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BBEAEHMUE

B ycnoBusix mocTOSIHHOro pocta Tapu(doB Ha 3JIEKTPOIHEPTUIO U U3MeE-
HEHUS SHEPronoTpedIeHUs, SKOHOMUS IIEKTPUUECKON SHEPTUU U palliOHANb-
HOE BEJCHUE DHEPreTUYECKOro IPOU3BOJCTBA HMEET OOJIBIIOE HapOIHO-
XO035IIICTBEHHOE 3HAYEHUE U SIBJISETCSA HE TOJIBKO TEXHUYECKOU, HO U B 3HAYU-
TEJIbHON Mepe SKOHOMUYECKOH 3a7aueil. B cBsi3M ¢ 3TUM BO3HUKIIA HEOOXOAU-
MOCTh CHMKEHHSI HETPOM3BOJUTEIbHBIX MOTEPh 3JIEKTPOSHEPIHH U IMOBbILIE-
HUSl TEXHUYECKOM KyJIbTYphl SKCIUIyaTallMM CUCTEM 3JeKTpocHaOxeHus. B
HacTosilee BpeMs 3HAYUTEIbHOE BHUMAaHUE MPUAACTCS CHUKEHHUIO MOTEPb
AIIEKTPUYECKON HHEPruM Ha OCHOBE pa3pabOTKH Oojiee TOYHBIX METOJIOB
ONpeNeeHUs] TOTEPh AJEKTPOIHEPIUU BO BCEX 3JIEMEHTaX CHCTEM 3HEpro-
CHAOXKEeHMUSI.

Ha ceropnsmHuii 1eHb MOYTH Be3/€ HAOIOMAETCS POCT aOCOMIOTHBIX U
OTHOCUTEJIbHBIX 3HAYEHUN MOTEPH 31EKTpo3Hepruu. [1o 1aHHbBIM OTpacieBoro
MUHUCTEPCTBA TEXHOJIOIMYECKHE PAcXoibl DHEPIMM Ha KaHAJIMU3ALUI0 3JIEK-
TPO3HEPruM (TEXHUYECKHE U KOMMEPUYECKHE COCTABJISIIOLIME IOTEPh) B JJICK-
TPUYECKUX CETSAX YKpauHbl cOCTaBIsAOT 12-13 % oT oluiero ToBapHOro mpo-
M3BOJICTBA 3JIEKTPOIHEPIHHU. B HEKOTOPBIX peruoHax YKpawHbl MOTEPH JJICK-
TposHeprun nocturatotr 30 %. B cTpykType moteph Mo 3J€MEHTaM CUCTEM
AJIEKTPOCHAOKEHUSI OCHOBHAS YacTh MOTEPh MPUXOAUTCS Ha JIMHUU DJIEKTPO-
nepeaad (B OTIENBHBIX ciaydasx a0 65 %). [lorepu B Tpanchopmaropax co-
CTaBIAOT 0K0I0 30 % CyMMapHBIX MOTEPh B CETH JAHHOM CTYIIEHU HAIPsIKe-
HUs, IPUYEM OKOJIO MOJIOBHHBI M3 HHUX — MOTepH B cTanu. [lotepu B apyrux
AJIeMEHTaX CeTH (B peakTopax, KOMIEHCUPYIOIIHUX YCTPONCTBAX, U3MEPUTENb-
HBIX IpuOopax, TpaHcHopMaTopax TOKa U HAIpPSHKEHMs) HE3HAUUTEIbHbIE U
MOTYT OBITh OILICHEHHI B mpenenax 3-5 % cyMMmapHbix norepb. M3 obmux mno-
TE€pb TEXHUYECKOMY aHAJIU3y IOABEPraeTcs TOJIbKO 4acTh, HAa3blBacMas TEX-
HAYECKMMH TOTepsAMH; apyras — npuMepHo 10-20 %, Tak Ha3plBaeMble KOM-
MEpYECKHE MOTEPU — CBA3aHA C HECOBEPIICHCTBOM CHUCTEMbI YUYE€Ta 3JIEKTPO-

DHEPIUH.



CrienuanucTbl OTMEUAIOT 3HAYUTENIBHOE NPEBBILICHUE pealbHbIX 3HaYe-
HUU MOTEpb 3JEKTPOIHEPTUU MPU IMepeaayde €€ Mo IEKTPUUYECKUM CETSAM IO
CPaBHEHHUIO ¢ HOPMATUBHBIMU. JTO 00YCIOBJIEHO TEM, YTO MPHU AKCIUTyaTalluu
CUCTEM DJIEKTPOCHAOKEHUSI TEXHUUECKOE COCTOSIHUE 3JIEMEHTOB 3JIEKTPO00O-
PYZIOBaHMS YXYAIIAETCS U3-32 UX U3HOCA U CTAPEHUS BCIIEICTBUE BO3AEHCTBUS
(akTOpoB Cpelibl, B YCIOBUSAX KOTOPBIX OHU paboraioT. CTapeHue U UHTEH-
CUBHBI M3HOC 3JIEMEHTOB CHCTEM 3JIEKTPOCHAOXEHHUS BBI3BIBAIOT JIOMOJIHU-
TEJbHBIE MOTEPU AIEKTPOIHEPTUHU, UTO OCOOCHHO XAPAKTEPHO ISl DIEKTPO-
000pyI0BaHUS, HAXOASILErOCs B AKCITyaTalluy JJIUTENbHBIN IEPUOJ U B CIIY-
YasiX HECBOCBPEMEHHOTO WJIM HEKAYECTBEHHOTO IMPOBEACHUS IUIAHOBBIX pe-
MOHTOB U TEXHHUYECKOTO OOCITYKUBAHUS.

W3 HU310KEHHOIr0 CIEQyeT, YTO YCTAHOBJEHUE AUHAMUKH M XapakTepa
U3MEHEHHUs B 3aBUCHMOCTH OT CpPOKa M YCJIOBHMH SKCILTyaTaluu (PU3HUECKUX
apaMeTpoB BIUSIOMUX Ha (POPMUPOBAHUE U YPOBHU MOTEPh SJIECKTPOIHEPTUU
B OCHOBHBIX JJIEMEHTAaX CHUCTEM 3JIEKTPOCHAOKECHHSI, TIO3BOJIUT MOBBICUTH d (-
(PEKTUBHOCTD DJEKTPOCHAOKEHMS 32 CUET CHUIKEHHUSI TEXHUUECKUX U KOMMED-
YEeCKUX MOTEPh JIEKTPOIHEPTUH HA OCHOBE yueTa U (POPMUPOBAHUS PEKUMOB
paboThI CUIIOBBIX M KOHTPOJIBHBIX JIEMEHTOB JJIEKTPUIECKUX CETEH.

B moHorpaduu u3noxeHsl pe3yiabTaThl PElICHUs 3ajad HCCIECOBaHU,
HaIlpaBJIEHHBIX Ha JOCTHXKEHUE YKa3aHHOTO 3 ¢eKTa, a UMEHHO:

- HCCJEIOBAaHMUE IUHAMHUKUA M3MEHEHMSI (PU3NYECKUX XapaKTEPUCTUK U
3HaYEHUHN TEXHUYECKUX MOTEPh B TEUEHUH CPOKA IKCIUTyaTallMi B BO3YIIHBIX
JIDII m cunoBbix TpaHcopMaropax, KaKk OCHOBHBIX 3JEMEHTOB, (HOpMHUPY-
IOLIUX MTOTEPU NEKTPOIHEPTUU TPU €€ TPAHCIIOPTHUPOBKE;

- M3Y4YCHHUE BIMSIHUE KPUTHUECKUX ODKCIUTYyaTAllMOHHBIX PEKUMOB
U3MEPUTENbHBIX TPAaHCHOPMATOPOB U CETEW HA MOTPEIIHOCTh pabOThl CUCTEM
ydeTa AJIEKTPOIHEPruu ¥ POPMUPOBAHNE KOMMEPUECKHUX MOTEPh;

- 000CHOBaHUE U pa3padOTKa METOJUKU y4YeTa JUHAMUKU TEXHUYECKUX
AJIEKTPUYECKUX TOTEpPh MpU pacueTax ©U (HOPMHUPOBAHUU HOPMATHUBHBIX
mokasarejieil ToTeph B JJNEKTPUUECKUX CETSIX TMPU TPAHCIIOPTHPOBKE

QJICKTPOSHCPI'NU.



1. CTPYKTYPA U XAPAKTEPUCTUKA INOTEPDHL
NMPU TPAHCINOPTUPOBKE 3JIEKTPOOHEPI'MM

1.1 Kaaccupukauusi 1 aHAJIU3 COCTABJISIIONIUX MOTEPH
3JIEKTPOIHEPTUHA

Jlnst nmanupoBaHus U aHainu3a 3 (HEKTUBHOCTU IESITEIILHOCTU MPEIPHU-
ATUMA, OTpaciiel U 3KOHOMHKU B II€JIOM INPUMEHSIETCS] OaJaHCOBBIA METO/I.
CyTb ero 3akiro4daeTcsi B TOM, YTO JJISI KaXJAOW OTpaciu, ¢ OJTHOW CTOPOHHI,
MOJICUUTHIBAIOT MOTPEOHOCTh B KAaKOM-HUOYAb MPOAYKIMH, a C JAPYrod —
OTIPEEISAIOT UCTOYHUKH JIJIs1 €€ 00eCIeueHusl.

JInst cucteM 3IEKTPOCHAOKEHHSI COCTABJISIOT YAaCTUYHBIM SHEpreThye-
CKHUI OallaHC MO DJIEKTPUUECKOU PHEPTruu. DIEKTPoOaIaHC — 3TO MOJTHOE KO-
JMYECTBEHHOE COOTBETCTBHE (PaBEHCTBO) MEXKAY CyMMapHOW MOJABEACHHOM
ANEKTPOIHEPIUEH, C OJIHOM CTOPOHBI, U CYMMAapHOW MOJE3HO MOTPEOICHHON
DHEPrUeu U MOTePsSMU, C IPYTrou.

DNeKTpoOaIaHC MOYKET OBITh COCTABJIEH KaK JJII BCEH CUCTEMBI 3JICK-
TPOCHAOKEHHUsI, TaK U JIJIsl €€ OTIENbHbIX YYaCTKOB, & TAK)K€ IHEPTeTUUECKUX
00bekToB. Kpome Toro, paznuyaror OanaHChl 3a MEPUOJAMH BPEMEHU: TEKY-
IMe — Ha OJIMH T'0JI, ¥ TIEPCIIEKTUBHBIE — HA psijl JieT. B obiiem cinydae OanaHc
ANIEKTPOIHEPIUH JIJISi CUCTEMBI 3JEKTPOCHAOKEHHUSI MOKHO MPEJICTABUTH B BU-

1€ BeIpakeHus [6]:
Woe = Won + AWy, + AW, + AlWon, (1.1)

rne W,. — aneKkTposHeprusi, OTIyLIeHHas B CeTh (MOCTYNHBIIAs B CHUCTEMY
anekTpocHaOxeHus); W, — BIEKTPO’HEprus, OTIyLIEHHAs MOTPEOUTEISAM;
AW, — DIIEKTpO3HEpTUs, U3pacxoJOBaHHAs B pPAacCMaTPUBAEMOM CHCTEME
AJIEKTPOCHAOKEHNSI Ha TPOU3BOACTBEHHBIE (COOCTBEHHBbIE) HYXKIbl, AW, —
TEXHOJIOTMYECKUI Pacxo/]l AJIEKTPOIHEPIUU Ha nepeaady (TeXHUYECKue MmoTe-

pun); AW, — KOMMepUECKHe MOTEPHU.



Takyto 3anuch YHEPreTUIECKOro OanaHca UCIONIb3YIOT AJIs €ro aHaIN3a,
[P KOTOPOM BEJIMYMHA NIOTEPH UIPACT 3HAYUTENBHYIO POJIb, TAK KaK SABIISCTCS
OLICHKOM 3()(PEKTUBHOCTU MCIOJb30BaHUS JEKTPUUECKON dHEPruu. | maBHbIE
3Tamnbl aHAIN3a — UCCIIEIOBAHUE CTPYKTYPhI TPUOBLIILHOM 1 3aTPaTHON YacTen
OajlaHca, TEHACHLIMU WX W3MEHEHUH, CONOCTAaBJICHUE YACNIbHBIX 3aTpar 3JeK-
TpOdHEpruu. AHanu3 o0sA3aTeNIbHO JTOJKEH ObITh MHAMBUAYaJbHbIM. Hampu-
Mep, I DJIEKTPUYECKUX CETEd — IO OTIHEIbHBIM CETAM KaXJOoro Kiacca
HanpspbkeHuss. KpoMe Toro, BO Bpems aHallM3a [0 BEJIWYUHE ITOTEPb BBIYUCIIS-
€TCsl PHEpreTUdeckuil Kod((PUIMEHT MOJIE3HOro AEHCTBUS IMpolecca TpaHC-
MOPTUPOBKU M PACIPEACIICHHS 3JIEKTPOIHEPTUH, & TaKKe KO3(P(ULMEHT IOo-
JIE3HOT'0 UCIIOJIb30BaHUs UICTOYHUKA DHEPTUH.

Kak n3BeCTHO, MOTEpPU IIEKTPOIHEPTUU 3ABUCAT OT MAPAMETPOB DIICK-
TPUUECKUX CETEW M AIIEKTPUUYECKUX Harpy3ok. PaspalareiBas pazinuyHble Ba-
PUAHTBI CUCTEMBI 3JIEKTPOCHA0XKEHUS, MOJTYYaloT pa3HbI€ BEJIMYHUHBI MTOTEPD
ANEKTPOIHEPTUU U TNPHUBEJICHHBIX MOTEPhb. BBIYMCIECHHS IO NPUBEACHHOMY
BeIpaxkeHUIO (1.1) ¥ comocTaBieHne MONTyYEHHbIX BEIMUUH JAET BO3MOKHOCTh
BBIOPATh ONTUMAJIbHBIN BAPUAHT CUCTEMBI JIEKTPOCHAOKEHUS.

OpHoM u3 XapakTEepHBIX 0COOEHHOCTEN (DYHKIIMOHUPOBAHUS dJIEKTpUYE-
CKMX CHCTEM SIBISIETCS TO, YTO KOJIMYECTBO NMPOU3BEICHHOW DHEPIUU BCETHA
paBHSETCS KOJIMYECTBY MOTPEOJIEHHOM, T.€. B KaXKIblii MOMEHT BPEMEHHU CY-
IIECTBYET TOUHBIN OanaHC JJI1 aKTUBHOW U PEAKTHUBHOMN YHEPTUN U MOUTHOCTH.
TpancnopTupoBka U peodpa3oBaHUE IEKTPUUECKONW IHEPTUU BCEr1a MPOUC-
XOJIUT C MOTEPSIMUA CaMOM »HEpruu. BciencTBue 3Toro €€ HEKOTopasl 4acTh
TpaTUTCS Ha TPAHCHOPTHUPOBKY IO JIMHUSAM 3JIEKTpoIiepeaad u mpeodpas3oBa-
Hue B TpaHcopmaropax. s Oonee 4eTKOro NoHMMaHus (PU3NYECKUX sBIIE-
HUW, KOTOPBIE IPOUCXOMAT B JJIEKTPUUECKUX CETAX, PAAOM C BBIPAKECHUEM
"MOTEpH 3NEKTPOIHEPrUuu'", MUPOKO YHOTPEOISeTCS TEPMHUH '"TOTEPU IJIEK-
TPUYECKOM SHEPIMM B DJIEKTPUUYECKUX CETSAX Ha €€ TPaHCHOPTHUPOBKY',
"TpaHCIIOPTHBIE TMOTEPHU IJIEKTPOIHEPTUM' WM ''TEXHOJOTUYECKUE TOTEPH
ANEKTPOIHEPTUU'. YPOBEHb 3TUX MOTEPH ONPENEIAECTCS KOIUYECTBOM IEpE-
JaHHOW SHEPruu, MapaMeTpaMH IMPOBOJOB M TpaHC(HOPMATOPOB, YPOBHSIMHU

HaHpH}KCHI/Iﬁ B HOCHTPAX IHUTAHUA, HAJIUIUCM YCTpOﬁCTB KOMIICHCAIlMU pCaK-
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TUBHOW MOIIIHOCTHU — T.€. TEXHHYECKUM COCTOSIHUEM CETEW U YPOBHEM HX JKC-
IUTyaTallui. JTOT BHUJ MOTEPh HA3BIBAIOT TEXHUYECKUMH MOTEPSIMH, KOTOPBIE
00yCJOBJIEHBl (PU3NYECKUMU MTOTEPSIMU TIPU NIepeade U pacipeeseHun JeK-
TPO3HEPIUU.

TexHuueckue IoTepy B CBOKO OUEpEb PA3IACISIIOT HA HATPY30UHbIEC WU
YCJIOBHO-TIEPEMEHHBIE MTOTEPH (B JIMHUSIX, CHIIOBBIX TpaHC(POpMAaTOpax U aBTO-
TpaHc(hopmaTopax), MOTEPH XOJOCTOrO X0/1a UIH YCIOBHO-IIOCTOSIHHBIE MOTE-
pu (B Tpancopmaropax W aBTOTpaHchopmaTopax, B Oarapesx CTaTHUYECKUX
KOHJIEHCATOPOB U KOMIIEHCATOPaX, B INYHTUPYIOIIMX PEAKTOPaX, CHHXPOHHBIX
KOMIIEHCATOpax) U MOTEPH Ha KOPOHY (B BO3AywIHbIX JIDIT).

YpoBeHb TEXHUUECKUX TOTEPh 3aBUCUT OT peXrma paboThl, cOCTaBa pa-
0oTaromero 000py10BaHUs U U3MEHEHUS €r0 TEXHUYECKOTO COCTOSIHUSA B IIPO-
1[ECCE IKCIUTyaTalllH, a TAKKE KIMMAaTHYECKUX YCIOBUH.

Jpyras 4yacte mnotepb, OOYCIIOBJIEHHAs COCTOSHHEM KOMMEPUYECKOTO
ydeTa 3JIeKTPOIHEPIUH, HA3bIBAETCS KOMMEPUYECKUMH MOTEPSIMU — 3TO YacTh
MOJIE3HO OTITYLICHHOM S3JIEKTPOIHEPruu, T.€., KomMmepueckue norepu AW,
ucxons ux Boipaxenus (1.1), ABISIOTCS pa3HOCTBIO MEXY (PaKTUUECKUMU MO-

TCPAMU U PACCUHUTAHHBIMU TCXHOJIOTHYCCKHUMU ITOTCPAMMU:
AWion = (Woe — Won) — AWy, — AW,

KoMmmepueckne moTepu 3JEKTPOIHEPTUM Ha MPAKTUKE BKIKOYAKOT Clie-

JYIOIIHE COCTaBJISIONINE:
AWion = AWy + AW, + AWy, (1.2)

rae AW, — morepu 3a cuer 3KCIuTyaTalMOHHOM HEAOCTOBEPHOCTH U3MEPEHNN;
AW,,, — moTepu 3a CYET TOUHOCTHU u3MepeHui; AW, , — morepu 3a cYET MPSAMBIX
XUILIECHUU.

Bemnunna AW, 3aBUCUT OT ypOBHSI M OpraHU3alUM SKCIUTyaTallu CHU-
cTeM u3MepeHus. K 3ToM COCTaBIISIIOIIEN MOKHO OTHECTH IOTEPH, BBI3BAHHBIE
OTJIMYUMEM PEXKUMOB palbOThl IENEHd HU3MEPUTENbHBIX TpaHC(HOPMATOpPOB OT

HOPMAaTHBHBIX, OIIMOKaMH IIpHu CHATHUHA U TICPCAavC HH(bOpMaHHH nT.Ao.
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[Totepu 3a cuer TouHoctu usmepeHuit (AW,,) o0ycClIOBIIEHBI BBINOIHE-
HUEM U3MEPEHUN TprudopaMu U CUCTEMaMH, TOYHOCTh U3MEPEHUN KOTOPBIX 110
MacIOPTHHIM JIaHHBIM HE OTBEYAET HYXHBIM periiameHtam. Hampumep, nore-
pHu, OOyCJIOBIIEHHbIE HECOOTBETCTBHMEM KJlacCa TOYHOCTH TPaHCPOPMATOPOB
TOKa, TPaHC(HOPMATOPOB HAMPSHKEHUS U DJIEKTPOCYETUYMKOB TPeOOBAHUSM
[ITO, rocyaapCTBEHHBIM U OTPACIEBBIM HOPMaM U CTaHAApTaM U Jp.

[Totepu 3a cuet npsimbix xutenuit (AW, ) o0ycioBieHbl HaMEpPEHHBIMU
M3MEHEHUSIMU B 1ETISIX U3MEPUTEIIbHBIX TPAHCPOPMATOPOB TOKA, HAMPSIKEHUS,
M3MEPUTEIBHBIX LENSAX W JJIEKTPOCUETUHMKAX; MOAKIOUYEHHEM IMPUEMHUKOB
ANEKTPOIHEPIUU B 00XO0J1 JIEKTPOCUECTUYMKOB, a TAKKE U3MEHEHUEM JIAHHBIX B
MH(POPMAIMOHHBIX CUCTEMAX C LIEJIbI0 U3MEHEHUS BEIUYMHBI U3MEPEHUS. ITa
COCTABJISIIOLIASE MOXKET OBITh O0YCJIOBJIEHA OTCYTCTBUEM OPraHU3alluu U KOH-
TPOJIsl HECAHKIIMOHUPOBAHHOTO JIOCTYNa K U3MEPUTEIbHBIM U MH(OPMAIIUOH-
HBIM CUCTEMaM y4eTa 00bEMOB AJIEKTPOIHEPIUH.

Kaxnplii 13 pacCMOTPEHHBIX BUOB MOTEPh — TEXHUUYECKUX U KOMMEpUE-
CKHX — MMEeT CBOM 0OOCHOBaHHBIN ypoBeHb. Hanpumep, B 1eHCTBYIONINX Ce-
TAX 00OCHOBAaHHBI YPOBEHb TEXHWYECKUX MOTEPh — ITO WX OTHOCHUTEIHHOE
3HAYEHUE, PACCUUTAHHOE [JIsi OINPENIEICHHOTO BPEMEHU MO CYUIECTBYIOIIUM
Harpy3KaM COTJIaCHO CXE€MaM M MapaMeTpaM CETH, KOTOpPbIEe OTBEYaIOT peaju-
3al[MU BCEX YKOHOMUYECKU OOOCHOBAHHBIX TEXHUYECKUX U OPraHU3allMOHHBIX
MEPOIPUATUI TIO CHIDKEHHUIO TOTEPh AJEKTpodHepruu. OOmue (OTYeTHbIE)
MIOTEPU AJIEKTPOIHEPTUH B CETU OJIHOTO KJIacCa HAMPSHKEHUS BBIYUCISIIOT JIBY-
MsI Y TSIMU.

[lepBpIil — HA OCHOBAaHUM NMOKA3aHUW CUETUYMKOB, KaK PA3HOCTb MEKIY

OTMYIIIEHHOUN U TI0JIE3HO MOTPEOJICHHOM 2JIEKTPOIHEPTUECH:
AW =W, — W, (1.3)

Bropoii — myTtem pacdyeToB ¢ MCIOJIB30BAaHUEM JIAHHBIX O CXEMax U pe-
KUMax paboTel ceTedl. B 3TOM ciydyae BBIUMUCISAIOT TEXHUYECKHE WU pacyeT-
HbIE NoTepu. Pa3HOCTH 3HAUEHUI MOTEPb, OJIYYEHHBIX IIEPBBIM U BTOPBIM Y-

TCM, OIIPCACIIACT KOMMEPUYCCKUC ITOTCPHU SJICKTPOIHCPI'UU.
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BenuuuHy moTepr MOMKHO BBIUMCIATH B AOCOJMIOTHBIX €IMHHIIAX —
KBT -4 M OTHOCHUTENBHBIX — K BEIWYHWHE DJICKTPOIHEPTHUH, OTIMYIIEHHON B
CETh, UJIM K BEJIMYMHE OOIIUX MOTEph dIeKTpodHepruu. [lotepu snekTposHep-
T'MH, OTNpEIeJIeHHbIE B a0CONIOTHBIX WJIM OTHOCHTEIBHBIX €IWHUIIAX, MOTYT
OBITH KBATU(UIIMPOBAHHBIE TI0:

— MECTy BO3HHUKHOBEHHUS — TPH TPAHCIIOPTUPOBKE, MPEOOpPa30BAHUH H
HCIIOJIb30BAHUU JICKTPUUECKOU SHEPIHH;

— NPUYMHAM BO3HUKHOBEHHUS — TEXHOJIOTMUYECKH HEOOXOIAUMBIEC 32 CUET
HEIMPaBUIBLHOTO BBIOOpa paboOuMx pPEKUMOB OOOpPYIAOBaHUS, HEMPABHIHHOU
IKCIUTyaTaIlii, KOHCTPYKTUBHBIX HEIOCTATKOB, HU3KOTO KauyeCcTBa M3TOTOBJIE-
HUSI DJIEKTPOOOOPY/I0BAHUS;

— (U3UYECKUM TPU3HAKOM — B JIMHHUSIX DJJIEKTPOTEpenad, CHIOBBIX
TpaHchopmaTopax, KOHJIEHCATOPHBIX OaTapesiX, 3NEeKTPOABUTATENSIX, dIEKTPO-
TEIJIOBBIX U OCBETUTEIHHBIX YCTAHOBKAX;

— BO3MOJKHOCTH M TI€JIECOO0OPa3HOCTH CHIDKCHUS M YCTPaHCHHE TMOTEPh
— MOJHBIC TTOTEPH, CHIDKCHHE WM YCTPAHEHUE KOTOPBIX TEXHUUECKH BO3MOXK-
HO ¥ SKOHOMHYECKH II€JIeCO00pa3HO, U CHIDKCHHUE WIIH YCTPAHEHHE KOTOPBIX
TEXHUYECKH BO3MOXKHO, HO DKOHOMUYECKH HEIeIeco00pa3Ho.

Paznmuuaror cremyrorue crnocoObl ONMpeAeNieHHs] MOTeph JJIEKTPOIHEP-
THH:

— HCCJIEIOBATEIbCKU-PACUCTHBIA — yUeT DJIEKTPUUECKOW DHEPTUU C TMO-
MOIIBI0 O0BEANHEHUS PAa30BBIX H3MEPEHU TOKa3aTels TIEPEHOCHBIMU TPHUO0-
pamu ¢ JaJIbHEHIIINM MPUMEHEHUEM PACUETHBIX CPEJICTB;

— TpuOOPHBIA — CTAIMOHAPHBIMH KOHTPOJIHHO-U3MEPUTEIHHBIMH TPH-
O6opamMu (CYETUMKAMHU DJIECKTPOIHEPTUN );

— pAacUYeTHBIN — C TTOMOIIBIO PTEKTPOTEXHUUYECKUX PACUETOB MPU TEXHU-
YeCKOM HEBO3MOXKHOCTH U 3KOHOMHUYECKOU Helenecoo0pa3HoCTH IpruOOpPHOTo
ydera.

B o6miem cityyae B 3aBUCUMOCTU OT Ha3HAUYCHHUS PA3CISIIOT CIACAYIOIINE
BHJIbI YUY€Ta (KOHTPOJISI) DJIEKTPOIHEPTUH:

— BHYTPUIIPOU3BOJICTBEHHBIM — yUeT AIEKTPUUYECKON PHEPTuH, CBS3aH-

HBII C KOHTPOJIEM HOPM 3aTpaT SHEPropecypcoB y NOTPEOUTES;
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— KOMMEpPYECKUN — CBA3aHHBIN C (PUHAHCOBBIMHU pacyeTamMu MPOU3BOIH-
TEeJIsl ¥ IOTPEOUTENS SHEPTUU;

— PaCyeTHBIM — Yy4YeT IPOU3BEICHHOW, a TAKXKE OTHYLIEHHOU JJIEKTPO-
SHEPIuM ISl ICHEKHBIX PACUETOB 3a HEE;

— TEXHUYECKUU (KOHTPOJIBHBIN) — JUIsl KOHTPOJISI MOTEPh AJIEKTPOIHEP-
MU BHYTPH 3JIEKTPOCTAHUMMU, MOACTAHIMN IpEeANnpuaTHii, B oducax, crpoe-
HUSIX, KBApTUPAX U Ap.

Jnst ananuza 3¢g(heKTUBHOCTH pabOTHI CETEN Pa3HBIX KIIACCOB HAMPSIKe-
Hus (110, 35, 10(6) u 0,38 kB) BBIUMCISIIOT TOTEPU 3JIEKTPOIHEPIUU YAILIE
BCETO MO (PU3MYECKUM IMpH3HAKaAM. BbIUHMCIEHUE OTHOCUTEIIBHOW BEIUYHHBI
MOTEPh B OTJEIBHBIX AJIEMEHTAX CETH (JIMHUSX, TpaHChopMaTopax, peakTopax,
KOHJICHCATOPHBIX OaTapesix, KOHTPOJIbHO-U3MEPUTEIIbHBIX MPUOOpax) ompe/ie-
JISIET UX CTPYKTYPY.

OTHOCHUTENIBHO CTPYKTYPbl IOTEPh IHEPTUHU B IHEPTOCUCTEMAX, HA JIOJIO
cereii 0,4 kB mpuxoautcst okosio 20 %, cereit 6-10 kB — 25 % (B ToM uncne —
OoJibiiasi yacth Ha Xojoctol xoxa) [7]. CTpykTypy MmOTe€ph y HOTPEOUTEIIS
OTIpeIeNISIET €ro KiacCu(UKaIMs Mo CIoco0y MUTaHUS — MPUCOCIUHEHUIO K
HHEPTOCHAOKAIOMEH OpPTaHW3alUA: MUHU-TIPEANPUITHS, KOTOPBHIE MUTAIOTCS
or cetu 380/220 kB (na nampsbkennu 0,4 kB); manbsie — OT COOCTBEHHOTO
Tpanchopmatopa 10(6) kB; cpemHme — KOTOpble HMEIOT TMOJCTAHIIUIO
PII-10(6) 1, COOTBETCTBEHHO, BHICOKOBOJIBTHBIE CETH; KPYIHBIE — KOTOPbIE
MOCTPOWJIA OJIHY WJIM HECKOJIbKO MOJACTaHIMKA Ha Hanpsbkenue 35-330 kB.
CtpykTypa pakTUuecKuX MOTeph IEKTPOIHEPTHH MPUBEICHA Ha pUcyHKe 1.1.

B Vkpaune B nporiecce peopMupoBaHusi SHEPIETUUECKOM OTpaciu Ha
OCHOBE &8-MU IHEPTrOOOBEIUHEHHUN MO TEPPUTOPHATHHOMY MPHUHIUITY OBLIO
chopMupoBaHo 27 3HEPTrOCHAOKAOITUX KOMITAHUN. DTO IPUBEIO K TOMY, YTO
OOJNBIIMHCTBO U3 HUX CTalU TPAH3UTEPaMH, TIEpe/iaBasi uepe3 CBOM CETH dJIEK-
TPOIHEPTUIO COCEHUM IHEProcHadk armM KoMmnanusiM. Kpome storo, B j10-
KJIbHBIX 3JIEKTPUYECKUX CETSAX MHOTHMX SHEPrOKOMIIAHWUM CYIIECTBYIOT B3a-
MMHBIE MEPEeTOKU MOIIHOCTH. CallbIUpPOBAHHBIN yueT 0OMEHA PHEPrUeh Mex-

Iy COCETHHWMH DHEPrOKOMIAHUAMH MEPEKPYyUUBACT yueT (PaKTUYECKHX MOTO-
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KOB MOILHOCTH U, KaK CJIEJCTBUE, HE MO3BOJISIET 0OOCHOBAHHO ONPEIEIUTh Be-
JUYUHY TPAH3UTHBIX MOTEPb BJIEKTpO’HEepruu. JInHeapuzamus 3amauu (ompe-
J€JIEHUE MOTEPh OT CaJIbJOBOr0 (CyMMAapHOr0) MEPETOKa MEXYy SHEPrOKOM-
MaHWSIMUA) TPUBOJUT K 3HAYMUTEIBHBIM MOTPEIIHOCTAM H3-3a HEJIIMHEHHOCTHU

3aBUCUMOCTH TIOTEPb OT MEPETOKOB [27-32].

OT4yeTHBIE noTepu

6 3aTparsi Ha Kommepueckue
Texnnuyeckune norepu COOCTBEHHBIE H):)KIILI noTepu
MOACTAHLN I
DJeKTpo-
Harpy3ounsie Xonoctoro Knumarn- MpUEMHHKH Crnoco0Osl pacueTa
xoza YecKHe [OCTAHMH THOJIE3HOTO OTITyCKa
¢ ¢ ¢ Kontponb
B nunumsax B cuinosbix Ha xopony noTpebIeHUs
B CHIIOBBIX Ti’g;g%’;’f' OT TOKOB IIEKTPOIHEPTHH
TpaHcdopmaTo YTEYKH I10 [Toxynounas
B xoMIeHcH-
pax U30JIATOpaM CTIOCOOHOCTB
PYIOIIUX
BTT npubopax HacCeJIeHUs
B BBICOKO- B TH, Ha 6opr0y ¢
Y4aCTOTHBIX CUeTUYHKax U rolonenoM Pesum paboru TT,
3arpaguTeNsx npudopax TH n cueT4mKoB
B tokoorpa- BY cpssu
HU4MBaomuX | | B u3omsuun XwuiieHue
peakTopax KaOeIbHBIX 3IIEKTPO3HEPTUH
JIMHUHI

Pucynok 1.1 — Ctpykrypa pakTH4eCKUX NOTEPb 3JIEKTPOIHEPTUHU

HaubGonee mpocToil, HO B TOT K€ BpeMs TPyOblii CIIOCOO OIICHUBAHUS
TPAH3UTHBIX IOTEPHh OT TEPeaaud DJIESKTPOIHEPTUH COCEIHEMY ITOCTaBIIUKY
ANEKTPOIHEPTUH, HAIEAIINN TPUMEHEHNUE Ha MPAKTHKE, COCTOUT B Ompeese-
HUHW 3THUX MOTEPh KaK 9acTH OOIIUX TEXHOJOTHYECKUX MOTEPh B CETH MPOTIOP-
[IMOHAIBHO 00BbEMaM DJIEKTPOIHEPTUH, TIEPEAAHHON COCETHEMY IMOCTABIIUKY
JIEKTPOIHEPTHH (B ATOM CYTh YKOHOMHUYECKOTO KO3 (HUIIMEHTAa HOPMATHBHO-

ro TEXHOJIOTMYECKON pacxojia 3JeKTpodHepruu, BeeaeHHoro HKPO ¢ 2002 r.).
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OTMeTHM, 4TO TaKOW MOJXO0J1 HE TTO3BOJSET YUECTh HU (DaKTUUECKUE MapIIpy-
Thl TPAHCIIOPTUPOBKH AJIEKTPOIHEPIUU, HU XapaAKTEP HArpy30K COCEHHX I10-
CTaBIIMKOB 3JIEKTpOdHEpruu [32].

Hanpumep, ecnu TpaH3UT AIEKTPOIHEPTUU ISl COCETHETO MOCTaBIIMKA
AJIEKTPOIHEPTUU MPOXOAUT IO HECKOJbKAM MAJIOHATPYKEHHBIM KOPOTKHUM
JUHUSM, TO BEJITMYMHA TPAH3UTHBIX MOTEPh OYJET 3HAYUTEIHLHO MEHBIIIE, YEM B
Cllyyae TpaH3UTa TOTO K€ 00beMa 3JIEKTPOIHEPTUU, HO MO OJHOU JJIMHHOU U
3arpy>keHHou JuHuM. Eciu rpaduk Harpy3ku COCEIHEro MOCTaBIIMKA HUMEET
SPKO BBIPa)KEHHbIE MAKCUMYMbl 1 MUHUMYMBI, TO MI€pe/ladya OJJHOTO U TOTO K€
o0beMa PIEKTPOIHEPTUU MPUBEAET K OOJBIIMM TPAH3UTHBIM MOTEPSIM, YEM B
cily4yae TUIOTHOTO rpaduka Harpy3kH, yepe3 KBaJpaTHYHYIO 3aBUCUMOCTH 10-
TEPb OT MOIIIHOCTH, KOTOpas nepeaaercs [32].

CrnenyeTr OTMETHUTb, UTO AJ1 OOJBIIMHCTBA METOJ0OB OILICHUBAHUS MOTEPh
ANEKTPOIHEPTUU 0a30il ABJISIOTCS MPAMBIE METO/IBI pacueTa NOTEPh Ha OCHOBE
CXEMOTEXHUYECKUX PACUETOB MOCTOSIHHBIX PEKUMOB ceTH. {15 onpeneneHus
(akTHUEeCKOM TEXHOJOTMYECKOW MOTEpU DIJIEKTPOIHEPTUH TPeOOBAHUS K TOY-
HOCTH PAcCYE€TOB 3HAYUTEIBLHO BO3PACTAIOT CPABHUTEIBHO C 3TANOM IIJIAHUPO-
BaHMs notepb. [loaToMy Ha ATane aHann3a GakTUYECKUX MOTEPb UCIOIb30Ba-
HUE TIPSIMBIX METOJIOB pacdeTa TeXHUYECKU 0oJiee TOUHO M MHXKEHEPHO OoJiee

obocHoBaHHO [6,15].

1.2 Metoabl pacyeTra noTepb JJIEKTPOIHEPTUHU

PacueTHpIM myTEM ONpenesItOT MOTEPU OT TOKOB HAarpy3kKd B MPOBOJAX
BO3JIYIIHBIX JIMHUNA, OOMOTKAaX CHJIOBBIX U U3MEPUTENIbHBIX TPaHC(HOPMATOPOB
M CUETYUKOB, YCJIOBHO-IIOCTOSIHHBIE MOTEPU B MArHUTONPOBOAAX CHUIIOBOTO
000pyI0BaHUS U U3MEPUTEIBHON anmapatypsl. J{s pacuera noTepb OT TOKOB
Harpy3Kd HEOOXOJUMO 3HATh XapaKTep M3MEHEHHS MOJHOTO TOKA B TEUCHHE
PacYETHOI0 BPEMEHH M AKTUBHOE IIPOJIOJIBHOE COITPOTUBIICHUE JJIEMEHTA CETH.
Y CIIOBHO-TIOCTOSIHHBIE TTIOTEPU HAXOMAT, 3HAsl XapaKTep U3MEHEHUs HaIpshKe-

HHA B TCUCHUC PACUHCTHOT'O BPCMCHH U AKTUBHBIC ITPOBOAMMOCTHU IMOMCPCUHBIX
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AJIEMEHTOB CeTU. Bce BEenMUYMHBI, XapaKTepU3yIOIKUE apaMeTpPbl CXEMbI CETH
(aKTUBHBIE U UHIYKTUBHBIE COMPOTUBIICHUS) U PEKUMBI €€ paboThl (CUJIBI TO-
KOB, HANpPSKEHHsI), MOTYT OBITh ONpPENETEHbl C Pa3HON BEpOSITHOCTHIO. JlJis
ATOro pa3paboTaHbl pa3HbIE METOJbl MOJAEIMPOBAHUS PEKUMOB pabOTHI CETH,
napamMeTpoB U CXEeMbI (Torosioruu) cetu. HazHaueHue MeToioB — IMpU MUHU-
MaJbHBIX JAHHBIX, KOTOPBIE JIETKO ONPENEISIOTCS B IIPOLECCE IKCIUTyaTalllH,
paccuuTaTh C 0O0YCIOBIEHHON TOYHOCTBHIO MOTEPH IIEKTPOIHEPTUH.

B 3aBucumocTy OT Buaa MOJeNe pexxMMOB padOThl CETH paCUETHBIE Me-
TOJBI JACJIAT Ha BEPOSATHOCTHBIE U JeTepMUHMpOBaHHbIC. [locnennue onpene-
JISFOT TTOTEPH I HEKOTOPOTO XapaKTEPHOIO PEXKUMA, a PE3yJIbTaThl PaCYETOB
pPacupoCTPaHsIOT HAa BCKO CETh. BEpOATHOCTHBIE METOBI OMHUCHIBAIOT PEXHUM
paboOTHl CETU B CPEIHEM 3a OTHOCUTEIHHO OOJBIION MPOMEXYTOK BPEMEHH.
Crnenyer OTMETUTh, UTO MH(OpPMAIUA O CXeMaxX M NapaMmeTrpax ceTeil Jocra-
TOYHO ITOJIHAS U JOCTOBEPHAs, a O HATPY3KE B PACIIPEIEIUTEIBHBIX CETIX BCE-
r7a XapakTepPU3yeTCsl HEMOJIHOTOM U HEIOCTaTOYHOM JOCTOBEPHOCTHIO. Kitac-
cupuKalysg METOJOB pacueTa MOTEPh SJEKTPOIHEPIUU MOKAa3aHAa HAa PUCYH-
ke 1.2.

Jlemepmunuposanmvie memoowvl paciema nomepb 2J1eKmMpOIHePUU

B nerepMHHMpPOBAHHBIX METONAX pacyeTa MPHUHATHI CICIYIOIIME JOITY-
LICHUA:

— pacuer pexuma padoTbl CETU BEAETCS C YUYETOM TOJIBKO MPOJIOIBHOM
COCTABJIIAIOLIEH ITOTEPU HAIIPSKEHUS;

— HE YYHUTBIBAIOTCSI €MKOCTHBIE MPOBOJMMOCTH BO3JYIIHBIX U KaOesb-
HBIX JIMHUM;

— Harpyska BO BCEX y3JIaX PACHPEACIIUTENBHON CETH MPOIOPLUHAOHAIBHA
OTHOLIEHUI0O HOMUHAJIBHOM MOIIHOCTH TpaHchopmaTopa K CyMMapHOW ycTa-
HOBJICHHOM MOIIHOCTH TPaHC(HOPMATOPOB B ITOM CETH;

— rpauK 3JIEKTPUUECKOM HArpy3KH, CHATBHIM 3a XapaKTepHbIE CYTKH,
CUMTAETCS HEU3MEHHBIM ISl PACYETHOTO MEPHUO/Ia BPEMEHU;

— MOTEPHU XOJOCTOTO XOJYy PacHpeleUuTENbHbIX TPaHC(HOPMATOPOB HE

3aBHUCAT OT YPOBHA HAIIPAKCHHA HA HUX]
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— HC YYHUTBIBAIOTCA 3aBUCHUMOCTH AKTUBHBLIX M PCAKTHBHLIX HArpy30K

noTpeduTenei OT ypoBHS HANPSKEHUS HA HUX.

MeToabl pacueTa moTepb IJTCKTPOIHEPIrUn

OKCHepUMEHTANIbHBIE
Pacuetnsie

(Mo ToKa3aHusIM PHOOPOB)
(TeopeTuueckue)

[To npubopam yuera | | Ilo perucrparopam
JleTepMUHUPOBAHHbIE BeposiTHOCTHBIE 3IIEKTPOIHEPTUH N0TEPh

| ) |
['paduueckoro || |Cpennero||Cpennexsa||Makcumansroro | |[uaterpupoBanue| (CTaTUCTHYHUX
MHTETPUpPOBa- TOKa ||ApaTH4ecK || TOKa (BPEMEHHU || BEPOSITHOCTHBIX | | XapaKTepHc-
HUS OT0 TOKA || MAKCUMAJIBHBIX | [FPauKOB TOTEPH THK
TI0TEPB)
Cratnueckoit
| | BBIOOPKH CXEM
[Torepu THontoii AKTHBHOU i CceTH
HaIpsoKCHUS MOIIHOCTH PCAKTUBHOU
MOIITHOCTH
AxrtuBHOI
MOIIHOCTH U
COsQ

Pucynok 1.2 — Kinaccupukanusi METOA0B pacuera nHoTepb 3J1eKTPOIHEPruu

JleTepMUHUPOBaHHBIE METO/IbI 3AMEHSIOT PEaIbHbIN IPOLIECC U3MEHEHUS
Harpy30K 3JIEMEHTOB CETH PACUETHBIM ''XapakTepHbIM'" pexxumom [19, 37, 38].
KnaccuguuupyroT AeTepMUHUPOBAaHHBIE METOJIBI B COOTBETCTBUM CO 3HAUEHU-
€M TOKa, KOTOPBI MCIOJIB3YETCs B pacyeTax (TeKyllee, MAaKCUMalIbHOE, CPe-
Hee U cpeaHekBaapaTuyHoe). Ecnu u3BecTeH rpadMk M3MEHEHUs CUJIbI TOKa
Ha JIF0OOM y4acTKe CETH, TO IOTEPH ONPEAEIIAIOT KIACCUYECKUM METOJIOM, KO-
TOpBIN SBJIAETCS HanOosee TOYHbIM. 3 OCTanbHBIX AETEPMUHUPOBAHHBIX Me-

TOJOB HUCIIOJb3YIOT:
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— MCTOA MAKCUMAJIBHBIX IIOTCPb, ITPHU KOTOPOM HCIIOJB3YIOT KOJINYCCTBO

4acOB MaKCHUMAaJIbHBIX NIOTEPH T:
AW, = AP 0x T, (1.4)

rae AP, ,x — TOTEPU MOITHOCTH B PEKUME MAKCUMAIIBHOW HATPY3KHU CETH;
— METOJI XapaKTEPHBIX PEXKUMOB, KOrJa PEXUM pa3OMBarOT HA Psij Ie-

pUOAOB C IMPAKTUYCCKU HCU3MCHHBIM PCIKUMOM!

l
AW, = z AP, (1.5)
=1

rae AP; — Harpy304HbIE TIOTEPU MOIIHOCTH B CETH B |-M PEXHME MPOJIOIIKH-
TEJILHOCTBIO tj 9acoB; [ — KOJIMYECTBO PEIKUMOB;

— METOJ CPEOHUX Harpy3oK, B KOTOPOM PEaJIbHBIM PEXKUM 3aMECHSIOT

PEIKUMOM IIPU CPEeAHUX HArpys3Kax:
AW, = AP kG - T, (1.6)

rie AP, — HoTepy MOIIHOCTH B CETH MPU CPEJHUX HATPY3KaX y3JI0B (WM CETH
B 11e710M) 3a Bpemst T kg — kodpuiment Gpopmel rpadprka MOIHOCTH UIIH TO-
Ka.

Bepoamnocmuuvie memoovl onpedenenus nomepv 21€eKmMpo3IHep2UU

[Ipy ucronb30BaHMN BEPOSTHOCTHBIX METOJ0B U3MEHEHUE HArPy30K y3-
JIOB PacCMaTpPUBACTCS KaK CIyYalHBIM MPOLIECC U ITOTEPU DHEPTUU 3a MEPUOL
BPEMEHH SIBIISIFOTCS (PYHKIIMOHAJIOM OT peaju3aliy CIy4alHbIX IMPOLIECCOB
Harpy3ku. OyHKIIMOHAI TAKXKE ABJISIETCS CIyYalHOU BEJIMYUMHOM, U BMECTO pe-
NIU3alMN 3TOM BEJIMYMHBI ONPENEISETCA €€ MaTeMaThudeckoe oxxuaanue [19,
37, 38].

3HauuTeNbHbIE MH()OPMAMOHHBIE U METOANYECKUE MOTPEIIHOCTU Je-
TEPMHUHUPOBAHHBIX METOJOB OIPEACICHUS MOTEPh JJIEKTPOIHEPTUU, KOTOPHIE

NPUHIUITMAIBHO HE MOTYT OBITh YCTPaHEHBI B YCIOBUSAX peajbHON MH(pOpMa-
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UOHHON OOECHEYeHHOCTH 3a7aud PacueToB MOTEPh 3JIEKTPOIHEPTUU, o0y-
CJIOBWJIA CO3/IaHHE BEPOATHOCTHO-CTATUCTUYECKUX METOJOB pacyeTra NoTepb
eKTpodHepruu. OHU JENsITCS Ha METOJl CTaTUCTUYECKUX XapaKTEepPUCTUK,
CTaTUCTUYECKON BBIOOPKHU CXEM CETH U MOJHOTO MOJEIUPOBAHUS PaOOThI CETH
110 MOJIETISIM IPaUKOB HArpy3KH B BEPOSITHOCTHOM (hopme.

Meron CTaTHCTUYECKHX XAPAKTEPUCTUK YCTAHABIMBAET CBS3b MEXKIY
00O0OIIEHHBIMH TTApaMETPaMU CETH U MOTEPSMH AJIEKTPOIHEPIMH HAa OCHOBA-
HUU PETPECCUOHHBIX 3aBUCUMOCTEW. BO3MOYKHO HCIOJIB30BAHUE JIMHEWHBIX,
HEJIMHEHWHBIX U CMEIIAHHBIX MHOTO(AKTOPHBIX PETPECCHOHHBIX MOJIENEH.
TecHely0 KOPPENISILIMOHHYIO CBSI3b C IMOTEPSIMU 3JEKTPOIHEPTUU B CETAX
HanpspkeHueM 10-35 kB UMeroT: OTIyCK 3JeKTPOIHEPTUU B CETh, 00IIas JIH-
Ha CETH, KOJIMYECTBO PACHPEIETUTENBHBIX JIMHUM, KOJTUYECTBO U YCTAHOBJIEH-
Hasi MOIITHOCTh PacCIpeeIUTENIbHBIX TPAaHCPOPMATOPOB.

Jlist onpeneneHus MoTepb AIEKTPOIHEPIUH OT Harpy3ku B cetsax 10 kB B
MaciTabe paiioHa AJIEKTPUUECKUX CETe MOYKHO BOCIOJIBb30BaThCsl 3aBUCUMO-

CTBIO:

m m m
AW = 195552 w2 + 41392 I — 7386Zni ~ 17393,  (1.7)
i=1 i=1 i=1

rae W; — noTpeOiieHne 3JeKTPOIHEPTUH B KOKI0M ceTH, KBT u; [; — miuHa i-i
CeTH; N; — KOJIMYECTBO TPaHCHOPMATOPHBIX MOJCTAHIMKA B I-i ceTu; m — Ko-
JIMYECTBO CETEM B IIEKTPOCETEBOM PaKOHE.

MeToa cTaTucTUYECKOW BHIOOPKH CXEM CeTel MPeayCMaTpUBaeT pacyeT
NOTeph 32 BHIOOPKON CXEM CETH M PacnpoCTpaHEHUE MOJYUYEHHBIX Pe3yJbTa-
TOB Ha BCIO CETh JAHHOTO HOMUHAJIBHOTO HAIIPSKEHUS.

Haubonee nepcrieKTUBHBIM SIBISIETCS METOJ, PU KOTOPOM BMECTO CIIy-
YalHBIX 3HAYECHUHN BEJIIMYMHBI 3aTpaT JIEKTPOIHEPIUM NPUHUMAKOT UX Marte-

MAaTHYCCKOC OKHMAAHUC:

M(AW) = f M(AP,)dt, (1.8)
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T o
rjae fo M (AP,) — MmaTeMaTH4eCcKOe OXKHMIAHHE MOTEPh AKTUBHONU MOIIHOCTH B

MOMEHTBI BpEMEHH t.

PaccmoTpum MeTOAMKY pacuera moTepb OT TOKOB HAarpy3KH € UCIIOJIb30-
BaHHEM BEPOSITHOCTHBIX XapaKTEPUCTUK T'OJOBBIX rpa)KOB HArPy3KHU 3a Mpo-
JNOJKUTEIIBHOCTBIO M DKBHUBAJICHTHBIM COIIpOTHBIEHUEM. llorepu diekTpo-
DHEPIUM OIPEIECIAIOT Yepe3 KBaapaT CPEIHEKBAAPATUYHOTO TOKA, KOTOPBIN
MOJKET OBITh OIPENEIIEH Yepe3 MaTeMaTUYEeCKOe OKHJAHUE TOKA U €ro Juc-

NepCHIo:

R 1
AW = —[W2+V?+ (D, + D,)t2] - —. (1.9)
Uz ty

IIpu cocraBieHny Ha yyacTKax CeTH rpauKoB HArpy3KH 3a MpOJOJKH-
TEJbHOCTBIO, B KOTOPBIX HE COBIIAJAIOT CYTOYHBIE U CE30HHBIC MAaKCUMYMBbI
(uTO XapakTepHO, HampHUMEp, ISl CEIbCKOXO3SHUCTBEHHBIX MNOTpEeOUTENeil),
ATOT METOJ MOKET AaBaTh 3HAYNUTEIBHYIO IIOTPEIIHOCTb.

AHaJIN3 pa3HbIX BEPOATHOCTHBIX METOAOB OIPEIEICHHUS MOTEPh JIIEK-
TPO3HEPIUU MO3BOJWII ONPEAEIIUTh, YTO HAWIYUYIIMM CIOCOOOM JJIsI BO3MOXK-
HOTO OTOOpPaKEHUS PEKUMOB pabOThI CETH SABJISIETCSI METO]I MOJTHOTO MOJIEIH-
pPOBaHMSI PEKUMOB PabOThI CeTH 3a rpaduKamMu Harpy3Ku, a JiJIsl OMUCAHUS T10-
BeJIeHUs ceTH "B cpeaHeM" 3a Mecsl] NPUMEHSIOT rpaduKu Harpy3ku B Bepo-
ATHOCTHOHN (opme. B 310l MeToauke, Ha 0a3e METO/Aa MOJTHOTO MOJIETUPOBA-
HUS 3JIEKTPUYECKOTO PEeKMMa pabOThI BCEX 3JIEMEHTOB CETH, OMPEIEIISIIOT Ma-
TEMATUYECKOE 0KUJAHUE MOTEPh AIEKTPOIHEPTUH, UCIIOJIb3YSI BEPOSATHOCTHO-

CTaTUCTUYECKHUE MeTo bl pacuera [19, 35, 37, 38].

1.3 TexHuYeCcKHe U IKCIIYATAIUOHHBIE (DAKTOPHI,
BJUSAIOIINE HA TUHAMHUKY TEXHUYECKHUX NMOTEPh

CornacHO JaHHBIM PHEProciyk0 HaOII0JaeTCs HECOOTBETCTBUE HOPMa-

THUBHBIX (paCC‘II/ITaHHBIX) H pCaJIbHbIX 3HAYCHUU TEeXHUYECKHX IOTEPb JJICK-
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TPOPHEPTUU B CUCTEMAX IJIEKTPOCHAOXKEHUs. DTO OMpPEneNsieTcs, BO-TIEPBBHIX,
M3MEHEHUEM XapaKTepPUCTUKH U TpadUKOB HIEKTPUUYECKUX HArpy3o0kK, BO-
BTOPBIX, TOCTOSTHHBIM M3MEHCHHUEM KOH(UTYpAIlUH CETeH BCICACTBHE UX pe-
KOHCTPYKIIUU U PA3BUTHUS U, B-TPETHUX, U3MEHECHUSIMHU yCIOBUM IKCIUTyaTalNH
U TEXHUYECKOT0 cOCTOsIHUS AieMeHTOB COC BO BpeMeHHM (3a CPOK IKCILTyaTa-
1IAN).

Harpy3ka cucrem »1eKTpOCHAOXKEHUSI W OTACJbHBIX MOTpeOuTenen
AJEKTPOIHEPTUH MOCTOSTHHO U3MEHSETCS BO BPEMEHHU 101 BIUSHUEM OOJIBIIO-
ro ynciua (GakTopoB. DT KOJIeOaHUSI MOTYT ObITh pa3/ieNieHbl Ha PETYJIsIPHBIC U
Clly4ainHble.

B cyrouHom rpaduke Harpy3ka peryjsipHO CHUKAETCS B HOUHBIE Yachl U
MOBBIIIAETCS] BO BpEeMsI TIPOXOKICHUS YTPEHHETO U BEYEPHETO MTUKOB Harpy3-
KU. B HellenbHOM — peryssipHble CHUKEHUSI HArpy3KH UMEIOT MECTO B Hepado-
gyre (BBIXOAHBIC W TMPa3JHUYHBIC) THU; B TOJAOBOM — PETYISPHOE CHIDKCHHE
Harpy3Kku HaOJII0/IaeTCs B JICTHUM MTEPUO/I.

VYkazaHHble KOJ€OaHUsSI OMPENEAIOTCS CTOUKMMU LIUKJIAMU €CTECTBEH-
HBIX SIBJICHUHM (HOYb, JIETO U T.I1.), TEXHOJIOTUYECKUMHU OCOOCHHOCTSIMU ITPOU3-
BOJCTBA, a TaK)Ke OpraHU3ANMOHHBIMU (akTopaMu (TPOOJIKUTEIHLHOCTHIO
pabounx CMEH, YHCIOM W PETYISIPHOM MOCIeOBATEIHbHOCTHIO HEPaObOoUunx
JTHEW | T.I1.).

Ha st perynsapubie kojaebaHusi 0OIYHO HAKJIAIBIBAIOTCS HEPETYIISPHBIC
KoJicOaHMs, BBI3BAaHHBIC CIIyYalHBIMH W3MCHEHHUSMH JJICKTPUUYCCKUX Harpy-
30K, KOTOpbIE BO3HUKAIOT BCJICJACTBUE OJHOBPEMEHHOTO BKJIIOUECHUS (OTKIIO-
YeHHE) MOMIHBIX MOTPEOUTENEH AIEKTPOIHEPTUH, PE3KUX M3MEHEHUM TOTO/I-
HBIX YCIIOBUHU (pe3KOe IMOXOJOJaHUE WU TMOTEIJICHUE), YKOJIOTHIECKHUX, TeX-
HOTCHHBIX WM CTUXUIHBIX O€JACTBUU M Ap. DTH KoyieOaHus, HE U3MEHS 00-
IIETO XapaKTepa PeryJsspHOTO PeKUMa IIEKTPOCHAOKEHHUS, MPUBOIAT K J10-
MOJIHUTEIIbHOW M3MEHUYMBOCTH MOTPEOUTENHCKONM HArpy3KH W B YACTHOCTH, K
CITy4alHBIM (MHOT/a TOBOJBHO MPOOJDKUTEIBHBIM) MMPBDKKAM Harpy3KH.

Konebanue cripoca Ha 3JIEKTPOIHEPTHUIO (CYTOUHBIC, HEJCIbHBIE U Ce-
30HHBIE) MPUBOJUT K U3MEHEHHUIO PEKHUMOB PAOOTHI AIEMEHTOB CHUCTEM JJICK-

TpOoCcHa0KEeHHE, TPUUEM BclieIcTBHE 3TOTO 3eMeHThl COC yatie Bcero pado-
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TalOT B 30HAX HEONTUMAJbHBIX PEKUMOB, KOTOPbIE, B KOHEYHOM CUETE, MpPH-
BOJISAT K OTHOCUTEIBHOMY POCTY MOTEPH AJIEKTPOIHEPTUU B HUX.

Heo0x0auMoCTh peKOHCTPYKIIUU JACHUCTBYIOIINX CETE BO3ZHUKAET B CBSI-
3U C U3MEHEHUEM DJIEKTPUUYECKUX HArpy30K B PE3YJIbTAaTE PACIIUPEHHUS CYIIe-
CTBYIOIIUX U TOSIBJICHUS HOBBIX MOTPEOUTEINICH, KOTOPhIE MPUCOSAUHSIIOTCS K
TUM CETSIM, a TaKXK€ B CBSI3U C HEOOXOJIUMOCTBHIO TMOBBIIICHUSI HAJACKHOCTU
ANEKTPOCHAOXKEeHUsT moTpedurteneil. B mporecce peKOHCTPYKIMU MOTYT BBbI-
MIOJIHSITHCS CIIEAYIOIINE BUABI PabOT:

— 3ameHa npoBojioB Ha BJI 0,4; 6 u 10 kB Ha nmpoBoaa GosbIeit npo-
MYCKHOM CITIOCOOHOCTH MPH COXPAHEHUH CTPOUTENIbHOM YacTu 3Tux BJI;

— TepeBOJ AIeKTpruUecKkux cereit 6 kB Ha nanpsbkenue 10 kB;

— TI0JIBECKA JOTIOJHUTENIbHBIX TPpoBO10B Ha BJI 0,4 kB;

— 3aMeHa TpaHCcPOpPMaTOPOB, BBIKIIOUYATENECH U Apyroro o0Opy10BaHUS
B CBSI3U C MOPAIbHBIM U3HOCOM, H3MEHEHHUEM MOIIIHOCTH WJIM HAMIPSKECHHUS;

— YCTaHOBKA CPEJACTB KOMIIEHCAIIMU PEAKTUBHOW MOIIHOCTH;

— COOPY’)KEHHME YYaCTKOB CETH JJIi HOBBIX IMOTpeOUTeNel WM BMECTO
BBILICAIINX U3-3a CTAPOCTHU U U3HOCA;

— ycunenue BJI, Ha KOTOpbIX 00pa3oBaHHME TOJ0JIEla U BETPOBBIE
Harpy3Kd NPEBOCXOJAT PACUETHHIE;

— YCTaHOBKa Ha JACUCTBYIOLIEH OJHOTPAHCPOPMATOPHOU MOACTAHIINU
BTOPOTO TpaHcpopmaTopa U HEOOXOAUMOTO, B CBSI3U C ITUM, 000PYIOBAHHMS.

PexoHCTpyKIMS NEUCTBYIOIINUX JIEKTPUUYECKUX CETEN — 3TO U3MEHEHUE
ANIEKTPUUYECKUX TapaMeTpoB ceTed (JIMHUM, MOJICTAHIIMI) U MOATOMY OTOOpa-
KAETCSI HA 3HAUYCHUSAX PEAJbHBIX TEXHUYECKUX MOTEPh B AJIEMEHTAX CHCTEM
AIIEKTPOCHAOKEHHUS.

[Ipn »sKcrulyaTaluu TEXHUYECKOE COCTOSTHHUE SJIEKTPOOOOPYI0BAHUS
COC yxyamaercss u3-3a U3HOCA U CTApEHUsl BCIEACTBUE BIMSHUSA (DAaKTOPOB
BHEIIIHEW CPeJibl, B YCIOBUIX KOTOPOW OHM paboTaroT. M3 pa3HbIX BUIOB BIIU-
STHUSI BHEIIIHEH cpenpl 11 0oabinHCcTBa AseMeHToB COC HanbosbIee Bus-
HUE UMEIOT KJIMMaTU4eckue (hakTopbl: TeMIlepaTypa, BIaXKHOCTh U JIaBJICHUE

BO3/lyXa, COJIHEYHAs pagualus, J0XKIb, BETEP, NMbLIb (B TOM YHUCIIE CHEXHAas),
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WHEW, PE3KOE U3MEHEHUE TeMIIepaTyp, ooseneHenue. akTopbl BHENTHETO Me-
XaHUYECKOTO BIIMSHUS, CIIEHHATIbHBIE (AKTUBHBIE) CPEIbl BIUSIOT TOJIBKO MPHU
AKCIUTyaTalluu JIEKTPOOOOPYAOBaHUS B COOTBETCTBYIOIIUX YCIOBUSX.

Crapenue v MHTEHCUBHBINM U3HOC 31eMeHTOB COC BO MHOTHX Cllyyasx
HE TOJIbKO CHIIKAIOT UX HAJIEKHOCTh, HO U BBI3BIBAIOT JIOMOJIHUTEIbHBIE MOTE-
pHU DJIEKTPUUECKOW HPHEPTUHU. DTO OCOOEHHO XapaKTEPHO MJIsi AJIEKTPOOOOpY-
JIOBaHMsI, KOTOPOE HAXOJUTCS B DKCIUTyaTallMK MPOAOTAKUTEIbHBINA MIEPUOJT U B
Clly4asix HECBOEBPEMEHHOI'O WJIM HEKaueCTBEHHOTO MPOBEJICHUS IJIAaHOBOTO
TEXHUYECKOTO 00CITYyKUBAHUSI.

B pesynbraTe aHanuza peanbHBIX YCIOBUN (DYHKIIMOHUPOBAHUSI U DKC-
MTyaTalui CUCTEM DJIEKTPOCHAOKEHHS YCTAaHOBIIEHBI TEXHUYECKHE U IKCILTY-
aTallUOHHbIE (PAKTOPBI, KOTOPHIC MPUBOJST K M3MEHEHHUIO TEXHHYECKOI'O CO-
CTOSIHUSI U TIOTEPH AJIEKTPOIHEepruu B aneMeHTax COC npu npoAgoKUTEIbHOMN

OKCILIyaTalum.

1.4 ®daxTopbl, BJAUAKIINE HA YPOBEHb U JUHAMUKY
KOMMeEpPUYECKHUX MOTePh 3JIEKTPOIHEPTHH

KomMmMmepueckne notepu yciaoBHO MOKHO Pa3/IeIuTh Ha CIEAYIOIINE OC-
HOBHBIE TPYTIIIBI:

1) motepu 3a cuUeT 3KCIUTyaTallMOHHOW HEJOCTOBEPHOCTU H3MEPEHUI
AJIEKTPOIHEPTUH, KOTOPHIE 00YCIOBIICHBI:

— HEHOPMATHUBHBIMU YCIOBUAMH paboThl TpaHchopmaTopoB Toka (TT),
HanpsokeHuss (TH) u 371eKTpoCcYeTYMKOB, B TOM YHCIE 3a CUYET MX HEIOTpy-
KEHHOCTH WJIM NEPErpy3KH, HECUMMETPUYHBIX U HECUHYCOUIAJIbHBIX TOKOB U
HaIpsKEeHUH, paboTON ¢ HEHOPMATUBHBIM KO3(P(HUIIMEHTOM MOUTHOCTH U T.I1.;

— OTKJIOHEHUEM YCJIOBHM 3KCIUTyaTallud OT HOMHUHAJIbHBIX (Hampumep,
paboTy 3UMOH B HETOIUICHHBIX MOMEIIEHUSAX, C IPOCPOUYEHHBIM CPOKOM 3KC-
IJTyaTaluyy U T.11.);

— HENPaBWIbHBIMU CXEMaMH MOAKIIOUYECHUS U UCHOPYEHHBIMU JJIEKTPO-

cuetunkamu, TT u TH;
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— olmMOKaMU TMPU CHATHUU TOKAa3aHUM CUETUUKOB WM HAMEPEHHOE HC-
Ka)KCHUE 3aI1CEN.

2) moTepH 3a CUeT MPSIMBIX XUIICHUH, KOTOPbIE 00YCIOBICHBI:

— MOJKIIIOUYEHUEM MPUEMHHUKOB 3JIEKTPOIHEPTUH B 00XOJ IEKTPOCUET-
YUKOB;

— MOIIIEHHUYECTBO ¢ MPUOOpaMu y4eTa 3IEKTPOIHEPTUH;

— HaMEPEHHOE U3MEHEHUE JIaHHBIX MH(POPMAIMOHHBIX CUCTEM C IEIbIO
WU3MEHEHHUS BEJIMUUH, KOTOPhIE U3MEPSIOTCS.

3) moTepu mpu BHICTABIEHUM CYETOB, 00YCIOBICHHbIE:

— HETOYHOCTBIO TAHHBIX O MOTPEOUTENSAX IIEKTPOIHEPTUH, B TOM HHCIIE
HEJI0CTATOYHOM WJIM OIMOOYHOM MH(OpMaIueil 0 3aKIHYEHHBIX JOrOBOpax
Ha MOTpEOJICHUE IEKTPUUYECKON 3HEpruu; omuoka B KodhPuIMeHTax mnepe-
pacuera MOKa3aHUW CUYETUYMKOB B BJIEKTPOIHEPTUIO, KOPPEKTUPOBAHUIO JIAH-
HBIX O IOTPEOUTENSAX U T.I1.;

— OlMOKaMU MPU BBICTABICHUHM CUETOB, B TOM YHUCJIE HE BHICTABIICHHBI-
MU CUETaMU MOTPEOUTEINISIM U3-3a OTCYTCTBUSI TOYHOUM MH(OpPMAIUU 10 MOTpe-
OWTENSIM U TTIOCTOSTHHOTO KOHTPOJISI 32 aKTyalu3aluen 3Toi nHpopMaIuu; oT-
CYTCTBUSI KOHTPOJISI U ONIMOKAMU TPU BBICTABICHUU CUETOB KJIMEHTaM, KOTO-
pBI€ TOJB3YIOTCS CHEIUATBLHBIMU Tapu(aMu; OTCYTCTBUEM KOHTPOJIA U y4eTa
OTKOPPEKTUPOBAHHBIX CYETOB U T.II.

4) motepu Mpu UCTPEOOBAHUH OILIATHI, OOYCIOBIICHHBIC 3a/IEPKKAaMU B
OIIaTe MO3/IHEE€ YCTAHOBICHHOW MAThl, JOJITOCPOUYHBIMU WU O€3HAACKHBIMU
JI0JITaMH ¥ HEOTUTAY€HHBIMU CUETaMU U3-3a:

— HEYJIOBJICTBOPUTEILHON MPOLIEyphl UCTPEOOBAHUS OILJIATHI; TPYIHO-
CTEH OIUIaThI CO CTOPOHBI TOTPEOUTETICH;

— IUIOXOTO y4eTa HEOIUIAYEHHBIX CYETOB U YIPABJICHUE OIIATOM, B TOM
YuCJe MOTEPU JOKYMEHTOB 00 oruiaTe u T.II.

OCHOBHBIMU MPUYUHAMHU HATUYUS KOMMEPUYECKHUX MOTEPh TPATULIUOHHO
CUMTAIOTCSl HEJOCTATOUHBIM U HEJOCTOBEPHBIN YUET, XUIIEHUE AJIEKTPOIHEP-
T'UU, IPUYEM HE TOJIBKO B KOMMYHAJIbHO-OBITOBOM, HO U MPOMBIIIJIEHHOM CEK-

tope. B ycnoBusix pocta Tapud)oB Ha JIEKTPOIHEPTUIO U YMEHBIIICHUS I1J1aTe-
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KECITOCOOHOCTH HACEIICHHE B PsJie PETUOHOB CTPaHbl, OCOOEHHO B CEILCKOU
MECTHOCTH, YBEIMYWIUCh TPYAHOCTH C OIUIATOM DJIEKTPOIHEPTHUH KOMMY-
HaJIbHO-OBITOBBIMU TIOTpeOuTENsiMU. Kpome TOro, mosBuUjIach MOTHBALUS K
MPUMEHEHUIO 00JIe€ YTOHYEHHBIX METOJIOB U CPEJCTB KPAXKU AJIECKTPOIHEPTUU
U COTJIACHO POCTY 00BEMOB ITHX KPaX, MOSBUINCH OECXO3HbBIE ITIEKTPUUCCKUE
cetu, nocenku. [To maaabiM OAQO ,,CyMBbI0OJIPHEPTO™ €XKETOHO OCYIIECTBIIS-
eTCsl Kpaxka MPOBOJIOB, TpaHC(HOPMATOPOB, APYroro 3JIEKTPOTEXHUYECKOTO
o0opyaoBaHus HA cyMMy OKoJio 1,5 muH. rpH. [lo janHbIM MUHTONAHEPTO B
1ejaoM 1o YkpausHe pa3BopoBbiBaeTcs 60,2 % MOTpeOIeHHONW 3JIEKTPOIHEPTHH
CTOMMOCTBIO TTOYTH 12 MITH. 10J1apOB.

C nauvanom pedhopMHUPOBaHUS SHEPIETUKU YKpauHbl (¢ cepenunnl 90-x
roJI0B) CO3JAJIMCh CaMOCTOSITENIbHbIE CYOBEKThl XO3siiicTBOBaHus. OHU B
HACTOSIIIIEE BpPEMsl DKCIUIYaTUPYIOT OOBEKTHI SHEPreTHKH, KOTOpbIE ObLIN
CIIPOEKTUPOBAHBI U MOCTPOCHHBIE 0€3 yueTa TpeOOBaHUW, KOTOPhIE KacaloTCs
pabOTHI CUCTEM yYeTa IJICKTPOIHEPTHH B YCIOBHUIX (PYHKIIMOHUPOBAHUS dHEP-
ropbiHka. I moTomy CyIiecTBYIOIIEH cUcTeMe ydeTa 3JIeKTPOIHEPTUH CyObeK-
TOB pPbIHKA, MIOCTPOEHHOM eiie Bo BpemeHa CoBerckoro Coro3a, MPUCYIIU Ta-
KHE 0COOCHHOCTH:

— 3HAUUTENIbHAS YacTh MapKa CYCTIYMKOB DJICKTPOIHEPTUM yCTapeBIIas U
TpeOyeT 3aMEeHbI Ha COBPEMEHHBIE MHOTO(YHKIIMOHAJIbHBIC CPEJICTBA YUETA;

— TOTepU HANPSHKEHUST B HM3MEPUTEIBHBIX IEMAX TpaHCPOopMaTopoB
HaIpsDKEHUS MIPEBBINIAIOT HOPMATUBHBIC 3HAYCHUS;

— BEJIMYMHBI HArPpy30K BTOPUYHBIX IIeNedl TpaHCcHOpMaTOpoOB TOKa H
TpaHc(hOpMATOPOB HAIIPSKEHUS HE OTBEYAIOT HOPMATUBHBIM TPEOOBAHUSIM;

— B OOJIBIIIMHCTBE TOUEK KYIUTU-TIPOIAKH JIEKTPOIHEPTHH OTCYTCTBYIOT
TyONMUpYIONINE CUETUYHMKH, YTO MPOTUBOPEUUT JEHCTBYIOMIUM TPEOOBAHUAM
NHCTpyKIIMK 0 KOMMEPUYECKOM YUYETE SHEPTUU;

— npuOOPHl KOMMEPUECKOTO y4eTa AJIEKTPOIHEPTUU YCTAHOBJICHBI HE B
TOYKAX KYIUIM-MPOJIAXKHU 3JEKTPOIHEPTUU HA ONITOBOM PBIHKE (HE HA FPaHUIIAX
OaTaHCOBOM TIPUTOTHOCTH JICKTPOCETEH CYyOBEKTOB);

— JIaHHBIC O MOTEPSIX IEKTPOIHEPTUU POPMUPYIOTCS MPEUMYIIECTBEH-

HO paCdYCTHBIM MCTOJOM C ITIOMOIIIBIO TPAAUITNMOHHBIX MOPAJIbHO 1 (1)I/IBPI‘-I€CKI/I
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U3HOIIEHHBIX YCTPOMCTB TEJIEMEXaHUKH, KOTOPhIE UMEIOT OOJBIIHNE MOTpEell-
HOCTH TIpeo0pa3zoBaHus HHPpopMaIuu;

— B U3MEPUTEIBHBIX CXeMaX UCIOIb3YIOT JEKTPOCUECTUYUKH, TpaHChOp-
MaTOpbl HAMPSHKEHUS U TOKA HU3KOTO KJacca TOUHOCTU, KOTOPHIE B YCIOBUSIX
3HAYUTETFHOTO CHWXEHHUS MOIIHOCTH pabOTarOT C OOJIBIION 30HOM HEYyB-
CTBUTEJIbHOCTH WU HEIUHEUHOCTH;

— HE OCYUIECTBJISICTCS ONEPATUBHBIM M CHHXPOHU3UPOBAHHBIA IO Bpe-
MEHH COOp JJAHHBIX O BBIPAOOTKE U MOTPEOJIICHUU AJIEKTPOIHEPTUH;

— OTCYTCTBYET METPOJIOTHYECKas aTTECTallUsl CUCTEM YyueTa JJIEKTPO-
SHEPTUM U, KaK CIEJCTBHE, HEBO3MOKHOCTh UCTOIB30BaHUs €€ sl KOMMep-
YECKOI'o yUeTa;

— KaHaJIbl CBSI3M IS Mepe/lauyd JAHHBIX OT TOYEK YYETa JIEKTPUUYECKOU
SHEPIUM K LEHTpaMm cOopa u o0paboTku nHPopmaIuu B OOIBITUHCTBE CIy4da-
€B UMEIOT HU3KYIO CKOPOCTb Mepeaul MJIM COBCEM OTCYTCTBYIOT;

— Ha TPAaHMIE MEKIOCYJAapCTBEHHBIX JIMHUW 3JIEKTpoIepesad He ycTa-
HOBJICH YYET AJIEKTPUUECKON IHEPTUH.

N3 BeIIIENTPUBEICHHOTO MOYKHO C/IEIaTh CIAEYIONINE BBIBOIBI:

— KOMMEPUYECKHE MOTePU HE MOTYT OBITh 3aMEPEHBI JIFOOBIMU MTpUOOpa-
MU, HO MOTYT ObITh BBIYUCJIEHBI. IX 3Haue€HHE 3aBUCHUT OT OOJIBIIOTO YHCIa
(akTOpOB, a TOYHOCTh OIIEHKH, B TIEPBYIO OYEpEab, OT TOYHOCTH yueTa OTITY-
IIIEHHOW B CE€Th U MOTPEOJCHHOM YHEPTHUH, & TAKKE OT TOUHOCTU pacyeTa TeX-
HUYECKUX TTOTEPD;

— KOMMEPUYECKHUE MOTEPHU JIOJKHBI PACCUUTHIBATHCS HE TOJIBKO B KHJIO-
BaTT-4yacax, KaK COCTaBJsiolas OajaHca 3JEKTPOIHEPTrUU, HO U JICHE)KHOM
BBIPOKCHUH, KaK (PUHAHCOBBIM yIIEpO YHEPTONPEANPUITHS, KaK HEIBHO yITy-
IIEHHAs €ro BBIro/1a B (OpMe HENOMOTYUYEHHON TPUOBLIN, KOTOPask BKIIOYAIOT
B ce0sl MoTepu PpU UCTPEOOBAHUM OIUIATHI 3a MOCTABICHHYIO KIIMEHTaM 3JICK-
TPO3HEPIHUIO;

— KOMMEpYECKHE MOTEPH B IIUPOKOM CMBICIE HE SIBIISIIOTCS HEU30EK-
HbIMUA. OHU MOTYT U JOJDKHBI ObITh CHUXKEHBI B pe3yJIbTaTe€ aKTUBHOM, lieJie-

HaIpaBJICHHOMN ACATEILHOCTH SHEPTOCTYKO MPEPUITHS.
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1.5 IlyTu y4yeTa IMHAMHUKH NMOTEPb FJIEKTPOIHEPIrUH B
npouecce IKCIIYATAMHA CUCTEM IJIEKTPOCHAOKEHU S

3ajgavya CHUXEHUSI YPOBHSI MOTEPb SJICKTPOIHEPTUU SIBISIETCS BaKHOU
COCTaBHOM 4YacThio OoJiee oOIel 3a/1aun yMEHBIIIEHUS SHEPTronoTpeOIeHus U
3¢ PEeKTUBHOrO UCIOIB30BaHUS YFHEPTETUUECKUX PECYPCOB HA OCHOBE ONTUMH-
3aIuu 0ajaHCcoOB MOTPEOJICHUS] U M3TOTOBJICHUE AJeKTpUuueckoit snepruu. Cy-
HIECTBYIOIIME HA CErOJHAIIHUN IEHb METOAbl aHaIu3a 0araHCOB B OCHOBHOM
0a3upyIOTCSl HA METOJIE SIKCIIEPTHBIX OLIEHOK, TaK KakK JiJIsi 3TOr0 UCIOJIb3YETCs
TOJBKO HEOOJIbIIAsl YaCTh TOCTOBEPHOU MHPOpMAIUU — HOTPEOJIECHUE IHEPIo-
CUCTEMBI B 11€JIOM, U3TOTOBJICHHUE SHEPTUH JICKTPOCTAHIIUSIMHI U TOTOKHU dHEP-
MU 10 "BHEITHUM'" MEPETOKAM.

C navanom pedopMUpPOBAHUSI SHEPTreTUKU Y KpauHbl (C cepeauubl 90-x
roJIoB) 00pa30BaINCh CAMOCTOSITEIbHBIE CYOBEKThl X03sdiicTBOBaHUsA. OHU B
HACTOSIIIIEE BpPEeMs OIKCIUTYaTUPYIOT OOBEKTHI JHEPreTHKH, KOTOphIC ObLIN
CIIPOEKTUPOBAHBI U TIOCTPOCHBI 0€3 yueTa TEXHUYECKUX TPeOOBaHUN OTHOCHU-
TEJIbHO PadOThl CUCTEM YYeTa AJIEKTPOIHEPIHUH B YCIOBUSIX (PYHKIIMOHUPOBA-
HUSI DHEPTrOPhIHKA.

B ycrnoBusix HempepsIBHOTO pocTa Tapu(doB Ha DIEKTPOIHEPTUIO U U3-
MEHEHHUS DJICKTPONOTPEOICHUS, IKOHOMHUSI AJIIEKTPUUECKON SHEPTUU U PaLHO-
HaJbHOE BEJEHUE DHEPreTHYECKOTO XO35AWCTBA MMEET OOJBIIOE HAPOIHO-
XO03CTBEHHOE 3HAYECHUE U ABJISIETCS, HE TOJIBKO TEXHUYECKOW, HO U B 3HAUU-
TEJIbHOU CTEIEHH, YKOHOMHYECKOM 3amaueii. OTcroga BO3HHKIA HEOOXOIH-
MOCTb CHUKEHUSI HEITPOU3BOJIUTEIIBHBIX MOTEPh JIEKTPOIHEPTUU U TOBBIIIIE-
HUE TEXHUYECKOW KYyJIbTYphI JKCIUIyaTallM CUCTEM SJEKTpocHaOkeHus. B
JTaHHOE BpeMsi OOJIbIIIO€ BHUMAHUE YJIENSAECTCSl CHUYKEHUIO MOTEPh dJIEKTpUUe-
CKOM 3Heprum Ha 6a3e pa3paboTKu 0o0Jjiee TOYHBIX METOJOB OMNPEACIICHUS I10-
TEph DHEPTUHU BO BCEX DJIEMEHTAX CHUCTEM dJIeKTpocHaOxeHus. [Ipu atom cie-
IyET OTMETUTBH, YTO TEPMHUH 'TIOTEPHU" HEIOCTATOYHO TOYHO IEPENAET TEXHHU-
YeCKOe COJIEpPKaHUe dTOTO TePMHUHA; 0OBEKTUBHO OH MPEJICTABIISIET COO0N He-
00XOIMMYI0 TEXHOJOTUYECKYIO 3aTpaTy JJEKTPOIHEPTUU B HHEPrOCUCTEME,
CBSI3aHHYIO C €€ mepeaadeit u pacrnpeneneHueM. [loatomy OoJiee MpaBUIbLHO

TOBOPUTH O TEXHOJIOTHYECKOM 3aTpaTe Ha Mepeaady JIeKTPOIHEPrUu.
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[Ipr [OJTrOCPOYHOM SKCIUTyaTalMU 3JIEKTPUYECKOM CETH €€ Harpys3ka
MPAKTUYECKH BCErja M3MEHseTCs (YMEHBIIAETCS WIM YBEIUYUBAETCS). IJTO
MPUBOJIUT K H3MEHEHHUIO MOTPEOISIEMON JJIEKTPOIHEPTUH TMOTPEOUTEIIMU
ATOM CETH W U3MEHEHUIO BEIIMYHUHBI U CTPYKTYPhI MOTEPH SJIEKTPOIHEPTHUU.
Jlst ipuMepa pacCMOTpEHA AJICKTPUYECKYIO CETh C MOCTOSIHHOW CXEMOMH, KO-
TOpasi paccunTaHa Ha OTHYIIEHHYIO B ceTh dHepruto 2000 toic. kB1-4 B roa. B
COOTBETCTBUU C (DU3NUYECKUMHU SIBJICHUSMHU a0COIIOTHOE 3HAYEHUE MOTEPHh OT
Harpy3ku OyJeT MU3MEHSIThCS MPOMOPIUOHAIBHO KBaJpaTy MU3MEHEHHS CHUJIbI
TOKa, a YCJIOBHO-TIOCTOSIHHBIE TTOTEPU OyAyT OCTaBaThCS HEU3MEHHBIMU. 3Ha-
YUTEJIHHO OOJBIINN MHTEPEC MPEACTABISET U3MEHEHHE OTHOCHUTEIIbHBIX 3Ha-
YEHHUI TMOTepb, KOTOpPhIE MpuBeAeHBI Ha pucyHke 1.3 [28]. Ha pucynke 1.3
0003HaueHO: 1 — obOmme norepu; 2 — olIIKMe NoTepu B TpaHchopMaropax; 3 —
YCJIOBHO-IIOCTOSIHHBIE TIOTepU B TpaHchopmaTopax; 4 — morepu B TpaHchop-
MaTopax OT Harpy3ku; 5 — norepu B mpoBoAax JuHuU. Kak BUJIHO, IpU MaIbIX
Harpy3kax M COOTBETCTBEHHO MaJIOM 3HAYEHUHU OTMYIICHHOUN 3JIEKTPOIHEPTUU
B ceTh (10 1300 ThiCc. KBT-4 B roj) riaBHyto 4acTh NOTEPHh COCTABIIAIOT MOTEPU
B TpaHchopMaropax W M3 HUX — YCIOBHO-TOCTOsIHHBIC. [Ipu yBennueHuun
Harpy3ku J0Ji YCJIIOBHO-TIOCTOSIHHBIX MOTEepb yYMeHblnaercs ¢ 24 no 4 %, a
obmue motepu B cetu — ¢ 25 a0 7,3 %. [lotepu oT Harpy3ku B 3TOM auamna-
30HE U3MEHEHUs Harpy3ku Bo3pacratot ot 1,0 no 1,5 %.

Ecaum KoJIM4uecTBO OTHYIIEHHOWM B CETh AJEKTPOIHEPIUU COCTABIISIET
1300-3400 ThIC. KBT-4, OOIIIME TTOTEPU OMUCHIBAIOTCS IMOJIOTON KPUBOW C MU-
HUMaJIbHBIM 3HAY€HUEM NOTEPH 6,3 % MpU KOJIMYECTBE OTIIYLIEHHON 3JIEKTPO-
sHepruu 2000 teic. KBT-4, 1 koHeuHbIM 7,0 % — npu 3400 ThIc. KBT-4. Ycios-
HO-TIOCTOSIHHBIE MTOTEpH cHU3ATCS oT 3,9 % no 1,3 %, a moTepu OoT Harpys3ku
yBenuyares ot 1,5 1o 2,6 %.

[Ipy U3MEHEHUHN KOJIMYECTBA OTIYIIEHHOM 3JIEKTPOIHEPTUHU MTOUYTH B TPH
paza obuue norepu ot 7,3 % cHuzuauck 10 6,3 %, a 3arem Beipocau 10 7,0 %,
TO €CTh (PYHKIMA OOIIMX MOTeph UMEET MUHUMYM, a U3MEHEHUE (QYHKIUU y
TOYKHM MUHUMYMa OY€Hb MEJIEHHAsA. DTO MO3BOJSET ONPEAECIUTH BEIUYHHY

o0mux noteps 6,3 % 1u1s 3TOM ceTh Kak onTuManbHyt0. COOTBETCTBEHHO OII-
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TUMaJIbHOM OyJET U CTpyKTypa notepsb: 1,9 % — B npoBoaax nunuii u 4,4 % —
B TpaHcopmaropax, u3 Hux — 2,8 % — yCIIOBHO-TIOCTOSIHHBIE, 1,6 % — moTepu

OT Harpy3KHU.
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Pucynok 1.3 — 3aBMCHMOCTD OTHOCHTEJIbHBIX NIOTEPb JJIEKTPOIHEPIHH B CETH

OT OTITYCKA 3JICKTPO3HEPIUH B CE€TH

Takue KpUBbIE ONKUCBHIBAIOT U3MEHECHUE MOTEPH B KAXKIAOM JINHUU. Tpack-
TOpUS KPUBBIX 3aBHCHT OT COOTHOIICHUS XapaKTEPUCTUK JIMHUM (JTUHBI,
IJIOIAM TIOMEPEYHOI0 CEYeHUsl TPOBOJIa) U TpaHCcHopMaTopoB (KOJIUYECTBO,
yCTaHOBJIEHHAs: MOIIHOCTB). [Ipu pacuerax morepp 31EKTPOIHEPTUU B JACi-
CTBYIOIIMX JJIEKTPUYECKUX CETAX ClIeyeT oOpaiiarh BHUMaHHE Ha TaKOW Xa-
paKTep U3MEHEHHUs BEJIMYMHBI U CTPYKTYPbI IOTEPD; 1ierecoo0pa3Ho paccMart-
pHUBaTh TAK)KE U3MEHEHHE MOTEPh AJIEKTPOIHEPTHH B CETH MO MecsIaM B Teue-
HUE roja.

B nacTtosiiiee Bpemsi O4YTH MOBCEMECTHO HAOIIOJAETCS POCT aOCOJIOT-

HBIX 1 OTHOCHUTCJIbHBIX IIOTCPb 3JICKTPOIHCPIUU. ITo JaHHBbIM MI/IHTOHBHepFO
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TEXHOJOTHYECKHE PACXOJIbl HA TPAHCIIOPTUPOBKY AIEKTPOIHEPIUU (TEXHHUYE-
CKHE U KOMMEPUYECKHUE COCTABIISIOIINE MTOTEPh) B IMEKTPUUECKUX CETAX YKpa-
uHbl cocTaBisaoT 19,11 % obmiero ToBapHoro otimycka. B oTaenbHbIX 001a-
CTAX YKpauHbl NOTEPU 3IeKTposHeprun aocturaroT 30 %. B snekTpuueckux
ceTsix Poccuu norepu Ha TPaHCIIOPTUPOBKY DJICKTPOIHEPTUU JI0 TPAHUIIBI Pa3-
7iena nmoTpeduTeNb — dHEeprocHabkaromas opranu3anus cocraBuiau B 2001 r.
13,1 % ot ornycka (2000 r. — 12,75 %; 1994 r. — 10,09 %; 1980 r. — 8,3 %).
[ToTepu »MeKTpOIHEPrUU B OTAENbHBIX ydacTkax cered 25-40 % u Oonee
(31ech HE YUTEHBI IOTEPHU AIEKTPOIHEPTUU U3-3a €€ XUILEeHus) [28].

B cTpykType moTeph Mo 3jeMeHTaM CHUCTEM 3JIEKTPOCHAOXKEHUSI OCHOB-
Has 4acTh MOTEPh MPUXOJIUTCI HA JIMHUM dJIEKTponepenay (B OTACIbHBIX CITY-
gasgx 10 65 % [6]). Ilotepu B TpanchopmaTopax cocTaBisitoT okoio 30 %
CyMMapHBIX MOTEPh B CETH JAHHON CTYIEHM HAIPSKEHUS, TPUUYEM OKOJIO TO-
JIOBUHBI U3 HUX — NOTEpH B cTanu. [lotepu B Apyrux sneMeHTax ceTu (B peak-
TOpaxX, KOMIEHCUPYIOIIMX YCTPOMCTBAX, M3MEPUTEIBHBIX MpUOOpax, TpaHC-
(dopmaropax TOKa M HAMPSKEHUS) HE3HAYUTEIbHBIE U MOTYT OBITh OLICHEHBI B
npenenax 3-5 % cyMMapHbIX ITOTEpb. B moTepsix Takke ydTeHa 3JIEKTPOIHEP-
T'Usl, pacxojiyeMasi Ha COOCTBEHHBIE HYKJIbI ITOJICTAHIIUH.

N3 o0mux noTeph TEXHUYECKOMY aHAJIU3Y MOJIBEPraeTcsi TOJIbKO YacTh,
Ha3plBacMasi TEXHUYECKMMHU mnoTepsmu; Apyras — npumepHo 10-20 %, tak
Ha3bIBAEMbIE KOMMEPUYECKUE MOTEPU — CBSI3aHA C HECOBEPIIEHCTBOM CUCTEMBbI
ydeTa 3JIeKTposHepruu. B ycroBusx mapaiieabHOM pabOThl SHEPrOCUCTEM
BO3HUKAET HEOOXOAUMOCTh TEpeJayu OINpPEEICHHOr0 KOJUYECTBA SJIEKTPO-
SHEPIruu TPAH3UTOM YEPE3 CETU FHEpProcucTeMsl. [Ipu 3TOM UMEOT MecTo 10-
MOJTHUTEIbHBIC MMOTEPHU IJIEKTPOIHEPIUH, CBSI3AHHBIE C TPAH3UTHBIMU MEPETO-
KaMHU.

Ha 3HadeHust moTeph 2JEKTPOIHEPTUU B AJIIEMEHTAX CUCTEMbI AJIEKTPO-
CHAOXKEHUS BIUSCT Psil TEXHUUYECKUX U DKCIUTYyaTallMOHHBIX (PaKTOPOB, B TOM
YHUCJIe XapaKTePUCTUKU HArpy3KU, COCTOSIHUE U YPOBEHb M3HOCA DJIEKTPOTEX-
HUYECKOTO 000pYI0BaHUSI, CPOK U MHTEHCUBHOCTD €T0 HKCILTyaTalliu.

[lo nmanHBIM SHeprocimyx0 HaOIIOAACTCS 3HAYMTEIHHOE IPEBBIIICHUE

peanbHBIX 3HAUEHUH MOTEPh AIEKTPOIHEPIUH MIPH Mepeaade ee Mo eKTpude-
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CKHM CETSIM I10 CPAaBHEHHIO C HOPMATUBHBIMH. DTO 00YCJIOBIEHO TEM, YTO MPHU
AKCIUTyaTallid CUCTEM 3JIEKTPOCHAOKEHUSI TEXHUYECKOE COCTOSHUE AJIEMEH-
TOB 3JIEKTPOOOOPYIOBaHUS YXYAIIAETCS M3-32 UX M3HOCA U CTApEHHUs BCIE[-
CTBUE BO3JIEHUCTBUSA (AKTOPOB CPEIbl, B YCIOBUAX KOTOPBIX OHH PabOTarOT
(KIMMATUYECKUX, MEXAHUYECKUX, PEXKUMHBIX, 3JIEKTPOMAarHUTHBIX U Jp.).
CrapeHne ¥ MHTEHCUBHBIN H3HOC 3JIeMEHTOB COC BO MHOTHX CiIy4yasx HeE
TOJIKO CHMIKAIOT UX HAJIEKHOCTh, HO BBI3bIBAIOT JOMNOJHUTEIbHBIE MOTEPU
ANEKTPOIHEPTUU. ITO OCOOEHHO XAapaKTepHO I SJIEKTPOOOOPYI0BAHUSA,
HaXOJAIIErocsl B AKCILTyaTalluu JUIMTENIbHBIM IEPUO U B CIIy4Yasix HECBOEBpE-
MEHHOTI'0 UJIM HEKAUYE€CTBEHHOI'O MPOBEICHHS] PEMOHTHBIX paloT.

Hcxons v3 BbIIIE U3JI0KEHHOTO, a TAKKE C YUYETOM TOr0, YTO OCHOBHOM
00BbEM TEXHUYECKHUX MOTEPh NPUXOAUTCS HA AIEKTPUUECKUE JTMHUU U CUIIOBBIE
TpaHc(OpMaATOPbI, BaXKHBIM SIBJISIETCA OILEHUTHh BO3MOXKHYIO JIMHAMHKY BO
BPEMEHH (PU3MYECKUX MapaMeTPOB YKAa3aHHOIO 3JIEKTPOOOOPYI0BAHMUS
(HanmpuMep, aKTUBHOTO COMpPOTUBIICHUS (a3HBIX MPoBoaAOB JIDII, MarHUTHBIX
CBOMCTB MarHUTONPOBOJOB CHUJIOBBIX TpaHCHOPMATOPOB U Ap.) U, COOTBET-
CTBEHHO, J1aTh OLICHKY CTENEHU U XapaKTePy BO3MOXKHON JTMHAMHUKE TEXHHUYE-
CKHUX MOTEPh 3a MEPUOJ IKCIUTyaTalluM M UX OTIMYHUIO OT PAcUeTHBIX (Imac-
MOPTHBIX) JTAHHBIX.

Kak yxke ormeuanoch, npeobiajaloluMy MpuIMHaAMU (GOPMHUPOBAHUS
KOMMEPYECKHUX MOTEPh ABJISIOTCA HEAOCTATOYHBIM M HEJJOCTOBEPHBIN YUET I1O-
TOKOB AJIEKTPOIHEPIUHU U XUIIEHUE 3JeKTpodHeprun. C TOUKHU 3pEHUSIM YyTOY-
HEHUs pacrpeiesieHus 00beMOB MO CTPYKTypaM KOMMEPUYECKUX MOTEeph U UX
MUHHMM3alAA BaXHO 3HATh BO3MOKHBIE IOTPEIIHOCTH CUCTEM ydeTa MpH
KPUTUYECKUX 3KCIUTYaTallMOHHBIX PeXUMax paOoThl (Hampumep, pexuM OJu3-
KUI K XOJIOCTOMY XOJy) 3JIEMEHTOB CHCTEM JJIEKTPOCHAOKEHUSI U UMETh TeX-
HUYECKHE BO3MOKHOCTH MPOTUBOCTOSITh XUILIEHUSM.

[ToBbrienne 3heKTUBHOCTH PIIEKTPOCHAOKEHUSI U TPAH3HUTA DJIEKTPO-
SHEPIUU 33 CUET CHUKEHUSI TEXHUYECKUX U KOMMEPUYECKUX NOTEPh HA OCHOBE
ydera U (popMUpOBaHUS PEKUMOB paOOThl CHJIOBBIX U KOHTPOJBHBIX AJIEMEH-
TOB CHCTEM 3JIEKTPOCHAOKEHUS SBIICTCSA aKTyalbHOW 3ajaueil, Ui pelieHus

KOTOPOW HEOOXOUMO:
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— HUCCJIEIOBATh JAMHAMUKY HM3MEHEHUS (PU3MYECKUX XAPAKTEPUCTHK U
TEXHUYECKUX MOTEPh B TEYEHWH CPOKA DKCIUTyaTaluu B BO3AyHbIX JIDII n
CWJIOBBIX TpaHC(OPMATOpaX, KAK OCHOBHBIX 3JIEMEHTaX (OPMUPYIOIIHUX
MTOTEPU ANEKTPOIHEPTUU IIPU €€ TPAHCIIOPTUPOBKE;

— UCCIIEIOBATh BIIMSIHUE KPUTHYECKUX OSKCILTyaTaHMOHHBIX PEKHMOB
HU3MEPUTEIIbHBIX TpaHC(HOPMATOPOB Ha MOTPEUIHOCTh PabOTHI CUCTEM yueTa
AJIEKTPOIHEPTUU U POPMHUPOBAHHE KOMMEPUECKUX MOTEPH;

— 000CHOBAaTh METOJIMKY Y4Y€Ta TUHAMUKNA TEXHHUUYECKUX AJIEKTPUUECKUX
NOTepb MPHU pacyeTax U GOPMHUPOBAHUH HOPMATUBHBIX MOKa3aTese MOTEPh B
ANEKTPUYECKUX CETAX MPU TPAHCIIOPTUPOBKE IIEKTPOIHEPTUH;

— pa3paboTaTh TEXHUYECKHUE CPEJICTBA HAMPABICHHbBIE HA MUHUMM3AIIUIO
XUIIEHUNA DJIEKTPOIHEPTMU W CHIKEHME YPOBHS KOMMEPUYECKHX IIOTEPh B

CHUCTCMaAx C-)J'IGKTpOCHa6)KCHI/IH.
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2. AMHAMMKA NAPAMETPOB U TEXHUYECKMUX
NMOTEPL B BO3AlYLWHLIX 19N B
MPOLIECCE 3KCINYATALMU

2.1 AHajau3 BJIMSHUSA NapaMeTpPoB BO3aymHbIX JIII
HA TEXHUYECKHE NMOTEPHU NPHU TPAHCIIOPTHUPOBKE
JIEKTPOIHEPIUH

B cucremax 31eKTpocHa0KEeHUs PU TPAHCIIOPTUPOBKE AIEKTPOIHEPTUU
TEXHOJIOTMYECKUE MOTEPH SJIEKTPOIHEPTUU MPEJICTABIIAIOT COO0M CyMMy IBYX
COCTaBJISIFOLLUX MTOTEPD:

— MOTEPb B JIMHUAX U OOOPYJOBAaHUHU DIIEKTPUUECKUX CETEH, 00yCIOB-
JEHHBIX (PU3UYECKUMHU MPOIIECCAMHU, MPOUCXOASIINMHU MIPU NIEpEIade dIEKTPO-
SHEPIUHU B COOTBETCTBUM C TEXHUYECKHUMHU XAPAKTEPUCTHUKAMHU U PEKUMaAMU
paboThI IMHUI U 000pyAOBaHUs (TEXHUUECKUE TOTEPH);

— pacxojia AMEKTPOIHEPTUU Ha COOCTBEHHBIE HYK/IbI I10ICTAHIIUM.

B cBoro ouepenp TEXHMUECKUE MOTEPU — CyMMa TPEX COCTABIISIOLINX
MOTEPb B JINHUIX U 000PYAOBAHUU IJIEKTPUUECKUX CETEH:

— IIOTEPb, 3aBUCSIINX OT HAarpy3KH 3JEKTPUUYECKOW CETH (HArpy304YHbIE
MOTEPH);

— TOTEPbh, 3aBUCAIINX OT COCTaBa BKJIOYEHHOTO0 000pya0BaHUs (yCIIOB-
HO-TIOCTOSIHHBIE TIOTEPH);

— TOTEPb, 3aBUCSIINUX OT MOTOJHBIX YCIOBUH (IIOTEPh Ha KOPOHY).

TexHnueckue noTepu 3JIEKTPOIHEPTUU IIPU €€ TPAHCIIOPTUPOBKE B pac-
MPEACIIUTENbHBIX CETSAX SBIIAIOTCS OCHOBOM HOPMATHBA, ONPEIEIISIOIEr0 KO-
HOMHUYECKH OOOCHOBAHHBIM TEXHOJIOTHYSCKUN PacXoj JJICKTPOIHEprum [6].
3aHM>KEHUE TEXHUYECKUX MOTEPh MPUBOJUT K CHUKEHUIO 3(DPEKTUBHOCTH pa-
OOTBI CETEBOrO MPEANPUATHS U YMEHBIIEHHUIO €r0 J10X0/a, 3aBbIIIEHNE — K T10-
JYYE€HHUIO HEOOOCHOBAHHBIX JOXO0J0B. TOUYHAs OLIEHKA IMOTEPh JIEKTPOIHEPTUU
oOecreurnBaeT KOPPEKTHOE ompenaesneHne 3(pPEeKTUBHOCTH padOThI CETEBOIO

OpEeANPUITHUS U TUIAHUPOBAHKUE dHEProcOeperaromx MEpOpUsTUH.
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B o6miem ciyuae mJisi BO3AYIIHBIX JIMHUM 3JIEKTpOIEpeaayuu, Mpu nepe-
Jade SJIEKTPOIHEPTUUA OT MCTOUYHHUKOB K MOTPEOUTENSIM, MOXKHO paccMaTpu-
BaTh HArpy304YHbIC MOTEPHU, MOTEPU XOJOCTOTO XOJa U MOTEPU HA KOPOHY.
Harpy3ouHble moTepu aKkTUBHOW 3JIEKTPOIHEPTHH B TpeX(a3HOW BO3IYITHOM

JIMHUHA ONIPCACIIAIOTCA BBIPAKCHUCM

T
AW, = SRfIZ(t)dt, (2.1)
0

rjae R — akTHBHOE CONPOTHBIIEHUE MPOBOJIA OJHOM (Da3bl BO3AYIIHOW JINHHM;
[(t) — moJIHBIY TOK B TMHUYW B TEUECHNE WHTEpBaja BpEMEHH |.
AKTHBHBIE TMMOTEPU XOJOCTOro Xonaa s Bo3aymiHbiX JIDII (ycimoBHO-

IIOCTOAHHBIC HOTepI/I) OIIPCACIIAIOT I10 BBIPAKCHHUTIO

T

AP,
AW, = Uz f U?(t)dt, (2.2)

rie AP, — MmoTepd MOIIHOCTU XOJIOCTOTO XOJia JUHUM NMPU HOMHUHAIHLHOM
HaIpsOKEHUU, KOTOPBIE OMNPEIETSIOTCS TOKaMH YTEYKH YEpe3 H30JISAILUI0
(Mexnyda3Hyo 1 OTHOCUTENbHO 3eMin); Uy, — HOMHUHAIBbHOE HANPSIKEHUE B
CETH, MPU KOTOpoM padoTaeT nuHus;, U(t) — HanpsoKeHWE B JTMHUU B TCUCHUE
VHTEpBaJIa BpeMeHU T .

OmnpeneneHre Morepb Ha KOpoHy B Bo3AymHbIX JIDII ¢ Touku 3peHus
TOYHOCTHU SIBJISIETCS MPOOJIEMATHYHBIM, TaK KaK OHHU 3aBUCAT OT psJ/ia CIIeIH-
¢uyeckux ¢GakToOpoB (METEOPOJOTHUECKUX YCIOBUM HA Tpacce JIMHUH, dJIEK-
TPUUYECKOTO TI0Jsl, TEOMETPUUYECKUX TMapaMeTpPOB, PACIOIOXKEHUS (Pa3HbIX
MIPOBOJOB JIMHUU 3JIEKTPOINEPEaay U T.1.). BBINOIHAIUCH UCCIIEIOBAHUM C Lie-
JIbI0 YTOUHEHUSI METOJIMKU pacueTa MoTepb MOIIHOCTH M SHEPTUU HA KOPOHY
Ha MPOBOJAX B PaBHUHHBIX ycioBusx. B [12] npencraBieno o6ocHOBaHUE U
BBIBOJI YPaBHEHUSI MTOTEPh aKTUBHON MOIIIHOCTH Ha KOPOHY Ha OCHOBAaHUM WH-

TErPaAIIbHBIX XapaKTEPUCTUK KOPOHBI U PE3YJIbTATOB 30HI0OBBIX MCCIIEIOBAHUMN
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JBWKEHUS OOBEMHOTO 3apsifia B IMOJ€ KOPOHBI MEPEMEHHOT0 TOKa, COTJIacHO
KOTOPBIM B 00s1acTH 00111el KOPOHBI 3aBUCUMOCTh TTOTEPh MOIIHOCTH Ha OJWH

MIPOBO/JI OT HanpsbkeHus U napameTpos JIDII Beipaxkaercsa Gpopmynoi

U (U - Uo) Kl COS QDK].
APyp = wC* —— - ,
xop = @ 2 Coo — C

(2.3)

rae U, — HanpsiKeHUe, COOTBETCTBYIOIIEE KPUTUUECKOMY 3apsay Ha MOBEPX-
HOocTU TipoBoAa; U, — ammutyaa gazHoro HanpsbkeHus; € — eMKOCTh OJIHOU
(da3pl BO3MYIIHOW JMHUU; @ — YIJIOBas 4acTOTa NMEPEMEHHOTO HaNpPsHKEHUS;
Cos = 2mey/In(r, /1) — eMKOCTh 00BEMHOIO 3apsijia; 7, — Paauyc HapyKHOM
00JacTu, B KOTOPOIl CyMMapHasi IIIOTHOCTh 0OBEMHOTO 3apsiia UMEET HEeHYJIe-
BOE 3HAUEHHE; 7; — paauyc (a3HOro MpoBOJA; £, — JIEKTpUUECKask MOCTOSH-
Hasl; Qg1 — yroa casura ¢a3 nepBoil TApMOHUKHU TOKAa OTHOCHUTENIBHO HAIpsi-
xeHust; K; = Q1/Qk yaxe — OTHOIIICHUE aMIUTUTY bl IEPBON TAPMOHUKU K aM-
IJIATY]I€ KOMIIEHCUPOBAHHOTO 3apsia.

[IpousBenenue K; COS Qiq, BBIUMCIECHHOE I PEaJbHBIX YCJIOBUH IO
AKCIIEPUMEHTAIBHBIM JIAHHBIM MPU BEJIUYMHE OTHOCUTEJIBHOTO MEpPEHAIpPSHKe-
HUS paBHOTO 2, mMmeeT 3HadeHue npumepHo 0,7. Torma gopmyna mis morepb

MOIIHOCTH Ha KOPOHY NPUMET BU/L

Um(Um - UO)
Cg—C

APy, = 0,35wC? - (2.4)

C TOYKM 3peHUSI OLUEHKHU BIUSHUS MPOJOJKUTEIBHOCTH U YCIOBUM JKC-
IUTyaTalyy BO3AYIIHBIX JIMHUM JJIEKTPOIIEPEayi HA 3HAYCHUSA U BO3MOKHYIO
IIPX 3TOM JIWHAMUKY TEXHUYECKUX DJIEKTPUYECKHX NMOTEPH MNPHU TPAHCIOPTH-
POBKE 3JIEKTPOIHEPIUH, BBIJICIUM OCHOBHBIE TEXHHUYECKHE M (PU3UYECKUE Xa-
PAKTEPUCTUKHU BO3AYIIHBIX JIMHUM, BIUSAIOLIME HA HArpy304HbIE MOTEPH, MO-
TE€pPU XOJIOCTOTO X0J1a ¥ MOTEPU HAa KOPOHY B ITUX K€ JIMHUAX, U PACCMOTPUM
XapakTep U CTEIEHb U3MEHEHUS NapaMETPOB BO3AYILIHBIX JIMHUW B IIPOLECCE

IKCILTyaTaluu.
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s onpeneneHrsi HArpy304HbIX MOTEPH JIEKTPUUECKOU SHEPTUU B JIH-
HUSIX, YUYUTBIBAs MPAKTUYECKYI0 HEBO3MOYKHOCTh MATEMATHYECKU BBIPA3UTH
3aKOH U3MEHEHUS TOKA HAarpy3Ky B JIMHHUM 3a JJIUTEIbHBIN MPOMEXYTOK BpeE-
MEHU, MOXXHO BOCIOJIb30BaThCA (POPMYIJION, YUUTHIBAIOIIEH COCTaBJISIONINE

repenaBacMon MOIIHOCTH [6]:

AW, = AP, T4 + AB, - 1 (2.5)
W
AW, = 3K§ (I, cos 9)*R1, + 3Kg (I, sin @)?RT,,, (2.6)

raie AP, — moTepu aKTUBHOM MONIIHOCTH OT IE€pe/laud aKTUBHOM SHEPIruu;

AP, — moTepd aKTHBHOW MOIIHOCTH OT Nepeaayd PEaKTHBHOW OSHEPTHH,

7, = (0,124 + T, - 107%)? - 8760 — KOJIMYECTBO 4YACOB MAKCHMAJIbHON

HAarpy3Kd 110 AKTMBHOW MOIIHOCTH, T, = (0,124 + Tonp 10_4)2 - 8760 —
KOJJMYECTBO YaCOB MAaKCUMaJIbHOM HArpy3kd IO PEaKTUBHOM MOIIHOCTH;
Ky — xoopuumnent dpopmel rpadrika Harpy3Kku; L, — MaKCUMaJbHbBIA pacyer-
HBIH TOK; T, — YUCIIO YACOB MCIOIb30BAHMS MAKCUMAIBHON HArpy3KH IO aK-
THBHOW MOWIHOCTH; Ty, — YHMCJIO YacOB HCIOJIB30BAHHMSA MaKCHMAJbHOM
Harpy3KH M0 PeaKTUBHON MOIITHOCTH.

Ananu3 Boipaxkenuit (2.1) u (2.5) mokaspIBaeT, 4YTO BEIUYMHON OTHOCS-
LIEHCs K TEXHUYECKUM ITapamMeTpaM BO3AYIIHOM JUHHUMU U BIMAIOLIECH HA 3Ha-
YeHUE Harpy304YHBIX MOTEPb, SBISAETCS aKTUBHOE (IIPOJOJIBHOE) COMPOTHUBIIE-
Hue R mpoBoaa oaHoU (pa3bl BO3AyIIHON JUHUKM. B CBOIO ouepess yka3zaHHOE
COTPOTHUBIICHNE 3aBUCUT OT YACIBHOTO COMPOTUBIEHUS MaTepuaia MpOBOJI-
HUKa p, UIMHBI TUHUH | 1 cedenus F (quamerpa d) mpoBOJa M ONPEAEIaeTCs

10 U3BECTHOMY BBLIPAKCHUIO

[ [
R=p—=

I/ICXOI[H N3 IMOCIICAHCTO BBIPAXKCHHA MOXHO KOHCTATHUPOBATHL, YTO IJIA

BO3AYIIHBIX JIMHUM AJIEKTPONEPENAaUr B MPOLECCE UX JUIMTEIBHOW dKCIUTyaTa-
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A BO3MOXXHO YBEIIMYEHHE AKTUBHOro comnpotuieHus JIOII u, cooTBer-
CTBEHHO, YBEJIMUEHUE HATPY30YHBIX MOTEPh 3a CUET YMEHbIIEeHUs 3 PEKTUB-
HOro Juametpa (U Iiomaau cedeHus) ¢hasHbIX MPOBOJIOB BO3IYIIHBIX JIMHUN
3a CYET KOPPO3UOHHBIX MPOLIECCOB.

CrienyeT Takx’e OTMETUTh, YTO AKTUBHOE CONIPOTUBIICHUE TAKKE 3aBUCHUT

OT TEMIIEPATyPhI:

R = R;[1 + a(0y — 20°)], (2.8)

riae Ry — TabiuyHOe 3HAYEHUE COMPOTHUBIICHUS MPOBOAA (MpHU TeMIleparype
20°C); a — TemnepaTypHbld KO3(PMUIIMEHT, KOTOPBIM I TPOBOAOB TUNa A
pasen 0,004; O — peanbHas Temneparypa nposoja, °C.

Temneparypa mpoBojia ompeaenseTcs Tpems (aKTopaMHu: BEIMYUMHON
TOKa, TEMIIEPATYPOIN OKPYkaIOIIEH Cpejibl U CKOPOCThIO BeTpa. I 1aBHbIM (pak-
TOPOM, OMPEEISIONIUM TEMIIEPATypy MPOBOJIA, SABISETCS TeMIepaTypa OKpy-
Karolen cpelibl. YUeT TeMnepaTrypHoro ¢akropa MmoBbIIIAET TOYHOCTh pacye-
ToB npuMepHO Ha 5-10 %. Ecnu Harpyska nuauu He nipeBsimaet 70-80 % no-
IyCTUMOM TI0 YCJIOBUSIM HAarpeBa, TO TeMIiepaTypa MpoBoja MpU pacyeTax Io-
TEepb NPUHUMAIOT PABHOM CPEIHETO0JIOBOM TeMIEepaType BO3AyXa U, yUUThIBAs
CE30HHBIC KOJICOAHUsI TEMIIEpATyphl B YKpauHe, HArPy30UHbIC MOTEPHU B II€-
JIOM MO TOJly NPAKTUYECKU HE 3aBUCAT OT TEMIEPATYPHBIX U3MEHEHUN COMPO-
TUBJICHUS POBOJIOB BO3AYIIHBIX JIUHUN 3JIEKTPOIIEPEIayuu.

Ha uHAyKTUBHOE CONPOTHUBJIEHUE BO3YIIHOW JIMHUU OKA3bIBAIOT BIIMSI-
HUE TaKXXe JUaMETp MPOBOJA, MArHUTHAs TPOHUIIAEMOCTh MPOBOJIa U YACTOTa
MEePEMEHHOTO TOKa. 3HAYCHHE WHAYKTUBHOTO COMPOTHUBIICHHS OJIHON (ha3sl
BO3JIYIITHOW JTUHUU (M3 aJIIOMHUHKEBOTO MpoBojaa) Ha 1 kM (OM/kM) ompesensi-

eTcs cnenytomen popmynoii [20, 22, 23]:

2
xo = 0,144 - lg—= 4 0,016, (2.9)
dBH
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rae Dcp = 3;/D1_2D2_3D1_3 — CpellHEe T€OMETPUYECKOE PACCTOSHUE MEXKIY
ocsiMu (pa3HBIX TPOBOJAOB BO3AYIIHOW JuHUU; D;_5,D,_3,D;_3 — NEUCTBU-
TeJIbHBIE PACCTOSHUA MeXAy mpoBomamu (a3 1, 2, 3; d,, — dakruueckuit
BHEIIHUW JUaMETP MPOBOJIA.

N3 dbopmynsl (2.9) BUAHO, YTO MHAYKTUBHOE COMPOTHUBIICHUE 3aBUCHUT
TOJBKO OT PACCTOSTHUSA MEXIY MPOBOJAAMHU U OT UX JAUAMETpa, MPUYEM BIIUsI-
HUE 3TUX BEJIMYUH HE3HAUYUTENHHO, MOCKOJIbKY OHU BXOJSAT B BRIPAKEHUE 10T
3HakoM Jiorapudma. Koppo3nonHsie u3mMeHeHHs1 [uameTpa (pa3HOro mpoBojia
110 CPABHEHUIO C U3MEHEHUSIMHU TUIOIIA/IN TTOTIEPEYHOTO CEUEHUS OyayT 3HAYU-
TEJIbHO MEHBIIUMHU ((ha3HbIN MPOBOJHUK MHOTOIIPOBOJIOYHBIN), CIEA0BATEIb-
HO, BJIMSIHUE YKa3aHHBIX M3MEHEHUN Ha 3HAUYECHUS UHYKTHUBHOI'O COMPOTHUB-
JeHus: HeolryTuMo. Kpome Toro, MHIyKTUBHOE CONMPOTHUBIICHHE HE Y4aCTBYET
B (D)OpPMUPOBAHUU MOTEPh AKTUBHOW HSHEPIUU WU BIHUSIET HA BEIMUYUHY MOTEPh
PEaKTUBHOM SHEPTUU U MOTEPIO HAMPSKEHUS B JIMHAX JIEKTpoIepeaay.

[ToTrepu xosiocTOro xoAa B BO3AYIIHBIX JUHUAX, T.€. MOTEPHU JIEKTPO-
SHEPIruu OT TOKOB YTEUKH IO U30JISITOPAM BO3YIIHBIX JIMHUN B COOTBETCTBUU
C METOJIMKOW pacueTa HOPMATHUBHBIX (TEXHOJOTMYECKHX) MOTEPh AJIEKTPO-
SHEPIrUU B BJIEKTPUUYECKHUX CETAX OMPEEIISIIOT HA OCHOBE JAHHBIX 00 yelb-
HBIX TTOTEPSX MOITHOCTH, MPUBEJECHHBIX B Ta0OnuIE 2.1, U 0 MPOAOIKUTEIBHO-

CTSX BHUJIOB IOT0OJIbl B TEUEHUE pacueTHOro nepuoja [19].

Tabnwuma 2.1

yIleJ]LHI)Ie MOTEPU MOIMHOCTHU OT TOKOB YTCYKH 110 U30JIsiITOPaAM BJI

[ToTepu MOIITHOCTH OT TOKOB YTEUKHU IO U30JIATOpaM, KBT/KM,
I'pynna
Ha BJI Hanpsixenuem, kB
IIOr0/1bI

6 | 10 | 15 | 20 | 35 | 60 | 110 | 154 | 220 | 330 | 500 | 750

0,011/0,017{0,025]0,033{0,035| 0,044 |0,055|0,063|0,069| 0,103 | 0,156 |0,235

2 0,0940,153(0,227/0,302{0,324| 0,408 |0,510{0,587|0,637| 0,953 | 1,440 |2,160

0,154/0,255(0,37610,507{0,543| 0,680 |0,850{0,978|1,061 | 1,587 | 2,400 |3,600

ITo BAuAHMIO HA TOKU YTCUYKHM BUABI IIOTOABI JOJIKHbI O6B€,HI/IHHTBC5{ B3

rpynmnsl: 1 rpynmna — xopouasi moroja ¢ BilIaxxHOCTbo MeHee 90 %, cyxou cHer,
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M3MOPO3b, FOJOJIEN; 2 TpyINa — J0%K/b, MOKPBIM CHET, poca, XOpouias moroja
¢ BiaxxHocThio 90 % u Gosee; 3 rpynmna — TyMaH.

[lorepy Ha KOpPOHY B BBICOKOBOJBTHBIX JIMHUSX HANPSKEHUEM
110...750 kB o0ycioBineHbl TOKaMH YTE€UKH, OOpa3yIOIMMHCS MPU HOHU3A-
MU BO3AYIIIHOTO MPOCTPAHCTBA BOKPYT MpoBoja. [lorepu Ha KOpOHY 3aBUCST
B OCHOBHOM OT BEJIMYMHBI HANPSDKEHUS HA JIMHUM, CEYEHHS MPOBOJIOB, KOH-
CTPYKUUH (pa3bl MPOBOJIA U METEOPOJIOTUUECKUX YCIOBUIN HA TPACCE JTUHUM.

AHanu3 60Jb1I0T0 YKcia padboT, BHIMOIHEHHBIX Y HAC B CTPaHE U 3a py-
0€KOM, TOCBSIIIEHHBIX OIIEHKE, U3MEPEHHUI0, pacueTy W aHalu3y MOTeph Ha
KOPOHY TO3BOJISIET C/IEJIaTh 3aKJIIOYEHUE O TOM, YTO MPUBOAUMBIC B JIUTEpa-
TYPHBIX UCTOYHUKAX (OPMYJIBI ISl pacyeTa MoTeph Ha KOPOHY AAlOT UX MpH-
OJIM>KEHHYIO OIEHKY [12], mpsiMble U3BMEpPEHUs ATUX MOTEPb HA JACHCTBYIOIIUX
JUHUSAX TPEOYIOT MPUMEHEHHS CTeHUAIM3UPOBAHHOTO 000pYAOBaHUS U U3Me-
PUTEIBHBIX YCTPOMCTB, COMPSKEHbI ¢ OOJBIIMMM 3aTpaTaMu MaTepHUATbHBIX
CPEACTB U OPTaHU3AIMOHHBIX YCUIIUM.

Ha npakTrke noTepu 371€KTPOIHEPTUN HA KOPOHY ONPENEIIAIOT Ha OCHO-
BE€ JIAHHBIX 00 YJIEJIbHBIX MOTEPSAX MOLUIHOCTU U O MPOJAOIKUTEIBHOCTSIX BUJOB
MOT0JIbl B TE€UEHHE pacueTHoro nepuoja. [Ipu aTom k nepuojam xoporiei mo-
roJibl (115 1EeJIeH pacyeTa MoTepb Ha KOPOHY) OTHOCST MOTOAY € BIAXKHOCTBIO
Menee 100 % wum rososien; Kk mepuojaM BIAKHOW MOTOAbI — HAO0XAb, MOKPBIN
CHET, TYMaH. BBINOJIHEHHBIN aHAIU3 MTOKA3bIBAET, YTO OTMEUEHHBIC y/ICIbHBIC
MOTEPU MOIIHOCTH Ha KOPOHY MPAKTUYECKU HE 3aBUCIT OT (PU3NUYECKUX IMapa-
METPOB (pa3HBIX TOKOBEIYIIMX MPOBOJHUKOB TaK KakK, BO-TIEPBBIX — PAJINYC
¢azHOrO MPOBOJIA y4yacTByeT B opMysie sl ONpenesieHrs MoTepb MO/ 3Ha-
KOM Jiorapu(dma u ero JUHaMHuKa (Harmpumep, OT KOPPO3HH) MPAKTUUECKU HE
OIIlyTHUMA; BO-BTOPHIX — B ceTsax HampsikeHueM 110 kB u Gonee mpumeHsoT
pacuieryienne (hazHbIX MPOBOJIOB U B pacueTax y4yacTBYET SKBUBAJCHTHBIN pa-
IUYC, YTO MPAKTUYECKH HCKIIOYAET BO3MOYKHOCTh y4€Ta KOPPO3UOHHBIX M3-
MEHEHUHN (PU3NUECKUX MTapaMeTPOB MPOBOIHUKOB BO3YIIHBIX JTUHUM.

N3noxeHHOe MO3BOJISIET CAENIATh 6b1600: HA 3HAYEHUS ITOTEPH XOJIOCTOTO
X0J1a ¥ IOTEPh HA KOPOHY B BO3YIIHBIX JUHUAX IKCILUTyaTal[MOHHBIE (B Teue-

HUE CpPOKa 3KCIUIyaTalluHl) U3MEHEHHUs NapamMeTpOB CaMUX JIMHUM (KOHCTPYK-
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U U XapaKTEPUCTUKHU TMPOBOJIOB) CKOJBKO-HUOYAb 3aMETHOTO BIIUSHUSA HE
OKa3bIBalOT. OCHOBHBIE HU3MEHEHUS, C TECUCHUEM BPEMEHH, BO3MOXHBI B YPOB-
HSX Harpy304HBIX MOTEPh 32 CUET JUHAMUKU 3HAYCHUN AKTUBHBIX COMPOTHUB-
JeHu# (a3HBIX MPOBOJIOB BO3AYIIHBIX JUHUN OT JEUCTBHUS KOPPO3MOHHBIX

TIPOIIECCOB 3a BPEMsI X SKCILTyaTaIuHy.

2.2 HccaenoBanue BIUSHUSA KOPPO3UU AJTIOMUHUSA
HA YJIEKTPUYECKHe mapaMeTpbl BO3AyIHbIX JIDII

OmbIT 3HEPrOCUCTEM IOKA3bIBAECT, YTO MPU AOJTOCPOYHOM IKCILTyaTa-
AU BO3QYIIHBIX JJMHUM 3JIEKTPONEpPEaay, MOTEPU MOIIHOCTUA U AJIEKTPOIHEP-
TMY B HUX Ja)Xe€ MPU HEU3MEHHOW Harpy3ke Bo3pacTaroT. OnHa U3 MpUYUH —
M3MEHEHHE KOH(DUTypaluu OTAeIbHbIX y4acTKoB JIDII u, B CBS3U C 3TUM, U3-
MEHEHUSI 3HAYEHUN SKBHUBAJIEHTHBIX COIMPOTUBIICHHI. V13 OCHOBHBIX BO3MOX-
HBIX NPUYMH U3MEHCHUS MPOAOJIBHBIX COnpoTuBiIeHUU JIOII MOXKHO OTMe-
TUTD:

— YMEHBIICHUE TTOMEPEYHOT0 CEUCHUS U YBEJIMYEHHUE JJIMHBI TPOBOJOB,
0OyCJIOBJICHHOTO MIX OCTAaTOYHOM Aedopmareii BCaeACTBUE IEHCTBHS BETPO-
BBIX, TOJIOJICIHBIX U IPYTUX HATPY30K;

— Koppo3susa npoBojioB JIDII npu BIMSHUM HA HUX PA3HBIX KIMMaTHYe-
CKUX (pakTOpoB (B TOM YHUCJIE KUCIOTHBIX JOXK/EH, BIa)KHOCTH, MOBBIIICHHOM
TeMIEPaTypbl, COJIHEUHOW paJiualii) Tak)Ke MPUBOJUT K CHUKEHHIO UX aK-
THUBHOT'O TIONIEPEYHOr0 CEUCHUS,

— YBEJIMYEHHE YJEIbHOIO CONPOTUBIEHUS Martepuana npoBojioB JIOII,
BBI3BAHHOTO M3MEHEHUEM MX CTPYKTYphI (CTapeHHEM) U OCTATOYHOU nedop-
Maruen (,,Hakiaenom”).

Bo3znyiiabie mTuHUM 3JIEKTpOIIepeiad ¢ TEYEHUEM BPEMEHU MTOJABEPrarOT-
csi aTMOC(epHON KOPPO3UU, KOTOpast SIBJSETCS OJHOM M3 CaMbIX PacrnpocTpa-
HEHHBIX BUJOB KOPpO3UH MeTawioB [9, 26]. ATMocdepHoil Koppo3ueil Ha3bl-
BAIOT pa3pylleHNEe METAJIJIOB U CIIJIaBOB B aTMOcdepe U B cpeaax BIaKHBIX Ta-
30B B PE3YJIbTATE JIEKTPOXUMUUYECKUX MPOLECCOB. B 3aBUCMMOCTH OT Biax-

HOCTH aTtMoc(epbl paszinyaloT HECKOJIbKO BHUIOB aTMOC(EpHON KOPPO3UHU:
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MOKpYI0 (HaOJt0aeTcs KaneabHas KOHJEHCAlUsl BJIard Ha MOBEPXHOCTH MPO-
BOJIa MPU OTHOCHUTENbHOM BiaxxHOCTH Bo3ayxa 100 %), BnaxxkHyto (mpu Biax-
HocTu B atmocdepe Hike 100 % u Boiie 60 %) u cyxyto (Ipyu OTHOCUTEILHON
BJIAYKHOCTU HIKE 60 %, T.€. MoJ JeHCTBUEM KUCTIOPO/ia BO3AyXa) KOPPO3HUIO.

B cnydae koppo3un B atMoc(epe 3JIEKTpPOJUT Ha MeTaiie oOpasyer
TOHKYIO IUIEHKY BJIard, U KOPPO3US UAET NPHU BIUSHUU HAa METaUl UMEHHO
ATOTO XUAKOro cios. [Ipyu CHUXKEHUU TemIepaTypbl WK MPU YBEITUYEHUU KO-
JMYECTBA Mapa BOJAbI B BO3AyXe OyAeT JOCTUTHYTa TOUYKA POCHI, U HA METaJlIe
HAYHETCSl OCaXKJIEHHE BOJHOTO TyMaHa B BUJE MEJIKUX Kameyek. B 3aBucumo-
CTH OT MPUPOJbl METaIa, COCTOSAHMS MOBEPXHOCTH M CTEIEHU MPECHILIECHUS
aTMocQepsl Biaro, Kaneiabku MOTyT ObITh O0Jiee Wi MeHee KpynHbiMu. [Ipu
JalbHENIIEM OCaXICHUHM BOASHOIO Iapa, KarejlbKu CIUBAIOTCS U 00pa3oBbI-
BAaIOT TOHKYIO CIUIOUIHYIO IJIEHKY Biard. Eciu moBepXHOCTh MeTaia mepo-
XOBaTas WJIH K€ €CJIM Ha MOBEPXHOCTU METAIJIa €CTh TBEPbIC YACTUYKU IMbI-
JY, yTOJib U T.JA., & TAKXKE PHIXJIbIE YYACTKU 3AlIUTHOW IUICHKHU, MPOIYKTOB
KOPpPO3HUH, TO €IIe 3300 J0 JOCTUKEHUS TOYKHA POCHI B yIIyOJICHHUSX, IO-
pax W TpelmMHax OyAeT MPOUCXOJUTh KOHAEHCAIUsl BJIark ¢ 0Opa3oBaHUEM
CJIOS1 BOJIBI.

EcTecTBEeHHO NpPEAnoaoXuTh, YTO ABJIEHHE aTMOC(EpHON KOPpO3HUH 3a
CUYET IMOBEPXHOCTHOI'O pa3pylIeHHUs] METalljla B JIOJATOCPOYHOM IMEpPCIEKTUBE
MPUBOJIAT K YMEHBIIICHUIO JUaMETpa MpoBojaa (WU OTAEIbHBIX MPOBOJIHUKOB
MHOTOIIPOBOJIOYHBIX MPOBOAOB). Ciiej0BaTENBHO, IPU JOJTOCPOYHOM IKCILTY-
aTaluu JIMHUW 3JIEKTpOIepeaad COMPOTUBJICHUE MPOBOJOB JIJIEKTPUUECKOMY
TOKY YBEJIUYUBAETCS, IOTEPU PHEPTUM B TIPOBOJIAX BO3IYIIHBIX JIUHUN O TEM
e TMIPUYMHAM BO3PACTAIOT MPHU MPOYUX PABHBIX YCIOBUSIX.

B HearpeccuBHOl aTMocdepe aTrOMUHHUEBBIE CIUIABBI JOBOJBHO CTOM-
KH€; B IPOMBIIINICHHOW U MOPCKOM aTMocdepe CIIaBbl aTFOMUHHUS TTOJIBEpra-
FOTCSl KOPPO3UHU MPEUMYILIECTBEHHO S3BEHHON. MeXxaHn4YecKue HapsKeHUs U
nedopmaliusi BCer/la YBEIUYMBAIOT CKOPOCTh KOPPO3WU M YACTO YXYJIIAIOT
pacnpeelieHue KOppO3uu, IEpEeBOIsl €€ U3 PABHOMEPHOM WMJIM MECTHOU B WH-

TEPKPUCTAIUITMUECKYIO.
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PaznuuHas ckOpoCTh KOPpPO3WU ATIOMUHUS B Pa3HbIX cpeaax oOycCiIoB-
JIeHa, TIPEKJIe BCETro, CBOMCTBAMM OOpa3yIOIICHCs Ha MOBEPXHOCTU IJICHKH.
[Ipy u3MeHEHUM cOoCTaBa BHEIIHEH Cpebl MU3MEHSETCS COCTaB 3allUTHOU
IJICHKU U €€ (PU3UKO-XUMUYECKHUEe CBOWcTBa. KpoMe TOro, aToMbl pa3inyHbIX
pEareHToB C pa3HOM CKOPOCTHIO AUPGYHAUPYIOT Yepe3 3alIUTHYIO TUICHKY.
Takum 00pazoMm, CKOPOCTh XMMHYECKOW KOPPO3UU OMPEACISIETCS, MPEXKIe
BCET0, CBOMCTBAMU BO3HHUKAIOIIEH MTPU KOPPO3UH TJICHKU HA MOBEPXHOCTH Me-
Tajuia, XapakTep KOTOPOil ompenensieTcs NpUpPOoA0 OKUCITUTENS, a TAKKe TeM-
[epaTypomu.

ATMocdepHas KOppo3usi METALJIOB, B TOM YKCIIC M allFOMUHUS, - KOPPO-
3Usl DJIEKTPOXUMHUYECKAs. IDJIEKTPOXUMHYECKUE TMPOILECChl MAYT B TOHKOM
IJICHKE BJIArW, KOTOpasi HAXOJUTCS MpU aTMOocPEpHON KOPPO3UU Ha MOBEPX-
HOCTH MeTaia. [IoCKOIbKY TOJNIIMHA 3TOM TMJIEHKU HEBEJIMKA, JOCTaBKa KHC-
Jopoja K TOBEPXHOCTH METaJljla He 3aTPy/IHEHA. JTO MOXKET CKa3aThCs Ha KU-
HETUKE JJICKTPOJIHBIX MporieccoB. Ecam BO3myX, HE HACHIIICHHBIA BOISHBIM
MapoM, T.€. C OTHOCUTEJbHOM BJIAXXHOCThbIO HUXE 100 %, HayaTh OXJIaXIaTh,
TO TIPU ONpENIETICHHON TeMIiepaType OyJeT JOCTUTHYT IMpeies HACBIIECHUS U
HAYHETCS BBIJICTICHNE BJIard U3 BO3yXa B BUjae TymaHa. Ecnu rimaakas meran-
JUYecKasi TIOBEPXHOCTh HAXOJUTCS B arMocdepe ¢ OTHOCUTEIBbHOU BIIAXKHO-
cteio Hwke 100 %, To Ha Hell oOpasyeTcs TOJILKO MOHOMOJIEKYJISIpHAs aji-
copOnmonHas 1eHka Biaru [1, 9].

["a3b1 Bo3ayxa (N, Oz, CO,), a Takke NPUCYTCTBYIOIIME B BO3/IYXE Ta30-
BbIe TIpuMecH, Takue kak SO,, okucisl azora, HCl u npyrue, mpu oOpa3oBaHUH
TyMaHa OyJIyT pacTBOPSITHCA B KalleJibkax TyMaHa, ¥, TAKUM 00pa3oM, Karelb-
KM ¥ TIJICHKA BJIard Ha MOBEPXHOCTH MeTaia OyAyT COCTOSATh HE W3 YHCTOU
BOJIbI, & U3 PAaCTBOPOB COOTBETCTBYIOIIUX ra30B B Bojie. PacTBopsitoiuecs B
BoJie B OousbiioM kKommdecTBe SO,, okucibl azora, HCl OynyT co3maBaTh 3a-
METHBIE KOHIICHTPAIMH B TIJICHKE BJIard, Ja)kKe €CJU MPUCYTCTBUE UX B BO3IY-
X€ OTHOCUTEIBHO HEBEIIMKO.

KuneTtunka kaToiHOTo mpoiiecca Ha allfoMUHUM B 00beme 0,1-H. pacTBOpa
XJIOPUCTOTO HATPHS U B IJICHKE BIArd TOJIIMHON 165 MKM paznuyaeTcs malo.

B ciyuae Tako# MmieHKU MPOUCXOIUT Oojiee pe3Koe yMEHbIIIEHNE MOTeHIINAIA
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C YBEIIMUCHHEM IUIOTHOCTH KAaTOJIHOTO ToKa [1, 9]. D10 00yciiaBnuBaeTcs Tem,
YTO AJIEKTPOXUMHUUYECKOE TOBEACHUE AIFOMUHUSA CYIIECTBEHHO 3aBUCHUT OT
HAJIMYMS HA €r0 MOBEPXHOCTU OKMCHOM 3alIUTHOU TUIEHKU. [Ipu kaTtogHOM 110-
JSPU3aLHN TPOUCXOIUT NOJAIIETAYMBAaHUE CPEAbl. JTO IPUBOJIUT K paspyuie-
HUIO 3aIUTHON OKCUJHOMW IJICHKM Ha AJIIOMUHUU U OOYCJIOBJIEHHOMY 3THUM
CMEUIEHUIO TOTEHIMalda B OTpULATENIbHYI0 CTOpoHY. llockonbky 3ddext
NOJILIEIAYMBaHUs 3aMETHEE B IJIEHKE BJaru, B 3TOM cilydyae Habmrogaercst 0o-
Jiee pe3K0e yMEHbIIECHUE TOTEHIMAA.

CkopocTh aTMOC(EepHOU KOPPO3UH BO3PACTAET MPU MOBBIILICHUH BJIaXK-
HOCTH BO3/yXa. 3HAUEHHE OTHOCHUTEIbHOMN BIaKHOCTH, MPU KOTOPOH HaOIIIO-
JAETCsl PE3KOE YBEIINUEHUE CKOPOCTH KOPPO3HUH, IIPUHATO HA3BIBATh KpUTHUYE-
CKOU BII&JKHOCTBIO.

YBennueHne CKOPOCTH KOPPO3WUM AJIFOMUHHS IIPU 3arpsi3HEHUHM aTMO-
cepbl CEPHUCTBIM T'a30M OOYCIOBJIEHO CHOCOOHOCTHIO MOCJEIHETO BOCCTa-
HAaBJIMBATHCS HA JIIOMUHUU MPU JOCTATOYHO MOJIOKHUTENbHBIX IMOTEHUIHAIAX.
CKOpOoCTh KaTOAHOIO Ipoliecca MPU 3TOM CYIIECTBEHHO BO3pacTaer. Y Beju-
YEeHHE CKOPOCTU KOPPO3UHU AJIOMHUHMS NPU HAJIMYUU B CPEeie XJIopa OOBACHS-
€TCsl BO3pAaCTaHUEM CKOPOCTH KAaTOJHOI'O Ipoliecca U yBEIUYEHUEM CTALHO-
HapHOro MOTeHIMaNa. J[enonspu3aTopoM 3/€Ch CIYKUT XJIOP U XJIOPHOBATHU-
cTasi KUCII0Ta, o0pa3yrolascs npyu B3auMOJEHCTBUM XJiopa ¢ Biarou [ 1, 9].

B HearpeccuBHO# aTMocdepe aTtOMHUHUEBBIE CIUIaBbl JOCTATOYHO CTOM-
KH; B TIPOMBIIUICHHOW U MOPCKOM arMocdepe CriaBbl aJlOMHHUS MOJBEpra-
I0TCSI KOPPO3UHM NPEUMYIECTBEHHO SI3BEHHOUN. ATpecCMBHOCTb MOPCKOM aT-
MoOcC(epbl 3aBUCUT OT NPEBAIUPYIOIIETO HAIpPaBJICHUS] BETPOB, KOJIUYECTBA
OCAaJIKOB, BIIQYKHOCTH BO3/lyXa, KOJIMYECTBA MMONAJAIOIIMX Ha MOBEPXHOCTh Me-
Tasuia OpbI3r MOPCKOW BOJIBI.

3arpsi3HEHHE BO3yxa MPOMBIILICHHBIMU BhiOpocamu (SO, HCI, NHs,
H,S 1 1p.) MHOTOKPAaTHO MOET yBEIMYHUBATh CKOPOCTh aTMOC(EPHOM KOPPO-
3ud. B nmpuMOpCcKUX palioHax BO3AYX MOMKET COAECPKATb a3pO30JIM MOPCKOMN
BOJIbl, OCEJaHNE KOTOPBIX HA IIOBEPXHOCTh METAJUIA IPUBOJMT K ITOSBIICHUIO B
mienke akTuBHpylommx annonos (Cl°, Br, I, SO, u 1p.) yckopsis TeM ca-

MBIM KOPPO3UOHHBIN IIpOLIECC.
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OpHoit n3 HamboJsiee PacIpOCTPAaHEHHBIX KOPPO3MOHHO-AKTUBHBIX IMPH-
Meceil, 3arpsi3Hstomux atMocdepy, saBisitorest coenuneHus cepol (SO,, SO3),
BO3HHKAIOIIHNE BCACACTBHE CTOPAHMS Pa3UYHBIX BUAOB ToruB. CyMMapHas
KOHIIEHTpalus okcujioB cepsl B armocdepe 0,01-1 mMr/n, HO cuuTaercs, 4To
OCHOBHOE BIIMSIHME HA MPOIECCHI aTMOC(EpHON KOppo3uu okasbiBaeT He SOo,
a SO3, XOTS MEPBUYHBIM MPOYKTOM CTOpPaHUs pa3HbIX TOIUIUB SBJISIETCS JIBY-
OKHCh CEPhI M OHA K€ SBIIACTCS UCTOUYHUKOM 00pazoBanus SOz B pe3ynbTaTe
(hoTOXMMUYECKUX peakiuii [26].

Oxcubl a30Ta TaK)Ke MOTYT OKa3bIBaTh BIUSHHUE HA CKOPOCTh KOPPO3HH
METaJUIOB B aTMOC(EpHBIX ycloBUaX. [Ipu 3TOM B MIIEHKE BIard Ha MOBEPX-
HOCTH METaJlJla MOTYT MPOUCXOJUThH CleayIolue mpoiecchl. Juokcua azora

B3aUMOJEHUCTBYET ¢ BoAoi [1, 26]:
2NO, + H,0 - HNO; + HNO,. (2.10)

[IpoayKThI 3TOTO MPOLECCA MPOSBIISIIOT CBOWCTBA CUIIBHOTO OKUCIIATEIIS.

TaK, BOCCTAHOBJICHUE a30TUCTOMN KHUCIOTHI MMPOUCXOOUT IIO PCAKIINN:
NO*™ + H;0* + 4e - NH,0H + OH, - + 4H,0. (2.11)

JIs1 mpoTEKaHUs 3TOM PEeaKIMU TEPMOJUHAMUYECKHUE YCIOBUS UMEIOTCS
Ha psJie METAJUIOB, B TOM 4YHCJEe U antoMuHusA [29]. BaxkHo, 4To npoayKkramu
9TUX peaKiui sBASAIOTCS HOHbI OH,,~. TIOBBIICHHE X KOHIEHTPAIUH YCKO-

psIeT aHOIHBIC MTPOIIECCHI, B KOTOPHIX OHU YYaCTBYIOT:
Me + OH,,.- - Me(OH), 5, + ze. (2.12)

XapakTepHbIMU YCKOPUTEISIMU aTMOC(EpHON KOpPpPO3UH METAJIOB B
paiioHe pacroJIOKEHHUs CEIbXO3NPEANPUIATUNA MOTYT ObITh aMMHUAK U CEPOBO-
nopoa. Ux mpucyrctBue B atMochepe MOXKET ObITh MPUUYUHON 0O0pa3zoBaHUS
MPOYHBIX AMMHUAKATHBIX KOMIUIEKCOB WK cynbpuaos. [Ipucyrcreue B aTmo-
cdepe TUX YCKOpUTEIeH KOPPO3UU CKa3bIBACTCsl HA KOPPO3UOHHOM TOBEJIE-
HUU CIUIaBOB Ha OCHOBE amtoMuHHs. OOpa3yromuiics Mpu KOPPO3UH TUAPAT
okucu amomunust AL(OH); MOXeT B TambHEHIIIEM MpeTepreBaTh N3MEHEHUS C

o0pa3oBaHHEM OKHUCH amroMuHusA [1]:
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4AL(OH)5 —» 241,04 + 6H,0. (2.13)

B ropojickoif mpOMBIIIEHHON aTtMocdepe CKOPOCTh KOPPO3UHU pa3iuy-
HBIX METAJUIOB, 10 OPUEHTUPOBOYHBIM JAHHBIM, U3MEHSETCS B AUaIa3oHe oT 4
10 200 MKM/TOJ, TPUYEM CKOPOCTh KOPPO3UH ATIOMUHHUS COCTABIISIET MIPUMEP-
HO 4 MKkM/TO1 [9].

C TOYKM 3pEHUSI SHEPTETUUECKUX CIY>KO Ba)KHBIM SIBJIIETCSI OLICHKA BJIU-
SHUS KOPPO3WU AJFOMHUHHUS MPOBOJOB CTAMOHAPHBIX BO3AywHbIX JIOII Ha
AJIEKTPUYECKHUE MapaMeTPbl CETH, B HACTHOCTH HA NTOTEPHU B JIMHUH.

Koppo3uoHHbIi TTpoliecc BEAET K YMEHBUIEHUIO THAMETPa MPOBOJHUKA
d. B cBoro ouepenpr 3HaUCHHE AMAMETPA MPOBOJA BIHUSET HA CONMPOTUBIICHUE
JIDII. OgHako, B BUAY TOrO, YTO WU3MEHEHUE JUAMETPA HUUYTONKHO Majo, W3-
MEHEHUEM PEAKTUBHOTO CONPOTHUBIICHUS JIMHUU AJIEKTPOIIEPENay MOXKHO Ipe-
HEeOpeyb.

Takum 00pa3zoM, Ha JAHHOM 3Tare MOKHO CJI€JIaTh BBIBOJI, YTO KOPPO3HS
aMOMUHHUEBBIX MPoBOAOB JIDII BausgeT Ha BEIMYMHY aKTHUBHOIO CONPOTHUBIIE-
HUS R, a 3HAUYWUT M HA BEIWYMHY aKTUBHBIX moTtepb AP, T.k. AP = R. B cBoro

oucpeb aKTUBHOC COIIPOTHUBJIICHUC JINMHUU
R =r1,l (2.14)

IpAMO IIPOIOPHUOHAJIBHO 3aBHCHUT OT YACJIBbHOI'O IIPOAOJIBHOI'O AKTHBHOI'O

conpoTuBiieHus (1 KM JUHUN) 1}, KOTOPOE BBIUUCIAETCS 1O (popmyiie:

~ 1000 .
TO - yF ) ( " )
rae Y — yHAedpbHas  IPOBOAUMMOCTb — Marepuana, Uil alrOMHUHUS

7 = 32.34 M/(OM'MM®); F — IUIOLIa1b TIONEPEYHOro CEeYCHHs MPOBOAA, MM ;
[ — nmuaa Bo3mymHOM JIDII, kM.
ATIOMUHUEBBIN TTPOBOJ JII000M Mapku Juisi Bo3aymHbix JIDII B o6mem

ClIydae COCTOUT M3 M AIFOMUHHUEBBIX KU (MPOBOJIOK) TUAMETPOM d Kaxmias
[39]. Torna
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F=n-F, (2.16)

rne Fy = m-dé/4 — nnomans NONEPEYHOrO CEUEHHs ATIOMHHHEBOM KUIIbI
TIPOBOJIA, MM,

Crenyromum 1maromM BbIBEJEM 3aBUCHUMOCTD IUIOMIAAN MONEPEYHOrO Ce-
YEHHUS aJTFOMUHUEBOM KUJIbI IPOBOJIA OT MPOJOJDKUTEIBHOCTH JAEHUCTBUSA KOP-
po3un (Cpoka 3KcIuTyaTanuu npoBoioB Bo3ayHeix JIOII). [Ipenedpexkem He-
PABHOMEPHOCTBIO KOPPO3UMHBIX MPOLECCOB MO BCEW JIMHE JIMHUU DIIEKTPO-
nepenad. Torga MOXKHO CKa3arTh, UTO KOPPO3Us aJOMUHMS ITPOBOJOB JIMHUHU
AJIEKTpOIIEpeaay MPUBOAUT K YMEHBUICHUIO JHUAMETPa AJTIOMUHUEBOU YKUJIbI
npoBoja Ha BenuuuHy Ad, 3a OJIMH TOJl, a 32 CPOK dKCIUTyaTaluu (JIeHCTBUS

Koppo3un) T, yMeHbIlleHrue quameTpa coctaBut AdyT, , Toraa

_ V(A (do - AdoTK)z

FOK 4 )

(2.17)
rae Ad, — yMeHbIIICHUE JuaMeTpa aTFOMUHUEBOW JKIITBI (OTIETHLHOM TPOBOJIO-
KH) TPOBOAA OT JEWUCTBUS KOPPO3UU B TEUEHHE OJHOTO T0Jla, MKM/TOI;
T, — IPOOOIKUTENBHOCTD JEUCTBUSI KOPPO3UU, TOMBI.

Toraa 3aBUCUMOCTBH MPOJIOJIBHOTO AKTUBHOTO COINPOTHUBJIEHUS OT IMPO-

JNOJKUTEIIBHOCTU JICUCTBHS KOPPO3UU IPUMET BUL

1000
Tox = ———. (2.18)
| FOK 'n

OnpenenuM K03 HUITUEHT KOPPO3HUH CIICTYIOIINM 00pa3oM:

TOK
= —. 2.1
ke = (2.19)

[Tyrem moactanoBku B (2.19) Beipaxkenui (2.18) u (2.14), ¢ yderom
(2.17) n mocne mMaTeMaTUYECKUX MpeoOpa3oBaHU MOJydaeM ypaBHEHUE IS

"koa(ppurnmenta koppo3uu" BO3MYIIHBIX JWHUNW, KOTOPHIA YCTaHABIMBAET
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CTENEHb U XapakTep U3MEHEHUs (PU3NYECKUX MapaMeTpoB MPOBOJIHUKOB BO3-

AYHIHBIX JIMHUM OT IPOAOJIDKHUTCIBHOCTH CPOKA UX SKCINIyaTallun:

1
k, = . (2.20)

Ady ..\
@“ﬁﬂ)

C yderoMm ko3 dUIIMEHTa KOPPO3UHU, a TAKKE HCXOJ U3 BbIPAKEHUS
(2.14), nmonyunMm ¢GyHKIIMOHAIBHYIO 3aBUCUMOCTh W3MEHEHHS IPOJAO0JIBHOTO
AKTUBHOT'O CONPOTHUBJICHUS BO3AYIIHOW JIMHUU B MPOIECCE €€ IKCIUTyaTalluu

R = f(t) oT KOPPO3UOHHBIX MPOLIECCOB

R
R, = kR = (2.21)

2!
(1 - A_do ) T:—)KC)

nJIIn

7ol

Ad, z
(1= ™)

rac TBKC — HIPOJAOJLKUTCIIBHOCTD 3KCILTyaTallu BOSI[YHIHOﬁ JJUHHUH U, COOTBECT-

CTBEHHO, MPOJIOJKUTEIBHOCTh NEUCTBUSI KOPPO3uH, rojabl; Ad, — N3MEHEHHE
IMaMeTpa MPOBOJIOKK MPOBOJAA OT KOPPO3UM 33 OJIUH TOJI, MPU MOCTOSSHHOMN

JUTMHE MpoBoja [ (He y4uThIBasi TEMIEPaTypPHbIE BIUSHUSA).

2.3 XapakTtep U3MEeHEHUS HATPY30UYHBbIX NOTEPH B
Bo3aymHbIX JIDII B mpounecce 1JauTeIbHOM IKCIJIyaTAlUA

B o0miem ciyyae mpu HEM3MEHHOM TOKE Harpy304YHbIE IOTEPU aKTUBHOM
MOIIIHOCTH B Tpex(a3HOW BO3AYILIHOMN JIMHUM 3JEKTPONEPEaAUnd ONpPeaestoT-

Csad N3BCCTHBIM BBIPAKCHUCM

APy = 312R = 3]2 (2.22)

Prdz
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Kak ormevanoch panee, npu NpOAOJIKATEIIBHON SKCIUTyaTallid BO3LYII-
HBIX JIMHUM 3JIEKTpoIepe/iad KOPPO3UOHHBIN MPOLECC BEAET K YMEHBIIEHUIO
s dekTHBHOrO auaMeTpa (Ga3HbIX IPOBOAOB 0 U, COOTBETCTBEHHO K YBEIHYEC-
HUIO 3HAYEHHMI aKTUBHBIX COMPOTUBIICHUI MPOBOJOB U K YBEIWYEHUIO HArpy-
304YHBIX TOTEPh B JIMHUM B COOTBETCTBUHU C BbipaxkeHuem (2.22). CnemoBa-
TEJIbHO, YTOOBI YCTAHOBUTH XapaKTep MU3MEHEHUs] HArpy304YHBIX MOTEPb MOIII-
HOCTHM W JHEPTHM B BO3JYUIHBIX JIMHUSIX DJEKTPOIEpe/laud ¢ HapacTaHHEM
cpoka skcrutyarauuu JIOII, HEOOXOIMMO YCTaHOBUTH XapaKTep W3MEHEHUs
aKTUBHOTO COMPOTHUBJIEHUS (ha3HbIX MpoBoa0oB JIDII oT Tex ke mpuduH.

AKTHBHOE cOIpOTHBIEHUE (Pa3HbIX MPOBOAOB Bo3aymHOoW JIDII, Haxo-
JSIIeics OmpeeNieHHOe BpeMsl B DKCIUTyaTalliy, MOKHO BBIPAa3UTh ypaBHE-

HHUECM
R. =R, + AR, (2.23)

rae R,,, — HauaabHOE (MacnopTHOE) 3HAYEHUE AKTUBHOTO COMPOTUBJIEHUS HO-
BbIX (ha3HBIX MPOBOJOB Bo3ayiiHou JIDII; AR, — mpupanieHue akTUBHOTO CO-
npoTuBiieHus (ha3HBIX MPOBOAOB BozaymHOW JIDII 3a Bpems skcruryaTanuu
(neicTBUsL KOPPO3UM).

CrnenoBarenbHO, 3HAYEHUE NPUPAIICHUS AKTUBHOIO COMPOTUBIICHUS

(ha3HBIX TPOBOJIOB 32 BpeMsl dKCIUTyaTanuu Bo3aymHon JIDIT

WJIU, C y4eTOM BhIpakeHuu (2.19) u (2.21)
AR, = R, (k, — 1). (2.24)

OT0 kKe mpupalieHue akTUBHOTO COMPOTUBIEHUS (a3HBIX MPOBOJOB BbI-
PaK€HHOE B OTHOCUTEJIBHBIX €AUHULIAX
R.,—R

K Ha4d
R - k.,—1, (2.25)

Ha4d

AR,, =
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VYuuteiBas Beipaxkenue (2.20), moixyunm

AR.. = ! 1—(1 Ady T )_2 1 2.26
*K T Ado 2 - d() 3KC ' ( ' )
1- d 'T:-)Kc
0

N3 mocnenHero BbIpaKEHUST BUAHO, YTO 3HAYEHUE NPUPALLICHUS AKTUB-
HOT'O CONpPOTUBIEHUS (ha3HBIX MPOBOAOB Bo3aylIHOM JIDII, ecnu cuutaTh 3Ha-
YeHUSl TUaMETPOB TIPOBOJOK d, TPOBOJOB (PUKCHUPOBAHHBIMH, 3aBUCAT OT
MPOJIOJKUTEIIBHOCTH SKCIUTyaTallud BO3YIIHOW JIMHUU T,,. U CTEIICHU HU3MeE-

HCHHUC JUaMCTpa IMMPOBOJIOKHU IIPOBOAA OT KOPPO3UHU 34 OAUH I'OJ Ado, TO €CThb
AR*K = f(TBKC' AdO) (227)

3aBUCHUMOCTb CKOPOCTU aTMOC(HEPHON KOPPO3HH, T.€. CKOPOCTH U3MEHE-
HUS IMaMEeTpa aIFOMUHHUEBBIX MPOBOJIOK U 3(P(HEKTUBHOTO CEYEHUSI IPOBOIOB
OT METEOPOJIOTHUYECKUX (DAKTOPOB CJIOKHA, OCOOEHHO B CBSI3HM C TEM, UTO OHHU
H3MEHSIOTCSI BO BPEMEHHU C CYTOYHOM M CE30HHOM neproanyHocThio. [TorTomy
pacyeT OKMJAeMOM KOPPO3UU METAUIOB B PA3JIMYHBIX KJIMMAaTUYECKHX pano-
Hax MPOBOJAT MO YCPEAHEHHBIM 3HAYEHUSIM METEOPOJOTUYECKUX apaMeTPOB
[1]. IIpu pa3paboTke METOMOB pacuera KOPPO3UOHHBIX MOTEPH MPHU aTMochep-
HOM KOpPpO3WHU HCIOJIb30BAJIUCH IKCIEPUMEHTANIbHBIE JTaHHbIC, MOJyYEHHbIC
MIPU UCTBITAHUSAX HA KOPPO3UOHHBIX CTAHIIMAX, PACIIOIOKEHHBIX B PA3IMYHBIX
KJIMMAaTHYECKUX 30HaX HAa 3¢MHOM IIape.

PaccMoTpeHO HECKOJIBKO METOJI0B pacyeTa KOPPO3UOHHBIX 3 EKTOB.
[lepBbIit U3 HUX, HAaUOOJIEE MPOCTOM, 3aKITIOYAETCS B TOM, YTO KOPPO3IUOHHBIN

s dexT BoipaxkaroT hopmyioin
M = ke Toxo (2.28)

rie M — xoppo3uoHHBIN 3(Q(DEKT, BIPAKEHHBIA C MOMOILBIO TIyOHHBI MPO-
HUKHOBEHHUSI KOPPO3HOHHOIO MpOIecca WM Macchl KOPPOIUPYIOLIEro MeTa-

J1a Ha eIMHUILYy HOBEPXHOCTH, COOTBETCTBEHHO MKM WM I'/M?%; k., — cpeanss
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CKOPOCTh KOPPO3HHM B YCIOBUAX aTMOC(EPHBIX HCTBITAHUN, YCpEIHEHHAs,
T, — IPOAOJDKUTEIIBHOCTD MPEJINoJaracMoi dKCIUTyaTallui MeTalia B yCio-
BUSIX, OJIU3KUX K TEM, B KOTOPBIX MPOBEACHBI UCITBITAHUSI.

CornacHo [9] B TropojacKol MpOMBIIIJIEHHOW aTMOc(hepe CKOPOCTh KOP-
pO3UM JIJIsE AJTFOMUHUSI MOKHO XapaKTepPU30BaTh CICAYIOIIUM 3HAYECHUEM —
1-4 mxm/ron (1967 r.). Ilo nanusim A.W. T'ony6eBa 1 M.X. KaasipoBa [9] cko-
pPOCTh KOPPO3UHU ATOMHUHUS TOJI BIQKHOW TJICHKOW 3a MEpHOJ MPOAOJIKHU-
tenbHOCTHIO 100 4 cocraBiser [MKM|: mpombliuieHHas armocdepa (r. Moc-
kBa) — 0,04; mopckas armocdepa — 0,11; cenbckas atmocdepa (T. 3BeHUTropo.)
— 0,02. T.e. ecnu NpPeAnoIOKUTh, YTO MPOJOJKUTEIBHOCTD YBIIAXKHEHUS T10-
BepxHocTu amoMuaus 100 % wimm 8760 u/rox, Toria MaKCUMAaIbHO BO3MOXK-
Hasi CKOPOCTh KOPPO3UHU JIJIsl Pa3IMUHbIX PAOHOB COCTABUT [MKM |: IPOMBIIII-
neHnHas atMocdepa (r. Mockpa) — 3,5; mopckas atmochepa — 9,64; cenbckas
atMocepa (r. 3Benuropona) — 1,75 mxm/roa. Ilo pesynapraram ucciaeoBaHUMA
I0O.H. MuxainoBckoro [9] CKOpOCTb KOPPO3WH AIIFOMHHUSA COCTABIISAECT
[r/mM” Tox]: mpoMbiiuienHas atMochepa (r. Mocksa) — 0,45; cenbckast aTMO-
chepa (r. 3Bernuropon) — 0,18, a mo manuem (1967 r.) I'.K. bepykmtuc n
I'.B. Kiapk [9] ckOpoCTh KOPPO3HMH aTIOMHUHHS COCTABISAET [I/M°]: IPOMBILI-
nenHas atmocdepa — 3,8; cenbckas atmochepa — 0,25.

AHaJIN3 JIUTEPATYPHBIX UCTOYHUKOB IO CKOPOCTHU (TIyOMHE) KOPPO3UU
AJTIOMUHUS U BIUSIONIUX HA HEE YCIOBHUM, a TaAKXKE y4eT TOro, YTO IO MpOIlIe-
ctBuu 6osnee yem 50 €T KOHIIGHTpalus 3arps3HEHUN B atMmocdepe, BIUSIO-
asi Ha CKOPOCTh KOPPO3UM, BO3POCIa B 3HAYUTEIBLHON CTENEHU, MO3BOJIUIN
cAenaTh 3aKJIOYEHHE, YTO JUIsl YCIOBUM YKpaumHbl CKOPOCTh KOPPO3UU IS
ATIOMUHUS CJIEAYyeT NMpUHUMATh B Auamnazone 1,75-3,5 Mkm/roj, a CKOpOCTb
KOPPO3UH ATFOMUHUEBBIX ITPOBOJIOB COOTBETCTBEHHO B JIBa pa3a OoJIbIIIe.

Ha pucynke 2.1 nokaszanbl rpadykd U3MEHEHUSI OTHOCUTEIBHOTO TPHU-
pamieHusi akTUBHOTO CONpPOTHUBJIEHUs (ha3HBIX MPOBOJOB Bo3nyiHou JIDII B
COOTBETCTBUS C BhIpaKeHUEM (2.26) Mg ABYX MPOBOJOB CTAHJAPTHBIX CeYe-
HUM, COCTOAIIUX M3 COOTBETCTBYIOIIETO KOJIMYECTBA MPOBOJIOK MUHUMAJIBHO-

ro ¥ MaKCUMaJIbHOTO AuameTpoB (Tabmuna 2.2) [39].
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AR*K 1--- A-16(do=1,7Mm; Ady=2x1,75 MKM )
2 — A-16(do=1,7mm; Ady=2x3,5MKM )
LITI3 ==~ A-95(do=4,1Mm; Ady=2x1,75 MKm )
4—- A95(dy=4,1 mm; Ady=2x3.5MKM )

T

IKC

0 15 30 45 60 75

Pucynok 2.1 — 3aBucumocts AR, = f(T,,., Ad,) nns npoBoaos A-16
(mmameTtp mpoBosioku o = 1,7 Mm) 1 A-95 (TuameTp npoBosaoku dy = 4,1 Mmm)

NpH KPaHUX 3HAYeHUAX CKOPOCTH KOPPO3UH

W3 pucynka 2.1 BUIHO, UTO MPOAOTBLHOE aKTUBHOE COMPOTUBIICHHE (ha3-
HBIX AJTIOMHHHEBBIX IPOBOJOB, COCTOSIIIMX U3 MPOBOJIOK MHHHMAIHHOTO
crangaptHoro nquametpa (1,7 mm) 3a 30 jeT skcrutyaranuu MoXeT (Ipyu MakK-

CUMAJIBHOM CKOPOCTH KOoppo3uu) yBennuutbes Ha 30 %, a 3a 70 met — yaBo-
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utbca (100 %). Jlnga mpoBomOB ¢ OONBIIUM JAHMAMETPOM IMPOBOJIOK CTEICHb
HapacTaHUs MPOJOJIBHOTO CONMPOTUBIICHHS] YMEHBIIIAETCS U JJIsI MAKCUMAIIbHO-
ro guamMerpa npoBoJiok (4,1 MM) mpu TOM *Ke CKOPOCTH KOPPO3UM COCTABUT:
st 30 et skcrryatauuu — 12 %; s 70 et skcrutyaranuu — 26 %.

Ha ocnoBanuu BeipakeHust (2.22) MOXHO YTBEpXkJaTh, YTO XapaKTep
M3MEHEHUSI HArPy304HBIX MOTEPh AKTUBHON MOIIHOCTH B BO3QYIIHBIX JTUHUAX
AJIEKTpOIepeiay B MPOIECCE UX AKCIUTyaTauu OyJ1eT moJg00€H U OnpeeseT-
Csl YCTAaHOBJIEHHBIM XapaKTEPOM M3MEHEHUS 3HAYEHUI MPOAOJIBHOTO aKTUBHO-
ro CONMPOTUBJICHUS (Pa3HBIX ATFOMUHUEBBIX TTPOBOI0B JIOII.

CrnenoBartesibHO, UCTIOJIB3YS BhIpaxkeHus (2.22) u (2.23), B o0uieM ciy-

qac MOXKEM 3allnucCarthb
APgy = 31%(R, + AR,) = 31%R,, + 3I?AR,, (2.29)

T.€., HArpy304YHbIE MOTEPU B BO3AYIIHBIX JIMHUAX COCTOSIT U3 JIByX COCTABJISI-
FOIIUX: MTOTE€Pb, COOTBETCTBYIOIIMX MACHOPTHBIM XapaKTEPUCTUKAM IIPOBOJIOB
JIDII AP, .y, 1 ipupatieHus notepsb 6P, ., 00yCIOBICHHOTO U3MEHEHUSIMHU CO-

nporusiieHus nposooB JIDII 3a cpok skcIuryaTanuu

APy = APy + 6P,y (2.30)

3aBUCUMOCTh aKTUBHBIX IMOTE€Ph MOITHOCTH B BO3YIIHBIX JIUHUSAX DJICK-

Tponepeaayu oT BpeMeHH 3kcrutyatauuu JISI u ckopocTu Koppo3uu airoMu-
HUEBBIX IMPOBOJIOB C YYETOM UX HAYaIbHBIX (PU3UYECKUX XaPAKTEPUCTUK

APBJI = f(TBKC' Ado: dO) (2'31)

MOJIyYUM, BOCTIOJB30BaBIINCEH BhIpakeHueM (2.24), (2.26) u npoBens HE0OXo-

JUMBbIE PeoOpa3zoBaHuUs

, Ad, B
APy = 31%R,paq (1 - T) . (2.32)
0
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Tabnuua 2.2

Du3nyecKkne XapaKTePUCTHKHA CTAHJIAPTHBIX MPOBOAOB BO3AYIIHbIX JIJII

IIpoBoaa mapok A u AKII
HomunanbHoe -
cedeHme, MM HOMMHAIbHBIN
4HCI0 MPOBOJIOK | AMaMeTp NPOBO- | YHCJIO0 MOBHBOB
JIOK, MM

16 7 1,70 1
25 7 2,13 1
35 7 2,50 1
>0 7 3,00 |
70 7 3,55 |
95 7 4,10 |
120 19 2.80 )
150 19 3,15 2
185 19 3,50 2
240 19 4,00 )
300 37 3,15 3

Ha pucynke 2.2 u 2.3 npeacTaBieHbl rpaduueckiue 3aBUCUMOCTH, UILTIO-

CTPpUPYIOHNIHUEC CTCIICHb M XapaKTCP HapaCTaHMA AKTHUBHBIX HAIPy30YHBLIX ITO-

TCPb MOIIHOCTHU (B OTHOCHUTCJIBHBIX CI[I/IHI/IHaX) B BO3AYIIHBIX JIMHHUAX JJICK-

Tporcpeaaduun sl aJJFOMUHUCBLIX ITPOBOJOB CTAHAAPTHBIX CCUCHUU Ipu 00oc-

HOBAaHHBIX paHEE TPAHUYHBIX CKOPOCTSAX aTMOC(EPHOM KOPPO3HH.

AHanu3 IpeiCTaBICHHBIX HAa PUCYHKAaX rpaduyeckoro MpeacTaBICHUS

VM3MEHEHMSI HArpy304HbIX NOTEPh B BO3AYWIHBIX JIDII B TedueHme cpoka HX

OKCITyaTallur IIOKa3bIBACT, YTO CTCIICHDL BJIMAHHWA KOPPO3HMOHHBIX IIPOLCCCOB

HapacTaeT C yMEHBUIEHUWEM JHaMeTpa MPOBOJIOK, (HOpMUPYIOMIMX (a3HBINA

poBOJ, U 3a 70 JIET 3KCIUTyaTallii MOXET MPUBECTU K YJIBOEHUIO HArpy304-

HBIX MTOTEPb.
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AP*B}] AP*BJI

1.47 2.1
1.A-16, d,=1,70 mm 1.A-16, d,=1,70 mm
135"2.A-35, d,=2,50 mm 2112. A - 35, d0=2,50MM
13. A-50, d,=3,00mm 3.A-50, d, =3,00mm
4.A-95, d =410 M M1 e a-05, d =410 um
1.31/5. A-120, d,=2,80 mm 184 ]5.A-120, d =280 mm

PucyHnok 2.2 — XapakTtep n3MeHeHUs PucyHnok 2.3 — XapakTep n3MeHeHHs

HArPY304HBIX NOTEPb B BO3AYIIHBIX HArpy304HBIX NOTEPb B BO3AYUIHbIX

JIDII B mpouecce 3KCIUIyaTAlUM 51 JIDII B npouecce IKCIIyaTalluM 1JIst
Ady =2 X 1,75 MmKM/Top, Ady =2 X 3,5 MKkM/TOo/

2.4 BbIBoaBI 1O pa3aey 2

1. B cucremax »31eKTpOCHA0XXEHUSI TMPU TPAHCIOPTUPOBKE HIIEKTPO-
SHEPrUuM TEXHUYECKUE MOTEPU MPEJCTABISAIOT COO0M CyMMY TpeX COCTaBJIsIO-
HIMX TOTEPh B JUHUAX U 000PYIOBAHUU JIEKTPUUYECKUX CETEH: MOTeph, 3aBU-
CALIUX OT HArpy3KH 3JIEKTPUYECKOW CETH (Harpy304HbIE NIOTEPHU); OTEPD, 3a-
BUCSIIIUX OT COCTaBa BKJIKOYEHHOr0 000pyA0BaHUs (yCIOBHO-IIOCTOSIHHBIE T10-
TEpH); MOTEPH, 3aBUCSIINX OT MOTOJHBIX YCIOBHUH (MOTEph Ha KOpPOHY). [Ipu
3TOM TOJIBKO HArpy304Hble noTtepu B Bo3aymHbIX JIOII mpu mpounx paBHBIX

YCIOBUAX UBMCHAKOTCA B TCUCHHUC CPOKa SKCIIyaTalluu.
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2. SlBnenue aTmMocepHOl KOPpPO3UU 3a CYET MOBEPXHOCTHOIO paspy-
HIEHUS METaJla B JIOJTOCPOYHOM MEPCHEKTHBE MPUBOIAT K YMEHBIICHHUIO
auaMeTpa aJlOMUHUEBBIX MPOBOJAOB (WM OTAENIBHBIX MPOBOAHUKOB MHOTO-
IIPOBOJIOYHBIX MPOBOJIOB) U, COOTBETCTBEHHO, K YMEHBIICHHUIO 3(PPEKTUBHOTO
ceueHus: npoBoAOB BO3AymHbIX JIOII. CKOpOCTh XHMMHYECKON KOPpPO3UHU
ONPENEIISIETCS, MNPEXKAE BCEr0, CBOMCTBAMU BO3HUKAIOLIECH NPU KOPPO3UHU
IJICHKU Ha MOBEPXHOCTH METaJlla, XapakTep KOTOPOW ONpelesseTcs XuMuye-
CKHM COCTaBOM 3arps3HeHus: aTMoc(ephbl, a TaKKe TeMIepaTypoil.

3. AtMmocdepHas KOppo3us allOMUHHUS MPOBOJIOB BO3IYIIHBIX JIMHUM
NPUBOAUT K YMEHBUICHUIO AMAMETpa aTIOMUHHEBOM Wbl IPOBOJA, B CBOIO
ouepelb 3HaUYCHHE AUaMETpa MPOBOJIA BIMSIET HA 3HAYECHHE MPOJOJIBHOIO aK-
TUBHOTrO conpotusiieHus JIDII u npakTuuecku He OKa3bIBAET HA 3HAUCHUE pe-
AKTUBHOT'O COIPOTHUBIICHHS JIMHUM BJIEKTpONEpeaad. Y CTaHOBJIEHA 3aBUCH-
MOCTh U3MEHEHHS MPOAOJBbHOIO0 aKTHUBHOI'O COIPOTHUBIICHHS BO3AYILUHBIX JU-
HUN, B COOTBETCTBUU C KOTOPHIM 3HAUEHMs MPUPALIECHUS aKTUBHOTO COIPO-
THUBJIEHUS TPOBOAOB 3aBUCAT OT MPOJOJLKUTENBHOCTH SKCILTyaTallMi BO3TY1II-
HOW JMHWY, 3HAYCHUN CTAHIAPTHBIX IUAMETPOB MPOBOJIOK, (HOPMUPYIOITIX
MIPOBO/I, U CTEMIEHU U3MEHEHUS AuaMeTpa IIPOBOJIOKHU MTPOBOJIa OT KOPPO3UH 32
OJIUH roJ] (CKOPOCTH KOPPO3UH).

4. Jlns ycnoBuil YKpauHbl CKOPOCTh KOPPO3UU I aTIOMUHUS CIELYET
NpuUHUMATh B auana3one 1,75-3.5 MxmM/roa (71 CENbCKUX M TOPOACKUX panio-
HOB). [Ipu 3TOM NpPOJIOIBHOE AKTUBHOE CONMPOTHUBIICHHE (DA3HBIX aTOMHUHHE-
BBIX IIPOBOJIOB, COCTOSIIIMX M3 MPOBOJOK MUHMMAJIBHOTO CTAaHAAPTHOTO JUa-
metpa (1,7 mm) 3a 30 jeT 3KcrryaTauu MOXKeET (IPpYU MaKCHUMalIbHOM CKOPO-
CTU Koppo3uu) yBennuutbes Ha 30 %, a 3a 70 netr — yaBoutsbes (100 %). s
MIPOBOJOB C MAKCHUMAaJIbHBIM JIMAMETPOM MpPOBOJIOK (4,1 MM), cTeneHb Hapac-
TaHUs MPOJIOJIBHOTO CONPOTUBIICHHUS] YMEHBIIAETCS, U MPU TOW K€ CKOPOCTH
Koppo3un coctaBut: ais 30 set skcrutyataunu — 12 %; s 70 net skcrurya-
tanmu — 26 %. Harpy3ounsie norepu B Bo3aymHsbix JIDII B Teuenue cpoka ux
JKCIUTyaTalluy U3MEHSIOTCS IO TOMY € 3aKOHY, YTO U MPOJ0JIbHbIE aKTUBHbBIE

COIMPOTUBJICHU:.
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3. AMHAMMKA TEXHUYECKUX NOTEPHL
B CUNOBbLIX TPAHC®OPMATOPAX

3.1 Crpykrypa u yPOBHM NOTEPH IJIEKTPOIHEPTUH
B CWJIOBBIX TpaHchopmaTopax

[ToTepu B criioBbIX TpaHchoOpMaTOopax U aBTOTPaHCPOPMATOPAX COCTAB-
JSIOT CYIIECTBEHHYIO 1010 (10 20 %) B 0OIIMX MOTEPSAX AIEKTPOIHEPIUU B
ANEKTPUUYECKUX CETSIX U SABJISIIOTCS OAHOM M3 COCTABIISIIOIIUX HOPMATHBOB TE€X-
HOJIOTUYECKHUX MOTEPH AIEKTPOIHEPruu Ha € nepenauy [21, 32]. Ot TouHoCTH
pacy€ra moTepb IEKTPOIHEPIHUHU XOJOCTOr0 X0Ja B TpaHc(hopMmaTopax U aB-
TOTpaHchopMaTopax 3aBUCUT TOYHOCTh pacdyéTa HOPMATHUBOB TEXHOJOTHUYE-
CKUX MOTEPh U, B KOHEYHOM CUETe, Tapu( Ha YCIYTH M0 Mepeade dIeKTpuye-
CKOM DHEPIUH.

YpoBeHb MOTEPH XOJOCTOro XoAa U creneHb cHukeHus KIIJ B TpaHc-
(opmarope 3aBUCHUT, ITaBHBIM 00pa3oM, OT KOHCTPYKIIMM MAarHUTOIPOBOJIA U
KauecTBa TpaHcpopmaTopHoOil cramu. CTanb 3JIEKTPOTEXHUYECKash MpeICcTaB-
JsieT coOoM cIuiaBbl keje3a U kKpemHus (10 4,8 %) 1 M3rOTOBIISIETCS B BUJIC
JUCTOB U JIEHT TOJIUHOM OT 0,05 10 1 MM. DIEKTPOTEXHUYECKUE CTAIU OUYECHb
YyBCTBUTEIbHBI K MEXaHUYECKUM BO3JeHCTBUAM. [loaTOMY mociie mexaHuye-
CKOM 00paboTKM (pe3Kka, MTaMIOBKa U T.I.) UX NoJABEpraroT oTxury. Ilorepu
XOJIOCTOTO X0Aa B TpaHchopMaTopax MMEIOT BaXKHEHIINE IKCILTyaTallMOHHOE
3HAYEHHE, XOTs caMM Mo cebe oHu BechbMa HeBenukH (1,5-0,5 % u HuxKe OT
HOMUHQJIBHOW MOIIHOCTH), SIBJISFOTCS TOCTOSIHHBIMM U HEOOXOJIUMBIMH JIJIsI
CO3/1aHusl AJIEKTPOMArHUTHBIX MoJiei B TpaHchopmarope. Mx noneBoe yyactue
B OOIIMX MOTEPSX ANMEKTPUUECKON CUCTEMBI OCOOEHHO 3aMETHO B PEXKHUME XO-
JIOCTOTO X0/1a U MUHUMAJIbHBIX Harpy3kax [10].

Ha ocHOBaHUM CKa3aHHOTO CTAHOBUTBHCS MOHATHBIM, YTO MarHUTOYIIPY-
r'v€ sIBJICHUS, CBSI3aHHbBIE C M3BMEHEHHEM METacTa0MIIBHOTO COCTOSIHUSL (eppo-
MarHeTuKa Mpyu MEXaHUYECKUX BO3ACHCTBUAX, U3MEHSIIOT MArHUTHOE COCTOS-
HUE MeTajlla, 4TO BJIEYET 3a co00H yBenauueHue norepb v cHmxeHue KIIJI

TpanchopmaTopa.
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CtpyKTypa moTeph XOJOCTOTO XOJa B CHJIOBBIX TpaHchopmaropax (pu-
cyHok 3.1) cocrourt u3 [34]:

— MarHUTHBIX TTOTEPB;

— TIOTEPh B CTAJIBHBIX JJIEMEHTaX KOHCTPYKIIMH OCTOBa TpaHc(opmaro-
pa;

— TIOTEPh B MEPBUYHON OOMOTKE OT TOKOB HAMAarHMYMWBAHUS XOJOCTOTO
X0/1a;

— JUBJICKTPHUYCCKHUX IIOTCPb B U30JIALIMH.

IToTrepu xos10€TOrO X012
B CMJIOBOM TpaHcdopMaTope

IHorepu B
IoTepn B P JudiekTpruyeckue
MarnuTHbIe o CTAJIbHBIX
notepu NePBUTHOH NOTepH B M30JI5-
0BMOTKE 3JIeMEeHTaxX -
KOHCTPYKIHMH
Ilorepu Ha ITorepu or BUX-
rucTepessuc PEBbIX TOKOB

PucyHnok 3.1 — CTpyKTypa norepb X0J10CTOro XoAa B CHJIOBOM TpaHcdopmaTope

[ToTepw B cTambHBIX dJE€MEHTaX KOHCTPYKIIMH OCTOBa TpaHcdopMaropa,
BBI3BaHHBIC YACTUYHBIM OTBETBICHHEM TJIABHOTO MAarHUTHOTO IMOTOKA, OTHO-
CUTEJIHHO HEBEJIMKHU U MPHU pacueTe MOTeph XOJIOCTOro XoAa TpaHchopmaTopa
YUYHUTBIBAIOTCS B MOTEPSIX B CTAIU TpaHCPOPMATOPOB. JIMAIEKTpUUECKUE MoTe-
pU B M3OJALIMM HEOOXOIUMO YYHMTHIBATH B TpaHchOpMaTopax, padOTaroIIuX
Mpu MoBbIIeHHOW yacTtote. Ha wacrtore 50 'y B cuitoBbIX TpaHcopmaTopax
TURJICKTPUYECKUE TIOTEPU B M3OJIAIMK HE3HAYUTEIIbHBI U MPU pacueTe MoTeph
XOJIOCTOTO XOJIa OHU TaK)kKe KaK W OCHOBHBIC TIOTEPU B MEPBUYHON OOMOTKE,
cocTaBisitonue 00bIYHO MeHee 1 % OT MoTeph XOJIOCTOrO X0/1a, HE YUYUThIBA-
forcst. Takum 0Opa3oM, OCHOBHYIO YacTh MOTEPh XOJIOCTOTO XOJla B CHIOBOM

TpaHc(hOopMaTOpe COCTABISAIOT MATHUTHBIE TTOTEPH.

-54 -



B o0uiem ciyuae npeobpa3zoBaHre akTUBHOM MOIIIHOCTU B TpaHc(opMma-
TOpPE COMPOBOXKIAETCS INEKTPUUECKUMHU MOTEPSIMU B IEPBUYHON M BTOPUUHON
00OMOTKaX, a TaK’K€ MarHUTHBIMUA — B MAarHUTOIIPOBOJIE. DIEKTPUUECKHE TTOTE-
pH CBsI3aHBI C HATPEBAHUEM MEPBUYHBIX U BTOPUUYHBIX OOMOTOK, MAarHUTHBIE —
C IEpeMarHnYMBaHUEM MAarHUTONPOBOJIa U BOSHUKHOBEHHUEM B HEM BHXPEBBIX

TOKOB. bananc MomrHocTeit B Tpexdaznom Tpancpopmarope
P1:AP31+APM+AP32+P2, (3.1)

rne P, = V3U,I; cos ¢, — aKTHBHAs MOIHOCTb, HOCTYIAIOIIAsl U3 CETH B Iep-
BUYHYIO 00MOTKY; AP,; = 3121, u AP,, = 31%r, — »leKkTpUYecKue MOTepPU B

NepPBUYHON M BTOPMYHON oOMoTkax; AP, = 3I¢*R,, — MarHuTHble HOTEpH,

06yCIIOBIICHHbIE TOKOM HamarHnumpanus I,; P, = /3 U,1, cos ¢, — aKTUBHAs
MOIITHOCTh, Ha BBIX0JIC BTOPHMYHOM OOMOTKH TpexdaszHoro tpanchopmaropa;
U,l, — HanpsbkeHue W TOK MepBUYHON 00MOTKH; U,l, — HampspKeHue U TOK
BTOPUYHOM OOMOTKH; 77,7, — AKTUBHBIE COMPOTUBIICHUS MEPBUYHON U BTO-
puyHOM 00MOTKHU; I, — TOK HAMarHUYMWBaHUs; R, — aKTUBHOE CONPOTUBIICHUE
BETBH HAMATHUYMBAHUSL.

[Ip1 HEM3MEHHBIX 3HAYEHUSIX MEPBUYHOTO HAMPSHKEHUS] U YaCTOThI TOKA
MarHuTHBIE MOTEPH MPAKTUYECKU HE 3aBUCST OT 3arpy3Ku TpaHcpopMaropa u
CUUTAIOTCSI IOCTOSIHHBIMU TIPU OOJIBIITMHCTBE PACUETOB, UX BEJIMYMHA OIPEIe-
JSIeTCS MPU pacueTax U UCHBITAHUSIX TpaHchopmaTropa U BXOJIUT B MACIOPT-
HbIC JIaHHBIC TOJ HA3BaHUEM IMOTEPHU XOJIOCTOr0 Xojaa. B cBsi3m ¢ TeMm, 4TO B
CUJIOBBIX TpaHc(opMaTopax COMPOTUBICHUE MEPBUIHON OOMOTKH 3HAYUTEIb-
HO MEHBIIINE, YEM MArHUTHOM IEMH, CYUTAIOT, YTO MOIIHOCTh XOJIOCTOTO X044
PaBHAETCSA MAarHUTHBIM ITOTEPSIM B MATHUTOIPOBOJIE.

OJHAaKO MarHUTHBIE TOTEPU 3aBUCAT OT CTEIEHU HACBHIIIEHHUS MATHUTO-
IIPOBOJIA, T.€. OT YPOBHS IIEPBUYHOIO HAIPsDKEHUA. [ onpenenenus morepb
B MarHUTOIMPOBOAaX TPaHC(HOPMATOPOB MPU HAMPSHKEHUH, OTIIMYAIOIIETOCs OT

HOMHHAJIBHOI'O, CYIICCTBYCT 3aBUCUMOCTD!
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/ n

AP/ = AP | —| , 3.2
(=R 5 (3:2)

rane AP, B, — notepu u MHAYKUUS B MAarHUTOIPOBOJIE TpaHcpopMaropa mpu
HOMHHAJIBHOM HAMpsDKECHUHM COOTBeTCTBeHHO, KBT M Ti; AP/, B’ — norepu u
WHIYKIUS TPU TEKyIIeM 3HadeHHH HanpspkeHus U’ COOTBETCTBEHHO, KBT u
Tn; n — noka3zarens, 3aBuUcsuMi oT coprta ctanu (1,8-2,0).

YuuTeiBas JIUHENHYIO 3aBUCUMOCTb MEXAY UHAYKIUEH U HANPSKECHUEM

IIpU CUHYCOUJIAJIbHOM TOKE, BbIpaykeHHeE (3.2) MOKEeM 3alucaTh B BUJE:

/ n

AR = AP 7] - (3.3)
H

HpI/I HAIIPAKCHUHN, U3MCHAIOIIUMCA B ITPCACIIaX 10 % ot HOMMHAJIBHOTO,

pacyeThl JJisl BCEX TUIIOB MAarHUTHBIX CTAJICH BBIMOIHSIOT MO (popMyJie:

U
AP = AP ) - (3.4)

DIIEKTPUYECKHUE TTOTEPU TAKKE ONPEEISIOT PaCUeTOM (aHATUTUYECKHU) U
IIPU UCIHBITAHUAX TPU OMNBITE KOPOTKOrO 3aMblKaHMs. brarogapss HU3KOMY
HaIpPSHKEHUIO Ha TIEPBUYHONM OOMOTKE TpaHC(hOpmMaTOpa MarHUTHBIE MOTEPH,
MPOMOPUUOHAIBHBIE KBaJpaTy HANPSKEHUS, UMEIOT HE3HAYUTEIIbHYIO BEJIU-
yuHy. [103TOMY MOIIIHOCTH KOPOTKOTO 3ambIkaHus AP, ¢ JOCTaTOYHOW TOYHO-
CTBIO OTIPEJIEISET IICKTPUUECKUE TIOTEPH B 0OMOTKAX, a TAKXKe JIOMOJTHUTEI b-
HbIE B CTEHKaX 0aka M B JIETAJISAX KPEIUICHUS! OT MTOTOKOB PACCESIHUS DHEPIHUU.
B macnopTHBIX aHHBIX TPaHCPOPMATOPOB MOIIHOCTH KOPOTKOTO 3aMBbIKAHUS
HAa3bIBACTCA MTOTEPAMU KOPOTKOTO 3aMbIKaHus AP, 1 onpeaensiercss Npu HOMU-
HaJIbHOM TOKE TpaHc(opmaTtopa. DIEKTPUUYECKHUE MOTEPU MPHU TOKaX, OTINY-
HBIX OT HOMUHAJIBHBIX MIPUHUMAIOT MPOMOPIIMOHATIBHBIMU KBaApaTy Kodhdu-
[IMEHTa 3arpy3ku TpaHchopmaTopa K,. OOImMe morepu MOIIHOCTH B TpaHC-

dbopmaTope nNpy HOMUHAJILHOM HANPSIKEHUU:
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AP = AP, + AP.K2. (3.5)

B o0miem ciydae motepu Hepruu B TpaHchopMaTope Mpy CTyNeHYaTOM

rpaduke Harpy3Ku paBHbI:

m m
AW = z AWxi + Z AWKi'
i=1 i=1

m n m 2
U; S;
AW = z AP, (—) 6+ ) AP, (—) t;, (3.6)
. Uy . Stu

rJic M — KOJUYECTBO CTyNCHEH rpaduka; t; — IpoJOJKUTESILHOCTD 1-0i CTY-

NI

nenu, 4, U; — HampspkeHwe Ha TpaHcopmaTope 3a I-yo CTyIeHb, KB;
S; — Harpy3ka TpaHchopmaropa 3a i-yo cTyneHb, KBA; S,, — HOMUHaIbHAS
MOIIIHOCTH TpaHc(hopmaTopa, KBA.

B OCHOBY pacyeToB TEXHUYECKHX IMOTEPh AIEKTPOIHEPIUU, B COOTBET-
CTBUH C JCHUCTBYIOIIMMH MeTtoaukamu [6, 38, 40], mpuHAT psa AONYUICHUH,
KOTOpBIE B Pa3HOM CTEMNEHU BIIMSIIOT Ha TOYHOCTh pacuera MoTepb dJIEKTPO-
SHEPTUM U COOTBETCTBEHHO MOTYT CHMKATh 3((HEKTUBHOCTH MEPOTIPUITHIA TIO
sHeprocoepexxkeHuto. Tak, moTepu MOITHOCTH X0JIocTOro xoaa (AP,) Bxoasiue
B CXEMY 3aMellleHus] TpaHchopMaTopa MPUHUMAIOTCS PaBHBIMU MACIIOPTHBIM
3Ha4eHUSIM (AP, 1o ) U CUUTAIOTCA HEM3MEHHBIMHU HA MPOTSIKEHUHM BCETO CPO-
Ka JKCIUTyaTauuu Tpanchopmaropa. B 3aBUCHMOCTH OT MMEIOIIECUCS UCXOJ-
HOM MH(OpMaIMU, TOTEPU IJIEKTPOIHEPTUU B MArHUTOIIPOBOAE TpaHChopMa-
TOpa, COIVIACHO YKAa3aHHBbIM METOJIMKaM (C y4eTOM BbIpaxkeHus (3.5)), MOTyT

ONPENEATHCA M0 CIEAYIOMUM GopMynam:

m U2
AVl/x = APx.nacn. ) 2 Ti ) (U_L) ) (37)
i=1 H
U 2
AW, = BPyaen T+ (72) (3:8)
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rine T; — 4ucio 4acoB paboOThl TpaHChopMmaropa B i-u pexume, 4; U; — Hanps-
kKeHue Ha Tpanchopmarope B i-u pexxume, kB; U, — HOMUHAJIBHOE HaIpshKe-
Hue Tpancopmaropa, kB; Uy, — cpeaHee 3HAYEHHE HANPSDKEHUS 3a pacyeT-
HbIU niepuon Bpemenu T, kB.

[ToTepu anexTposnepruu, paccuntanubie no dpopmyinam (3.7) u (3.8) co-
OTBETCTBYIOT MOTEPSM B HOBOM CHJIOBOM TpaHc(opmarope, y KoToporo Qak-
TUYECKHE MOTEPH MOIIHOCTH B MArHUTONPOBOJIE PaBHbI NACHOPTHBIM 3HaYe-
HUSIM, U3MEPEHHBIM Ha 3aBOjie-u3roroutene. [IpuMmeHeHne Takoro pacyera
IUISL JUIMTEJIBHO 3KCIUTyaTHUPYIOIIMXCSl CHIIOBBIX TpaHC()OPMATOPOB NPHUBOIUT
K HEJJOCTOBEPHOMY ONPEAEIICHUIO IOTEPH ANEKTPOIHEPTUU B HUX, TAK KaAK MPHU
3TOM HE YUWTBHIBAECTCA MX peajibHOE COCTOsiHHUE. B neiicTBUTENbHOCTH (haKTH-
YEeCKHUEe MOTEpPH MOIIHOCTH B MArHUTOIPOBOJAX TpaHCGHOPMATOPOB HE OCTa-
I0TCSI HA YPOBHE NACIIOPTHBIX 3HAYEHUH, @ UMEIOT TEHJICHIIUIO K YBEIUYEHUIO.

Jlnst ynpouieHusi pacyeToB IMOTEPh AHEPIHUM C YYETOM CTYIIEHYaTOTO
rpaduka Harpy3ku B TpaHchopmaTopax, Kak U B JIMHUAX, BOCIOJIb3yeMCS

BPEMCHCM MAKCHUMAJIbHBIX IIOTCPb:
AW,, = AP Ty + AP - K, - T, (3.9)

rne AP, = AP, + K, - AQ, — npuBeicHHas! MOIITHOCTh TIOTEPh XOJOCTOTO X0/1a
tpaucopmaropa; AP, = AP, + K,,,, - AQ, — npuBeneHHAs MOIIHOCTb MOTEPh
KOPOTKOTO 3aMbIKaHusl; Ty — MOJHOE YUCIIO YacOB MPUCOECIUHEHUS TpaHChOop-
Maropa K 3JIEKTPOCETH; T, — YHUCIIO YaCOB MAaKCUMAJIbHBIX MOTEPh MO AKTHB-
Hoi MomHocTy; Ky = I /lyomr — K03(uumeHT 3arpysku tpancdopmaropa
1o ToKy; AP, — IOoTepy MOILIHOCTH XOJIOCTOTO X0/1a, KOTOPbIE B pacyeTax Mpu-
HUMaIOT paBHBIMHU IMOTEPSIM B CTalIM M3 Karanora; AP, — moTepu MOUIHOCTH
KOPOTKOT'O 3aMbIKaHUsI, KOTOPBIE B pacyeTax MPUHUMAIOT PaBHBIMU MMOTEPSM B
oOMOTKax u3 Karanora; K,; — ko3p(UIHeHT u3MeHEeHHUs1 I0Tepb, KOTOPbIN 3a-
BHUCHT OT TIEpeaun peaKTUBHOW MOITHOCTH, KBT/kBap); AQ, = S, - I,/100 —
MOCTOSIHHAsI COCTABJISIIOIIASL NOTEPh PEAKTHUBHOM MOLIHOCTH XOJIOCTOTO XOZa
TpaHcpopmartopa, kBap; AQy = S;, - U,/100 — peakTHBHas MOIIHOCTb, MO-

TpebisieMas TpaHc(hOpPMAaTOPOM TIpH TOJIHOM HAarpyske, KBap; I, — cpeaHuii
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TOK 3a YYETHBIU nepuo/] (OnpeaesieTcss Mpyu NOMOIIM MOKa3aHUW CUETUYHUKOB,
MMEIONIUXCS Ha JIAHHOM yd4acTke); I, — TOK X0JIOCTOro Xoja TpaHcdopmaro-
pa, %; lyoymr — HOMHHAJIBHBIA TOK TpaHcpopMmaropa, A; U, — HaMPsSIKEHUE KO-
POTKOTO 3ambiKaHus TpaHcpopmaropa, %; S;; — HOMHHAJIbHAS MOIIHOCTH
Tpanchopmatopa, kKBA.

B dbopmyne 3naueHus mapameTpoB Sy, Uy, Lyomrs Ix» AP, 1 AP, BbIOUpa-
IOTCS 110 MACHOPTHBIM JaHHBIM TpaHchopMmaTopa, a MpU UX OTCYTCTBUU — U3
KaTajuora.

O HeoOX0AMMOCTH MPOBEACHUS paOOTHI 110 COBEPIIIEHCTBOBAHUIO pacye-
TOB MOTEPh B CUJIOBBIX TpaHCHOPMATOPAX C YUYETOM CPOKOB MX IKCIUTyaTaIUH
otrMeuaercs B [7]. B paborax [22, 23] ans cuiIoBBIX TpaHChHOPMATOpPOB
HanpspkeHueM 10(6) kB HomuHansHON MomTHOCTRIO 20-630 kBA npemioxeHa
3aBUCHUMOCTb M3MEHEHMS MOTEPh MOIIHOCTH XOJOCTOrO XOJa OT CpOKa JKC-
IIyaTaluy, a padote [5] — 11 CHIIOBBIX TpaHC(POPMATOPOB HANPSLKCHUEM 35
n 110 kB. DT 3aBUCHMOCTH HE COBHAAAIOT M3-32 HEKOTOPOIO pPa3avuyus B
KOHCTPYKTHUBHBIX OCOOCHHOCTSIX M YCIIOBUSIX UX dKCIUTyaTauud [5, 7, 22, 23].

VYuuTeiBas, 4TO OCHOBHAs 4acTh IMOTEPb MPUXOJIUTCS HA pacrpeseiun-
tenbHbIe ekTpudeckue cetu 0,38-110(150) kB [6], To HanboabIiee BHUMA-
HUE CJIAYyeT YJIeNUTh MOBBIINIEHWIO TOYHOCTH pacuera MOoTepb B CHIIOBBIX
TpaHchopMaTopax, IKCITyaTUPYIONTUXCS UMEHHO B 9TUX CETSIX.

J171s1 TOBBIIIIEHNST TOYHOCTH pacyeTa MOTEPh B CHUIIOBBIX TpaHCPOPMATO-
pax HeoOXoJuMMa KOPPEKTUPOBKA JCHUCTBYIOIIEH METOJIUKHU, KOTOpas Oyler
peaycMaTpuBaTh ONPEAECICHUE MOTEPh BJIEKTPOSHEPrMM HE Ha OCHOBE
AP, acn» @ IO GAKTHUECKUM MTOTEPSIM MOITHOCTH B MarHuTonpoBojae. Onpene-
JUTh (PAKTUYECKHE MOTEPU MOIIHOCTH B MArHUTOINPOBOJIAX CUJIOBBIX TPaHC-
(dbopMaTOpOB MOKHO HA OCHOBAaHUHU PE3YJIbTATOB 3aMEPOB, OJTHAKO ITO OCIIOXK-
HSETCSl TEM, YTO HE IO BCEM CHJIOBBIM TpaHchopMaTOpaM TakKUe JaHHbBIC UMe-
1oTcst. B cBsi3u ¢ aTUM, HeoOXoauMo pa3paboTaTh MaTeMaTHYEeCKUE MOJCIU
MOTEPh MOITHOCTH B MAarHUTOMNPOBOJIAX, YUUTHIBAIOIINE CPOKHU IKCILTyaTAIIUU
CWJIOBBIX TpaHC(OPMATOPOB M HAJIMYKME y HUX KaMUTAIbHOrO pemMoHTa. JlaH-
HbIE MaTEMAaTHUYE€CKUE MOJICIU TMO3BOJISAT 00Jie€ TOYHO PACCUMTHIBATH MOTEPHU

AJIEKTPOIHEPIUU B MArHUTONPOBOJIAX CHIIOBBIX TPaHCHPOPMATOPOB.
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[IoBbIlIEHNE TOYHOCTH pacyeTa MOTEPh IEKTPOIHEPTUM B MATHUTOIIPO-
BOJIAX CUJIOBBIX TPaHC(OPMATOPOB MO3BOJUT COCTABUTH 00JIEE€ IOCTOBEPHYIO
CTPYKTYPY HOTEpb 3JIEKTPOIHEPTUU B AIEKTPUUECKUX CETSAX U MOBBICUTH 3(-

(EKTUBHOCTH MEPOTIPUATHUM 110 YHEPTOCOSPEIKEHHUIO.

3.2 DJKcmiayaTauMOHHAS TUHAMUKA U3MEHEHHsI MapaMeTpoB
U MOTEPb B CUJIOBBIX TPpaHcdopmaTopax

TexHuyeckue NOTEPHU JIEKTPOIHEPTUH MPU €€ TPAHCIIOPTHPOBKE B pac-
MPEJETUTEIbHBIX CETSIX SIBJISIIOTCSI OCHOBOM HOpMAaTHBA, OMPEIEIISIOIET0 YKO-
HOMUYECKH 0OOCHOBAHHBIA TEXHOJIOTUUECKUN pacxoj dJiekTposnepruu [7]. B
TOPOJICKUX (pacHpeieINTENbHBIX) 3JIEKTPUYECKUX CETSAX 3HAYUTEIBHOW CO-
CTaBJsitoIIel noTeph eKkTpodHepruu (10 30 %) ABIAIOTCS MOTEPHU XOJIOCTOTO
xoaa TpaHchopmaropoB [22]. CHmkeHue Ko3()(PHUIMEHTOB 3arpy3Kd TpPaHC-
(dbopMaTopoB BCIEACTBUE TEpepaclpeieNieHUs dICKTPOIHEPTUN yBEIUINBACT
J0JII0 TIOTEPh XOJIOCTOTO XOJa B CYMMAapHBIX MOTEpsiX B TpaHchopmaTopax.
MoxHO yTBEpkKIaTh, YTO MOTEPU IECKTPUUECKON SHEPTUM B CUIIOBBIX TPaHC-
dbopmaTopax U3MEHSIOTCS BO BPEMEHM M JIMHAMHUKA 3TUX U3MECHEHUMN 3aBUCUT
KaK MUHHUMYM OT CPOKa M YCIIOBUM 3KCIUTyaTalliy, a TaAKXKe OT BUJOB U KOJIH-
YeCcTBa MOBPEXKACHUN TpaHCPOPMATOPOB M KaUueCTBA UX PEMOHTA.

[To nanubiM OAQO “YkpenektpoannapaT = (T. XMEIbHULIKAN) B YKpanHe
no cocroaHuto Ha 2012 rox Haxomutcsa B 3kcmuryarauuu 197360 cunoBbix
TpancpopmaTopoB. Ha ocHOBaHMM aHaNIM3a TEXHUYECKOTO COCTOSIHUSI U Xa-
PaKTEpUCTUK TpaHC(HOPMATOPOB MOILIHOCTHIO 25-2500 kB-A HanpspkeHHeM 10
35 kB ycranoBneHo, uto 75 % u3 Hux 0bU10 M3roToBieHo B 1970-1980 ronpax.
B skcrmutyaramuu Haxonarcs TpaHcopmaTopsl npopadotaBimine 40 u Oosee
JIET, B TO BPEMsI KaK HOPMATUBHBINA CPOK CITYKObI CUIIOBBIX TpaHCPOpPMATOpPOB
coctaBiisgeT 25 net. Ha noxaBmsitonieM OOJIBIIMHCTBE MPEANPUITUN B CBSI3U C
(MHAHCOBBIMU TPYAHOCTSIMHU TpaHC(HOPMATOPHI 3aMEHSIOT B 3aBUCUMOCTU OT
uX (aKTUYECKOTO COCTOSIHUS, U B OJIIDKalIlive rojbl MPOBECTU 3aMEHYy yCTa-

peBIIEro O00OPY/IOBaHUS HE MPEACTABISCTCS BO3MOXHBIM. DTO MPUBOIUT K
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TOMY, YTO 3HAYUTEJIBHOE KOJUYECTBO TPaHC(HOPMATOPOB HKCILIyaTUPYETCA
CBEPX HOPMATHUBHOTO M HOMHMHAJIBHOTO CPOKOB HCIMOJIb30BaHUs. (CoriacHo
[21] uncmo Takux TpaHcPopMatopoB Ha HekOoTopbix POC mpubnmxaercs K
80 % OT uncna yCTaHOBJICHHBIX.

M3mepennst moTepb XOJIOCTOTO X0J1a MOKa3bIBAIOT, YTO B MPOLIECCE IKC-
IUTyaTallud OHM YBEJIMYMBAIOTCS MO CPAaBHEHUIO C MACHOPTHBIMU JAHHBIMHU.
D10 00yCIIOBIEHO, BO-NIEPBBIX, HATPEBOM MAarHUTONPOBOJOB B TEUECHHE IJIH-
TEJIbHOTO BPEMEHU BCJEACTBUE NEPEMArHMYMBAHUSI CEPACUYHHKOB M BbIJEIE-
HUS Temia npu padoTe TpaHchopmMaTopa, YTO BBI3BIBAET CTPYKTYPHBIE U3Me-
HEHMSI MaTepuaia MarHuTonpoBoja (rpouecc "crapenus', B pe3yjbTaTe KOTO-
phIX B OOJIBIIMHCTBE CIy4YaeB YXYJIIAIOTCS MX MarHUTHBIE CBOMCTBA); BO-
BTOPBIX, MEXaHUYECKUMH BO3JICVCTBUSIMU HAa MAarHUTOIPOBOAbI B Pa3JIMYHBIX
pexxumax paboThl (BUOpalus, 3JIEKTPOJUHAMUYECKUE YCUIIUS MPU KOPOTKUX
3aMBIKaHMSX | T. JI.) U TIPH peMOHTax TpaHcdopmaropos [16].

JIist OlIeHKH M3MEHEHHM BETWYMHBI MOTEPh XOJIOCTOIO XOJa B TpaHC-
(dopmarope, onpenenasieMblX CPOKOM €ro CIIyKObl, ¢ LIEJIbI0 ONpEIeIeHUs Xa-
paKkTepa JUHAMHUKH, CTENICHU BIUSHUS PA3TMYHBIX KCIUTyaTallMOHHBIX (PaKTO-
pPOB Ha YKa3aHHBIM MpoLeCC M ONpeeiIeHus] 3HaueHU Kod(p(ULIUEHTOB, OT-
paXaIIUX M3MEHEHHUE IMOTEPh XOJOCTOr0 XOAa B TEYEHHE CPOKa CIY>KObI
TpaHcpopMmaTopa, HEOOXOIUMO YETKO MPEJNCTaBIATh (DU3UKY MPOLIECCOB U
MIPUYUHBI U3MEHEHHUS TTOTEPD.

DIIEKTPOTEXHUYECKAS] aHU30TPOITHAS CTaJlb SIBJIIETCS MAarHUTHO-MSITKHM
MaTepuaioM M OTIMYaeTCs MaJION IUIOMIa/Iblo MEeTNIU ThucTepe3nuca. OCHOBHBIM
napamMeTpoM, ONpeNessIoNM IUIONIaAb METIN THUCTepe3uca, SIBISETCS KOodp-
LMTUBHAS CUJIA, HA 3HAYEHUE KOTOPOU OKa3bIBAIOT BIMSHUE OCHOBHBIE (DAKTO-
pbl: BHYTPEHHUE HAIPSOKEHUS W HEMEeTaJuIMueckue BKiIroueHus. HeraruHoe
BIIMSIHUE HAa KOAPLUTUBHYIO CUJy BHYTPEHHUX HaANpsDKEHUM OyleT 3aBUCETh
OT UX aMIUTUTYIbl U BETUYMHBI MarHUTOCTpUKUIKU. Hanbompiee orpunaTens-
HOE BJIMSIHUE BHYTPEHHUX HANPSHKEHUNA HA KOIPLUTUBHYIO CUITY ITPOSIBIISAETCS,
corjlacHo Teopun KoHI0OpCKOro, Koraa aMIuIuTyJa BHYTPEHHUX HANPSHKEHUN

cou3MepumMa ¢ TOJIIMHON JOMEHHBIX rpaHuil [34].
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B [20] npuBeneHsl pe3yabTaThl UCCIEAOBAHUM, KOTOPHIE MTOKA3ald, YTO
HEMETAJUIMYECKUE BKIIOYEHUS, pazMepsl (<0,5 MKM) KOTOPBIX COU3MEPUMBI C
TOJIIIMHON JJOMEHHBIX T'PaHMII, MPUBOJAT K pe3komy (B 1,3-2,0 paza) pocty
NOTEPb HA TUCTEPE3UC, IIPU ITOM MPAKTUUECKH HE OKa3bIBas 3HAYMMOTO BIIUSI-
HUS HA U3MEHEHME I0TEPh HA BUXPEBBIE TOKU. TakKe OTMEYAETCs, YTO HEMeE-
TAJUTMYECKUE BKIIIOUEHHS HAPYIIAIOT JOMEHHYIO CTPYKTYPY 3JEKTPOTEXHHUYE-
CKOW CTaJld, MPUBOJASIT K MHOTOYHMCIEHHBIM HCKPHUBJIEHUSM U pa3pblBaM JI0-
MEHHBIX I'PaHUILl BOJIU3U MEJIKOJIUCIIEPCHBIX BKIIOUEHUN.

Crnenyer OTMETUTb, YTO COBPEMEHHBIE TEXHOJIOTH U COCTaB 000pya0Ba-
HUS I TPOU3BOJCTBA 3JIEKTPOTEXHUYECKOW CTAJIM MO3BOJSIOT MCKIIOUUTH
WY CHHU3UTH 10 MUHUMYMa BO3MOYKHOCTb 3arpsi3HEHUS JIEKTPOTEXHUYECKUX
CTaJiell BKIIIOUEHUSIMU YTIIEpOA- U azoTcoaepxamux ¢as. OIHaKo B KPEeMHHU-
CTBIX CTaJIIX MPOMBIILUIEHHOTO MPOM3BOJICTBA MMEIOTCS BKJIKOYEHHUS KUCIIO-
poxcoaepkamux (a3: OKCUIbl KPEMHHUSI M ATIOMUHHS, a TAKK€ HUTPUJbI THU-
TaHa, KOTOPBIE CIIOCOOCTBYIOT POCTY IOTEPh HAa MAarHUTHBIM THUCTEPE3HC.
DNEKTPOTEXHUUECKHE CTalM Ha 3aKIIOYUTENbHBIX CTaAusIX 00pabOTKU B MPO-
1ecce X MpOU3BOJICTBA, a TaKKe B Ipoliecce 00paboTKu y nmoTpedutens (pes-
KM TUTACTHH, IITAMIOBKH J€Tallell MarHUTONPOBOIOB, HABUBKE TOPOUIATIbHBIX
MarHuTOMPOBOJIOB U T.M.) MOTYT MoABeprarbes aegopmanusm. Hedbopmarumy,
MPEBBIIAIONINE MPEET YIPYTOCTH, NPUBOIAT K OCTATOYHBIM MEXAHUYECKUM
HANPSDKEHUSM, KOTOpbIE SBJISIOTCS CJIEACTBHEM OCTAaTOUHBIX JedopMaiuii
(MCKaKeHUI) KPUCTATUIMYECKON PEIIETKHA, BOSHUKAOIIUX B CTalld B pe3yJibTa-
T€ BHEIIHMX BO3JCUCTBUN: MEXaHUYECKHUX, TEIUIOBBIX, dJEKTPUYECKHUX, Mar-
HUTHBIX. MarHuTHbIE CBOMCTBA HanOOJIee YyBCTBUTEIbHBI K OCTATOYHBIM Me-
XaHUYECKUM HaIPSKEHUSAM, KOTOPbIE MPUBOAST K HEOOPATUMBIM OOBEMHBIM
M3MEHEHHUSIM M3-32 IJIaCTHUECKUX JeopMaluil U COXPAHSIOTCS B CTAJU MOCIIE
CHSITUS Harpy3KU U CIIOCOOCTBYIOT YXYAIICHUIO MarHUTHBIX CBOUCTB [20].

[IpoBeaeM aHanmW3 SKCIUTyaTAllMOHHBIX XapaKTEPUCTHK, OCHOBHBIX IO-
BpPEXJACHUN M KauecTBa PEMOHTOB TPaHC(POPMATOPOB, IPUBOASIINX K yBEIU-
YEHUIO MOTEPh XOJIOCTOIO XO0/1a.

Brusanue cpoka sxennyamayuu cunogvlx mpauncgopmamopos.

B nponecce skcmiyatauMy CHJIOBbIE TpaHC()OpPMATOPhl MOJABEPTarOTCs

Pa3iIndYHbIM BOBHCP'ICTBI/ISIM, OCHOBHBIC H3 HHUX: TCIUIOBBIC, HMIIYJIbCHBIC H
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KOMMYTAIIUOHHBIE TEpPEHAINPSDIKEHUS, TEPEerpy3kd, KOPOTKHE 3aMbIKaHMS,
BHEIITHAE MEXaHUYECKHE BO3JEHCTBHS. B CBSI3U ¢ 4eM, MpecTaBisieT HHTEPEC
pPacCMOTpPETh BIUSHHUE JTHX BO3JCHCTBHM Ha IOTEPH B MArHUTOIMPOBOJC
TpaHcopmaTopa.

[Ipu pabote Tpancpopmaropa dJIEKTpUUYECKas YHEPTUs, pacxogyemas B
MarHUTOTIPOBOJIE U OOMOTKAX, BBIACISICTCS B BUE TEIJIa, OT KOTOPOTO MPOMC-
XOJIUT HAarpeB MarHutorpoBoja. 1o BIMSAHUEM JUIMTENIbHBIX TEIJIOBBIX BO3-
JEUCTBUU B DJIEKTPOTEXHUYECKOM CTAIM MAarHUTOIIPOBOAA IPOUCXOIAT CTPYK-
TypHbIE W3MEHEHUs, Ha3bIBa€MbI€ IMPOIECCAMU CTAPEHUs, YXYAIIAIONINE €€
MarHUTHBIC CBOMCTBA M TIPUBOSAIINEC K YBEIUICHHUIO IOTEPh B MATHUTOIIPOBO-
ne Tpanchopmaropa [20].

[lepenanpspkeHus, Meperpy3kd U KOPOTKHUE 3aMbIKaHWS MOTYT IPHUBO-
IUTh K HAPYIICHWIO HW3OJISIIUHU TIACTHH MArHUTOMPOBOMAA, W3OJSIUU Y3JIOB
CTSDKKU M TIPECCOBKH (CTSDKHBIX IIMHIICK, OaHaXeu, 1Moy OaHmaxei), a Tak-
K€ 3aMBIKaHUIO TIACTUH MarHuTompoBoaa. Hanbomnee gacTo BcTpewaroTes 3a-
MBIKaHHSI TIAKETOB W OTJCIBHBIX JINCTOB CTajH, HAIIPUMEDP, BCIICJICTBUE HAPY-
MICHUST W3OJSAIUHA CTSDKHOW IIMAJIBKH, HEYIOBICTBOPUTEIHHOW IIMMXTOBKH,
CMEIICHUSI KOHCOJIA C 3aMBIKaHHEM €€ Ha CTallb, HAPYIIEHUE CJIOS MEXIIUCTO-
BOH M30JISIITUU. 3aMBIKaHHE MEXKy JIEMEHTAMH MarHUTOTIPOBOJIA WIIA MEXTY
MarHuTOTPOBOJIOM M OakoM TpaHchopMaTopa MOTYT BO3HUKHYTH MPU TpPaHC-
MOPTUPOBKE TpaHCcPopMaTopa v 3aTEM Pa3BUBATHCS B XOJI€ €0 dKCILTyaTaIlHH.

B psine cinyuaeB B mpoliecce AIUTEILHON SKCIUTyaTallud BO3MOYKHA KOH-
JICHCAITMsI BJIaTM Ha TIOBEPXHOCTH Macja. [lomamas Ha BepxHee spMo, Bjara
MPOHUKAET MEXAY IUJJaCTUHAMU AKTHUBHOW CTaJlM B BHJE BOJOMACIISTHOM
AMYJIbCHH, Pa3pyIIacT MEXIUCTOBYIO U3OJISIIINIO, BHI3BIBASI KOPPO3UIO CTAIIH.

B pesynpTaTe HapymeHus W30JAIHMH TIACTHH 00pa3yrOTCsS KOPOTKO3a-
MKHYTBI€ KOHTYPBI, TI0 KOTOPBIM IUPKYJIUPYIOT BUXpeBbie TOKU. KoHTYp MoO-
KET 00pa30BBIBATHCA KaK BHYTPH IMAKETa MAarHUTONPOBOJA, TaK W Yepe3 Ka-
KYIO-TM0O0 KOHCTPYKTHUBHYIO METAJUIMYECKYIO JeTallb, HAIIPUMEDP depe3 Mpec-
CYIOITIee KOJIBIIO M 3JIEMEHTHI 3a3eMJICHUsT MarHuTonpoBoja. [IpuunHoit o6pa-
30BaHMUSI KOPOTKO3aMKHYTOIO KOHTYpa MOXXET SIBJISTHCS 3allllaMJIeHUE U 3a-

IpsS3HEHNE aKTUBHOM YacTH CHJIOBOTO TpaHchopmaTopa.
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Bce nepeuncieHHbie BbIIIE SIBJICHUS, CBA3aHHBIE C 00pa30BaHUEM TOKO-
MPOBOASIINX 3aMKHYTBIX KOHTYPOB BOKPYI' OCHOBHOI'O MAarHMTHOTO TMOTOKa
WJIU €T0 YacCTH, MPUBOJIAT K YBEJIIMUECHUIO MOTEPh B MArHUTOIPOBOJIE CUIIOBOTO
TpancpopmaTopa. Kpome Toro, yBelnueHHE MOTEPb B MArHUTOMNPOBOJIC
TpaHchopmMaTopa MOXKET ObITh BBI3BAHO OIIMOKAMH TMPU KOHCTPYHUPOBAHHH,
MOHTaX€ U PEMOHTaX TpaHcpopmatopos. [IpuMepomM 3TOr0 MOKET CIYKUTh
COEIMHEHHE MAarHUTOIPOBOJIa ¢ 0AKOM uYepe3 MPECCYIONINI TOMKpAT MPHU BhI-
MaJICHUU W30JIUPYIONICH MPOKIIAJKHU, Yepe3 3a3eMIISIONIYI0 IIMHY, UMEIOUTYIO
M3JIMIIHIOW JTMHY U Jp. OTMeYaluch cliydad COMPUKOCHOBEHUS KPBIIIKU 0a-
Ka C JICTAIsIMUA Ceper Jyisl MoJbeMa aKTUBHOW YacTH MPHU YCAJKE PE3UHOBBIX
VIUIOTHEHUN HMKHETO pazbeMa. B [36] oTMmeuaeTcsi, 4TO MOTEPHU XOJIOCTOTO
X0Jla B JUIUTEIbHO IKCILTyaTUPYIOIIMUXCS CUIIOBBIX TpaHchopmaTopax Bo3pac-
TarOT 3@ CYET PACIPECCOBKU MATHUTONPOBOIA U HAPYLIEHUS U30JSALNU MEXKITY
auctamMu. [lo maHHbBIM [2], moxas MEXKIMCTOBAas H30JAIUS MOKET BBI3BATh
YBEJIMYEHHUE OTEPH X0I0CTOTO0 X0aa 10 10-15 %.

Pe3ynbTaThl 00CienoBaHus psifa JIUTEIbHO SKCILUTYaTUPYIOIIUXCS CHU-
JIOBBIX TpaHC(OPMATOPOB CBUACTEILCTBYIOT O TOM, YTO U3MEPEHHbIEC MOTEPH
MOIITHOCTA B MAarHUTONPOBOJIC OTJIMYAOTCS OT MACIOPTHBIX 3HAYEHUM, MPH-
4eM yKa3aHHO€ pa3ju4Hue IS HEKOTOPBhIX CHJIOBBIX TpaHCPopMaToOpoB CO-
crapisiet 6osee 50 % [5, 16, 23].

Brusinue nospescoenuii 8 cunogvlx mpancgopmamopax B TUIAHE BIIHS-
HUSI UX Ha YBEJIMYEHHUE MOTEPh XOJOCTOrO XO0Ja MPOSBISAETCS B BHUJE MOBpeE-
KICHUNU MU30JSIIIUU TJIACTUH CTAJIM MarHUTOIPOBOJIA, JIOKAIBHBIX MOBPEXKIe-
HUM B OOMOTKAaX U yXYJIIEHUE CBOMCTB TpaHC(HOPMATOPHOTO Macia.

[ToBpexaeHne U30ISUHU TIACTUH CTaJId MarHUTONPOBOAa BO3MOXKHO U
BCJIC/ICTBME TOBBINICHHON BHOpaIlusi MarHUTONPOBOAA H3-3a OCTIA0JICHUS
MIPECCOBKM MAarHUTONPOBOAA, CAMONPOU3BOJIBHOTO pPa300JYMBaHUS U CBO-
001HOTO KOJIeOaHUs KPEMEKHBIX JeTaliei, KojeOaHuss OTCTAIOIINX KpaHUX
JIUCTOB CTaJid B CTEPXKHSIX WIM SIpMax, 0CJIabJICHUS MMPECCOBKU CTHIKOB, MPO-
0051 WU pa3pylICHUsT HU30JUPYIONIUX MPOKIATOK B CThikax. [lpu mioxoi
W30JIALIMY JIUCTOB CTANIM B CEPJICUHUKE TOSIBIISCTCS MYTh ISl 3aMbIKaHUST BUX-
PEBBIX TOKOB MEXIY JINCTAMU CTAJIM, YTO B CBOK) OYEpPEb MOXKET BbI3BATh

YBEIIMYEHHE MOTEPH X0JI0CTOro Xxo1a Ha 10-30 %.
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[Tpu pabote TpancopmMaropa B TEUCHUU JJITUTEIHHOTO BPEMEHHU OCIa0-
JSIeTCA CHKaTHE JIMCTOB IMMXTOBAHHOTO CEPACYHHKA CTSKHBIMH IITUIbKAMH
Wi OaHmaKaMH, YTO TPHBOJAWT K YACTHYHOW PACIPECCOBKE CepIcUHUKA
TpaHchopmaTopa, BCIEACTBUE YETO MOSBISAIOTCS Mapa3uTHBIC 3a30pbl HA MY TH
3aMbIKaHUSI TIOTOKA B3aMMHOW WHAYKIMHU. B pe3ynprare mpOUCXOAWT yBEIH-
yenue 10 10 % Toka xonocroro xona tpanchopmaropa [2]. OAHOBpeMEHHO
pPacTyT TOTOKH PACCESHHS, BBI3BIBAIOININE TOBBIICHUE MOIIHOCTA TOTEPh Ha
MyTSX 3aMbIKAHMS ITUX MOTOKOB (B CTaJIM 0aka M APYrUX CTAIbHBIX KOHCTPYK-
TUBHBIX 3nemMeHTax — A0 20 %). [loBblllieHHEe TOTEPH XOJOCTOrO X0/Aa, COOT-
BETCTBYIOIIIEE 3TUM MPOIECCaM, MOXKET TOCTUTaTh 5 %o.

K noBpexnenusiMm B 0OMOTKax, BIMSIONIMM Ha 3HAUYECHHS MOTEPh XOJIO-
CTOTO X0J1a TPaHC(HOPMATOPOB MOKHO OTHECTH:

— BUTKOBOE€ 3aMBIKaHHE, BO3HUKAIOIIEE MPH Pa3pyIICHUHW BUTKOBOU
M30JISIIIMM M3-3a CTapeHUs B Pe3yjbTaTe €CTECTBEHHOrO0 WM3HOCA WU M-
TEIbHBIX MEPETPY30K MPHU HEAOCTATOYHOM OXJIAKICHUM, HAPYIICHUU H30-
JAMUYA BUTKOB HM3-32 MEXAHMYECKHX TMOBPEKICHUU B PE3yJbTaTe TOIYKOB
nn aedopMarud 0OMOTOK TPH KOPOTKUX 3aMBIKAHHUSAX W JPYTHX aBapHiui-
HBIX peXUMax, OOHaKEHUHU OOMOTOK BCJIEJCTBHE MOHWKCHHUS YPOBHS Mac-
na, nedeKTax M30JIAIHUH MPOBOJIA WM CaMOTO MPOBOJIa, HE3aMEUCHHBIC TPH
HU3rOTOBJICHUH OOMOTOK;

— OoOpbIB B 0OOMOTKAX HM3-3a OTTOpPAHUsI BHIBOJAHBIX KOHIIOB BCIIEJCTBHE
ANEKTPOJAMHAMUYECKUX YCHUJIMHA TPU KOPOTKHUX 3aMBIKAHHSX WM H3-3a
TUTOXUX COCIWHEHUM, BHITOPAHUS YaCTH BUTKOB BCJICJICTBHE BUTKOBOTO 3a-
MBIKaHHS B OOMOTKE;

— npo0oif Ha KOpIyC H3-3a ACHEKTHOCTU TJIABHON H3OJISIIIUUA BCIEI-
CTBHE CTapeHUS WM HAIMYHS TPEIIUH, MOI3Y4Yero IeKTPUIECKOro pa3psiaa
M0 M3OJISIIUU, TOHMKEHUSI YPOBHSI Maclia, TOoMNaJaHusl BIaru WIHU TPs3H,
TepeHanpsoKeHus, 1egopmanur 0OMOTOK TP KOPOTKUX 3aMBIKAHHUSIX.

VYxynimeHrue AUIEKTPUUYECKUX CBOMCTB M30JIAIIMM OOMOTOK M BBIBOJIOB,
TpaHc()OPMATOPHOTO Maciia C POCTOM CPOKa CIIY»OBI IPUBOIUT K CHUIKEHUIO
COTIPOTHUBJICHUS M30JISIIIUN, BO3PACTAHUIO TOKOB YTEUKH U, KaK CIICJICTBHE, TIO-

BBILLICHUIO TUDJIEKTPUYECKUX TOTEPH, KOTOPbIE MOTYT focturath 10 % momHo-
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ro 3HAYCHHUS MOTEPh XOJIOCTOTO XOJa B BBICOKOBOJBTHBIX TpaHCcopMaTopax
[2]. Umeroiiue MecTo B mpoiiecce padoThl TpaHcpopmaTopa neperpensl (M3-3a
KOPOTKHUX 3aMbIKaHWUM, YXYJLICHUs YCIOBUM TEIUIOOTBOJA BCIIEJACTBUE CTape-
HUSl TpaHCc(HOpPMATOPHOTO Maciia U JIp.) BBIIIE TOMYCTUMBIX 3HAYCHUN MPHUBO-
IST K YXYAIICHAI0 MAaTHATHBIX CBOWCTB CTAJIM CEPJACYHMKA (TTOBBIIIICHUE TEM-
neparypsl B TE€YCHUE IITUTEIBHOTO BPEMEHU CIOCOOCTBYET CTPYKTYPHBIM H3-
MEHEHUSIM Ha3bIBAEMBIMU MPOIIECCAMH CTapEHUS), YBEIMYCHHUIO TOKA XOJO-
CTOr0 XOJa W MOBBIIICHHIO MOTEPh XOJOCTOrO X0/1d, KOTOpPhIE C TEYEHUEM
BpeMEHU MOTyT jocturathb 4 % [16].

C pocTom cpoka ciy>kK0bl TpaHchopMaTopa MPOUCXOIUT YXYIIICHUE TU-
NMEKTPUYECKUX CBOWCTB M30JSIIMU OOMOTOK M BBIBOJIOB, TPAHC(HOPMATOPHOTO
Macja, B pe3yJjbTaTe MPOUCXOIUT CHUKEHUE COMPOTUBIICHUS U30JSIUHU, BO3-
pacTaroT TOKM YTEUYKHU U, KaK CIIEJICTBHUE, MOBBIIIAIOTCA TUIIEKTPUUYECKUE TTO-
Tepu (OHU MOTyT JocTurath 10 % MoaHOro 3HAYeHUs! MOTEPh XOJIOCTOrO X012
B BBICOKOBOJIbTHBIX TpaHchopmaTopax [2]).

Brusanue kanumanvnoz2o pemonma cunogvlx mpanc@opmamopos Ha yBe-
JMYEHUE MOTEPh MOIIHOCTH XOJIOCTOTO X0/1a 10 CPAaBHEHHUIO C UX MACHOPTHHI-
MU 3HAYCHUSMHU MOXET OBITh BEChbMa CYIIeCTBEHHBIM. B 00beM omepariuii mpu
MPOBEACHUHN KAMUTAIBHOTO PEMOHTA C Pa300pKOW MarHUTOMPOBOAA BXOJHT
paCIIMXTOBKA BEPXHETO sfpMa, a MPH HEOOXOIUMOCTH pazO0OpKa YacTu WIH
BCEM MarHUTHOM CHCTEMbI, BOCCTAHOBJICHUE M3OJIAINH TIJIACTUH WA UX 3aMe-
Ha B CJIy4yae BBITOPaHMS, pe3ka U MUIM(OBKa IIIACTHH, COOpKa MarHUTOMPOBO-
na. B pesynbraTe mpoBeneHHS 3TUX ONEpaluil 3JIEKTPOTEXHUYECKas CTallb
MarHUTOIPOBO/IA MOJBEPTaeTCsl MEXaHNUYECKUM BO3/ICHCTBHSIM.

OCHOBHBIMU MPUYMHAMH YBEJIMUYEHUS TTOTEPh MOIIHOCTH XOJIOCTOTO XO-
Jla TIOCJIe KANMUTAIbHBIX PEMOHTOB TpaHC()OpPMATOPOB € pa30OpPKON MarHUTO-
MIPOBOJIOB SIBJISTFOTCSI:

— MEXAHUYECKHE BO3JCHCTBUS HA DJIEKTPOTEXHUYECKYIO CTaJlb MarHu-
ToripoBoa [79] (yaapsl Mo cTtaiu, nmeperuObl MIacTUH, HaOpachlBaHUE ILia-
CTUH JpYT Ha JIpyra, pe3Ka IJIaCTUH U 3aKaTKa 3ayCEHIIEB, OIPECCOBKA MarHu-

TOIPOBOJIA);
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— MPUMEHEHHUE ICKTPOTEXHUUYECKUX CTAICH C XYAIIMMU MarHUTHBIMHU
XapaKTepUCTUKAMU, 10 CPABHEHHUIO C 3aJI0)KEHHOW B MAarHUTOINPOBOJE, MpHU
OCYILIECTBJIEHUHY 3aMEHbI BHITOPEBIINX TIACTHH;

— TIPOBEJICHHE PEMOHTa 0€3 3aMEHBI MOBPEKACHHBIX TUIACTUH, KOT/Ia UX
PABHOMEPHO PaCTIPEICIISAIOT [0 CEYEHUIO MarHUTOIPOBO/IA;

— UCIOJB30BaHUE CTApON MArHUTHOW CHUCTEMBI (C YBEIMYEHHUEM CpOKa
AKCIUTyaTanuu TpaHchopmaTopa MPOUCXOAUT POCT MOTEPh MOIIHOCTU XOJIO-
cToro xoja [62]).

HccnenoBarenu M 3KCIUTYyaTallAOHHUKU OTMEYAIOT, UYTO TMEPElINXTOBKA
MAarHUTOINPOBOJIa TPUBOJUT K YBEIWYEHUIO NOTEPh B cTayid Ha 5-10 %. Heka-
YECTBEHHAsl MEPEUIMXTOBKA MarHUTOIPOBOAA MPU PEMOHTE TpaHchopMaropa
MPUBOAUT K TOBBIIICHUIO MOTEPh XojocToro xoxa 1o 20 %. 3ameHa crainu
CepJIeYHUKa APYrod Mapkod cTaiau (ropsuekaraHoil Ha XOJIOJHOKATaHYIO),
MPSIMBIX CTBIKOB Ha KOCBIE MPUBOJNUT K U3MEHEHUIO TIOTEPh B MATHUTONPOBO/IE
[2]. JonmomHUTENbHAS MEXaHHIEeCKass 00pabOTKa JINCTOB AJIEKTPOTEXHUICCKOM
CTaJId TMOBBIIAET NOTEPU B MArHUTONPOBOAE Ha S5-10 %. OTxur ninacTul cra-
JIM CHMDKAET yAENbHBIE MTOTEPU B HUX Ha 15 % [2], HO OAHOBPEMEHHO yXyallIa-
€T MarHUTHBIE CBOMCTBA JIEKTPOTEXHUYECKOUN CTalldi MAarHUTOIPOBOJAA U MO-
BBIIIAET TOK X0JIOCTOrO X072 110 20 % ¢ poCTOM 3JIEKTPUYECKUX TTOTEPh OT HE-
ro B IEPBUYHON OOMOTKE.

CyliecTBEHHO Ha M3MEHEHHE I0TEePb MOIIHOCTH XOJOCTOTO XOja
TpaHchopmaTopa BIUSET M3MEHEHHE MPU PEMOHTE OOMOTOYHBIX JTAHHBIX,
M30JISIIIMOHHBIX TPOMEKYTKOB, 3aMeHa TpaHC(HOPMATOPHOTO Maciia U TBEPIOM
M30JIAIIUU 0OMOTOK U BBIBOJIOB. [Ipy M3MEHEHUN COOTHOIICHUS HATIPSIAKEHUS U
YKCJIa BUTKOB B MEPBUYHON OOMOTKE U3MEHSIETCSI MAarHUTHBIA TTOTOK B TpaHC-
dbopmaTope U NMPONOPIHUOHATBLHO KBApaTy ATOTO U3MEHEHUS U3MEHSIOTCS T10-
TEepU XOJOCTOro xoia B TpaHchopmaTtope. Kpome Toro, mpu paborte TpaHc-
dbopmaTopa ¢ HECUMMETPUUYHOU HArpy3KOl BO3HUKAIOT MAarHUTHBIC MOTOKU
HYJIEBOM TOCJIEIOBATEIbHOCTA M, KaK CIIEICTBUE, JOMOJHUTEIbHBIE MMOTEPU
xosioctoro xona. I[lo manueM [23, 25], mOTepy MOIITHOCTHA B MarHUTONPOBOAE
TpaHcpopmaTopa Mocje KamuTaabHOrO0 PEMOHTAa MOTryT Bo3pactu Ha 20 % u

BBIIIIC.
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3.3 Pa3paboTka MmaTeMaTH4YeCKOH Mo/eJ Il U3MEeHEeHHUsA
MOTePb MOIIHOCTH B MATHUTONPOBO/Ie CUJIOBOI0
TpaHcopmaropa

Pa3paboTka MaTremMaTHUeCKUX MOJCICH M3MEHEHUsI OTEPh MOIIMHOCTH B
MarHUTOINPOBO/IE TPAaHCPOPMATOPOB OCYIIECTBIISLIACH B CIAEAYIOIIEM MOPSJIKE:

— TpeaBaputelibHas o0pabOTKa JAaHHBIX O pe3yJibTaTaX M3MEPEHHUs IO-
TE€pbh MOITHOCTH B MAarHUTOIIPOBOJIaX TPaHC(HOPMATOPOB;

— BBIOOD U OIIEHKA YPOBHS 3HAUMMOCTHU (PAaKTOPOB, BIUSIONIUX HA MOTE-
PY MOITHOCTH B MarHUTOIMPOBOAaX TPaHCHOPMATOPOB;

— ONPEAEIICHUE MTAPAMETPOB PAJIMYHBIX BAPUAHTOB MOJEIICH;

— aHAJIM3 BAPUAHTOB MOJEJIEN C OLIEHKOW WX aJICKBATHOCTU K JKCIIEPH-
MEHTAJIbHBLIM JIaHHBIM;

— BBIOOp MOJICIIH.

Br10op m oIieHKa CTaTUCTHYECKON 3HAYMMOCTH (DAKTOPOB, BKIFOYAECMBIX
B MAaTeMaTUYECKYK) MOJEJb, MPOBOAWIACH C MOMOIIBI KOPPEISIIUOHHOTO
aHaJaM3a, KOTOPBIA 3aKIIOYAICS B ONpPEACICHUN KOY(PGUIIMECHTOB KOPPEAIIHH
MEXKY TIEPEMEHHBIMU U ITPOBEPKE UX 3HAUMMOCTH.

Koapdumuent koppensuum Mexay NTEePEeMEHHBIMH OMPEACIUICS TI0
dbopmyie [18, 33]:

L Z=®-0i=)
S -0 20— )2

(3.10)

re X; — BAUSIOMUNA (PaKTop; X — CpelHee 3HAYCHUE BIUAIONIETO (HaKTOpa;
y; — 3HaYEHUE BBIXOIHOTO MapaMeTpa; Yy — CpellHee 3HaUCHUE BBIXOIHOTO TIa-
pamertpa.

Ecnu 3nHaueHue koadduiimenta Koppeasiul HaxoawIoch OJIMKe K eu-
HUIIE, TO ATO MOATBEPXKIAI0 HAIMYUE CHIIBHOW CBS3H, a €CIU ONMXKe K HYJIIO,
TO CJ1a00M.

[Tocne omnpenenenuss KOAHPUIMEHTOB KOPPEIAIUU MPOBOIUIACH IPO-

BEpKa UX CTaTUCTUYECKOW 3HAYMMOCTH C TOMOIIIbIO t-kputepust CtbrojieHTa. B
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X0/Jle MPOBEPKHU BbIABUTANIACh HyJieBas runote3a (Hy) o paBeHcTBe KorhPuiu-
eHTa koppenanuu Hymo [Hy: v = 0]. [Ipu npoBepke 3TOM TMIOTE3BI UCTOJIb-

30BaJsiach t-cratuctuka (s coBokymnHoctei (n < 50):

t_lrl-\/n—z
Vi=rz '

(3.11)

IJI€ N - KOJINYECTBO 3aMEPOB.

Ecnu pacuetHoe 3HayeHue t Moaydanoch OOJbIIe TaOIWYHOTO t, TpHU
3alaHHOM ypoBHe 3Hauumoctd @ = 0,05 u df = n — 2, To runoresa H, ot-
Beprajiachb, a KO3(QpQUIMEHT KOPPESAIUU MPU3HABAJICS CTATUCTUYECKH 3HAYU-
MBIM.

BriOop THna perpecCMOHHOW MOJIENH, OMUCHIBAIOIICH H3MEHEHUE I10-
TE€ph MOIIHOCTA B MarHUTOIPOBOJIE TpaHC(OpMATOpa, OCYIIECTBIISIEM IO Me-

TOJy miepedopa pa3auyHbIX ypaBHeHUM. [Ipy 3TOM paccMaTpuBaeM 4YeThIpe UX

THUIIA:
Y =ag+ a;x; +ax,+...+a;x;; (3.12)
V=ay x%x,%2 .0 x; % (3.13)
y =exp(ay, + a;x; + ax,+... +a;x;); (3.14)

~ a; A a;
y=aq+—+—+-+—, (3.15)

X1 Xy X;
rae y — TeOpeTHYECKOe 3HaUYEHHE BBIXOIHOTO MapameTpa; dg, dq, Ay, ... ,A; —

MOCTOSIHHBIE KOY(PPUIIUCHTHI.

Koaddumuentsr perpeccuonnsix moaeneit (3.12 - 3.15) a,, a4, a,, ... , a;
ompesensieM C TOMOIIBI0 MeTOJa HAaWMEHBIIMX KBaJIpPaTOB, KOTOPBIM JaeT
HawIydIue (CocTosTenbHbIe, 3PPEKTUBHBIE U HECMEIEHHBIC) OLICHKH Tapa-

METPOB YpPaBHEHHUSI PErPECCUU, MPU YCIOBUHU, €CIIM BBIOJIHIIOTCS ONpEIEIeH-
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HBIC TIPEANOCHUIKH OTHOCHTEIIBHO CIYyYalHOTO 4jieHa (&) W He3aBHCUMOM Tie-
pPEMEHHOM (Xx).

CymiHOCTh METO/Ia HaMMEHBIIIUX KBAJPaTOB 3aKIIOYACTCs B HaXOXe-
HUW TTapaMeTpoB mojnaenu (agy, aq, s, ... ,a;), MPA KOTOPHIX MHUHUMHU3UPYETCS
CyMMa KBaJpaTOB OTKJIOHCHUN SMIUPUYCCKUX 3HAYCHUN PE3yJIbTAaTUBHOTO
MpU3HAKa Yy OT TEOPETUUECKUX ) TMOJYyYCHHBIX IO BHIOPAHHOMY ypaBHEHMIO

perpeccuu [8, 18]:

Z(yi —¥)? - min. (3.16)

s oqHodakTopHOM MUHEHHOM Moaenu (3.12):

F(ay,a,) = Z(y — g — a,%,)? - min. (3.17)

i=1

B3siB wactHbie mpousBoaHble GyHKIMKA F 1O @y, a; ¥ IpUpPaBHIB MOJIY-

YCHHBIC BBIPAKCHHA K HYJIIO, ITIOJIYYUM CUCTEMY ypaBHeHHﬁi

(OF
S Zzw—ao @x)(-1) = 0
14 . (3.18)

zzcy — @y = ay;)(—x;) = 0

&a al

B pesynbpTaTe mpeoOpa3oBaHuil cucTeMa YpaBHEHUN MPUHUMAET BU/T;

( n n
nag + Exl aq =Zy

) i=1 i=1 n . (3.19)

n n
\ i=1 i=1 i=1

N




n n n

oY XX | n i=1Y

n n 2 n n

i=1YX1 i=1X1 im1X1  XieqYXq 3.20

aO - n ) al - n ( . )

n i=1%1 n i=1%1

n n 2 n n 2

i=1%1 i=1 X1 i=1X1 i=1%X1

PemmB cucremy ypaBuenuit (3.19) ¢ momoiibro MaTpHIl U OMPEAETUTE-
neit (3.20), molyyuM 3HA4YEHUsI HEU3BECTHBIX Kod(PduimeHtoB a,, a,. lloa-
CTaBJissl HailieHHbIe KOA(hPuiueHTsl B (3.12), MOIydnM HCKOMYIO pErpeccu-
OHHYIO MOJIETIb.

st ompenenenust k03¢GUIIMEHTOB perpeccuoHHbIX Mojeneit (3.13),
(3.14) u (3.15) ux cnexyer npuBecTu K JnHeiiHOMY Buay. [locne npeodbpazo-

BaHUN OHU INPUHUMAKOT BU!:

lgy =lglag - x,% - x,%2 .. x; %) =

= lgay + a,lgx; + a,lgx, + - + a;lgx;; (3.21)

In y = In(e®ot@X1¥@Xet-4AiXiy = g + q,x; + a,x,+...+a;x;  (3.22)

a,  az a;
y=a+—+—+--+—. (3.23)
X1 Xy X;

Koaddumuentsr perpeccuonnsix mogaeneit (3.21), (3.22) u (3.23) omnpe-
JIeIISIEM AHAJIIOTUYHO, KAK U JUISL JIMHEMHOM PErpecCUMOHHOM MOJIENHU C MOMO-
IO METO/Ja HAaWMEHBIIHMX KBaapaToB. OmpenenuB KOdIGOHUIHCHTH Ay, A4,
a,,..., a; u noacraBus ux B (3.13), (3.14), (3.15), noxyunm HCKOMBIE perpec-
CHUOHHBIE MOJIEJIH.

[Ipu mpoBepke 3HAYMMOCTH KOI(P(PUIIMEHTOB PErPECCUU BBIIBUTACTCS
runore3a Hy, o ToM, 94TO KOI(DPUIIMEHT perpeccur CTaTUCTUYECKH HE3HAYH-
TEJIHHO OTJIMYACTCS OT HYJS U TEM CaMbIM IPEAIoJaraeTcs, 9ro (akTop He
OKa3bIBaCT BIIMsIHUE Ha pe3ynbTaT y. Koaddumuent mogenu ay, a,, a,,..., a;
MPU3HAETCS CTATUCTUYECKH 3HAYUMBIM, €CIIA PacuyeTHOE 3HAYCHHUE t-KPUTEPUS

CrerozieHTa t,; momy4aercst Oosblie TaOMMYHOTO L, MPH 3aJaHHOM YPOBHE

sHaunMocTd @ = 0,05 u uncne crenenerd cBodoasl df = n — k — 1. I'umore-
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3a Hy B 3TOM ciydae oTBepraercs. PacueTHoe 3Hauenue t-kpurepus CTbrOAEH-

Ta MU MPOBEPKe 3HAYUMOCTH KodhuimenToB mozaenu [ 18, 8]:

ta, = ) (324)

e Og; — AUCHEPCUH KOd()(QUIMEHTOB PErPECCHHU, KOTOPBIE OMPEACISCM T10

cieayronmM Gopmysam:

2 o
Oq, = ?} (325)
2
o
of. = —, (3.26)

rac o — ocrarovuHas qJucrecpCcusi.

OcTaTouHYyI0 TUCIIEPCHUIO ONpEEsieM o popMyie:

1
2 - . '_’\_2
0t = —— Z(yl 902, (3.27)

r7ie y; — 3Ha4YeHUE BBIXOJHOTO MapaMeTpa; ¥; — TEOPETUIECKOe 3HaUYCHNE BhI-
XOJIHOTO TapaMmeTpa (pacCUMTaHHOE MO YPAaBHEHHUIO perpeccuu); k — 4ucio
(dakTopoB.

JloBepuTENbHBIA UHTEPBAT I KOAD(DHUIIMECHTOB PErpeCcCHH BBIUUCIISACT-

cs1 1o hopmyiie:
Aa; = Lty - 0y (3.28)

KoadduimenTsl ypaBHEHUSI perpeccuu B cliydae CBOEH 3HAaUYUMOCTH I0-
MaJlaloT B MpPEAeibl JOBEPUTEIBLHOIO MHTEpBana. [ns paccmaTpuBaemMbIX TH-

MIOB PErPECCUOHHBIX YpPaBHEHUU omnpeaesnsuicss Ko3((UIHEHT IeTepMUHALMU
[8, 18]:
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N (y — )2
R2=1— ‘n—l(y‘ 3:‘)2. (3.29)
i1 (vi =)

Koadduiment nerepMuHaniu MOXKET HaXOJIUThCS B Mpejenax OT HYJsS
70 eAuHUIbl. YeM Oike OH K €UHUILIE, TEM TOYHEE MOCTPOeHHAast Mojeb. C
YYETOM 3TOTO, U3 pacCMaTPUBAEMBIX TUIIOB MOJENEH, JIs ONKUCaHUs U3MEHE-
HUS MOTEPh B MAarHUTOMNPOBOJAE TpaHchopMaTopa BHIOMPAIUCH MOJEIH, UME-
I011I1e HAauOONbIINN KOA(PPUIIMEHT JEeTEPMUHALINY.

AJIEKBAaTHOCTh PErPECCUOHHBIX MOJEIEH 3KCIEPUMEHTAIbHBIM JaHHBIM

npoBepsinack ¢ nomoupto F-kpurepuss @uiepa [8, 18]:

_ (i —¥)7 [k
S =90 k=1 (3:30)

[TonydenHoe 3HaueHue F cpaBHUBaAIOCHh ¢ TaOauuHbM F,(a, k,n —k —
1). Ecm F = F,, TO cUuTanoch, 9T0 ypaBHEHNE PETPECCUH aICKBATHO OIHUCHI-
BaeT MpOIECC U3MEHEHUS MOTEPh B MArHUTOIPOBO/IE TpaHc(hopMaropa ¢ Npu-

HATOU ocToBepHOCTHIO o = 0,05.

3.4 MaremaTudeckasi MoJieJib IKCILIyaTAlIMOHHOIO
U3MEHEHMS NMOTePb MOIIHOCTH B TpaHcphopmarTopax 150 kB

[Ipu pa3zpaboTke MaTeMaTHYECKON MOJENH IKCILTyaTal[MOHHOTO H3Me-
HEHHS TOTEPh MOIIHOCTH B MArHUTONPOBOJIE CHUJIOBBIX TpaHCHOPMATOPOB
HanpsokeHrueM 150 kB ncnonb30Baluch CTaTUCTUYECKUE JaHHbBIC, MPUBEIICH-
HbIe B Tabnue 3.1.

B perpeccnonHor mozeny 3a BBIXOAHOM HapaMeTp Y; NPUHUMAJIOCh
IIPEBBILIEHUE M3MEPEHHBIX MOTEPh MOIIHOCTH B MAarHUTOIPOBOJE HAJ IacC-

IMOPTHBIMHA 3HAYCHUAMMU, %:

AP . — AP ;
yi — dAle — ( X.NU3M.1l x.nacn.l) . 100’ (331)
APx.nacn.i
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rne AP, ;i — A3MEPEHHBIC TOTEPU MOITHOCTH XOJIOCTOTO XOa I-T0 CHIIOBOTO

Tpanchopmatopa, KBT; AP, .. ; — IACHOPTHBIE OTEPU MOILIHOCTH XOJIOCTOTO

Xoza I-ro cutoBoro Tpanchopmaropa, KBT.

Tabnuua 3.1.

JKCIepuMeHTATbHbIE JaHHbIE H3MEPEeHHUS M0TePb MOIIHOCTH
B MAarHMTONPOBOAAX CHJIOBbIX TpaHcopMaTopoB Hanpsxenuem 150 kB
IMAO "ATIK AnenpooddHepro' u OAO "3anopoxbeoddHepro’

wm. | Tenanepopuaropa | o | Al | Sl
1 2 3 4 5 6
1 | TPAH-32000/158/6,3 32 3 22,37 28,02
2 | TPIH-40000/158/6,3 40 4 19,29 23,97
3 | TPJIH-63000/158/38,5/10,5 63 4 127,65 136,97
4 | TPIIH-32000/158/6,3/6,3 32 5 33,73 32,38
5 | TPJIH-63000/158/38,5/10,5 63 7 44,65 61,14
6 | TPJIH-63000/158/10,5/10,5 63 8 40,98 60,73
7 | TATH-63000/150/35/6 63 13 43,32 57,04
8 | TPJIH-63000/158/10,5/10,5 63 13 75,06 89,85
9 | TPJIH-63000/158/38,5/10,5 63 13 127,65 155,04
10 | TPJIH-63000/158/38,5/6,6 40 13 36,28 49,88
11 | TPIH-63000/158/10,5/10,5 63 14 78,89 84,26
12 | TATH-40000/150/10 40 15 68,91 79,40
13 | TP/IH-63000/158/10,5/10,5 63 15 41,5 73,69
14 | TPJIH-63000/158/38,5/10,5 63 15 127,65 166,55
15 | TPIH-63000/158/6,3/6,3 63 16 37,36 52,20
16 | TATH-40000/158/38,5/10 40 17 32,36 42,57
17 | TATH-40000/150/10 40 17 70,61 81,64
18 | TPJIH-63000/158/38,5/6,6 63 17 45,01 51,93
19 | TPIH-63000/158/6,3/6,3 32 18 32,28 41,00
20 | TPIH-63000/158/38,5/6,6 63 19 45,01 64,85
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1 2 3 4 5 6
21 | TATH-40000/158/11/6,6 40 20 31,4 40,36
22 | TATH-40000/150/35/6 40 20 28,27 35,95
23 | TATH-25000/150/35/10 25 21 21,62 24,89
24 | TATH-40000/150/35/10 40 24 48,56 62,17
25 | TATH-25000/150/35/10 25 24 31,88 40,07
26 | TATH-40000/158/11/6,6 40 24 53,06 70,07
27 | TATH-40000/150/35/10 40 24 35,63 47,69
28 | TATH-40000/150/35/6 40 25 21,28 25,35
29 | TATH-40000/150/35/6 40 26 18,54 23,65
30 | T TH-40000/150/35/6 40 27 41,81 46,73
31 | TATH-63000/158/38,5/6,6 63 27 72 111,56
32 | TPIH-32000/150/6,3 32 28 40,89 51,48
33 | TATH-25000/150/35/10 25 28 35,2 44,94
34 | TATH-40000/150/35/6 40 28 20,53 26,11
35 | TATH-25000/150/6 25 30 30,37 36,70
36 | TATH-40000/150/35/6 40 30 46,64 63,28
37 | TPIH-32000/158/6,3 32 30 42,34 48,78
38 | TATH-25000/150/35/10 25 30 24,44 32,71
39 | TATH-25000/150/35/10 25 30 22,77 30,91
40 | TATH-32000/150/6,3 32 30 37,98 44,32
41 | TPAH-32000/158/10,5 32 32 38,93 56,98
42 | TPAH-32000/150/6-10 32 33 36,23 44,55
43 | TATH-25000/158/38,5/6,6 25 33 30,95 39,91
44 | TATH-25000/158/38,5/6,6 25 34 31,97 36,73
45 | TPAH-32000/158/10,5 32 35 33,78 47,94
46 | TPAH-32000/150/6 32 37 27,19 41,81
47 | TATH-25000/150/35/10 25 38 24,79 35,45
48 | TATH-25000/150/35/10 25 39 26,42 37,95
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Ha ocHOBaHMM HMMEIOIIMXCS CTATUCTUYECKUX JAHHBIX B Ka4e€CTBE OC-
HOBHBIX ()aKTOPOB OKa3bIBAIOIINX BIUSHUE HA SKCIUIyaTAllUOHHOE U3MEHEHUE
MOTEPh MOITHOCTH B MAarHUTOIIPOBOJIC, TIPEABAPUTEIILHO BHIOPAHBI: X; — CPOK
skcIutyaTaiuu tpancdopmaropa (T,), 1eT; X, — HOMUHAIbHAS MOIIHOCTS (S),),
MBA; x; — nacnopTHble MOTEPU MOITHOCTH X0JIOCTOr0 XoAa (AP, ey ), KBT.

HopmanbHOCTh pactipenenenus noATBEPKIACHA IPOBEPKOU MO CPEAHEMY
a0GCOTIOTHOMY OTKJIOHEHHIO U ) 2-KPUTEPHIO.

BaxxHoil mpeanochUIKON NOCTPOCHUSI KaueCTBEHHOM PErpeCCUOHHOMN
MOJIENU TIO METOAY HAMMEHBIINX KBAJIPATOB SBISETCS HE3aBUCUMOCThH 3HAUE-
HUM CIy4YaWHBIX OTKJIOHEHMH OT 3HAYECHUH OTKJIOHEHHUM BO BCEX IPYyIrUX
HaOMIOJICHUSIX. DTO TapaHTUPYET OTCYTCTBHE KOPPEIUPOBAHHOCTH MEXKIY
JOOBIMU OTKJIOHEHHUSIMHU, a TakXK€ MEX]y COCeIHMMH OTkKioHeHusmu. Co-
rJIacHO Kputeputo JapOouHa-YoTcoHa aBTOKOPPEIISILISA OCTATKOB OTCYTCTBYET.

[IpoBepka mpu MOMOIIM TecTa paHroBOM Koppessiuuu CrnupmeHa Io/I-
TBEPJWJIA TUIIOTE3y 00 OTCYTCTBUM IE€TEPOCKEIACTUYHOCTU. DTO 3HAUMT, YTO
JUISL KQXJ0TO 3HAUYCHUSI (paKTopa X; OCTAaTKU & UMEIOT OJIMHAKOBYIO JUCIIEP-
CHIO.

OT6Op CTAaTUCTUYECKH 3HAYMUMBIX (PAKTOPOB, BIMSIONIMX HA PE3yibTa-
TUBHBIN MIPU3HAK, OCYIIECTRIISIICS 10 3HAYEHUIO KOA(PDUITUEHTOB KOPPEIAIUU
U WX CTaTUCTUYECKOHW 3HaunmMocTH. HaineHHble 3HaueHHS KOA(PPHUIIMEHTOB
KOppEJSUA U t-CTAaTUCTUKH, XapaKTepU3YyIOIIUE B3aUMOCBSI3b MEXKIYy Iepe-
MCHHBIMH, TIPUBEJICHBI B Tabmume 3.2.

N3 paccMmaTtpuBaeMbix (GaKTOPOB X, X5, X3 KOPPEISLUOHHBIM aHAIU30M
OTOOpaH CTAaTUCTUYECKH 3HAYMMBIA (PaKTOp X;, KOTOPBIH IerecooOpa3Ho
BKJIFOYUTh B MOJIENIb, TAK KaK KOO(PUIMEHT KOPPETSALUH 13,5, TOCTATOYHO BbI-
cok (mo mkane Yenaoka: CBA3b MEKIY INPU3HAKOM Yy U (PaKTOPOM X; 3aMET-
Has) U yjaoBieTBopsieT t-kpureprto CThIOJICHTAa MPU BHIOPAHHOM YpPOBHE 3Ha-
yumoct a = 0,05 (t > t,). B cBoto ouepenp, x, U X3 00J1a7al0T OUYEHD Cla-
0O0¥i CBSI3bIO C Y BCIEICTBUE HU3KUX KOI(DPUIMEHTOB KOPPETSALUH Ty, Tyy, U
HEBBINOJHEHUS t-KpuTepusi CThIOJEHTA, YTO MO3BOJISIET HE BKIIFOYATh UX B MO-

IeNb.
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Tabnuua 3.2

Ko puuueHTsl KOppeassuum U t-CTaTUCTHKHU

Koui-Bo Tp-poB,
U, kB | oxBauennbix 3a- |  Tyx,/t Tyx, [t Tyxs/t ta
MepaMu, IIT.

150 48 0,537/4,364 | -0,11/0,756 | 0,201 / 1,404 1,6787

Hcxonsa u3 pe3ysibTaToB KOPPEJALMOHHOIO aHaIN3a, MPUCTYIIAeM K pas-
paboTKe 0JHO(MAKTOPHON PErpecCCUOHHON MOJIeNIU, B KOTOPYIO BKJIHOUYEH (pak-
top T,.

Ecnu npeanonoXkurth, 4YTO pErpecCUMOHHAas MOJEIb IpEJCTaBlICHA JIU-
HeliHOM (¢yHkmueln (3.12), ToO ¢ y4eToM MPUHATHIX 0003HAYEHUM OHA MMEET
BU/I:

dAP,; = ag + a4 T, (3.32)

Koaddummentsr a,, a; perpeccuonnoit monaenu (3.32) HalaeHbI MO Me-

TOAY HAMMCHBIINX KBAAPAaTOB!:

n
F(ay, a,) = Z(dAPx_i —dAB,)" =
=1
1(dAP,; — ay — a;T,,)? - min. (3.33)
B3sB yacTHble npousBoaHble GyHkimu (3.33) 1Mo a,, a, ¥ NPUPABHSB

MOJYYCHHBIC BBIPAKCHHUA K HYJIIO, ITOJIYYHUM H606XOI[HMBI€ yCJIO0BUS MUHUMY-

Ma, 00pa3yIoIIKe CUCTEMY YPaBHCHUM:

( n
nagy + (2 T3l> a, = dAle
i= 1

i=1

(3.34)




i=1dAPy; i=1 15
?=1(dAPx.i : Tai) D=1 X,

o n ie1 I ;
?=1 Tai 7i%=1 Taiz
(3.35)
n i=1 APy
. ?:1 Tai ?=1(dAPx.i ' Tai)
T n i=1 D5
?=1 Tsi ?:1 Taiz

PemmB cucremy ypaBHenuit (3.34) ¢ mOMOIIbIO MAaTPUI] U ONPEACTUTE-
ne#t (3.35), nonyuwnu 3Ha4eHUs: KOAQPUIUEHTOB A, A, PETPECCUOHHONU MO-
nenu (3.32).

B cnyuae eciu perpeccuoHHas MOJeb MPEICTaBICHA CTENIEHHOW (DYHK-

nueit (3.13), To oHa UMeeT BUJL:
dAP,; = ao - T, (3.36)

[lepen HaxoxaeHuem Kod3(PPUUHUEHTOB perpeccrnoHHO mojaenu (3.36)

OHa ObLIa MpUBEJCHA K TUHEHHOMY BUY:
Ig dAP,; =lg(ao - T,7*) =lgag+a, " 1gT,,. (3.37)

[TocTostHabIe KO3 dUIIUEHTH perpeccnoHHo Moaenu (3.37) onpenene-

HbI C IOMOIIBIO MECTOAd HAMMCHBIIINUX KBAAPATOB!:
n
F(ay, a,) = Z(lg dAP,; —lgay,—a,-1g T3i)2 - min. (3.38)
i=1

[Tpoauddepenuuporar ¢pyukiuu (3.38) no ay, a,; MOAYUYWIU CUCTEMY

YPaBHECHUM:
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n-lgay+ (21gTal>a1 ZlgdAle
1=1

n

k(Zlng:.,i)lgaO (2(1g ))a1 E(IgdAle,lgTai)

i=1

.(3.39)

2
?:1(1g dAPy i1g Tal') Z?=1(lg Tai)
n Y lgTy;

2
Z?:l Ig Ty Z?:l(lg Tai)

a0=10

n Z?:l lg dAPx.i
?:1 Ig Tal' ?zl(lg dAPy; -
n 2?=1 lg Tai

nlgT,, Y,(1gT,)”

(3.40)

PemmB cucremy ypaBHenuit (3.39), moaydwsii 3HaAYEHUS MOCTOSHHBIX
K03 HUIMeHToB a4, a, (3.40) perpeccuonnoit mojaenu (3.36).
Ecnu perpeccronHas mMojenb Npe/ICTaBlIeHa YKCIIOHEHIMAIbHON (PYyHK-

nueit (3.5), ToO OHa UMEET BU/I:
dAP, ; = age® ™, (3.41)
[TpuBO MM perpeccHoHHy0 Mojeib (3.41) K TMHEHHOMY BHUY:
In dAP,; = In(age®™) =Ina, + a;T,,. (3.42)

[TocTostnabIe KO3 IULIUEHTHI perpeccuoHHON Moenu (3.42) onpenene-

HBbI 11O METOAY HAMMCHBIIMUX KBAAPATOB:

n
F(ay,a,) = Z(ln dAP,; —Inay — a1T3i)2 - min. (3.43)

i=1
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OnpenenuB yacTHbie NMpou3BoAHBIE GyHKIUU (3.43) o a,, a; U 1pu-

PABHSB ITOJIYYEHHBIE BBIPAXKEHUS K HYJIIO, ITOJYYUIN CUCTEMY YPAaBHEHHUM:

n n
nlnay + (Z T3i> a, = z In dAP, ;
i=1 i=1

{ . n n n : (3.44)
(Z Tal> Ina, + <z T3§> a, = Z(ln dAPy;+ T,,)
i=1 i=1 i=1
i=1In dAP, i=1 T;;
a, = exp ( ?=1(1n dAP,; - T31i1) D=1 Tal-z \y;
n i=1 D5
\ 71:121 TE)I_ ;.:l:l T31_2 /
n * . IndAP,;
n n .
o - BTy Bl T (.45
Ty X T

PemB cuctemy ypaBHeHuil (3.44), moiyyuiaum 3HAYEHUS MOCTOSHHBIX
K03 HUIMEHTOB a,, a, (3.45) perpeccnonnoi moaenu (3.41).
[Ipeamnonoxxum, 9T0 perpeccuoHHas MOJIEb SBISCTCS TUIEPOOTMIECKOM

¢ynkuuei (3.15), T.e. uMeeT BUL:

a;

3j
Jlnst onpenenieHrss MOCTOSIHHBIX KOA(G(UIMEHTOB a,, a; Ipeodpaszyem
pErpecCUOHHYI0 MOJieNb (3.46) K IMHEHHOMY BHIY:
1
dAPXl = aO + a1 T_

3

(3.47)

[TocTostHHBIE KO3 PULIHEHTHI perpeccuoHHo Moaenu (3.47) onpenene-
Hbl 10 MHK:
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n

2
1
F(ay ay) = 2 <dAPx_i —ay— ay T_> - min. (3.48)

c 3j
i=1 L

B3sB uvactHble mpousBogHble QpyHKuuu (3.48) mo a,, a; U NPUPABHSIB
MIOJIyYE€HHBIE BBIPAXKEHUS K HYJIIO, IOJYYUM HEOOXOJIUMBIE YCIIOBUS MUHUMY-

Ma, 00pa3yIoIlre CUCTEMY YPaBHEHUM:

= . (349)

(27w ()= 2 (oo

l:

(3.50)

PemmB cucremy ypaBHenuit (3.49) ¢ momolbio MaTpUI] U ONPEAETUTE-
JIed, TIOJIyYUJIU 3HAUYCHUS TTOCTOSIHHBIX K03 PUuImenToB a,, a, (3.50) perpec-
CUOHHOM Mojienu (3.46).

B cooTrBercTBUM ¢ TOpSIAKOM pPa3pabOTKHM MaTEMaTUYeCKOW MOJEIu
IPOBEPKY 3HAYMMOCTH KOI(PPUIMEHTOB MoOJEiel  OCYLIECTBISUIA IO

t-kputeputo CteroneHta (3.24), a aJeKBAaTHOCTh MOJIENEH OLEHUBAIUA IO
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F-kpureputo @umepa (3.30). PazpaboranHbie perpecCMOHHBIE MOJETU U UX
napameTphl, IpuBeeHbI B Tabnuie 3.2.
Tabnuua 3.2

OnnodakTopHbIE perpeccCHOHHbIE MO H3MEHEHHUSI MIOTePb MOIITHOCTH
(%) B MmaruuTOonpoBoae cujioBoro Tpancopmaropa 150 kB

Perpeccuonnas mozaesn (%0) ta, ta, R? F t, F,

dAP,; = 12,52+ 0,64-T,, | 338 | 4,15 | 027 | 17,16

dAP,; = 5,55 T,)* 548 | 474 | 033 | 2241
2,01 | 4,05
dAP, ; = 12,4 %0297 1531 | 429 | 0,285 | 18,37
86,82
dAP,; = 32,46 — 14,49 | 3,59 | 0,22 | 12,88

T,

i

[IpoBepka mozenen o F-xkpurepuro duiiepa mokaszana, 4To BCE pac-
CMOTpPEHHbIE MOJIETU ISl CUJIOBBIX TpaHcopMaTtopoB HampsikeHueM 150 kB
SABJISIFOTCS ~ QJICKBaTHBIMH, T.K. yAOBIETBOpSIOT F-kputepuio Dumiepa
(F > F,). Hanbonee ToO4HON U3 TOCTPOEHHBIX PETPECCUOHHBIX MOJCIICH SIBIIS-
€TCsl CTEIEeHHAs, UMEIOIasi HauOOIbIINKU KOA(PPUIIMEHT TeTepMUHAIIUN (RZ).
[TosToMy ju1s1 omucaHus TIpollecca U3MEHEHUs OTEPh MOITHOCTH (%) B Mar-
HUTOIIPOBOJE CUJIOBBIX TpaHC(POpMATOPOB BhIOpaHA CTENEHHAs PErpecCUOH-

Hast MOJIEJb.

dAP,; = 5,55 T, (3.51)
3.5 OneHka U3MeHeHHs MOTePb X0J0CTOI0 X012 CUJIOBBIX

TpaHchopMaTOpPoOB B Npolecce IKCIIyaTaAluH

Ha pucynke 3.2 npencraBieHbl pe3ysibTaThl alPOKCUMAIIUU OTKJIOHE-
HUU TIOTEPh MOITHOCTHA B MarHUTONPOBo1ax TpaHchopmaropoB 150 kB B mpo-

1ecce IKCIUTyaTaluy CTENEHHON (DyHKIUEH.
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OnHO(DaKTOPHYIO PETPECCHOHHYI0 MOJENIb MOXHO HCIOIb30BaTh IS
KOPPEKTUPOBKHM NACIOPTHBIX IOTEPh MOIIHOCTH B MarHUTONPOBOJAX JUJIH-
TEJIBHO SKCIUTyaTHpYIOIUXcs TpaHchopmaTopoB HampsbkeHuem 150 kB. B

9TOM CJIydaC OHU IIPUHHUMAXOT BHUI:

0,49
APx.150 = APxnacn. ) (1 + 5,55 ) ibo ) (352)

CKOpPEKTUPOBAHHBIE TACHOPTHBIE TOTEPHU MOILIHOCTH B MAarHUTOIIPOBO-
Iax JUIMTEIBHO OKCIUTYaTHPYIOIIUXCS TpaHCHOPMATOPOB  HAIMPSIKEHUEM
150 kB B OTHOCHUTENBHBIX €TUHATIAX:

0,49
3

AP
AP, 1so = —2% =1+ 5,55 - (3.53)

AP, pacn. 100

dAP,, %
60

50

40

30

20

10

. T,, ner

0 5 10 15 20 25 30 35 40 45

Pl/lcyHOK 3.2 - AHHPOKCI/IMaHHﬂ OTKJIOHCHHS MOTEPb MOIMHOCTU B MATHUTOIIPOBOAAX

cuJI0BbIX TpaHchopmaTopos 150 kB B mpouecce 3kcmiyarauuu

-83 -



Ha pucynke 3.3 nzoOpaxeH xapakTep M3MEHEHHUS MOTEPh MOIIHOCTH B
MarHuTOMPOBOJIaX CUIIOBBIX TpaHcdopmaropoB 150 kB B mpoiiecce skcmtya-
TallM¥ B OTHOCUTEIIbHBIX €AUHUIIAX.

JIyist oTy4yeHus U OLEHKHU OO0IIeil KapTUHBI U3MEHEHHS B MPOIIECCE IKC-
IUTyaTaluy NOTePh XOJOCTOr0 X0/ B CUJIOBBIX TpaHC(opMaTopax pa3iMyHbIX
KJIACCOB HAIPSKEHUH, CIEAYET, B JOMOJHEHUE MOJIYYEHHON HAMH MaTEMaTH-
yeckon mozenu sl TpancdopmaTopoB HamnpsbkeHuem 150 kB, pacecMoTpeTs u
OLIEHUTh MAaTEMATUYECKUE MOJEIN U3MEHEHHS MOTEPh MOIIHOCTH B MAarHUTO-
MIPOBO/IE CUIIOBBIX TpaHC(HOPMATOPOB C EPBUUHBIM HampsikeHueM 10(6), 35 u
110 xB. U3-3a pa3nuuust B KOHCTPYKTUBHBIX OCOOEHHOCTSIX CHUJIOBBIX TpaHC-
(GopMaTOpOB PA3NUUHBIX CTYNEHEW HAMpPSLKEHHS M YCIOBUAX UX JKCIUTyarta-
MUY 3aBUCUMOCTH BEJIMYMH MOTEPHh B MAarHUTONPOBOJE OT CPOKa SKCILTyarTa-

UK OyIyT pa3IMYHBIMHU.

AP* x.150
1.57

05 1 1 2 2 3 3 4 4

T,, ner

PI/IcyHOK 3.3- XapaRTep HU3MEHEHUS MMOTEPb MOIHOCTU B MArHUTOIIPOBOAAaX

cui10BbIX TpaHcopmaTopos 150 kB B mpouecce 3xcmiryarauuu
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CornacHo uccieaoBaHUsAM [22, 25] CTaTUCTUYECKUN aHAIM3 pacupeie-
mutenbHbIX cetell 10(6) kB moka3zan cyliecTBEHHOE BO3pacTaHUE MOTEPh XO-
JIOCTOr0 X0Jia TpaHC(HOPMATOPOB C TEUEHUEM CpoKa CiyKObl. IIpu sTom mis
TpaHchopMaTOPOB CO CPOKOM CIY>KObI 10 20 JeT AOMYCTUMO MPUHUMATH, C
ITOTPEIIHOCTBIO 10 8 %, MOTEpU XOJIOCTOTO X0/1a PAaBHBIMM IMACHOPTHBIM. [[7s
TpaHC(POPMATOPOB CO CPOKOM CIyKObI Oosiee 20 JET MOTEPH XOJIOCTOTO XOJa
BO3PACTAIOT B CPEJTHEM C MHTEHCUBHOCTHIO 1,75 % B roa. Haubonee TouHo 3a-
BUCHMOCTh OMHCHIBACTCS AMMPOKCUMHUPYIOIIEH MOJIETBIO B BUJE CTEIEHHOIO

YpaBHCHHUS
dAP,; = —2532 + T, V%%, (3.54)

CnenoBaTresibHO, MOJYYHM CKOPPEKTUPOBAHHBIC IMACIIOPTHHIC MOTEPh
MOIIIHOCTH B MarHUTONPOBOJAX JUIMTEIBLHO IKCILTyaTUPYIOIIUXCS TpaHChOp-

MatopoB HamnpspkeHueM 10(6) kB

T, 10935 _ 2532

APx 10(6) — APx nacn 1+ 100 (355)
9TI/I KE HOTepI/I, HO B OTHOCUTCJIBHBIX €AMHUIIAX
AP T, 1095 _ 2532
BP. r10(0) = 752 = 1+~ (3.56)

APy nacn. 100

Jlpyroi mpuyuHON yBEIWYEHUS OTEPh MOIIHOCTH B MarHUTONPOBOJIAX
JUTUTENIBHO JKCIUTyaTupyronmxcs TpanchopmatopoB Hanpsokennem 10(6) kB,
COTJIaCHO MCCleIOBaHMsIM [16] sBIIEeTCS KanUTAIbHBIA PEMOHT TpaHchopma-
TOpa C PACIIMXTOBKOW MarHUTOMPOBOAA, HEOOXOIUMOCTh MPOBEACHUS KOTO-
pPOTO BBI3BIBACTCS IMOBPEKJICHUEM OOMOTOK, MarHUTHOM CUCTEMbl WU W3HO-
coM ux u3osuuu. [Ipu 3ToM pazpaboraHa MaTemMaTHUYECKasi MOJEIIb, XapaKTe-
pu3ylolliasg U3MEHEHHEe TTOTePbh MOITHOCTH B MarHUTONPOBOJIE TpaHchopMaTo-
poB 10(6)/0,4 kB montnocTteio 10 630 kBA mocie nmpoBeeHusl KanuTaabHOTO

peMoHTa. CKOPPEKTUPOBAHHBIE MMACIOPTHBIE TTOTEPU MOITHOCTHU TpaHCchopMa-
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TopoB HanpsbkeHuem 10(6) kB mocne npoBeneHUs KanmUTEIbHOIO PEMOHTA

UMEIOT BUJ

82,2 - S-019
APxpeMlO(G) = APX maci. 1 + 100 4 (3'57)

rjae S;; — HOMUHaJIbHAsE MOIITHOCTh TpaHchopmaTopa, KBA.

Ncxonas U3 BBINIENEPEUNCICHHOTO, BBIBEJIEM CKOPPEKTHUPOBAHHBIC Mac-
MMOPTHBIC TTOTEPH MOIITHOCTA B MAarHUTOIPOBOJIC JJIsI CUJIOBBIX TpaHc(opmarto-
poB 10(6)/0,4 kB momHocThi0 10 630 KBA mocie mpoBeaeHHs] KamuTaIbHOTO

PEMOHTA U C YYETOM CPOKa IKCILTyaTalluu

T, "%%%° — 25,32 4+ 82,2 - S;.0*9

APx.a.peM = APx macil. ) 1 + 100 ) (358)
NJIn
APy, pen T, 7993 — 25,32 + 82,2 - ;01
AP, ey = —— =1+ —1 . (3.59)
TP AP, nacn, 100

Ha pucynke 3.4 mokaszaHbl 3aBUCUMOCTH JIsl KOPPEKTUPOBKH TMACIIOPT-
HBIX TIOTEPbh MOIIHOCTH B MAarHUTOMPOBOJIE NIJIsi CHJIOBBIX TpaHC(HOpMaTOpOB
10(6)/0,4 kB momHOoCcThIO 10 630 KBA 0O€3 mpoBeeHUsT KaMTaIbHOTO PEMOH-
Ta (kpuBbie 1, 2) ¥ OCJe MPOBEICHUS KalUTaJIbHOrO peMOoHTa (KpuBkie 4, 5) ¢
YYETOM CPOKa AKCIUTYaTallui B OTHOCUTEIIbHBIX €IUHUIIAX.

Kpusbie 1 1 2 SBASAIOTCS OJHOM 3aBUCHMOCTBIO OTJIMYAIOIIMECS TOJBKO
MHTEPBAJIOM CPOKa AKCIUTyaTalldd COTJIACHO BBIICTIPUBEIECHHBIM PEKOMEH 1a-
UM, COTJIACHO KOTOphIM nipu T, = 20 romam ciemyer moib30Batbes Gopmy-
noit (3.53-3.54) (xpuBast 1), ©Haue B pacyeTax HCIOJb3YIOTCS MacIOPTHHIC
nanuble (kpuBas 3). Kpusble 4 1 5 xapakTepu3yrT 3aBUCUMOCTH JIJIsl KOPPEK-
TUPOBKHU MACHOPTHBIX MOTEPHh C YUETOM IPOBEJEHUSI KAUTAIbHOTO PEMOHTA
TSl KpaHUX 3HAYEHUH HOMUHAIBbHON MOIITHOCTH UCCIEAYEeMbIX TpaHchopma-

TopoB — 630 n 20 kBA coorBercTBEHHO. J[pyruMu ciroBaMu Mociie KalnuTalb-

- 86 -



HOTO PEMOHTA TOYKa, HaXOJsIascsd Ha KpuBoM 1 wnm 3 (B 3aBUCHMOCTH OT
3HaueHus T,) cMenaeTcsi BEpTUKAIBHO U B 3aBUCHUMOCTU OT 3HA4Y€HUd S, MO-
IaJlaeT B 30HY, KOTOpasi OrpaHUYEHA KPUBBIMU 4 U 5 U B NAbHEUIIEM IEepe-

MeIIaeTcs BJIOJIb KPUBOM, paccunTanHoM 110 hopmye (3.57).

AP, . 3.peM
19T
1.8T
1.7t
L6t

157
141
131
1.2F
11T

1
0.97
0.87
0.7

0 5 10 15 20 25 30 35 40 45
— DAP,_, © = f(T5) 6e3 KanUTaJILHOTO PEMOHTA AJISi KOPPEKIUHU TOTEPh
""" 2)AP, 106 = f(T3) (HE peKOMEHIOBAHO IJIsl KOPPEKIIUH ITOTEPh )

= 3) nacnopTHbIE€ OTEPU B MATHUTOIIPOBOJIE

- = 4)AP
— - 5)AP

x.opem = f(T3) mocne kanuraneHOTO peMoHTa (S, = 630 kBA)

«x.open = J (T5) TOCIE KanuTanbHOro peMoHTa (S = 20 KBA)

Pucynok 3.4 — Xapakrtep u3MeHeHHs IOTePb MOIIHOCTH B MATHUTONPOBOAAX

cui10BbIX TpaHchopmaTopos 10(6) kB B mpoiecce 3kcniyaranuu

Jnst cunoBbix TpaHnchopmaTopoB Hanpspkenuem 35 u 110 kB pazpabo-
TaHbl OAHO(AKTOPHBIE PETPECCUOHHBIE MaTeMaTHUECKHe MOJENU [S] nu3meHe-

HHA TIOTCPb MOITHOCTHU B MAaIrHUTOIIPOBOJax B IIPOLECCC SKCITyaTallum:

1,12
APx.35 = APx nacm. (1 + 0,66 ibo >; (360)
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1,02
APy 110 = AP pacn. - <1 + 1,07 - iz)o ) (3'61)

CKOppeKTHPOBaHHBIE MACTIOPTHBIE MOTEPU MOIIHOCTH B MarHUTOIIPOBO-
Jax JUIMTENIbHO 3KCIUTYaTUPYIOLIUXCS TpaHC()OpMaTopoB HampsikeHueM 35 u

110 kB B OTHOCUTENBHBIX €IUHUIAX:

A3,
AP, 35 = ﬁ =1+0,66" 160 : (3.62)
X I1acCIl.
APy 110 3?'02
AP, =—— =1+ 1,07 - ———. 3.63
x.110 APx aciL 100 ( )

Ha pucynke 3.5 uzo0paxeH xapakTep U3MEHEHHS MOTEPh MOIIHOCTHU B
MarHUTOINPOBOJIaX CUIOBBIX TpaHchopmatopoB 35 u 110 kB B mporecce skc-
IUTyaTallii B OTHOCUTEIbHBIX €IUHUIIAX.

AP,
1.6T

0 5 10 15 20 25 30 35 40 45
TS, JIeT

Pucynok 3.5 — XapakTep u3aMeHeHHsI OTePb MOIHOCTH B MATHUTONIPOBOAAX

cui10BbIX TpaHcopmaTopos 35 u 110 kB B npouecce 3xcmiryaranuu
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3.6 MeToanka yToUHeHHsl pacyeTa norepb X0J0CTOr0 X0/1a B
MATrHUTONPOBOAAX CHJIOBBIX TPaHC(OPMATOPOB

VYuuThiBasi BAUSHUE JUIMTEIBHOCTU AKCIUTyaTalldu CUJIOBBIX TpaHC(op-
MaTOpPOB M KallMTaJIbHOI'O PEMOHTA € Pa300PKOIl MarHUTONPOBOAA HA MOTEPU
MOIIIHOCTH XOJIOCTOT'O X0/1a, @ TAKKE KOJIMYECTBO CUIIOBBIX TPaHC(HOPMATOPOB,
AKCIUTYaTUPYIOIIMXCS C MPEBBIIIEHUEM HOPMATHBHBIX CPOKOB CIYKObl U
HaJM4YMEM KalUTaJIbHBIX PEMOHTOB, BO3HHUKAET HEOOXOJIMMOCTb KOPPEKTHU-
POBKH JIEHCTBYIOIIEN METOJIMKH pacuyeTa HOPMATUBHBIX IIOTEPh, HE YUUTHIBA-
IOLLIEH JTAaHHBIX (PAKTOPOB.

KoppekTupoBka METOANKHN pacyera MoTepb AEKTPOIHEPTHUU B MarHUTO-
MIPOBOJIE CHJIOBOI'O TpaHC(opMaTOpa 3aKIOYAETCs B TOM, YTOOBI BBINOJHATH
pacuer He Ha OCHOBE MACHOPTHBIX MOTEPh MOUIHOCTU B MarHUTOIPOBOJE, a C
HCIIOJIb30BaHUEM MX (PaKTHUUECKUX 3HaueHui. Takum oOpa3zoM, 3amaya MOBbI-
HIEHUS] TOYHOCTH pacyeTa MoTeph CBOJUTCS K OMpeeNeHNI0 (PaKTUYECKUX TO-
TE€pb MOIIIHOCTHA B MArHUTOIIPOBO/IE.

dakTH4ecKre MOTEPU MOIIHOCTU B MarHMTOIPOBOJAX CHJIOBBIX TpaHC-
(opMaTOpPOB MOXKHO OMPEACIUTh W3 OMbITa X0JocToro xona. Ilpu Hamuuuu
3aMEpOB IMOTEPh MOIIHOCTH XOJOCTOTO XOJa HE BO3HUKHET CIIO)KHOCTH B
ONpPENEICHUN TOTEPH AIEKTPOIHEPIUU B MArHUTOIIPOBOJIE CHIOBOI'O TpPAaHC-
dopmaropa. OnHako, Takue JAaHHbIE UMEIOTCS HE MO BCEM CHJIOBBIM TpaHC-
(dopmaropam, Tak Kak OCHOBHBIM HAa3HAYEHUEM 3aMEpOB MOTEPb B MArHUTO-
IIPOBOJIE B IPOILIECCE IKCILTyaTal[My SIBJISIETCS JUArHOCTHKA COCTOSIHUSL CHJIO-
BbIX TpaHcpopMaTopoB. B cBsi3u ¢ yem, mopsjika MOJOBUHBI CUJIOBBIX TpaHC-
(opMaTOpOB UMEIOT JaHHBIE O 3aMepax MOTePb MOIIHOCTH B MarHUTOIIPOBO-
7€, a 10 OCTAJIbHBIM TaKHe€ JJaHHbIE OTCYTCTBYIOT. BmecTe ¢ Tem, HE Bce yka-
3aHHBIE 3aMepbl MOTYT OBbITh MCIOJB30BaHbl IPU pacyeTax IOTEPb IEKTPO-
SHEPTUH, MOCKOJBbKY HMMEIOT PAa3JIUYHbIE CPOKU JIaBHOCTH MX MPOBEJICHHUS.
VYuuThIBask TaHHOE MOJIOKEHHE, HEOOXOUMO pa3padoTaTh METOJMKY, KOTOpas
MO3BOJIUT OMNpPEAENATh (PaKTHUECKUE MOTEPU MOIIHOCTH B MarHUTONPOBOJAX

CUJIOBBIX TPAaHC(HOPMATOPOB C PA3TUUYHBIMUA CPOKAMHU IKCILTyaTaIUH.
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Jlnst onpenenenus GakTHUECKUX MOTEPh MOIIHOCTA B MarHUTOIIPOBOIAX
JUTUTEIIBHO SKCIUTYaTUPYIOUTUXCS CUIIOBBIX TpaHC(HOPMATOPOB UX TpeasiaracT-
Csl ICIIUTH HA CIIEAYIOITUE TPYIIIIHI:

1) HOBBIE TpaHCPOPMATOPHI;

2) TpaHchopMaTOphl C aKTyaJbHBIMH pe3yJbTaTaMU 3aMEpPOB IMOTEPh
MOIIIHOCTUA B MAarHUTOIIPOBO/IE;

3) TpaHchopmMaTOphl C HEAKTyaIbHBIMU 3aMEpPaMHU MOTEPb;

4) tpanchopmaTopsl 0€3 3aMEPOB MOTEPb.

K mepBoii rpy1ine ciienyer OTHECTH CHUIIOBBIE TpaHC(HOPMATOPHI CO CPO-
KOM JKCIUTyaTaIliH JI0 TPEX JIeT. DTO CBSI3aHO C TeM, YTO pa3paOOTaHHbIE Ma-
TEMaTUYECKUE MOJIEIHN IKCIUTYaTallMOHHOTO M3MEHEHHS MOTEePh MOIIHOCTH B
MarHUTOTIPOBOJIE OTPAHMYMBAIOTCS CPOKAMM IKCIUTyaTaruu oT Tpex JjeT. Ko
BTOPOM TPYyMIE OTHOCSTCS CHJIOBBIE TPAHC(POPMATOPHI, Y KOTOPHIX U3MEPEHUS
MOTEPh B MAarHUTOMPOBOJAX MPOBOIWINCH B TeUeHHE TeKymiero roga. K tpe-
ThEW TPyNIE CIAEAYEeT OTHECTH CHJIOBBIC TPaHCHOPMATOPHI C 3aMepaMH I10-
Teph, MPOBEJICHHBIMU Oo0Jiee roja Ha3zaa. B yeTBepTyio rpymnimy BXOIAT TpaHC-
(dbopMaTopsl, He OXBAaYCHHBIC 3aMEPaMH TIOTEPb.

C yyeToMm IpuBeICHHOHN KiaccupuKaIuu, (pakTHIecKre OTepHU MOIIHO-
CTH B MarHUTOMPOBOAAX CHJIOBBIX TPAHC(HOPMATOPOB, OTHOCSIIUXCS K TIEPBOU
IpyIIIe, COOTBETCTBYIOT MACTIOPTHBIM TMOTEPSM MOIITHOCTH XOJIOCTOTO X074, B
CWJIOBBIX TpaHcopMaTopax BTOPOM T'PYIIBI — U3MEPEHHBIM MOTEPSM XOJIO-
cToro Xoja. /s OCTaIbHBIX CHIIOBBIX TPAHC(HOPMATOPOB, BXOISIINX B TPETHIO
M YETBEPTYIO TPYNIbl, (AaKTHUYECKHE IMOTEPH MOITHOCTH B MarHUTOIPOBOAX
MOKHO OTIPEJIETTUTh C UCIOIb30BAHUEM pPa3paO0TaHHBIX MAaTEMaTUYECKUX MO-
JeJIe SKCIUTYyaTallHOHHOTO W3MEHEHHUS IOTEPh MOIIMHOCTH XOJOCTOrO XOJa
TUTSI CUJIOBBIX TPpaHC(OPMATOPOB HAIPSKEHUEM:

— 150 kB — no ¢opmyne (3.52) unu u3 rpaduueckoil 3aBUCUMOCTH,
MPEJICTAaBIICHHON HA pUCYHKeE 3.3;

— 110 kB — no ¢popmyie (3.61) nnn u3 rpaduyueckoii 3aBUCUMOCTH — PHU-
CYHOK 3.5;

— 35 kB — no ¢opmyine (3.60) unu u3 rpaduueckoil 3aBUCUMOCTH — pHU-

CYHOK 3.5;
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— 10(6) kB — nmo dbopmyne (3.55) mist cuioBbIX TpaHchopmaTopoB O3
KaluTaJIbHOIO PEMOHTA C pa300pPKOM MarHUTONPOBOA, U 110 dhopmyiie (3.58) —
1ocJie KalMTaJbHOTO PEMOHTA, WIM U3 TpaUyecKOd 3aBUCUMOCTU — PHUCY-
HOK 3.4.

B ciyuae, koraa moTepu MOIIHOCTA B MarHUTOMPOBOJAaX TpaHchopma-
TOPOB, BXOJIAIIUX B TPEThIO TPYMIY, MO Pe3yJbTaTaM pacueTa OKaXyTCs HIKE
M3MEPEHHBIX 3HAYEHHH, TO B KauyecTBe (PaKTHUECKUX MOTEPh MOIIHOCTH PEKO-
MEHYEeTCsl IPUHUMATh PE3yIbTaThl 3aMEPOB.

[Tpu onpeneneHnM paKTUYECKUX MOTEPh MOITHOCTH B MATHUTOTPOBOIAX
CWJIOBBIX TpaHC(OPMATOPOB MPOIICAIINX KAMUTAIbHBIM PEMOHT, UX Mpejyia-
raeTcs JeNUTh Ha JABE TPYIIIbI:

1) TpancdopmaTopbl, UMEIOIIIME JaHHBIE O 3aMepax MOTEePh MOIIHOCTH
B MarHUTOIIPOBOJIE MOCJE MPOBEACHHS PEMOHTA;

2) TpaHchopMaTopbl, Y KOTOPBIX PE3yibTaThl TAKUX 3aMEPOB OTCYT-
CTBYIOT.

Takum oOpazom, pakTUyecKue MOTEPU MOIIHOCTH B MarHUTONPOBOJAX
CWJIOBBIX TpaHC(OpPMATOPOB MEPBOM TPYNIbI COOTBETCTBYIOT HM3MEPEHHBIM
norepsiM. B cunoBbix TpaHcdopmaTopax, OTHOCSIIHUXCS KO BTOPOM TpymIie,
(aKkTHYECKHEe TTOTEPU MOITHOCTH B MarHUTOINPOBOJIE PEKOMEHIYEeTCsI OMpe/ie-
JSTh HAa OCHOBE pa3pabOoTaHHOW MAaTeMaTUYECKON MOJENU MOCIEPEMOHTHOIO
M3MEHEHUS MOTEPh C YUETOM CpoKa sKciuryaTanuu (3.58) wiu u3 rpaduueckoit

3aBUCUMOCTH — PUCYHOK 3.4.

3.7 BbIBoaBI 1O pazaenay 3

1. B mpoiiecce 3kcutyaTaiyiy CUIOBBIX TpaHC(HopMaTOpOoB HAOIIOIAET-
Csl yBETMYEHUE 3HAYCHHUI MOTEPh XOJOCTOrO XOJa M3-3a U3MEHEHUS MarHuT-
HBIX CBOMCTB 3JICKTPOTEXHUYECKOW CTAId U 3a CUET €€ IKCIUTyaTallMOHHOTO
u3Hoca ("crapenus"). I[lpuumHamu "cTapeHus" SMEKTPOTEXHUYECKOWU CTalld
SIBJISIFOTCSI: TIOBBIIIICHUE TEMIIEpaTyphl B TpaHCHOpMaTOpe B TEUCHUE IITUTEIh-

HOTO BPEMEHH, YTO CIIOCOOCTBYET CTPYKTYPHBIM U3MEHEHUSIM B DJIEKTPOTEX-
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HUYECKOW CTaJId; MEXAHWYECKHUE HAIPSIKEHHS, KOTOPbIE OKA3bIBAIOT BIIMSIHUE
Ha COBEPIIEHCTBO KPUCTALIOTPa)UUECKON CTPYKTYPHI.

2. YCTaHOBJIEHA CTENEHb BIUSHUS CPOKa SKCIUTyaTallud U PEMOHTOB
MarHUTOTPOBOJIOB CHJIOBBIX TPaHC(HOPMATOPOB HA YBEIMYECHHE MOTEPh XOJIO-
CTOTr0 XOJIa U MOJIYYE€Hbl AHATUTUYECKUE 3aBUCUMOCTH JTUHAMHUKHA U3MEHECHUS
BO BPEMCHM 3HAYEHUM MOTEPh MOIIHOCTH B MAarHUTOIPOBOJAAX TpaHchopMma-
TopoB HanpsbkeHuem 150 kB. IlokazaHo, 4To JuMHaMuKa M3MEHEHHUS IOTEPh
MOIITHOCTH XOJOCTOTO XO0Ja CHUJIOBBIX TpaHC(OPMATOPOB B TEUEHUE IKCILTya-
TAlMOHHOTO IIEPHUOJIA XaPaKTEPU3YETCS MNPUPALIEHUEM, 3HAYEHUE KOTOPOTO
3aBUCUT OT CPOKA UX PAOOTHI U KOHCTPYKTUBHBIX OCOOEHHOCTEH.

3. JluHaMuKa U3MEHEHUS MOTEPh MOIIHOCTH XOJOCTOTO XOJ1a CHUJIOBBIX
TpaHcPOpMaTOPOB B TEYEHUE CPOKA MX AKCIUTyaTalluy XapaKTepU3yeTCs MpHU-
paleHreM, HapacTalolUM B CTEIEHHON (YHKIIMH OT CpoOKa CIIY>KObI, KO3 (-
(UIIMEHTHI KOTOPOU 3aBUCAT OT KOHCTPYKTUBHBIX U PEKUMHBIX OCOOEHHOCTEM
TpaHcpopmaTopa, U MOXKET ObITh YHU(UIIMPOBAHA JJISI COOTBETCTBYIOIIMX
KJIACCOB 3HAYECHUM MTEPBUYHOTO HAIMPSIKECHUA.

4. Pa3paboTaHbl MPUHINIBI ¥ METOANKA pacueTa HOPMATUBHBIX MOTEPh
SHEPIruu B CWIOBBIX TpaHC(opMaTopax, KOTopasi, B OTJIUYHUE OT JACHCTBYIOIIEH,
YUYUTHIBACT JTUHAMHUKY HW3MEHEHHS MATHUTHBIX CBOMCTB CEPACYHHUKOB TPAHC-
(dbopmMaTOpPOB B 3aBUCUMOCTH OT CpOKa M YCJIOBUM IKCIUTyaTalluu, a TaK¥Ke pe-
MOHTHI TpaHC(HOpPMaTOPOB ¢ pa30OPKON MArHUTOMPOBOOB.

5. Ilpu BBINOJHEHUH PACUETOB MOTEPH AIEKTPOIHEPTUU B MATHUTOIIPO-
BOJIaX CHUJIOBBIX TpPaHC(POPMATOPOB IHEPTOCUCTEMBI, UMEIOUIUX JITUTEIbHBIN
CPOK 3KCIUTyaTalluu, PEKOMEHIYETCS HCMIOJIb30BaTh pa3padOTaHHYIO perpec-
CHOHHYI0 MaT€MaTHUYE€CKYI0 MOJEIb U3MEHEHUS MOTEPh MOIIHOCTA B MarHu-
TOIPOBOJIE, YTO MO3BOJIUT MOBBICUTh TOYHOCTh Pacue€Ta HOPMATUBHBIX MOTEPH
B CUJIOBBIX TpaHC(opMaTtopax W OmpenesuTh HauOojee JIOCTOBEPHYIO CTPYK-
TYpy HOTEPH B DJIEKTPUUYECKUX CETSX, JICKALIYID B OCHOBE MEPOIPHUATUU 10

YHEProcOEPEIKEHHUIO.
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4. BNINAHME SKCINNYATALMOHHBLIX
PEXXUMOB MSMEPUTEJIbHbIX
TPAHCO®OPMATOPOB HA KOMMEPYECKME
MOTEPU IJIEKTPOSHEPI'MM

4.1 TexHuuyeckKue cocTaBJsOINE, (POPMUPYIOLIHUE
KOMMepP4YeCKHe MOTEePH 3JIeKTPOIHEPT UM

Kak ormedeHo B pazjese 1, OCHOBHBIMU MPUYMHAMH TOSIBICHUS KOM-
MEpPYECKUX TOTEPH ANEKTPOIHEPTUU TPAAULMOHHO CUUTAIOTCA HEAOCTATOY-
HBIN Y HEJIOCTOBEPHBIN YUeT, XUIIEHUE SJICKTPOIHEPTUU, IPUUEM HE TOJIHKO B
KOMMYHaJIbHO-OBITOBOM, HO M MPOMBIIIJIEHHOM CeKTope. [ JTaBHBIM HampasJie-
HUEM CHUXEHHSI KOMMEPUYECKUX MOTEPh ABISIETCS COBEPIICHCTBOBAHUE y4eTa
AIIEKTPOAHEPIUH, YTO B COBPEMEHHBIX YCIOBHUAX MO3BOJISIECT MOJYIUTh MPSIMOI
U JIOBOJBHO ObICTphIM 3¢ @dexT. B yacTHOCTH, MO OLIEHKAM CHEHHAINCTOB,
TOJBKO 3aMEHA CTapbiX OAHO(A3HBIX CUETUYMKOB Kilacca 2,5 Ha HOBBIE Kjacca
2,0 moBbIIIAET MpoliecC cCOOMpaHusi CPEACTB 3a NEPEeAaHHYI0 MOTpeOUTeNsM
anekTposHepruto Ha 10-20 % 3a cuer yBelIMYEeHUsI MOPOra YyBCTBUTEILHOCTU
Y YBEJIWYEHUS IOCTOBEPHOCTU pacyeToB. Takum oOpa3oM, KOMMEPUYECKHE I10-
TE€pU BJEKTPOIHEPTUU HA MPAKTHKE BKIIOYAIOT CIIEAYIOUIME COCTaBJISIIOIINE,
KaK MOTEPHU 3a CUET SKCILTyaTAllHOHHOW HEJOCTOBEpHOCTH n3Mepenuit (AW,,,);
noTepu 00yCIOBICHHBIE TOYHOCTHIO M3Mepenuid (AW,,,); moTepu 3a cueT mpsi-

MbIX xuienuit (AW,,), 1.e.:
AWion = AWy + AW, + AW, (4.1)

[IoBBIlIEHWE TOYHOCTH HU3MEPEHUW MU y4e€Ta JJEKTPUUYECKOM SHEPrUu
TpeOyeT yuera ¢ OJHOM CTOPOHBI MOTPEITHOCTEN, BHECEHHBIX U3MEPUTEIIbHBI-
MU KOMILJIEKCAaMH, a C JPYrol — ydeTa 0COOCHHOCTEH SHEPreTHYECKUX IMpO-
IIECCOB B CHUCTEMaX 3JIEKTPOCHAOKEHHUS, B OCOOCHHOCTHU MPU HAJIUYUU Harpy-

30K, KOTOpbIE yXyamarT (GOpMy KpUBOW HANPSIKEHMsI, CO3/IAIOIIMX KojeOa-
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HUS HaIpsOKEHUs, U acuMMeTpuio. B olmiem ciiydae TOYHOCTh H3MEpEHUs
MOIIIHOCTH W DHEPTUH, MOTPEOISIEMBIX HATPY3KOM B CHUCTEME dJIEKTPOCHAOXKe-
HUS ONIPEACIISIETCS HE TOJIBKO KJIaCCOM TOYHOCTH MPUOOpa, HO W MOTPEIIHO-
CTSIMH 3JIEMEHTOB CTPYKTYPbl U3MEPUTEIBLHOIO YCTPOMCTBA, TO €CTh 3aBUCUT
OT TOT0, Ha CKOJIbKUX MPUMEHSIEMbIX YCTPOMCTBAX YUUTHIBAIOTCS XapaKTep-
HBIE CBOMCTBA HArpy30K (HEIMHEWHOCTh WM HECUMMETPHUYHOCTh, PE3KOIEpe-
MEHHOCTh). B OOJIbIIMHCTBE Clly4yaeB CBOMCTBA HArpy3KH OOHAPYKUBAIOTCS B
MOSIBJICHUU BBICIIMX TAPMOHUYECKUX COCTABIISIOIIMX HAMPSHKEHUS U TOKA, KO-
TOpBIE OKa3bIBAIOT OOJIBIIIOE BIUSHHUE HAa PaOOTy MHIYKIIMOHHBIX CUYETUUKOB,
BCJICJICTBUE YETO HPHEPTUs BBICIIUX TAPMOHUK YUUTHIBAECTCS C OOJIBIIMMU MO-
rpemHocTsIMU. Jlaske Husmme rapmMoHuku (3-7 mopsjka) MOTYT MMETh IIO-
rpemHOCTh 10 50 %, a 3Heprus rapMoHUK 11-ro mopsiika v BbIIIE TPAKTUYE-
CKM HE yuuTbhIBaeTcs [14].

K HenoydeTy BbIpaOOTaHHOW AJIEKTPOCTAHIIUSIMU U OTITYLIEHHOW MOTpe-
OUTEISIM DJICKTPOIHEPTUU MPUBOJAUT B OOJBIITMHCTBE CIy4YaeB IMOTPEIIHOCTh
cpenctB yuera. [lo ganHbiM sHeprocObita MockBbl, 33 % HWHIYKIIMOHHBIX
CUYETUYMKOB YK€ 4epe3 ToJl padOoThl HAYMHAIOT JaBaTh MOTPEUIHOCTh, KOTOpPAs
3HAYUTEJILHO TPEBBIIIACT UX KJIACC TOYHOCTH, a 4epe3 JBa rojga — yxe 97 %
[11]. Tlprdem, OHM UMEIOT «CHOCOOHOCTBY» TOJBKO HEAOYYHUTHIBATH IOTPEO-
JICHHYIO 2HEprut0. TOYHOCTh U JOCTOBEPHOCTh KOMMEPUECKOIO yueTa dJIeK-
TPOIHEPTUU CETOJIHS HOCST SIPKO BbIPAKEHHBI SKOHOMUYECKHUI XapakTep, T.K.
ATO CBSI3aHO C (DMHAHCOBBIMM B3aMMOpacue€TaMHu MEXK]Jy dHEprocHadKaromiei
OopraHu3alue u NoTpeOUTEISIMU.

CpenctBa ydeta B OOIEM CiIydae COCTOST M3 OO0OOIIEHHOTO H3MEpPH-
TEJILHOT0 KOMIUIEKCA, COCTOSIIEr0 U3 U3MEPUTEIIbHBIX TPaHCPOPMATOPOB TO-
Ka U TpaHCGHOPMATOPOB HANPSHKCHHS, CUETYMKOB (CUCTEM ydeTa) BJIEKTPO-
SHEPIruM, JUHUU CBS3U OT M3MEPHUTEIBHBIX TpaHcPopmaTopa 0 CUETUUKOB.
J1J1s OLIEHKH MOTPEIIHOCTH U3MEPEHUS AJIEKTPOIHEPTUU HEOOXOAMMO 3HATH HE
TOJBKO METPOJOTMYECKUE XAPAKTEPUCTUKHU BJIECKTPOCUECTUYUKOB, HO U TIEPBUY-
HBIX MacHITaOHBIX MpeoOpa3zoBaTeeil — U3MEPUTEIIbHBIX TpaHC(HOpMaATOpPOB
TOKa U HanpsbkeHusl. ONBIT SKCIUTyaTalliy CBUJIETEIILCTBYET O TOM, YTO U3Me-

puTenbHbIe TpaHC(HOPMATOPhl HA 3aBOJCKHX CTEHJAX COOTBETCTBYIOT METPO-
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JIOTHYECKUM IMapaMeTpaM (KJaccy TOYHOCTH), a B PEAJIbHBIX YCIOBUSIX HA Me-
CTE€ 3KCIUTyaTalluh OKa3bIBAIOTCS BBIIEAIIMMHU 32 MPEAENbl Kilacca TOYHOCTH
[0 pa3HbIM NPUYMHAM, B TOM YHCIIEC U BCIEJCTBUE HEIOTPY3KHU MEPBUUHOU
LEH, TIeperpy3ku (HeIorpy3ku) BTopuuHou uenu. Kpome toro, Merposioru-
YECKHUE XapaKTEPUCTUKU U3MEPUTEIbHBIX TpaHC(HOPMATOPOB B MPOLECCE IKC-
IJTyaTaluyd U3MEHSIOTCS M3-3a CTAPEHUS U YCTAIOCTU MAarHUTHBIX MaTEpUAIIOB
CEepACYHHKA. JTO NMPUBOAUT K Henoyuery npumepHo 7-10 % snexrposneprumn
[11]. HeoOXoauMo OLIEHUTh KOMMEPUYECKHE TOTEPH JJICKTPOIHEPTHH, 00Y-
CJIOBJICHHBIE MOTPEIIHOCTAMH U3MEPUTENBHBIX TpaHC(HOPMATOPOB U BIUSHUE
ATUX MOTPEHIHOCTEH Ha TOYHOCTh CUETUUKOB AJIECKTPUUECKON HPHEPIruu, a Tak-
KE KOMMEPYECKUX MOTEePb, 00YCIOBICHHBIX HATMYUEM 30HBI HEUYBCTBUTEb-
HOCTH NpHUOOPOB yUeTa 3JIEKTPOIHEPTUH.

AHanu3 JIUTEepaTypHbIX MCTOYHUKOB, CXEM HU3MEPEHUsl U ydeTa peajib-
HBIX CHCTEM JJICKTPOCHAOXEHUSI M SKCIEPTHBIX OLIEHOK MOKa3ajl, YTO CyIle-
CTBYIOLIUM CHUCTEMaM M3MEPEHHUS U y4eTa 3JIEKTPOIHEPrUuu MPUCYIIH OCOOEH-
HOCTH, KOTOpbIE€ B TOW WJIM MHOM CTENEHHU BIMSIOT Ha 3HAYEHUS KOMMepYe-
CKHX MOTEPb, & UMEHHO, HE COOTBETCTBME HOPMATUBHBIM TPEOOBAHUSIM 3HAYE-
HUM Harpy30K BTOPUYHBIX IeNe TpaHChOpMaTOpoB TOKA U TpaHC(HOPMATOPOB
HaIPSOKEHUS, TTOTEPU HAMPSKEHUST B U3MEPUTEIBHBIX IEMAX TpaHchopmaro-
POB HaIPSKEHUS MPEBBINIAIOT HOPMATHUBHBIC 3HAYEHU S, HECOOTBETCTBUE MPHU-
MEHSEMBIX B CHCTEMaX ydeTa AJIEKTPOIHEPTHH IEKTPOCUETUUKOB, TpaHCHOp-
MAaTOpPOB HANPSIKEHUSI U TOKA HOPMATUBHOMY KJIACCy TOYHOCTH, YTO B YyCJIO-
BUSIX 3HAUUTEJIbHOT'O CHIKEHMSI MEPe1aBaeMOil MOIIHOCTH paboTaroT ¢ O0Jb-
I0OM 30HOW HEYYBCTBUTEILHOCTH WJIM HEJIMHEUHOCTH.

Ncxons u3 Beipaxkenus (4.1) u aHanm3a BO3MOXHBIX MOTPEITHOCTEN pa-
OOTBI OCHOBHBIX AJIEMEHTOB CHCTEM YYeTa 3JIEKTPOIHEPTUU, MOKHO CHeNaTh
BBIBOJI, UTO OCHOBHBIMHM IMPUYMHAMHU HAJIUUYUSI KOMMEPUYECKUX MOTEPh AJEK-
TPOIPHEPTUU TMpHU €€ Tepeaade, oOyCIOBICHHBIX TEXHUYECKUMH (pakTopamu,
CIeAyeT CUUTaTh HEJIOCTATOYHBIA M HEIOCTOBEPHBIM yUET 3JIEKTPOIHEPIHH,
KOTOPbII 00YCJIOBIIEH:

— HEHOPMATHUBHBIMU YCJIOBUSMH pabOThl TpaHCPOPMATOPOB TOKa,

HaIIPSZKCHUA W OJICKTPOCUCTYUMKOB, B TOM YHCJIC 34 CUCT MX HCAOI'PY3KH HIIN
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Meperpy3Kku, HECUMMETPUUHBIX U HECUHYCOUJAIBHBIX TOKOB U HaIPSKEHUH,
paboThl C HEHOPMATUBHBIM KOI(PHUIIMEHTOM MOITHOCTH H T.1.;

— OTKJIOHEHHEM YCIIOBHI 3KCIUTyaTallid OT HOMUHAJIBHBIX (HampuMmep,
paboTy 3UMOI B HEOTAILUIMBAEMBIX IMOMEIICHUSAX, C MPOCPOUYECHHBIM CPOKOM
AKCIUTYaTaluu U T.1.);

— HENPaBWIbHBIMU CXEMaMU MOJKIIOYEHHS] U HEUCITPABHBIMU 3JIEKTPO-
CYETYMKAMU, U3MEPUTEIbHBIMU TpaHchopMaTopaMu TOKa, TpaHc(opmaTtopa-
MU HANPSHKEHUS.

Kak ObU10 OTMEYEHO, THUIIOBBIN M3MEPUTENIbHBIA KOMIUIEKC y4eTa dJIeK-
TPOIHEPTUHU COCTOUT W3 U3MEPUTEIBHBIX TPaHCPOPMATOPOB TOKA, TpaHCHOP-
MAaTOpPOB HAIPSKEHUS, CYETYMKOB AJIEKTPOIHEPTUU U COEAUHUTEIbHBIX MPO-
BOJIOB. B 00111eM cllyyae ypoBEHb BO3MOKHBIX MOTPEHIHOCTENH PadOThI TAKOTO

M3MEPUTEITHLHOIO KOMIJIEKCA OIPEIEIISIETCA U3BECTHBIM BhIpakeHuem [13, 15]:

5= J_r1,1\/6,2+65+63q+6§+63+6q2,z, (4.2)

rie 0;,0y,0., — OTHOCHUTEIIbHBIC TIOTPEIIHOCTH TpaHC(POopMaTOpOB TOKa,
TpaHC(POPMATOPOB HANPSDKEHUS U CUETUUKOB; §,; — OTHOCUTEIbHOE 3HAUCHUE
MOTEePh HAIpPSHKCHHS BO BTOPUYHOM IemH TpaHC(HOPMATOPOB HANPSIKEHUS;
0y — OTHOCHUTENIbHASI TOTPEITHOCTh BBIJICICHUS W3 W3MEPEHHOTO 3HAYCHUS
MOJIHOTO TOKAa €ro aKTUBHOW COCTaBISAIOIIEH, OOYCIIOBIEHA YTJIOBBIMU TIO-
IPEUIHOCTSAMU TpaHC(HOPMATOPOB TOKa M TPaHCHOPMATOPOB HAMPSIKEHUS;
Opx — CyMMapHas JOTOJHUTENbHAS MOTPEIIHOCTh, BbI3BAHHAS BIMAIOIIMMU
dakTopamMu (OTKJIOHEHUSIMH HANPSHKEHUs, YaCTOTHI, TEMIIEPATypPhl OKPYkKaro-
[IETO BO3/1yXa, MAarHUTHOTO TOJIA M APYTUMH (HaKTOpaMu OT HOPMAIbHBIX 3Ha-
YeHH, TPU KOTOPBIX TapaHTUPYETCS HAXOXKJACHHUE TIOTPEIIHOCTH BHYTPU JHa-
Ma3oHa, COOTBETCTBYIONIETO Kiacca TOYHOCTH); 1,1 — xoadduimeHT, yaurtol-
BAIOIIMI OCOOCHHOCTH METPOJOTUYECKOW MOBEPKHM MNPUOOPOB C MOMOUIBIO
ATAJIOHHBIX YCTPOUCTB, UMEIOIIUX CBOU MOTPEIIHOCTH, U JIPYTHe MPUIHHBI.
[Torepu 3JIEKTPOIHEPTHH, OOYCIOBIICHHBIC IMOTPEUTHOCTSIMH CHCTEMBI

ydeTa SJICKTPOSHCPIruu, ONpPCACIIAIOT Ha OCHOBC HJAHHBIX O KJIaCCaX TOYHOCTH
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TpaHchopmaTopoB Toka — Kpr, TpaHchopmaTopoB HanpsikeHus — Kpy, cuer-
YUKOB — K.y, KO3 puImeHTax TOKOBOM 3arpy3Ku TpaHCc(HOpMaTOPOB TOKA — fr7
U CPOKaX CIyKObl CUETUUKOB IOCIE MOCIETHENH MOBEPKU — 105 (JIET), U pac-
CUMUTBHIBAIOT KaK CyMMY 3HAY€HUH, OMPEJCICHHBIX I KaKIOW TOYKH ydyeTa

MOCTYIUICHUSA SJICKTPOSHCPIUU B CCTh U OTIIYCKA JJICKTPOSHCPIUU U3 CCTU 110

dbopmyie [19]:

Arri + Ay + A )W,
Aqui - — 100 ) (43)

e App i, Aryi 4 Ay — CpelIHUE MOTPEUIHOCTH U3MEPUTEIIbHBIX TpaHCPOp-
MaTOpPOB TOKa, TPAHC(POPMATOPOB HAIPSHKCHHS M CUCTUMKA B I-M TOUKe yue-
ta, %; W; — sHeprus, 3a)UKCUpOBaHHAs CUCTYMKOM B I-if TOUKE ydeTa 3a pac-
YETHBIN MIEPUO/I.

Kiaccel TOUHOCTH ONpPENEINSItOT NMPEACIbHBIE 3HAYEHHS MOTPEIIHOCTEN
JUIIb B 30HaX HArpy3ok, OJM3KUX K HOMUHAJIBHBIM IapameTpam NpuOopoB.
[TorpentHoCTh THOOOTO AJEMEHTAa WM3MEPHUTEIBHOTO KOMILUIEKCA MMEET KOH-
KPETHOE 3HA4Y€HHUE, KOTOPOE MPH CTAOWUIBLHOW HArpy3Ke MOKET JIMIIb HE3Ha-
YUTEIHLHO (PIIYKTYHPOBATH OKOJO CBOETO CPETHEr0 YPOBHS M3-3a U3MEHEHUS
napameTpoB, oTpakaembix B dopmyne (4.2). [Ipn u3smMeHeHUu HaArpy3Ku mo-
IPEIIHOCTh TPUOOpPa U3MEHSIETCSI B COOTBETCTBUU C €r0 HAarpy304YHOM Xapak-
TEPUCTUKON, KOTOpasi Il KOHKPETHOTO MPUOOpa TaKKe HE YKa3bIBaeTCs B
nokyMeHTanuu. OcoOEHHO CUJIBHO HArpy304YHbIE XapaKTEPUCTHUKHU CKa3bIBa-
I0TCSI Ha TIOTPEITHOCTH U3MEPEHHS ¢ TTIOMOIIBIO TPAaHCPOPMATOPOB TOKA B pe-
KUMaX, OTJIMYAIOIIUXCS OT HOMUHAIBHBIX. BMecTe ¢ TeM o0muii Bui Harpy-
30YHBIX XapaKTEPUCTUK M3BECTEH U3 (HU3NYECKUX 3aKOHOMEPHOCTEM, TaK Kak
ONPENEISAECTCA MAarHUTHBIMUA CBOMCTBAMHU METAJUJIOB: IIPU CHUKECHUM TOKA TO-
KOBasi MOTPEIIHOCTh TpaHC(HOPMATOPOB TOKA BCETJa YXOJUT B MUHYC, YTI0Bast
MOTPEITHOCTh TPaHC(HOPMATOPOB TOKA BCET/a MMEET HArpy304HYIO XapakTe-
pPUCTUKY OOpaTHOro BHUJA, a MOTPEHUIHOCTh TPAHC(HOPMATOPOB HAIPSIKEHUS

BCETJ]a YXOJUT B MUHYC MPU YBETUYCHUU HATPY3KH BTOPUUHONU 0OMOTKH [15].
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B peanbHBIX YCTOBUSAX TOKOBBIE HArpy3Kd TpaHCHOPMATOPOB TOKA CY-
IIECTBEHHO HIKE HOMHUHAJIBHBIX JakKe MPU MaKCUMyME€ Harpy3kud. JTO B
MEepPBYIO0 o4epeab OOYCIOBICHO TE€M, YTO BBHIOOp HOMHHAIIBHBIX IapaMeTPOB
000pyI0BaHUS OCYIIIECTBIISIETCS B pacueTe Ha POCT HArpy3KH B MEPCIICKTUBE,
a B JICUCTBUTEILHOCTH OHA MOYKET U YMEHBIIIUTHCS, KaK 3TO MPOHU3OIILIO B TO-
CJIEIHME HECKOJIBKO JECITHIICTH.

ToyHOCTH U AOCTOBEPHOCTH KOMMEPUYECKOTO yueTa 3JIEKTPOIHEPTUU Ce-
TOJTHSI HOCSIT SIPKO BBIPQXKCHHBIN YKOHOMHYECKHH XapakTep, T.K. 3TO CBSA3aHO C
(MHAHCOBBIMU B3aMMOpacyeTaMu MEXKIy IHEprocHadKarolei opraHusaiuein
U ToTpeOuTesIMU. {7151 OLIEHKU MOTPEIIHOCTH U3MEPEHUsI KOJIWYECTBA DJICK-
TPOIHEPTUU HEOOXOIMMO 3HATH HE TOJLKO METPOJIOTUYECKUE XAPAKTEPUCTUKH
ANEKTPOCUCTIYMKOB, HO W MEPBUYHBIX MACIITAOHBIX TpeoOpa3zoBarenieidl — u3-
MEPHUTEIbHBIX TPaHCHOPMATOPOB TOKA U HampspKeHus. Jlo mociaenHero Bpeme-
HU TIEPUOJUYECKUMH TOBEPKAMHU OBUTH OXBA4YE€HBI TOJIBKO AJIEKTPOCUETUMKH,
TaK KaK ¢ TCYEHHEeM BPEMEHHU JMCK WHIYKIIMOHHOTO CUYETYMKA MOCTEIICHHO 3a-
TOPMa)KUBAETCsl BCJICICTBUE M3HOCA TMOJISATHUKA M YXYIIICHUS CMas3KH, 4TO
BEJIET K HapacTarolleMy HEIOydeTy dHEpruu. MeTpoJornyecKue XapakTepu-
CTUKH HM3MEPHUTEIBHBIX TPaHCHOPMATOPOB TOKAa M TPaHCPOPMATOPOB HAmps-
KEHUS CUIILHO 3aBHUCT OT HArpy3KU KakK MEPBUYHOM 1€, TaK 1 BTOPUIHOM.

CrnenoBaTenbHO, MOYKHO yTBEP)KJIaTh, YTO OJIHA W3 OCHOBHBIX MPUYHH
HETOYHOCTU KOMMEPUYECKOTO Y4eTa JICKTPOIHEPTUH 3aKITI0UAETCS B TOM, YTO
HU3MEpHUTENbHBIE TpaHC(HOPMATOPhl TOKA M HAIPSOHKEHUS DKCILTyaTHPYIOTCS 32
npeaesiaMy JIOIMyCTUMOTO JThara3oHa U3MEPSHU WX HOMHHAJIBHBIX TapameT-
pPOB, YTO TPHUBOAWT K HMCKAKEHHUIO TOKA3aHUN CUETUYUKOB JIICKTPHUUECKOM
SHEPTUU. DTO, B YACTHOCTH, MOYKET TPOUCXOIHTh:

— TpW U3MECHEHUH MOIIHOCTH BTOPUYHOM 3arpy3kd TpaHCPOpMaToOpoB
HaIpsOKEHUs, HAIPUMED, MPU 3aMeHE MHAYKTUBHBIX CUETUYMKOB Ha DJIEKTPOH-
HbIC, MOIITHOCTh OTPEOICHUSI KOTOPBHIX Ha MOPSI0K MEHBIIIE, WIIA TIPH yBEITH-
YEHUU JUTMHBI U3MEPUTEIbHBIX JIMHUN, PUBOJSIIEM K 3HAYUTEITLHOMY YBEJIH-
YCHHUIO MOIITHOCTH Harpy3KH;

— IpU U3MEHEHUU TOTPEOISIEMOl MOITHOCTH OOBEKTaMU (DIIEKTPOIIO-

Tpe6I/ITCJ'I$IMI/I) " CBA3AHHBIM C 9THUM HM3MCHCHUCM 3HAUCHMA IICPBHUYIHOI'O TOKA
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TpaHc(hOopMaTOpOB TOKa, HAMPUMEpP, NMPH 3HAUYUTEITHHOM YMEHBIICHUH WU
yBeIu4eHUn 00beMa MPOU3BOJICTBA, YTO XapaKTEPHO B HACTOSIIIEE BPEMS;

— paboTa U3MEPUTENBHBIX TPAaHC(HOPMATOPOB B PEKUMAX XOJIOCTOTO XO-
Jla 1 KOPOTKOT'O 3aMbIKAHUSI.

W3 U3II0%KEHHOTO CIEAYET, YTO KOMMEPUYECKUN HHTEPEC MPEIACTABIISIET
OLICHKa HauOojiee BEPOSITHOTO 3HAYEHHS CYMMapHOTO HEJIOydyeTa 3JIEKTpO-
SHEPTrUu, 0O0YCIOBICHHOTO BCEMH JKCIUIyaTUPYEMBIMU B CETH MPUOOpaMH C
YYETOM pEAIbHBIX PEKUMOB UX Pa0dOTHL. 3aMEHA CTApbIX MTPUOOPOB HA HOBBIC
HE MOXET OBITh OCYIIECTBIIEHA MIOBCEMECTHO B KOpOTKHE cpoku. [lomasisto-
niee OOJIBIIMHCTBO TPaHC(HOPMATOPOB TOKA IKCIUTYATUPYETCs MPU HU3KUX KO-
addunreHTax TOKOBOM 3arpy3ku, a OOJIBIIMHCTBO TpaHCHPOPMATOPOB Harpsi-
KEHUSI — MPU BBICOKHUX 3arpy3kax BTOpHUYHBIX 1ieneil. Hanbonee BeposiTHbIC
3HAYEHUsI MOTPEIIHOCTEN MPUOOPOB B TAKUX PEXKMMAX JieKaT B OTPULIATEIb-

HOI 00JI1aCTH.

4.2 HccaenoBaHue NMOTPeNIHOCTEN NMPU KPUTHYECKUX
IKCIIYATAIUOHHBIX PEKUMAX PA0OTHI H3MEPUTEIbHBIX
TPaHCPOpMATOPOB TOKA

Cnan nmpousBoacTBa B 90-x rogax mpuBesn K YMEHBIIEHUIO Harpy3oK B
psifie y3J0B SHEPrOCUCTEMBI, a TAK)KE CHUKEHUIO MOTPEOJICHUS] TPOMBILIICH-
HOCTBIO, 4TO B CBOIO OYEPEIb BHI3BAJIO BO3ZHUKHOBEHWE OTPUUATEIBHOU IO-
IPEIIHOCTH B aBTOMAaTHU3MPOBAHHBIX CUCTEMAax KOHTPOJISI M y4YeTa SJIEKTPO-
sHeprun (ACKVYD). IlpuyuHoi TOMY CTajgo BO3HHKHOBEHHE OTPHUIATEIIHLHOMN
MOrPEIHOCTH Y NIEPBUYHBIX JATYMKOB TOKA U HAIPSKEHUSI, B KAYECTBE KOTO-
PBIX HUCIIOIB3YIOTCS TpaHChOpMATOPhl TOKA U HarpsikeHus [29]. OnHako B 1o-
CJIeIHEE BPEMsI B DHEPIeTUKE BO3POCIIU TPEOOBaHUSI K TOYHOCTH y4yeTa U3Me-
peHuil MoTpedIsieMOl MOIITHOCTH, OCOOEHHO B CETSIX HU3KOro HampsihkeHus. B
CBSI3U C OTHUM MPOUCXOJIUT ITOBCEMECTHAsI 3aME€HAa WHIAYKTUBHBIX CUETUYHUKOB
ANEKTPUUECKON IHEPTUU HA DIEKTPOHHBIE C 00Jiee BHICOKMM KJIACCOM TOYHO-
cti. OHaKO Ha MPAKTUKE 3TO YaCTO HE AET OXKUJIAEMBIX PE3yJbTaToB. TOU-

HOCTb HBMCpeHHﬁ, BMECTO TOTO YTOOBI BO3pacCTarb, MOXKXCT 3HAYUTCIbHO
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yxyamarhbes. Ha qanHbIi mporiece BIMSIET 3HAYUTEIBHOE KOJIMYECTBO (PaKTo-
pOB, HanboJIee BECOMOE 3HAYEHUE U3 KOTOPhIX — KPUTHUUECKUE IKCILTyaTallH-
OHHbIE PEKUMBI pa0OTHI U3MEPUTEIIBHBIX TPAHCHOPMATOPOB.

JlonmycTuMble TIOTPEIIHOCTU TPAHCPOPMATOPOB TOKA B COOTBETCTBUU C
['OCT nHOpMmupyrOTCS B TPEX TOYKAX, COOTBETCTBYIOIIMX TOKOBOM 3arpyske
TpanchopmaTopoB Toka 100 %, 20 % u 5 %. IlorpemHocTu Tpanchopmaro-
poB Toka Kj1accoB ToUyHOCTH 0,5 1 1,0 B 3TUX TOYKaX HE JOJKHBI BEIXOJAUTH 32
npeJienibl, COOTBeTCTBeHHO, £K 775 £1,5K7r 1 £3,0K77. DTO 03HayvaeT, uto (ak-
TUYECKas MOTPEHIHOCTh TPaHCPOPMATOPOB TOKA MPHU MAJIbIX HArpy3Kax MO-
xeT ObITh B 1,5-3,5 paza Oosbine kiaacca TOYHOCTH. s TpaHcdopmaTopoB
TOKa Kjlacca TOYHOCTH 0,2 COOTBETCTBYIOIIME TOYKM UMEIOT YpOBHU +K7r;
+1,75Krr v £3,75K77, TO €CTh MOTPEIIHOCTH MPU MOHUKEHHBIX TOKaxX €IIle
00JIbIIIE YBEIMUUBAIOTCS 110 CPABHEHUIO C HOMUHAJILHBIMH.

[TorpemnHocty TpaHchoOpMaTOPOB TOKA (TOKOBAs M YIjiIoBas) 00yCIoBJIe-
HBbl HAJIMYMEM TOKAa HaMarHUYMBAHUS U pacCUUTHIBatOTCs 1o Gpopmynam [31]:

— TOKOBasi IOI'PCIIHOCTDb

Fo . Iowy
fi. ==sin(yY +a)-100% = sin( +a)-100%,
S 21 Lywy
WIH
33,81,z)°0°7
fi, = 04 sin(y + a) - 100%; (4.4)
1y 0,6 71,6 c0,6
(Ilﬂ) fo0F Sy
— YIJIOBasi MOTPEIUIHOCTH (B pajuaHax)
5 =0 o) = oM +
=T, cos(Y +a) = Lo cos(Y + a)
WIH
1193321,,2)°1°
6= 04 cos(Y + a) (4.5)
11 0,6 1,6 0,6
(75) foeRysy



raie F; — mnepBUYHAs MAarHUTOJABWXKYIIas cuia TpaHchopMaropa TOKa;
Fy, — MarHutoJBWXKYIlasi cujla HaMarHWYMBaHUs TpaHchopMaropa TOKa;
I;, Iy — COOTBETCTBEHHO NEPBUYHBINM TOK U TOK HAMArHUYMBAHUS; W, — YUCJIIO
BUTKOB MEPBUYHON 00OMOTKH TpaHchopmaTopa Toka; [, — cpeaHsist JiuHa Mar-
HUTHOTO MOTOKA B MATHUTOIIPOBO/IE, M; Z, — COIPOTUBJIEHUE BETBU BTOPUYHO-
ro Toka (TOJIHOE COMPOTHBJICHUE BTOPUYHON IIEMU M BTOPUYHOM OOMOT-
ku), OM; f — dactoTa nmepemeHHOro Toka, ['1; S, — AeiCTBUTEIbHOE CEUCHHE
MarHUTOIPOBOJIA, M 1) — yTOJI MOTEPh; & — YroJ cABUra a3 Mex /Iy BTOPHY-
Hou DJ1C E, u BTOpUYHBIM TOKOM [,, Tpa.

OCHOBHOE BIIMSIHUE Ha BEJIMUYMHBI MTOTPEIIHOCTEN TpaHCPOPMATOPOB TO-
Ka OKa3bIBAIOT WX 3arpy3ka Mo TOKY W BEJIMYMHA CONMPOTUBIICHUS BTOPUYHOU
nenu. B yclnoBUsIX CHIKEHHS! OTPEOJICHUS 3JIEKTPOIHEPTUH MPOMBIIILIICHHbI-
MU TPEANPUITUSIMH 3arpy3ka TpaHC(HOPMATOPOB TOKA YACTO HE IMPEBBIIIAET
5-15 %, yTO NPUBOAUT K 3HAYUTEILHOMY YBEJIMYECHHIO IMOTrPELTHOCTEN.

[IpenenbHble 3HAYCHUS TOKOBOW M YTJIOBOM MOTpEIIHOCTEN TpaHcdop-

MatopoB Toka Jy1s u3mepenuit (mo 'OCT 7746-89) npuBeneHsl B Tadnuie 4.1.

Tabmnua 4.1

IIpeaeabHbIe 3HAYEHUSA TOKOBOM M yri10Boi norpemnocre TT

IIpeaesbHasi NOrpeNIHOCTH Bropuunas
Kuace IlepBHYHBIN TOK, HAIpy3Ka,
yrJjoBasi .
TOYHOCTH | % HOMHHAJBLHOIO TOKOBast % HOMHHAJILHOIA,
MHUH
npu cos ¢,=0,8
5 +0,75 +30
10 +0,50 +20
0,2
20 +0,35 +15
100-200 +0,20 +10
25-100
5 +1,5 +90
10 +1,0 +60
0,5
20 +0,75 +45
100-200 +0,5 +30
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AHan3 pe3yiabTaToOB TEOPETUYECKUX M IKCIIEPUMEHTAIbHBIX (PUCYHKHU
4.1 u 4.2) uccnenoBaHuii MOTPEIIHOCTEN Pa3TUYHBIX TUIIOB TpaHC(HOPMATOPOB
TOKA MO3BOJIAJI CAENIATh CIEAYIOUINE BIBODIL:

— B JIMaNla30HE M3MEHEHUSI MEPBUYHOIO TOKA OT HOMUHAJIBHOTO 3HAYe-
Hus oT 1 10 20 % TOKOBasi NOTPEIIHOCTh UMEET OTPULIATENbHBIN 3HAK U C yBE-
JIMYEHUEM TEPBUYHOTO TOKa aOCOJIIOTHOE 3HAUYEHHE TOKOBOW MOTPEHIHOCTU
YMEHBIIAETCS;

— KOJIMYECTBO 3JIEKTPOIHEPTUH, OTITYCKAeMOM MOTPEeOUTENSIM, U3-3a OT-
pUIIATEIBLHON TOKOBOM IMOTPEIIHOCTH TPaHC(HOPMATOPOB TOKA 3aHUKEHO IIO
CpaBHEHMIO ¢ (DAKTUUECKON BEIUUYMHOM, YTO U SIBIISIETCS OJHUM U3 (PaKTOPOB,

BIIASIFOLIMX HA YPOBEHb KOMMEPUYECKHUX IOTEPb.

IlepBuunslii Tok, %

0 2 4 6 8 10

TokoBasi mOrpemHocTh, %

Pucynok 4.1 — Pacuernas tokoBasi norpemriocts TT Tunma TITOJI 600/5

IMpU MUHUMAJIBHBIX IEPBUYHBIX HArpy3kax

N3meputensHble TpaHchOpMaTOpPhl TOKa B TMPOIECCE DKCILTyaTalluH

ImoABCPraroTCsAa BOSI[CI\;ICTBI/IIO MHOT'OYHUCJICHHBIX BHCIIHUX CI)aKTOpOB, KOTOpPBIC
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OKa3bIBAIOT BJIMSHUE HA UX METPOJIOTHUYECKUE XapaKTepUCTUKU. OJHUM U3 Ta-
KUX 3HAYalIUX [MapaMETPOB SBIISIFOTCS PEKUM U TOKH KOPOTKOTO 3aMbIKAHUS.

[Ipr KOPOTKOM 3aMBIKAHWU B CETH TOK, MPOTEKAIOUIUN 4Yepe3 MEepBUY-
Hyt0 o0MoTKy TT, xapakTepusyercs clIeTyIIMMHA 0COOCHHOCTSIMMU:

— OoJIbIIIast KPaTHOCTh TOKA, MPOTEKAIOIIETO Yepe3 MEPBUUHYI0 OOMOTKY
(TOK KOpPOTKOTO 3aMbIKAHUSI MOXKET MPEBBIIIATh HOMUHAJIBHBIM MEPBUYHBIN
TOK B COTHH pPa3);

— HAJIMYHUE allePUOJNYECKON COCTABIISIFOIIEH B KPUBOM TOKA,

— MPU OTKIIFOYEHUHU TOKA KOPOTKOTO 3aMbIKAHHS TOK, MPOTEKAIOIINAN Ye-

pe3 TT oTrkirouaeTcst He B MOMEHT IIEpEX0/a TOKA YepE3 HYJIb.

100

80

[N
)

N
(e

YrioBas morpemHocTb, %

o}
=]

0 1 2 3 4 5 6 7 8 9 10

[TepBuuHsIit TOK, %

Pucynok 4.2 — Pacuernas yriosas norpemnocts TT tuma TITIOJI 600/5

P MUHUMAJBHBIX MIEPBUYHBIX HAI'Py3KaXx

OTMedeHHBIE 0COOCHHOCTH MOI'yT HPUBCCTH K HACBINICHUIO MArHUTO-

mpoBoja TpanchopMaTopa TOKa BILIOTh 0 MAaKCUMaJIbHOW WHIYKIIMM HACHI-
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HICHUS, BBIXOAY TpaHchopMaTopa TOKa U3 Kjacca TOYHOCTH U, COOTBETCTBEH-
HO, K HapacTaHuto mnorpemHocreid. [locne nukBuaanuu KOPOTKOTO 3amblKa-
HUSI, TIpU pabOTe B CETH MEPEMEHHOI0 TOKa MAarHUTOMNPOBOJI TpaHChopMaTopa
TOKa Y€pe3 HEKOTOPOE BPEMSI pA3MATHUTUTCSA U MOTPEITHOCTH BOCCTAHOBSITCH.
Bpewmsi pasmarnnuuBanus TpaHchopMaTtopa TOKa 3aBUCHUT, KaK OT BHEHIHUX
(akTOpoB (3HaUECHHUE TIEPBUYHOTO TOKA, MOITHOCTh BTOPUYHON HATPY3KH), TaK
U OT KOHCTPYKTHUBHBIX OCOOCHHOCTEH (Marepuajia MarHUTONPOBOJIa TPaHC-
dbopmaTopa ToKa, YMUCIa BUTKOB MEPBUYHON 0OMOTKH U ap.) [31].

OueHka pe3yabTaToB UCCIEAOBAHUM BIUSHHS TOKOB KOPOTKOTO 3aMbl-
KaHUs B CUJIOBBIX IIEMSAX CUCTEMBI DJIEKTPOCHAOXKEHUSI HA KAaUeCTBEHHbBIC TTOKa-
3arenu paboThl UBMEPUTENBHBIX TPaHCPOPMATOPOB TOKA MOKa3ala, YTO OCTa-
TOYHOE HAMarHMYMBAHUE OKA3bIBACT 3HAUUTEIHHOE BJIUSHUE HA MOTPEITHOCTH
TpaHc(hOpMaTOPOB TOKA C MATHUTOIIPOBOJIOM U3 JIEKTPOTEXHUYECKOM CTaIN U
B COCTOSIHUM HAaMarHM4YMBaHUS HE COOTBETCTBYIOT 3a/ICKJIAPUPOBAHHOMY
kiaccy TouHocTH [31]. Ha pucynke 4.3 B kauecTBe mpumepa MNpeicTaBICHbI
rpaduueckre 3aBUCUMOCTHA TOKOBOM MOTPEIIHOCTH TPaHCHOPMATOPOB TOKA B
3aBUCHUMOCTH OT MEPBUYHOTO TOKA JUIsl CTy4aeB HOPMAJIBHOTO COCTOSIHUSI Mar-
HUTOIPOBOA TpaHC(HOPMATOPOB TOKA 1 HAMArHUYECHHOTO.

N3 rpadukoB BugHO, uyTo npu HamarunuuBanuu TT TOII-0,66 TokoBas
MOTPEIIHOCTh CTAHOBUTCS OOJIBIIIEH B OTpUIIATEILHON 00JIACTH U BBIXOJUT U3
MPEAEIOB TOMYCKAEMOM MOTPEIIHOCTH JUIsi Kjaacca TouHocTu 0,5, mpuyem To-
KOBasi IOTPEITHOCTh MPHU MEepBUYHBIX TOKax 10 % u MeHee OT HOMHHAJIBLHOTO
BO3pociia mpuMepHo B 2,5 pa3a. Takum o0Opa3om, MOXKHO yTBEpPKJaTh, 4YTO
HanOoJbIllee BIUSHUE OCTATOYHOEC HAMAarHWYMBAaHUE OT JICUCTBHUS TOKOB KO-
POTKOT'O 3aMbIKaHUSI OKa3bIBAE€T HAa MOTPEIIHOCTH TPaHC(HOPMATOPOB TOKA B
00JaCTH MaJIbIX IEPBUYHBIX TOKOB (MeHee 20 % HOMUHAIBHOTO).

HeratuBHoe Bo37elCTBHE TOKOB KOPOTKOT'O 3aMbIKAHHMSI Ha METPOJIOTH-
YECKHUE XAPAKTEPUCTHKU TPAHCPOPMATOPOB TOKA MPOJOJHKAETCS A0 MOITHOTO
pa3MarHuyuBaHus Marautonponojaa. [Ipu padote TpancpopmatopoB Toka rpu
nepsu4HOM TOKe 100 n 120 % HOMMHAIBHOIO NMEPBUYHOTO TOKA M MPHU HOMH-
HaJIbHOW MOIIIHOCTH BTOPUYHOM HArpy3KH BpeMsl pa3MarHu4rMBaHUs COCTaBIIs-

et npumepHo 1 mun mns tpanchopmaropoB Toka TOII-0,66. s Tpancdop-
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MaToOpOB TOKa ¢ 00Jiee MAaCCUBHBIM MarHUTOIIPOBOJIOM BpeMs pa3MarHUYMBa-
HUS YBETTUYUBACTCS U, HapuMep, 1 TpanchopmaTopoB Toka tuma TITOJI-10
yxe cocraBisierT 30 MuH. Takke yBEIMYMBAETCS BpEMS pa3MarHUYMBAHUS
CEepACYHUKA U TP YMEHBIIEHUH MTEPBUYHOrO TOKa. Tak Mpu NEPBUYHOM TOKE
paBHOM 50 % HOMHMHQJIBHOTO MEPBUYHOTO TOKA TOKOBAsl MOTPEHIHOCTh J10XO-
IUT 110 nepBoHadanbHOM 3a Bpems 30 mun mist TOII-0,66 u 3a 3 yaca mis
TIIOJI-10; nmpu nepBuuHbIx TOokax meHee 20 % HOMUHAIBHOTO MPOLECC pas-

MarHUYMBaHUS MPAKTUYECKH HE 3aKaHYMBAETCS U 3a Bpems Oosee 8 1 [31].

0 2 4 6 8 L,% Ly 10
——— _———— T -

-2
-4
-6
-R

—_—— — pa3MarHM4EeHHBIN
6i, % o

HaMarHuYeHHbIN

Pucynok 4.3 — 3aBucumoctb TokoBo# nmorpemuoctu TT TOII-0,66-100/5

OT NEPBUYHOI0 TOKA U OCTATOYHOI'0 HAMArHUIYUBAHUA

JIist MCKITIOYeHUs! BIMSHUS HAaMarHU4YMBAHUS MOCJIE€ MPOTEKaHUsI TOKOB
KOPOTKOI'O 3aMbIKaHUs PEKOMEHJIYEeTCsl MPUMEHSATh TpaHC(OpPMATOPbl TOKA
COOTBETCTBYIOUIMX KJIACCOB TOYHOCTH C MAarHUTONPOBOJAMHU U3 aMOP(HBIX
VI HAaHOKPUCTAJUTMYECKUX CIUIABOB, Ha MOTPEIIHOCTH KOTOPBIX OCTATOYHOE

HaMarondmMBaHUC ITPAKTHYCCKHU HE BJIMACT.
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4.3 HccaenoBaHue MOrPenIHOCTEN MPU KPUTHYECKUX
IKCIIYATAIUOHHBIX PEKUMAX PA00THI H3MEPUTEIbHBIX
TPaHC(HOPMATOPOB HANPHKEHUS

BTOpBIM MCTOYHHMKOM MOTIPEMIHOCTH y4€Ta 3JIEKTPUUYECKON DHEPTUU SIB-
JsieTCs U3MEpUTENbHbIN TpaHchopmaTop HanpsbkeHus. CornacHo [4, 29] no-

IPELIHOCTh N0 HAMPSXKEHUIO ONPEIEISETCs CASAYIOIMIMM 00pa3oM:
AU = AU, + AU, (4.6)

rae AU, — TOrpemHoCTh MO HAMNPSHKEHUIO, O0YCIOBJIEHHAs TOKOM Harpys-
ku, %; AU,y — NOTPEeuIHoCTh M0 HANpsHKEHUI0, 00YCIOBICHHAs! TOKOM XOJI0-
cToro xoja, %.

MOXHO € JOCTATOYHOW TOYHOCTBIO BBIPA3UTh COCTABISIONIME MOTPELI-
HOCTU M3MEPUTEIIBHOTO TpaHCc(popMaTopa HANPSIKEHUS CJIEAYIOIIUM BbIpaXke-
HueMm [29]:

I
AU, = —100 U—Z [(r{ + 1) - cose, + x * sing,] (4.7)
2
u
100 !/ ! / !/
AU, = T (1, -r + 1, - x1), (4.8)

rae U, — HamnpsiKeHrue BTOPUYHOM OOMOTKH M3MEPUTENILHOIO TpaHchopmaTo-
pa, B; I, — akTHBHAas COCTaBJISIOIIAs TOKA XOJOCTOTO XOja, MPUBEACHHAS K
BTOPUYHOM 00MOTKe TpaHchopmaropa, A; 1; — MPUBEICHHOE COMPOTUBIICHHUE
NepBUYHON 0OMOTKH TpaHchopmaTopa, MPUBEIEHHOE KO BTOPUYHOI 0OMOTKE,
Owm; [, — mpuBeleHHas PEAaKTHBHAS COCTAaBJIAIOIAs TOKA XOJOCTOIO XOJa,
NPUBEICHHAS KO BTOPUYHON 0OMOTKe TpaHchopMaTopa, A; X; — PEaKTHBHOE
COINPOTUBIIEHUE NEPBUYHON OOMOTKHU TpaHchopmaTropa, IpUBEIEHHOE KO BTO-
puuHOil 00MOTKEe, OM; [, — TOK Harpy3ku Tpancgopmaropa, A; 1, — COMPOTUB-
JieHue BTOPUYHOM OOMOTKH TpaHchopmartopa, OM; cos@, — kodpduimeHt

MOITHOCTH Harpy3ku U3MEPUTEILHOTO TpaHchopmaTopa.
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VYrioBas mOrpenrtHocTs TpaHchopMaTopa HAMPSHKEHUS OINpEessieTCs
KaK
I ! !
6 =6, + 6,y (4.9)

rae 6, — yriaoBas MOrPeIIHOCTh, 00YCIIOBICHHAs! TOKOM HArpy3KH; &, , — YIJI0-
Basl MOTPEIIHOCTh, 00YCIOBJICHHAS TOKOM XOJOCTOTr0 X0/a.

CocTaBisomKe yriIOBOW MOIPEIIHOCTH ONPENEISIOTCS KakK

Lx; — 1,1
5i =3440 - 221 41 (4.10)
U,
u
I .
o = 3400U— [(r{ + 1) - sing, — x - cos,], (4.11)

2

r7ie X — MHIYKTUBHOE CONMPOTUBIIEHHE TpaHchopmaTopa, OM.

Pe3ynbTarhl pacuera morpemHocTeil Tpanchopmaropa HanpsH>KEHUs MO-
Ka3zaHbl Ha pucyHkax 4.4 u 4.5. OCHOBHOE BJIMSIHHE HA MOTPEHIHOCTh TPAHC-
(opmatopa HanpsHKEHUST OKa3bIBACT BEJIMUYMHA BTOPUYHOUN HArpy3ku S, [29].

W3 rpaukoB BUAHO, YTO MEpPErpy3Ka M3MEPUTENbHBIX TpaHCc(opMaTo-
POB MPUBOJIUT K HAPACTAHUIO TOTPEIIHOCTH B OTPUIIATENIBHOW 00JIaCTH U, CO-
OTBETCTBEHHO, K HEIOYUETY 3JIEKTPOIHEPTUU. Y YUTHIBAS, YTO U3MEPUTEIbHBIE
TpaHc(hopMaTOpbl HANpPsKEHUS! MUTAIOT, KaK MPaBUIIO, HECKOJIbKO H3MEpH-
TEIbHBIX MPUOOPOB M CYIIECTBYET HA MOJCTAHIMKM Pa3BETBICHHAs CETh BTO-
PUYHOTO (M3MEPUTENBHOI0) HANPSHDKEHUs, K KOTOPOMl CYIIECTBYET JOCTYI U
BO3MOXHOCTh HMCKYCCTBEHHOM MEpErpy3ku TpaHC(HOpPMATOPOB HANPSKEHHUS,
YTO CBSI3aHO C IUIAHOBBIM HEJIOYYETOM (BOPOBCTBOM) 3JIEKTPOIHEPTUH.

MOoOMmHOCTh BTOPUYHON HArpy3Kd H3MEPUTENIbHBIX TpPaHCHOPMATOPOB
HANpPSDKEHUS. COCTOUT M3 MOIIHOCTH M3MEPUTENBHOIO Mpudopa IUIFOC MOMUI-
HOCTh MOTEPH B MPOBOAAX U B COOTBETCTBUU C HOPMATUBHBIMU TPEOOBAHUSIMHU
IOJbKHA cocTaBisATh OoT 25 10 100 % HoMuHanbHOW. ToOJIBKO B 3TOM ciydae
OHM palbOTaIOT B CBOEM KJlacce TOUHOCTU. Ecim e Harpy3ka BTOpUYHOM Lenu
BBIXOAMT 3a MpeAeibl 3TOr0 MHTEpBaja, TO HEOOXOJuMa COOTBETCTBYIOLLIAS

KOPPEKTHUPOBKA.
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PucyHnok 4.4 — IlorpemiHOCTb N0 HANIPSIZKEHUIO TPAHC(POPMATOPOB HANIPSKECHUS

B 3aBUCHUMOCTHU OT BTOpH‘lHOfI Harpy3Kkm

Ha npakTtuke usmepurenbHbie TpaHCHOpMaTOphl HANIPSHKEHUS YacTo pa-
00TalT TpH 3arpy3Ke BTOPUYHONW OOMOTKH, MPEBBIMIAIONICH HOMUHAIBHYIO B
HECKOJIBKO pa3, T.€. C OTPULATEIbHOW IMOTPEHIHOCTHIO. bosbliyt0 4acThb
Harpy3ku TpancopmaTopa HaNpsHKEHUS COCTABIISIIOT U3MEPUTENbHbIC TTPUOO-
Pbl, NOJKJIFOYEHHBIE K HUM, B YACTHOCTH, 3JICKTPOMATHUTHBIE CUETUUKH DJICK-
Tpuueckoil sHepruu. Ha mojcraniusax oObIYHO YCTAHOBJICHBI UHAYKIIMOHHbBIC
CUYETUUKH, TOTpeOsieMasi MOIITHOCTh KOTOPBIX HaXOoAuTCs B mpezenax 4 Bt. B
pe3yJibTaTe 3aMEHEHbl MHAYKIMOHHBIX CUETUMKOB HA 3JIEKTPOHHBIC, MOTPEO-
JsieMasi MOIIIHOCTh Y HUX MeHbIe B 2-4 pa3za. B atom cimydae kordduiment
3arpy3ku TpanchopmaTopa HampsHKEHUs CHUYKAETCS B J[Ba pa3a /10 3HAYCHUS
1,1 u, cnenoBarenbHO, CHUXKAETCS MOTPEIIHOCTh TpaHchopMaTopa HampsixKe-
Hus ¢ 1,15 % go 0,5 %. CHmxkeHre morpenHocTy TpancopmaTopa HampsixKe-
HUSI TIPUBEJET K MOBBIINICHUIO TOYHOCTH y4e€Ta OTIYILIEHHOW MOTPEOUTENsIM

AJIEKTpO3HEPruu [29].
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IIpy aKTUBHO-EMKOCTHOW Harpyske Sing
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Pucynok 4.5 — YriioBast NorpeiHocTb TPAHC(POPMATOPOB HAIPSKEHHUS B

3aBMCHUMOCTH OT BTOPHUYHOMN HATPY3KH

XapaKTep N3MCHEHUSA HOFpGIHHOCTGﬁ IIpu USMCHCHHUU COSP 3aBUCUT OT

COOTHOILIEHUSI aKTUBHBIX U PEAKTUBHBIX IMaJ€HUN HANpSHKEHUN B TpaHCHOP-
marope. [Ipu akTHBHO-UHIYKTUBHOM Harpyske, Ipu yMEHbIIEHUU KO3hPpuiu-
€HTa MOIIHOCTH MEHEE EIMHHIIbI, MOTPEIIHOCTH MO0 HAIPSHKEHUIO MEPBOHA-
YaJIbHO CTAaHOBATCS O0Jiee OTPULATEIbHBIMU, a MPU JaJbHEHIIEM YMEHbIIIe-

HUHW COS@P MNOrpCIIHOCTHU HAIIPSKCHUSA CTAHOBATCA 0oJ1ee IOJIOKUTEILHBIMU.

yYMEHbIIEHUU KO3 (UIIMEHTa MOITHOCTH BTOPUYHOM HArpy3KH MOTPEUIHOCTH
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TpaHc(hOpMATOPOB HAMPSHKEHUS MO HAMPSDKEHHUS CTaHYT OO0Jiee MOJIOKUTEb-
HBIMH, a YTJIOBbIE — 0OJiee OTPUILIATENIHBIMU U TAKXKE BBIXOIAT 32 MPEEIIbI
JOMYCTUMBIX 3HaueHuil. CreaoBaTeNbHO, MPU yYMEHbIIEHUU Kod(duireHTa
MOIIHOCTH BTOPUYHOM HArpy3KH, Kak MpPHU aKTUBHO-UHIYKTHUBHOM, TaK W MpHU
AKTUBHO-EMKOCTHOM HAarpy3ke, yIJIOBbIE TMOTPEHTHOCTH H3MEPUTEIbHBIX
TpaHc(hOpMaATOPOB HAMPSHKEHUS MOTYT BBIXOJUTH 3a MPEAeNIbl HOPMHUPYEMBIX
3HaueHui [30].

Ha metponornyeckue XapakTepUCTUKU PAOOThl U3MEPUTENIbHBIX TPAHC-
(bopMaTOpoB HAMPSIKEHUSI MOTYT TaK)K€ OKa3bIBaTh BIMSHUE WCIIOTHEHUE W3-
MEpUTEIIbHBIX TPAaHCPOPMATOPOB HAMPSKEHUS U AIEKTPOMAarHUTHBIE MPOIIEC-
Chl B CHJIOBBIX LIEMAX CUCTEM DJIEKTPOCHAOKEHUS, HEMIPEIyCMOTPEHHbBIE HOP-
MaJIbHBIM PEKUMOM UX paOOTHI.

[IpumeHsieMble B HACTOSIIEE BPEeMsI M3MEPUTEIbHBIE TPAHCHOPMATOPHI
HaIpsDKEHUS ICNISITCS Ha 3a3eMJisieMble U Hezazemuisiemble. [lepBrie Tpancdop-
MaTOpPbI HANPSDKEHUST BKIOYAIOTCS MEXIY (pazamMu ceTw U ObIBAaIOT JUOO OJ-
HodazubiMu (tura HOJI, HOM), nu6o tpexdaszubimu (tuna HTMK). Onu
MMEIOT TOJIBKO OJIHY BTOPUYHYIO OOMOTKY C HAaWBBICIIMM KJIaCCOM TOYHOCTHU
0,2 wiu 0,5, 9TO BMOJIHE MPUEMIIEMO JIJISI TTIUTAHUSI KOMMEPYECKUX CUETUYUKOB
anekTposHepruu. [lpu 3TOM ciienyer mHOMHUTh, YTO KJIacC TOYHOCTH TpaHC-
(dbopMaTOPOB HAMPSHKEHUS] TAPAHTUPYETCS TOJIBKO MPHU OMPEACICHHBIX YCIIO-
BUSIX JKCIuTyararuu. B wactHocTH, dakTHueckass Harpyska npu cos ¢, = 0,8
JO0JDKHA OBITh CHMMETPHUYHOM M HaxOAWTheA B mpeaenax ot 25 mo 100 % or
HOMUHAJIBHON MoiHocTU. Eciu (daktuueckas Harpy3ka Messlne 25 %, dto
XapaKTEepHO JIJIsi MPUMEHEHHUSI DIIEKTPOHHBIX CYETYMKOB C MAJIBIM NMOTPEOJIECHHU-
€M, TO €€ ClIeJlyeT UCKYCCTBEHHO YBenn4uuTh. Eciin xe ona 6osbiie 100 %, To
TpaHchOopMaTOPbl HANIPSHKEHUS IEPEXOAT B HUBIIHMM KJIacC TOYHOCTH.

3azemMisieMble TPaHC(POPMATOPHI HANPSKEHUS BKIIOYAIOTCS MEXIy (a-
3aMU CETH U 3eMJIeH U TakKe mpou3BosATcs B ogHodazHoMm (turna 3HOJI) unu
tpexdaznom (tuna HTMU, HAMU, HAMUT) ucnonnenuu. Korna tpu on-
HO(a3HBIX TpaHCHOpMAaTOpa HAMPSIKEHU COOMpArOTCs B Tpex(da3Hyro IpyIiy,
OHA CTAHOBHUTCS HKBUBAJCHTHOM OJIHOMY TpexdazHomy TpaHchopmaTopy

HaIpspKeHUs. 3a3emisieMble Tpex@aszHble TPaHCPOPMATOPHI HANPSIKEHUST BbI-
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MOJIHSIFOT BCE (PYHKIIMM HE3a3eMJISIEMbIX TpaHC()OpMaTOphl HAMPSHKEHUS TUTIOC
KOHTPOJIb U30JsIIUK ceTh. HauBbICIINI KJIaCC TOYHOCTH 3a3€MIISIEMBIX TPaHC-
(GbopMaTOPOB HANPSDKEHUS MPU U3MEPEHUN MEXKAY(Pa3HBIX HANIPSKEHUM TaKKe
coctasisaet 0,2 unu 0,5 mpu cummerpuuHoit Harpy3ke ot 25 1o 100 % oT Ho-
MHUHQJIBHOM ¢ €OS @, = 0,8. OHaKoO OH HE rapaHTUPYETCS NPH OgHOGhA3HOM
3aMbIKaHUU CETU Ha 3eMJIt0. B 9TOM OTHOIIEHUM 3a3emiisieMble TpaHchopma-
TOPBI HAMPSHKEHUS YCTYIAIOT He3a3eMiisieMbIM [ 17].

B nsnektpuueckux cersx HampsbkeHneM 6—35 kB ¢ u301MpoOBaHHOU
HEUTPAIIbIO MTPOUCXOMSAT MPOLECCH], KOTOPHIE OTPULIATEIBHO CKa3bIBAKOTCS Ha
paboTe 3a3eMIISIEMBIX AJIEKTPOMArHUTHBIX TpaHChHOPMATOPOB HampspkeHus. K
ATUM MPOLIECCAM MOMKHO OTHECTH:

— (eppope3oHaHCHbIE IEPEHANPSKCHHUS;

— KOMMYTAIlMOHHBIE NIEPEHANIPSKCHUS;

— NEePEeXOAHBIE MPOLIECCHI;

— CMEILECHUS HEUTpaJIH;

— HaJUYue MOCTOSIHHOM COCTAaBJISIIONIEN MAarHUTHOTO MOTOKA B TpaHC-
dbopmaTopax HaIpsIKEHUSI IPU aBTOKOJIE0ATEIbHBIX MTPOIECCaX B CETH.

Ha npaktuke npuMeHSIOTCSA pa3InyHbIE CXEMHbIE PEIICHUs M0 MoAaBe-
HUIO OTPUIATEIBbHBIX MPOIECCOB, BIUSIONIMX HA YCIOBUSA pabOTHI TpaHCc)op-
MaTOpPOB HANPSHKEHUS B DJIEKTPUUYECKUX ceTsaX 6—35 kB: 3a3emiieHue HeWTpaiu
0OMOTOK BBICOKOTO HampsiyKEHUsT TpaHCHOPMATOPOB HANIPSHKEHUST Yepe3 pesu-
CTOPBI PA3IMYHBIX 3HAYEHUU COMPOTUBICHUS — OT HU3KOOMHBIX JO BBICOKO-
OMHBIX; BKJIIOYEHHE PE3UCTOPOB B PA3OMKHYTHIA TPEYTrOJIBHUK OOMOTOK
TpaHCPOPMATOPOB HAMPSHKEHUS, MPEAHA3HAYCHHBIX ISl KOHTPOJISI U30JISIITUN
CETH; MPUMEHEHNE TPaHC(HOPMATOPOB HANIPSHKEHUSI C BCTPOSCHHBIM 3aIlIUTHBIM
ycTpoiicTBoM u Jip. OJHaKo, MPAKTUYECKU BCE MEPEUMCIICHHBIE PEIICHUs
YXYJIIIAI0T METPOJIOTHIO, YBEIMYUBAIOT MOTPEIIHOCTh U3MEPEHUM.

Haunbonee xapakTepHbIM MPUMEPOM YXYIIICHUS METPOJIOTUYECKUX Xa-
PAKTEPUCTUK TPaHCHOPMATOPOB HAMPSHKEHUS SBJISIETCS BKIIOYEHUE BBICOKO-
OMHBIX PE3UCTOPOB MEXKIY NUTAIONICH CEThI0O M TMEPBUYHBIMU OOMOTKaAMHU

TpaHcpopMaTOpOB HampsiKeHUs. Takas cxema mpuemsieMa C TOYKUA 3PECHUS
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3alUTHI TpaHC(HOPMATOPOB HANPSKEHUS OT GeppOpE30HaAHCa, HO COBEPIIICHHO
HeTpueMiIeMa ¢ TOYKH 3peHHST 00eCIIeueHHsT TpeOyeMbIX OT TpaHc(hopMaTopoB
HAMNPSKEHUSI METPOJIOTUYECKUX XAPAKTEPUCTUK IS LEJEH U3MEPEHUS U y4e-
ta. [lorpemnoctu TpaHchopMaTOpoB HANPSHKEHUS MPU TAKOW CXEME PE3KO
BO3pacTaloT U TpaHchopmartop u3 kiacca TouHoctd 0,5 mpu HOMHUHAIBHOU
MOIIHOCTH, COOTBETCTBYIOIIEH ATOMY KJIACCYy TOYHOCTH, MEPEXOJUT B KIACC
TOYHOCTH | mpu conporuBiaeHnu pe3ucropa 15 kOM u B Kilacc TOYHOCTH 3
pu COMpOTUBIEHUU pe3uctopa 45 kOM, NOrpenHocTH TpaHCcHOpPMaTOPOB
HaIpSKEHUsI CTAHOBATCS 0oJiee OTPUIATEIIbHBIMU, YTO MPHUBOAUT K 3HAYU-
TEJIbHOMY MCKaXEHUIO MTOKa3aHUI U3MEPUTEIBHBIX MPUOOPOB, B TOM YHUCIE K

HEJIOYYETY AJICKTpUUECKON dHeprud [ 14].

4.4 OneHka morpemHocTeid padoThl NPUOOPOB yUeTa
JIEKTPOIHEPIUH

Nmeromuecs: B TEXHUYECKON JIMTEPATYPE JAHHBIE O MOIPEIIHOCTIX WH-
OYKIHOHHBIX CUETUUKOB IMOKA3bIBAIOT, YTO MO MEPE IKCILTyaTallUd CYETIYMKOB
OHM CTAHOBSTCS Bce 00J€€ OTPULIATEIbHBIMU U B HEKOTOPBIX CIy4asX BbIpa-
KaroTcs ABy3HauyHOU nudpoi. [laxe uisi CHETYMKOB, CPOKHU CITY>KObI KOTOPBIX
HE BBILUIM 34 IIPEJEIbl HOPMUPOBAHHOTO MEXIIOBEPOYHOTO MHTEpBaia. B Te-
YEHUE KaXIbIX ISATH JIET TOCJE MOBEPKU MOTPEITHOCTh UHAYKIIMOHHBIX CUET-
YUKOB B CPEJTHEM YXOIUT B MUHYC Ha BEJINYMHY, PABHYIO UX KJIACCY TOYHOCTH
[13].

Bce u30xeHHOE MO3BOJISIET OLEHUTh CyMMAapHBIM Henoyder (Merpo-
JIOTUYECKHE MTOTEPH) TSI CETEBBIX KOMITAHHM, SKCILTyaTUPYIOIINUX CETH BBICO-
KOT0 HanpsbkeHus, cpeanent Benuunnon 0,8 %, a MyHHIIMIanbHbIX KOMITAHHUM
—4-5 %.

OnpeneneHHbIl HEAOYYET 3JIEKTPOIHEPTUU OOYCIOBIMBAETCA TaKXKe
HaJIMYMEM Y MHAYKIIMOHHOTO CYETYMKA [MOPOTa YyBCTBUTEIBHOCTH, ITPEACTAB-
JISIOIIET0 cO00M MUHUMAJIbHOE 3HAYEHUE TOKA, IPU KOTOPOM JMCK CUETUMKA
HAYMHAET BPAIATHCS HENPEPHIBHO. 3HAYEHUSI HOPMHUPOBAHHOTO IOpPOTa 4yB-

CTBUTCJIIbHOCTHU IIO TOKY I MHAYKIOHMOHHBIX CUCTYMKOB PA3JIMYHBIX KJIACCOB
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IIPUBCACHBI HUIKC (HOpOF YYBCTBUTCJIbHOCTH IIO aKTUBHOM MOIITHOCTH BbIYHC-

jeH npu ko3¢ dunrerte moirHocTtu 0,85):

Knacc mounocmu cuemuuxa 0,5 1,0 2,0 2,5
Iopoe yyscmeumenvnocmu no moxy, % 0,3 0,4 045 1,0

To orce, no akmusnou mownocmu, % 025 0,34 0,38 0,85

[IpuBeeHHBIE JTaHHBIE TOKA3bIBAIOT, UTO HaWOOJIee PacrHpOCTpPaHEHHbIN
WHAYKIMOHHBIN CUETUMK KJIacca TOYHOCTH 2,5 HE YUYUTHIBAET 3JECKTPOIHEP-
THIO B TIEPUO/IbI, KOT/Ia ee moTpebiienne cocrarisier Mmenee 0,85 % HoMuHaIA
cyeTynka. MoOIIHOCTh, MOTpedssieMass MHOTUMU OBITOBBIMU YCTPONCTBaMH,
HaxOASAIIMMHUCS B XKAyIIeM pexuMe (paauotenedoHnsl, pakchl, OXpaHHAS CHUT-
HaJM3aIus 1 T. 1.), HE TPEBBIIIAET 3TOro 3Ha4eHUs. Bpems, B TeueHHe KOTO-
pOTO K CETH MPUCOEAUHEHBI TOJBKO MPUOOPHI, MOTPEOIISIIONINE B CyMME HE
0oJiee MOPOTOBOM MOIIIHOCTH, B OBITOBBIX YCIIOBHUSIX COCTaBJIsET HE MEeHee 12
4acoB B CYTKHM (HOYHBIC YacChl U OTCYTCTBUE XO351€B B KBapTUPE B TCUCHUE pa-
o6ouero aus) uiad 360 yacoB B Mecsil. B 3TuUX yCIOBUSX HEJOYYET DJICKTPO-
AHEPIruu 3a MeCAI] M0 OJHOMY a0OHEHTY B pacuere Ha 10-aMIepHbI CYETUMK
coctaButT 6,7 kB1-u [14].

N310X€HHOE MO3BOJISIET CIEJIATh BBIBOJ O TOM, YTO HEAOYUYET JIEKTPO-
SHEPIruu SBIAECTCS OOBEKTUBHBIM CBONMCTBOM CHCTEMBI yueTa, 0OYCIIOBJICH-
HbIM (PU3UYECKUMHU CBONCTBAMHU METAJUIOB, MCIIOJB3YEMbIX MPU HU3TOTOBJIE-
HUU TPaHCPOPMATOPOB TOKA M HAMPSHKEHUS, U BIMSHUEM CPOKa HKCILTyaTa-
MM Ha TOTPEIIHOCTU WHAYKIMOHHBIX CYETYMKOB. Hemgoyuer MoxkeT OBbITh
YMEHBIIICH 3aMEHOM TPUOOPOB Ha HOBBIE, HO HE MOXKET OBITh CBEJICH K HYJIIO.

OOBEKTUBHOCTh YKAa3aHHOTO CBOMCTBA M3MEPUTEIBHBIX YCTPOUCTB IMO/I-
TBEPXKJIA€T CUTYAIlsl, YaCTO HAOJIIOJABIIAsICSl B MMPAKTUYECKUX pacyeTax TeX-
HUYECKUX MoTeph B ¢uaepax 6-10 kB ¢ OTKIIOUEHHBIMH Harpy3kKamu, HO
HaxXOASAIIMXCS TOJ TaK Ha3bIBAEMBbIM «OXPaHHBIM» HampsbKeHueM. Pacuersl
K€ TEXHUUYECKHUX MOTEPh B TakuX (ujiepax Mmokas3blBaJIM, YTO OHU YaCTO B J[Ba-
TPHU pa3a MPEBBIIATIN SHEPTUIO, 38JJaHHYI0 HA TOJIOBHOM Y4YacTKE MO MOKa3a-
HUSAM cUeTurka. UTO HE YIMBUTEIHHO MPH UCKIIOYUTEIHHO MalioM Ko3(du-

LIMEHTE 3arpy3KH TpaHCPOpMaTopa TOKa.
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Crnemyetr OTMETUTH U TIPEYBEIMUCHHOE MpecTaBieHne 00 3pHeKTUBHO-
CTH 3aMEHBI CYIIECTBYIOIIUX CUETYNKOB HAa CUETUYMKH 00Jiee BRICOKOTO Kilacca
tounoctu. Ecim, Hampumep, TpancopmaTop Toka, TpaHchopmMarop Hampsi-
KEHHUS M CYETUYMK UMEIOT Kiacc TouyHocTu 0,5, TO cyMMapHasi OTPEITHOCTh

ydeTa OyJIeT paBHa

§ =1,11,/0,5%2 + 0,52 + 0,52 = 0,87 %.

[Ipu 3ameHe cueTunka Ha cyeTyuk kiacca 0,2 OHa CHU3UTCS BCETO 10

§ =1,11y/0,5%2 + 0,52 + 0,22 = 0,81 %,

Ipu 5TOM CHCTCMATHYCCKHUC IMOI'PCIIHOCTH HUM3MCPHUTCIbHBIX TpaHC(i)OpMaTO—
POB TOKa U HAIIPSIKCHUA OCTAOTCA HCU3MCHHBIMU.
B HPAKTHUYCCKHUX pacdCTax CHUCTEMATHYCCKAA IOI'PCINHOCTb HMHAYKIIH-

OHHBIX CUETUYMKOB ompezesiena mo hopmyne, % [15]:
Acqz —0,2 THOBKC‘-I’ (412)

r7ae Tyo5 — CPOK CIY>KOBI CUETYHKOB MOCTIE TIOCTIETHEN TTOBEPKH.

JIns1 BNEKTPOHHBIX CYETYMKOB, B CUJIYy OTCYTCTBUS B HACTOSIIEE BpEeMs
OonyOJIMKOBAHHBIX JAHHBIX 00 WX PEKUMHBIX U BPEMEHHBIX MOTPEHTHOCTSX,
NPUXOJIUTCS CUCTEMATUUYECKYIO MTOIPEIIHOCTh IPUHUMATH paBHOM HYytO [15].

[Ipu ompeneneHur HOPMATUBHOTO HENOYYETa AJIEKTPOIHEPIUU B CETU
(HOpMaTUBHBIX METPOJOTHUECKUX IOTEPh), 3HaUeHHUE T,,, B Gopmyie (4.12)
JUISl KOHKPETHOM TOYKHM y4e€Ta HE JIOJKHO IMPEBBINIATH HOPMATUBHOIO MEX-
MOBEPOYHOTO MHTEpBaJIa: 8 JeT A TpexdazHoro cuerynka u 16 et mis of-
HO(aA3HOTrO.

MeTtponornueckue XxapakTepUCTUKU TPUOOPOB, YCTAHOBJICHHBIX HA BXO-
7€ ¥ Ha BBIXOJIE TEPPUTOPUATIBHO COCPEIOTOYEHHOTO 00BEKTa, IIOTEPU BJIEK-
TPOIHEPTUU HA KOTOPOM MMEIOT TOJIBKO TEXHUUECKYIO COCTABJISIONIYIO (TI0A-
CTaHUUs, PACHPEIECTUTENBHOE YCTPOMCTBO 3JEKTPOCTAHIMHU), KaK MPaBUIIO,

pas3in4daroTCd HC3HAYHUTCIBbHO, IMOOTOMY pPAa3HHIA HPAKTHUYCCKHU OAMHAKOBBIX
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CUCTEMAaTUYECKUX ITOTPEIIHOCTEN ydeTa ITOCTYIUICHUsS W OTIIyCKa JHEpPruu
ONu3Ka K HyJI0. AHAJIOTUYHAs CUTYallMsl XapaKTepHa U JJIs CETel BBICOKOIO
HanpsiokeHus (220-750 kB), nocTymuieHre u OTIyCK Y3HEPTUU B KOTOPBIX (PUK-
CUpyeTCsl CUCTEeMaMM ydeTa MpUOIM3UTENbHO OJMHAKOBOIO Kjacca, paboTa-
IOIMMH B TIPUOJIM3UTENBHO OJMHAKOBBIX yclioBUsX. [loaTomMy HeyueT cucre-
MAaTHYECKUX IOTPEIIHOCTEH CPEACTB M3MEPEHHUs IPU ONIPEACIICHUU HOpMa-
TUBHBIX MOTEPh B PAMOHHBIX (MEXKCHUCTEMHBIX) CETAX MOYKHO CUUTATh JIOIY-
cTUMBbIM. OJIHaKO B JJIEKTPUYECKHUX CETAX PaACHpPEACIIUTENbHBIX KOMIIaHUM,
NOCTYIUIEHHE SHEPTUH B KOTOpble (UKCUpYETCsl MprOOpaMu BBICOKOTO Kjacca
TOYHOCTU M PETYJISAPHO OOCIYKMBAEMBIMHU, a OTIYCK SHEpPruu (Ipeumyiie-
ctBeHHO noTpeduTersim 10(6) u 0,4 kB) — nmpubopamu ropasio 60siee HU3KOTO
KJIacCa TOYHOCTH, IPOBEPSEMBIMM MEHEE 4YacTO, HEYYET CUCTEMATHYECKHUX
IIOIPEIIHOCTEN IPUBOAUT K HENPABUIBLHOMY IPEIACTABICHUIO O CTPYKTYpE
(pakTHUECKUX MOTEPh. BuinonHeHHbIe B Poccuu uccienoBanus Moka3aim, YTo
MIPEUMYILECTBEHHO OTPULIATENBHBIE CUCTEMATHYECKHUE IMOIPEIIHOCTH Xapak-
TEPHBI U1 BCEX JJIEMEHTOB U3MEPUTEIIBHBIX KOMIUIEKCOB U UX UTHOPUPOBA-
HUE HE MO3BOJISIET YYECTh OOBEKTUBHOE BIUSHUE CUCTEMBI yyeTa Ha akTuye-
ckue norepu [13, 14].

B MupoBOM INpakTUKE CyHIECTBYET JABAa OCHOBHBIX IYTH IOBBIIICHUS
TOYHOCTU U JOCTOBEPHOCTH y4E€Ta KOJIMYECTBA IJIEKTPOIHEPIUHU:

— IIEPBBIA IIyTh — TEXHOJIOTMYECKHUM, OCHOBAHHBIM HA INPABUIBHOM U
TEXHUYECKH OOOCHOBAHHOM BBIOOpE MPUOOPOB ydeTa, oOecrieueHUU PadOTHI
TpaHC(OPMATOPOB TOKA, HANPSIKEHUS U BJIEKTPOCUETUHUKOB B TpeOyemMoM
KJIaCcCe TOYHOCTH;

— BTOPOW IyTh — CTPYKTYPHBIA, OCHOBAHHBIN HA METOJAaX aBTOMaTH4e-
CKOW KOMIICHCAIlMU IOTPEIIHOCTEN, BBEACHUE IIONPABOK B PE3yJIbTAThl U3Me-
PEHUI C YYETOM CHCTEMATUYECKUX NorpemHocterd. CTpyKTypHBIM MyTh Tpe-
OyeT IUMarHOCTUPOBAHUS MOTPEIIHOCTEN M JPYrMX METPOJIOrMYecKUX Mapa-
METPOB U3MEPUTENBHBIX TPAHC(HOPMATOPOB U INEKTPOCUETUUKOB. OH MO3BO-
JSI€T 3HAYUTENBHO (B pa3bl) MOBBICUTH JOCTOBEPHOCTh U TOUHOCTh U3MEPEHUS

QJICKTPOSHCPI'UN.
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4.5 BbiBoabI 0O pasaeny 4

1. To4yHOCTH U3MEPEHUS MOTPEOIIEMON IEKTPOIHEPTUHN OIIPEACIISIETCS
HE TOJIbKO KJIACCOM TOYHOCTH W3MEPHUTENbHBIX MPUOOPOB, HO M MOTPEIIHO-
CTSIMH BCEX A3JIEMEHTOB U3MEPUTEIBLHOI0 KOMIUIekca. OCHOBHBIMU TEXHHUYE-
CKUMH TMpUYMHAMU (POPMHUPOBAHUS KOMMEPUYECKHX MOTEPh DIIEKTPOIHEPTHU
IIpU ee mepeiaye ciaeayeT CUUTaTh HEeHOPMAaTUBHBIE YCIOBUS pabOThl U3MEPHU-
TEJIbHBIX TpaHC(HOPMATOPOB TOKA, TpaHC(HPOPMATOPOB HAMPSLKEHUS U MPUOO-
POB yye€Ta 3JIEKTPOIHEPIUM 32 CUET UX HEAOTPY3KH WM NEPETPY3KH, OTKIO-
HEHHUS YCIOBUM SKCIUTyaTallU OT HOPMATHUBHBIX, HAPYIICHUSI CXEM MOJKIIO-
YEHUS U TTIOBPEKICHUN.

2. YMeHbIIIEHUE HArpy30K B psijic Y3JIOB SHEPrOCUCTEMbI, a TAKKE CHU-
KEHUE TOTPEOJICHHUST DJIEKTPOIHEPTUU TPOMBIIIIEHHOCTHIO CHOPMHUPOBAIIO
yCJoBHs paboThl TpaHCHOPMATOPOB TOKA B HEJTMHEHHON YacTH XapaKTEePUCTHU-
KM HAaMarHWYWBaHUS W MPUBEJIO K BOSHUKHOBEHHIO OTPHUIATEIHHOM MOTPEII-
HOCTH Y TOJIaBJISIFOIIETO OOJIBIIMHCTBO TPaHC(HOPMATOPOB TOKA U, COOTBET-
CTBEHHO, K KOMMEPUYECKOMY HEJIOY4eTYy MOTPEOJECHHONU SHEPTUU.

3. Ha kadecTBeHHBIE TOKa3aTelnd padOThl U3MEPUTEIBHBIX TpaHchop-
MaTOpPOB TOKa CYIIECTBEHHO BIHUAET OCTATOYHOE HAMATHUYMBAHHE W3MEPU-
TEJbHBIX TPaHCHOPMATOPOB TOKA C MArHUTOIPOBOJAOM U3 AJIEKTPOTEXHUYE-
CKOM CTaJIM OT JCMCTBUSI TOKOB KOPOTKOTO 3aMbIKaHUSI TIPU MOBPEKICHUIX B
cUcTeMe dJIeKTpocHaOxkeHusi. Hanbompliee nposiBieHne 0CTaTOYHOTO Hamar-
HUYUBAaHMS B BHJIC MOBBIIICHHBIX OTPHUIATEIBHBIX MOTPENTHOCTEH U BPEMEHU
€r0 CYIIECTBOBAHMS COOTBETCTBYET 00JACTH MAaJIbIX TIEPBUYHBIX TOKOB (MEHEE
20 % HOMHUHAJIBHOTO).

4. Tleperpy3ka U3MEpPUTENBHBIX TPAHCHOPMATOPOB JIFOOBIM CIIOCOOOM,
a TakkK€ HECOOTBETCTBUE XapaKTepa BTOPUUHOW HATPY3KU HOPMATHUBHBIM T1a-
paMeTpam, MPUBOJIUT K HAPACTAHUIO TIOTPEIIHOCTU B OTPUIIATEILHON 00JIacTH
Y, COOTBETCTBEHHO, K HEJIOYYETy 3JeKTposHepruu. Ha Merponoruueckue xa-
PAKTEPUCTUKU PAOOThl U3MEPUTENBHBIX TPAHC(HOPMATOPOB HAMPSHKEHUS MO-
I'YT TaKXK€ OKa3bIBaTh BIUSHUE MCIOJHEHHUE MU3MEPUTEIBHBIX TpaHchopmaTo-

POB HAIIPSZKCHUS U DJICKTPOMAI'HUTHBIC IPOLECChI B CHIIOBBIX HCIIAX CHCTEM
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ANEKTPOCHAOKEHUS, HEMTPEAYCMOTPEHHBIE HOPMATIBHBIM PEKUMOM HX PAOOTHI
(Hampumep, pu 0THO(DA3HBIX 3aMBIKAHUSX B CUJIOBBIX CETSX).

5. Hepoyuer »ieKTpO’HEPruu SIBISETCS OOBEKTHUBHBIM CBOMCTBOM CH-
CTEMBI yueTa, 00yCIOBIEHHBIM (PU3NYECKUMHU CBOWCTBAMHU METAJIJIOB, UCIIOJIb-
3yeMbIX MPU U3TOTOBJICHUU U3MEPUTEIbHBIX TPAaHCHOPMATOPOB, U BIUSHUEM
CPOKa 3KCITyaTallud Ha MOTPENTHOCTH CYETYMKOB. [[J1s1 MOBBIIEHUSI TOYHOCTH
Y JIOCTOBEPHOCTH YY€ETa JIEKTPOIHEPTUHU CIEAYET UCIIOIb30BaTh CPEACTBA aB-
TOMAaTHYECKOM KOMIIEHCAIIMU MOTPEIIHOCTEN BBEAECHUEM MONPABOK B PE3YJIb-
TaThl U3MEPEHUN C YUETOM CUCTEMATHUUYECKUX MOTPEUIHOCTEN U3MEPUTEIIBHBIX

KOMILJIICKCOB.
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5. MEPONPUATUA N TEXHUYECKMUE
CPEOCTBA YMEHbLbLWIEHMA NOTEPbL B
CUCTEMAX 3JIEKTPOCHABXEHUA

5.1 Pa3paboTka pekoMeHIalUil 10 YTOYHEHUIO pacuera
COCTABJISIIONIMX NMOTEPH B 3JIEMEHTAX CHCTEeMAaX
JIEKTPOCHADKEHUS

Kak oTrMeuanoces paHee, B MpOLECCE JIUTEIbHON AKCIUTyaTallud CUCTEM
ANIEKTPOCHAOKEHHS B YCJIOBUSX MEPEX0Jia K PHIHOYHOM AKOHOMHKE BO3HHKA-
IOT HapyLIEHUsI TEXHOJIOTMU MEPENAYd U PACIPEEICHHUS BJIEKTPOIHEPTHUU.
OTH HapylIeHUsl BBI3BIBAIOT JOMOJHUTENIbHBIE (CBEPXHOPMATHUBHBIE) MOTEPHU
ANEKTPOIHEPTrUU. B fneiicTByroneM B HaCTOSIEE BPEMS B Y KpPaWHE HOPMaTHB-
HoM pokymente ['HJI 34.09.104-2003 "MeTtoauka COCTAaBICHHUS CTPYKTYpPbI
OaaHca 2JIEKTpOIHEPTuM B dJiekTpudeckux cetsx 0,38-154 kB, ananuza ero
COCTaBIIAIOIIMX 1 HOPMHUPOBAHUE TEXHOJIOTHUUECKUX MOTEPH AIEKTPOIHEPTUn',
KOTOpBIN yTBEpkAcH npukazoM Ne 757 Muntomsnepro Ykpaunsl oT 17.12.03,
HOPMATUBHOE 3HAYECHUE TEXHOJIOTHMYECKUX MOTEPh JIEKTPOIHEPTUM HaA Iepe-
Jayy MO AJIEKTPUUYECKHUM CETSAM €CTh CyMMa 3HAYEHUW TEXHUYECKUX PACUET-
HBIX TIOT€Pb B JJIEMEHTAX JJICKTPUUECKUX CETEH, HOPMATHUBHOI'O pacxoja
ANIEKTPOIHEPTUU HA COOCTBEHHBIC HYXKIBI MOJICTAHIIMM U HOPMATHUBHBIX MET-
POJOTUYECKUX TTOTEPb.

B [11] ormeuaercs, 4TO paccuMTaHHBIE C MTOMOIIBIO yKa3aHHOW Meto-
UKW 3HAYEHUSI HOPMATUBHBIX MOTEPh B AJIEKTPUUECKUX CETAX MUHTOMIHEPTO
YkpauHbl He BbI3bIBAlOT jJoBepusi. Kpome Toro ormeuaercs, 4To ImpH JHOOBIX
BO3MOXXHBIX M3MEHEHHUSIX B SHEProCUCTEME YKpauHbl (CHUKEHHE HArpy3KH,
HU3HOC O00OpYJOBaHUSI, XUIICHUS DJICKTPOIHEPTUM U T.J.), BEJIMUMHA HOPMa-
TUBHBIX NOTEPh U3 roia B ol HE3HAYUTEIBHO OTJIMYAETCs OT HopMaTuBa 1991
rona — 22,6 mupa. kBt-u (Tadmn. 5.1). ABTops [11] cunutaroT, 4TO YMEHbIIIECHUE
B KBAJIPATUYHOU CTENECHU MEPEMEHHOMN COCTABJISAIOLIEN HOPMATUBHBIX MOTEPh

N3-3a CHMIKXCHHUA IIOJIC3HOI'O OTIIYCKa JJICKTPOSHCPIUM KOMIICHCHPYCTCA PO-
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CTOM IOTEPh MOJ BIUSHUEM HAPYUICHUW TEXHOJIOTUU MEPENAdYd U paclpese-
neHus 3ekTpodHeprun, Ho B Meroauke ['HJL 34.09.104-2003 sTo nmpaktuue-

CKH HC YUUTBLIBACTCA.

Tabmnuia 5.1

I[I/IHaMI/IKa MOJIE3HOI'0 OTITYCKA U HOPMATUBHLIX IOTEPH 3JICKTPOIHEPTUMN

Ha ee nepenauy B cetrsix 800-0,38 kB, mupa. kBr-u

[Tone3nwin oTyck
Ton IEKTPOIHEPTHH, HopwmartusHbie
mipa. KBr-u moTepH, MIpJ. KBT4
1991 253.,6 22,6
1992 2274 227
1993 2054 20,7
1994 179,2 20,3
1995 168.3 20,3
1996 164,3 20,6
1997 151,9 20,8
1998 131,0 19,7
1999 125,0 20,2
2000 124,2 21,0
2001 124,7 223
2002 1234 23.4
2003 129,1 23.4
2004 135,1 223
2005 137.,8 21,2
2006 143.4 21,1
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ABtops! [11] cnpaBemyiMBO CUMTAIOT, YTO CBEPXHOPMATHMBHBIE MOTEPHU
0OYyCJIOBJIEHBI CHEAYIOIMMH (PaKTOPaAMHU:

— CJIy4yallHOM HECMMMETpHEW TOKOBOW Harpy3ku (a3 JUHUN W HENoJ-
HO(A3HBIMU PEKUMAMU;

— HECKOMIIEHCUPOBAHHBIMU MEPETOKAMU PEAKTUBHOW MOIIHOCTH;

— HECaHKIIMOHUPOBAHHBIM OTOOPOM DIIEKTPOIHEPTUH;

— HEJIMHEWHOCTBIO TEXHOJIOTMYECKOTO pacxoJa Ha Iepefady dJIeKTpPO-
SHEPIuH;

— M3HOCOM 000pyJ0BaHUA (JTUHUHM, TPaHC(HOPMATOPOB);

— HE3aIUIAHUPOBAHHBIMH NEPEKIIOUYCHUSMU CXEMBI,

— HEJOYYETOM MOTPEOJEHUS IJIEKTPOIHEPTUH U3-3a MOTPEIIHOCTEN U3-
MEPUTEIBHOTO KOMILIEKCA.

W3 nepedncieHHbIX HAPYUIEHW TEXHOJIOTUH MEpeladyd U pacrpeiene-
HUSI DJICKTPOIHEPTUU, KOTOPBIE BBI3BIBAIOT POCT MOTEPHU MOIIHOCTH (DJIEKTPO-
SHEPruu) U MOTEPHU HAIPSDHKEHUS B DJIEMEHTaX 3JICKTPUYECKOM CETH, B HACTO-
A1el padoTe BBIOJIHEHBI UCCIEOBAHUS TUHAMUKY MTOTEPH SJIEKTPOIHEPTUU B
BO3JIYIIHBIX JIMHUSAX JICKTPONEpPEadl U CUIIOBBIX TpaHCHOPMATOPOB (pasje-
76l 2 1 3) B CBSI3U C UX U3HOCOM (CTapeHHUEM) U BBITNOJHEHA OIICHKA CTENEHU
BJIMSIHUS TIOTPEIIHOCTEN 3JIEMEHTOB CUCTEM M3MEPEHUS U yUeTa 3JIEKTPOIHEP-
U Ha OPMHUPOBAHKE YPOBHSI KOMMEPUYECKHUX MOTEPH (pazaen 4).

[Tomy4yeHHbIE pe3yJIbTaThl JAIOT HAM OCHOBAHUS MPEJIOKUTh METO Y E-
CKME PEKOMEHJAIUH M0 YTOUHEHUIO PacuyeTa HOPMATUBHBIX MMOTEPh MOITHOCTH
(2JIEKTPOPHEPTUM) B CUCTEMaX JJIEKTPOCHAOXKEHUS, TMHAMUKA KOTOPBIX 00Y-
CJIOBJICHAa M3MEHECHUEM TEXHUYECKUX mapaMeTpoB Bo3aymHbiX JIOII u cumo-
BBIX TpaHC(OpPMATOPOB B Ipoliecce JUIUTENbHON uX dKcrutyaTanuu. CyTh pas-
pabOTaHHBIX METOIMYECKIX PEKOMEH IAIUI 3aKITI0UAETCS B CICTYIOLIEM:

1. B coorBercTBUM € AEUCTBYIOIIEHW METOAUKON ISl 3aJaHHOW CHUCTE-
MBI DJIEKTPOCHAOKEHUSI OMPENETSAIOTCS pacueTHhIE 3HAYEHUSI HOPMATHUBHBIX
MIOTEPh MOIIHOCTH TOCJIEIOBATEIBLHO BO BCEX DAJIIEMEHTAX CHUCTEMBI BJIEKTPO-

CHAOXKECHUS.
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2. Jlns xaxaou BO3AYIIHOM JIMHUM HCCleayemMoil (KOHTPOJHUPYEMOi)
CHUCTEMBI AJICKTPOCHA0KEHHS B COOTBETCTBHH C €€ TTapaMeTpaMH OIPESSIOT
OTHOCHUTEJIbHOE 3HAYCHUE aKTUBHBIX OTEPh MOITHOCTU AP, 5.

3HaYeHHWE OTHOCHTENIBHBIX MOTEPh MOIIHOCTH B OOIIEM CiIydae Ipe/-
CTaBJIIET COOOM OTHOIIICHUE MOTEPHh MOIIHOCTH B HAXOJSIIIEICS B AKCIUTyaTa-
MU BO3AYIIHOU JUHUU AP, . ¢ peadbHbIMU (DU3UUECKUMHU MTapaMeTpamMu Ipo-
BOJIOB, K MOTEPSM MOIIMHOCTH B TOM e JUuHUM AP, HO C MacCIOPTHBIMHU

(HayanbHBIMU) (PU3UUECKUMHU MTapaMeTPaMU MPOBOJIOB

APSKC

AP* =T
o APHa‘{

(5.1)
U sBJIsIeTCA (PYyHKIMEN ABYX MEPEMEHHbBIX: BpeMEHU dKcIuTyaTanuu T,y (TOJbI)
Y MacCIOPTHOTO (HaYaJbHOT0) 3HAYCHHUS JUAMETpa IPOBOJIOK d, MPOBOJIOB CO-

OTBETCTBYIOILIEH BO3AYLIHON JIMHUU MPHU 33JaHHON (0OOCHOBAHHOW) CKOPOCTH

KOppO3uun

AP*BJI = f(T:-)KC' dO) (52)

Pacuernas ¢gopmyna mis ompeaeieHUs 3HAYCHHH OTHOCHUTEIBHBIX IT0-
TE€pb MOITHOCTH B BO3YIIHBIX JIMHUSIX MOJy4YeHA HA OCHOBE y4yeTa JUHAMHUKU
AKTUBHOTO COMPOTHUBIICHUS MpoBoA0B JIDII oT koppo3uu (pazaen 2) U umeer

BU/I:

1

Ad 27
()

rae Ad, — u3MeHeHue AuaMeTpa MpoOBOJIOKH MPOBOAA OT KOPPO3UHU, PEKOMEH-

AP*BJ] = (53)

nyemsle 3Hadenns 2 X (1,75 ... 3,5) Mkm/ro.

3Ha4YEHUSI OTHOCUTEIBHBIX MOTEPh MOIIIHOCTH B BO3IYIIHBIX JUHUSIX MO-
r'yT ObITh ONpPEJIENICHBI C MOMOIIBIO TAOIUIIBI 5.2 UCXO/ISI U3 BPEMEHHU SKCILTYa-
TallMd COOTBETCTBYIOMIEH Bo3aymiHoM JIDII u crangapTHOro 3Ha4YeHUs Aua-

MeTpa MPOBOJIOK (cM. Tabauity 2.2) (a3HbIX TPOBOJIOB.
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Tabnuia 5.2

OTHocHuTEIbHDbIE 3HAYEHUS AP*BJ] AKTUBHBIX IOTEPHb MOIMHOCTHU B BO3AYIIIHBIX

JIDII B 3aBHCHMMOCTH OT CPOKa IKCIIyATAIIMU U THAMETPA IIPOBOJIOK

npoBoaoB Mapok A mist Ady = 2 X (1,75 ... 3, 5)Mkm/roa

do, T, jaer
MM 5 10 15 20 25 30 35 40 45 50
1.021- | 1.042- | 1.065- | 1.088- | 1.111- | 1.136- | 1.161- | 1.188- | 1.215- | 1.243-
1,70 1.042 | 1.088 | 1.136 | 1.188 | 1.243 | 1.302 | 1.365 | 1.433 | 1.507 | 1.586
1.017- | 1.034- | 1.051- | 1.069- | 1.088- | 1.106- | 1.126- | 1.146- | 1.166- | 1.187-
213 1.034 | 1.069 | 1.106 | 1.146 | 1.187 | 1.231 | 1.277 | 1.326 | 1.377 | 1.432
1.014- | 1.029- | 1.043- | 1.058- | 1.074- | 1.090- | 1.106- | 1.122- | 1.139- | 1.156-
2,50 1.029 | 1.058 | 1.090 | 1.122 | 1.156 | 1.192 | 1.229 | 1.268 | 1.309 | 1.352
1.013- | 1.025- | 1.039- | 1.052- | 1.066- | 1.079- | 1.094- | 1.108- | 1.123- | 1.138-
280 1.025 | 1.052 | 1.079 | 1.108 | 1.138 | 1.169 | 1.201 | 1.235 | 1.270 | 1.306
1.012- | 1.024- | 1.036- | 1.048- | 1.061- | 1.074- | 1.087- | 1.100- | 1.114- | 1.128-
300 1.024 | 1.048 | 1.074 | 1.100 | 1.128 | 1.156 | 1.186 | 1.216 | 1.248 | 1.282
315 1.011- | 1.023- | 1.034- | 1.046- | 1.058- | 1.070- | 1.083- | 1.095- | 1.108- | 1.121-
1.023 | 1.046 | 1.070 | 1.095 | 1.121 | 1.148 | 1.176 | 1.205 | 1.235 | 1.266
1.010- | 1.020- | 1.031- | 1.041- | 1.052- | 1.063- | 1.074- | 1.085- | 1.096- | 1.108-
30 1.020 | 1.041 | 1.063 | 1.085 | 1.108 | 1.132 | 1.156 | 1.181 | 1.208 | 1.235
1.010- | 1.020- | 1.030- | 1.041- | 1.051- | 1.062- | 1.073- | 1.084- | 1.095- | 1.106-
395 1.020 | 1.041 | 1.062 | 1.084 | 1.106 | 1.130 | 1.154 | 1.179 | 1.204 | 1.231
1.009- | 1.018- | 1.027- | 1.036- | 1.045- | 1.055- | 1.064- | 1.074- | 1.084- | 1.094-
4,00 1.018 | 1.036 | 1.055 | 1.074 | 1.094 | 1.114 | 1.135 | 1.156 | 1.178 | 1.201
1.009- | 1.017- | 1.026- | 1.035- | 1.044- | 1.053- | 1.063- | 1.072- | 1.081- | 1.091-
410 1.017 | 1.035 | 1.053 | 1.072 | 1.091 | 1.111 | 1.131 | 1.152 | 1.173 | 1.195

3. Omnpenensercs YyTOYHEHHOE 3HAYEHUE CYMMapHBIX MOTEPh MOLIHO-

CTH B BO3AYIIHBIX JIMHUAX SJICKTpOIICpCaadin CUCTCMbI 3J'I€KTpOCH36)K€HI/IH

n n
APZBH == ZAPSKC - ZAPBJ]i .AP*BI[l"

i=1

i=1

(5.4)

4. Jlnsg Bcex CHIJIOBBIX TpaHC()OPMATOPOB OINPEAEISIOT YTOUHEHHBIE

SHAYCHMU:A ITOTCPb XOJIOCTOI'O X0Ja € YyU€TOM CPOKa HUX SKCILIyaTalluu B O6HIGM

BUJIE MOXKET OBITh BBIpAXKEHO (POpMYyIIOii
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AP)é.i = APx.nacn.i + dPx.i' (55)

rae dP,; — npupalilleHre moTepb X0JIOCTOr0 X0/1a CUIIOBBIX TpaHC(HOPMATOPOB
o0ycnoBiIeHHOE '"cTapeHueM" MarHUTOMNPOBOJIa, KOTOPOE 3aBUCUT OT CpOKa
AKCIUTYaTalluu, KOHCTPYKTUBHBIX U PEKUMHBIX OCOOCHHOCTEN TpaHchopmarto-
pa (pazzaen 3).

g onpeneneHus 3Ha4€HUN NPUPALLEHUS] OTEPh XOJIOCTOrO X04a B 3a-
BUCHUMOCTH OT CPOKa dKCIUTyaTalluu sl TpaHCHOPMATOPOB Pa3IMUHbBIX Kilac-
COB HANpPsHKEHUH CIIEIyeT MOJIb30BaThCA CAEAYIOMMMHU (GOPMYJIaMHU:

— 115 Hanpsokenus 150 kB

T 049
N
dPx.lSO.i = APx.nacn.i * 5,55 160 ’ (56)
— 1151 Hanpsikenus 110 kB
T 1,02
.
dPx.llO.i = APx.nacn.i ) 1!07 ) 160 ’ (57)
— 1151 HanpsikeHus 35 kB
1,12
o
dPx.35.i = APx.nacn.i ) 0,66 ) 160 ) (58)
— st Hanpsbkenust 10(6) kB
T3i1,0935 _ 25’32
dPx.10(6).i = APy nacni * 100 . (5.9)

JIist cutoBbIX TpaHC()OPMATOPOB MPOIMICANTUX KAMUTATBHBI PEMOHT C
pa3z0b0poOM MAarHUTOMPOBO/IA, OMPEICISIOT JOTOJHUTEIbHBIC TTPUPAIICHUS 10-

TCPb XOJOCTOI'O XO04a B COOTBETCTBHUH C BBIPAKCHUCM

8Py = APy 1100n,/(0,8 ...0,85) - S Y7, (5.10)

TH.J

rae S;,, — HOMUHAJIbHAsI MOIIHOCThH CUJIOBOTO TpaHcpopmaropa, KBA.
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5. OmnpenensieTcss yTOUHEHHOE 3HAY€HHE CYMMAapHBIX [OTEPh XOJIOCTOTO
X0J]a HaXOMSIIMXCS B SKCIUTyaTallid CHJIOBBIX TpaHC()OpPMATOPOB HCCIIEIye-
MOH (KOHTPOJIMPYEMOI) CUCTEMBI JIEKTPOCHAOKEHUSI C YUETOM BPEMEHU X

OKCILTyaTallu U BO3MOXXHBIX PCMOHTOB 110 BBIPAKCHHUIO

AP;s = AP 5 + OP;s (5.11)

5.2 Pa3pa0doTka OpraHM3allMOHHBIX U TEXHUYECKHX
pPeKOMEeHAalMii 0 YMEeHbIIIEHUIO NOTePh

CornacHO KJlacCU(pUKALMKU JASUCTBUS, MPOJOHKUTEIBHOCTBIO Oosiee Of1-
HOTO '0J1a, HalpPaBJICHHbIE HA TTTyOOKOE U3MEHEHHE TTapaMeTPOB, SJIEMEHTOB U
CXEM CETEW, OTHECEHBI K TPYyIIIe MEPOIPUITUN IO YIPABICHUIO Pa3BUTHEM
cerel. MeponpusiThss NPOJOJDKUTENBHOCTHIO O OJHOIO IroJa OTHECEHBI K
rpyInme MEpOnpHUsITUN MO YHPABICHUIO PEeXKUMaMU pabOThl ceTeil. ITu Mepo-
IIPUATHS BBITIOJHAET MEPCOHAI YHEPTOCUCTEM B MPOLIECCE TEKYIIEW HKCILTYa-
TalllU CETEU.

HauGoiiee pacnpocTpaHeHHbIM HalpaBIE€HUEM SKOHOMHH 3JIEKTPOIHEp-
TUU ABJISIETCS CHUKEHHUE MTOTEPD DJIEKTPOIHEPTUU B DJIEMEHTAX CUCTEMBI DJICK-
TPOCHAOXKEHUSI: B CUJIOBBIX TpaHC(OpMAaTOpax BCEX CTyNEeHEW HampsHKeHUs, B
JMHUSIX DJIEKTPUYECKOW CETH, B PEAKTOPAaX, B KOMIIEHCUPYIOIIHNX YCTaHOBKAX
PEaKTUBHOW MOIIHOCTH. boJbIlIME pa3HOCTOPOHHHE BO3MOKHOCTH 3KOHOMUU
ANEKTPOIHEPTUU PEATU3YIOTCA MEPOIPUATUAMU, KOTOPBIE MOYKHO IOJpasjie-
JIMTh HA KOHCTPYKTUBHBIE U DKCIUTYaTAI[MOHHBIE.

K KOHCTpYKTMBHBIM MEpOIPHUATHAM OTHOCATCS: YCUIIEHUE CETHU IIyTEM
BBEJICHUS HOBBIX IIENEH 3JIEKTPOINUTAHMS, 3aMEHA HECKOJbKUX TpaHchopma-
TOPOB 00Jiee MOILHBIMH, 3aMEHA PaHEe BHIOPAHHBIX MPOBOJOB JUHUI MPOBO-
namMu OOJBIIEr0 CEYEHHUs, YCTAHOBKA YCTPOMCTB KOMIICHCALIMM PEAKTUBHOM
mMotHocTH (KVY) Bo3ie 31eKTponprueMHUKOB ISl pa3rpy3KH CETU OT PeaKTHUB-
HOW MOIIHOCTH M JJI IOBBIICHUS YPOBHEW HANPSIKECHUS, MEPEBOJ CETEU HA
CIEYIOIINE CTEIEHN HOMHUHAIbHOrO HanpsbkeHud: 380 Ha 660 B, 6 na 10 kB,
10 na 20 kB.
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OKCIUTyaTallUOHHBIE MEPOTIPUATUSA IO CHUKEHHUIO MTOTEPh, KAK MEPOIIPU-
ATHS, HE TPEOYIOUIME TOMOJHUTEIbHBIX KalUTAJIOBIOXKEHHUH, IOJXKHBI OCY-
HIECTBJISATHCA B MEPBYIO 04epeib. B 3aBOJCKHUX CETAX ISl SKOHOMUU BJIEKTPO-
SHEPTUM B MPOIECCe MX HKCIUTyaTallid HEOOXOAMMO OOecredynBaTh PaBHO-
MEPHOCTb 3arpy3ku o0eux Lernei nurarouen cetu (TpanchopmMaTopoB U JIu-
HUW BHEIIHErO 3JIEKTPOCHAOXKEHHUSI) CBOCBPEMEHHBIM IepepacipeiesieHueM
Harpy3Ku MEXJly CEKIUSIMU, CBOEBPEMEHHOE OTKIIFOUEHHE MaJIO 3arPyKEHHBIX
TpaHc(HOpPMATOPOB LIEXOBBIX TPAaHCHPOPMATOPHBIX MOACTAHIIUHN JUIsI YMEHBIIIE-
HUS MIOTEPh B CTaJIM, MAaKCUMaJIbHO BO3MOKHOE MOBBIIIEHUE YPOBHS IKCILTya-
TAIlMOHHOTO HAMpPsDKeHUsT (KpOME OCBETUTEIBHOM HArpy3ku) MNpaBUILHON
YCTAaHOBKOW OTBETBJICHUI TpaHCHOPMATOPOB C MEpEKIIOYeHUEM 0e3 Hampsi-
xeHust (IIBB) u panuoHanbHBIM UCHOJIB30BAHUEM PETYJUPOBAHUS IO/
HanpspkeHueM (PIIH) rmaBabix Tpancdopmartopor I'TII, ycrpanenue pasnu-
Yyusi HaANpsDKEHUST HA CEKIUSAX PACHPECIIUTENIbHON CETH, CBOEBPEMEHHOE
BKJtoYeHue u otkiroueHue KV, mpaBuiibHyr0 OopraHu3alMio yyeTa pacxoja
AIEKTPOIHEPTUH.

BaxxHpiM MeponpusiTUeEM MO SKOHOMHUHU MOTEPh B CHUCTEMAX 3JIEKTPO-
CHA0XKEHUS SIBJISIETCS CBOEBPEMEHHOE OTKJIIOYEHHUE B pe3epB TpaHchopmaTo-
pPOB TMOJCTAHIMI TpPU CHIKEHUUM HX HACPy3KW U BKIIOYEHUE IPU POCTE
Harpy3ku. Jljist ycTpaHeHust HoTeph XOJIOCTOTO X0/1a HE3arpy KEHHBIX 11€XOBbIX
TpaHc(hOpMaTOPOB MX OTKIIOYAIOT, a TUTAHWE HATPY30K OCYIIECTBISETCS IO
nepeMblukam (Pe3epBHBIM CBSI3SIM) HU3KOTO HAMNPSKEHUS BKJIIOUYEHHBIX B pa-
ooty TpaHnchopmaropoB. C TOH ke 1eJIbI0 MTPEAYyCMAaTPUBAIOTCS OIPaHUUYCHUS
BPEMEHHU XOJIOCTOTO XO0Jia TIEYHBIX U CBAPOUYHBIX TPAaHCHOPMATOPOB OTKIIIOUE-
HUEM HMX B MIEpUOJBI pa3rpy3ku. biaaronaps 3ToMy 0OJJHOBPEMEHHO CHMXKAOTCSA
MIOTEPH B MUTAIOIIUX CETSIX CPEIHETO U BHICOKOTO HAMPSHKEHUM BCIIEICTBUE UX
pasrpy3kd OT PEAKTUBHOM MOIIHOCTH, pPacXxoJye€MOM Ha HaMarHWYMBaHHE
TpaHc(hOpMaTOpOB.

Tpanchopmaropbl TpaHCPOPMATOPHBIX MOJCTAHIIMN OOBIYHO CBSI3aHBI
MOMAapHO Yepe3 MEPEeMbIYKH U CEKIMOHHbIE aBTOMATHYECKHUE BBIKIIOYATEINH,
YTO MPEANOJIAraeT UX SKCILTyaTAlUI0 B SKOHOMAYECKOM PEXUME. DTOT PEKUM

ONpeesieT KOJIMYECTBO OJJHOBPEMEHHO BKJIFOYEHHBIX TPAHC(HOPMATOPOB MpHU
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YCJIOBHUM MUHHUMAJIBHBIX MOTEPH AJEKTPOIHEPTUHU, YTO BO3MOKHO B TOM CIy-
yae, KOTJla Harpy3ka Ha MOJICTaHIIMU MOXKET OBITh oOecrieueHa paboToil He
BCEX, a TOJIbKO JacTu TpaHchopmaTopoB. [Ipu 3ToOM yMEeHBIIAIOTCS YCIOBHO-
MOCTOSIHHBIE TIOTEpHU B TpaHchopmaTopax (MOTEPU B CTAlM), HO BO3PACTAIOT
oTepH OT Harpy3ku (motepu B meau). OmnpenenuM, Ipu KaKoW Harpys3Kke Iie-
Jeco00pa3Ho OCTaBJIATH B paboTe OAUH TpaHCHOPMATOP, @ BTOPOM OTKIIIOUUTH

B pe3epB. [loTepu akTUBHON MOITHOCTH B OJTHOM TpaHC(POpMaTOpPE paBHBI:

2
AP = AP, + AP, on — (5.12)

2 )
IHOM

rie AP. — motepu B ctanu (IOTEpHU XOJOCTOro Xoja) TpaHchopMaTopa;
P,uom — TOTEPU B Meau TpaHchopMaropa NpU HOMHHAIBHOM TOKE [ ,y;
I,, — pacueTHast Harpy3Ka.

Tornma npu cyMMapHOM TOKe 1 TpaHC(HOPMATOPOB (PaCCMOTPUM OOIIIHIA
Cilly4dail, B TOM 4YHCJI€ M IPU N = 2) MOTEPU B OJUHAKOBBIX BKIFOYEHHBIX

TpaHchopmaTopax

IpZ ? APM.HOM IpZ ?
AP = nAP. + nAP, .., | —=—) =nAP. + , (5.13)
nl n Liom

HOM

jie [z — CyMMapHbIi TOK B N TpaHC(OpMATOpax.
[Ipu otkmtouenun omgHOro TpaHchopmatopa, T. €. mpu (n — 1) BrIiIIO-

YeHHBIX TpaHc(hOopMaTopax, NOTEPU COCTABIISIIOT

2

APM.HOM IpZ
AP, , = (n—1)AP. + ( ) . (5.14)
n—1 \lou

CrnenoBaTenbHO, IPU OTKIIIOYEHUH OJHOTO TpaHcopMaropa, XOTs TOK

I

px U HE U3MEHUJICS, IPOU30IILIO U3MEHEHHE MTOTSPb, PABHOE:
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2
s> n

AP, — AP, , = AP. — ) = AP — —

AF)M HOM
ot AP, B2 (5.15)

n—1 Nlyom
rae f = l,z/lyom — KOOOUUUEHT 3arpy3Ku 71 BKIFOYEHHBIX TpaHC(pOpMaro-
pOB.

OTkJIt0OUYeHHE OJHOTO TpaHchopmaTopa B COOTBETCTBUU € (5.15) BhITOA-

HO, €CIIN

n—1 AP,
n A[)M.HOM .

B < (5.16)

[To macmopTHBIM JaHHBIM, MOJIB3YSCh BhIpakeHueM (5.16), erko ompe-
JCIIUTh HArpy3Ky, MPH KOTOPOH CclieAyeT H3MEHUTh YHCJIO BKIFOUCHHBIX
tpanchopmaropoB. Ilpu n = 2 npu cootnomeHun AP,/AP, ,on = 1/3 s
IIEXOBBIX TPAHCPOPMATOPHBIX MOJICTAHIINI BBHITOHO OTKIFOYHUTH OJMH TPAHC-
dbopmatop u3 1Byx B pezepB nipu f < 0,4, 1. e. ipu [ < 40 %nl,,,, .

Takxe BaKHBIM MEPONPUIATHEM 110 SKOHOMHH TOTEPh B CHCTEMaX JJICK-
TPOCHA0KCHHMSI SIBISICTCS TIOBBIIIICHHE paboyero HanpspkeHus. i onpenerne-
HUSI DKOHOMHUYECKOH 11eJIeCO00pa3HOCTH MEPEBEICHUS CETH Ha 00Jiee BHICOKOES
HaIpsDKeHUe Heo0X0IMMO, YTOOBI IIPUBEICHHBIC 3aTPAThl ObUIH MEHBIIUE, YEM
VIS APYTHX MEPOIPHIATHH YMEHBIICHHS IMOTEPh dHepruu. Eciau npyrue Bapu-
aHTBl HE PacCMaTPHUBAIOT, TO CPOK OKYIMAEMOCTH KallUTaJIbHBIX BJIOKECHUH Ha
NEPEeBEICHUE CETH Ha 0oJiee BBICOKOE HANPSDKCHUE JTOJDKEH COCTAaBISATH HE
MEHBIIIC HOPMATHUBHOTO.

Jlns cuitoBoro TpaHchopMaTopa OOIIHe TOTEPH MOITHOCTH KOPOTKOTO
3aMBIKaHHUs 3aBHCIT OT €r0 HOMHHAJIBLHON MOIIIHOCTH M HE 3aBUCAT OT Hamps-
*keHus. [loTepr MOITHOCTH XOJIOCTOTO X0J]1a TpaHChopMaTopa 3aBHCAT OT HO-
MUHAJTHHOW MOIIIHOCTH W IOYTH HE 3aBHCSIT OT Harpy3ku. [lo3ToMy moBbIIIIe-
HUE BTOPHYHOTO HANPSDKEHUS CHIIOBOTO TpaHc(opmaTropa C COOTBETCTBYIO-
e ero 3aMeHoi 0e3 M3MEHEHUS HOMUHAJIBHOW MOIIHOCTH MPAKTHYECKHA HE
IPHUBEACT K U3MCHEHHIO TMIOTEPh XOJOCTOTO X0ja TpaHchopMaropa U, Kak Io-
Ka3aHo B pasjienie 3, BO3MOXKHO HEKOTOPOE CHW)KCHHE OOIIMX MOTEPh 33 CUET

AJIIEKTPOMArHUTHBIX IOTEPh BO BTOPUYHOU 0OMOTKE TpaHchopmaTopa
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APEZ == 3122 'Tz,

IpU 3TOM HaJ0 YUYUTHIBaTh, YTO MOBBIIIEHUE BTOPUUYHOTO HANpPsLKEHUsT oOec-
IIEYMBAET CHUKEHUE TOKA HArpy3KH [,, HO TAK)KE BO3PACTAET AKTUBHOE COIPO-
TUBJICHHE BTOPUYHON 0OMOTKHU TpaHchopmaTopa 7.

PaccmoTpuM, Kak M3MEHSAIOTCS MTOTEPHU DIIEKTPUUECKOW IHEPTUM B JIMHU-
AX MpU TEPEeBEACHUU MX Ha BbICIIEE HampsbkeHue. B olmieM ciiydyae motepu

MOIIIHOCTH B MPOBOAAX JUHUU OMPENETSAIOT M0 U3BECTHOM (opmyJie:

2

S
AP = I?R = (U—) R, (5.17)

rae [ — MoJIHbBIN TOK B JIMHUU 3JIEKTpornepeaaun; U, — HOMHUHAIbHOE HaIpsKe-
HUE B CE€TU; S — MOJIHAsg MOIIHOCTh, R — aKTUBHOE CONMPOTHUBJIECHUE MPOBOAA
OJIHOM (pa3bl JUHUM DJICKTPOTIEPETAUH.

Ecnu peucTByromas TuHUS UMeeT HanpsbkeHue Uy, — U ee epeBoJIAT Ha
Hanpsokenue U,,, TO OTHOIIEHUE MEXAY MOTEPSMH DJICKTPUUECKOU SHEPTUU

ONpeJIeIIAI0T KaK:

(5.18)

AP, (U2H>2
AP, '

UlH
[Ipu nepeBenaeHuu nuHuil Hampsokenunem 6 kB Ha 10 kB 0Ge3 3ameHnbl
IIPOBOJIOB MOTEPHU NEKTPUUYECKON IHEPruy yMeHbwiarcsa B 2,7 pa3. Eciau u3
aHajaM3a TOTEepb AJIEKTPUUYECKONM HSHEPruM M3BECTHBI NOTEPU B MPOBOJAX
(AW,), ycnoBro-nioctosianabie (AW,) u ot Harpysku (AW,) B Tpancdopmaro-

pax npu Hanpspkenuu U, ,, TO IpH nepeBefieHur Ha Hampspbkenue U,, oOrue

MOTEPHU OMPEACIISIIOT 1Mo (popmyrie:

2
) + 1,1 AW, + AW, (5.19)

UlH

2H
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B OTHOCHUTCIJIBHBIX CIMHUIIaX

U \2

AW, = AW, [Am* (Ul”) + 1,1AW) + AWH*], (5.20)
2H

[Ipu nepeBenenuun cetu HanpsbkeHueM 6 kB Ha 10 kB notepu anektpu-

YECKOM IHEPTUU MOYKHO OINPEAEIUTH MO (popMyIie:

6,3\
AW, = AW, [AWH* (E) + 1L,1AW, + AWH*], (5.21)

Ecnu npuHsATh, 4TO OTEpH B JIMHUK cOCTaBIsA0T 50 % 00mMX noreps B
cetu, TO npu nepeBegeHnn cetu ¢ 6 kB Ha 10 kB morepu snexkrpuueckoi

SHEPruu OyayT PaBHATHCS:
AW, = AW,[0,5-0,397 + 0,5] = AW, - 0,6985,

T. €., IOTEPHU YMEHbIIATCA NPAKTUYECKHU Ha 39 %.

3HaueHue noTepb Wi cetu HanpsbkeHueM 10 kB, nepeBenennoii ¢ 6 kB:

Ilomepu 6 cemu nanpsiocenuem 6 kB, % 20 30 40 50 60 70 80
Ommnuowenue nomepsv 6 cemu 10 kB k

nomepsm 6 cemu 6 kB 0,879 0,817 0,777 0,698 0,638 0,578 0,528

Bunno, yto nmpu nepeBenennu cetu ¢ HanpspkeHus 6 kB Ha 10 kB s
MaJlo3arpy>Ke€HHbIX CeTeil morepu ymeHbmarTca Ha 15-20 %, a nns 3arpy-
*eHHbIX — Ha 30-40 %.

[Ipu nepeBeaeHnn nuHui ¢ HanpsikeHus 6 kB Ha 10 kB pexoHCTpyKIHIO
BO3AYIIHOW JIMHWM HE BBINOJHAKOT, HO npu nepeBenaeHnu ¢ 10 kB na 20 kB
3aMEHSIOT M30JIATOPBI, 4 BO MHOTHUX CIIy4YasX YBEJIMYMBAIOT PACCTOSIHUE MEXK-
Iy ONOpOM M NPOBOJOM M MEXIy IpoBojaMu. lIpu mepesBeneHum cetu ¢
HanpsokeHus 10 kB Ha 20 kB HeoO6xoaumMo BBIOJIHUTH O0JBIION 00BEM padoT
10 PEKOHCTPYKIMU MOACTAaHIUN U auHuU. [lodTOMY ImouTy Becerma 310 Mepo-
npusitTue Mano3PpQGeKTUBHOE, B TO BPEMsI Kak IepeBeeHUE ¢ HanpsbKeHus 6 kB

Ha 10 kB mourn Bceraa neiaecoobpasHoe.
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OnHUM U3 BaXKHEWUIINX MEPONPUITUN SKOHOMHUU 3JIEKTPOIHEPIUU B Ce-
TSX SIBJISIETCS TTOBBILIEHUE YPOBHS 3KCIUTYaTAlMOHHOTO HANPSIKEHUS 0 MaK-
CUMaJIbHO JIOMyCTUMOTO ypoBHIO, B mpenenax no 1,05 U,. lloBwimienue
HaNpsKEHUS B CETH NMPUBOAUT K CHUXKECHHUIO ITOTEPh MOIIHOCTH IPONOPIMO-

HaJIbHO KBaApaTy HAIPsAKCHUA B TOKOIIPOBOASAIINUX YaCTAX.

5.3 Pa3pa0doTka opraHM3allMOHHBIX U TEXHUYECKHX
peKOMeHJalMii 0 YMeHbIIIeHHI0 KOMepPUYeCcKHUX MoTephb
3JIEKTPOIHEPTUHU

[To MHEHUIO MEXKTYHAPOHBIX IKCIEPTOB, OTHOCUTEILHBIE MOTEPU DIICK-
TPOPHEPrUU TPU €€ Tepeaadye W pacHpelieNieHUd B IJIEKTPUUYECKHUX CEeTAX
OOJIBIIIMHCTBA CTPaH MOKHO CUUTATh YJOBJIECTBOPUTEIIBHBIMHU, €CIIM OHU HE
npeBbImaroT 4-5 %. [lorepu snekrposneprun Ha ypoBHE 10 % MOXKHO CUMTATH
MaKCUMAaJIbHO JOMYCTUMBIMU C TOUKH 3pCHUS (DU3UKYU Mepe1adn dJICKTPOIHEP-
ruu cetsiMmu. CTaHOBUTCS Bce Oojiee OYEBUJIHBIM, UTO PE3KOe O0OCTpEeHHUe
POOJIEMBI CHUKEHHUS TIOTEPh DJICKTPOIHEPTUN B DJICKTPUUCCKUX CETIX TpeOy-
€T aKTUBHOI'O IMOKWCKA HOBBIX MyTEH €€ PEIIeHHUs, HOBBIX MOAX0JI0OB K BBIOOPY
COOTBETCTBYIOIIUX MEPOTIPUSITHI, a TJIaBHOE, K OpraHu3aIud paboThl 1O CHU-
AKEHUIO TTOTEPD.

Kak ormeuanocs B pazaene 1, KoMMepUeCKUE MOTEPU YCIOBHO MOKHO
pa3ieluTh HAa TPU OCHOBHBIX TPYMIIbI:

— IOTEpU 3a CYET OHKCILTyaTallMOHHOW HEIOCTOBEPHOCTH HW3MEPEHHI
AIEKTPOIHEPIUU;

— MOTEPH 32 CUET MPSIMBIX XUILECHUI;

— TIOTEPU P BHICTABJICHUU CUETOB.

W3 MHOXecTBa MpUYMH OOYCIABIMBAIOIIUX KOMMEPUYECKHE TMOTEepHU
AIIEKTPOIHEPTUU CIEAYET BBIICIUTh TAaKUE:

— HEHOPMATHUBHBIEC yCJIOBUS PaOOTHl U3MEPUTEIBHBIX TPAHCPOPMATOPOB
TOKa U HAIIPSIKEHUSI, a TAKXKE CUETUUKOB 3JIEKTPOIHEPIHUU;

— MOAKJIFOUEHUEM MPUEMHHUKOB 3JIEKTPOIHEPTUU B 00XO0J] AIEKTPOCUET-

YUKOB;

-130 -



— MOIIEHHUYECTBO C MPUOOpPAMH M CUCTEMaMU y4eTa JIEKTPOIHEPIUH.

Takum 00pa3oM, OCHOBHBIMU TEXHUYECKUMHU MPUYMHAMU HAJIUYUS KOM-
MEpPUYECKHUX IOTEPh TPAAUILMOHHO CUUTAIOTCA HEIOCTATOUYHBIM U HEIOCTOBEP-
HBIA YYeT, Kpaka JJIEKTPOIHEPTHH, IMPUYEM HE TOJBKO B KOMMYHAIBHO-
OBITOBOM, HO W TPOMBIIIUICHHOM ceKkTope. B ycinoBusix pocra TtapudoB Ha
ANIEKTPOIHEPIUIO MOSBUIACH MOTHUBAIMA K MPUMEHEHUIO 00Jiee€ YTOHUECHHBIX
METOJOB M CIIOCOOOB KPakKH 3JEKTPOIHEPTUN U COOTBETCTBEHHO POCTY 00Be-
MOB 3THX KPaxXK.

[lepCrieKTUBHBIM PEHICHUEM MPOOJIEMbl CHUKEHUSI KOMMEPUYECKUX I10-
TEphb IJIEKTPOIHEPTUU SABISIETCS pa3pabOTKa, CO3/IaHUE U IIUPOKOE MpHUMEHEe-
HHUE ABTOMATU3UPOBAHHBIX CUCTEM KOHTPOJII U KOMMEPYECKOTO y4eTa AJIEK-
TpodHepruu. Ha cerogHsmHui A€Hb K NMEPBOOYEPEAHBIM 3a/ladyaM pPa3BUTHS
CHUCTEM y4deTa oTHocATCA [7]:

— OCYULIECTBJICHHE KOMMEPYECKOr0 y4deTa SJIEKTPOIHEPrMA Ha OCHOBE
aTTECTOBAHHBIX METOJIUK BBIMOJHEHUS U3MEPEHHUI;

— MEePUOINYECKAsI MOBEPKA CUETYMKOB HHAYKIIMOHHOW CUCTEMBI U U3ME-
PUTEIBHBIX TpaHC(HOPMATOPOB TOKA M HAIPSHKEHUST B PaOOUYMX YCIOBUSAX DKC-
IUTyaTaluy C LEJIbI0 ONPEACIECHUS UX TOTPEITHOCTH;

— TOCJIeIOBAaTENIbHAS 3aME€HA WHIYKIHOHHBIX CUETYMKOB HA JJIEKTPOH-
HBIC CUCTUUKH.

[ToTepu OT XUIIEHUI BJEKTPOIHEPTUU — ATO OJIHA M3 HauboJiee cylle-
CTBEHHBIX COCTaBJISIIONIUX KOMMEPYECKUX MOTEPh, KOTOpAsl SIBISACTCS MpeaMe-
TOM 3a00ThI SHEPTreTUKOB B OOJBIIMHCTBE CTpaH MUpa. TEPMUH «Kpaxka JIeK-
TPOSHEPTUM» MPUMEHSETCS TOIBKO B TEX CIIy4asiX, KOrJa 3JEKTPOIHEPIrus HE
YUYUTBHIBACTCS WM HE TTOJTHOCTBIO PETUCTPUPYETCS 110 BUHE TOTPEOUTENS, JIMOO
KOrjJa TOTpeOUTENh BCKPHIBAET CUETYMK WM HaApyIIaeT CHUCTEMY IMOJaqH
AJIEKTPONUTAHUS C IEIbI0 CHUKEHHSI YUYUTHIBAEMOTO CUYETUMKOM pacxoja Mo-
TpeOJIsieMoi AIeKTpodHepruu. B YkpanHe XUIEHUS 3JIEKTPOIHEPTHH UMEIOT
JIOCTATOYHO YETKYIO TEHJICHIIUIO K POCTY, OCOOCHHO B pErMOHAX C HeOiaromo-
JYYHBIM TEIUIOCHA0XEHUEM MOTpeOUTesie B X0JIoJHbIe nepuojnl rojga. Cy-
HIECTBYIOT TP OCHOBHBIX TPYIIIbI CIOCOOOB XHUIIEHUN SJIEKTPOIHEPTUU: Me-

XaHUYECKUE, HIEKTPUUECKUE, MaTHUTHBIE [0, 7].
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Mexanuueckue cnocobvl XuweHuti 31eKmpo3Hep2ul

MexaHnndyeckoe BMELIATENbCTBO B PadOTy (MEXaHUYECKOE BCKPBITHUE)
CUETUHKA, KOTOPOE MOKET MPUHUMATDH Pa3JInYHbIE (POPMBbI, BKIIFOYAS:

— CBEpJICHHE OTBEPCTUI B JOHHOM YAaCTH KOpITyCa, KPBILIKE WM CTEKIIE
CUYETUMKa; BCTaBKa (B OTBEPCTHUE) PA3IUYHBIX MPEIMETOB THUIA TJICHKU HIUPH-
HOM 35 MM, UTJIBI U T.MN. AJIS TOTO, YTOOBI OCTAHOBUTH BPAILIEHUE JAUCKA WU
COpOCHUTD MOKA3aHUs CUETUNKA;

— NIEpEeMEIICHUE CUETUYUKA U3 HOPMAJbHOIO BEPTUKAIBHOIO B MOJY T'O-
PU30HTAJIBLHOE TMOJIOKEHUE [JIsi TOr0, YTOOBI CHU3UTHh CKOPOCTH BpPAILICHUS
IUCKA;

— CaMOBOJIbHBIN CPBIB MJIOMO, HApYyIIEHHE B IIEHTPOBKE OCEW MEXaHU3-
MOB (IIECTepeH) JUIsl MPEJOTBPAIICHUSI TOJHONM PEeTrucTpalyd pacxoja JJIeK-
TPOIHEPIUH;

— packaThIBaHUE CTEKJIA IIPU BCTAaBKE IUIEHKH, KOTOpPas OCTAHOBUT JMC-
KOBOE BpallCHUE.

OOBIYHO MEXAHMYECKOE BMENIATENbCTBO OCTABIISIET CJIEJ HA CUETUYUKE,
HO €r0 TPYAHO OOHAPYXHUTh, €CIIU CUETUYUK HE OyIEeT MOJHOCTHIO OUUIIEH OT
MBUTM U TPSI3M U OCMOTPEH ONBITHBIM crnenuanuctoM. K Mexannueckomy cro-
coOy XMILEHUSI 3JEKTPOIHEPTUH MOXKHO OTHECTU JIOCTATOYHO IIHPOKO pac-
MIPOCTPAHEHHbBIE YMBIIJIEHHBIE TOBPEK/ICHHS CYETUYUKOB AJIEKTPOIHEPTUU UITU
XUIIEHUS CYETYMKOB, YCTAHOBJICHHBIX HA JIECTHHUYHBIX KJIETKAX KUJIBIX J10-
MOB. Kak nokazan aHaiu3, JUHAMUKA YMBIIUIEHHBIX Pa3pyLICHUN U XUIIECHUN
CUYETUMKOB MPAKTUYECKU COBIAJIAET C HACTYIUIEHUEM XOJOJIOB IPHU HEIOCTa-
TOYHOM OTOIUJIEHUM KBapTup. B maHHOM ciyyae paspylleHUss U XHILECHUS
CYETYMKOB CJEAYEeT paccMaTpuBaTh, Kak CBOe€oOpazHyr ¢opmy MpoTecTa
HaceJeHUs MPOTHUB HECHOCOOHOCTHM MECTHBIX aAMUHHUCTpanui 00ecleunThb
HOPMAaJIbHbIE KWIUIIHBIE YCIOBUS. Y CYryOJIeHUE CUTYyallud C TEIIOCHA0XKe-
HUEM HaceJIeHUs HEeU30€KHO MPUBOAUT K POCTY KOMMEPUECKUX MOTEPh DJICK-
TPOHEPIUU, YTO yXKE MOATBEPKIACTCA MEYATbHBIM ONBITOM JAJbHEBOCTOY-

HBIX U HEKOTOPBIX CUOMPCKUX 3HEprocuctem [7].
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DnekmpuuecKkue cnocoovl XuwjeHui d1eKmpoIHepeUu

Hawnbonee pacmpocTpaHEHHBIM JJICKTPUUYCCKUM CIIOCOOOM XHUIIICHUH
AIEKTPOIHEPTUH SBIISICTCS TaK Ha3bIBACMBIM «HAOPOC» Ha BBIMTOJHEHHYIO T'O-
JBIM TMPOBOJAOM BO3AYIIHYIO JHHHIO. J[OCTaTOYHO MIMPOKO HCIIONB3YIOTCS
TaKXe TaKUe CIIOCOObI KaK:

— UHBepTUpOBaHUE (a3bl TOKA HATPY3KU;

— TMPUMEHEHUE PA3JIUYHOTO THMA «OTMOTUYHUKOBY» [IJIi YACTUYHOU WITU
MIOJTHOW KOMITCHCAITUU TOKA HATPY3KHU C U3MEHEHHEM e¢ (a3bl;

— IIYHTUPOBaHMWE TOKOBOM IIEMU CUETYMKA — YCTAHOBKA TaK Ha3bIBae-
MBIX «3aKOPOTOK»;

— 3a3eMJICHHE HYJIEBOTO MMPOBOJIA HATPY3KH;

— HapyluleHue yepeaoBaHus (pa3HOro M HYJIEBOrO MPOBOJOB B CETH C 3a-
3eMJICHHOW HEUTpasbIo MUTAIONIETO TpaHchopMaTopa.

Ecnu cyeTumky BKITIOUAKOTCS 4Yepe3 M3MEpPUTEIbHBIE TpaHC(HOPMATOPHI,
MOTYT IPUMEHSTHCS TaKXKe:

— OTKJIFOUEHHE TOKOBBIX 1eneit TT;

— 3aMeHa HOpMaJIbHBIX Npenoxpanuteieii TH Ha meperopeBIye u T.11.

Mazcnumnule cnocobwvl xuwjenuil 31eKmpoIHepeUil

[IpumMeHeHre MarHAUTOB C BHEIIHEH CTOPOHBI CUETYNKA MOKET MOBIIUSTH
Ha ero pabouyue xapaKTePUCTUKH. B 9acTHOCTH, MOXHO TIPH HCITOh30BaHHUH
WHIYKIIMOHHBIX CUETYHKOB CTaphIX TUIIOB C TOMOIIBIO MarHWTa 3aMeJINTh
BpallieHue aucka. B HacTosiee BpeMss HOBBIE THITBI CUETIYMKOB MMPOU3BOIUTE-
JW CTaparoTCs 3allMTHTh OT BIUSHHUS MarHUTHBIX mosiei. [loaTomy 3TOT cro-
co0 XUIICHUH JICKTPOIHEPTHH CTAHOBUTCS BCe 00JIee OTpaHUYEHHBIM.

JIyist aBTOMATHYECKOTO KOHTPOJISI UCTIPABHOCTH CPEJICTB YUETa IJIEKTPO-
SHEPTUM U 33 CYET ITOTO0 CBOEBPEMEHHOE aBTOMATHUYECKOE OTKIIIOUEHHE II0-
TpeOUTEINsI, CHIDKAIONIEE yIIepO OT XHUIIEHUM, aBTOPOM pa3padOTaHO yCTpPOM-
CTBO 3alllUTHI OT XWIIeHUM (mareHT Ykpaunbl Ne79846), paboratoiiee Ha oc-
HOBE KOHTPOJISI y4eTa DJIEKTPOIHEPTUH (Ha MpUMEpEe WHIYKIIMOHHBIX CUETYH-

KOB).
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Ha pucysnke 5.1 npencraBnena GyHKIIMOHAIbHAS cXeMa pa3paboTaHHOTO
YCTPOMCTBA 3aIUThI OT XUILEHHUHN 3JEeKTposHeprun. Cxema yCcTpoicTBa BKIIO-
yaeT: | — onTUYecKuil JaTYMK BpAIIEHUS AUCKA MHAYKIIMOHHOTO CPEACTBA; 2 —
MEPBbIA CUETUHK MPSAMOYTOJIBHBIX UMITYJIbCOB; 3 — aHAJIOTOBbIA YMHOXKUTEIb
CUTHAJIOB TOKA W HAIpsHKEHUs; 4 — reHeparop NpsSIMOYTOJIbHBIX WMITYJIbCOB;
5 — Taiimep; 6 — BTOpOH CUETYUK MPSIMOYTOJIbHBIX UMITYJILCOB; 7 — OJIOK CpaB-
HEHUS; 8§ — BBIXOAHOM OJIOK; 9 — KOMMYTallMOHHBINA anmnapat; 12 — uHIyKIu-
OHHOE CPEACTBO yuera 3jekTpodHepruu; 11 — gatumku toka u 10 —gaTymk

HaIMPSIKECHUS.
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Pucynok 5.1 — @®yHKIHOHAJBbHAS €XeMa YCTPOMCTBA 3alllUThI

OT XMILEHHUH JIEKTPOIHEPTUH

VYerpoiicTBo paboTtaet ciaeayronM o0pa3oM: Mpyu BKIOUEHUH MTOTPEOU-
TeJIEH AJIEKTPOIHEPTUU K IIEKTPUUECKON CeTU HauMHAeT paboTy (MHIYKIIMOH-
HBIM) CYETYHMK JJICKTPOSHEPTHH 12, pe3yiabTaTOM Yero SBISICTCS BpAICHHE
aucka cuerdyrnka. OnThyeckuii JaTauk 1 00OpOTOB JaUCKa pearupyeT Ha Bpa-
IICHUE JUCKa M HauyMHaeT (OPMHUPOBATH MPSAMOYTOJIbHBIE UMIYJbCHI HAMps-
KEHUS, TMOCTYNAIONIe Ha BXOJ TEPBOTO CUETUYHKA MPSIMOYTOJIBHBIX UMITYJTh-
COB 2, TIPY 9TOM YacTOTa BBIXOJIHBIX MPSMOYTOJIbHBIX UMITYJIHCOB 3aBUCUT OT

JaCTOThI BpallCHUA JUCKA MHAYKIIMOHHOI'O CpEACTBA YUCTa 3JICKTPOIHCPIUM.
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Curnaisl ¢ BbIxoJ10B Toka 11 u narunka HanpspkeHus 10, B kauecTBE KOTOPBIX
MOTYT HCIIOJIb30BaThCsl M3MEpPUTETbHBIE TpaHCHOPMATOPhl TOKAa U HaIpsixKe-
HUS, IOCTYNAIOT Ha BXOJI aHAJIOTOBOTO YMHOXHUTEINS 3 CUTHAJIOB TOKA HArpy3-
KU Y HAIPSIKCHUS CETH.

Ha BbIXO#€ aHANIOrOBOro yMHOXUTENA 3 B 3aBUCMMOCTH OT 3HAYCHUU
TOKa U HaNpsHKEHUs, MOCTYIMAOIIMX Ha €r0 BXO/IbI, (HOPMUPYETCS aHATOTOBBIN
CUTHaJ, JUHEWHO 3aBUCAIIUN OT mpousBeAacHusa [ - U. CurHan ¢ BbIXOJa
YMHOXUTENA 3 MOCTYIAET Ha BXOJ T€HEPATOPA NPSIMOYTOJIbHBIX UMITYJIbCOB 4,
KOTOPBIN (HOPMUPYET MPSMOYTOJIbHBIE HUMITYJIBChI C YaCTOTOM CIE€OBaHMUS,
JIMHEMHO 3aBUCSIICH OT YPOBHS aHAJOTOBOT'O CUTHAJIA, MOCTYMAIOIIETO HA €ro
BXx0/. Takum 00pa3zoM, 4yacToTa MPSIMOYTOJbHBIX UMITYJILCOB Ha BBIXOJAaX Te-
Hepatopa 4 M ONTHYECKOIO JaTyvKa | JTMHEMHO 3aBUCUT OT 3HAYECHUS MPOU3-
BEJICHUSI CUTHAJIOB TOKAa HArpy3Ku U HarpsbkeHus: ceTtu. C BbIXOJa reHeparopa
4 mpsAMOYTOJIbHBIE UMITYJIbCHI MOCTYMAIOT HA BXOJl BTOPOrO cyeTyuka 6 mps-
MOYTOJIbHBIX UMITYJbCOB. BIOK cpaBHeHust 7 umeeT aABa MHGOPMAIIMOHHBIX
BX0J1a, HA KOTOPBIE MOCTyNaeT WHMOPMAIUS O COCTOSIHUM CUYETUYHUKOB MPSIMO-
YTOJIbHBIX UMITYJIbCOB 2 U 6. YIpaBiieHHE paOOTON CUETUMKOB MPSIMOYTOJIb-
HBIX UMITYJILCOB 2 U 6, a Takke OJIOKOM CpaBHEHUS 7 OCYIIECTBIISICT TaliMep 5,
KOTOPBIN B COOTBETCTBUU C AJITOPUTMOM €Tro paboThl (OPMUPYET CUTHAT 00-
HYJICHHSI CUETUYMKOB 2 W 6, a yepe3 ONpEeIEeICHHOE BpPEMS BBIJIACT CHUTHAI
«CpaBHEHHE», KOTOPBIM MOCTYIAET HA BXOJ yHpaBieHUs OJIOKa CpaBHEHUS 7.
[Ipy 3TOM eciau COCTOSIHUE CUCTUYMKOB 2 M 6 OJJMHAKOBO, ITPOMCXOIUT OOHYJIE-
HUE CUETYUKOB 2 M 6 U IHKJI «CUYET UMITYJILCOB — CPAaBHEHHE — OOHYJICHUE)
MOBTOpsieTCs. B ciaydyae ecnu cOCTOSIHUE CUETYMKOB 2 M 6 OKaXETCS pa3ind-
HBbIM, YTO MOKET OBITh B cllydyae OJOKHMPOBKH JIOOBIM CHOCOOOM JHMCKa MH-
TYKIIMOHHOT'O CPEJNICTBA yUueTa 3JEKTPOIHEPruu 12 ¢ 1enbl0 HECAHKIIMOHUPO-
BaHHOT'O OTOOpA PHEPTHH WIM MOJKIIOYCHHs, Ha BBIXOAE OJI0Ka CpaBHEHHS 7
MOSIBUTCSI CUTHAJI, BO3JICHCTBYIOIIMM HA BBIXOHOM 010K 8. [losiBIeHne curHa-
Jla Ha BXOJI€ BBIXOJIHOTO OJIOKa 8§ MPUBOJUT K OTKJIIOYEHUIO KOMMYTAIlMOHHO-
ro amnmapara 9 u OJOKMPOBKE €ro MOCJEIYIOIIEro BKIIOYEHUS B TEUCHUE
omnpenesieHHOro BpeMeHnu. [1o ucreuennn BpeMeHU OJIOKUPOBKU KOMMYTAI[U-
OHHOTO arrmapara 9 mpou30HJEeT ero aBTOMaTH4ecKkoe BkiItoueHue. Pazpabo-

TaHHOE YCTPOMCTBO KOHTPOJISI XMIIEHUH AJIIEKTPOIHEPTUM MTO3BOJISCT:
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— UCKJIIOYUTh O€3ydeTHOEe MOTPeOICHNUE JJICKTPOIHEPTHH IIPH HEHC-
MPaBHOCTU MHAYKIIMOHHBIX CPEJCTB Yy4ueTa WM YMBIIUJICHHOTO BMEIIaTellb-
CTBa B UX paboTy;

— 00ecIeYnTh aBTOMATHICCKUA KOHTPOJIb HHAYKIIMOHHBIX CPEACTB yUe-
Ta JIEKTPOIHEPIHH, MPEKpaIIeHNe U BOCCTAHOBJICHUE TOJaYd JJICKTPOIHEP-
UM TIOTPEOUTENIO B 3aBUCUMOCTH OT WX MCIIPABHOCTH.

JlpyruM pacipoCTpaHEHHBIM CIOCOOOM XHUINEHHUS JJICKTPOIHEPTUU U
HapaluBaHus 00beMa KOMMEPUYECKUX MOTEPh CISAYEeT CYUTATh MOIKIIOUYCHHE
noTpeOuTenel AMEKTPOIHEPTUU B 00XO] MIEKTPOCUETINKOB, TO €CTh HECAHK-
[IMOHUPOBAHHBIX TOAKIIOYEHUN JICKTPOINPUEMHHUKOB K dHEprocucreme. JIis
O0pBOBI C TAKOTO POJa XHUIICHUSIMU B pabOTe MPEAJIOKEH pa3padOTaHHBINA MPU
y4acCTUHU aBTOpa coco0 OOHAPYKEHUSI HECAHKIIMOHUPOBAHHBIX MOJIKIFOYEHUN
ANIEKTPOTIPUEMHHKOB JUIsl TIPEIOTBPAIICHUSI XUIICHUS AJICKTPOIHEpruu (ma-
TeHT YKpaunbl No24136).

CyTp cmocoba 3akiIio4yaeTcs B OJHOBPEMEHHOM KOHTPOJIE BEIWYUHBI
MEKTPUIECKOTO TOKA HarPy3KH B XapaKTEPHBIX TOUKAX IJIEKTPUUECKOU CETH C
nocyenyromeid o0paboTKoM Pe3yIbTaTOB M3MEPEHHI MO MPUHIIMITY COXpaHe-
HUs O0ajlaHca TOKOB HArpy3KH B JICKTPHUECKOM ceTH (PUCYHOK 5.2).

OyHKIIMOHATBHAS CXEeMa MpeJIaraéMoro yCTpOWCTBa MpeCcTaBlieHa Ha
pucyHke 5.3. YCTpOHCTBO COCTOUT U3 OCHOBHOTO OJIOKa 7 U JOMOJIHUTEIBHBIX
0JIOKOB 8, KOTOpbIE YCTAaHABIMBAIOTCS HA OTBETBJICHUSAX DJICKTPUUECKON CETH.
JlommomHUTENbHBIE OJIOKM 8 TOMKIFOYAIOTCS KO BCEM OTBETBJICHHUSM ydacTKa
CETH, KOTOPBIN TIPOBEpsETCS Ha HAIMYKHE HECAaHKIIMOHHMPOBAHHBIX ITOJIKITFOYE-
HUM, a OCHOBHOU OJIOK — B Hadajie KOHTPOJIUPYEMOTO Y4acTKa JIEKTPUICCKOM
CETH CO CTOPOHBI UCTOYHHMKA TTUTAHUSI.

Pabora ycrtpoiicTBa OCYIIECTBISECTCS CIEAYIOIMM OOpa3oM: CHUTHAl,
MIPOTIOPITMOHAIBHBIA TOKY Harpy3ku, ¢ TpanchopmaTopa Toka TA OCHOBHOTO
0JI0Ka 7 MOCTymaeT Ha BXOJ COTIACYIOIIETO YCTPOMCTBa 1, KoTopoe mpeobdpa-
3yeT ero B CUTHaj] HampsbkeHus u nojaetr Ha Bxoa AIIIT (Giox 2), koTopbii

(opMHpyeT 3HaUeHUE TOKA HArpy3KU B BUE LIU(PPOBOro KOJA.
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Hudposoit nBonyHbIi curHai ¢ Beixoaa ALl (610k 2), moctymaer Ha
BXOJ npeoOpazoBareinst 3 qeouuHoro koja B USB curnan, ¢ BbIxojia KOTOPOTro
3HAUEHHUE TOKa HArpy3Ku BBOJAUTCS B OJ0K 4 00pabOTKHU JaHHBIX (HAIpUMED,
I[19BM IBM PC). Yepe3 3anaHHbld MHTEpBaI BpeMeHU OJoK 4 00paboTKu
JTaHHBIX (QOPMUPYET CTPOOUPYIOITUN CUTHAJ, KOTOPBIN IMOCTYMAET HA BXO/ CE-
teBoro USB anmanTtepa 5 u pacnpocTpaHseTcs: o 3JIEKTPUUECKON ceTu. B Mo-
MEHT (h)OPMUPOBAHUS CTPOOUPYIOIIETO CUTHAJIA IPOUCXOIUT TaKKe (hUKCALIHS
3HAUCHMsI BETUMYMHBI TOKA HArpy3Kku B Osoke 4 00padoTku nanabix. CTpoOu-
PYIOIMI CUTHAJl TIOCTYMHAaeT Ha CETEBbIEC aJalTepbl 5 BCEX JOMOJHHUTEIbHBIX
0JIOKOB 8.

Pabora nomosHUTENbHBIX OJOKOB 8 3akirovaeTcs B ciaeayromeM. Cur-
HaJl, IPONMOPLMOHATBHBIN TOKY Harpy3Kd, ¢ BhIXOAa TpaHCHOPMATOPOB TOKA,
YCTAHOBJICHHBIX Ha KaXXJOM W3 MPUCOETUHEHUI KOHTPOJIUPYEMOTO yyacTKa
CEeTH, MOCTYIAET Ha BXO/JI COTJIACYIOIIET0 yCTpoicTBa 1, KOTopoe mpeodpa3yet
€ro B CHTHAJ HamnpspkeHus u nojaet Ha Bxoa ALIT (610k 2), kotopsiii popmu-
pyeT 3HAYC€HHE TOKAa HArpy3Kd NPHCOCIWHECHHS B BHAE IU(POBOro Koja.
[Hudporoit nBonuHsI curdan ¢ Beixoga AIIIl (610k 2) mocTymaeT Ha BXOJ
omoka 6 3anmomunanus. [Ipu momydenun ctpodupyromiero curnaiga USB aman-
TEPOM 5 JOTOJIHUTEIBHOTO OJoKa 8 OJIOK 3aroMuHaHus 6 pUKCUpyeT 3Haue-
HUE TOKa B BUJE MU(PPOBOTO ABOMIHOTO KOJA, KOTOPBINA MOCTYIAET Ha MPeoo-
pazoBarenb 3 koa-USB curnan u depe3 cereBord USB amantep 5 gomnonHu-
TEJILHOTO OJIOKA 8 MO y4YacTKy 3JIeKTpudeckoil cetu BA mocTtymaer Ha BXO[
cereBoro USB amantepa 5 ocHoBHoro Osoka 7. C Beixoma USB amanrtepa 5
OCHOBHOI'0 0JIOKa 7 CHUTHaJl TIOCTyHaeT Ha BTOPOM BXoj Osioka 4 oOpabOTKU
IaHHBIX ocHOBHOro Osoka 7 (IBM PC), rae 3amoMuHaeTCsi 3HAYEHUE TOKA
Harpy3KkH MOCTYIHUBIIEE OT JAHHOTO JIONIOJHUTEILHOTO OJIOKA U 3aTEM OT BCEX
KOHTPOJUPYEMBIX MPUCOEAUHEHHI, HA KOTOPHIX YCTAHOBJICHBI JIOMOIHUTEIb-
Hble OJI0KH 8, yyacTka AB anekTpuueckoil ceT.

[Tocne mosyuyeHHs] 3HAUYEHUN TOKa HArpy3Kd BCEX KOHTPOJIUPYEMBIX
MIPUCOSTUMHECHUN 010K 4 00pabOTKM JaHHBIX OCHOBHOT'O OJIOKAa 7 MPOM3BOIUT
pacueThl JiJis OmpejiesicHus1 OajlaHca TOKOB Harpy3ku Ha ydacTke cetu AB B

COOTBCTCTBHUU C BBIPAKCHHUCM:
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IA = Z IOTB (522)

rae [, — 3HaueHue TOKa HAarpy3Kd Ha BXOJI€ KOHTPOJIMPYEMOrO y4acTKa CETH
AB; I,z — 3HaUCHUS TOKOB HArpy3KH Ha BCEX OTBETBJICHUSX AJIEKTPUYECKOUN
CETU KOHTPOJUPYEMOro yyacTka AB.

B ciyuae cobOmronenust 6ananca TOKOB Harpy3ku (5.22) nenmaeTcs BHIBO
00 OTCYTCTBUM HECAHKIIMOHUPOBAHHBIX MOJKIIOYEHHI Ha ydacTke cetu AB.
[Ipu HapymieHun OanaHca TOKOB HArpy3Kd HEOOXOJMMO YCTaHOBUTH JOMOJI-
HUTEJIBHBIN OJIOK 8 B HEKOTOPOU XapaKTEPHOW TOYKE ydacTKa AJIEKTPUUECKOMN
cetu AB (Hanpumep C) 1 mpou3BECTH aHAJIOTUYHBIC OMMCAHHBIM BBIIIE JICH-
cTBus Ha 1ByX yuyactkax cetu AC u CB. Takum oOpa3zom, mocienoBaTeabHO
Cy>KaeTCs IJINHA YYaCTKa CETH, I'/IE UMEET MECTO HECAHKIIMOHUPOBAHHBIE I10/1-
KIIFOYEHUS MOTPEOUTEIICH 3JIEKTPOIHEPTUH.

s OCymIeCTBIEHHUS CETEBOTO B3aUMOACHUCTBHUS JIOTOJHUTEIbHBIX
YCTPOMCTB 8 ¢ OCHOBHBIM 7 MPEIIONAaraeTcsi, 4To CTpOOUPYIOIIUA CUTHAIT J0-
MOJIHUTEJIbHBIE YCTPOMCTBA 8 TOIYy4al0T OJJHOBPEMEHHO, & CUTHAJIBI C BBIXO/1a
cereBoro USB anmantepa 5 1ONOJMHUTENBHBIX YCTPOUCTB 8 CHUMAKOTCS IMyTEM
[IUKJIMYECKOTO OMPAIIMBAHUS JOMOJHUTEIBHBIX YCTPOUCTB OJI0KOM 00paboT-

KW JTaHHBIX 4 OCHOBHOI'O OJ10Ka 7.

5.4 BbIBOABI IO pa3aeny S5

1. TIpemgnoxkeHa MeTOoAMKA YTOYHEHHUS pacueTa HOPMATHUBHBIX MOTEPh
SHEPTUU B CHCTEMaX JJIEKTPOCHAOXKEHHS, KOTOpasi YUYUTHIBAET TUHAMUKY W3-
MEHEHUS B TEUCHHE CPOKa IKCIUTyaTalluM aKTUBHOTO COMPOTHUBJICHUS (Pa3HBIX
MIPOBOJIOB BO3AYIIHBIX JIMHUU 3JIEKTPONEPENAY U, COOTBETCTBEHHO, TUHAMHUKY
M3MEHEHHUSI HArpy304YHbIX MOTEPh B BO3AYyIIHbIX JIDII, a Takke skcruryaranu-
OHHYIO JIMHAMUKY U3MEHEHHUS MOTEPh XOJIOCTOr0 XO0ja CHIIOBBIX TpaHChOpMa-
TOPOB.

2. Jlns ompeneneHUs SKOHOMUYECKOW 1€1ecO00pa3HOCTH HMCMOJIb30Ba-

HUSI PA3HBIX MEPONPUSATUN 110 CHUKEHUIO OTEPh 3JIEKTPOIHEPTUH HEOOXOIH-
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MO aHaJM3UPOBATh UX BEJIUYMHY M COOTHOIIEHHUS B PA3HBIX JIEMEHTaX CETH U
nmokazaTesim paboThl ceTh (MaKCHMabHBIE CHJIBI TOKOB, MOITHOCTH, MAaKCH-
MaJbHble 1 MUHUMAJIbHbIC YPOBHU HAIPSKEHUS); TOMOJIHUTEIbHBIM PE3EPBOM
CHUXEHUS TOTEPh DJCKTPOIHEPTUHU SIBISIECTCS YIPABICHUS Pa3BUTHEM W pe-
KUMaMH paboTHl TTOTpeOuTeNeH (BhIpaBHUBAaHNE IPaUKOB HArpy30K, pHMe-
HEHUE MOTPEOUTEICH-PEryIsITOPOB U T.1I1.).

3. W3 mMHOXecTBa NMPUYHMH OOYCIIaBIMBAIOIINX KOMMEpPUYECKHE IMOTEpH
AIIEKTPOIHEPTUH CIEAYET BBIICINTh HEHOPMATHBHBIC YCIOBHS PabOTHI M3Me-
PUTENBHBIX TPaHC(POPMATOPOB TOKA M HAIMPSIKEHHUS, a TAK)KE CUCTIMKOB DIICK-
TPOIHEPTHUH, MOAKIIOUCHUEM ITPUEMHUKOB 3JICKTPOIHEPTHUH B 00XO]T DJIEKTPO-
CYETYNKOB, MOIIIEHHUYECTBO C MPUOOpPaAMU U CUCTEMaMH y4eTa dJIEKTPOIHEP-
rur. OAHOM M3 IIaBHBIX MPUYUH HAJTUYUS KOMMEPUYECKUX MOTEPh CUUTAIOT
XHUIICHUE JJICKTPOIHEPTHH, TIPUUEM HE TOJBKO B KOMMYHAJIbHO-OBITOBOM, HO
Y MPOMBIIIJIEHHOM CEKTOpPE M B YCIIOBHSAX pOCTa Tapru(POB Ha ICKTPOIHEPTHUIO
MOSIBUJIACH MOTHUBAITUSI K COBEPIICHCTBOBAHUIO METOJIOB M CPEJICTB XUIICHUM
AJIEKTPOIHEPTUH.

4. PazpaboTaHHOE YCTPOWCTBO KOHTPOJS XHUIICHUH DIEKTPOIHEPTUU
MO3BOJISIET:

— UCKITIOUNTH Oe3ydeTHOe MOTPEeOSIeHNE SJICKTPOIHEPTUH TPU HEHC-
MPaBHOCTH MHAYKIIMOHHBIX CPEJICTB ydeTa WM HaMEPEHHOTO BMEIIATEIhCTBA
B UX padoTy;

— 00ecIeunTh aBTOMATUIECKUM KOHTPOIb HHAYKIIMOHHBIX CPEACTB yUe-
Ta JIEKTPOIHEPTHH, MPEKpaIleHne U BOCCTAHOBJICHHUE MOJAaYU JICKTPOIHEP-
UM TIOTPEOUTENIO B 3aBUCUMOCTH OT MIX HCIIPABHOCTH.

5. Paspabotana ¢yHKIMOHAIbHAs CX€Ma YCTPOMCTBA OXpPaHHOM CUTHa-
JU3AIAH B DJICKTPUICCKUX CETSIX, B KOTOPOH 00eCIeunBaeTCsl aBTOMATH3AIIHS
CUCTEMBI U3MEPEHHS W TOYHOCTH OMPEACIICHUS MECTa MOBPEKIACHUS JMHUU
aJIEKTpoIIepeiad MPU CHATOM pabodyeM HanpsHKEHUH HE3aBUCHUMO OT PacCTOs-
HUS IO MECTa TIOBPEKJICHUS W 3a CUYET ITOTO, BBHIMOTHEHUE aBTOMATUYECKOTO

KOHTPOJIsL Halmnuus mpoBoja JIDII u cBoeBpeMEHHOE ONTOBENIEHHUE.
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3AKNMIOMEHUE

1. B cucremax 3JIeKTpOCHA0XEHUSI TPU TPAHCIOPTUPOBKE IIEKTPO-
AHEPrUU TEXHUYECKUE MOTEPH MPEJACTABISIOT COO0OM CyMMY TPEX COCTABJISIO-
I[UX MOTEPh B JUHUSIX U 000PYJOBAHUM BJIEKTPUUECKUX CETEU: MOTEPh, 3aBU-
CAILIMX OT HArPy3KHU AJIEKTPUUECKON CETH (Harpy304Hble MOTEPH); OTEPD, 3a-
BUCSIIIMX OT COCTaBa BKJIIOYEHHOTO 000py0BaHus (YCIOBHO-TIOCTOSIHHBIE T10-
TE€pHU); TOTEPH, 3aBUCSIIMX OT MOTOJHBIX YCIOBHUM (OTEpPh Ha KOpoHy). [lpu
ATOM TOJBKO HArpy304HbI€ MOTEpH B BO3AYIIHBIX JIDII 1 moTepu MOINIHOCTH
XO0JIOCTOTO XO0Ja B MarHUTOINPOBO/JIE CUIIOBBIX TPAaHC(OPMATOPOB MPHU MPOUUX
PaBHBIX YCJIOBUSAX U3MEHSIOTCS B TEUCHUE CPOKA DKCILUTyaTallUH.

2. Ha BenuuuHy mOTE€ph ANEKTPOIHEPIHUU B AJIEMEHTAX CUCTEMBbI SJICK-
TPOCHAOKEHMSI BIUSCT DSl TEXHUUCCKUX M IKCIUTyaTallMOHHBIX (haKTOpPOB, B
TOM YHCJIE XapaKTEPUCTUKN HATPY3KU, COCTOSIHUE U YPOBEHb M3HOCA DJIEKTPO-
TEXHUYECKOTO O0OpYJOBaHUS, CPOK M HHTEHCUBHOCTH €r0 JKCIUTyaTalluu.
CrapeHue 1 U3HOC 3JIEMEHTOB CHUCTEM 3JIEKTPOCHA0KEHHS BBI3BIBAIOT JOIOJI-
HUTEJIbHBIE TTOTEPHU SJICKTPUUYECKOU HSHEPIUHU, YTO OCOOECHHO XapaKTEPHO JIst
AIEKTPOOOOPYAOBAHUSI HAXOJAIIETOCS B AKCIUTyaTalluM MPOJOJKUTEIbHBIN
MEepUOJ] ¥ MPOIIEIIETO KaUTalIbHbIA PEMOHT.

3. AtMmocdepHas KOppo3us aTOMHUHUS TPOBOJOB BO3AYIIHBIX JTUHUN
AJIEKTpOIepeIauyi MPUBOJAUT K YMEHBIIECHHUIO 3(P(HEKTUBHOTO CEUCHUS MPOBO-
JIOB aJIFOMUHUEBOM KUJIbI MPOBOJIa U, COOTBETCTBEHHO, K YBEIUYEHHUIO 3HAYE-
HUSI TIPOJIOJILHOTO aKTUBHOTO corpoTusiieHus JIDII u mpakTudyecku He OKa3bl-
BACT HA 3HAYEHUE PEAKTHUBHOIO COMPOTHUBJIEHHUS JMHUM 3JIEKTpoIepeay.
VY cTaHOBJIEH 3aKOH U3MEHEHUS MPOJI0JILHOI0 aKTUBHOTO COMPOTHUBJICHUS BO3-
IYIIHBIX JIMHUI, B COOTBETCTBUU C KOTOPHIM 3HAUYECHUS MPUPAILICHUSI aKTUBHO-
ro CONPOTHUBIICHUS] TPOBOJIOB 3aBUCAT OT MPOJIOIKUTEIBHOCTU SKCIUTyaTalluu
BO3JYIIHOW JIMHUMW, 3HAUYEHUN CTaHIAPTHBIX JTUAMETPOB IMPOBOJIOK, (HOPMU-
PYIOIIUX TMPOBOJI, U CTENEHH W3MEHEHHE JUaMeTpa MPOBOJIOKU MPOBOJA OT

KOppO3uun 3a OAUH IO (CKOpOCTI/I KOppOSI/II/I).

-142 -



4. Jlns ycioBuM YKpauHbl CKOPOCTh KOPPO3UH JJIs1 AJTFOMUHUS CIETYET
MpUHUMATh B auanaszone 1,75-3,5 mxm/rox. IIpu 3ToM npo10JbHOE aKTUBHOE
conpoTuBJeHNE (a3HBIX ATIFOMUHHUEBBIX MPOBOJOB, COCTOSIIHUX M3 MPOBOJIOK
MHUHUMAJIbHOrO cTaHaaptHoro auamerpa (1,7 mm) 3a 30 ner skcmtyatanuu
MOXeT (TTpU MaKCUMAJIbHOM CKOPOCTH KOppo3uu) yBennuuThes Ha 30 %, a 3a
70 net — ynBouthes (100 %). Harpy3ounsie notepu B Bo3ayiHbix JIDII B Te-
YeHHE CPOKa MX JKCIUTyaTallul U3MEHSIOTCS 10 TOMY € 3aKOHY, 4TO M MpPO-
J0JIbHBIE AKTUBHBIE COMTPOTUBIICHUSI.

5. Hapacranue cpoka dKCIUTyaTalliyd CHJIOBBIX TPaHC(HOPMATOPOB BEAET
K YBEJIMYCHUIO Pa3JIMUMs MEXK]Y MacHOPTHBIMU U M3MEPEHHBIMHU TMOTEPSIMU
MOIIHOCTA B MarHuTtorpoBogax. Ha OCHOBE CTaTUCTHYECKUX JTaHHBIX O pe-
3yJbTaTax 3aMepoB MOTEPh MOUIHOCTH XX pa3paboTaHa perpecCHOHHAasl Ma-
TeMaTU4ecKasi MOJIeJib U3MEHEHHUsI TOTEPh MOUIHOCTA B MAarHUTOINPOBO/JIE CH-
70BbIX TpaHchopmaTopoB 150 kB B 3aBUCUMOCTH OT CpOKa IKCILTyaTaIluu.

6. YCTaHOBJIEHBl CTENEHb BJIUSHHUS CpPOKAa HKCIUTyaTalldd U PEMOHTA
MarHUTOTIPOBOJIOB CHJIOBBIX TPAaHC(HOPMATOPOB HA YBEIMUYCHHE MOTEPH XOJIO-
CTOTO XOJia W TIOJYYEHBl aHAJTUTUUYECKHUE 3aBUCHMOCTH JIJII KOPPEKTUPOBKHU
3HAQYEHUN MOTEePh MOIIMHOCTH B MArHUTOMNPOBOJIAX JJIUTEIBHO AKCIUTYyaTHPY-
IOIIUXCS CUJIOBBIX TpaHchopmaropoB. [lokazaHo, 4TO NUHAMHWKA W3MEHEHUS
MOTEPHh MOITHOCTH XOJIOCTOTO XOJia CHJIOBBIX TpaHC()OPMATOPOB B TEUCHUE
CpPOKa MX IKCIUTyaTallMu XapaKTepU3yeTcsl MpUpalleHueM, 3HaYeHUEe KOTOPOTo
3aBUCHUT OT CPOKa WX paOOThI U KOHCTPYKTHBHBIX OCOOCHHOCTEH.

7. Pa3paboTaHbl NPUHIMIBI OMPEACICHUs] HOPMATUBHBIX TMOTEPh dHEP-
ruu B Bo3AymHBIX JIDII U cunmoBeix TpaHnchopmaTopax, YUYUTHIBAIOIIUE JUHA-
MUKY KOPPO3MOHHBIX U3MEHEHUM aKTUBHOTO COMPOTHUBICHUS (Pa3HBIX MPOBO-
JIOB U U3MEHEHHUSI MAarHUTHBIX CBOMCTB CEPJICUHUKOB TpaHC(POopMaTOpoOB B 3a-
BHCUMOCTHU OT CPOKa U YCIOBUM SKCIUTyaTalUU.

8. B ycnoBusix pocta Tapu(oB Ha JIEKTPOIHEPTUIO MOSIBUIIACH MOTHBA-
1Ml K COBEPUICHCTBOBAHUIO METOJIOB U CPEJICTB XMIICHUN 3JIEKTPOIHEPIHUHU.
N3 MHOXecCTBa MPUYMH 00YCIIABIMBAIOIIUX KOMMEPUYECKUE MOTEPU DIEKTPO-
DHEPruu CIEIyeT BBIJICIUTh HEHOPMATUBHBIC YCJIOBHUS pabOThl U3MEPUTEIb-

HBIX TPaHCPOPMATOPOB, a UMEHHO: pad0Ta B HEJIMHEHHOM YaCTH XapaKTepH-
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CTUKMA HAMarHW4YMWBaHUS B YCJOBHUSX CHWKCHHUE IEPENAdM SJICKTPOIHEPTHUH,
OCTaTOYHOE€ HAMAarHWMYMBAHUE TPaHC(HOPMATOPOB, UX MEPETPy3Ka JHOOBIM CIO-
coO0OM M HECOOTBETCTBUE XapaKTepa BTOPUYHON HArpy3KHM HOPMATHUBHBIM Iia-
pameTpam, a TakKe HapyIICHHs YCIOBUN paOOThI CYETYMKOB DJICKTPOIHEPTHH
1 UHOOPMAIIMOHHO-U3MEPUTEIIBHBIX CHUCTEM, TMOAKIIOYCHUE MPUEMHUKOB
AIEKTPOIHEPTUHU B 00XO0J JIEKTPOCUYETINKOB, MOIIIEHHUYECTBO C MPUOOpaMH U
CHUCTEMAMU y4eTa JICKTPOIHEPTHUH.

9. Ha kadecTBeHHBIC TOKA3aTeld HM3MEPHUTEIBHBIX TpaHC(HOPMATOPOB
TOKa U (POPMUPOBAHUE OTPUIATEIBLHOM MOTPENTHOCTH CYIIECTBEHHO BIIMSIET
UX pa0oTa B HEJIMHEWHOM YacTU XapaKTEPUCTUKU HAMarHUYMBAHUS B YCIOBHU-
X CHMDKEHUE MOTPEOJICHUS U Mepe/laur JIEKTPOIHEPTUH, a TAKIKE OCTATOUHOE
HaMarHM4MBaHWE TPaHCHOPMATOPOB TOKA C MATHUTOIMPOBOJIOM U3 AJIEKTPO-
TEXHUYECKON CTaIM, OCOOCHHO B O0JACTH MajbIX MEPBUYHBIX TOKOB, OT JCH-
CTBUSI TOKOB KOPOTKOTO 3aMbIKAHUS MPU MOBPEKICHUSAX B CUCTEME AJIEKTPO-
CHA0XKECHMUSI.

10. K HapacTaHuio morpentHoCcTH B OTPUIIATEILHON 001acTi paboThl U3-
MEPUTEJIbHBIX TpaHC(HOPMATOPOB HAMPSHKEHUS W, COOTBETCTBEHHO, K HENO-
y4eTy 3JIEKTPOIHEPTUU KPOME UX TIEPETPY3KH JTFOOBIM CIIOCOOOM M HECOOTBET-
CTBMS XapakTepa BTOPUYHOM HArpy3Kd HOPMATUBHBIM MapameTpam, MPUBOJIAT
TaKXe JIEKTPOMArHUTHBIE MPOLIECCHl B CUJIOBBIX IIEMSAX CUCTEM 3JIEKTPOCHAO-
KEHUsI, HarTpuMep, 0JHO(a3HbIC 3aMbIKAHUS B CUIIOBBIX CETSX.

11. Pa3zpaboTanbl OpraHu3alliOHHBIE U TEXHUYECKHUE MEPONPHUITUA U
PEKOMEH-Ialliii 10 YMEHBIICHUID HArpy304YHbIX M KOMEPYECKUX MOTEPH
AJNIEKTPOIHEPTUU U PECYPCOB B CUCTEMax 3JIeKTpocHaOxeHus. PazpaboTtaHo
YCTPOMCTBO KOHTPOJISI XMIIEHHM JJIEKTPOSHEPTHH, KOTOPOE IMO3BOJSAET
UCKJTIOUUTh O€3y4eTHOE MOTPEOJICHUE 3JICKTPOIHEPTUM IPU HEUCIPABHOCTHU
WHIYKIIMOHHBIX CPEJICTB yUYeTa WM HAMEPEHHOE BMEIIATeNIbCTBA B UX PaboTy,
a Takke 00eCneuynTh aBTOMATHYECKUN KOHTPOJIb WHIYKIIMOHHBIX CPEJICTB
ydeTa  JJEKTPO’HEPruu, IMPEKpallleHUe W  BO30OHOBJIEHUE  I0JIa4d
ANEKTPOIHEPTIUU TOTPEOUTENIO B 3aBUCUMOCTH OT UX UCIPABHOCTH.

12. TIpakTyeckoe 3HaYECHHUE BBIMOJHEHHBIX UCCIICOBAHUMN 3aKIIF0YAETCS

B OLCHKC BJIMAHUA IIPOJOJIKUTCIBHOCTU U YCJIOBI/Iﬁ OKCILIyaTallkuu OCHOBHBIX
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AJIEMEHTOB CUCTEM 3JIEKTPOCHAOKEHUSI HA 3HAYEHUS TOTEPh AIEKTPOIHEPTUU
B HUX MpU Tepe/laue u pacipeeeHUU JIEKTPOIHEPTUU; B pa3padOTKe METO-
JUKU YTOYHEHUS pacyeTa HOPMATHBHBIX NOTEPh YHEPIMU B CHCTEMAX AJIEK-
TPOCHAOXKEHUSI, KOTOpasi YYUTHIBAECT JUHAMUKY U3MEHEHHUS MOTEPh B 3aBUCH-
MOCTHU OT CpOKa dKcruryararuu Bo3aymHbix JISIT u cunnoBsix Tpancdopmaro-
POB; B YCTAHOBJICHUHU M OIIEHKE OCHOBHBIX TEXHHUECKUX MPUYUH (HOPMUPOBA-
HUSI KOMMEPUYECKUX MOTEPh JICKTPOIHEPTUM NIPH € Iepeiayue; B pa3padoTke
OPraHU3allMOHHBIX M TEXHUYECKUX PEKOMEHJAUUN II0 YMEHBIICHUIO
TEXHUYECKUX U KOMMEPUYECKHX IOTE€Pb SHEPTUH IIPU €€ TPAHCIIOPTUPOBKE; B
CO3/IaHUM TEXHUUYECKUX YCTPOUCTB KOHTPOJISI HECAHKIIMOHUPOBAHHOTO 0TOOpa

AJIEKTPOIHEPTUU U OXPAHHOM CUTHAIM3aIu o0ecToueHHbIX JIDIT.
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