOHUTOPUHT Kabemnb-
HBIX TUHHUA ¢ HanpsbkeHneMm 110 + 500 kB). atunku mapku «RFCT-
7» - DaTYMKH TpaHCPOPMATOPHOrO TUTIA, TPEAHA3HAYCHHBIE JJIST PEerH-
CTpallii BBICOKOYACTOTHBIX HMITYJIbCOB B IIPOBOJE, 3a3eMJISIOIIEM
Oponto kabens. Koncrpykrusno gatunk «RFCT-7» mpeacrasinser co-
0oii Be pazbeMHBIC MOJOBHHKH, KOTOPBIE JETKO MOHTHUPYIOTCS Ha
MPOBOAHMKAX 3a3eMIICHUS DKpaHa Kalels, UM KOpIyca COeHHUTENb-
Holi My(Thl. brarogaps pazbeMHONH KOHCTPYKIMHM YCTaHOBKA JIaTUMKA
«RFCT-7» npousBoautcs 03 pa3pbiBa IETeH 3a3eMIICHUS.

Cuctema «ADM-9» - KOHTPOJb U3OJSIMHA BBICOKOBOJIBTHOTO 000-
PYJIOBaHMS MO YaCTUYHBIM pa3psiiaM MpHU MOMOIIM aKyCTHYECKUX JaT-
YHKOB.

IIpn momomm cucremMbl MOHUTOpHHTAa Mapku «ADM-9» MoxHO
KOHTPOJINPOBATH!

- CocrosiHuEe W3OJSAIMHM KOHIEBBIX M COSIMHHUTENBHBIX My(T Ka-
OCITbHBIX JINHUA.

- Cocrosiaue uzossiiuu KPY D u KPY pasznuunbix Moaudukaiuii.
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- CocrosgHHE H30MALUU BBICOKOBOJIBTHOTO MAaCJIOHAINOIHEHHOIO
000py/IOBaHMsI — CUJIOBBIX M W3MEPUTENBHBIX TPaHC(HOPMATOPOB, BHI-
KIII0YaTenen

Monumopune kabenbHbix AUHUL ¢ pAOOUUM HANPAIHCEHUEM
6 +35«kB

JlJiss KOHTPOJISE COCTOSTHUSI HECKOJIBKUX KaOenbHBIX JIMHUN 6 — 10
KB, IOAKIIOYEHHBIX HA OJHOM MOJACTAHIMH K sdeiikaM ojgHoro KPY
(KPYD3), moxeT OBITh HCIIONB30BaHA HarbosIee MpocTas MOAUPHUKALINS
«KMK», cocrosimiast Tonbko u3 oaHoro npudopa mapku «CDMy. [pu
OpTaHM3alMY CHUCTEMBbl MOHUTOPHHTA TaKOW pachpenesieHHO ceTH Ka-
OCNBbHBIX JITHUI BO3MOXKHBI IBa METOJTMYECKUX TOAX0/1a:

- Co3aHne COBOKYIMHOCTH JIOKAJIbHBIX (HE CBS3aHHBIX MEXAY CO-
00if) cuCcTeM MOHHUTOPHHTA TPYII KAaOEIbHBIX JTUHHUMN, TOIKIIOYEHHBIX
K sueiikaM OJHOTO paclpeeNuTeIbHOTO YCTPOCTBRA.

- KoMIuiekcHbIi MOHMTOPHHT BCEH COBOKYITHOCTH KaOEIbHBIX JHU-
HUH NPeaNpUsATHS, YYUTHIBAIOIINI B3aMHbIE KaOENbHBIE CBA3H MEXY
pacnpenenuTenbHbBIMA TOACTAHIIUSMH.

JIOCTOMHCTBOM KOMIUIEKCHOI'O TOJX0/Aa K OpraHu3alii MOHHUTO-
pHHra CHCTeMbl KaOelbHBIX JIMHUI ABIsieTcsl Ooniee TouHas JeTann3a-
1S TUTIOB Je()EKTOB, M UX Jy4llas JOKAIA3aIHS.

Monumopune xabenvuvix aunutl 110 — 500 kB.

CrannaptHas moctaBka cuctembl «KMK-500» mpennasnadena s
KOHTPOJISA JIBYX TapajulelbHbIX BBICOKOBOJBTHBIX KaOEIbHBIX JHHUM,
COCTOSIIIMX M3 MIeCTH OAHO(]Aa3HBIX Kabeneil. mMpuOOp CHCTEMBI TeMIIe-
patypHoro koHTpossi Mapku «ASTRO» pacmonaraercss B mkady
«KMK-500/1». Ecnu paccTosiHie OT LEHTPaNbHOro MmKada CHCTEMBI
MOHUTOpPUHTA 10 KaOENbHOW JIMHUM AOCTATOYHO BEIUKO, TO OTH U3Me-
pUTENbHBIE M IUarHOCTHYECKHE NPUOOpHI MOHTUPYIOTCS B IIKady
Mapku «KKMK-500/2.

CTpyKTypa CUCTEMBl MOHUTOPUHTA, IPeAHA3HAYEHA TOIBKO IS JH-
ArHOCTHKH JIE(PEKTOB B M30JISIIIMK KaOCIbHOW JTMHHH.

Cnucok IMTepaTypsl:
1. MN.IOprur Hepaspymaromasi IUarHOCTHKAa CHJIOBBIX KaOeIbHBIX JIMHHH //
DJEKTPUK: 3IEKTPOHHBIN HaydHBIH KypHATL — 2009. — Ne 11-12 [DnekTpoHHBIH pe-
cypc]. URL: http://www.electrician.com.ua/posts/721.
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OCHAUIEHUME 2JIETA3OBbIX PACITPEAEJIMTEJIBHBIX
YCTPOMCTB I'A30BBIMU AHAJINBATOPAMU U JATUNKAMU

Yepuoropoaosa O.E. (KQJIC-161), Arpamenko O.C.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

Oco0eHHOCTH IKCILUIYATAMH 3J1era3oBoro 000pyA0BaHus

DnekTpuyeckrue MOACTAHIINY, BXOJISIIME B CUCTEMY DJIEKTPOCHA0-
KEHUSI TPOMBIIUICHHBIX NPEANPUATHI B MOCIECIHUE TOMbI, KOMILJIEK-
TYIOTCSl COBPEMEHHBIM BBICOKOBOJBTHBIM 3JIEKTPOOOOPYIOBAHUEM C
3IIera3oBbIM 3amoiHeHneM. K HeMy OTHOcCSTCs: cuiIoBbIe TpaHchopMa-
TOPBI, KOMILIEKTHBIE paclpeleuTeNnbHbIe YCTPOWCTBA, BEICOKOBOIBT-
HBIE BBIKJIIOYATEINH, BBIKIIIOYATEM HATPY3KH, TpaHC(HOPMATOPHI TOKA U
HaTPsHKEHUS, JJIEKTPUIECKIE KOHIEHCATOPBI M TOKOPOBO/IEI.

I'maBHOI 0COOEHHOCTBIO SKCIUTyaTallMM DJIETa30BOTO AIIEKTPOOOO-
pPYIOBaHMS SBJIAETCS YAaCTHYHOE pa3joKEHHE aJiera3a IMpHU BO3ZIEHUCT-
BHUU JYTOBOTO MJIM KOPOHHOTO pa3psiioB. [IpoAyKThI pa3iokeHus Mo-
TYT BBI3BAaTh pa3pylieHHE U3OJSIHMOHHBIX W KOHCTPYKIMOHHBIX MaTe-
pHaloB KOMMYTAIlHOHHOTO allfapaTa W OKa3blBaTh OTPHIATEIbLHOE
BO3/IefiCTBHE Ha 3I0POBBE OOCITYKUBAIOIIEr0 MepCcoHaa MoCTAHIIHH.

KouTtpons koHIeHTpanuu »ierasza B momeniennu 3PY nomxeH mpo-
W3BOJIUTHCS C TIOMOIIBIO JAaTYMKOB, YCTaHABIMBAaeMbIX Ha BbicoTe 10-
15 cM oT ypoBHS moja, HE MEHEe YeM B JBYX MECTaxX MOMELICHHUs C
Han0oJIee BEPOSATHBIM CKOILICHHEM 3jierasa [1].

CucreMa KOHTPOJISA KOHIeHTpanuu djeraza IGAS

Cucrema mocTpoeHa Ha MOIYJIBHOM CBOOOJHO MPOTrpaMMHUPYEMOM
koutpomepe cepun «MI'AC» u npennazHaveHa ais cbopa U 00padboT-
KH WH(GOPMAIMK C BHIHOCHBIX I'a30aHAJIM3aTOPOB U BBIIAYM HCIONHH-
TENBHBIX CHTHAJIOB TPHW TMPEBBINICHUU TMPEeTbHO TOMYyCTUMON KOH-
nentpanuu (I1JIK) sneraza wim npogayKToB €ro pacraja Ha BKJIFOUEHHE
aBapuitHOHN BBITSDKHON BEHTHJISLMH, CBETO3BYKOBBIX Ta0JIO M B BBIIIIE-
crosiiue ACY TII noacranuuu (Puc.1).
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Puc. 1 -Cocras cucremsr

[Ipu npeBbIlIEeHNH YCTAHOBJIEHHBIX B CUCTEME TIOPOrOB KOHTPOJLIEP
BBIJIA€T CUTHAJl Ha BKIIOUYEHHE aBapUMHOM BEHTWJIALMHU, a TaKkKe
BKJIIOUAa€T CBETO3BYKOBbIC Ta0JIO ISl OMOBELIEHHs epcoHana 00 IBa-
Kyaluu.

Mnata

HarpesaTtens

Y3kononocHelit

Tennbii
huneTp
803AYyX
Ha ANVHY BONHbI
NOrnoweHns
MpuemHik
nHppakpacHoro Cthepudeckoe
W3ny4yeHus 3epkano
McTounmnk
MH(hbpakpacHoro
N3nyyeHus
XonogHbiin
BO3AYX

Puc. 2 — BHenrHuMi BUT CTaIMOHAPHOTO ra30aHATN3aTopa
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Cucrema nojiep>kuBaeT JyOJIMpOBaHUE BCEX Y3JIOB, UTO CYIIECTBEH-
HO MOJHUMAET YPOBEHb OTKA30yCTOHYMBOCTH, CHAOXKEHa KYPHAJIOM CO-
ObITHI 1715 QUKCUPOBaHMS JIFOOBIX HEIITaTHBIX cuTyarwii (Puc. 3).

i | |

Puc. 3 — PacrionokeHue 1aTINKOB HA YIaCTKaX MOHHTOPHHTA

IIpoBepka repMeTHYHOCTH BHYTPH 3aMKHYTOM cuctembl KPYD

CornacHo TpeOoBaHusAM [1] 10 U TOCIIE MEXaHHUYSCKUX HCIBITAHHH
JOJKHA TPOBOJUTHCA MPOBEpKAa TEPMETHUUHOCTH JUIS TOATBEPIKICHUS
JIOITYCTUMOTO pacxo/ia ra3a Ha yTeuKH.

MexaHn4eckre UCIIBITAaHUS TPU TeMIlepaType OKpYKarolled cpessl
MPeAyCMaTPUBAIOT MPOBEPKY XapaKTEPUCTHK M HCIPABHOCTH PabOTHI
MEXaHM3MOB alMapaToB U HCMBITAHUSA UX HA pecypc MO MEeXaHHUYeCcKOH
cToiikocTy. McbITaHUS TOJKHBI TPOBOJUTHCS B COOTBETCTBUM C Tpe-
OOBaHMSAMHU CTAHAAPTOB HA BHJIBI KOMMYTAIIHOHHBIX amllapaTos.

[pu sKcmTyaTaliuy UCTIONB3YIOTCS pa3IHyHble TPUOOPHI IS ompe-
JieTIeHUs1 yTeuek djera3a. B Tabnune 1 cBeneHo camoe pacnpocTpaHEéH-
HOe 000pyIoBaHUE, MPUMEHseMoe Ha nojicTaHiusax ¢ KPYD.

Tabnuua 1 - [pubops! A5 mOKMCKa yTeuek dJerasa

GIR10 Teueunckarenb BEICOKOUYBCTBUTEIIBHBIH Ul MTOUCKA yTEUEK dle-
rasza (quamazon 0-2000 ppm, oOHapyXKeHHE KOHIICHTPAITUIA dJiera-
3a 710 3 ppm)

SF6 LaserGasTest | TeuenckaTenb BBICOKOTYBCTBUTENBHBIM JIa3€pPHBINA IUIS ITOMCKA
yTeUeK dierasa

DILO 3-033-R201 | TeueuckaTenb BHICOKOUYBCTBUTEIBHBIN IS TIOMCKA YTEUYEK 3JIe-
rasa (uriHa 30812 550 MM)

TH1 - 30OHI+ [TopTaTuBHBIN TeYeHCKATENbHBINA KOMIUIEKC JUISl TIOMCKA, JIOKAJTH-
3allMM U KOJIMYECTBEHHOM OIIEHKHM YTeueK Tesius, »Jierasa, Imnpo-
maH-0yTaHa, MeTaHa, GPEOHOB, alleTUIICHA, YTIICBOJIOPOJIOB U T. 1.

Fluke Ti450 SF6 TermnoBr30p 1S BEISIBIICHHS yTedek dierasa SF6

DALI GF706 TermmoBH30p IS BEISBIICHHS yTeuek dmerasa SF6

Haubonbmee pacmpocrpanenue mony4yun npubop [lopraTuBHBIHI
TedenckatenbHbii koMiieke «TU1 - 30H/I+», mpeqHasHaveH ass 1mo-
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MCKa, JIOKAJIM3alMK M KOJIMYECTBEHHOW OLIEHKH yTedek 3jeraza. OH
OCHAIIICH TEJIMEBBIM IIYNOM (3BYKOPE30OHAHCHBIA METOJ) JIJIsi TIOMCKa
yTeueK ra3oB MO CKOPOCTH PACIpOCTPaHEHUS 3BYKa, OTJMYHON OT CKO-
pOCTH 3ByKa B Bo3nyxe (renmuit, Bogopon u T.h.) (Puc.4); ynsTpa3Byko-
BBIM IIIyITOM (aKyCTHYECKUH METOJ) ¢ MapabOUUeCKUM YCHITUTEIEM,
MpeAHa3HaYeHHBIM JUIS KOHTPOJSI TePMETUYHOCTH CHCTEM padoTaro-
X oA AAaBJICHHUEM W BAKYYMHBIX CHCTEM B IMPOLIECCE U3TOTOBJICHHUA
M OKCILTyaTaIlHH.

Puc. 4- Cxema yCTaHOBKH JIJIsl KOHTPOJISI CIIOCOOOM aTMOC(EpHOro Iiyma ¢ MoMo-
IO 3BYKO-PE30HAHCHOIO TEUCHCKATEIIS:
1 - GayyIoH ¢ MPOOHBIM Ta30M; 2 — peAyKTOp; 3 — ra3oBbIi pyKaB BEICOKOTO JIaBiie-
HHS;4 - MAHOBaKyyMMETp; 5 — 00BEKT KOHTPOIIST; 6 — Teub MPOOHOro rasa;
7 - 3ByKO-pe30HaHCHBIN 1IyTr; 8 — kanubpoBanHas Tedb «KT-1»; 9 — pemykrop;
10 - Gamon ¢ renvem; 11 —BakyyMHBIN Hacoc.

ITo CpaBHCHUIO C TCUCUCKATCIIAMU, OCHOBAHHBIMU Ha IMMPUHIUIIC U3~
MEHEHMs TeIUIONPOBOAHOCTH KOHTponupyemon cpeabsl, TU1-3ona+
obnafaer CyHIeCTBEHHO MEHBUIMM BpeMeHeM OoTkinKa. braromaps
mddepenmansHoi cxeme 1myna, TH1-3oua+ Moxer pabotaTh B 3ara-
30BaHHOM IIOMCIICHUHN, CUTHAJIM3HUPYd O HAJIMYUU TCUU TOJBKO B HEIIO-
CPEICTBEHHOM OJIM30CTH OT Hee.

Kpome Toro, muddepeniinanbHas cxemMa Mo3BOJIIET OTCTPAUBATHCS
OT TaKuX MCIIaromux q)aKTOpOB, KakKk MacCJIIHBIC ITATHA, ITOBBINICHHAA
BJIAKHOCTPH 00IIas 3aTra30BaHHOCTD MIOMEIIEHHS U T.1I.

Cnucok MTepaTypsl:
1. CTO 56947007-29.240.35.184-2014KomIIeKTHbIE paclpeeuTeIbHbBIE YCT-
poiicTBa ¢ arerazoBom3oIsIMel B Metayummdeckoi obonouke (KPYD) 110 kB u BeI-
mre. O01ye TEXHIYECKHEe YCTIOBHS
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IPUMEHEHWE MTHHOBAITMOHHBIX KABEJIEM
C TEPMOCTOMKOM U30JIAIUEN

Yymkun B.B. (K3JI-152(3)), Jleoenera FO.B.
Kamviwuncxu mexnonoeuueckuii uncmumym (unuan) Boael TY

C KaXJbIM TO/IOM TOBBIIIAIOTCA TEXHUKO-IKCIUTyaTallUOHHBIE Tpe-
OoBaHHA K KaOEIbHBIM JIMHUSIM.

Oco0eHHO aKTyallbHO CTOMT BOMPOC HAJIMYMs CHIIOBBIX KaOemeid,
KOTOpBIE OTBEYAIOT CICAYIONIMM TPEeOOBaHMSIM: yBEIHUYCHHE IITUTEIb-
HO-ZIONTYCTUMBIX TOKOBBIX HAarpy3ok; YBEIHYEHHE TOKOB KOPOTKOIO
3aMBIKaHUs; YyCTpaHEHHE OrpaHYeHHH 10 ypoBHIO pokiIaaku [1].

B Hacrosiiiee BpeMs MOTYYHII HIMPOKOE paclpocTpaHeHne Kadenb ¢
M30JSIUEN U3 CLHIMTOrO IOJIUATHIIEHA, HO €CTh JIX BO3MOXHOCTh YyJiE-
LICBUTh KaOENbHYIO JIMHUIO, 0€3 CHIDKEHHS TpeOOBaHWUU K KauyecTBY
KaOeIbHOU JTHHUM?

B 2017 rogy mosiBUnace HOBasi OT€UECTBEHHASI KOHCTPYKIIMS CHIIO-
Boro xabens mapku TOBOKC c noBblieHHO#H pabodeil TemmepaTypou
HarpeBa TOKOIMPOBOASIINX JKUJI, KOTOpasi COBMECTHJIa B cebe JOCTOWH-
cTBa Kabemnei co CHIMTHIM MOMUATHICHOM, STHIICHITPONUICHOBON Pe3H-
HOU U KabeneM ¢ OyMaXHO-ITPONUTAHHON H30JISALIUEH.

Koncrpykuus cunosoro kadenst mapkun TOBOKC mpuBoautcs Ha
pucyHke 1.

1 - TOKOIIPOBOAIIAsT aJIFOMUHHUEBAA IKWJIIA,
MHOTOIIPOBOJIOYHAS, CEKTOPHOH (hOPMBI;

2 — (hazHas M3OIALIS U3 TEPMOCTOHKOM Oymarw;

3 — MexdasHoe 3anoTHEeHNE;

4 — nosicHast HU30JIALUA,

5 — 3KpaH "3 EKTPONPOBOAAIIEH Oymary;

6 — cBHHIIOBast 000I0YKa;

7 — mofyIIKa 1o OPOHIo;

8 — OpOoHs M3 2-X CTANBHBIX JICHT;

9 — aHTUKOPPO3MOHHBIH CIIOH;

10 — HapyXHBII 3alUTHBIA NIIaHT W3 MOJH-

STUIICHA WITH TTONMBUHIIXIIOPUAHOTO TIACTHKA.
Puc. 1 — Koncrpyxumst kadens TOBOKC [2]

KabGenb pa3paboran rpynmoii komnanuii «Mockabeiabmer» B 2017
roay. B kabene TOBOKC 3a mpotoTun u3oisiuu Oblia B3saTa 00MOTKa
TpaHchopmaropa, TAe MPUMEHIETCS TEPMOCTOHKas U3OMSIMs ¢ pado-
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yeit Temmepatypoit 120 °C. Ilena na xabens TOBOKC Bcerna Huxe
CTOMMOCTH Kabenel ¢ M30JISHeR U3 CIIUTOro MoaudTHiIeHa Ha 5-10%

[].

o 2
JKUJIBHBIX CHIIOBBIX KabOesei ceuennem 240mm™ [2].

B Tabnume 1 mpencraBieHbl CpaBHUTENBHBIE MMApaMeTpbl TPeX-

Tabnuna 1 — CpaBHUTEIbHBIC TAPAMETPBI CUIIOBBIX KaOemei

TOBOKC | Kab6ens ¢ m3omsm-
[TapameTpsl (TepmocToii- |  eif u3 cmmToro
Knii kabenp) MOIMITHICHA
1. HapyxHBIH 1raMeTp, MM 60,3 75,6
2. CtpoutensHas JurnHa Ha Oapabane Ne22, m 520 335
3. MakcumanbHast TeMIepaTypa IpH TOKe KOpPOTKO- 250 250
ro 3aMeikanus, °C
4. JlymtenbHO JOMycTHMas TOKOBas Harpyska, A,| 361/399 422/441
MPOKJIAJIKA B 3eMJI€ /Ha BO3yXe
5. JlomycTrMEIii ToK oHOCEKYHIHOTO K3, KA 22,7 22,7
6. Temmeparypa KB B HOpMaJIbHOM pexume, °C 80 90
7. BepTukajibHasi ¥ TOPU30HTAJIbHAS TPOKJIAJKA + +
8. MuHNMAaNBHEIN paguyc M3rubda NpH IPOKIIAJKE, 15 1n 12 [In
MM 905 900
9. Cpok cIyx0Bl, T. 30ner 30 ner
10. l'apaHTHHHBII CPOK SKCILTYaTaluH, T. 10 ner 5 ner

W3 Boire NPUBEACHHBIX IapaMETpPOB BHUIHO, YTO CTPOUTCIIbHAA JIMHA KaOeJei

TOBOKC nHa 40% Oomnblre, cienoBaTeNbHO, KOINIECTBO KaOSNBHBIX My()T IpH MOH-
Taxe KaOenbHOW JrHUH OynerT MeHbie. CtoumMocTh MoHTaxka kabens TOBOKC mu-
HUMYM Ha 40% HIKe 3a c4eT OOMbIIeH CTPOUTENFHOM [UTMHBI U MEHBIIETO KOTUIECTBA
MyQT.

[IpuMeHeHNEe TaHHOW MapKH CHJIOBOTO KaOensh MOXET HaWTH NMpPUMEHEHHUE TpU
MPOKJIAJIKE, 3aMEHE ¥ PEKOHCTPYKIIMU CHUIIOBBIX KaOCTbHBIX JIMHHI, PACCUUTAHHBIX HA
JUTHTEJIBHBIN CPOK AKCILTyaTalluy, HAIPUMED, SHEPIreTUIECKUE U MEKTPOCETEBBIC KOM-
TaHuH.

Cnucok JIMTepaTypsl:
1. TOBOKC. DBomorust CHIIOBOTO Kabemsl. DIeKTPOHHBIN pecypc: Www.mkm.ru.
2. Cunooiikabens TOBOKC. RusCable Insider Digest Ne51-18/09/2017. Dinek-
TPOHHBIH pecypc: www.ruscable.ru
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OB30P ITPAMBIX 1 KOCBEHHBIX METOZAOB OLIEHKHA
COCTOAHUA CUIIOBBIX TPAHCOOPMATOPOB 110 KB

HIaBao A.M. (K9JI-161), En¢pumona O.H.
Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY

B Ommxkaiimme roasl B Poccun o DKOHOMHUYECKUM U TEXHUYECKHUM
MPUYMHAM HE O0XKUAETCS CYIIECTBEHHOTO OOHOBJICHMS OTPaOOTABIINUX
CBOM HOPMATHBHBIM CPOK CIY>KObI CHJIOBBIX TpaHchopmaTtopoB. B
JHEpreTHKe HaMeTuJach TEHAEHIUS K IOCJel0BaTeIbHOMY Iepexoy
OT CHCTEMBI TUIaHOBO-TIpenynpeauTenbHbix pemontoB (II1P) x pemon-
TaM M0 TEXHUYECKOMY COCTOSHHUIO 3JIEKTPOOOOPYAOBAHUSL.

VYkazaHHBII Tepexoa HEBO3MOXKEH 0€3 OLEHKH TEXHHYECKOro CO-
CTOSIHHSI CHJIOBBIX TpaHCc(OpMaTOpOB C MCIOIB30BAHUEM CPEICTB JH-
arHocTupoBaHud. MIMeromuyecs TEXHUYECKHE CPEACTBA U METO/IBI 1ar-
HOCTHPOBaHUS TPEOYIOT YCOBEPIIEHCTBOBAHUSI.

Anamuz pesynbratoB [P cunmoBeIX TpaHc(hOpPMAaTOpPOB CyLIeCT-
BYIOIMMU HOpMaMH U KPUTEPUSMH [10KA3BIBAET, UTO NpoBeacHue [111P
0e3 UX MpeaBapUTENbHOTO OIIEHMBAaHHUA HE pelaeT npodiiemMy, Tak Kak
MIPUBOJIUT K CYILIECTBEHHBIM MaTepHajbHBIM 3aTpaTtaM. B cBs3u ¢ aTum
Bce Oosee akTyallbHOM CTaHOBUTCS MpoOJieMa MPOJICHHUST CPOKa CITyXK-
ObI 1 OlleHKa BO3MOYKHOCTH JallbHEHIIEeH dKcIUTyaTaluu Tpanchopma-
TOPOB MyTeM Pa3pabOTKH W COBEPIIEHCTBOBAHMS METOJIOB OLIEHKH CO-
CTOSIHHSI CHITOBBIX TPAHC(OPMATOPOB C UCIOIB30BAHUEM COBPEMEHHBIX
METOJIOB TMAaTHOCTHKH.

Meronuka uccieoBaHus

Jns aHanmu3a HAJEKHOCTH pabOTH TpaHcPOopMaTOpoB HEOOXOAUMO
UMETh MPEACTABUTENBHYIO BBIOOPKY JTAHHBIX Ul OJHOTHITHBIX TpaHC-
(hopMaTOPOB B CIICAYIOINIEM BHJIC:

1. Pacnpenenenve MOBpEeXIEHUI 110 OCHOBHBIM 3JIEMEHTaM TpPaHC-
(hopMaTOpOB Pa3HBIX KIACCOB HAMPSKEHHH.

2. XapaKTepuCTHUKU YPOBHS MOBPEXKIECHUM.

3. Yacrora mNOBpEKACHUI B 3aBHCUMOCTH OT CpOKa CIYXOBI
TpaHc(hOpMaTOPOB.

4. Tlpu4uHBI ¥ TOCAEACTBUS TTOBPEKICHHUI.

5. HanHple 00 OTKJIIOHEHHSX OT TpeOoBaHM HOPMAaTUBHO-
TEXHUYECKHX JOKYMEHTOB, MHCTPYKLUN 3aBOJIOB M3TOTOBUTENEH, MpO-
TUBOABAPUMHBIX U IKCILTyaTAIIMOHHBIX IUPKYISIpoB[1].
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PesynbTaThl uccnenoBaHun

[To nanHBIM JUTEpaTYypHBIX HCTOYHUKOB B CpenHem IloBomkbe mpo-
aHaJTM3UPOBaHbl 338 OTKA30B M WX MPHYUH B CHJIOBBIX TpaHchopMaTo-
pax (110 kB). AHanu3 TaHHBIX MOKa3bIBAET, YTO HAHOOIBIIYIO MTOBPEXK-
JTaeMOCTh MMEIOT: BBICOKOBOJIbTHBIE BBOABI - 23%, yctpoiictBa PIIH -
18%, obmotku - 12,7%, ymyck TpanchopMaTopHoro macia - 22%, Tedb
Macia - 10 %, cucrema oxnaxkaeHus - 5 %. CaMbIM CEpbE3HBIM U TSKeE-
JBIM TIOBPEXKJIeHUEM TpaHc(opMmaTopa sIBIsIETCS BHYTPEHHEE KOPOTKOE
3aMbikaHue (K3). PasHble Bupl nepeHanpspkeHUM BBI3BIBAIOT MOBPEXK-
nenust 00MoTok B 80% ciydaeB OOIEro Yucliia MOBPEXKIACHHS], BHICOKO-
BOJIBTHBIX BBOAOB - 89%, PITH - 25% u npouux snemMeHToB - 36%.

[Tpu >TOM Hambonee TsHKENoe MOCIENCTBHE UMEET MECTO MPH pas-
BUTHUHM TaKHX JACPEKTOB, KaK CHW)KECHHE DJIEKTPHUYECKOH MPOYHOCTH
MacCJISTHOTO KaHana BEICOKOBOJIBTHBIX T€pMETHYHBIX BBOJIOB M3-3a OTJIO-
KEHUS ocaJika Ha BHyTpeHHeW MoBepxHocTH (apdopa 1 Ha TOBEPXHO-
CTH BHYTPEHHEH HM30JIAIUH; CHI)KEHHE 3JIEKTPHUECKON MPOYHOCTH Oy-
MaKHO-MAacJIsSTHOW M30JIA1IMN BEICOKOBOJIBTHBIX HET€PMETHYHBIX BBOJIOB
M3-32 YBJIQXXHEHMS U 3aTrpsi3HEHUS; YBIaKHEHHE, 3arpsA3HEHUE U U3HOC
(crapeHre) W30NSIIMH OOMOTOK; BBITOPAaHHUE BUTKOBOW H3OJSIUU U
BHUTKOB OOMOTOK H3-32 JUTUTEIBHOTO HEOTKIIOUEHHSI CKBO3HOTO TOKa
K3 Ha cropoHe HU3LIEro HanpspkeHus TpancopMaTopa; OMMOKH MOH-
Ta)ka, pEMOHTa U dKCIuTyaTauuu|2].

Yacruunsle paspsaapl (UP) B m3omsuuu mpoucxomsT B o0macTsIxX c
MOBBIIIEHHONW HaIpPsHDKEHHOCTBIO, HalpUMeEp, B TA30BBIX BKIIOYEHUSX,
Ha Kpasx 3JIeKTPO/IOB C MUHUMAJBHBIM PaIlyCOM KPHUBHU3HBI (CUCTEMBI
ANIEKTPOJIOB WIJIa-UTria, uria-mockocts). [lpu YP mpoucxogut mpax-
TUYECKHM MTHOBEHHOE (HAHOCEKYH/IbI) IepepacipeielieHne 3apsia, 9To
BBI3bIBAECT KOPOTKUI HMMIIYJbC TOKA B LENU. B 3aBUCUMOCTH OT COOT-
HouleHus1 mapameTpoB [ m C mepexofHoi mpolecc MOXKET OBITh Kak
KoJIeOaTeIbHBIM, TaK U anepuoauueckuM. Cepbe3HOoH MpodiieMor mpu
peructpauuu YP B mporiecce 3kcmiryataniny SBISIOTCS TTOMEXH, KOTO-
pble UMEIOT XapaKTEepHCTUKH CHTHANIOB, OJIM3KHE WM OAMHAKOBBIE C
xapakrepuctukamu YP[3].

Cpok ciy)0Obl CHIIOBBIX TPaHC(OPMATOPOB B 3HAYUTEILHON CTere-
HU 3aBHCUT OT CTaOMJILHOCTH MEXaHMYECKHX XapaKTEPUCTUK OOMOTOK
W CIIOCOOHOCTH WX MPOTHBOCTOSTH JIEKTPOJMHAMHYECKAM BO3ACHCT-
BHSIM, BO3HUKAIOIIUM IPH NPOTEKAaHHHU CKBO3HBIX TOKOB KOpPOTKOTO
3aMbIKaHus. JIJ1sl OllEHKH HaJIW4Hs ¥ CTENIeHH ONMAacHOCTH JedopMaliu
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OOMOTOK B HacToOsIIee BpeMs MPUMEHEHHE TMOMYy4YHJI METOJI HHU3KO-
BOJIbTHBIX uMNyinbcoB (HBU) m ummynbcHOoe nedextporpadupona-
Hue[4].

WndpakpacHoe (TemioBU3NOHHOE) oOcieqoBaHUE - 3TO Haubosee
MepcrneKTUBHOE U () (HEeKTHBHOE HANIPABIEHHE PA3BUTHUS B TUArHOCTHUKE
CHJIOBBIX TPaHCPOPMATOPOB, KOTOpOE 00JajaerT psAOM JOCTOMHCTB H
MPEUMYIIECTB [0 CPABHEHHIO C TPAJIUIMOHHBIMH METOAaMH HCITbITa-
HHUM, a UMEHHO:

. 0e30macHOCTb MepcoHaNa Py NPOBEACHUN H3MEPEHHIA;

« He Tpedyercs OTKIIIoUeHKEe TpaHchopmaropa;

« He TpeOyeTcs MOAroTOBKH pabodero MecTa;

« 0oibIIOH 00BEM BBITIONHSAEMBIX PadOT 32 CAMHUIY BPEMEHU;

« BO3MOXHOCTb OfpejesieHne 1e)eKTOB Ha paHHEeH CTaliy pa3BUTHS;

« Majble TPy103aTpaThl Ha MPOU3BOJICTBO H3MEPEHUH;

+ JIOCTOBEPHOCTh U TOYHOCTH IMOJy4aeMbIX CBEAECHUN[S].

BubpanuonHoe o0cienoBanue TpaHCPOPMATOPOB IMO3BOJIIET OIle-
PaTHBHO OLIGHHTH TEKYIEee TEXHHYECKOE COCTOSHHE aKTHBHOM 4YacTh
Tpanchopmaropa (6e3 BCKphITHs 0aka), a TaK)Ke MaclOHACOCOB, OMpe-
JeTUTh TPUYMHBI MOBBIICHHOW BUOpalMU M, YTO OCOOEHHO BaXKHO,
CBOEBPEMEHHOTO BBISIBUTH TEHJICHIIMW YXYIUICHUS TEXHHYECKOTO CO-
CTOSTHUS KaK BCEro TpaHcopMaTopa, Tak U OTICIbHBIX (a3 00MOTKU U
Cep/IeUHHKA.

Wsmepenne ypoBHs BUOpallMM Ha CTeHKe Oaka TpaHcopmaropa u
CIEKTPaJbHBII MeT0J] BUOPOIMArHOCTHKH MPUMEHSIOTCS Ha padoTaro-
mem Tpancdopmarope[6].

BriBozbI:

1. KopoTkue 3aMbikaHusl B TpaHC(HOPMATOPE BBI3BAHBI TIOBPEXK/Ie-
auamu PITH, BBICOKOBOIBTHBIX BBOIOB U OOMOTOK.

2. Bce paccMoTpeHHBIE METOIb AUATHOCTUPOBAHUS U3OJSIHU OC-
HOBaHbI Ha HMCIOJB30BAHUM SIBJICHUS aOcopOumu. TpaaulmoHHBIE Me-
TOJBI OLIEHKH COCTOSIHUSI TpaHC(OpMaTOpHOIO Macia He MO3BOJISIOT B
MOJTHOM Mepe BBISIBUTH JIE(PEKTHI.

3. 3aBomaM-HM3TOTOBUTENSM CHIIOBBIX TPaHCPOPMATOPOB PEKOMEH-
JI0BaTh KOMIUIEKTOBATb BCTPOCHHBIMH CPEICTBAMH JJISl UX AMAarHOCTH-
POBaHUS YCTPOMCTBOM pereHepaluy Macia.

4. OObeKTHBHAS OILIEHKa COCTOSHUS MPU TUArHOCTHPOBAHUM CHIIO-
BBIX TPaHC(OPMATOPOB C JJIUTEIBHBIM CPOKOM CITY>KOBI, BBISBICHHE
nedekToB Ha paHHEH CTa iy MX Pa3BHTHS, pa3paboTKa peKOMeH Al
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M0 YCTPAaHEHUIO JIe()EKTOB, NMPOBEIACHUE PEMOHTOB M JalIbHEHINEH WX
Oe3aBapHiiHON IKCIIITyaTalluH.

5. OOpatuTh 0c000¢ BHMMaHHE Ha COBEPIICHCTBOBAHHE HMEHO-
IUXCSA M CO3J]aHUE HOBBIX METOJOB KOHTPOJs 00OpymoBaHUs, Ooiee
HAACKHBIX, MIPOU3BOAUTCIIBHBIX U 6C3OH3CHI)IX IJI1 KOHTPOJIUPYIOLICT O
nepcoHana.

Cnucok JMTepaTypsl:

1. P 153-34.3-46.304-00. IlonoxkeHne 00 SKCIIEPTHOH CHCTEME KOHTPOIS M
OLICHKH COCTOSHHSI M YCJIOBHH OSKCIUTyaTalliM CHJIOBBIX TpaHC(OPMATOPOB, LIYHTH-
PYIOIIMX PEaKTOPOB, M3MEPHUTEIBHBIX TPAHC(HOPMATOPOB TOKA M HAMPsDKCHHS. - M.:
CIIO OPTPOC, 2000.

2. PribaxoB JL.M. u ap. OneHka cocTosHUSI CHIIOBBIX TpaHchopmaropos 110 kB Ha
OCHOBE HMX JMarHOCTHPOBAHHUSI 11O JAHHBIM UTHTENBHOI 3KciutyaTaimu / JLM. Pribakos,
B.B. Benos, H.JI. Makaposa, C.A. OpuykoBa, H.K. Kupmmios, A.O. 3axsaracsa // W3-
BecTust MexITyHapoTHOU akaJieMuH arpapHoro oopazoBanust. - 2018. - Ne39.-C. 31-37.

3. O moBpeXIeHUSIX CUIIOBBIX TpaHchopmaTopoB HanpspxeHneM 110-500 kB B akc-
mryatanuu / b.B. Banus [ u np.] // Dnexrpuaeckue cranmum. - 2001. - Ne 9. - C. 53-58.

4. TOCT 6581-75 (CT C3OB 3166-81). Mareprasl 3JIEeKTPpOU3OSAIIUOHHBIC KHIKHE.
Meronp! anekrprdeckux uctbitanuil. - M.: UIIK M3n-Bo crarmapros. - 1998. - 15 c.

5. TOCT 6370-83 (CT COB 2876-81). Hetts, HeTeIpORYKTHI U Tiprcaaku. Me-
TOJ] ONIpeIeIeHIs MEXaHHIeCKHX mpumecei. - M.: M3a-Bo cranmapros, 1983. - 6 c.

6. TOCT 6356-75. Metons! onpeneneHusl TeMIEepaTypsl BCIBIIIKKA B 3aKPHITOM
turie. - M.: 31-Bo cranmapTos. - 24 c.

SJIEKTPOM3OJIALIMOHHBIE HEOTSAHBIE MACIIA

Hlanapukosa /1.C., lllepuenko C.B. (K2JI-181),
Ka3zakos A.B. (KTM-191), O6eabuen A.C.

Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Boael TY
Ten.: 8-902-092-52-68, E-mail: dshandrikova@mail.ru.

BBenenne. OCHOBHYIO YacTb 3JIEKTPOH3OJIIIMOHHBIX HE(TIHBIX Ma-
CeJl COCTABIISIFOT YIJIEBOAOPOAHBIE KOMIIOHEHTHI, KOTOPBIE MOABEPIKEHBI
OKHCJICHHIO W 3TO sIBIIsieTCsl OOMNbIION mpobieMoii. Beinenennsie ¢pax-
LUK TPEJCTABIISIOT COOOHM CIIOKHYIO CMECh YIIICBOIOPOJIOB napaduHo-
BOr0, HA()TCHOBOTO U apPOMATHYECKOTO PS/IOB C HEOOJNBIION MPUMECHIO
JPYTHX KOMIIOHEHTOB, COJIEP KAIIMX aTOMBI CEPBI, KUCIOPO/ia U a30Ta.

AxTyanpHOCTB TIpo0sieMbl. CMa304HbIE MaTEPUANBI UTPAIOT BAXKHYIO
POJIb B 3KCILTyaTalluu COBpeMeHHOﬁ TEXHUKHU, BBIMNOJHAA CICAYIOIINEC
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(YHKUIMU: YMEHBIIAIOT TPEHUE W MPENOTBPAIIAIOT W3HOC TPYIIUXCS
MOBEPXHOCTEH, a TaKKe HMCIOJb3YIOTCS B KauecTBE DJIEKTPOU3OIISIH-
OHHOHM W TEIUIOOTBOJIIIeH cpenbl. OCHOBHASI YacTh CMa30UHBIX MaTe-
pHalioB M3roTaBiMBaeTcs Ha HeQTsAHOH ocHoBe. HedTsHbie Macna Ha-
XOJAT IIHMPOKOE M Pa3HOOOpa3HOE MPUMEHEHUE TIPU SKCILUTyaTallH CO-
BPEMEHHOW TEXHUKH.

Jns onmydeHHsT KaueCTBEHHOTO MIPAHCHOPMAMOPHOZ0 MACIAHE00-
XOIIIMO OYMCTHTh MACISIHBI UCTUILIAT, KOTOPBI OcTaercsi mocie or-
TOHKH OT He()T! JIETKMX He(TENPOLyKTOB; OCH3MHA, KEPOCHHA, JIUTPOUHA.
JMCTUIIIAT OYMILAIOT CEPHOM KUCIIOTOM, 3aT€M HEUTPAIU3YIOT 1LEJI0YbIO,
NPOMBIBAIOT BOIOK W cymiar npu’=-85 °C nponysas yepe3 Hero Bo3ayx.
JIjis OUMCTKU OT TpUMecel M MEXaHMYECKUX 3arps3HeHui macia (QuibT-
PYIOT uepe3 aJcopOeHThl — BEUIECTBA, UMEIOIHE CHIIBHO Pa3BUTYIO T10-
BepxHOCTb. OCHOBHBIMM HENOCTATKAMH TPaHC()OPMATOPHOTO Maciia sB-
JSIEIOTCSL CTapeHHe, BOCIUIAMEHSEMOCTb M TOPIOYeCThb, THIPOCKOMUYHOCTh
(KaTeropu4ecKH 3arperaercss XpaHUTb €ro B OTKPBITOH Tape).

Hasznayenme MoxeT ObITh: BO-TIEPBBIX, MACIIO, 3ATIOJIHSET TIOPHI B BO-
JIOKHUCTOH M3O0JIALHH, a TaKKe MPOMEKYTKH MEKIY TPOBOJAMH OOMO-
TOK U MEKIY OOMOTKaMH M 0akoM TpaHC(HOpPMATOpa, 3HAYUTEIILHO I10-
BBIIIACT DIIEKTPHUYECKYIO TPOYHOCTh M3OJSILUH; BO-BTOPHIX, OHO YIIy4-
1I1aeT OTBOJ TEIJIa, BBIAEISIEMOro 3a CUeT MoTeph B 0OMOTKax U cepjied-
HUKe TpaHchopMaTopa. JIMIIE HEKOTOPHIE CUJIOBBIE U M3MEPUTEIbHBIE
TpaHc(opMaTopbl BBITIOMHSIOTCS 0€3 3aJMBKUA MAcioM («CyXue» TpaHC-
¢dopmaropsr). Eile ojiHa BaskHast 00J1aCTh MPUMEHEHHSI TPaHChOopMaTop-
HOT'0 Macjia — MacysHbIC BBIKITIOYATENN BRICOKOTO HaMpsbKeHus. B aTux
anmapaTax paspbIB DJIEKTPHUYECKON IYIH MEXIy PacXOAsIIMMHUCS KOH-
TaKTaMH BBIKJIIOUATENSl IPOUCXOJUT B Macie WA B HAaXOSIIMXCS TOJ
MOBBIIICHHBIM JIABJICHUEM Ta3aX, BBIACIAEMBIX MACIOM MO IEHCTBUEM
BBICOKOM TEMITEpaTyphl JYTH; 3TO CIIOCOOCTBYET OXJIAXKICHUIO KaHalla
IyTU U OBICTpOMY ee TameHuto. TpaHcdopMaTOpHOE MAcIO MPUMEHSIET-
sl TakKe IS 3aJIMBKH MacJIOHAIIOJHEHHBIX BBOJIOB, HEKOTOPHIX THIIOB
PEaKTOpPOB, PEOCTATOB U APYTHUX AIIEKTPUUYECKUX aIllapaToB.

[Npumenstor TpaHchOPMATOPHOE MACIO B KayecTBE H3OIUPYIOLICH W
OXJTXKAAIOIIEH Cpebl B CHIIOBBIX M UMITYJILCHBIX TpaHc(opMaTopax, peak-
TOpaX BBICOKOBOJIBTHBIX BBIKITFOUATEIISIX, TAKUX KaK Ayroracsiiasi Cpesa.

Konoencamopnoe macno nony4armT U3 BHICOKOKaUECTBECHHON Hed-
TH WIK TIyTeM JOMOJHUTEILHOW OYMCTKH ajcopOeHTaMu TpaHchopma-
TopHOro Macnia. Omnepanusi OYUCTKH KOHJIEHCATOPHOTO Maciia KHCJIO-
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TOW ¥ MIENOYBIO MPOBOIATCS TaKKe, KaK M Ui TpaHc(OpMaTOPHOTO,
HO OoJsiee IUIUTENBHO U TIATeNbHO. CIYXUT Uil MPOUTKU OYMasKHBIX
KOHJICHCATOPOB, B OCOOCHHOCTH CHJIOBBIX KOHJIEHCATOPOB, MPEAHA3HA-
YEHHBIX U KOMIICHCAIlMM WHAYKTUBHOIO CABHTa (a3 B dJEKTpHYe-
CKMX ycTaHOBKaXx. [Ipu mpomnuTke OyMakKHOW M3OJSIMK KOHJEHCATOpa
MOBBILIAETCS KaK CONMPOTHBIICHUE M3OJSAIUH, TaK U €€ AJIeKTphuecKas
MPOYHOCTH;, M TO U JAPYroe AaeT BO3MOKHOCTh YMEHBIIHUTH rabapuThl,
BEC U CTOMMOCTh KOHJIEHCAaTOpa MpH 3aJaHHBIX padodyeM HaNpsKeHUH,
4acToTe U eMKOCTH.

Kabenvnoe macno — oHO CAY)XUT Ui TIPONTUTKH OYMasKHBIX KOH-
JIEHCAaTOPOB, B OCOOEHHOCTH CUJIOBBIX, ITPEAHA3HAYEHHBIX [T KOMIICH-
calMu WHAYKTHBHOTO caBura ¢as. [Ipu mponuTke OyMasKHOTO JHMAJIEK-
TpPHKa MOBBIIIAETCS KaK €ro JU3JIeKTpHUYecKas MPOHUIAeMOCTb, TaK U
3JIeKTpUUEecKas MPOYHOCTh; TO U JIPYroe JaeT BO3MOXKHOCTh YMEHb-
HIUTH TabapuThl, MacCy U CTOMMOCTD KOHJIEHCAaTOpa MpH 3aJaHHbIX pa-
OoueM HaIlpsHKEHUH, YacTOTE U eMKOCTH.

OHH HCIIONB3YIOTCS B MIPOM3BOJICTBE CHUJIOBBIX JJIEKTPUYECKUX Ka-
Oeneit. [lyis mponuTKu OyMaXKHOW W30JIALUU OOBIYHBIX CHUJIOBBIX KaOe-
nell Ha paboure HanmpsoKeHus 10 35 kKB B CBHHIIOBBIX I aJIFOMHUHHE-
BBIX 00OJIouKax (KaOenu ¢ BSI3KOM MPOMUTKON) yalle BCEro MPUMEHs-
erca macio Mapku MH-4 oTHocuTeNnbHO Majoil BSI3KOCTH, B KOTOpOE
JUTSl TIOBBILIIEHUS B3KOCTH J100aBisieTcss KaHU(OIb I CHHTETHY eCKUI
3aryctutenb. Maciio ToH ke MapKH, HO 0€3 YBEIMUUBAIOUINX BA3KOCTh
N00aBOK IPUMEHSIETCSI U MacJIo HalOTHEHHBIX Kabeneil Ha HarpsbKe-
Hue 110 kB u BbIlle, B KOTOPBIX C TTOMOIIBIO CHEIUATBHBIX TOIIUTHI-
BAaIOLIMX YCTPOHMCTB BO BpeMsl JKCIUTyaTallMU MOJJIEPIKUBACTCS U30bI-
touHoe nasiieaue 0,3—0,4 Mma.

Oowuii hedocmamok macen - crapenue. [Ipu crapeHnn BSI3KOCTh U
KHCJIOTHOE YMCIIO Macia YBEIHMYHBAIOTCS, €ro 3JIEKTPOU3OJAUOHHbIE
CBOMCTBa yXynmatorcs. BcieacTBue 3Toro 0oOBIYHO TemIeparypa
BCIIBIIIKM MAapoB Macjia B 3KCIUIyaTallMM MOCTENEHHO IOBBIIIAeTCS
BCJIE/ICTBUE MCHAPEHUs YrieBOJOPOJOB C Majiol MOJEKYJISpHOH Mmac-
COH, OIHAaKO TpU MECTHBIX MeperpeBax macia B TpaHcdopmaTopax (a
TaKKe Mocje pa3pbiBa 3JIEKTPUYECKOW YT B MACISHOM BBIKIIIOYATe-
JIe) MOXKET MPOHU30MTH KPEKUHT (pa3pbIB MOJIEKYJ C 00pa30BaHHEM YT-
JIEBOJIOPOJIOB MOHMKEHHON MOJIEKYJIIPHOM MaccChl), YTO HPHUBOAMT K
MTOHKEHHUIO TEMITEPaTyphl BCTIBIIIKH.
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BoiBoa. Hecmotps Ha sIBHBIA HEIOCTATOK CTApEHHUs], €CTh MYTH pe-
IIeHHUs 3TOW TpoOaeMbl. [ mpojsieHUs: Cpoka CIy»KObl H3OJSIIUOH-
HBIX Macel UCIOJIBb3YI0T FrepPMETU3AIMI0 000y IOBaHUsI — 3alUTy Mac-
Ja OT HCIMOCPECACTBECHHOI'0 KOHTAKTa C KHCJIOPOAOM BO3ayXa.
Hpyroii Meron, NO3BOJSIONIMI 3aMENINTh HAKOIUIEHUE IPOJYKTOB
OKHCJICHHS B Macjie TpaHcopMaTopa, OCHOBaH Ha €CTECTBEHHOM LUp-
KYJISIIMYA Maclia 4epe3 TePMOCHU(OHHBIH (GUIBTP, 3aIMOJIHEHHBINA aJIcop-
OCHTOM — BEIIECTBOM, IMOIJIOMAIONIMM Biary. V30isinoHHbIe CBOMCT-
Ba Macjia, OBIBIIETO B JKCILTyaTallud, MOTYT OBbITh BOCCTAHOBJICHBI B
nporecce cymku macia. [Ipu sToM macio oOpabaThiBaeTcsi HCKYCCT-
BEHHBIMH I1I€OJIUTAMU (MOJICKYJISIpHBIE cUTa). [IJIsT OYUCTKU OT MEXaHHU-
YECKHMX 3arps3HEHMIA, Macio QUIBTPYIOT Yepe3 MOPUCTHIC TIEPeropo-
KH, a TAKKE YePe3 MarHUTHBIC (PUIIBTPHI.

Cnucok JMTepaTypsl:
1.[https://220.guru/electroprovodka/provoda-kabeli/elektroizol yacionnye-
materialy.html] -[QnekrponnsIii pecypc] (nata obpamienust: 13.04.2020)

2. http://ftemk.mpei.ru/ctlw/pubs/etm_ee/diel{/07.03.03.htmy» [DnexTpoHHBIA pe-
cypc] (mara oopamenus: 11.04.2020)

3. https://studopedia.ru/16 41741 zhidkie-dielektriki.htmly [DnekrponHsIif pe-
cypc] (mara oopamenus: 13.04.2020)

4. https://studfile.net/preview/2593293/» [OnexTpoHHBIN pecypc] (mata oOparie-
Hus: 11.04.2020)

5.https://www.dissercat.com/content/otrabotannye-neftyanye-masla-i-ikh-

regeneratsiya  -na-primere-transformatornykh-i-industrialny[ nekrponssiii  pecypc]
(mata obpamenus: 14.04.2020)

CO3JIAHUE «'YMAHHOI'O CAMOJIETA»
- BEJIEHUE BPEMEHU

Hlanapuxosa /J1.C., Boponos A.C, llleBuenko C.B. (K2JI-181),
I'anymaxk B.C.

Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY
Ten.+7(902)5268,; E-mail:dshandrikova@mail.ru

BBenenne. C KaXAbIM TOIOM aBHAKaTtacTpod CTAaHOBUTCS BCE
6onpie: Tparequst B Dpuonuu. «Hepes HECKOIBKO MUHYT MOCIIE B3JIe-
Ta pyxHyia «bouHr-737» aduonckux aBuanMHMAMN, JeTEBIINHA U3 AJJTUC-
Abe6n1 B HalipoOu. Ha Gopty Haxommuce 157 denoBek, BKiIroYasi Tpo-
ux poccusiH. Beokupiimx wer|1]. HoBelmmuii stafinep Boeing 737 MAX
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8 nnnoHe3mniickor aBuakommnanuu LionAir 29 okTsiopst 2018 rona yepes
13 MuHyT nocne BbIIeTa u3 [xakapTel ynaia B Mope y 3anaaHoil SIBbI-
[Moru6mu 189 yenosek. Beokupmmx Her [2].27 aekadps 2019 rona B
Kaszaxcrane nmorepren kpyiieHue naccaxkupckuii camoser Fokker 100
Ka3axCTaHCKOW aBHakommaHuu Bek Air, BbuteraBmnii u3 Anma-AThl B
Hyp-Cynran. Bo3nymHoe cyqHO mpu B3JieTe MOTEpsIo BBICOTY, MPO-
0110 OETOHHOE OTpPasKAEHUE U CTOJIKHYJIOCH C ABYXOTaKHBIM CTPOCHH-
em. Ha Oopty Haxommnuck 100 yenoBek - 95 maccakupoB W MSTh UJie-
HOB 3kunaxa. [lo mpenBapuTenbHBIM JaHHBIM, TOrHONMKM 12 YenoBek
[3].. C nauana 2019 200a 3agpuxcuposano 13 maxux YII (c yuemom
kamacmpoghol 27 dexabpsi).[4] 5 mMasi HOBEHIINI pOCCUIICKHI caMOJieT
, BeCh HAINMYKAHHBIN KOMIIbIOTEPAaMH U HU(POBBIMH TEXHOJIOTHSIMH,
Sukhoi Superjet 100 "Aspodnora", cnemoarmmii MockBsl B Myp-
MaHCK, Tocjie 28 MHHYT TOJieTa, IIOC]e MOMaJaHusl B HEr0 MOJHUU
SKCTPEHHO BepHyJcs B lllepeMeTheBO M COBEPILINII KECTKYIO TOCAJIKY,
MpH KOTOPOH y HEro CTOWKH IIACCH MPOOHIN TOIUIMBHBIE OaKH , TOM-
nuBo BeITeKNO0 Ha BIIII, nocne yero Bo3Huk noxap. B pesynbprare ka-
tacTpodsl 13 78 HaxoauBIIUXCS HA OOpTy morud 41 yenosek. BEKUTH
yIaJIOCh YETHIPEM WiieHaM dKuMaka u3 maty u 33 maccaxupam[S]. He-
JIETIOCTh 3TOW TPareZMy COCTOUT B TOM, YTO JIFOAM THONU B CUISIIEM Ha
3emile caMoJIETe U3-3a BO3rOpaHUs IECATKOB TOH TOILIMBA.

N Takux aBapuii orpomHoe komuuectBo. Oxono 5-10 % Bcex BHI-
MyCKAaeMbIX CaMOJIETOB TEPIST KpyIIEeHHs, yOMBas CBOMX aBHamacca-
*UpoB. [ToueMy aBHaKOMITaHUU W MPABUTEILCTBA CTPAH MEPBOOUEPE/I-
HO HE 3aMHTEPECOBAHbBI B CIIACCHUHU TPAXKIAHCKHUX JIIOACH pH KpyIe-
HUU CaMONETOB?

ITocranoBka 3amauyu. B Toxxe Bpemss W3 roga B roa UIyT paspa-
OOTKH M yCOBEPLIECHCTBOBaHHUSI 0€30MaCHOCTH IS JIIOJIEH MOJIETOB, HO
MOYEMY-TO JIUIIIb B BOCHHBIX LENAX. Belb B BOCHHO-BO3IYIIIHBIX CHIIaX
MHUpa YK€ JIaBHO pa3paboTaHbl TEXHOIOTHH CIACEHUS MUJIOTOB M JKHU-
naxa. KaranmynbprupoBaHue kpecina B OOEBBIX CamolieTax MO3BOJISIOT
MIHOBEHHO IMOKUJIaTh aBAPUIHYIO MAIIMHY U3 JIFOOBIX MPOCTPAHCTBEH-
HBIX TIOJIOXKEHHM, Ha CKOPOCTSAX OT HYJISI IO CBEPX3BYKa, Ha BHICOTAX OT
3eMJTH JI0 25 KUJIOMETPOB, criacas JIeTYukoB. Ha 3emitro muiioT ciycka-
erTcsl Ha CHEeLUaTbHOM CHJICHBE, MOJ KOTOPBIM pa3MelleHa BBICOTHAs
KHCJIOPOJHAS CHCTEMa M JICCATHUKUIOIPAMMOBBIN SIIUK C HOCHMBIM
ABapUIHBIM 3aI1aCOM.

VYke naBHO pa3paboTaHbl CHCTEMBI OE30MACHOrO JCCaHTHPOBAHUS
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TSDKEIOW 00EBOW TEXHWKH — TAaHKOB. [IpH OTKpBITHH TPY30BOTO JIIOKA
caMoJjieTa TEpBbIM JIeJIOM BBIOpPACHIBAETCS /IBAa BBITSDKHBIX Mapariiora,
OHU BBITSTHBAIOT M3 CaMoJIeTa TEXHUKY M PACKPBIBAIOT OCTAIBHBIE KY-
noja. CHayana cpabaThIBalOT MajeHbKHE TOPMO3HBIE MApalIloThl M
TOJILKO ITOTOM OTKPBIBAIOTCSI OCHOBHBIE Oonblnme Kynodia. [lanenne ma-
LIMHBI 3aMEJISIETCs B IECATh pa3. B Bo3ayxe aMopTU3Upylolias cucteMa
pacKpbIBaeTCs, KaK TapMOIIKa, HIJKHEE OCHOBAHHE OTCTETMBACTCS U Ka-
MepBbl, COpSTaHHbIE BHYTPU PACIpPaBISIIOTCS M HAYWHAIOT HAIOJIHSTHCS
Bo3ayxoMm. HamyBaercsi orpoMHbiii Matpac o0bémoM 12 kyo/m. B mo-
MEHT CTOJIKHOBEHHS C 3eMJIeH KaMephl CILTIOIINBAIOTCS] M BO3IYX BBIXO-
T 00paTHO. Takum 00pa3oM Mmocajka MmoJIy4aercsi MSIrKOu.

IpeanpoexTHbie mpenoxenus. [Ipy HbIHENIHEM Pa3BUTHH TeX-
HOJIOTUH JTonyIeHrne THOenu oAl HY)KHO CBECTH K MUHUMYMY. AB-
TOPBI CUUTAIOT, YTO HEOOXOIUMO CO3JaTh «T'yMaHHBIH» CaMmoléT , KO-
TOpBIA Oyler caM cracaTtbh CBOMX MACCaXHPOB, €CIIM B BO3IyXe C HUM
ciyyuiiach aBapusi. M 3T0, Mo MHEHHIO aBTOPOB, JOMKEH OBITH AJIEK-
TPOCaMONET, YTO MO3BOJIUT yOpaTh U3 CaMONETa JIECATKH TOH TOprove-
IO PEaKTHBHOTO TOIUIMBA W YOpaTh M3 CaMmoJIETa OTKPBITBIA OTOHb C
temrnepatypoit 1o 1600 °C, momKuratommii npu aBapuu TOMJIMBO B Oa-
Kax. brmaronmapst 3ToMy, CHU3UTBCS MOKAPOONACHOCTh , & TaK e CHU-
3UTCS 1ICHBI HA aBUAOWJIETH, TaK Kak paboTaTh TPaHCHOPTY HA OPTaHU-
YECKOM TOPIOYEM JIaBHO YK€ HEBHITOHO[6].

U pa3paboTku TakuX 3IEKTPOCAMOJIETOB YK€ BEAYThCS.

B I'epmanuu coBepimi CBOM NOJET NEPBbIM KOHBEPTOILIIAH KOMITAHUU
Lilium Aviation. OTJIMYATEIBHON YEPTOU SBJISETCS UCIIOIb30BAHUE TONb-
KO 3JIEKTPOIHEPTHH, HAKOIUIEHHON B 12 akkyMynaTOpHBIX Oatapesix. Kak
OXMJaeTcs, MoHas Macca KOHBepToIUuiaHa cocTaBUT 600 KHUIorpaMmos,
BKJIIOYAsi TPY3bl M maccakupoB obmieil maccoit 200 xumorpammos. Ilo
MpeBAPUTENBHBIM PacueTaM, KOHBEPTOILUIAH CMOXKET pa3BUBATh CKOPOCTh
110 300 KUIOMETPOB B YaC M BBITOIHSTE MOJETHI HA BHICOTE JIO TPEX THICSTY
MeTpoB. JlanpHOCTE TosieTa anmapaTa coctaBut 300 kuomerpos. B utore
MBI TTOTy4aeM Oosiee 6e30MacHbIi JieTaTeNbHBIN anmapar, He IMEIOIHN Ha
cBoeM OOpTY TOHH PEaKTHBHOTO TOIUIMBA, KOTOPOE B CIydae HEHONIaJI0K
B3PBIBAETCS, TOPHUT, YHUUTOXAsI JIFOJIEH, U OTPABIISIET BO3IYX.

ABTOpBI TIpeAyaraloT HavaTh pa3pabaThIBaTh «TyMaHHBIIN» dIIeK-
TpocamoneT BMecTHMOCThIO 50 uenoBek (DC-50). CyTh COCTOUT B TOM,
9TOOBI 3aMEHHUThH aBHATYpOUHBI, HA DIIEKTPOJBUTATENH. B KOHCTpYKIMH
caMoro camMoJseTa 3aMEeHUTh EHTPAIbHYIO YacTh (Pro3elishka Ha adpoBa-
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TOH, KOTOpBIH B Cllydae aBapuiiHOE cuTyaluu OyaeTr otaenarscs. Cam
a’POBAroOH CKOHCTPYHMPOBATh TaKUM 00pa3oM, 4TOOBI MPHU aBAPHIHOM
CHTYyalluu cpabaThiBaa CHCTEMA, BBICTPOCHHAS IT0 CXEME PACCTHIKOBKU
a’poBaroHa OT CWJIOBOM YacTH CaMOJIeTa, PACKphITHE MaJIbIX Iapa-
LIFOTOB, 3aTeM Oojpmmx. CaM a’0pBaroH 00ECHeuyduTh aMOPTH3UPYIO-
el 3aIuToN, KOTOpas MO3BOJIMT IIJIABHO OMYCTUTHCS Ha 3eMITIO.

[MapannensHO HEOOXOAMMO pPa3BEpHYTH pabOTHI MO «TyMaHHOMY»
AJEKTPOKOHBEPTOINIaHY Ha 18 YelnoBeK, 4TO TO3BOJIUTH BHIMOIHSTH
MONETHI B TPYAHOAOCTYIIHBIX MECTax, ria€ OTCYTCTBYIOT as3pOJApPOMBEI,
KOHMX B Hallell CTpaHe BEIMKOE MHOYKECTBO, 3aMEHHB MPH 3TOM OIac-
HBIC C TOYKH 3PEHUS THOCIH JIIOJICH, BEPTOIETHI,

CoznmaHue 3JeKTPOKOHBEPTOIIaHA Ha 18 4elnoBeKk U 3JIeKTpocamo-
ner Ha 50 4enmoBeK MMEIOT OrpOMHBIE MOTeHIHANbL. KoandecTBo BHI-
OpacbiBaeMbIX B aTMOc(epbl BPEAHBIX BEUIECTB MPAKTUYECKH PaBHO
HYJIIO, B3PBIBOOIIACHOCTL CHUIKACTCA JO MHWHUMAJIBHBIX HOKa3aT€J’ICI7[,
IICHbI HA Hepeﬂérm 3HAYUTEILHO CHU3ATCS. A TiIaBHOE HpepBéTC}I O erb
OeCCMBICTICHHBIX KaTacTpod, YHOCAIIHMX >KU3HW HUBUEM HE TIOBUHHBIX
JIETE!, CTAPUKOB, KEHIIUH U MOJIOJAEKHU, KOUM €II€ KUThb U KUTb, TBO-
ps 100pO Ha PATOCTh CBOM OJIM3KMM M Pa3BUBAIOIICHCS HAIlICH CTpaHbI.

BriBos.

ABTOpBI yBEpeHBI 3a 3JeKTpocaMonéraMmu Oonbplioe Oyayliee, a
CO3JIJaHHE «TYMAHHOT'O JIEKTPOCAMOJIETA» BEIEHUE BPEMEHU U MbI BCE
CcIIeNiaeM Ui TOTO , YTOOBI TMEePBEIi B HAIlleH CTpaHe «TYMaHHBII 3JIeK-
TpocaMon€T 6e30MacHO JOCTaBHII CBOUX aBHANACCAKHUPOB MO MapHIpy-

Ty «Bonrorpaa-MockBa» 1 00paTHO.
Cnucok JIMTepaTypsl:
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2. Kpymenne Boienga 737 B Uanone3un [DnekTpoHHEIH pecypc] —Pexunm mocry-
ma: https://ria.ru/20181029/1531652056.html

3. Kpymenne naccaxxupckoro camonéra B AnM-ATte. [INEeKTPOHHBIN pecypc]-
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ACTIEKTBI OHEHKH ®AKTHUYECKOI'O CPOKA CJIYKBbI
CUJIOBBIX TPAHC®OPMATOPOB

HIBa6 E.C. (K2JIC-161), Koneiikuna T.B.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY

N3BecTHO, YTO HOPMATUBHBINA CPOK CITYKOBI TpaHC(HOPMATOPOB YC-
TaHABJIMBAETCS 3aBOJIOM M3TOTOBUTENEM U COCTABIISIET MPUMEPHO 25-
30 ner. Kak nmpaBuito, pakTudeckuii Cpok dKCIuTyaTaluy TpaHcgopma-
TOPOB MOXET 3HAUMTENIBHO MPEBBIIATh YKa3aHHbIE 3HaUeHUsA. TeM He
MeHee, ocie 30 JeT dKCITyaTaluy B TpaHcopMaTopax pa3BUBAIOTCS
XapakTepHble 1e(eKThl, KOTOPbIe BBI3BIBAIOTCS Yallle BCEro cTapeHHeM
n3onAuud. B pesynprare mocie HacTymieHMsT HOPMAaTHBHOTO CpoOKa
BO3pPACTaeT KOJMYECTBO PEMOHTHBIX PadOT, B TOM YHCIIE M KalHuTallb-
HbIX. B Hacrosiee BpeMsi 3HaUUTENbHOE KOJIMYECTBO CHUJIOBBIX TPaHC-
¢dopmaropos 110 kB u BbIlIe, SKCIITyaTHpyeMbIX B Poccuu, orpabora-
JIO ONpeeNeHHbIH CTaHJapTaMi MHUHUMAIIBHBIA CPOK CITyXObI 25 JieT.
3aMeHa TakuxX TpaHC(HOPMATOPOB Ha HOBBIE IKOHOMHYECKH HE OMpaB-
naHa, TeM OoJiee yallle BCEro MX OCHOBHBIE DIIEMEHTHI elle paboTocmo-
coOHbL. [ToaToMy pa3paboTka HaJISKHBIX METOIOB M CPEICTB, MO3BO-
JSIOMMX TPaBWIBHO OIEHUTh PabOTOCHOCOOHOCTh KOHKPETHOTO
TpaHc(opMaTopa ¥ MPOrHO3UPOBATH BO3SMOXKHOCTH €r0 JajibHEHIIIeH
SKCIUTyaTalliy, SBJIAETCA aKTyalbHON 3a/1a4eu.

OueBHIHO, YTO MOHUTOPWUHT COCTOSIHHSI TpaHcopmaropa JOIDKEH
OXBaTbIBaTh BCE OJJIEMEHTHI TpaHchopMaTopa. BeisBieHue HamHums
OMacHBIX AepOopMalni, PACPEecCOBKM OOMOTOK M OIEHKa MeXaHhue-
CKOM ITPOYHOCTU BUTKOBOW M30JISLUU ONPEAEISIOT COCTOSHUE OCHOBHO-
ro 3JeMeHTa — 00MOTKM TpaHchopmaropa. CUUTaeTCsl, YTO YBIIAKHCHUE
W3OJSIIMOHHOM CHCTEMBI HE OMpeleNisieT Mepexo]l CUIIOBBIX TpaHC(op-
MaTOpOB B MPENEIbHOE COCTOSHUE. 3arpsA3HeHne U30JAIMOHHON crcTe-
MBI TAaKK€ HE SIBIACTCS OCHOBHBIM (DaKTOPOM, OMPEACISIONIUM EPEX0/T
M30JILMOHHOMN CHCTEMBI B MPEIENIbHOE COCTOSTHHE, TaK KaK B HaCTOsAIIIEe
BpeMsI CYILIECTBYET KOMILJIEKC METOZOB U CPEJCTB OLEHKH CTEeHHU 3a-
TPA3HEHUS N30JSIIMOHHBIX TIPOMEXYTKOB 0€3 PEBU3HH aKTUBHOHM 4acTH
TpancopmaropoB. CoBpeMEHHbIE TEXHOJOIWH TMO3BOJSIOT MPOBECTU
MPOMBIBKY aKTHBHOM YacTH CHJIOBBIX TpaHC(OPMATOPOB U yCTPaHUTbH
3arpsA3HEHUE U3OJIALMOHHON CUCTEMBI, YTO AAET OCHOBAHUE CUUTATh, YTO
3arps3HEHNE W30JIALMOHHON CHCTEMBI TaKkKe B IIEIOM HE OINpeenserT
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Mepexo]] CHJIOBBIX TPaHC(POPMATOPOB B MpEACIbHOE cocTosiHue. B Ha-
CTOosAIICEC BpEMA CAWMHCTBCHHBIM O6HICHpI/I3HaHHI)IM METOJOM OILICHKH
CTENEHM CTapeHHsI OyMa)KHOM W3OJISIMK SIBISETCS ONMpPENe/ICHUE CTere-
HHM TIOJTUMEPH3aIMU LEJUTION03bI 00pa3oB OyMaKHOH H3OJISIHU, OTO-
OpaHHBIX U3 HauboJiee Harperor 30HbI. OJHAKO, KaK IMOKA3bIBAIOT OIIbI-
Thl, HaKOOJIee HAarpeTas 30Ha HaXOJUTCS B TPYAHOJOCTYIIHOM MECTE U
0TOOp 00pa3LioB MU3OJALMH M3 3TOH 30HBI HA TpaHCPOpMATOpe, HAXOs-
IIEMCS B 3KCIUTyaTaluy, MPAKTUYEeCKd HEBO3MOXKEH 0e3 pUCKa MOBPEK-
JICHUSI OCTAJILHOM U30JIAIIUK B MecTe 0TOOpa 00pasiioB.

Ha mpaktuke o0pasiibl H30JISIUN OTOMPAIOTCS U3 JIOCTYITHBIX MECT,
yIanEéHHBIX OT HauboJiee HarpeTo 30Hbl. OYEBUIHO, YTO JIAHHBIC TAKO-
r'0 KOHTPOJISi HE OTPAXKAIOT UCTUHHOIO COCTOSIHHS OYyMa)KHOUM M30JISLIUH
W HE MOT'YT OBITh MCIIOJIB30BaHBI JJIsl KOPPEKTHOW OLIEHKH OCTATOYHOI'O
pecypca M30JSIIMOHHON cucTeMbl Tpancdopmatopa. [loatomy B peasib-
HOW JKU3HM JIJISi OTHOCUTEIIBHO TOYHOM OIICHKU (PaKTU4ecKoro pecypca
OyMaKHOW WM30JISIIIMU UCIOJIB3YIOTCS KOCBEHHBIE METO/Ibl. B HacTosIiee
BpEMsl Yallle BCErO MCIOJb3YIOT CICAYIOLINE METOAbI KOCBEHHOM OLICH-
K{: aHaJIM3 Harpy304HOI0 U TEMIIEPATYPHOrO PESKMMOB TpaHCchHopMaTo-
pa, OlICHKA IO COACPKAHHIO (PYPAHOBBIX COCIUHEHMI B Macie, pacyér
CpEIHEH CTeNeHH MOIMMEPHU3AIIUH IIeIUTFOI03bI 110 Pe3yIbTaTaM KOHTPO-
7Sl KOMILIeKca aOCOpPOIMOHHBIX XapaKTEePUCTHK HM3OJAMOHHON CHCTe-
MbL. Pa3paboTaHbl pa3iauyHble MPOrpamMMbl JUIS pacuéra TeMIIepaTyphl
HauOoJiee HArpeToil TOYKM OOMOTKHM C YYETOM KOHCTPYKTHUBHBIX OCO-
OeHHOCTeil TpaHC(HOPMATOPOB, TAHHBIX O HArPY3Ke, TeMIIepaType Macia
B 0Oake, TemIiepatype OKpYXalolliei Cpelbl U psiia IpYrux (akTopos.
Kak mpaBuiio, pe3ysibTaThl TaKOro pacuéra JAr0T JOCTATOYHO TOYHOE
NpeNICTaBICHHE O TeMIIepaType Hanboiee HarpeToil TOYKU TPH HATTMYUH
MCXOJIHBIX JaHHBIX 32 BECh MEPHOJ dKCIUTyaraluu Tpanchopmaropos. K
COXAJICHHUIO, B HACTOAIICC BPEMs IMMOIYUUTH TAKUC JAHHBIC IJISI TPaHC-
(hopMaTopoB ¢ OONBIIMM CPOKOM CITY>KOBI HE MPEACTABIISICTCS BO3MOXK-
HbIM. [To3TOMY B peanbHOM )KU3HH MOJKHO MPOBECTH JIMIIb MPHOIIKEH-
HbIE PAacU€Thbl, KOTOPhIC MO3BOJISIOT aTh OOIIEe MPEICTaBICHHE O CTe-
MEeHN TEPMUIECKOTo cTapeHus: OyMaskHO# n3onsiimu. Kak npasuio, mpu-
ONMM3UTENTPHO MOXKHO TONYYWTHh JAHHBIE O CpPEIHErOJ0BOH Harpyske
TpaHc(OPMATOPOB M CPETHEr0JJOBOI TeMIIepaType BEPXHUX CIIOEB Mac-
Jia B 0ake 3TUX TpaHCc(hOpMATOpPOB. 3HAS ATU JaHHBIC MOXHO OLICHHUTH
TemriepaTypy Hambosee Harperodl Touku. [Ipeamoraraercs, 4To mpe-
JIeIbHO JIONYCTUMasi TeMIlepaTypa BEPXHUX CIOEB Maciia BbIOMpaeTcs
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Tak, YToObI TeMIlepaTypa Harbosiee HarpeTol TOUYKK He IpeBbIIaia 3Ha-
yenue +98°C. CpenHeroqoBas Harpyska TpaHchopMmaropa ¢ CHCTEMOM
oxnaxnenust 1] 3a 42 roma SKCIUTyaTalliyl OIICHUBAETCS 3HAYCHHUEM
okoino 80% ot HomuHaIbHOW. [Ipu cpoke 3KcIuTyaTanuu TpaHchopma-
Topa 42 TOolla B CIIOKHUBIIMXCS (PAKTUYECKUX TEMIIEPATYPHBIX PEXHMaX
W3HOC M3OJALMH MO YCIOBUSIM TEPMHUYECKOTO CTAPEHUsI COOTBETCTBYET
CPOKY JKCIITyaTallii OKOJIO 16 JieT Mpu HOMUHAJBHBIX YCIOBHAX pado-
ThL. JTO O3HAYaeT, YTO OCTATOYHBIA CPOK CIYKOBI HM3OJISILMU 3TOrO
TpaHcdopmaTopa Mpu HOMHHAIIBHBIX TTapaMeTpax COCTABILSIET TIO YCIIO-
BUSAM TepMHuecKoro ctapeHus okoio 10 ser. Ecnu npu panbHeitmeit
SKCIUTyaTallid COXPAHSTCS CYIIECTBOBaBIIME paHEe Harpy3ouHbIe pe-
KUMBI, TO OCTaTOYHBIA CpPOK CIyXObl TpaHchopmaropa Oyner emé
Oosbie. /laHHast OllEHKA CHJIOBBIX TPAHC(OPMATOPOB C OONBIIMM CPO-
KOM CITy’KOBbI 1a€T mpueMiieMble TIPaKTUIECKHe pe3yabTaTel. KauecTBeH-
Hasl OLIEHKa YPOBHS CTapeHWsi OyMa>KHOM W3OJISINH BO3MOXHA IO pe-
3yNnbTaTaM aHajii3a COJEpKaHWs B Macie U3 0aka CHIOBBIX TpaHC(Op-
MaTopoB (pypaHOBBIX COEAMHEHHH, KOTOpbIe 00pa3yroTCs KakK MpH Tep-
MHUYECKOM, TaK U THAPOIUTHYECKOM TIPOLECcCe Pa3pyLICHHs! ETUTIONO3BI.
Xotst ipu J1aGOpaTOPHBIX MCCIIENOBAHUSX MOMYYEHBI YCTOHYMBEIE KO-
PETSIMOHHBIE 3aBHCUMOCTH COJCpKaHUsl (PypaHOBBIX COEIMHEHUH B
Macyie OT CTENeH! MOMMMEPU3allii LEeJUTION03bl, Ha TIPAKTHKE TaKas 3a-
BUCHMOCTh HE CTOJb OJHO3HAYHA, TaK KaK B MpoOLecce IKCIUTyaTaluH,
0TOOpa U TPAHCIOPTUPOBKU MPOO YaCTh (DYPaHOBBIX COSAMHEHUN MOXKET
pasiarathCs Moj JSHCTBHEM TeX WM UHBIX (hakTopoB. OOIas TeH/IeH-
WSl TIOBBIIICHUS JI0JM TpaHchopMaTopoB ¢ HammuueM ¢Gypdypona B
MacJie 1o Mepe yBEIHYCHHs CPOKa IKCILUTyaTaluy MOATBEPKAaeTCs AaH-
HBIMU SKCILTYaTallMOHHBIX aHAJIN30B.

Takum 00pa3oM, KOHTPOIb HaMW4Hsi (ypaHOBBIX COCAMHEHHH B
Maclie TI03BoJIsIeT 3a()UKCUPOBATh HAIMYHE PAa3BUTHIX MPOIECCOB CTa-
peHuA 6yMa)KHOI71 HU30JIA0UH, HO HE IMMO3BOJIACT AAaTh KOJMYCCTBCHHYIO
OLIEHKY CTEMEeHH 3TOro crapeHusi. HoBble BO3SMOXKHOCTH OLIEHKH CTere-
HU CTapeHus OyMaKHOU H30JsAIuu 0e3 orOopa 00pa3IoB OTKPHIBACT
METOJ] JUAJICKTPUYECKON abcopOimu, NpeioKeH bl CMOJICHCKUM
¢unmamom MOCKOBCKOrO 3HepreTmueckoro ynupepcutera (MOUN).
CyTh MeTO/a 3aKIII0YaeTcsl B U3MEPEHUU KOMILIeKca abCOpOIMOHHBIX
XapaKTepUCTUK B TEYEHHWE BPEMEHH, JOCTATOYHOTO JUIS IMOJIHOTO 3a-
BEpILICHUS BCEeX a0COPOIMOHHBIX TporieccoB B u3onsmuu (600 cek).
Takxum 00pa3om, MOXKHO cIelaTh CICAYIOIINE BEIBOABI:
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1. dakTuyeckuii CpoK CIIyKObI CUIIOBBIX TPaHC(HOPMATOPOB JI0 Tie-
pexozia B MpeesIbHOE COCTOSAHUE B MIEPBYIO OUEPENb ONMPEAEIAETCS yC-
JIOBUSIMU BKCIUTyaTalku;

2. Ilpu OCBUIETENBCTBOBAHUU CHUJIOBBIX TPAaHCPOPMATOPOB IS
OLICHKA BO3MOXHOCTH TPOJUICHUSI CPOKA WX CIYKOBbI Ha JUIUTEIbHBIH
MEPUOJ HEAOCTATOYHO JAHHBIX TOJBKO 3KCIUIYaTal[MOHHOW JIOKYMEH-
Tallul ¥ pe3yJbTaTOB KOHTPOJS MX COCTOSIHUS, MPETyCMOTPEHHOrO B
JICHCTBYIOIICH HOPMATHBHOM JOKyMeHTanuu. HeoOxomumo mposene-
HHUE JIOMOJIHUTEIBHOIO KOMIUJIEKCA JMArHOCTUYECKUX M PEMOHTHBIX
paboT, OCHOBAaHHBIX Ha COBPEMEHHBIX JIOCTHIKCHUSX HAyKH M TEXHUKH.

Cnucok MTepaTypsl:

1. TIpakTHyYecKHe acIeKThl OLECHKH (haKTHYECKOrO CpPOKa CIYKObI CHIIOBBIX
tpancdopmaropo/ Ocoro B. H. rmasustit cienmanuer LHIUJIH OAO «CaepamoBasiek-
TpopeMoHTY// [OnekrponHsiii pecypc] // URL: https://docplayer.ru/30765599-
Prakticheskie-aspekty-ocenki-fakticheskogo-sroka-sluzhby-silovyh-
transformatorov.html (mata obpamenus: 05.04.2020).

NCCIEJOBAHUE ITPOYHOCTU HECYIIMX SJIEMEHTOB
CPEJIHEV TPABEPCHI [TPOMEXYTOYHO! JIBYXIIEITHOM
OITIOPHI BJI 35-110 kB

HleBuenko C.B., Hlanapukosa /.C. (K2JI-181), UBamenko A.II.
Kamviwuncxu mexnonoeuueckuii uncmumym (¢unuan) Borel TY
Ten.: 8-927-508-58-88, E-mail:desdee-0793@mail.ru

BBenenune. BrICOKOBONBTHBIE JTMHUM 3JIEKTpOIEpENad W MPOBOAA
MOCTOSIHHO MOJIBEPTaloTCsS pa3iINYHbIM IOTOJHBIM YCIOBHSIM. OKC-
ITyaTalMOHHBIE XapaKTEPUCTUKH MO3BOJISAT PACCMOTPETh, KaK BIMSIIOT
MIOTOTHBIE YCTIOBUS Ha BO3AYIIHbBIE TUHUH.

IMocranoBka 3agaun. Llenbio Moeli paboTHI sIBIsIETCSl HCCIIENOBa-
HHE IPOYHOCTH CPENHEN TPABEPCHI IPOMEKYTOUHOU JABYXLEIHON OIO-
pet BJI 35-110 xB. Paccmorpum omopy BJI-35-110 kB, macca xoHCT-
PYKLUU C OJHOW CTOPOHBI COCTABIJISIET 75 KI, CEYEHHE IIPOBOAA KOTO-
poit coctasusier 120 MM?, ¢ 8 m3onstopamu [1C-70E, Bec ogHoro mx
KOTOpBIX cocTaBiisieT 3,4 kr, mupuHoil nposera - 100 M, maccoit mpo-
BoJia (B HOpMaJbHBIX ycnoBusx): 47,1 kxr (aa 100 m).

MartemaTtnueckasi moaeasb (puc. 1). [Ipoussenem pacuer pazmMepon
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TpaBepca MCXOIS W3 JJIMHBI BBICTYIA, PaBHOW 3 M M YIJIOB PaBHBIX
8,5 1 90° cootBercTBenHO. Pa3nenum Tpasepc Ha 2 TpeyroiasHuka ABC
u FEM. Haiinem croponst AC u AD, tpeyronsauka ABC. Bee nannbie

TpeyronbHuka ABC noka3zansl Ha puc. 1.
_ CDsins(DAC)

AC =CB . = =
C=cC s Z(AcD) A€ = CB = 2977
ap = pp = E2SINEMADO) DB = 440
=P T Tinztacp) AT T OP T EEMM

AHasornuHelil pacuer mpousBeneM K TpeyronsHuky FEM. Bce nannbie

TpeyroasHuka FEM nokasansl Ha puc. 1.
_ EMsinZ(EFM)

FE =7
sinZ(FEM) ' 00 v
_EMsinZ(FME)
= Tsinz(FEM) 0T MM

Pacyer ocHoBHOM 3ama4u. [Ipoussenem pacuer st HOpMabHBIX
ycinoBuid. JIs Ha4yaga paccYuTaeM CHILy TSDKECTH IIPOBOJAA M Beca KOH-
CTPYKLIMH:

Puc. 1 — Maremarndeckast MOJIENTb
G=(my+ my+ my)g= 0471+ 3,4 -8+ 75)-9.81 =
1464,633 H = 1465 H, rume m; — Macca mpoBoja;m, — Macca HU30Jsi-

TOPOB; M3 — Macca KOHCTPYKIIUH.
Jlasiee cocTaBuM ypaBHEHUs paBHOBecus y3ia (puc. 1):

ZX =0;—N,c0s8,5°—N,c0s8,5°+ N;cos14° =0

Z Y =0;—N;c0s85°+ N, c0s8,5°=0
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ZZ:O;N3c0514°—G:O

Paccuuraem ycunmus Ni, NoB crepxHsix mnosica (Nel, Ne2) u paBHo-

nericTByronryto cuity Nacrepxueit Tar (Ne3, Ned):
Ny = — = 1BONO% _ si031m

" cos14°  cosl4° ’
N; - cos 14° _ 1510,31 - cos14°

L 27 2.c0s8,5° 2 -cos8,5° 33,0
Onpenermm yenmisi N' 3B crepokasix Tsr (Ne3, No) 13 TeopeMbl KOCHHYCOB:
N = N;® _ | 1510312 .,
37 |21 +cos17°)  [2(1 +cos17°)

Pacuetr momoTHMTEIBHBIX MapaMeTpoB. B peanbHBIX yCIOBHAX-
Harpy3Kky Ha IpoBoja oka3bIBaer BeTep. [IponsBenem pacuer Harpysku
no Berpy juist BJI 110 kB. Berunciaum BeTpoByr0 Harpysky mno gpopmysie
W =Wy, -k-c, tne Wy — pacueTHOE 3HaYCHHE BETPOBOTO JIABJICHUS 110
paiiony, k — kodpUIMEHT, T, YYUTHIBAIOIINI W3MEHEHUE BETPOBOTO
JaBJICHHS 110 BBICOTE, C- adpOJMHAMUYECKHH KO3 PUIneHT.

W=Wy-k-c=42-0,85-0,8 = 28,56 kr

IIponsBenem aHanOrMYHBIA pacyeT HOPMAJIBHBIM YCIOBUSM. Pac-
CUMTAEM CUITY TSHDKECTH MPOBOJA:

G=(m+my + mg+ W)g=0471+ 34 -8+ 75 +28.56)"

9.81 = 2009,68 H =~ 2010, rxe m; — Macca IIpoBOJAa; m, — Macca u3oJisi-
TOpPOB; M3 — Macca KOHCTpyKuuu; W — Bo3JeiicTBHe BeTpa Ha KOHCT-
pykuuto BJL

Hanee paccuntaem ycmius B cTepxkHAXN;, N, B CTEpKHAX TosAca U
paBHOJEHCTBYIONTYIO CHITYy N3CTepKHEH TAT:

N G 2010 207
7 cos14° 097 072164
(N3 - cos 14°) 2072,16-0,97

N, =N, = = =1016,18 H
12T (2-c0s857) 2-0,989
Haiinem ycnmist N' 3B CTEpIKHSX TSI M3 TEOPEMBI KOCHHYCOB:
N'; = N _ | 2072187 4y 50k
37 21+ cos17°) — |2(1 + cos17°) ’

OmnpenenumM MUHUMAaJIBHO TpeOyeMyIo TUIONIaAb CTEPKHS Mosca, OT
neiictBust cuitbl Ny, U TSATH, OT jaeiicTBust cuiisl N' 3, 3 pacuera paboThI
CTEp>KHS TOsiCa Ha C)KaTHe, a TATH Ha pacTsbKeHue, 0e3 ydyera Jpyrux
BHJIOB BO3MOXKHBIX AehopManuii U MakCHMajbHO JICHCTBYIOUIMX Ha-
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rpy3ok. Jlomyckaemble HampskeHHs paccuuTaHbl mis cramu Ct. 3 ¢
y4eTOM 3ariaca IpOYHOCTH PABHBIM JIBYM.
PaccunTtaem HeoOX0OIUMBIE MIIOMAAN MOMEPEYHBIX CEUCHUI:

N, 1016,18
A=A 2—= T:8,61KB.MM
A A > N'; 104759 8.8
3= 4_[% = ~q1g - B88KB.MM.

Paccuntaem HanpsKEHUA B CTCPIKHE IMOACA U TATU U3 YCIIOBUSA HUX
paboThl TONBKO Ha PACTSHIKECHHE WM CXKATHE C YUETOM (PaKTHUCCKOM
miomamu yroakoB (TOCT 8509-93) cornacHo AelcTBYIOIIEH KOHCT-
PYKIIMH OTIOPBI:

o N. 1016,18
YTOJOK paBHOMOIOYHBIH 63X5 (1M0sIc):0; = A—1 =—; = 1,66 Mlla
1
o N7 1047,59
Yroiok paBHononouHsi 50x5(rsra)o, = —= = 00 = 218 MIla
3

CornacHO THUNOBBIM Kartajoram[4], B KOTOPBIX MpPHUBEIEHBI KOHCT-
PYKLMHU ONOp M UX HATPY3KH, MONydaeM, 4TO (pakTHYecKrue Hampske-
HUs OyIlyT TOpa3o BhIIe (HallpuMep, B MOSCE TOCTUTAIOT BETUYMHBI B
216 Mlla, a B Tare — 78 MIla). Tak kak KOHCTPYKIIHS CpEIHEH TpaBep-
Cbl paboTaer He TOJIKO Ha pacTshKeHHe MM CKaThe, HO U Ha M3THO, a
Harpy3Kku MpH pacyeTe yUUTHIBAIOTCS KaK MAaKCUMAaJIbHO JIeHCTBYIOIIE
u3 Bcel obiacTu mpuMeHeHusl. B koHkpeTHOH 3aiade Oblia orpaHuye-
Ha 00JIaCTh MCCIIEIOBaHMs, B KOTOPOH HE00XO0IUMO OBLIIO pacCMOTPETh
paboTy TpaBepChl B YCIOBHSX PACTSDKEHHS M CXKATHSI MOJ JIEHCTBUEM
Beca camoil TpaBepchl, MPOBOJIOB, U30JSATOPA U BETPOBOW Harpy3KH.

BriBoa. IIpoussens pacuer, Mbl UCCIIEI0BAIN IIPOYHOCTh HECYLIUX
3JIEMEHTOB CpeaHel TpaBepchl MpoMexyTouHoM aByxuenHoi BJI 35-
110 xB. bnaronaps skcruryaTalluOHHBIM XapaKTepPUCTUKAM MBI CMOTJIH
pPaccMOTpPETh U paccunTaTh, KaKk BETPOBBIE HArpy3KH BIUSIOT Ha BO3-
IOyUIHbIE JIMHUM 3JIeKTporiepenay. s HamIsgHOro MmpuMmepa CBElEeM
MOJTy4eHHbIE pe3yabTaThl B TA0MUIY 1.

Tabnuma 1.
HaumenoBanue HopMmasbHble ycnoBus BerpoBas Harpy3ka

Cwrita TSODKECTH IPOBOJIa 1465 H 2010 H
Ycunme N; B CTepKHSX mosica 733,01 H 1016,18 H
Ycunme N, B CTepKHSX mosica 733,01 H 1016,18 H
PaBHopelicTByromas  cuna N3 1510,31 H 2072,16 H
CTepKHEH Tsr

Veunust N';B CTEPIKHSX TAT 763,5H 1047,59 H
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Cnucok JMTepaTypsl:

1. TabnuuHble MaHHBIC TS pacyeTa Beca aOMUHMEBOro mpoBona AC: [DiekTpoH-
HEIH pecypc]- Pesxnm nocryma: https://elektrokable.ru/products/provod-as-neizolirovannyy-
iz-serdechnika-i-provolok/provod as 120/ (mara obpamenws 25. 03. 2020 rom)

2. TexHudeckue XapaKTEPUCTHUKH [DIEKTpOHHBIH pecypc]- Pexum mocryma:
http://zao-tehnolog.ru/page364076 (nara oopamenus 01. 04. 2020 ro)

3. Pacuér Tpebyemoii BeTpoBOH Harpy3ku [DIEeKTpOHHBIH pecypc]- Pexum moc-
Tyma https://www.grandline.ru/uploads/files/Sprav_ogragdeniya/raschet_stolba_na
_vetr_nagruz.pdf (mara oopamenus 03. 04. 2020 rox)

4. YHuHUIMPOBaHHBIC CTAIbHBIC KOHCTPYKLIMH, TIPOMEXYTOYHBIX H aHKEPHO-YTJIOBBIX
or1op BJI 35-110 kB [DnexrpoHHBII pecypc]- Pexum JIOCTyIa
http://gostrf.com/normadata/1/4293842/4293842344.htm (nata obpamenus 05. 04. 2020 rom)

AHAJIN3 OCHOBHBIX MATEPUAJIOB U30JIATOPOB,
[NPUMEHSAEMBIX HA JIOII

HleBuenko C.B., Hlanapukosa /.C. (K3JI-181), O6eabuen A.C.
Kamviwuncxu mexnonoeuueckuit uncmumym (¢unuan) Borel TY
Ten.: 8-927-508-58-88, E-mail:desdee-0793@mail.ru

BBenenne. Ham Mup HEBO3MOXKHO TPEACTaBUTH 0€3 JIMHUH dIeK-
Tponepenad, 61arogapsi KOTOPBIM B KaKJOM U3 JIOMOB €CTh 3JIeKTpHYe-
ctBo. Ho JIDIT He Moxer cyliecTBOBaThL 03 HU30JISATOPOB, - MaTepHa-
JIOB, KOTOpBIE MPAKTUUYECKHU HE MPOBOIST dJEKTpUUIECKUi ToK. Juanek-
TpHUYECKHE CBOWCTBA ATHX MAaTEPUAIOB 00ECIIEUMBAIOT HAACKHYIO H30-
JIAOHUIO BBICOKOBOJIBTHBIX JIMHUH QJICKTpoIiepeaad.

IocranoBka 3amaun. L{enpio Hameli paboOTHI SBISIETCS: aHAIN3 MaTe-
pHUajioB, KOTOPBLIC MCIIOJIBL3YHOTCA JId HU30JIAOHUKA IMPOBOAOB Ha JIMHUU
anextponepenay. OCHOBHBIMU MaTepHanaMy, KOTOPbIe HCIIONb3YIOTCS JUIS
W30JIITOPOB, SIBIISIFOTCA: CTEKIO U papdop. PaccMoTpuM Kakplid U3 HUX.

AxTyanbHOCTh BHIOPaHHOW TEMBI CBS3aHA C TEM, YTO B HAIIM JHU
JAHHOE SIBJIEHHE BECbMa PacCIpOCTPaHEHO, MOITOMY HEOOXOIMMO CO-
BEPLICHCTBOBAThH 3HAHUS B IAHHOW OOJIACTH.

CTekJIIHHBIC H30JATOpPbl. B OCHOBHOM HCIONB3YIOT IOJIBECHBIE
CTCKIIAHHBIC OUIJICKTPUKU JId WU30JIAIHUKA MPOBOJOB HA JIMHUAX 3JICK-
Tpornepenad. VX M3roTaBiIMBarOT U3 3aKaJIEHHOTO CTEKJa, 3aKajika Je-
JIaeT TaKue M30JATOphI OoJiee MPOYHBIMH, a Tak ke Oolee TepMOCTOM-
kuMu. B cpaBHennn ¢ QapdopoBsiMi OHU 00JIaAar0T Oosee BBHICOKOH
MEXaHUYECKOM MPOYHOCTHI0O M MEHBIIMMH pa3zMepamu. CyliecTByeT
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HECKOJIbKO BMJIOB M30JIATOPOB: MOABECHBIE M INThIpeBbIe. [lonBecHbIE
W30JISITOPHI CYMTAIOTCS. Hanbosee MUPOKO MPUMEHSIEMbIMHU, TaK KaK HX
CBOWCTBA M MCIIOMHEHHE MMO3BOJISIET UX UCTONb30BaTh Ha JIDII ¢ Homu-
HaJbHBIM HampsokeHneM 6-1150 kB. Ll TeipeBbie nuHEHBIE N30IATOPHI
WCIOJB3YIOT AJIS KpemieHUsT U30JALUU MPOBOJIAa JIMHUM 3JIeKTpornepe-
Jla4 TIepeMEHHOr0 WM TIOCTOSHHOTO TOKa HampsbkeHueM 6-1150 kB. B
cpaBHeHHU C (papopoM, 3TH U30JIATOPEI CTOAT TOPOKE.

CTexsHHBIE M30JSTOPEl UMEIOT MPEMMYIIECTBA U HEIOCTaTKU. Pac-
CMOTpPUM HX TNpeuMyIlecTBa. Tak Kak CTEKJISTHHbIE H30JIATOPBI MpO3pay-
HBIE, Ha HUX MOYKHO JIETKO OOHAPYXUTh MOBPEKACHNUS, KaK BHEIIHHE, TaK
W BHYTPEHHHE, YTO IO3BOJISIET YIPOCTUTH OOCTY)KHBAaHUE W YCTpaHsIET
HEOOXOANMOCTh MTPOBOJIUTH YACTHIE UCTIBITAHHS HANPsDKEHHEM. B TeueHne
BCErO CpOKa OJKCIUTyaTallid OHW He Ae(opMUpPYIOTCS, MeXaHW4ecKas
MIPOYHOCTh, U ANEKTPUYECKUE CBOICTBA HE M3MEHSIOTCS, XUMHUECKUE U
¢u3nyeckne CBOWCTBA TaK K€ OCTAIOTCS HEM3MEHHBIMU. Matepuan He
o0najaer BOJAONPOHUIIAEMOCTBIO, YCTOWYMB K BO3ACHCTBHIO YIbTpaduo-
JIeTa U HE TOpIOY, a BBICOKHE JHUIIEKTPUUYECKUE CBOMCTBA MPAKTUYECKU
WCKJTIOYAIOT BOBMOKHOCTh MPO0O0si M30msATOpa. TeXHOomorndeckuii mpo-
LIECC M3TOTOBJICHHUS B OOJIBILICH CTEIIEHN MOXKET ObITh aBTOMAaTU3UPOBAH U
MpaKTHYECKH He TpeOyeT ydacTHs 4enoBeka. Terepb paccMOTpUM Hemoc-
TaTKM, OJHUM U3 TIJIABHBIX HEJOCTATKOB TAaKUX H3OJSTOPOB SBIISETCS
XPYIKOCTb, BTOPBIM IO 3HAYMMOCTH HEJOCTATKOM SIBJIETCS 3HAUNTENb-
HBII Bec, HO B cpaBHEHHH ¢ Pap(opoBBIMHU UX BEC HE TAK YK U BEIHUK.

®apdopoBbie U30AATOPbI. lIepBBII BUI HM30I4TOPOB, KOTOPBIA
ctas npuMeHsThest 0osee 100 et Ha3a Ha BRICOKOBOJIBTHBIX JINHUSIX —
¢dapdopoBblil H30IATOP. DINEKTPOTEXHUUECKUH Papdhop — STO UCKYCCT-
BEHHBIM MUHEpas Ha OCHOBE INIMHBI, KBaplia U MOJIEBOro IImaTa, KoTo-
pBIi IOMYYaroT Mmocie TepMooopadoTku. [l usrotosienus dhaphopo-
BBIX M30JISITOPOB MPUMEHSIOTCS (DOPCTEPUTOBBIE U TNIMHO3EMHUCTHIEC Ke-
paMUYecKue MaTepuajbl C HU3KMMM JWAJIEKTPHUYECKHMHU MOTEpSMHU.
OHU UCHONB3YIOTCS JUIS M3OJIAIMK KperieHui mpoBoaoB Ha JIOIL, a
TaK K€ MX HCIONb3YIOT B paclpenenuTelbHbIX YCTPOHCTBaX MOJCTaH-
LHUH U 3IEKTPOCTAHIUM.

dapdopoBbie 30IATOPHI UMEIOT IPEUMYLIECTBA U HelocTaTku. Pac-
CMOTpHM HX mpeumyluectBa. @apdop B TeueHHe Bcero BPeMEHH SKC-
IUTyaTallil COXpAHSAET XapaKTePUCTHKU MPAKTUYECKH HEU3MEHHBIMU.
DTOT MaTepuas yCTOHUUB K ONACHBIM BhIOpOcaM mnpearnpustuii. apdop
00J1a1aeT XOpOIMMH AUIICKTPHYECKUMH CBOWCTBAMH, & TaK K€ BhIIEp-
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KUBAIOT OOJbIIME HArpy3Kd Ha ckarue. JIMdIeKTpUYecKhe CBOWCTBA
(dapdopa uckIoUarOT BO3MOKHOCTh TIPO0O0ST U30JISIIUY, TaK e I3TOT Ma-
TepHaJl MOJHOCTHIO BOJOHEIPOHHIIAEM M HE MOJBEpkKeH ropeHuto. Ho
Hapiaay € nmpeuMynieCTBaMm 3TOT MaTEpUall UMCEET CYIICCTBECHHLIC HE-
JocTaTKd. MeToArMKa MX HM3rOTOBJIEHHsS TpeOyeT 0coO0oro BHUMAHHMSL
dapdopoBbic U3ENINS OYECHb XPYINKUE U OUCHb YaCTO JIOMAIOTCS, UX
TPaHCIOPTUPOBKA JIOJDKHA OBITh OueHb OepexHOoM. M3-3a 3TOro0 BO3HU-
KaeT HEOOXOIUMOCTh PEryJSIPHOW TPOBEPKH IIEIOCTHOCTH H3IEIHs,
4TOOBI U3/ICNIE HE MOBPEXKIAJIOCh, MPUXOAUTCS OTKIIOYATh dJICKTPOYC-
TaHOBKH W yOMpaTh C HEro 3arpsisHeHus. Eine opHON npoOiemMoli sBiis-
eTCs BEC, B CPAaBHCHUU CO CTEKJISTHHBIMH, Macca (aphopoBOro U30JsTo-
pa 3HAYUTCILHO 60HI)HI€. O[[HI/IM N3 TJIaBHBIX HCEAOCTATKOB ABJISICTCA
CIIOKHOCTB OIMPEICNICHUS UX MPOOO0s U HAXOKACHNE MUKPOTPEIIIUH.

PaCCMOTpI/IM OCHOBHBIC TCXHUYCCKUEC U TCXHOJIOTMUCCKUE MapaMeT-
PBI KQXIOro M3 3THX MarepuaioB. i HarIsIHOrO mpuUMepa CBeIeM
cBeleHHs B Tabnuny 1.

Tabmuma 1.

HaumeHnoBaHue Crekiio Dapdop
JlmanexTpudeckasi MpOHUTIAEMOCTh 2,7 7,0
YaenbHOE 00BEMHOE COMPOTHBIIC- 10" Om/m 10" Om/m
HUE
VY enbHOe MOBEPXHOCTHOE COIMpPO- 10 Om 10°Om
THBJICHHE
TemnnonpoBoIuMOCTb 0,92 Br/(m C°) 1,0-1,2 Br/(m C°)
TemnoemKkocTh 0,84 x/Ix/(xr C°) 1,2-1,5 x/x/(xr C°)
DHepreTHyecKasi MPOYHOCTh 48 kB/mMm 25-30 kB/MMm
IlnoTHOCTB 2,47 r/em’ 2,3-2,5 r/em’
[Ipenen mpovYHOCTH MPU CIKATHH 9730 kre/em’ 9000 kre/cm’
IIpenen mpouHOCTH HpU pacTshKe- 823krc\cm’ -

HUH

CymecTByeT WHHOBAIMM JUIS  YAYYIIEHUsS SKCIUTyaTal[OHHBIX
CBOWCTB - KDEMHUHOPraHMYECKHE 000I0UKH (CHIIMKOHBI). Takue moKpbI-
THSI HAaHOCATCS Ha (apPopoBbIe TOACTAHIIMOHHBIC H30JSTOPBI, HA CTEK-
nsiHABIE U Qap(opoBbie TMHEHHBIE H30IATOPHI TS TIOBBIICHUS HAZEK-
HOCTH pabOTHI U30JIATOPOB B CHIIBHO 3arpsi3HEHHBIX MeCTax. JTO MO3BO-
JIieT UCKITIOYUTh YUCTKY U30JISTOPOB UJIM K€ COKpaTUTh ee B 3-5 pas.

BeiBoabl. PaccMoTpeB naHHbBIE BapHaHTBl U30JTOPOB, HCIIONb3Yye-
MBIX JUIA JIMHUM 3JeKTporepenady, MOXKHO CKa3aThb, yTo B ceTsax 0.38-10
kBT Hambonbiee pacrnpocTpaHeHre Moayduian GpappopoBbie HIOISATO-
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PBI B CHJIYy OTHOCHTEIBHO HEBBICOKMI cTomMocTH. B cersix 35-750 kBt
HanOoJbllIee pacIpoCTpaHeHHE TOTYUHIIH CTEKIISTHHBIE H30JITOPEI, TaK
KaK COIPOTHUBIICHHE PACTEKaHHUIO 3JIEKTPUUYECKOTO TOKA BBILIIE.

Cnucok JIMTepaTypsl:

1. CrexisHHBIC H30JSITOPBI, THIIBI, PA3HOBHIHOCTH, 3KCIUTyaTaIus [DIeKTPOHHBIH
pecypc]- Pexxum  moctymahttps://pue8.ru/elektricheskie-seti/613-steklyannye-
izolyatory-tipy-izgotovlenie.html(nara obpamenns 03. 04. 2020 ron)

2. Uzonsropel u3 crekna, ¢apdopa [DnekTpoHHEIH pecypc]- Pexxum mocryma:
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04.2020 rom)

3. CrexnsHHBIE U (haphOpOBEIE H30IATOPHI [DIEKTPOHHEIH pecypc]- Pexum noc-
Tyna: https://aiz.su/articles/steklyannye-i-farforovye-izolyatory-preimushchestva-i-
nedostatki(mata obpamenus 05. 04.2020 rox)
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farforovykh-i-steklyannykh-izolyatorakh/(nara o6pamenus 07. 04.2020 ron)
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PACUET AKKYMVYJIUPYIOIIEN CUCTEMbBI
AJIEKTPOCAMOIJIETA

HleBuenko C.B., Hlanapukosa /I.C, Boponos A.C. (K2JI-181),
I'anymaxk B.C.

Kamviwuncxui mexnonoeuueckuii uncmumym (¢unuan) Borel TY
Ten.: 8-927-508-58-88, E-mail:desdee-0793@mail.ru

BBenenue. PeakTuBHBIC IBUTATEIN HA CErOAHSIIIHUI J€Hb SIBJISIOT-
Csl OCHOBHBIM JIBW)KHTEIIEM COBPEMEHHBIX MACCaKUPCKUX CaMOJIETOB.
[IpuHmmn ux AEHCTBUSA OCHOBAaH Ha CKMIAaHMM TOILUIMBA B KaMmepax
cropanust mpu temieparype 1o 1600°C u mociemyromero uCTeIeHus
BBIXJIOITHBIX Ta30B, CO3JAIOMIMX CHUJy TSITW. ABHAIIMOHHOE TOILIMBO,
MIpH C)KUTAaHUM HE TOJIBKO HETaTHBHO BIIMSAET Ha HKOJIOTHIO, HO U Orac-
HO B 3Kcrutyatauuu. CylecTByer ajqbTepHAaTHBA TaKOMY JBHUTaTEN0 —
anekTpoaBurarensb. Mbl xuBeM B XXI Beke U UMEEM BO3MOYKHOCTh
WCIIOIb30BaTh B KAUECTBE OCHOBHBIX CHJIOBBIX JIBM)KMTENEH CaMOJIETOB
3JIEKTPOJBUTATENN C BHHTOMOTOPHOM TPYNIOH, KOTOpBIE SIBISIOTCS
Oornee Oe30MaCHBIMH.

B Poccum yxe BemyTcs TmepBble pa3paboTku  THOpHIHO-
3JIEKTPUUECKHUX caMoieToB. Takue camolieTsl MOI'yT HMCIOJIb30BaTh Ha
pPETHOHANIBHBIX HANpaBIICHUAX, BeJb TaKOW caMoJeT HaMHOro Oojee
9KOJIOTHYEH, YTO TO3BOJIUT CHU3UTH BHIOPOCHI BPENHBIX BELIECTB H
YpPOBEHb IlIlyMa B CaJIOHE, a TaK K€ UCKIIOUUTh UCIIOIb30BaHUE B aBHA-
MU M0KapooIacHoro TorinBa. KpoMe Toro aBuxkeHne Ha 3JeKTpude-
CKOH TsIre DKOHOMHYECKH JaBHO YyKe 0Ooiee BBITOJHO, YeM Ha CXKHra-
HUM TOIUIMBA B TETUJIOBBIX ABUTATENsIX [1].

3apyOeKHbIC KOMIIAHUH YK€ TPEJCTABISIOT aHAJIOTW THOPHJIHBIX
BO3AYIIHBIX cynoB. Komnanus Airbus coBmectHo ¢ Siemens u Rolls-
Royce BenyT pa3paboTku MPOEKTOB, ABa U3 HUX HalpaBJleHbI HAa CO3/ia-
HUE amnmnapata BEpTHKAJIbHOIO B3JIETa M MOCAJAKH, IUIAHUPYETCS, UYTO
Oy/IyT UCIONB30BATHCS KaK a3pOTAKCH, KOTOPbIe OyAYT AOCTUTATh CKO-
poctu 200 km/gac. B 2018 rogy Kwuraii ncnomnb3oBan nepBbiii cepTu-
(UIMPOBaHHBIN MHIOTHPYEMBI JIeTaTeNbHBIN ammapar ¢ 3JeKTpuye-
CKHMM JBuratenem. [2].

MocranoBka 3agaun. Llenbro Haiel paboOTHI SIBJISIETCS: pacyeTr aK-
KyMYJHUpYIOIIel CHCTEeMBI 3JIeKTpocaMosiéTa Ha3oBéM ero DC-50. 3a-
JaauMCsi KOHKPETHBIM MapupyT Bosrorpag-Mocksa - Bosrorpan u
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paccunTaeM HEOOXOAMMYIO SHEPTUIO sl MOoJiETa 3JIEKTpOocamolnéra
3C-50 Tyna u obpatHo. Paccrosinne mexy asponoprom Bonrorpana u
asporoprom BrykoBo coctasiser 900 kM. Mcnons3ys MogenupoBaHue
MpHUMEM TI0 aHAJIOTHH B KadecTBe 0a30Boi Mojenu camonér AH-24B B
BapyaHT 4YHCla aBuanaccaxupoB S50 den u B3NETHON MOITHOCTU JBYX
nBurarenen 2x2550 m.c.

MaremaTtnyeckass Moaenab. OnpenenuM 5SJIEKTPHUECKYI0 MOII-
HocTh (P) cunmoBoit ycraHoBku snekTpocamonéra IC-50. IIpu moriHo-
cru apurarteneit 6azosoit monenu 5100:7.c.

P=5100x.¢.-0,75 = 3825 kBm

ITpu cpenneit ckopoctu 460 km/uac u snexkrpocamonér IC-50 mpo-
JIETUT DTO PACCTOSIHUE TyJla 1 00paTHO 3a:

T = 1 wac 58 munym + 1 wac 58 munym = 3 vaca 56 munym

OnpezienM KOJIMYECTBO HEOOXOAMMON diekTposHepruu (Q 4)mist
COBEPIIEHUS MOJETA JIEKTPOCAMOJIETY M0 3aJJaHHOMY MapuIpyTy Tyaa
HoOpaTHO

Q4 =3825-3,91 = 14 955 = 15 000xBT - wac

OueBuHO, 3Ta 3HEPTHsI JODKHA OBITH 3amaceHa B OOPTOBOM aKKy-
MyJHpYIOLIel cucTeMe, moa3apspKaromascs Ha aspoapome. PaccMmot-
puMm HekoTopsle 3 HuX. Koncrantun HoBocenoB um Anpapeit I'eiim B
2010 romy monmyumnu HoOelleBCKyro MpEeMHI0, OHM CMOIJIA TIOJIYYHUTh
rpad)eH Ha MMOUIOKKE OKCHa KPEMHHUS, YTO B JJAbHEHUIIEM MTO3BOIMIIO
pa3paboTath rpadeHoBbie akkyMmyiiaTopsl. B Mcnanuu paspaboraiu Ha
ocHoBe TpadeHa Gatapero, Kotopas Ha 77% JelieBie TUTHEBBIX aHaAOo-
TOB U B 2 pasa Jierdye 1o Becy, 1 MOXKET 3aps/IMThCs 3a 8§ MUHYT OJaro-
Japsi JIEKTPONIPOBOIHBIM CBOHCTBaM rpadeHa. Paspaborunku xomma-
Huu «Graphenano» Mpou3BOAAT MOJIUMEP-TpaeHOBBIE aKKYMYJIISTOPHI,
KOTOpBIE MOTHOCTHIO YCTPAHAIOT HemocTaTKu Lite-moHHBIX OaTapei. A
TaK e OTH aKKyMYJISITOPbI 9KOJIOTUYHEI - IPH SKCIUTyaTalluu He OyayT
MPOU3BOJMTH Ta3 U HE OyIyT MOKAPOOIACHBIMH.

«Hogas TBeproTenbHas OaTapes oT Samsung B 3 pa3a MPeBOCXOAUT
Ty4IInN JTUTHEBBIN akkymyssTop!». Takol 3aromoBok mpo3Bydaa OT
KOMITaHUHU Samsung rociie MyOauKanuu paboThl C OMUCAHUEM TBEPIIO-
TenbHOU Lite-merammyeckoil 6atapen HOBOrO MokojieHus. Pa3pabot-
YUKU CMOTJIM JIOBECTH TUIOTHOCTH dHeprum 1o 900 Br*u/i, B cpaBHe-
HUHU C 3THM Jydine Lite-MoHHBIE OaTtaped MMEIOT TUIOTHOCTh BCETO
uib B 250 Br*u/Kr, HECKONBKO JIeT Ha3al MIOTHOCTh SHEPTUHU aKKy-
myssitopo Tesla 6puta 180 Br*u/kr. Paspaborunku cMorinu npuoiu-
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3UTh aKKyMYJISTOPBI K TAKOMY BUJY SHEPruU Kak OCH3WH — €ro ILIO0T-
HOCTb XpaHeHus 3Heprun coctasisier 2900 Br*u/kr. [3].

Ucxons w3 pacyeTHOW MOIMHOCTH aKKymyssiTopa pasHou 15000
KBT/4 u HOCTHTHYTOI Ha CEroJHSAIIHUY JIeHb YICIbHOW EMKOCTH paB-
Hoit 1 émkoctu 0,9 kBT*u/kr Mbl MOXXeM paccuuTaTh Maccy (M) HeoO-

XOJUMOTO aKKyMYJISITOpa.

Q@ 15000«kBtr/q
M=—=———-—=16600 ke
c 0.9KBT';

W3BecTHO, UTO MpH B3JIETE TPATHTCS OONbIIAs YacTh SHEPTUN aKKY-
MYJISITOpPHBIX OaTapeid, M3-3a 4ero cokpaiaercss Bpemsi nonera. Ecte
npeArnonaraeMoe peuieHne 3Toi NpoOiieMbl — YCTaHOBKAa Ha3eMHOI'O
WCTOYHHUKA MUTAHUS, KOTOPBIN OyJIeT TMOABOANUTE SHEPTHIO K CAMOJIETY
Ha BpeMs B3JIeTa 3JIEKTPocaMoJieTa, a rmociie pazoera 1 Habopa HeoOXo-
JIMMOM BBICOTBI OYJIET OTICIUIATHCS, TEM caMbIM Oatapes Oymer ocra-
BaThCs 3apspKEHHOM ToNmHOCThIO[4]. Eme onHO BO3MOXKHOE pelieHue
3TO TpoOsieMbl — OECpOBOAHAs 3apsjKa, MPHHIMII TAaKOW 3apsaKd
y’Ke€ HCIONB3YIOT MPOU3BOIUTENHN CMApTHOHOB.

BbiBoabl. PaccMOTpeB JaHHbIE BapHaHThl aKKyMYJISITOPOB, C yBE-
PEHHOCTBIO MOXKHO CKa3aTh, YTO 3aMEHHMB aBHAIIMOHHBIA KEPOCHH Ha
AKKYMYJUPYIOIIYIO CHCTEMY, Mbl IOBBICUM O€30IIaCHOCTh IOJIETOB,
YAYYITAM SKOJIOTHIO, 3HAYMTEFHO COKPATHM 3aTpaThl Ha 3alpaBKy
camolieTa, 1, KaK CIEICTBIE, CHU3UM CTOMMOCTh aBUaOMIICTOB.

Cnucok uTepaTypsi:
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OB30P MTHHOBAILIMOHHOI'O OBOPY IOBAHU A
UDPOBBIX TPAHC®OPMATOPHBIX I10JICTAHLIUIA

Mlenkun C.A., Cnupugonon JI.H. (K3JI-181), Comuunon A.T'.
Kamviuuncxuii mexnonoeuueckuit uncmumym (¢unuan) Boael TY

B 2017 rony na IlerepOyprckoM MexayHapOAHOM 3KOHOMHUYECKOM
¢dopyme npesunent Poccun Bragumup Ilytun npussan chopmupoBath
MPUHIUITHATEHO HOBYIO, THOKYIO HOPMAaTHBHYIO 0a3y Ui BHEIpEHHS
IUQPOBBIX TEXHOIOTHH BO Bce cepsl :KU3HU. [I0BCEMECTHBIN mepexon
Ha UUPPOBHU3ANNIO0 paOOYMX MPOIECCOB 3aTPOHYI H 3IIEKTPOIHEPTETH-
YECKYIO OTpacilb.

Wnen npuMeHeHus TUPPOBBIX TEXHOJIOTUH B cucTeMax cbopa U 00-
pabotkn wmH(pOpMalMHK, yNpaBlieHHUS M aBTOMATHU3AIMHM TOACTAHIWN
nosSBUIIKCH 1ouTh 20 JeT Ha3aj, HO UX CTPEMHUTENHFHOE Pa3BUTHE HaYa-
JIOCh TOJILKO HelaBHO. [IpakTHuecku Bce Beaymiue (GpUpMBI 3JIEKTpoO-
SHEPreTHYecKOil OTpaciy akTHBHO paboTalOT B 3TOM HampaBliCHHU.
Pacmmpsercss koaM4ecTBO TEOPETHMUECKUX M MPAKTUYECKUX HCCIeno-
BaHU, MOABISIOTCS HOBBIE MEXIYHApOAHBIE CTaHAAPTHI, OOpa3IIbI
000py/IOBaHMs, OIMBITHBIE MOJIHIOHBL. JTO OTKPBIBAET BO3MOXXHOCTH
WHHOBALIMOHHBIX IIO/AXOJ0B K pEHIeHWIO 33aJad aBTOMAaTH3allMU U
yIIpaBJICHUS JHEPreTHYeCKUMH OOBEKTaMH, IMO3BOJSAS CO3laTh MOJ-
CTaHIIMIO HOBOTO THIA - IIdpoByto noacTaniuio (LIIC) [1].

HecmoTps Ha To, 4TO 3Ta Tema SIBJIIETCSI OTHOCUTENBHO HOBOM, B Ha-
CTOsiIlIee BpeMsl Ha TUiaHeTe HacuuthiBaercs yxke 6onee 100 LIIC B Ku-
tae, CIIA, Kanane u npyrux crpanax. B 4acTHOCTH, NpH COJEHCTBUU
MunucrepcrtBa sHepretuku Pocenu, B nune Poccuiickoro sHeprerude-
ckoro areHtcTBa yxe B 2014 roay, B [lapuxke Ha MeXayHapOJHOH BbI-
ctaBke CIGRE-2014 pneMOHCTpHPOBAIOCH COBMECTHOE TEXHUUYECKOE
pellieHre OTEYEeCTBEHHbIX KOMIIaHUi, NMpeaHa3HauYeHHOe I aBTOMaTH-
3allUU MOJICTAHIMI 10 TexHonoruu «lludposas nogcranmus» [1].

Hudposas noncraniws (LIIIC mo repmunonornu HTII IIC «Hopmer
TEXHOJIOTMYECKOTO MPOEKTUPOBAHUS MOJICTAHIIMHA MEPEMEHHOTO TOKA C
BBICIIUM HampsbkeHueM 35 - 750 kB» [2]) — aro nmoxcranims (I1C)c
BBICOKHM YpOBHEM aBTOMAaTHM3alll{, B KOTOPOM NMPaKTUYECKH BCe MPO-
1ecchl MH(GOpMaIMOHHOTO oOMeHa Mexay 3nementamu [1C, a Takxke
ympasiieane padotoit [1C ocymecTBisoTcs B HU(PpPOBOM BHJIE HA OC-
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HoBe craHmapToB cepunm MOK 61850 (m.3 CTO 56947007-
29.240.10.248-2017 [2]).

HIIC uckirodaroT 3JEKTPUYECKHE CBA3M MEXK]Y BBICOKOBOJIBTHBIM
000py/IOBaHHEM M TAaHENSIMHU pEeleidHON 3alIUThl U YIPaBIeHUs, YTO
co3ziaer Oosee Oe30MmacHbIe YCIIOBUS PabOThI, M B TOXKE BPEMsl CHHUKAET
TpeOOBaHUs K 3aHMMaeMOM IJIOIIAAM, 3aTpaThl HA CTPOUTENILCTBO, Ha
MOHTa)XXHbIE W IyCKOHAIaJOo4Hble paboThl, Ha OOCTY)XKMBaHUE BCeU
CHCTEMBI M dKCIUTyaTanroHHble 3aTpaThl. L[IIC sSBIsIOTCA KIFOUEBBIM
KOMITOHEHTOM HHTEIUIEKTYaJIbHOM CETH, B KOTOPOW MOSIBIISIETCS BCE
Oonplliee KOJMMYECTBO HEMOCTOSHHBIX BO30OHOBIISIEMBIX HCTOYHHKOB
AIIEKTPOSHEPTHH, a TAaKKe MOMOTaloT MOBBICUTH 0€30MacHOCTh U Ha-
JEKHOCTh 3a CUET HOBOT'O KayecTBa MPEAOCTABISIEMBbIX AaHHBIX M CO-
KpallleH!s] BpeMeH! MPUHATHS PEIICHH MPU aBapHsIX.

HIIC mo3BOAIOT 3HEPreTUYECKUM KOMIAHUSAM YBEIMUYUThH MPOU3-
BOJIUTEIBHOCTh, YMEHBUINTh 3aHUMAEMYI0 00OpYAOBaHHEM ILIOIIAAb,
YBEIHYUTHh (PYHKIHOHAILHOCTD, MOBBICUTH HAJEKHOCTh M, YTO TaKXKe
OYCHb BAXKHO, 00CCIICUUTH OOJIBINYIO 0€30MacHOCTh I 00CITYKHUBAO-
miero nepconana. [IIC ucmonb3yoT npenMyinecTsa MUGPOBLIX TEXHO-
Jioruii B cpepe peneiiHol 3aiuThl, aBTOMAaTH3AIUN U CBSI3U.

Pabota nmudpoBoii moncTaHIK OCHOBAHA HA apXUTEKType, KOTOpast
MO3BOJIIET TPOBOAUTH DJKCIUTyaTallHOHHBIE HM3MEPEHUSI B PEabHOM
BpPEMEHH I10 JaHHBIM OT MEPBUYHON CUCTEMBI. JTH JaHHBIE MONYYaIOT-
Csl C IOMOUIBIO aTYUKOB, BCTPOCHHBIX B NEPBUUHYIO cucTeMy. OOMeH
MEKAY YCTPOHCTBaMH, MPOUCXOIMT MO Pe3yibTaTaM U3MepeHui Oa3u-
pytommxcs Ha "mmHe nporecca”. CaMmoe riaBHOE B TOM, YTO HMHTEN-
JIEKTyallbHbIE YCTPOMCTBA M CHUCTEMBI MOTYT cpa3y o0paboTaTh 3TH
OTepaTUBHBIC JaHHBIC B IIpeenax moacTanuuu [1].

VYcrpoiicTBa MeXy IIMHOW MPOLIECCAa U CTAHIIMOHHOW IIMHOW HCTO-
pHYECKH OmpeJeNeHbl Kak "BTopu4yHoe obopynoBanue". B nmdposoii
MOJCTAHIIMA 3TH YCTPOKCTBA SBISIOTCS HMHTEIUIEKTYabHBIMH 3JIEK-
TPOHHBIMH YCTPOHCTBaMH, KOTOpBIE B3aUMOJAEHCTBYIOT C TIOTOKAaMHU
4yepe3 MHMHY MpoIecca U TAaKKe C pABHOYPOBHEBBIMU YCTPOWCTBAMH B
CTOWMKaxX TEPMHUHAJIOB, C APYTHMHU TEPMUHAIAMH U UPPOBOH CHCTEMON
yIpaBJIeHUs yepe3 MKHY cTaHuu [1].

Apxurekrypa nugposoi [1C npencrasiena va pucynke 1.
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wMEpHTEABIbIE cnaonoii Swsesasonme Hon

Puc.1 - Apxutekrypa 1udpoBoif TpaHCcHOpMaTOPHOH IMOACTAHIN

[udpoBuzanms 3aTparuBaeT BCe KOMIIOHEHTHI TPaHC(HOPMATOPHOM
MOJICTAHIIMK: TIEPBUYHOE OOOpPYHIOBAHHE BBICOKOTO HATPSIKSHHUS, pe-
JICHHYIO 3alUTy, aBTOMATH3AIIMIO U YIIPABIICHUE, IEPBUYIHOE 000PYI0-
BaHUE CPEHEr0 U HU3KOr0 HATPSIKEHMsI, CETH CBSI3M BHYTPH IOJICTaH-
1MUY ¥ MEXJTy O0ObEKTaMHU U CETEBBIMH LICHTPAMU YITPABJICHHSL.

Paccmorpum Oosee peTanbsHO HEKOTOPOE OCHOBHOE 00OpYAOBaHHE
1 dpoBoil TpaHCHOPMATOPHOI MTOICTAHIIHH.

Hunosayuonnoe omxpwvimoe pacnpedeiumenvHoe YCmpoucmeo
(OPY) evicokoeo nanpsxcerust ¢ onmuyeckumu oamyuxamu moxa FOCS
xomnanuu ABB. Ontuueckuit natunk Toka ABB FOCS BcTpamBaercs B
muHy npoiecca MOK 61850-9-2, npenocrapisis JaHHBIC IS [IU(PPOBBIX
CUCTEM 3alllUThl U YIPABIICHHs], a TaKXKe 00ecreyrBas HEOOXOIUMYIO
TOYHOCTh JIJISl CYUSTUYMKOB AIEKTpUUEeCKOM sHeprun. OH sBIsieTcs UQpo-
BBIM H3MEpHUTENBHBIM TpaHchopMaTopoM, OOECIIeUnBAIOIIMM WHTEp-
¢eiic ontuueckoro Ethernet B coorBerctBuu ¢ IEC61850-9-2LE nyst BBI-
cokoBonbTHEIX LITTI 1 «ymMHBIX» cereit Smart grids.

[MpuHIMI IeHCTBUS ONTHYECKOr0 JTATYMKA TOKA OCHOBAH Ha d(Qek-
te dapayies, B COOTBETCTBUU C KOTOPBIM CBET MOXKET OBITh UCIIOJIB30-
BaH JIs ONIPENCIICHUS BEIMYMHBI TOKA, CO3JIAIOIIET0 MATHUTHOE TTOJIE.

OtnenbHO crosnmii Tpexdasubiii matunk toka FOCS-FS cocrout
u3 (puc.2):
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Puc.2 - OTnensHO CTOSIIHIT Tpexd)a3ﬁml71 JIaTYMK TOKa FOCS—

* TpeX MOJIBIX U30JISATOPOB, 3ANIOTHEHHBIX a30TOM IPH aTMOC(HEPHOM
JIABJICHUH, KOTOPBIE MOJACPKUBAIOT Y3JIbl ITATYHKOB;

* OIHOTO Hapy)KHOTO IKada, pa3MelaeMoro Ha CTaJbHOH Omope
HEHTPAIBHOTO TOJII0Ca M COEAMHAEMOr0 TOCPEACTBOM ONTHYECKOTO
Kabelst ¢ TpeMsl MOMIOCaMH W JBYXKHIBHBIM ONTHYECKHM Kabenem
Ethernet ¢ peneitnpiM 3amoM (Tiepezada JaHHBIX B COOTBETCTBUH C
IEC61850-9-2LE);

* ONTHUKO-3JIEKTPOHHBIN MOIYNb B MIKay:

* HaMpaBJIsieT MOJIIPU30BAHHBIHN CBET B JaTUHK;

* IPUHUMAET OTPAKEHHBIN IOJISIPU30BAHHBIA CBET OT JAaTUUKA;

* CpaBHUBAaeT B CUCTeME C OOpaTHOH CBs3bI0 CMelieHHe (has3bl
MOJISIPU30BAHHOIO CBETA, KOTOPOE 3aBUCHT OT BEJIMYMHBI MAarHUTHOTO
MOJISl ¥ TIEPBUYHOTO TOKA;

* KOHBEPTHUPYET pe3ynbTat B ontudeckuit curnaa MOK 61850.

Hunosayuonnoe ecubpuonoe pacnpederumenvroe yCmpoucmeo
PASS (Plug And Switch System). PASS s nndpoBbIX MOJICTAHIIMM -
3TO KOMITAKTHOE THOPHUIHOE PACIPENSIUTEIBHOE YCTPOUCTBO (pHC.3),
MpeAHa3HaYeHHOe AJIsi OBICTPOro MOHTa)Ka M BBOJA B JKCILIyaTalHIoO.
PASS co3naer nomomHuTeNnbHBIE YA00CTBa Onarogapst HATMYUIO TIPU-
Bojia Motor Drive™ u uHTEUIEKTyaIbHOro mKkaja MECTHOTO yIpaBJie-
HHS, TIOJTHOCTHIO coBMecTUMBIX ¢ MOK 61850.
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Ilpusoo Motor Drive™ [.4 — 3T0 cepBONpUBOJ C UIH(PPOBHIM
yIpaBiieHHEM, MepeMeNaronii KOHTAKThl BBICOKOBOJIBTHOTO BBIKIIIO-
YaTelsl ¢ BBICOKOH TOYHOCTBIO, TIPH 3TOM HEOOXOoJMMast IIsl orepanuit
9HEpPrUs 3armacaercs B KOHJIeHCaTopax.

Puc.3 - VlnHOBammonHoe rH6pHL[H0é Puc.4 - Ilpusoo Motor Drive™ [.4
pacrpeieIuTeNbHOE YCTPOUCTBO
PASS (Plug And Switch System)

Humennexmyanonouii wkagh mecmnoeo ynpaenenus (U-LIIMY). U-
MY o0benuHsIeT KOHPHUTYPHPYEMYIO JIOTUKY, HEOOXOMMYIO /ISl HHTe-
rpauun (PYyHKIWI CTaHAAPTHBIX KOMIIOHEHTOB IIKaga MECTHOTO YIpaBJie-
HUS (TAaKUX KaK OJIOKUPOBKH) M BTOPHYHBIX YCTPOWUCTB YIPaBICHHUSI.

Hudposoe KPYS ABB o6opynyercst Hu(ppoBBIMU H3MEPUTETEHBIMH
Tpancopmaropamu Toka u Hampsokenust (LIUT), kotopble moBHIIAOT
0e30IacHOCTh TIEpCOHANIA TIPU MPOBECHUH TIEPEKITIOUSHHUH, YIIPOIAoT
MPOCKTUPOBAHHUE H YMEHBIIAIOT ra0apuThl KOMIOHOBKH KPY 3.

HUnnosayuonnoe pacnpedenumenvnoe yCmpoucmeo cpeoHe2o Ha-
npsiscenuss. LludpoBoe pacnpenenuTeabHOe YCTPOHCTBO — TO HOBOE
pellieHre, peaJn30BaHHOE B TPAJMIMOHHOM KOMIUIEKTHOM pacrpere-
mutensHoM yetpoiictBe (KPY) mo cranmapty ANSI B MeTammnyeckom
Kopryce. YCTpOWCTBO BBHINOIHEHO C HMCIOJIB30BAHUEM XOPOIIO 3ape-
KOMEH/IOBaBIIMX ce0s KOMIOHEHTOB, TAKMX KaK JaTYMKH TOKa M Ha-
NPSDKEHUs, YCTPOUCTB peneiiHoi 3ammThl cepun Relion® u nudposoit
cBs13u 1o crangapty MOK 61850.

Jlamuuxu moxa u wanpsiicenusi 05t yu@poeozco KPY. DneKTpOHHBIC
W3MEpHUTENbHBIE TpaHcOpPMATOpHl (IAaTYMKK) TpEAIaraloT anbTepHa-
TUBHBIM BapuaHT U3MEPEHUS TOKA W HANPSIKEHUA U1 PEJICHHOMN 3aliu-
THI U KOHTPOJISL B SHEPTrOCHCTEMaX CPEIHEro HanpshkeHus. Takue natdan-
KU TIOSIBIJIMCh Ha 3aMEHY TPaJUIHOHHBIM HU3MEPHTEIBHBIM TpaHC(Op-
MaTopaM C LEeNbI0 CYHIECTBEHHOTO YMEHBILICHUSI pa3Mepa, MMOBBIIICHHUS
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Oe3omacHocTH, obecrieueHrst 0onee BHICOKOW CTENEHH CTaHIapTH3aLHH
W pacuIipeHHOro (yHKIMOHAIBHOTO IPpUMeHeHus (puc.S).

Puc. 5 - Jlatunk Toka u HanpspkeHus Juist nudposeix PY CH

KOHCTpYKTHBHO aTYMKH TOKAa U HamnpsbkeHusi komrnaHuu ABB Bbi-
MOJHEHBI 0€3 MarHUTHOTO cepaedHuka. OCHOBHOE MPEMMYIIECTBO Ta-
KHMX JIATYMKOB 3aKJIFOUACTCS B TOM, YTO Ha PabOTy JaT4yMKa HE OKa3bl-
BaIOT BO3/ICHCTBHS HEIMHEHHOCTD U IIMPHHA METJIM TUCTEPE3UCa, 4TO B
pe3yabTaTe AAET OUYEHb TOUYHBIM M JIMHEWHBIM OTKIMK B IIMPOKOM JIU-
HaMUYECKOM JTUATIa30HE U3MEPSIeMbIX BEIMYKH.

Takum o0Opazom, coBpemeHHbie 1U(ppoBel KPYD, ocHamieHHbIC
BCTpavBaeMbIMK IIH(PPOBBIMU TpaHCHOPMATOpPAMKU TOKA M HaIIpsDKe-
HUS, UHTEJUICKTYQIBHBIMH IIKa()aMl MECTHOI'O YIIPABJICHHS C BBIHOC-
HBIMH yYCTPOHCTBaMH CBSI3M ¢ 00BEKTaMU JUIsi COOpa JUCKPETHBIX CHUT-
HAJIOB, TIO3BOJIAT YHMPOCTHTH MPONECC MPOSKTUPOBAHUS U BHEAPCHUS
IUQPPOBBIX TPaHCPOPMATOPHBIX MOJCTAHIIHH.
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